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Summary

Bus and driver scheduling methods developed by the authorth@indassociates form the
basis of the leading British commercial scheduling sysiestalled for many organisations
throughout the 1980s. New research in the 1990s led to mhemaced systems. This paper
describes the transition from these research-bastdnsy which had been demonstrated to
operating companies through to the implementation ofyadpkrational system for an urban
bus company. After outlining the bases of the scheglufiethodology, the paper works
through the stages of demonstrating and developing a sistei@et the real needs of a client
while under considerable pressure of time. It is shihahsubstantial savings were achieved,
and that a good scheduling system can assist in the swalua alternative operating
arrangements.
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1. Introduction

The purpose of this paper is to present an account of sdntke practical difficulties
encountered in implementing solutions to a common trahgmieduling problem, and to
show how these difficulties may be overcome so thatiige savings are achieved through a
new scheduling system.

The authors are part of a team which has been worktegsively in transport scheduling
since 1961. The world’s first operational rail locometscheduling system was installed by
one of us for British Railways in 1963 [14], saving threeoimotives on its first application.
A bus scheduling system which became known as VAMPIRES developed in the early
1970s [15], installed for Greater Manchester Transport in 187 further developed within
the BUSMAN commercial package [17]. A major bus drivdresitling system, IMPACS,
was installed in London Transport in 1984 [12], and is s8kd by London successor
companies; it was subsequently incorporated in BUSMX®rious methods for constructing
rotating rosters of bus drivers have been developeddondual users, with a generic version
included in BUSMAN.

Throughout the 1980s the team had worked in partnership wamenercial body to develop
and extend BUSMAN and to instal it for some thirtyfaoty bus and light rail organisations.
However, our original partners disposed of their inteirest992, and our own involvement
with BUSMAN ceased in 1993.

In 1990 we started to work with models for rail driver stthieag, while from 1994 a new
driver scheduling system applicable to both rail and bissdeaeloped [4,5,6], in parallel with
an object-oriented bus scheduling system [8].  The newerdscheduling system was
successfully applied to many rail problems over the pefi®85-96, and subsequently
demonstrated to bus companies.

In 1997 we entered into agreements with two new comnh@aitners for the exploitation of
the new systems for bus and rail respectively, andirgtecontract for the installation of a
complete scheduling system for a bus operating companggvasd towards the end of that
year. This paper describes the transition from afsetsearch oriented scheduling algorithms
to a fully operational scheduling system, discussing skoéthe practical problems met and
overcome. The algorithms used have been presentghel®, and are only summarised
here.



2. Background

Computer scheduling of public transport has been the sudfjecseries of seven international
conferences since 1975 [1,2,3,9,11,13,16]. While there areakewvemmercial systems whose
methods have not been fully published, the most widghosad have been the HASTUS
system from Montreal [10] and the BUSMAN system alreauntioned. The authors’

newest work was described at the most recent of thesérences, including the bus
scheduling system [8], together with driver scheduling ptegeinom a number of viewpoints

[4,6,7] and a study of practical combinations of vehiole driver scheduling [18].

We now sketch the methods of the bus and driver schedwylstgms used in the installation
to be presented here before outlining the way in wthiely were to be brought together in a
commercial system.

Bus scheduling may be defined as the allocation of vehicles to prsiodefined journeys.
This requires the linking of individual journeys irtbiocks which include all the work done by
a vehicle between leaving and returning to the garagemeSrehicles may work more than
one block in a day, depending on the nature of the opeshtpeaks. Usually the prime
objective is to minimise the number of vehicles @hhimplicitly usually also minimises the
demand for drivers). To this end, a good bus schedulingnsyshould suggest to the user
how vehicles might be saved by revising certain alij@urneys.

A vehicle block normally consists of a series of juys interspersed with linking activities,
these being either waiting (layover) time at a teusior movements between termini or to
and from garages. Both these types of activity mayago slack time. Waiting time at a
terminus usually includes a minimum layover time whiclspecified to allow the driver to
make up for any late running, to carry out certain egdeattivities and to have a brief rest;
typically this may be about ten percent of the durabibthe previous journey. Furthdiack
waiting time is often necessary in order to matchviag journeys with departing ones,
although a good planning team will have chosen departues twhich tend to minimise slack.
(Sometimes this may be done with the help of theckdimg system.)

