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ABSTRACT

Crew schedules on the South African Transport Tervices are done by roster
compilers at depots. A method that uses beuristic and mathematical
programming algorithms was developed to replace existing hand methods.

It is a two stage method that will use a microcomputer to assist roster compilers
to draw up crew schedules. Initially timetables are subdivided into shifts and
then they are combined into crew schedules.

The solution, which produces a significant improvement compared with an
existing crew schedule and an existing method, has been accepted in principle
and computer programming has begun.

In Appendix E another heuristic for the scheduling of league matches is
described.
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1 INTRODUCTION

11 TERMINUGLOGY

A train trip is 2 train journey that has a specific departurs point and destination
at a specific time.

A train set is a set of coaches that undertakes train trips.
A timetable is all the train trips undertaken by all train sets on a single day.
A crew schedule is ull the train trips that a crew undertakes on a single day.

A shift is a groap of train trips that a crew undertakes on a single train set. One
or more shifts make up a crew schedule.

Peak times are *hose times of the day when the most train sets are operating.
There is a morning peak time and an afternoon peak time.

A peak shift is a shift at a peak time.
A non-peak shift is a shift out of peak time,

A spreadover is a crew schedule where the crew books off after corupleting one
or more shifts and then books on again on at a later time on the :ame day to
complete the crew schedule.

A depot is where a crew books on and off at the beginning and end of a crew
schedule.

A relief station is a station where a crew may begin or end a shift.

A transport trip is a trip taken by train or road vehicle to transport a crew between
a depot and a relief station at the beginning and end of a shift.




1 INTRODUCTION

11 TERMINOLOGY ;

A train trip is a train journcey that has 2 specific departure poin:t 'nd destination

at 3 specific time.

A train set is a set of coaches that undertakes train trips.

A timetable is all the train trips undertaken by all train sets on a single day.
A crew schedul. is 2ll the train trips that a crew undertakes on a single day.

A shift is a group of train trips that a crew undertakes on a single train set. One
or more shifts make up a crew schedule. '

Peak times are those times of the day when the most train sets are operating.
There is a merning peak tirue and an afternoon peak time.

A peak shift is a shift at 2 peak time.
A non-peak shift is a shi’. out of peak time.

A spreadover is a crew schedule where the crew books off after completing one
or more shifts and then books on again on at a later time on the same day 10
complete the crew schedule.

A depor is where & crew books on and off at the beginning and end of a crew
schedule.

A relief station is a station where a crew may begin or end a shift.

Actransport trip is a trip taken hy train or road vehicle to transport @ crew between
adepot and a relief station at the beginning and end of a shizt.




12 STATEMENT OF THE PROBLEM

Present methocs of constructing timetables to meet passenger and vehicle
requirements of suburbau rail transport are done in the head office of the South
African Transport Services (SATS). Solutions are integrated with other train
services.

Crews, however, are scheduled vy roster compilers at the depots because the
requirements of crews are complicated and need special knowledge of local
conditions. These often fall short of optimum as they are done by hand.

A new method of crew scheduling was required to assist the roster compilers in
their tasks. The requirements of the method were :

o Programming must be develnped on a microcomputer so thet all
depots are able 10 use the method.

e It must be flexible encugh for adaption v lucal conditions.
e The solution must be acceptakb.: to the crews.

o The method was to be originally used for crews of train drivers. It would
then be adapted later io crews of concuctors.

o The programming would be extended to include the compilation of the
daily duty roster where nnmanned crew schedules are split up and
allocated 1o other crew schedules,

The purpose of the research was to examine the feasibility of computer
scheduling. The method has been sccepted in principle and computer
programming has begur.. The method will be subjected to further tests on other
timetanies once the prograraming is completed.



13 BACKGROUND TO COMPUTER SCHEDULING

The development of a timetables and schedules consider four facets :

o the passengers who determine the number and times of train trips.

® the vehicles which make up the vehicle schedules.

o the crews who undertake crew schedules.

o and the daily duty roster which adapts the crew schedules for daily use.

The particular problem add~~<sed by this project report is the crew scheduling
and the first two facets serve as data 1o the solution to the problem.

Wren! mentions three solution approaches : heuristic, mathematical
programming znd interactive. Most methods use a combination of these
methods with the mathematical programming often being used to refine the
solutions.

The mathematical algorithms use matching methods, the set partitoning
approach or the set covering apprcach.

In the matching algorithrns, two lists of part schedules are formed and are paired
together by minimising cost. This allows the use of the Hungarian method of
solving the Assignment pmbh:m.2 This is an extremely efficient algorithm.

The set partitioning and set covering approach lead to the formation of large
matrices that require large computing power to solve.

The publication of literature on crew scheduling has declined in recent y.ars
and that which is available is dated and muay have been superseded. Wren,®
however, commented i 1975 that " the lack of references ... in the formal
literature reflects no lack of research in the field, but rather a paucity of work
brougbt to a successful conclusicn, owing to the extreme practical difficulties of
the problen.”

-




14 APPROACH TO THE PROBLEM

"All known algorithms for crewsvehicle scheduling solve the problem as a
sequence of subproblems. The purpose of these Jecompositions is that each of
the subproblems van be solved by a seasonably efficient solution algorithm."4
Solutions van thus never be regarded as optimum.

The Johannesburg Municipalitf had investigated a fully computerised system
from Leeds University in the early 1980’s but found that the system was tco
inflexibie.

It was decided that an inieractive system supporied by heuristics and
matheraatical algorithms using matching methods would best meet the
requirements.

Why is it now necessary to develop 2 new aigorithm for scheduling ? There is
really no standard method of crew scheduling as each enterprise has its own
special set of rules. Programming that is availcule from overseas would be
expensive and would need to be altered. Furthermore, changes in the rules for
crew scheduling can be expected from time to time.

The approach to the problem differs in the following ways from what is proposed
in the literature:

o The subdividing of the timetabies into shifts is completely separated
from the combining of shifts into crew schedules. The separation is
necessary because a roster compiler’s expertise is required to provide
the times for walking, shunting, preparation and staging at the
beginning and end of shifts.

¢ Both peaks are handled simultaneously when shifts are conibined into
~rew schedules. This allows the shifts neer midnight to be combined to
vicher to an afternoon or morning pe k shift.



15 METHOD

The method employed on the project was:

e the analysis of an existing timetable and crew schedule of one of the
bigger depats in the SATS to develop crew scheduling rules.

e the duvelopment of a heuristic for the subdividing of the timetable into
shifts.

o the use of a mathematica! algorithm to combine shifts into schedules
and

e the resulis of the method.

Each of these are handled in a separate chapter in the report.
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2 ANALYSIS OF EXISTING CREW SCHEDULES

2.1 ANALYSIS OF THE TEST DATA

The analysis was done on the existing timeteble and crew schedule for train
drivers at the Germiston depot. The train sets were those for Dunswart,
Germiston (eacluding train trips to Vereeniging), Kwesine, Leralla ans a few
train sets between Pretoria and Braamf{ontein, all of which are controlled by the
Gerruiston roster office The data consisted of 31 train sets undertaking 448 train
trips.

The distribution of train trips during a 24 hour period is shown in Figure 2.1.
The morning aud afcernooon peaks are approximately 12 hours apart.
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Figure 2.1 Distribution of train sets over 24 hours




There are a total of 60 crew schedules in the existing timetable and the longest
schedule of 14 hours 2nd 35 minutes. The overtime is 250 hours and 8 minutes
per day for all crew schedules.

Analysis showed that 27,2% of the time is spent on trains. The low figure is
greatly influenced by the relief time os a train set may not be left unattended
except when it is staged in a yard. This percentage is misleading and the solutions

generated will be expressed in terms of the number of schedules and the hours

of overtime per day for all crew schedules.

The result of the limitation on the relief time mentioned in the previous
paragraph is that a new crew must take over the train set when the previous shift
ends. Wren' defines this as a Class C problem. The characteristic of this type of
problem is that a crew cannot operate the same train set on two adjacent shifts
as no break titne is possible.

The analysis of the data proved to be more difficult than was first anticipated as
walking, shunting, preparation and staging times are pot shown in the crew
schedule. Times for these movements could not e rzgarded as standard as they
depend on a variety of factors such as whether the traip trip has passengers, how
many crews are operating the train set, the distance of the rest rooms from the
piatform or road vehicle and the number of shunting movements etc. All times
for walking, preparation and staging of the train set and shunting movements
had to be added to the train trip data.

A crew schedule consists ¢f one to four shifts. By far the majority of these
schedules have two or three shifts. Typically a schedule has one long shift of
three to four hours and one or two shorter shifts of one to three hours. This
construction allows for an efficient utilisation of paid working hours.

No spreadovers are allowed for the train driver crews.




22 ESTARLISHMENT OF RULES FOR "REW SCHEDULING

The following set of rules were drawn up from the analysis of the Germiston
crew schedule and from discussions with personne! from the Southern Transvaal
Region of SATS. The figures in brackets represent the standard time for train
drivers at present. These parameters can sometimes be exceeded and this is et
to the discretion of the roster cornpiler.

221 Rules for subdividing of timetables
2.2.1.1  The nominal length of the longes: shift in a crew schedule. (4 hours)

2212 The nominal length of other shifts in a crew schedule. (2,5 hours)
Rule 2.2.1.1 is the official maximum length of a shift. Rule 2.2.1.2 was

introduced from the analysis of the test data and to ensure that the majority of
two shift schedules would be less thian the paid working hours.

222 Rules for bining shifts into schedul
2221 The booking on time. (20 minutes)

2222 The booking off time. (15 minutes)
2223 The maximum leagth of a crew schedule. (14 hours)

2224  The minimum length of a crew schedule (paid working hours).
(8 hours)

2225 The maximum number of shifts in a crew schedule. (4)

2226  The muximum lengih of a crew schedule with no meal break.
(5 hours)

2227  The maximum length of a crew schedule with only onc meal break.
(10 hours)

2228  The minimum time allowed for 2 meal break. (30 minutes)

2229  The minimum time allowed between shifts. (10 minuter



22210 The maximun rest period in a crew schedule. (3 hours)

All the rules except Rule 2.2.2.10 were used in the programming. This rule is
usually circumvented by allocating office work to a crew scheduie.




3 SUBDIVIDING TIMETABLES INTO SHIFTS

The approach is to subdivide the timetable by a heuristic method which will
serve as a guideline to roster compilers, who then ensur ¢ that the shifts all forin
col sive units.

Timetables do not vary much during the week. All train trips that occur on a
week day are placed in one 24 hour timetable for subdividing. Saturday and
Sunday timetables are handled separately.

The principle behind the heuristic is to provide shifts where there is areasonable
amount of work done before a break and on spreading the work load evenly. As
most crews should work either the morning or afternoor. peak, Rule 2.2.1.1 was
applied to shifts ar the morning and afternoon peaks while Ruie 2.2.1.2 applied
to other shifts,

The roster coinpiler then :
e alters the shifts to tie in with transport trips of the full train service.

e assigns time for walking, shunting movements, preparation and staging
of train sets.

@ arsigns two crews to tra‘n trips (one at each end of the train) on some
lines late at night. This is a safety measure that eliminates walking to
the motorised vehicle at the other end of the train set cn the return
trip.

® assigns two crews for short shunting moverents at or near the depot
when it is more efficient than using one crew.

® assigns transport trips at the beginning and end of shifts to and from
relief points out of the existing train service or fiom the availability of
road vehicles. These trips have a great . {luence on the solution.

10




3.1
3101

3.1.02
3.103

3.1.04

3.1.05

3.1.06
3.1.0.7

DETAILED DESCRIPTION OF THE ALGORITHM

A preliminary subdivision of each train set’s trips into blecks is done
first. A new block siarts when the time difference between an arrival
and the next departure is more than a meal break.

The morning peak time auwd the afternoon peak time are determined.

A theoretical number of shifts is calculated from the blocks
generated in 3.1.0.1 using Rules 2.2.1.1 and 2.2.1.2. Theoretical
subdivision times are then calculated. If the block is over a peak time,
the peak shift is positioned so that the middle of the shift is closest
to the peak time.

