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Executive Summary

This document presents one component of an extensive pro

gram to develop applications for bus Automatic Data Collection
systems (ADCS). The overall description of the program is dis

played in a flowchart in Figure 1 of the first chapter. This
study, basically, provides alternative methods for constructing

bus timetables using passenger load data. The procedures
developed are accompanied by a step-by-step explanation using

the sam~ scheduling example throughout the entire report. This
description is intended both to serve as a guideline for

adequately using the methods (even for a novice scheduler) and

to allow for a scheduler's response in order to refine and

adjust the procedures as part of future endeavors.

Current practices in bus properties show that siifficient

data for service operations planning seldom exist. Manual data

collection efforts are costly and, consequently, must be used

sparingly. As a result, detailed information on passenger
demand and service character istics is generally not avai lable

at the route level. l'i'ithout this information the efficient

deployment of bus service commensurate with demand is imposs

ible. Thus, a major reason for bus ~roperties to be interested
in the use of ADCS is the hope of gaining badly need~d data at

greatly reduced unit cost. In order to assist the bus industry

in implementing these systems, the office of Service and Man

agement Demonstrations, Urban Mass Transit Administration
(UMTA) sponsored a major demon~tration of ADCS applications in

cooperation with the Southern California Rapid Transit District



(SCRTD) . It is expected that the resulting information will

improve the utilization of buses and drivers through the design

of more efficient schedules.

In order to accomplish this objective, a general program

was established to develop applications for ADCS. The program

as a whole intends to serve both routes with ADCS and without

ADCS. Its major objec- tives are to:

1. improve management and operations by developing,
improving, validating and testing models and pro
cedures for bus operations planning~

2. improve levels of service through increased reli
ability resulting from better control and res
ponse~

3. improve productivity and efficiency by better
matching supply and demand~

4. reduce data gather ing, processing, and reporting
costs~ and

5. develop vital components of a management informa
tion system pertaining to operations and passen
ger behavior.

This study is related directly to the first and third
objectives.

A cost-effective and efficient bus timetable embodies a

compromise between passenger comfort and cost of service. A

good match between bus supply and passenger demand occurs when

bus schedules are constructed so that the observed passenger

demand is accomodated while the number of vehicles used is

minimized. This will minimize the operator cost in terms of

dr iver' s wages and capi tal costs required to purchase buses.

These important issues reflect part of the overall ADCS appli

cations project objectives and are directly related to the

following objectives of this study:

1. to evaluate alternative timetables in terms of
required resource (number of bus runs and fleet
size required).

-iy-



2. to improve
times with
resources.

the correspondence
passenger demand

of bus departure
while minimizing

3. to provide alternative timetables (along with
bus utilization measures) for the schedulers use
in specific scheduling situations.

4. to permi t, in the timetable construction proce
dure, direct bus frequency changes for possible
exceptions (known to the scheduler) which do not
rely on passenger demand data.

5. to allow the construction of timetables with
headway smoothing techniques (similar to that
performed manually) in the transi tion s.egments
between adjacent time periods.

6. to integrate different headway setting and dif
ferent timetable construction methods.

This report attempts to fulfill these objectives and is

organized as follows. Chapter 2 descr ibes the background of

the study and reviews current timetable construction procedures

including a brief review of four methods for setting bus head

ways (Ref. 4). The output of these methods serves as part of

the input to the program developed in this wor k. Chapter 3

presents alternative timetable options and bus utilization

measures for compar ing timetables. In addi tion, it discusses

and interprets the procedure to construct the initial timetable

at one point and then to extend it using the running time in

formation, to all the other timepoints. These alternative

timetables constitute the framework of the computer program and

are considered in the remainder of this report. Chapter 4 pre

sents smoothing procedures for bus departure times for the case

of evenly spaced headways. Chapter 5 descr ibes procedures to

balance passenger loads by allowing the headways to b~ unevenly

spaced. Chapter 6 describes the elements of the mainframe com

puter program needed to establish alternative timetables and

compares several test runs on real data from SCRTD (line 217 in

Los Angeles). Finally, Chapter 7 summar izes the report and

discusses possible future applications of the ADCS project.



The final product of this work, descr ibed in Chapter 6,

consists of a set of computer programs that perform:

(i) conversion from the bus property (SCRTD) main
frame files to an adequate input file,

(ii) analysis of four methods for setting bus fre
quencies,

(iii) creation of alternative timetables at a single
timepoint, and

(iv) creation of a public timetable at all the route
timepoints (this program is still in prepara
tion).

It is planned to initially test this product at SCRTD in Los

Angeles. The new and computerized techniques to derive bus

frequencies and construct alternative timetables will be evalu

ated at two levels: (1) their appropriateness for routes with

non-ADCS equipped buses in which the data is gathered manually,

(2) their appropr iateness for routes wi th ADCS in which the

data is automatically generated. Undoubtedly, with the antici

pated reliable and vast amount of passenger load data from the

ADCS it will be possible to systematically investigate the

variations of passenger demand. However, it is not likely that

in the near future all the routes will be operate.~ by ADCS

equipped buses. On the other hand the computer schedul ing

files will probably be based on one system rather than on two

systems which distinguish routes with and without ADCS. There

fore, careful attention must also be given to routes wi thout

ADCS.

The outcome of this work can be generally descr ibed in

light of the six study objectives. The procedures developed

provide alternative timetables in terms of bus departure times

at one timepoint. Each timetable is accompanied by two com

par ison measures which are used as an evaluation indicator in

conjunction with resource saving. The first measure is the

total required bus runs (departures) and the second is the

minimum required fleet size at the route level. These

-_.-



evaluation measures fulfill the first objective. One set of

options in selecting the procedure to construct the timetables

is referred to as balancing passenger loads on individual buses

while allowing unevenly spaced headways. The underlying

approach in this set of options is to shift departure times of

individual buses so that to obtain even average loads instead

of even headways. In addi tion, this procedure ensures that

while shifting the departure times the number of bus runs and

the minimum fleet size at the route level are maintained. This

balancing the loads approach fulfills the second objective.

The third objective of the study is to pro"ide flexible

and alternative timetables to be used in a practical scheduling

environment. This objective is fulfilled by permitting the

scheduler to request different timetables from a variety of

possible combinations. By simply keypunching approximately 5

digi ts the scheduler can request equal or balanced (uneven)

headways, conbinations of frequency setting methods, clock or

the derived headways and also to prespecifiy the number of

departures. Part of the input to the timetable construction

program is based on different sets of frequencies (usually non

integer der ived values). The scheduler can ei ther interject

his own set of intui tive-or exper ience-based frequen-cies, or

can substitute some of the derived frequencies. In this manner

possible scheduling exceptions (e.g., special passenger demand

due to a sport event) could be accomplished to fulfill the

fourthstudy's objective.

The common manual process to create timetables is often

encountered by a problem in smoothing the headways in the

transition segments between adjacent time periods. The proce

dure to simply average the transitional headways does not

guarantee that the average observed loads will not exceed the

desired bus occupancy. The procedure developed for both the

equal and balanced headways ensure, in an average sense, the

fulf illment of the desired occupancy constr aint -- the neces

sity expressed in the fifth objective of this study. The sixth

and last objective is fulfilled by allowing the user



(scheduler) to request the selection of different frequency

setting methods for different time periods. In this way the

scheduler can select for peak per iods methods which are more

sensitive to resource saving (e.g., see Method 4 in Chapter 3)

and for off-peak per iods methods which are more sensi tive to

passenger comfort (e.g., see Method 2 in Chapter 3).

This study is one element of a set of procedures that will

attempt to demonstrate the possible benefits that can occur to

both. operators and passengers when using new and improved

methods for bus operations planning. The procedures to be

developed are outlined in the last chapter of this work and

will be especially based on ADCS. Undoubtedly, as these future

research tasks take place more knowledge will be gained and

further use of the new ADCS technology will emerge.

..
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Chapter 1: Introduction and Objectives

It is well-known that making more productive use of exist

ing resources is an important enneavor of anv transit svstem.

The transit planning process include four basic componp.nt~:

performed in sequence: (1) networl< route design, (~) settinq

timetables, (3) schenuling vehicles to trips, an" (4) as~iqn

ment of dr i ver s. It is des ir able for all components to be

planned simultaneously to exploit the system's capahilitv to

the greatest extent and to maximize the svstem's oronuctivitv

and efficiency. However, this planning process is extremelv

cumbersome and complex and therefore seems to requ ire seoarate

treatment of each component, wi th the outcome of one f~n as an

input to the next component.

In most bus properties world-wine the bulk of r~sourcp.~ is

devoted to the last two planning components: vehicle blockina

(the arrangement of a string of trips for in~iviaual huses) ann

dri ver run-cuttinq (the spl i tting and recomhi nation of veh icle

blocks into legal driver shifts or runs). These two time con

suming and complex components challenge researcher s to develop

automated procedures wh ich wi 11 prov ide more effic ient, con

trollable and responsi ve schedules. The accumula ten. knowledge

about these automated computerized procenures is summarizen in

the professional papers presented in the second (Leens,

England, 1980) and third (Montreal, Canada, 1983) International

Workshops on Vehicle and Crew Scheduling (Refs. 1, 2). How

ever, the initial two components of the planning process: net

work route design and settinq timetables have not received



similar research attention and hence deserve particular consi

deration (Ref. 3).

This report concentrates on one of the two "neglected"

canponents and attempts to establish automated procedures for

efficiently setting timetables. This study is a continuation

. of previous research concerning the appraisal of methods for

bus frequency determination (Ref. 4). The research is per

formed within the context of demonstrating applications of

Automated Data Collection System (ADCS) for enhancing bus serv

ice productivity and efficiency. The remainder of this chapter

briefly descr i bes the overall program to devel~p applications

for ADCS, and also emphasizes the study's objectives ana
organization.

1.1 The overall program to deve~oE applications for ADC~

Current practices in bus properties show that sufficient

data for service operations planning seldom exist. Manual data

collection efforts are costly and, consequentlv, must be used.

sparingly. As a result, detailed information on passenger

demand and service character istics is generally not available

at the route level. Without this information the efficient

deployment of bus serv ice commensurate with demand-__ is imposs

ible. Thus, a major reason for bus properties to be intereste~

in the use of ADCS is the hope of gaining badly needed data at

greatly reduced unit cost. In order to assist the bus industry

in implementing these systems, the office of Service and Man

agement Demonstrations, Urban Mass Transit Administration

(UMTA) sponsored a major demonstration of ADCS applications in

cooperation with the Southern California Rapid Transit District

(SCRTD). It is expected that the resulting information will

improve the utilization of buses and drivers through the design

of more efficient schedules.

In order to accomplish this objective, a general program

was established to develop applications for ADCS as shown in

flowchart form in Figure 1. The program as a whole intends to

serve both routes with ADCS and without ADCS. Its major objec

tives are to:

-2-
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1. improve management and operations by developing,
improv ing, validating and testing models and pro
cedures for bus operations planning;

2. improve levels of serv ice through increased reli
ability resulting from better control and res
ponse;

3. improve productivity and efficiency by better
matching supply and demand;

4. reduce data gather ing, processing, and reporting
costs; and

5. develop vital components of a management informa
tion system pertaining to operations and passen
ger behavior.

Figure 1 indicates the components wh ich have been com

pleted, those presently under study and those which have not

yet been started. Three projects have been completed: (i)

development and appraisal of point and ride check methods for

setting bus headways--reported in Ref. 4., (ii) development of

an ADCS monitor--reported in draft form (Ref. 5) and, (iii)

algori thms for setting bus departure times based on ba1anc ing

loads and smoothing headways--the study reported here.

This study, as shown in Figure 1, relates to work dis

cussed in a previous report (Ref. 4) and to a study ~bout test

ing and evaluating Automatic Passenger Counters (APCs) at

SCRTD. These automatic counters presently depend on treadle

mats encasing electrical switch plates to sense boardings and

alightings. Each ADCS equipped bus contains two treadle mats

in each doorway, a passenger counter log ic module, a micro

processor, and a mobile radio. A comprehensive and recent

assessment study about APC's is reported in Ref. 6. Neverthe

less, there are still ser ious and recurring accuracy problems

with the APC's installed· on 200 buses at SCRTD and a study is

being performed to analyze the extent of the problems. It is

Obvious, that the ridership data collected by the APe's are

vital to all demonstration application, and therefore special

attention must be given to the issue's of accuracy and

re Ii ability.

-4-



The flowchart in Figure 1 includes three more components

which are directly related to this study. That is the tasks

related to timetable construction with route design elements

including its mainframe and microcomputer versions. The tech

niques described here are part of the input to the schedule

construction process both at the microcomputer and mainframe

levels. The remaining parts of Figure 1 include the major

tasks which need to be performed for achieving the overall pro
gram goals.

1.2 St~dv o£jectives and outline

A cost-effective and efficient bus timetable embonies a

compromise between passenger comfort and cost of service. A

good match between bus supply and passenger demand occurs when

bus schedules are constructed so that the observer! passenger

demand is accomodated while the number of vehicles used is

minimized. This will minimize the operator cost in terms of

driver's wages and capital costs required to purchase buses.

These important issues reflect part of the overall ADCS appli

cations project objectives and are directly related to the

following objectives of this study:

1. to evaluate alternative timetables in terms of
required resource (number of bus runs and fleet
size requ ired) •

2. to improve
times with
resources.

the cor respondence of bus depar ture
passenger demann while minimizing

3. to provide alternative timetables (along with
bus utilization measures) for the schedulers use
in specific scheduling situations.

4. to permit, in the timetable construction proce
dure, direct bus frequency changes for possible
exceptions (known to the scheduler) which do not
rely on passenger demand data.

5. to allow the construction of timetables with
headway smoothing techniques (similar to that
performed manually) in the transition segments
between adjacent time periods.



6. to integrate different headway setting and dif
ferent timetable construction methons.

This report attempts to fulfill these objectives and is

organi zed as follows. Chapter 2 descr i bes the backqround of

the study and reviews current timetable construction procedures

including a brief review of four methods for setting bus head

ways (Ref. 4). The output of these methods serves as part of

the input to the· program developed in this work. Chapter 3

presents alternative timetable options and bus utilization

measures for comparing timetables. In addition, it discusses

and interprets the procedure to construct the ini~ial timetable

at one point and then to extend it using the running time in

formation, to all the other timepoints. These alternative

timetables constitute the framework of the computer program and

are considered in the remainder of this report. Chapter 4 pre

sents smoothing procedures for bus departure times for the case

of evenly spaced headways. Chapter 5 describes procedures to

balance passenger loads bv allowing the headwavs to be unevenly

spaced. Chapter 6 describes the elements of the mainframe com

puter program needed to establish alternati ve timetables ann

compares several test runs on real data from SCRTD (line 217 in

Los Angeles). Finallv, Chapter 7 sununarizes the _.report ancl

discusses possible future applications of the ADCS project.
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Chapter 2: Backround and Initial Procedures

The "setting timetables" component of the hus plannina

process is one critical determinant of system effectiveness

since its purpose is, in part, to deal with variations in

passenger demand. The construction of timetables is performed

on the basis of passenger counts, and must comply with service

frequency constrain ts. Th is chapter presentR an overv iew of

current practices for establishing timetables, ann descrihes

the background and initial work of thiR stunY.

2.1 Methods and practice for timetable preparation-----------------------------------------
Passenger demand at the route-level is qenertllly qtlthE"re~

at one or more selected stops alonq the route where "the bus

carries its heaviest loads (point check). A more comprehenRive

method is basen on load profile and running time information

gathered along the entire length of the bus route (ride

chec~). While the point checks are typically conducten several

times a year, rine checks are often oerformed only once or

twice durinq the year.

The methods used by bus properties world-wine are commonlv

based on the following service standards: (1) an eql1ate space

wi 11 be proY ided to meet passenger demand, and (i i) an unner

bound is placed on the heanway to assure a minimum frequency of

se rv ice (pol icy headway). The fir st requ ir ement is aneqlJi'lqte

for heavy r~dership hours (peak periods), ann the seconti - for

light ridership hours. The first requirement is usually met hv

the peak load f actor method -- the requ ired numher of hu ses in



•

obtained by dividing the maximum observed passenger flow bv a

load standard (desired occupancy, e.g., number of seats). The

second requirement is met by establishinq policy headways

(maximum allowed headway) which usually are 30 or 60 minutes.

Several researchers have approached the bus headway

determination problem through mathematical programming tech

niques (Refs. 7, 8, 9). However 1 these mathematical programm

ing models have not been generally adopted by transit schedu

lers since they are not sensitive to a great variety of system

specific operational constraints. For example, thy can not

simul taneously determine even spaced headways and uneven spaced

headways for situations of scheduling exceptions •.'

In current practice schedule changes are performed usinq a

mix of manual and computer generated reports. The use of com

puterized reports has been established in many large bus pro

perties (e.g. SCRTD-Los Angeles, TTC-Toronto, EGGED-Israel).

The procedure employed by SCRTD to develop timetables will be

used as an example. Based on ride and point check data the

following steps are performed by the SCRTD scheduling depart

ment:

1. running
time of
data)

times are established for each route bv
day (using the most recent ride check

2. the calculated bus speeds are examined for each
time period and route segment (in order to
correct special cases of speeding-up and slowinq
down of buses, e.q., the drivers may speed-up
toward the end of the route in order to extend
their layover time)

3. headways are determined at the peak point
(usually this is the time point at which the
maximum passengers flow is observed 1 a time point
is generally a bus stop at a major intersection
or facility which appears on the public timetable)

4. initial departure (passage) times are set at the
peak point

5. departure times are se t at all route time points
including the departure and arrival terminals bv
using th'e established running times and the head
ways at the peak point.
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6. the departure (passage) times are adjusted at the
peak point to take into account two additional
considerations: trips with short turns and the
vehicle block construction procedure.

7. the final route timetable is completed

8. following the updating of the schedule, the
changes (or the new timetable) are marked on the
timetable print instruction sheet which is trans
fered to marketing.

The scheduling data files of SCRTD include about 40,000 trips.

The data is collected manually bv checkers and then, keypunched.

The computerized reports are furnished by IBM 1401 and UNIVAC

1106 computers. All of the timetable and run cutting tasks are

'performed manually with work sheets or computer listings pre

pared for key entry and computer processing. About 40% of the

scheduler's time is devoted to data entry and proofreading

computer generated reports.

The scheduling departments at various bus properties in

c1ud i ng SCRTD are seek ing improvements at three different bu t

interrelated levels:

1. elimination of manual steps

2. improved accuracy

3. cost saving and productivity gains

'.

The first improvement is anticipated to take place in the

relatively near future due to the acceptance of a computer in

the scheduling department. However, it ~s understood that even

with the canputerized process many decision will be made based

on the scheduler's judgment (e.g. the development of timetables

for periods with special activities such as sporting events) •.
The second improvement is directly related to the data collec-

tion methods. With greater use,of ADCS, it is anticipated that

this improvement could be easily attained. The third improve

ment is related to new and more efficient scheduling methods:

the data collected will provide a reliable base for the schedu

ler's decision. For example, the ADCS may provide the required



data but without appropriate statistical models the data woulc9

be meaningless. The statistical models should accurately

reflect the variations of both the passenger demand and the

vehicle performance measures (e.g. for a statistical analysis

of bus running time data see Ref. 10).

2.2 Methods for Setting Bus Headway~

This section presents and clarifies earlier work (see Ref.

4) which is strongly related to the procedures described in the

following chapters. This early work describes four alternative

bus frequency determination methods to fulfill two major objec

tives:

1. the setting of bus frequencies to both maintain
adequate service quality and minimize the number
of buses in the schedule.

2. the efficient allocation of the reasources to
gather passenger load data.

The first objective is to evaluate alternative methods to con

struct bus frequenc ies in conj unction wi th sav ing resources.

The second objective compares the costs and benefits of infor

mation obtained from point checks and ride checks. The ride

check provides more complete information than the pgint check,

but it is more expensive because either additional checkers are

needed to provide the required data or an automatic passenqer

counter is used. There is also the question of whether the

add itional information gained justifies the expense.

Certainly, for bus properties having ADCS this question is also

relevant since only part of the overall fleet will be equipped

with ADCS. The ADCS may be rotated among several groups of

routes, depending on whether it is worthwhile to gather point

check as opposed to ride check data.

The four frequency determination methods in Ref. 4 can be

summarized in the following four equations:
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(a) Two point check methods for time period j

Method 1:

Method 2:

(FreqUencY)j

(FreqUencY)j

(
Load at the dailY)
max load point j

= (DesIred OccupancY)j

(
(Load at the ~our1Y*)

_ max. load pOlnt j

- (Desired occupancY)j

(1)

(2 )

(b) Two ride check methods for time period j

Method 3:

(FrequencY)j

Method 4:

(
Area under the)
load profile in
passenger-km** .

= MAX _-.,- J,
( Des lreaT;[ Rou te)
~ccupancYh x\leng th

(
Load at the)
hour1y* max
load point
-------j

Bus Capacity

(3 )

(FrequencY)j = same as Method 3, but

sUbject to a constraint that limits the length 'of the route
over which the load may exceed the product:

(Frequency)
j

x (Desired occupancy)
j (4 )

The fir st method is based on data gathered at one point

dur ing the whole day. Th is point is usually determi ned from

old ride check data or from information given by a mobile

supervisor. It represents the stop with the heaviest daily

load along the route. The second method is based on the

* Hourly or other time period (it may coincide with j)

** or passenger-miles



max imum load ob served in each time per iod (usua lly an hour)

rather than the whole day. Certainly, it is less costly and

more convenient to station an observer (when the data is

collected manually) at one point during the entire working day,

than to assign observers to different point at every time

period. When ride check data is available (either collected

manually or by ADCS) the program established in Reference 4

compares Methods 1 and 2, and as the result the scheduler can

decide about the appropriate point check procedure. An example

is given in the next section to clarify these methods.

The third method is based on load profile information.

The load profile is plotted with respect to' the distance
traveled from the departure point. Thus, the area under this

curve serves as a productivity measure in passenger-kilometers

(or passenger-miles). This area divided by the route length is

the average load as opposed to the max load in each period j in

Method 2. Method 3 also guarantees, in an average sense, that

passengers the on-board on the max load segment will not

experience crowding above the given bus capacity (number of·

seats + max allowable standees). This method is useful for

situations in which the scheduler wishes to know the number of

bus runs he can save by raising the desired occupancy standard,

wi thout incurring overcrowding. However, Method 3 "'can resul t

in unpleasant travel for an extended distance in wh ich the

average load is above the desired occupancy. To control this

undesirable situation, it is possible to establish a level of

service criterion by restricting the total route distance

having loads greater than the desired occupancy. This is in

essence Method 4. The example presented in the next section

demonstrates the two ride check methods as well as the two

point check methods.

A PL/l program has been written for all the four methods.

This program compares the results of Methods 1 and 2 and uses a

load profile density measure in a preliminary examination of

the point and the ride check methods. The investigation of the

load profile density measure suggests the use of a point check
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procedure for relatively flat profiles and a ride check proce

dure otherwise (for details - see Reference 4). The program

calculates the bus frequency for each time per iod and for each

method. Three criteria are selected for Method 4: 10%, 20% or

30% of the route length is allowed to have an observed loan

exceeding the desired one (these criteria can obviously be

varied). The description of the program input appears in

Appendix A.

2.3 Exam~of a 3-Hour Scheduling Task

A simple example will be presented to demonstrate and

clarify the various methods and algorithms employed. This

example is used throughout the entire report.

The basic required input for the frequency determination

program is indicated in Table 1. It consists of (1) distances

(in kilometers) between stops, (2) desired occupancv per bUS,

(3) policy (maximum) headway for each time interval, (4) the

number of scheduled and observed buses in each time interval,

(5) the observed load (an average value or with a consideration

of its variability) between each two adjacent stops and for

each time interval, (6) round trip time (includinq layover and

turn around times) in each time in terva 1, and (7) buS capac i ty

(for one bus type). A 3-hour operation period (06:00 - 09:00)

is chosen for simplicity in this example. An important assump

tion is that the observed loads in each hour are based on a

uniform passenger arrival rate (demand). That is, the number

of passengers carried on the first bus in each hour is divided

proportionally to reflect the demand in two intervals: (1) the

start of the time period and the departure time of the first

bus in that period, (2) last departure time in the previous

period and the start of the considered period. The last column

in Table 1, the total number of passengers observed on-boarn at

each stop, revea Is that stop 3 is the da i1y max. load point.

Using equation (1) and dividing the three hourly observed

loads: 116, 387, 273 by the desired occupancy: 50, 65, 65,
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Table 1

BASIC INPUT DATA FOR '!'HE EXAMPLE PK>BLEM REGMDING DE'l'ERMINATlOO
OP BUS FREQUENCY POR EACH TIME PERIOD

II

Distance (km) Loads in each time Deriod Total
between stops Stop Name 06:00-06:59 07:00-07:59 08:00-09:00 Load

departure
0 terminal 77 261 118 456
3 atop 1 132 323 294 749
2 atop 2 119 411 231 761
2 atop 3 116 387 273 776
3 arrival

terminal -- -- .-- --
!I

NWllber of observed scheduled
buses 2 6 4

Desired occupancy
(load factor, or load standard) 50 65 65

Policy heaCtway
(minutes) 30 30 30

Single mean round trip time,
including layover and turn
around times (minutes) 55 67 55

Bus capac ity
(number of seats + max .
allowable standees) 80

'.

~ -~ ~ - -
Area \D'u5er the load
profile (passenger-kilometers) 1081 3412 2223



respectively, gives the frequencies. Then, the associated

integer headways (in minutes) are obtained by simply dividinq

the length of the time interval by the frequency, and rounding

it to the nearest integer. These results appear in Table 2.

The hourly max load points are stops 1, 2 and 7 for the three

time periods, respectively. Using equation (2), the frequen

cies and their associated headways are derived and they appear

in Table 2.

The last row in Table 1 provides the productivity measure

passenger-kilometers for each time interval. Dividing this

measure, according to equation (3), by the route length (10

kilometers) and desired occuoancy results in the Method 3

frequencies only the first two time intervals as shown in

Table 2. The frequency of the third time interval according to

equation (3) is determined by the bus capacity constraint:

max(2223/65 x 10, 294/80) = 3.67. The load profiles associaten

wi th the three time per iods are shown in Figure 2. In th is

figure, the average load level (area under the load orofi 1e

divided by the route length) is also indicated. A straight

line is drawn across the load profile at each averaqe loaCl

level. The area above th is line, overlapped bv the load pro

file, represents passenger-kilometers in which the lo~d exceeds

the desired occupancy. Method 4 establishes a level of service

consideration by restricting the total route distance having

loads greater than the desired occupancv, as expresse~ in equa

tion (4). For example, in the second time period

(07:00-07:59), Method 3 requires 5.25 buses (11 minutes head

way) as opposed to 6.32 buses (9 minutes headway) for Method

2. However, when Method 3 is applied (to save bus runs) the

load from Stop 2 to the arrival terminal will be, in an average

sense, greater than the desired load (see Figure 2)~ That is,

five kilometers (50% of route length) will experience over

crowding. If we select an overcrowding limit of only 20% of

the route length for Method 4 one should increase the 341. 2

load level in Figure 2 to the level at which only 20% or less

of the route length having overlapped areas between the load
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Table 2

FREQUENCY AND HEADWAY RESULTS OF THE EXAMPLE PK>BLEM

Time Method 1 Method 2 Method 3 Method 4 (20%)
Interval Frea Headwav Frea Headwav Frea Headwav Frea Headwav

06:00-06:59 2.32 26 2.64 23 2.16 28 2.38 25

07:00-07:59 5.95 10 6.32 9 5.25 11 5.95 10

08:00-08:59 4.20 14 4.52 13 3.67 16 4.20 14



Figure 2

GRAPHIC REPRESENTATION OF THE EXA~PLE LOAD PROFILES WITH THE
DETERMINANT LOAD VALUE FOR METHODS 3 AND 4

Hourly Load
(# of
passengers)

20

--- ---

Average Load
Level for
Each Time
Period

~
341.2
(07:00-07:59

222.3
(08:00-08:59

108.1
(06:00-06:59;

departure 1
terminal

key:

stop 1 stop 2 stop 3 t
2 3 4 5 6 7 8 9 arrival

terminal

Distance (kIn)

I I 06:00-06:59 load data

.. 07:00-07:59 load data

r~~~~~~~~~~~~~~~~t ~~~~J 08:00-09:00 load data
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profile and that above the required load level. In this case

the load level between stop 3 and the arrival terminal (387

passengers) is the appropriate level--leaving only the 2 kilo

m~ters between stops 2 and 3 havinq a load above the desired

occupancy. Bence, dividing 387 bV 65 results in the required

frequency of 5.95 (10 minute headway) for Method 4 as shown in

Table 2.
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Chapter 3: General Issues in Constructing
Timetables

There is always a trane-off between increasinq passenqer

comfort and reducing the cost of service. Bus schenul~rs cer

tainly understand the need to accomodate the observe~ p~ssenqer

demand as well as possible. However, at the same time, tl-teir

effort is also directed to the minimization of vehicle an~

driver costs. Different bus properties use rjiffen~nt sch~nul

ing strategies based on thei~ own sche~ulers' experience. As a

result, it is unlikely that two independent bus properties will

use exactly the same schedulinq procedures, at the detailed

leve 1. In add it ion, even at the same bus proper tv thf" sche~ll

lers may use different schedulinq orocenures for nifferent

qroups of routes. ConsequentlY, there is a neen when develop

ing computerizen proce~ures, to suoolv the sche~u1ers with

alternative schedule ootions along with interpretation ann

explanation of each alternative. Undoubted1v, it is ~esirah1e

that one of the alternatives will coincine with the schenuler's

manual procedure. In this way the scheduler will h~ in a posi

tion not only to expedite his manu~l tasks hut als0 to comp~re

his methods with others reqarding the traoe-off between oassen

ger comfort and operating cost.

3.1 A1t!!~ati~!-!~~!tabl~

The six objectives of this stunv, statpn in Section 1.',
and current timetable construction procedures provioe the hasis

to establish the spectrum of alternative timetables. ~hre~



categories of options can be identi fied: (i) selection of tv?e

of headway, (ii) selection of a method or combination of

methods for the setting of frequencies, and (iii) selection of

special requests. These three groups of options are illustra

ted in Figure 3. A selected path in this figure provides a

single timetable. Bence, there are a variety of timetable

options.

In the first category alternative types of headway are

considered. An equal headway simply means constant time inter

vals between adjacent departures in each time period, or the

case of evenly spaced headway. A balanced he~dway refer s to

unevenly spaced headways, in each time period, so that the

observed passenger loads an all buses are similar. A smoothed

headway is simply an average headway between the equal and the

balanced headways. It is as an option in cases where the

available data is not sufficient for concrete conclusions about

balanced headways, but at the same time the scheduler believes

that equal headways will result in significantly uneven loans.