Movements between termini are usually made up of a mimirfayover time as above, a
minimum dead running time between the points involved (which may varytinye of day),
and a slack as above. Slack time is not present vemments to and from the garage, and
minimum layovers may not be required in such movemeniable 1 presents a typical bus
block, although the last three columns would not norm@lyshown in working documents.
These documents might however also include statisticdistAnce travelled, as well as
summaries of the various components of the block.

A secondary objective is normally to minimise sonmmbination of slack time and dead
running time, typically in the ratio of one to twothalugh most bus operators would not
define such a ratio unless they were using a computer pnogrdhe constraints of a bus
scheduling system are usually the departure and arriva$ tirhgourneys to be scheduled,
together with a table showing the minimum dead runningditmetween points. Minimum

layover times may be included in the dead running erdri@say be added to the arrival times
of the individual journeys. A good bus scheduling systeihhe&lp the user to develop

individual journeys, starting with a departure time, anddimgl up point-to-point journey legs

from route definitions.  Thus the arrival times may domputed automatically, and the
journey duration will depend on the journey times specibedndividual legs, which may vary

by time of day.



Garage 1547

Station 1551 Moreton Cross 1623 6 4 3
Moreton Cross1630 Station 1658 6 3 2
Station 1703 St Andrews 1722 @ 18 3 13 1
High Street 1739 Ash Road 1809 @ 25 3 4
Ash Road 1816 North End 1901 @ 25 5 4
North End 1910 Ash Road 1950 @ 25 4 1
Ash Road 1955 North End 2035 25 4 1
North End 2040 Ash Road 2120 25 4 1
Ash Road 2125 North End 2205 25 4 1
North End 2210 Ash Road 2250 25 11

Garage 2301

Table 1. A typical bus working

The scheduling heuristic used in the present work is @anéatl version of that initially used
for rail locomotive scheduling [14], and subsequently mooemélly defined as the
VAMPIRES algorithm for bus scheduling [15]. The curreatsion, known as BOOST, is
presented in [8]. In its simplest form, this heurigi@mines pairs of linking activities in a
schedule and exchanges their end events if this woulgambto a worsening of the secondary
objective. Clearly this cannot reduce the numbaerebicles required, but the process starts
by calculating a strict lower bound to the number oficles, which the user can override if
appropriate.  Using this as a target number of vehithessystem constructs an arbitrary
schedule, linking two journeys infeasibly if no feasilslennection may be made without
exceeding the target. Infeasible links are assignedaltpesqual to the time necessary to
make the link (the minimum layover and dead running timeshus the time available
between the arrival and departure times of the two exed journeys (which may be
negative). The improvement heuristic then gives pyido exchanges which reduce the total
penalty of the pair of links being considered.

Clearly, no guarantee of optimality can be given, butmany thousands of practical

applications, no schedule has ever been found to be Hmtethat produced by the heuristic,
and the heuristic has never failed to produce a feasibledule where one is known to exist
with the target number of vehicles. If the heuridbes not reduce the total penalty to zero it
is therefore fair to assume that no schedule can taneld. By adjusting the times or other
characteristics of journeys associated with the m@nginfeasible links, the user may be able
to make the schedule feasible, but otherwise the protagde repeated with a higher target.

Driver scheduling is the process of constructing shifts, each of whibhys often complex
rules which determine its legality and its agreed des$iyaband which together cover the
entire contents of all the blocks (except possiblpvay at points where there is security for
unattended vehicles). Drivers may be changextadf opportunities, occasions when the
vehicle is at one of a number of designated changeovmsptn bus operation there is usually
one relief opportunity per journey, either at a termpwht, or when the bus passes near the
garage or near a town centre. The portion of a letween successive relief opportunities
may be called fpiece of work.



A survey of computer methods for bus driver scheduling up to a@@8ars in [19]. The
more recent TRACS Il system is based on a set cay&rmulation in which a large number
of potential shifts is first generated, then refinetbtigh a selection process before being
presented to a specialised integer linear programming gredesh ensures that each piece of
work in the bus schedule is covered by a shit..

