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ABSTRACT

The c¢entral thesis of this work is that the current sat of
medels used in raiiroad capacity analysis, scheduling, and
dispatching is such that there exists a gap between the
large scale computer based models and sketch planning tools.
The concepts of line capacity, train scheduling, and train
dispatching are ezamined and placed i1n a conceptual
framework known as Seguential! Preblem Selving. The current
set of models is examined and evaluated, and it is found
that there are ne appropriate models for examining complex
intersectians or critical segments within a line. The system
design for an event based simulation model to remedy this
problem is presented, which uses alternative train priority
schemes, thorcocughly prebabhilistic event timing, and flast
meetable ¢onditioms. Conclusions and recommendations for
future research are presented.
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CHAPTER 1

KEY CONCEFTS

1.0 INTROQDUCTION

Linea capacity, train scheduling, and train dispatching
are, as we shall see, intimately related processes in the
operations of a railroad:fDéCisions made with respect to one
of th;se prooesses can have 2 profound effect on the other
two, and a host of general preoblems in railread coperations
can be attacked by modifing one or saveral of the processas.
Bacause of the important interrelatienships among capacity,
schaduling, and dispatching, considerable effort has been
invested both by railroads and the academic community to
davaloping computar~based models. These models have been
relatively sophistiscated and varied grezatly in their
complexity. It is, however, the central thesis of this paper
that when the processes of capacity analysis, train
scheduling, and train dispatching are placed into a
problem-solving framework, a significant gap in the scurrant
saet of models becomes evident. In particular, the current
set of models either i{ncur high costs as measurad in staff
and computational resources on the user, or thair
non-probabilistic nature does not reflact the uncertain
nature of ratlroad operations. A possible sxtension to the

current set of models is presented in the form of a system

design for a thoroughly probabilistic model which ¢an be run






1 1 ORGANIZATIOMAL RELATIONSHIFS ON THE BOSTON AND MAINE
RAILROAD

The organizational relationships which gevern the
precesses of capacity analysis, traiﬁ scheduling, and train
dispatching are of significance since, as we shall see. the
three are clogely related to the successful operation of a
"railroad. In this section the organizational strusture of
the Boston and Maine Railroad in 1981 is briefly descr;bed
in order to make the examples used in the paper more
understandable.

The Boston and Maine Railroad (B&M) is corganized into
varrous departments along functional lines (see Figure 1)
The primary group for coordinating activities of
interdapartmental congern is the Service Committee. Tha
Sarvice Committee, organized as part of a M.I1.T. research
project to improve service and operations planning (14}, is
composed of representativas of the Engineering, Labeor
Relations, Marketing, Mechanical, and Transportation
Departments (see Figure 2). The Bervice Committee meets each
month, with more freguent meetings scheduled as needed.

Transportation matters requiring intra-departmental
coordination are handled on an ad hoc basis by the
Transportainn Department, either by informal meetings of the
relavant offictals or through the intervention of sen:or
management of the Department The organization of the

Transportation Department 1s shown in Figure 3.
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1.2 LINE CAPACITY

Line capacity, because of the intaractions between
secheduling, dispatching, and the physical characteristics of
the line, can be defined in a number of ways. Akyilmaz (1)
defines capacity as the "maximum volume which a link of any
transport systam can accomodate". Manheim (10} distinguishes
between physical capacity, "the maximum number of units
(trains) that can be squeezed through the system per unit
time*, and practical capacity, "a lower lavel such that
dalavys are in some sense tolerable”. Manheim geoces on to
point out that "although physical capacity is usually a
wall-defined concept, workable practical definitions of
capacity must ba related axplicitly to lavaels of delay".
Prokopy and Rubin (20) note the distinction between ultimate
capacity (i.e. phystcal capacity}), economic capacity, which
they define as "an optimal balance between oparating costs
and capatal costs", operationally stablaea capacity., such that
"a line could recover from a disruption in service of
moderate length", and capacity based on "the maximum
allowable time for the most delayed train to traverse the
line”., In the U.S8., this latter definition might use the
limits imposed by the Federal Hours of Service Law as its
ypper bound for typiocal oparations.