The computer subdivides the blocks by comparing the theoretical
subdivision times with the arrival times at depots and relief stations.

The roster compiler now examines the subdivision and makes
alterations where required.

Walking, shunting, preparation and staging times are then added.

The transport trips for those shifts that begin or end at arelief station
arz finally added in case they are necessary. (The transport trip will
not be used if the next snift begins at the same relief station.)

11




32 GENERATED DATA SETS
Three sets of data for testing the method were generated :
{A] the shifts of the existing crew schedule (151 shifts).

B} the use of standard times for Rules 22.1.1 and 2.2.1.2
123 shifts were generated.

[C] the reduction of the time for Rale 2.2.1.2 to 1,5 hours.
141 shifts were generated.

The new data sets, [B] and [C] have less shifts than [A] because the shifts at peak
times have been kept as long as possible.

12
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4 CCMBINING SHIFTS INTO CREW SCHEDULES

The approach is to use the Assignment algorithm to match and combine shifts
into crew schedules. This is a two stage procedure that is based on the article by
Pall, Bodin and Dial.*

e Shifts are assigned to crew schedules to find the minimum number of
schedules. This gives an unsmoothed solution.

e The unsmoothed soiution is improved upon by reallocating the
beginning and end shifts of each schedule to reduce overtime and even
out the work load.

4.1 FORMULATION OF THE MATHEMATICAL MODEL

The formulation consists of three rrain components :

o the compilation of list A and list B part schedules
o the feasibility subroutine and
o the matching subroutine.
A part schedule consists of Gae or more shifts that have already been combined.

In general, the list A part schedules cannot be feasibly be joined to another List
A schedule to form a full schedule. List B part schedules can be joined to at least
one list A part schedule. A more detailed explanation of the compilation of these
lists is described in section 4.3.

The feasibility subroutine tests whether a part schedule in list A can be feasibly
joined to a part schedule in list B. An optimisation parameter is calculated. If
the part sched.les cannot be feasibly jeined the optimisation para-neter is set
equal to a large number.

13




‘The matching subroutine assigns the List B part schedules to the list A part
schedules by minimising the optimisation parameters.

Liet there be m part schedules in list A and n part schedules in list B.
Feri= 123, . mandj = 123,.,n
Minimise : Z = Ti¥; tij Xij

where t;; = the optimisation parameter. This is expressed in units of time.

subjoctto: Tixij = 1
Tixij =1
xij = 1if the ith part schedule in list A is assigned to the jth part

schedule in list B.
¥ij = Cif there is no assignment.

42 ALTERNATIVES TESTED

421 The unsmoothed solution

<he order in which the shifts are combined into a s+ iedule is critical to the
effectiveness of the algorithm and several mode:s were tested.

42.1.1 The 1988 model

The first model placed all the shifts that occur at at the greatest peak and all
shiits tha. «culd not feasibly be jounred to them in Jist A. List B shitts were those
that were feasible to at least one shift in list A and the:.. were far more of them.
Part schedules were *ormed by maiching over a iumber of iterations. With each
iteration the list B shifts became less and the unsmoothed soiution terminated
when list B was emnty.

4212 The three dimensional model

Shifts were classified into three groups: peak shifts (morning and afternoon),
inner shifts (midday shifts which lie between the peaks) and outer shifts (early

“




morning and late nigh? shifts). The idea was to match both an inner and an outer
shii't to a p=ak shift simultaneously.

The size of the matrix for the three dimensional problem was approximately
225000 values. This is too big t¢ handle by normal branch-and-bound algorithms
and methods of simplifying the problem were investigated. The literature survey
revealed many articles on the surje t 578910

The technique of Langrangian relaxation brought the problem back to solving
in two dimensions and when it became clear that the smoothing algorithms
would not be elininated, the additional computation required was not
warranted and the model was abandoned.

4213  The 1989 model

Analysis of the solution of the 1988 mode! showed that ciassifying the shifts into
two groups (peak and non-peak) was insufficient.

Initially, five groups of shifts were created : peak shifts and two sets of inner and
outer shifts each. The first sets of inner and outer shifts were just before or after
one of the two peaks. The second sets were those inner shifts that could be
feasibly be joined to other inner shifts and those outer shifts that could be
feasibly be joined to other outer shifts.

Different orders of matching were tried and compared against each other. The
model that consistently gave the best answers for the unsmoothed solution
(which is described in more detail later) was:

e Build part schedules out of the peak and outer shifts.
o Use the 1988 mcuel on these part schedules and the inner shifts.

This procedure is indirectly confirmed by Hoffstad® who in his algorithm
develops early morning shifts first followed by spreadovers. Afternoon
sche  1les are handied last.

Maiscf who uses an interactive computer aided process with no mathematical
algorithm also handies his early morning and late night shifts first. An additional
reason for this is that his crews are not prepared to work a one shift schedule at
those tiines.

15




422 The smoothed solution

Four ways of separating the first anc: last shifts fi~-» each schedule were tried :
4221 all first shifts.

4222 all Jast shifts.

4223  allfirst and last shifts from the morning peak io the afternoon peak.
4224  allfirst and last shifts from the afternoon peak to the morning peak

on the following day.

For4.2.2.3 and 4.2.2.4 were suggested in the literature®, The compce sicion of the
Est B schedules tended to be the same as those developed in the list B schedules
used in the unsmoothed solution. Using 4.2.%1 und 4.2.2.2, gave a better answer
as this allowed overnight schedules t be gensrated.

4.23 The optimisation parameter

Time instead of cost was used in the optimisation parameter as all crew
schedules under the paid working hours have the same cost and overtime is paid
on the time worked in excess of the paid working hours.

Different parameters were. required for the unsmoothed and smoothed
solutions as the object of these two stages of the procedure differ.

In the unsmoothed solution, the object is to generate the minimum sumber of
schedules without any consideration to the overtime. iiuree optimisation
parameters were tried :

o the length of the schedule.

o the length of the break between the list A pa ; schedule and the lis: B
part schedule including transport time.

o the length of the break between the list A part schedule and the list B
part schedule exciuding transport time.

16




The second and third optimisation parameters were better than the first but
there was very little difference berween them in the final sotution. (This may,
however, change with other daa.) The third parameter was deciGed upon 1s to
eliminate cases where the part schectules are far apart and are selected as their
transport trips are suited to each other.

In the smoothed solution, the object is to mimmise overtime. Many of the
schedules, however, do not have any overtime and a secondary optimisation
parameter to balance the work load was added. A composite optimisation
parameter was thus chosen : 1000 x overtime + ABS ( time on trains - average
time on trains per schedule ) [minutes].

43 DETAILED DESCRIPTION OF THE ALGORITHM

43.1 Weekday programme

Shifts are classified into three groups: peak shifts (morning and afternoon),
inner shifts (midday shifts which lie between the peaks) and outer shifts (early
morning and late night shifts).

The shifts are combined into crew schedules as follows :

43.1.1  List A part schedules : select &' peak shifts.

List B part schedules : select all outer shifts except iuose around
midnight that can be feasibly be joined to earlier or later outer shifts.

Optimisation_parameter : The time between the part schedules,
excluding any transport tirae.

43.12  List A part schedules : select part schedules from 4.3.1.1.
List B part schedules : select all outer shifts excluded in 4.3.1.1.

Optimisation parameter : The time between the part schedules,
excluding any transport time.

43.1.3  List A part schedules : select part schedules that span the biggest
peak and all part schedules that cannot be feasibly joined to them.

17




43.15

432

List B part schedules : sclect all part schedules (including inner
shifts) that can be feasibly joined 10 a List A schedule.

Optimisation parameter : The time between the part schedules,
excluding any transport time.

4.3.1.3is iterated until al} part schedules fall in List A. This produces
the unsmcothed sclution with the minimum number of crew
schedules.

List B part schedules : select the first shift of each crew schedule
formed in 4.3.1.3 that has more than one shift.

List A part schedules : select the balance of the crew schedules left
over from list B.

Optimisation parameter : 1000 x overtime + ABS ( time on trains -
average time on trains per schedule ) [minutes).

List B pan schedules : select the last shift of each crew schedule
formed in 4.3.1.4 that has more than one shift.

List A part schedules : select the balance of the crew schedules left
over from list B. ’

Optimisation parameter : 1000 x overtime + ABS ( time on trains -
average time on trains per schedule ) {minutes].

Weekend programme

The shifts from the Friday and Sunday overnight schedules from the the weekday
programme are added to the Saturday and Sunday shifts. A 72 hour period is

used.

4321

List A part schedules : find the shift that has the earliest compic. n
time. Select all shifts that begin before this shift ends.

List B part schedules : find the shif: that is nut in list A that has the
carliest completion time. Select all shifts that are not in Lst A that
begin before this shift ends.

Ortimisation parameter : The tirne between the } art schedules,
excluding any transport time.

18




4322

List A part schedules : select part schedules already generatad.

List B part schedules : find the shift that is not in list A that has the
earliest completion time. Select all shifts tha are not i Dst A that
begin befure this shift ends.

Optimisation porameter : The time betweca the pai scnedules,
excluding any transport “me.
4.32.2isiterated vutil the end of the period isreachet. This croduces

the unsrroothed solution with the minirur: wwaber of crew
schedulss,

Find the Saturday and Sunday morning and afternvon pes! s.

4323

List B part schedules : using two adjacent ve2..3, se"ect the last shift
from the crew schedules of the first peak thai ave miove than one
shift and select the first shift from the crev schedv i ¢/ the second
peak that have more than one shift.

List A part schecules : select the balance of the Lo - whedules from
the two adjacent peaks.

Optimisation parameter : 1000 x overtinie + AR 7 time on trains -
average time on trains per schedule j [minutes).

19
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5 RESULTS

The results presented are based soie’  ~ ° the development of the weekday
programme. Ar example of a crew schew. . . produced by the 1989 algoritum is
given in Appandix B.

5.1 JMPARISON BETWEEN Th, 4 AND 1989 MODELS

A detailed comparison of the answers from the two modeis is given in the
Appendix C1. The reduction in the number of shifts for all three data sets using
the standard crew scheduling ruies varies between three and six shifts. The
newer model is thus a significant improvement.

52 COMPARISON BETWEEN THE EXISTING SCHEDULE AND
THE 1989 MODEL

Although the muximum length of & crew schedule is 14 hours, the roster
compiler bad in five cases exceeded the limit with a maximum of 14:35 hours.
Using data set [A] and the standard rules, the 1989 aizoritin. generates the scme
number of crew schedules but the overtime is reduced bv 37,5 %.

Setting the maximurm length of a crew schedule to 14:35 hours there is a saving
of seven crew schedules with overtime reduced by 9 9.

A detailed comparison of the answers is in Appendix C2.




53 SENSITIVITY ANALYSIS GN RULES

531 MAXIMUM LENGTH OF CREW SCHED\VLE (RULE 2.2.2.3).

In Appendix C3 and in Figure 5.1, the best answer from the three data sets was
seiected. There was always very little difference between the answers of data set
[B] and [T}, indicating that the nominal length of the shorter shifts in a schedule
is probably not critical.

Data se' [A] gave between two and five mora schedulcs than the best answer for
all maximiem schedule lengths. The peiicy of having all the longer shifts at the
same time (i.¢. at the peak times) pays.

Humbsr of schedules
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WAKIAUR CREW SCHEIANE LENG™H

Figure 5.1 The eifect of the maximum crew scheduie length

The scme number of crew schedules (71) is generated for the maximum
schedule length of 12, 13 and 14 hours. The solution is, howeve., not the same
and the ovartime varies between 21 and 30 hours. This shows that the soluton
is not cptimum. This is within acceptable limits as the average length of a crew
schedule does not vary by more than ten punutes or 2,2%.
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532 MINIMUM LENGTHS OF MEAL BREAKS AND SHORT
BREAKS (RULES 2.2.2.8 AND 222.9).

Appendix C4 gives details of the analysis and Appendix D shows a schematic

diagram of how well the 1989 algorithm matches the shifts.

Increasing the meal break 10 45 miputes would be 2 reasonable step to take and
this would only increase the crew schedules by twe The overtime remains
approximatcly the same. Note that the pumber of crew shedules is still less than
the 60 of the existing crew schedule.