TRACS 1l has been described in the context of radedtrscheduling [6,7], and is also used for
scheduling bus drivers. It depends on two basic data fil€ne of these, the VEH file,
presents information about the network being scheduledgipahe list of relief opportunities
(point and time pairs) for each bus block, together wifbrmation about designated time
allowances for travelling between points, signing oah @i, etc.

The other, the LAB file, consists of parameters d&jinthe labour scheduling rules

appropriate to the area being considered. These inaletietlsings as the maximum time on
duty, the maximum elapsed time without a break, the minim&al break length., etc. A

wide range of parameters has been chosen so thatfeabvstes which are likely to vary

between organisations can readily be defined. Howesmne users present rules which
cannot easily be defined by generic parameters andtbale handled by specially written

code. Such special rules can usually be coded very.easily

In most bus undertakings drivers are able to walk betwadief points using a standard table
of walking times, or are given standard allowances fawelling on frequent services.
However, some bus operators, and most train operatecgjire drivers to travel as
passengers on scheduled journeys to move from point td, @oid the first process of
TRACS Il is to compile a list of all point-to-pointaivel opportunities at all times of day.

The system next builds a large number of potentialsshédach obeying all the rules as
determined by the parameter list and by any special cobleese are normally constructed in
such a manner that every piece of bus work is covereaamy different ways, and there is
currently an upper limit of 100,000 in the number of poterdiaits that may be carried
forward to subsequent processes. Sometimes errong idata or choice of inappropriate
parameter values may result in some work having no palshtifts covering it, in which case
the user is warned. In cases of error the data ma&plvected. However, sometimes some
rules are too wide ranging, causing too many potentitis 4bi be generated. The potential
shifts may then be generated in a few separate rucis,odavhich covers a subrange of rule
combinations with tighter parameter values. Thé shkifs may be merged later, in which case
it is only necessary that the merged set coverbalvork.

The set of generated shifts may now be refined, estbehat later processes are speeded up,
or so that several sets may be merged without exce#ubntimit of 100,000. The refining
process consists of several passes through the geneettad which shifts are ranked
according to a combination of efficiency and likely im@mce. (In this context, an important
shift is one which contains some work which is inctide a relatively small number of other
shifts.)  Poorly ranked shifts are eliminated, providleat this does not leave any work
uncovered. The ranks of the remaining shifts are adjustfore the next pass, to reflect the
increased importance of those shifts, some of whosek was covered by the eliminated
shifts. If several sets of potential shifts hagerbgenerated these are now merged. The final
refining stage eliminates any shift which leaves awhere no other shift takes over, or vice
versa, unless this would result in some work having meriag shifts.

The remaining shifts (again currently up to 100,000) are presdn a specialised integer
linear programming process [4]. This minimises a caatlmn of total cost and number of



resultant shifts, subject to each piece of bus workgbeavered byat least one shift, with
limits on the numbers of shifts of particular types sgecby the user. The stipulation of at
least one shift, rather than exactly one shift,ecimg each piece of work is designed to cater
for situations where less efficient shifts have bdmsoarded in earlier processes. Sometimes
the nature of the bus schedule is such that some ieeffishifts are necessary if pieces of
work are to fit together exactly; these are genesdtyrter versions of potential larger shifts
which would overlap other shifts in the computed solutioklanagement may choose which
of the overlapping portions are discarded.

3. Implementation of system

By 1996 the research team had developed a new generascheolfuling software as above,
but despite having extensive experience of tackling reddigms and implementing solutions,
we did not have the resources to move from reseactiméthods to a viable commercial
system. We therefore sought new commercial partners.

Throughout the period of development of the new methodkademaintained contacts with
many bus and rail companies, demonstrating our workea®ived. It was evident that there
was a strong need for a new generation of schedulingaeftfor each industry, and we were
able to identify potential partners with links to tlederant industries.

Grampian Computers Ltd had developed software for the llustiy over fifteen years,
covering Depot Operations, such as Duty Allocation, Ew®ing and
Passenger/Mileage/Revenue Analysis, as well as morerajesoftware packages such as
Depot Stores, Payroll, Personnel and Accounting. Haglya wide client base, and were
strongly recommended by several of our industrial costactWe therefore approached that
company towards the end of 1996, and after some monthsamwiimy how we might work
together, we entered into a formal agreement on 1 @ctd®7. This provided, among
other things, for Grampian to provide windows-basedfetes for the software, and for us to
work together towards further development and exploitatitinwould be necessary not only
to provide user-friendly bus and driver scheduling systemtsalo to link these so that the
driver scheduling system could pick up details of relief oppartsnfrom the vehicle blocks
resulting from bus scheduling.