It should ba noted that all the above definitions with
the axception of those for physical capacity incorporate
some notion of maximum acceptable delay, and as such are

operationally dependent upon both a dispatching strategy and
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some laval of schedule adherencea.

Capacity can be viewed as the functional relatienship

Capacity = f(train length, speed, headwayi distance
between si1dings, number ¢f trains,
communications systam),

such that capacity can Be (ncreased Dy increased by
increasing speed or train length, or By reducing headways,
distance between sidings, or communications times betwaean
digspatchers and train crews. A number of authors have
attempted to specify this general function with a particular
formyulation {(¢f. Martland (13>, Morlok (153}, Akvilmaz (1)),
The logic behind such formulations generally falls into
either of two categories: (1) worst section analysis, which
recognizas that the practical capacity of a line segment cian
be no graeater than that of the "worst” segment of the link,
and (2) link average analysis, in which estimates of
capacity are generated statistically by regressing the
capacity against the above factors to provide a relationship
between volume and level of sarvice. Worst section analysis
is particularly useful in understanding the theocretical
ralationships inveolwved in the capacity of a rail line, since
it provides i1nsight into what factors can be changad to
In¢rease capacity. By way of emample, consider the following

formulation (note 13

capacity <= Z2dnm/tlfleat]

= 24nm(V*xe)/{({n-1)H+d+nmlc) ,
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where cazpacity :1s5s measured in cars per davy,

n = number of trains/fleet,

tCfieetl] = total time for the fleet to move across the
gingle track segment in gquestion,

V = valocity,

@ = zn afficiency factor incorporating the effective
losg in valocity which occurs because of signal response
time and dispatcher regponse time, measured as a decimatl
fraction (e.g.,.%3),

H

headway bhetween trains,

d

distance across the single track segmant in
question,

b3 number of c¢cars per train,

Le

langth of an average car.

The formula first tells us that the practical capacity
of the single track segmant cannot exceed the physical
capacity of the segment, but more significantly shows that
there are several ways of increasing physical capacity:

1) increasing speed V (e.g., by using more power?;

2) improving the signal or dispatcher response time (i e
increasing el ;

3) raducing H (beatter signals or schedules),

4) reduging d (i.e tereasing sidings er double tracking
part of the segment);

5) i1ncreasing m ¢(train length?;

&) increasing n (trains/fleet).

T



Formulation of this functional relationship has at 1ts
basis the evaluatiocon of a particular single segment (link?
within a line. If the link is net the most constraining
segmeant of the line, then estimates of capacity based upon
the analysis of the link may be in error. The analysis
further assumes that facteors such as trains/fleet, headway,
and velocity ¢an be summarized By a single value. In many
cases these numbers are not apprepriate (as when, for
instance, trains of radically different velocitias are
present in the system.) In such cases, simulation moedals my
be more appropriate tools for analysis.

When the formulation is of the link average analysis,
what is actually being estimated is the leavel of service in
terms of sxpected delay. In such cases, the capacity 1s
actually an indirect result from the relationships:

capacity = veolume/unit time

service rate, and

dalay = f(arrival ratefservice rate)
That is, practigal capacity is viewed as the maximum numbsr
of cars which can be handled subject to a delay constraint,
and is estimated using a delay model which informs the user
of what laovel of volume results in the delay egualling the
gsonstraint. In Chapter 2, the reader will note sevaral
nnodels which measure euxpected delay, and 2re used primarily
ag capacity models., Such moedels are of the type just
dascribed. Similarly, when computer-based simulation models

are used, the configuration of the line is itnput, along with
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a4 set of performance characteristics for trazins across the
line, a schedule, and a dispatching routine (algorithm>». The
cutput of such models is a measure of the simulated delay
tncurrad by the system as a whole and the trains within the
system. The analyst using these models to measure capacity
continues to add trains until the delays incurred become
unacceptable.

