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PREFACE

In recent years, the transit volume, i1.e., intracity bus
passenger loadings, has been steadlly decreasing. The reasons
are numerous, but the decline in the usage of publiec trahait
and the ever increésing number of automobiles on the road has
not only posed problems for transit organizations but also,
for ¢ity plammers. Various solutions have been suggested to
reverse this trend, but time is needed to assess the validity
of such solutions. However, even those public transit com-
panies which hold thia hopeful outlook are faced with the
immediate necessity of staying in business long enough to
benefit from any anticipated increase in demand for their
service.

Reduction in operating cost, through re-scheduling, has
been the aim of such companies seeking to maintain operations
on a profitable basis. Yet, the best manual methods fall short
of solving the problem because computations cannot be made
quickly enough to keep pace with changing conditions., As a
result; attention has been directed to the high speed computer
as the means to overcome these computational difficulties.

The total problem of transit scheduling is customarily
subdivided into:

1. Partitioning the city or town into areas with routes
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to service these areas and determining the passenger
load,'and thus, the vehicle requirements (number of
buses needed per route).

2, Establishment of headways, 1.e., how often should

the buses run.

3. Run assignments for operators, 1.e., the establish-

ment of daily work.

Previous research has been accomplished on the first
two phaseés, using digital computer facilities. Reference
‘to part of this research 1s made in Appendix C and D.

The study undertaken herein, is on the third phase of
scheduling, "Run Assignments for Operators." The difficulty
encountered in arranging and seﬁeduling runs for bus operators
is brought about by the many variables which go into the méke-up.'
of specifying the dally work for each man. Both operating
variations in time per trip and the unlion contract restrictions
on what comstitutes a run, are the reasons for this situation.
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Symbol
P.W,

5t.R.
St.R. No.,

Sp.R,

Sp.R.No.
Wo,T1i.

To,Ti.
R.T1.

Spd.Ti.

Seh.No.

SYMBOLS AND THEIR DEFINITIONS

Meaning

Plece of work

Stralght run

Stralght run
number

Split run

Split run num-
ber

Working time

Total time

Report time

Spread time

S@hedulé number

Definition

A plece of work is am amount
of work in fthe operator as-

- sigmment that pays less than

8 hours,

A straight run is a run so con-

-structed as to be composed of

eontinuous hours of pay (at
least 8.00 hours).

A straight run number 1is a
specifiec straight run desig-
nated by a specifiec number,

A split runm 1s a run so coh~
structed to have an unpaid
interval or imtervals between
its plesces of work (at least
8.00 hours),

A split run number is a speclifie

- 8plit run designated by a

speclific number,

Working time is the time the
operator is actually operating
the bus.

The total time for which the
operator is paid (could in-
¢lude report time, penalty
time, overtime, etec,).

Report time is a specific amount
of time (10 minutes) which the

operator receives for every St.R.
and each P.W, in his assignment,

Spread time is the total working
time plus the unpaid time of a
split run, :

A schedule number 1s a bus that
goes over a specifiec route at a
certain time designated by a
certain number.
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P/in

Rel.pt.

Tem° T o

Rel.l

Rel.2

Pull-out

Pull-in

Relief point

Terminal time

Relief 1

Relief 2

Pull-out is the starting time
of a plece of work, stralght

run, split run, or a schedule
number. :

Pull-in 1s the finlishing time
of a plece of work, stralght
run, split run, or a schedule
namber, '

Rellef point 1s a certalmn loca-
tion or locatlons on each route
where operators may be relieved
or asslgned to the bus.

Terminal time is the driving
time between the garage and the
first relief point.

Rellef 1 1s the time between
first and second relief points.

Relief 2 1s the time between
second and first relief points.

ix



CHAPTER I
INTRODUCTION
The Hypothesis

In this dissertation, the use of the I.B.M. 650 digital
computer 1s proposed as a means of solving the transit opera-
tor assignment problem The primary purpose in suggesting the
use of the digiltal computer is the elimination of the necessity
for the present lengthy manual calculations This present man-
ual method serlously curtails an amount of desirable resched-
uling which is necessary to meet the ever changing service
requirements |

Reduction 1in operating cost, through rescheduling, has
been one of the objectives of transit companies seeking to
maintain profltable operations. Yet such reduction in oper-
ating costs, if carried too far, may result In less effective
service'and additional declining revenue. Thus, transit com-
panles require the capabllity for almost instantaneous re-
scheduling to malntain effective service. This uissertation
will 1llustrate a method for acquiring the aforementioned

capabllity.



Factors Currently Affecting Bus

Transit Systems

It would not take much probing to diséover that transit
volume haé been steadily decreasing singe the end of World
WarvIIQ The reasohs are primarily a result 6f the‘post;war
economy. Increased pfoduetibn éhdvuse of private autoﬁobiles
has been one major factor. Another céuse.has Been the stead-
ily increasing trend to move out of cities, which has resulted
in the gfadﬁal shifting of populéﬁion centeré from the ¢ity
to the sufrounding, expanding suburbs. Thisbshift has been
accompanied by the displacement of major shopping areas from
the c¢ity to the suburbs, thus decreaéing the nécessity'forv
resorting to thev"downtown" area fof consumers'_neéds.

The "Car Pool", an American institution which was devel-
oped tdiits highest dégree during Wofld War 1II, 1s now a
ﬁérmanent fixture in transportatlion, especilally in commutling |
té the work place,ﬂénd in.tranépérting childrén to school.

Aé é side effect, the car pool has allowed the housewifebthe
use of the fémily car fér ﬁer needs while her husband ié at
work. | - .

'The decline 1in usage of public transit and the ever
increasing nﬁmbérkéf automobiles on the road has not only
posed problems for tfansit orgénizations,’but»aiso'fof city
plannefs, ﬁho are continualiy’éttempting to makebthe elity

the eenter of culture, business, and retaill trade. Planners



are constantly vexed as to how to provide for the flow of
people 1in and out of the heart of the city. In the remain-
der of the chapter, anvattempt will be made to discuss var-

ious points which show the need for modern efficient transit.
The Case for Modern Rapid Transit

One of the most powerful forces in shaping an American
eity 1is transportation. As a ratter of cohtrast, consider
the relative merits of New York City and Los Angeles New
York has one of the most complete transportation systems 1n
the world utilizing privately owned railroads, and city |
operated subways and buses. It is a world center of trade,
finance, and culture, whioh serves as a hub for the sur-
rounding metropolitan area, Los Angeles, on the other hand,
has never developed:an extensive publiec transit system, nor
have the inhabitants indicated any desire for any form other
than the automobile As a result, streets, expressways, and
parking facilities have displaced the clty to the point where
it is a sprawling mass

Mechanized urban transportation, which began its devel-
opment in the‘earlybl900‘s,.enabled the city to grow to
almost any size that men oould manage. Until‘the latter
part ofvthe l920?s, the streetoar was the major vehicle of
mass tran'sportation° Although the automobile had made its
debut, the Depression and World War II delayed its impact.

Apparently, city officials, c¢ity planners, and transit



managements continued to believe that city transportation
patterns would remain the same after World War II, as it

had been for the previous half century. Automobile use was
expected to rise with the increased availability; but it was
presumed that people with businesses in town would continue
to patronize public transportation, yet these people did not
conform to this plan. The post war economic boom not only
saw automobile production soar, but also people using their
cars more and more for trips that were previously made via
public transit. As car sales increased, transit riding
decreased. The number of transit riders reached a peak in
1945 - the last year that cars were hard to get. Each year
since then the transit volume dropped until 1950 when the
volume was equivalent to that of the mid-1920's. Since 1950,
transit volume has dropped even further, to the point where
Americans now spend only $1.5 billion per year on public
transit and rall commuting compared to $1.8 billion in 1929.1
During the same period automobile expenditures have increased
from $11 billion to $27 billion, and approximately one-half °
that amount 1s spent on driving within cities. These facts
are graphically i1llustrated in Figure 1. Railroad commuter
volume has decreased, and in spite of periodic fare increases,
most roads' passenger operations are functioning at a monetary

loss, stabilized in some instances by freight revenues.

1The Editors of Fortune, The Exploding Metropolis,
(New York, 1957), p. 34.
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Recent legislation (Federal Aid Highway Act) will
provide additional funds to finance a super-highway net
that will skirt or enter 90% of all cities of more than
50,000 population. The Bureau of Public Roads believes
that the proposed program of expressways will relieve down-
town traffic congestion. City planners, however, do not
all agree. Some feel the only way to alleviate the situa-
tion 1s to get the people out of cars and into publiec
transit; in other words, move bodies, not vehicles. They
also feel that if some of the federal highway funds could
be allocated for transit, then systems could be provided
which would get people to work faster and cheaper than by
car. Sultable systems would reduce traffic congestion
which in itself would be a boom to Bus Transit.

In summary, aoﬁé city planners feel that public transit
must be utilized on a much larger scale, or the city will no
longer be the center of activity in a metropolitan area.
Private transit managements cannot cope with expansion with-
out subgldized aid. Construction of more parking facilities
will require the usage of valuable property for less produc-
tive purposes. If congestion continues, it 1s feared that
the public will resort to shopplng exclusively in suburban
centers, in effect, abandoning the city. The trend has
already been evidenced by the opening of branches by large
renowned city department stores, medical clinics, and banks.

It 1s the belief of many planners, that unless public transit



is vastly improved and patronized, the c¢ity wlill cease to
exist as we know it today, and become instead merely a cen-

tralized headquarters area for business and industrial staffs.



CHAPTER II
DIVISIO¥ OF THE SCHEDULING PROBLEM

Out of a United States working foree of sixty-six
million, commuters make up a seant ten million. Yet, ftheilir
daily c¢ycle from home to work accounts for a larger volume
of passenger trafflc tham any other type of weekday travel.
Six million of them get to werk amd back by automoblles,
450,000 by train, and three and one-half million by bus,
subway, or rapid transit, In many cities the bus system
is the major commercial means of ftransportation into and
within the ¢ity. In other cities the bus must compete with
the train énd the subway system as well as the taxi. The
intercity motor bus operation is essential, ferming an in-
tegral part of the passenger transportation system, linking
thousands of communlties.

There is a variety of reasons for adoptiom of buses in
transit operations among which are the following: (a) flex-
1bllity in traffie, (b)”individmal power supply, (e) ébility
to pass each other, (d) through service to off-route loca-
tions, (e) ability to combine routesﬁwith one vebiecle ren-
dering the serviece, (f) low initial @oét, and (g) curb

discharge.



The city bus transit system is usually divided info
routes. A route 1s the street or sequence of streets that
a bus follows in order to move between two specified loca-
tions; usually between the downtown area and a residential
or suburban area. A route may have any number of branches,
turnbacks, loops, and end terminals. On each route there
will usually be many schedule numbers (see Figure 5). A
schedule number is a bus that goes over a specific route

at a certain predetermined time.
Factors in Operations

There are operational factors in the transit industry
which sometimes present problems. The transit industry is
subject to traffic peaks in the morning and in the late
afternoon, as well as falling-off of traffic on week ends.
To meet these peak traffic demands, it is necessary to main-
.tain equipment in excess of that which otherwise would be
needed. Today bus scheduling is a big problem, in fact
many transit company executives admit that bus scheduling
is their biggest problem. These peak pericds add to sched-
ule difficulties. During the peak period, the schedule may
call for a transit vehicle over a particular route every two
or three minutes, whereas, during the off-peak period, a
vehicle every ten or twelve minutes or less often may be
adequate., In addition to bus allocation problems; this

necessitates a certain amount of split shifts for operatorss
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who may work, for example, four hours in the morning, with three
hours off, and four hours agaln in the afternoon. The split-
ting of shifts has always been a matter of contention between
transit management and transit employees with thé léttep con-
tending that there should be extra compensation for the time'
between shifts. .
A faetqr in transit operations increasingly being used
is that of the express run, which has fewer stops and thére-
by appreclably cuts down on running time. It is estimaéed
that the time for bdarding.and alighting is about thirtéen
per eént of scheduled running time,d so?the eliminatioﬁ of
stops can speed up the run. The élimination of a nnmber of
stops reduces operational. . expense, ntTheT:many_stOpsiih
urban operations cause a large amount of maintenanée?of equip-
ment and makes for a much higher consumption of gasoline aﬁd
oll tham is found in intercity passenger operations. }B@piém
the other hand, income from such an expreés ran 1is éfﬁén-low.a
One of the advantages already mentioned in.bas?city |
operations 1s the flexibility of the motor bus., However,
its flexibility often makes for many requests for additional
routing or rerouting and thus rescheduling. The great post—'

war exodus to suburbia has scattered commuters through the

lcharles A, Taff, Ph.D, Commercial Motor Transporta-
tion (Illinois, 1955), p. 638,

21bid.
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United States countryside surrounding cities. When the
bus serves outlylng areas, residents frequently contact
their local city officials to petition that the bus route
come down their street. The trafflc potentlial in outlying
areas is limited, but it 1s difficult to convince residents
of that fact. But at the same time city transit firms
realize that 1if scheduling could be set up in a really
efficlent manner, it would offer ome of the greatest pos-
sibilities for profitable transit operation. The whole
problem of scheduling is customarily divided into:
(1) Partitioning the city or town into areas with
routes to service these areas and determin-
ing the passenger load, and thus, the vehicle
requirements (number of buses needed per route).
{(2) Establishment of headways, i.e., the time in:minuées
between vehilcles,
(3) Run assignments for operators, i1.e., the estab-

lishment of dally work.

