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EXECUTIVE SUMMARY 

Thi s final rr:,port is a review of the development of bus 
route dernanc'I models which make use cf the TRANES computer prc,
gran:s arn~ the 1980 Census. '!'RANES is an acronym for "Tra nsporta 
tion Network Evo.luation System." TRANES directly accesses U. S. 
Census Bureau STF-1 block level da t a tapes to compile demographic 
statistics within speci f ied distances of i ndividual bus stops. 
The Central Oklahoma Transportation and Parking Authority bus 
system of Oklahoma City was used as a case study to demonstrate 
sever al 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. 'I'his report includes a 
listing of all the TRANES programs used in the research (written 
in FOR'rRAN IV) as well as documentution on their use and transit 
route network coding . Early in the report the Census Bureau 
record ~ystern is discussed. TRANES can directly access city 
block l8vel census statistics; but manual tabulation of the 
census statistics using census maps is necessary to capture th8 
rnorE'° extensive statistics contained at the larger c e nsus tract 
and block group level. 

The report include s n literature review of past bus route 
demand models and a summary of the demograpLic characteristics o f 
bus users and nonusers in Oklahoma City . Nine demographic vari
ablcr; were extracted from the block leve l census STF-1 tape s : 
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 f t. of 
individual bus stops using maps and the STF-3 census tapes. 
Thirty-one demographic variables were thus collected: five cat
egories e ach of race, total population by age, and female popu
lat~on by age; seven categories of occupation; and seven ranges 
of household income. 

The best bus ,~oute demand model based on the block level 
statistics was determined by regression analysis applied to the 
nine variablPs and ridership data from 23 bus routes. Each cen
sus var i able wa.s normalized by subtracting the mean from each 
var i able observation and dividing this by the stdn<lnr a deviation. 
Regression equatio?;r for both 1,000 ft. and 2,500 ft. from the 
bus stop yielded R values of about O. 35 using the total popu
lation ,·ariable only . Forcing 211 nine block level vari a bles 
into the equation improved the R to 0.742 for variable stati~
tics within 1,000 ft. of the bus stops, comparable in performance 
to bus route dema~d models repor ted in the literature. 

Principal components factor analysis with equarnax orthogonal 
rotation was used with the block group level census variables to 
develop c orre l ations between bus stop passenger loadings and cen-
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s us s t ~tistics . Pa ssenger loa dings were counted at 372 bus stops 
along eig ht repre s entative routes. The factor analysis yielded 
five factors which characterized the bus riders: high income 
profe ssionals, race, youthful nonprofessionals, elderly, and 
middle-aged. These factors, except perhaps high income profes
sionals, seemed to corre late with direct surveys of bus passen
gers corducted be f ore 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 busi~ess dis
trict. This produc ed a bus stop demand model with an R of 0 , 55 
and all the factors except race. 

These r e sults indicated that TRANES should prove useful in 
the d e v e lopment and modification of bus stop locations, including 
route extensions er 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 <lata 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 report also includes several case study applications of 
TRANES to practj.c al transit planning. New bus routes were 
designed for the suburb of Norman, Oklahoma, with the assistance 
of 'I'RANES, 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
savi ng tool f o r 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 f o r considerations of household privacy but could lead to 
unde rreporting 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 
Da t ~base Management System. The BASIC listing and instructions 
on i ts use are cont ained in the report. 
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BUS ROUTE DEMAND ANALYSIS 

* * * 

INTRODUC'rION 

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 computer programs are discussed. 

TRANES Overview 

TRAtJES 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
mulate this information along individual bus routes and specific 
stops. For example, TRANES can report the total population, or 
any other avai lable 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 
surmr.arize demographic statistics by route. 

In the case 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, is 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, i11 the late 1970s (75}. 'I'RANES has been used by the 
Comprehensive Planning Organization in San Diego to plan route 
modifications and route alternatives (81). Similar uses have 
been made by the Puget Sound Council ofGovernments in Seattle, 
Washington, and elsewhere, although experience in general is 
rather limited. McDonald Transit Associates, Inc., a consulting 
firm, has used TRANES to report the demographic characteristics 
of bus routes (11) . 

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 progrclmming language, and the 
programs have been run on several different main frame and 
mini-computers. 
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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 derna.nd 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 th&n 50,000 in 
total population have been designated as "Standard Metropolitan 
Statistical Areas", or SMSAs. The urbanized 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 smallest geographic unit in which all 
availpble 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 
bour.daries, 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. 

Cer.sus 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 pertai11c 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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ide,n•:ify specific households. In the larger urba.n region , such 
block-level statistics would be under-reported as a result. 

The TRANES computer programs are specifically designed to 
detei.-mine 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 is 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. '£he 
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 utility 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 coding system is 
needed. The lJ. 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 
topological 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, 
x ar.d 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 
acc0ss 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 Developme nt and Coding 

A brief example of the coding of a TRANES network is pre
sented here to clarify the above sections for the reader, and 
covered in more detail in Appendix C. Figure 2 indicates all of 
the census t1. acts in the Oklahoma City metropolitan area , the 
SMSA. There are 12,000 census blocks contained within these 
tracts. 
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FIGURE 2 
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A closer view o± the tracts in the southern part of Oklahoma 
City is depicted in Figure 3. While the tract boundaries 
typica l ly follow major streets, several boundaries along rivers 
and rai l roads 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 number, e . g., 1072.18, indicates that this tract is a 
subdivision of an earlier and larger tract once designated as 
1072. 

This census tract, 1072.18, is shaded in Figure 3 because it 
js 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. 

Repcrt Overview 

The remainder of this report is organized as follows . A 
li terat.ure 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 report concludes with a review of potential applications of 
TRANES , some of which were demonstrated and implemented as part 
of the research, followed by suggestions for future research. 
The Appendices are reserved for detailed explanations in support 
of tlw main body of the report, notably computer programming as
pects and network coding. 
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DETERHH;AN'l'S OF BUS P.OUTE DEM.AND 

11. litera ture review of previous work in bus route demand 
mcae l ing was conducted as part of the effort to apply TRANES tu 
the same topic. This is briefly reported in the following 
5ections which emphasize the types of models develop, the types 
of data used , specific uses of U.S. Census data in these models, 
wall,: ing patterns to bus stops, and the accuracy of previously 
repcrted mode ~-s. 

Bus aoute Demand Models 

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

1. 

2 . 

4 • 

Profe ssional judgment , 

Noncommittal potential ridership surveys, 

Cross- sectional analysis (models which relate bus 
route ridership to level of service variables and 
socio-economic characterfstics of the area served by 
the bus route), and 

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

It seems evident that TRANES is applicable to both the pro
fessicnol judgement type of modeling and cross - sectional analy
sis. In the ~armer case TRANES woul d be used merely to identify 
socio-economic statistics along the routes which, in turn , would 
be used by t he transit planner to make judgments about the 
v.i.ab i. lity of a route and route segment.. In this report, of 
course , ?RANES is used to develop cross-sectional models. 

Tirr.e series techniques and noncommittal surveys have no par
ticular potent ial for application with TRANES, al though TRAN ES 
cuuld be used to a ugment a noncommittal survey. A number of in
vestigators have developed 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 ana½·sis in that they predict changes in e}:isting routes 
basE:d on the elasticity of consumer response to changes in level 
of service factors (e . g., headway) or fare . None of the time se
rie~, r:icdels seem appropriate for application with TRANES, in 
larsc part because the census data set is fixed in time. 

Two types of cross-sectional bus route models dominate the 
li tE:rature, those which are pat.terned after the conventional 
four-step travel demand forecasting process, and direct dem<111d 
model~3 . Researchers who hav8 investigated four-step models , 
which typical l y include trip generatio11, distribution, and modal 
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spli ~ , include Porowii:z and Metzger (31); Koppleman (40); 
St(J1;ber, et al. ( -:-2 ); and UMTA-funded case--studie£; in CleveL:rnd 
and Pert land, Oregon (91, 92). Stopher, et al., contend that 
UTPS can be sa '.:.i ~; fac torily used for route demand prediction with 
the addition of a special program. They reported accuracies in 
dema:,c.l r,rediction of ± 10 percent and said that their model 
,;onf igurc::.tion was particularly suitable for large bus systems. 

The dominant term of cross-classification bus route demand 
model is direct demand, which essentially amounts to an emphasis 
on trip generation rather than consumer mode choice. This form 
of c~del is based on socio-economic characteristics of potential 
user,:;, hence is the model category TRANES is best suited to. 
Among the direct demand bus route models found in the literature 
w,:r£, models b:i Colangelo and Glaze (10), Golenberg and Pernaw 
(20), Nelson and O'Neil (56), 2.nd Shortreed (67). Regressicn 
anc:lysis predcminates, either in the form of linear relationships 
or r~cduct and log relationsl1ips between independent variables. 

The bus route demand models in the literature typically pre
dict demand ior the entire route or along segments of routes . Nu 
models cf individual bus stop demand were found, although Hobeika 
and Chu ( 2 8) report a supply/ demand model which is sensitive to 
individual-bus stops. Some demand models separate peak from 
off·-peak cone.ii t.ions. Most models address conventional fixed
route se:rvice but several researchers have developed s0parate 
equatior.s for different types of routes, e.g. , radial, cross
town, and express. TRANES would not appear to be applicable to 
E:xpress SP-rvicc:s since the ridership is likely to come from a. 
broadeL coverage area when express routes cater to park-and-ride 
situations. In such cases demographic ch<1racteristics adjacent 
to pRrk-and-ride hus stops are not likely to be relevant. 

Trat:si t Trip Generation Determindnts 

Three basic types of input variables predominate in existing 
bus route demand ff;odels: socio-economic characteristics, level of 
service, and urban geographical statistics. Socio-economic char
acter i r.;t ics typically include population, age, employment, and 
hous eho l d characteristics such as income and auto ownership . 
Schrnenner (64) devised a model which included race, schools, and 
sho];.-·pi ng cent-(~~s. 

Level of service variables are dominated by the walking dis
tance t u bus stops (reported more fully in a following s ection), 
hea(·way, frequency of service, fare (in modal split and elas
ticity formulations), seats avDilable , presence of transfers, and 
alt~rnativc competing services. Urban geographical statistics 
include route connectivity, service to activity centers, distance 
to the CBD, iln d such urban characteristics as city size, age, and 
gco~raphic location . 

notE. 
In term,- of correlations among variables, 
cc:rre lat ions between household income and 
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(10, ]___Q, anc. 92). Brm•m (6) hypothes izes that the presence 0£ 
bus serv iC(! aTiects adjacent socio-economic patterr:.s., in that 
peop l e with a propensity to use transit wi ll gravitate to t hose 
c0rr .i..dors when:: the service has a high level of service (i . e. , 
transit lE!vel of service affects land use patterns). Among the 
v~riables he investigated were age, occupation, income, and auto 
ownership. 

!:..021.ications of U.S. Census Statistics 

U.S . Census statistics are commonly used to provide socio
eco1 1omic information, invariably census i::.ract statistics. Since 
tracts are far too large to be useful for bus route analysis , 
investigators typicalJ.y lay out the bus route on a tract map and 
identi fy that portion of the tract which lies within a sp0cified 
distance (typically 1/4 mile) of the r oute. The tract socio
economic characteristics are assumed t c be uniform throughout the 
tract ar.d 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 (2°3), Heathington and Brogan 
(27), Hobeilrn and Chu (28), Millerand Millar (53), and Peat, 
Marwick, Mitchell and Co. (85, 86, 87). Hunt-,-et al. (34) 
detailed their app lica tion of 1980 census data to Title VI 
compliance reporting using census tracts, a one-fourth-mile bus 
route service ba11d, and interactive computer graphics. The 
computer determined what portion of the tracts were included 
within the servicE': bands. 

Walk!ng Patte rns to Bus Stops 

Bus stop demand patterns have been investigated by a number 
of researchers. Demetsky and Lin (15) report the following bus 
stop impact ('i::.stances as based on a survey of 6 7 transit 
agencies: 160 to 2,640 ft. in the CBD and 320 to 5,280 ft . in 
outlying areas. A cortUc1on rule-of-thumb impact distance is 1 / 4 
mi le 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 tc 2,000 ft. ) in 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 distar1ce to the bus 
sto~ has been investigated by Golenberg and Pernaw (20); Lam and 
Morrall (45); Lutin, et al. (~); and Levinson andBrown-West 
(_!§_) • Based on ridership surveys in Hartford, Conn ., Levinson 
and Brm-'n-West reported that duily ridership per 100 c.,.,,.:elling 
unit!:.; decreased about 5 rides for every 100 ft. increase in 
distance, and even more with increased auto ownership. Their 
stucy o f walking distances extended to 1,000 ft. 

Lam and Morrall found that in Calgary, Alberta, Canada, 75 
pe:rcent of the bus ridership lived within 1 ,476 ft. ( 450m) of a 
bus stop and 95 percent within 2,600 ft. (800 m). The medn 
walU.ng distance was 1 ,073 ft. ( 32 7 m) . These distances were 
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iour:c.l to vary a li.ttle depending on season of the year aP.d 
loc~tion within the urban area. Finally, Lutin, et al., 
deterntined that 7'.• percent of bus passengers lived within 1,100 
ft. and 100 percent within about 2,000 ft. of bus stopst with a 
median distance of 700 ft. 

Hsu and Surti (12., p. 4 56) comment.ea: "Transit accessibi J. 
ity was the most important factor, while socio-economic factors 
sue~ ~s household income, automobile ownership, age, and ethnic 
fuctors did r,ot 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 
2,5l0 ft. were al~o investigated. 

Accu~acy of Bus Route Demand Models 

The accu~ncy of bus route demand models typically is report-· 
ed ci ther in the f1ercent error of direct estirna7es of route pa
tronage, or the ccefficient of determination (R) of the models 
therrselves. An approximate rule-of-thumb desired accuracy of de
mand predictions by route is± 10 percent. 

Route demand predictions in Portland, Oregon (91) tended to 
be over-es timated, with the over-estimates ranging from 4 percent 
to 17.2 percent and averaging 49 percent. In Cleveland (92) route 
prediction accuracy fanged from - 12.2 percent to+ 58.5 percent. 
Also in Cleveland R for varic,us model formulations ranged from 
0.355 to 0.826. 

Sliortreed ( 6 7} reported that the route demand predictions c.:,f 
his regr cssion models were accurate to w~fhin ± 25 percent by 
route. He developed 16 equations whose R ranged from O. 55 t~ 
0. 95. Schmcnner (.§i) devel~ped time ~eries equations whose ~ 
l.".:.rnged f:rom 0. 60 to 0. 94, w1. th most R e,xceed1.ng 0. 70. Mode1.s 
developed by Hsu end Surti (32, 33) had n- ranging from 0.575 to 
0.6S~. Finally, Yuratovac (95) reported that his predictions of 
derna ncl en segments of routes had percent errors ranging from - 21 
percent to+ 76 percent, with a total route demand error of - 5 
percf?r,t. He statE:d tlrn.t other routes in his study had errors 
runs ing from ..;.. 2 tc, + 8 percent. 
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COTPA BUS S::STEM CHARACTERISTICS l\ND ROUTE DEMAND 

Al the time of this research in 1982/1983 the Central 
O}:) ahoma Trar:sportation and Parking Authority (COTPA) maintained 
a fleet of 101 buses which had un .:1verage fleet age of 3. 66 
years. The fleet included five lift-equipped mini-buses for the 
t1.ansport of the mobility impaired and four imitation trolley 
buses fer downtown shuttle and charter service. 

Seventy-cne Luses provided regular dc1.ily service along 24 
loca 1 i.llld twelve express routes. 'I'hese bus routes are depicted 
i n Fic_;ure 6 and listed in Table 1. The majority of the l ocal 
t ransit routes served the urbanized area of Oklahoma City, i t 
self. The routes were interlocked ar,d radial in configuration 
with a common downtown transfer location operated as a timed 
transfer pulse service. All of the local routes provided 30 min
ute hea~ways. COTPA buses logged some 9,937 bus- miles each day, 
Monday through Friday, and 3,550 bus- miles on Saturdays. 

S:1st:em patror.age trends are depicted in Figure 7 for the 
fiscal years 1980/1981, 1981/1982 , and 1982/1983 . Patronage had 
generally increased from 1980 through 1981 and then declined 
thrcughout 1982. In late 1982 headways were decreased from one 
hour to 30 minutef: and patronage increased to about 11 , 500 pa
trons per day in 1983 when the studies of this report were con
ducted . No significant seasonal trends are evi dent although pa
tro~age is highest i n the winter months, October to March. 

Average daily passenger demand by 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 
personneJ. (Figure 8 was derived from routine passenger loading 
statistics collected every month ) or consultants. By national 
transit standards the local routes are rel&tively underutilized 
and some routes were barely justified in terms of demand. The 
1r,or-:t heavi l y patronized routes (e.g., routes 2 , 3, 4, 5 , and 8) 
tended to be radial routes serving the central portions of the 
r:,(:>tropol 1- tan area, usually neig·hborhoods with concentrations of 
low income or minority groups. 

No specific surveys of the passenger composition were con
ducted ?Spart of this research, but a study had been made by ATE 
Management & Service Company, Inc. , in ear l y 1982 (8 ) . For the 
purposes of comparison, a 198 0 census profile for Oklahoma City 
is presented in Table 3 . Oklahoma City had a population of 
404,014 in 1980, which was an increase of 9.7 percent over 1970. 
The population was 80 percent white, 14.6 percent black, 2.6 per
cent Amer icar: Indian, and the remainder a scattering of minor
ities. Oklahoma City is relatively prosperous with a low rate of 
unemployment d.nd jobs dominated by the government and service 
sectors . The city is the state capitol and the center of a larqe 
agr icultural and petroleum industry service area. The dominant 
housing unit is the owner·-occupied single family h0me. 
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Express Routes not shown. 

FIGURE 6 

COTPA BUS ROUTES, 1983 
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Designation 

Garden Day 
NE 23rd & Miramar 
Park Estates 
N Walker 
N Western/Britton 
48t h & Classen/ PenN Squc:.re 
N Penn 
NW 63rd & Tulsa/Shepherd Mal l 
Windsor Hills/Bethany 
NW 3 1st & Portland/Crestwood 
SW 36th & Dumas 
S May/ OCCC 
S Blackwelder 
S ShieLds/Crossroads Mall 
Midwest/Del City 
S Penn 
NW 23rd St. Crosstown 
SE OKC/Crossroads Mall 
N May 
NE 63rd & Eustern /Zoo 
Norman Express 
NW Expressway Express 
Downtowr./OUHSC/Stat.e Capitol 
First National Bank 

Parking Loop 
FAA. Express 
Tinker Taxi Express 
N Rubinson/Musgrave 
Western Electric Express 
Midwest Miler Express 
Edmond Express 
I-40 & Meridian 
S Walker 
Downtown Shuttle 
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PASSENGERS PER DAY 

C~T PR BUS RDUTES. 

FIGURE 8 

PASSENGERS PER DAY ON COTPA BUS ROUTES 
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'J.'l\DLE 2 

i'i:::AK tlOUR LGAD ::'ACTOPS ON COTPA BliE: ROUTES, 
MARCH 1983 

Number of Number of Number of Load Factor 
F.out.e Trip Seats Passenyers Seats/Passengers 

l* 3 133 72 .54 
2* 4 179 97 .54 
3* 2 87 54 .62 
4 2 91 27 .30 
5* ,:_ 91 63 .69 
6 

,., 
90 21 • 2 3 L 

7 L 91 31 .34 
8 , 90 27 .30 
9* 4 181 127 .70 
10 2 91 38 .42 
1 1* -. 82 42 . 5 1 ,:_ 

12 
,., 

91 39 .43 "-

13 2 91 26 .29 
14 j 133 24 • 18 
15* 46 47 1.02 
J 6 ' 137 40 . 29 
18 2 82 21 .26 
19 2 91 19 • 21 
20 ~ 91 14 .15 
2 l * .., 

45 54 • 6 0 .t. 
- ~I ,. .. 2 90 36 .40 
') 1 ... - 41 17 .41 
25* , 41 19 .46 ... 
26* 3 127 106 .83 
27 2 82 3 .04 
28 J 135 28 .21 
29 2 86 37 .43 
30 2 87 ·25 .29 
31 i 91 35 .38 
32* , 3 127 54 .43 
33 1 45 17 . 3 8 
34+ 1 46 11 .24 
37* 2 86 68 .79 
38 -, 91 25 .27 "-

40 l 45 20 .44 
44 1 24 6 • 2 5 .;.. 

SYSTEM LOAD FACTOR .41 

NOTE: Load f actor analysis represents data collected on Wednesday, 
March 16, 1983. Computations were made for all routes, within the 
entire sys terr-., during the A.M. Peak Period from 5: 45 a.m. - 9: 15 
a . m. Tte se lected peak one-hour period was 6:10 a.m. - 7:10 a.m., 
whi c h represe nts maximum ridership and peak direction (inbound) 
only. 

* Rc ute l.. oa<l T:' c1ctcr greater than Systc,rn Load Factor (. 41) plus ten 
percent (+10 % = .45) tlue to heavy concentration o f minorities. 

+ Hcute requi r ed a different time period due to subscription route 
~, :..atus. 
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n.:'l\BLE 3 

19f; C Cd'\3 US PROl'ILE OF SET.EC'12D DEM.OGHX?H IC 
ClJARACrERIS'rICS OF CKLAHOMI\ CITY 

Cha r2.ctc :c i sti c 

Total Populat ion: 

1980 , ~ o'' ·:.. otal) 
1970 ( 'i.: o f r~-· otal) 
Ch .:rngc 

S c ho o l Age ( 5 - 1 'i ) 
65 and over 
Vied:. a r: 'J'..g e 

Rac e: 

\·; h i te 
Elc:cck 
l\1,.,~ r ic ,::, n I rid ian 
Et.:rn ic i ty, Span i s h Origin 

Hous eho l d I nc o me , 1 9 79 \Base ): 

LLlSS Than $ 7 , 500 
~::: 0 ,0 00 -$1 9 ,999 
$ 30 , 000 and ove.1 
t-·,u:liar 

Educ. Attair;m ~nt (Persons 25+): 

E1g h School Graduates 
ui:c or More Ye o.rs College 
Me diar Ycc1rs 

Oc cupation (Employ ~d Pe ~sons 16+ ): 

t·:.=.nagE.r ial & Prcfessiuna l 
f'1 •c:cision Prod. , Cra ft & Repair 
0Fer., Fabr icators & :aborer s 

I r,ciu strv (Employc:d Persons 16+): 

Cc n st r 1_1 c t ion 
1'-~r. nuf <lctur i n g 
F •':' t a i ]_ 'l' r a c.: E. 

F.~ n anc e , I r:.~iu rar;ce & Re al Estate 
Profession&l & re lated Services 
Pub li c Admi~istration 

(con ti rued ) 
20 

Number 

404 ,014 
J6 8,377 

35,637 

77,1 12 
45,368 

29.9 

322,374 
58,702 
10,405 
11,295 

160,442 

35,5 75 
49,462 
19,350 

$15 ,907 

2 40,471 

82,173 
92,005 

12.7 

191,843 

45,694 
25, 5 9 ·7 
29,291 

191,843 

11,485 
28,899 
32,214 
14 ,7 32 
]5,847 
16,050 

Percent 

9.7 

1 :1 • 1 
11. 3 

80.0 . 
14.6 

2.6 
2 . fl 

22. 2 
30.8 
1 2. 1 

34.2 
38. 3 

23. 8 
13. 3 
15.3 

6.0 
15. 1 
16. 8 

7. 7 
18 . 7 

8. 4 



TABLE 3 

J.98 0 CENSliS PJ·:OFILE OF SELECTED DEMOGRAPHIC 
CHARACTE RIST ICS OF OKLAHOMA (Continued) 

CharacteriGtic 

Total Housincr Units (Year Round): 

[;inglE. Family 
Multi- Fami l y (3+ Units) 
M0 bile Home 

•rot,, .1. Househo].ds ( 100% Sample): 

Owner Occupied 
Median Value (Specified Units) 

Household Size: 

1 & 2 Person s 
5 or More Persons 
Av+:: ruge 

Number 

177,088 

123,543 
42,248 

4,377 

160,002 

101,192 
$40,100 

98,050 
14,837 

2.48 

Percent 

69.8 
23.9 
2.5 

63. 2 

61. 3 
9.3 

Sour c e: Off ice oi I le search and Econo1T,ic De"elopment, Comruuni ty 
Development Department, City of Oklahoma Cit1·, Oklaho~a. 
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ATJ.: <.l i .d a random ➔.:e lephone survey of 900 Oklahoma City me t
ropt,';_it2.n area re ~; idents in February 1982 (8). They dete rmined 
thc,i.: CO'IPA had c.1n unusually low user incidence rate; twelve per
cent of the adults surveyed had us<:!d CO'rPA services in t h e 
prrc:cding tweive 1rionths. They attributed this to the low popu
lation densities in the sprawling metropolitan area and a "fron
tier" me r.tality which made most res:i_d~:?nts covet the mobiU ty 
advantages of their a utomobile s. 

'l'he results c,f the te lephone survey are summari z ed in Table 
4 for demographic categories simi l ar to those of Table 3. The 
.statistic s are sepan,tely listed for II frequent users," '' infre
quent u sers," 11 pote11ti al users," and "staunch non-user s II as 
ck :f' ined in the t<'lble. ATE characterized the typical frequent 
COTPA patron 2.s u n der 35 or over 55 years in age, female , white, 
inccme less than $20,000 per year, unemployed or engaged in 
service or clerical work, working downtown, and more likely than 
not to have a driver's license and acce ss to an automobile. The 
donn nant trip purposes among frequent users were for work ( 7 1 
percent) and shoppinq (39 percent}. 

Infr equer:t: or- potential users were much more likely to be 
unemploye d and they cite d economic n ecessity as reasons for tak
ing the bus. These users were much less likely to be employed 
dowr. ~e,wn, the node of greatest accessibility in the COTPA net
wo rk. Staur:ch non-users had higher j ncomes and more education. 
They ci ted service inferior to that of their automobile as the 
dominant reason why they refused to use the bus service. Some 7 2 
pe r cent of the staunch non-users stated that there were no 
service change s COTPA could make whic h would influence them to 
ride the bus. 
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DEMOGRAPHIC 

Sex: 

Male 
remalt: 

Acre: 

Under 25 
25 te, 34 
35 t o 44 
45 tc 54 
55 t o 64 
65 01· over 
No RE: ~11---onse 

Race: ---· 
i'i'l1itE: 
Black 
Hisp,mic 
Orie!1tal 
C)ther 
Hefused 

Household Incane: 

Under $10,000 
$10, COO te $14,COO 
$15,G0C tc $19,999 
$20, C:O O to $24,999 
$25, f\ 0O or over 
No Resr:onse 

&lucation: 

Some i-Jigh School ..'L<~Sf., 
W.gh School Grac.uate 
Sorr.e C:ollc:ge 
College Cr ad. /Plus 
No r Gspon,,c 

(cor,, t inued) 

Frequent 
Users 

(N = 56) 

30% 
70 

29% 
29 

8 
8 
f3 

16 
1 

66% 
29 

2 
4 
2 

25% 
20 

& 
13 
18 
17 

32% 
30 
20 
16 

2 

TABLE 4 

* PROF'ILE COMPARISONS 

Infrequent Potential Staunch 
Users Users Non-Users 

(N = 61 ) (N :::. 7~) (N ""' 708) 

43% SH', 50% 
57 49 50 

24~ 21% 21% 
24 10 25 
10 14 13 
12 J l 14 

6 12 12 
22 31 13 

2 1 4 

67% 75% 86% 
26 ·; o 

,1..., 6 
1 

3 
5 1 .., 

"' 
2 3 4 

6% 32% 10% 
23 11 12 
14 17 11 
14 9 14 
18 17 36 
26 15 17 

21% 21% 14% 
41 .?9 35 
15 27 26 
18 17 22 

5 5 3 
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TABLE 4 

* DEMOGRAP llI C P ROFILE COMPARISONS (continued) 

Employment: 

F'u 11-'rm: 
Part-·Tirne 
Unemp l oyec'i 
No Re sponse 

Occur.::a tion: --
Professiona l /'l'echnica J. 
McrnagcriaJ 
Clericctl 
Sales 
Craftsmen/ Forem~n 
~ratives 
Lab::;,r crs 
Service /Hc.useholo 

Work£=r!: 
l"kJt Dnployed 
Ne Pesr,:onso 

Elrployment Locat ion: 

DC7"'1' l''::: r)v..T\ 

Outlying l\rea 
Not Fn:pl oyed 
l'ic, Rt,sponse 

1.ength ct i\rea 
Resi. ::.encc: 

Less 'l'h,:ir=. 6 M.onths 
6 Month~; to 1 Year 
l t o ' ) Years . ) 

3 to 5 YCc.1.!"S 
c::. tu l O Yfoars ., 
10 Yea.rs c•r: Men 

Driver's :i..,icen[,f 
Pos~c,,sion: 

Ye s 
Ne• 
No RE:spon :;c 

(con·_ tnued ) 

Frcoquent 
Users 

(N = 5t. ) 

59% 
13 
29 

7% 
11 
29 ~. 

L. 

2 
2 
4 

16 
29 

41% 
30 
29 

Q ". 
✓ -i:"• 

5 
8 

] C: _, 
63 

66~ 
34 

Infrequent 
Users 

(N = 61 ) 

49% 
10 
38 

5 

10% 
7 

13 
2 
7 
7 
3 

12 
38 

5 

30% 
30 
38 

5 

.:]% 

] 

10 
3 
2 

76 

90% 
8 
2 

24 

Pote r!tial 
Users 

(N = 75) 

33% 
12 
53 

1 

12% 
7 
5, 

4 .., 
i 

5 
53 

1 

16% 
27 
53 

4 

5% 
l 
7 
9 
9 

68 

80% 
17 

1 

Staunch 
Non-Users 

(N = 708) 

57% 
9 

31 
3 

13% 
10 
14 

7 
8 
4 
2 

4 
31 

3 

15% 
51 
31 

3 

2% 
4 
8 
4 

10 
69 

94% 
c· 
::J 

2 



TAB LE: 4 

* DEMCl;R,~T'!iJ C PPOFILE COMPARIS ON S I c ontinued) 

~- ;-:-.vailaLility: 

Ye s 
No 
No Ar swerh o 

Dri. \·ers Licens<:.: 

Freq1,1ent 
Usen~ 

(N = 56) 

61% 
4 

34 

Inf requent 
UsE,rs 

(N = 61 ) 

80% 
10 

10 

PotcnU.al 
Users 

(N c,- 75) 

72% 
8 

19 

Staunch 
Non-Users 

(N = 708) 

93% 
1 

6 

Hoiist:,llold Canp:,si tion: 

Marr:.c...'<.l Couple 
Single Male 
Si.ngle F•::rr-o:ile 
Rc)a"mates 
Othe1 
Refus ed 

Presence c .f: Children 
i~c :s or Younger: 

Yes 
No 
Refused 

* 

34% 
9 

34 
11 
13 

39% 
59 

2 

469, 
10 
20 
13 
10 

2 

43% 
56 

47% 
17 
23 

5 
7 
1 .., 

21% 
75 
3 

60% 
10 
15 

4 
7 
4 

28% 
70 

2 

Telephone survey of 900 Oklahana Cit.y rretrq.:olitan arec:. residents conductec 
in Fcbruar1 l~JR 2. 

Frecr-~c,nt Lser: 

Infr(_91ent User: 

Potr-r1t.ial User: 

Staunch Nc,n-User : 

f,ource : 

H.:-1s used the bus 24 or 100re days in the 12 months pre
ctding the survey. 

l!c.s used the pus between :i.. and 23 days in the past 12 
months. 

H2.s not used the bus in the past 12 months but e;rpresses a 
definite or probable intention to use tlie bus during tlK' 
next 12 i:ronths. 

Hc-.s not used the bus during the past 12 months and expres
se:s a definite or probable intention not to use the bus 
during the next 12 rronths. 

Re ference 8, pp. 95-97. 
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DUS ROD'I'E DEMAND ANALY~;Is WI'l'H TRANES 

Network 2.;ncJ Demar.d Data Development 

Two aata sets we re created as part of the effort to develop 
bus rout r~ qemand models based on c e nsus data and TRANES. The 
first d ata set wc.:s derived from census block data. The nine 
variabl c ,3 of Table 5 were taken from the STFl Gummary tape. Al
though they do no t include all of the demographic statistics 
which can likely b8 correlated with bus route demand, they repre
sent whnt is availc1ble at the census block level and, hence, what 
c oul d be directly accessed by TRANES. 

l n order to broaden the liet of variables available for 
~nalysis, man~al compil.a tion was undertaken of additional census 
variobles on the STF 3 E. ummary tape. 'l'he sele cted variables are 
listed in Table 6 ·. These variables are tabulated onl y t o the 
cenEc:s t r act and census block group level. For eight representa
ti?c COTPA routes this data was mar,ually determined by first 
identi f y i ng what f ructions of each block group were withi n 1000 
ft. o f ~ach bus stop along the eight routes using census tract 
maps. Then, assuming that the block groups were homogeneous in 
deJT1c:c,raphic character, the variables in Table 6 were determined 
for each bus stop using the data from the STF3 tape. 