Each of the notions of capacity is useifiul, but the most
approriate definition depands on the reasons why a line is
being analyzed. For purposes of capital investment
decisions, the aconomic capacity might'prove most useful,
since it incorporates tHe trade off bDetween incdreased
capital costs and improved oparating efficiencies. For somea
ocperations planning purposes, the mazximum allowable tr:ip
time definition is useful, since schedule planners, as we
will see, are particularly interested in avoiding “"recrews',
i.e. trains forced to stop before they reagh their
destinations because the crew has worked 2 full 12 hours. In
the Mortheastern U.5. the concern with network
rationalization prompted by the high costs of track
maintenance has led capacity analysts to generally asgsk the
question, "“how much excess capacity can be removed wrthout
sausing undue congestion (delay)?" (S5ee, for example, Harris
{$).) Capacity analysis then becomes most useful in
determining whether congestioen can be expected for a given
track contiguration and‘the current schedule and for certa:in

expectable or credible schedule tncreases. Other ratlrozads,
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inefficiencyr, such as regularly missed ¢onnections or trains
racrewing fraquently In this case tha 1nitiator is usually
the Ditvisicen Superintendent where the inefificiency occurs,
or the Ceneral Superintendent-Freirght.

Non-operations management initiates the schedule
changing processes when there is a matter which requires
goordination between several departments and acts through
the Service Committee. They are [ikely to intervene in
matters such asg:

~significant changes im the corporate or network
structure (e.g., mergers, acquisition of new lines, =2tc.);

-service related inttiatives generated outgside the
Transpottation Department (e g., special pigagyback trains);

-track maintenance requirements, which occcur during warm
waather months and necessitate that line segments under
repair be removed from service for 8-10 hours per davy.
Regardless of who initiated the processes, however, the
schednle acceptance and schedule development processes are
essentially standardized, with wvariations occurring in the
degrees of emphasis placed on interdepartmental
¢goordination.
1.3.2 The Schedule Acceptance Process

This_ptocess consists of six steps, which are capable
of being iterated a large number of times:

1. The schedule changing processas are initiated.
2. A preliminary schedule 15 developed by the

Transportation Planning Department (see Secticn 1.3.3, The
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Schedule Develiopment Frocass, below).

3. The preliminary schedule is coordinated within the
Transportation Department (Gen;ral Superintendent,
Superintendent-Transportation, Ass't. Superintendent-Power,
Division Superintendents, Trainmasters in affacted
territories). Note that the Superintendent-Dispatching s
not generally included in the list of actors consulted.

4. The schedule is modified in a?cordance with the input
from the above consuitations.

§. The schedule is submitted to the Service Committee and
altered as necessary to meet any significant cbjections’

4. The new schedule is implemented upon 1ts publication
in a Bulletin. -

The process is diagrammed in Figure 5.

This process as described is somewhat idealized in that
many minor schedule changes are implemanted by the various
superintendents without going through the entire process,
and in cases whare the change is purely tachnical the
consultation with the Service Committee ocften takes place
after the change has already been implemented.

1.3.3 The Schedule Development Process

The process by which the actual times of departure,
workloads, and crew change points are assigned to particular
trains consists of ten steps. As in the schedule acceptance
procass, caertain steps can be iterated several times until
an acceptable rasult is found. The basic process 1s5:

1 Thae current train scheduls :5 "charted out"., That 15,
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the current timetable is updated with information derived
from Bylletins published singce the last publication of the
timetable. This information is then organized i1nto several
large charts to permit easy lnspection of current schednles
This step is not actually so obvious nor so simple as it may
at first appear, since a2 large number of minor c¢hanges may
have ocecurred singe the previous use of the full schedule
davelopment process.

2. Trains are segregatead into those expected to be
changed or toc be significantly affected, and these expected
te be unaffected.

3. If the change is addition of a train, then zn attempt
is made tec simply fill an eristing gap or to evenly schedule
the trains doing similar work. If, for exampla, there are
trains leaving at 0800 hrs. and 1400 hrs., an attempt is
made to place the thffditrain at 24900 hrs.