Such uneven load situations occur around work and school dis

missal times and for trips with short turns.

In the second category it is possible to select different

frequency or headway determination methods. It all:o.ws for the

selection of one method as well as combinations of methods for

different time periods. The methods considered, indicated in

Figure 3, are the two point check and two r ide check method s

described in Chapter 2. In addition, there might be procedures

used by the scheduler which are not based on data, but rather

on observations made by the road supervisors and inspectors as
well as other sources of information.

The third categorv allows for special scheduling

requests. One character istic of ex isting transit timetables is

the repetition of departure times, usually every hour. These

easy-to-memorize departure times are based on the ·clock head

ways·: 1, 2, 3, 4, 5, 6, 7.5, 10, 12, 15, 20, 30, 40, 41) and

60 minutes. Note that headways less than 6 minutes are,

generally, not considered by schedulers to influence the timing
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Figure 3
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However, for a general

might be peak periods in

minutes but need to be

of passenger arrivals to a bus stop.

timetable construction procedure there

wh ich the headway s are less than 6

marked explicitly on the timetable.

The second possible special request is to allow the
scheduler to prespecifv the total number of bus departures

during the time period. This request is most useful in crises

where the scheduler need to supply a working timetable for

operation based on tightly limited resources (buses and/or

drivers). By using his intuitive and controlling the total

number of departures the scheduler mav achieve )etter results

than by simply dropping departures without any systematic oro

cedure. AlSO, there might be cases, in which the scheduler

would like to increase the level of service by allowing more

departures. Such situations occur when there is a belief tha t

passenger demand can be increased by providing imoroved (more

frequent) serv ice. Certainly, the latter special request can

also be approached through varying the desired occupancy values

and it is up to the scheduler to decide whether to control the

passenger loads or the number of de~artures which directlY

governs the required fleet size.

Finally, it is important to emphas ize that 1"t0t all the

paths in Figure 3 regarding clock headwavs are meaninqful.

Selection of balanced or smoothed headways can not be performed

if there is a clock headway constraint. Also, as shown in

Figure 3, the number of departures can not be specified for

clock headways due to the specific time restrictions on those

headways.

3.2 Comparison Measures

With computerized timetable construction, the scheduler

can assess alternative timetables rather than examining only

one. The detailed evaluation process will probably include

short-turns and vehicle block ing considerations. However, two

interrelated measures can be useful for the scheduler to
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(ii) required fleet size for a single

compare the alternative

runs (depar tures), and

route.

timetables: (i) number of required

The first comparison measure, total number of departures,

can serve as an indicator of the number of buses requ ired, and

also for simply examining whether or not it is possible to save

bus runs. In a large bus property an efficient arrangement of

vehicle blocks includes interlining (shifting a bus from one

route to another) and deadheading trips. It is desirable to

perform the procedures to construct timetables and vehicle

block ing simultaneously. However, these two scheduling compo

nents are extremely cumbersome and, therefore, are treaten
separately. Consequently, when interlinings is allowed the

first comparison measure serves only as a rough indicator of

the required fleet size. After inserting each alternative

timetable into the vehicle blocking procedure, it will be

possible to predict the required number of buses.

The second comparison measure refers to each route separa

tely and prov ides the requ ired fleet size at the route level.

It is based on a simple formula derived by Salzborn (Ref. 11)

for a continuous' time function and explicitly shown.. in Ceder

(Ref. 4) for discrete time points. This formula states that if

T is the round tr ip time includ ing the layover ann turn around

time, then the minimum fleet size is the larges! number of

buses departin,g in any time intE!.rval of length T. Usuallv pub

lic timetables are divided into the two directions of travel

for each route. Let N be the minimum fleet size, at the

route level, for direction a and alternative timetable of type

i, and N be the minimum fleet size for direction b and time

table j. The overall minimum required number of buses for the

considered route is max (N ,N for any selected i and j

timetable types. Hence, the second compar i son measure can be

used for each direction separately and also for both directions

when selecting the maximum of two derived values.



3.3 Anchoring the Timetable to a Sin9le Timepoint

A pUblic timetable usually consists of lists of bus

departure times at all the route timepoints. Occasionallv,

this public timetable is given at just a single point -- the

bus departure terminal. The running time across the timetable

between adjacent timepoints may be varied from one time per iod

to another, based on the ride check information. In essence,

the timetable can be initially constructed at only one point,

(this is usually the daily max load point,) and will be

referred to as such and then extended forward and backward

using the running time information. That is, in order to

ensure an appropriate bus serv ice to meet the var iations of

passenger demand it suffices to construct the timetable at one

point. This observation can be stated in the following propo

sition:

lliEosition

For a timetable consisting of more than one time point·

established by Method 2, the association of the maximum

observed load in each time period with only a single timepoint

ensures that the average bus load on each route segment is less

than or equal to the desired occupancy.

froof and Interpretation

It suffices to show that the derived frequency is greater

greater or equal to the maximum (across all route segments)

requ ired frequency in each time per iod. When consider ing onlv

the daily max load point, it does not necessarily imply that

the observed max load in each period occurs at that point. One

can then treat the problem similarly to the three. dimensional

Time-Load-Distance representation in Figure 4. That is, the

shaded three-part area in Figure 4 descr ibes the max load of

the example problem in each hour (see Section 2.3 and Figure 2)

132 (between 06:00-06:59), 411 (07:00-07:59), and 294

(08:00-09:00) passengers observed on-board. The accumulative
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Figure 4

THREE DIMENSIONAL REPRESENTATION OF THE EXAHPLE LOAD
PROFILES POSITIONED RELATIVE TO THE DISTANCE FROH THE
MAX LOAD POINT

Load

400

Distance from
Max Load Point
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observed load in each hour refers to the buses which pass (or

depart) the daily max load point within the considered time
period.

For the sake of clarity, Figure 5 shows six time-distance

bus trajectories (this is a separate example than the one pre

sented in Figure 4). Due to their passage times at the daily

max load point, the first two trajector ies refer to time per iod .

II and the remaining four - to period III. In Figure 5, the

max load associated with period II is 80 + 70 • 150 (observen

at timepoint A) and 60 + 70 + 50 + 70 = 250 in period III (at

timepoint C). If the desired occupancy for peri.qds II ann III

is 50 passengers then !bree departures will be set for period

II and five - for period III at timepoint B. However, due to

different running times in each period the headways at the

daily max load point and the observed max load point do not

necessari ly coinc ide. I f the timetable is set only at the

daily max load point it certainly reflects the max required

buses at the observed max load point. There is then a question

as to whether the determined frequency at the actual max load

point complies with the desired occupancy constraint.

It is impor tant to note that the running time information

must rely on the fact that in an average sense buses do not

overtake each other. Average running times should be deter

mined not only from the ride check data but also from the

requ irement that the first bus to depart can not be the second

to arrive to any timepoint. For example, the 1attr requirement

is not always fulfilled in the manually performed procedure at

SCRTD. Thus, the time-distance trajectories in Figure 5 can

not cross each other in the average (deterministic) context.

Based on this note, the associated time span at the actual

max load point which covers all the trips across the time

period at the daily max load point, can be shorter (see the

case in Figure 5) or longer than the time span of each time

period. If the time span is shorter then the resultant

frequency at the actual max load point will be higher than that

at the daily max load point. Nonetheless, it will comply with
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Figure 5

EXAMPlE OF TINE DISTANCE TRA:JECl'ORIES OF ALL THE BUSES CR:SSING THE
DAILY MAY. LOAD POINl' DURING PERIOrc II AND III (STOP TIMES ARE NEGLECI'ED)
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the desired occupancy constraint since the time-distance tra

jectories do not cross each other. If the time span is lonqer

-- then the observed max load was accumulated over a longer

period of time than the associated time perion at the daily max

load point, and will, therefore, result in a higher frequency

at the daily max load point that at the actual max load point.

In th is second situation and due to the time-distance trajec

tor ies property, the loads will be less than or equal to the

desired occupancy.

What remains to be shown is to explaine and proove the

proposition is that the overall number of depa~tures at each

timepoint is the same. This is a straightforward observa tion

for the case with no short-turns. When short-turn trios (a

trip is initiated beyond the regular departure terminal and/or

terminated before the regular arrival terminal) are allowed the

frequency can be reduced by the scheduler at any timepoint,

except the observed max load point, provided that the desirea

occupancy constraint holds. This frequency reduction for

short-turns can also be performed at the daily max load point

for periods when it is not the time max load point.

Note that the above proposi tion can also be applied to

Methods 3 and 4 -- each with its own loading constrai~ts.
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Chapter 4: Smoothing Procedures for Evenly
Spaced Headways

One character istic of ex istinq timetables is .the repeti

tion of same headway in each time per ioo wi th even1v spacen

headways aopearing every hour. The results of a methon to set

headways are served as a basis to establish the timetabl~. One

of the problems facinq the scheduler, while manually creatinq

the timetable, is how to set the departure times in the transi

tion segments between adjacent time periods. This chanter

addresses this issue. Simple procedures are oresentpn to

smooth the trans i tion between one (evenly soaced) headway to

another for the variety of possible timetables outlined in

Figure 3.

A common headways smoothinqru1e in the transition between

time periods is to use an average headway. This simple rule is

used by many bus properties and may result in either unoesir

able overcrowding or underutilization. For example, consider

two time periods 06:00-06:59 and 07:00-08:00 in which the first

bus is predetermined to deDart at 06:00. In the first time

period the desired occupancy is 50 passengers an~ in the se~ono

-- 70 passengers. The observed maximum demand to be considered

in the first and second periods is 120 and 840 passenqers,

respectively. These observed loads at a sinq1e point are hasen

on the uniform passenger arrival rate assumption {sep thp

second paragraph in Section 2.3\. The determined frequencies

are 120/50 = 2.4 and 840/70 = 12 buses for the first ann second



periods, and their associated headways are 25 and 5 minutes,

respecti vely. Using the common average headway rule th,=

transition headway is (25 + 5)/2 z: 15 minutes and, hence, the

timetable is set to: 06:00,06:25,06:50,07:05,07:10,07:11),

••• , 07:55, 08:00. By assuming uniform passenger arrival rate

the first period contributes to the bus departinq at 07:05 the

amount by (10/25) x 50 = 20 passengers for the rema ining 10

minutes between 06: 50 and 07: 00 and the second Der ied contr i

butes (5/5) x 70 = 70 passengers. Consequently, the total

expected number of passengers on the bus is 20 + 70 = 90 -

representing significant overcrowding. Certai~ly, one can

argue that the uniform arrival rate assumption does not hold in

reality. However, in some real life situation (e.g., after

work and school dismissal) the observed demand in 5 minutes can

be more than three times the observed demand in the previous 10

minutes as is the case in this example.

In order to eliminate, in an average manner, the occurance

of such situations the following objective is identified for

the evenly spaced headways.

Objectiv! : To set the departure time of the first
bus in time period n so that its max
load* wh ich is combined from a two-part
demand at per iods n-l and n, will comp1v
with an average desired occupancy of the
two period, where the timetable covers m
periods: n=1,2, ••• ,m.

Th is objective, in other words, is to set in the trans i tion

time an average desired occupancy rather than an average head

way. To achieve this objective the following basic principle

is used.

* I f the frequency setting method is based on the load profile
information (Methods 3 and 4) then instead of the max load
the objecti ve wi 11 be referred to a load wh ich complies wi th
the load profile method constraints.
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Principle: For each time period determine the
required bus frequency. In the transition
time between per iods combine the two fre
quencies so that the expected load is
equal to the average derived occupancv.

This principle satisfies the objective as is demonstrated for

the example presented above. Since the requ ired frequency for

the first time period is 2.4 buses, 0.4 buses are left after

06: 50 to be canbined with 0.6 more buses from the second time

period. Hence, the 0.4 buses refers to a desired occupancy of

50 passengers while the 0.6 buses -- to 70 passengers. The

slope, in terms of number of required buses per minute, for the

second time period is 12/60 = 0.2 and the associate(! time for

0.6 buses is 0.6/0.2 = 3 minutes (after 07:00). Thus, the

first bus in the second time period will depart at 07:03 ana

its desired occupancy (average load) is determined to be 0.4 x

50 + 0.6 x 70 = 62 passengers, as opposed to 90 passengers in

the commonly used method. Fur ther interpreta tion and examples

of th is pr inciple are presented in the next two sections in

which alternative timetables are derived for different combina

tions of possible paths in the Figure 3 flowchart.

4.2 Employing Different Headway Setting Methods

The 3-hour example presented in Section 2.3 serves also as

an example for the smoothing headways procedure. The basic

data of that example appear in Tables I and 2. By applying the

"average desired occupancy" principle it is possible to estab

lish the alternative timetables for the case of evenly spaced

headways. Three alternative timetables are constructed below

for different headway setting methods: (i) applying Method 2,

(ii) applying Method 4 with a 20% limit (on route 'lenqth over

which the average bus load exceeds the desired occupancy), and

(i i i) applying combination of methods -- Method 2 for off-peak

periods and Method 4 (20% case) for the peak period.
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.1 i) Me thod 2

In the 3-hour example the fir st trip is predetermineCl to

depart at 06:00 and its loads are not considered in the analy

sis. From Table 2, using Method 2, the first and second deter

mined headways are 23 minutes. Then, the "average desired

occupancy" principle is applied for smoothing the headwavs in

the transition from the first time period to the second. The

use of the information given in Table ? through a second

smoothing process, enables one to construct the timetable shown

in Table 3. Note that th is timetable can be referred to the

daily max load point (as in SCRTD) or to other ~~meDoints (see

Section 3.3). Table 3 includes the smoothinq calculations for

the sake of clarity. The last departure is assigned to 09:0n

in order to comply with the required 4.52 buses between 08:00

and 09:00. That is, in rounding this frequencv·, five

departures are required for that last time period. In an

actual timetable the procedure continues to construct the

departure times for the next time period.

The basic principle of the procedure can be demonstrated

on a curve representing the cumulative frequency ver sus the

time. The graphical representation of the example is exhibited

in Figure 6 in which one can trace the derived depat-ture times

without calculation. This is completely equivalent to the pro

cedure outlined in Table 3 and perhay:)s better illustrates the

principle underlying the procedure.

In order to find the minimum fleet size (see Section 2.3)

the round trip time information in Table 1 is used. For the

first three departures in Table 3 one can add 55 minutes to

check the number of departures that occur prior to the arrival

of a considered trip. For example the third departure at 06:46

will return to its departure point at 07 :41 and there are F;

departures (including the 06:46) that need to be covered bv

separate buses before the considered bus can initiate another

trip (at 07: 48) • The fourth departure needs 67 minutes for a

canp1ete round trip and, hence, will be able to resume another



Table 3

A TIMETABLE CONSTRUCTION PROCEDURE FOR THE CASE OF EVENLY SPACED BFAOWAYS
USING METBOD 2

smoothing Slope of Next Remaining Minutes for the 1st

• Period (required Bus Portion Bus Departure After
buses per minute) for Next the Beginning of Next

Period Period

I!! 6.32
• 0.105

1-0.64 • 0.36 0.36
• 3.4-60 0.105

Smoothing
Procedure

~ 4.52 • 0.075 (3 x 0.105 • 0.32) 0.68
• 9.160 1 - 0.32 • 0.68 0.075

06:00* 07:21 08:09
derived 06:23 07:30 08:22
timetable 06:46 07:39 08:35

07:03 07:48 08:48
07:12 07:57 09:00*

Total number of departures = 15

COmparison Minimum (single route) fleet size • 8
measures '.

*See text for these departures.



Figure 6

BASIC DETERMINATION OF DEPARTURE TIMES FOR EVENLY SPACED HEADWAYS
IN EACH HOUR WITH A SMOOTHING PROCESS BETWEEN PERIODS

Accumulative
Frequency
(* of
required
buses)

(Pre
determined ..
first bus) 07:00

Time

08:00 09:00

*the last departure is set to 09:00 (see text)



departure from 08:10 and so on. The number of departures

during these 67 minutes are 8. The fifth departure at 07:12

can resume another trip at 08:19 requiring 7 inde{)endent (each

by a different bus) departures. Hence, according to the form

ula in Section 3.2, the minimum requ ired fleet size for the

example problem using Method 2 is 8 buses. The total number of

departures in Table 3 is 15 but it is worth mentioninq that

some bus properties round up the derived frequency in construc

ting their timetable. Applying the latter procedure to the

example problem (see Table 2) results in a total of 1 + 3 + 7 +

5 = 16 departures (including the first predetermi.ned trip) as

opposed to the 15 required departures using Method 2.

lii) Me!hod 4 (20% ~!l

Referring to the information indicated in the last two

columns of Table 2. The timetable construction procedure,

using Method 4, can be initiated by using the 25 minute headway

before approaching the first smoothing process. The analysis

is similar to that described for Method 2 and is presented in

Table 4 along with the derived timetable and the comparison

measures. The required frequency in Table 2 for the last time

per iod is 4.2 and hence no add i tional departure is iliser ted at

the end of the th ird per iod in Table 4. The procedure to

derive the minimum required fleet size, reveals that the bus

departs at 07:06 can initiate another trip at 08:13 and there

fore there are 7 independent departures that must be performed

by different buses. The remaining departures result in a

requ ired fleet size less than 7. The timetable der i veo bv

Method 4 requires two departures and one bus less than the

timetable derived by Method 2. A graphical comparison between

the frequency results of three methods is shown in Figure 7.

The derived departure times for Method 3 and 4 can be obtained

similarly to the procedure shown in Figure 6. That is, for

each cumulative integer value of the required buses one can

draw on horizontal line1 at the intersection point between the

selected curve and that line the associated departure time is



Table 4

A TIMETABLE CONSTRUCTION PROCEDURE FOR THE CASE OF EVENLY SPACED BEADWAYS
USING METHOD 4 (20' CASE)

smoothing Slope of Next Remaining Minutes for the 1st

• Period (required Bus Portion Bus Departure After
buses per minute) for Next the Beginning of Next

Period Period

1st ~ • 0.099
1-0.38 • 0.62 0.62 • 6.26

smoothing
60 0.099.

Procedure

2~ 4.20 • 0.07 (4 x 0.099 • 0.4) 0.6
• 8.660 1-0.4 • 0.6 0.07

06:00* 07:26 08:23
derived 06:25 07:36 08:37
timetable 06:50 07:46 08:51

07:06 07:56
07:16 08:09

Total number of departures. 13

Comparison Minimum (single route) fleet size • 7
lJDeasures ..
*First predetermined trip
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Figure 7

COMPARISON OF THE ACCUMULATIVE FREQUENCY CURVE BETWEEN THREE
FREQUENCY SETTING METHODS

15
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Frequency
(# of 8
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3

2

(Pre-
determined ... 1
first bus)
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Time

08:00 09:00



determined. The der i ved timetable will then be based on the

"average desired occupancy" principle described in the previous

section.

(iii) Combination of methods

Another option in selecting alternative timetables (see

Figure 3) is to use different frequency setting methods for

different time per iods. In th is way the scheduler can examine

the effect of different frequency settinq methods on the bus

(resource) requ irements dur ing peak and off-peak per iods. For

example he may examine the use of Method 4 duri~9 peak periods

in which the need for more buses is at its highest, and Method

2 for the off-peak periods.

In the example, Method 2 is applied to the first and third

time per iods while Method 4 (20% case) to the second (peak)

period. The timetable construction procedure is similar to

that outlined in Table 3 and 4. Table 5 presents the results

of using the combination of methods along with the smoothing.

process. In the first transition the considered slope belongs

to Method 4 while in the second transition the slope is of

Method 2. In other words, if illustrating the cumulative

frequency curve, the first segment will have a slop~·of 2.64/60

from 1 toward the value of 2.64 + 1 = 3.64, then the second

segment will have the slope of 5.95/60 toward the 9.59 + 4.5?

• 14.11 value. By applying the two methods, the total number

of departures is less by one and higher by one than that

required for the timetables of Method 2 and 4, respectively.

The minimum required fleet size is determined for the 07: 04

departure to be 7 as opposed to 8 required buses when usinq

only Method 2. The scheduler is now in a position to evaluate

the possible savings resulting from applying the combination of

methods.

4.3 Special requests

In Figure 3 two special requests are indicated. The first

is to allow the use of "clock headways" and the second is to

-38-



Table 5

A TIMETABLE CONS'l'RUC'l'ION PROCEDURE FOR THE CASE OF EVENLY SPACED HEADWAYS
USING COMBINATION OF METHODS - METHOD 2 FOR THE FIRST AND '!'BIRD BOUR AND
METHOD 4 (20') FOR THE SECOND (PEAlt) BOOR

Smoothing Slope of Next Remaining Minutes for the 1st

• Period (required Bus Portion Bus Departure After
buses per minute) for Next the Beginning of Next

Period Period

1!! 5.95
• 0.099

1-0.64 • 0.36 0.36 • 3.6
Smoothing 60 0.099

Procedure

~ 4.52
• 0.075 (6 x 0.099 • 0.6) 0.4 • 5.3360 1-0.6 • 0.4 0.075

06:00* 07 :24 08:18
derived 06:23 07:34 08:31
timetable 06:46 07:44 08:44

07:04 07:54 08:57
07:14 08:05

Total number of departures. 14

Comparison Minimum (single route) fleet size • 7 '.
measures

*First predetermined trip
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prespecify the total number of departures in the timetable.

Section 3.1 describes in detail the implications of these ,

requests. Two timetables are constructed below to demonstrate

the procedures to carry out the special requests: (i) applying

Method 2 with clock headways, and (ii) app1ving Method 2 with

specified 10 departures.

(i) Method 2 usi~2 clock headways

The frequency and headway results wh ich are indicated in

Table 2 for Method 3, are used to demonstrate the simple con

struction of a clock headway timetable. The fir.st headway of

23 minutes is rounded down to its nearest clock headway of 20

minutes. The second headway of 9 minutes is rounded down to

7.5 minutes and the last headway of 13 minutes is rounded to 12

minutes. The only incompatability is that the clock headway

technique (see Section 3.1) includes a value of 7.5 minutes

whereas most timetables do not allow non-integer minutes. The

half minute can then be rounded a1 ternate1y once up and once

down in order to maintain the overall clock headway pattern.

Table 6 shows that the derived timetable consists of 17

departures and a required fleet size of 9 buses which is deter

mined at the 07:00 departure. One characteristic of the clock-..
headway timetable is that the departure times repeat themselves

each hour if the demand is not varied. If the time periods

cover exact hours then there will be a1wavs a departure on the

hour. I f the end of a time per iOO does not coinc ide wi th a

departure time (very rare in practice) a smoothing procedure is

needed to perform the transition from one clock headway to

another. Additional bus departures may then be required to

maintain the clock headway pattern. Therefore, it is 1ike1v

that the scheduler will extend or shorten the time periods

rather than tackling a clock headway transition problem. The

comparison measures in Table 6 indicate that the clock headway

timetable requires two more departures and one more bus than

the results in Table 3 for which no special request is made.
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Table 6

A DERIVED TIMETABLE FOR 'l'HE CASE OF EVENLY SPACED HEA~YS USING METHOD 2
WI'Ifl A SPECIAL REQUES'l' FOR CLOCK BEAmPoYS

. -- - - .-_. -~ .. - . _. - --_.- ..-~-_'_'~----- _.--.

06:00· 07:15 07:53 08:48
derived 06:20 07:23 08:00 09:00
timetable 06:40 07:30 08:12

07:00 07:38 08:24
07:08 07:45 08:36

Total nWllber of departures • 17

Canparison Minimum (single route) fleet size • 9
measures

*First predetermined trip



(ii~!!ho~ 2 with 10 deEartures specifie~

The prespecified number of departures direct1v affects the

derived frequencies and headways. The total number of required

buses using Method 2 (including the fir st predetermined

departure) is 1 + 2.64 + 6.32 + 4.52 = 14.48. Since it is

required to construct only 10 departures the frequencies are

modified proportionally by the ratio 10/14.48 = 0.691. Table 7

includes the modified frequencies and headways. The procedure
then continues the same way as without the special request.

The construction of the timetable for the example problem

appears in Table 7. The modified frequencies guarantee that

the results will attain the specified number of departures

while ensuring that the average load for all the time per iods

increases by the ratio 1/0.691 a 1.45. This is equivalent to

changing the desired occupancy from 50 to 50/0.691 = 72 passen

gers and from 65 to 94 passengers. Certainlv, if the demand

remains the same the scheduler should recognize the potential

risk of overcrowding when he is restrictinq the total numher of

departures. Nevertheless, the purpose of this special request

(see Section 3.1) is to have a systematic computerized, proce

dure to manage both crisis situations (limited resources) and

situations in wh ich add it ional passenger demand can be

attracted (allowing more departures than strictly reqJired).
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Table 7

A TIMETABLE CDNSTRUCTIOO PR:>CEIXJRE FOR THE CASE OF EVENLY SPACED READWAVS
USING METHOD 2 WITH 10 DEPARI'URES SPECIFIED

Time Period Frequency Headway (minutes)
modified
frequency 06:00 - 06:59 2.64 x 0.691 • 1.82 33
and
headway 07:00 - 07:59 6.32 x 0.691 • 4.37 14

08:00 - 09:00 4.52 x 0.691 • 3.12 19

Snoothing Slope of Next Remaining Minutes for the 1st

• Period (required Bus Portion Bus Departure After
buses per minute) for Next the Beginning of Next

Period Period

1.!! hE .. 0.07 1-0.82 • 0.18 0.18 .. 2.6
Smoothing

60 0.07

Procedure I
2nd 3.12 (1 x 0.07 • 0.07) 0.93.. 0.05 - .. 18.6

60 1-0.07 .. 0.93 0.05

06:00* 07:45
derived 06:33 07:59
timetable 07:03 08:19

07:17 08:38 ..
07:31 08:57

Total number of departures· 10 (as specified)

Canparison Minimum (single route) fleet size • 5
measures

*First predetermined trip
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Chapter 5:

Procedures for Balancing Passenger Load When

Allowing IInevenly Spaced Headways

ture times, by relaxing the evenly spaced headways pattern, in

order to better match them wi th the observed passenger loads.

It is a well-known fact that passenger demand varies even with

in a single time period, reflecting the business, industrial,

educational, cultural, social and recreational transit needs of

the community. This dynamic behavior provides a basis for the

scheduler to adjust the departure times. These adjustments are

presently based on (a) information supplied by road supervi

sors, (b) actual point and the ride check data, and (c) the

scheduler's own intuition. Moreover, the availability 9f ADCS

forms the framework to investigate the var iation of passenger

demand systematically. Wi th the anticipated vast amount of

passenger load data from the ADCS it will be possible to better

match the bus departure times with the variable demand. The

procedures to carry out this endeavor are addressed in this

chapter. Similarly to Chapter 4, the procedures treat a

var iety of possible combinations of timetables as outl ined in

Figure 3.

A simple example

trate the underlying

evenly spaced headway

minutes between 07:00

is illustrated here in order to illus

load balancing problem. Consider an

timetable in which buses depart every 20

and 08:00 i.e., at 07:20, 07:40 and



08:00. The observed load data consistently show that the

second bus, which departs at 07:20, has significantly more

passengers than the third bus. The observed (average) max load

during this 60 minutes period is 150 passengers and the desired

occupancy is 50 passengers. Hence, using Method 2, three buses

are required to serve the deemand as is the case in the evenly

spaced headways timetable. The average observed max loads the

three buses are 50, 70 and 30 passenger, respectively. If the
scheduler believes that these average loads are consistent,

then he will adjust the departure times so that each bus has a

balanced load of 50 passengers on the average. The assumption

of uniform passengers arrival rate results in" 70/20 = 3.5

passenger/minute between 07:20 and 07:40, and 30/20 = 1.5

passengers/minute between 07:40 and 08:00. If the departure

time of the second bus is shifted by X minutes backward (an

early departure) then the equation (20 - X)3.5 = (20 + X)1.5

yields the balanced schedule with X = 8 minutes, or departures

at 07:20, 07:32 and 08:00.

The procedure to balance the loads for many time per iods

and bus routes becomes cumbersome and time consuming to do

manually, particularly when simultaneously attempting to

balance the loads on individual buses and smooth the headways

in the transi tion between time per iods. Consequently, schedu

lers shift the departure times only intuitively wi thout any

systematic method to guarantee balanced loads based on the

data. Often these shifts are taking place in situations of

short turns in which the scheduler knows in advance that wi th

evenly spaced headways, at the maximum load point, the short

line will carry less passengers than a regular trip which

covers the entire route. The following objective is identified

for the development of a procedure to guarantee balanced loads ..
Objective: to set the departure time of each bus in

a given time period so that its max load*
will approach the desired occupancy
associated with that period.
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The objective, in other words, is to shift departure times so

that instead of being evenly spaced they will be unevenly

spaced to obtain even loads at the max load point instead of

the observed uneven loads. To achieve this objective the

following basic principle is used.

principl~: For each observed bus depar ture, deter
mine the uniform arrival rate of passen
gers at the max load point.* Based on
these rates, draw a cumulative curve of
the observed max load* on each bus with
respect to its departure time. Construct
the new departure times on the accumula
ti ve curve by coordinating the appropr i
ate cumulative desired occupancy value
and the time axis.

This principle satisfies the objective provided two basic

assumptions: (a) the considered max load* on each bus is a

representative value of actual (average) observed max loads*,

(b) the passengers observed on-board at the max load point* are

accumulated at a uniform rate.

The first assumption is fulfilled when using the vast

amount of data anticipated to be gathered from the ADCS, or

when the schedulers have reliable sources of information

provided by road inspectors and supervisors. Otherwise, a few

load data observation on individual buses could reflect service

problems such as bus bunching and should not be associated with

the varied demand pattern. The second assumption usually holds

when the observed headways are relatively small. For headways

greater than 30 minutes further attention must be given to this

assumption. Based on these two assumptions it is

straightforward to prove that the -accumulative load" principle

indeed satisfies the objective.

Referr ing to the example in the beginning of this sec

tion. A straight line can be drawn from 07:00 to 07:20 with a

* When Method 3 or 4 are considered to set the frequencies the
load profile instead of the max load information is used.



slope of 50/20 = 2.5 passengers/minute, starting at zero load

and ending at 50 where the y-axis is load and the x-axis is the

time. Then from load 50 to load 50 + 70 ~ 120 a second line

can be drawn with a 3.5 passengers/minute slope, and finally

another line-toward the load 150 with a slope of 1.5 passen

gers/minutes. The time epoch on the curve associated with the

first value (50 passengers) of the desired occupancy is 07: 20

which means that the first departure is unchanged. The second

time epoch associated with a load of 100 is 07:32 so that

second bus will accomodate 50 instead of 70 passengers, and the

third departure time remains at 08: 00. The cumulative load

curve also ensures that the first bus to depart in anytime

period will accomodate the desired occupancy assigned to that

period. Further interpretation and examples of the approach

including the later remark, are presented in the next two sec

tions.