An opportunity to launch the fruits of the co-operatioesented itself in the biennial UK
national Coach and Bus Exhibition in early October 199Although this was earlier than
would have best suited the development plans, it washigitthe opportunity should not be
missed. An audio-visual presentation of the projectetisysnamed Openbus, was therefore
prepared, together with some working windows-based componesiich could be
demonstrated along with the windows-based prototype veodiBOOST, and the TRACS I
bus and driver scheduling systems operating under MS-DOS arglfias data files. The
demonstration of driver scheduling included data from a afseur earlier software for whom
we had been able to show that significant improvemeaotsd be obtained from the new
methods.

The lead-time between initial demonstration of a daleg system to a potential client and
the placing of an order is normally several monthapifyears, and it was anticipated that the
six months immediately following the launch would be dedoto the completion of an
integrated working system, and to the promotion of tséesy to possible clients. However,
one of the organisations attending the demonstratios aheady actively investigating
scheduling systems, and required a new system which wouttlggoworking schedules



according to a new operating scenario by the end ofghe  After discussions with this
organisation it was accepted that a prototype driverdsding system could meet this target,
and that the integration with the bus scheduling compoimeranuary 1998 would be
acceptable. It would be necessary however to provegliNevember 1997 that the new
system could produce efficient driver schedules matchingmuoperations.

4. Reading Buses

The Borough of Reading is situated on the River Thantesjteorty miles west of London.
The population of the Greater Reading Urban Area is appabely 250,000. Following the
deregulation of the British bus industry in 1986, the municipas undertaking was
reconstituted as a private company, but remained in &uthbrity ownership. At that time it
had about 120 buses, all on urban operations. In 1992 theaogrhought part of another
company, thus acquiring a set of rural services basedeadiit), and a smaller set of rural
services around Newbury, twenty miles to the weshis @cquisition added about sixty buses
to the fleet. All the Reading based services wereesulesntly operated from the former
municipal depot, but in two separate groups, urban and rutdle & smaller depot at
Newbury was retained. The Reading based servicestadr égrminated in or passed through
the town centre or the railway station. The Newlsearvices all operated into and out of a
bus station.

By the middle of 1997, the company was running 215 vehiclal im seven main separately
scheduled groups, namely “big buses” and “midibuses” for eadkeading urban, Reading
rural and Newbury services, and coaches on a Readingridob service. Although there
were several types of big bus, necessitating separatelevechedules in some cases, they
were largely interchangeable as far as drivers wemeetoed. There were about 375 drivers
employed, working on rotating rotas with around 270 shiftslired on a normal weekday.
The peak output of about 170 buses in each of the morningftandoan peak periods was
serviced by approximately 100 early shifts, 70 split slufisering both peaks with a long
break in the middle of the day, and 100 middle or late sbdigering the afternoon peak
together with respectively the midday or late eveningpder

The Reading bus depot had evolved from an old tramway depgitally built around 1901.

It was about to be redeveloped as part of a shopping comytexa new depot due to open
elsewhere in the town in February 1998. The old depotheasthe town centre, and drivers
on most bus routes could be relieved very close to tpetde The new depot was less
suitably placed and was expected to lead to higher opem@stg, with most driver reliefs
taking place at the station, or as buses moved intalepet. It had been agreed with the
drivers’ union that all shifts would start and finishtaé depot, where meals would also be
taken, and that eleven minutes would be given where s@ge walk between the station
and the depot. As there would initially be no changéenmaximum duration of shifts, it had
been estimated that, after allowing for increased walkine, the transfer to the new depot
would result in something over fifteen minutes drivingetibeing lost from the average shift.