Increasing the short break to 20 minutes we 1¢ also be a reasonable step to take
as it can be considered as a safety factcr for delays. The effect is that overtime
is increased by 5,7 %.

Table 5.1 shows why increasing the minimum lengths of mea! breaks and short
breaks has little effect on the number of crew schedules. (i.e. the breaks are well
above the minimum),

EXISTING 1989 ALGORITHM
DATA SET [A] [B] 8
MAXIMUM SCHEDULE LENGTH  14:35 14:00 1435
NUMBER OF SCHEDULES 60 56 53
Break length [bhumm] Percentage of total breaks
0:00 10 230 45 12,5 72
0:30 to 1:00 9,1 319 333
1:00 te 3:00 55,7 16,7 203
3:00 + 30,7 389 39.1
1000 100.0 100,0

Tabie 5.1 Comparison of break lengths betweer. shifts

The rez n for the large breaks can be attributed to the requirement that the
train set must not be left unattended and the crews are forced to operate
different train sets from shift to shift.

2




Itis interesting to note that the exisdng crew schedule has the majority of breaks
concentrated between one and three hours while in the mathematical algorithm
increases the percentage of breaks in all the other three ranges.

At least 30 % of the crew schedules in both the existing and computerised
method have breaks of loayger than three hours. By allowing 25% of crew
schedules as spreadovers the time on duty can be reduced by approximately 90
hours on all crew schedules.
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6 CONCLUSION

The method developed has significant benefit in both the reduction of shifts and
overtime on the test timetable, although it has not yet been accepted by the crews
themselves.

The reduction of the crew schedules by 7 using the actual maximum schedule
fength of 14 hours and 35 minutes would lead to a saving at the Germiston depot
of R 415 000 per year if staff could be reduced. The sched.les, however are
extremely long and would probably be unacceptable to the crews.

Abetter solution is to design the schedules strictly to the standard rules and only
allow crew schedules up to 14 hours. If the number of crew schedules is kept at
60 a saving of R 365 000 per year in overtime will result.

The major benefit of the method is that the scheduling rules (i.e. policy
adjustment in the Jetter in Appendix A) can be altered and a monetary value
can immediately be placed on it. If spreadovers were aliowed on 25% of the
schedules (i.e. the crews were not paid for the longest rest period) a further
saving of R 235 000 per year would then be possible.

Bodin 2t.al® states thot “the general experience has been that computenized
mathods have saved a relatively small percentage of costs...(although this) can
amount to a large sum of money. ...(However) computerized scheduling has
saved transi agency planners and schedulers considerable time in developing
new schedules and consid: rable time and effort training new schedulers.”
Timetables can be changed in a matter of weeks, rather than months, a
requirement that will be come necessary s SATS moves toward privatisation.

The feasibility of the method has been established, although the results cbtained
can be improved upon with the help of a roster compiler. By examining the
schematic diagram in Annexvre D, which is produced on a microcomputer
minor improvements can be also made.

” .
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SUID-AFRIKAANSE VERVOERDIENSTE ~ SOUTH AFRICAN TRANSPORT SERVICES

ADURESS AiL COMMUNICATIONS TO THE

MG ALLE MEDEDELINGS AAN ME GENERAL MANAGER
HOODFBESTUURDER
MAMME/CAB: MOOFBESTUURDER SE KANTOOR
Lo ey et }"’ GENERAL MANAGER'S OFFiCE
JOHANNESBURG
TELEFOON/TELEPHONE 2000
VERWYSING/REFERENCE
%2y -i0- 50

JO WHOR IT MAY CONCERN

The Assistant General Manager {Cperazting) o the South African Tramsport
Services {SATS) commissioned Mr A K lomrie of the Prcductivity Bureau to
develop a method of crew scheduling. Visits to the USA and Europe revealed
no stencard software that could be used by SATS for crew schedules,

The method was applied within the existing pareameters and showed 2
substantis)l reduction in the -crhng hours and the number of crew schedules
required,

#r Comrie's approach represerts on advancement in the practical application
of scheduling methodologies in the raiiway environment. The results are
currently being assessed with a view to policy edjustment and further
improvement prior te implementation.
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APPENDIX B
CREW SCHEDULE FOR A MAXIMUM SCHEDULE LENGTH OF 14 HOURS
CREW SCHEDULE 1 KEY
TRAIN SET Go2 = ing time from before a transport trig.
0036 VSTP e QuR oo BSTP Walking e adep:‘ 9 L
W41 VOOR 1801 GMR- GMR 0056 P =  Walking time to a depot after a transport trip.
005 RANG QwR.GwA oo | BT wing P
0105 1601 GMR.DLF 0132 LOSA =  Relief tire.
0145 1602 | OLF-GMA 0224
0224 35TP GMR-GMR 0229 | PASS =  Atransport trip time.
TRAIN SET D01 RANG = Shurting time.
0404 GMR - GMR 0405 - i time ment).
for :}s\sscxm M&,JNN foved STAL Staging time (inciuding the for the shunting movel 4]
0502 VSTP DUN-DUN 0813 = ! tion after a shift.
posrd 8815 BUN. BN SSTP Walking time to a depot or refief sta lO‘A a )
0531 8815 DUN-DAV 0853 | VSTP =  Walking time from a depot or refief station before a shift.
0601 E816 BAV-OUN  0e23 ooR P ime
0831 8823 b - Vi - Iemﬂ .
0701 8824 DAV-DUN 0723
o723 SSTP DUN-DUN 0726
0745 PASS 0066 DUN-GMR 0801 TRA!N SET Do3 TRAIN SET K02
0801 ESTP GMR - GMR 0806 1104 8 GMR-GMR 1108 1322 VSTP GMR-GMR 1327
1108 PAssoom mm 1127 1% WLOSAM gm-mﬂ 1330
1188 VSTP V- 1188 1 - 3
CREW SCHEDULE 2 1158 LOSABB44  DUN-DUN 1206 1406 7864 TNE-GMR 1442
TRAIN SET K01 1206 8843 DUN-DAV 1228 1445 7663 GMR-KWE 1513
1236 8346 DAV-DUN 1258 || 152¢ 7648 KWE - GMR 1554
Qe e e 0% |l 1308 eser DUN-DAV 1328 || 1884 SSTP GMR-GMR 1558
0156 VOOR 7600 GMR-GMR 0214 83486 DAV-DUN 13858
0214 7600 MR- KUT 0219 | 130 B0 s DUN.DUN 1a0
Sz T e o o22 || 1a0s ssTR ouN-0uN 1ig || CREW SCHEDULE 6
2% 7803 e EWE J308 I) 142 PASSOI4 DUN-GMR 1445
0315 7602 KWE - GMR 0345 25 ESTP GMR-GMR 1450 TRAIN SET Doa
0345 8§TP GMR.CMR 0350 || 445 ) GMR-GMR 0308
% PASS 02 A DN o
TRAIN SET K07 CREW SCHEDULE 4 S Noininss: UNDUN
025 BAs xows gx:;gxf %% || tram sET Go2 : 001 893 DUN-DAV 0iz2 2
S5 R i S |meven Comow m |00 me SWO o A
0488 VOORT613 KUT-KUT Osts || 0224 LOSA 1602 GMR- B o |1 5591 sats DAV- DUl 0353
0516 7613 KUT-CWE 0535 0225 1802 g rtd DU DN Ooss
0545 7508 KWE - KUT 0810 0302 16807 BAR-GMR 032 0583 -
0621 7623 KUT - KWE 0644 0322 STAL 1607 GMR-GMR (339
0885 7722 KWE-SIM  O72¢ || 0309 SSTP GMR-GMA 0344 || TRAIN SET D03
0724 STAL7T22  SM-SIM 0745 0835 VSTP -DUM 0638
0745 5T §M-SiM 0753 TRAIN SET Lo7 0648 8825 DUN-DAV 0708
(820 PASS 1118 SIM-GMR 0825 D423 VST™ GMA - GMR 0428 0716 B82S DAV-D'IN 0738
0825 ESTP GMR- GMR 0833 0428 LOSADS502 GMR-GMR 0444 0738 LOSAB826 DUN-DUN 0746
el amlk s ||messT sn =
0533 0513 . -
CREW SCHEDULE 3 0615 0517 EFT-LPA  0s45 |] 090Y 8837 DUN-DAV (923
TRAIN SET LOT 0857 0538 LRA-GMR 0730 || ouas 8838 DAV-DUN 0958
T 0743 0538 GMR-IDi  o7es || oese ssTP DUN-DUN 1001
0183 BSTP GMR-GMR 018 1] G745 SSTP 01-01 o745 || 1325 PASS008¢ DUN-GMR 1046
. Jiso fasstec  GMA-ERT 0208 |l ovse PASS 125 IDI.GMR .48 ESTP GMR-GMA 1081
™ Q24 voomosor EFT-EM caiz || OO ESTP -GmR oeos
: S e A~ CREW SCHEDULE 7
] 0306 0501 EFT-LRA 0336
2} 0348 0502 LRA-GMR 028 CREW SCHEDULE § TRAIN SET D02
R« 0428 SSTP GMR - GMR 0433 TRAIN SET Loz 0304 BSTP GMR - GMP 0308
7 aMA-ona cos2 || oo PASS00Ta  GMR-OUN a7
| Al SET Koo Eoomes mel o |l r,, SREN o
. 0426 - -
SF taracs  Oun. owm ot |1 ouse VORI KAFIKAF o4z o4t sa0s oun-oav oess
0525 7613 GMR-KWE 0s5. || 0482 1811 KL LR st || Ou shos S D, s
0606 7510 KWE -KUT 0s31 || 0821 0818 e o503 . 0506
o641 7625 KUT -KWE 0704 | | 0605 0818 uu% bass
o716 7734 KWE. MR O7as || 0644 0534 v A TRAIN SET Do4
ores , oMm- Soer |1 oezs 180s LRACKAF  os4y || 0842 VSTP DUN - DUN
[ G807 STAL 7830 BRR.BRR  0A31 s KAF.KAF  0oo6 || UL33 LOSA8812 DUN-DUN 0601
! oas Pate BB D2 || G0 mASsosw  KAF.GWR  006r g0 s81e DuN-Dav cez
— - -
928 ESTP GMR-GMR 083 || 0947 ESTP GMR-GMR 0852 1 5oy sezr DUN-DAV 0723
DAV-DUN 0752
DUN.DAV 0823
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CREW SCHEDULE 10

TRA!NSETKO:
GMR - GMR
o:As PAssxousz GMR - KUT
0425 VSTP KUT - KUt
0432 VOOR 7611 KUT. KUT
0450 7611 KUT - KWE
0524 7810 KWE - GMR
0606 7621 GMR - KWE
7822 KWE - GMR
0715 7631 GMR - KWE
0754 7834 KWE . GMAR
0828 SSTP GMR - GMR