Two types of model s were considered, model s based c~ total 
rout e statistics i:ind models based on bus stop demand patterns. 
The census var iable s in Tables 5 and 6 were correlated with route 
and bus stop rider shi p. For the total route mod els the average 
dcd ly r.idership on 23 local COTPA routes was derived from 12 
months o f oper ating statistics collecte d in 1982 and 1 983 (Figure 
8) • 

Eight r e presenta tive local routes were selected for the 
a na l y s is of transit dernilnd at individual bus stops. These 
route s, numbers 2 , 5, 8, 9, 11, 13, 18 , and 40, are depicted in 
.f.igv.re 9. The. rcutes were selected as being representative of 
a l l the local rout es, particularly in terms of the urban corri
dors thE•:f served, and for being spaced far enough apart so that 
thc~e r c ute r:.; did not compete for passenge rs along substantial 
portions o f t heir routes. Four of the routes were "iuterlocked," 
which mr:ans that the same bus traverses two routes, c hanging 
routs nwnbers in the CBD. This p r oved t o be a convenience for 
the s tudent a s s istants who were observing passenger boardings a.nd 
~ou l d compile d a ta on two route s while rid i ng the same bus. 

Bus stop boar dings and departures were dete rmined manually 
by h avir,g observers ride the eight selected bus routes f o r three 
days in Apri l a nd May 19 8 3. Statistics for 3 7 2 bus stops were 
collected a.nc at l east one-fourth of all the riders using the 
eig ~,t s e lected rcu tes o n t he three analysis days were observe d. 
On tour nf the ro~ t e s half of the daily patr onage was observed. 
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1. 

2. 

3 • 

4. 

5 • 

6 . 

7. 

8. 

9. 

TABLE 5 

CENSli,c_; BLOCK S'l'A'I'ISTICS EX'J'RAC'i'ED FROM 

THE STFl CENSUS TAPE 

Totc:.l Population 

Tot.2. l black populution 

'l'otal population under 16 years 

'l'otal population over 64 years 

Total housing--owner occupied 

Total housing--renter 0ccupied 

Total housin_g--val ue less than 

Total housing--value $15,000 to 

$15,000 

$34,999 

rrotal housing--value over $35,000 
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RAC E : 

AG F.: 

'l'ABLE 6 

CEN S US Bl,OCK GROUP ST.P.'rIS'I'IC.S EXTRACTED FROM 

'i'HE S'I'F 3 CENSUS 'l'A.PE 

Rl: Total white population 
R2 : Total black population 
Id: Ame r ican Indian, Eskimo, Alel'.t Population 
R4: Asi&n and Pacific Islanders 
RS : Others ( i.ncluding Spanish surnames ) 

Al: 0 t o 15 years 
A2 : 16 to 24 years 
A3 : 25 to 34 years 
A4 : 35 to 64 years 
AS: Ove~ 65 y ears 

FAl: 
F'A2 : 
FAJ: 
f'l-\4: 
f' A5: 

Females 
Ferr.ales 
Females 
Females 
Females 

o nly, 
only, 
only, 
c nly, 
only, 

0 to 15 y8urs 
16 lo 24 years 
25 to 34 years 
35 to 64 years 
Over 65 years 

OCCl'PATI01';; 01: Executive, administ r ative and manage rial 
02: Professional, specialty 
03: Technicians and related suppor t 
04: Sales 
05: Clerical, administrative support 
06: Private household service 
07: Protective survice 
OB: Machine operators, assemblers, inspectors 
09: Transportation and material moving 

HOUSE HO LL I NCOME: Il: $0 to $10,000 
I2~ Sl0,000 to $15,000 
13: $15,000 to $20,000 
14: $20,000 to $25,000 
I5: $25,000 to $35,000 
16: $35,000 to $50,000 
I7: Over $50,000 
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Central Oolanoma Tr ansportalion and 
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COTPA BUS ROUTES SELECTED FOR PASSENGER BOARDING SURVEY 
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Rou te s 5 and t 1 In ter lock 
- •, , . .,l" '.·.•1 ·t ,: , . , , 1'•• \ , . -, , ~ ••• • '\1 • , , , , , , ., , • . !t'! IQ e, l,--.1, 

,,,. : , .. ; • , l 1o;rP,. 1r g ,"\f'\:l 10 crtl-.:. 1, , ,.,. : • l" c , r, ,:, ~,.,.. ... • ~C'l u l f::S The 

{!Ps :,n,1r ,('l n sign w 11 't:- ao :he i ,-.. 1 1 ":r:"'->l •~ ,1! 1\~r, oi 1he rov1e 
;-:i t' ou ~ ,s :rave l1nc:; 

Route= 11 • 
0 

0 

. o -& 
Route :;S 

: 0 

• N 

FIGURE 9 

Routes 8 and 40 Interlock. 
: h, ·,r, i .-. o ,n,J!P~ .u.., combined 1n10 o ne ,n o re~• ro elim1-
n•i•1- ·· ,"'' •, .. ,,rn, a:·1d ro c1P.a1e more cross~ow n rou:es Tne 
1]1•',: ·•r1: , ........ ', It; ' \ . \11 11 r t-~ad 111P. fi nal d'?S ll l'IJ hOn ol 1he ro:..,1le 
! '.1 " {• .. .. •'- l.' .3 '1,1id 1('1Q 

Rout e =40 

• 
0 

0 
0 
0 

0 

0 

D 

0 

-N 

0 f .• .·. ,~ 
.-. ,-.. ) .; 

• Route 1r8 

(.continued) 
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The survey form dE:picted in Figure 10 was used to collect 
the passenger boarding information. The bus stop boardings were 
lin}8d to the TRANES node numbers by using the form depicted in 
Figure 11. The information from the Figure 11 forms constituted 
the boarding data for the bus stop demand analysis work. 

Finally, tuo types of statistical analyses were employed. 
G~e was step-wise regression analysis. The other was principal 
compor.ents £actor analysis with equamax orthogonal rotation. 
Factor analysis was used to reduce the census variables to a set 
of factors which ~ould indicate the fundamental structure of the 
relationships among the census variables. A demand model would 
then be based on these factors which, in turn, should identify 
the key determinants of demand. 

Factor analysis is fairly commonly used in transporta
tior, analysis, particularly in the analysis of census statistics 
or other duta sets with large numbers of variables, such as UMTA 
Sectior, i5 performance measures (references 13, 14, 24, 57, 58, 
93). For example, Guseman, et al. (24) applied factor analysfs 
to transit level of service attributes in Beaumont and Waco, 
Texus. Constantino (13) related census tract statistics to tran
sit attributes, yie~ding 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
mTnants based on census statistics adjacent to proposed rail 
rapid transit stations in Detroit. A factor analysis text by 
Guertin (22) was used as reference for the following analysis and 
the facto? analysis programs of the SAS Insti tnte, Inc. ( ''Statis
tical Analysis System") were used for the computational analysis. 

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

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 S'l'Fl census variable·s of 'l'a.bles 7 and 8 for 
distances of 1,000 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 is de~cted in Figure 13. The 
correlation was very weak, with an R of only 0,.15. It was even 
weaker for total population within 2,500 ft.; R~ = 0.05. 

Norrnaliiing the census variables before doiP.g the regression 
analysis improved the correlations to some extent. The nor
malization consisted of subtracting the mean of each variable 
from each variable observation, and dividing this by the standard 
deviation of the variable set. With this done, the following re
gre:::sion equations were determined for total population within 
1,000 and 2,500 ft. of the bus stops along the 23 routes: 
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TABLE 7 

l :.i 80 CENSUS TABULATION 'l'OTALS BY RO LT 'T'E 
1\:ITHlN 1,000 FEET OF 13 U.S STOPS 

COTPA Riders 
* Route per Census Varial.Jle 

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 74 274 59 1356 435 

4 478 4024 1787 799 76 162 455 39 2311 754 

5 676 L,316 2978 868 63 41 150 107 3883 l0l"i 

6 351 5237 2615 978 127 98 557 68 3351 853 
-, 409 2536 1496 472 45 27 191 25 1950 424 I 

8 664 5309 3450 803 48 65 357 37 4037 782 

9 439 6702 4305 1228 140 176 31 7 126 5503 1410 

10 384 373] 1306 959 72 69 519 45 1920 868 

11 505 4537 3627 383 95 61 161 96 4114 54:-

1;; 447 4548 3047 578 121 125 255 62 3594 654 

13 1147 3269 2231 547 69 31 143 51 2804 646 

14 314 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 

19 237 2913 1620 794 74 28 158 63 2414 821 

20 261 3953 2931 524 69 31 160 47 3434 594 

22 445 6043 2267 lJl 7 125 241 876 48 2799 861 

Ti 80 2083 875 460 46 36 261 21 1241 318 

31 ::-. 'JO 2543 1106 641 45 99 268 49 1626 6E,5 

J8 329 2794 1943 278 64 91 172 74 2232 405 

40 320 3192 2109 28 61 92 164 43 2499 434 

* 1. Total Populati on 6. Housing - Total renter occupied 

? . Population -· Negro 7. Housing Values - Less than $15,000 

3. Popul cttion- Under 16 years old 8. Housing Values - $15,000-$34,999 

4. Pq:,ulation - C'J\,er 64 years old 9. Housing Values - Over $35,000 

:.i. Housing - Total owner occupied 
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TABLE 8 

1980 CE;NSUC TABULATION TOTALS BY ROUTE 
w:;:THIN 2,500 FEE'r OF BUS STOPS 

CC'TPP. Riders 
* Route per Census Variable 

Mrn:th 1 2 3 4 5 6 7 8 9 

1 436 ll C23 7274 1121 223 287 628 203 8300 1320 

2 71 6 9482 5284 1295 256 504 766 112 6449 1312 
..., 

541 5936 2485 1071 146 242 754. 98 3221 922 ., 
4 470 6495 3315 1150 132 202 627 83 4125 1185 

5 67E 14050 10755 2024 266 141 358 346 13022 2642 

6 351 7859 ,1 442 1489 175 111 642 113 5705 1452 

7 409 5447 3044 1013 98 130 434 55 4018 877 

8 664 8981 6172 1278 101 112 478 80 7238 1292 

9 43s, 17142 10458 2824 351 684 1029 278 12959 3058 

10 384 6351 3173 1369 149 86 610 89 4253 1370 

11 sos 12288 7918 1705 230 31 6 811 196 9432 1853 
J ,, -~ 44, 12327 8158 1873 259 2~c, j., 647 190 9932 2115 

1: 4,n lli45 8091 1534 230 217 411 228 9738 1936 

14 j].4 4303 3385 493 76 44 127 98 3946 662 

16 23E 8650 5498 1112 187 163 630 113 6434 1068 

18 109 12048 8182 2032 259 169 525 :15 10284 2445 

19 237 10898 7188 2030 219 179 460 189 9258 2169 

20 261 10480 6794 1625 231 141 637 104 8161 1761 

22 44:;:. 1033 8188 2348 348 586 1532 152 9766 2002 

27 8G 5010 1971 935 94 165 498 49 2639 759 

31 29C 6383 3668 1228 102 159 473 82 4703 1258 

38 329 12055 7283 1857 248 302 1029 228 8777 1787 

40 320 6712 4391 1040 136 153 339 99 5421 1096 

* 1. Total Population 6. Housing - Total renter occupied 

2. Po?ulation - Negro 7. Housi ng Values - Less than $15 , 000 

3. Popul ation- Under 16 years ol d 8. Housing Values - $15,000-$34,999 

4. Population - Over 64 years old 9. Housing Vi'ilues - Over $35,000 

5. Housing - Total CNmer occupied 
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:i,000 f t.: 
2,50 0 ft .: 

.,-,.,rhere : 

y = 30.20 - 0.04 x, 
y = 30 . 50 - 0.04 x, 

R
2 = 0 . 346 

R2 = 0.354 

y = norma l ized 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 
v2riables into the regression equation of 1,000 ft. improves the 
R to 0 . 742. This is a respectable correlation but the resulting 
equation is large, cumbersome because the var iables are nor
malized, and the coefficients tend to be negative. ~owever, 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 eq~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 mo~el 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 in Table 5, the STFl 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 inbo und 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 onto each factor, suggesting a 
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TABLE 9 

ROTJ>.TED ORTHOGONAL FAC'l'OR LOADINGS 

Variable Factor 1 Factor 2 Factor 3 Fact.or 4 Factor 5 

Race: 
7u o. 11188 0.91356 0.05785 0.11918 0.17960 

R2 0.00431 -0.93572 0.07611 -0.14735 -0 .11267 
RJ -0.29347 0.11513 -0.45758 0.13369 -0.29421 
R4 0.10171 0.02364 0.03298 0.41803 0.09399 
RS -0.35228 0.17524 -0.23331 -0.18225 -0.03744 

~: 
Al -0.40555 -0.07121 0.19667 -0.57998 0.36306 
J!,2 -0.38278 0.05657 0.60626 -0.32786 -0.10765 
A3 0.25594 0.46708 0.54983 0.06758 0.02086 
A4 0.06592 0.26111 -0.00967 0.01863 o. 88117 
AS -0.16690 0.08355 -0.05627 0.84256 0.00402 

Female Age: 

F'Al -0.40174 -0.00194 0.11166 -0.59406 0.40165 
FA2 -0.35842 0.01924 0.70638 -·0. 29231 0.03716 
FA3 0.25950 0.47346 0.48831 -0.10915 0.10368 
F'A4 0.11927 0.24078 0.11349 0.00890 0.85746 
FAS -0.12423 0.04395 0.00027 0,86286 -0.02939 

Occupation: 
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 0.18489 
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 -0.1J752 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 

riousehold 
Inccr€: 
Il -0 .46811 -·O. 21814 -0.43513 0.52969 -0.03155 
12 0.02212 0.45817 0.35297 0.39007 0.23884 
I3 0.14773 o. 28967 0.49440 0.36076 0.28681 
I4 0.33878 0.37099 0.49072 -0.09580 0.25757 
IS 0.56587 0.31081 0.35345 -0.08926 0.33465 
I6 0.58589 0.29756 0.23612 0.05710 0.10867 
I7 0.60885 o. 27892 -0.02063 0.06565 0.05380 
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more sat:\. sfactory data set. Furthermore, the factors could be 
charctcterized 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: 
Factor 2: 
Factor 3: 
Factor 4: 
Factor 5: 

High income professionals , 
Race, 
Youthfu l non-professionals, 
Elderly , 
Middle-aged. 

These five factors explained 60.9 percent of the total vari
ance in the data set. No one factor dominated. Interestingl y, 
the first factor could be characterized as high income profE::s
sional and m~nagerial persons. In fact, a comparison of the stD
tistics in Table 6 (1980 census profile for Oklahoma City) and 
Table 4 (ATE survey of frequent riders of COTPA) indicat~s that 
the bus service does attract nearly its share of professionals 
and managers. 

The othe r factors seem to reflect the ridership composition 
notE:d by ATE: the II typical II patron tends to be female, white, 
und8r 35 or over 55 years of age, cleri cal, and works downtown. 
Factor 2 is strongly loaded by the total white population (Rl), 
anc negatively loaded by the black population (R2) . The clerical 
occupation (05) louds onto Factor 3, and females load heavily 
onto Factors 3 (FA2--fernales aged 16 to 24), 4 (FAS-- females aged 
65 nnd over), and 5 (FA4--females aged 35 to 64) . 

The five factors identified in Table 10 were then used in a 
ster-wise regression ana l ysis 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 vari able. Al.l of the f~ctors and travel 
time wer e normalized in the manner indicated previously. The 
results of the step-wise regression analysis (using the SAS 
programs) are presented in Tabl e 11. 

All of the factors, except factor 2 ("race"), proved to be 
highly significant contributors to the regression equation. The 
final equation ,ith 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 ( ''rnidd le - aged") , factor 1 ( "high income professionals") , factor 
3 ( "youthful non-professionals") , factor 4 ("elderly") , and 
travel time. Travel time was a marginally significant 
contrioutor to the final equation, as indicated in Table 11. 

This was the best bus route demand model produced by the 
study. It was interesting that demand could be correlated to in
dividual bus sto ps, although the correlation was mediocre . 
Actually, s½11ce past buG route demand models cited in the liter
a tur e had H. ranging from as low as O. 355, this bus stop model 
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TABLE 10 

INTERPRETATION OF ROTATED OR'J'HOGONAL FACTOR LOADINGS 

Fl'CJOR 1 

High Incane 
Professionals 

FACI'OR 2 

Race 

FACTOR 3 

Youthful Non
Professional 

Var. Loadir1g Var. Loadi.l,g Var. Loading 

02 0.C9 
01 0.67 
09 -0.62 
I7 0.61 
I6 0.59 
IS 0.57 
04 0.54 

R2 
Rl 
03 

-0.94 
0.91 
0.56 

% of variance 
explc;.iined: 

14.7 

% of variance 
explained: 

13.3 

FACTOR 4 

Elderly 

Var. 

FAS 
AS 
FAl 
Al 
I1 

Loading 

0.86 
0.84 

- 0.59 
- 0.58 
0.53 

% of variance 
e.x·plained: 

10.9 

Tota1 amount of variance explained: 60.9 

FACTOR 5 

Middle-Aged 

Var. 

A4 
FA4 
07 

FA2 
05 
A2 
A3 
I3 
14 

% of variance 
explained: 

12.3 

Loadina 

0.88 
0.86 
0.61 

% of variance 
explained: 

9.7 

0.71 
0.66 
0.61 
0.55 
0.49 
0.49 

Only those variclbles with :!._oadings gi:ectt.er than ± 0.5 are listed above for 
each factor. 
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TABLE 11 

REGRESSION EQUA'l'ION FOR BUS STOP DEMAND USING 

FACTORS AND TRAVEL TIME TO CBD 

lndependent 
Variable* Coefficient t-statistic 

Significance 
Level 

Intercept 
Fl 

0.0231 
0.0268 

-0.0327 
7.04 

-8.04 
0.0001 
0.0001 
0.0001 
0.0001 
0.0880 

F3 
F4 
F5 
T 

* 

-0.0132 -4.46 
-0.0237 -6.20 

0.0014 1. 72 

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

Fl, F3, F4, and FS 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, 
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pE,rforma:·.ce is encouras:i.ng. Models of entire routes or route 
segIT,r~nt:s should do better statistically 1:.han a model of bus stop 
demand. 

It seems doubtful if better statistics could be obtaineci 
fro1t, the Oklahonw. City patronage, but the study indicated thctt 
~imiJ.ar model approaches are worth investigating in other 
metropolitan ctreas, particularly areas with substantially greater 
transit c.lemand. However, the need to manually collect come of 
the census statistics to some extent defeats the purpose of an 
auto,nated program such as TRANES. 

Conciusions 

An entirely satisfactory or convenient bus route demand mod
el based on '!'RANES census statistics was not obtained with the 
Oklahoma City data. Inherent to the application of TRANES is the 
assumption that demographic statistics can b~ 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 
'l'Rl\NES to census data directly accessible by the program (S'I'Fl 
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 cer.sus data with manually collected block 
g:oup 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 or 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 utili
ty of demographic surveys of passengers and suggests that TRANES 
can be one aspect of a marketing program to promote transit. 
'I'RANES can b e~ used to identify the locations of those patrcns 
r.,ost likely to use transit, or confirm the validity of route 
pldLB intended to address specific markets. As an example based 
on the findings noted above, consider factor 1, high income pro
f~ssionals. Al though 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 
bus. In this case, these patrons lived very close (1,000 ft. or 
less) to a bl!S stop where a bus would take them directly to the 
CBC. This cct.:.ld 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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j c- c hi::tre1cter i~tics and ther. proceeds directly to the CBD. 'l'hH; 
is hardly a new idea, but TRANES may be a useful design tool in 
thif: rega rd. 

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 
cou~ts a l ong routes or compilations of other demographic statis
tics ar€: not worthwhile. Furthermore, dema11d models derived from 
TRAKES may prove more feasible in larger cities and/or cities 
with higher leve l s of per capita ridership. In this regard, the 
findings in this study which correlated bus stop patronage to 
census stutistics are particulnrly encour&ging. 
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CASE.: STUDY APPLICATIONS OF '!'RANES 

In ad.di t i on to the demand analyfiis studies reported in the 
previous section, 'l'RANES was applied to several different types 
ot ~ractical studies in the Oklahoma City metropolitan area. 
Three case studies are reported below: the use of TRANES to doc
ument population and socio-economic characteristics along exist
ing COTFA bus routes, the analy~is of new bus routes in suburbari 
Norman, and the use cf 'l'RANES to satisfy Title VI reporting re
quirements . 

Demographic l<eports 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 of 
about 650,000 people in 1980. Within this area there were about 
8,000 census blocks, 24,000 street links and 835 transit stops. 

The TRAKFS programs used in the project have a theoretical 
capacity of 32,000 links, but it turned out that the network of 
24,000 1 inks could not be handled by the programs. Outlying 
counties in the metropolitan area, which bad little or no bus 
sc:rv ice 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 population and housing variables, 
listed in Table 5, were extracted from the STFl census tapes, and 
consisted of block-level statistics which could be directl y ex
tracted by the TlU\NES program. Bus stop and line summary reports 
were produced for each bus route at distances of 900 feet and 
1,500 feet from 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
f icat.ions could include changed bus stop locations, route ex
tensions , and route deletions . 

Two specific case studies of bus route design and analysis 
were car:::-ied out with the TRANES programs, the preliminary design 
of new bus route~; in Norman, Oklahoma, and the development of 
Title VI reports for COTPA. These arc reviewed in the following 
sections. 

Norman Bus Route Analysis 

Norman, Oklahoma, is a city of 74,000 people located within 
the metropolitan area of Oklahoma City. About 27 percent of the 
population consists of university students and 10 percent are 65 
years of age or greater. Norman was separated from the Oklahoma 
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City met,:-opo l:la.n networ.k noted above and separatf:ly coded. 

Th':: city o r 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 
Append i x D. This appendix alsc provides the TRANES node 
egui valency tables for all 20 census tr&cts. There were some 
2,800 street links in the network used to 
develop bus routes for Norman. 

TRANES was used t.o 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 of Federal fund
ing is t hat the transit system services the general population, 
not just a portion such as university students and staff. 

'The demographic characteristics of eight potential routes 
wen:.: explored using TRANES. The same variables listed in Table 5 
were used, with emphasis on total population, population under 1 6 
years of age, population greater than 64 years of age, and 
renter-occupied housing. These statistics were compiled for dis
tances of 1,000 and 1,800 feet from proposed buE stops. Student 
a ssistants familiar with coding TRANES for Oklahoma City found no 
troub le in developing the Norman network. 

The advnntages of 'I'RANES were evident: it enabled the easy 
preparation and analysis of many bus route alternatives and 
provided useft:l summary st.atistics. Per capita ridership levels 
borrowed from Oklahoma City were used to estimate demand levels 
for each route. This information, in turn, was used to estimilte 
revenues for the service based on alternative fare structures 
which included discounts for the young and elderly. 

'£RANES is not a complete substitute for manual inspection of 
census maps and land use maps, but it proved to be a significant 
ti.me-saver in evaluating route options. A manual survey of cam
pus routes done a year previous to this work took an estimated 80 
persun-hours to plot a 10 percent sample of all student addresses 
011 street maps (40 hours) and identify major apartment locations 
(an0ther 40 hours ). 

In a university environment it is important to identify 
apartme~t concentrations with large numbers o f student residents. 
Dc:veloping new bus routes with TRANES amounted to a preliminary 
inspection of land use maps and other sources of student and el
der J.'/ resident lc•cation information, and the sketching out of 
routes for processing by TRANES. 

Title VI Reporting Requirements 

Title VI of the U.S. Civil Rights Act of 1964 states: 
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"No person in thE: United States shall, on the grounds of 
race, coJor, or nutional origin, be excluded from participa
tior, in, be denied the benefits of, or be subjected to dis
crimination under any program or activity receiving Federal 
financial assistance." 

In t.erms of transit service this is interpreted by UM'l'A to mean 
that the services available to minority groups are comparable to 
those cf the general population. UMTA also requires that transit 
route load factors identify those routes with concentrations of 
minorities. Finally, UMTA requires an enumeration of acces
sibi lity via transit to employment, shopping, medical, social 
services, and educational opportunities in terms of travel times 
fer minority and non-minority populations. This information is 
to be obtained from representative sample census tracts. 

Title VI reports need to be submitted once and then updated 
onnually if significant changes in transit routing or other as
pects of transit service planning and provision have changes. In 
1~83 COTPA staff members compiled a thorough Title VI report . 
Although no records were kept of the staff efforts involved, the 
effort involved several staff persons devoting most of their tirne 
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. 

'1he TRAN ES program~ were run with the COTPA bus routes ar; ~ 
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
mnining eleven transit lines to conserve on ccmputer execution 
times. 

Interesting enough, the minority populations served within 
the trcmsi t service area were higher than anticipated, and higher 
tha~ 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 
li , ,e ui thin 1,500 feet of a transit stop based on the TRANES re
ports. •rhe results of TRANES showed that the Black population 
served was 26,478 persons or 37 percent of the Black population 
liv~ng within the transit service are2., the American Indian pop
ulation served was 3,435 persons or 24 percent of the Arnerican 
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 living within the 
transit service area, and finally, the Spanish Origin portion of 
the populatio11 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
terr:ination since TRANES counts census block statistics within a 
specified distance of the bus stops while manual techniques as 
surnc that the tracts are homogeneous such that census statistics 
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are dirBctly proportional to the fraction of the trac~ area with
in a specific distance of the bus stop . Manual work also is 
proLE: to errors ir1 tabulation given the magnitude and tedium of 
the task. Another advantage is that revised reports are easy ~o 
produce \,hen route changes are ma.de . 

The disadvantage of using '!.'RANES, apart from the effort in
volved .::.11 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 category--the 
block-- hence , thinly scattered minorities will be under-reported 
by TRANES. It is likely, for example, that TRANES under-reported 
the A~erican Indiiln population (26 percent of the population in 
Okl~~oma City), residing near bus lines. 
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OTHER POSSIBLE APPLICATIONS OF TRANES 

The case study ar:,,plicatious of •rRANES presented 1n the 
prec~ding section should be sufficient to justify the addition of 
TRANES to the computer-based capabilities of most transit 
ager,cies, particularly those at least as large as COTPA, the 
transit operator in Oklahoma City. A number of other possible 
applications are reviewed below. 

Successive Overldys 

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 
Colorado Springs, Colorado ( 11) . The project consultant devel
oped a computer ~rogram which converted TRANES-generated demo
graphic information 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
il=eas 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 evalu~tion 
presently available, given current computer software capabil
iti€.s." 

Route Modifications 

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 involve 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 ch,:rnge considerations. 

Support for Other Bus Route Demand Models 

A number of previous bus route demand modeling effort~ 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. 
'l'RANES-generated data could also be used in model formulations 
devised by Bey le ( 5) ; Golenberg and Pernaw ( 20) ; Hsu and Surti 
(32); Ross and Wilosn (63); Turnquist, et al-., (79, 80); and 
Yuratovac (22). - - -
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CONCLUSIONS AND SUGGESTED RESEARCH 

'fRANES hc.:.i, been shown to be a useful addition to the cornpuL
er-based anal ytical tool s avai l able 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 route service 
impact statistics (e.g. , satisfying Title VI reporting require
mcnts ) . 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 demographic 
data was 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. 

Suggestions for future research include the application of 
TRANES to demand models developed by other researchers. The ap
plicat:i,on of TRANES to demand model development, following the 
lines of approach developed in thi s report , would be useful for 
l arger metropolitan areas with greater levels of per capita tran
nit ridership. It would appear that Oklahoma City's patronage 
was exploited to its limit in this report. 

F inalJ y, the 'I'RANES 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 
i n r:iachine- readable form. Among the capabilities that should be 
useful to a TRANES user with a computer terminal and CRT screen 
include the graphical display of street and transit networks with 
l>us stop locations, and the ability to activate and deactivate 
transit stops and lines at the terminal. 
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APPENDIX A 

TRANSIT NETWORK EVALUATION PROGRAM (TRANES) 

The Transit Network Evaluation (TRANES) Program was devel
cpc<l on a Burroughs mainframe computer by the C0mpre hensive Plan
ning Organization (CPO) in San Diego, Calitornia under an Urban 
Mass Tr4Pnsit Administration (UMTA) research grant in 1977-1978 
(75). The research team was composed of Wesley R. Frysztac ki and 
Lee Johnson of the CPO and Robert Parrot and Peter Loubal ser ving 
as c onsultants. The objective of the project was to · aevelop a 
program, TRANES, which would allow the transit planner t o 
retrieve census and survey data at the census block level of 
geog:i;-aphy. 

'l'h e transit network consists of census tract nodes taken 
frorr, the GBF /DIME file and renumbered to form a unique 'fRANES 
neb;or.k of nodes and interconnecting l inks. Each node in the 
network repreGents an existing or potential tra nsit stop in the 
transit netwcrk. Census data files are linked to TRANES by using 
the GBF/DIHE file record number as a random access key and asso
ciating it with the appropriate census block . 

The various TRANES programs and their associated data file s 
are diagrammed in Figure A-1 and briefly described below. The 
reader should consult reference 75 for more information and guid
ance ori implementing the TRANES programs . A listing of the TRANES 
programs and subroutines is contained in Appendix B. They are 
written in FORTRAN IV, the predecessor to the current stcmdard 
FOR'IRAN ,77 language. The programs were compiled and run on an 
IBr-'. 2081 mainframe computer at The University of Oklahoma using 
the FOR'l'RAN IV Gl compiler, version 2. 

INPUT REQUIREMENTS 

?.EEProcessor Programs 

The preprocessor programs are used to prepare the regional 
poi~ter files used in the EXTRACTOR program. The pointer file s 
are necessary to renumber the GBF/DIME file node numbers into a 
sequential order for efficient searching by TRANES. /1-.d
ditionally, the preprocessor programs create a file necessa r y for 
allocating the census block socio-economic i n formation to the 
GBF I DIME street segments. The preproce ssor programs are run onl y 
after major changes have been ma de to the regional GBF/DIME file. 
Therefore, the user will only have to run these programs 
occasiona l ly. Ther e are four steps in preprocessing, inc]uding a 
system sort. utility used to create regional pointer files. In 
Figu~e 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
Ler s per record), the other containing two record s for each 
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street s egme nt ("nickel" file) . The first file is called DIMECON 
, ... nd it is u s ed by the EXTRACTOR program. The s~cond file is used 
in Step 2 of ~he preprocessor program. 

f_Feprocessor Step 2. In the second step, the nickel file is 
sorted in numerical order based on the GBF/DIME f i le record 
number an<l the census tract node number (numbers 1 to 699 and 
numbers greaLer than 5000) or metropolitan map series node 
numbers (numbers 700 to 4999, which are the nodes along the 
cer.~us tract boundaries). After sorting, the program assigns new 
and unique node numbers for each census tract or census ma 1,> node 
(if the node is on a tract boundary). The resultant file 
contains the unique GBF /DIME file record numbers, census tract 
intt';rior no<le numbers , and census tract boundary node numbers. 

Preprocessor Step 3. The unique node file is u s ed as input 
into a fourth program which creates a TRACT/NODES file, a MAP/
NODE File, and a TRACT/POINTER file which all are used as input 
to the EXTRACTOR program. The TRACT/NODES f ile contains the low-
0st ~nd highest node numbers for each census tract listed in nu
merical order. The MAP /NODES file contains 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 is to create a binary census information or 
"demand" file. The binary demand file p r ovides the census
derived information associated with each TRl\NES link segment. 
The TRANES program used in this research project is limited to 
creating nine diff erent categories of census items. This could 
include total pop~lation, housing units, ethnic composition, age 
composition, household income, or other census inforn~tion found 
on the STFl (census block) c1ata 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 to obtain block level data matches 
asscciated with the GBF/DIME file record number . 