5.2

As in Chapter 4, the 3-hour example presented in Section

2.3 is used to illustrate in detail the load balancing proce

dure. However, the data in Table 1 and 2 are not sufficient to

construct the timetable on the basis of individual bus~s.

Table 8 contains the complete data of the 3-hour example.

The load indicated in Table 8 represent average loads

associated with the scheduled departure times. It is possible

that different departure times were observed for different

buses though scheduled to depart at the same time (e.g., in

each day across several days). In this case the observed (not

the scheduled) average departure time should be used similar to

the average load calculation. As mentioned in Section 2.3, the

load on the first bus in each time period is divided propor

tionally in order to reflect the demand at the end of the pre

vious time per iod and the beginning of the considered per iod.

That is, in Table 1 the max load of the first period: 132

passengers is der ived from the data in Table 8 (under Method

2): 23 +67 + (56 x 15/20) c 132.
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Table 8

Q)MPLEMENTARY DATA TO TABLE 1 ~ THE BASIS OF INDIVIDUAL BUSES

Load-Profile
Humber of Humber of Area in
Passengers Passengers Passenger-km

Elapsed Time at the Daily at the Hourly (Method 3 , 4)
From Last Max. Load Max. Load and Divided by

Time Departure Departure Point Point Route Length
Period Time (Headway) (Method 1) (Method 2) (in bracket)

06:00* 0 -- -- --
06:00-06:59 06:25 25 18 23 160 (16.0)

06:45 20 59 67 557 (55.7)

07:05 20 52 56 484 (48.4)
07:15 10 58 63 542 (54.2)

07:00-07:59 07:25 10 84 90 669 (66.9)
07:35 10 89 91 751 (75.1)
07:45 10 65 78 634 (63.4)
07:55 10 60 55 520 (52.0)

08:10 15 54 60 525 (52.5)
08:00-09:00 08:25 15 84 89 727 (72.7)

08:40 15 87 81 636 (63.6)
08:55 15 60 84 510 (51. 0)

.

*First predetermined trip



By applying the "cumulative load" principle it is possible

to establish the alternative timetables for the case of

unevenly spaced headways with balanced loads. Three alterna

tive timetables are constructed below for different headway

setting methods.

ill_2!!!!!od ~

The procedure to construct the balanced load timetables

appear s in Table 9 along wi th the der i ved timetable and com

parison measures. The graphical representation of this proce

dure is shown in Figure 8 for the whole 3 hqurs and wi th
"

greater detail in Figure 9 which is an enlarged part of

Figure 8. I n Table 9 the uni form ar rival r ate is determined

for each departure. Based on these rates and on the desired

occupancy for each hour the headways are calculated in the last

column of Table 9. As illustrated in Figure 9, the first

departure is determined using two arrival rate slopes, as well

as the second, third and fourth departure. The fifth

departure, however, is constructed along a single slope. In

the transi tion between time per iods the desired occupancy is

changed. The third departure time is determined through a pre

liminary check. The analysis first includes the p'ossibility
--

that the third departure time will be determined before 07:00.

However, the calculation 46/2.8 + 4/6.3 = 17.1 which is rounded

to a 17 minute headway beyond 6.49, leads to a departure time

after 07:00. Hence, the calculation is changed to that indi

cated in Table 9, using the desired occupancy of 65 instead of

50. The timetable is based on rounding the headways to their

nearest integer. A more conservative way is to always round

down the headways so that the estimated load will be always by

an increment below the desired occupancy. In the wr~und to the

nearest integer" procedure there is a possibili ty to have an

estimated load above the desired occupancy by an increment when

rounding up the derived headways. This approach has been

adopted because aside from the possibility of saving more bus

runs, it reflects the fact that the desired occupancy is not a

hard binding value.
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'fable 9

A 'l'IME'l'ABIZ CJ)NSTIlDC'I'ION 'IDCEtllRE fOR BAL\RCING 'ASSINCZR L(W)S USING ME'J'ROD 2

Unifo~

ab••rwd • of .....nger
Departur. , ....ft9lIri Arrival Rate Headway

'1'i_. (Method 2) (per _inute) Calculations

06rOO· - - -
'!'he 23 23 (50 - 23)
"lancing 06r25 23 25 • 0.92 'G.'i2 + 3.35

• 33.1
Loada
'rocedure 67 .0 10

0".5 67 20 • 3.35 --+- • 15.513.35 2.8

•• 6 19
07.05 56 2.80 D +i:1 • 19••

U 21
07r15 63 6.30

63 + 9 • 9.3

65 • 61
07r25 90 9.00 - . 7.2, 'i + IT 7.19

30 35
07r35 '1 '.10 -+-. 7.8'.1 7.8

U 22
07.t5 78 7.80 7:i + 575 • 9.51

33 32
07r55 55 5.50 s:s +.- • It

28 37
08rl0 60 •• 00 .- + 57ii • 13.2

52 13
08r25 II 5.93 --+-. 11.25.'3 5••

65 3 62
081.0 II 5••0 57i • 12, 57i + 5:i • 11.6

22
08155 It 5.60 5:'i •

3.9 ••

06100· 07.2. 08.16
lIer1wd 06.33 07r31 08r27
U..ub1e 06r" 01.3' 08r39

07108 08r.' 08r51
07117 01103 0lr55

ceaparlllon 'fOtal .Idler of departur. • 15._ur. II1ftJaw1 (.ingl. route) fleet: 81_ • 7

epre-d.t.r8ined fir.t trip
"mrreet only if th. acbe4ule tenainat.. at otIOO, othenr1.. th. procedure

CDntlnuea
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Figure 8

CUMULATIVE NUMBER OF PASSENGERS OBSERVED AT THE HOURLY
MAXIMUM LOAD POINT (METHOD 2) AND THE DETERMINED BALANCED
LOADS TIMETABLE

900 *.....

~ see enlargedI part in figure 9

/

800

700

600

Accumulative
Load (# of
passengers)

/300

{
\ 100

"
Time

08:00 09:00
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Figure 9

ENLARGED PART OF THE CUMULATIVE LOAD CURVE FOR DETERMINATION
OF DEPARTURE TIMES BASED ON BALANCING THE LOADS

I
I
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I, I

07:00 I I
• .... ..
0 .... ~... •• ••.... .... ....
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06:00

250

350

200

------- .....-
t
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100 --t-_L _-
50

50 --~...--

230 ----------~--

300
295 ------------ ...... -

Accumulative
Load (# of
passengers) 185

150

Time



The last departure of the der ived timetable in Table 9 is

based on the assumption that the service terminates at 09 :00.

As expected the balanced headway timetable contains the same

number of departures as the evenly spaced headway timetable

(Table 3). However, the rearrangement of the headways for

balancing the loads on individual buses results in a required

fleet size of 7 as opposed to 8 in Table 3. This minimum fleet

size is attained at the 07:08 departure in the manner explained
in Section 2.3 and 4.2.

Based on the "cumulative load" principle it is possible to

create the timetable using the frequency requirements for

Method 4 (see Table 2). Recall that Method 4 (20% case) allows
I the average observed load to be above the desired occupancy

(and equal to or below the bus capacity) along no more than 20%

of the route length. The information given in the last column

of Table 8 is used to construct a timetable which meets the

frequency requirements for Method 4.

In Table 10 the procedure for balancing the average loads

is described in detail. The average loads (based on the load

profile information) are subjected to a similar anaI¥sis Table

10 to that performed on the max loads when using Method 2. In

stead of accumulating the desired occupancy, this procedure

accumulates measures of an average number of passengers for

each required bus by Method 4, as shown in Table 10. The

graphical representation of this procedure is displayed in

Figure 10. For the first hour each required bus from a total

of 2.38 buses is assigned 45.4 passengers on the average which

is equivalent to the load-prof ile area of 45.4 x 10 - 454

passenger-km.

The second departure is determined to be 11 minutes after

06: 25 and the third after an addi tional 17 minutes. In the

transi tion between the first and the second time per iods the

average number of passengers for each required bus is changed
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'l'able 10

,. 'I'11e'!'U1Z CXllfSTJlUC'Tlal PllDCZalJIZ POR aAlAMC'lNG PASSENGEII LOIUlS IISING JCr:'MOD 4 (20t CAS!)

" ..r·te •
Of

Onifono •••••nte r •
~rftd Aftr8.,e ' •••eftger AccYaul.tift Load bquirec5 Por B.ch
Departure Loada Ar r i".l lI.te Por B.ch and Of • Of Mquired ....",.y

'l'tIM. (M.thod 4) (per ainute) Departure 'l'me Period .,... Bu. C81c:uht ion.

06.00· -- -- - -- -- - I16 2.42 " 15 108 45.4 - 16

~
06.25 16.0 25 a 0.64 16.0 + 71.7 W8a 45.4 2.78

a 10.57
a 108 2.38

..18nc:illlJ
Loed. 55.7 71. 7 - 45.4 18.7
'roc.dure 06,45 55.7 ZOe 2.78 71.7 2.78 + 2.'i2 a 17.2

143.5 - 120 120 - 108 I.. 0

07.05 n.4 2.42 120.0 5.42 + 2.42
• g.~

I174.3 - 143.5 26.5
07,15 54.2 5.42 174.3 + --. 9.6

5.42 6.69

241.2 - 200.8 16.9
07,25 66.9 6.69 241.2 6.69 + 7.5l • 8.3

,
449.2 - 108 57.3 I

07,35 75.1 7.51 316.3 7.5l a 7.63

I
5.'5

3.5 " 5 0.' 56.4

07,45 63.4 6.34 379.7 + 431.7
__ + __ a ,

I
7.51 6.34

• 449.2 5.'5 • 57.3
7 50.3__ + __ a

10.8
07,55 52.0 5.20 431.7 6.34 5.2

481.5 - 449.2

I3.5
• '.2··

Oe,10 52.5 3.50 484.2
484.2 - 481.5 45.5 I

651.5 - 4".2 3.5 + 'i':'i5 a 10.1

IOe,25 72.7 4.e5 536.9
4.2 2:-7 45.5__ + __ a

11. 3

I

4.e5 4.24

Oe,40 63.6 4.24 600.5 18.1 30.1__ + __ a
13.1

4.24 3.4

20.9
08,55 51.0 3.40 651.5 651.5 4.20 .48.2 3.T a 6.1···

06.00 07,27 08.19
deri"" 06,36 07,35 08.30
Uaet.b1. 06,53 07,44 08,43

07,09 07,55 08.49···
07,19 08,09

Ce-parlaon TOUl _ber of cSepartur••• 14. _w_
IUnia. (alft91• rout.) fleet al.. .7

·~.-4.t.rained Urat trip··th... tranaition c.1cul.tion••r••.,1.1ned fully In the t.xt
··.aorr.c:t only lf the .chedule t.ra1n.t.. 8t 09.00, other.l.. the ~_dure ClOnUn.,..



from 45.4 to 57.3 through an intermediate value of 52.7 as

shown in Figure 10. In that transition 1-0.38 = 0.62 buses are

required from the second time period to cover the fourth

departure. That is, 0.62 x 57.3 = 35.5 passengers are accumu

lated wih 108 to obtain 143.5: then the third row of calcula

tion in Table 10 determines the rounded 9 minutes to be added

to 07:00 for the four departure time. In the transition

between the second and the third time periods, one first checks

if the tenth departure time falls before 08:00 : 430 + 57.3

449.2. Hence, this departure will be after 08:00 and 5.95 

5.62 = 0.33 buses are left in the second period to be combined

with 0.67 buses from the third period. That is, '0.67 x 48.2 =
32.3 passengers to be accumulated with 449.2 to obtain 481.5;

then the ninth row of calculation in Table 10 determines the

rounded 9 minutes to be added to 08:00 for the tenth departure

time.

The last departure is based on the assumption that the

schedule is terminated at 09: 00. Since this procedure treats

average values of individual buses, the last departure appears

to carry less passengers than the average and it is left to the

scheduler to decide whether to allow this departure or to delay

it past the end of the schedule horizon (09:00 in the

example). This last departure makes the difference b~tween the

13 required departures using the equal headway timetable (Table

4) and that indicated in Table 10.

(iii) Combination of Methods

Another option to be examined in the selection of alterna

tive timetables is to use a combination of frequency setting

methods. Similar to that performed in Section 4.2, the first

and third hours are subjected to the frequency requirements of

Method 2: 2.64 and 4.52 buses, respectively, while the second

(peak) hous is treated by the required 5.95 buses of Method 4.

The analysis

load" principle.

is shown in Table 11 using the "cumulative

The described procedure in this table is
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Figure 10

BASIC DETERMINATION OF DEPARTURE TIMES FOR BALANCING THE LOAD~

USING METHOD 4 (20% CASE)

700

09:00

'.

08:00

.l_ ....
48.2

07:0006:00

200 -T ....--
57.3

_1.,.~ I
(52.7) I •

100 --ri. I I
45.4 I I

I I

300

500

600

400Accumulative
Average Loads
(# of
passengers)

Time

*the last departure time is appropriate only to a schedu
terminating at 09:00



similar to that presented in Table 10 for Method 4. The only

exception is that the required number of buses are of mixed

values from Methods 2 and 4. In the transi tion between the

first and the second time periods 1-0.64 = 0.36 buses are

required from the second time period to cover the fourth

departure. That is, 0.36 x 57.8 = 20.6 passengers to be accu

mulated with 126.3 to obtain 147.1 which is used in Table 11 in

the third row of calculation to determine the 07:07 departure.

Similar to that the transition between the second and the third

time periods requires four separate calculations: 5.95 - 5.36

= 0.59, 0.59 x 69.5 = 41, 41 + 470 = 511 and the last one

appears in the ninth row of calculation in Table ~ll to deter

mine the departure 10 minutes after 08:00.

Only one of the two special requests indication in Figure

3 ca be fulf illed along wi th the procedure for balancing the

loads. As is mentioned in Section 3.1 timetables with clock

headways can not incorporate uneven headways. Therefore, when

approaching even loads through uneven headways it is only

possible to specify the number of departures. In Figure 3

three types of headways are shown: equal, bal~nced and

smoothed. The first two have been treated in Chapter 4 and in

this chapter. The construction of a timetable for the third

type is shown in the second part of this section following the

descr iption of balanced headways with a prespeci f ied number of

departures.

(i)_~~thod 2 with !Eecified 10 depart~

The implications of this special request are indicated in

Section 3.1. From Table 2 the total number of required buses

for the example problem using Method 2 is 14.48 including the

first predetermined departure. Since it is required to create

only 10 departures the frequencies are modified proportionally

by the ratio 10/14.48 = 0.691 similar to the analysis in Sec

tion 4.3.
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A TICTUIZ CXlIISTIIIllC'rICN .WJCSIlOIlE Pelt Ul.\JlCIlIG .UDllCZII I4ZlI 1lUWG ~na"IClIIS ar~ - .,.BOD 2 Pelt TIl! rUST Alit
ftIIID 1IOtlII UD IR'rIIOD 4 (20') POll TIl! UCXIID (nu) ~

Vnifor ..
....r of ••••en'.r • ...r •

•••••n..r. Arriv.l • ...eft..r.
oa..r~ ('.......thod 2 bt. A=_ulaU..~ "'111red Por aach
Departure Aftn,.- (per rot aach .nd Of • Of --.vireoS ••edvay

'rtae. Mthod 4) ainutel lleparture 'riM ..riod lu••• lu. C.lculaUon.

06.00· - - - - - - -
23 2••2 • 5 Mthod 2 126.3 .7.' - 23

06.25 23 'is. 0.12 23 + '0 • 2.64
__ a

41.' 3.35
• 7.4

The 126.3 2.64

II1.ncing
Z-ch , 0 - .7.1 5.6
'rocedur. 06 ••5 n 3.35 '0 3.35 + T."i2 • 14.9

-------------- ----
141.1 - UI •• 131 .• - 126.:

07,05 •••• 2••2 13'.4 5.42 + 2.42
·6.6"

U2.6 - 147.1 12.3
07.15 5•• 2 5.42 U2.6 Mthod 4 5••2 + '6.'i9 • It. :

no - 126.3 54.6 3.2
07.25 U., 6.69 25'.5 --+--. •• 6

5.'5 6." 7.51

57.1
07.35 75.1 7.51 n4.6 '7."5l • 7.7

4 • 5 14.1 .3.7
07.45 63.4 6.34 "1.0 + 450 --+--. 1.1

• no 5.'5 • 57.1 7.51 6.34

19.7 31.1
07.55 52.0 5.20 450.0 --+--. 10.46.34 5.2

-------------- ---- 511 - 510 510 - .70
01:10 60 •• 00 510 Mtbod 2 5.t3 + 4 • 10.2

"4 - no 69.5
01,25 19 5.t3 5'9

__ a
11.7

•• 52 .. 5.t3

5" - 511 - 69.5 51
01.40 11 5••0 610 4.52 +- • 15.t3 5.4

3D ".5
01.55 14 5.60 "4 "4 • 69.5 T.'i + -r.i • 12.6

• 4.5
7.'···

__ a

5.6

06.00· 07.26 01.22
lIeri"" 06.32 07.34 N'35
U-.t.b1. 06.47 07.43 01,41

07.07 07.5) 01.56···
07.17 N.IO

ca.par1_ 70tal a"'r of "partur.. • 1.
_.ur•• a1ntaua (.intl. route) f1..t Iii. • 7 .

"re-llet'1'81ned firlt trip.··tIle•• tnn.iUClII Cl1culaU_ •••1IP1.1,.., fully 1n the .t••t
•••oorrec:t only if the Ichedul. t'1'81nat•••t 0,.00, other.1.. the pr_dur. GOnUnue•.
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The procedure is described in Table 12 in which the

desired occupancy is modified by the 0.691 ratio. The "cumula

tive load" pr inciple is applied to obtain the der ived head

ways. The second headway determination is based on the modi

fied desired occupancy of 72.4. However, since this headway

results in a departure time beyond 07:00 the modified occupancy

of 94.1 is considered to determine the 07:09 departure. Due to

some rounding of the frequencies and the modified desired

occupancy 11.8 passenger are "left" toward the end of the

example time hor izon. The computer program descr ibed in the

next chapter overcomes this discrepancy and provides exact num

ber of departures as specified.

In some cases the schedulers have their own reasons to

believe that equal headways will result in signif icant uneven

loads on individual buses. However, at the same time they

neither have sufficient data to form a statistical evidence for

average loads on each bus nor they have their own information

that the data can represent individual buses. Insuch cases he

scheduler can request from the computer ized system an "average"

timetable between the equal and the balanced timetable~.

This "average" timetable is constructed simply by calcula

ting average headways. Table 13 summarizes the procedure to

smooth the balanced headway toward the equal headway. Whenever

the average value is characterized by 1/2 minute the procedure

rounds it toward the equal headway departure time.
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'I'eble 12

A 'l'I.TABLE CDNSTRUC'l'I~ PRX2IlUU POR BAlAMCING PASSENGER ~DS USING ME'nIOD 2
WI'l'B SPECIPIED 10 DBPARI'tJRES

Onifonl
ObMned • of 'uunger Modified
Departure Pa.unger. Arrival Rate -Deaired- Beadway

'I'i•• (Method 2) (per .1nute) Occupancy Calculations

06:00· -- -- - -
23 50 23 72 •• - 23

'I'he 06:25 23 25 • 0.92 i:'iil. 72 •• ~+ 3.35 • 39.7

.alancing
Loads 17.6 56 20.5
Procedure 061.5 67 3.35 --+-+--. 21.51"3.35 2.1 6.3

.2.5 51.6
07105 56 2.80 --+--. 12.416.3 9

31 •• 55.7
07:15 63 6.30 --+--. 10••9 9.1

35.3 58.8
07125 90 9.00 --.- • 11••9.1 7.8

65 19.2 55 19.9
07:35 91 9.10 --. ".1 --+-+-- • 17••0.691 7.8 5.5 •

.0.1 5.
071.5 78 7.80 -.- +5':"i3 • 19.1

35 59.1
07:55 55 5.50 --+--. 16.85.93 5••

21.9 72.2
08110 60 •• 00 --+--. 16.95.. 5.6 .

65
(U.8 )08:25 89 5.93 --. 9•• 1 """'5':"6 • 2.1 ••0.691

08:.0 11 5••0

08:55 8. 5.60

06100· 07:.2
der1wd 061.0 07:59
ti..table 07109 08:18

07121 08:35
07131 08:52

CCliJarieon 'foul nuaber of departurH (_ r~ired) • 10
._uras Min1ll_ (81ng1e route) fleet she • 5

.pre-deterained first trip
•••_ explanations in text
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Tahle 13

A TIMETABLE CONSTRUCTION PROCEDURE FOR A SMOOTHED (BETWEEN
BALANCED AND EQUAL) HEADWAYS CASE USING METHOD 2

Equal
Headways
Timetable
(See Table 3)

06:00*

Balanced
Headways
Timetable
(See Table)

06:00

Headway
Calculations

015:23 06:33
33 - 23
------- +'23 = 28

2

49 - 46
-2-- + 4~ =

The
Average
Procedure
For
Smoothed
Headways

06:46

07:03

07:12

07:21

07:30

07:39

07:48

0f):49

07:08

07:17

07:24

07:31

07:39

07:49

8 - 3

2 + 3 = 5.~

14.5

22.1)

30.l)

4~.5

derived
timetable

07:57

08:09

08:22

08:35

08:48

09:00

06:00*
06: 28
06:47
07:05
07:14

08:03

08:16

08:27

08:39

08:51

08:5C;

07:22
07:30
07:39
08:48
08:00

63 - 57

2

08:12
08:24
08:37
08:4Q
08:57

+ 57 = 60

12.5

24.5

.
57.~

Canparison
measures

Total number of departures = 1~

Minimum (single route) fleet size = 7
'-- --1 -~l-



Chapter 6: Computer Programs and Test Runs

on a SCRTD Route

Th is chapter incorporates all the major issues that are

covered in the previous five chapters. It demonstratp.s thp.

final product of the analysis so that all the study ohjectives,

set forth in Section 1.2, are fulfilled. The prorluct is a set

of computer programs that perform:

(i) conversion from the bus property mainframe
files to an adequate input files

(ii) analysis of four methods for setting hus fre
quencies

(iii) creation of alternative timetables at the daily
max load point, and

(iv) creation of a puhlic timetable at all the route
timepoints.

Recent ride check data from SCRTD line 217 wh ich was

obtained in tape form is used to demonstrate the proqrams. The

use of real-life data enables the possibility to study the full

range of the programs' implementation potential.

6.1 Description of the E!29~

The construction of alternative timetables is mainly basen

on two PL/l proqrams:

Program I -- setting frequencies and heanways bv four
methods



Program II -- setting alternative bus departure times at
one time-point

The full description of the input to these two programs is in

dicated in Appendix A and Appendix B, respectively. The basic

user input to Program I consist of:

• route (line) number

• bus type

• direction of travel

• bus capacity (number of seats & max allowable
standees)

• number of time periods

• each stop (or time point name)

• distances between each adjacent stops (or time
points) along the route

• number of observed departure in each time period

• minimum frequency (policy headway -- in terms of
the minimum required number of buses in each time
period)

• desired occupancy (load factor or load
in each time period

standard)

• loads between each two stops (or timepoints)
averages are preferred in each planninq period,
i. e., Mon. -Fr i., Sat., Sun. and holidavs, excep
tions.

The basic input to Program II consists of:

• time periods' description including their length

• round trip time including layover and turn around
times in each time period

• the determined (non-integer) frequencies from Pro
gram I including possible user changes and addi
tional frequencies (e.g., inserted bv the schedu
ler) for each time period.

• observed average departure (or passage)
each individual bus at the timepoint in
timetable is created (usually at the
load point)
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• observed average headway for each bus

• observed average loads for each bus based on the
selected frequency setting methods (e.g., its load
at the daily max load point for Method 1, its load
at the hourly max load point for Method 2, its
load-profile are for Methods 3 and 4)

A schematic overview of the computerized system is shown

in a flowchart in Figure 11. This flowchart, aside from

describing the programs, advises the user on the various avail

able options. It is anticipated that the initialization will

be at the mainframe computer files of a bus property. In the

test runs to be described in the remainder sections of this

chapter, the SCRTD files are used. A conversion program has

been written to prepare the adequate input data for Proqram I

and II. This program assumes that a ride check data is avail

able on the bus property files. The conversion program is

fUlly described in Appendix C.

The analyses made by Program I are explained in Chapter 2

and further interpreted in Reference 4. In Figure 11 the user

is adv ised to save the low frequenc ies of Method 3 for si tua

tions in which the service must be provided but the amount of

resources is restricted. The results of Method 1 and 2 are

then compared by a statistical (chi-square) test as is demon

strated on the SCRTD line in the next section. Nevertheless,

Program II can include as many frequency results as the user

wiShes and the comparison between Method 1 and 2 serves only as

a suggested approach.

In Program II the user can request various alternative

timetables according to the options indicated in Figure 3. For

each computer run using Program II, the user simpl~ keypunches

his requests as follows:

(i) "number" of methods to be used (among the
inserted frequency setting methods).

(ii) for each used method the user specifies:



Figure 11

FLOW CHART OF PROGRAM I (SETTING ALTERNATIVE FREQUENCIES AND
HEADWAYS) AND PROGRAM II (CONSTRUCTING ALTERNATIVE TIMETABLES)
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• method "number"

• the time period "number" in which to start
using the method

• the last time period "number" to use the
method in the considered combination i.e.,
the same method can be used several times for
different time periods and each combination
must be specified

(iv) clock headway -- "0" for not required
-- "1" for required

(v) prespecified number of departures
"0" for no need
"given number" of departures
for using the constraint.

The smoothed headway timetable, as is explained in Section ~.1,

is constructed from two derived timetables and presently

(temporarily) is part of Program III. For the equal headway

timetable an optional decision exists about the com~arison

between the derived and the clock headways as is shown in

Figure 11. Program III simply extends the derived timetable at

one point to all the other timepoints in order to complete the

information needed for the public. Finally, Figure 11 indi

cates that there is always a possibility to construct manually

the timetable based on the derived headways by Program I.

6.2 Frequency Setting Methods (Program I) for SCRTD Line 217

Line 217 in Los-Angeles has been selected to examine the

computerized system. It is considered as a heavy line which

carries a relatively large amount of passengers. Interesting

to note is that this line includes ADCS equipment. However,

the ride check data were collected manually and key-punched

into SCRTD files. At present the absence of reliable data from

the ADCS precluded any basis for recommending to use it. It is

anticipated, however, that the recurring ADCS equipment prob

lems will be resolved in the near future to open up the

opportunity for further examination of the com~uterized systems

developed.



Figure 12

THE GEOMETRY OF SCRTD LINE 217

BEVERLY BLVD

WILSHIRE: LVD
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The geometry of Line 217 is shown in Figure 12. This line

is characterized by 60 stops and 9 timepoints. The timepoints

are at the departure and arrival terminals and at the 14th,

23rd, 28th, 36th, 46th, 50th, and 51st stops. The line

currently has 9 different short turns between stops 1-50, 1-28,

15-60, 15-50, 28,60, 28-50, 1-26, 15-26 and 26-46. However,

most of its trips are initiating at the departure terminal and

terminating at the arrival terminal. Moreover, all of the

trips are crossing the daily max load point in which the

alternative timetables are to be constructed.

The complete input to Program I of Line 217 (Northbound)

appear in Appendix A. The basic input data which is arranged

by Program I in a table form is displayed in Tables 14 (north

bound) and 15 (southbound). This ride check information

includes, for each hour, the observed number of buses in the

third row, the minimum required frequency and the desired

occupancy in the fourth and fifth rows, respectively. The

first and second columns in the tables are the distances (in

kilometers) between each two adjacent stops and the stop name.

The last column represents the total load across the whole day

for each stop where each entry in Tables 14 and 15 is a

representative load for a given hour and stop. Usual~y it is

expected that these entr ies will be based on average values

across several checks. However, at present, SCRTD files are

based only on one day of ride check data.

The intermediate results of Program I show that the daily

max load point for the north direction is the Fairfax/Rosewood

stop with a total of 4413 observed passengers through the whole

day. For the south direction such a stop is the Fairfax/

Beverly with 4543 observed passengers. These results are shown

in Tables 16 and 17. Also, a computer generated load profiles

are provided for each time per iod to allow the scheduler to

visually observe the load var iation among stops. Two examples

for each travel direction are exhibi ted in Figure 13 and 14

(north) and 15 and 16 (south). Each asterisk in these figures

represent five passengers. The area under scale is not sensi-



Table 14 IN' T I a l oaT a , 0 I II U S NO. 211

o , I I C T , 0 N a (North)

_..,rl 0' paSSfNGIIS PII INTllval

IIX' "00 100 800 leoo 1100 1200 1300 I~on I!DO 1800 1100 1100 1800 2DOD 2100 2200 2300 2.00
TIM INTflVal

100 100 800 lDOD 1100 1200 1300 ,.00 1500 11I00 "'00 1100 1900 2DOD 2100 2200 2300 2~00 2!DO TOUl
MIl 0' lUStS I 10 I I I " I I I 10 I 9 I 5 3 3 2 2 2
_'NI..- MIl. 0' IUsn 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
IICa-lNOIO NO. 0' pass. 1I0 10 10 1I0 50 50 50 50 50 1I0 10 "0 tlO tlO 50 50 50 50 50

OIST ST. HA"!