Determination of Passenger Load

And Vehicle Requirements

Information to develop service requirements for a
route must first be.reeorded by traimed traffic cheekeﬁé,
These traffic readings are passenger codmts taken as ve-
hicles pass strategic points along thé line, such as the

heaviest hauling points, turnback locations, branching
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and transfer polnts. The men work in shifts around the
clock, until all routes are observed. This provides the
basic schedule figures needed to regulate the operations,
In this manner the entire system is re-checked for eomplete
schedule revision for the fall, spring, and summer traffic
conditiousa

Without traffic readings, schedules could not be built
efficiently nor could 1t be maintained in order to give the
best necessary service with the least amount of,equipment
and man power,

In assigning eheckers,3 according to the preplanned
arrangement to completely cover a route survey of passenger
loading, some specifle recordings are necessary to ﬁroperly
summarize the data collected. These are as follows:

a, Line being read |

b, Location of reading point

¢. Direction of reading

d, Date of reading

e, Type of reading - arriving or leaving.

3J. T. Harman, Scheduling Mass Transportation Vehicles
Electronlcally, (February 20, 1958}, A Speech to the American
Marketing Association: 'A Mechanical device has been patented,
which will improve on the manual traffic checking. This port-
able recorder produces, on tape, time of day and a passenger-
on-and-off count for each vehlcle operated; also totals the
accumulation of riders at designated locations. These record-
ings on the tapes will be fed. directly from the vehicle checked
o an- eleetronie interpreter :
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f. Weather conditions

g. Time of vehicle

h. Number of;passengers on each vehlele,
The field checks obtaiﬁed supply source information for
applying loading standafds‘fer“regulating eervice. When
a load faetor - the toéal number of eeats biusvetanding
spaees pef vehiele - 1s divided into the numbervof bus
passengers on a partieular route'per hour,‘the result 1s
the'humber of Euses required per Hour‘per route. |

 As an examplelin thls discussion, 1t could bée assumed
that a spegifiec foute ﬁoﬁid.require.75 buses during the}
merning‘rush periods; 25 1n middey; 70 thfeugh the after-
noon rush period,“with lo‘vehicles operating in the night
servieee This variation in the number of vehicles requlred
dﬁfing these periods ereates a veryvuneconomieal use ef

equipmen‘c°
Establishment of Headways

Headwa&s is the time, in minutes, between vehicles.
Thils, in‘turn,‘deﬁerminee the spacing of vehicles (sched-
ule numbers). In'order to move vehicles from terminal to
tefminal on an evenly-spaced headway, proper running time
must be provided. The running time is the time necessary
to travellbetweem two points on a.route° It 18 the most
importamt time.of a sehedule as far as operations areveen—

cerned. No schedule could operate effectively or without
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loss of man power unless it had the proper running time.

If a line does not have enough running time, all trips

might be late, and it‘wodld cause some trips‘to be cut,

If'a line has too much running time; there"uould‘also be

a poor operation; for it would be neoessary_for all“vehicles
to drag along, "killing time", or elsevrun‘ahead of schedule

and cause uneven spaces in the headmav, When an operator

runs aheadvof schedule; he causes‘the nextboperator to be
late and‘haul more passengers than he ordinarilv would, |

This makes the Seoond operator'do more thanbhis normal amount
fvwork‘v Running time shouldvbe-determined in order that an
operator can haul his passengers safely and provide them with
the servioe to which they are entitled.

Running time 1is oompiled through time studlies made
under actual operating conditions. The resulting figures
are applied to new sohedules so that tne proper time 1is
allocated to each series of trips, providing maximum oper-
ating speed with safety.

As arranged running time varles eaeh hour on a line
of 90 minutes in one-way time, a sohedule could have up
to six intermediate time points. Suoh points are malnly
assigned to eheek adherence to sehedule. ‘They are spaeed
approximately equal distances apart, along the route

The daily total and accumulated miles operated per

vehicle provide the maintenance department with service
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controls, while man-hours as scheduled become the basis for
payroll accounting.
. The man-hours scheduled are. then broken down into work

assignments for each operator; the results being called rums.
Run Assignments for Operators

The difficulty encountered 1in arranging runs for bus
operators 1s brought about by the many vériables which go
into the make-up of specifying dally work for each man.
Both operating variatione in time per trip and the union
contract restrictions on what constitutes a run, are the
reasons for this situation.

Speciiieally, difficulties in arranging runs are
brought about by the variation in trip length:.

‘Trips are combined or brokem lnto segments of time 1in the
process of comstructing runs,

The labor contract often states that all assigned
regular runs must pay a specified number of hours (mnormally
elght hours). The fringes in addition to the operating
hours are‘items such as the following:

Unworked time added to a run to make an eight-hour day

Preparation and storage time

‘Distance relief and travel time

‘Walting time

Spread penalty for comstructing a run beyond a certailn
number of hours (12:25 h@urg
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Overtime after a basiec eight-hour day {at time and
a half)

Percentage of straight ahd gsplit runs

Minimum length of a plece of work.,

The foregoing explains the difficulty encountered in
manual sehedulingvmethodso Rescheduling has been a prin-
cipal avenue @ﬁen to transit companies seeking to malntain
operations onm a profitable basis, especially so in these
days when they are confronted with the double-barreled
competition of the private automeile and the ever-increasing
traffi© @bngestigno.

Reduction in operating costs can play an important
role, but such reduction if pushed too far; will result
in less effective §ervi@e and another decline in revenue.

Previous studies had been @@@du@ted-on both (1) deter-
mination of passenger load and vehlcle requirements and
(2) establishment of headways (Appendixes C and D). Run
assignments for operators, the third phase of the sched-
uling prpblemg wiil be dlscussed furthep in the following

chapters.



CHAPTER III
PRESENT SCHEDULING METHOD OF "A" COMPANY

In the following chapter the present scheduling method
of "A" company will be intﬁgdu@edo

When "A" company moves into a ¢ity to operate a bus
transit system, 1t does so elther by taking over from another
existing firm or stérting 28 a new concefne In eithér case,
the decision as to which routes the company will operate is
finally based upon an agreement between the company and the
clty commissioners., Changes, in the form of édditions or
deletions of existing routes, are sometimes undertaken\to
keep abreast of the eity‘é ever changing needs., A decigion
is reached after studying present and potemtlial need of the
clty residents, and the economics of servicing this need.

The.first step that the company will take 1ln estab-
lishing and/or changing routes 1s to go into areas that
they intend to serve, estimate the number of residents,
and then they estimate the number of residents that use
public transportation. The latter estimate ls based
upon several factors, such as the geographiec location, the
type of resid@n@gg the kind of work, the nearby industries,

ete. The ultimate estimate is based upon experience

18



rather than any formal or amalytical techniques. Div;d;ng
the number of expected passengers by a load factor, which
depending onm the capacity of the buses, results in the
number of buses needed in this speecial area or for this _
special route. Ordinarily, in the early hours of the day
and late afternoon,’tnére is a rush perlod during which
passengers are going to or coming from work, hence re-
quiring a great@r number Qf buses. Generally, a rush
period requires three times as many buses as are needed
during normal service periods,

The next step 18 the determination of the round trip
mlleagé for each route, Dividing this mileage by the aver-
age speed of the bus, which 1s uswally about 12 m.p.h.,
will give the time for a round trip. The headway, which is
the time interval hetween two vehicles on a specific route,
is found elther by dividing the round trip time by the num-
ber of buses or by some related assumption. The headway
durling the ruéh periods, is always less than a@an@rmall
service periods (@n@=half to one-third the normal head-
wWay) .

As an example, 1f some passengers wish to be downtown

19

for work at 730@ a.m.,, then the first bus might arrive there

at 6:50 (6:50 indicates 6 hours and 50 minutes, 6.50 indi- .
cates 6 hours and 50/100 of am hour)., If the headway is
15 minutes then the second bus would be there at 7:05, and

80 on, If eight buses are needed to carry passengers
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downtown during the morning rush period, the arrival times
are listed on a sheet of paper, and then calculated to deter-
mine the pulliout times frbm'the garage, To further clarify
this, the following example is given,h Assume that on a cer-
tain route theée data apply:

(1) Early rush period is until 9:00 a.m.,

(2) Round trip time is one hour

(3) Thé desired headway is 10 minutes, then

{4) Six buses are needed downtown between the hour

of 8:00 a.m. and 9:00 a.m,

On a sheet of'paper the timing points 6n this route are indi-
cated., Scheduling 15 simplified by including two round trips
6n one sheet, So if on route "B" the timing points are Main
Stréet9 Xy, Xg and X39 then this is indicated on a sheet of
paper as foll@ws§ | |

Pull Main X, Main X, X, X, Main
out: St. R St. 1 2 3 St.

and the six buses will be shown as folloﬁs;

Pull Main X1 X, X3 Main X X X, Main
out St.

3 sy, 17273 sy,

800
810
820
830
Notice the difference in time is the ten (10) - 2840

minutes headway. 850
Now caleulating the pull-out times of the buses to deter-
mine when they wlll leave the garage, fthe following data

are obtalined:
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Seh., Pull Main Xl
No. Out St.

1 555 600 615 630 645 Te0 T15 T30 T4s 800

X, Xs Main X . Xa Main
2 3 sk, 1 K 3 sk,

2 605 610 625 640 655 710 725 74O 755 810
3 615 620 635 650 705 T20 735 750 805 820
L 625 630 645 TO0O T15 T30 T45 800 815 830
5 635 640 655 T10 T25 THO 755 810 825 840
6 645 %5@ 705 720 735 ?5? 805 820 835 :5?
750 - 650 850 - 750
= 1 hour = 1 hour

Notice the time for a round trip 1is one hour.
Each one of these buses will be given a number called the
schedule number as shown above. |

All the above steps will be repéated for the normal
service periods and the second rush period. During the normal
service periods, the headway time will be greater aﬂd'thﬁs, a
lesser number of buses will be required. The buses not. !
needed either have to be sent back to the garage or assigned
another route.
Applyling thls to the above example with previous assumptions
of:

(1) Early rash period is until 9:00 a.m.

(2) Round trip time is one hour

(3) The desired rush headway is ten minutes, then

~{4) Six buses are needed downtowmn between the hour of

8:00 a.m. and 9:00 a.m.



Plus the followlng assumptions:
(5) The desired normal headway is twenty minutes, then
(6) Three buses are needed downtown after the rush period.

Sch.Pull Main X : Main X X, X, Main Pull
No owt se 1 2 %3 st, + 2 "3 s, 1In

1 555 600 615 630 685 T00 T15 T30 T45 800

2 605 610 625 640 655 Ti0 725 T4O 755 810- 815
3 615 620 635 650 T05 720 T35 750 805 820
b 625 630 645 TOO T15 T30 T45 800 815 B30- 835
5 635 640 655 T10 T25 Tho 755 810 825 B840
6 645 650 TO5 T20 T35 750 805 820 835 850- 855
1 800 815 830 845 900 915 930 945 1000
3 820 835 850 905 920 935 950 1005 1020
5 840 855 910 925 946 955 1010 1025 1040

This will go on untll the second rush period, when more buses
wlll have to be inserted in the schedule with the proper head-
way time, After this period is over, service returns. to nor-
mal. This route 1s customarily rescheduled again for
Saturdays and Sundays. |

Followlng "are aectual weekday, Saturday and Sunday
schedulzs on route No. 13 of "A" company; from which is found
that:

(1) Round trip time is between 1:07 and 1:15 hours

(2) Headway at rush period is 12 minutes and at normal

service 18 35 minutes



(3)

Five buses were needed downtown (4th and Main)

between the hour of B:00 and 9:00.
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SCH. PULL 4TH 28CT ZlST 218T 4TH
NO. OUT MAIN 305T YALE UTICA MAIN

282 540 --- ---
283 552 --- ---
284 604 --- ---
281 511 516 546
285 628 --- ---
286 640 --= ---
282 807 845
281 843 920
282 1140 1215
281 1215 1250
282 310 348
288 BX1355 ~- ---
289 Fr(263 -- ---
281 345 425
290 FrX353 -- ~--
287 X352 415 452

282 655 735
281 735 810
282 1030 1100

ROUTE NO.