EXTF:ACTOR Progr am 

The purpose of the EXTRACTOR program is to create fi l es for 
the 'l'RANES Program and to give the user the ability to extract 
portions of the metropolitan region GBF/DIME file for t.he 
desired analysis (e.g., a transit corridor). The inputs for the 
EXT~ACTOR program come from the preprocessor programs as 
ind.i.c&t.e<l in the previous section. These files are shown in 
Figure A-1. The outputs from the EXTRAC'l'OR program .:i.re a demand 
file, a link/pointer file, a node/pointer file, a coordinate 
file, and TRANES node number files. 
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Extracted Derr8nd File. The demand file is a subset of the 
regional doffiand file which corresponds to the specific geographic 
area or corridor under study. This file has the desired census 
information listed by GBF/DIME file record number and it retains 
the sE.'quential order of the original GBF /DIME file. Census
derived or locally geocoded data can be used. 

Ext~acted Li~k/Pointer File. The link/pointer file serves as 
both a unique link file for the specific subarea and a pointer to 
connected links. 'l'his is the main file used by TRANES to find 
transit paths. 

Extracted Node/Pointer File. The node/pointer file is used 
as a poi:r.tcr 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. v!i th these equi valency tables, the transit planner can 
con'.'t~rt GBF /DIME file nodes to TRANES nodes representing active 
t1·ar,si t stops. 'l'he actual coding of the transit lines is 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 
fj_le, a:r.d the TRANES node number files. The first three files 
were crE:i.lted by the EXTRACTOR program while the command file must 
be created by the user with a text editor or word processor. The 
conut,c.nd file contains input. parameter values, node classifica
tions, 2.nd transit line information as input for TRANES. The 
technical details of coding the command file are given in the 
'.CRAt~1;s Technical Report ( 7 5) . 

A primary function of the EXTRAC'I'OR 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 
two fiJ.(;s, TRANE/NODES and TRANE/MNODES. The first file contair,s 
the criginal 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 
thoEe nodes located on the census tract boundaries. 

TRANES PROGRAM 

TRANES has b.10 principu.1. components, an ability to access 
c~nsus information at the block level within a specified distance 
along an existing or projected transit route, and an abj_ l ity 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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tabulatec, spe cifies the access limits for the bus stops (e.g., 
walking distances), and formats the desired summary report. 

Within '!'RANES a pathfinder algorithm determines all of the 
network links (census block faces) which can be accessed by a 
each designated bus stop within the pre-specified "impedance " or 
walking distonce. The pathfinder algori thm 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 and the transit line report. The transit stop 
report gives a detailed list of census or transit data items by 
trmwi t 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 al l 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.ted twice if the selected accessibility limits are greater 
than the distances between the lines. When analyzing the output 
from TRANES, this needs to be taken into account. 
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APPENDIX B 

TRANES COMPUTER PROGRAM LI STING 
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C PROGRAM NAME : NPl-1 
C ********************************************************** 
C * PROGRAM TO EXTRACT MAP/NODE AND TRACT/NODE RECORDS * 
C * FOR INPUT INTO THE SORT ROUTINE (NPl-2) * 
C * WRITTEN BY KEN MORRIS * 
C * AUGUST 11, 1982 * 
C ********************************************************** 
C ---VARIABLE NAMES---
C NSF - NON-STREET FEATURE CODE 
C FM FROM MAP NUMBER 
C TM TO MAP NUMBER 
C RN DIME FILE RECORD NUMBER 
C CTL CENSUS TRACT LEFT 
C CTR CENSUS TRACT RIGHT 
C FN FROM NODE NUMBER 
C TN TO NODE NUMBER 
C FX FROM STATE PLANE (X COORDINATE) 
C FY FROM STATE PLANE (Y COORDINATE) 
C TX TO STATE PLANE (X COORDINATE) 
C TY TO STATE PLANE (Y COORDINATE) 
C 
C ----INITIALIZE VARIABLES 
C 

C 

IMPLICIT INTEGER(A-Z) 
NR = 0 

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

5 READ(2,10,END=99)NSF,FM,TM,RN,CTL,CTR,FN,TN,FY,FX,TY,TX 
l O FORMAT ( T.2 9, I l, T46, I 3 , 2X, I 3, T85, I6 , 1 X, 2 I 6, Tl 23,214, T23 l , 4 I 7) 

C 
C ----CHECK FOR NONE STREET FEATURES AND ZERO COORDINATES--
C ------FOR NODES< 700 CREATE TRACT/NODE FILE---
C ------FOR NODES> 700 CREATE MAP/NODE FILE---

C 

IF(NSF.GT.l)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,I6,I4,IS,2I7) 
25 FORMAT(I3,6X,I4,IS,2I7) 

C ----INCREMENT RECORD COUNTER--
NR = NR + 2 
GO TO 5 

C 
C ----WRITE NUMBER OF OUTPUT RECORDS IN NODE 

99 WRITE(4,10l)NR 
101 FORMAT(/lX, 'OUTPUT RECORDS : ',I6) 

STOP 
END 
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C PROGRAM NAME : KPl-3 
C ********************************************************** 
C * PROGRAM TO SELECT U IQUE NODES f'OR MAPS AND TRACTS * 
C * FOR INPUT IN TO THE FILE CREATION PROGRAM. * 
C * WRITTEN BY KEN MORRIS * 
C * AUGUST 11, 19 82 * 
C ********************************************************** 
C ---VARIABLE NAMES---
C MA P OR MAPl - DIME FILE MAP NUMBER 
C TRACT OR TRACTl DIME FILE CENSUS TRACT NUMBER 
C NODE OR NODE! DIME FILE NODE , NUMBER 
C RECNUM OR RECl DIME FILE RECORD NUMBER 
C XCOOR OR XCOORl DIME FILE STATE PLANE (X COORDINATE) 
C YCOOR OR YCOORl - DIME FILE STATE PLANE (Y COO RDINATE ) 
C NR - RECORD COUNTER FOR UNIQUE NODES 
C 
C ---1 ITIALIZE VARIABLES--

IMPLICIT IKTEGER(A-Z) 
NR = 0 

C 
C ----READ RECORDS FROM NODE DATA FILE---

5 READ(2,10,END=99)MAP,TRACT,NODE,RECNUM,XCOOR,YCOOR 
10 FORMAT(I3,I6,I4,I5,2I7) 
15 READ(2,10,E ND= 99)MAPl,TRACTl,NODEl,RECl,XCOORl ,YCOORl 

C 
C -- - IF CE SUS TRACT IS BLA K, COMPARE CENSUS MAP AD OD ES 
C ---FOR NODES< 700 WRITE UNIQUE TRACT/NODE RECORCS- --
C ---FOR NOD ES > 700 lvRITE UNITQUE MAP/NODE RECORDS---

IF (TRACT. EQ.0) GO TO 20 
IF(TRACT.F.Q.TRACTl.AND.NODE.EQ.NODEl)GO TO 1 5 
GO TO 25 

20 IF(M AP. EQ .MAPl.AND.NODE.EQ.NODEl)GO TO 15 
25 IP(NODE.LT.700)WRITE(3,110)TRACT, ODE , RECNUM,XCOOR,Y COOR 

IF(NODE.GT.700)WRITE(3,120)MAP,NODE,RECNUM,XCOOR,YCOOR 
C 
C ----I 'CRE~E T 'O DE RECORD COLI ITER---
C ----REASSIGN corPARISON REGISTER VARIABLES--

NR = NR + 1 
MAP = MAPl 
TRACT= TRACT! 
NOD E = NODEl 
RECNUM = RECl 
XCOOR = XCOORl 
YCOOR = YCOORl 
GO TO 15 

C 
C ----WRITE OUT NUMBER OF UNIQUE NO DE RECORDS-- -

99 WRITE(4,101)NR 
101 FORMAT ( /lX, ' OUTPUT RECORDS : 1 , I6) 
110 FORMAT(3X,I6,I4,IS,217) 
120 FORMAT(I3,6X,I4,I5,2I7) 

STOP 
E D 
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C PROG RA M NAME: KPl-4 
C ********************************************************** 
C * PROGRAM TO CREATE MAP/NODE & TRACT/NODE FILES * 
C * AND A TRACT/POINTER FILE * 
C * FOR INPUT INTO TH E TRANES EXTRACTOR PROGRAM. * 
C * WRITTEN BY KEN MORRIS * 
C * I\ UGU ST 11, 19 82 * 
C ****** ** **** ** *** ** ********** *** ** ** *** ** ********* ** *** ** * 
C 
C ---VARIABLE NAMES- - -
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

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

MAP OR MAPl - DIME FI LE MAP NUMBERS 
TRACT OR TRACT! - DI ME FILE CENSU S TRACT NUMBER 

NO DE OR NODEl - DIME FILE NODE NUMBERS 
RECNUM OR RECl - DIME FILE RECORD NUMBERS 

XCOOR OR XCOORl - DIME FI LE STATE PLANE (X COORDINATES) 
YCOOR OR YCOORl DIME FILE STATE PLANE (Y COORDINATES) 
TCOMP OR TCO~Pl TRACT PREFIX COMPARISON VARIABLES 

C ----INITIALIZE VARIABLES--
C 

IM PLICIT INTEGE R(A- Z) 
LRN = 0 
HRN = 0 
TRP = 0 
t·tl'P = 0 
NTN = 0 
NMN = 0 

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

5 READ(2,10,END=99 )MAP ,TRACT , NODE ,RECNUM , XCOOR , YCOOR 
10 FOR1'\AT(I3 ,I6, I4,I5,2I7) 

C 
C -- -DEF INE TRACT PREFIX BY TCOMP 
C 

15 TCOMP = TRACT/ 100 
NR = 0 

C 
C - - - INCREMENT RECORD COUNTER- -
C 

NR = NR + 1 
C 
C - --- CHECK TRACT , IF ZERO, EXECUTE MAP ROUTINE--
C 

IF(TRACT.EQ . 0)GO TO 40 
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C 
C ---READ IN SECOND ~ODE RECORD TO BE COMPARED-
C 

20 READ(2,10,END=99)MAPl,TRACTl,NODEl,RECl,XCOORl,YCOORl 
C 
C ----DEFINE SECOND TRACT PREFIX BY TCOMPl 
C 

TCOMPl = TRACTl / 100 
C 
C ---COMPARE TRACT PREFIX'S, IF SAME, INCREMENT COUNTER, GO READ RECORD 
C 

IF(TCOMP.EQ.TCOMPl)NR = NR + 1 
IF(TCOMP.EQ.TCO~Pl)GO TO 20 

C 
C ----INCRMENT TRACT POINTER COUNTER---
C ----INCREMENT LOW RECORD COUNTER AND HIGH RECORD COUNTER 
C 

C 

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

C ---\·.'RITE TRACT/POINTER RECORD--
C ---WRITE TRACT/NODE RECORC---
C 

\✓RITE(3,25)TRP 

25 FORMAT(I6) 
l~~ITE(4,35)TRACT,LRN,HRN 

35 FORMAT(3!6) 
C 
C ---REASSIGN TRACT AND MAP VALUES FOR COMPARISON---
C ----INCREMENT TRACT/NODE COUNTER AND TRACT/POINTER COUNTER--
C 

TRACT = TRACTl 
MAP= MAPl 
NTP = NTP + 1 
NTN= NTN+ 1 
GO TO 15 

C ******************************* 
C ---MAP/NODE CREATION ROUTINE---
C ******************************* 
C ----INITIALIZE VARIABLES--
C 

40 LRN = 0 
HRN = 0 

45 KR = 0 
C 
C ---INCREMENT RECORD COUNTER~-
C 

NR = NR + 1 
C 
C ---READ NODE RECORD FOR MAP/NODE COMPARISON--
C 

50 READ(2,10,END=99)MAPl,TRACTl,NODEl,RECl,XCOORl,YCOORl 
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C 
C ----IF MAP AND MAPl SAME, INCREMENT CO.UNTER , READ ANOTilER RE:CORD-
C 

C 

IF(MAP.EQ.MAPl)NR = NR + l 
I F (MAP.EQ.MAPl)GO TO 50 

C ----INCRE~ENT LOW RECORD NUMBER AND HIGH RECORD NUMBER---
C 

LRN = HRN + 1 
HRN = HRN + NR 

C 
C ----1·,'R ITE MAP/NODE RECORD---
C 

WRITE(8,35)MAP,LRN,HRN 
C 
C ----REASSIGN MAP VALUE FOR COMPARISON--
C 

MAP = I-' .A P 1 · 
C 
C --- INCRE~ENT MAP /NODE RECORD COUNTER-- -
C 

C 

NMN = NMN + l 
GO TO 45 

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

99 WRITE(9,10 l )NTP,NTN,NMN 
101 FORMAT(/lX , 'POINTER RECORDS : ',I6/1X, 'TRACT/NODE RECORDS 

*I6/1X,'MAP/NODE RECORDS: ',16) 
STOP 
END 
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- P ROG RA , N A M ~ : DI ~ ~ CO N 
C ********************* ************************************* : * ~~O,RA~ ~o CREArE DIMECON FILE FRJ1 GBF/DI~E FILE. * 
: * FOP INPUT INTO rHE EXTRACTOR PROG~A~ * 
: * wrrT~~N BY KEN ~ORRIS * 
: * AUGUST 18, 1982 * 
C ********************************************************** 

: ---VAR!ARL~ NA~ES---

C 
C 

C 
,.. ... 
,.. ... 
,.. 
I,,. 

C ... ... ... 
..... 
,.. ... ,.. 
I,,. 

,.. ... 
,.. 
..... 

C 

,.. ... 
,.. ... 
,.. 
I,,. 

,.. 
..... 

C 
C 

ST ~ I) 
~SF 

FM 
T!'1 

CLF 
LLA 
LH~ 
RLA 

ARR\Y CONrAINING DIME FILE 
NON-STREEr FEATURE CODE 
-PROM !'1AP NO~BER 

- TO ~AP NU~BER 
CODING LI~IT FLAG 
LEFT LO~ ADDRESS 
LEFT HIGij ADDRESS 
RIGHT LOw ADDRESS 

RH\ - RIGHT HIGH AD~RESS 
R~ - vIME PILE RECORD NU~BER 
CD - CHECK DIGIT 

c~t - CENSUS !R\CT LEFT 
CTR - C~NSUS TR\CT RIGHT 

ZL - ZIP COD~ LEF~ 
Z? - ZI? CODE RI~HT 
FN - FRO~ NODE ~UMBER 
TN - TO NOD~ NU~BlR 

PCL - PLA:E CODE LBFT 
PC~ - PLACE CODE RIGHr 

STREET INFOR~~!ION 

cnL :ou~TY CIVIL 9IVISI~N L~Fr 
CDP COONTY CIVIL DIVISION PI~HT 

RL - CENSUS BLOCK LEFT 
BR - CENSOS BLOCK RIGHT 
~X FRO~ ST~TE PLANE (X COORJINlTE) 
fV - PRO~ STATE PLANE (Y COORDI~A:E) 
TX TO STAT~ PLANE ~X C80RDINA~E) 
TY - TO STATE PLAN~ (Y CJORDINATE) 

~RI ~CT~SER OF INPUT RECORDS 
NRD - NU~BER OF OUTPUT RECORDS 

- ----INI TIALIZE VARIABLES 
C 

I~?LI CI~ INT~G~TI~A-Z) 
DI"IENSION ST(1J) 
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C 

'i '7 I = ') 
li ?C = :) 

: ----~FIJ IN ~APS,7RA:TS,N OJES, AN D CJ~R DINAT ES FRJ~ ) I~E fIL 3 
C 

,.. 
.... 

c; F.:'.~~~2,10,:::ND=9q) ~sT:I) ,1=1,7) ,NSf',f~, r :-t,CLf, LLh, ;.. ;L\, P. Li\ , R'. lA , RN , 
• CD,CTL,CTR,ZL,ZR,!N,TJ,PCL, P:R,CD L,BL,: or , SR, FY, ~X ,TY, r x 

10 F' :JR -.l\: :6A4, A2,2 X, 11 ,1'4 6 ,2 ~I3, 2X), 1 1 , ~16 , 4X , H: , I 1, 2.!:6 , 2I 5 , I 1 23 , 
•4I4,r144,I3,T152,I3,r163,T3,T171,I3,T23 1, 4I7) 

- ----rNC~EM E~T I~PJr FECORD COU~ TER 
,... .... 

,,. 
.... 

C 

C 

~?.I= NRI + 1 

I F ~~SF.GT.1)GO T'.) 5 
I F (CT L. G ~. 2 0 0 0 . A~ D. CT F • GE. 2 0 0 0 l G J ! 0 5 
IF~FX.~'.-:.0.~ND.FY.~E •. O)GO TO 15 
TP(T X.EQ.0. AND.TY.EQ. Ol GQ TO 5 

15 W~ IT ?: ~3,2 0 ) F'~, CTL,f~,T:-1,C':'R,:'N, NS?, (S'!'~ I) , I=1 ,7 ) , ~L.l\, L.!.\ , iE , -: L, 
•~CL, CD L, ~LA,RH~, BR ,ZR,PC~, CD~ , :LF , ~S, CJ , FY , fl , TY, TX 

2 0 F ~ R ~ ,\ T ~ 2 ~ I 3 , I 6 , I 4 ) , I 1 , 6 A 4 , I\ 2 , 2 '. 2 I o , 13 , 2 X, I S , I ~ , I 3 ) , I 1 , I b , ::::: 1 , 3 ;< , 
• u r7) ... ... 

: ----INCR~~EHT OUTPJT REC'.) ~D COU JT~ 3 
,.. ... 
,.. ... 
:: ---- !"~ IT::: TO RECORJ ~(J'1BE P. /T~ACT/9LO:K FIL E---
C ------ JS~9 TO ~!TCA DilE RECJ RD S ~U ~BE3 ~I rH DS~A~J ? ILS--
C 

IF (~TL. GT. iOOO. AND. BL. GT. 0) W!i ITE ( :. , 40) ~ N, Cl' L, 2L 
P'(C~L.EQ.CTR.AND.BL.1:Q.B~) GO :'O 5 
!'f ~C'!' R. G:'. 1000 . AND. BR . GT. 0 ) ~ ~ I rE : ~, 4J ) ~ N, CTR , iB 

40 ~O:Pl.\T(2I6,I3) 
GO TO 5 

C 
: ----WRITE OU~ INP~! ~ND OUTPUT BECD RD : oJM!S--
C 

9 Q W!' I TE ( 8 ,1 0 1) NR I,N RO 
101 ?O?-~ A~~/1X,'G3~ Re:OHDS 

S TJ'P 
:: N '.) 

6 3 
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C PROGPA'1 NA!'I.E: : EXTEACTOR 
C ********************************************************** 

C0'1~0N LDD~700J0,3) 

C 

Dir-i~NSION I BMA? (2), rrRC (2), NJ DES (21 ,IY ( 2), TX (2) 
DP1E'NSIO!l ITPTR (212) ,ITR~Cr p70) ,LJW(370) ,I HI:;H (17J) 
DIMENSION r-1AP:>(50), 11LOW (50) ,'1!IIGII (50) 
INTEGER*2 NEWt1.ft.P(20000) ,LDD,LP(70000) ,LD(7000 0), 

* l-IEW?T2 (70000), NEWPTR :70000) 
_'.HM E ~SI ON L INK:: R ( 2) 
DH1ENSION IDMD9 (9) ,IDMD9T (9) 
DI11ENSION IE11P9 ~()), IEMP9T ~9) 
~QlJIV~LENCE (LP ( 1) ,LDD ( 1, 1)) 

* , (L!):1) ,LOO (1,2)) , (N'.::W?T~ :1) ,LDD:1 , 1)), 
* ( 1t~ 1,iPT2(1) ,LDD(1,3)) 

ryATA NOM,NEXT,IB,NJNST,INODEM,ID1~9T/ 1~ •J/,Li iK S/J/ 
DAT~ NEW~AP/20000*0/ 
!)FFINE FILE 3(20000,45,E,JD) 
DE~INE FIL2 s:1sooo,45,E,JD) 
DE~INS FILE 22(7~000,45,E,J~) 

C ***** IN?UT FILES*********** ,.. ... 8- :F.NSUS LI:-IKS 
: 10- :~~C~/POI~~ER 
C 11- T~AC7/NODES 
C 12- ~.l\P/~ODES 
: 10- !J I:1ECON 
: 22- S~PL LI}lKS (OPTION~L) 
C ***** OUTPUT FILES********** 

C 
2- LI~KT~ST (US~D AS INPJT TO P~EP) 
3- SUB DE11i\ND 

:: 4- LINRP~ 
C 9- ~O!lP .!\C 
C i3- COO~DS 
: 20- ~~~N~S/NODES 
C 21- !rANES/~NODE 
C 23- sua E'.'IPL (OPTIONAL) 
C**********************************************************************C 
C STEP # 1 C 

C 
,. ... 

READ CONTROL CARDS AND TABLES 
IOPT =O FOR FULL Ru N 
!OPT =1 FOR MAIN PRO~RA1 ONLY 
!OPT =2 FOR SUBRJUTINE P~ EP J~LY 

C 
C 
C 
C 

C******************************************************************~***C 
?Ei\D ~ 1, 30'.)0) IOPT 
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If(I0PT.:H.2)G'.) TO 1 
R2AD ~H:: Nt11B':::R OF LINKS AN:.'1 ,~'.)DES :'IZX;) FO R ?R3i? ~ 

~E\D(1,5000) LINKS,NEXT 
,:;o rn J 10 

1 '.l !=: '{ T= 1 
:>0 U I=1,500 

4 RFAD(10,1100,END=5) IT?TR(Il 
5 JO 6 !=1,370 
6 P.~.\T)(11,5000,END=7) ITRACI(I) ,LJW(I) ,EIIGR:I) 
7 DO 8 I=1,38 
8 RE ,\ D ~ 12,500 o, END= 9) MAPP (I) , MI.Ow ~I), :rnr:; H ~I) 

~•••*******************************************************************C 
C S T E P f 2 C 
:c READ LI~KS AND RENU~BER NJDES C 
c••••••••••••••••••••••••**********************************************C 

C 

C 

-.... 

C 

,.. .... 
,. 
\,, 

C 

,. 
~ ,.. .... 

9 DO 200 JJ=1,100000 
READ(16,.1000,:!ND=900) (IBMAP(K) ,rrac(K) ,.NOOES(r() , K=1 ,2),ITYPE,JJ, 

& ~:Y~L"!) ,IX {LM) ,t,=1,2) 
N::J"!=NU!'!+1 

STEP 2.1 SKIP NON ST~8ET I.INKS, 
SKIP TRACIS \ND NODE= J 
CREATE CJJR~I~ATE FIL~ ?J ] PLJ;rr~G 

If '.TTYP!::.G7.0. lPW.ITYP~.LT. A) GO TO 175 
IF(T7?C(1).EQ.0.:>R.IT~C(2).EJ.0)'.;J TJ 150 
IF~NO!.'lES(1).EQ.0.0R.HODES~2).F'Q.'.>)'.;0 ~J 1'.)::) 
IF ~IX ~1). GT.0.AND. IX :2) .'.;T. 0. A~D. IY {1). ~T.0. !\NJ. TY ~2) • .:;r. 0 ) '.;'J:''J 3 
IE=IB+1 
WRIT::.: ~6 ,6003) NU~ 

) W~I1'E(13,7001)JD, (IX(L!'1),IY(LM) ,L!'1=1,21 
STEP 2.2 R~NUtlDER ALL NJDES 

IPJW=O 
ICOL=O 
I F ( NO D r: S ( I ) • G E. 7 0 0 • A 1-P) • N ~ ~ Z S ( I ) • L T • 5 J O J ) G O r ) 7 5 

S TEP 2. 2. 1 RE N 11 'I 5 E P. T RAC r NOD ES 
K?"!'R = 1 
SEARCH I7RACT TABLE FOR 7HIS CZNSUS TRACT 

,o Ir(~PTR.EQ.0.0R.KPTR.~T.370):;o T'J 200 
IF' (!TRACT ~KPTR) .EQ. ITRC rr)) GO TO 2'.) 
KPTR=:<PTR+1 
GO TO 10 

20 ND=~ODES :11 
~EDUCE NODES ABOVE 4999 

f'C' ~NODES ~I) .Gr;;. 5000) ND=700+ UrnDES ~I) -43 99) 
NODPTR IS THE NODE NU~BER PLUS fHE LOi3ST NJ~BE1 

IN THAT TRA:T IN SE~UENTIAL OtDER FJR ~LL IRA:TS. 
THEN SUBTRA::T 1. 

~ODPT?.=N~+LOW!KPTR)-1 
IF(NODPT~.GT.IHIGH(KPTR)) GJ ro 195 

IF NEW NUMBER A90VE 70000 MUSI :;o TO NEi ARRAY ?O~ SPACj 
I:~NODPTR.GT.70000) GO TO 25 

EL!~2tl! OF NEW?TR ARR~Y IS ASSU3NED NZIT AVAI~AJLi 
NU~BER IF NOT ALREADY ASSIGNED 

IF(N'::W?T'S(~ODPrR)-.NE.0) GO TO 30 
~EW~TR(~ODPTR)=NFX~ 
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,.. ... 

,.. ... -.... 

CO~VERT X AS9 Y TO SRIDS FOR LATER INTS1~:TIVE ! R113.S 
If~I:('.l}.::J.O .. JP .. IY(I).E'J .. 'l)';O TO 21 
IPJW=(IY(l)-SOJ00)/200]+1 
I'.:':JL= ~Ix ;I) -1500000) /2000+1 

21 W?.I~E :20, 8000) ITRC ~I) ,Noo;::s :r,, NE:<r ,IX (I) ,IY :Il, r:nw,r:oL 
I~CRE~ENT NEXT AND ASSIGN NE~ ~UMJER TJ LINK3R 

~-:X':'=Nl:_;X~+ 1 
30 LI'.'lKER (I) =N'EWPTRCWDPTR) 

GO "!"O 1 00 
THE FOLLOWI~G STEP ARE SI~ILAR TO THOSE ARJVE 

EXCEPT THE ARRAY NEWPT2 IS US~D FOR S2~C~ 
25 NODPT?=NODPTP-70000 

I F ( N' ::' W PT 2 ( NOD Pr R} • N E. 0) GQ T O 3 5 
SEWPT2~SODPTR)=NEXT 
IF~TX~T).EQ.0.JP.IY:I).E;).J)SO TJ 31 
IROW= (IY (I) -50000) /2000+ 1 
r::n= ~IX ~I) -1500000) /2000+1 

31 W~ITF.:(20 ,BJOO) ITRC(I) ,~ODES (I) ,NE:XT,IX ~I) ,IY '.II ,I?JW,I:G: 
NEX':'=~EXT+1 

35 LINKER~I)=N~WPT2~NODPTR) 
GO TO 1 00 

STEP 2.2.2 ~ENU~6ER,AP jJDES 
CONVERT AL?HA MA?S TJ NU~BCRS 

75 I~BP=O 
80 I~A? = I~~p + 1 

P'(IB"'!AP(I).~Q.O)GO TO 200 
IF~~Ai?P '.I'lAP) .E:Q.0) GO TO 2~0 
t r ( T n ~ l\ t> ( I\ • GT . ~ A P !' ( I M A P) ) G O T :'.> t3 0 
Ir (IR~ A P ( I l • LT. MA i? P (I~ A P) ) ;; 0 T J 2 J J 

THIS ?ROCESS IS THE SA"IE AS .~BOVE SXCE.?T f()~ :nrs 
NODr>-rp: ('./ODES {I) -700) +MLOW ( PL\?) -1 
IF(NOJP'!'R.::;T.'1HIG!-l(IMA?)) :;o :'O 1 'J5 
I!" '.N:S:.;;1;\? :~ooP'!'R) .NE.0) GO TO 4J 
~~W~AP(~ODPTR)=NEXT 
IF(IX~I}.EQ.0.DR.IY~I).EQ.O):;O TO ~1 
IPOW= ~IY (I) -50000) /2000+1 
ICOL= (IX (I) -1500000) /2000+ 1 

4 1 WR I 7 S ~ 2 1 , 8 0 0 0) I B ~'IA P (I) , NO!) i:! S '. I) , NE X 'T , I 1 ~I) , I Y '. I } , Ii'. 01-i , I C '.) L 
'{:::XT=NcX T+1 

40 LINKER(!) =NEW,AP(~OD?TS) 
100 CONTINUE 

CALCULATE LINK DISTA~:E,2AC~ DA~~ 
WRITE LINK FILE:2) A~J DE~AND FIL~ :3) 

I'.)IST=O 
Tr(IX(1).l::',).0 . 0R.IX(2).EQ.0.0R.IY(l).:::;J.0.0R.IY(2}.S'.J.)):;'.) TO 1~J 
I'(DIST=IX: :2)-I~ (1) 
IYDIST=IY (2)-IY (1) 
I DIST=~ (IXD IST* IX DIST)+ (IY9IST*I1DIS!) l **. 5 +. 5 

i40 IF'.IDIST.L~.0 . 3R.IDIST.GT.5280)GJ ro ~5 
SO TO 48 

45 wsr~E'.6,6006)J9,IDIST 
IDIS'.:.'=300 

48 W~I~~ (2,2-.00) IDIST, LINK:.:~ (1), LINK~R (2) 
LI N!<S=LI:IK.3+1 
IF (JD.GT. 95000) GO TO 142 

66 

,,... ... 



C 

142 

143 
144 

~ ... 