O.•• aoa-s !.a,"INGT t3 21 "5 2. " " I • 10 I II 23 tI I 2 3 2 I I 301
0.21 'arl'" laoa-s 21 II ,.1 31 " 2" 211 I III .. 2~ 31 23 12 3 1 2 , I 503
0.21 ,all,a. !waSHINGT 22 II 110 .1 22 32 21 15 23 20 3!l .0 23 " 3 I I II I !l11I
0.21 UII'.. '''PPlI 2!1 .0. 113 !II 21 3. 21 III 23 23 .0 .!I 2. I~ 3 I I !I I lin
0.21 ' ..IU. l¥fltlCr 29 "2 113 !l3 3'7 .3 3'7 22 'II 3~ 10 !II 32 19 3 I I !l 2 11!1
0.21 ,all,ax IYfNICr , :n 12~ 2'" .. !l2 U 51 3P 3P ~. 11 ~ 3" 21 1 I 10 I 3 III I
0.2. UI.,,.. !IITH .0 I" III 13 51 .5 ~1 31 ~" 5" '71 " 3" 20 I I I I 3 139
0.2. ,all,ax la,~ .0 131 192 II 52 CI !I~ .:1 31 10 n 1I5 35 II I " I 1 3 1111
0.2. ,a,l,ax !PICK'o-O • !I 151 19!5 I. ~I 50 5• .2 ~o 10 '71 1I" 35 " I 12 I 7 3 lOti
0.2. FAII:r,.. !san/ltN .. 11'7 2" 9'7 51 50 55 ~5 39 10 '73 13 3' II 9 13 9 " 3 10511
0.2" ,arl',.. !PICO SI 211 2.1I "1I 13 '71 .. 15 '73 I~ IO! 9'7 ~9 30 tI 12 I~ I • 1~72

0.21 ,all,a. !pacKaeo SI 221 252 120 91 10 1'7 91 '71 911 IO! III ." 30 " 12 IS I • 1!l11
0.2' ,all,ax IWH"WOIT 13 2!10 2!11 12!1 II .., 90 100 '71 III lO~ 911 !l3 31 I~ 12 I!I 9 • '!I"
0.00 ,all,a. !OlYMP'C SI 2U 21!1 130 101 91 '03 120 99 II 122 99 5. 311 II 12 II 10 5 1I111
0.2. Ol YMP IC IOGOIN !I' 332 2711 I!l2 123 99 till I~2 103 10. 129 "!I 1I. 39 III 12 tI 10 !I ""0.22 ,a'l,ax !saN vlCf 10 3S!I 325 t71 IU 12. UI til 1.2 ,.1 151 13~ 13 ~O 11 15 tI 12 • 2281
0.2. ''''I'''X 11TH ST. •• 35" 330 175 150 121 '.5 1111 ,,~ 1511 "'0 151 n .2 III III " 13 • 23'71
0.21 ,a'l,ax !WllSH'11 !I. 383 ,.9 2311 2111 250 3!1. 35. ,.2 397 312 3U 110 " .0 2. 3lI II • .121
0.2' ,ar.,.. ItTH ST !I!I 319 351 231 291 251 313 315 3.7 3111 3•• 3U '.9 I~ .1 27 3. II I ."'.0.21 U'I'" IDRUn !I. 3111 355 23~ 291 251 311 3711 350 391 311 339 til 13 ., 21 3~ II • .219
0.2' ,.,.,.. /:lID ST .1 .01 no 23~ 2111 251 331 311 3tl7 ~12 .5~ 3117 205 101 !II 37 3. 19 • .3!11

I 0.2' ,all'.x lIST ST. •• .00 3l1ti 232 2.5 2!1l1 339 315 3'73 ~22 "0 HI 201 l()ll !I. 37 39 19 • ~3112

"
0.3. ,all'.X !.lvlllY •• 392 35. 232 2~9 252 31. 3.2 353 ~09 ~59 377 211 9. 59 •• .~ 20 • .2.9

D O.:t!I '.'I,ax /oaKWOOD !l2 391 351 237 271 212 315 381 352 .'1 ~'7 370 220 101 57 .1 !II n 9 .3113

I 0.3. ,a'l,ax /IDSlWOOD .9 no 3211 2~' 211 292 327 3'" 361 ~II ~111 371 21~ 102 57 50 51 20 I .~ 13
0.31 ,a'I'.x /"!lIOSr •• tl3 115 115 2~5 215 301 3"1 355 .27 ~31 370 201 101 !II .7 50 20 I 37".
0.3. ,a'I'.x /W'llOWOM .~ tl2 In 155 23. 2.tI 291 3511 3" .01 ~It 3!13 191 91 51 .5 0 " • 3!1"
0.3!1 ,all,ax !saNTa MlI 33 10 1.0 10 15~ '''' 2I1I 292 213 322 3!13 299 111 97 .5 50 51 II • 2131
O. :II ,all'''. !'DUNT.IN 35 .2 13. 153 I~I 172 20. 211. 2" 300 321 213 157 19 .2 .9 •• 20 • 2'712
0.2' Ul.,,.. ISUNltT 32 70 95 132 127 IU 172 2.9 2'0 770 2.0 214 I•• 10 U .1 .1 20 • 2.,3
0.2' SUN'U1 /GINtSU 31 19 10 133 12!1 '.3 110 2~1 201 281 217 259 UI .0 .,

~I .7 20 • 2.'"
0.21 SUNSIT ISTANlfY 30 71 92 135 127 13!1 171 2•• 201 210 211 253 ,.5 n .3 .1I .1 II • 2397
0.2' SUNltT 10A1IONf1 31 '73 IS 132 tl7 12. liS 2.0 210 2.1 2'" 2.' 1311 13 .3 .1I .5 17 • 2311
0.2' SUNltT l_alTll 32 75 12 131 "0 '" Ill. 221 201 231 213 221 121 12 .0 .., .!I 11 • 2231
021 SUNSIT IPO'NSln 33 "3 n 127 "I 115 111 220 193 232 210 222 129 II 3. 55 •• tI • 2212
030 LA .IU ISUNSET 3lI 15 70 122 113 101 11I3 21t '''7 222 2!12 2" 132 II 39 5. .5 '" 2 2130
O. II l. IIlla IHOllYWOO 3lI 1I2 II 1111 '" 91 151 199 "'2 213 2~2 201 12" II 31 5. .2 III t 20.5
O. II HOll'woo/syca-alr 3lI 15 tl7 '" III 10. 155 I., "5 201 225 ... 122 71 31 5t1 .5 17 I 2002
O. II HOll 'WOO/DR.NGE 32 U till 112 tl2 107 152 "'. ItItI '97 20~ nl 1t3 75 3t1 5. .3 '" I leo.
o II HOll'WOO/H'CHLaNO It 33 •• I. eo I. 130 ,.7 I!I~ tiS ... UII I' tl5 33 55 35 " 2 1511
O. II HOllfWOO/l.S P.l_ tI 211 .5 n 13 19 120 1211 UO .tllI '~I '39 115 511 31 !l5 3. 15 2 1.50
O. II HOllfWOO/WH"lf' 15 22 .2 1I2 17 7' Itl ., Itl .. ~ 121 ttll .11 .3 77 !l3 31 13 2 1229
O. II HOll fWOO/WllCOX .. 21 .0 !I. 12 II 105 I~ 101 131 1t9 91 51 311 II •• 77 13 2 tl02
o It HOllywoo/caHUlNCa It 20 3lI .~ III till 90 110 91 123 '07 15 50 .0 III ., 25 13 I lOO!
0.1' HOll fWOOII ...I • Itl 33 33 !l0 !l7 73 II I • lit 91 .. .7 35 .. 21 2~ 10 I lit
0.19 HOll 'WOO/V'NI 3 I. 19 '" . 31 39 35 33 611 111 13 tl7 ~1 25 I. 2. '" 9 I 1I23
o II .Iayu /HOllYWOO • 20 11 '0" 31 " 32 .. 69 91 .3 lUI n 20 Itl 2. t!l 10 0 ...
o " IIICYll /YUCca 3 20 '" '9 30 211 32 .. II II' 19 lit .. 15 13 21 II I 0 5.11
021 ' ..NIIl'N/"CYl[ 2 lt1 17 Itl 21 22 '9 3. ..,

6~ 59 n 25 " 1O 17 I • 0 .5.

o " OOW(R /FlaNIIl IN 2 II 13 " .0 Iii ,. ,. ,., 53 311 30 1O II II II 0 0 0 212
o " .lAC~Of'IANIIlIN , " " " II 9 15 12 25 ~9 21 ,~ 1 ~ 6 3 0 0 0 2'9
O. tI IIUC~O/.IOW.Y , " " " • tI U " '5 '11 19 19 5 , 5 3 0 0 0 '0'
o II IIUC~OfSClNIC 2 '0 " 10 1 5 13 " '6 .. t1 III ~

, 5 3 0 0 0 nil
O. III IIl.CHWDD/l[-'ll H 2 9 10 9 1 • 10 9 I~ .. u 13 3 , 3 3 0 0 0 "6
o 'I IIfAC-a<JfW,NANS • 1 10 9 1 ~ 5 tI t3 39 t3 " • • 3 3 0 0 0 I,.
o 'II IIf ACHWOOfCHl PfMO' I 1 9 I 1 3 5 • 10 34 " 7 • I 3 3 0 0 0 ",
o 'II 'l~CHWOO/GllN Aln I 1 1 6 II 3 • • II 30 '0 5 , I 2 , 0 0 0 96
o •• IIIACHVOO/GlfN nAM , 1 1 II 6 3 , • II '6 II ~ • , , I 0 0 0 117
o 21 8f An>VOO/Vf ~ l SII' D 0 7 6 (, 2 , 2 .' 0 '} '} , I 0 0 0 0 0 0 .,
000 Of AUiVOOfvI ~ I .,'f r



Table 15 I NIT I A L OAT A FDA II U S NO. 217

o I A E C TID N : II (South)

NUMBEA OF PASSENGEAS PEA INTEAVAL

lIOO 700 .00 900 .000 "00 .200 .300 .400 '500 .lIOO .700 .lIOO '900 2DOO 2'00 2200 2300 2400
TIME INTnVU

700 .00 900 .000 1100 '200 .300 .400 'SOO .600 1700 1100 .900 2000 2'00 2200 2300 2400 2500 TOTU
NO OF IIUSES I I I 7 9 I I I 10 II I I I S 4 3 2 2 2
MINI"" NO. OF BUSn 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2
AECOMfNOEO NO. Of PASS. 10 70 70 10 SO 50 SO 50 50 60 70 70 50 50 50 50 50 50 50

OIST ST. NAME

0.40 IIEACHWOO/wESTSHIA • I I 3 4 3 S 3 S 7 I S 3 2 2 • 3 0 0 IS
0.22 IIEACHWOO/GLEN OAk 2 I I 4 T 3 7 3 I I 5 4 4 3 4 2 3 0 0 71
0.22 BEACHWOO/GLEN ALO 2 7 I 7 9 3 9 3 7 I I 4 S 4 4 2 3 0 0 9.
0.22 IIUCHWOO/GOWlR 7 12 • 7 9 4 to S 7 I I S S 4 4 2 3 0 0 '01
0.22 IIUCHWOO/WINAHS 7 17 I • .0 II 12 6 9 II I II S 4 4 2 3 0 0 .24
0.22 IIEACHWOO/TEMPl HI • 20 t2 t2 t3 I '2 9 II It It I I 4 4 2 3 0 0 .1l2
O. II IIUCHWOO/SCENIC to 27 tI 17 tll II IS .2 It It 12 7 5 II 4 2 3 0 0 .7.
0.11 IIUCHWOO/MIOWAY to 33 20 II IS T tI .3 It .3 12 7 5 7 4 2 3 0 0 .97
O. II fRANkLIN/BEACHWOO 12 37 3. 22 27 t2 17 tI t4 .5 17 I 7 I 4 3 3 0 0 2112
O. II fAANkllN/VISTA 0 tll 4. 4. 211 34 12 19 tI 17 tI 17 7 7 I 4 4 3 0 0 211
0.00 UOYlE IYUCCA t4 43 42 211 311 t4 20 tI 17 .6 17 7 7 7 e 4 3 0 0 2911
0.42 tlOWIA IFAANkllN 20 47 S7 4t 43 2ll 33 25 22 23 25 IS .4 I I S 4 • 0 417
O.• 3 AROYlI IHOllYWOO II 112 17 44 44 211 35 25 22 2ll 27 .7 .3 9 9 II 4 • 0 444
O. t3 HOll YWOO/V I HE 27 se II se 19 Ie e9 S3 10 41 e4 44 22 .3 '9 11 I • II 711S
O.•4 HOLLVWOOII VAR 30 10 77 I' 12 16 II III 711 65 72 se 3t .9 19 t4 II 7 I .30
0.21 HOLLYWOO/CAHUEHGA 34 119 III 7S 9. 94 100 13 III 73 e4 112 40 2' 21 t4 I I I t0ll3
0.2t HOll YWOO/WIlCOIl 41 ee " II '0' tOIl ItS 95 103 14 .01 69 43 29 27 tS I It I .227
0.21 HOLLYWOO/WHITLEY 49 .00 113 'O!I .23 t21 .3. ItO tt6 tt2 ttl 92 SO 39 34 .e • tll tt .47.
0.21 HOlLYWOO/LAS PALM ll. t12 '29 t .3 121 t3' .31 1t2 123 124 .32 99 S5 III 311 .11 12 .ll " ISII
0.21 HOLLYWOO/HIGHLANO lIlI 131 .71 .42 .ell .54 156 146 174 .67 .71 .29 92 113 S4 21 tI 21 It 20711
0.2' HOll YWOO/DRAHGE II t4. 177 1S3 .111 '1l4 1S1i .49 174 .711 tiS .43 Ie 53 S3 27 U 30 " 2t3S
0.22 HOLLYWOO/SYCAMORE e9 .4S 113 1S4 173 .50 ISS •St tl2 .7e tl3 'H Ie 6lI Sll 3 • 22 29 It 2172
0.21 LA BREA IHOLLYWOO 7. t49 III .59 .14 .1IlI .112 1S7 179 .119 .90 142 17 53 S3 29 22 27 " U.I
0.29 LA IIRU ISUNSET 19 til • 201 tl3 tl2 tllll te4 'S9 tiS 1911 194 1411 119 $I 54 32 22 29 .3 2290
0.29 SUNSET IPOINSETT 7. 172 2111 tl9 .94 .13 171 173 112 200 liS '30 92 SII St 32 22 27 12 2331
0.21 SUNSET IIURTEL 73 till 221 tiS 200 till ttll IT9 117 201 tlO 127 97 511 50 3S 22 30 12 2424
0.29 SUNSET IOAROHER 77 t97 232 t94 210 tl9 200 t77 .n 210 171 121 94 liS 41 31 24 3. t3 2473
0.21 SUNSET ISTAHlEY 77 20. 244 19S 21e liS 200 .77 tit 213 tllS 121 92 53 41 37 24 3. .3 2410
0.30 SUNSET IOENESEE 71 2011 24e 194 214 114 200 179 112 212 .117 125 9t SO 47 37 24 3. .3 2411
0.42 FAlRfAll ISUNsn 12 23. 2110 201 229 2tt 222 202 192 243 tl7 ISS 10. 49 411 42 U 31 • 2722
0.32 FAIRfAIl IFOUNTAIN " 2111 277 247 247 221 229 201 202 247 193 1S3 9ll so 4. 43 24 31 10 2171
0.34 FAIRFAII 1ST A MONI 123 3311 3e. 372 331 291 24S 279 243 32e 229 'S4 .00 liS 39 42 23 3. t3 311.7
0.34 FAIRFAX IWILlOUGH .3S 37. 39S 4.3 3S2 313 2e4 300 21e 340 224 .SO '0' 14 39 43 21 29 .3 3133
0.34 FAIR'AX IMELROSE .40 33S 410 4tl 317 3112 306 401 411S 1141 ue .117 "2 III 37 43 22 27 .3 4492
0.34 'AIR'AII IROSEWOOD 137 341 402 367 311 32e 3.0 370 471 S40 234 .11 .30 114 37 40 II 2S .3 4374
0.34 FAIAFAX IOAkWOOD .3. 3!14 40' 3•• 3•• 327 3t1 3113 4" S!I!! 234 173 .34 70 311 40 •• 23 .3 44"
0.27 FAIRFAX IBEVERLY .44 330 394 400 392 334 340 371 41S SIS 27t tl9 121 64 37 311 19 23 14 41143
0.29 FAIRFAX I'ST ST .47 333 31ll 40ll 392 334 333 31111 493 SSS 2111 .92 .30 112 37 311 21 23 .4 4S23
0.29 FAIRFAIl 13110 ST .47 32ll 334 344 314 277 273 342 4112 4111 2117 '97 134 114 36 32 20 22 .4 4090
0.27 FAIRFAIl IORun .411 3211 333 324 297 279 274 33e 473 4., 271 tl9 .37 112 311 32 20 22 .4 401111
0.2' FAIR'AIl 11TH ST '4!1 324 32e 3.5 . 21t 219 2ell 332 4119 410 276 tI. t32 110 35 30 20 20 .4 391!1
0.21 FAIR'AX IWILSHIAE 73 .ll. 14. 114 .34 '32 tll7 17. 32t 367 229 .11. 121 4t 3. 32 .3 .ll .0 243.
0.29 FAIR'AX IOEL VALL 75 .50 '37 "0 .22 .32 .e5 .11. 311 361 222 '59 126 37 '29 32 .3 t!l .0 2319
0.0ll 'AIRFAII ISAN VICE 13 12. 1t2 711 92 .04 .42 120 253 30!1 .13 .45 Ite 37 29 3' t3 t3 '0 '"4
0. " OLYMPIC 10GOfN !l7 t20 .01 72 7S 97 .34 .It 233 274 .71 120 .04 37 29 3t .3 .3 to tltll
0.21 FAIRFax 10LYMPIC 10 12. 90 1111 ~I 77 t09 tOO 171 23. 170 '01 95 21 27 30 12 t3 9 1!l92
O. I' FAIR'AX IWHITWORT 10 .33 119 I!I Il!l 75 .03 91 ITII 219 '!l1 t02 94 27 26 29 12 12 I IS!I'
0.21 FAIA'AII IPACkARD 10 13!1 II I:' 114 71 13 '!I .70 214 IS3 119 90 211 19 29 tt It I 1492
0.24 FAIR'AIl IPICO 43 10 411 31 33 !l7 III e9 1t2 tll2 125 711 79 17 .4 30 I 11 9 10711
0.24 FAIRFAX ISATURN 411 12 42 311 3. III 1I11 110 '09 .60 1t9 11 11 17 14 29 I It I 1029
0.24 FAIRFAX IPICkFORO 41 12 31 32 3!1 !I' 115 !Ill '01 .41 It II 61 70 17 12 29 7 10 7 994
0.24 FAIR'AX IAIRDROME 47 II 3t 32 311 SO &:J 52 91 t44 104 S9 51 .4 t2 29 7 10 7 933
0.22 FAIRFAIl "ITH 47 51 3. 32 35 52 59 43 It6 .41 93 59 51 13 12 29 7 9 7 91t
o 22 'AlA'" ISAWYER 47 61 3. 32 311 52 59 43 1111 '4 • 19 59 51 .3 '2 29 7 9 7 907
0.22 FAIRF.. IVENICE 40 ·44 19 19 30 4. 40 29 93 Itl 63 42 46 10 6 21 2 I 4 673
0.22 'AIR'AX IVENICE , 31 44 19 III 3. 41 30 21 94 .01 51 34 31 10 6 21 2 I 3 629
0.22 FAIR'AX Is' MNC F 31 43 15 IT 30 40 29 25 14 95 51 32 34 I 5 2t 2 II 3 5112
o 22 WASHING'/OAVIO 33 40 '5 III 26 34 24 24 75 12 47 2!1 25 S 3 It 2 6 3 504
0.00 AOA"'S IWASHING'



Table 16 Max Load Information-North Direction

MAXIMU~ LOAD POINT BY METHOD 1 IS FAIRFAX /ROSEWOOD --- •• 13 PASSENGERS FOR DAY

INTER~EDIATE RESULTS FOR METHOD 2

TIME INTERVAL MAXIMU~ LOAD POINT NO. OF PASSENGERS

0600 0700 FAIRFAX /SAN VICE 70

0700 0800 FAIRFAX /3RD ST .01

0800 0900 FAIRFAX /3RD ST 370

0900 1000 FAIRFAX /ROSEWOOD 246

1000 1100 FAIRFAX /6TH ST
FAIRFAX /DREXEL 291

1100 1200 FAIRFAX /ROSEWOOD 292

1200 1300 FAIRFAX /DREXEL 381

1300 1400 FAIRFAX /lST ST. 385

1400 1500 FAIRFAX /1ST ST. 373

1500 1600 FAIRFAX /MELROSE 427

1600 1700 FAIRFAX /RDSEWOOD 481

1700 1800 FAIRFAX /BEVERLY 377

1800 1900 FAIRFAX /OAKWOOD 220

1900 2000 FAIRFAX /OAKWOOD 106

2000 2100 FAIRFAX /BEVERLY 59

2100 2200 LA BREA /HOLLVWOO
HOLLYWOO/SYCAMORE 56

2200 2300 FAIRFAX tOAKWOOD
FAIRFAX /ROSEWOOD
FAIRFAX t5ANTA Me 51

2300 2400 FAIRFAX tOAKWOOD 22

2400 2500 FAIRFAX /DREXEl
FAIRFAX /3RD ST
FAIRFAX /1ST ST.
FAIRFAX /BEVERLY
FAIRFAX /OAKWOOD 9



Table 17 Max Load Inforrnution-South Direction

MAXIMUM lOAD POINT BY METHOD 1 IS FAIRFAX /BEVERlY --- 4543 PASSENGERS FOR DAY

INTERMEDIATE RESULTS FOR METHOD 2

TIME INTERVAL MAXIMUM lOAD POINT NO. OF PASSENGERS

0600 0700 FAIRFAX /1ST ST
FAIRFAX /3RD ST 147

0700 0800 FAIRFAX /WIllOUGH 37t

0800 0900 FAIRFAX /MElROSE 410

0900 1000 FAIRFAX /MELROSE 416

1000 1 tOO FAIRFAX /BEVERlY
FAIRFAX /1ST ST 392

1100 1200 FAIRFAX /MELROSE 352

1200 1300 FAIRFAX /BEVERlY 340

1300 1400 FAIRFAX /MElROSE 408

1400 1500 FAIRFAX /1ST ST 493

1500 1600 FAIRFAX /BEVERlY 565

1600 1700 FAIRFAX /OREXEl 278

1700 1800 FAIRFAX /3RD ST 197

1800 1900 FAIRFAX /DREXEl 137

1900 2000 FAIRFAX /OAI<WOOD 70

2000 2 tOO HOllYWOO/SYCAMORE 55

2100 2200 FAIRFAX /FDUNTAIN
FAIRFAX /WIllOUGH
FAIRFAX /MElROSE 43

2200 2300 SUNSET /GARDNER
SUNSET /STANlEY
SUNSET /GENESEE
FAIRFAX /FOUNTAIN 24

2300 2400 SUNSET /GARDNER
SUNSET /STANlEY
SUNSET /GENESEE
FAIRFAX /SUNSET
FAIRFAX /FDUNTAIN
FAIRFAX /STA MONI 31

2400 2500 FAIRFAX /BEVERlY
FAIRFAX /1ST ST
FAIRFAX /3RO ST
FAIRFAX /DREXEl
FAIRFAX /6TH ST 14



Figure 13

OISTANC£ (IeM.)

Morning-peak Load Profile for Line 217
(North Direction)

NUMR£R Of PASSENGERS fOR INTERVAL 100 TO 100.

NUMBER Of PASSENGERS
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Fiqure 15 Morninq-peak Lo~d Profile for Line 217
(South Direction)
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tive to distances less than 0.5 km for this visual display, and

therefore it seems tha t the stops are evenly spaced along the

entire route. Figures 13 and 15 display the morning peak pro

file while Figures 14 and 16 -- the afternoon peak profile for

the north and south directions, respectively. The output of

Program I includes a measure of density for each load profile:

the area under the prof ile curve divided by the max observed

load times the route length. This densi ty measure is 35.8%,

41.9%, 36.3% and 38.5% for Figures 13, 14, 15 and 16, respec

tively. Low densi ties mean low productivi ty (relatively high

empty seat-kilometers) and may advise to consider short turns.

The frequency and headway results of program I are shown

in Tables 18 (northbound) and 19 (southbound). The statistical

(chi- square) compar ison between the results of Method 1 and

Method 2 reveals that at the 95% significant level the null

hypothesis about equal methods is rejected. Consequently, for

a point check method it is recommended to gather the data at

the hourly max load points. The results of Method 4 in Tables

18 and 19 are shown for three different constraint levels:

10%, 20% and 30% of the route length (of 13.9 km) is allowed to

have an observed load exceeding the desired occupancy. In the

remain- der parts of this chapter Method 4 is assoc~ated wi th
--

the 20% constraint. Bus capacity for Method 3 and 4 is

considered as 80 passengers (see equations (3) and (4) in

Chapter 2).

The graphical compar ison between the frequency results of

three methods and the observed frequency is exhibited in Figure

17 for both directions of Line 217. It can be easily seen that

the provided frequencies in both directions represents exces

sive amount of bus runs. The desired occupancy for each time

per iod appear s in Tables 14 and 15 in the fourth row and was

set forth by SCRTD schedulers. Using these load factors and

either Method 2 or Method 4 can result in significant resource

saving. It is interesting to note that Method 4 results in

much lower frequency "than Method 2 particularly in the south

direction. The absolute minimum frequency to accommodate the
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FIGURE 17

Graphic comparison between the observed and the derived
frequencies.
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Table 18 Frequency and Headway Results

RES U L T S 0 F F 0 U R MET HOD S

BUS MJMBER217 OIRECTlON A (North)

BUSES

NO. OF

TIM E

I N T E R V A L

, I I ----.

1 MET HO 0 4 I
METHOD '1 METHOD 2 METH'OD 3 , , I

I B Y 1 0 % I B Y 20 % I B Y 3 0 % I
1 I I I

1------",....----1, i ' i I i I I I
1 NO. OF I NO. OF 1 I NO. OF I I NO. OF I 1 NO. OF I I

HEADWAV! 1 HEADWAY I HEADWAY 1 HEADWAY 1 I HEADWAvl ! HEADWAY I
BUSES • BUSES • BUSES • • BUSES. • BUSES

06:00 07:00

07:00 08:00

08:00 09:00

2.00 I 30 MIN.

5.28 I 11 MIN.

•. 65 I 13 MIN.

2.00 i 30 MIN.

I5.72 I 10 MIN.

I5.28 • 11 MIN.

2.00 : 30 MIN.

5.01 : 12 MIN.

4.62 : 13 MIN .

2.00 : 30 MIN.

5 .• ' : 11 MIN.

5.02 : 12 MIN.

2.00 : 30 MIN.

5.11 : 12 MIN.

•. 72 : 13 MIN.

2.00 : 30 MIN.

5.01 : 12 MIN.

... 62 : 13 MIN .

13:00 14:00

12:00 13:00

09:00 10:00 • . 09 I 15 MIN.

16 MIN.

17 MIN.3.63

3.07 : 20 MIN.

3.65

5.01 : 12 MIN.

".76 : 13 MIN.

12 MIN.

12 MIN.

7.21: 8 MIN.

3.07 : 20 MIN.

5.05

".93

6.16 : 10 MIN.

11 MIN.

11 MIN.

3.97 : 15 MIN.

5.25

5.43

7.61: 8 MIN .

6.76: 9 MIN .

17 MIN.

16 MIN.3.65

3.63

3.07 : 20 MIN .

•. 81 : 12 MIN.

•. 76 : 13 MIN.

10 MIN.

10 MIN.

7.61: 8 MIN.

5.82

7.69: 8 MIN.

5.83

• . 09 : 15 MIN .

10 MIN.

10 MIN.

5.75

5.83

6.53 i 9 MIN.

I7.5'. 8 MIN.

12:00

11 :00

11 :00

10:00,
-..J
\0,

'.:00 15:00

'5:00 16:00

7.33: 8 MIN.

6.96: 9 MIN.

7 .•6: 8 MIN.

7.11: 8 MIN.

• . 66 : 13 MIN.

5.33 : " MIN.

7.06: B MIN .

6.93: 9 MIN.

6.96: 9 MIN.

6.73: 9 MIN.

.. .66 : 13 MIN.

5.33 : 11 MIN.

16:00 17:00 6.87 I 9 MIN. 6.87 I 9 MIN. 6.01 : 10 MIN. 6.31 : 10 MIN. 6.01 : 10 MIN. 6.01 : 10 MIN.

17:00 18:00 5.30 I 11 MIN. 5.38 I 11 MIN. 4.71: 13 MIN. 5.31 : 11 MIN. ".91 : 12 MIN. ".71 : 13 MIN.

'8:00 19:00 3.56 I 17 MIN. 3.66 : 16 MIN~ 2.75 : 22 MIN. 3.45 I 17 MIN. 3.25 : 18 MIN. 2.75 : 22 MIN.

19:00 20:00 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN.

20:00 21:00 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN.

21:00 22:00 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN.

22:00 23:00 2.00 : 30 MIN. 2.00 : 30 MIN. ".00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN.

23:00 24:00 ".00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN

I 24 :00 25 :00; :] .~.L3_~M! ~J_~.:_(}O :to MIN. '.00 :10 MIN.: "OO~_M!~J__~~~_:.. ~.~MIN. :~_.:]~~O~L.~.o._M.2.N



Table 19 Frequency and Headw~y Results

RES U L T S 0 F F 0 U R MET HOD S

BUS NUMBER217 DIRECTION B (South)

HEADWAY

3 0%B V

BUSES

NO. OF
HEADWAY

20 %B V

BUSES

NO. OF
HEADWAV

10%B V

BUSESBUSESBUSES

NO. OF

BUSES

TIM E

I N T E R V A L

,-- 1- 1 I' ,

. . . I ! MET HO D 4

MET HOD 1: MET HOD 2 I MET HOD 3 I I I

I
I

I-----~I-------I • I • ,. i I I I I

NO. OF , I NO. OF I ! I NO. OF
HEADWAV: ! HEADWAV! ! HEADWAV

06:00 07:00 2.40 : 25 MIN. 2.44 : 25 MIN. 2.00 : 30 MIN. 2.40 : 25 MIN. 2.10 : 29 MIN. 2.00 30 MIN.

07:00 08:00 4.71 I 13 MIN. 5.30 : 11 MIN. 4.63 : 13 MIN. 4.83 : 12 MIN. 4.73 : 13 MIN. 4.63 13 MIN.

08:00 09:00

09:00 10:00

5.62 : 11 MIN.

6.66: 9 MIN.

5.85: 10 MIN.

6.93: 9 MIN.

5.12 : t2 MIN.

5.19 : 12 MIN.

5.72 i 10 MIN.

I6.49 I 9 MIN.

5.12 : 12 MIN.

5.49 : 11 MIN.

5.12

5.19

t2 MIN.

12 MIN.

10:00 t 1:00

11:00 12:00

12:00 13:00

13:00 14:00

7.83 i 8 MIN.

I6.67 I 9 MIN.,
6.80 I 9 MIN.

7.56: 8 MIN.

7.83: 8 MIN.

7.03: 9 MIN.

6.80: 9 MIN.

8.16: 7 MIN.

4.90 : t2 MIN.

4 . 40 : 14 MIN.