The company had decided to purchase a computer schedulingh,systerder initially to

facilitate the construction of schedules for the newotlebut also so that later they could
experiment more readily with alternative forms ofdab agreement. At the time of the
October exhibition they were already using some soéwir accounts, payroll and stores
management) from Grampian Computers, but were in an eelyastage of negotiation with
another supplier of scheduling systems. However, Kmeiwledge of the authors’ previous



work in the design of scheduling systems coupled with ttweifidence in Grampian’s ability
to provide links to other systems, the quality of inputd autputs, and projected cost savings
persuaded them to investigate the embryonic Openbus sy#epnesentation was made to
the Company on 4 November, and within a week agreeraenbéen reached for the purchase
of the system, subject to an early demonstratiotsafapabilities.

5. Thefirst steps

The Openbus system, when completed, would start frondefieition of bus routes with
point-to-point journey times (which could vary by timé d@ay).  This, together with
specification of dead running times between selected gpowbuld comprise the basic
network data. The description of each bus route woulddea definition of the appropriate
driver relief point. Departure times would then be defifex each direction of travel on each
route, by specifying the time of the first journey, tervice interval, the time of the last
journey on that service interval, a new servicerugewhere appropriate, and so on through
the day. The system would then generate full detailsaoh journey, and these would be
presented to the bus scheduling algorithm outlined in $egtio

Following the computation of the vehicle schedule, set¥¢\data for driver scheduling would
be extracted automatically. For each vehicle, aoselriver relief opportunities would be
prepared, consisting of the time the vehicle left th@otleand a list of the times and places of
subsequent opportunities, followed by the return time ® dbpot.  This is the basic
component of the VEH file already mentioned; the iiede of that file would be presented
to the system through a new windows-based interfadee components of the other major
data file, the LAB file, would also be presented throug¥irmlows interface.

The vehicle and driver scheduling algorithms would be dralenm through a windows system.

When the contract with Reading Buses was signed in Margmber, some work had already
been carried out in developing the interfaces for the sygstem, using the Progress fourth
generation language. There was a requirement thatffitieney of the driver scheduling
method should be demonstrated by the end of Novembepacmm existing schedules for the
old depot with trial schedules produced for that depot byctmputer. It was accepted
however that this demonstration should be carried onguke existing vehicle schedules and
that the research version of the driver scheduling ithges could be used.

Once the demonstration had been carried out to thefasdion of the bus company, full
schedules for the new depot would have to be prepared strds. Priority would be given
to customising the driver scheduling system for any spaeifuirements of Reading Buses,
and it was accepted that the fully integrated system mighbe available for this work. In
the first instance, therefore, new bus schedules wailthe produced by computer. Instead,
existing schedules would be amended manually to providexfoa einning time to and from
the new depot, without altering the sequences of jourfi@ysany vehicle; the relief
opportunities would be computed manually, showing the tirhesbuses on the existing
schedule passed the new relief points. These maniealoggbortunities would be typed into
appropriate VEH files to provide data for the existing TFBAIl driver scheduling system.

The prototype TRACS II driver scheduling system would keailed on a Reading Buses PC
while the early demonstrations were taking place, abReading staff could get experience in
running the programs for themselves even before theg wstalled as part of the new



Openbus system. Other system components would be haweedeven in prototype form,
as they became available.

Although the driver scheduling system had been writteh arit extensive parameter list which
could reflect most operating conditions of any orgarmsatit almost always happens that a
new client has some specific needs that cannot be ifigéintby means of the existing
parameters. Reading was no exception to this. Fonm@&athe system as written assumed a
certain maximum time, uniform over the whole systdmat a driver could be on duty without
a break. In Reading this time varied according to thecipal route being followed by the
bus. Further, there was a rule that any shift hawbibain a mixture of bus routes, allowable
mixtures consisting of quite complex combinations. [gvtfiese, and other specific features,
could in principle be accommodated, it was agreed that nkegd not be followed in the
demonstration to take place during November.

The early work was divided among the team according tatiency of the various tasks to
be followed. Our Grampian colleagues concentrated qrapng windows-based interfaces,
including a system to extract relief opportunities frdra bus schedule and to create the flat
VEH file required by the driver scheduling component. O@hthe present authors improved
the bus scheduling system and liaised with Grampian orifispon of data formats, while
the other worked with Reading Buses staff on the manwgdapation of files for the first
demonstration runs of TRACS II. Other Universityleagues adapted the TRACS Il code
so that it could ultimately meet all the specific Regaequirements.