--- =--- BH5
~e=  =-= 55T
“ee --- 609
556 606 621
--= --- 633
- -—- 6b5
855 905 920
930 94 955
1225 1235 1250
100 119 125
oo 410 425
--= --- 437
—ee --- 452
437 450 505
--= === 517
504 514 529
745 755 810
820 830 845

1108 1115 1130
13 - WEEKDAY

28CT 21ST 21ST 4TH 28CT 21ST 21ST 4TH PULL
UTICAMAIN 1IN

30ST YALE UTICA MALN- 30ST YALE
615 627 636 652 T30 Th2
627 639 649 To4 Tha2 Ts54
639 651 T01 T16 754 806
651 T03 T13 728 806 818
703 T15 725 Th4o 818 830
Ti5 727 T37 752 --- --=
g55 1005 1015 1030 1105 1115
1030 1040 1050 1105 1140 1150
125 135‘ 145 200 235 245
200 210 220 235 310 320
503 515 525 54¢ 618 630
515 527 537 552 630 642
529 541 551 606 --- --=
543 555 605 620 658 T10
555 667 617 632 --- ---
607 619 629 644 --= ---
B45 855 905 920 955 1005
920 930 940 955 --- ---

- - - - - - oo - - - un o

EAST 21ST STREET EFFECTIVE

752
804
816
828
840
1125
1200
255
336
640
652

807

8ig 824
831 836
843

855 900
---ChX206
1140

1215

310

345

655

70T Tia

fie



SCH PULL 4TH 280T 21ST 4TH 28TH 21ST 4TH 28CT 213T 4TH PULL
KO, OUT MAIN 30ST YALE MAIN 303ST YALE MAIN 30ST YALE MAIN IN

282 610 --- --- --- 615 645 655 T20 T55 805 830
281 535 540 610 620 645 T20 T30 755 830 840 905
282 830 905 915 ko 1015 1025 10506 1125 1135 1200
281 905 9ke 950 1015 105¢ 1100 1125 1200 1210 1235
282 1200 1235 1245 110 145 155 220 255 305 330
281 1235 110 120 145 220 230 255 330 340 #05
282 330 405 415 440 515 525 550 625 635 700
281 405 k40 450 515 550 600 625 T00 T1O0 T35
282 700 735 T45 810 BE5 855 920 955 1005 1030
281 735 810 820 -845 920 930 955 --= --- --- 1000
282 1030 1105 1115 1180 --= —oc  —cc  —cc eoo —-o 1145

ROUTE NO. 13 - SATUI

DAY EAST 21ST STREET EFFECTIVE. .

¢



S8CHE PULL 4TH 28CT 21ST 4TH 28@@ 21ST 4TH 28CT 21ST 4TH PULL
OUT MAIN 30ST YALE MAIN 30ST YALE MAIN 30ST YALE MAIN IN

RO,
281
281
281
281
281
281

625 630 T00 TOT T30 800 807 83¢ 900
930 1000 1007 1030 1100 1107 1130 1200
1230 100 10T 130 200 207 230 300
330 400 407 k30 500 507 53¢ 600
630 TOO TOT T30 800 80T 830 900
930 1000 1007 1030 1100 1107 1130 ---

ROUTE NO., 13 - SUNDAYS & HOLIDAYS EAST 21ST STREET EFFECTIVE, .

207

930

1207 1e30

307
607
207

- -

330
630
936
--= 1135

<

ge



The last step 1n completing the schedule;, and that which
is probably the most diffi@ult is determining the runs, l.e.,
the individual operator assignment to a specific bus. This
step is partially restricted by the labor comtract. :The
labor comtract that "A" company has with 1ts union requires
the follgwing: (See Appendix B for a labor management con-
tract on s@heduling restrictions.)

All runs pay at 1east 8 hours.

Of all rums, at least 35% must be straight runs and
at most 65% split runms,

Overtime work 1s defined as work im excess of 8 hours
and 50 minutes, in case of a stralght ruq,and 9 hours,
in cage of a split run.

All overtime work is paid at time and 2 half
(i.e., 1.5 regular pay).

Split runs may have a spread time of 12 hours and 25
minutes, and 10% of these runs may have a spread
of 13 hours and 25 minutes,

If the spread time is 2bove that previously stated, them
the company pays one-half the excess time as penalty.

A piece of work should pay at least 2 hours unless 1t is
on the extra board, them it shouwld pay 2 hours and 30
minutes (every pieece of work has a report time of ten
minutes) .

The ideal schedule for a company wWould be ome with all

straight runs. However, the variation imn service trip lengths
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makes this a practical 1mpos$ibility° A straight run in
general costs the company less and 1s preferred by the
employee, Due to the inconvenience in relleving a driver
at‘nightvif he 1s on a split run, it 1s preferred that all
split}runs be scheduled 1in the daytime.

As a general rule, transit companles schedule each
route independently. This 1s accomplished as follows:

(1) From the schedule (time table or the "board"
as it is customarily called)g the scheduling department
finds the total time each bus (schedule number) is in serv-
ice, and the timé 1t pulls-out and pulls-in to the garage.

(2) These.servioe times, depending on thelr length,
are divided into eight hours of wérk. |

(3) Altho@gh step 2 is done on a trial and error
basis, there are two rules which.may be used as guldes.
These are: |

a. Pie@es.of work will be easier to schedule 1nto
ramns 1if they afe of about four hours duration.,
b. Each route éhould be balanced sepérately (L.e.;
number pf A. .M, pleces of work equals numbef
of P.M, pieces).

(4) After the board has been broken into eilght hour
straight runs, and pleces of work, the AOM; pieees of work
are iisted on one side of a sheet of paper and the P.M. on
the other side 1in the order of ogcurrence, Split runs are

constructed by combining A.M, with P.M, pleces of work,
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While this will take care of moét of the pleces of work,
n@t‘ali these pleces will fit well together 1nto split runs;
thus, leaving some pleces still unscheduled

(5) At this point, the percentage of straight ruans to
split runs 18 checked, If the number of straight runs is
over the minimum specified by the labor contract (and us-
ually is), then some of the straight runs will be broken
down to re@onstru@t, with unscheduled pleces of work, split
runs. A straight run 1s brokem only if two split rumns would
result. | |
| {6) Any piece of work then left unscheduled is added
to the extra board. The extra board schedule is constructed
on a dally basis, and a sufficient number of eﬁployees are
carried to adequately take care of these remaining pleces
of work plus employees' leave of absences, vacations, slck-
ness, ete.

On the followlng page an actual run assignment 1s devel-

oped from breakling down Route No. 13.



St.R,

P.W,

ROUTE WO, 13-Week Day Break-Up

RUN NO, SCH.NO. TIME ON TIME OFF __ WORK REPORT PENALTY STRAIT OVER TOTAL
1301 281 511A P/odt  125P Reld 814 16 824 Bak

1351 281  125P Rel  1000P P/in 835 10 845 845

1352 282  310P Rel  1135P P/in 825 10 835 835

1302¢ 282  540A P/ost 1030P Reld 450

1303X 283  552A P/out 828A P/in 232

1304x 28k  604A P/out 836A P/in 232

1365X 285  62BA P/out 900A P/in 232

1306X 286 640A P/out T52A Chng 112

1307C 282  1030A Rel  310P Reld hho

1353X 287  415P Chmg  649P P/im 23

1358X 288  437P Chug T12P P/in 235

1355¢ 289  452P Chmg 611P P/in 119

1356X 290 517P Chng  63TP P/in 120

EFFEGTIVE. . .

33



CHAPTER IV

COMPUTER SCHEDULING OF TRANSIT
OPERATORS ' ASSIGNMENT

High-speed digital computers are today helping many
small businesses cut operating expenseé and handle.an in-
creased volume of work, Thesé computers are still so costly
that only very large corporations cam afford to buy or leasé
them, But the small businegsman can turn td éomputer serv-
ice organlizations that sell the time of large computers on
an h@urly.basiso The buslnessman pays only for the time
1t takes to solve his partlicular problem. Beeausé a
high-speed computer @aﬁ perform millions of caleulatiéns
in an hour {from 600-4000 operations per seeomd),l a wide
range of problems can be economlcally solvedyin a relatively

short time amd by more efficient means than hand calculation.
Types of Problems

Some typical englneerling problems that can best be
solved by computers include stress analysis, heat and

pressure cecalculations, vibration analysis, and engine design.

lFran@is_Béllo, "The War of the Computers," Fortune,
O@t@bef, 1955, p. 130.

31
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Digital computers make posslible the rapld processing of
great amounts‘of elerical data. They cut down the time and
costs spent on fwéetions such as payroll processing, bllling,
shop~0rder writing, sales amnalysis and a large varlety of
schedulling problems, |

Illustrative of these problems 1s that of a busliness
whieh operates a fleet of trucks. The manager wanted to
find out the most economical routes for them to follow., The
fagtors that had to be eonsidered included among other mile-
ages, traffic congestlon, toll roads, and load capacities,
Inlgust a few hours a computer analyzed ten milllion possible
route éombinations and found the best ones, Without a com-
puter, 1t was estimated that 1t would havé takeﬁ twenty years
to solvé the above problem. @bviéusly, during that time the
tﬁm@ker would not have been able to save several thousand
dollars per year as he 1s now doinga2

A problem must be carefully studled in order to deter-
mine 1f it is complex and difficult enough to warrant a
?@omputer solutien, and still be economiecal.

The broblem of schedullng bus operators 1s certainly
one which lends itself to computer techniques. The problem

arises mainly from the restrictions which both the labor

a1, J. Seligsohn, Using Computer Services in Small
Buslness, Management Alds for Small Manufacturers, Novem-
ber’g 19599 po 30 ' ) ) )
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union's contract andlthe Clty Commissioner's regulatlons
place on the operating companies, The wage rate of bus
drivers averages $2.00 per hour while the varilable cost of
operaﬁing a bus appfoximatee.$o 050 per mile or $0.65 per
hour (13 m, p ho)o This ratio of driver to bus cost of
about three t@ one emphaeizes the deslrability of effieient
scheduling. |

The program described in thls chapter 1s deslgned to
be pr@cessed on the I.B.M, 650, It glves the scheduler a
method whigh praetieally elimiﬁates @ierical work and end-
less hours of calculation, In the following pages, the
reader.will find a deseription of the program with instruc-
ﬁions for 1ts use. In general, the program 1s developed
to follow the old manual pattern @f scheduling very closely
in most respects, dolng exactly the same work that people
did with peneil and paper, bﬁt‘teleseoping weeks of work
Into a few houi's° By a process of simulatlon, the computer
internally traces the motions of a bus. Using a logleal
model for each line, the computer follows each bus across
its own route, making high»speed declslions and calculatlions
on the basls of information supplied; .A range of limits
such as maximum and minimum hours of work, overtime rates,
and polnts on the route ﬁhere.deeision must be made, are

established 1n advance.
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The Program

The speciflc obJective of this I.B.M. program is to
construct a schedule with as many stralght runs as possible
and with a mimimum number pf ﬁnseheduled pleces of work.

As mentioned previously, pleces of work not scheduled in
split runs are undesirablé and costly to mainmtalin., To
rea@h thls @bje@tive; the author has found it moré convenient
to divide the problem into four sectlons, due to limitatioﬁ
of storagé'area on the computer and the complexity of the
ﬁroblem, Thg process has been arranged 80 that the output
from oné section is'the input for the succeeding one.
Section I
A, Straight runs are developed by knowing the pull-out

timeé and pull-in times 6f all the schedule numbérs

on a route,

B, An intermedlate step 18 necessary to chahge the

forﬁat by which pleces of work are punched out
(Seetion I - A) to the appropriate form needed
as input data for Sectiom II.

Section II

Split runs are constructed by combining pleces of

work, |
Segtlon 111

Split runs are constructed by breaking down straight

runs (Section I - A) and combining their pleces with



those pleces of work that were not scheduled in

Sec¢tion II.

Section 1V

.Find the total cost of a schedule,

35

The following special devices on the I.B.M, 650 are required:

Sixty words IAS (Immediate Access Sterage)
Three 1ndex registers (A, B, and C)

Floating declimal device

I.B.M, 533 read-punch unit and proper control panels

This program does not require any special control panel

wiring since the varlious sectlions of the program are devel-

oped, using either the "SOAP II" or the "FOR TRANSIT" method

Of programing.

In the pages that follow, the reader will find a

description of each sectigm'in‘the program in the following

order:

1.

2.

3.
)‘ﬂ'o

Presentation

a., Assumptions

"b. Flow dlagram

¢, Dliscussion

Preparation of data

Starting the program

Example and remarks

(Appendix A contains a complete listing of the program.) .
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A, Straight runs are developed by knowing the pull-out

time and pull-in time of all the schedule numbers on

a route,

1. Presentation

a, Assumptlions

In this seetion the following assumptions

are ineluded in the body of the program:

(1)

(2)

(3)

(a)

(b)

(e)

(a)

(®)

The
the

A straight run should pay at

least eight hours,

The operator gets ten minutes for
report time at the end of each run.
Thus, a straight run ean be composed
as follows:

7:50 work time 7.83 work time

0:10 report time or 0,17 report time
8:60 Total 8.00 Total

Overtime premium is at ome and
one-half times the regular rate.
Overtime is for work in exeess of

eight hours and fifty minutes.

8:40 work time = 8.67 work time
O: 1@ report time or @_1/ report time
B:50 Total 8,84 Total

driving time between the garage and

first relief point is known, and so

is the time between the firgt amd the

second relief points and bacgkwards
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between the second and the first
relief points.
All of thege agsumptions are introduced
at the end of the program in the form of
"words" (See Appendix A, Sectiom I - A},
This makes it very simple to change to fit
any special case without any damaging effect
to the body of the program.
Flow diagram
(See Pigure 3, page 38.)
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Read in $¢h. No. 1

,*_

Sch., No,

i

NPRRT: '
\M

" Pind Wo. Ti.

Wo, T1. = 7.83

5

Develbp Table
Lookup

v

Construct.
a St.,R.

.

FLOW DIAGRAM
SECTION I - A

Figufe 3
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Piscussion

The program is developed using the "SOAP II"

method. It 1is designed so that the machine

will do the following:

(1)

(2)

(3)

(4)

The machine will accept one card (sehed;
ule number) at a time, Find the total
time of this sechedule number and compare
it with 7.B3 hours {(the minimum working
time for a straight run.)

If the total time 1s less than 7.83
hours, this means that no straight runs
gan be developed from this schedule num-
ber, thus, the machine will print the in-
formation about this schedule number in
the form of a plece of work.