TRAIN SET K05
TP GMR - GMR
1246 FASSO0B€  GMR- BRR
1322 VSTP BRR . BAR
1352 VOCR 7659 BRR- BAR
1410 7653 8RR - KUT

1437 STAL785¢  KUT-

1442 SSTP KUT - KUT
1538 PASS 7646  KUT . GMR
1543 ESTP GMR - GMR

1215 7881 5“ RWE 1'5
1253 7860
1327 S8TP GMR GMR 1332

0853 STAL 8836 DUN-OUN 0906
0906 SSTF DUN.OUN 0918
0926 PASS 0080 M.Gm 045
0945 ESTP -GMR 098"
TRAIN SET 103
1215 BSTP GMR - GMR 1220
1220 PASS 0639 GMR-KAF 1248
1315 VSTP KAF - KAF 1323
1323 YOOR 1843  KAF-KAF 1341
1341 RANG 1843  KAF.KAF 1408
1405 1843 KAF-LRA 1418
1428 LRA-EFT 1450
1459 SSTP EFT. 1502
PASS 0664  EFT.GMR 1620
1620 ESTP GMR-GMR 1625
CREW SCHEDULE 8
TRAIN SET Go3
a2 veTe GMR - 0334
0334 VOOR 1105 GMR - 0349
G349 RANG GMR . GMR 0358
0388 1105 GMR- KPR 0423
0434 1106 KPR -GMR 0519
0519 SSTP GMF.- GMR 0524
THAIN SET Gos
GMR - GMR 0606
osos LOSA 1108 GMA-GMR 0640
0645 1115 GMR- KPR 0732
o741 1116 KPA-GMA 0825
0825 STAL 1116  GMR.GMR 0830
0830 S$STP GMR-GMR 0835
TRAIN SET D03
0904 BSTP GMR - GMR 0909
0909 PASS™O0  GMR-DUN 0827
0955 VSTP DUN-DUN 0958
0958 LOSAS838 DUN-DUN 1008
1008 8841 OUN-NAV 1028
1036 3842 DAV-DUN 1058
1106 8843 DUN-DAV 1128
1136 8844 DAV-DUN 1158
1158 SSTP DUN-DUN 1201
TRAIN SET D04
1332 VSTP DUN-DIN 1343
1343 VOORB84Y DUN-DUN 1401
1401 BB4Y DUN. DAV 1423
1431 8880 DAV-DUN 1453
1515 8857 OUN- DAV 1837
1545 8858 DAV.DUN 1607
1607 $STP DUN-DUN 1610
1626 PASS 0136 DUN-GMR 1646
185 ESTE GMA - GMA 1651
CREW SCHEDULE ¢
TRAIN SET Lo§
0336 BSTP GMR- GMR 0341
0347 PASS 0503 GMR-KAF 0410
0420 VSTP KAF . KAF 0428
0428 VOOR 1807  KAF - KAF 0446
0448 1807 KAF.LRA 0457
0506 0512 LRA-EFT 037
0551 0513 EFT-LRA 0515
0625 0532 LRA-EFT 0700
o712 0527 EFT-KAF 0725
STAL 0527  KAF-KAF 0754
0754 SSTP KAF . KAF 0802
0819 PASS 0632  KAF.GMR  0Be/
2847 ESTP . GMR-GMR 0832
TRAIN SET K02
1053 VSTP GMR .- GMA 1058
1058 LOSA 7850 GMR.GMR 1100
1100 7647 GMR. KWE 1128
1139 7854 KWE - GMR 1213

CREW SCHEDULE 11

TRAIN SET R28
0414 VST GMR - GMR
0419 LOSA 1806  GMR . GMR
0420 1606 GMR - BRR
0445 SSTP BRR- BAR
0508 P/SS00Z8  BRR.GMR
0539 ESTP GMF - GMR
TRAIN SET Los

GMR - GMR
osso LOSAMM GMR - GMR
0616 052 GMR - LRA
o714 0544 LRA - GMR
U786 RANG GMR - IDf
080z LOSAOS41  IDI-IDi
0816 0544 DI GMR
0820 STAL 0544  GMR.GMR
0828 $STP GMR - GMR
TRAIN SET Go4
1059 VSTP GMFR - GMR
1104 VOOR 1121 GMR- GMR
1119 1121 GMR - Kp=
12t 1122 PR - GMr
1300 STAL 1122 GMR-GMR
1314 SSTP GMR - GMR

CREW SCHEDULE 12

TRAIN SET Lo4
C418 BSTP

0420 PASS Ga03
0517 VSTP

TRAIN SET Loz

091¢ GMR - GMR
920 PA$$m29 GMR . K&F
1032 VSTP KAF - KAF

1040 LOSA 1812 KAF - KAS

1128 1816 LRA - KAF
1205 1838 KAE . LRA
1228 1820 LRA - KAF
1005 1839 KAF - LRA
1328 1824 LA - KAF
1340 STAL 1824  KAF . KAF
1348 SSTP KAF - KAF
1450 PASS 0852  KAF- GMR
1520 EST® GMR. " -
CREW SCHED' ..E13
TRAIN SET Lo#
0415 BSTP GMRA - GMR
D420 PASS™ L3 GMR-KAF
0459 VSTF KAF - KAF
0507 VOOR 1817  KAF - KAF
0825 1817 KAF - LRA
0545 0520 LKA - EFT
0827 0819 EFT-LRA
0703 0840 LRA- EFT
07485 0533 EFT - KAF
0758 STAL0S33  KAF-KAF
0818 S8TP KAF - KAF
0850 PASS 0834  KAF.GMR
0920 ESTP GMR - GMR
TRAIN SET K04
1153 VSTP GMR - GMR  1158]
1158 LOSA7630 GMR-GMR 1201
1201 7841 GMR - KWE 1233
1243 7636 KWE -GMR 1313
1315 7847 GMR - KWE  1347]
1358 7640 KWE - GMR 1428
1428 SSTP GMR - GMR 1433
CREW SCHEDULE 14
TRAINSETGOS
GMR . GMR 0436
W voopnm GMR . GMR 0481
0451 GMR - GMR 0500
’109 GMR . KPR 08435
0552 110 KPR.GMR  0837|
0642 0040 -BRR 0708
0708 STALOU4C  BRR-BRR 0732
0732 $STP BRR-BRR 0753
0808 PASS0071T  BAR-GMR 0839
0839 ESTP GMR - GMR 0844
TRAIN SET D02
1304 BSTP GMR - GMR  1309]
1300 PASS 0101 GMR-DUM 1327
1403 VSTP DUN-DUN  1414]
1414 VOORS851 DUN-DUN 14321
1432 8851 DUN-DAV 1454
1802 8ac2 DAV-DUN 1524
1532 8B5S DUN-DAV  1554|
1602 8860 DAV-DUN  1624]
1624 ESTP DUN-DUN  1827]
1641 PASS 0144 DUN-GMR 1700
1700 ESTP GMR-GMR 1708,
CREW SCHEDULE 15
TRAIN SET D02
0434 BSTP GMR - GMR 0439
0439 PASS0C21  GMR-OUN  0487|
0503 VEP DU - DUN 0308
8808  DUNW-DUN 0837
0811 8813 DUN- DAV 0533]
0541 8814 DAV.DUN 0803
0611 8821 DUN-DAV 0833
0641 BB22 DAY - DUN
U711 8829 OUN-DAV o733
0741 8830 DAV.DUN  0802]
STAL 8830  DUN-DUN  081)
o8ty 3 DUN - DU
0856 PASS 0078 DUN-GMR 0%
w18 GMR - GMR 0921
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TRAIN SET Lot
1541 BSTP

GMR - GMR 1148

1148 PASS0088 GMR.BHR 1219
1246 VETP 8RR -BAR 1308
1305 VOOR 0547  BRA - BRR 323
1323 0547 BRR - GMF 1343
1413 0547 GMA - (FA 1455
1505 0556 LRM - GMA 1847
1547 ESTP GMA - GMR 1852
CREW SCHEDULE 16
TRAIN SET Got

0443 VSTP GMR - GAMR 0483
0453 VOOR 1007  GMR - GMR 0508
0508 1007 GMR- 2.8 0521
0528 1008 - R 0840
Qc4s 1008 A - 0858
0633 1010 ALB-GMR 0817
0522 1011 GMA - 083
0640 1012 ALB - GMR 0854
o708 1013 GMR-ALB 0721
0726 1014 - 0740
0740 STAL 1014 GMR - o754
0754 SSTP GMR - GMA 0758
TRAIN SET Go4
1410 VSTP MR- GMR 1415
1415 VOOR 1123 GMR-GMR 1130
1430 1123 GMR .- KPR 1513
1522 1124 KPR GMR 1607
1758 SSTP GMR - GMR 1803
CREW SCHEDULE 17
TRAIN SET Go3
0514 VSIF - 0519
0815 LOSA 1108 GMR.-GMR 0520
0520 RANG 1113 GMR.-GMR D580
0S80 1113 GMR - KPR 0833
0645 1114 KPR.GMR 0730
730 STAL 1114 CMR - GMR (744
0744 SSTP GMR-GMR 0748
TRAIN SET Ko4
1423 VSTP GMR.GMR 1428
1428 LOSA 7640 GMR-GMR 1430
1430 78E3 GMA - KWE 1502
1513 784€ KWE . GMR 1543
1545 7857 GMR - KWE 1617
1628 TE54 KWE - GMR 1358
1701 7867 GMR . 1733
1743 7666 KWE -GMR 1813
1813 §STP GMRA - GMR 1818
CREW SCHEDULE 18
TRAIN SET K06
0545 B GM™ . GMR (350

F’A:»S 1112 GMR- &M 0558
0557 Sist . SIM
0504 LOSA???Z SiM - 3I8k 0613
0613 7819 SIM - KWE 0838
0645 7714 KWE-SIM 0714
ores 7828 SiM-KWE 0753
0804 7728 KWE-SiM 0833
0833 STAL 7728 SiM - SiM 0854
0684 SSTP EiM - SiM o002
‘!RAIN SET KOG
1545 VG M- SIM 1582
15852 VOOB?SG‘ St - i 1810
1610 7861 SiM - KWE 1838
1647 T7R2 KWE.-SiM 1718
1725 787 SiM .- XKWE 1753
1803 77u8 KWE .- 82 1832
1832 83TP SiM - SiM 1835
1832 ESTP SIM-GMR 1848

CREW SCHEDULE 19
TRAIN SET Lo8
0615 BSTP GMR - 0820
0620 PASS 0615 GMR.EFT 082t
P EFT-EFT 0647
0647 LOBADS28  EFT-EFT 0858
0858 EFT.LRA 72
0733 0880 LRA-EFT 0804
0804 STAL 0S50 EFT-EFT 0824
0824 SSTP EFT-EFT 0832
0909 PASS 0626 EFT.GMR 0020
1§20 ERTP GMR - GMR (925
TRAIN SET K01
1508 VETP GMR - GMH 1513
1513 LOSA 7844 GMR-GMR 1515
1515 7855 GMR - KWE 1547
1558 7650 KWE - GMR 1628
1630 7863 GMR - KWE 1702
1713 7662 KWF . GNR 1743
1745 7873 GMR - KWE 1817
1828 7674 KWE - GMA 1858
1588 SSTP GM&- GMR 1903
CREW SCHEDULE 20
TRAIN SET Lot
0832 VSTP GMR . GMR 0837
0637 LOSAOSZ2 GMR. GMH 0638
0538 0522 GMF - orn
0711 STAL 0522 W BRH or3s
0735 §STP BRR-BAR (756
0808 PASS 0071 BRR-GMR 0839
083y ESTP GMR - GMR 0844
TRAIN SET Kos
1325 B GMR-GMA 1330
1330 PASS’W GMR-KUT 1335
1430 VSTP KUT-KUT 3437
1437 PANG 7658 KUT-KUT 1442
1512 VOOR7667 KUT-KUT . 15%0
1530 7667 KUT - KWE 1853
1802 7552 KWE - KUT 1827
1836 7673 KUT-KWE 1659
1706 7560 KWE.KUT 1733
1742 7677 KUT-KWE 3805
1816 7572 KWE - KUT 1841
1841 STAL7ST2  KUT-KUT 1910
1910 S§TP KUT-KUT 1917
1922 PASS 7676 KUT-GMR 1928
1828 ESTP AMR-GMR 1933
CREW SCHEDULE 21
TRAIN SET Kos
GMRA - GMR 0649
0602 LOSA?MG GMR-GMR 06851
0851 7627 GMR . KWE 0719
0730 7618 KWE - GMR 0800
0803 7837 GMR.BRR  0B24
0824 STAL 7637 BRR.BRR 0848
0848 SETP BAR-BRR  DBSS
0908 PASS 0033 BRR.GMR 093¢
0839 ESTP GMR - GMR 0944
TRAIN SET 7
1516 8§’ GMR - GMR 1821
1521 PASSM& GMR-EFT 1832
1545 VETP EFT-EFT 1853
1553 RANG EFT-EFT 1817
1617 VOORQSeS EFT-EFT 1835
1 0565 EFT-OLF 1701
1710 0574 OLF-EFT 1738
1752 0841 EFT.LRA 18722
1831 0598 LRA.EFT 1902
1902 STAL 0588  EFT-EFT 1907
1907 P EFY. EFY 1910
1836 PASS 0684 EFT-GMA 1447
1947 ESTY GMR-GMR 1852