4.25 : 14 MIN.

5.09 : 12 MIN.

7.50: 8 MIN.

6.60: 9 MIN.

6. t5 : 10 MIN.

7.39: 8 MIN.

6.00 : to MIN.

5.60 : 11 MIN.

4.95 : 12 MIN.

5 . 59 : 1 t MIN.

4.90

4.40

4.25

5.09

t2 MIN.

14 MIN.

t4 MIN.
I

12 MIN. I

14:00 15:00

15:00 16:00

9.69: 6 MIN.

9.41: 6 MIN.

9.85: 6 MIN.

9.41 : 6 MIN.

6.16 : 10 MIN.

7.06: 8 MIN.

9.46: 6 MIN.

9.06: 7 MIN.

6.36: 9 MIN.

7.06: 8 MIN.

6. t6

7.06

10 MIN.

8 MIN.

16:00 17:00 3.87 : 16 MIN. 3.97 : 15 MIN. 3.47 : 17 MIN. 3.87 : 16 MIN. 3.47 : 17 MIN. 3.47 17 MIN.

17:00 18:00 2.69 : 22 MIN. 2.81 : 2t MIN. 2.46 : 24 MIN. 2.66 : 23 MIN. 2.46 : 24 MIN. 2.46 24 MIN.

18:00 19:00 2.13 : 28 MIN. 2.28 : 26 MIN. 2.00 : 30 MIN. 2.20 : 27 MIN. 2.00 : 30 MIN. 2.00 30 MIN.

19:00 20:00 2.00 : 30 MIN. 2.00 : 30 MIN\ 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 30 MIN.

20:00 21:00 2.00 I 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 30 MIN.

21:00 22:00 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 30 MIN.

22:00 23:00 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 30 MIN.

23:00 24:00 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 : 30 MIN. 2.00 30 MIN.

~ 25:00 : 2.00: 30 MIN. i 2.00: 30 MIN. i 2.00 : 30 ~IN.: 2.00 i 30 MIN. i 2.00: 30 MIN.: 2.00: 30 MIN. ,
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passenger load while neglecting the load factors is presented

by Method 3 and in most hours is as half as the presently

provided frequency. Further interpretation of these results is

described in the next section.

6.3 Al!~!E!~iv~ TimetaE!~lE!~9!am_II1-!~!SCRTD LlE~_~!l

The PL/l Program II which is based on the procedures

developed in Chapter 3, 4 and 5, is used for the SCRTD Line 217

to construct alternative timetables. The complete input to

this program appears in Appendix B for both the north and south

directions. The first row in this input represents three

entries: total number of time periods (19), number of

frequency setting methods to be used (4) and total number of

observed departures at the daily max load point (135 for the

north and 141 for the south direction). The next 19 rows in

this input refer to each time period. In these rows the fifth

column is the round trip time including layover and turn around

times, and the last four columns are the frequency resul ts of

the four methods. The remaining rows present the data for each

individual departure. In these rows the fourth column is the

observed departure times at the Fairfax/Rosewood and

Fairfax/Beverly stops for the north and south dlyections,

respectively. In this column the end of each time period is

shown if it does not coincide with a departure time. The fifth

column is the difference between the third and fourth c~lumns

(headways in minutes), and the last four columns refer to the

four methods. That is, the load at the daily max load point,

the load at the hourly max load point and the area of the load

profile, respectively.

Sixteen different combinations of runs have been selected

for each direction of travel. These combinations are shown in

Table 20 and are accompanied with the results of the comparison

measures for each run. Tables 21 to 25 display five different

computer generated timetables at the Fairfax/Rosewood stop

(northbound), and Tables 26 to 30 display similar timetables at

the Fairfax/Beverly stop (south bound). The remaining 22 time-



Table 20

DlSCRIPTIC»; OF '!'BE 16 a>teDlA'l'IC»;S or IlEQOESTS TO RIJN PIlOGJWol II ACCOflPAHIEO WITH 'l'IIE RlSULTS OF THE CXlMPAJUSOtO
IllAStJRES

ltesu1 ts of
Direction Type of Clock Specified CoIDpar iaon
of Travel H.adway NlIIIber of Headway NlIIIber of Measures

Itlln S • South 1 • equal Coabinationa Method 1 • With Departllre, NUlDber of MinilllUlt
"lIIIber N • North 2 • Balanced To Be O,ed NlIIIber o • Without o • Not Specified Departures Fleet Size

1 N 1 1 1 0 0 84 15
2 N 1 1 2 0 0 87 15
3 N 1 1 3 0 0 ., 67 11
4 N 1 1 4 0 0 78 14
5 N 1 5 2,4* 0 0 85 15
6 N 1 1 2 1 0 80 16
7 N 1 1 4 1 0 78 14
8 N 1 1 2 0 70 70 12
9 N 1 1 2 0 140 140 24

10 N 2 1 1 0 0 84 15
11 N 2 1 2 0 0 87 15
12 N 2 1 3 0 0 67 11
13 N 2 1 4 0 0 78 14
14 N 2 5 2,4* 0 0 85 15
15 N 2 1 2 0 70 70 12
16 N 2 1 2 0 140 140 24
17 S 1 1 1 0 0 88 19
18 S 1 I 2 0 0 91 19
19 1 1 3 0 0 69 13
20 1 1 4 0 0 73 13
21 1 5 2,4* 0 0 89 19
22 1 1 2 1 0 91 20
23 1 I 4 1 0 74 14
24 1 1 2 0 70 70 15
25 1 1 2 0 140 --- 140 30
26 2 1 1 0 0 88 19
27 2 1 2 0 0 91 20
28 2 1 3 0 0 69 13
29 2 1 4 0 0 73 13
30 2 5 2,4* 0 0 89 20
31 2 1 2 0 70 70 15
32 2 1 2 0 140 140 30

I
• Method 2 1, uaed for off-peak periods '(1),(4,5,',7,',',10,11), (14,15,16,17,18,1'), Method 4 i, uaed for peak

period. '(2,3), (12,13) - total of 5 ee-b1naUon••
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Table 21 Computer Generated Timetable of Line 217
at the Fairfax/Rosewood Stop

,

..
8
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

11
11
11
11
12
12
12
13
13
'3
1..
1..,..
1..
1..
1..
1..,..
1..,..
15
'5
'5
15
15
15
15
15
'5
.5
15
.5

TYPE OF ,HEADWAYS :EOUAL (1)

TYPE OF TIMETABLE:DNE METHOD (1)
METHOD NUMBER: 2 FROM INTERVAL:

CLOCk HEADWAYS: NO (0)
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX
MAX

TO INTERVal: 19

"

TIMETABLE

•••••••••

DEPARTURE-NUMBER TIME DEPARTURE NUMBER TIME

1 8.00 .... '3.5"
2 8.30 ..5 '''.02
3 7.00 ..8 .....0.. 7.11 ..7 , ... 18
S 7.21 "8 14.28
6 1.32 ..9 '''.3''
7 7."2 50 1.....2
8 7.53 51 1".50
9 8.0" 52 '''.58

10 8.15 53 15.07
11 8.27 S.. 15.15
12 8.38 55 15.24
13 8."9 56 15.32
1.. 9.0' 57 15.'"
'5 9.16 58 15."9
16 9.31 59 15.58
17 9."5 60 '6.08
'8 10.00 61 '6.15
19 10.10 82 '6.2"
20 10.21 63 '6.33
21 10.31 6.. .6 ... 2
22 10."2 65 16.50
23 10.52 68 16.59
2" , 1.02 67 17.10
25 11.13 68 11.21
26 11.23 69 17 .33
27 ".33 70 17 .....
28 11 ..... 7. 17.55
29 11.5" 72 18.09
30 12.03 73 '8.26
3' 12.11 7.. 18."2
32 12.19 75 18.59
33 12.27 76 19.28
3.. 12.35 77 19.58
35 12."3 78 20.28
36 12.51 79 20.58
37 12.59 80 21.29
38 13.07 8' 2'.59
39 13.15 82 22.29
"0 13.22 83 22.59.., 13.30 8.. 23.29
"2 13.38 . 8S 2".00
43 13.46 86 0.30

81 1.00

COMPARISON MEASURES
•••••••••••••••••••

TOTAL NUMBER OF DEPARTURES: 81
MINIMUM ~'NGlE ROUTE (ROUND TRIP) REQUIRED FLEET SIZE



Table 22 Computer Generated Timetable of Line 217
at the Fairfax/Rosewood Stop

TYPE OF HEADWAYS : EOUAL (1)

TYPE OF TIMETABLE:ONE METHOD (1)
METHOD NUMB ER : .. FROM INTERVAL: TO INTERVAL: 19

CLOCK HEADWAYS: NO (0)

TIMETABLE

•••••••••

DEPARTURE-NUMBER TIME DEPARTURE NUMBER TIME

1 6.00 ..0 1... 11
2 6.30 .. 1 1".20
3 7.00 .. 2 14.29.. 7.12 ..3 14.38
5 7.2" .... 1....6
6 7.36 ..5 1".55
7 7."8 ..6 15.04
8 8.00 .7 15.13
9 8.13 ..8 15.22

10 8.26 ..9 15.31
11 8.39 50 15."0
12 1.51 51 15."9
13 9.07 52 15.58
14 9.26 53 16.08
15 9 .•6 5. 16.18
16 10.04 55 16.28
17 10.16 56 16.38
18 10.28 57 16."9
19 10."1 58 16.59
20 10.53 59 17.11
21 11.05 60 17 .23
22 11.17 61 1].36
23 11.30 62 11."8
24 11. .. 2 63 18.01
25 11.5" 6. 18.19
26 12.05 65 18.38
27 12.15 66 18.57
28 12.25 67 19.25
29 12.34 68 19.56
30 12 .... 69 20.26
31 12.5. 70 20.57
32 13.03 71 21.27
33 13.12 72 21.57
3" 13.20 73 22.28
35 13.29 7. 22.58
36 13.37 7!5 23.29
37 13."6 76 23.59
38 13.5. 77 0.30
39 1".03 78 1.00

COMPARISON MEASURES
•••••••••••••••••••

TOTAL NUMBER OF DEPARTURES: 78
MINIMUM SINGLE ROUTE (ROUND TRIP) REOUIRED FLEET SIZE 1..



Table 23 Comouter Generated Timetable of Line 217
at the Fairfax/Rosewood Stop

TYPE OF HEADWAYS :EOUAL (1)

TYPE OF TIMETABLE:ONE METHOD (1)
METHOD NUMBER; 2 FROM INTERVAL: TO INTERVAL: 19

CLOCK HEADWAYS :YES (1)

TIMETABLE

•••••••••

DEPARTURE-NUMBER TIME DEPARTURE NUMBER TIME

1 6.00 45 13.52
2 6.30 46 14.00
3 7.00 47 14.07
4 7.10 48 14.15
5 7.20 49 14.22
6 7.30 50 14.30
7 7.40 51 14.37
8 7.50 52 14.45
9 8.00 53 14.52

10 8.12 54 15.00
11 8.24 55 15.07
12 8.36 56 15.15
13 8.48 57 15.22
14 9.00 58 15.30
15 9.15 59 15.37
16 9.30 60 15.45
17 9.45 61 15.52
18 10.00 62 16.00
19 10.10 63 16.10
20 10.20 64 16.20
21 10.30 65 16.30
22 10.40 66 16.40
23 10.50 67 16.50
24 11.00 68 17.00
25 11.10 69 17.12
26 11.20 70 17.24
27 11.30 71 17 .36
28 11.40 72 17.48
29 11.50 73 . 18.00
30 12.00 74 18.15
31 12.07 75 18.30
32 12.15 76 18.45
33 12.22 77 19.00
34 12.30 78 19.30
35 12.37 79 20.00
36 12.45 80 20.30
37 12.52 81 21.00
38 13.00 82 21.30
39 13.07 83 22.00
40 13.15 84 22.30 -'

41 13.22 85 23.00
42 13.30 86 23.3a.
43 13.37 87 24.00
44 13.45 88 0.30

89 1.00

COMPARISON MEASURES
•••••••••••••••••••

TOTAL NUMBER OF DEPARTURES: 89
MINIMUM SINGLE ROUTE (ROUND TRIP) REOUIRED FLEET SIZE 16



Table 24 Computer Generated Timetable of Line 217
at the Fairfax/Rosewood Stop

TVPE OF HEADWAVS : BALANCED (2)

TVPE OF TIMETABLE:ONE METHOD (1)
METHOD NUMBER: 2 FRO'"' INTERVAL: TO INTERVAL: 19

CLOCK HEADWAYS: NO (0)
TIMETABLE

•••••••••

DEPARTURE-NUMBER TIME DEPARTURE NUMBER TIME

1 6.00 •• 13.53
2 6.38 .5 1... 02
3 7.03 .6 '''.08.. 7.23 .7 U.15
5 7.35 .8 U.29
6 7 .• 2 .9 U.35
7 7.50 50 1.......
8 7.56 5t '''.53
9 8.02 52 U.59

10 8.10 53 15.08
11 8.21 5" 15.16
12 8.36 55 15.23
13 8 .... 56 15.3.
14 9.01 57 15.40
15 9.11 58 15."8
16 9.25 59 15.58
17 9.39 60 16.05
18 10.00 61 16. 1..
19 10.12 12 16.26
20 10.24 63 16.33
21 10.35 64 16 .• 3
22 10.44 65 16 .•9
23 10.54 66 16.59
2" 11.0" 67 -'.17 .09
25 11.13 6B 17 .19
26 11.20 69 17 .27
27 11.32 '70 17."6
28 11.43 71 17.56
29 11.5" '72 18. 12
30 12.03 '73 18.25
31 12.07 '74 18.41
32 12.1. '75 18.57
33 12.25 '76 19.28
34 12.33 '77 19.58
35 12 .•0 '78 20.23
36 12.49 '79 20.59
37 12.58 80 21.34
38 13.05 81 21.58
39 13.10 82 22.26
.0 13.17 83 22.59
41 13.25 84 23.17
42 13.34 15 23.59
43 13 .•• 16 0.13

8'7 1.00

COMPARISON MEASURES
•••••••••••••••••••

,TOTAL NUMBER OF DEPARTURES: 17
MINIMUM SINGLE ROUTE (ROUND TRIP) REOUIRED FLEET SIZE 15



Table 25 Computer Generated Timetable of Line 217
at the Fairfax/Rosewood Stop

TYPE OF HEADWlYS : BALANCED (2)

TYPE OF TIMETABLE:DNE METHOD (1)
METHOD NUMBER: ~ FROM INTERVAL: TO INTERVAL: 19

CLOCK HEADWAYS: NO (0)

TIMETABLE

•••••••••

DEPARTURE-NUMBER TIME DEPARTURE NUMBER TIME

1 6.00 40 14.08
2 6.36 ~1 14.16
3 7.03 ~2 14.30
~ 7.21 ~3 14.37
5 7.35 ~~ 14.48
6 7.~~ 45 14.55
7 7.52 ~6 15.04
8 8.00 ~7 15. 15
9 8.07 U 15.20

10 8. t7 ~9 15.31
11 8.33 50 15.37
12 8.44 51 15.46
13 9.03 52 15.58
1~ 9.20 53 16.07
15 9.37 54 16.20
16 10.03 55 16.30
17 10.17 56 16.42
18 10.31 57 16.49
19 10.~1 58 16.59
20 10.54 59 17.10
21 11.06 60 17.20
22 11.16 61 n.32
23 11. 30 82 17.51
24 11.39 63 18.02
25 11.53 6~ 18.17
26 12.04 65 18.36
27 12.12 66 18.55
28 12.24 67 19.26
29 12.34 68 19.56
30 12.~1 69 20.19
31 12.51 70 20.57
32 13.03 71 21.26
33 13.07 72 21.57
3~ 13.15 73 22.26
35 13.2~ 7~ 22.58
36 13.33 75 23.16
37 13.~6 76 23.59
38 13.5~ 77 0.12
39 1~.02 78 1.00

COMPARISON MEASURES
•••••••••••••••••••

TOTAL NUMBER OF DEPARTURES: 78
MINIMUM SINGLE ROUTE (ROUND TRIP) REQUIRED FLEET SIZE 1~

nn
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Table 26 Computer Generated Timetable of Line 217
at the Fairfax/Beverly Stop

TYPE OF HEADVAYS :EQUAL (1) TIMETABLE

TYPE OF TIMETABLE:ON£ METHOO (t) •••••••••
METHOD NUMBER: 2 FROM INTERVal: t TO INTERVal: t9

CLOCK HEADVAYS: NO (0) OEPARTURE-NUMBER TIME DEPARTURE NUMBER TIME
MAX 4
MAX 8 t 6.00 46 t3.23
MAX 7 2 6.25 47 t3.30
MAX 9 3 6.49 48 t3.38
MAX 9 4 7.06 49 t3.45
MAX to 5 7. t8 50 t3.53
MAX to 6 7.29 5t 14.00
MAX to 7 7.4t 52 t4.06
MAl( 10 8 7.52 53 t4. 12
MAX 11 9 8.03 54 t4. t9
MAX t t to 8. t4 55 t4.25
MAX t t tt 8.24 56 t4.3t
MAl( 12 12 8.34 57 t4.37
MAX t2 13 8.44 58 14."3
MAX 12 14 8.55 59 t4.49
MAX t2 t5 9.04 60 14.55
MAX t2 16 9. t3 61 15.02
MAX t2 t7 9.22 62 t5.08
MAX t2 t8 9.3t 63 15. t4

I MAX 12 19 9.39 84 15.21co MAX t2 20 9."8 85 t5.27\0
I MAX t .. 2t 9.57 66 t5.3"

MAl( 14 22 to.05 67 15."0
MAX t .. 23 to. t3 68 t5.46
MAX 1.. 2.. to.20 69 t5.53
MAX t .. 25 to.28 70 t5.59
MAX 1.. 26 to.36 71 t6. I"
MAX t .. 27 to ...3 72 16.29
MAX 14 28 to.5t 73 16 .....
MAX t .. 29 10.59 7.. 18.59
MAX t .. 30 t t .07 75 t7.21
MAX t4 31 11. t6 76 t7."2
MAX t .. 32 tt.2" 77 t8.0"
MAX 14 33 t t. 33 78 ,... 31
MAX t .. 3.. 11."2 79 18.57
MAX t .. 35 11.50 80 19.27
MAX t .. 36 tt.S9 8t t9.58
MAX t4 37 t2.08 82 20.28
MAX . t5 38 t2.17 83 20.58
MAX t5 .. , 39 t2.25 8" 21.28
MAX t8 "0 t2.3" 85 2t .59
MAX t6 .. I t2."3 86 2'.29
MAX 18 "2 12.52 87 22.S9
MAX 18 .. 3 t3.0t 88 23.29
MAX t8 .. 4 t3.08 89 24.00
MAX t9 45 13.16 90 0.30
MAX 19 91 1.00
MAX 19
MAX t9

COMPARISON MEASURfS
•••••••••••••••••••
tOUL NI'MRI'~ or IlI'PAInURI'<;: q,



Table 27 Computer Generated Timetable of Line 217
at the Fairfax/Beverly Stop

TYPE OF HEADWAYS :EOUAL (1)

TVPE OF TIMETABLE:DNE METHOD (1)
METHOD NUMBER: 4 FROM INTERVAL: TO INTERVAL: 19

CLOCK HEADWAVS: NO (0)
TIMETABLE

•••••••••

DEPARTURE-NUMBER TIME DEPARTURE NUMBER TIME

1 6.00 37 13.27
2 6.29 38 13.37
3 6.58 39 13.48

• 7.12 40 13.59
5 7.25 ., 1•. 09
6 7.38 42 14.18
7 7.50 43 14.28
8 8.03 4. 1•. 38
9 8.15 .5 1....7

10 8.27 46 1•. 57
11 8.39 .7 15.06
12 8.50 48 15.14
13 9.02 49 15.23
14 9.13 50 15.31
15 9.24 51 15.40
16 9.35 52 15.49
17 9.46 53 15.57
18 9.57 5. 18.12
19 10.08 55 16.29
20 10.18 56 16."7
21 10.28 57 17.06
22 10.38 58 17.31
23 10.48 59 17.56
24 10.58 60 18.25
25 11.09 61 18.55
26 11.20 62 19.26
27 11. 31 63 19.56
28 11 .•2 6. 20.27
29 11.53 65 20.57
30 12.04 66 21.27
31 12.16 67 21.58
32 12.28 68 22.28
33 12.41 69 22.58
3. 12.53 70 23.29
35 13.05 71 23.59
36 13.16 72 0.30

73 1.00

COMPARISON MEASURES
•••••••••••••••••••

TOTAL NUMBER OF DEPARTURES: 73
'MINlMUM SINGLE ROUTE (ROUND TRIP) REQUIRED FLEET SIZE 13



Table 28 Computer Generated Timetable of Line 217
at the Fairfax/Beverly Stop

TYPE OF HEADWAYS :EOUAL (1)

TYPE OF TIMETABLE:DNE METHOD (1)
METHOD NUMBER: 2 FROM INTERVAL: TO INTERVAL: 19

CLOCK HEADWAYS :YES (1)

TIMETABLE

•••••••••

DEPARTURE-NUMBER TIME DEPARTURE NUMBER TIME

1 6.00 46 13.30
2 6.30 47 13.37
3 7.00 48 13.45
4 7. ~~ 49 13.52
5 7.24 50 U.OO
6 7.36 !l1 14.06
7 7.413 52 U.12
8 8.00 53 U.18
9 8.10 54 1"'.2'"

10 8.20 55 U.30
11 8.30 56 1"'.36
12 8."'0 57 1"'."'2
13 8.50 !l8 14. <il8
U 9.00 59 ''''.54
15 9.10 eo 15.00
16 9.20 61 15.06
17 9.30 62 15.12
18 9."'0 63 15.18
19 9.50 6'" 15.24
20 10.00 65 15.30
21 10.07 66 15.36
22 10.15 67 15.42
23 10.22 68 15."'8
24 10.30 69 15 :54
25 10.37 70 16.00
26 10.45 71 16.15
27 10.52 72 16.30
28 11.00 73 16."'5
29 11.07 7'" 17.00
30 11. 15 75 17.20
31 11.22 76 17.40
32 11.30 77 18.00
33 11.37 78 18.30
34 11.45 79 19.00
35 11.52 10 11.30
36 12.00 11 20.00
37 12.10 12 20.30
38 12.20 13 21.00
39 12.30 14 21.30
40 12.40 IS 22.00
41 12.50 16 22.30
42 13.00 17 23.00
43 13.07 18 23.30.... 13.15 19 24.00
..5 13.22 90 0.30

11 1.00

COMPARISON MEASURES
•••••••••••••••••••
TOTAL NUMBER OF DEPARTURES: 91
MINIMUM SINGLE ROUTE (ROUND TRIP) REQUIRED FLEET SIZE 20



Table 29 Computer Generated Timetable of Line 217
at the Fairfax/Beverly Stop

TYPE OF HEAOWAYS : BALANCED (2)

TYPE OF TIMETABLE:ONE METHOD (1)
METHOD NUMBER: 2 FROM INTERVAL: TO INTERVAL: 19

CLOCK HEADWAYS: NO (0)

TIMETABLE

•••••••••

DEPARTURE-NUMBER TIME DEPARTURE NUMBER TIME

1 6.00 46 13. 19
2 6.32 47 13.25
3 6.56 48 13.30
4 7.09 49 13.38
5 7.23 50 13.52
6 7.35 51 14.00
7 7.43 52 14.06
8 7.52 53 "'.09
9 8.02 54 "'.12

10 8.08 55 14.16
11 8.21 56 14.22
12 8.31 57 14.29
13 8.40 58 "'.37,.. 8.55 59 14.48
15 9.07 eo 14.55
16 9.17 61 15.01
17 9.24 62 15.03
18 9.32 63 15.06
19 9.39 64 15.10
20 9.50 65 15.16
21 9.57 e6 15.23
22 10.08 67 ~.32

23 10.13 68 15.42
24 10.18 69 15.50
25 10.25 70 Hi.59
26 10.34 71 16.14
27 10.39 72 16.28
28 10.51 73 16.43
29 10.59 74 17.00
30 11.07 75 17.15
31 11.15 76 17.36
32 11.22 77 18.04
33 11.29 78 18.24
34 11.43 79 18.47
35 11.50 80 19.21
36 11.59 11 f9.58
37 12.09 12 20.28
38 12.20 13 20.55
39 12.29 84 21.38
40 12.35 85 21.58
41 12.45 86 22.23
42 12.53 '7 23.00
43 13.01 88 23.19
44 13.09 19 24.00
45 f3.14 90 0.28

91 0.58

COMPARISON MEASURES
•••••••••••••••••••
TOTAL NUMBER OF DEPARTURES: 91
MINIMUM SINGLE ROUTE (ROUND TRIP) REOUIRED FLEET SIZE 20



Table 30 Computer Generated Timetable of Line 217
at the Fairfax/Beverly Stop

TYPE OF HEADWAYS : BALANCED (2)

TYPE OF TIMETABLE:ONE METHOD (1)
METHOD NUMBER: • FROM INTERVAL: TO INTERVAL: 19

CLOCK HEADWAYS: NO (0)
TIMETABLE

•••••••••

DEPARTURE-NUMBER TIME DEPARTURE NUMBER TIME

1 6.00 37 13.20
2 1.36 38 13.28
3 6.59 39 13.42
4 7.1. .0 13.58
5 7.29 ., U.OB
6 7.40 .2 1•. '4
7 7 .•9 .3 14.20
8 1.02 .. 14.33
9 8.11 • S 1•.•6

10 8.2. .6 14.56
11 1.35 47 15.03
12 8 .•8 48 15.08
13 1.04 .9 15.16
U 1.16 SO 15.26
15 9.27 51 15.38
16 1.38 52 15 .•6
17 1.50 53 15.57
18 9.58 5. 16.13
19 10.10 !IS 16.28
20 10.15 56 16.45
21 10.27 57 t7 .07
22 10.37 58 17 .27
23 10.49 59 17 .54
24 10.59 60 '!-.'9
2S 11. 11 61 18.48
26 11.20 e2 19.19
27 11.30 63 19.57
28 11 .•4 6. 20.21
29 11 . !IS 65 20.54
30 12.03 66 21.32
31 12.17 67 21.57
32 12.31 61 22.24
33 12.43 19 22.59
U 12.5. 70 23.20
35 13.05 71 23.!l9
36 13.13 72 0.20

73 0.58

COMPARISON _EASURES
•••••••••••••••••••
TOTAL NUMBER OF DEPARTURES: 73
_INIMUM SINGLE ROUTE (ROUND TRIP) REQUIRED FLEET SIZE 13



tables appear in Appendix D. In program II a printout option

exists to observe the procedure to determine the minimum

required fleet size for a single route wi thout short-turns.

This pr intout is di splayed in Tables 21 and 26. The progr am

simply determines for each departure the amount of different

buses that depart before it can resume another departure, and

considers the maximum of all of these amounts associated wi th

the earlier departures. That is, in Table 21 the 38th

departure determined the minimum fleet size of 15 buses.

Several observations can be made from the results

presented in Table 20. The results of Method 4 indicate

significant resource saving in compar ison to the results of

Method 2 particularly in the south direction. This observation

can be also seen in Figure 17. The combinations of methods

used in the 5th, 14th, 21st and the 30th computer runs indicate

tha t the use of Method 4 dur ing only peak per iods does not

result in significant saving in comparison with Method 2

results. In fact the fleet size remains the same.

Consequently, the conclusion that can be drawn is that Method 4

may be particularly useful during off-peak hours an

observation which again can be seen in Figure 17. For the

south direction the clock headway timetable using ~Method 2

results in the same number of departures and fleet size measure

as Method 2 without clock headway. This may open an

oppor tuni ty to introduce the clock headway timetable shown in

Table 28 at the Fairfax/Beverly stop. It is worth mentioning

that the clock headway pattern is not maintained along the

entire route due to different running times between

timepoints. An addi tional interesting observation is that by

eliminating the number of departures to 70 and using Method 2

(31st computer run) one obtains a fleet size meas'ure higher

than by using Method 4 without restrictions (29th run) for the

case of balanced headway in the south direction. Table 20 also

demonstrates, as expected, the tendency of the comparison

measures to be the same for equal and balanced headways.



Certainly, the large number and var iety of timetables may

complicate the decision process of the schedulers. However, it

opens an opportunity to examine rapidly different timetable and

frequency scenarios. It is anticipated, however, that the

skilled scheduler will select only a few alternatives to com

pare while recognizing the full potential of the procedures. A

future task of this "applications for ADCS" project (see next

chapter) involves interaction with the SCRTD schedulers regard

ing the results presented in this chapter and the Appendices.
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Chapter 7: Conclusion and Future Tasks

Th is document presents one component of an ex tens i VI=' oro

gram to develop apolications for hus Automatic Da~a Colle~tion

systems (ADeS). The overall nescription of the oroqram is ~is

played in a flowchar t in F iqure 1 of the fir st chap ter • Th is

study, basically, provides alternative methons for constru~tinq

bus timetables using passenger load data. The procenures

developed are accompanied bv a step-by-step explani'\tion usinq

the same scheduling example throuahout the entirp. reoort. This

description is intended both to ser.ve as a qui1eline for

adequatp.lv using the methons (even for a novice scheQulp.r) a1'1n

to a llow for a sc"e~uler I s response in order to re fine anr'l

adjust the procedures as part of future endeavors.

Five major objectives of the overall oroqram to develoD

applications for ADCS were identi fied in Section 1.'. Th is

study is related directly to two obj ect i ves: ( i) improve JTla'1

agement and operations t!1rough research bv deve1opinq, i.morov

ing, validating and testinq mortels ann procedures for the bus

operational planninq l)rocess, and (ii) improve productivity a'1n

efficiency by matchinq supply and ~emand. The specific contri

butions of this study to these two objectives ann thp. po~sihle

future tasks of the "aoolic~tions for ADCS" oroqram are

described in the followina two sections.

7.1 Conclus ions

Six o~jectives are set in Section 1.2 for this stu~v. The

procedures develooed attemot to fullv accom~lish these
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objectives. The final product, described in Chanter 1;, con

sists of a set of computer programs that perform:

(i) conversion from the bus oropertv (SCRTD) main
frame files to an adequate input file,

(i i) analysis of four methods for setting bus fre
quencies,

(iii) creation of alternative timetables at a sinq1e
timepoint, and

(iv) creation of a public timetable at all the route
timepoints (this program is still in prepara
tion).