If the total time is exaetly 7.83 hours,
this means that a straight run can be
constructed from this schedule number,
thus, the maghine will add 0.17 hour

for report time and print the 1informa-
tion about this schedule number as a
straight run.

If the total time is more than 7.83 hours,
the machine will do a further check com-
paring the time with 8.67 hours (the max-
imum working time before paylmg overtime

premium. )



(5)

(6)

4o

If the total time is less than or equal

to 8.67 hours, this means that a straight

run e¢an be constructed from this schedule

number without working overtime, thus, -

the machine will add 0.17 hour for report
time and print the information about this
schedule pumber as a straight run.

If the total time is more than 8.67 hours,

this means that a straight run can be con-

strusted, and that more work is still
avallable on this schedule number to be
scheduled. In this case the machine will:

(a2) DPevelop a table for all the relief
points for this schedule number on
this route,

(b) Look up the relief point which will
break the total time of this schedule
number to exactly elght hours or the
nearest relief poingglarger than
eight h@grs to construet a straight
TUn, |

(¢) Check the following:

1 - See if the straight rum is
exaetly eight hours.
2 - If there 1is overtime, finds its

value,



(7)

(8)

P
P

3 - Look ap the relief point which
is ahead of the one chosen pre-
viously (i.e., that which will
cause the run to be less than
eight hours) and find the pén-
alty time.

4 - Choose the most ecomomical of
the above.

(d) The machine, in comstructing suech
a run, will osecillate. If the
first straight run 1s developed
at the beginning of the schedule
number, the second will develop
from the end, This is desirable to

| avold belng left with all pieces of

work elther A.M. or P.M. pleces;

witpeh wonld ereats g SRR

b B b

culty in scheduling.
At ¢rnsl polint, the machine will pilck
up the working time which has not been
secheduled in the straight rum, and run
it through all the previcus steps.
The next sechedule number is read into
the machine, and the previous steps

are repeated,
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Preparation of Data
Although the data to be processed may be in a
form other than standard 8-10, such a handicap
can be overcome by board-wiring. If the stand-
ard 8-10 board is to be used, then data cards
will be in this form:
a. Golumns 1 through 20 are provided for the
identifisation of the sshedule number.
b. Columns 21 through 30 are provided for
ldentification of the pull-out time of
the schedule number,
¢. Columms 31 through 40 are provided for
identification of the pull-im time of the
schedule number,
d. Ceolumns 41 through 80 are not used,
Starting the Program
The "SOAP I1" method has been used in develop-
ing this seetion, therefore, the steps to follow
on the machine are those of any "SOCAP" program
and can be summarized as follows:
a. 533 Read-Puneh Unit v
(1) 1Imsert "SOAP II" control panel
(2) Ready read feed with assembly deeck
Order of assembly deck:
(a) "S0AP II" deck 7
(p) Peck to be assembled (the program)
(3) Ready punch feed with blanks )
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650 Console

(i) Set program switeh to STOP

(2) Set half cycle switch to RUN

(3) Set ebntrol switéh to RUN

(4) Set display switch to DISTRIBUTOR
(5) Set overinW'swiﬁch to SENSE

(6) Set error switch to STOP

(7) Sét (7011951 9999) in storage entry switches

Press computer - reset key
Présé program - start key.
When‘read prper.émpﬁieé; press end of file
key; The "SOAP II" 1s 1oaded and the program
is translated to the ma@hine language and
punehed out
533 Read—Punch Unit
(i) Insert the 8-10 control panel
(2) Ready read feed with:
(a) The program 1n machine 1anguage
(v) A transfer card
{¢) The data cards
{3) Ready punéh feed with blanks

"Repeat steps b through 4 (For additional

informatioﬁ, seevl;B.Mo, "SOAP II" manual,
Form 32-7646-2 ) The output will be a.eérd
for every straignt run and one for every

piece of work.
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Example and Remarks

Example:

Input data

Output data

St.R.No.

= w N =

- N\

[@A\s}

11
12

Sch.No.

(=
= O=1 0WJ1 £ W N =

12
13
14
15
16
17
18

Sch.No.

[esNecNeo T NENIE NG ANG IR, G, IR UL b I

P/o
590
610
630
650
670
690
500
520
590
610
630
650
670
1390
1430
1470

P/o

590
610
630
650
670
148q
1100
690
500
1hh5
1310
520
1465
1330
590
610
1420
630
1485
650
670
1390
1430
1470

P/in
1370
1010
1&97
1490
1870
1890
2300
2320
1010
2230
1050
2270
1090
1810
1850
1890

P/in

1370
1010
1497
1490
1480
1870
1890
1100
1310
2300
1kh5
1330
2320
1465
1010
1420
2230
1050
2270
1485
1090
1810
1850
1890

To.Ti.

780
Loo
88hL
857
827
390
807
Lio
827
872
135
827
872
135
420
827
8a7
420
802
852
420
420
420
L20o

4y
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Remarks:

a,

In certain cases human Jjudgment 1s needed,

? Wwhere machine capaclity is limited. The total

time for sehedule number "I" 1is 7. 80 hourso
If 0.17 hour for report time 1s added, the
total time would have been T.97 hourso The
scheduler might find it more feasible to con-
struct, fr@m the above schedule, a straight-
run by paying 0,03 hour 1in penalty time
rather than treating the schedule. pumber '
as a plece of work

The reader will notice that the "0.17 hour
report time" is added to the working time of
each stralght run to gilve the-tota;.timea

The reader will notice how the machine, in

gonstructing a straight run, did‘so on an

@s@illating basiso CIf a run ls e@nstruoted
at the beginnimg Qf the seheiule number (as
schedule No. 5), the second 1s cengtrgeted

fﬁom the end (as s@hedulé No;vﬁ); This éro;

@edufe wlill prevent having all pieces of

work being concentrated either early in the

morning or late at night.
The reader will notice, that for both schedule

numbers, 7 and 8, two straight runs and a piege

of work are constructed.
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B.
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An intermedlate step is necessary to change the

format by which pleces of work are punched out

(Section I - A) to the appropriate form needed

as input data for Section II,

1.

Preéentati©n

a. Assumpti@ns - None

b, El@w diagram - None

€, Dis@ussiam

. The program is developed using the "SOAP II"

method, It 1is désigned to reduce the stor-
age area needed for eé@h plece of work from
four words to two‘wordso Instead of using
one card for each plece of work, 1ﬁ will |
'@se one card for four pleces of work,

Preparation éf Data |

Sin@e ali thé input data for this gectlon are

tne cutput from Section I - A; no further prepa-

ration is needed. H@wever, ‘one 8-10 standard

eard 1s‘ne@essary to sn©w the number of cards

@q ke pr©¢e8$ed; | |

a. Galumns i through 20 are provided to
éh@w the number.of cards. |

b. Columns 21 through 80 are pot used.

Staﬁt;ng the Program h

Same as Se@ti@nvi - A, (see‘page M@):



k. Example and Remarks

Example:
Input data

No. of cards

Output data

Word 1 Werd 2
8000530550 0018500300
8000571600 0018500250
6000601650 0018250175

(See remarks

Sch.No. P/o P/in To.Ti.
50 900 1500 600
51 500 1100 600
52 500 1700 200
53 550 . 1850 300

5k 1600 1900 300
55 1550 - 1800 250
56 1550 1700 150
57 1600 1850 250
58 1625 1900 275
59 1650 1875 225
60 1650 1825 175

Word 3 Word L Word 5 Word 6 Word 7 Word 8

0000520500 0017000200 0000510500 0011000600 0000500900 0015000600
0000561550 0017000150 0000551550 0018000250 0000541600 0019000300
0000591650 0018750225 0000581625 0019000275

for further explanation.)

Ly
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Remarks:

The following 1ls a desceription of the output

@ardob | R

a. Each card having 80 columns could have up
to eilght wardé (four pleces of work). |

b, Gél@ﬁns 1l and 2 in eaéh word are not used

| except in the fiﬁst word§ column l.ig uged
to show the number of words om the card,

6. 'Gblumns 3.@hrough 6 in word one,.threé, five,
and seved are ﬁéed to identify the'schedule
number; | o

d, @mlﬁmns 7 through 10 in werd one, three, five,
and seven are uséd to identifyhthe puil—out
timee‘ | | |

e, €Columms 3 through 6 in word two, four, six,
and eight are uéed to ldentify the pull—in
time. ' |

f. Columns 7 through 10 1ln word two, four, six,
and éight are used to 1deﬁtify the total
time, | | o
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Split runs are developed by combining pieces of work.

1. Presentation

.

Assumptions

In this section the following assumptions

are made and included in the body of the

program.

(1)

(2)

(3)

(a)

(b)

(e)

(o)

is:

A split run is composed of two
pleces of work amnd pay at least
8.00 hours.

The operator gets ten minutes for
report time for every piece of work,
Thus, a split run ecan be composed
as follows:

T:40 work time 7.66 work time

0:20 report time or Q.34 report time
8:00 Total .00 Total

Overtime premium 1s at one and
one-half the_regular rate,
Overtime is for work in excess of

nine hours.

8:40 work time 8.66 work time
0:20 repert time or ©.34 report time
9:00 Total 9,00 Total

Maximum spread time for a split run

12:25 hours or 12.42 hours
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All these assumptions are introduced at the
end of the program in the form of "words"
(See Appendix A, Seetion II). This makes
it very simple to change, to fit any special
case without any damage to the body to the
program.

b. Flow diagram

(See Figure 4, page 51.)
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_ ‘Readlin and
Store all P, W,

Check piece 1 L o Check another
 and — P two P, W,
plece 1 + 2 ‘ i -]
Q ' v . ) i
: - '
Check pilece i
|and piece i + 1 to
sBee 1if a
Sp. R
can be
constructed
N% ' YES
- —— il

FLOW DIAGRAM
SECTION II

Figure 4
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Discussion

The program is developed using the "SOAP II"

method., It 1s designed so that the machine

will do the following:

(1) The program will cause the machine to
store all pleces of work on the drum,

(2) Take one: plece of work at a time and
check 1t against the others, to find
the proper one with which a spllit run

@én be constructed, The checks that

the machine make:

(a) That the pull-out time of the first
piece of work 1s earlier than the
pull-out time of the secomd, (If
not reverse the order of the pleces
of work and carry om with the rest
of the cheeks.)

(b) That the pull-in time of the first
piece of work 1s earlier than the
pull-out time of the second pilece.

(e¢) That the spread time of the two
pleces of work is withim the maxi-
mum limits,

Spd. Ti, - 12:25 hours

(a) That the working time of the two

pieces of work is within the two limits.
T.66 h<@’oo‘fiol % WOOT102<8066 h



2,

53

(3} The two pleces of work which have been
found t© construct a split run will be
punched out uﬁder the same split run
numbef (sée exa.mple)°

(4) Split run numbers begin with "1001", in
@rder to differentiate them fr@m straight
run numbers whi@h begin with "l"

(5) B@pﬁat the previous gteps f@r @ther pieees
@f Work

Preparation of Data
Sinece all tne 1nput data for this section are

the @utput data from Section I -« B, mno further

preparatign is mequir@d However, the lagﬁ card

in the program (See Appendix A, Se@tién II) should

be @hangad depending on the number of pleces of

w@rk Yelng stéred on the drum. A regular "SOAP"

@apd 1s'neededo |

a, Gblumns,@3 through 46 should have the letters
"NUMB"

b, Columns 49, 50, 52, 53, 54, and 55 should
have.a Zero., |

¢, Columns 58 through 61 should have a gumber
equai to twice the number of pleces of work
to be sﬁcfedo

Starting the‘Pr@gram

Same as Section I - A, (see page 42).
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8000020610
8000081330
k000171430

Example and Remarks

Example:
Input data
10100400

14650135
18500420

51480
130630
18170

18700390
10500k20
18900420

60690 11000410
150670 10900420

(For further clarification see Section I - B, Remarks pagei48.)

Output data
Su.R.No.

1001
1001

1002
1002

1003
1003

100k
100k

Sch.No.

2
15

5

5
13
17

15
18

P/o
610
1390

1480
690

630
1430

670
1470

B/in

1010
1810

1870
1100

1050
1850

1090
1890

Working Time

k0o
420

390
110

L20
k20
i¥ale)
420

Te.Ti.