CREW SCHEDULE 22
TRAIN SET De1
0845 BSTP - 0654
0554 PASS003¢ GMR-DUN OT12
0720 VSTP DUN-DUN 0728
0723 LOSA88¥4  DUN.-DUN  O731
073 8537 DUN- DAV (783
080t 8332 DAY . GMA 084D
0841 8832 GMR - BRAR 0806
0906 STAL 8832 BFR. 0330

§8TF BRA-BRA  NOST
1013 PASS00B?  BRR-GMR 1044
1044 ESTP . 1048
TRAIN SET Do4

TP GMR - GMA 1539

1539 PASS 0115 GMA. 1557
1604 VSTP DUN-DUN 1807
1807 LOSA 8858 DUN- 1615
1815 8863 OUN-DAV 1637
1645 8864 DAV-DUN 1707
1715 8871 DUN-DAV 1737
1745 23872 DAV-DUN 1807
1815 3379 DUN-DAV 1837
1845 8880 DAV-DUN 1807
1907 8STP DUN-DUN 1910
1626 PASS 0160 DUN-GMR 1946
1948 ESTF GMR - GMR 1851
CREW SCHEDULE 23
TRAIN SET L03

0858 VSTE GMR-GMR 0/04
W LOSA 7820 GMR-GMR 0710
0710 0531 GMR - LRA (752
0803 0552 LRA-EFT 0834
OB44 1823 EFT - KAF 0887
OESE 1823 KAF . LRA 0911
0921 1508 LRA.KAF 0833
0833 STAL 1808 KAF - KAF 0044
0044 SETP KAF . XKAF 0952
1117 PASS 0642 KAF - GMR 1144
1144 ESTP GMR - GMR 1145
TRAIN SET Do2
1534 BSTP GMR - GMR 1535
153¢ PASS011E  GMR.-DUN 1556
1621 VSTP DUN-DUN 1624
1624 LOSAB860 DUN-"'UN 1632
1632 8867 DUN- L. 1654
1702 8668 DAV . DUl 1724
1745 8878 DUN-DAV 1807
3815 8878 DAV-DUN 1837
1837 SSTP -DUN 1540
1856 PASS 0162 DUN-GMR 1915
1915 ESTP GMR - GMR 1
CREW SCHEDULE 24
TRAIN SET Lo7

36 VSTP GMR.GMR 0744
07“ 0538 - Grer
07«5 LOSA0S538 IDi- 1D g ]
0758 1828 Di- GMR [

RANG GMRA - GMF 0824
0845 GMH - EFT 0853
0853 STAL 1828  EFT-EFT 0858
0858 EFT.EFT 0906

PASS 0636  EFT. 0947
a7 ESTP GMR - GMR  0ox2
TRAIN SETR13
1442 BSTP GMR. GMR 1447
1447 PASSO104 GMR.BRR 1513
1522 VSTP ERR - BAR 1852
1882 VOOR 1335  BRR- BRA 1610
1610 1535 BRR- GMR 1842
1642 1638 GMR.-OLF 1738
1245 1538 OLF-BRR 1844




1844 STAL T “BRRCERET TR
1908 §STP BRR-BRR 1827
1938 PASS 0167 BRR.GMR 2009
208 ESTP GMR . GMFL 2014
CREW SCHEDULE 25
TRAIN SET Kot

0738 VSTP  GMR.GMR 0743
0743 LOBA 7616 GMR. GMR 0745
0745 7827 GMR . KWE 0817
0828 76824 KWE - GMR 0858
0858 STAL 7624 GMR - GMR  0g27
027 S3TP GMA - GMR 0832
TRAIN SET K03

1414 GMR- GMR 1415
1415 PASS 0102 OMR-BRR 1448
1450 VSTP BRR-BAR 1520
1820 VOOR 7669 BRR-BRR 1538
1538 7669 BRR.-KUT 1608
1610 7671 KUT - KWE 1633
1850 7558 KWE .- KUT 1718
1734 ?675 KUT - KWE 1757
1806 7570 KWE - KUT 1831
2007 SSTP KUY - KUT 2014
2038 PASS 7686  KUT-GMR 2043
2043 ESTP GMR - GMR 2048
CREW SCHEDULE 26
TRAIN SET LO2

0745 BSTP GMR - GMR 0750
0750 PASS 0811 GMR- KAF 0818
0822 VSTP KAF - KAF 0830
0830 RANG KAF . KAF 0841
0847 LOSA KAF . KAF 1008
1005 1827 KAF . L 1018
1028 1812 LRA-KAF 1040
1040 83TP KAF - KAF 1048
1150 PASS 064  KAF - GMR 1220
1220 ESTP GMR- GMR 1225
TRLIN SET LO®

1418 @STP GMR - GMR 1423
1423 PASS 0647  GMR.KAF 1453
1816 VSTP KAF - KAF 1524
1824 VOOR 1832 KAF . KAF 1842
1547 1832 KAF - EFT 15885
181« 0557 EFT - LRA 1642
1651 0568 LRA - EFT N
1738 0577 EFT.LRA 180y
1818 0585 LRA - EFT 1845
1845 §STP EFY - EFT 1848
1979 PASS 682  EFT- MR 1620
1820 ESTP GMR - GMR 1925
CREW SCHEDULE 27
TRAIN SET Lo5

075 Ve re GMR - GMR 0758
075 LOSADS544  GMR.GMR 0758
O7F . 0544 GMR - 1D 0802
o2 §8TP 10 - 10 0808
0818 PASS 0541 DI - GMR o820
0820 ESTP GMR .- GMR 0825
TRAIN SET Gos

1422 VSTP . GMR - GMR 1427
1427 LOSAO361  GMR-GMA 1512
1542 1128 GI4R - KPR 1558
1605 1126 KPR - GMR 1647
1647 RANG 1126 GMR.GMR 1705
1715 1131 GMR - NAS 1742
1751 113z NAS - GMR 1820
1820 STAL 1132 GMR . GMR 1844
1844 SSTP GMR - GMR 1849

CREW SCHEDULE 28
TRAIN SET Ko4
cao8 VBTP GMR - GMR D813
0813 LOCSA7620  GMR.GMR 0815
0818 7831 GMR - KWE (0847
0858 TE26 KWE - GMR 0928
0830 7838 GMR - KWE 1002
1013 7628 KWE - GMF 1043
1343 85TP GMA - GMR 1048
TRA!N SET Lo8

1418 GMR. GMR 1423
1423 PASS 0847 GMR-EFT 1434
1603 VSTP EFY - EFT 1§18
1615 VOOR 868  EFT - EFY 1533
1833 RANG EFY . EFT 1857
1857 0560 EFT-TEM 1719
1728 0578 TEM-EFT 1748
1805 (583 EFT- LR 1335
1844 1844 LRA - KAF 1858
1855 STAL 1844 KAF - KAF 190C
+ STP KAF - KAF 1908
1917 PASS 0684  KAF-GMR 1947
1947 ESTP GMR - GMR 1552
CREW SCHEDULE 29
TRAIN SET Ko2
0823 VSTP GMR - GMR 0828
0828 LOSA T34 GMR.GMA OR30
0830 7639 GMR . KWE 0858
QN7 7344 KWE - GMR 0941
0943 7843 GMA . KWE 1011
1024 785D KWE - GMR 1056
1058 S5TP GMH - GMR 1103
TRAIN SEY Los

1418 BST GMR - GMR 1423
1423 PASS 0847 GMR-KAF 1451
1518 VSTP KAF - KAF 1827
1827 VOCR 1834 . 1545
1545 1834 KAF-EFT 1858
1619 0555 EFT. LRA 1648
1700 570 LRA-EFT 1731
1810 05885 EFT-LRA 1840
) 1848 LRA - KAF 1901
1901 STAL 1846 KAF - KAF 1806
1906 SSTP KAF - KAF 1914
1950 PASS D666  XAF-GMR 2020
2020 ESTP GMR - GMR 2025
CREW SCHEDULE 30
TRAIN SET Got

1138 VSTP GMR-GMR 1143
1143 VOOR 1023 GMR-GMR 1158
1158 1023 MR- AR 1211
1€ 102 ALB - GMR 1230
1258 1028 GMR.-ALB 1311
1315 1026 AB-GMR 1330
1330 STAL 1026 GMR . GMR 1343
1343 85TP GMR. OMR 13850
TRA!N SET Got

1426 VS GMA-GMA 1436
1 VOOR 1029 GMR- GMR 1451
1451 RANG GMR - GMR 1500
1500 1029 GMR-AB 1513
1610 1030 -G 1624
1636 1031 GMA-ALB 1648
1854 1032 ALE-GMR 1708
1712 1333 GMR-AB 1728
1730 1034 ALB-GMR 1744
1749 1035 GMR-ALB 1802
1808 ALB-GMR 1822
1822 STAL 1038 GMH - GMR 1830
TLH 88T MR . GMR 1838

TRAIN SET Gos
1918 MR - 1920
%20 1054 1134 GMR.GMR 2000
2000 1137 GMR - KPR 2044
2083 1138 KPR-GMA 2137
2137 STAL 1138 GMR.GMR 2181
2151 S8TP R - GMR 2156
TRAIN SET Ko2
2225 VSTP GMR - GMR 2230
2230 1895 GMR - KWE 2250
2307 7686 KWE - GMR 2334
2334 STAL 7696 GMR.-GMR 2339
2333 88TP GMA-GMR 2344
CREW SCHEDULE 31
TRAIN SET Gos
1211 BSTP GMR-GMR 1218
1238 PASS 0082 GMR-BRR 1245
1308 VSTF BRR . BRR 1338
1338 VOCR 361 BRR-BRR 1353
1363 0361 BRA - G 1415
T 15 RANG 036 GMR.-CMR 1427
1427 S§TP GMR GMR 1432
TRAIN SET Lot

TP GMR-GMR 1547
1547 LOSA Q886 OMR-GMR 1816
1636 (563 GMR.-LRA 1856
1708 Q576 LRA-GMR 1750
1808 0587 GMR-LRA 1850
1900 0530 LAA-EFT 1831
1831 STAL 0580  EFT.-EFT 1936
1936 SSTP EFT - EFT 1838
008 PASS 0886 EFT-GMR 2022
. l2 ESTP GMR - GMR 2027
CREW SCHEDULE 32
TRAIN SET Kot
1222 VTP GMR - GMR 1227
1227 VOOR 7845 GMR-GMR 1245
1245 7845 MR - KWE 1317
1328 7638 KWE - GMR 1358
1400 7851 GMA - 1432
1443 7844 GMR 1813
1513 887TP GMR - GMR 1518
TRAIN SET Go2

TP GMR . GMR 1558
1585 LOSA 1737 GMR.GMR 1553
1559 174071 GMR . BOY 1624
1836 1743/4 BOY . GMR 1701
1711 RANG 1746 GMA-GMR 1735
1735 1746 GMR - BOY 1800
1810 1751 BOY -GMA 1835
1835 STAL 175y CMR -GMB 1849
184§ SSTP GMR - GMR 1854
CREW SCHEDULE 33
TRAIN SET Goz
1241 GMR - GMA 1246
1248 FASSOO% GMR-BRAR 1319
1336 VSTP BAR.BRR 1348
1348 VOOR (0387 BRR-BRR 1403
1403 0387 BRR -GMR 1425
1425 STAL 0387 GMR . GMR 1437
1445 1734 GMR - BOY 153
1530 1737 BOY-GMR 1885
1555 857TP GMR - GMR 1800
TRAIN SET Ko7
1612 BSTP GMR - GMR 1617
1817 PASS 1123 GMR-SIM 1621
1835 VST SiM - i 1042
1642 VOOR 7885  SiM . SIM 1700