It is planned to initially test this product at SCRTD in Los

Angeles. The new and computerized techniques to derive bus

frequencies and construct alternative timetables will be evalu

ated at two levels: (1) their appropriateness for routes with

non-ADCS equipped buses in which the data is gathered manually,

(2) their appropriateness for routes with ADCS in which the

data is automatically generated. Undoubtedly, with the antici

pated reliable and vast amount of passenger load data from the

ADCS it will be possible to systematically investiqate the

variations of passenger demand. However, it is not 1ike1v that

in the near future all the routes will be operated bv ADCS

equipped buses. On the other hand the computer schedu1inQ

files will probably be based on one system rather than on two

systems which distinguish routes with and without ADCS. There

fore, careful attention must also be given to routes without

ADCS.

The outcome of this work can be generally described in

light of the six study objecti ves set forth in Section 1.2.

The procedures developed provide alternative timetables in

terms of bus departure times at one timepoint. Each timetable

is accompanied by two comparison measures which are used as an

evaluation indicator in conjunction with resource saving. The

first measure is the total required bus runs (departures) and

the second is the minimum required fleet size at the route
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level. These evaluation measures fulfill the first objective.

One set of options in selecting the procedure to construct the

timetables is referred to as balancing passenger loads on indi

vidual buses while allowing unevenly spaced headwaYs. The

underlying approach in this set of options is to shift

departure times of individual buses so that to obtain even
average loads instead of even headways. In addition, this pro

cedure ensures that while shifting the departure times the

number of bus runs and the minimum fleet size at the route

level are maintained. This balancing the loads approach ful

fills the second objective.

The th ird objecti ve of the study is to prov ide flex ible

and alternative timetables to be used in a practical scheduling

environment. This objective is fulfilled bv permitting the

scheduler to request different timetables from a var iety of

possible combinations (shown in Figure 3). By simply key

punching approximately 5 digits the scheduler can request equal

or balanced (uneven) headways, conbinations of frequency

setting methods, clock or the derived headways and also to pre

specifiy the number of departures. Part of the input to the

timetable construction program is based on different sets of

frequencies (usually non-integer derived values). The schedu

ler can either interject his own set of intuitive-or

experience-based frequencies, or can substitute some of the

derived frequencies. In this manner possible scheduling excep

tions (e. g., spec ial passenger demand due to a sport event)

could be accomplished to fulfill the fourth study's objective.

The common manual process to create timetables is often

encountered by a problem in smoothing the headways in the

transi tion segments between adjacent time per iods. The proce

dure to simply average the transitional headways does not

guarantee that the average observed loads will not exceed the

des ired bus occupancy. The procedure developed for both the

equal and balanced headways ensure, in an average sense, the

fulfillment of the desired occupancy constraint the

_00



necessity expressed in the fifth objective of this study. The

sixth and last objective is fulfilled by allowing the user

(scheduler) to request the selection of different frequency

setting methods for different time periods. In this way the

scheduler can select for peak per iods methods which are more

sensitive to resource saving (e.g., see Method 4 in Chapter 3)

and for off-peak periods methods which are more sensitive to

passenger comfort (e.g., see Method 2 in Chapter 3).

7.2 Future Research Tasks

Future research tas ks can be grouped into six categor i es

in compliance with the outlined program in Figure 1 to develop

applications for ADCS. In what follows is a brief description

of these six major task categories.

includinstimetables( i) Construction of alternative
route desi~_~lem~ts

This category represents a direct extension of the study

reported here. It includes interaction with the schedulers of

SCRTD and perhaps other bus properties regarding the potential

use of the various programs developed in this work. Based on

the schedulers' evaluation the programs will be furt~r refined

and modified.

Under this category further development of a microcomputer

based scheduling system will take place. An initial develop

ment of a microcomputer version for constructing bus timetables

is reported by Stern in Reference 12. Stern's product, nameti

TSC LINE SCHEDULER, demonstrates the generation of headway

sheets and public timetables (at all timepoints) for the hourly

max load procedure (Method 2). Extensions and modifications

for this initial work can be classified under issues of: Flex

ible options to construct timetables, data base, information

query system, evaluation procedures, report generation, and

incorporation with other scheduling tasks. Reference 12 fur

ther interpret these issues.



A major task in this category is to efficiently determine

possible short turns for a given urban bus route (a crosstown

line). One comparison measure used in this work is the minimi

zation of the required fleet size on a single route without

short turns. However, the possibility to generate shortlines

(or branches) open the opportunity to save buses while ensuring

that the loads in each route segment will not exceed the

desired occupancy. On the other hand the common used procedure
by bus properties to determine short turns is based only on

visual observation of the load profile. A potential new turn

point or new route departure point is determined a~ the nearest

adequate timepoint to a point in which a sharp decrease or in

crease in passenger load is observed. This procedure is intui

tively correct. However, the schedulers do not know if

actually all the short turns are needed to reduce the minimum

required buses. A future task can investigate this issue while

attempting to fulfill the objective of minimizi~~~~~um~er~!

short turns provided that the minimum fleet size is main

tained. In this way the maximum benefit will be attained to

both operator and passengers.

(ii) Dynamic pattern~s~: variability of passenger loads
and runnin~ times

This category includes tasks to analyze extensive amounts

of running time and load data collected by ADCS. The purpose

of this task category is three-fold:

(i) to organize the ADCS data in a manageable and
adequate form in conjunction with the input
data required for schedule construction and
ajustments~

(ii) to recommend the amount and type of running
time and load data that need to be storedi

(iii) to address and attempt to answer the question
of how often to update the ride check and point
check data using various sampling techniques.



The basic organized and filed data shall include valid statis

tical measures (e.g., mean and standard deviation) of the

running times and loads by day-of-the-week, time of day, loca

tion and direction of travel. These measures will be

accompanied by additional information: number of buses from

which the data were collected, type of buses, route number,

desired occupancy (load factor), headway policv, distances

between stops, information about individual drivers and other

useful characteristics.

Time-ser ies and other statistical analyses shall be per

formed on the organized data. This investigation mav include:

(a) to screen out inadequate data (outliners, in
complete information, etc.)

(b) to identify probability density functions for the
ride check (load profile and running time for
each segment) and point check (max load stop) data

(c) to establish patterns of variations (significant
differences) regarding load profile, max load and
running time data

(d) to perform a trend analysis on cyclic effects and
singular events, weekly and seasonal effects and
weekends and holiday effects

(iii) !~act of run times on practical schedule develop
ment methods-- -

This task category shall address the relationship between

run time data and its variability and bus scheduling metho(ls.

The purpose of these tasks is four-fold:

(i) to identi fy all the components in the schedul
ing tasks that are dependent on bus running
timesf

(ii) to establish the desired input running time
data for each component identified in (i)

(iii) to develop deterministic and stochastic methods
for adequately arranging the running time (in
put) data for each related scheduling procedure
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(iv) to examine the variation of the irregularity
sources that affect the runninq time variation.

These tasks primarily involve a review of bus properties to

identify various scheduling approaches in which the running

time data are considered. One such apprach, utilized in Los

Angeles, is to consider different running times between each

two timepoints. This information is used for creating the

timetables (departure times) by going backward an~ forward from

the max load timepoint to all the other timepoints.

This category shall particularly emphasize ,·the required

running time data (in format and amount) for the bus schenuling

(block generation) tasks. The specified data should ease the

scheduler's task of minimizing the number of blocks for a given

timetable.

In addition to preparing adequate running time input for

the scheduling components, these tasks shall attempt to con

struct a model that exhibits reliability issues in terms of run

time variability sources. The model may evaluate changes in

the running times based on the followinq five sources of run

time variability: (1) different number of boarding passengers,

(2) different boarding times of passengers, (3)'- different

travel times between bus stops, (4) probability of buses

stopping at stop, and (5) undisciplined departures from termi

nals.

(iv) Simulation of bus routes for scheduling improvement~

This task category shall develop a bus simulation model

capable of analyzing alternative schedules and schedule adjust

ments. The basic input data for the model will be supplied bv

the ADCS in Los Angeles. The purpose of these tasks is two

fold:

(i) to examine alternative schedules and to
determine the best schedule in terms of
resource saving while providing adequate level
of service to the passengers~
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(ii) to provide an analytical tool for efficiently
evaluating various dispatching, regulating anc'l
other operational strategies.

Initial development of these tasks is presently performed bv

Marguier and Wilson (Ref. 13). Thev established an initial

simulation model and are now in the process of extending it

with the use of SCRTD ride check data.

The fully developed simulation model should be base~ unon

verified stochastic processes including: (1) passenger arrival

patterns, (2) bus running times, (3) passenger boarding anc'l

alighting times, (4) bus dewll times, and (5) passenger waitina

strategies for overlapping sections. In addition, t~e simula

tion model should be flexible enough to allow different traffic

conditions in order to assess crucial measures such as delay

and disruption. Prior to the simulation runs, the ADCS data

should be analyzed with respect to the variability of passenger

demand and bus running times by day-of-the-week, time of dav,

location, direction of travel and possibly variations amonq

drivers.· The output of this analysis will be part of the in

put to the simulation model in order to test different var ia

tion scenarios.

This research may also evaluate alternative schedules and

various control tactics for three types of route operation:

(a) single route with two dispatching points

(b) two routes with three dispatching points (with
possible overlapped end/start segment)

(c) two routes with four disptaching points (with an
overalapped mid-segment)

Data for the first type and partially for the 'Second tvpe

are available from the ADCS in Los Angeles. The remainIng

route operations should determine (given a schedule and control

• See category (ii)
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tactic} the required number of bus runs, the requiren fleet

size, bus utilization and measures of passenger level of serv
ice.

(v) Bus scheduling QEtimization (generation of blocks):
GraEhi9~1 and inter!ctive techniques

This category shall exploit, to the greatest extent poss

ible, the capabilities of a graphical interactive vehicle

scheduling procedure on both the mainframe and micro

computers, for improving the process of assigning buses to

trips. The purpose of these tasks is three-fold:

(i) to develop a graphical representation (dis
play) of the vehicle schedule in a way that it
will serve as a diagnostic tool to improve
scheduling (reduction of the required fleet
size or the number of blocks)

(ii) to improve the quality of information avail
able to the schedulers, Le., to prepare
adequate input data and explici t data display
(e.g., trip time and its variability, indica
tion of the required trips by type, dead
heading time matrix, etc.)

(iii) to allow for a man-machine interactive
approach using three modes of operations:
manual, automatic and the combination of auto
matic and manual.

The inEut to the developed techniques should be based on:

Trip Time Variability, a given Timetable (departure times and

estimated arrival times), Departure Time Tolerances (intervals

in which the scheduler is allowed to adjust departure times),

Dead-Heading Times, and Garage locations and characteristics.

The outE~ of the program will consist of: Revised Timetable,

Fleet Size, Bus Assignments (blocks) and Garage Status.

The main scheduling program will be comprised of five

phases:

(a) Graphical display construction and file manipula
tion.



(b) Fleet reduction through shor tening tr ip times and
shifting departure times.

(c) Fleet reduction through inserting dead-heading
trips (with shifting)

(d) Balancing dead-heading trips according to garage
and depot capacity.

(e) Generation of alternative block constructions.

After developing the program, the procedures should be

tested with Los Angeles Data. The final task in this category
is to evaluate the accuracy and practicability of the sugqested

scheduling techniques.

(v i) Improv ing the Route Level Management: _~~luati2~

2f sho.!.!:term schedulin~ c:h_i!..!!.ges as Su~~tlt~!~d1or
operatlonal controls

Th is tas k category shall be based on exper iments to be
per formed directly with the ADCS in Los Angeles. The purpose
of these tasks is three-fold:

(i) to test various operational tactics (through
radio conununications) to control at;>propriatelv
the bus movements

(ii) to prepare experience-based guidelines for the
superv isors (dispatchers) regarding the use of
adequate control tactics

(i i i) to evaluate whether these operational
tions can be effecti vely dealt with
short-term scheduling changes

situa
through

This project will be comprised of 5 main phases:

(a) preparing work plan to be implemeted to the ADCS
control room in Los Angeles

(b) testing the various control strategy scenarios

(c) analyzing the ADCS data

(d) performing a second test (if required)

(e) preparation of guidelines
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The work plan should consist of list of tactics to be

applied separately, a list of combination of tactics to be

applied, the length of time to test each control strategy, and

description of the locations and situations in which the

tactics will be used. This plan should be carefully built in a

systematic manner together with experienced planners and field

superv isors.

It is anticipated

enable the d ispatcher to

actions as well as tools

tactics that can be tested

that the developed guidelines will

use control strateg ies as preventive

for corrective action. The possible

are:

(1) hold buses at particular points;

(2) decide about coordinate and uncoordinated skip
stops;

(3) change trip start time;

(4) adjust schedule;

(5) transfer passengers and turn particular buses;

(6) decide on passenger "discharge only" operation;

(7) change to nonstop or express mode;

(8) switch drivers (or crew);

(9) use standby drivers (or crew);

(10) insert standby buses into service;

(11) operate "out of service" buses to particular
points; and

(12) alter route temporarily.

These six categories of future tasks will attempt to

demonstrate the possible benefits that can occur to both opera

tors and passengers when using new and improved procedures for

bus operations planning. The procedures to be developed will

be espec ially based on ADCS. Undoubtedly, as these research

tasks will take place more knowledge will be gained and further

uses of the new ADCS technology will emerge.
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FILE: M217NTST DATA A1 VM!SP CONVERSATIONAL MONITOR SYSTEM PAOE 001

217 'STD.' 'A' 80 121 80 0 0 19
'ADAMS IWASHINGT' 'FAIRFAX IADAMS , 'FAIRFAX IWASHINGT' 'FAIRFAX IAPPLE
'FAIRFAX IVENICE ' 'FAIRFAX IVENICE F' 'FAIRFAX 118TH , 'FAIRFAX IAIRDROME'
'FAIRFAX IPICkFORD' 'FAIRFAX ISATURN , 'FAIRFAX IPICO , 'FAIRFAX IPACkARO '
'FAIRFAX IWHITWORT' 'FAIRFAX 10LYMPIC ' 'OLYMPIC 100DEN , 'FAIRFAX ISAN VICE'
'FAIRFAX 18TH ST. , 'FAIRFAX IWILSHIRE' 'FAIRFAX 16TH ST , 'FAIRFAX !OREXEL
'FAIRFAX 13RO ST , 'FAIRFAX 11ST ST. ' 'FAIRFAX IBEVERLY , 'FAIRFAX IOAkWOOO '
'FAIRFAX IROSEWOOD' 'FAIRFAX IMELROSE ' 'FAIRFAX IWILLOWGH' 'FAIRFAX !SANTA MO'
'FAIRFAX IFOUNTAIN' 'FAIRFAX ISUNSET , 'SUNSET IGENESEE ' 'SUNSET ISTANLEY ,
'SUNSET IOARDNER ' 'SUNSET IMARTEL , 'SUNSET IPOINSETT' 'LA BREA !SUNSET
'LA BREA IHOlLYWOO' 'HOllYWOO/SYCAMORE' 'HOlLYWDO/ORANGE

, 'HOLlYWOO/HIGHlAND'
'HOllYWOO/LAS PALM' 'HOllYWOO/WHITlEY , 'HOllYWOO/WllCOX , 'HOLlYWOO!CAHUENGA'
'HOllYWDO/IVAR , 'HOllYWDO/VINE ' 'ARGYLE IHOllYWOO' 'ARGYlE IYUCCA
, FRANkl IN!ARGYl[ , 'GOWER IFRANkllN' 'BEACHWOO/FRANKlIN' 'BEACHWOO/MIOWAY
'BEACHWOO/SCENIC ' 'BEACHWOO/TEMPlE H' 'BE ACHWOO/WINANS ' 'BEACHWOo/CHEREMOY'
'BEACHWOO/GLEN ALO' 'BEACHWOO/oLEN OAk' 'BEACHWOO/WESTSHIR' 'BEACHWOO!WESTSH F'
0.160.260.27 0.280.270.270.240.240.240.24 0.24 0.26 0.26 0.00 0.240.22 0.24 0.29 0.29 0.29
0.290.290.34 0.39 0.34 0.39 0.34 0.39 0.35 0.29 0.29 0.29 0.29 0.29 0.29 0.30 0.180.180.180.18
0.18 0.18 0.18 0.19 0.19 0.19 0.19 0.19 0.27 0.11 0.16 0.18 0.18 0.16 0.18 0.18 0.18 0.19 0.21 0.00
0600 0700 6 2.0 60 13 21 22 25 29 37 40 40 45 48 56 59 63 59 59 70 66 54 55 54

411 48 44 52 49 46 44 33 35 32 31 30 31 32 33 36 36 36 32 19
16 15 14 11 9 3 4 3 2 2 2 2 2 2 1 1 1 1 0 0

0700 0800 10 2.0 70 27 88 89 101 112 124 119 131 151 167 217 228 250 244 332 359 357 363 369 376
401 400 392 391 370 113 112 90 92 70 69 71 73 75 73 65 62 65 62 33

28 22 21 20 16 14 20 20 f6 8 11
,.

fO 9 7 7 7 7 7 0
0800 0900 II 2.0 70 115 1411 160 163 183 217 f88 192 195 211 246 252 257 275 278 325 330 349 351 355

370 366 354 351 326 175 173 140 134 95 90 92 85 82 77 70 68 67 66 49
45 ..2 40 36 33 19 17 17 17 13 11 11 11 10 10 9 7 7 6 0

0900 1000 8 2.0 60 24 39 "II 51 53 84 83 89 94 97 116 120 125 130 152 171 175 236 238 234
234 232 232 237 246 165 155 148 153 132 133 135 132 131 127 122 118 118 112 84

77 82 94 .... 33 17 20 19 16 11 12 11 10 9 9 6 6 6 6 0
1000 1100 8 2.0 50 11 18 22 26 37 92 51 92 48 58 83 91 98 108 123 144 150 288 291 291

261 289 249 271 2118 245 238 154 149 127 125 127 117 110 118 113 tt6 116 tt2 90
113 87 82 61 50 31 31 30 2f 10 8 8 7 7 7 7 6 6 2 0

1100 1200 7 2.0 50 11 27 32 3.. 43 44 45 49 50 50 78 80 87 98 99 124 128 250 257 258
298 298 252 2112 292 265 246 174 172 144 143 135 124 116 115 106 98 104 107 94

119 78 86 66 57 39 35 28 22 16 9 6 5 4 4 3 3 3 3 0
1200 1300 8 2.0 50 8 28 29 29 37 91 52 5.. 54 55 84 87 90 103 116 141 , ..5 35.. 363 381

3311 339 314 315 327 308 291 216 208 172 170 171 165 164 171 163 156 155 152 130
120 111 105 90 73 35 32 32 29 21 15 14 13 10 5 5 4 2 2 0

1300 '''00 II 2.0 50 4 II 15 16 22 38 39 42 42 45 95 98 100 120 142 181 188 356 365 378
381 3119 362 366 376 378 358 292 281 249 248 248 240 228 220 211 199 192 176 141
128 92 84 80 61 33 44 44 34 2f 12 12 tt 9 6 4 4 4 3 0

1400 1500 8 2.0 90. 10 16 23 23 26 36 31 38 40 39 73 76 18 99 103 142 164 342 347 350
367 373 393 352 367 365 , 344 273 244 210 206 206 210 208 193 f77 112 165 166 154
140 116 108 96 84 68' 69 68 41 27 25 25 16 14 13 10 8 8 0 0

1500 1600 10 2.0 60 9 19 20 23 34 48 57 60 60 60 94 96 96 86 104 149 156 397 398 398
412 422 409 416 4f8 421 406 322 300 210 269 260 249 236 232 222 213 208 197 f85
168 144 13f f23 ttf 81 9f 81 64 53 49 48 4.4 44 39 34 30 26 5 0

1600 1700 8 2.0 70 16 24 35 40 60 78 78 77 18 73 105 105 f04 122 129 151 170 382 386 391
454 440 459 467 481 439 4tt 353 321 '80 287 288 274 263 260 252 242 2:15 204 "'6
141 129 tt9 107 98 13 83 19 59 38 21 19 17 14 13 11 10 8 5 0

1700 1800 9 2.0 10 23 38 40 45 51 60 61 65 67 63 91 98 98 99 115 134 158 343 343 339
367 368 377 310 371 370 353 299 283 '64 259 253 24 I 228 222 218 206 194 179 146
139 116 9A A5 A4 67 66 64 47 30 24 19 IA 13 12 7 5 4 2 0
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1800 1900 6 2.0 60 18 23 23 2.. 32 37 37 35 35 31 49 ..7 53 5.. 6.. 73 77 190 189 191
205 206 218 220 21" 201 19t 17t 157 t44 146 145 138 128 129 132 127 122 113 88

85 68 58 50 ..7 ..7 ..7 .... 25 10 7 5 4 3 1 1 1 t 1 0
1900 2000 5 2.0 80 8 12 15 '" 19 21 20 19 19 18 30 30 31 38 39 ..0 ..2 9t 9.. 93

101 10" 98 106 102 t01 9t 97 89 80 80 77 83 82 81 86 81 78 75 65
58 ..3 38 "0 35 25 20 15 tot 8 4 2 2 2 1 1 1 1 0 0

2000 2100 3 2.0 50 2 3 3 3 3 7 6 8 9 9 1 t 11 t4 t6 16 17 18 "0 '" ..2
56 5" 59 57 57 51 51 45 42 44 42 43 43 40 38 39 36 38 36 33
31 21 18 16 1.. 14 16 13 10 8 6 5 5 3 3 3 2 2 0 0

2100 2200 3 2.0 50 3 7 8 8 6 8 8 11 12 13 12 12 12 12 12 15 16 24 27 27
37 37 44 48 50 41 45 50 ..9 48 48 46 46 47 55 54 56 56 5.. 55
55 53 ..4 41 29 24 24 21 17 6 3 3 3 3 3 3 1 1 0 0

2200 2300 2 2.0 50 2 2 6 6 9 to 9 9 9 9 14 15 15 18 18 19 19 36 34 34
38 39 .... 51 5t 50 48 51 49 48 47 48 45 45 46 45 42 ..5 43 35
34 31 27 25 24 17 15 t 1 8 0 0 0 0 0 0 0 0 0 0 0

2300 2"00 2 2.0 50 5 5 5 5 5 6 6 1 1 7 8 8 9 10 10 12 13 18 18 t8
19 19 20 22 20 20 19 19 20 20 20 18 17 17 18 t7 16 17 17 16
15 13 13 13 10 9 10 9 6 0 0 0 0 0 0 0 0 0 0 0

2..00 2500 2 2.0 50 1 1 1 1 2 3 3 3 3 3 4 4 4 5 5 6 6 8 8 9
9 9 9 9 8 8 8 4 4 4 4 4 4 4 4 2 1 1 1 2
2 2 2 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

9999



Appendix B: Data for Program II (Bustime)

The BUSTlME program reads two data files. The"first is a

parameter file consisting of the following data:

one record containing the

B.

1 = equal headways
2 = balanced headways

one record

c. Methods Data -- one record per option with the
followIng-data:

l. First period in which the option is
operated.

2. Last period in which the option is
operated.

D.

3. Method used to determine frequency.

c!.~£~J!~!~~!Y2~!!£!!-- one record containing the
SWltCn:

1 = clock headways
o = otherwise

E. ~p~~!!!~~_P_~'!!_t:-.I!!_es --. one record containing a
speclfled number or dally trips, or a ·0" if
trips are not specified.

An example is shown below where method 4 is used in the

peaks and method 2 during the rest of the day.



2
5
2 1 1
4 2 3
2 4 11
4 12 13
2 14 19
0
0

The second file read by BUSTlME is a data
the RIDCHK program. The file prepared
(northbound) is shown on the following pages as

file produced bv
for route 217

an example.

The file consists of the following groups of records:

A. Si!~ -- one record containing the following data:

1. Number of time periods
2. Number of methods
3. Number of "trips" (including dummy trips

at end of each period).

B. Time Period Data -- one record for
period containing the following data:

each time

1.
2.
3.
4.
s.
6.

Per iod number
Start time
End time
Duration (in minutes)
Cycle time including layover
Bus frequency calculated
method.

(in minutes)
using each

C. Trip Data -- one record for each trip containing
the following data:

1. Period number
2. Trip number
3. Time of previous trip
4. Time of trip
S. Interval from previous trip (in minutes)
6. Load at daily maximum load point
7. Load at period maximum load point
8. Passenger-kilometers
9. Passenger-kilometers
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19 .. 135
1 06.00 07.00 80 77 2.00 2.00 2.00 2.00
2 07.00 08.00 60 96 !L 29 5.73 !L01 5.11
3 08.00 09.00 60 98 4.86 5.29 4.63 4.72
4 09.00 10.00 60 96 4.10 ".10 3.07 3.07
S 10.00 11.00 60 108 5.76 5.82 3.64 4.93
6 11.00 12.00 60 108 5.84 5.84 3.65 5.03
7 12.00 13.00 60 108 6.54 7.62 4.76 6.16
8 13.00 14.00 60 118 7.52 7.70 ".81 7.21
9 14.00 15.00 60 118 7.34 7.46 4.66 6.96

10 15.00 16.00 60 114 6.97 7.12 5.34 6.73
11 16.00 17.00 60 -114 6.87 6.87 6.01 6.01
12 17.00 18.00 60 114 5.30 5.39 4.71 4.90
13 18.00 19.00 60 114 3.57 3.67 2.7S 3.25
14 19.00 20.00 60 98 2.00 2.00 2.00 2.00
15 20.00 21.00 60 98 2.00 2.00 2.00 2.00
16 21.00 22.00 60 98 2.00 2.00 2.00 2.00
17 22.00 23.00 60 98 2.00 2.00 2.00 2.00
18 23.00 24.00 60 98 2.00 2.00 2.00 2.00
19 24.00 2S.00 60 98 2.00 2.00 2.00 2.00

1 1 06.00 06.0" 4 0 0 7 7
1 2 06.04 06.18 t4 0 0 9 9
1 3 06.18 06.30 12 14 18 117 117
1 4 06.30 06.40 10 18 23 , ..9 , ..9
1 S 06.40 08.48 8 5 1 33 33
1 6 06.48 06.56 8 8 28 127 127
1 7 06.56 07.00 .. 4 0 10 10
2 8 07.00 07.03 3 3 2 to 10
2 9 07.03 07.11 8 32 31 238 236
2 10 07. t 1 07. 19 8 1S 16 83 83
2 11 07. 19 07.28 9 S, S4 357 357
2 12 07.28 07.35 7 29 39 117 117
2 t3 07.35 07.40 5 40 45 172 172
2 t .. 07."0 07 ..... .. 38 ..3 258 258
2 15 07.44 07.47 3 22 23 53 53
2 18 07.47 07.53 6 63 67 391 391
2 17 07.53 07.59 8 70 72 267 267
2 18 07.59 08.00 t 7 9 64 64
3 19 08.00 08.07 7 S" 67 447 447
3 2008.07 08.14 7 55 65 "06 406
3 21 08.14 08.22 8 26 36 256 256
3 22 08.22 08.29 7 20 16 108 108
3 23 08.29 08.36 7 43 ..7 323 323
3 24 08.36 08 ..... 8 60 71 372 372
3 25 08.44 08.52 8 37 45 192 192 ..
3 28 08.52 09.00 8 31 23 109 109
4 27 09.00 09.07 7 51 51 352 352
4 28 09.07 09.15 8 28 28 144 144
4 2909.1509.22 7 34 34 292 292
4 30 09.22 09.30 8 33 33 159 159
4 31 09.30 09.37 7 33 33 276 276
4 32 09.37 09.45 8 23 23 91 91
4 33 09.45 09.52 7 17 17 116 116
4 34 09.52 10.00 8 27 27 159 159
5 35 10.00 10.07 7 28 37 226 226
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5 36 10.07 10.15 I 32 23 140 140
5 37 10.15 10.22 7 . 30 33 201 201
5 31 10.22 10.31 9 38 31 198 196
5 39 10.31 10.38 7 41 SO 268 266
5 "0 10.38 10.45 7 35 33 166 166
5 41 10."5 10.52 7 37 31 185 185
5 42 10.52 11.00 8 49 53 2.. , 2 .. ,
8 ..3 11.00 11.08 8 21 21 192 192
8 4 .. 11.08 11.16 8 63 83 296 296
8 ..5 11. 18 11.23 7 51 !l1 220 220
8 ..6 1 1. 23 11. 3 1 8 20 20 108 108
6 ..7 11.31 11.38 7 35 35 291 291
6 48 1 1. 38 11. ..6 8 3.. 34 '''5 145
8 ..9 11. ..8 11. 53 7 33 33 198 198
6 50 1 t. 53 12.00 7 35 35 166 166
7 !l1 12.00 12.01 1 5 2 2.. 2 ..
7 52 12.01 12.08 7 4.. 80 335 335
7 53 12.08 12.16 8 52 SO 263 263
7 5.. 12.18 12.23 7 18 2S 193 193
7 55 12.23 12.31 8 S3 S3 2ft 2ft
7 .56 12 . 3 1 12. 38 7 "8 53 381 381
7 57 12.38 12."6 8 50 ..3 287 287
7 58 12."6 12.53 7 28 .... 212 212
7 59 12.53 13.00 7 29 31 122 122
8 60 13.00 13.01 1 .. 3 17 17
8 61 13.01 13.08 7 82 77 551 551
8 62 13.08 13.16 8 ..9 80 256 256
8 63 13.16 13.23 7 3.. .... 250 250
8 6 .. 13.23 13.31 8 8 .. ..6 305 305
8 65 13.3.1 13.38 7 27 "0 250 250
8 66 13.38 13."6 8 21 32 157 157
8 67 13."6 13.53 7 50 ..6 303 303
8 68 13.53 '''.00 7 "5 37 270 270
9 69 '''.00 '''.0' 1 6 5 38 38
9 70 1... 01 '''.10 9 71 69 ..72 ..72
9 71 '''.10 '''.'8 8 S2 .. 3 280 260
9 72 ,,,. 18 '''.26 8 9 9 123 123
9 73 14.26 '''.33 7 52 57 2..0 240
9 74 '''.33 1.....0 7 59 52 398 398
9 75 1.....0 1.....7 7 18 16 88 88
9 76 1.....7 '''.54 7 "0 ..6 282 282
9 77 14.54 15.00 6 40 49 228 226

10 78 15.00 15.02 2 14 13 78 78
10 79 1!L02 15.09 7 2.. 39 314 31 ..
10 80 15.09 15.15 8 • 0 13 82 62
10 81 15.15 15.18 1 59 59 3"0 340 '. ,
10 82 15.16 15.24 8 61 51 "07 "07
10 83 15.24 15.32 8 30 35 218 218
10 84 15.32 15.39 7 73 71 517 517
10 85 15.39 15."6 7 58 58 262 262
10 86 15."6 15.53 7 37 33 228 228
10 87 15.53 16.00 7 62 55 2..9 249
1 1 88 16.00 16.07 7 67 67 380 380
11 89 16.07 16. t4 7 59 59 330 330
ft 90 16.14 16.21 7 22 22 167 167



-
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11 91 16.21 18.28 7 80 60 290 290
11 92 16.28 16.35 7 83 83 529 529
11 93 16.35 16.42 7 27 27 111 111
11 94 16.42 16.49 7 91 91 508 508
11 95 16.49 16.56 7 34 34 183 183
11 96 16. 56 17.00 .. 38 38 317 317
12 97 17.00 17.03 3 29 31 237 237
12 98 17. 03 17. 10 7 35 37 212 212
12 99 17. 10 17. 17 7 ..8 42 294 294
12 100 17.17 17.24 7 78 78 412 412
12 101 17.2" 17.31 7 36 38 270 270
12 102 17.31 17.38 7 20 23 141 141
12 103 17.38 17.45 7 23 23 183 183
12 104 17.45 17.52 7 45 49 210 210
12 105 17.52 18.00 8 57 56 462 462
13 106 18.00 18.09 9 17 18 91 91
13 107 18.09 18.18 9 52 56 374 374
13 108 18.18 18.27 9 25 25 139 139
13 109 18.27 18.37 10 ., 42 297 297
13 110 18.37 18.47 10 36 37 216 216
13 111 18 .•7 18.56 9 36 36 200 200
13 112 18.56 19.00 .. 7 6 52 52
14 113 19.00 19.06 6 10 9 81 81
14 114 19.06 19.17 11 19 22 , ..5 145
14 1t5 t9.17 19.33 18 2" 25 163 163
,. 116 19.33 19."5 12 20 21 135 135
, .. 117 19."5 19.59 1.. 27 27 207 207
14 118 19.59 20.00 1 2 2 10 10
15 t19 20.00 20.1" 1.. 17 18 135 t35
15 120 20.14 20.34 20 21 22 108 108
15 121 20.3" 20.5" 20 13 12 87 87
15 122 20.5" 2t.00 8 6 7 41 4t
18 t23 21.00 21.14 14 17 10 95 95
16 12.. 21.1" 21.3" 20 14 16 145 t45
16 125 21.3" 21.5. 20 14 26 121 121
16 126 21.54 22.00 6 5 .. "0 40
17 127 22.00 22.14 14 13 13 98 98
17 128 22.14 22 ..... 30 28 28 181 181
17 129 22.". 23.00 16 10 10 93 93
18 130 23.00 23.1" 14 9 10 79 79
18 131 23.14 23."4 30 7 8 57 57
18 132 23 .•" 24.00 16 .. .. 35 35
19 133 24.00 2".1" 1.. 3 !5 31 3t
19 134 24.14 2".44 30 • 4 2 15 15
19 135 2.....4 25.00 16 1 2 6 6
19 136 25.00 25.00 0 0 0 0 0

..