85k
854

83k
834
87h
87k

874
874

71310
161390

1kk50135
18100k20

18]
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Remarks:

a. The Reglonal Specification Card, the first
in the program, reserves 100 locations on
the druam for the storage of 50 pieées of
work., If more lceatiomns are desired, this
card should be changed. There are over
1600 locatioms om the drum that could be
used for sueh storage.

b, The reader wlll notice that the two pileces
of work which are combined to construct a
8plit run, are listed with the same split
run number.

e. The reader will notice, that two report time
periods (2 x 0.17 = 0.34 hours) are added to
the working time of each split rum to make
up the total time.

d, Split run pumber "1002" 1s an example of
Discussion {2) (a) which has been ex-
plained previously. The pull-out time of
the first plece (Seh. No. 5) 1is not earlier
than that of the second plece (Seh., No. 6).
So the machime reversed the order of the
pieces (ioeo, Seh, No, 6 was considered
first piece and Sech. No. 5 was considered
second plece), and further checks were

applied.
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Section III
Split runs are comstructed by breaking down straight
runs (Section I - A), and eombining thelr pieces with
those pileces of work that were not scheduled in Se@;
tion II.
1. Presentaticn
a. Assumptions
In this section the following assumptions
are made and inecluded in the body of the
program.
(1) (a) A split run is composed of two pieces
of work and pay at least 8.00 hours.
{b) The operator gets tem minutes for
report time for every piece of work.,
(2) (a) Overtime premium is at one and
one-half the regular rate,
(b) Overtime is for work in excess of
9.00 hours,
(3) Maximum spread time for a split run
is 12:25 hours.
(4) Terminal times and relief times for
every stralght run is known.
All these assumptions are imtroduced at the
end of the program in the form of words (See
Appendix A, Section III). This makes it

very simple to ehange, to fit any speeial
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case without any damage to the body of the
report. Assumption (4) is introduced in
the input data.

b. Elow diagram

(See Figure 5, page 58,)
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¥

Bead in and store
7 All P, W. -

Read in a
St. R.

l

Divide the St. R.
‘into 2 P, W,

i

Check'thevpossibility of
‘constructing 2 Sp. R.
by combining the 2 parts
of the St. R. with 2 P. W.

|

Check all other
- possibilities, by using

other P.’W

o FLOW DIAGRAM
SECTION III

Figure D
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Diseussion

The program is developed using the "SOAP II"

method., It 1s designed so that the machine

will do the following:

(1)

(2)

(3)

(4)

The program will cause the machine to
store all pleges Qf‘work on the drum.
The machine will read in one eard
(straight run) at a time, divide the
total time imto two (pieées of work)
and check the pessibllity of comstruet-
ing two split runs by combining these
two pleces of work wilth another two

from those stored om the drum.

The machine wlll also comsider all other
possiblilities of constructing split runs
using other pleces of work stored'on the
drum and punch out all results.
Although, there are an infinite number of
Ways to divide an eight hour straight
run, yet, 1t will not be prastical to
consider all these possibllities. The
scheduler should decide on the number

of trials desired. For each trial a
card ls prepared to show the length of
one of the two pieces of work into which

the straight run will be divided.
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(5) Although, a card 1s prepared to show
the length of the first plece of work
to which the straight rum 18 to be
divided;, yet, the machine will first
develop a table for all the relief
points of this run (as explained in Sec-
tion I - A) and then divide the run at
the relief point which best gives the
required division.

(6) The machine will go through the same
list of checks mentioned imn the discus-
sion of Section II (mainly the length
of working time énd spread time) when
considering split runs constructions.

(7) ‘The ma@hine will consider a solution
only if two split runs can be constructed
for every stralght rum being divided.

(8) A table 1is to be constructed manually,
to summarlize all the different possi-
bilities from which the final sclutilon
for this seetion 1s to be selected (will
be discussed further at the e¢losing of
this section).

2. Preparation of Data
The 1nput data to this seectlomn is:

a, An 8-10 ecard to show the number of locations



N
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needed to store. information about. P.W,
on the drum.

An 8-10 card to show the number of split
runs already constructed in Section II.
The 8-10 ecards each showing the length of
one of the two plesces of work into which the
stralght run is to be dlvided.

The 8-10 eards having information about
pleces of work to be stored on the drum.
The 8-10 cards having straight run infor-
mation (Seection I - A),

Description of imput data cards:

a.

b,

8.

An 8-10 card to show the number locations
needed to store. inmformation about. P.W.
on the drum.

(1) Columms 1 through 6 will have zeros.
(2) ©Colummns 7 through 10 will have a number
egual to twice the number of P W,

(3) Columms 11 through 80 are not used.

An 8-10 eard to show the number of split
runs already constructed in Sectiom II.

(1) Columns 1 through 6 will have zeros.
(2) Columns 7 through 1¢ will have the num-
|  ber of split rums, |
{(3) Columms 11 through 80 are not usédo

The 8-10 cards each showing the length of
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one of the two pleces of work to which the

straight run 1s to be divided. In each card:

(1) Columns 1 through 6 will be zeros.

(2) Columns 7 through 10 will be the

- selected length,

(3) Columns 11 through 80 are mot used.

The 8-10 cards havipg information about

pleces of work to be stored onm the drum.

These are a reproduction of the lnput daté

to Section II after elimipatiom of those

pleces of work which have been used 1m that

section.

The 8-10 cards having straight run informa-

tion. These are a reproduction of the output

data to Section I - A, after including infor-

mation about the terminal and rellef times of

each run. _ N

(1) Columms 1 through 6, 11 through 16, 21
through 26, 31 through 36, 41 through 46,
51 through 56, 61 through 66, and 71
through 76, are all zeros.

(2) Columms 7 through 10 are for St.R.No,

(3) OColumms 17 through 20 are for Sch.No.

(4) Columms 27 through 30 are for P/o Time.

(5) Columms 37 through 40 are for P/in Time.

(6) Columns 47 through 50 are for To.Ti.
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(7) Columns 57 through 60 are for Term.Ti.
(8) Columns 67 through 70 are for Relief 1.
(9) Columns 77 through‘Bo are for Relief 2.
3. Starting the Program
Same as Section I - A, {see page 42),
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0000000042
0000001005
0000000200

8000260800
8000280600
8000580625
8000621700
8000561500
2000701500

St.R.No.

= \J1 \JT1 \J1 \Jt
OO O~ W1 FW N —=\O 0O~

Example and Remarks

Example:

Input data

(This card will be changed with every trial.)

14000600
8000200
9000275

19500250

18000300

20000500

L60400
481000
590650
631700
671L00

?/o
600
500
700
800
630
650
670
1100
500
ikhs
520
1465
610
ik20
1485
650
590

6000200
16000600
8750225
18250125
18000400

P/in
1400
1300
1500
1600
1ho7
1490
1480
1890
1310
2300
1330
2320
1420
2230
2270
1485
1400

270900
290700
600650
6141600
681300

To.Ti.

817
817
817
817
88k
857
827
807
827
872
827
872
827
827
802
852
810

15000600
9000200
8250175

18500250

17000400

Term.Ti.

10
10
10
10
10
10

10
10

11000600
17000600

8000200
18500300
18000500

Rel.

[E)
(&

19
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Output data:

R.No.
57

57
57
5T
5T
>
o7
57
56
56
58
58
58
58
58
58

1

1

1006
1006
1007
1007
1008
1008
1009
1009
1010

1010

1011
1011
1012
1012
1013
1013
1014
101k
1015
1015
1016
1016
1017
1017
1018
1018
1019
1019
1020
1020
1021
1021
1022
1022
1023
1023

Sch.No.

37
26
37
L6
37
27
37
28

37
48
37
61
37
L9
37
62
36
26
36
64
38
27
38

0000000200 (First trial)
Sp.R.No.

P/o
600
800
800
Loa
600
900
800
600
600
1000
800
700
600
1100
800
1700
500
800
700
1600
700
900
900
T0Q
TQO
500
900
650
700
1000
900
650
630
900
8Lo
1700

P/in
800
1400
1400
600
800
1500
1400
800
800
1600
1400
800
800
1700
1500
1950
700
1400
1300
1850
900
1500
1500
900
900
1100
1500
875
900
1600
1500
825
840
1500
1497
1825

To.Ti./P.W.
200
600
600
200
200
600

© 600
200
200
600
600
200
200
600
600
250
200
500
600
250
200
600
600
200
200
600
600
225
200
600
600
175
210
600
657
125

a9



St.R.No. Sp.R.No.
0000000250 (Another trial)

57 1006
1006

57 1007
1007

58 1008
1008

58 1009
1009

1 1010
1010

1 1011
1011

2 1012
1012

2 1013
1013

3 1014
1014

3 1015
1015

12 1016
1016

12 1017
1017

0000000300 (Another trial)

57 1006
1006

57 1007
1007

58 1008
1008

58 1009
: 1009

P/o

6Q0
1300
900
625
700
1300
1000
1550
630
1300
9ko
650
650
1300
960
1700
670
1300
980
1500
650
1300
960
16Q0

600
1300
9Q0
625
70Q
1300
1000
1550

P/in

900
1800
1400

900
1000
1800
1500
1850

940
1800
1497

875

960
1800
1490
1950

980
1800
1480
1800

960
1800
1485
1850

9Q0
1800
1400

900
1000
1800
1500
1850

500
300

557
225
310
500
530
250
310
500
500
300
310
500
525
250

300
500
500
275
300
500
500
300

834

99



S5t.R.No. Sp.R.No.

1 1010
1010
1 1011
1011
2 1012
1012
2 1013
1013
3 1014
1014
3 1015
1015
12 1016
1016
12 1017
1017

0000000350 (Another trial)
57 1006
1006
5T 1007
1007

0000000400 (Another trial)
57 1006
1006
57 1007
1007

0000000450 {Another trial)
57 1006
1006
57 1007
1007

P/o
630

1300 -

9ko
650
£50
1300
960
1700
670
1300
980
1500
650
1300
960
1600

600
1300
1000
1400

600
1300
1000
1400

600
1500
1100
1500

P/in

940
1800
1497

875

960
1800
1490
1950

980
1800
1480
1800

960
1800
1485
1850

1000
1700
1400

1800

1000
1700
1400
1800

1100
1800
1400
2000

To.Ti./P.W.
310
500
557
225
310
500
530
250
310
500
500
300
310
500
525
250

400
koo
00
Loo

koo
Loo
Loo
400

500
300
300
500

To.Ti.
8Ll
8Ll
816
816
S
8l
81%4
814
8Lk
8Lk
834
834

L9



* St.R.No.

0000000500
57

57
0000000550
57
57
59
59

I = = =

0000000600
57

o7

Sp.R.No.
(Another trial)
- loos
1006
1007
1007

(Another trial)
1006
1006
1007
1007
1008
1008
1009
1009
1010
1010
1011
1011
1012
1012
1013
1013
101k
101k
1015
1015

{Another trial)
1006
1006
1007
1007

Sch.No.

37
66
37
0

37
L6
37
b7
39
L6
39
26

6
28

c
27

6
29

6
48

6
59

6
k9

37
L6

37
k7

P/o

600
1500
1100
1500

e

600
koo
1200
500
800
500
1500
800
1100
600
1700
900
1100
700
1700
1000
1100
650

1700

1100

600
Loo
1200
500

P/in

1100
1800
1400
2000

1200
600
1400

“ 1100

1400

600
1600

400
1700
800
1890
1500
1700

900
1890
1600
1700

875
1890
1700

1200

600
1400
1100

To.Ti./P.W.

500
300
300
500

600
200
200
600
600
200
200
600
600
200
190
600
600
200
190
600
600
225
190
600

600
200
200
600

To.Ti.

83k
834
83k
834

834
834
834
834
834
834
83k
834
834
834
824
824
834
83%
82k
824
859
859
82k
824

834
834
83k
834

89



St.R.No.
59

59

S = =

=

Sp.R.No.
1008
1008
1009
1009
1010
1010
1011
1011
1012
1012
1013
1013
101k
1014
1015
1015

Sch.No.

39
L6

39
26
28
27
29
1.8
59

L9

P/o

800
%00
1400
800
1100
€00
1700
900
1100
700
1700
1000
1100
650
1700
1100

P/in
1400

600
1600
1400
1700

800
1890
1500
1700

900
1890
1600
1700

875
1890
1700

To.Ti./P.W.
600
200
200
600
600
200
190
600
600
200
190
600
600
225
190

600

To.Ti.

824
82k
83k
834
82k
82k
859
859
82k
82k

69
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Remarks:

a,

The reader will notiece that when a straight
run is divided into two pieces of work, the
0.17 hour report time which was added to

the stralght run, previously 1is subtracted.
To.Ti, for St.R.No. 57, Sch.No. 37 is 8.17
hours,

When divided into:

St.R.No. 57 Sp.R.No. 1006 Sch.No. 37 is 2.00 h

"o " 1007 Sch.No, 37 is 6.00 h
The Total Time is 8.00 h

The reader will notiee that there are several

ways of dividing a straight run (Example:

St.R. 57), and even when only one trial is
considered, there are several combinations
leading to se?eral possible split runs. To
find the most desirable solutiom, the folleow-
ing table is constructed:
| Horizentally: Schedule numbers of
pieces of work
Vertically: Straight rum numbers
The Same two numbers in esch row in the matrix
as the number "4" in cell (57, 49) and cell
(57, 62) indieates that if straight rumn "57"
is being divided into two pieces of work,
and if piece of work "49" is considered to

construct a split run, them the piege of
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work "62" must be also used for the second
split run, (A straight rum is only divided
if two split rums can be constructed.)
The vertical column titled "Total" shows
the number of times a straight run was divid-
ed and used to construct split rums.
The horizomtal row titled "Total" shows the

| number of times a plece of work was used to

gonstruet spllit runs.
The Method for the Tabular Solution

Since the objective of this section is to schedule
as mamy pleces of work as possible, thus, 1t 1s
logical to start by eonsidéring those pieges of
work that could only be scheduled onse. The last
row in the table shows the number of times a piece
of work could be scheduled (according to the pro-
gram)., Therefore, start by considering those. cells
which have the number "1" (im the last row). But
sinece this solutiom requires that pieces of werk
be used in palrs, then when choosing one pigse;
which could be used onee, look for its ecompanion
and eheck the number of times 1t could be sched-
uled. If both could only be scheduled once, then
this 18 the omly possible schedule for them,

Example:
(1) (a) Piece of work "68" is used once,
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ST, 26 | 46| 27|47 | 28| 48129 {49 |58 |59 | 60|61 |62 | 63| 64165 |66 | 67| 68| 69|70 | To.
57 | CI( | | 0
56 3) ) (f> 1
58 \> \ - £ 0

0
L (\ / 0
]
2 (f \ 1 , al |1
3 /> / ] l 1
12 \\ \ 1 | i 1
MBI T T 0T
Totall %> g' x| ololx|o]x o /x{xlo|l1{x|2|o|l1|x |Xx E 0
1 ‘ ‘
(E) 9 and 46 Sp.R.No. 1008
7 é 25 and 26; dlvider 6.00 hours éSpgR.No; 10093 |
Total X X X O O ¢ X 0 X X o0 1 X 1 o 1 X X 3 o
X X
(F) (3 and 69 (Sp.R.No. 1014
(3 a 66§ divider 2.50 hours (So.R.No. 10153‘

wl
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and also its companion piece of
work "67" with straight run "57",
(b) Eliminate columns 67, 68, and row 57.
(¢) Pind the new totals.,
(2) (a) Sinee no other pair of pleces of
work are only used once, pieces of
work "63" is chosen which is used
once and its companion "27", whieh
is used twice.
(b) Eliminate columms 27, 63 and row 1.
{(e) Cell (58, 29) has to be taken out
of the table since 1ts companlon
cell (58, 27) was eliminated by
eliminating column 27.
(d) FPind the new totals.
The previous steps are repeated for (3), (4),
(5), and (6). Results from this section o
(Section III), (Seetiem II) amd (Seectiom I - A),
combined are a solutlon to a schedule. Section
IV is developed to find the cost of operating

a schedule with such a solution.