4. If a train is to be deleted, then an attempt is made
to avoid "schedule bunohing" with large unserviced gaps. It
13 generally undesirable to have two trains scheduled to
eperate over the same route within a2 faw hours of one
another with no other dapartures throughout tha schedule davy
(e g., 0800 hrs. and 1000 hrs. departures with ne other
service scheduled).

3. Cri1tical lecations and service requirements are noted
{({e.g., early morning congesticn in Boston due to commuter
trains?), and 1f necessary, schedules are "baoked ocut" from

crirtical points.
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4 A preliminary schedule is drawn up which meets the
ceoncerns noted in steps 3-5.
7. The praliminary schedule is tested for crew and powear
turns. Questions asked include:
-How long before power can be used again on another
train?
-1s there adequate time for servicing power?
-How long are the crew layovers before crews c¢can return
to the:r home terminal? The time must be greater than 8
hours, but should be relatively short beyond that.
-Where should home terminals be located?
8.If the preliminary schedule is acceptable on the abova
grounds, then the schedule is5s tested for operational
efficiency. On some railroads the test is performed using
computaer-based models such as those described in Chapter 2,
while on othar railroads the test is parformed using manual
techniques such as "eyeballing®™, which relies on the
experienced judgement of participants in the process, or
davelopment of stringlines. Stringlines plot the path of
trains across a track segment as a function of time. Since
two trains cannot traverse single track segments in opposite
directions during the same time frame, significant delays
due to train meets are made apparent by substantial
hor:zontal line segments 1n the plots. Some of the
computer-bagsed simulation models currently in use produce
stringlines as outputs. An example of such a computar

generated stringline is shown in Figure ¢4 On the B&M,

23



CruMmAL

24l THA

_0pag .

et :577 \
™3
_ o225 /

/'/ | |

1
: ‘ !
reTa R - e S ‘
, : s !
A | E : | l IY | | l
A ! T TRe | i TRz, rn[ : I
| | IR l l l
| L : IR | S
v cens 9812 0523 0938 1003 1030 110C
FIGURE 6

EXAMPLE OF A COMPUTER GENERATED STRINGLINE

SOQURCZ: Kant {(8)

24



schedules are tested both by "evyeballing" and through use of
manually drawn stringlines MNeote that :1f manual technigues
2re usaed, then any uncertainty which is incorporated into
the process cbmes about eithér through the ability of the
planner/analyst to guage uncertainty in an intuitive manner,
or through building "fat" into the schedule, that is, by
allowing more time between stations than can be expected
under normal conditions. The use of “fat" in schedules was
found to be common in schedule development on both the E&M
and the Maine Central Railread, and is believed toc be widely
used throughout the industry (Note 3).

9. The schedule is adapted if particularly troubling
resuits ocecur in step 8, such as an inordinate number of
trains arriving at the same place at the same time, or if
trains cannot be expected to complete their runs without
recrews, or if undesgirable train connetions result (This
can be viewed as an iteration to Step &.)

10. The schedule is finalized and written up in timetable
form.

The process is ditagrammed in Figure 7.

A few remarks concerning the above process are in order
here. First, the reader will note that the process as
dascribed seeks to find an acceptable schadule, net an
cptimal one One could argue that the ongeing process of
making minor schedule changes under the prompting of the
Transportation Department managers moves the schedule toward

optimality, but a careful examination o¢f this claim is
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bevond the scope of this paper. Second, the process
described may appear to the reader to be rather slow and
even laborious. In fact, it has been my observation that
expertenced schedulers can develop schedules which mod:ify as
many as three trains in a fe&w hours. In larger
modifications, as in that caused by the proposed
“run-throught service between the B&M and the Maine Central,
the majority of the three waeks spent in daveloping
schedules acceptable to the management of both railroads was
spent in determining what the constraints were and 1n
negotiating what level of service was actually desirable

The actuyal ass:gnmaent of times and worklocads was
accomplished in less than 3 days by a combined planning
group of & persons. The actual impacts of the schedules
developed, however, have yet to be tested under actual

conditions (see Note 4.