As data for the initial computer runs had to be preparetatly, it was agreed with Reading
Buses that it would be sufficient to demonstrate thafCR Il could produce good driver

schedules for the most complex of the various schedulgpgroperating from the Reading
depot, and that this could be restricted to weekday opesatidn total there were just over
two hundred shifts in Reading on a weekday, of whichatrgekt group of 141 shifts operated
the urban big bus schedules.

The Reading Buses planning team consisted of two peofepi@ of whom had computer
skills but had not previously used an automatic schedulingrays However, within two days
they had grasped the way in which data had to be cobaiggresented to the computer, and
had prepared with us the necessary input files for a rdiR&ICS 1. The first computer run
was carried out on 19 November, only nine days aftereagget for the project had been
reached.

The resultant schedule used considerably fewer shiftstbigaexisting operating schedule, but
contained a few shifts which violated some of thed@t@mns specific to Reading which had not
yet been coded. On the other hand, the system hagenhbeen able to take advantage of
some circumstances in which rules could be relaxeder Afareful analysis of the schedule
produced, Reading Buses concluded that after allowing foalibee variations, it had been
satisfactorily demonstrated that the TRACS Il schedwie® significantly more efficient than
the existing ones. Authority was therefore giveprmceed to a full implementation.

The above computer run had drawn attention to some furtimpany-specific rules that had
not been fully appreciated in the data preparation ohenparallel revision of code being
carried out in the University. The next priority weeerefore to complete the recoding
including these rules, and to revise the data so thaicees comparison could be made. This
work was carried out over the next three weeks, andmpuater schedule was then produced
for the old depot which strictly followed all the nesay conditions. The computer schedule
used 136 shifts at a cost of 67786 minutes of paid time, compargdll shifts and 69714



minutes in the manual schedule. This saving of 32 dailyhmaurs arising from only a part of
the total operation was judged sufficient on its owrustify the system costs.

In parallel with the above comparative runs, data had pbeepared for the computation of all
driver schedules for the new Reading depot. As alreawgden, the bus schedules were
adjusted manually to take account of the new depot, astdgration of the bus and driver
scheduling components of Openbus was not yet completihough it had originally been
anticipated that the integrated system would not be redilye to prepare schedules for the
new depot, it was by this time realised that a projectelay in depot construction might
provide the opportunity in January to complete the wholeduling process by computer.
However, by completing the first set of schedules byisBhas as originally stipulated, it
would be possible to review the schedules thoroughly andndake adjustments in the
parameters in time for full implementation.

Work proceeded through early December to prepare data andtakedehe necessary
computer runs. By 23 December, schedules had been produdectliee data sets, namely
urban and rural big bus and midibus for each of weekday, ddgt@and Sunday. Table 2
compares the computer-produced schedules for urban operfationthe new depot with the
manual schedules from the old depot, the cost being ergras$iours and minutes of paid
time. It will be seen that despite a reduction inribenbers of shifts required, the total cost
of the TRACS Il shifts for the new depot is highereapected, with a total weekly paid time
of 8479 hours compared with 8366. For this reason, the tmearper shift is presented;
had this not been acceptable it would have been possildenstrain the computer to create
more shifts with lower average costs. It shoulddmalied that it had been estimated that the
new depot would result in about 15 minutes less productivegeneshift, or an increase of
about 255 hours paid time based on (855 + 165) = 1020 shifts. cduié have brought the
total paid time to 8621 hours had TRACS Il not been used.

Old depot, manual | New depot, TRACSII
Shifts = Cost Mean | Shifts Cost M ean
Urban Big Bus, Mon-Fri 141 | 1161:54 8:14 138  1189:26 | 8:37
Urban Big Bus, Saturday 118 988:31 8:23 111 980:25  8:50
Urban Big Bus, Sunday 32 263:04 8:13 29 245:30 | 8:28

Weekly total 855 | 7061:05 8:16 830 7173:05 | 8:38
Urban Midibus, Mon-Fri 27 216:53 8:02 25 215:23 | 8:37
Urban Midibus, Saturday 25 181:05 7:15 24 186:45 | 7:47

Urban Midibus, Sunday 5 39:04 7:49 5 42:20 | 8:28
Weekly total 165 | 1304:34 7:54 158 1306:00 @ 8:16
Overall 1020 | 8365:39 8:12 088 8479:05 | 8:34

Table 2. Manual schedule at old depot compared withridtecbmputer schedule for new
depot. Cost is in paid hours and minutes.