FILE: B2175T5T DATA A1 VM/5P CONVERSATIONAL MONITOR SYSTEM PAGE 001

19 4 141
1 06.00 07.00 80 77 2.40 2.45 2.00 2.10
2 07.00 08.00 50 98 4.71 5.30 4.64 4.73
3 08.00 09.00 80 98 5.83 5.88 5. 13 5. 13
4 09.00 10.00 80 98 8.87 8.93 5.20 5.49
5 10.00 11.00 80 108 7.84 7.84 4.90 8.00
6 11.00 12.00 60 108 8.68 7.04 4.40 5.60
7 12.00 13.00 60 108 6.80 8.80 4.25 4.95
8 13.00 14.00 60 118 7.56 8.18 5.10 5.58
9 14.00 15.00 80 118 9.70 9.88 6.16 6.36

10 15.00 18.00 60 114 9.42 9.42 7.06 7.06
11 18.00 17.00 80 114 3.87 3.97 3.47 3.47
12 17.00 18.00 80 114 2.70 2.81 2.48 2.46
13 18.00 19.00 60 114 2.13 2.28 2.00 2.00
14 19.00 20.00 60 98 2.00 2.00 2.00 2.00
15 20.00 21.00 80 98 2.00 2.00 2.00 2.00
18 21.00 22.00 80 98 2.00 2.00 2.00 2.00
'7 22.00 23.00 60 98 2.00 2.00 2.00 2.00
'8 23.00 24.00 60 98 2.00 2.00 2.00 2.00
19 24.00 25.00 60 98 2.00 2.00 2.00 2.00

1 , 06.00 06.02 2 19 19 133 '33, 2 06.02 06.17 HI 10 8 58 58
1 3 06.17 06.29 12 27 28 205 205, 4 06.29 06.40 11 18 19 98 98
1 5 06.40 06.47 7 28 30 247 247
1 6 06.47 06.56 9 17 17 70 70
1 7 06.56.07.00 4 27 28 14' 141
2 8 07.00 07.03 3 20 17 105 '05
2 9 07.03 07.11 8 28 32 203 203
2 10 07. " 07. ,. 8 44 45 324 324
2 11 07. 19 07.26 7 35 30 158 158
2 '2 07.26 07.35 • 58 56 367 367
2 13 07.35 07.43 8 52 69 328 326
2 14 07.43 07.52 9 53 75 502 502
2 15 07.52 08.00 8 42 47 200 200
3 14' 08.00 08.07 7 80 88 422 422
3 17 08.07 08.15 8 35 28 278 276
3 1808.1508.23 8 55 65 309 309
3 19 08.23 08.30 7 51 45 293 293
3 20 08.30 08.38 8 57 63 292 292
3 21 08.38 08.45 7 50 53 319 319
3 22 08.45 08.53 8 15 16 113 113
3 23 08.53 09.00 7 51 54 295 295
4 24 09.00 09.08 8 31 35 165 165
4 25 09.08 09.15 7 • 45 44 282 282
4 26 09. 15 09.23 8 52 82 261 261
4 27 09.23 09.30 7 47 55 277 277
4 28 09.30 09.38 8 64 72 258 258
4 29 09.38 09.45 7 21 21 191 191
4 30 09.45 09.53 8 83 66 335 335
4 31 09.53 10.00 7 57 61 344 344
5 32 10.00 10.01 1 8 8 50 50
5 33 10.01 10.06 5 18 18 113 113
5 34 10.06 10.08 2 4 4 25 25
5 35 10.08 10.16 8 91 91 4BB 4BR



-
FILE: B217STST DATA A1 VM/SP CONVERSATIONAL MONITOR SYSTEM PAGE 002

5 36 10.16 10.24 8 57 57 229 229
5 37 10.24 10.32 8 33 33 244 244
5 38 10.32 10.40 8 81 81 342 342
5 39 10.40 10.48 8 26 26 221 221
5 40 10.48 10.56 8 47 47 229 229
5 41 10.56 11. 00 4 27 27 208 208
6 42 11.00 11.03 3 21 28 159 159
6 43 11 .03 11 . 1 1 8 27 29 139 139
6 44 11.11 11.18 7 36 56 304 304
6 45 11.18 11.26 8 68 68 308 308
6 46 11 . 26 11 . 33 7 25 26 205 205
6 47 11. 33 11. 4 1 8 27 25 145 145
6 48 11.41 11.48 7 57 47 272 272
6 49 11.48 1 1. 56 8 50 52 245 245
6 50 11 . 56 12 . 00 4 23 21 205 205
7 5 1 12 . 00 12 . 04 4 23 23 202 202
7 52 12.04 12.11 7 31 31 132 132
7 53 12.11 12.18 7 36 36 250 250
7 54 12. 18 12. 26 8 20 20 120 120
7 55 12.26 12.34 8 81 81 393 393
7 56 12.34 12.41 7 32 32 201 201
7 57 12.41 12.48 7 42 42 251 251
7 58 12.48 12.56 8 53 53 331 331
7 59 12.56 13.00 4 22 22 132 132
8 60 13.00 13.04 4 23 24 135 135
8 6113.0413.11 7 43 50 258 258
8 62 13. 11 13. 18 7 81 71 449 449
8 63 13.18 13.26 8 67 73 347 347
8 64 13.26 13.34 8 51 82 385 385
8 65 13.34 13.41 7 14 13 90 90
8 66 13.41 13.49 8 21 26 152 152
8 87 13.49 13.57 8 80 50 219 219
8 68 13.57 14.00 3 18 19 57 57
9 69 t4.oo 14.02 2 12 15 38 38 ~

9 70 14.02 14.07 5 49 49 265 285
9 71 14.07 14.10 3 67 68 296 296
9 72 14.10 14.14 4 41 47 183 183
9 73 14.14 14.21 7 71 70 476 476
9 74 14.21 14.29 8 54 54 268 268
9 75 14.29 14.37 8 50 50 272 272
9 78 14.37 t4.44 7 18 17 147 147
9 77 14.44 14.5t 7 63 63 429 429
9 78 14.51 14.59 8 40 40 210 210
9 79 14.59 15.00 1 20 20 64 64

10 80 15.00 15.0t 1 20 20 65 65
10 8 1 15.01 t 5.03 2 60 60 22t 221
10 82 15.03 15.06 3 54 54 326 326
10 83 15.06 15.10 4 61 61 224 224
10 84 15.10 15.13 3 26 26 124 124
to 85 15.13 15.19 6 69 69 379 379
10 86 15.19 15.25 6 40 40 194 194
10 87 15.25 15.32 7 48 48 309 309
10 88 15.32 15.40 8 45 45 257 257
10 89 15.40 15.47 7 47 47 427 427
10 90 15.47 15.54 7 58 58 263 263



.-
FILE: B217STST DATA A1 VM/SP CONVERSATIONAL MONITOR SYSTEM PAGE 003

10 91 HI. 54 18.00 8 37 37 260 260

" 92 te.oo te.01 1 8 5 43 43

" 93 HI-01 16.09 8 33 35 213 213
1 1 94 HL09 16. te 7 29 33 278 278

" 95 16.16 18.23 7 20 18 156 156

" 96 18.23 16.31 8 73 78 500 500

" 97 18.31 16.39 8 13 10 79 79
1 1 98 18.39 18.45 8 33 40 297 297

" 99 16.4! 16.53 8 27 23 161 161
11 100 16.!3 17.00 7 37 38 279 279
12 101 17.00 17.01 1 5 6 41 41
12 102 17.01 17.08 7 17 18 129 129
12 103 17.08 17.15 7 4! 4! 255 255
12 104 17.15 17.23 8 2! 24 180 180
12 10S 17.23 17.30 7 19 26 216 216
12 106 17.30 17.38 8 35 2! 172 172
12 107 17.38 17.4! 7 14 16 177 177
12 108 17.45 17.53 8 17 21 125 125
12 109 17.53 18.00 7 12 16 124 124
13 110 18.00 18.01 1 1 3 17 17
13 111 18.01 18.08 7 23 18 143 143
13 112 18.08 18.13 5 24 29 221 221
13 113 18.13 18.21 fI 1 1 10 71 71
13 114 18.21 18.30 9 29 32 218 218
13 115 18.30 18.40 10 30 37 245 245
13 116 18.40 18.50 10 4 3 54 54
13 117 18.50 19.00 10 6 5 70 70
14 118 19.00 19.10 10 24 24 171 171
14 119 19.10 19.20 10 11 7 55 55
14 120 19.20 19.28 8 11 9 77 77
14 121 19.28 19.41 13 4 12 78 78
14 122 19.4' 19.56 15 10 13 95 95
14 123 19.56 20.00 4 4 5 38 38
15 124 20.00 20.11 " 13 1 1 107 107
15 125 20.1120.28 15 9 12 96 96
15 126 20.28 20.41 HI 6 22 107 107
15 127 20.41 20.56 15 7 9 65 65
15 128 20.56 21.00 .. 2 1 12 12
16 129 21.00 21.18 16 8 5 !9 59
16 130 21.16 21.38 20 12 13 131 131
16 131 21.38 21.58 22 16 24 162 162
16 132 21.58 22.00 2 0 1 9 9
17 133 22.00 22.28 28 12 14 102 102
17 134 22.28 22.58 30 6 8 73 73
17 135 22.58 23.00 2" 1 2 11 11
18 136 23.00 23.28 28 17 22 154 154 "

18 137 23.28 23.58 30 6 8 71 71
18 138 23.58 24.00 2 0 1 4 4
19 139 24.00 24.28 28 7 7 79 79
19 140 24.28 24.58 30 7 7 37 37
19 141 24.58 25.00 2 0 0 0 0



Appendix C: Data for RIDCHK (Ride Check)
Program

be low, a long

An example
(southbound)

the RIDCHK program ~re listed

of the user-prepared file(s).
file prepared for route 217

data files read by

with the contents

of the parameter

follows.

The

B. PERIOD NAMELIST
BUSTYP C BUS TYPE •• CHARACTERS IN

QUOTES
BUSCAP BUS CAPACITY INCL. STANDEES
BEGOAY START OF FIRST PERIOD (HH:MM)

IN 2.-HDUR CLOCK
DATA FOR UP TO 20 TIME PERIODS:

TIMINT I END-TIME IN 24-HDUR CLOCK
(HH: ..... )

DSNLOD DESIGN LOAD
RTTIME ROUND TRIP TIME IN MINUTES
MINFRQ MINIMUM FREQUENCY

C. ROUTE NAMELIST (ONLY IF IRC-9):
DATA FOR UP TO 80 STOPS:

STOPS I STOP NUMBER
LNKOST R DISTANCE TO NEXT STOP

IN MILES

I

R

NMETH

NAME

LOADT

SMOOTH

BETU

RTENUM
DIRECT
OPTION

BUS STOP NAMES (SCRTO'S 'STOP' FILE)
BUS STOP OISTANCES AND BRANCH DEFINITIONS

(SCRTO'S 'ROUT' FILE)
RUN PAUME TERS

CARD IMAGE FILE
A. PARAMETER NAMELIST

IRC I LOGICAL UNIT FOR READING RIDE
CHECK DATA (DEFAULT-8)

ROUTE NUMBER
DIRECTION CODE
OUTPUT FILE OPTION:

1 - 'METHODS' FILE ONLY (DEF)
2 - BOTH FlUS

MAX. LOAD POINT SWITCH
1 - ANY POINT COUNTS (OEF.)
2 - ONLY TIME POINTS COUNT

NUMBER OF FREQUENCY CALCULA
TION METHODS (VALUE· , - .,

OEFAULT-.)
FRACTION OF ROUTE LENGTH

OPERATED ABOVE DESIGN LOAD
IN METHOD FOUR (OEF .•.3)

STOP NAMES TO USE
1 - STOP NUMBER (OEF.)
2 - STOP NAME

SWITCH TO SMOOTH LOADS
B£TWEEN PERIODS;
o - ND
, - YES (DEFAULT)

C 103
C 10.
C
C IDS
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
C
C
C
C
C
C
C
C
C
C
C,.



C 106 0 RUN REPORT
C 108 I RIDE CHECK DATA (SCRTO'S 'DATA' FILE)
C 10i I RIOE CHECI< DATA IN DPTONAL FORMAT

C A. ONE SET OF RECORDS FOR EACH BUS TRIP IN
C SCHEDULE ORDER; EACH SET CONTAINS ONE
C RECORD FOR EACH BUS STOP. AS FOLLOWS:
C CC 1-4 14 ROUTE NUMBER
C 5-6 12 DIRECTION CODE
C 17-20 14 STOP NUMBER
C 24-27 14 SCHEDULE TI~E OF TRIP IN
C 24-HOUR CLOCI< (HH:MM)
C 21-32 15 NUMBER OF BOAROINGS
C 33-37 15 NUMBER OF ALIGHTINGS
C
C 109 0 TE~PORARY STORAGE OF RIOE CHECK DAlA IF SCRTO
C FILE IS USED AS INPUT (RECFN-FB. LRECL-40)
C 111 0 FILE FOR '~ETHOOS' PROGRAM (RECFM-FB. LRECL-124)
C 112 0 FILE FOR 'SUSTINE' PROGRAN (RECFM-FB. LRECL-U)

&PARAM NMETH=4,BETA4=.2,IRC=8,RTENUM=217,DIRECT=3,NAME=2~

LOADT=O,OPTION=2,SHDOTH=1 lEND
&PERIOD BEGDAY=0600,TIHINT=0700,0800,0900,1000,1100~1200,1300,1400,

1500,1600,1700,1800,1900,2000,2100,2200,2300,2400,2500,
BUSTYP='STD.',BUSCAP=80,DSNLDD=60,2*70,60,5*SO,60,2*70~2*60,5*50.

RTTIME=77,3*96,3*108,2*118,4*114,6*98,
HINFRO=19*2 lEND



Appendix D:

Twenty-two Computer Generated Timetables at the

Daily Max Load Point of SCRTD Line 217

(Complementary to Tables 21-30 for the 32

Computer Runs Which Appears in Table 20)



Comouter Generated Timetable of Line 217
at the Fairfax/Rosewood Stop

TYPE OF HEADWAYS :EOUAL (1)

TYPE OF TIMETABLE:ONE METHOD (1)
METHOD NUMBER: FROM INTERVAL: • TO INTERVAL: 19

CLOCK HEADWAYS: NO (0)

TIMETABLE

•••••••••

DEPARTURE-NUMBER TIME DEPARTURE NUMBER TIME

1 tI.OO 43 14.oe
2 6.30 •• 14.14
3 7.00 45 14.22
4 7.12 46 14.30
5 7.23 47 1•. 39
6 7.35 .8 14 .•7
7 7.46 .9 14.55
8 7.57 50 15.03
9 8.10 51 1S.12

10 8.23 52 15.21
11 8.36 !l3 15.29
12 8.49 5. 15.38
13 9.02 55 15 .•7
14 9.17 56 15.56
15 9.32 57 16.0.
16 9.47 58 16.13
17 10.01 59 16.22
18 10.12 60 16.31
19 10.22 61 16 .•0
20 10.33 62 16.48
21 10.43 63 16.S7
22 10.5. 6. 17 .08
23 11.04 tiS 17 .19
24 11.1. 66 17 .31
25 11.25 67 17 .•2
26 11.35 88 17 .53
27 11 .•5 69 18.07
28 11.56 70 18.2.
29 12.06 71 18.41
30 12.15 72 18.58
31 12.24 73 19.27
32 12.33 74 1t.57
33 12.43 75 20.28
34 12.52 n 20.58
35 13.01 77 21.2'
36 13.09 78 21.sa
37 13.17 79 22.29
38 13.25 10 22.59
39 13.33 Ii 23.29
.0 13 .• 1 12 24.00
.1 13.49 13 0.30
.2 13.57 14 1.00

COMPARISON MEASURES
•••••••••••••••••••

TOTAL NUMBER OF DEPARTURES: I.
MINIMUM SINGLE ROUTE (ROUND TRIP) REQUIRED FLEET SIZE 15



Comouter Generated Timetable of Line 217
at the Fairfax/Rosewood Stop

TYPE OF HEADWAYS :EOUAL (1)

TYPE OF TIMETABLE:ONE METHOD (1)
METHOD NUMBER: 3 FROM INTERVAL: TO INTERVAL: 19

CLOCK HEADWAYS: NO (0)

TIMETABLE

•••••••••

DEPARTURE-NUMBER TIME DEPARTURE NUMBER TIME

1 6.00 34 14.25
2 6.30 35 14.38
3 7.00 36 14.51
4 7.13 37 15.04
5 7.25 38 15.15
6 7.37 39 15.27
7 7 .•9 .0 15.38
8 1.01 41 15.49
9 8.14 .2 16.01

10 8.28 .3 16.11
1 1 8.41 44 16.21
12 8.54 .5 Hi. 31
13 9. 11 .6 16.41
14 9.31 .7 16.51
15 9.50 48 17.02
16 10.09 49 17.15
17 10.25 50 17.28
18 10.42 51 17 .41
19 10.59 52 17.54
20 11.16 S3 18. 12
21 11.32 S4 18.34
22 11.49 S5 18.56
23 12.04 56 19.25
24 12.17 57 19.55
25 12.30 58 20.26
26 12.43 59 20.56
27 12.56 60 21.27
28 13.08 61 21.57
29 13.21 62 22.28
30 13.U 63 22.58
31 13 .•6 64 23.29
32 13.59 65 23.59
33 1•. 12 66 0.30

67 1.00

COMPARISON MEASURES
•••••••••••••••••••
TOTAL NUMBER OF DEPARTURES: 17
MINIMUM SINGLE ROUTE (ROUND TRIP) REQUIREO FLEET SIZE 11



Com~uter Generated Timetable of Line 217
at the Fairfax/Rosewood Stop

TYPE OF HUDWAYS : EOUAl (1)

TYPE OF TIMETABLE COMBINATION OF METHODS !
METHOD NUMBER: 2 FROM INTERVAL: 1 TO INTERVAl 1
METHOD NUMB ER: • FROM INTERVAl: 2 TO INTERVAl 3
METHOD NUMBER: 2 FROM INTERVAL: • TO INTERVAL 11
METHOD NUMBER: • FROM INTERVAL: 12 TO INTERVAl : 13
METHOD NUMBER: 2 FROM INTERVAL: 1. TO INTERVAL: 11



computer Generated Timetable of Line 217
at the Fairfax/Rosewood Stop

TYPE OF HEADWAYS :EOUAl (1)

TYPE OF TIMETABlE:ONE METHOD (1)
METHOD NUMBER: 4 FROM INTERVAL: TO INTERVAL: 19

CLOCK HEADWAYS :YES (1)

TIMETABLE

•••••••••

DEPARTURE-NUMBER TIME DEPARTURE NUMBER TIME

1 6.00 40 14.00
2 6.30 41 14.10
3 7.00 42 14.20
4 7.12 43 14.30
5 7.24 44 14.40
6 7.36 45 14.50
7 7.48 46 15.00
8 8.00 47 15.10
9 8.12 48 15.20

10 8.24 49 15.30
11 8.36 50 15.40
12 8.48 51 15.50
13 9.00 52 16.00
14 9.20 53 16.10
15 9.40 54 16.20
16 10.00 55 16.30
17 10.12 56 16.40
18 10.24 57 16.50
19 10.36 58 17.00
20 10.48 59 17.12
21 11.00 60 17 .24
22 11. 12 61 17.36
23 11.24 62 17 .48
24 11. 36 63 18.00
25 11.48 64 18.20
26 12.00 65 18.40
27 12.10 66 19.00
28 12.20 67 19.30
29 12.30 68 20.00
30 12.40 69 20.30
31 12.50 70 21.00
32 13.00 71 21.30
33 13.07 72 22.00
34 13.15 73 22.30
35 13.22 74 23.00
36 13.30 715 23.30
37 13.37 76. 24.00
38 13.45 77 0.30
39 13.52 78 1.00

COMPARISON MEASURES
•••••••••••••••••••
TOTAL NUMBER OF DEPARTURES: 78
MINIMUM SINGLE ROUTE (ROUND TRIP) REOUIRED FLEET SIZE 14



computer Generated Timetable of Line 217
at the Fairfax/Rosewood Stop

TYPE OF HEAOWAYS :EQUAl (1)

TYPE OF TIMETABlE:ONE METHOD (1)
METHOD NUMBER: 2 FROM INTERVAL: TO INTERVAL: 19

ClOC~ HEADWAYS: NO (0)1 Prespecified number of departures: 70

TIMETABLE

•••••••••

DEPARTURE-NUMBER TIME DEPARTURE NUMBER TIME

1 6.00 36 13.59
2 6.38 37 14.09
3 7.05 38 14. 19

" 7.18 39 14.29
5 7.32 40 14.39
6 7.45 41 14.49
7 7.58 "2 14.59
8 8.12 43 15.10
9 8.26 44 15.20

10 8.40 45 15.31
11 8.55 46 15.42
12 9.12 47 15.52
13 9.30 48 16.03
u 9.48 49 16.14
15 10.05 SO 16.25
16 10.18 51 16.36
17 10.31 52 16.47
18 10.43 53 16.58
19 10.56 54 17.11
20 11.09 55 .17 . 25
21 11.22 !S6 1:7 .39
22 11.35 57 17.53
23 11 . "8 !S8 18.10
24 12.01 59 18.30
25 12. 1 1 60 18.51
26 12.20 61 19.21
27 12.30 62 19.59
28 12.40 63 20.36
29 12.50 64 21. 14
30 13.00 6!S 21.52
31 13.10 li6 22.29
32 13.20 67 23.07
33 13.29 li8 23.45
34 13.39 1i9 0.22
3!S 13.49 70 1.00

COMPARISON MEASURES
•••••••••••••••••••

TOTAL NUMBER OF DEPARTURES: 70
MINIMUM SINGLE ROUTE (ROUND TRIP) REQUIRED FLEET SIZE 12



Computer Generated Timetable of Line 217
at the Fairfax/Rosewood Stop

TYPE OF HEADWAYS :EOUAL (1)

TYPE OF TIMETABLE:ONE METHOD (1)
METHOD NUMBER: 2 FROM INTERVAL: 1 TO INTERVAL: 19

CLOCK HEADWAYS: NO (0), Prespecified number of departures: 140

TIMETABLE 36 10.•8 106 16.59
37 10.55 107 17 .06

••••••••• 38 11.01 108 17.12
39 11.08 109 17.19
.0 11. 1. 110 17.26

DEPARTURE-NUMBER TIME DEPARTURE NUMBER TIME ., 11.20 111 17.33
.2 11.27 112 17 .•0

1 8.00 71 13.56 .3 11.33 113 17 .•7
2 6.19 72 1•. 01 U 11 .•0 11. 17.5.
3 6.37 73 1•. 06 .5 11 .•6 115 18.02

• 6.56 74 1•. 11 .6 11.52 116 18.12
5 7.05 75 1•. 16 .7 11.59 117 18.22
6 7.12 76 1•. 21 .8 12.0. 118 18.32
7 7.18 77 1•. 26 .9 12.09 119 18 .•2
8 7.25 78 1•. 31 SO 12.1. 120 18.52
9 7.31 79 "'.36 51 12. 19 121 19.05

10 7.38 80 "' .., 52 12.2<1 122 19.2.
11 7."" 81 1•.•6 53 12.29 123 19 .•2
12 7.51 82 14.51 5. 12.33 124 20.01
13 7.57 83 1•. 56 55 12.38 125 20.20
14 8.04 84 15.01 56 12.43 126 20.38
15 8.11 85 15.07 57 12.48 127 20.57
16 8.18 86 15.12 58 12.53 128 21.16
17 8.25 87 15.17 59 12.58 129 21.34
18 8.32 88 15.22 60 13.03 130 21.53
19 8 .•0 89 15.28 61 13.08 131 22.12
20 8.47 90 15.33 62 13.13 132 22.30
21 8.5. 91 15.38 63 13.17 133 22.49

22 9.01 92 15.43 64 13.22 134 23.08
23 9.10 93 15.49 65 13.27 135 23.27
2. .9.19 9. 15.54 66 13.32 138 23 .•5
25 9.28 95 15.59 67 13.37 137 0.04
26 9.37 96

. .
16.04 68 13 .•2 138 0.23

27 9.47 97 16.10 69 13.47 139 0.41
28 9.56 98 16.15 70 13.51 ,.0 1.00

29 10.03 99 16.21
30 10.10 100 16.26
31 10.16 101 16.32 COMPARISON MEASURES
32 10.23 102 16.37 •••••••••••••••••••
33 10.29 103 16.43
34 10.35 104 16.48 TOTAL NUMBER OF DEPARTURES: 140
35 10.42 105 16.53 MINIMUM SINGLE ROUTE (ROUND TRIP) REQUIRED FLEET SIZE 24



computer Generated Timetable of Line 217
at the Fairfax/Rosewood Stop

TYPE OF HEADWAYS : BALANCED (2)

TYPE OF TIMETABLE:DNE METHOD (1)
METHOD NJMBER: 1 FROM INTERVAL: TO INTERVAL: 19

CLOCK HEADWAVS: NO (0)

TIMETABLE

•••••••••

DEPARTURE-NUMBER TIME DEPARTURE NUMBER TIME

1 6.00 43 U.04
2 6.36 44 14.10
3 7.01 45 U.18
4 7.23 46 14.31
5 7.37 47 14.37
6 7.45 48 14.48
7 7.52 49 14.56
8 7.58 50 15.05
9 8.07 51 15.15

10 8.19 52 15.22
11 8.36 53 15.34
12 8.46 54 15.40
13 9.01 55 15.47
14 9.12 56 15.57
15 9.26 57 16.04
16 9.41 58 16.12
17 10.01 59 16.24
18 10.14 60 16.31
19 10.26 61 16.42
20 10.36 62 16.47
21 10.46 63 16.58
22 10.55 64 17.07
23 11.07 65 17 .18
24 11. 14 66 17.24
25 11. 21 67 17 .42
26 11.34 68 17.54
27 11.45 69 18.11
28 11.56 70 18.24
29 12.05 71 18.40
30 12.13 72 18.56
31 12.25 73 19.28
32 12.32 74 19.58
33 12.40 75 20.23
34 12.49 76 20.58
35 13.01 77 21.23
36 13.05 78 21.58
37 13.11 79 22.26
38 13.21 10 22.58
39 13.28 81 23.17
40 13.38 12 23.59
41 13.50 13 0.21
42 13.57 I. 1.00

COMPARISON MEASURES
•••••••••••••••••••
TOTAL NUMBER OF DEPARTURES: 84
MINIMUM SINGLE ROUTE (ROUND TRIP) REOUIRED FLEET SIZE 15



Computer Generated Timetable of Line 217
at the Fairfax/Rosewood Stop

THIS PROQRAM IS BASED ON THE FOLLOWING INPUT
•••••••••••••••••••••••••••••••••••••••••••••

TYPE OF HEAOWAYS : BALANCED (2)

TYPE OF TIMETABLE:ONE METHOD (1)
METHOD NUMBER: 3 FROM INTERVAL:

CLOCK HEADWAYS: NO (0)

TIMETABLE

•••••••••

TD INTERVAL: 19

DEPARTURE-NUMBER TIME DEPARTURE MJMBER TIME

1 6.00 34 14.26
2 6.36 3S 14.37
3 7.03 36 14.52
4 7.21 37 15.04
5 7.36 38 15.16
6 7.44 39 15.24
7 7.52 40 15.36
8 8.01 41 15.46
9 8.08 42 16.01

10 8.19 43 16.10
11 8.35 U 16.24
12 8.47 45 16.32
13 9.06 46 16.44
14 9.23 47 16.53
15 9."6 48 17 .01
16 10.07 49 17.14
17 10.27 SO 17 .24
18 10.43 51 17 .41
19 10.59 52 17.56
20 11. 14 53 18.13
21 11.32 5 .. 11.33
22 11.48 55 11.54
23 12.04 56 19.25
24 12.15 57 19.56
25 12.31 58 20.18
26 12.39 59 20.57
27 12.52 60 21.25
28 13.05 81 21.57
29 13.16 62 22.26
30 13.30 63 22.58
31 13.'" 64 23.15
32 13.59 65 23.59
33 14.01 66 0.12