B4




o

1739 1736 KWE. SiIM 1808
1823 7579 SIM-KWE 1851
1802 7578 KWE - XUT 1532
1832 STAL 578 KUT-KUT 1839
1948 SETR KUT.RUT 1054
2008 PASS 7864  KUT-GMR 2013
2013 ESTP GMR-GMR 208
TRAIN SET Ko2
VETR GMR-GMR 2058
2058 LOBA7ES2 GMK-GMA 2100
2100 7883 GMR.KWE 2128
2135 7896 ~GMR 2213
2230 7685 GMR . KWE 2258
23G7 766 - GMR 2334
2334 STAL 7696 GMR-GMR 238§
$ST R-GMR 0000
CREW SCHEDULE 34
TRAIN SET D03
1334 BLTP GMR . GMR 1339
1338 PASS 0105 GMR. 1358
1437 VSTR DUN.DUN 1448
1448 VOORS8S5 DUN-DUN 1506
1506 8855 DUN-DAV 1528
1538 8856 DAV.DUN 1558
1606 8861 DUN.-DAV 1628
636 8852 DAV.DUN 1658
1658 S8R DUN-DUN 1708
1711 PASS 0148 DUN-GMR 1730
1730 ESTP GMR .- GMR 1738
TRAIN SET K04
1808 V§TH GMR -GMR 1813
1813 LOSA7668 GMR-GMR 1815
1815 7877 MR - KWE 1847
1858 7678 KWE - GMR 1628
1830 7887 GMR - KWE 2002
2013 7686 KWE - GMR 2043
2043 S8TP GMR - GMR [ 48
CREW SCHEDULE 35
TRAIN SET P10
1345 VSTP GMR . GMR 1350
1350 LOSA 0645 GMR-GMR 1351
1351 0645 GMR.PRR 1455
1455 STAL 0645  PRA-PRA 1500
1500 SSTR PRH-PRR 1509
TRAIN SET Pos
1618 VS PPR-PRR 1821
1621 VOORWZ PRR.PRR 1542
1642 RANG PRR.PRR 1645
1645 0572 PRA-GMRA 1753
1754 0672 GMR . BRR 1818
1818 STALOB72  BRR-BRR 1823
1823 88TP BRR-BRR 1823
TRAIN SET Pos
1934 VSTP BAR.-BAR 1934
1934 VOOR OS85 BRR-BRR 1955
1958 0585 BRR-GMR 2020
2021 0685 GMR-PRR 2124
2124 STAL 0B85 PRR-PRR 2126
2129 SSTP PRR-PIA 2138
TRAIN SET P08
2148 VETP Pr. PRR 2148
2148 VOOR 0682 #nf-PRA 2206
2208 RANG PRR-PRR 21,
2212 0882 PRR. GMR 2720
1 0w GMR - BRR 2345
2345 STALOBS2  ARR.BRR  OLO9
0003 SSTF BRA-BHR 0028
0028 PASS (29  BRR.GMR 0049
o049 ESTP GMR . GMR (054

CREW SCHEDULE 36
TRAIN SET L02

1346 BSTP GMA. 1361
1351 PASSNBAS  GMR-KAF 1419
1439 VSTP KAF - KAF 1447
1447 VOOR 1847  KAF -KAF 1505
1505 1847 KAF - LRA 1518
1528 0662 LAA-GMR 1610
1817 0562 GMR - DI 1821
1632 0567 IDi-GMR 1636
1538 SSTP GMR-GMR 1641
TPAIN SET 10§

1713 VBTP GMA.GMR 1718
1718 VOOR 0579 GMR-GMR 1738
17% 0579 GMR-LRA 1818
1827 1842 LRA-KAF 1838
1824 STAL 1842 KAF-KAF 1843
1843 KAE - KAF 1851
1917 PASS 0684  KAF-GMR 1947
M7 ESTP GMR-GMR 1952
CREW SCHEDULE 37
TRAIN SET Kot

1353 VSTP GMR-GMR 1358
1400 7851 GMA- KWE 1432
1443 7644 KWE . GMR 1513
1513 SSTP GMR-GMR 1518
THA)N SET Ko2

1549 VSTI GMR-GMR 1554
Voot LOBATSN QMR OMA 1ets
1556 789 R KW 1628
1644 7656 KWE.GMR 1774
1716 7868 GMA - KWE 1748
1756 7568 KWE - KUY 1824
1835 7681 KUT - 1858
1909 7884 KWE - GMR 1943
1943 SSTP GMR-GMR 1942
TRAIN SET Ko4 .
2038 VSTP GMR - GMR 2043
2043 LOSA7686 GMR-GMR 2045
2045 7863 GMR - KWE 2117
2128 7892 KWE.GMA 2158
2200 7895 GMR - KWE 2232
2241 7594 -KUT za02
2302 STAL 7S84  KUT-KUT 2307
207 SSTP KUT-KUT 2314
2338 PASS KOMBI KUT - GMR 2344
2348 ESTP GMR-GMR 2348
CREW SCHEDULE 38
TRAIN sar Dot

1416 GMR- GMR 1421
142 PAcouess  OMALBAR 148
1539 VSTP BRR- BRF 1609
1606 VOOR 8873 BRR-BRR 1627
1627 6873 EAR.DAV 1727
1802 8374 DAV-DUN 1824
1832 8881 DUN-DAV 1854
1902 8382 DAV.DUN 1524
1924 STALB8S2  DUN-DUN 1932
1932 SSTP DUN-DUN 14
TRAIN SET D04

2104 VSTP DUR-DUN 2107
2107 LOGAGES4  OUN-DUN 2118
2115 835 DUN-DAV 2137
2145 BEYE DAV-DUN 2207
2235 8897 DUN DAY 2057
2305 8836 DAV-DUN 2327
2327 STALBS9S  DUN-DUN 218
2348 SYTP -DUN 2351
2355 PASS 1408 DUN-GMR 0008
0009 ESTP GMR-GMR 0014

CREW SCHEDULE 39
TRAIN SET Lo3
418 BSTP GMR- GMR 1423
1423 PASS 0647  GMR-EFT 1434
1454 VBTP EFT-EFT 1458
1450 LOSA 0S84  EFT-EFT 1542
1542 0851 -LRA 1812
1630 0S54 -EFT 1701
1723 0575 EFT-LRA 1781
1800 0584 LRA-GMR 842
1544 058 GMR - 1D 1848
1856 0595 01 - GMR 1933
1903 SSTP GMR - GMR 1908
fRAlN SET Ko2
1538 VTP GMR - 3MR 1943
1943 LOSATE84  GMR-GMR 1945
1948 7687 GMR . KWE 2013
7882 KWE - 2058
2058 SSYP GMR . GMR 2103
TRAIN SET Ko4
VTP GMA - GMR 2200
7895 GMR - KWE 2232
2241 7504 KWE . (UT 2302
2302 STAL 7894  XUT.KUT 2307
2307 £8TP KUT-KUT 2314
2338 PASS KOMBI KUT-GMR 2343
2343 ESTP GMR - GMR 2343
CREW SCHEDULE 40
TRA!N SET Go3
1528 VS GMA - GMR 1538
1338 VOOH 1127 GMA-GMR 1583
1553 1127 GMK - KPR 1836
1645 1128 KPH-GMR 1728
728 S‘TALHE BMR - GMR 1745
1748 S3TI GMA - GMR 1750
TRAIN SET Log
1822 BSTP GMR - GMR 1827
1827 PASS (%78 GMR.EFT 1838
1842 VSTP EFT-EFT 1845
1845 LOSA 0586 EFT- EFT 1901
1901 0483 EFY - LRA 1931
1940 1850 LRA - KAF 1851
1951 STAL 1850 KAF - KAF 1956
1956 SSTP KAF - ¥AF 1958
2050 PASS 0688  KAF-GMR 2120
212 ESTP GMR.GMR 2128
CREW SCHEDULE 41
TRAIN SET Go4
802 VSTP GMR - GMR 1607
16807 LOSA 1124 GMR-GMR 1817
1617 1129 OMA- KPR 1700
1709 1130 KPR-GMR (753
1753 STAL 1130 GMR.GMR 1758
1758 S§TP GMR - GMR 1803
TRAIN SET 004
1834 BSTP GMR-GMR 1835
1839 PASS 0143  GMR.DUN 1887
1 vSTP OUN - 107
1907 LOSA 880 DUM-DUI. 1915
1815 8887 DUN- DAV 1637
1545 8288 DAV.DUN 2007
2015 8833 OUN-DAV 2037
2045 8494 DAV.DUN 2107
2107 88TP DUN-DUN 2110
2156 PASSO™™3 -GMR 2215
2218 ESTP GMR - GMR 2220




CREW SCHEDULE 42

CREW SCHEDULE 19

TRAIN SET Lo4
1621 VSTP MR GMR 1626
1628 VOOROSTT  GMR-GMR 1644
1644 RANG GMR-GMA 1656
1656 0871 GMA-LRA 1738
1754 0882 LRA-EFT 1825
1847 0551 EFT-LRA 1817
1930 1848 LAA-KAF 1942
1942 STAL 1848 KAF.WAF 1950
1956 SSTP KAF - KAF 2007
2050 PASS0888  KAF-GMA 2120
2120 ESTP GMA-GMR 2125
TRAIN SET R32
0405 VSTP GMR-GMR 0410
0412 0329 ~DUN 0428
0420 8807 DUN.DAV 045t
0455 0712 DAV-GMR 0541
0541 8§TP GMA-GMR 0546
CREW SCHEDULE 43
TRAIN SET D03 |
1626 8STE GMR.GMR 1825
1629 PASS0121  GMA- 1647
1685 VSTP DUN-DUN 1588
1658 LOSAB862  DUN-DUN 1708
1706 8869 DUN-DAV 1728
1736 8870 DAV.DUN 1783
1806 8877 DUN-DAV 1828
1836 8878 DAV-DUN 1358
1906 8885 DUN.DAV 1628
1906 8886 DAV.DUN 1958
1958 STALS8CG  DUN-CUN 2006
2006 SSTP DUN-DUN 2018
2026 PASS0172  DUN-GMR 2046
2045 ESTP GMR - GMR 2081
TRAIN SET Ko3

GMF - CMR 0345
aaas P»s KOMBI GMA - KJT 0385
0358 KUT-KUT 0406
0405 voornsov WUT.KUT 0423
0422 7607 KUT - KWE 0442
0453 7808 KWE - GMR 0527
o827 SSTP GMR-GMR 0832
CREW SCHEDULE 44
TRAIN SET Loz
1631 GMR.GMR 163
1636 Lcsww GMR-GMR 1339
1630 0867 -LR& 1720
1733 058) LRA-GMR 1815
1815 §3TP GMP -GMR 1820
TRAIN SEY K01
1855 VSTR GMH-GMR 1858
1856 LOS\ 7674 GMR-GMA 1900
1900 7883 GMR . KWE 1532
1943 7684 KWE.CMR 2013
2013 STAL 7684  GMR-GMR 2042
2042 SSTP GMR - GMR 2047
CREW SCHEDULE 45
TRAIN SET Gos
1713 VSTP GMR. GMR 1718
1716 VOOR 1133 GMR-GMR 1733
1733 1133 - KPR 1817
1836 1134 KPR.GMR 1920
1920 SSTP GMR-GMR 1925