145 
C 
C 

150 

175 

195 
200 

q: A. D ( 0 ' J J , 8 100) ID '1 D'J 
RF\D(22'J0,8100) I~~pa 
'.'; 0 T O 1 44 

INJ DEM=IN0DE:1+1 
liPI';E(6,n005) NU:"'1,.JD 
no 143 I=1,9 
ID'1~9 (I) =O 
!)J 145 KK=1,9 
I1:'."!P9T (KK) =IE11P9T (KK) +I E~Pg (~K) 
I D'\1)9T{KK) =ID~D9T:KK) +-ID:1Jg (:<K) 
CO~TINU~ 
WPITE(3,R200)JD,ID~D9 
WRIT~~23,8100) IEM?9 
GO TO 200 
RPI".'~ ~6 ,4000) NUM, ITRC ~I), NODES {I) 
GO TO 200 
NO ~ ST = ~I ON ST + 1 
:,Q TO 200 
WR IT E ( 6 , 2 3 0 0) N IJ "I , NJ DPT R , I B ~ A, P ( r') , Ir P.:: ( I ) , :n D t S ( I) 
CJ~TINU~ 

900 n::xT1=Nr.:xr-, 
C***************************************************** ** *************** C 
: STEP 13 C 

C WRITE I3FO AND GJ ra ?R~P IF I O?T jS 1 

C**********************************************************************C 
W?IT~(6,2100)LINKS,NEXT1 
lffIT~(6,2001) ~UM 
wPI'!'E(6,2002) Ii3,I~ODF.~,NJNST 
liRI~E (6,6001) (IDMD9T(I) ,1=1,9) 
wSITE ~6 ,6002) (IE"IP9Tr!) ,I=1,9) 

6001 FOR"IAT~1X, 1 C::NS1JS'/1X,9(I7,5X)) 
6002 POR!'IA'"'( 1X, 'EM?LOY:1ENT'/1X,9 (I7, 5X)} 

IF ~IOP:'.EQ. 1) GO TO 980 . 
910 CALL PREP(LINKS,NEXT-1) 
980 CONTI~UE 

:**********************************************************************C 
C FORM/I.TS C 

C********************************************************************** : 
,aoo FOR"IAT(2(I3,I6,I4) ,I1,85X,I6,4X,4I7) 
1100 F0R ''!AT(I6) 
2001 FOR'.'IA!(1X,'NU'.'1= ',IS) 
2J02 poq•H.T(1X, 1 !W COO~i) R::C= ',I5,2X,'N 0 D::i'.'!A iD u2:::S= 1 ,IS, 

* 1X,'~ON STREETS= 1 ,I5) 
2100 "C''.)R"!J\T~1X,'NtP1BER OF LINKS=',I7/1X, 'HI:;HEST LDl)E :n.'13C:S=',I7) 
2300 FOR:1AT(1X,'HiuH POINTER----REC # =',I6,1X,'Hi?'.JINT:::1=',I 6 , 

* 1'1, 1 '."IAP=' ,r~, ,x,• CT=',I6,' NODE=',IS) 
2400 F'ORM.\T(3I5) 
31)00 P0~:1A!'(I1) 
4000 FO!PIAT'.1X,'NO ?OINTEB PO R RE:#= 1 ,I6,' :::T=',16 ,' 1/JDE=',I5) 
5000 P0~1'1\T(3I6) 
6003 F~R~\! ( 1X,'N0 COORDS RECI= ' ,16) 
6005 F'JR'H.T'.1X,'NO DE.'.'IAND REC• ',16,' LIN~~=',1I, T b) 
6006 F JR'.'l AT(1X,'RECOR!) ',16,' orsrANC2 11 FEET=', I2) 
7001 FC~~A'r(I6,4I7) 
8J00 FO~~AT(I6,I4,I5,2I7,2I3) 
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f!100 F0?'1ll.1' '.915) 
8200 pn..,-..,rt,;(1)I':i) 

s:-:r~ 
~ND 
SJ?10U~INE Pa~p (LINKS,NU~N1D) 
co~-..,oN 100:10000,3) 
I ~I '!' E::; :: R * 2 ~ P ( 6 0 0 0 0 ) , L D D , L ? ( 7 0 0 0 0 ) , L J ( 7 0 0 0 0) 
F.? U IV,\ L F: NC E (LP ( 1 ) , LD D ~ 1 , 1) ) , ~ L D '. 1 ) , L) D ( 1 , 2) ) 
DATA NP/60000*0/ 
P:SWI'lD 2 

:••********************************************************************C 
C S T E P q 1 C 

C 
READ LINKS A1D UN?A:K TH3~ 
ISITI~LIZE NP WITH NE;ArIVES C 

C**********************************************************************C 
!)0 1 JJ=1,LINKS 
J=,JJ*2 
I=J-1 
RZA) (2 , 2500) LD (JJ), LP (Il ,L? (J) 

1 CONTI'-lUE 
DO 5 11~=1, NU~i'l3D 

5 NP ('1'f) =-'.'!M 
t~=2*LI ~KS 

:••********************************************************************C 
C S T E P I 2 C 
: THIS LOC>P DJ~S THE t\2~UrlL POI~T:5 c1:::\T!O ~~s C 
C**********************************************************************: 

C 

DO 10 I=-1 , LN 
IT=LP(I) 
LP (I) =NP '.II) 
NP:II)=I 

1 0 C O ~ ':' I ~rn E 

C CL~S:. T9~ ?OIN~ER LOOP 

JO 12 I=1,LN 
TF:L?:I).G!.0) GO TO 12 
II=-L?(I) 
LP '.I) =NP'. II) 

12 CONTINUS 
C*********************************************************************•: 
C STEP #3 C 
: DIVIDE DISTANCE SY 10,jAKE B 10JE NS~ \TIV~ C 
C FOR TRANES ,W~IrE LI~K I~FO :a FILE~ AND ~JJS C 
C ?OIJTER INFO TO 9. THEN ~ETJR~. 
:*****~****~***********************************************************C 

fl() 11 JJ=1,Lit.lKS 
J=JJ*2 
I=J-1 
--::C=LD (JJ) /10 
L:JK=-LP (J) 
W~I'!'~ ~4,2 400) I: ,LP (I) ,LDK 

11 CONTINUE 
14 C'J'.11:'INOE 

DD 20 I=1, N:JMN JD 
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20 WFI'!'E~9,7000)"lP~I) 
2~00 i;-O:PlAT(3I6) 
2500 f o qr-,,a.T~3I5) 
7000 FOa."lAT(I6) 

EH-;"URN 
END 
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C PROGRA~ NAME: LIST 
DIME~SION NOD E (10 00 ) , NE ~{1000J 
DATA NODE/1000•0/,NEW/1000•0/,!END/0/ 

C ********************************************************** 
C • * 
C * THIS PROGRA~ BEAJS IN THE SOHTED TRANES NODES FILBS * 
C * FILE l=TBACT NODESL FILE 2=NAP MODES FROM TRANES * 
C • AND PRODUCES~ LISTI~G DY CT AND MAP SHEET Of * 
C • THE RENUMBERED NODES. * 
C • * 
C •••••••••••••••••••••••••••••••••••••••••••••••••********* 

IF ILE= 1 
1 N0l'\=O 

READ(IFILE,100Q,END=100)ITRC,MODE,~ew 
GO TO 20 

5 READ(IFILE,1JJO,END=100)JTRC,MODE, MZW 
IF{JTRC.EQ.ITRC)GO TO 20 

7 K=r1Ui1/8+1 
L-= 1 
W8ITE16, 1500} 
WRITS 6 4000) 
IP!IP LE.E8.1}:.JRITE(b,3000)ITRC 
IF IfiiE.E .2)WRITE(6,J200)ITRC 
WR TEf6,40 v} . WRITE 6,3500 
WRITE 6,4200 
DO 10 1=1,K 
L7=L+7 
WRITE(6 1_2000) (NOOE(J) ,NE-l(J) ,J= L,L7) 
IOUT=!OuT+1 
L-=L+ 8 