17 1.00

COMPARISON MEASURES
•••••••••••••••••••
TOTAL NUMBER OF DEPARTURES: 67
MINIMUM SINGLE ROUTE (RDUND TRIP) REQUIRED FLEET SIZE 11



Comouter Generated Timetable of Line 217
at the Fairfax/Rosewood Stop

TYPE OF HEADWAYS : BALANCED (2)

TYPE OF TIMETABLE COMBINATION OF METHODS

METHOD NUMBER: 2 FROM INTERVAL: 1 TO INTERVAL : 1
METHOD NUMBER: 4 FROM INTERVAL: 2 TO INTERVAL: 3
METHOD NUMBER: 2 FROM INTERVAL: 4 TO INTERVAL: 11
METHOD NUMBER: 4 FROM INTERVAL : 12 TO INTERVAL: 13
METHOD NUMBER: 2 FROM INTERVAL: 14 TO INTERVAL : 19

CLOCK HUDWAYS: NO (0)

TIMETABLE

•••••••••

DEPARTURE-NUMBER TIME DEPARTURE NUMBER TIME

1 6.00 43 13.54
2 6.38 44 "'.02
3 7.01 45 14.09
4 7.21 46 14. 17
5 7.35 47 14.30
6 7.43 48 14.36
7 7.52 49 14.46
8 8.00 !50 "'.54
9 8.07 51 15.00

10 8.16 52 15. 11
11 8.33 53 15. 16
12 8.43 54 15.24
13 9.02 55 15.35
14 9.14 56 15.41
15 9.27 57 15.50
16 9.43 58 15.59
17 10.02 59 16.06
18 I 10.15 60 16.16
19 10.27 61 16.27
20 10.36 62 16.33
21 10.46 63 16.44
22 10.!55 64 16.50
23 11.07 65 17.00
24 11.14 66 17. 11
25 11. 21 67 17.22
26 11.34 68 17.35
27 11.45 69 17.53
28 11 .56 70 18.07
29 12.03 71 18.20
30 12.08 72 18.38
31 12.16 73 18.58
32 12.26 74 19.29
33 12.34 75 19.58
34 12.41 76 20.23
35 12.50 77 20.!59
36 13.00 7. 21.35
37 13.05 79 21.58
38 13.11 10 22.27
39 13.18 81 22.59
40 13.26 12 23.17
41 13.35 83 24.00
42 13.46 84 0.13

15 1.00

COMPARISON MEASURES•••........•..... 4.
TOTAL NUMBER OF DEPARTURES: I!\
MINIMUM SINGLE ROUTE (ROUND TRIPI REQUIRED FLEET SIZE 15



Computer Generated Timetable of Line 217
at the Fairfax/Rosewood Stop

TYPE OF HEADWAYS : BALANCED (2)

TYPE OF TIMETABLE:ONE METHOD (1)
METHOD NUMBER: 2 FROM INTERVAL: TO INTERVAL: 19

CLOCK HEAOWAYS: ND (0) Prespecified number of departures: 70,
Tt !\lIrT ABLE

•••••••••

DEPARTURE-NUM~En llME DEPARTURE NUMBER TIME

t 6.00 36 13.58
2 6.49 37 14 .07
3 7.13 38 t 4. t6
4 7.32 39 14.31
!i 7.42 40 14.39
6 7.51 41 14.52
7 7.59 42 15.00
8 8.08 43 15.15
9 8.2t 44 15. t9

10 8.38 45 15.33
11 8.50 46 15.4t
12 9.06 47 15.53
t3 9.24 48 16.02
14 9.44 49 16. t2
15 10.04 50 16.27
16 10.20 51 16.35
17 10.34 52 16.46
18 10.46 53 16.58
t9 10.57 54 17. 10
20 11. 11 55 17.2t
2t 11.19 56 17.36
22 11.34 57 17.54
23 11.48 58 18.12
24 12.01 59 18.30

'5 12.07 60 t8.49
26 12. UI 6t t9.21
27 12.28 62 19.59
28 12.37 63 20.30
29 12.48 64 21. 18
30 t3.00 65 21.5t
31 13.06 66 22.27
32 t3.14 67 23.04
33 13.24 68 23.38
30t 13.35 69 0.09
35 t3.48 70 1.00

COMPARISON MEASURES
•••••••••••••••••••
TOTAL NUMBER OF DEPARTURES: 70
MINIMUM SINGLE ROUTE (ROUND TRIP) REQUIRED FLEET SIZE t2



16.59
17.04
11.12
17. '8
17.22
17.28
17.39
17.48
17.55
18.03
f8. '3
'8.20
18.31
'8.41
16.5'
19.06
19.24
19.44
20.01
20. '5
20.32
20.57
2' .20
21.39
2f .52
22. '1
22.28
22.45
23.04
23. '4
23.39
0.02
0.09
0.32
1.00

10e
107
'08
'09
tto
tt1
tt2
tt3
114
tt5
116
tt7
ttl
f19
120
121
122
123
124
125
128
127
121
129
130
131
132
'33
134
135
136
137
131
139
'40

10.51
10.58
11.02
11.10
11.14
11. 11
11.22
11.32
11.39
11.46
, 1 .53
11.59
12.03
12.06
12.09
12.14
12.21
12.27
12.31
12.35
12.40
12.4e
12.5f
12.57
13.02
13.05
13.01
13.12
13.16
13.21
13.27
13.32
13.38
13.45
13.50

36
37
31
39
40
41
42
43
44
45
48
47
411
49
50
51
52
53
54
55
58
57
58
59
60
61
62
63
64
65
66
67
68
69
10

COMPARISON MEASURES•..................
. TOTAL NUMBER DF DEPARTURES: 140

uINIMlJM SINGLE IWlJTF. (ROUND TRI!') REQUIRED FLFET SIlE '}II

Comtiuter Generated Timetable of Line 217
at the Fairfax/Rosewood Stop

TYPE OF HEAOWAY$ : BALANCED (2)

TYPE OF TIMETABlE:ONE METHOD (f)
METHOD NUMBER: 2 FROM INTERVAL: f TO INTERVAL: f9

CLOCK HEAOWAYS: NO (0) , Prespecified number of ~epartures: 140

TIMETABLE

•••••••••

DEPARTURE-NUMBER TIME DEPARTURE NUMBER TIME

1 e.OO 71 f3.55
2 e.32 72 14.0'
3 e.49 73 f4.05
4 6.55 74 14.09
5 7.12 75 '4. '4
e 7.24 7e '4.23
7 7.31 77 14.29
II 7.311 711 '4.33
9 7.42 79 14.36

10 7.47 80 f4.4 ,
1 1 7.51 81 f4.49
12 7.55 82 '4.54
'3 7.511 113 14.57
14 11.03 114 15.01
15 11.07 115 HI. 011
16 11.12 Ie 15. '5
'7 8.19 17 '5.16
111 11.31 III '5.21
19 11.37 19 15.29
20 11.42 90 15.34
21 11.49 91 '5.311
22 9.01 92 15.42
23 ,9.06 93 15.47
24 9.15 94 .. 15.54
25 9.23 95 15.59
2e 9.32 96 16.04
27 9.41 97 '6.08
21 9.55 98 16. 14
29 10.03 99 16.23
30 10. 11 100 16.28
31 fO.I9 tOt t6.32
32 10.27 102 16.37
33 to.33 t03 16.44
34 10.38 104 16.47
:,c; 10.44 'OS '6.S3



Comouter Generated Timetable of Line 217
at the Fairfax/Beverlv Stoo

TYPE OF HEADWAYS :EOUAL (1)

TYPE OF TIMETABLE:ONE METHOD (1)
METHOD NUMBER: FROM INTERVAL: TO INTERVAL: 19

CLOCK HEADWAYS: NO (0)

TIMETABLE

•••••••••

DEPARTURE-NUMBER TIME DEPARTURE NUMBER TIME

1 6.00 45 13.30
2 6.25 46 13.38
3 6.51 47 13.46
4 7.08 48 13.55
5 7.21 49 14.02
6 7.34 50 14.08
7 7.47 51 14.15
8 8.00 52 14.21
9 8. 11 53 14.27

10 8.21 54 14.33
11 8.32 55 14.410
12 8.43 56 14.46
13 8.54 57 14.52
14 9.04 58 141.58
15 9.13 59 15.05
16 9.22 60 15. 11
17 9.31 61 15. 18
18 9.40 62 1!i. 24
19 9.49 63 15.31
20 9.58 64 15.37
21 10.06 65 15.43
22 10.14 66 15.50
23 10.22 67 15.56
24 10.30 68 16.07
25 10.37 69 16.23
26 10.45 70 16.38
27 10.53 71 16.54
28 11.01 72 17.141
29 11.10 73 17.36
30 11.19 74 17.59
31 11.28 75 18.27
32 11.37 76 18.56
33 11.416 77 19.26
34 11 .55 78 19.56
35 12.041 79 20.27
36 12.13 80 20.57
37 12.22 81 21.27
38 12.31 82 21.58
39 12.410 83 22.28
410 12 .•9 84 22.58
411 12.58 15 23.29
412 13.06 86 23.59
.3 13.14 17 0.30
414 13.22 88 1.00

COMPARISON MEASURES
•••••••••••••••••••

TOTAL NUMBER OF DEPARTURES: I'MINIMUM SINGLE ROUTE (ROUND TRIP) REQUIRED FLEET SIZE 11



Computer Generated Timetable of Line 217
at the Fairfax/Beverly Stop

TYPE OF HEADVAYS :EOUAL (1)

TYPE OF TIMETABLE:ONE METHOD (1)
METHOD NUMBER: 3 FROM INTERVAL: TO INTERVAl: 19

CLOCK HEADWAYS: NO (0)

TIMETABLE

•••••••••

DEPARTURE-NUMBER TIME DEPARTURE NUMBER TIME

1 6.00 35 13.45
2 6.30 36 13.57
3 7.00 37 14.08.. 7.13 38 1".18
5 7.26 39 1".27
6 7."0 "0 U.37
7 7.53 .. 1 U ... 7
8 8.05 .. 2 U.57
9 8.17 "3 15.06

10 8.29 .... 15.15
11 8."1 ..5 15.23
12 8.52 .6 15.32
13 9.04 .7 15."0
1. 9.16 ..8 15."9
15 9.28 ..9 1!S.57
16 9.39 50 16.12
17 9.51 51 16.30
18 10.03 52 16.47
19 10.15 53 17 .07
20 10.27 54 17.31
21 10."0 55 17.56 ..
22 10.52 56 18.26
23 11.05 57 18.56
24 11.19 !S8 19.26
25 11.33 59 19.!S7
26 11."7 60 20.27
27 12.00 61 20.!!7
28 12.15 62 21.28
29 12.29 13 21. 58
30 12."3 6 .. 22.28
31 12.!S7 85 22.!l9
32 13.10 66 23.29
33 13.22 67 23.!l9
34 13.34 88 0.30

19 1.00

COMPARISON MEASURES
•••••••••••••••••••

TOTAL NUMBER OF DEPARTURES: 89
MINIMUM SINGLE ROUTE (ROUND TRIP) REOUIRED FLEET SIZE 13



Computer Generated Timetable of Line 217
at the Fairfax/Beverlv Stop

TYPE OF HEADWAYS :EOUAL (1)

TYPE OF TIMETABLE
METHOD NUMBER:
METHOD NUMB ER:
METHOD NUMBER:
METHOD NUMBER:
METHOD NUMBER:

COMBINATION OF METHODS
2 FROM INTERVAL: 1
~ FROM INTERVAL: 2
2 FROM INTERVAL: ~

~ FROM INTERVAL: 12
2 FROM INTERVAL: 1~

5
TO INTERVAL 1
TO INTERVAL 3
TO INTERVAL 11
TO INTERVAL 13
TO INTERVAL: HI

CLOCK HEADWAYS: NO (0)

TIMETABLE

•••••••••

DEPARTURE-NUMBER TIME DEPARTURE NUMBER TIME

1 6.00 ~5 t3.26
2 6.25 ~6 13.33
3 6.~9 ~7 13.40
4 7.07 48 t3.~8

5 7.20 ~9 t3.55
6 7.33 50 1~.02

7 7.46 51 U.08
8 7.59 !S2 t •. t~

9 8.10 53 t •. 21
10 8.22 54 U.27
11 8.34 55 U.33
12 8.46 56 t •. 39
13 8.58 57 14.45
14 i.07 58 U.51
15 9.16 59 U.57
16 i.24 60 t!S.04
17 i.33 61 15.10
18 i.42 62 1!S.17
19 9.51 63 1!S.23
20 9.59 64 15.29
21 10.07 65 15.36
22 10. 15 66 1S .•2
23 10.23 67 tS .•9
24 10.30 68 15.S5
25 10.38 69 16.04
26 10.~6 70 16.19
27 10.!S~ 71 16.34
28 11.01 12 16.50
29 11.10 13 17.08
30 1 t. 1. 1. 17.32
31 11.27 15 11.57
32 11.36 76 18.26
33 11.44 17 18.51
3~ 11.53 78 11.27
3!S 12.02 19 11.S7
36 12.11 80 20.28
37 12.19 .1 20.S8
38 12.28 12 21.28
39 12.37 83 21.58
40 12.415 '4 22.2i
.1 t2.55 .5 22.5i
42 13.03 86 23.29
43 13.11 17 24.00
4. 13.18 18 0.30

89 1.00

COMPARISON MEASURES
•••••••••••••••••••

TOTAL NUMBER OF DEPARTURES: 8.-
M'U'~* ~'NQL£ ROUTE (ROUND TRIP) REOUIRED FLEET SIZE 1i



Computer Generated Timetable of Line 217
at the Fairfax/Beverlv Stop

TYPE OF HEADWAYS :EOUAL (1)

TYPE OF TIMETABLE:ONE METHOD (1)
METHOD NUMBER: 4 FROM INTERVAL: TO INTERVAL: 19

CLOCK HUDWAYS :YES (1)

TIMETABLE

•••••••••

OEPARTURE-NUMBER TIME DEPARTURE NUMBER TIME

1 6.00 38 13.30
2 6.30 39 13.40
3 7.00 40 13.50
4 7.12 41 14.00
5 7.24 42 14.10
6 7.36 43 14.20
7 7.48 44 14.30
8 •. 00 45 14.40
9 •. 12 46 14.50

10 •. 24 47 15.00
11 •. 36 48 15.07
12 8.48 49 15.15
13 9.00 50 15.22
14 9.12 51 15.30
15 9.24 52 15.37
16 9.36 53 15.45
17 9.48 54 H5.52
18 10.00 55 16.00
19 10.10 56 16.20
20 10.20 57 16.40
21 10.30 58 17.00
22 10.40 59 17.30
23 10.50 60 1•. 00
24 11.00 61 18.30
25 11.10 62 19.00
26 11.20 63 19.30
27 '1.30 64 20.00
28 11.40 15 20.30
29 11.50 66 21.00
30 12.00 67 21.30
31 12.12 68 22.00
32 12.24 69 22.30
33 12.36 70 23.00
34 12.4. 71 23.30
35 13.00 72 24.00
36 13.10 73 0.30
37 13.20 74 1.00

COMPARISON MEASURES
•••••••••••••••••••
TOTAL NUMBER OF DEPARTURES: 74
MINIMUM SINGLE ROUTE (ROUND TRIP) REOUIRED FLEET SIZE 14



Computer Generated Timetable of Line 217
at the Fairfax/Beverly Stop

TYPE OF HEADWAYS :EOUAL (1)

TYPE OF TIMETABLE:ONE METHOD (1)
METHOD NUMBER: 2 FROM INTERVAL: TO INTERVAL: 19

CLOCK HEADWAYS: NO (0) Prespecified number of departures: 70,
TIMETABLE

•••••••••

DEPARTURE-NUMBER TIME DEPARTURE NUMBER TIME

1 6.00 36 13.28
2 6.32 37 13.38
3 7.02 38 13.47
4 7. 17 39 13.57
5 7.32 40 14.05
6 7.47 41 U.13
7 8.01 42 U.21
8 8.15 43 14.29
9 8.28 44 14.37

10 8.42 45 U.45
11 8.55 46 14.53
12 9.07 47 15.02
13 9.19 48 15.10
14 9.30 49 15. 18
15 9.42 50 15.27
16 9.53 51 15.35
17 10.04 52 15.43
18 10. 14 53 15.52
19 10.24 54 •• '6.00
20 10.34 55 16.20
21 10.44 56 16.40
22 10.54 57 17.00
23 11.05 58 17.28
24 11. 16 59 17.56
25 11.27 60 18.30
26 11.38 61 19.05
27 11.49 62 19.44
28 12.01 63 20.24
29 12.12 64 21.03
30 12.24 6~ 21.43
31 12.36 66 22.22
32 12 .•7 67 23.02
33 12.59 68 23.41
34 13.09 69 0.21
35 13.18 70 1.00

COMPARISON MEASURES
•••••••••••••••••••

TOTAL NUMBER OF DEPARTURES: 70
MINIMUM SINGLE ROUTE (ROUND TRIP) REOUIRED FLEET SIZE 15



Computer Generated Timetable of Line 217
at the Fairfax/Beverlv Ston

TYPE OF HEAOWAYS :EOUAL (1)

TYPE OF lUi1ETABtE :ONE METHOD (1)
METHOD NUMBER: 2 FROM INTERVAL: t TO INTERVAL: '9

•••••••••••••••••••
COMPARISON MEASURES

•••••••••

TOTAL NUMBER OF DEPARTURES: 140
MINIMUM SINGLE ROUTE (ROUND TRIP) REOUIRED FLEET SIZE 30

36 10. '8 '06 '5.53
37 10.23 107 15.57
38 10.28 t08 16.03
39 10.33 109 16. 13
"0 10.38 110 16.22.., 10.43 11t 16.32
"2 10."8 112 16."2
.. 3 10.53 tt3 16.52.... 10.58 11 .. 17 .03
"5 11.03 tt5 17.17
..6 11.08 116 17.30
.. 7 t1.1" 117 17 .....
"8 11.20 118 17.58
"9 ".25 tt9 18.15
50 11.3' 120 18.32
51 t'.36 t21 18.49
52 11.42 122 19.08
53 11.47 t23 t9.27
54 11.53 12.. 19.47
55 " .58 125 20.06
56 12.0" 126 20.26
57 '2.10 '27 20."5
58 12.16 128 21.05
59 '2.21 129 21.25
60 12.27 130 21 .....
61 '2.33 131 22.04
62 12.39 t32 22.23
63 12."5 t33 22.43
6" '2.50 13.. 23.03
65 12.56 t35 23.22
66 13.01 136 23.42
67 13.06 t37 0.01
68 13. 11 138 0.21
69 13. ·t6 139 0.40
70 13.21 140 1.00

DEPARTURE-NUMBER TIME DEPARTURE NUMBER TIME

1 1.00 11 t3.25
2 1.11 12 13.30
3 1.32 13 13.35.. I .... 14 t3."0
5 1.02 75 t3."5
6 1.09 76 t3.49
1 7. t7 17 t3.54
I 7.2" 7. t3.59
9 7.3t 79 , ... 03

to 1.39 80 '4.07
11 7."6 8' t4. , ,

'2 7.54 82 '4. '5.
t3 '.0' .3 , ... t9,.. '.0' 8" '''.23
'5 '.1" 85 '''.27
16 8.2' 86 '''.3'
17 '.28 87 14.35
'8 8.3" 88 '4.39
'9 8.'" 89 ' .....3
20 8."8 90 '''.47
2' 8.54 9' '''.5'
22 9.0t 92 t4.55
23 9.06 93 '''.59
2" 9. '2 94 t5.03
25 9. '8 95 15.07
26 9.23 96 '5. t t
27 9.29 97 t5. '5
28 9.35 98 15.20
29 9.110 99 15.2"
30 9."6 '00 .' . '5.28
3' 9.52 '01 15.32
32 9.57 '02 '5.36
33 to.03 103 15.40
3" '0.08 '04 15.44
35 '0.13 105 15.49

CLOCK HEADWAYS: NO (0) , pr@sp@cifi@d nUMber of departures: 140

TIMETABLE



Computer Generated Timetable of Line 217
at the Fairfax/Beverlv Stop

TYPE OF HEADWAYS : BALANCED (2)

TYPE OF TIMETABLE:ONE METHOD (1)
METHOD NUMBER: 1 FROM INTERVAL: TO INTERVAL: 19

CLOCK ~EADWAYS: NO (0)

TIMETABLE

•••••••••

DEPARTURE-NUMBER TIME OEPARTURE NUMBER TIME

1 6.00 ..5 13.23
2 6.32 ..6 13.30
3 6.57 .. 7 13."6.. 7.11 ..8 13.55
5 7.24 ..9 '''.02
6 7.36 50 1".07
7 7.47 51 U.10
8 8.00 52 U.14
9 8.06 53 U.19

10 8.19 54 14.25
11 8.29 55 U.33
12 8.39 56 U ...5
13 8.54 57 U.51
14 9.07 58 14.59
15 9.17 59 15.02
16 9.26 60 15.04
17 9.34 61 15.08
18 9.46 62 15.14
19 9.52 63 15.19
20 9.59 64 15.28
21 10.09 65 15.38
22 10.14 66 15.47
23 10.19 67 HI-54
24 10.28 68 16.07
25 10.35 69 16.25
26 10.41 70 16.38
27 10.53 71 16.55
28 11.01 72 17.11
29 11.12 73 17.31
30 11. 21 74 17.58
31 11.27 75 18.20
32 11. .. , 76 1....2
33 11 . .cs 77 19.13
34 11.56 78 19.56
35 12.~ 71 20.17
36 12.15 .0 20.56
37 12.28 81 21.31
38 12.33 82 21.57
39 12.42 83 22.21
"0 12.tlO 84 22.59
41 12.58 85 23.19
..2 13.07 16 23.59
..3 13.13 87 0.29.... 13.17 II 0.58

COMPARISON MEASURES
•••••••••••••••••••

TOTAL NUMBER OF DEPARTURES: ••
MINIMUM SINGLE ROUTE (ROUND TRIP) REOUIRED FLEET SIZE 19



computer Generated Timetable of Line 217
at the Fairfax/Beverly Sto~

TVPE OF HEAOWAYS : BALANCED (2)

TYPE OF TIMETABlE:ONE METHOD (1)
METHOD NUMBER: 3 FRDM INTERVAL:

CLDCK HEADWAYS: NO (0)

TIMETABLE

•••••••••

TO INTERVal: 19

DEPARTURE-NUMBER

1
2
3
4
5

•7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

COMPARISON MEASURES
•••••••••••••••••••

TIME

8.00
•. 39
7.00
7.15
7.30
7.42
7.51
8.03
8.14
8.26
1.37
1.53
9.07
t.18
9.30
9.43
9.53

10.03
10.14
10.27
10.39
10.54
11.04
11.19
11.32
11.48
12.00
12.15
12.31
12.45
12.57
13.10
13.17
13.26

DEPARTURE NUMBER

35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
!is
!i6
57
58
!i9
80
81
82
83
84
85

••.7
88.9

TIME

13.35
13.56
14.07
14.13
14 .20
14.32
14.46
14.56
15.03
15.08
15.16
15.27
15.38
15.46
15.57
16.13
16.28
1•. 46
17.07
17 .28
17 . 55
18.20
18.50
19.20
19.57
20.21
20.55
21.32
21.58
22.24
22.59
23.20
23.!!9
0.20
0.58

TOTAL NUMBER OF DEPARTURES: 8'
.INIMUM SINGLE ROUTE (ROUND TRIP) REOUIRED FLEET SIZE 13



computer Generated Timetable of Line 217
at the Fairfax/Beverlv Stop

TYPE OF HEADWAYS : BALANCED (2)

TYPE OF TIMETABLE COMBINATION OF METHOOS 5

METHOD NUMBER: 2 FROM INTERVAL: 1 TO INTERVAL: 1
METHOD NUMBER: 4 FROM INTERVAL: 2 TO INTERVAL: 3
METHOD NUMBER: 2 FROM INTERVAl : 4 TO INTERVAL: 11
METHOD NUMBER: 4 FROM INTERVAl : 12 TO INTERVAl : 13
METHOD NUMBER: 2 FROM INTERVAL: 14 TO INTERVAL: 19

CLOCK HEADWAYS: NO (0)

TIMETABLE

•••••••••

DEPARTURE-NUMBER TIME DEPARTURE NUMBER TIME

1 6.00 45 13.21
2 6.32 46 13.27
3 6.56 47 13.32
4 7.09 48 13.45
5 7.23 49 13.55
6 7.36 50 14.02
7 7.46 51 14.07
8 7.58 52 14.09
9 8.07 53 14. 13

10 8.19 54 14.18
11 8.30 55 14.24
12 8.42 56 14.32
13 8.58 57 14.44
14 9.10 58 14.50
15 9.19 59 14.59
16 9.27 60 15.02
17 9.34 61 15.04
18 9.45 62 15.07
19 9.53 63 15. 13
20 10.00 64 15. 18
21 10.09 65 15.26
22 10. 14 66 15.36
23 10.20 67 15.45
24 10.29 68 15.53
25 10.36 69 16.04
26 10.42 70 16.23
27 10.53 71 16.30
28 11.01 72 16.49
29 11. 1 t 73 17.08
30 11.18 74 17 .28
31 11.23 75 17.56
32 11.34 76 18.21
33 11 .45 77 18.52
34 11.53 78 19.20
35 12.02 79 19.57
36 12.12 80 20.28
37 12.26 81 20.54
38 12.31 82 21.38
39 12.38 83 21.58
40 12.47 84 22.23
41 12.55 85 23.00
42 13.04 86 23.19
43 13. 11 87 24.00
44 13. 16 88 0.28

89 0.58

COMPARISON MEASURES
•••••••••••••••••••

TOTAL NUMBER OF DEPARTURES: 89



Com?uter Generated Timetable of Line 217
at the Fairfax/Rosewood Stop

..

TYPE OF HEADWAYS : BALANCED (2)

TYPE OF TIMETABLE:ONE METHOD (1)
METHOD NUMBER: 2 FROM INTERVAL: TO INTERVAL: 19

CLOCK HEADWAYS: NO (0) Prespecified number of departures: 70
I

TUIETABLE

•••••••••

DEPARTURE-NUM~En

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
'-5
26
27
2.
29
30
31
32
33
34
35

COMPARISON MEASURES
•••••••••••••••••••

TJME

6.00
6.49
7.13
7.32
7.42
7.51
7.59
8.08
8.21
8.38
8.50
9.06
9.24
9.44

10.04
10.20
10.34
10.46
10.57
11. 11
11. 19
11.34
11.48
12.01
12.07
12.16
12.28
12.37
12.4.
13.00
13.06
13.14
13.24
13.35
13.4.

DEPARTURE NUMBER

:.

TIME

13.58
14.07
14. 16
14 .31
14.39
14.52
15.00
15. 15
15. 19
15.33
15.41
15.53
16.02
16. 12
16.27
16.35
16.46
16.58
17.10
17.21
17.36
17.54
18.12
18.30
18.49
19.21
19.59
20.30
21.18
21. S1
22.27
23.04
23.38
0.09
1.00

TOTAL NUMBER OF OEPARTURES: 70
MINIMUM SINGLE ROUTE (ROUND TRIP) REQUIRED FLEET SIZE 12



Comouter Generated Timetable of Line 217
at the Fairfax/Rosewood Stop

TYPE OF HEAOWAYS : BALANCEO (2)

TYPE OF TIMETABLE:ONE METHOD (1)
METHOD NUMBER: 2 FROM INTERVAL: 1 TO INTERVAl: 19

CLOCK HEADWAYS: NO (0), Prespecified number of ~epartures: 140

TIMETABLE

•••••••••

DEPARTURE-NUMBER TIME DEPARTURE NUMBER TIME

1 8.00 71 '3.55
2 6.32 72 '''.0'
3 6."9 73 , ... 05.. 6.55 74 '''.09
5 7.12 75 1... , ..
6 7.2" 76 '''.23
7 7.31 71 '''.29
8 7.38 78 14.33
9 7."2 79 '''.36

10 7."7 80 ,.....,
11 7.51 81 1.....9
'2 7.55 82 '''.5''
'3 7.58 83 '''.57
'4 8.03 84 '5.0'
15 8.07 85 15.08
16 8.12 86 '5. '5
17 8. '9 87 '5.16
18 8.31 88 '5.21
'9 8.37 89 '5.29
20 8."2 90 15.3"
2' 8."9 91 15.38
22 9.0t 92 '5."2
23 9.08 93 '5.47
2" 9.15 9.. " 15.5"
25 9.23 95 15.59
26 9.32 96 '6.0"
27 9.'" 97 16.08
28 9.55 98 '6. , ..
29 '0.03 99 16.23
30 '0. " '00 '6.28
31 10.19 '01 16.32
32 10.27 '02 '6.37
33 '0.33 103 16 .....
34 10.38 10.. 16.47
35 10.44 105 16.53

36 '0.51 t08 '6.59
37 10.56 '07 17.04
38 11.02 '08 17.12
39 " . '0 '09 17. '8
40 11. , .. 110 17 .22
4' 11. '8 111 '7.28
..2 1 t .22 "2 17.39
.. 3 t '.32 113 '7."8
4.. 11.39 "" 17.55
..5 ". "6 115 '8.03
46 11.53 116 18. 13
..7 1 1 .59 117 '8.20
"8 12.03 118 '8.3'
..9 12.08 119 18.'"
50 12.09 '20 18.5'
5' 12.1" '21 '9.08
52 '2.21 '22 19.2"
53 12.27 123 19."4
5" 12.31 124 20.0'
55 '2.35 125 20.15
56 12."0 '26 20.32
57 12."6 '27 20.57
58 12.5' 128 21.20
59 12.57 '29 2t.39
60 13.02 130 21.52
61 '3.05 131 22.1'
62 13.08 132 22.28
63 13.12 133 22."5
6 .. 13.16 134 23.0"
65 13.21 135 23. , ..
66 13.27 '38 23.39
67 13.32 137 0.02
68 '3.38 '38 0.09
69 13."5 139 0.32
70 13.50 140 1.00

COMPARISON MEASURES
•••••••••••••••••••

TOTAL NUMBER OF DEPARTURES: '''0
MINIMUM SINGLE ROUTE (ROUND TRIP) REOUIRED FLEET SIZE 2"