TRAIN SET Go4
0381 GMR.GMR 0358
0358 VOG?HOT GMA-GMR 0413
0413 1107 GMA - KPR 0436
0508 1108 KPR . GMR 0580
0SS0 RANG 1108 GMR.GMR 080G
0806 SSTP GMA-GMR 0811
CREW SCHEDULE 46
TRA!N SF Ko3
1728 8¢ GMR- GMR 1730
17730 PA‘; 0102 GMR.-KUT 1738
1026 vSTP KUT-KUT 1831
183t LOSA7TSTC  KUT-KUT 1841
1841 7683 KUT-FWE 1504
1913 758C KWE.KUT 1938
1338 STAL 7550 KUT-KUT 2007
2007 SSTF KUT-KUT  20v4
2008 PASS 7886 KUT-GMR 2043
TP GMR - GMR 2048
TRAIN SET Lot
o318 VETD GMR - GMR 0323
0223 vooausoe GMR-GMA 0941
0349 GMR-LRA 0423
0438 0508 LRA - EFT 0307
0821 0508 EFT-LRA 0549
0558 0522 LHA-GMR 0837
0637 SSTP GMR-GMR 0842
CREW SCHEDULE 47
TRAIN SET Do2
8. TP GMR - GMR 1808
o 350\9 GMRA.DUN 1827
1534 DUN-DUN 1837
19037 vJ\ABa‘IG DUN-DUN 1848
1845 8823 DUN-DAV 1907
1915 5854 DAV-DUN 1837
1545 889 - DAY 2007
2015 8892 DAV-DUN 2037
2037 STAL 8892 DUN-DUN 2058
058 88TP DUN-DUN 2101
2156 PASSO0175  DUN-GMA 2215
2215 ESTR GMR - GMR
TRAIN SET Kos
0318 GMR-GMR 0318
0318 PASSKOMSJ GMR -KUT 0328
0331 VETP KUT - KUT 0338
338 VOOR YOO8 KUT-KUP 0356
0356 7603 KUT - KWE 0415
0428 702 KWE . 5IM 0454
503 7811 SIM-OVE 0526
0538 7712 KWE . S 0804
0604 SSTP Sitk - S 0607
0807 ESTP SIM-GMR 0820
CREW SCHEDULE 48
TRAIN SET Lo2
181G VSTP GMR - GMR 1818
1824 0586 GMA-LRA 1901
1613 U582 LPA-KAF 1935
1928 SSTP KAF . KAF 1933
1950 PASS 0686 KAF.GMR 2021
22 ESTP GMR - GMR 2026
TRAIN SET K05
0318 BSTP GMR-GMR 0318
0318 PASS KOMB! GMR-KUT (32
408 VSTP XUT-KUT  Dé12
0412 VOOR 7608 XKUT-KUT 043
0430 7809 KUT-KWE 0849
0800 7710 KWE-SIM 0529
0538 7815 SiM-XWE 0606
0813 7816 KWE - GMR 0549
0849 SSTP GMAR-GMR 0654

TRAIN SET Lo2
1810 VBTP -GMR 1818
1818 LOSA 0S80 GMR-GMR 1824
1824 (0Ses GMR-LRA 1901
1913 0892 LRACKAF 1925
1925 S§TP KAF . KAF 1833
1951 PASS (386  KAF-GMR 2020
2020 ESTP GMR - GMR 2028
TRAIN SET Lo8
0247 BSTP GMRA - GMR 0252
0252 PASS 1605 GMR-KAF 030
0412 VSTP KAF . KAF 0420
0420 VOOR 1805  KAF - KAF 0438
0438 1808 KAF - LRA 0449
045 0508 LRA-EFT 0529
0543 0511 EFT-LRA O8N
080 0828 LRA-EFT (847
0847 SSTP EFT-EFT 0650
0705 PASS 0620 EFT.GMR (713
0713 ESTP G'MR-GMR 0718
CREW SCHEDULE 50
TRAIN SET Go4
1813 VTP -GMR 1318
1818 VOOR 1135 GMRA-GMR 1833
1833 1138 KPR 1918
1925 1138 KPR - GMR 2000
2009 STAL 1136 GMR-GMR 2023
2023 S3TP -GMR 2028
TRAIN SET Go8
0447 VSTP GMR - GMR 0452
Asa YOOR 1111 GMR.-GMR 0507
0507 RANG GMR - GMR 0818
0519 191y GMR - KPR 0CO2
0813 1112 KPR - GMR  N8s56
0856 STal 1112 GMR - GMR 0713
uT13 88T R - GMR 0,18
CREW SCHEDULE 51
TRAIN SET K06
1817 GMR-SIM 1829
1829 VSTP Sin - SiIM 1832
1832 LOSAT738  SiM-SM 1841
1841 7881 Sits - WWE 1908
1920 7746 YWE . S‘M 1949
200 7885 SiM - 28
X37 7588 KVE - KUY 212
2102 STAL 7588 KUT-XUT 2307
2107 §STP KUT-KUT 2114
2153 PASS 7692 KUT-GMR 2158
2158 ESTP (MR - GMR
TRAIN SET L03
T GMR-GMR 0241
0341 PASS (503 GMR-KAF D410
0429 VSTP KAF - KAF 0437
0437 VOOR 1873 KAF - KAF  DASC
0455 1813 KAF-TEM 0500
0509 0510 TEM.-GMR 0544
0853 7618 GMR - KWE 0621
0830 7820 KWE-GMR 0704
o704 SSTP GMA - GMR 0700
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CREW SCHEOULE 52 TRAIN SET Ko1 -
TRAIN SET Lo3 0345 LOBA 7602
mg B8TP GMR - GMR 1824 0400 THOY
824 PASSOS80 GMR-KAF 1848 0443 7604
Jass TP KAF-KAF 1603 0s1s 7813
1903 LOSADSSS KAF.KAF 1830 0856 TEIC
1959 0595 KAF-LRA 2012 0628 7821
2023 1852 LRA.KAF 2038 on3 7816
2035 STAL 18582  KAF-KAF 2040 0743 SSTP
P KAF-KAF 2107
2150 PASSOBSC KAF.GMR 2200
220 ESTP GMR - GMR 2228 CREW SCHEDULE 82
TRAIN SET Loa
THAIN SET Dp3 1858 VSTP
BSTP GMR - GMR 2308 1908 LOSA 0595
2308 PASS0177 GMR.DUM 2327 1830 0898
0317 VTP DUN-DUN 0328 2023 1882
0328 VOOR 8801 DUN-DUN 0348 2035 STAL 1880
0346 080° DUN-DAY 0408 2050 SSTP
0416 6632 DAV-DUN 0438 2150 PASS 0890
0445 8809 DUN-P./  0S08 5290 ESTP
0516 BB10 g‘A} JUN 0538
0546 8817 DAV 0808
0616 8818 DAV.DUN  DB38 TRM?@_&ET ko4
0638 SYTP DUN-DUN 0841 0407 51
(%45 "ASS 0048 DUN-CMR (704 0412 VOOR 7806
ey, 3
(o4 B5IP GMR - GMR 5709 eso‘ao” mm
0543 7817
= 0624 7518
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APPENDIX C1
COMPARISON BETWEEN THE 1988 ANI2 1988 MOBELS
Nominal length of the longet shift 400 400 400 400 400 40
Nominal lea 1th of the. b v shifts 230 230 230 230 M 130
Booking on time G20 020 620 620 020 ¢
Bocling off time G315 015 05 0 015 65
Maximum length of a schedule 1400 1400 14:00 14:00 1400 1400
Minimum lenjth of a schedule &00 800 800 &00 800 &G0
Maximum nuraber of shifts in a schedule 4 5 4 4 4 4

Maximum schedule leagth with nomealbreak 500 506 5:00 500 549 500
Maximum schecule length with one meal bresk 10:00  10:00  10:00 10X 1040  10:00

Micimum time allowed for 2 meal break 030 O3 030 M 030 630
Minimum time betwoen shifts (short break) ®1I6 G0 O MO0 G0 010
Maximyn rest perivd in a schedule 300 300 300 300 300 300
Model 1988 1989 1988 1989 19828 1989
Data set Al Al (B} (Bl [ ]
Nnmber of schedulzs [<] 0 62 .3 59 58
A. Tine on trains 198:14 198:14 198:14 198:14 193:14 198:14
B. Booking on/off times 36:45 3500 3616 3240 3425 3240
C. Walking time 4418 4343 3818 3758 423 4002
D. Transport time 42:05 3927 3811 3506 37:30 3340
E. Meal/shor. dreak time 3420 3430 2840 3310 3300 3240
F. Time between trains 20543 219:24 190:31 281:39 21228 29i:13
G. Preparation time /A G 5 S ¥ v W et SRS Vv 3 B ¥ joe3
H. Shunting/staging time 2029 2029 029 2029 2029 2029
L fime on duty 595:15 63748 56754 654:37 594:50 666:58
3. Tine to 8 hours 3447 2831 30:226  10:29 2434 12116
K. Totat schedule time 634:02_636:19 S598:20 665:06 619:24 67714
L. Total idle time 240:18 247:43 220:57 292:08 237:02 30327
M. Overtime 130:02 156:19 10220 217:06 14734 231014

1=A+B+C+DIE+F+G4H, X141, L=F+1

Maximum time on trains 06:25 0616 05:10 05:53 06:20 0632
Minimum tim= on trains 0113 0100 01:37 OL:S6 01:20 0154
Average time on trains 03:08 0318 0311 0332 0321 0332
Standard deviation 0105 01:13  00:54 OX53  00:52  00:56
Maxirm time on duty 13:59 1400 13:58 14:00 14:00 14:00
Minimum time on duty 0404 0333 0«58 D451 0449 0440
Average time on duty 0930 1007 09:09 1u41 10:04 1054
Standard deviation 0300 0258 0241 0232 0256 0233




APPENDIX C2
COMPARISON OF 1989 MODEL WITH EXISTING SCHEDULE

The eaistiag coew appears ia the tirst column.

Mominal lengt’? of the Jongest shift 400 460 w00 400 4:00
Nominal leagt s of the other shifts 230 230 2% 230 139
Booking oa tinwe 620 020 020 620 020
Booking off thne @15 015 015 15 015
Mavid eogth of @ duk 1435 24:00 1435 1438 1438
Wirrimyon Jengib of a schedule 806 800 B0 &0 RN
kMaximun cumber of shifts in & schedule 4 4 4 4 &

Maxinur schedule length with no mealbreak 500 500 500 500 540
Meximum scheutle length with one mealbrezk 100 1090 5000 1000 10:00

Minimua: tme allowed for » meal break 630 6% 030 ¢W0 630
Menirvay. time between shifts (short break) ®10 613 010 010 G0
Maxisoum rest perind in a scheduke 300 3G 300 30 300
Dats set fAl A} AL B (€l
Nomber of schedules & ] 57 54 53
A, Time ov trains 198:7¢ 198:14 198:14 19834 19R:14
B. Booking onvoff times 20 3500 3315 3130 3058
C. Walking time 4328 443 4318 3748 W43
D. Transport time 3825 2037 3934 3446 3417
E. Meai/short break time 3240 310 MN 2920 323
F. Time betweea trains ZA%14 21924 402 25622 273
G. Preparation time 1721 w21 17T 17l 7
H. Shunting/staging time 2029 M:20 2029 W29 20:29
L Time or. duty TAXSL GUTA8 62633 625:50 6475
J. Tizne to 8 hours W17 W0 1727 0956 0331
K. Total schedule tims 72051 636:19 644:00 635:46 65127
L. Tetal idle time 3431 U743 25737 26618 27658
M. Overiime 250:08 156:19 188:0 203:46 22727

I=A+B+C+D+E+F+G+H; K=Y+J, L=F+]J

Maximum time on trains 0531 0616 0550 07:03 0853
Minitaum tis .2 on iraing o4l OLO0 G127 OLS3 016
#verage time on trains 03:18 03:18 0228 03:40 03:.44
Standard deviation 0S8  OL1Z 0106 0100 005
Maximuru Lans on duty 435 400 M34 135 1434
Mininum tinse on dute 0330 W33 0431 054 0641
Average tire on duty 200 10:07 el 1135 1213
Standard devistion 0206 0258 0254 0257 o022