10 CONTINUE 
DO 15 I=l,NUM 

~~~1tfto 0 
is CONTINUE 

Wi.HTE (6,4000) 
IP(If.ND.EQ.1)~0 TO 200 
KU l'l-=O 
ITRC=JTRC 

20 NOM=NU:-1+1 
NODE (NU ,lf) =r10uE 
NEW ( NUM) =MEW 
GO 1'0 5 

100 IEND=1 
GO TO 7 

200 I~lf~I~~-EQ.2)GO TO 900 

900 
1000 
150 0 
2000 
3000 
3200 
3500 
4000 

4200 

IEND=0 
GO TO 1 
STOP 
FORMAT lb,14 IS) 
POR~AT •1•;16x,•T a AN Es E Q ij IV ALEN Cy TABLE'/) 

ig~:~~ ~JJ;~a~:f~,1s~J~)h s TR Ac T ',I6) 
FORMA'!' 1H0,20X 1 C E N S U S r1 A P 1 ,lb) . 
FOR MAT / /8 ( 1 X, f DIME' , 2 X , 1 T RA NE S ' , 2 X) / 8 ( 1 X, ' NOD E' , 3 X , 1 NO u E ' , 3 X) ) 
PO R :1 AT 1 X, i 2 0 ( ' * ' ) ) 
-·- --·- ·----. -
FOB:i!AT (1X, 120 ( •-•)) 
END 

70 



C 
C DEF L A!T LT TUE C~ "lsr1s P I F OR:-IATl CN T O 1-1:lTAL :">Q f>rJ Li\TI ON 
C 2-?0 PO L\TIO N GNDER 16 
C 3 -PO~ULATICN OVER 0ij 

ICC!1)=1 
ICC 2) =3 
ICC 3) =4 

C I N P (J T 
C 

C 

R 2 Ai) ( S 1 215 } !.. IN R'S !.~ NODE , N l) DES , l'I AX r'l !. LI t1 F L L l ~ S 
WRITE(b, 122) LINK~Ll'INODE,NODES,l'IAXu,LINf , LIMS 
If(M A:(O.GT 0 ) GO TO 2 
r.tAX'D= 3000 

2 DO 10 I = 1 NOD ES 
10 READ (5,1,5)N,NK(N) 

KHT=O 

C TR AN SIT LIN~ IN P U T 
C RE~D DATA, FI RS T NEG . DArl IS TRANSi r Ll~ E FJLLJ ~ED BY NOD~S 
C 

K=O 

11 :~ri~s~ ,~~f )(LR(ll,I=1f16) 
IF (L R( 1).EQ.Ol GO TO 17 
WRITE( 6,C-, 55) { R(l),1=1,h>) 
II= 1 
IF(LR(l).LT. 0 ) GO TO 16 

1 2 DO 1 3 I= I I 1 6 
IFCLR<Il , EQ . O) r,o To 14 

13 CO ~TI !-/Ui:. 
1~ KK=I-II 

~ T9 ANSIT LINE COD ING EXPANSinN 
KY=O 
DO 56 I = 1, KK 
KI=KY+1 
J =I+II -1 
IF(LR(J).GL O)GO TO 15 
KI= - L~ (J) 
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C 

K.\=LBJJ-1l i<B=LR J♦ 1 
LA=LI O (K ) 
DO 2 0 J K = 1 , ,l I 
IF (L!N(JI<).EQ.KI)GO TO 24 

20 CON 'l"INUF. 
WRITE (6,125) 
GO TO 99 

24 LB=LIPU(LIN(JK+1))-1 
DO 51 L=LA,t:ll 
I!'JLISTl[.). EQ. Kl\.) GO TO 54 
IP LIST L). EQ KB) GO TO 5..3 

s 1 co rr:rn 
WRI'I:: (b_, 125) 
GO TO 9~ 

53 K}j=KA 
54 LLCK=L+1 

00 55 r1=LLCK,L B 
LIST(K+ICY} =LIST un 
IF JLIST(M).EQ,KU) 1=1+1 
IP LIST(M) .EQ.KB) ~OTO Sb 
KY= Y+l 

55 CONTINIJE 
15 LIST( K+KY)=LR(J) 
So CONT!NrJE 

P:=K+KY 
GO TO 11 

C Dl::TERfHNE POI~TERS, TH'F.!:-1 PP.TlJ TT N TO :?LA:C: NOOE S ::::i).;Ji:: !C2 l N ::.~ST 
C 

C 
C 
C 

C 
C 
C 
C 
C 
C 

16 LL=-L~ (1) 
LIPO(LL)=K+l 
II=2 
JI=JI+1 
LIN(Jl)=LL 
GO '!O 12 

FILL I~ EMPTY POI NTER SPACES 

17 If(LL EQ . 0 ) GO TO 1q 
LL=LL+l 
KK= K 
LIPO (LL) =K•1 
LLCK=LL-1 
DO 1 8 I= 1 , LL CK 
J=LL-I 
If(Lil?O(J) .GT.0) GO TO 18 
LIPO(J) = LIPO(J+1) 

18 CONT!NUE 
WHITE{6t127) LIPO (LL) 
LI POLL= IPO (LL) 
WPITE (6,555) (LIST(I) ,I=1.,!. IPOLL) 

C O ~ ~ A N D L I ij E I N P U T 
SCANS LIN!S TO INTERPR!T NUMRRIC CO~MAND, ALSO OBTAINS N~XT v,ta~ 
(~F) OR VAL UE RANGE (~F,~S) 

.1'.N r'OTURE, THIS ROOT!NE ! C: BE E'.XPA 'l OED TO ::>!::R,'!IT '! SE J r- :H:.:.'10NIC 
ALPHA CODE AND MENU ON SCREtN FOP I~TE~AC TIVl PROCESS 
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C 
C READ co ~~AND OATA 
C 

C 
C 
C 

C 
C 
C 

C 

19 11F=0 
11S=O 

21 CALL INPUT (ICODE,IARRAY) 
IF l ICODE. EQ.-1) GO TO 99 
IF l CODE.E~. 2) IKS= 0 
IF !CODE, EQ . 9) IK L=O 
If I CO DE.LT. 12) GO TO 23 
!CO CK=ICODE- 11 
GO T O {4 0 , 5 0 , 6 0 , 6 0 , 8 0 , '1 0 ) , TCO DCK 
GO TO 99 

CHECK WAETHER CO~MAND E~PECTS VALUES 

23 J}=dIARRAY(1) .EQ. 0 ) GO . TO 9 8 

25 JJ=JJ+1 
IF {I f\?RAYJJ.T ) • EQ . 0 ) GO T O 2 1 
1.1.F=.!AR HAY ( J) 
If ( I l\ R R ~ 1 ( J ,J + 1 ) • G E • I) ) G O 1' Q 2 3 
l.1.S=-IARRAY(JJ+1) 
JJ=JJ+1 

2 8 ICODC K=ICODE- 1 
GO TO ( 4 5, 4 d , 3 0 , ) 2 , 3 '4, 3 6 , '3 ~J , 1 5 5) , I C J 9 : K 

REINI TIALIZE VALUES 

29 !'1F=O 
11S=0 
GO TO 25 

C A C T I V A T E L I N E S 
C ACTIVATE LIN E (S) IDENTIFI ED UY VALOE OR VALU~ 3AN~2 
C 

C ,.. .... 
C 

C 

30 Il(l1S EQ ,O )~S=~F 
DO 31 I= MF ,~S 

ACTI VATE LINE UNt !SS ~ L~ E \ OV \CTIV~T~D 

IP {LI PO ( I). LT. 0) GO 
K=LI PO (!) 
i<E=LI ?O ('I+ 1) -1 
IF{KE. Lt. O)KE=-KE-2 
LIPO (I) =- Ll!?O (I) 
IF (Kt. LT. K) GO TO 31 
DO 4 3 IJ=K , KE 

TO 31 

C AND ALS O ACTI VAT ~ STOPS OJ LINE 
C 

C 

NS=L I ST {IJ) 
IFJNK(NS) , GT,1000 ) 
NK NS)=N!< {N S)+ 10 00 

~3 CO TINU~ 
31 CONTI NIJ C: 

GO TO 29 

GO TO 4 3 
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C A C 1 I V A T E N O D E 3 B 1 N A M E 
C 

C 

32 IF(l1S,EQ.O) l'!S=MF 
DO 3 3 !=MF MS 
IFJN!< (I) .GT. tJ00) 
NK l) =N K(I)+1000 

33 co TlNUE 
GO TO 29 

GO TO 33 

C A C T I V A T E N O U E S 8 Y C L A S S 
C 

C 

3~ IF(l'IS EQ.0) !1S=~F 
DO J 5 I = 1 f1 N OD E 
IF J N K (I} . LT. MF. 0 R. N K (I) . ,; T 
HK Il =NK(I)+1000 

J 5 CO TIN fJ E 
GO TO 29 

l'IS) GO TO ]5 

C D E S A C T I V A T E N O D E S B Y C L A S S 
C 

C 
C 
C 

C 
r .... 
C 

C 

36 IF(~S.EQ.0}'1S=~ff · 
DO 37 I=1 11NODE 
IFjNK(I) .lT.1000} GO TO 37 
NK I) = NK(I)- 1000 
IF NI< (1) .Gt. !'IF.~ND.NK (I) . LF:.~S) 
NJ<' I) = NK(I)+1JQI) 

GO r0 37 

37 CO TlNUE 
GO TO 29 

D E s A C T I V A '!' E 

38 IF (11S :Q 0) :'1S=l'IF 
DO 3 9 I= 1'! F, Ill S 
IF(LI!.'OJI) . G~ . O) GO IO 
KE=LI PO I+ 1) -1 
IFJKE. L .o i Ke= - ~E-2 
Ll O (I) = -L PO (I) 
K=LIPO {T) 
IF (KE. LT . Kl GO TO 29 
DO 39 IJ=K,K~ 
NS=LI S T JIJ) 
IF!NK(~ t L'!' , 1-1')0~ GO 

39 
NK HS) =N (NS) -100v 
CO TINUE . 
GO TO 29 

D E s A C T I V A T E 

➔ C) 

L l N ':' s 

.1 9 

:'O 39 

A L L s T 

DO ~1 I= 1, 11NODE 

11 1 
IF' fH<Jik. GE . 100) ) NK (1) =NK (I) -10 0() 
CO TIU 
DO 4 2 I= 1, LL 

4 2 
IFJLI ~O JI) .Lr.O) LI~O (I) -== - Ll.?O (I) 
CO TINO 
GO TO 21 

0 :-, s A N D 

C D I S A C T I V A T E N O D E S 3 Y N A M S 
48 IF(MS.EQ.O)MS=MF 
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DO 49 I=~F MS 
IFJNK{Il.Lf.100 ~JGO TO 4 •J 

49 
NK I)=N (1)-1000 
CO TI;1TJE 
GO TO 29 

C s E T N E w N 0 D E C L A s s 
ti5 IFJIKS.NE.O)GO TO 46 

IK =MF 
GO TO 29 

ij6 IF(MS.EQ.O)fi!S=MF 
DO 47 I=l'!F,t!S 
lSS=O 

47 

IF JNK (I) .GT. 1000) ISS=100.'.:, 
NK I)=IKS+ISS 
CO TINUE 
GO TO 29 

50 CONTINUE 
C ************ 
C 

CALL LINrER(KHT,KNT,KNL,KLSJ 
************ 
KX=O 
GO TO 21 

155 IP' Jr1S. EQ. 0) l'tS= MP 
DO 8 I=MS,'H 
IKL=IKL+1 

58 ICCJlKL) =I 
IF IKL • EQ. 3)GO TO 19 
GO O 29 

C 
C 0 [J T PIJ'!' ALL 0 ~ ,\ T I 0 N T 'J s I C J s '-
C CLEAR AC:::Ufi!ULATORS, IF NECCESSARY 
C 

60 DO b1 J=1,KNT 
DO 61 I= 1 6 

6 1 
LSYJI,Jl=6 
CON I"HJ r.:. 
00 65 1=1 LINKS 

62 
I F ( N ET ( 3 , I b ) 6 5 L 6 2 , 6 2 
READJ3'I,3 00) X 
J=NE 11,I) 
LCD=Nr..TJ2,I~ LCH=NET 3,1 
IF(LCD. T.L 11Fl r;o TO 6] 
IrJ=O 
GO TO 64 

6 3 IF (LCD. GT . LIMS) GO TO 65 
10=3 

C 
C \DD TO APPROPRIArE AC:U~UL~TJ~, dASEO ~~ FIRST OR SE:oqo LI~IT 
C 

64 DO 66 K=1,3 
LSY{t\+IO,J)=LSY(K+In,J)+LX.(1CC(K)) / tl 

66 CON'rI}IUE 
65 CONTINUE 

C OUTPUT ALLOC~TION RESULTS 
C 

WRITE(6,114) 
WRITE (6,139) 
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C 

C 
C 
C 

C 
C 
C 

C 

W RI T E J 6 c 1 1 8 ) ( L I~ F I L .I ii S , ( I~ C ( I ) , I = 1 , 3 ) , ( 1 CC ( I ) , l = 1 , 3 l ) 
DO 6 g = 1, 6 

69 NR(J)=O 
DO 6 B I= 1 < Y. N T 
WRITE(6,110) I,LSN(I), (LSY(.J,1) ,J=l,6) 
S!JM TOTALS 
DO 6 8 J= 1, 6 
NR(J)=NR{J)+LSY(J-I) 

68 CONTlNUE 
WRITE (6,120) (SR (J) ,J=1, 6) 
MF=O 
IF (ICODE .EQ. 14) GO TO 21 

0 ~ T P U T A L L O C \ T I n N T J L l N ~ S 
IDENTIFY ACTIVE LINES AND CLEAR ACCUMULATORS 

J=O 
DO 71 I=1,,10Q 
IP(LIPO(I) .GE.O)GO T0 71 
J=,1+ 1 
L LN (,1) =I 

71 CON'rI~UE 

RE~EMBER NO. OP ACTIVE LI~ES 

KNL=J 
DO 7 0 I= 1 , KN':' 
IU=LSN (I) 
NP(IU)=I 

70 CO~TINUE 
DO 75 J:l,KNL 

f~ y ~L ~> 1~ 6 

72 CON'l'INU'E: 
LI=LLN (J) 
K=LIPO (LI\ 
KE=LIPO(L'I+1)-1 
IF{K.LT.0) K=-K 
IF (KE. LT.?)) KE=-KE-2 

~ ID~NTIFY STOPS ON LINB ~y SEQUENCE NJ G? s:JP 
C 

C 
C 
C 

C 

IF(KF, LT. Kk GO TO 75 
DO 74 l!=I':, E 
MM=LIST{M) 
IU=NP (MM) 

CRECK IP STOP IS ACTIVE 

IF(NR(Mli).LT . 1".)00) GO TO 74 
DO 73 !=1,6 

C ACCDftULATE ALLOCATIONS fO ALL STOPS J R Li i 2 
C 

C 

7 3 LL Y (I , J) =LL Y ( I , ,J) + LS Y ( I , I !J) 
74 CON'tINU'E 
75 CONTINO:.! 

C OUTP~~ ALLOCATION R~SULTS 
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C 
C 
C 

C 
C 

C 

WRITE(6 1 113) 
WRITE Jo,139l 
WRITE 6!1 1 9 (Lil'1F ,LI!1S, (ICC (I) ,I = 1,3), (ICC{I) , 1 = 1, 3 )) 
DO 7':3 = l KN 
WRIT ~ (6t 1 to) I , LLN (1), (LLY (J,I) ,J=1, 5 ) 

7 8 C O NT I 1m t; 
~F=O 
GO TO 21 

O U T P U T P A T 1 f l N D E ~ 

80 WRITE(6,_1 1 1) 
l f (KN1.i:;Q_O) GO TO 83 
lii?.ITE(6,112) 
KK= 1 
DO 81 1=1 LINKS 
IF!NET()~f} , LT.0) GO TO 8 1 
13 KK) = ~ .,Ti1,I) 
IA KK) =NET 2 , I) 
I C KK} =NET 3,1) 
KJ=IB (KK) 
I:(KJ.LE.K~Tl GO TO 1 8G 
IB(KK)=999999 
GO TO 1t31 

180 18 (Ki<) =LSN (KJ) 

1-Jl JA(KK)=I 
KK=KK+-1 
If{K~ .LE. 4) GO T O 8 1 
wRITE (6,109) (JA (Kl ) , IA {KI) , I B ( Kq, r:: (K 1 ), KI= 1 , 4) 
;./~IT E(4 ,1 C'9) (J:\ (KI) ,IA(:'{l) ,I B (K ..1. ) , TC ( t<I ) , 'U -=1 , ~) 
Ki<= 1 

91 CO NTIN UE 
'ii RI T EJ 4, 109) ( J A ( :(I) , I A (Kl) , 1 B {K I ) , I: (KI} , i< I = 1 , K K) 
WR IT'.:: 6,_109) (JA(KI),IA(KI) , IB (K I ), IC(r.l ) , i<I=1 , K{) 

10 9 FOR!-!I,. (~ (31 6,1 2)) 
93 ~F=O · 

GO TO 2 1 
P. E A D N 2 W P A R A M E T 2 ii S 

QJ R2AD(5 1 220)~DISTTLI~F,LI MS 
·,rnITE'(t>r124) ~DIS ,LI ~F ,LI .~S 
GO TO 21 

1 10 POR!H,T(1 GI8) 
111 POIH!A':' (//1X, 1 PAT fl FI MD ER REP O ~ T ' ) 
11 2 FORM~T ( ' LINK DI ST STOP ~ LIN~ DI 3T STOP N LI ~K DIST 

* N LI~K DIST STOP N' ) 
113 FOR/'i~.: j1a1, 1 TRA N!.> I .r LIN t: ~ ~PO :1 T 1 ) 

114 FORMA! 1H1 ,' T RA NS l T STOP ~ :: PO R r 'I 
115 F'ORMA'I( 6I5) 
11u PORMAT{2I5,l4) 
117 F ORMAT{16X 15 214) 
1 18 FORM1T c22f •fr RST LI ~IT=' , I4,'0 f T SE: □ Nn LI~ IT=', 14 , 

*' 0 F'f ' /21x,fc:::NSUS CENS US CENSUS CENSUS :::::NSU:, CE:l::iU :i ' 
*/SX,'S EQ. 1 ,4X , 1 STOP ', 6(6X I2)) 

119 FO RMAT {1X, 2 1X, 1 FIRST Lr~f T=',14, ' J ~T s~:U ND LI~IT= ' , I ◄ , 
1'0 FT'/fX,20:<,'CE~SD:.i CENSU S CE~SUS CENSUS C.3 ll S U:3 C3N 3US ' 
2 /5 X, 1 S £Q • ' , 4 X, ' LI~ E ' , 6 ( 6 X, 12) ) 
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1:.: J 
12 1 
122 
U4 
12 5 
126 
127 
l 38 
1 39 
2 15 
22 ') 
555 

? 0')0 
38 
99 

FOBaAT • GRAND roTAL IS 'f6I3 ) 
FOR!'!AT RtJ :l cu~~A~ DS ,\!l S , l t, 16) 
FORMAT RUN PARA~ET ERS ARE',6I B) 
FORMAT I NEW PA RA,ETERS ARE',318) 
FOP~ AT ' ER2 0 R IN REFERENC I NG COMMO~ TRA~ STT LIN E ' I 
f CRMA~ ' TRANSIT LINES ') 
FOR!HT I TH E NU~BER OP NODES IN LIST IS' ,15) 
FOB~AT I VALUE EXPZCTEU AFT ER COM~A~ J ') 
FOR~A T 2

1
x,_i•••****•***••••••••••••••~~••• ~********* ' /) 

F0R:'IAT n:, 
FOR l!!A'I 3I5 
FORlHT 1 X,_ 1 6 (I6)) 
FORl'!A'I 91:, ) 
WRITE (6,138) 
STOP 
END 
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C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

SUBROUTINE INPHT(ICOOE IDIGIT) 
INTEGER*2 IOATA(80) ,IEPROH{A ; ) ,E>IGI'l.'(SI)) ,II,JJ 
INTEGER*2 A,C,D,L,N,O,P,RiS 
I N T E G E: ~ * 2 Z E R O , 0 N i;: i T ·-4 0 , T II t'• E E , f Cl U i:- , f I V E , S I '{ , S !:: I/ E '1 , IH :; H r , lo{ I : i 2 
INTEGER*2 8LK,~NS DIG 
D~TA INDX/9 0/~N~Al/5 0/,I~OF/1/,IP\T, / 8"*' '/ 
DATA A,B,C,D,.i:;,F,G/ 1 A','B',,'C','D','E','F','G'/ 
DAT A H, I , J, K, L, :1, N/' LI' , I I ' ,, ' J' , ' K' , ' L f , I ii ' , ' N I / 

DAT A O, P, Q, R, S, T, U /' 0 1 , ' P 1 , 1 Q ' , ' d 1 , 1 S • , • T' , 1 fl • / 
DATA V 'ii X Y,Z,BLK,!'INS/ 1 V','W' 'X' 'Y' ' Z ' I I 

1
-

1
/ 

DATA ZERO,ONE,T'iJO,THREE,f'OUR/ 1 61 
·~· ·~· ,j,,,4 1 1 

DATA FIVE,SIX,SEVEN,Eir.H T,NINE/ 1 ; 1 , 1 61 ,' ~ 1
, 1 8 1 

,' 9 1 / 

II=O 
JJ=I) 
DO 5 I= 1, 50 

5 IuIGI'I(I)=O 
IP(IEDF.GT.0}GO TO aooa 

10 IF(INi)X.LI::. 8\' )GO TO 10') 
CALL DATAIH(IDATA,IEOF} 
INDX=1 
If(IEOF.GT.O)GO TO 8000 

LOOK FOR FIRST NON-BLANK CHARACTER 

100 IF{IDATA(INDX).NE.BLK)GO TO 110 
I N C, X = I :rn :( + 1 

1 1 0 

120 

150 

GO TO 10 

IP FIRSr C~aRACTER NOT ~LPHA IT'S ~~ SRRO~. 

IFlIDATA lINDX) . EQ. A) GO 
IF' ID.\TA INDl),EQ.C)GO 
IF IDATA INDX) .EO.D)GO 
IF I9ATA INDX).EQ.O) GO 
IP IDATA(INDX) .EQ.R)GO 

TO 
TC 
TO 
TO 
TO 

20 ') 
.20 () 
2')0 
:?00 
2 00 

IT'S AN ~RRJR. SC .\N FOE ~EXT ~p COD!:: T[IFN ? t: TNT EY2E'iTUING 
PREVIOUS AS BAD DATA . 

IPTR= O 
ISAVE=H1DX 
INDX=INDX+2 
IF'lIDATAjINDXl .EQ.AlGO IF IDATA lNDX . EQ .C GO 
IF IDA TA INDX .EQ. D GO 
Ir IDATA INDX . EQ . O GO 
IF !DATA INDX .EQ.R GO 
INDX=IN D +1 
IF(INDX.LE. 80} GO TO 140 
INDX2= HlDX-1 
DO 150 I=ISAVE,INDX2 
I?TR=IPTF+1 
IERBOR{IPTR) : IDATA(I) 
CO NTINl1E 
CALL DATAIN(IDATA,IEOF) 
INDX=l 
ISAVE=1 
IF(I~OF.LE ~O)GO TO 140 

TO 
TO 
1'0 
TO 
TO 

160 
1 I) '.) 
1t>O 
16 0 
160 
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C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 

160 

1 fJ '> 
170 

20 5 

210 

30C 

J 1 :) 

3 2 t) 

330 

3 4 J 

IF(ISAVE . EQ.INDX)GO TO 17~ 
INOX2=I~DX-1 
DO 165 I=ISAVE,INDX2 
IPTP=IPT~+1 
1ERRORJIPTR)=IDATA {I ) 
CONTIN E 
IP(IPTR~LE,O)GO TO 180 
WP.ITE(6,200 :)')) ( lE!!RCJ?. ( I ~ ,!=1,IPT~) 
I f (I EOF.GT.0)G0 TO 8000 
I P'!R=J 
II=IDATA ( I NDX) 
IF (INDX . LT , 80)GO TO 205 
IP'tR=; 
NFLD=O 
IERR08( 1)=0 
CALL DATAIN(IDATA0IEOF ) 
IF (IEOF.GT.0) GO T 1400 
INOX=O 
CONTIN UE 
,1,J = I DA T A ( I N D Y. + 1 ) 
I F!II.EQ.A GO TO 300 
If II . EQ . C GO TO 400 
I F II .EQ.D GO TO 500 
IF Il~~Q.0 GO TO 600 
If II.EQ . R GO TO 700 

I T'S AN ERROR. 

GO TO 121) 

TH E FI BST CFlAliACTEP. 

If r J • EQ • C ! G 0 TO .J , 0 
I ? JJ.EQ.L GO TO 3 2" 
IF JJ _EQ.N GO TO 330 
IF' J J. E1. S GO 1'0 34() 
GO TO 2 0 

IS AN A. 

THE SECOND CHARACTER IS AC. 

ICO DE= 6 
GO TO 1 :J"O 

THE SECOND CH\Ri\CTSR IS \ '.! L. 

ICODE=4 
GO TO 1000 

TRE SECOND CHARACTER IS AN N_ 

!CODE= 5 
Gl) TO 1 ')00 

THE SECO~D :HA3.ACTER IS A.1' s. 
GO TO 210 

THE FIRST CUASA:TEP IS A -
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C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

,.. 
'--

C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

IFlJJ.EQ.A!GO TO 410 
IF JJ.EQ.C GO TO 420 
IF JJ . EQ.D GO TO 425 
IF JJ.EQ.P GO TO 430 
GO TO 210 

THE SECOND CHARACTER IS AN A 

_.10 GO TO 210 

THE SECOND CHARACTER IS AC. 

420 ICODE=2 
GO TO 1000 

THE SECOM D CHARACTER IS A D 

425 ICODE=9 
GO TO 1000 

THE SECOND CHARACTER IS ,\ P. 

~30 ICODE=17 
GO TO 800 

THE FIRST CHAP.A:TER IS~ D, MEX~ ~U~T BE~,:, L, NOR S 

500 IF rJ. EQ. A I GU TO 510 
I F J ,J • E Q • C G 0 TO 520 
If JJ,EQ , L GO TO 530 
IF JJ.EQ.N GO TO 540 
IF JJ.Eq.s GO TO 550 
GO TO 2 0 

THE SECOND CHARACTE:l IS AN A• 

510 ICODE:12 
GO TO 800 

TRE SECOND CHARACTER IS A c. 
520 ICOOE=7 

GO TO 1000 

THE SECOND C fl.I\ RAC TE R IS A~ L. 

5 30 ICODE=8 
GO TO 1000 

THE SECOND CHARACTER IS AN N. 

540 ICODE=3 
GO TO 1000 

THE SECO~D C!IARACTE:! IS a_ N s • 
550 GO TO 210 
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C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

r 
~ 

6 ') () 

610 

b20 

630 

64() 

700 

710 

7 J. 0 

IF r J • EQ • A I G 0 TO 611) 
IF JJ.EQ.L GO TO 620 
! F J ,J. E Q , Pl r. 0 TO 6 JO 
If JJ.E~ . S GO TO 640 
GO TO 2 0 

THE SECOND CIIA~ACTER IS AN A. ** ~OT Y ET IMPLE,ENTED ~• 
r.o TO 210 

Tl1E SECOND CHARACT?:R IS A~ L. 
ICODE=15 
GO TO 800 

THE SECOND CHAR~CTER IS A P. 
ICODE=16 
GO TO 800 

1 liE SECOND CHARACT~R IS AN s. 
ICODE=14 
GO TO 800 

THE FIRST CHARA:TE~ IS AN R. NEXI ~U~7 BE~ OF S 

If iJ,J. EQ. !.>~ GO TO 710 
IF J ,J. El. s GO TO 720 
GO TO 2 0 

THE SECOND CHARACTER IS~ P. 
ICODE=13 
GO TO 800 

THE SECOND CRARACTF:] IS u, ~-
I EOF= 1 
GO TO 8000 

C INCREMENT POINTER BEYOND CURR2NT cc~~A~D 
C 

C 
C 
C 

800 INDX=INDX+2 
GO TO 9000 

NO~ LOOK f09 FOLLO~ING NU~BE~S . 

1 ~•0') 

1020 
1050 
11)0 

HlDX=INDX+2 
ISAVE=I~DX: 
GO TO 1050 
I!fOX=INDX+1 
1P{I~~X.LE.90)GO TO 1200 
CALL DATAIN(IDATA,IEOF) 
I~DX= - 1 
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C 
C 
C 

12'J n 

1205 
C 
C 
C 

1210 

1215 

1220 

1230 

IFr,IfEOF.GT.0)GO TO 1LJ00 
GO ,'_T.0 1 ')00 

LOOK FOR A DIGIT 

IF IDATA INDX) .EQ.BLK) GO TO 1,120 
IF IDATA INDX} .EQ.ZEBO) GO TO 1205 
IF IDATA INDX).EQ.ONE) GO TO 1205 
IF IDATA INDX) .EQ.TWO) GO TO 1205 
IF IDATA INDX).EQ. TRREE)GO TO 1205 
IF !DATA INDX) .EQ.FOOR) GO TO 1205 
IF I DATA IND:!). EQ. FIVE) r;o TO 1205 
IF !DATA INDXl. EQ. SIX) GO TO 1205 
IF !DATA INDX .EQ.SEVtN)GO TO 1215 
IF IDATA INDX .EQ.EIGHT)GO 70 1205 
IF IDAT?\{INDX: .EQ.NINE) ~IJ TO 1205 
GO TO 1400 
CONTINUE 

DIGIT FOUND - CONTINUE SEARCHIN~ 

NFLD=0 
NDIG=O 
rHNUS=O 
IDIGIT{1)=0 
ND I G = N D I l; + 1 
IF(NDIG.GT.1)GO TO 1215 
NFLD=tJFLD+ 1 
IDIGI'l (NFLD+1) =0 
CONTI Nlf E 
IF I DATA INDX}. EQ. ZERO) IDIG=O 
If IDATA INDX) .EQ. ONE) IOIG=1 
IF !DATA INDX).EQ.T~O) IDIG=2 
IF ID~TA INOX) .EQ.THP.t:El IDL;=J 
IF IDATA INDX).EQ.FOUR) IDIG=4 
If IDATA INDX) .EQ.FIVE) IDIG=5 
IF IDATA INDX).EQ.SIX) lDI(i=h 
IF IDATA INDX) .EQ.SEV'E:N> IDIG=7 
IF IDATA INDX).EQ.EIGH!}IDIG=8 
IF I DATA INDX) .::Q. NIN.I::) 1DIG=9 
ID GIT(N LD) =(IDIGIT(NFLD) *10) •IDIG 
I N D X = I ~l D X + 1 
IF(IHDX.LE.80)GO TO 1230 
CALL DATAIN(IDAT~,IEOF) 
INDX=1 
IF IEOF.GT.O)GO TO 1290 
IF IDATA INDX} .EQ.ZERO) GO TO 1210 
IF IDATA INDX .EQ.ONE) GO TO 1210 
IF IDATA INDX .EQ.TWO) GO TO 121~ 
IP IDATA INDX).EQ.THREF.)GO TO 121 0 
IF IDATA INDX) .EQ.POOR) GO TO 1210 
IF !DATA INDX}.EQ.FIVE) GO TO 1210 
IF IDATA INDX .EQ.SIX) GO TO 1210 
IF IDATA INDX .EQ.SEVE~)r.O ?O 1210 
IF !DATA INDX).EQ.EIGHT)GO TO 1210 
IF IDA.TA(INOX) .EQ.NINE) GO TO 1210 
ND G=O 
IP(NINUS.EQ.C)GO TO 1240 
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124 0. 

1 29 0 
, 3 ') I) 

1400 

141 0 
1450 

8000 
9() ) 0 

20 .JOO 

IF (" I NUS. GT .NFLD) GO TO 1 2 40 
ID!GIT CNFL D) =-IDl GI T(NFLD) 
lHNUS= iJ 
IfJIDATA ( INDX). F. Q .BLI() GO TO 1 220 
IP I DATA( INDX) .NE.MNS)GO TO 1290 
IU US=NFLD+1 
GO TO 1220 
IF (MINUS . EQ . NFLD) I DIGIT (NFLD) =-1D1 :.I? (N FL:1 ) 
IF(NFLD .GT.O)GO TO 9000 
GO TO 8000 
IPTR=2 
IF(NPLD. LE .O )GO TO 1450 
IF(IHDX .EQ .ISAVE)GO TO 145 0 
INDX 2= INDX-1 
DO 1410 I=ISAV E,INDX2 
IPTR=I PTR+1 
IERROR ( IPTR ) = IDATA(I) 
CO NT I !'Pl E 
WBITE(6,20000) (IERROR(I) ,I=1,IPTR) 
IPTR=!J 
IF(ISOF.GT.O )GO TO 8001 
Gl1 TO 10 
ICODE=-1 
RET UR N 
f'OlHtA '!" (1X,'ERRO R 1 ,66A1) 
END 
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SUBROUTINE D~TAlN{IDATA,IEUP) 
INTEGEF*2 IDATA(80) 
READ (5, 1C0Ot.END=8OO) IDATA 
WRITB (6,11u0)IDATA 
I EO F=0 
GO TO 900 

80 0 I EO F= 1 
9JO RETURN 

100 0 FOR~AT{80A1) 
11 0 0 FORl'1A'I (lX,' C0!'1l'1AN D CARD ',2X,A0A1) 

END 
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C 

C 

SUHROUilNE LINKER(KH TBOB,KNTBDD, KN LD OD , KLSUC~ ) 
CO~ MO ~ LINKS,~NOO!(N GDES,MAXD6L~~FfLI~ S 
COl'!l'ION /81 /NET (3 , 3 iJOOO) • NP (23· 00) • SQ ( 300'.)) /U:../N~ ( 23 ')J :) ), 

*LSNJ1 100~ 
tNTwGER *- N!T,LD,LPA,LPB,LST ,l,LC li,I~, JJ , LPP , NP, IS~ ,N K,LSN 
IP=O 

KLSi308=0 
DO 5 1=1 LI NKS 
REA011,_16')0,:":ND=7) (NET(.1,I} , ,1=1, 3 ) 

5 CONT NuE 
7 REWIND 1 

DO 3 1=1 f1N ODE 
READ( 2~26no , ~ND=4}NP(I) 

3 CONT!NuE 
ij REiiIND 2 

C IN ITIAL IZE SEQOE NCE TABL~, COUNTERS , PJ!N~~PS 
C 

C 

DO 20 I = 1,11AXD 
20 ISQ(I ) = O 

KAF=0 
KHTBOB=O 
LIS=0 

C C !I C: CK F' 0 R I ~ C Cl P R EC T PO l N ': C: h S - TO J E A '.) D E D L ,\ "" P, fi 
C 
C 
C ALLOCA TE LIN ~S ~T srn?s 
C FI~D ACTI VE TfiAMSIT STOP S AND ALLOCAi f ADJ~CE~r ~!~ KS 
C 

C ,... .... 
C 

C 
C 
C 

KNTBOB= ') 
DO 4 0 J = 1 l1 :1 C D E 
IF(NKJ ,J).LT. 1000 ) (;0 TO 4,) 
I= NP { ) 
KN TBO l3=K NTDO B+1 
LSN (!OiTBOB) =J 

ACTIVE STOP PJUND DETEeMINE ADJACENT LIN~ 

25 L={I+1)/2 
Li\.8= 1 

t~~~~IJ 1~:l) 
tf,i~f}1i1~~Q.0) LAB=O 

BV-?lSS IF ALREAD! \LLOC~TED 

32 
IF(N ET~3

6
L ) .LT . O)GO TO 31 

LD=LD+.c.O 0 
NET(1,L ) =L D 
NET(2,L)=LPA 
IF(LPA.GE.I) :;o TO 40 
I=LPA 
GO TO 25 

.1 1 LPB=-L PB 
LST= KNTBOB 
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NET(J,L) =ISQ (LD) 
ISQ (Lu) =L 
LIS=LIS+1 
IF (LAtL EQ. 0) GO TO '30 
LPP=L!?A 
Li?A=LPB 
LPB=LPP 

30 NET(1,L)=LS'I 
NET(2,L)=LPA 

C 
C 
C 

40 
C 
C ~5 
C6000 
C 
(6001 
C 
C !J 8 
C6002 
C 
C 
C 
: 6 1) 0 3 
C 49 

C 
C 
C 
C 

FIND OTHER ADJACENT LI~KS 

IP (LPB.GE. I) GO TO 40 
I-=LPB 
GO TO 25 
CONTINUE 
DO 4 5 I= 1 L I N KS 
WRITEJ6,660')& I, (NET {J,l) ,,1=1,3) 

t~~~t,J f6~l)lrs ~NTBOB 
FORKAt (,X, 'LlS' ,f5,' KNTi30B' ,IS) 
DO 48 I= 1 KNTBOB 
WRITE~6 1 6602)I,LSN{I) 
F08!'1A'l(lX,'LSN',IS,• = ',IS\ 
DO 49 l'.=1,31)00 
I F ( I SQ ( I ) • E Q • 0 ) G O T O 4 'j 
WR!TE(b,6003)IfISQ(l) 
FOR~AT (lX,'ISQ ,IS, '=',15) 
CONTINUE 
IF (KNTBOB. EQ. 0) GO TO 98 

C9ECK WBETHER I~ COM?LETES LJOP ARUU~D N~~ 
P R O C E S S R E M A I N I N G L I N K S 
INC~SMENT POINTER AND CHECK FOR Exrr CU~OITION3 

50 IP=IP+ 1 

C 
C 
C 

C 
C 
C 
C 
C 
C 

-. C 
C 
C 

IFtIP_GT , 11AlCD) GO TO gg 
IF LIS.EQ.0) GO TO g9 
IF ISQ (IP). BU, 0) GO TO 5 0 

EXTRACT LINK AT NEW DISTANCZ, 

1<HTHOJ:l=ISQ {IP) 
NEW=KHTBOB 

60 LIS=LIS-1 
LS T= N ET ( 1 t. N E W ) 
I=NET(2,Nt:W) 
LCH=NfT ( 3, NE'ii) 
KLSBOB=KLS ao 13+ 1 

********** ?ROGRAM CHh~GF. *************** 
THE FOLLOWING STATE~ENTS S8001D BE A:TIVATED IF THE LINK CHAIN 

IS TO BS SAVED FOR S~I~MI~G 0~ FLU~ AS~IG~jEN r 
NP (KLSBOB) =NEW 
IF {KLSB08_ EQ- IDIM)GO TO 97 
LIST OF LINKS IN S!QDENCE REACHED IS S~VED IN VECTOR NP 
IDin ~UST BE SET TO ~AX DIMENSIO~ OP NP 

IF {LST. LT_ 2000) GO ID 75 
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C 

LST=L:::iT-2000 
NETJ],NEW} =O NET 1,NEW =LST 
NFT 2,NEW =IP 
GO O 81 

75 L=(I+1)/2 
80 IF (L. EQ. NEW) GO TO 82 

L D= ~ !::'£ { 1 t L) 
LPA-N.:.1JL, L} 
L?B:::N~T 3 L} 
IF(N ET ( .. l).LT.O) GO TO 78 
LD=LD+20v0 
NET(1,L)=LD 
NET(.2,L)=LPA 
I=LPA 
GO TO 75 

78 LPB=-LPB 
LID=IP+LD 
IFCI/2•2 .EQ. 1) GO TO 77 
LPP=LPA 
LPA=LPB 
Li'B=L?P 

C rt.\KE sunE LIN!< IS NOT OU'l'SIOE siQf1ENCE L\!3LE 30!Jt!D 
C 

C 
C 
C 

C 
C 
C 

C 

77 I=LP8 
IF(LID.GT.~AXD)GO TO 75 

PLACE LINK IN SEQUENCE TABLE, SWI''..'C:i :::r!A.l:-l, u1c~:.::1£r;r CGU'iTlP 

JJ=ISQ(LID) 
NET ( 3 f L) =J ,J 
ISQ(L D)=L 
LIS=LIS+1 

79 NET(1,L)=LST 
NET{2,L)=LPA 

PINO A~OTHEB ADJACENT LINK 

GO TO 75 

C CHECK WHErHER LAST LTNK A.T THii.f CfJ'lflLAITV? L"PEDANCE 
C 

82 NET(3 NEW)=2 
IF {!/~*2. EQ. I) N!::T ( 3, NEW) =1 
NE'l' ( 1, NEW) =LST 
NET(2,NEW)=IP 

91 IF{LCH.EQ.0)GO TO 50 
NE'll=LCH 
GO TO 60 

97 WRITE (6 t. 102) 
GO TO 9~ 

98 
99 

100 
1 () , 

'iHiITE (6,100) 

1'.) 2 
1 23 

WRITE(6t12J) KLSl:303,11AXD 
FoR~Arl No ACTivz NODE') 
FOR ~AT 1018) 
f'ORPIAT ' INSUFFICIENT SP1\CF. F::>R 
t? R_~_A._! .. I 6 -~~---.!·_INKS Ii E P. E Rf'. ACHED, 

1000 
2')00 

FORlU T ( 3I6) 
FOR:1AT (16) 
RETURN 
END 
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APPENDIX C 

'IRANES NETWORK DEVELOPMENT AND CODING 

This section describes the steps required to identify and 
code TRANES node numbers for transit stops along the desired 
trans.it routes for input to TRANES. This procedure includes map 
p reparation, 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 qualjty of census 
datu 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 used 
ior representing street networks and double checking the accuracy 
of the geocod~ng work. As a major geocoding innovation in 
1970's, each DIME file record includes street intersection node 
numbers, street name, addresses, censu-s block and trc1ct numbers, 
and, usually x and y grid coordinates. The u. S. Census Bureau 
~sed GBF/DIME files as a primary geographic resource in
metropolitaL ~reas for th€ 1980 census. For each street segment 
a GBF/DIME file record (Figure C-1) contains the following 
information (81): 

1) Street na me (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 
based on state survey plane 
computer-generated mapping and 
information into grid or other 

for each node, typically 
coordinates, to enable 
sorting of GBF/DIME file 
geographic subareas. 

TRANES uses the GBF/DIME file in two ways. First, it is the 
basi~ =or coding the transit routes and stops on the urban street 
network for input to the TRANES programs. Second, the file is 
useJ to link census or other street address-based socioeconomic 
cata with specific stree:t segments along the transit network. 
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'. 
•. , • • , 1 • . FOR EACH STREET 

, ·,. . , . SEGMENT A DIM_!: 
' RECORD CONTAINS: 

From Nrfe' -4{ 
Node 124 

Name 
eetType 

ddressas 
ddresses 

Lei! Block 
Lelt Tract 
ht Block 

ract 

Atlantic 
Avenue 
101 -199 
100-198 
364 
.;009 
409 
4009 

FIGURE C-1 

GBF/DIME STREET SEGMENT FILE RECORD 
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TRANES NETWORK CODING 

The material required for TRANES network coding consists of 
the appropriate census maps with DIME records and transit route 
street aligmr.ents and stop l ocations. 'l'he coding consists of 
definir,g the study arE,& using the DIME file maps 2,nd drawing 
the transit routes which pass through the study area on these 
maps. 

Metr opolitan Map Series 

The 1980 Metropolitan Map Series census maps developed by 
the U. S. Census Bureau were used in this research . The Metropo
litan Ma p Series typici'tlly covers the urbanized area and often 
the re~ainder of the Standard Metropolitan Statistical Area 
(SMSA). The predominant scale for these maps is one inch equals 
1,600 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 obtained from the Data User Services Division of the U. S. 
Bureau of the Census. 

Copies of map sheets used by local agencies to prepare 
GBF/DIME files (referred to as DIME file maps ) are available with 
a scale of one inch equals 800 feet. This is the map size and 
type thut the TRANES coding is based on (Figure C-2). These maps 
incluciE the GBF/ DIME file node numbers and the scale is adequate 
for accurately reading the node and tract numbers and providing 
sufficient space to draw the transit network. This is 
particularly important in central business districts or other 
areas where several transit routes intersect or closely parallel 
each othe1.·. 

'I'rarsit Network Route Information 

Having current transit route information plays a crucial 
role in TRANES coding. It is very important that analysis begin 
with th~ latest updated version of network routes. Any attempt 
to incorporat~ 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 nay 
cause miscoding of the nodes. 

Prior to drawing the transit routes on the maps, their 
terminals and paths should be clearly defined. This is especial
ly important if the network contains "interlocking 11 (or 
11 interline") routes. Interlocking means that a bus sP.rving a 
particular route changes its route number and destination sign to 
serve another route. In such instances, combining both route 
numbers into one route is not recommended. Instead, it is 
pre f erable 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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OKLAHOMA CITY AREA 

FIGURE C-2 

TRANES CODING MAP 
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~ap Preparation 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 p l otted 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 
sever.a l points. As each route is drawn, the intersections that 
are to be coded as planned bus stops can be marked using a 
sepa:rate marker color, in order to distinguish them from other 
nodes along the route. 

The scheme employed in this study consisted of marking the 
"outbour:c " bus stops first (Figure C-3). This was done usi ng a 
color marker (P.g., red) and marking the outbound bus stops with 
a slash ( /) 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
tidn 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 Node Tabulation 

Following the first stage of the coding procedure, where bus 
stop nodes and transit routes were determined and plotted on the 
DIMiE 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 unique 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 reco~ded 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 i s 
inspected. The quality control procedure for checking the 
tabulated numbers will vary according to the size of the network 
being coded. A simple means for checkj_ng 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 
rout ~ coding is to be used. (This will be explained later under 
Input Data Preparations). This can be accompli shed by making 
appropriate notes on the remarks column of the coding sheet 
(Figure C-4). For this purpose, the first common node, the last 
corrur,on node, and the common route number are identified. It is 
recommended that f or each route the outbound route is tabulated 
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1004 ►'; ' .... , 

1 

• 
Outbound 
Inbound 
Stop;Out 
Stop;In. 
Stop; 

OKLAHOMA CfTY AREA 1 

Both 

\., 

FIGURE C-3 

MAP 
SHEET 

---- -26 

TRANES NETWORK CODING IN TRACT 1072.18 
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Oklahoma City Ar e a Transit Study 

MASSTRJ\NS Coding 1982 

Route Census Tract MAP Census DIME TRtu'lC:S Remarks 
Number Nu.i1ber # Node Numbe r Node Nurr.be r 

. 

-

FIGURE C- 4 
Page D 

TRANES NETWORK CODI NG FORM 
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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 user 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 11

) • 

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 is produced. The 'I'RANES equi valency 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 node 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 
record 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 record numbers can be en
tered into the coding sheet in the space provided in the f ifth 
column, "TRANES Node Numbers," as indicated in Figure C-6. 'l'he 
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 ( I 5) 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 IS 
fields 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 
arc needed. The TRANES program recognizes the next transit line 
when it 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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Okl ahoma City Ar ea Tra n si t SL udy 

Rou tc Ce nsu :; Tra ct 
Numbt?r Nu:nber 

13 

" 

" 

II 

" 

" 

" 1072. 18 

II 1072. 1 8 -
" 1072.18 

" 
II 

" : 

13 1072.19 

II 1072. 19 

II 10 72.19 

" 

" 

" 

* 0: outbound Only 
I: Inbound On ly 

M,\SSTRA C: S Cod ing 198 2 

:-1,\P Ce n s us D1~!E T;(,\ >JES 
.u ~ode NU1:1bt:r Node ~umhc r ,r 

26 997 

" 998 

II 999 

II 981 

" 980 

II 978 

6 

25 

41 

26 1460 

" 1459 

" 1463 

82 

83 

84 

26 1007 

II 1005 

" 1003 

B: Both (Outbound and Inbound) 