Seetion IV

76.

Find the total cost of a schedule.

1., Presentation

A,

Assumptions

In this seetlon the following assumptions

are made and ineluded im the body of the

program.

(1) A prun (straight or split) pays at
least 8.00 hours.

(2) The operator gets tem minutes for
report time for each rumn or each plece
of work.

(3) Overtime premium 1s at one and ome-half
the regular rate.

(4) Overtime is for work in excess of 8:50
for straight runs an@ 9:00 for split runs,

(5) Maximum spread time for a split run is-
12,42 hours, |

(6) If‘the spread time is more than 12.42,

(7)

the operator is paid ome-half the excess
time at regular pay.

In case of an overtime and a spread
penalty, the operator gets either of

them which ever pays more.

All these assumptions could be changed to fit

any special case without amy damaging to the

body of the program.
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Flow diagram

(See Figure 6, page 78.)

Discussion

The program is developed using the "FOR

TRANSIT" method. It 1is designed so that

the maghine will do the following:

(1)

(2)

(3)

(%)

(5)

Check the operator assignment and add
ten minutes for report time for every
straight run or ten minutes for each
piece of work im a split run.

Check the total time of amn assignment
for the minimum hours requirement. If
less than 8.00 hours, the machine will
add a penalty time amd pays the opera-
tor for 8.00 hours.

Check the total timé of an assignment
for an overtime. In case an overtime
exists, the machine will figure the pay
for both the regular period and the over-
time period and add them.

Check the spread time for the maximum
permissible. If the spread time is im
excess of the maxlmum, the machine will
add a pemalty time of ome-half the ex-
cess time at regular pay.

Check if both am overtime and a spread
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N

Read in
a St. R.

Find total

|

Check Wo. Ti.

and
Add- R. Ti.

bchedule Cost

To,T1,{8:00 h
Add Penalty |
Time

8:50 St.R
Ibil'>9 oo Sp.R.

Overtime

§

¥

Spd.T1;>12:25

Add
Spd.Ti,Penalty

" Find St. R.
Cost

Check both

Spd.Ti. and
Overtime

FLOW DIAGRAM
SECTION IV

Figure 6.
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time exists. If so, the machime will
compute ~both, amd f1nds which 1s
larger and add 1t to the regular pay.

Preparation of Data _

Since the "Floatimg Point" system is used, an

8-10 (eight word load sard) standard card is

used.

a. An 8-10 card to show both the number of
runs to be evaluated to find thelir cost
and the operators pay rate per howv;

(1) Columns 1 through 6 will have zeros.

(2) Columms T through 10 will have the
number of runs.

(3) Columme 11 through 18 will show the
pay rate.

(4) Columms 19 and 20 for decimal point
identification.

b. The 8-10 cardg each to show the working
time, the number of pleces, and the spread
time of each rum.

(1) ©Columms 1 through 8 to show the working
time.

(2) Colusms 9 and 10 for decimal point
identifleation.

(3) Columms 11 to show number of pleces

of work 1m the rumn.
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time exists. If so, the machime will
compube ~both,; amd finds which is
larger and add 1t to the regular pay.

Preparation of Data .

Since the "Floating Point" system is used, an

8-10 (eight word load sard) standard card is

uéedo

a. An 8-10 card to show both the number of
runs to be evaluated to fimd thelr cost
and the operators pay rate per hour,

(1) Columms 1 through 6 will have zeros,

(2) Columms T through 10 will have the
number of rums.

(3) Colummns 11 through 18 will show the
pay rate.

(4) Columms 19 and 20 for decimal point
identification.

b, The 8-10 sards each to show the working
time, the number of pleces, and the spread
time of each rub.

(1) ©Columns 1 through 8 to show the working
time.,

(2) Columms 9 and 10 for decimal poimt
identification.

(3) Golumms 11 to show number of pleces

of work 1n the run.
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(%)
(5)

(6)

(7).
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Columns 12 through 18 are to have zeros.

Columns 19 through 20 for decimal point

1dentification.

Columns 21 through 28 to show spread
time,

Columns 29 and 30 for decimal point
identification.

Starting the Program

The "FOR TRANSIT" method has been used in

developing this section, therefore, the steps

to follow om the machine are those of any ordi-

nary For Translt program and may be summarized

in the following phases:

Ph&se'I Translation

Phase II Compilation

Phase III Assembly

Phase IV Using the objest program

{(For the switches and console settings and

machine operation, gee am I.B.M. Referemce

manual for "FOR THRANSIT".)
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Example and Remarks

Example:
Input data

No.

of runs

Qutput

Cost in §
1728000052
1728000052
1610000052
3338000052
1644000052
4982000052

0000000034

Wo. Ti.
8470000051
7880000051
8050000051
7700000051
8100000051
7920000051
7920000051
8300000051
7680000051
7870000051
7730000051
8420000051
7700000051
8110000051
8110000051
8150000051
8180000051
7970000051
7530000051
8130000051
8320000051
827000005 1
8030000051
7830000051
7750000051
7700000051
96770000051
8670000051
9670000051
9670000051
9670000051
7000000051
7000000051

data

Wo. Ti.
8470000051

7880000051

8050000051

Pay rate
2000000051

No. of P.W.

1000000051
1000000051
1000000051
1000000051
1000000051
1000000051
2000000051
2000000051

. 2000000051

2000000051
2000000051
2000000051
2000000051
2000000051
2000000051
2000000051
3000000051
3000000051
2000000051
1000000051
1000000051
1000000051
1000000051
1000000051
1000000051
1000000051
2000000051
2000000051
2000000051
2000000051
2000000051
2000000051
2000000051

No. of P.W.

1000000051
1000000051

1000000051

~ Spd. Ti.
8L70000051
7880000051
8050000051
7700000051
8100000051
7920000051
1225000052
9970000051
1020000052
1128000052
1198000052
9580000051
1267000052
1215000052
1167000052
1070000052
1127000052
1166000052
1225000052
8130000051
8320000051
8270000051
8030000051
7830000051
7750000051
7700000051
1100000052
1442000052
1442000052
1542000052
162000052
1100000052
1442000052

Spd. Ti.
8470000051

7880000051

8050000051

run {a)

run (b)

run (c)

run {d)

run (e)

Total cost including all previous runs.

81



Cost in §
. 1600000052
6582000052
1654000052
8236000052
1758000052
9994000052
1618000052
1161200053
1652000052
1326400053
1728000052
1499200053
1604000052
1659600053
1642000052
1823800053
1614p0Qo52
1985200053
1752000052
2160400053
1633000052
2323700053
1690000052
2492700053
1690000052
2661700053
1698000052
2831500053
1738000052
3005300053
1696000052
3175900053
1600000052
3334900053
1660000052
3500900053
1698000052
3670700053
1688000052
3839500053
1640000052
4003500053
1600000052
4163500053
1600000052
4323500053
1600000052
4483500053
2103000052
4697000053

Wo. Ti.
7700000051

8100000051

8620000051

7920000051

7920000051
8300000051
7680000051
7870000051
7730000051
8420000051
7700000051
8110000051
8110000051
815ooboo51
8180000051
7970000051
7530000051
8130000051
8320000051
8270000051
8030000051
7830000051
7750000051
7770000051

9670000051

No.
1000000051

1000000051
1000000051
1000000051
2000000051
2000000051
2000000051
2000000051
2000000051
2000000051
2000000051
2000000051

2000000051

2000000051

3000000051
3000000051
2000000051
lOOOOObOBl
1000000051
1000000051
1000000051
1000000051
1000000051
1000000051

2000000051

of P.W.

Spd. Ti.
7700000051

8100000051
8620000051
7920000051
1225000052
9970000051
1020000052
1128000052
1198000052
9580000051
1267000052
1215000052
1167000052
1070000052
1127000052
1160000052
1225000052
8130000051
8320000051
8270000051
8030000051
7830000051
7750000051
7770000051

1100000052

run (a)

run (b)

run (c)

run (d)

Total cost including all previous runs.

82



Cost in $
2002000052
4897200053
2103000052
5110700053
2103000052
5324200053
2202000052
5544400053
1600000052
5704400053
1800000052
5884400053

Wo. Ti.
8670000051

9670000051
967ooooo51
9670000051
7000000051

7000000051

No.
2000000051

2000000051

2000000051

2000000051

2000000051

2000000051

of P.W.

Spd. Ti.
1442000052

1442000052
1542000052
1642000052
1100000052

1442000052

83

run (e)

Total cost including all previous rums.
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Remarks:

To further explain this section, the reader is

asked to refer to those runs marked (a,'b, C.o.)

on page 81 and their costs on pages 82 and 83.

Run (a) Working time is 7.70 hours plus 0.17
report time equals 7.87 hours which is
less the 8 hour (minimum pay). The
reader Will notice that méehine eval-
uated the cost of this run on the 8
hours minimum.

Run (b) The reader will notice that two report
time periods of 0.34 hour had been add-
ed to the working time 7.87, and the
run is evaluvated to cost $16.42,

Run (e¢) The cost was found to be $16.33. This
is based om:

T7.70 working time
0,34 report time {two periods)

0.125 spread penalty (one-half the
excess time of 12,67 - 12.42)

8.165 hours at a rate of $2.,00/hour.
= $16.33
Run (d) The cost was found to be $21.03. This

is based on:

9.6T7 working time
0.34 report time (two periods)

10.01 ‘Total
9.00 x 2 = $18.00 regular pay

1.01 x 3 3.03 (1.5) regular pay
$21.03 Total




Run (e)
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Working time of this rum is equal to the .
working time of (d), but the spread time
is beyond the maximum permissible. Eval-
uating the overtime and the spread penalty,
they were found to be $3.03 and 2.00. The
larger was chosen; the run was evaluated

to cost $21.03.



CHAPTER V
SUMMARY AND CONCLUSIONS

The transit operator assignme@t problem has been
divided into fomr se@tj@nso Thi@ divisign has been arranged
in a manner that all (or & portion) @f the output information
fr@m one section is the input inf@rmation t@ the su@@eeding
section, Thisg besides @utting d@wn on alszt all clerical
wgrkg made it easier an@ more @@nvenient to study and ana-
lyze each section separately from the whole problem.,

The four sectioms are:

Section I |
vA; Straight runs are developed by knowing the pull-out
times and pull-in times éf all the S@hedule‘numbers
oﬁ a route, o | | |

B, An Intermediate step i1s necessary to change the

f@ﬁmat by whleh pleces of work are punched out
(Section I - A) t@ the appropﬁiate f@rm needed
ag input data for Se@ti@m II. |

Section II o

Split rums are constructed by combining pleces of.

work,
Section IIL

Split runs are constructed by brezking down straight

86
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runs (Seection I - A) and combining their pieces with
those pleces of work that were not scheduled 1n Sec-
tion II. |

Section IV
Find the total cost of a s@h@duleo

A program was written for each sectlion which will com-
pube and construct the requirements of éa@h section. Range
iimits are established in advance and set up as controls in
the program. The total man-hours! schedule are first
divided on a single route baslis; then ﬁieces of work which
cannot be arranged in pr@p@r-@r@er are integrated 1nvethern
r©@teso .TM@S, an @perétar mava@rk on tw@‘different'réhtés
in @@mpleting a dally run assngM@nt These‘fbur'programs'
would give a solution with as many stralght runs as p@ssible

nd a minimum number @f unscheduled pleces of work.,

Such questions as, "How much of a service mileage re-
duction should be expected?" "Will the staff be reduced
(in the existing scheduling department)?"” and "How much
will the savings in dollars be?", might be ra1§ed, Unfor-
tunately, these q@egti@ﬁg cannot be answeréd exa@tly until
this new meth©d of S@héduling is put te work. chever; the
auth@f feels that a r@du@ti@ﬁ of five percent could be ex-
pe@tea invth@ gservice mileage, A staff reduction of approx-
imately 5@% might be @xp@@t@d easily. Such a figure has been
f@und to be m@rmal in similar @perati@n@ in whi@h the digital



computer substituted clerical work.

i
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As to the savings ipn dollars, the author believes the

following caleculations could represent closely an actual case,

A city trang%t company with 100 buses on the road daily,

would meed aboutftwo men for two months to develeop the

3 E

operator assignments.