C=2




APPENDIX C3

SENSIVITY ANAILYSIS ON THE MAXTMUM CREW SCHEDULE LENGTH

Nominal length of the loagost shift 400 400 400 400 40 400
Nominal leagth of the other shifts  1:30 2230 1:30 230 1+ 1330
Booking on time 020 020 020 320 020 020
ing off time «15 01S o015 015 ¢1s 015
Maximwm leagth of » scheduke 1438 14:00 13:00 12,00 11:05 10:00
Mipimun length of o schedule 800 800 800 800 R00 8.00
Maimum number of shifts in & schedule 4 4 4 4 4 4
Mivdmum schedule length withgomeal break  5:00 500 5:00 J 500 500
Maximum schedule lengih with one meal break 10:00  10:00  10:00  10:00 1000 10:060
Minimum time allowed for » raeai break 030 030 03 0630 030 0%
Minimuin t" e between shifts (short break) &0 010 0 010 06 00
Maximun res? period in a schedule 300 300 300 300 300 300
Data set €] W (€1 B v i€
Number of schedules 53 56 63 n nH ki
A. Time on trains 198:14 198:14 198:14 19414 198:14 198:14
B. Booking on'off times 30:55 3240 30:45 4125 4125 4125
C. Walking time 40:43 37.38 153 3828 4123 3
D. Transport time 34:17 3606 34:36 4034 3225 36:53
E. Meal/short break time 3230 30:10 34:10 2620 3219 3230
F. Time between tiains 273:27 281:39 25728 156:23 161:10 157:23
G. Preparation time 1728 1721 1721 172y 1At 1T
H. Shunting/staging time 20:29 20:229 20:29 20:29 2029 20:09
i. Time on duty 647:56 654:37 639:56 53914 550:37 54038
J. Time (o % hours 0331 10:29 09:58 5876 4256 43:49
K. Totai schedule time 651:27 665:06 649:54 597:40 $93:33 589:27
L. Totol idle time 275:58 29208 267:26 214:49 204:06 201:12
M. Overtime 22727 217:06 143.54 29:40 2533 2127
1=A4+B+C+D+E+F+G+H; K=l+J; L=F+!
Maximum time on trains 05:55 05:53 O4:58 (5:10 04:51 04:51
Minimum time on trains 0LS6 0136 01:20 0126 0115 015
Average timc on trains 0344 0332 0308 0247 0247 0247
Standard deviation 00:50  00:53 0046 0049 0045 00:44
Maximum time on dety 4:34 1400 1259 1139 10:17 (057
Minimum time on duty N6:41 G451 2621 04:17 0458 04:58
Average time on duiv 12:13 1141 1009 0735 0745 0741
Standard devistion 021 0232 0208 0134 0113 OLO9




APPENDIX C4

SENSITIVITY ANALYSIS ON THE MEAL BF.EAKS AND SHORT BREAKS

Nominal length of the longest shift 400 400 400
‘Nominal length of the other shifts 233 230 230
Booking on time N 20 620 o620
Booking off time &15 015 015
Maximum length of a schedule 400 1400 14:00
Minimum length of a schedule 800 800 800
Maximum number of shifts in a schedule 4 4 4
Maximum schedoie length with no meal break  $:00  S:00  5:00
Maximum schedule length with one meat break 10:00  10:00  10:00
Minimum time aliowed for a <acal break 030 030 045
Minimum time between shifis (short break) 0:10 020 010
Maxinum rest period in a schedule 300 300 0
Data se? s M (Bl
Number of schedules 55 56 58
A. Time on trains 198:14 198:14 198:14
B. Booking on/off imes 3240 3240 33:5C
C. Walking time 37:58 38:03 37.38
D. Transport time 36:06 37:33 34:59
E. Mcal/short break time 30:10 2950 3010
F. Time between trains 281:39 29255 20400
G, Preparation time 1721 1721 111
H. Shunting/staging tims 229 2029 09
1. Time on duty 654:37 667:05 666:41
J. Time to 8 hours 1029 10:18 0736
K. Total schedule time 665:06 67723 67417
L. Total idie time 292:08 303:13 301:36
M. Overtime 217:06 22923 210:07

1-A+B+C+D+E+FiG+H,K=l4J,L=F+J

Maximum time on trains 05:53
Minimum time on traits 01:56
Avecrage time on trains 0332
Standard deviation 00:53
Maximum time on duty 14:00
Minimum time on duty 0451
Average tiine on duty it4t

06:18
01:48
3.3
01:01

14:00
04:52
11:54
©30

05:53
01:32
03:25
00:54

1400
G413
129
27
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APPENDIX E

A SIMPLE HEURISTIC FOR

SCHEDULING OF LEAGUE FIXTURES




1 THE SCHEDULING OF HOME AND AWAY
MATCHES
“ 51 INTRODUCTIN!

The Southern Transvaal Tennis Association arranges four tennis leagues in the
year. The biggest of these is the men’s Sunday league which in 1989 consisted
" of 320 teams fro . 135 tennis clubs. The league is civided into 41 sections of
seven or eight teams that play each other on a round robin basis over 7 weeks.
The scheduling of the firtures requires thai in each week, the home and away
matches for each clth be balanced.

This scheduling was originally done by hand and too}: three r weeks to do.
This beuristic was developed so that each league cou. Jone on a
microcomputer within a matter of hours and has been in use for the last three
years.

12 ORDER OF PLAY

A new order of play for the seven weeks was developed as follows:

1ve2  Swvsl tvs 4 Tws Jvs 1ve. 6 Iws8
3vsd 2wl 3ws7 Zvsl 2vsd  4vs.7 Svsd
8w S Tvs&  Bvs2 4vi8 Tve5  5vs.2 Tws2
6vsT  4vsé 6vs S 2vib 6wvsE Bve 3 3vss




The numbers refer to places that are allocated 1o teams in each section. Places
on the left are the home teams and places on the right are the away teams.

Features of this order of play are:

¢ The odd-numbered places have four home maiches and three away
matches, and the even-numbered places have three home matches and
four away matches.

s Ifthere is a bye in a section {i.c. there are seven tearns in the section),
tl.> place 1 is allocated to the bye. Each team then has three home and
three away matches.

o The places 1 anc 2, 3 and 4, 5 and 6, ar.d 7 and 8 form place pairs. I
one of the place pairs has a home match, the other has an away match.

¢ If a club bhas two teams in the same section, the pair place 1 and 2, ot
if that is not possible, the pair place 3 and 4 are allocated to tl s,
The teams each have four home matches and play each oth the
first week of the league. This reduces the chances of one of the tcars
losing their match against the other deliberz e’y so that the other wins

the league.

@ In the top section of the league, the teams must be seeded so that the
best teams do not play against each other immediately. Places 1, 3, 6
and 8 (or places 2, 4, 5 an 7) play against from the fiith week on.

13 HAND METROD

The han<? method begins at the top section and allacates place pairs to teams of
the same <lub. Not only does this process take z long time by hand, the method
is unsatisfactory for the following reasons:

» Difficulty inbeing able to allocate pair piaces begins wiren ten .o fifteen
sections of the allocat.on is corpleted. It is then extremely difficuli to
go back to the beginning and re- allocate pair placer.

e The rule for the byes ofter. gets broker: in order to do the allncaiion.




S

o Clubs prefer to have their first and sewond teams paired so both teams
can take advantage of the best courts at tieir clup. This cannot be
always managed with the hand method.

14 NEW ALGORITHM

14.1 Pairing

14.1.1 Pair any two teams from the same club that are in the same section.

1412  Pairtherestof the club teams. If the club has an odd number of tearus
the lowest team is not paired. These teams are grouped as together
as odd teams.

14.13  Pair the byes with an odd team in the same section.

If there is no such odd team, pair the bye with an odd team so that
there is a matching pzir with teams in the same sections.

For the 1989 men’s Surday league. 139 sets of pair teams were formed and there
were 50 odd teatas.

142 Level allocu.ion.

A new concept of a level is now introduced: level 1 has places 1 ard 2; level 2
has places 3 and 4; level 3 has places 5 and 6; and level 4 has places 7 and 3.

Pair teams must be allocated on the same leve’ "ir home: and away matches to
be balanced. One team will ther later be allozated the odd-numbered place
while its pair wili be allocated the even- numbered place.

1421 Place all pair teams in the fullowing oruer for allocation:

e Bye pair teams.
« Pair teams with oae or more teams in the seeded s~ction.
® Pair teams that are in the same s2ction.

o Pair teams froun clubs with an even number of teams.

E-3




@ Pair teams from clubs with an odda pumber of teams.

é
|
i

1422  Allocate pairs from 1.4.1.1 and 1.4.1.2 specific levels and places.

1423  Allocate the rest of the pair teams to the lowest feasible level. Only
*wo teams in each section can be allocated to a level.

If there is no feasible level, f:nd a level which is feasible to one of the
pair. Re-allocate a second pair team to a higher level so that the
original pair can be allocated to the first ievel.

If no re-allocation can be feasibly done, replace one of the pair with
the odd team from the same club. The need for such a changing the
teams in a pair is unlikely and has only been necessary in three of the
twelve leagues done so far. It has never heen necessary to change
more than two pair teams in any sche Jule.

1424 When all the pair teams are ailocaied, fill the levels wit 1 the odd
teams so that every level has two teams. Pair all odd teans with
another odd team on the same level. All teams now have a pair.

143 Flace allocation

The place allocations for the byes and the seeds have already been done (see
1422

14.3.1 Select any team that bas not been allocated a place 2nd note on what
level it has been allocated. tliocate the odd-numbered place
associated with the level to the team (level 1 has places 1 and2; level
2 has places 3 and 4; level 3 has places S and 6; and level 4 1. paces
7 and 8).

1432  Allocate the even-numbered place to its pair team.

1433 Find the other team in the same section that is on the same level as
the team in 14.3.2 and allocate to it the odd-numbered place
associated with the level. Its pair will then be allocated the
even-numbered place.

1434  Continue allccating teams until the allocation returns to the section
of the original team. A closed lonp has now been formed.

1435  Repeat 1.4.3.110 1.4.3.4 until all teams have been allocated a place.

E-4
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15 PRACTICAL EXAMPLE

When there are less thar. ten sections, the scheduling of home and away matches
can just as easily be done by the hand method. Consider, however, the following
example with only three sections to illustrate the computer method. No seeding
of the top section hes been done.

151 Initia! data

Section 1 Section 2 Section 3
Johannesburg A Johannesburg C Johannes. urg D
Johannesburg B Jeppe B Jeppe C
Jeppe A Parkwood B Jeppe D
Parkwood A Parkwood C Wanderers C
Wanderers A Wanderers B Honeydew C
Honeydew A Honeydew B Observatory B
Observatory A Bediordview A Greenside A
Witwatersrand A BYE BYE
1.52 Pair teams in order of allocation

Level allocated
BYE and Bedfordview A 1 (bye reums)
BYE and Greenside A 1 (bve reamns}
Jotammesbarg A and B 1 (same section )
Parkwood Band C 2 (same section)
Jeppe C and D 2 (same section)
Observatory A and B 3
Johannesburg C and D K)
Jeppe Aand B 3
Wanderers Aan ' B 2
Honeydew A and B 4




153 QOdd teams in order of allocation

_ Level aliocated
Parkwood A 2
Witwatersrand A 2
Wanderers C 4
Honeydew C 4

1.54 Place allocations (ciosed loops)

1. BYE (1) Bedfordview A (2)

2. BYE (1) Greenside A (2)

3. Johannesburg A (1)  .ohannesburg B (2)

4, Parkwood B (3) Parkwood C (4)

5, Jeppe C(3) Jeppe D (4)

6. Observatory A (5) Observatory B (6
Toramesurt D (5 TohaaneoarE (C) 6)
Jenve B (5) Jeppe A (6)

7. Wunderers A (7) Wanderers B ésg
Honeydew B (7) Honeydew A (8

8. Witwatersrand A (3)  Parl.wood A (4)

9. Wanderers C (7) Honeydew C (8)




152 Final order

Place  Section 1 Section 2 Section 3

1 Johannesburg A BYE BYE

2 Johannesburg B Bedfordview A Greenside A
3 Witwatersrand A Parkwood B Jeppe C

4 Parkwood A Parkwood C Jepp= D

5 Observatory A Jeppe B Johannesburg D
6 Jep;, A Johannesburg C Observatory B
7 Wanderers A Honeydew B Wanderers C
3 Honeydew A Wanderers B Honeydew C
1.6 FURTHER DEVELC.. +1EN1 8

® An order of play has been vrepared for sections of six, seven and eight
teams. The round robin of matches for sections of only six teams s
completed after five weeks.

o Ifaclub cannot accummodate all its quota of home matches as aresult
of a shortage of courts, its teams are paired with clubs that have more
than sufficient courts or with clubs that have only one team in the
league. These pair teams are allocated different levels and home
matches in the order of play are then swopped around by hand.

o The fixture data is transferred to a desk top publishing package fror
where A6 pages are produced. The publisher of the fixture book then
photograph< 'he pages for inclusion in the book. This eliminates costly
type setting ...« the errors that occur with it

D “ TR A e
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