F IGURE C- 5 

Outbowid/ In-
bound/Both* 

. . 
Begin 

Outbound 

B 

0 

B 

B 

0 

0 

0 

0 

0 

0 

0 

B . 

Begin 
Inbound 

I 

I 

I 

I 

I 

I 

Page W 

TRANES NETWORK CODING FORM FILLED IN 
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TABJ,E C -1 

'l'l~ANES EQlJIVP.lENCY '!'ALLE S 

CENSUS TPACT 107218 

DIME TRANES DIME 'l'R.A.I,JES DIME TJ<Al,E!::; 
l\'C DE LWDl~ Nor,E NODE l•!GD E l\ODE 

1 4367 21 9531 41 4933 
2 4366 

,, ,., 
L. ,,__ 7785 42 4934 

3 4 J f5 23 4610 43 5031 
4 43G4 24 4609 44 5032 
5 43b3 ~.,-

L. J 4608 45 5033 
G 4 463 26 4.707 46 5034 
7 4464 27 4708 47 5035 
8 446~ 28 4709 48 9739 
9 .1_46E 29 778 7 49 S.:33 

JC 446 ·; 30 9454 50 5036 
11 4d.f.E' 31 4937 51 ]0314 
~- ~- 4 469 32 9455 52 5037 
] 3 4470 -:i -; 9738 53 5038 - ...; 

1 4 4 471 34 9737 54 94~8 
1 5 4611 35 7788 55 9459 
16 7G4t, 36 4936 SE 49:J8 
j_ ~- ";-647 37 4935 57 4959 
18 9463 38 4809 58 (811 
19 1C3C? 39 4808 59 4810 
20 953: 40 4807 EG 4710 

61 4711 

CENSUS MAP : n 

DIME 'IR1't1E f~ DIME 'TPAl~ES nnrn TRANES 
rec~~ NODE NODE NODE NODE NODE 

. , 
I.,;, I ? 212 9 8 Ei 2630 1000 4061 
728 2 52 7 987 2774 1001 4062 

988 2906 1.0C2 4362 
975 4263 989 3026 1003 44G2 
()-;'(, tJ 2 6 4 990 3 ~'05 10 04 4 6 0 7 

977 4 ?1:iC: 991 3358 1005 4806 
9 78 42 59 S9 2 3496 lCCf 5157 
~' 79 4258 993 3495 1007 5272 
980 4 ·, c; ..., 

L ..., I 994 3639 1008 5381 
981 4 2:.i (. 995 3640 1009 5472 
9 82 2187 996 3777 1010 :473 
9P3 2186 QC..., 

- ✓ I 3778 
984 ? ' 0..., 

- - ., I 998 3926 145 8 5159 
9 8 ~- ~S0 4 999 3927 ]459 5158 
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Okla~om a Ci cy Ar ea Tr ans~c Scudy 

Rou ce Cens us T:ac.c 
Nu:nbe r Numbe r 

13 

" I 
" 

I 
I 

" 

" 

" 
,, 1072. 18 

" 10 7 2 . 1 8 

" 10 72. 18 

" 

" 

" 

13 1072 . 19 

" 1072 . 19 

" 1 0 72. 19 

" 

" 

" 

* O: Outbound Only 
I: r n::.:iound Only 

K~.SSTRANS Coding 198~ 

MA P Census OlHE _3.ANES 
~ No de Number Node Numbe: r. 

26 99 7 
37 78 

" 998 
392 6 

" 999 
3927 

" 981 
42 56 

" 9 8 0 
4 257 

" 978 
4259 

6 
4 463 

25 4 6 08 

41 49 33 

26 1460 53 86 

" 14 59 
5158 

" 1 463 
527 8 

--
82 

--
83 

--84 

26 1 007 5272 

" 10 0 5 4806 

" 10 03 44 62 

B: Both (Ou t bound and I nbound) 

FIGURE C-6 

Ou :.bound/ I n -
bound/ Both* 

Begi:i. 
Ou tbound 

B 

0 

B 
Begin 

B 1 (o ut ) 

0 

0 

0 

0 

0 
Ena 

0 l (out ) 

0 

B 
Begin 

Inbound 

I 

I 

I 

I 

I 

I 

Page I 13-~ 

TRANES NETWORK COD I NG FORM FOR BUS ROUTE 13 
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TABLE C- 2 

TRANES NODE NUMBERS FOR COTPA BUS ROUTES 

Route 
Number TRANES. Node Numbers 

1 -, Hl u, 42 ,.,,, 3 q 9 4 77 .. 7 >) iHJ ~ :) 4 !.I" '. ) ~~(, (, 2 0 b lJ (; )U t.)S 
l;J'l r.9.<, 14 1~ 144 7, 1fl !J.. l ll<lP, 1'• b5 1 s~ 1 1M ·1 15) 9 1 ~ 52 , ~"' () 1U J J J I"'"" ~Ou n1b 
4 P.2 U'l 1 'I 7'1 2]0 

2 - 2 311 ') 7 '/ 9'l 1 '.l "2 'l'l 3 '} 8!-> 9 118 9'J J fl.~ '~ 1 ·l 1 (; , s·,: 1 7 Jt, 1 no 22J'.> <J7U 
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route that has previously been coded. 
of listing the beginning bus stop node 
route, the negative of the transit route 
and the last bus stop node in common. 

SUMMARY 

The methodology consists 
in common with a transit 

being referred back to, 

This section has described the steps involved in preparing 
the "liuc values " for input to TRANES, namely, map preparation, 
trunsi t network GBF /DIME file nodes extraction, and TRANES node 
number 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 r: ode numbers and preparing the input data for the TRANES 
program were explained. 

It is estimated that a transit route with 50 bus stop nodes 
wi 11 t.ake an aver age of 9 0 to 12 0 minutes to be coded. 'I'hi s 
includes drawing the route on the DIME fi l e map, identifying the 
bus stop nodes, tabulating the transi t 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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T R A N E S E Q U I V A L E N C Y T A B L E 

*********************~*************************************************** 
CENSUS TRACT 200100 

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

DIME TRANES 
NODE NODE 

DIME TRANES 
NODE NODE 

DIME TRANES 
NODE NODE 

DIME TRANES 
NODE NODE 

DIME TRANES 
NODE NODE 

.. ---------------------------------------------------------------------------
l 
6 

11 
16 
22 
27 
32 

2090 
~833 
1296 
1666 

916 
861 

1126 

2 
7 

12 
18 
23 
28 
33 

1973 
918 

1245 
1251 

854 
86 2 

1119 

3 
8 

13 
19 
24 
29 
34 

1246 
917 

1297 
1665 

8 53 
1129 
1120 

4 
9 

14 
20 
25 
30 

2089 
1292 
1298 
1543 

852 
1128 

5 
10 
15 
21 
26 
31 

1544 
1291 
1667 
1659 

860 
1127 

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

*************************************************************************** 
CENSUS TRACT 200200 

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

DIME TRANES 
NODE NODE 

1 
6 

11 
16 
21 
26 
31 
36 
41 
46 
51 
56 
61 
66 
74 

1871 
82 9 
8 26 

1870 
824 

1412 
238 

1869 
279 
858 
857 
903 

1174 
282 

1925 

DIME TRANES 
NODE NODE 

2 
7 

12 
17 
22 
27 
32 
37 
42 
47 
52 
57 
62 
67 
75 

1320 
828 

1536 
1170 
1225 
1168 

237 
1294 

859 
1662 
1122 

90 4 
1873 

294 
1923 

DIME TRANES 
NODE NODE 

3 
8 

13 
18 
23 
28 
33 
38 
43 
48 
53 
58 
63 
71 

1172 
827 

1171 
1924 
1169 
1413 

236 
1167 

2 80 
1166 
1123 

281 
291 
691 

DI ME TRANES 
NODE NODE 

4 
9 

14 
19 
24 
29 
34 
39 
44 
49 
54 
59 
64 
72 

1 808 
1809 
1319 

825 
1224 

823 
235 

1295 
688 

1 661 
1124 

690 
2 92 

1175 

DIME TRANES 
NODE NODE 

5 
10 
15 
20 
25 
30 
35 
40 
45 
so 
55 
60 
65 
73 

830 
1537 
1535 
1926 
1223 

239 
234 
822 
832 
856 
689 

2041 
293 

1626 

********************************************************** ***************** 
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T R A N E S E Q U I V A L E N C Y T A B L E 

t************************************************************************ 
C E N S U S T R A C T 200300 

'************************************************************************** 

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

---------------------------------------------------------------------------
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 36 277 37 1732 
38 1731 39 93 2 40 1730 · 41 931 42 1837 
43 1928 44 1159 45 1929 46 1326 47 115_8 
48 1323 49 1324 so 93 0 51 929 52 928 
53 9 27 54 1836 55 2126 56 1157 57 20 43 
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 11~5 72 1349 
73 1350 74 925 75 924 76 17 53 77 1546 
78 1154 79 1755 80 1389 81 11-53 82 1386 
83 1387 84 923 85 922 86 1533 87 1532 
88 1531 89 1152 90 1538 91 1160 92 1545 
93 1552 94 · 1834 95 921 96 920 97 1221 
98 · 1220 
~************************************************************************ 
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T R A N E S E Q U I V A L E N C Y T A B L E 

'************************************************************************ 
C E N S U S T R A C T 200400 

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

DIME TRANES PIME TRANES DIME TRANES DIME TRANES DIME TRANES 
NODE NODE NODE NODE NODE NODE NODE NODE NODE NODE 
------~-----------------~----------T---------------------------------------

l 107 ~ 2 1072 3 1190 4 1249 5 1248 
6 1189 7 1188 8 1247 9 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 
31 244 32 243 33 244 34 1002 35 1003 
36 1004 37 1005 38 1006 39 3 07 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 S5 1557 
56 1556 57 386 58 1is1 59 1555 60 1554 
61 1037 62 1038 63 1039 64 385 65 384 
66 1180 67 1572 68 2092 69 1300 70 1301 
71 1179 72 383 73 1302 74 1185 75 1376 

I 76 1414 
*************************************************************************** 

*•************************************************************************* 
C E N S U S T R A C T 200500 

***************~*********************************************************** 

PIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES 
NODE NODE NODE NODE NODE NODE NODE NODE NODE NODE 
---------------------------------------------------------------------------

1 1266 2 867 3 866 4 865 5 724 
6 864 7 1131 8 83 3 9 725 10 1134 

11 86 8 12 1135 13 1845 14 1192 15 1574 
16 726 17 834 18 1092 19 1822 20 296 
21 297 22 298 23 299 24 1~23 25 1093 
26 300 27 1704 28 1330 29 1322 30 1321 
31 1728 ~2 1193 33 1553 34 7 27 35 1094 
36 1824 37 621 38 320 39 1627 40 1253 
41 1522 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 57 514 58 515 59 516 60 1590 
61 5 53 62 984 63 983 64 9 82 65 600 
66 601 67 602 68 644 69 603 70 1694 
71 1693 72 1575 73 1194 74 1827 75 1828 
77 673 78 1655 79 1654 80 1132 81 1133 
82 819 
************************************************************************* 
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T R A N E S E Q U I V A L E N C Y T A B L E 

* ************************************************************************ 
C E N S U S T R A C T 200600 

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

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES 
NODE NODE NODE NODE NODE NODE NODE NODE NODE NODE 
---------------------------------------------------------------------------

l 1549 2 1679 3 257 4 258 5 "692 
6 6 93 7 694 8 695 9 6 96 10 1999 

11 1918 12 1919 13 2087 14 96 0 15 959 
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 
31 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 1739 48 878 49 879 so 1740 51 367 
52 412 53 1640 54 1742 55 1641 56 1741 
57 16 53 58 1652 59 801 60 802 61 2093 
62 1551 63 498 64 499 65 500 66 501 
68 502 69 503 70 504 71 505 72 374 
73 369 74 368 75 402 76 371 77 372 
78 37 3 79 370 80 1804 81 1874 82 803 
83 80 4 · 84 1807 85 1805 86 80 5 87 1806 

8 375 89 1333 90 5 97 91 5 96 92 376 
.I 3 595 94 594 95 593 96 592 97 773 
98 7. 7 4 99 748 100 308 101 309 102 1472 

103 1471 104 1971 105 749 106 1115 .107 806 
108 807 109 750 110 1044 111 1646 112 1647 
113 1733 114 1734 115 42 116 43 117 44 
118 45 119 46 120 47 121 48 122 49 
123 so 125 1993 126 1991 127 1992 128 526 
129 527 130 528 131 1820 132 1819 133 703 
134 702 135 701 136 2095 137 2008 138 2055 
139 2003 140 2056 141 2050 142 2004 143 20 09 
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 
159 1927 160 271 161 716 162 717 163 20 07 
164 251 165 1994 166 2125 167 2199 168 19 96 
169 1995 170 252 176 392 177 391 178 390 
179 389 180 388 181 272 182 387 183 844 
184 845 185 843 186 470 187 333 188 332 
189 712 190 711 191 598 192 471 193 47 2 
194 1650 195 1738 196 1906 197 17 47 198 164 8 
199 1649 200 1803 201 2088 202 206 0 206 2000 
207 2001 208 2002 

**********************~**************************************************** 
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T R A N E S E Q U I V A L E N C Y T A B L E 

·************************************************************************ 
CENSUS TRACT 200700 

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

DIME 
NODE 

TRANES 
NODE 

DIME 
NODE 

TRANES 
NODE 

DIME 
NODE 

TRANES 
NODE 

DIME 
NODE 

TRANES 
NODE 

DIME 
NODE 

TRANES 
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 17 2120 18 1382 19 20 22 20 20 23 
21 1664 23 2011 24 2122 25 127 8 26 127 9 

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

********~****************************************************************** 
CENSUS TRACT 200800 

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

DIME 
NODE 

TRANES 
NODE 

DIME 
NODE 

TRANES 
NODE 

DIME 
NODE 

TRANES 
NODE 

DIME 
NODE 

TRANES 
NODE 

DIME 
NODE 

TRANES 
NODE 

-------~------~------------------------------------------------------------
18 1144 19 537 20 1145 21 1771 22 1770 
23 1772 36 229 37 228 38 1366 39 S36 
40 1365 41 1364 4~ 1363 43 26 44 25· 
45 2157 46 2201 47 535 48 1367 49 1368 
66 1972 

*************************************************************************** 
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T R A N E S E Q U I V A L E N C Y T A B L E 

~************************************************************************ 
CE NS ;US T R A C T 200900 

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

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 5 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 1515 19 1514 20 1513 
21 619 22 620 23 618 24 1719 25 1718 
26 617 27 2074 28 1212 29 1213 30 1210 
31 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 1 637 46 1721 
47 1720 48 14 91 49 1490 50 1489 51 l487 
52 1488 53 1354 54 666 55 365 56 676 
57 1116 58 67 8 59 312 60 3 1 3 61 1117 
62 662 63 663 64 723 65 722 66 661 
67 6 51 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 1511 
17 1512 88 2156 89 1207 9 0 1206 91 359 
92 358 93 357 94 356 95 120 5 96 1208 
97 1390 98 1391 99 946 100 945 101 1997 

102 943 103 944 104 1209 105 1 203 106 355 
107 354 108 3 53 109 1202 110 1445 111 1444 
112 1055 113 2155 114 1204 115 2214 116 677 
117 675 118 364 119 1053 120 1047 121 1048 

*************************************************************************** 
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T R A N E S E Q U I V A L E N C Y T A B L E 

~ ************************************************************************ 
C E N S U S T R A C T 201000 

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

DIME TRANES DIME TRANES DIME TRANE$ DIME TRANES DIME TRANES 
NODE NOOE NODE NODE NODE NODE NODE NODE NODE NODE 

--------4------------------------------------------------------------------
1 1446 2 1447 3 641 4 640 5 100 
6 101 7 82 8 83 9 1274 1 0 1328 

11 1756 12 1519 13 126 2 14 1998 15 2053 
16 2052 17 20 51 1 8 1 268 19 284 20 285 
21 286 22 287 23 1710 24 1426 25 1427 
26 1712 27 1714 28 1715 29 1264 30 1263 
31 1716 32 842 33 1329 34 1709 35 127 3 
36 84 37 102 38 1769 39 792 40 534 
41 103 42 533 43 532 44 85 45 127 2 
46 633 47 632 48 1218 49 629 50 1217 
51 2172 52 1520 53 660 54 659 55 658 
56 6 57 57 6 56 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 
71 631 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 90 609 

91 107 4 92 608 93 1443 94 649 95 89 
96 524 97 523 98 2161 99 1569 100 6 07 

101 1542 102 606 103 1541 104 289 105 1757 
106 1568 l 07 288 108 1540 109 522 110 521 
111 520 112 519 113 518 114 517 115 1591 
116 985 117 1592 118 9 86 119 988 120 648 
121 64'7 122 1683 123 1695 124 1682 125 1681 
126 1970 127 646 128 645 129 604 130 340 
131 605 132 341 133 1696 134 180 2 135 339 
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 9 87 149 88 150 492 
151 90 152 1075 

*************************************************************************** 
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T R A N E S E Q U I V A L E N C Y T AB L E 

*** *****************************************************~*************** 
C E N S U S T R A C T 201101 

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

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

---------------------------------------------------------------------------
1 1441 2 548 3 547 4 91 5 779 
6 778 7 1355 8 92 9 5 46 10 93 

11 46 9 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 
31 139 9 32 1400 33 763 34 46 6 35 97 8 
36 1401 37 467 38 1832 39 13 41 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 99 1 55 1309 
56 13 07 57 1308 58 7 56 59 7 57 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 75 2014 
76 2015 77 772 78 2016 79 1398 80 1392 
81 1393 82 1657 83 331 84 995 85 1656 
~6 232 87 330 88 3 28 89 329 90 1474 

91 147 3 93 1941 94 1940 95 1939 96 156 0 
97 1561 98 1724 99 1725 100 16 03 101 1602 

102 1601 103 1776 104 1727 105 1726 106 1942 
107 2032 108 2135 109 2136 110 2017 111 1518 
114 1777 

***********************************************~*************************** 
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T R A N E S E Q U I V A L E N C Y T A B L E 

k************************************************************************ 
CENSUS TRACT 201102 

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

DIME TRANES 
NODE NODE 

DlME TRANES 
NODE NODE 

DIME TRANES 
NODE NODE 

DIME TRANE$ 
NODE NODE 

DIME TRANES 
NODE NODE 

.-----. --------- .~---------------------------------------------------------
1 
6 

11 
16 
21 
27 
32 
37 
42 
48 
53 
58 
63 
68 

761 
463 
789 
450 
415 

1846 
1404 
1336 
2212 

880 
2166 
1141 
2134 
16 91 

2 
7 

12 
:p 
22 
28 
33 
38 
43 
49 
54 
59 
64 
69 

760 
759 

2129 
253 
416 

1196 
1110 
1226 
1847 
1848 
2165 
1142 
1708 
1581 

3 
8 

13 
18 
23 
29 
34 
39 
44 
so 
55 
60 
65 
70 

1913 
464 
46 2 
254 

2153 
1577 
1109 
1337 
13~8 
1849 
2164 
1778 

477 
15 80 

4 
9 

14 
19 
25 
30 
35 
40 
45 
51 
56 
61 
66 
71 

447 
1395 

461 
1396 

614 
1403 
1108 

612 
2213 
1852 
1853 
1851 

476 
1579 

5 
10 
15 
20 
26 
31 
36 
41 
47 
52 
57 
62 
67 

448 
1394 

449 
790 
615 

1197 
1768 

613 
881 

2163 
1850 
1707 
1143 

***********~*************************************************************** 

************************************************************************* 
CENSUS TRACT 201201 

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

DIME TRANES 
NODE NODE 

DIME TRANES 
NODE NODE 

DIME TRANES 
NODE NOOE 

DIME TRANES 
NODE NODE 

DIME TRANES 
NODE NODE 

---------------------------------------------------------------------------
1 
6 

11 
17 
22 
27 
33 
38 
43 

1745 
1813 

590 
1269 
1147 
1517 
1600 

397 
1821 

2 
7 

13 
18 
23 
29 
34 
39 

2096 
1817 
1140 
1611 
1599 
1177 
2081 

398 

3 
8 

14 
19 
24 
30 
35 
40 

1814 
1746 
1598 
1150 
1261 

395 
396 
818 

4 
9 

15 
20 
25 
31 
36 
41 

1818 
588 

1260 
1149 
1703 
1176 
1678 
1826 

5 
10 
16 
21 
26 
32 
37 
42 

1815 
589 

1610 
1148 
1270 
1271 
1506 

399 

*************************************************************************** 
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T R A N E S E Q U I V A L E N C Y T A B L E 

************************************************************************ 
CENSUS TRACT 201202 

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

DIME TRANES 
NODE NODE 

1 
10 
15 
20 
25 
30 
35 

83 5 
599 
325 
83 8 

4 
840 

8 

DIME TRANES 
NODE NODE 

2 
11 
16 
21 
26 
31 
36 

981 
585 

1618 
1097 

5 
1099 

967 

DIME TRANES 
NODE NODE 

7 
12 
17 
22 
27 
32 
37 

324 
836 

1619 
2 
6 

10 
1100 

DIME TRANES 
NODE NODE 

8 
13 
18 
23 
28 
33 

2119 
1095 
1096 

1 
1098 

9 

DIME TRANES 
NODE NODE 

9 
14 
19 
24 
29 
34 

2118 
1617 

83 7 
2200 

83 9 
966 

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

*************************************************************************** 
CENSUS TRACT 201203 

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

DIME TRANES 
NODE NODE 

1 
6 

11 
18 
23 
28 
34 
40 
45 
50 
55 
62 
67 

327 
900 
768 
876 
871 
850 
670 
8 83 

1723 
1689 

7 46 
2144 
1990 

DIME 
NODE 

2 
7 

12 
19 
24 
29 
36 
41 
46 
51 
56 
63 
68 

TRANES 
NODE 

2132 
764 
769 
875 
846 
851 
887 
882 

1063 
2031 

747 
2143 
2021 

DIME TRANES 
NODE NODE 

3 
8 

13 
20 
25 
31 
37 
42 
47 
52 
59 
64 

2130 
765 
770 
874 
847 

1686 
886 

1584 
669 

1530 
697 

2145 

DIME TRANES 
NODE NODE 

4 
9 

15 
21 
26 
32 
38 
43 
48 
53 
60 
65 

2131 
766 

1685 
873 
848 
672 
885 

1042 
1688 

529 
52 

2146 

DIME TRANES 
NODE NODE 

5 
10 
17 
22 
27 
33 
39 
44 
49 
54 
61 
66 

901 
767 
877 
872 
849 
671 
884 

1722 
1687 

530 
53 

1989 

*************************************************************************** 
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T R A N E S E Q U I V A L E N C Y T A B L E 

k************************************************************************ 
C E N S U S T R A C T 201300 

*******************t************** * **************************************** 

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES 
NODE NODE NODE NODE NODE NODE NODE NODE NODE NODE 
---------------------------------------------------------------------------

l 80 9 2 1067 3 1057 4 1076 5 1077 
6 1058 7 1068 8 1962 9 1643 10 106 9 

11 1409 12 1070 13 1644 14 1963 15 810 
16 1645 17 1642 18 1410 20 1787 21 1788 
22 1789 23 273 24 27 4 25 275 26 27 8 
27 1107 28 1106 29 1105 30 1104 31 17 90 
32 1795 33 2162 34 1103 35 636 36 637 
37 17 86 38 1781 39 17 82 40 1791 41 1 966 
42 1799 43 1783 44 17 84 45 17 85 46 1792 
47 1578 48 1968 49 1967 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 3 46 71 222 72 223 
73 813 74 812 75 814 76 815 77 2034 
78 2035 79 2033 80 816 81 1408 

*************************************************************************** 
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T R A N E S E Q U I V A L E N C Y T A B L E 

i ************************************************************************ 
C E N S U S T R A C T 201400 

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

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES 
NODE NODE NODE NODE NODE NODE NODE NODE NODE NODE 
---------------------------------------------------------------------------

8 1227 9 33 10 60 11 1228 14 116 
15 117 28 138 34 137 45 963 46 96 2 
47 961 48 1200 49 1199 50 1066 51 119 8 
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 101 193 8 

102 1937 103 1634 104 11 105 13 107 1635 
108 31 113 2210 114 1101 115 1102 116 1335 
117 1334 118 2218 119 2182 120 2181 121 1585 
122 1586 123 1587 124 96 5 125 964 126 2180 
127 2217 128 2179 129 2202 130 1216 131 19 81 
132 1980 133 1215 134 1979 135 1978 136 217 8 
137 2177 138 2176 140 775 141 776 142 2215 
144 777 145 19 86 146 2149 147 2170 148 21 08 
149 15 150 16 151 17 152 2211 153 19 82 
158 29 159 28 160 190 2 161 1901 162 1900 

3 1565 164 2171 165 2169 166 214 8 167 1985 
J.6 8 1984 169 2209 170 2208 171 1983 172 2147 
173 1423 174 1424 175 1425 176 1562 177 1905 
178 156 3 179 156 4 186 2098 187 2109 188 1961 
189 1346 190 1345 191 1888 192 1357 193 1889 
194 1358 195 541 196 540 197 539 198 190 4 
199 1855 200 1903 201 538 202 2110 203 2097 
204 2111 205 2112 206 1954 207 114 208 135 
209 1955 221 134 222 133 236 2054 237 113 
238 112 239 111 

*************************************************************************** 
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T R A N E S E Q U I V A L E N C Y T A B L E 

************************************************************************ 
C E N S U s T R A C T 201501 

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

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 9 551 10 1706 

11 2133 12 1418 13 1419 14 550 15 1420 
16 1421 17 1422 18 1499 19 1454 20 1455 
21 146 2 22 1498 23 1497 24 1907 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 
41 1138 42 1137 43 1136 44 2207 45 1856 
46 942 47 1651 48 9 41 49 403 50 404 
51 1899 52 940 53 119 54 1496 55 1495 
56 1460 57 14 56 58 1494 59 14 93 60 1893 

*************************************************************************** 
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T R A N E S E Q U I V A L E N C Y T A B L E 

·************************************************************************ 
C E N S U S T R A C T 201502 

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

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES 
NODE NODE NODE NODE NODE NODE NODE NODE NODE NODE 
---------------------------------------------------------------------------

1 1505 2 1 46 8 3 1457 4 146 5 5 1466 
6 1432 7 1435 8 128 9 1046 10 20 40 

11 127 12 126 13 1864 14 1863 15 1859 
16 186 0 17 1862 18 1861 19 2036 20 1438 
21 1434 22 1437 23 1436 24 1461 25 1492 
26 2174 27 2019 28 40 29 201 0 30 2173 
31 2018 32 483 33 1988 34 1 987 35 482 
36 4 81 42 4 80 43 39 44 1 892 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 77 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 91 1935 92 2086 93 2104 94 1931 
95 584 96 583 97 124 98 1504 100 7 3 

101 74 102 2068 103 2067 104 783 105 7 84 
106 1255 107 785 108 1796 109 1797 110 1798 

.1 7 86 112 1061 113 787 114 1060 115 1059 
1.19 37 120 36 125 715 126 714 127 713 
128 1960 129 1766 130 2076 131 2075 132 1831 
133 17 65 134 999 135 1000 136 1001 137 1090 
138 1089 139 1595 140 15 96 141 1332 143 1717 
144 1016 145 1017 146 1286 147 1025 148 1 5 97 
149 1259 150 1024 151 2159 152 1023 153 1887 
154 1865 155 1866 156 1886 157 1331 158 2158 
159 1764 160 1256 161 1257 162 1258 163 2113 
164 1594 165 1767 166 72 167 56 2 168 56 0 
169 561 170 563 171 1503 172 123 173 1290 
17 4 140 175 157 176 1949 177 156 178 1385 
179 1384 180 1289 181 1288 182 5 81 183 582 
184 580 185 1361 186 1362 187 7 82 188 7 81 
189 2204 190 700 191 7 07 192 706 193 579 
194 57 8 195 1773 196 1774 197 699 198 17 75 
199 7 80 200 557 201 5 56 202 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 
229 474 230 634 231 573 232 475 233 542 
234 543 235 544 236 914 237 911 238 913 
239 912 240 915 241 569 242 635 2 43 57 2 
' 14 1285 245 571 246 525 247 405 248 406 
_4 9 4 07 250 552 251 408 252 409 253 568 
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T R A N E S E Q U I V A L E N C Y T A B L E 

.. ·********** ************************************************************** 
C E N S U S T R A C T 201 502 

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

DIME TRANES DI ME TRANES DIME TRANES DIME TRANES DIME TRANES 
NODE NODE NODE NODE NODE NODE NODE NQDE NODE NODE 

---------------------------------------------------------------------------
254 567 255 2042 256 1639 257 1898 258 1 843 
259 1314 260 1315 261 974 262 97 3 263 972 
264 1313 26 5 1842 266 1844 267 1897 268 2197 
269 2196 270 97 1 271 970 272 976 273 975 
27 4 2216 27 5 2195 27 6 1501 277 1502 278 1431 
279 14 53 280 1452 281 155 282 2185 283 2184 
284 2183 285 2186 286 1306 287 1305 288 752 
289 1304 290 1885 292 1566 293 7 53 294 754 
295 1854 296 2187 297 i198 298 2152 299 2151 
300 2150 301 401 302 400 303 755 304 21 89 
305 2188 306 2190 307 2194 308 2193 310- 1 46 3 
311 1467 312 611 313 104 314 610 315 1450 
316 1459 317 1448 318 105 319 1625 320 106 
321 l 07 322 1451 323 1449 324 1464 325 1458 
326 549 327 108 328 109 329 110 330 2025 

*************************************************************************** 
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T R A N E S E Q U IVALENCY T A B L E 

************************************************************************ 
C E N S U S T R A C T 202400 

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

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 21 6 
7 2080 8 1933 9 2079 10 2078 11 1932 

12 2038 13 2039 14 627 15 626 16 625 
17 638 18 6 39 19 624 23 214 25 460 
26 207 27 459 28 1567 29 679 30 199 
31 177 32 458 33 1684 34 1284 35 4 57 
36 1283 37 170 38 169 39 1287 40 1 68 
41 176 50 1229 51 167 52 479 53 1 4 06 
54 1658 55 1231 56 1230 57 47 8 58 1 66 
68 164 69 165 79 163 80 1956 81 909 
82 90 8 83 907 84 906 85 1340 86 1339 
87 905 88 1830 89 1570 90 1829 91 86 9 
92 870 93 162 94 161 96 171 119 1 7 2 

120 173 121 174 122 175 123 190 124 21 68 
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 1 82 

0 184 141 186 142 191 143 193 144 201 
.l 4 5 2107 146 2106 147 2105 148 2066 149 197 
169 195 170 196 172 821 173 342 174 310 
175 1977 176 343 177 344 178 311 179 17 59 
180 1758 181 1277 182 1276 183 1275 184 1744 
185 302 186 303 187 1628 188 1629 189 1 630 
190 17 43 191 198 192 820 193 206 194 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 17 80 211 1914 212 2047 213 1370 214 1369 
215 1915 216 2192 217 1235 218 1234 219 1233 
220 1232 221 2191 222 209 223 203 224 348 
225 34 9 226 350 227 351 228 1021 229 1020 
23 0 1867 231 1736 232 1737 233 10 26 234 10 27 
235 1019 236 1022 237 1018 238 1735 

*************************************************************************** 
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T R A N E S E Q U I V A L E N C Y T A B L E 

* ************************************************************************ 
C E N S U S M A P 31 

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

DIME TRANES 
NODE NODE 

DIME TRANES 
NODE NODE 

DIME TRANES 
NODE NODE 

DIME TRANES 
NODE NODE 

DIME TRANES 
NODE NODE 

---------------------------------------------------------------------------
702 
712 

178 
2037 

703 
713 

200 
2077 

708 208 709 215 710 628 

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

*************************************************************************** 
C E N S U s M A P 37 

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

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES 
NODE NODE NODE NODE NODE NODE NODE NODE NODE NODE 
---------------------------------------------------------------------------

702 160 704 143 705 129 706 1483 707 1433 
708 1482 709 147 0 710 1481 711 78 712 71 
713 146 9 714 1430 715 1439 716 1500 7 17 969 
718 122 719 57 0 720 566 721 1118 722 910 
7 '23 1638 

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

*************************************************************************** 
C E N S U S M A P 38 

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

DIME TRANES DIME TRANES DIME TRANES DIME TRANES DIME TRANES 
NODE NODE NODE NODE NODE NODE NODE NODE NODE NODE 
---------------------------------------------------------------------------

702 484 703 2175 704 2020 705 41 706 559 
707 1883 709 34 713 61 714 118 715 139 
716 154 717 153 718 152 719 151 720 150 
721 149 722 148 723 147 724 146 725- 145 
7 26 144 7 27 558 728 1882 729 1881 730 1880 
731 1879 732 1878 733 1950 734 1951 735 14 
736 1952 737 27 738 · 1953 . 739 57 747 56 
748 55 749 23 750 24 751 1945 752 1944 
7 53 687 754 831 755 194J 7 56 1173 7 57 1872 
758 686 759 685 760 684 761 683 762 682 
763 681 764 989 765 1729 766 1325 767 1013 
768 1877 769 1352 770 1754 · 771 1388 772 1534 
773 1876 774 1222 775 1957 776 1958 777 35 
778 1959 779 1593 780 1948 781 1250 782 1191 

13 1763 784 1379 
~ · ************************************************************************* 
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T R A N E S E Q U I V A L E N C Y T A B L E 