Priority for the next stage of work was given to thea8ing urban services, which were those
most affected by the change of depot. In the meantineebus schedling component was
being improved in several respects. Specifically, gioniwas made for the user to specify
desired linking of arrivals on one set of routes to dejpaston the same or on another set of



routes, provided that this did not cost more than a stguliladditional waiting time. The

system was also extended to provide automatic calculefidistances on dead runs (empty
bus working between points) as well as on scheduled josirseythat full mileage statistics
could be provided.

6. Full development

By the end of 1997, driver schedules had been produced asfabtie new Reading depot.

(There was no urgency to reschedule the smaller degéewabury, as there were to be no
immediate alterations.) The first few months of 198& she building of the new depot fall

further behind schedule. This provided an opportunity taptete the windows-based data
input and the integration of vehicle and driver scheduliigalso allowed the new Openbus
system to be fine tuned to provide more user-friendliitias, and to be extended to give
additional features. For example, the bus scheduling coenpavas altered to allow the user
to express preferences for constraining buses to remmairertain groups of related routes
throughout the day if this did not incur costs greater theertain user specified amount.

The first full runs of the integrated system were edrout during February 1998, yielding
new vehicle and driver schedules acceptable to managelenestablished practice in the
bus industry that new schedules are presented to driegn€sentatives and that they may be
adjusted after negotiations to meet any objection$e tfades union had been alerted at the
outset of the project to the fact that a computer woeldded to produce schedules in future.
The benefits of computer use had been explained to fnesentatives, principally that this
would enable potential new working conditions to be exudhrough the speedy production
of schedules meeting any proposed alterations.

For some time the union had been pressing for a nunflEneoessions, for example longer
meal breaks, restrictions on the amount of continuoggrtime on particular routes. The

representatives were disappointed that the scheduleseiogvpresented did not meet any of
these, and complained that they were not seeing thagaimenefits of computer scheduling.
Management explained that it had been necessary to eoroggeedily to get schedules
produced for the new depot and that it had always beentdrgion that these first computer
schedules would follow the old rules. Once the new des w operation it would be

possible to use the computer to experiment with a whenge of possible new working

scenarios.

However, the delay in the depot’'s opening now allowedesoimthe union’s wishes to be
tested by computer, and a number of alterations to gheements were made as a result.
The wide range of possible scheduling parameters avaitiipteigh Openbus enabled
experiments with potential new conditions to be cdroeit without any alterations to the
programs, and entirely by the staff of the bus compartheir own.

Originally it had been anticipated that following thepested move to the new depot in
January, some overdue alterations to the bus networldvibeumade, leading to a complete
revision of schedules in April. With the delay to thepot opening, it was now possible to
carry out these alterations with the help of Openbuhabthey could be implemented at the
same time as the move to the new depot. The vediedriver schedules incorporating
revised working conditions and the alterations to therdus network were completed in
time for the opening of the new depot on 20 April 1998.
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Although these schedules were produced by Openbus, with adegmateary information,
the system did not yet produce all output documents in the &nd with the full details
normally used by the drivers. These documents were prepartly by hand and partly by
linking to other existing systems. Final union nedmies took place using these documents,
which were altered by hand to meet specific objections

Following the implementation on 20 April, discussions weetl with the union to determine
whether it was possible to lessen the amount of majaétment for the next service change,
due on 17 August. It was agreed that the original TRAG& 1 of output contained all the
information needed for schedule negotiation, and theviollg procedure was agreed for the
future.

Openbus would first produce the bus schedule. This would bstedjinteractively using
Openbus to reflect some conditions that could not beifigoeby parameter. The driver
schedule would then be produced by Openbus in summary fodnpegotiated with the
union. Agreed alterations might then be made eithexdiysting parameters and producing a
new schedule, or by carrying out minor amendments usingiDpes interactive facilities.
By this time Openbus had been extended to produce fullgefaius running schedules in
standard Reading format (one full A4 page per vehicle), amive links to other systems to
produce timetables and other forms of output.

A further major service change was to take place on 17 Augnd it was agreed that this
would be carried out fully as above using Openbus, which rfad been extended by
Grampian Computers to provide further desirable featureBhe scheduling activity was
carried out as planned up to the point where the drivezdsiiés were presented to the
unions.