Two mer for two months

"

at a $3.00 average/man hour,

ki

Total cost

1

2 x 2 x(4 x 40)

640 man h@ﬁrs

3 x 640
1920 dellars

Using the digital computer, the same firm would need:

Time Machine Labor Rate Total Cost

1 hour Card punching - $ 1.00 1.00

1 hour - " 2.50 2,50

1 hour 650 - 100,00 100.00

2 hours - " k.00 8.00
$111.50

These rates are based on the college computer facllities

rates, On these bases savings are $1808,.50
= 1800.0C dollars.,

Industry rates are about three times as much as eollege
rates which would net savings of about $1580.

If such a firm had three seh@dulés per year, this new
method could net a saving of at least $4TH40 a year. This
does mot imclude the convenience and easiness of scheduling
which could result that such firms wight inerease the number

of schedules per year, and the ecapability of develping a



89

s©h@dule on a sh@ft time notice,

It is the féelimg of th@'auth@r that certain lmprove-
ments @0ﬁ1d be applied to this pr@gram of s&heduling‘@peratorv
assignment, depending @n‘the gpé@ifi@»requimementa~bf}transit
gompanies and thelr lab@r @@ntfacﬁsc Aé an example, some
1ab©r sontracts wwmld ailww sonstructing a split run from
three plsces of wmmk or different spread times. |

Iﬁ is aléo-th@ belief @f the author that a digltal
@@ﬁpuﬁer program could be developed tougubstitute the tab-
ﬁlar saluti@n found 1m Seetion III, pages 72, 73, and T4,
Further résear@h @@@1@ show that the @@@hniques of linear

programing might apply.
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APPENDIX A
PROGRAM LISTING

Section I
A. Straight runs are developed by knowing the pulluout
times and pull-ln tlmes of all the schedule numbers

on a route.

BLR 0050 0150
BLR 0000 0050
1
~ START RCD 9006
RAU ~ B002
RAY 8002 :
STU SCHNO  AGAIN
AGAIN RAU 9007 |
NZU EXIT1  START
EXIT1 RAY 9008
NZU EXIT2  START
EXIT2 SUP 9007
ST 9009
SUP WORD1 .
. NZY OUTOZ  OUTOl
OUTOL AXA 00Ol
ILDD 8005
STD 9005
RAU 9009
AUP WORD2
STU 9009
PCH Q005  START
1
OUTOZ BMI OUTO3 OUTOH
OYTO3 RAU 8002
"~ RAU 8002
STU 9005
PCH 9005  START
1
OUTO4 RAU 9009
SUP WORD3
NZU OUTO5 0UTO1
1

OUTOl OUTO6
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OUTO06

TABLE

LOOP1

GOON1
GOON2

GOON3
GOONA

CONT1

GOON5

OUTOY

OUTR2

RAU
SUP
NZY
RAC

RAU

STU
AXC
AUP
STY
SUP
BMI
NZU
AUP
AUP
AXC
STYU
SUP
BMI
NZU
AUP
AUP
AUX

ACX
LDD

STD

RAU
NZU

AXB

RAU
AUP
STU
LDD
TLU
SRT
RAC
LDD
STD
8XC
LDD
STD

RAY

SUP
NZU

SUP

BMI

SCHNO
9006
TABLE

0000

9007
6000
0001
TERMI
6000
9008
GOON1
GOONZ
9008
RELF1
0001
6000
9008
GOON3
GOON&
9008
RELF2
0001

0001

NINE
6000

8006
0UT80

0001

9007
WORD1
Wil
wWll

000

0004

8002

6000
Wla

0001

6000
W10

W12
Wil
QUTR2
WORDA
OUTR3

GOON5

LOOP1

CONTI
CONT1

CONTI
CONT1

LOooOPl

" GOONS

OuUTO7

OUTRI
OUTRA
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OUTR4

MPY
SRD

U STL

OUTRL

OUTR3

OUTR5

RAU
SUP
SUP
BMI

AXA

LDD
STD
LDbD
STD
LDD
STD
LDD
STD
RAU
AUP

ST

PCH
LDD
STD

AXA
LDD
STD
LDD
STD
LDD
STD
LDD
STD
RAW

- SUP

AUP
STY
PCH
LDD
STD

AXA
LDD
STD
LDDb
STD
LDD
STD
LDD
STD
RAU

WORD5S
0001
X1
W1l
Wio
X1
OUTR5

0001
8005
9015
9006
9016
9007
9017
wie
9018
WORD1
WORD2
9019
9015
wila
9007

0001
8005
9015
9006
9016
9007
9017
wig
9018
Wiz
9007
WORD2
9019
9015
wl2
9007

0001
8005
9015
9006
9016
9007
9017
W10
9018
W10

OUTR3

AGAIN

AGATIN
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0UT80

OUTR6

OUTR8

OUTRT

OUTR9

SUP
AUP

- STU
- PCH

LpD
STD

SXB
RAU
SUP
STU
LDD
TLU
SRT
RAC

-LDD

STD
SX¢
LDD
STD

RAU
SUP
STU
NZy
RAU
SUP
SUP
BMI
MPY
SRD
STL
RAU
SUP
BMI
AXA
LDD
STD
LDD
STD
LDD
STD
LbD
STD
RAU
AUP
STUY
PCH
LDD
STD

AXA

9007

WORD2
9019
9015

W10
9007

0001
9008
WORD1
W1l
W1l
0000
0004

8002

6000
Wi2

0001

6000
W10

Wi2
W1l
X3
OUTR6
Wil
W10
WORDY
OUTR9
WORD5
0001
X4
X4
X3
OUTR9
10001
8005
9015
9006
9016
wlg
9017
9008
9018
WORD1
WORD2
9019
9015
Wiz
9008

0001

AGAIN

OUTRT

OUTR8

OUTRO

AGAIN

9k



OUTRO

WORDS
TERMI
RELF1
RELF2
NINE

WORD1
WORD2

WORD3 -

WORD4

WORDS

LDD
STD
LDD
STD
LDD
STD
LDD
STD
RAU
SUP
AUP
STU
PCH
LDD
STD

AXA
LDD
STD
LDD
STD
LDD
STD
LbD
STD

SUP
AUP
STU
PCH
DD
STD

99

8005
9015
9006
9016
W10
9017
9008
9018

-~ 9008

W1lo-
WORD2
9019
9015
W1lo
15008

0001
8005
9015
9006
9016
Wlg
9017
9008
9018
9008
Wiz
WORD2
9019
9015
Wiz
9008

9999

95.

AGAIN
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Seetion I
Bq An intermedlate step is necessary to change the
f@rmat by whi@h pleces of work are punched out
(Section I - A), to th@ appropriate form needed
ags input data for Seetiom II.

START RAA 0000

RAC Q009
RCD 9001
LDD 9001

RAB 8001  READ
READ  RCD 9006

SXB 0001

NZB 0OUT10  OUT1l
0UTLO AXA 0002

8XA 0008

NZA  0UTl2  OUT1R
OUT12 AXA 0008

RAL 9008
SLT 0004
ALO 9009
STL 9010 C
SXC 0001
RAL 9006
SLT 0004
ALO 9007

STL 9010 €
SXC- 0001  READ
OUT13 AXA 0008 OUTL4
CUT14 RAL 9008
: SLT 0004
ALO  S009
STL 9010 €
BXC 0001
RAL  BOOS

SLT 0005
ALO 9006
SLT 0004
ALG 9007
STL 9010 €

RAA 0000 PUNCH
OUTL1 AXA 0002 OUT14
PUNCH PCH g0lO0 C

RAC 0009 READ



Section II

Split runs are constructed by combining pleces

of work.,

BEGIN
START

0UT1
oUT2
0UT3
oUTS

ouTée

OUTH4

REG

RAA
RAB
RCD
SET
SIB
RAL
SLT
AXA
RAU
SXA
NZA
AXA

RAU
STY
RAL
NZE
AXA
LDD
SXh
NZA
LbD

AXA

SLT
RAL
SLT
STU
RAL

SLT

STY
RAL
SLT
RAL
SLT
STY
RAL
SLT
STY

PO100O

©000C
1000
3002

3002 -

POO0O1
9002
0001
8003

NUMB
8003

ouUT1
8003

8005
INDEX
POOOL
oUTY

0002
NUMB

8001
oUT6
NUMB

8001

0001
8002
0005
9005
8002
0004
9006
POO0O2
0001
8002
0005
9007
8002
0004
9008

A

0200

START

ouT2
START

oUT3
oUTS

START
oUT2

REPET
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REPET

ovTT

ouT8

ovT9
ouT10

OUT11

GOON1

ouT12

oUT13
OUT14

ogT15

AXA
LDD
SXA
NZA
LDD
AXA

RAL
NZE
SLET
RAL
SLT
STU
RAL
SLT
STU
RAL
SLT
RAL
SLT
STU
RAL
SLT
8Ty

RAU
Sup
NZU
BMI

RAU
SUP
SUP
NZY
BMI

RAU
SUP
BMI
RAU
AUP
SUP

NZU -

BMI
Aw@p
SUP
NZU
BMI

0002
NUMB

8001
ouTT
NUMB

8001

P0OOO1

oUT8
0001
8002
0005
9015
8002
0004
9016

PO0OO2 A

0001
8002
0005
9017
8oo2
0004
9018

9016

9006
OUT9
RVERS

9017
9006
SPRED
0UT11
GOON1

9016
9007
REPET
9008
9018
WORD1
oUT13
REPET
WORD1
WORD3
oUT15
PUNCH

BACK

REPET

REPET
OUT10

GOON1

REPET

ouTl2

PUNCH
OUTL4

PUNCH
REPET
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PUNCH

BACK

QUT18

RVERS

OUT1T
GOON2

WORDS

SPRED
WORD1
WORD2
WORD3
NUMB

AXB
LDD
STD
STD
RAU
AUP
AUP
AUP
STU
PCH
STU
PCH
RAU
STL
STL

RAU
RAA
AXA
RAU
STU
LDD
SXA
NZU
LDD
AXA

RAU
SUp
S0P
NZU
BMI
RAU
SUP
BMI

NOP

0001
8006
9004
o014
9008
9018
WORD2
WORD2
9009
9004
9019
9014
8002
POOO1
PO0OG2

INDEX.

8003
0002
8005
INDEX
NUMB
8001
oUT18
NUMB
8001

9007
5016
SPRED
OUT1T
GOON2
9006

9017
REPET

0000

BACK

START
oUT3

GOON2
REPET
ouTl2

1242
766

17
0866
20
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Split runs are comstructed by breaking straight

runs, Section I - A, and combining thelr pleces with

those pieces of work that were not scheduled in Sec-

tion I1I.

STRAT

OUTO

oUT1
OUT2

READ

LOOP1

1500
0000
PO100O
R0O200

9002

9002.

NUMBR
0000
0000
9002
9002
8001
9002
9002

POOO1
9002
0001
8003

NUMBR
8003

oUTL
8003

9002
9002
PIECE

9051

9000
9053
6000
0001
9056
6000
9054

1600
0050
0199
0299

0uTO

ouT2
QUTO

READ

LOOP1



GOON1
GOON2

GOON3
GOON4

CONT1

ouT3
OUT4O

0UTY4

BMI
NZY
AUP
AUP
AXC
STU
SuP
BMI
NZU
AUP
AUP
AXC
AXC
LDD
STD

RAU
AUP
STU
LDD
TLU
SRT
RAC
LDD
STD
LDD
STD
STD
LDD
STD
STD
LDD
STD
LDD
STD
STD
LDD
STD
RAY
SUP
STU
RAU
SyP
STU

RAA
RAL
NZE
AXA
LDD
SXA

GOON1
GOON2
9054
9057
0001
6000
9054
GOON3
GOONL
9054
9058
0001
0001
NINE
6000

9053
PIECE
Wil
W1l

0000

0004

8002

6000
Wie

9051

9013

9033

9052

9015

9035

9053

9016
Wiz

9017

9036

9054

9037

9017

9016

9018

9037

9036

9038

0000
'PO00O1
ouT6

0002
NUMBR
8001

CONT1
CONT1

CONT1
CONT1

LOOP1

ouT3
OUT40
OUTA
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ouTT7
ouT6

oUT9
OUT10

oUT11
GOON5

. 0UT12

ouUT13
OUT14

oUT15
READY

SUP
BMI

RAY
AuP
SUP
NZU
BMI
AUP
SUP
NZ©
BMI

RAU
STU
STL

STU
STL

OUTT
NUMBR

8001
0001
8002
0005
9025
8002
0004
9026
POOO2 A
0001 -
8002
0005
9027
8002
0004
9028

9026

9016
ouT9
RVERS

9027
9016
SPRED
OuTll
GOON5

9026

9017
OUT4

9018

9028
WORD1
OUT13
OUT4
WORD1
WORD3
OUT15
READY

POOO1 A
ROOO1 A
POOO1 A
PO0OG2 A
RO00O2 A
PO002 A

READ
OuT40

OuT4
OUT10

GOON5
OUT4

ouTi2

READY
OUT14

READY

OUTY4
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ouT50
OUT1l7

OUT16
0UT51
ouT18

ouT22
oUT24

ouT25

GOON6

ouT26

ouT27
ouT28

SuyP
BM

RAU

AUP
SUP
NZU
BMI
AyP
SUP
NZU

8005
AAAAA
0000

0002
NUMBR
8001
OUT16
NUMBR
8001
PO0O1

OUT18

0001
8002
0005
9045
8002
0004
9046
P0002
0001
8002
0005

9047
8002

0004
9048

9046
9036
oUT22
ouT23

9047
9036
SPRED
oUT25

GOONb6

9046
9037
OUT1T

9038

908

WORD1
ouTa7
OUT1T
WORD1
WORD3
ouT29

oUT50
OUT51

0uT21
OUT51
OUTLT

OUT1lT
OUT24

GOON6
OUT1T

0UT26

PUNCH
ouT28

PUNCH
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ouT29
PUNCH

0UT21

RVERS

OUT30

ouT31.