'************************************************************************ 
C E N S U S M A P 43 

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

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 
711 418 712 366 713 1327 714 841 715 1675 
716 1674 717 1673 718 1672 719 1671 720 12 01 
721 1267 722 417 723 1670 724 1178 725 1571 
726 1669 727 1668 728 1299 729 2091 730 1036 
731 1035 732 1034 733 1033 734 1032 735 1031 
736 1028 737 1029 738 919 739 1030 740 233 
741 1411 743 241 744 1875 745 1293 746 166 0 
7 47 855 748 1121 749 1 884 750 936 751 1841 
752 1548 754 1252 755 1974 756 2057 757 2058 
758 1130 759 863 760 290 761 259 762 260 
763 261 764 26 2 765 263 766 264 767 26 5 
768 295 769 1917 770 1125 771 166 3 772 902 
773 240 774 680 775 22 776 21 777 26 6 
778 267 779 20 7 80 268 7 81 269 7 82 27 0 
7 83 54 786 79 7 87 1616 788 16 1 5 7 89 47 3 
7 90 51 791 1407 792 1614 793 377 794 1045 

)5 751 796 808 797 1613 798 1612 799 591 
800 497 801 1081 802 496 803 495 804 494 
80 5 493 806 1041 807 323 808 623 809 2102 
810 509 811 510 812 511 813 728 814 586 
815 729 817 2103 818 1816 819 587 820 1523 
821 730 822 1576 823 1195 824 1620 825 1621 
826 428 827 429 828 283 829 43 0 83 0 431 
831 43 2 832 433 833 434 834 435 835 301 
836 43 6 837 437 838 43 8 839 439 840 440 
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 
856 169 8 857 1699 858 1397 859 791 86 0 2154 
861 451 862 452 863 4 53 864 454 865 455 
866 456 867 1479 868 147 8 869 1477 870 731 
871 732 872 733 873 734 874 735 875 736 
876 737 877 738 878 739 879 740 880 741 
881 742 882 743 883 744 884 745 885 531 
892 698 893 2026 894 899 895 898 896 897 
897 896 89 8 895 899 894 900 893 901 892 
902 891 903 890 904 889 905 888 906 1529 
907 1528 908 2082 909 3 26 91 0 1527 911 1526 
912 96 8 913 7 914 1525 915 3 916 1524 
917 1146 920 817 921 2027 922 2028 923 80 
924 81 925 1475 926 147 6 927 2029 

************************************************************************* 
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APPENDIX E 

MICROTRI\NES 

The microcomputer will be associated with transit agencies 
moore and more as time goes on 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 information at selected transit stops and provtding 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 MICRO'IRANES to eva.luate transit route 
alternatives for several different sets of input data. 

One advantage of MICROTRANES is the ability to doa deta.iled 
analysis of transit routes on an individual transit stop basis 
with a minimal amount of actual coding and file building. Tbe 
MICROTRANES program docs not require an excessive amount of disk 
storage computer and the computer processing (CPU) time is low. 
This allows the transit planner to interactively examine many al
terr.atives in a short period of time. 

Finally, MICROTRANES reducE::s the· need to have access to a 
mainfran,e computer and to code ext.ensive transit networks in or
der to evaluate the performance of selected transit routes. The 
trar,si t planner does not compete with other users for computer 
time or disk space and is limited only by the limitations a£ the 
nicrocoffiputer being used. 

OVERVIEW 

MICRO'I'RANES is applicable to any city which has GBF /DH1E 
filt,s available for transit network coding. However, MICROTRANES 
will accept any geographic base coordinate system, thus making it 
accessible to any transit agency, even those lacking an 
established geographic base file. Cities without existing 
GBF /DIME files could establish and manually code the transit 
r.etv;ork. 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 utilize MICROTRANES for conducting 
feaE.:ibility studies of implementing a transit system. 

'I'he 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 Managemer.t System (described in greater detail later) 
for coding the gf.?Ographic base file end the transit stop data 
files. 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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t he ~ensus information data. 

There are four input files for MICROTRANES: a l ink pointer 
file, a ncde pointer file, a census file, and a c ommand file. 
'l'hese: four files respectively tell MICROTRANES: 1) where each 
node in the network is located, 2) what the impedance o f each 
1 ink is, 3) the start and end nodes for each link (A-NODE and 
B-NODE), and 4) the census information associated with e ach tran
sit stop. Using this information, a path can be determined and 
census information assigned to each r equested transi t stop . The 
transit planner can analyze specific transit stops, transi t rout e 
segements, or entire transit lines as desired. 

The output from MICROTRANF.S consists of two reports, a tran 
sit stop report and a transi.t line report. The transit stop r e 
port prints out a summary of census information by transit stop 
for two acces~ibility limits as spe cified by the user. The first 
accessibility limit would normally be within one to three blocks 
of the transit stop, and the second accessibility l imit could b e 
an additional three to five blocks. If total population were 
used with accessibility limits of 1,300 and 2,600 feet for 
typical Oklahoma City street networks, the first summary 
tabulation would list the total population within a walk i ng 
di stance of approximately three blocks of each bus stop. The 
seccnd s1..mlITlary tabulation would list the population residing a n 
additional three blocks (1,300 to 2,600 feet in dista nce) away. 
Each sur.unary tabul ation can include three s e parate c a t e gor i e s o f 
census information, such as total population in three age range s . 
A summary total for all the requested transit stops is p rinted 
out at the end of the transit stop report . 

The transit line report sums up the census information f or 
allot the transit stops along an individual transit rout e. It 
ib also possible to estimate any serv ice area overlaps between 
transit lines which have common r oute segments or run closely 
parallel by comparing the difference in the transit line totals 
and the transit stop totals. The difference in t hese totals 
provides the amount of double coverage of tr0nsit stops by 
different transit routes. 

POTENTIAL APPLICATIONS 

The primary application of MICROTRANES would be to e stimate 
the number oi potential passengers along transit r oute corridors. 
'l'he success of a transit system can be measured by comparing the 
actual number of passenger-miles versus the number of vehi
cle-miles. These and other performance indicators c a n be usefu l 
in d e termining which transit routes are productive. Also, t he 
transit planner could use MICROTRANSES to e valeate what change s 
could be made to existing non-productive transit routes to make 
them more productive. 
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MICROTRAl'-.:ES could alfo be used to collect "n1arket-segment" 
informat i on. A target market, such as population over 64 years 
of age, could be identified using transit stop reports from 
MICROTRANES. MICRO'l'RANES thus could be used to evaluate the 
accessibility of existing transit routes and for designing new 
services to serve specific market segments. 

MICROTRANES SOFTWARE RE()UIREMEN'l'S 

CP/N 2.2 Operating System 

CP/M, a widely used microcomputer operating system, was cho
sen for l-:ICROTRANES because of its flexibility and sp€ed compared 
to other opera ting systems. The dBASE II program which operates 
under CP /M .i s one of the fastest and most flexible database 
management systems on the market. Many transit agencies arc now 
using CP/M-based microcomputers for their transit planning needs . 

The advantages of using CP/M depend on the specific tasks to 
be accompl ished with the microcomputer. Some brands of 
microcomputers have their own operating system and do not a l low 
programs to be transferred from their system to another . This 
reduces the possibj.lity of software piracy but it increases the 
syste'.m dependence of the user . This is not the case with a 
CP /!•!-based system. CP /M is available on many microcomputers, 
including thE APPLE II, Radio Shack TRS-80, SUPERBRAIN, North 
Star, Hea th, 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 
changing 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
junction with the dBASE II and MICRO'I'RANES programs. For a more 
deta ileci 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 l ook at his 
catalog and the space occupied by each f ile; 

APDOS. COM - is a program which allows the use r to convert 
APPLE II text files to CP/M text f i les; 

~FT.COM - i s a program to copy files on a single disk drive 
system; 

BOOT.COM - is a program used to boot the system for eit her a 
thirteen sector or sixt~en sector diskette; 

COPY.COM - is used to copy every file on one diskette to 
another diskette on a single or d ouble disk drive 
system; 
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CE>M60.COM - is a program used to upgrade diskettes from a 48K 
system to a 60 K system needed for dBASE II; and 

~UTORUN.COM - is a program used i n conjunction with compiled 
CP/N files so that when the operating system is 
booted, a program will automatically run without 
user intervention. 

Microsoft BASIC 

Bl>,SIC 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 prograr.1. Though BAS IC 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 arc two types of BASIC programs, an "interpretive" 
version and a "compiled" v ersion. With the inte rpretive version 
the user types in a BASIC command and the computer imrr,ediately 
executes ("interprets") the instruction . 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 c an execute 
significantly faster and more efficiently than the int.erprete cl 
version, assuning that all of the code is correct . The compiled 
version should be used only after the user is confident that all 
of thf: program commands and logic are correct . 

MICROTRANES was written in Microsoft BASIC, a language d e 
veloped And supported by the Microsoft Corporation of Bellevue, 
Wasr;ington. All of the MICROTRANES programs were initially c.evel
oped in the interpretive mode and then later compiled with the 
Microsoft MBASIC compiler for faster execution and transit st.op 
patbfinding. 

dBASE I I Database Management System 

The dBASi!: II program, developed by Ashton-Tate of Culliver 
City, California, is a relational database management system 
whiclt represents data in a two dimensional table wi t h rows and 
column rather than as network heirarchies. The rows correspond 
tc data " records" and the columns represent fields within each 
record. dBASE II is available on most CP/M- based microcomput ers. 

Relational data structures tend to be easier to understand 
because most people have a common ar..d intuitive i dea of what a 
table is. The dBASE II program is a v ersatile database 
management tool for the convenient manipulation of small a nd 
medium-sized data bases. With dBASE II it is possible to create 
datd bases, modify and print or d i splay the contents of each data 
set, mar..ipulate data and perform mathemati ca l computations, and 
generate data sumEa ry reports. 
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'l'o run dBASE II, one types "dBASE" under the CP/M operatinci 
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 II 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 these
quence by pressing the "return II button on the keyboard. This 
will save the file structure in a file called <filename.DEF> 
(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 enterp new data in an existing file by using the APPEND 
command. 

In editing ar. existing dBASE II file the user must access 
the dBASI!: II program as indicated above and then enter the USE 
command, e.g. USE MINIDIME. The user then selects the record (a 
11 row" in the data table) to be edited by entering "EDIT RECORD 
NUMBER11 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
roand) . Next, the user types in the command COPY TO SDF. This 
create$ a file with the file name <filename.TXT> (e.g., 
MINIDIME.TXT) which can be accessed by the BASIC programs. 
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M] CFO'l'RANES 1-ll\RDWARE REQUIREMEN'I'S 

A 48K APPLE II computer was chosen for developing the MICPC-
'J'RA~ES programs because: ( 1) it is a widely available machine, 
(2) it supports t~c BASIC language which is easy to program, thus 
facilitating the conversion of TRANES from FORTRAN to BASIC, ( 3) 
many transportation planning programs are available for the APPLE 
II cr.d therefore, many transportati on and transit agencies are 
likely to have access to an APPLE II, and (4) the dBASE II 
database management system runs under t.he CP /M 2. 2 operating 
system on the APPLE II and this was an important element of the 
r-:ICROTRANES cevelopment. The APPLE II is a versatile, 8- bi t 
machine able to use either its own 6502 micr'oprocessor for the 
APPI.,S DCS disk operatir,g syst.ere 0r the Z-80 microprocessor for 
CP/N 2.2 programs. 

A random uccess memory 64K RAM Card is required to operate 
the dBASE II program and all of the MICROTRANES programs. 'l'be 
64K RAM Card essentially gives the user an additional 16K of 
rncmcry to run programs or perform file manipulations. 

l~n 80 Column Card expands the APPLE II screen column cisplay 
width from 40 to 80 characters. The expansion allows the use of 
full screen formating with dBASE II. Also, the MICROTRANES out
put program displuy formats are set up for a full 80 columns. If 
a 40 cuiu~n display is used the output tables will "wrap around" 
the screen in an almost unreadable f ashion. 1'he user can, i: 
desired, modify the MICROTRANES output formats for 40 column dis 
play by changing the TAB functions in the program list ings. 

The Z-BC Card is the central processing unit (CPU) for the 
CP/ t-_ operating system. This card must be installed in order to 
run dEASE II or any of the lviBASIC programs. 'l'be Z-80 processor 
also controls the CP/M system utilities described previously. 

The minimum disk configuration for accessing dBASE II and 
the !iICRO'I'RANES programs would be one disk drive and controlle1. 
Howe ver, it is suggested that the user have two disk drives for 
additional storage and easy copyi n g of diskettes. The job o f in
serting and removing diskettes becomes tedious with a single disk 
drive system. 

Mary alternative microcomputers are available on the market 
and can perform many functions for the transit planner, however , 
the one constraint that is most often faced it the initial 
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 d BASE II and 
MICEO'l'RANES. 

A second criterion would be the primary use of the 
putE.:r. If the microcomputer is dedicated to planning 
not word processing or business management p:-ograms 
tra;_si t plan1:.er should look for a computer with this 
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HowE:·:er, it is use.fl1l to have a good word processor avai l ctble for 
program devel~pment and occasional documents. Word processing is 
more convenient with 80-column screen displays, the format sug
c;f'Gtcd previously for a MICROTRANES hardware cor,figuration. 

A final criterion for microcomputer selection is the ability 
to expand the system in the future. Transit agency and personal 
comi:,uting requirerr.ents, while possibly small at first, likel y 
will he much larger in the uear future as the agency finds morE 
uses for them. Microcomputers will continue t.o become smaller 
and less expandab} e. This is a marketing strategy used by the 
computer manufacturers to ensure that when the existing machine 
is outgrown it will be necessary to invest in a new machine. One 
advantage of the APPLE JI computer, available since 1977, is that 
it can be expanded by simply replacing old circuit boards with 
ilppropriate new ones for new applicdtions. The vigorous growth 
o f the microcomputer industry has in~luded the developme11t of in
creasingly sophisticated software packages, a trend which should 
continue in the foreseeable future. 
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r-~ .::CR0TRANES PROGRAMS AND FILES 

Menu of Capabilities 

The purpose of the menu program, not inc l uded in this 
report, would be to allow the user to access any of the 
MICR0TRANES programs with a single response . The menu displays 
all of the possible options to the user and then queries the user 
to belect one of six options. 

The first option would run the MICRO-EXTRACT program which 
creates ~he necessary files for MICR0TRANES . The second option 
would run the interactive version of MICR0TPANES and whic:h 
procuces a second rrenu of fifteen options t he user may select 
froG. The third option would run the batch version o! 
MICR0'i'RAHES where the user must have previously created a COMMAND 
file \-Ihich tells MICR0'rRANES which functions to perform. The 
fou1·-:h option would run the LIST program listing the equivalency 
table s between GBF/DIME File node numbers and the unique TRANES 
node numbers . The fifth option wou ld access · a census information 
demand file (created with dBASE II ) and put it in binary f ormat 
for use with MICR0TRANES . And final l y, the sixth option wou l d 
al low the user to exit the MICROTRANES mo2nu and return to the 
CP/M operating system. 

Interactive Version. The interactive version of MICR0TRANES 
allows the transit planner to try several alternative p l ans with
out re-runni ng the MICR0TRANES program . The interactive version 
allows the transit planner to activate or deactive transit lines, 
trar,si t stops, or classify transit stops. The transit planner 
can c hange any of the parameter values such as maximum impedance, 
first accessibility limit, or second accessibility limit at any 
timE"· \•.'i thin the program. Whe n these impedances are changed, how
ever , the pathfinder r outine must be run aga in with t he new 
impedances. The planner may also change the transit stop classi~ 
fication and run the pathfinder routine again . When the transit 
planner runs the pathfinder routine, both a patl1finder report and 
a tra.nsi t line: re:port may be requested. 'l'he planner may also 
change the demand val ues and request a second t-ru.nsi t stop o r 
trarsit line report wi th the new values. This can be done .as 
many times as desire d with up to three different values c.tt a 
tir:i,,. 

Batch Version. The batch version of MICR0TRANES .1 s very 
s i milar to the interactive v e rsion with the exception of the 
C0tv"Jv~J\ND file coding . In the batch version ·, the transit planner 
is r equired to code a command card as the · last r e cord in t he 
C0M!-:AND file. 'I'he command card is used to activate and 
deactivate transit lines, transit stops, a nd c l assi f y stops, t o 
cha: :.ge parameters, stop classes, transit de mand values and to 
output pathfinder, transit stop, and transit line r e ports. Some 
of these commands require numeric information after the command, 
e.g. when a transit line is activated or when transit demand 
values a re changed . After the MICR0TRANES p r ogr am is run in the 
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batch fficCe, the transit planner may make changes by accessing the 
COH,"''.J.!''1D file with ~ word processor or text editor and chang ing 
the desired values. 

MICROTRANES Dctta Files 

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

The MICRO-DIME file is used by the MICRO-EXTRACT program to 
create a link/pointer file and a node/pointer file fer 
MICBOTRANES. 'I'he MICRO-DIME F'ile prov ides the street network, 
i.e. links and nodes, used to create the transit network for the 
pathfinc.inc_; algorithm used in MICROTRANES. It is suggested that 
the u ~cr create this file interactively using dBASE II. However, 
t~e user may also download a small portion of a regional GBF/DIME 
file from a mainframe computer directl.y to the microcomputer if 
those capabilities are available. 

The Link/Pointer fil~ serves as a unique link file for the 
MICROTRANES program anc. a pointer to connected links. This is 
one of the main files used by MICROTRANES. The Node/Pointer 
file created by the MICRO-EX'l'RACT program is used by MICROTRANES 
as c. unique node list which points to the link in the Link/
Pointer file containing a specific node that the pathfinder 
algorithm is • searching for. When the first link is found the 
No(:1,e/rointer file uirects the pathfinder to other adjacent links 
with the s 9me 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 
11od8~ for 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 unique interior tract nodes. 
These 11ocles represent all the unique GBF /DIME File nodes within 
the interior of each census tract for the desired study area. 

'!'he Map/Pointer file cc1n also be created using dBASE II 
.interactively. The user must find the number of census tract 
toundary nodes for each census map to be used in the MICRO
EXTRACT program. '11 he user can accomplish this by using the COUNT 
command to determine the number of unique census tract boundary 
nod€s. T~ese nodes represent all the unique GBF/DIME file nodes 
locate~ along census tract boundaries for the desired study area. 

The Tract/Node file contains for each MICRO-D IME node, a 
vnic~ue MICROTRANES node number which provides an equivalency for 
the transit planner to code the existing or proposed transit 
line s. The file also contains the x-coordinate and y-coordinate 
of each node in the study area. 

The Map/Node file gives the same equivalency as the Tract/
Noctt: file except that the Map/Node file contains only census 
tract bo;__mdary nodes. 'The reason census tract boundar y nodes are 
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s E:p2.;ra t u1 by map !'rnmbcr is that they are unique for a specific 
m2,p but not a.r:.ong the census t r acts. Census tract boundary nodE:s 
numJ:-.. 2rs start at 700 and are numbered up to 49 , 999 within the 
same ma~, but are !leVE·r duplicated . The Map/Node fi le also 
contains the x-coor<linate and y - coordinat e o f every census tract 
hourdary node in the study area. 

MICP.0-EX'I'RACT Proqram 

The purpose of the MICRO-EXTRACT program is to create poin
ter files and a subarea demand file for use in the MICROTRANES 
proc;ram. The MICRO- EXTRACT program also creates two equivalency 
tables used in the coding of the transit network. The equivalen~ 
cy tables list the MICRO-DIME file node numbers and their equiva
lent MICROTRi'I.NES code numbers. 

MICRO- DEMAND Program 

The purpose of the MICRO- DEivlAND program is to create a set 
0£ census statistics which represent the demographic or socio
economic conditions a l ong each individual transit line cor~idor . 
The MICRO- DE.MAND program allocates census information to each 
unique MICRO- DIME street segment , i.e . the block face of the 
MICRO-DIME record. The demand fi l e is then used ,in the MICRO
EXTRACT program to create a subarea census demand file. 

'rhe input data file :requirements for the MICRO-DEMAND 
program are the MICRO- DIME file and a MICRO-DEMAND file, both 
created \,ri th dBASF: II. The MICRO-DIME file is used to match 
cenr::us block records to individual MICRO- DIME segment records. 
The MICFO-DEMAND file must, therefore, contain data at the census 
block level of geography . The MICROTRANES program requires that 
each census data record be coded to a unique MICRO- DIME record 
numtcr for random access of the segment or block face data. 

The transit planner should cons i der using the ADMATCH com
putE:r program for the automated geocoding of data fileE", if the 
program is available and the demand file contains address 
specific data . The ADMATCH program was created by the U.S. Bu
reau of Census as an address matching program to " provide the ca
pability of geocoding computer readable records containing street 
cddresses" . It has bet:!n used on IBM mainframe computers since 
the early 1970 1 s with fairly good results . 

The user of the MICROTRANES programs might consider imple
rr,ent ing a version of ADMA'i'CH on the microcomputer to do autowale d 
geocoding of data files. Either way, this procedure would give 
the best. data for MICRO'i'RANES, i.e. at the block face level of 
geos;raphy, rather than trying to disaggregate the census data 
fil~s from the block 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 is a reas onable size, say less than 100 
records, then the rnanual geocoding approach could be used with 
satisfactory results. 

MICRO-LIST Program 

The purpose of the MICRO-LIST program is to provide a con
cise list of MICRO-DIME node numbers and their equivalent 
MICROTRANES node numbers. 'l'he list is then used to code the in
divicual transit lines for input into MICROTRANES. 

Main Program 

The input for the main MICROTRANES program is the Link/ 
Pointe r file, the Node/Pointer file, the subarca Demand f ile, the 
Pathfipder 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 figures for each individual transit stop. The 
Pathfinder file is used to store the transit paths on the disk 
for later path skimming or flow assignment. The Command file 
contains the initial parameter codes, transit node, and transit 
line information used to control the program inputs, outputs, and 
pathbuilding. 
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OPERATIONAL 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 
elimj_nated. The transit planner can then begin transit line 
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 just 
distanct 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 
103 0 
1040 
1050 
106 0 
107 0 
10 80 
1090 
1100 
1110 
1120 
1130 
1140 
1150 
116 0 
1170 
1180 
1190 
1200 
1210 
1220 
1230 
1240 
1250 
126 0 
1270 
1280 
1290 
1300 
1310 
1320 
1330 
1340 
1350 
1360 
1370 
1380 
13 90 
1400 
1402 

M I C R O - E X T R A C T P R O G R A M 
WRITTEN BY KEN MORRIS 

MARCH 1983 

REM 
REM DIMENSION AND INITIALIZE VARIABLES 
REM 

OPTION BASE 1 
DIM NEWMAP(400) ,LP(400) ,LD(400) 
DIM NEWPT2(400) ,N_EWPTR(400) ,NP(400) 
DIM IBMAP(2) ,ITRC(2) ,NODES(2) ,IY(2) ,IX(2) 
DIM ITRACT(lO) ,LOW(lO),IHIGH(lO) 
DIM MAPP(lO) ,MLOW(lO) ,MHIGH (10) 
DIM LINKER(2) 
DIM DM9 (9) ,DM9$ (9) ,IDMD9T(9) 

PRINT CHR$(12) 
PRINT: PRINT: PRINT 
PRINT TAB(20) ;"EXTRACTOR PROGRAM" 
PRINT 
PRINT TAB(20) ;" Please wait for menu! " 
REM ******INPUT FILES****** 
REM 1- LINKTEST (INPUT TO PREP) 
REM 4- DEMAND FILE 
REM 5- TRACT/NODES 
REM 6- MAP/NODES 
REM 7- DIMECON 
REM****** OUTPUT FILES****** 
REM 2- LINKPT 
REM 3- NODPAC 
REM 8- TNODES 
REM 9- MNODES 
REM*************************************************************** 
REM * S T E P # 1 * 
REM* READ CONTROL CARDS AND TABLES * 
REM* IOPT =O FOR FULL RUN * 
REM* IOPT =l FOR MAIN PROGRAM ONLY * 
REM* IOPT =2 FOR SUBROUTINE PREP ONLY * 
REM*************************************************************** 
OPEN "0",1,"LINKTEMP" 
OPEN "0",2,"LINKPTR" 
OPEN •o",3,"NODEPTR" 
OPEN "R", 4, "DEMAND" 
OPEN "I",5,"TRACNODE" 
OPEN "I",6,"MAPNODE" 
OPEN "I",7,"DIMECON" 
OPEN "0",8,"T-NODE" 
OPEN •o",9,aM-NODE" 

,.- ., ' 

FIELD #4, 6 AS DM9$(1),6 AS DM9$(2),6 AS DM9$(3),6 AS DM9$(4), 
6 AS DM9$(5) ,6 AS DM9$ (6) ,6 AS DM9$(7) ,6 AS DM9$(8) ,6 AS DM9$(9J 
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1404 
1406 
l40 8 
l~l O 
~42 0 
1430 
1440 
1450 
146 0 
1470 
1480 
1490 
1500 
1S1 0 
1520 
1530 
1540 
1550 
156 0 
1570 
1580 
1590 
1600 
161 0 
16io 
163 0 
1640 
1650 
166 0 
1670 
1680 
1690 
170 0 
1710 
l '12 0 
1730 
1740 
1750 
1760 
1770 
1780 
1790 
1800 
181 0 
1820 
1830 
~840 
1850 
+860 
1870 
1880 
1890 

REM 
REM CLEAR SCREEN AND PRINT MEN U 
REM 

PRINT CHR$ (12) 
PRINT " CHOOSE ONE OF THE FOLLOWING OPTIONS " 
PRINT" 0 - FULL RUN" 
PRlNT '1 l - MA IN PROGRAM ONLY" 
PRINT" 2 - SUBROUTINE PREP ONLY " 
PRINT TAB(20) 7: INPUT "YOUR CHOICE (0 -2) ", IOPT 
IF IOPT <> 2 THEN 1 560 

REM 
REM 
REM 

RE('.D THE NUMBER OF LINKS AND NODES(NEXT) FOR PREP 

PRINT 
INPUT "NUMBER OF LINKS IN FILE : ",LINKS 
PRIN'f 
!~PUT "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 iS,B$ 
ITRACT (I) = VAL(MID$ (B$ , 1 , 6)) 

LOW(!) = VAL(MID$(B$,7 , 3)) 
IHIGH( I) = VAL(MID$ (B$,10,3)) 

NEXT I 
FOR I= 1 TO NMAP 
INPUT t6 , C$ 

MAPP(!) = VAL(MID$(C$,1,2)) 
MLOW(I) ~ VAL(MID$(C$,3,3)) 

MHIGH(I) = VAL(MID$(C$,6,3)) 
NEXT I 

REM *************************************************************** 
REM* 
REM* 

S T E P # 2 
READ LINKS AND RENUMB ER NODES 

* 
* 

REM*************************************************************** 
INPUT "NUMBER OF DIME FILE SEGMENTS IN DIMECON FILE: ",NDIME 

FOR JJ = 1 TO NPIME 
K = 1 

IF EOF ( 7) THEN 3190 
INPUT i7 ,A$ 

NUM = NUM + 1 
ITRC(K) = VAL(MID$(A$,53,6)) 

IBMAP (K) = VAL( MID$(A$, 71,3)) 
NODES(K) = VAL(MID$(A$,74 , 4)) 

I X(K) = VAL(MID$(A$ , 81,4)) 
IY(K) = VAL (MID $(A$,88 ,.4)) 

ITRC(K+l) = VAL(MID$(A$,62,6)) 
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1900 
1910 
1920 
193 0 
1940 
1950 
1960 
197 0 
19 80 
1990 
2000 
2010 
2020 
2030 
2040 
2050 
2060 
207 0 
2080 
2090 
2100 
2110 
2120 
2130 
2140 
2150 
216 0 
2170 
2180 
2190 
2200 
2210 
2220 
2230 
2240 
2250 
2 260 
227 0 
2280 
2290 
2300 
2310 
2320 
2330 
2340 
2350 
2360 
2370 
2380 
2390 
2400 
2410 

IBMAP(K+l) = VAL(MID$(A$,92,3)) 
NODES(K+l) = VAL(MID$(A$,95,4)) 

IX(K+l) = VAL(MID$(A$,102,4)) 
IY(K+l) = VAL(MID$(A$,109,4)) 

JD= VAL(MIDS(AS,113,6)) 
ITYPE = VAL(MID$(A$,119,l)) 

IF JJ = l THEN JDLOW = JD 
JD= JD - JDLOW + 1 

REM 
REM 
REM 

STEP 2.1 SKIP NON STREET LINKS, 
SKIP TRACTS AND'NODE = 0 

IF 
IF 
IF 
IF 
IF 

CREATE COORDINATE FILE 
ITYPE > 0 AND ITYPE < 8 THEN 3140 
ITRC(l) = 0 OR ITRC(2) = 0 THEN 3110 
NODES(l) = 0 OR NODES(2) = 0 THEN 3110 
IX(l) = 0 AND IY(l) = 0 THEN 2070 
IX(2) > 0 AND IY(2) > 0 THEN 2080 . 
IB = IB + 1 

PRINT TAB ( l 0) ; "NO COORDINATES FOR RECORD NUMBER: "; NUM 
REM 
REM 
REM 

FOR I = 1 TO 2 