The schedules as produced conformed to all the agreed wadknulitions. However, in
minimising the number of shifts required, the computergraduced some shifts which, while
legal, were of a type never used before. For exampdml breaks on early shifts had
previously not started until after the peak, some tinter &900. The computer formed
several shifts with meals starting around 0800, as tlaibleth the drivers concerned to relief
other drivers about an hour later, and so to build up & diamutual reliefs; this feature
enabled single new shifts starting around 0800 each to proeder for a series of meal
breaks, avoiding the creation of additional shifts wiiithnot contribute to the morning peak
cover. Although these shifts with meals startinguatb0800 were perfectly legal, they might
have been forbidden if anyone had previously thoughtthiegtwere likely to be used.

The union rejected the new schedule, but by this timeag too late properly to assess the
consequences of any proposed revisions to the rulest avak ieventually agreed that the
schedule could be implemented on a temporary basis aftexr sodifications. It would then
be necessary to negotiate new rules so that sabtisfasthedules could be implemented on a
permanent basis as soon as possible. Although thedifications might have been carried
out by rerunning Openbus with new parameters, an injuy toitical member of the team
meant that only one person trained in Openbus wasablgiland that person had had to
assume much of the work of his injured colleague. Thedides were therefore adjusted by
inspection and edited using the interactive facilitiesOgenbus, which then produced full
output documentation. It should be pointed out that thepaten system had produced an
efficient schedule which then formed the frameworktfa final schedule implemented on 17
August; without this computer-produced framework, the effiyiegains presented in the
next section would not have been achievable.
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The above experience led to some important decisidestiag future work. First, it was
necessary to agree with the union a revised set of wiich could be presented to Openbus
and would cover all eventualities. Openbus would be usddteymine the consequences on
cost and on schedule structure of any rule change. #®new set of rules had been agreed,
the union would have to accept that normally any schewuhileh adhered to these rules would
be put into place, subject only to minor adjustmentsai€ficable, to meet particular concerns.

The revised scheduling procedure would be first to compute nagdtiate the vehicle
schedule with the union before proceeding to driver schmgguiny changes being made either
by running the vehicle scheduling component again wittergifft parameters or by using
Openbus to edit the schedule interactively. The deebedule would then be compiled by
Openbus according to the agreed rules; it should not lesseey at this stage to produce the
large quantity of output documents needed for operational pwposeAny required
amendments would be carried out either interactivelpyoagreeing parameter changes and
rerunning the system. Finally, full documentation wdaddoroduced.

At the time of writing, negotiations are in hand toedetine new agreed driver scheduling
rules as explained above. The rural bus services arw dugerevised in November 1998, and
these schedules will be produced by computer.

7. Conclusions

The elapsed time from the initial agreement for th&tesy acquisition to the operation of
computer-produced schedules in the new depot was just ovemémihs. During this time,
research-led vehicle and driver scheduling programs hadittegnated into a full commercial
system, user staff had been trained and become adeph@thes system, and schedules had
been produced for a new depot according to a range of @bteew operating agreements as
well as the existing one. This had been accomplighed far tighter time scale than has
normally been available for the installation of @tltommercial systems required in the first
instance simply to emulate existing conditions at astiag depot.

That the above time scale was achievable was dusv&wad main factors:

* The research team had very wide experience in develapidgmplementing scheduling
systems for bus companies;

« The BOOST and TRACS Il systems on which the work based employed state of the
art scheduling and computing methods;

* Grampian Computers was speedily able to design and buildisenfriendly interfaces;

» Both the University and the Grampian teams were gi@edily to alter the system to meet
new and developing user needs;

* Reading Buses staff had an enthusiasm for the projectjokly learned how to make
the best use of the system, understanding and acceptitgeitgths and limitations.

It had been estimated by Reading Buses that the mae teew depot would have resulted
in an increase of £145,000 in annual driver costs. Thssbased on a theoretical exercise of
adding the increased walking time to the existing steften though some of them would then
have become illegal. In practice, the schedules produc€&penbus for the new depot cost
only £10,000 per annum more than the previous schedules favldhdepot.  Openbus
therefore gave a net saving of approximately £135,000 per annum.
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