oyT23
ouT23

0uUT32

BMI

RAU
STL
STL
RAU
AyP

PUNCH

8002

PO0OO1
PO0O02
9018
9028
WORD2
WORD2
9019
9029
9038
9048
WORD2
WORD2
9039
9049
0001
8006
9014
9013
9024
9023
06001
8006
9034
9033
o0oL4
9043

AAAAA

8003
ROOO1
PO0OO0O1
R0O002
P0O002

9017
9026
SPRED

o

OUT30 -

ouT31

9016

9027
0UTA

9037
9046
SPRED
oUT32
OUT33

OUT1T

ouT21

OUT4

OUT31
OUTh
OUT12

0UT33
OUT17
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oUT33

WORDS
NINE

WORD1
WORD2
WORD3
SPRED

RAU
SUP
BMI

99

9036
90b7
OuTlT

9999

oUT26

9999
766
17
866
1242
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Section IV

Finding the total cost of a schedule.

¢ 0000 0O
1 0 T=0.00
2 0 DIMENSION A(150),P(150),S(150)
21 ,c(150)
3 0 READ,N,H
4 0 DO 28 I=1,N
50 READ,A(I),P(I),S(I%
IF (A(I)+P(I)*(.17)-8.0)6,6,11
60 =£s(1)-12;h2)
IF(X)7,7,9
g 0 ¢(I)=(8.0)*H
0 GO TO 25
9 0 ¢(1)=(8. 0+( 5)%X)*H
10 0 GO TO 25
11 0 CONTINUE.
IF‘AE 3 -8.67)12,12,17
12 0 X=(S 12.42)
IF(X)13,13,15
%3 g gél%.(A(I)+P(I)*( .17))*H
15 0 c(I) (A(I)+P(I)*( 17)+(.5)*X)
%g é G0 TO 25
17 © x—$s(1) -12. 42)
IF(X)18,18,20
18 0 ¢(I)=((1. 5)*(A(I)+P(I)*( 17))
18 1 -4,5)xH
19 0 GO TO 25
20 0 B=(8. 67+P I)=(.1 5)#X)*
gi ? D;Eé§ 5)* éA(I)+PzI)*( 17);
IF (B- D)22 22,24
22 0 ¢(I)=D
58 8%
24 ©
25 0 PUNCH,C(I), A(I) P(I) S(I)
26 0 T=T+ c( I)
27 O PUNCH,T
28 0 CONTINUE

END



APPENDIX B
LABOR MANAGEMENT CONTRACT ON SCHEDULING RESTRICTIONS

The foliowing is a sample of the restrictions that are
generally found in a Labor Management Contréct that govefn
the operator assiénmenﬁ in”transit operatioﬁs. As-tﬁe same
labor union répresents the operators in mosﬁ transit com-
panles, these clauses should‘be nearly identical in mbst
contracté. |

1., A straight run is defined as a run so constructéd
as to be éomposéd of continuous hours of pay.

2. A split run is defined as a run so constructed as
to be composed of two or more pieces of work with
an unpald interval or intervals between such pileces
of work.

3. All regularly assigned runs éhall pay not. less than
eight (8) hours‘excluding preparatory time.

4, Straight runs as herein defined shall be not less

" than thirty five percent (35%) of all regularly
assigned runs. The company agrees that no échedule
will be broken into pieces-from which a straight run
could be created unless at least two combination or

split runs can be made in piece of a straight run.
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Split runs as herein defined may be constructed so as
to contain a spread of hours in excess' of twelve (lé)
hours and twenty-five (25) minutes. Ten percent (10%)
of all regularly assigned runs may be constructed so
as to contain a spread of hours in excess of thirteen
(13) hours and twenty five (25) minutes; provided,
however, that intervals of fifteen (15) minutes or
1ess shall be paid for and cons1dered time worked

and providing further that each piece of work used

in constructing a split run shall pay at least (2)
hours pay time, and providing further that time in
execess of the spread set forth above shall be paid
for at one- half (1/2) of the straight time hourly
rate e pay v e
Split runs shall not be constructed so as to contain
in excess of two (2) unpaid intervals between pieces
of work - #

All motor coach operators on pull-outs or reliefs
shall be‘required to‘show up at the Dispatcher's
Office or relief point ten (lO) minutes before their
run starts | o
All motor coach operators shall be required to de-
liver their respective buses to the garage, but

shall not be required to wait for the gassing of

said buses but shall be relieved of all duties in
connection with both the gassing and the parking

of said buses.



10.

11.

l2.
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If A.M. or P.M. motor coach operators are called
for extra work during the day,‘they will not'be
required to take their regular runs until they

have had eight (8) hours off duty, except 1in cases
of emergency.

The extra board shall carry sufficlient employees,
both white and colored to adequately take care of
the employees leaves of absence, vacations, and
sickness The extra board shall work first-up and
first out, and shall rotate on eight (8) hours re-
ceived in any one (l) day All regular and split
runs shall be caught off the board.accordinglto
number, If extra”employees sleep in, they shall be
placed at the bottom of”the extra board' All-extra
or special TrUnsS will be protected by the extra board
If any extra motor coach operator catches a run due
to a change of schedule, they will hold that run "
until the shift is completed

If an extra motor coach operator is run around only
that motor coach operator shall be paid for any loss
of time due to the run‘around' If used on another
plece of work then the pay time of this piece of work
shall be used in making up the run around time.

If the extra board operator works a night shift, he
shall not be required to work the following day with-
out having had eight (8) hours of f duty, except in

cases of emergency



13.

14,

15.

16.

17
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All motor coach operators shall receive ten (10)
minutes preparatory time for each plece of work.
Preparatory time as above provided for, or any

part thereof, mayvbe included within, and made a
part of, any minimum guarantee of pay time pro-
vided for in this agreement.

All motor coach operators who are assigned to extra

work shall recelve a minimum of two and one-half

A(é%) hours of pay time at their regular straight

time hourly rate of pay

An extra motor coach operator working a regular run
shall receive the same pay time, including overtime,
that the regular asslgned motor coach operator of
such run would have received |

Extra board motor coach operators requlired to report
for duty”to protect the board,‘shall'bevpaidbuntil

released or given a work assignment If the extra

.man receives no other work assignment during the

day in which he performs the protecting assignment
or assignments, he shall receive not less than two
and one half (2%) hours pay time at his regular
straight time hourly rate of pay for each assignment.
In the event an operator performs;a protecting as-
signment, and in addition thereto performs other
work, he Shall be pald for such protecting time at

his regular straight time hourly rate of pay; within



18.

19.

20,

21.
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a minimum of two and one-half (23) hours pay time,
and without including such protecting time in the
computation of overtime, if any, for that work day.
Regular motor coach operators shall be‘paid at the
rate of one Andlcﬁé-héif (1%) times their straight
time hourly rate of pay for all work they are re—
quired to perform in any one (l) day in excess of
their regularly scheduled run, or eight (8) hours
and forty (40) minutes, whichever is the lesser.
All motor coach operators who are assigned to
extra work on their days off shall receive a min-
imum of two and one-half (2 ) hours pay at the
overtime rates |

All regular motor coach operators who work extra
runs, trippers, charters, specials, etc in addi—
tion to_their regularlrun shall be paid a mininum
of”twokand one~half (2%) hours or overtine‘which~
ever iskthe greater. | | | | N

No‘time shall.be paid for a rate greater: than

one and one- half (12) times the straight time

hourly rate of pay



APPENDIX C

THE USAGE OF THE DIGITAL COMPﬁTER FOR
DETERMINATION OF PASSENGER LOAD
AND VEHICLE REQUIREMENTS AND

ESTABLISHMENT OF HEADWAYS

Previous research has been done in these two areas of
scheduling One of the earliest efforts in this fleld is
the research done by the Philadelphia Transportation Company
with the cooperation of I.B.M. (International Business Ma -
chines Corporation) For many years Philadelphia Transpor-
tation Company has recognized the need for increased
flexibility in schedule preparation in order to more rapidly
meet changing service requirements In addition, Philadelphia
Transportation Company wanted to prepare the best possible
schedule with a minimum preparation cost In order to accom-
plish these objectives, Philadelphia Transportation Company |
began seriously investigation the feasibility of automated
transit scheduling After some study, an automatic computer
scheduling system was developed and has now been integrated
into the operations | |

Translt companies operate in the face of chahging con-

ditions and changing passenger needs. In addition to the
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unexpected changes, a given route must be prepared for

1. Normal working hours

2 Morning and evening rush hours

3. School days

4, Holidays

5. .Shopping nights
In order to meet these conditions, schedules must be con-
'stantly revised. HOWever, manual methods, which are used
throughout most of the transit industry have failed to
provide: / o

| 1. Optimum scheduling at minimum costs, and

2., Flexibility 1n meeting changing service requirements.
Because of the inability of most companies to economically
perform the vast amount of detailled work required within the
limited time available, a complete schedule change is only
effected after a prolonged period of time. Schedule changes
deserving immediate action, such as shopping hours being ex-
tended a certain~night, cannot be instituted by manual meth—
ods in a short period of time. | '

Philadelphia Transportation Company has proven that
by using I.B.M. 650, it is possible in the limited time
between any schedule change to produce more schedules at
less cost per schedule, and to make the following possible:

1. Rewriting of all scheduleerequiring change when

necessary.
2. Considerable savings in time when making a sched-

ule change. This means substantial dollar savings
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because the service on a route may be altered to
meet actual requirementS“atian earlier date.

3. Direct and-assured posting accuracy through the
use of the I.B.M 407 Accounting Machine |

4, Reduction of clerical work and dollar savings

5. Estimating of costs involving re- routing, extend-
ing, or consolidation of routes can be accomplish—
ed with greater speed and economy

6.  Peak loads for schedule changes are greatly reduced

7. Clerical drudgery taken out of scheduling permitting
the scheduler more time to devote to creative think-

ing and planning.

The procedure used by the Philadelphla Transportation
Company to prepare schedules is organized into two phases.
Phase I consists of three processing steps and Phase II
consists of five processing steps | ‘Each schedule under

-construction iSvprocessed in this manner.

Phase I

Conversion and Summarization
of Survey Data I.B.M. 650

o AdJjustments
By Scheduler
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Phase II

Building the ' Review By
Headway I.B;M;'650.‘>Scheduler

L Tying the Middle

of the. Headway
. I1.B,M, 650

L Tying in
Round Trips
I.B.M. 650

Assignment of !

Leave and . | Review By
Go-To-Depot | Scheduler
| Times I.B.M. 650

. Compute Final
—1Schedule-and-Mileage
: -Report
"I1.B.M. 650

A comﬁletevexplan&tion:of’the system maybe obtained from
‘”th@?IﬁBJM. Library, "Transitfschéduling on the I.B.M. 650
at Philadelphia*TransportationvCompany," (A general infor-

mation manual).



APPENDIX D P

SPACING OF BUSES ON A ROUTE
OR
HEADWAYS

The ideal situation is an equal spaoing of buses on
each route. In general this is difficult to achieve be-
cause most routes have branches attached to them, ‘each
branch'reqhiring.a different‘number.of buses. An accepta-
ble’oompromise solution is usually obtained and requires'a
conslderable 1ength of time and experience on the part of.
the scheduler
| In an article published in Management Science,1 the
authors developed an equation to find an effioient schedule;
A bus schedule is called efficient if.it‘minimizes '
the amount of man hours spent in waiting per hour by the
passengers throughout the network

| In developing this equation the variation of the num-
ber of waiting passengers wilth time has been“considered.
However; the rate of pasSengers arriving at a certaln stop

was consildered to he oonstant, This ‘assumption 1s believed

1y, W. Foulkes, W. Prager, and W. H. Warner, "On Bus

Schedules," Management Soienoe, I, p. 41,
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to be realistic as long as the intervals between successive
buses are sufficiently small

This equation is associated with each branch in a route,
resulting in a set of simultaneous equations. If the number
of simultaneous equations exceeds three, it will be more de-
sirable the usage of the digital computer for their solution.
Several programs for simultaneous equations' solutions are
already developed | It 1s suggested the use of the one de-‘

veloped by J. H. Schenck. 2

2J H. Schenck, Simultaneous Equations Solutions,
© 650 Program Library File Number: 5. 2 019 (International
Business Machines Corporation) :
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