IROW = 0 
ICOL = 0 

STEP 2.2 RENUMBER ALL NODES 

IF NODES(I) >= 700 AND NODES(!) < 5000 THEN 2600 
REM 
REM STEP 2.2.1 RENUMBER TRACT N.ODES 
REM 

KPTR = l 
REM SEARCH ITRACT TABLE FOR THIS CENSUS TRACT 

IF KPTR > NTRAC THEN 2760 
IF ITRACT(KPTR) = ITRC(I) THEN 2240 

KPTR = KPTR + 1 
GOTO 2200 
ND = NODES(!) 

REM REDUCE NODES ABOVE 4999 
IF NODES(I) >~ 5000 THEN ND= 700 + (NODES(I)-4999) 

FOR PLOTTING 

REM NODPTR IS THE NODE NUMBER PLUS THE LOWEST .NUMBER 
REM IN THAT TRACT IN SEQUENI'IAL ORDER FOR ALL TRACTS. 
REM THEN SUBTRACT 1. 

NODPTR =ND+ LOW(KPTR) - 1 
IF NODPTR > IHIGH(KPTR) THEN 3160 

REM IF NEW NUMBER ABOVE 400 MUST GO 'TO NEW ARRAY FOR SPACE 
IF NODPTR > 400 THEN 2480 

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

IF NEWPTR(NODPTR) <> 0 THEN 2440 
NEWPTR(NODPTR) = NXT 

REM CONVERT X ANDY TO GRIDS FOR LATER INTERACTIVE TRAN~S 
IF IX(I) = 0 OR IY(I) = 0 THEN 2410 
IRCM = (IY(I)-13400) / 2000 + 1 
PRINT # 8, ITRC (I) ; 11

,", NODES (I) ; 11
, 

11
; NXT; 11

, 
11

; IX (I) ; 11
, 

11
; IY (I) 
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24?0 REM 
2430 
2440 
2450 
2455 REM 
246 0 REM 
2470 RJ:;M 
2480 
2490 
2500 
2510 
2520 
2 540 
2540 
2550 
2560 
2570 
2580 REM 
2590 REM 

"2600 
2610 
2620 
2630 
2640 
26 50 REM 
2660 
2670 
26 80 
2690 
2700 
2710 
2720 
2730 
2740 
2750 
2760 
2770 REM 
27 80 ~EM 
2790 
2800 
2810 
2820 
ia3o 
2840 
2850 
2852 a~M 
2854 REM 
2856 RF,:M 
28S8 REM 
2860 
2870 
2880 

INCREMENT NEXT AND ASSIGN NEW NUMBER TO LINKER 
NXT=NXT+i 
LINKER(!) = NEWPTR(NODPTR) 
GOTO 27 60 

THE FOLLOWING STEP ARE SIMILAR TO THOSE ABOVE 
EXCEPT THE ARRAY NEWPT2 IS USED FOR SPACE 

NODPTR s: NODPTR - 40 0 
IF NEWPT2(NODPTR) <> 0 THEN 2560 
NEWPT2(NODPTR) = NXT 
IF IX(!) = 0 OR IY{I) = 0 THEN 2540 
IRCM :.= (IY{I)-13400 ) / 2000 + l 
!COL= (IX(I)-15870) / 2000 + l 
PRINT # 8, ITRC (I) ; ", 11

; NODES (I) ; 11
, "; NXT; 11

, 
11

; IX (I) ; 11
, 

11 
; IY (I) 

NXT lC NXT + l 
LINKER(!) = NEWPT2(NODPTR) 
GOTO 2760 

IMAP= l 

STEP 2.2.2 RENUMBERMAP NODES 
CONVERT ALPHA MAPS TO NUMBERS 

IF IMAP> NMAP THEN 2760 
IF IBMAP(I) = MAPP(IMAP) THEN 2660 
IMAP ::;:: IMAP + l 
GOTO 2610 

THIS PROCESS IS THE SAME AS ABOVE EXCEPT FOR MAPS 
~ODPTR = (~ODES(I)-700) + MLOW ( IMAP) - 1 
IF NOOP'I'R > MHIGH(IMAP) THEN 3180 
IF NEWMAP.(NODPTR) <> 0 THEN 27 50 
NEWMAP(NODPTR) = NXT 
IF IX{I) = 0 OR IY(I) = 0 THEN 2730 
IR~= (IY(I)-13400) / 2000 + 1 
ICOL = (IX(I)-15870) / 2000 + 1 
P~INT t 9, IBMAP (I) ; 11

, 
11 

; NODES (I) ; ", "; NXT; ","; IX (I) ; " , " ; IY (I) 
NXT = NXT + l 
LINKER(!) = NEWMAP(NODPTR) 
N~XT I 

IDIST = 0 

CALCULATE LINK DISTANCE ,PACK DATA 
WRITE LINK FILE(2) AND DEMAND FILE(3) 

IF IX(l) = 0 OR IX(2) = 0 OR IY(l) = 0 OR IY(2) = 0 THEN 2840 
IXDIST = IX(2) - IX(l) 
IYDIST ~ IY(2) - IY(l) 

IDIST = INT(SQR((IXDIST*IXDIST) + (IYDIST*IYDIST)) + .S) 
IF !DIST<= 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 
!DIST= 300 
PRINT #1 ,IDIST;" , ";LINKER(l);"," ;LINKER(2) 
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II 

2890 
2892 
2894 
2896 
2900 
2 910 
2920 
2 930 
2940 
2950 
296 0 
2970 
2980 
2990 
3000 
3010 
302 0 
3030 
3040 
3050 
3 060 
3070 
3080 
3090 
3100 
3110 
3120 
3130 
31 40 
3150 
316 0 
3170 
3180 
3190 
3200 
3210 
3220 
3 230 
32 40 
3250 
3260 
3270 
327 5 
3280 
3290 
3300 
3310 
3320 
3330 

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

IF JD> 32000 THEN 3020 
GET #4 ,J D 
DM9(1) = CVS(DM9$(1)) 
DM9( 2) = CVS(DM9$ (2)) 
DM9(3) = CVS(DM9$(3)) 
DM9 ( 4) = CVS(DM9$(4)) 
DM9 (5) = CVS(DM9$(5)) 
DM9 (6) = CVS(DM9$(6) ) 
DM9 (7) = CVS(DM9$ (7)) 
DM9(8) = CVS(DM9$(8)) 
DM9(9) = CVS(DM9$ (9)) 
GOTO 3070 
INODEM = INODEM + 1 
PRINT " NO DEMAND FOR RECORD NUMBER "; NUM; " LINK NUMBER ";JD 
FOR I= 1 TO 9 
DM9(I) = 0 
NEXT I 
FOR KK = 1 TO 9 
IDMD9T(KK) = IDMD9T (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 318 0 
PRINT "HIGH POINTER--RECORD NUMBER "; NOM ;" HPOINTER "; NODPTR; 
PRINT " MAP i ";IBMAP(I); " TRACT# "; _ITRC(I); " NODE i "; NODES(I) 
NEXT JJ 
NXTl = NXT - l 

REM * ***** ** * * ** ********* * **** * ** ** * ** ****-*'** * ** ** * * * ** * • -* * ** * ** ** 
REM* STEP # 3 * 
REM* WRITE I-NFO AND GO TO PREP IF IOPT NOT EQUAL TO l . * 
REM ************************************************************** 

PRINT "NUMBER OF LINKS "; LINKS; " ~~GHEST NODE ~UMBE~ "; NXTl 
PRINT " NUM = II; NUM 
PRINT II NUMBER OF RECORDS WITH : " 
PRINT "NO COORDINATES "; IB; 
PRINT "NO DEMAND "; IN ODEM~" NON-STREET 11

; NONS-T 
PRINT "CENSUS ITEMS 1-9 TOTALS 11

; 

FOR I = 1 TO 9 : PRINT IDMD9T(I); : NEXT I ., 
PRINT 
IF IOPT = 1 THEN 3330 
GOSUB 3400 
END 
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3350 
3360 
3370 
33 80 
3390 
3400 
3410 
3420 
3430 
3440 
3450 
3460 
3470 
3480 
3490 
3500 
3510 
3520 
3 530 
3540 
3550 
3560 
3 570 
3580 
3590 
3600 
3610 
36 20 
363 0 
3640 
3650 
3660 
3670 
36 80 
3690 
370 0 
~710 
3720 
3730 
3740 
3750 
3760 
3770 
37 80 
3790 
3800 
3810 
3820 
3830 
3840 
3850 

REM************************************************************** 
REM* STEP t l * 
REM* READ LINKS AND UNPACK THEM * 
REM* INITIALIZE NP WITH NEGATIVES * 
~EM ***********************************t************************** 

CLOSE 1 
OPEN "I",l,"LINKTEMP" 

FOR JJ ~ l TO LINKS 
J .. JJ * 2 
I = J - 1 
INPUT t1, LD ( J J) , LP {I) , LP ( J) 
NEXT JJ 
NUMNOD = NXT - 1 
FOR MM= l TO NUMNOD 
NP(MM) = - MM 
NEXT MM 
LN = 2 * LINKS 

REM*************************************************************** 
REM * S T E P t 2 * 
REM* THIS LOOP DOES THE ACTUAL POINTER CREATIONS * 
REM*************************************************************** 

REM 

roR I= 1 TO LN 
II • LP(I) 
LP ( I) = NP ( I I) 
NP(II) = I 
NEXT I 

REM CLOSE THE POINTER LOOP 
REM 

FOR I= 1 TO LN 
IF LP{I) > 0 THEN 3680 
II = -LP (I) 
LP{!) = NP(ll) 
NEXT I 

REM************************************************************** 
REM* STEP t 3 * 
REM* PIVIDE DISTANCE BY 10,MM<E B NODE NEGATIVE * 
REM* FOR TRANES ,WRITE LINK INFO TO FILE 4 AND NODE * 
REM* POINTER INFO TO 7. THEN RETURN. * 
REM************************************************************** 

FOR JJ = l TO LINKS 
J = JJ * 2 
I = J - l 
IC= INT{LD{JJ) / 10) 
LDK = -LP(J) 
PRINT t4,IC;•,~7LP(I);",•;LDK 
NEXT JJ 
FOR I= 1 TO NUMNOD 
PRINT #3,NP(I) 
NEXT I 
RETURN 
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M I C R O - T R A N E S P R O G R A M 
WRITTEN BY KEN MORRIS 

MARCH 19 83 

00005 REM DIMENSION AND INITIALIZE VARIABLES 
00010 REM********************************************************* 
00020 
00030 
00040 
00050 
0006 0 

* DIM NET(3,150),NP(150),ISQ(150),NK(l50),LSN(150) * 
* DIM LIPO(lS0) ,LST(150) ,LR(l6) ,LX(9) ,ICC(3) * 
* DIM LLN(lS0) ,LLY(6 ,150) ,LSY(6 ,150) ,NR(6) ,JA(4) ,LIN(20) * 

* DIM IDIGIT(l0) ,IA(4) ,IB(4) ,IC(4) * 
* DEFINT I-N * 

00070 REM********************************************************* 
00140 REM 
00150 REM 
00160 REM 
00170 REM 
00180 REM 
00190 
00200 REM 
00210 REM 
00220 REM 
00230 REM 
00240 
00250 
00 260 
".l 026 5 REM 
0027 0 REM 
00280 REM 
00290 
00300 
00310 
00320 
00330 
00340 
00350 
00360 REM 
00370 REM 
00380 REM 
00390 REM 
00400 
00410 
00420 
0043 0 
00440 
00450 
0046 0 
0047 0 
00480 
00490 
00500 

FILE l=LINKPT 
FILE 2=NODPAC 
FILE 3=DEMAND 
FILE 4=PATHS 
FILE S=CARD INPUT 

JI=0 

DEFLAULT THE CENSUS INFORMATION TO 1-TOTAL POPULATION 
2-POPULATION UNDER 1 6 
3-POPULATION OVER 64 

ICC(l) =l 
ICC(2)=2 
ICC(3)=3 

I N PU T 

INPUT #5,LINKS,MNODE,NODES,MAXD,LIMF,LIMS 
PRINT USING "##1#.i";LINKS,MNODE,NODES,MAXD,LIMF,LIMS 
IF MAXD > 0 THEN 330 

MAXD=3000 
FOR I= l TO NODES 
INPUT #5,N,NK(N) :NEXT I 

KHT=0 

T R A N S I T L I N E I N P U T 
READ DATA, FIRST NEG. DATA IS TRANSIT LINE FOLLOWED BY NODES 

K=0 
PRINT "TRANSIT LINES" 
FOR I = 1 TO 16 : INPUT 

IF LR(l) = 0 THEN 97 0 
FOR I = 1 TO 16:PRINT 
II=l 
IF LR(l) < 0 THEN 880 
FOR I = II,16 
IF LR(I) = 0 THEN 500 
NEXT I 
KK=I-II 

#5,LR(I): NEXT I 

USING "#111.l";LR(I) ;:NEXT I:PRINT 
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00502 REM 
00510 REM 
00512 REM 
00520 
00530 
00540 
00550 
0056 0 
00570 
00580 
00590 
00600 
00610 
00620 
00630 
00640 
00650 
0066 0 
0067 0 
006 80 
00690 
00700 
00710 
00720 
007 30 
')0740 
007 50 
Q0760 
00770 
007 80 
00790 
00800 
00810 
00820 
00830 
00840 
00850 ~EM 

TRANSIT LINE CODING EXPANSION 

KY=0 
FOR I= l TO KK 
KY=KY+l 
J=I+II-1 
IF LR(J) > 0 THEN 810 
KI =-LR(J) 
KA=LR(J-l) 
KB=LR(J+ 1) 
LA=LIPO(KI) 
FOR JK = 1 TO JI 
IF LIN(JK) = KI THEN 660 
NEXT JK 
PRINT "ERROR IN REFERENCING 
GO TO 4260 

LBrLIPO(LIN(JK+l))-1 
FOR L =LATO LB 
IF LST(L) = KA THEN 740 
IF LST(L) = KB THEN 730 
NEXT L 

COMMON TRANSIT LINE" 

PRINT •ERROR 
GO TO 4260 
KB=999 

IN REFERENCING COMMON TRANSIT LINE" 

LL~•L+l 
FO R M = LLCK TO LB 

LST(K+KY)=LST(M) 
IF LST(M) = KB THEN I =I+l 
IF LST(M) = KB THEN 820 
KY=KY+l 
NEXT M 
LST(K+KY) =LR(J) 

NEXT I 
K=K+KY 
GO TO 420 

00860REM DETERMINE POINTERS,THEN RETURN TO PLACE NODE ~EQUENCE INLIST 
00870 REM 
00 880 
00890 
00900 
00 910 
00920 
00 930 
00940 REM 

LL=-LR(l) 
LIBO(LL)=K+l 
II=2 
JI=JI+l 
LIN (J I) =LL 

GO TO 470 

00950 REM FILL IN EMPTY POINTER SPACES 
00960 REM 
0097 0 
009 80 
00990 
)1000 

IF LL= 0 THEN 1190 
LLc::LL+l 
KK=K 
LIPO(LL)=K+l 
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JlOlO 
01020 
0103 0 
01040 
01050 
0106 0 
0107 0 
010 80 
01090 
01092 
01100 REM 
01110 REM 
01111 REM 
01120 REM 
01130 REM 
01160 REM 
01170 REM 
01180 REM 
01190 
01200 
01210 
01220 
01230 
01240 
01250 
)1260 
0127 0 
012 80 
01290 REM 
01300 REM 
01310 REM 
01320 
01330 
01340 
01350 
01360 
0137 0 
013 80 
01390 
01400 
01410 
01420 REM 
0143 0 REM 
01440 REM 
01450 
01460 
0147 0 

LLCK=LL-1 
FOR I= 1 TO LLCK 
J=LL- I 
IF LIPO(J) > 0 THEN 1190 
LI PO ( J) = L I PO ( J + 1) 
NEXT I 
PRINT "THE NUMBER OF NODES IN THE LIST ARE ";LIPO(LL) 
LI POLL=L I PO { LL) 
FOR I = 1 TO LIPOLL STEP 16 : FOR J = 0 TO 15 

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

COMMAND L I N E I N PU T 

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

READ COM MAND DAT A 

MF=0 
MS=O 
GOSUB 4270 : REM CALL INPUT (ICODE,IDIGIT) 
IF !CODE= -1 THEN 4260 
IF !CODE= 2 THEN IKS=O 
IF !CODE= 9 THEN IKL=0 
IF ICODE < 12 THEN 1320 
ICODCK = ICODE - 11 
ON ICODCK GOTO 2 220 ,2 480,264 0 ,26 40 ,3 590,393 0 
GO TO 4260 

CHECK WHETHER COMMAND EXPECTS VALUES 

IF IDIGIT(l) = 0 THEN 426 0 
JJ=0 
JJ =JJ+l 
IF IDIGIT(JJ) = 0 THEN 1210 
MF=IDIGIT(JJ) 
IF IDIGIT(JJ+l) >= 0 THEN 1400 
MS=-IDIGIT(JJ+l) 
JJ=JJ+l 
ICODCK=ICODE- 1 
ON ICODCK GOTO 23 8 0 , 23 20 ,1520 ,17 6 0 ,1850 ,19 40 ,2 0 50 ,2 540 

REINITIALIZE VALUES 

MF=0 
MS=O 
GO TO 1340 
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Jl480 REM 
01490 REM 
01500 REM 
01510 REM 
01520 
0153 0 
01540 REM 
01550 REM 
01560 REM 
0157 0 
015 80 
01590 
01600 
01610 
01620 
016 30 
01640 REM 
01650 REM 
01660 REM 
01670 
016 80 
01690 
01700 
01710 
01720 
'H730 REM 
01740 REM 
01750 REM 
01760 
017 7 0 
017 80 
01790 
01800 
01810 
01820 REM 
01830 REM 
01840 REM 
01850 
0186 0 
01870 
01880 
01890 
01900 
01910 REM 
01920 REM 
01930 REM 
01940 
01950 
0196 0 
0197Q 
01980 
)1990 

A C T I V A T E L I N E S 
ACTIVATE LINE(S) IDENTIFIED BY VALUE OR VALUE RANGE 

IF MS= 0 THEN ~S=MF 
FOR I = MF TO MS 

ACTIVATE LINE UNLESS ALREADY ACTIVATED 

IF LIPO(I) < 0 THEN 1710 
K=LIPO(I) 
KE=LIPO ( I+l) -1 
IF KE< 0 THEN KE= -KE - 2 
LIPO(I) = -LIPO(I) 
IF KE< K THEN 1710 
FOR IJ = K TO KE 

AND ALSO ACTIVATE STOPS ON LINE 

NS=LST(IJ) 
IF NK(NS) > 1000 THEN 1700 
NK(NS)=NK(NS)+lOOO 

NEXT IJ 
NEXT I 
GO TO 1450 

A C T I V A T E N O D E S B Y N A M E 

IF MS= 0 THEN MS=MF 
FOR I = MF TO MS 
IF NR(I) > 1000 THEN 1800 
NK (I) = NK (I) + 1000 
NEXT I 
GO TO 1450 

A C T I V A T E N O D E S B Y C L A S S 

IF MS= 0 THEN MS=MF 
FOR I = l TO MNODE 
IF NK(I) < MF OR NK(I) > MS THEN 1890 
NK (I) = NK (I) + 1000 
NEXT I 
GO TO 1450 

D E A C T I V A T E N O D E S B Y C L A S S 

IF MS= 0 THEN MS=MF 
FOR I = 1 TO MNQDE 
IF NK(I} < 1000 THEN 2000 
NK(I) = NK(I) - 1000 
IF NK(I} >= MF AND NK(I) <= MS THEN 2000 
NK(I) = NK(I) + 1000 
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02000 
02010 
02020 REM 
02030 REM 
02040 REM 
02050 
0 2 06 0 
0207 0 
020 80 
02090 
02100 
02110 
02120 
02130 
0 2140 
02150 
02160 
02170 
02180 
02190 REM 
02200 REM 
02210 REM 
02220 
02230 
02240 
02250 
0226 0 
02270 
02280 
022 90 REM 
02300 REM 
02305 REM 
02310 
0 23 20 
02330 
02340 
02350 
0236 0 
02365 REM 
02370 REM 
02375 REM 
02380 
0 23 90 
02400 
02410 
02420 
02430 
02440 
02450 
0 246 0 
02 47 0 
)2480 

NEXT I 
GO TO 1450 

D E A C T I V A T E L I N E S 

IF MS= 0 THEN MS=MF 
FOR I = MF TO MS 
IF LIPO(I) > 0 THEN 2170 
KE=LIPO(I+l)-1 
IF KE< 0 THEN KE= -KE - 2 
L I PO ( I ) = - L I PO ( I ) 
K = LIPO (I) 
IF KE< K THEN 1450 
FOR IJ = K TO KE 
NS = LST(IJ) 
IF NK(NS) < 1000 THEN 2170 
NK(NS) = NK(NS) - 1000 
NEXT IJ : NEXT I 
GO TO 1450 

D E A C T I V A T E A L L S T O P S A N D L I N E S 

FOR I = 1 TO MNODE 
IF NK(I) >= 1000 THEN NK(I} = NK(I) - 1000 
NEXT I 
FOR I = 1 TO LL 
IF LIPO(I) < 0 THEN LIPO(I) = -LIPO(I) 
NEXT I 
GO TO 1210 

D E A C T I V A T E N O D E S B Y N A M E 

IF MS= 0 THEN MS=MF 
FOR I = MF TO MS 
IF NK(I) < 1000 THEN 2350 
NK (I) = NK (I) - 1000 
NEXT I 
GO TO 1450 

SET NEW NODE CLASS 

IF IKS <> 0 THEN 2410 
IKS=MF 
GO TO 1450 
IF MS= 0 THEN MS=MF 
FOR I = MF TO MS 

ISS=0 
IF NK(I) > 1000 THEN ISS=l000 
NK (I) = IKS + ISS 
NEXT I 
GO TO 1450 
REM ICODE = 2 AND IKS = 0 
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02490 REM 
02500 
02510 REM 
02520 
02 53 0 
02540 
02550 
0256 0 
02570 
0257 5 
025 80 
02590 
0 2600 REM 
02610 REM 
0 2620 REM 
02630 REM 
026 35 
02637 
02640 
02650 
02660 
02670 
026 80 
02690 
0 2700 
02710 
02720 
0 27 30 
0 27 40 
027 50 
0 276 0 
0277 0 
0 27 80 
027 90 REM 
02800 REM 
02810 REM 
02820 
0283 0 
02840 
02850 
02855 REM 
02860 REM 
02870 REM 
02880 
02890 
02892 
02902 
02904 
02 91 0 
0292 0 
0292 2 
12930 

************ 
GOSUB 7 540 : REM CALL SUBROUTINE LINKER(KHT ,KNT ,KNL, KLS) 
************ 
KX=O 
GO TO 1210 
IF MS= 0 THEN MS=MF 
FOR I = MS TO Mf 

IKL=IKL+l 
ICC(IKL)=I 

NEXT I 
IF IKL = 3 THEN 1190 
GO TO 1450 

0 U T P U T A L L O C A T I O N T O S T O P S 
CLEAR ACCUMULATORS, IF NECCESSARY 

OPEN "R", 3 ,FILE3 $ 
FIELD t3,9 AS CJ$,9 AS C2$,9 AS C3$,9 AS C4$,9 AS CS$,9 AS C6$ 
FOR J = 1 TO KNT 
FOR I= l TO 6 
LSY (I ,J) ~o 
NEXT I : NEXT J 
FOR I= 1 TO LINKS 
IF NET(3,I) < 0 THEN 2850 
GET #3,I 
J=NET(l, I) 

LCD=NET (2 , I) 
LCH=NET(3, I ) 
IF LCD> LIMF THEN 2770 

IU=O 
GO TO 2820 
IF LCD > LI MS TH EN 2 8 5 0 

IU=3 

ADD TO APPROPRIATE ACCUMULATO R, BASED ON FIRST ORSECONILI MIT 

FOR K =l TO 3 
LSY(K+IU ,J) = LSY(K+IU,J) + LX(ICC(K)) 

NEXT K 
NEXT I 

OUTPUT ALLOCATION RESULTS 

PRINT "TRANSIT STOP REPORT" 
PRINT "***********************************" 
PRINT "FIRST LIMIT= "; LIMP;" SECOND LIMIT= ";LIMS 

FOR I= l TO 6: PRINT SPC(5);"CENSUS ";:NEXT I : PRINT 
FOR!= l TO 6: PRINT SPC(5) ;TITLE$(I);:NEXT !:PRINT 
FOR J = l TO 6 
NR{J) =0 
NEXT J 
FOR I= l TO KNT 
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02932 
02940 
02945 REM 
02950 REM 
02955 REM 
0 297 0 
029 80 
02990 
02992 
03000 
03010 
03020 REM 
03030 REM 
03040 REM 
03045 REM 
03050 
0306 0 
03 070 
03080 
03090 
03100 
03110 REM 
03120 REM 
03130 REM 
03140 
'.)3150 
0316 0 
03170 
03180 
03190 
03200 
03210 
03220 
03 230 
03240 
03250 
0326 0 
03 270 
03280 REM 
03290 REM 
03300 REM 
03310 
03320 
03330 
03340 
03350 REM 
0336 0 REM 
03370 REM 
03380 
03390 

FOR J = 1 TO 6 
PRINT USING "###,1Ht#.";I,LSN(I) ,LSY(J,I) 

SUM TOTALS 

N R ( J) = NR ( J) + LS Y ( J, I) 
NEXT J : NEXT I 
PRINT "GRAND TOTAL IS " ; 
FOR J = 1 TO 6 :PRINT USING "i##,###.",NR(J); NEXT J 

MF=O 
IF ICODE = 14 THEN 1210 

0 U T P U T A L L O C A T I O N T O L I N E S 
IDENTIFY ACTIVE LINES AND CLEAR ACCUMULATORS 

J=O 
FOR I = 1 TO 100 
IF LIPO(I) >= 0 THEN 3100 
J = J + 1 
LLN(J) = I 
NEXT I 

REMEMBER NO. OF ACTIVE LINES 

KNL = J 
FOR I = l TO KNT 
IU = LSN(I) 
NP(IU) = I 
NEXT I 
FOR J = 1 TO KNL 
FOR I = 1 TO 6 
LLY (I,J) = 0 
NEXT I 
LI = LLN(J) 
K = LIPO(LI) 
KE= LIPO(LI+l) - 1 
IF K < 0 THEN K = -K 
IF KE< 0 THEN KE= -KE - 2 

IDENTIFY STOPS ON LINE BY SEQUENCE NO. OF STOP 

IF KE< K THEN 3450 
FOR M = K TO KE 

MM = LST(M) 
IU = NP (MM) 

CHECK IF STOP IS ACTIVE 

IF NK(MM) < 1000 THEN 3440 
FOR I= 1 TO 6 
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J3400 REM 
03410 REM 
03420 REM 
0343 0 
03 435 
03440 
03450 
03460 REM 
0347 0 REM 
03475 REM 
03480 
03490 
03500 
03505 
03507 
03510 
03512 
03520 
03 530 
03540 
03550 
03560 REM 
0357 0 REM 
035 80 REM 
03590 
')3600 
03610 
03612 
03620 
03630 
03640 
03650 
03660 
03670 
03680 REM 
03690 REM 
03700 REM 
03705 REM 
03710 REM 
03720 REM 
03740 REM 
03750 REM 
03760 REM 
03770 REM 
03775 REM 
03780 REM 
03790 REM 
037 95 
03 800 
03810 
03820 
) 3 83 0 

ACCUMULATE ALLOCATIONS TO ALL STOPS ON LINE 

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

OUTPUT ALLOCATION RESULTS 

PRINT "T R A N S I T L I N E R E P O R T" 
PRINT"***********************************" 
PRINT "FIRST LIMIT= " ;LIMF;" SECOND LIMIT= ";LIMS 
FOR I= 1 TO 6: PRINT SPC(S);"CENSUS";:NEXT I : PRINT 
FORI = l TO 6 : PRINT SPC(5);TITLE$(I);:NEXT I : PRINT 
FOR I= 1 TO KNL 
FOR J = 1 TO 6 

PRINT USING "### , Ui.";I,LLN(I),LLY(J,I) 
NEXT J : NEXT I 
MF = 0 
GO TO 1210 

OUTPUT P A T H F I N D E R 

PRINT "PATHFINDER RE P ORT" 
IF RNT = 0 THEN 3900 
PRINT" LINK DIST STOP N LINK DIST STOP N"; 
PRINT" LINK DIST STOP N LINK DIST STOP N" 
KK=l 
FOR I= 1 TO LINKS 
IF NET(3 ,I) < 0 THEN 386 0 
IB(KK)=NET(l,I) 

IA(KK)=NET(2,I) 
IC(KK)=NET(3,I) 
******************PROGRAM CHANGE*********************** 
THE FOLLOWING STATEMENTS HAVE TO BE ACTIVATED TO OUTPUT 

STOP NODE NAME RATHER THAN SEQUENTIEL STOP NUMBER 
******************************************************* 
KJ = IB(KI<) 
IF KJ <= KNT THEN 3770 
PRINT "IB(KK) = ";IB(KK);" IC(KK) = ";IC(KK) ;" LINK t = ";I 

IB (KK) = 999999 
GO TO 3800 
IB(KK) = LSN(KJ) 

OPEN FILE FOR SAVING PATHS 

OPEN "0",4 ,FI LE4$ 
JA(KK) = I 
KK = KK + 1 
IF KK <= 4 THEN 3860 
FOR KI= l TO 4 
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J3 832 
03840 
03842 
03850 
03 86 0 
03870 
03872 
03880 
03882 
03884 
03900 
03 910 
03912 REM 
03920 REM 
03922 REM 
03930 
03932 
03940 
03950 
04240 
04260 

PRINT USING "t###.";JA(KI),IA(KI),IB(KI),IC(KI); 
PRINT t4,JA(KI) ,IA(KI),IB(KI) ,IC(KI); 

NEXT KI . 
KK=l 
NEXT I 
FOR KI = 1 TO 4 

PRINT USING "####.";JA(KI),IA(KI),IB(KI),IC(KI); 
PRINT #4,JA(KI),IA(KI),IB(KI),IC(KI); 
NEXT KI 
CLOSE 4 
MF=O 
GO TO 1210 

R E A D N E W P A R A M E T E R S 

INPUT #5,MDIST,LIMF,LIMS 
PRINT "NEW PARAMETERS ARE "; 
PRINT USING "#####.";MDIST,LIMF,LIMS 
GO TO 1210 
PRINT "VALUE EXPECTED AFTER COMMAND" 
END 

149 



J4262 REM 
0427 0 REM 
04272 REM 
04280 
0 4390 
04400 
04410 
04420 
04422 
04440 
04442 
04450 
04460 
04480 REM 
04 490 REM 
04500 REM 
04510 
04520 
0453 0 
04540 REM 
04550 REM 
04560 REM 
0457 0 
04580 
04590 
)4600 
04610 
0 4620 REM 

SUBROUTINE INPUT(ICODE, ID I GIT) 

DIM IERROR$ (80) ,lDIGIT(50) 
II=0 
JJ=O 
FOR I= l TO 50 
IDIGIT(I) = 0 
NEXT I 
IF INDX <= 80 THEN 4510 
IF EOF{l) THEN 7390 
INPUT #5,IDATA$ 
INDX=l 

LOOK FOR FIRST NON-BLANK CHARACTER. 

IF MID$ (IDATA$,lNDX,l) 
INDX=INDX+l 

< ) n 
II THEN 4 5 7 0 

GO TO 4440 

IF FIRST CHARACTER NOT ALPHA IT'S AN ERROR. 

"A" 
"C" 

IF MID$(IDATA$,INDX,1) = 
IF MID$ (IDATAS, INDX,l) = 
IF MID$(IDATA$,INDX,l) = "D" 

= "O" 
= "R" 

IF MID$ (IDATA$, INDX,l) 
IF MID$ (IDATA$,INDX,l) 

THEN 
THEN 
THEN 
THEN 
THEN 

4 950 
4950 
4950 
4950 
4 950 

04630REM IT'SAN ERROR. SCAN FOR NEXT OP CODE THEN PRINT EVERYTHING 
04640 REM PREVIOUS AS BAD DATA. 
046 50 REM 
04660 
0 4670 
046 80 
046 90 
0 4700 
04710 
04720 
047 30 
04740 
047 50 
04760 
047 80 
047 90 
04 810 
04820 
04 830 
04840 
04850 
0486 0 
048 80 
J4890 

IPI'R=0 
ISAVE=INDX 
INDX=INDX+2 
IF MID$(IDATA$,INDX,l) = "A" 
IF MID$ (IDATA$, INDX,1) = "C" 
IF MID$(IDATA$,INDX,l) = "D" 
IF MID$(IDATA$,INDX,1) = "O" 
IF MID$(IDATA$,INDX,1) = "R" 
INDX = INDX + l 
IF INDX <= 80 THEN 4690 
INDX2 = INDX - l 
IPTR = IPTR + 1 

THEN 
THEN 
THEN 
THEN 
THEN 

4 850 
4850 
4 850 
4850 
4 850 

I ERROR$ (IPI'R) = MID$ ( IDA TA$, ISAVE, INDX2-ISAVE+l) 
INPUT #5,IDATA$ 
INDX = l 
ISAVE = l 
IF NOT EOF(l) THEN 4690 
IF ISAVE = INDX THEN 4910 
INDX2 = INDX - 1 
IPTR = IPTR + 1 
I ERROR$ (IPTR) = MID$ ( IDA TA$, ISA VE, INDX2-ISAVE+l) 
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J4 910 
04920 
04 930 
04940 
04950 
0496 0 
04 970 
04980 
049 90 
05000 
05010 
05020 
0 5040 
05050 
05060 
05070 
05080 
05090 
05100 REM 
0 5110 REM 
05120 REM 
05130 
0 5140 REM 
05150 REM 
05160 REM 
1517 0 
05180 
05190 
05200 
05210 
05220 REM 
05230 REM 
05240 REM 
05250 
05260 
0527 0 REM 
05280 REM 
05290 REM 
05300 
0 531 0 
05320 REM 
05330 REM 
0 5340 REM 
05350 
0 5360 
05370 REM 
05380 REM 
05390 REM 
05400 
05410 REM 
05420 REM 
)5 430 REM 

IF IPTR <= 0 THEN 4940 
FOR I = 1 TO IPRT:PRINT "ERROR ";IERROR$(I):NEXT I 
IF EOF(l) THEN 7390 
IPTR = 0 
II$ = MID$(IDATA$,INDX,l) 
IF INDX < 80 THEN 5040 
IPTR=0 
NFLD=0 
I ERROR$ ( 1) = "NONE" 
INPUT t5,IDATA$ 
IF EOF(l) THEN 7270 
INDX = 0 
JJ$ = MID$(IDATA$,INDX+l,1) 
IF II$= "A" THEN 5170 
IF II$= "C" THEN 5440 
IF II$= "D" THEN 5710 
IF II$= "O" THEN 6040 
IF II$= "R" THEN 6310 

IT'S AN ERROR. 

GO TO 4660 

THE FIRST CHARACTER IS AN A. NEXT MU ST BE C, L, N OR S. 

IF JJ$ = ttcll THEN 5250 
IF JJ$ = "L" THEN 5300 
IF JJ$ = "N" THEN 5350 
IF JJ $ = "S" THEN 5400 
GO TO 46 60 

THE SECOND CHARACTER IS AC. 

ICODE=6 
GO TO 6520 

THE SECOND CHARACTER IS AN L. 

ICODE=4 
GO TO 6520 

THE SECOND CHARACTER IS ANN. 

ICODE=5 
GO TO 6520 

THE SECOND CHARACTER IS ANS. ** NOT YET IMPLEMENTED**• 

GO TO 4660 

THE FIRST CHARACTER IS AC. NEXT MUST BE A, C,D OR P. 
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J 5440 
05450 
05 46 0 
0547 0 
05480 
05490 REM 

IF J J$ = "A" 
IF JJ$ = "C" 
IF JJ$ = "D" 
IF JJ$ = "P" 
GO TO 4660 

THEN 5520 
THEN 556 0 
THEN 5610 
THEN 5660 

05500REM THE SECOND CHARACTER IS AN A. ** NOT YET IMPLEMENTED**• 
05510 REM 
05520 
05 530 REM 
05540 REM 
05550 REM 
0 556 0 
05570 
05580 REM 
05590 REM 
0 5600 REM 
05610 
0 5620 
0563 0 REM 
05640 REM 
05650 REM 
0 5660 
0 5670 
05680 REM 

GO TO 46 60 

THE SECOND CHARACTER IS AC. 

ICODE=2 
GO TO 6520 

THE SECOND CHARACTER IS AD 

ICODE=9 
GO TO 6520 

THE SECOND CHARACTER IS AP. 

ICODE=l 7 
GO TO 6470 

156 90 REM THE FIRST CHARACTER IS A D. NEXT MUST BE A, C, L, N OR S. 
0 57 0 0 REM 
05710 
0 5720 
05730 
0 5740 
057 so 
0 576 0 
05770 REM 
057 80 REM 
05790 REM 
0580 0 
05 810 
05820 REM 
05830 REM 
05 840 REM 
0585 0 
0586 0 
05870 REM 
0 5880 REM 
05890 REM 
0 5900 
05 910 
05920 REM 
05930 REM 
05940 REM 
) 595 0 

IF JJ$ = "A" 
IF JJ$ = "C" 
IF JJ$ = "L" 
IF JJ $ = "N" 
IF JJ$ = "S" 
GO TO 4660 

THEN 5800 
THEN 5850 
THEN 5900 
THEN 5950 
THEN 6000 

THE SECOND CHARACTER IS AN A. 

ICODE=l2 
GO TO 6470 

THE SECOND CHARACTER IS AC. 

ICODE=7 
GO TO 6520 

THE SECOND CHARACTER IS AN L. 

ICODE=8 
GO TO 6520 

THE SECOND CHARACTER IS ANN. 

ICODE=3 
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05 960 
05970 REM 

GO TO 6520 

0 5980 REM THE SECOND CHARACTER IS AN S. ** NOT YET IMPLEMENTED 
05990 REM 
06 000 
06010 REM 
06020 REM 
06030 REM 
06 040 
06050 
0606 0 
06 070 
06080 
06090 REM 

GO TO 46 6 0 

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

IF JJ$ = "A" 
IF JJ$ = "L" 
IF JJ$ = "P" 
IF JJ$ = "S" 
GO TO 4660 

THEN 6120 
THEN 6160 
THEN 6210 
THEN 6 26 0 

* *. 

06100REM THE SECOND CHARACTER IS AN A.** NOT YET IMPLEMENTED ** 
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 
0626 0 
06 270 
06280 REM 
06290 REM 
06300 REM 
06310 
06320 
06330 
06 340 REM 
06 350 REM 
06360 REM 
06370 
06 380 
06390 REM 

GO TO 4660 

THE SECOND CHARACTER IS AN L. 

ICODE=l 5 
GO TO 6470 

THE SECOND CHARACTER IS AP. 

ICODE=l6 
GO TO 6470 

THE SECOND CHARACTER IS ANS. 

ICODE=l4 
GO TO 6470 

THE FIRST CHARACTER I S AN R. 

IF JJ$ = "P" THEN 6370 
IF JJ$ = "S" THEN 6420 
GO TO 4660 

THE SECOND CHARACTER IS AP. 

ICODE=l3 
GO TO 6470 

. 

NEXT MUST BE P OR S. 

06400REM THE SECOND CHARACTER IS ANS. RUN STOP-GO TO EOF ROUTINE. 
06410 REM 
06420 
06 430 
06440 REM 
06450 REM 
06 460 REM 
')6470 

IEOF=l 
GO TO 7 3 90 

INCREMENT POINTER BEYOND CURRENT COMMAND 

INDX = INDX + 2 
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J64 80 
06490 REM 
06500 REM 
06510 REM 
06520 
06530 
06540 
06550 
0656 0 
06570 
06580 
06590 
06600 
06610 REM 
066 20 REM 
06630 REM 
06640 
06650 
06660 
06750 
06770 REM 
06780 REM 
067 90 REM 
06800 
06 810 
')6820 
06 830 
06 840 
06850 
06 86 0 
06870 
06875 
06 890 
06990 
07000 
07010 
07020 
07 03 0 
07040 
07050 
07 060 
07150 
07160 
07170 
07180 
07190 
07200 
07210 
07 2 20 
07230 
07240 
)7250 

RETURN 

NOW LOOK FOR FOLLOWING NUMBERS. 

INDX = INDX + 2 
!SAVE = INDX 
GO TO 656 0 
INDX= INDX+l 
IF INDX <= 80 THEN 6640 
I NPUT #5,IDATA$ 
INDX = -1 
IF EOF(l) THEN 7270 
GO TO 6520 

LOOK FOR A DIGIT 

IF MID$ (IDATA$,INDX, 1) = "" THEN 6550 
KEY = ASC(MID$( IDATA$,INDX ,1}) 
IF KEY> 89 AND KEY ~ 101 THEN 6800 
GO TO 7270 

DIGIT FOUND - CONTINUE SEARCHING 

NFLD = 0 
NDIG = 0 
MINUS = 0 
IDIGIT(l) = 0 
NDIG = NDIG + 1 
IF NDIG > l THEN 6890 
NFLD = NFLD + l 
IDIGIT(NFLD+l) = 0 
KEY = ASC (MID$ (IDA TA$, INDX,l}) 
IDIG = KEY - 91 
IDIGIT(NFLD) = IDIGIT(NFLD) * 10 + IDIG 
INDX = INDX + 1 
IF INDX <= 80 THEN 7050 
INPUT #5, I DATA$ 
INDX = l 
IF EOF(l) THEN 7240 
KEY = ASC(MID$(IDATA$ ,INDX,l)) 
IF KEY> 90 AND KEY < 101 THEN 6840 
NDIG = 0 
IF MIN US = 0 THEN 7200 

IF MINUS> NFLD THEN 7200 
IDIGIT(NFLD) = -IDIG~T(NFLD) 
MINUS = 0 
IF MID$(IDATA$ , INDX,l) = "" THEN 7000 
IF MID$(IDATA$,INDX,l) <> "-" THEN 7240 
MINUS= NFLD + l 

GO TO 7000 
IF MIN US = NFLD THEN IDIGIT(NFLD) = -IDIGIT(NFLD) 
IF NFLD > 0 THEN 7400 
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)7260 
07 27 0 
072 80 
07 290 
07300 
07 320 
07 330 
07 350 
07 36 0 
07 370 
07 380 
07 390 
07 400 

GO TO 7390 
IPTR = 2 
IF NFLD <= 0 THEN 7350 
IF INDX = ISAVE THEN 7350 
INDX2 = INDX - 1 
IPTR=IPTR+l 
I ERROR$ (IPTR) = MID$ (IDA TA$, ISAVE, INDX2-ISAVE+l) 
FOR I= 1 TO IPRT:PRINT "ERROR ";IERROR$(I):NEXT I 
IPTR=O 
IF EOF(l) THEN 7390 
GO TO 4442 
ICODE=-1 
RETURN 

155 



J7 410 REM 
07 540 REM 
07550 REM 
07 56 0 
07 570 
07 590 
07610 
07620 
07625 
07627 
07630 
07635 
07640 
07650 
07 6 6 0 
07 66 5 
07670 
07680 
07690 
07700 REM 
07710 REM 
07720 REM 
077 30 
07740 
07745 
17750 
07760 
07770 
07780 REM 
07790 REM 
07800 REM 
07810 REM 
07 820 REM 
07830 REM 
07 840 REM 
07 850 
07 86 0 
07 87 0 
07880 
07 890 
07 900 
07910 REM 
07920 REM 
07 930 REM 
079 40 
07950 
07 96 0 
07970 
07 980 
07 9 90 
08030 REM 
)8040 REM 

SUBROUTINE LINKER(KHT,KNT,KNL,KLS) 

OPEN "I",1,FILE1$ 
OPEN "I",2,FILE2$ 
IP=0 
KLS=0 
FOR I= 1 TO LINKS 
FOR J = 1 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 = 0 
KHT = 0 
LIS= 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) 
KNT = KNT + l 
LSN(KNT) = J 

ACTIVE STOP FOUND DETERMINE ADJACENT LINK 

L= (I+l) / 2 
LAB= 1 

LD = NET(l ,L) 
LPA = NET(2 , L) 
LPB = NET(3,L) 
IF ( I - I/ 2 * 2) = 0 TH EN LAB = 0 

BY-PASS IF ALREADY ALLOCATED 
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18050 REM 
0806 0 
0 8070 
08080 
0 8090 
08100 
0 8110 
08120 
0 8130 
08140 
0 8150 
0816 0 
0 8170 
08180 
0 8190 
08200 
0 8210 
08220 
0 8230 
08240 REM 
08250 REM 
08260 REM 
0827 0 
0 82 80 
08290 
18300 
08440 
08450 REM 
08460 REM 
08470 REM 
08480 REM 
0 84 90 
08500 
08510 
08520 
08530 REM 
08540 REM 
0 8550 REM 
0856 0 
0 8570 
08580 
085 90 
086 00 
08610 
086 20 
0 8630 REM 
08670 
0 86 80 
08685 REM 
08690 REM 
08700 REM 
)8710 REM 

IF NET(3 ,L) < 0 THEN 813 0 
LD = LD + 2000 
NET(l,L) = LO 
NET(2,L) = LPA 
IF LPA >= I THEN 8300 
I = LPA 
GO TO 7940 
LPB = -LPB 
LST = KNT 
NET(3,L) = ISQ(LD) 
ISQ(LD) = L 
LIS= LIS+ l 
IF LAB= 0 THEN 8220 
LPP ::: LPA 
LPA = LPB 
LPB = LPP 
NET(l ,L) = LST 
NET(2,L) = LPA 

FIND OTHER ADJACENT LINKS 

IF LPB >= I THEN 8300 
I= LPB 
GO TO 7940 
NEXT JI 
IF KNT = 0 THEN 9250 

P R O C E S S R E M A I N I N G L I N K S 
CHECK WHETHER IT COMPLETES LOOP AROUND NEW LINE 
INCREMENT POINTER AND CHECK FOR EXIT CONDITIONS 

IP= IP+l 
IF IP> MAXD THEN 9260 

IF LIS= 0 THEN 9260 
IF ISQ(IP) = 0 THEN 8490 

EXTRACT LINK AT NEW DISTANCE,SET HOOK,DETERMINE ADJACENT LINK 

KHT = ISQ(IP) 
NEW = KHT 
LIS= LIS - l 
LST = NET(l ,NEW) 
I = NET(2,NEW) 
LCH = NET(3,NEW) 
KLS = KLS + 1 

NP(KLS) = NEW 
IF KLS = IDIM THEN 9230 

LIST OF LINKS IN SEQUENCE REACHED IS SAVED IN VECTOR NP 
IDIM MUST BE SET TO MAXIMUM DIMENSION OF NP 
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)8720 
0873 0 
08740 
087 so 
0 8760 
0877 0 
0 87 80 
0 87 9 0 
08 80 0 
0881 0 
08820 
08830 
088 40 
08850 
0 886 0 
0887 0 
088 80 
0889 0 
0 8900 
08910 
08920 
0893 0 
0 8940 
089 50 REM 
08960 REM 
0897 0 REM 
J8980 
0 8 9 90 
09000 REM 
0901 OREM 
0 902 0 REM 
0903 0 
0 90 40 
09050 
0 9060 
09070 
0 90 80 
09090 REM 
0910 0 REM 
0911 0 REM 
09120 
0 9130 REM 
091 40 REM 
091 50 REM 
091 60 
0 9170 
091 80 
0 91 90 
0920 0 
0921 0 
0922 0 
)923 0 

IF LST < 2000 THEN 8780 
LST = LST - 2000 
NET(3,NEW) = 0 
NET(l,NEW) = LST 
NET(2,NEW) = IP 
GO TO 9200 
L = ( I+l) / 2 
IF L = NEW THEN 916 0 
LD = NET (1, L) 

LPA = NET(2,L) 
LPB = NET(3,L) 
IF NET(3 ,L) < 0 THEN 8 890 
LD = LD + 2000 
NET(l ,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 87 80 

PLACE LINK IN SEQUENCE TABLE, SW ITCHCHAIN ,INCREMENT COUNTER 

JJ = ISQ(LID) 
NET(3,L) = JJ 
ISQ(LID) = L 
LIS= LIS+ l 
NET(l,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(l ,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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)9240 
09250 
0926 0 
0 9330 

GO TO 9260 
PRINT wNO ACTIVE NODE" 

PRINT KLS;" LINKS WERE REACHED, MAXIMAL IMPEDANCE WAS";MAXD 
RETURN 
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