1.4 TRAIN DISPATCHING

Train dispatehing is the process by which decisions are
made about which tratn may occupy a particular segment of
track at a given time. The dispatching decision begins with
a request by either a yardmaster or trainmaster for
germission for a tratn to enter a line segment (exit a
terminal). This request may be relayed via a tower opaerator
to the dispatcher with authority over that segment If the
line segment which the train seeks to enter is clear, the
dispatcher approves the rtequest This message is f[orwarded

to the trarn crew, usually bBoth by radio communication and



by changing the signal facing the train te yellow or gresen.
Onee tha traitn has antered the l:i:ne, a similar procass

¢ontinues throughout the journay teoe the final destinaticen.

The train will face signals at Ley points such as changes
from double to single track, at intersections with other
lineg, at major sidings, at the entrance to vard facilitlies.
and throughout long seotions of track where there is a
possibility of ovartaking another train. The primary concern
¢f the digspatchar is to guarantae the safe operation of
trains itn his territory, with the sacondary goal of aveoiding
unnecessary delays. As such, the dispatching decision is
most crxtica!_when congestion is high and thare are
substantial numbers of physical changes (such as those
dascribed abova). Thase conditioens ¢an be axpectad teo result
in large numbersg of train meets, wherein two or more trains
arriva 3t a gegment of singla track at the same time and one
nay proceed and the other must be haeld until the line is
claar. Congestion effacts can also result in overtakas, in
whieh a train eperating at a higher permittad speed (e.g.,
pagsengar trains) comes up behind a train with a slower
spead. In this instance the dispatoher seeks to permit the
fastar train to safely pass the slower ona so that it will
not ba needlessly delayed. The dispatchers ganerally are
held raspensible for recraws, and are therefore concerned
alge with minimizing delay i1necurred by trains at or near thea
12 hour Ilim1t.

The procedure generally used to dacide which ftrain will
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in unnecessary delays for large numbers of trains or if
there ts a2 real possibility of a recrew. This 1s becaussa
management has beaen obsarved to intervene with criticism in
c;ses of recrews or substantial deliays by several trains.
The process is managed by a Superintendent whe oversees
four Ass't. Sup;rintendents who supervise the actual work of
the dispatchers. (On some railreads the Ass't.
Superintendents' function is performed by a Chieft
Dispatcher.) The Superintendent-Dispatching reports to tha
General Superintendent-Freight. It is not surpristing, then,
that cemmunications between individual dispatchers (who are
in a position te hava first-hand knowladge of how well a
particular schedule is performing) and the persons with
responsibility for developing schedules and capacity
analyses should be limited. This situation :s exacarbated by
tha environment in which the dispathcer works. Generally the
dispatchar is found in a room surrounded by electronic
egquipment producing an almest constant flow of
communications between himself, train craws, towar
operators, and yard officials. As such, the dispatchers tend
to be out of sight parforming work of great complexity which
most senior managerg are not at all certain how te do. Tha
selection process for dispatchers, in which the best clerks
ire chosaen to become tower oparfatoers, and the best tower
oparators become dispatchers, coupled with the very great
responsibiliities conspire tO convince mMest managers that as

long as there are no sarious problems (gegi1dants or largae
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numbars of recrewsg!) then the dispatchers should be left
alone On a small rairlroad such as the B&M, informal
structures may exist which permit communications to flow in
spite of the many potential barriers. In a larger
corporation, communications failures such as these could
easily result in unrealistic schedules or inefficient
dispatching strategies. Se¢ long as the results are not
catagtrophic, such inefficieneias might centinue
indefinitely.
1.5 SEGQUENTIAL PROBLEM SOLVING

Many of the problems faced by railroad management can
be viewed more accurately as problem solving procaessas than
as direct implementations of the processes described in
Sections 1.2-1.4. It is only when some symptom of a
deficiency in the operations of a railroad has appeared that
managers can reasonably be ezxpected to invoke these
preccesses. Consider, by way of example, the case of
axcessive recrews. The fact that a rallroad is experiencing
an unaccaptable number of crews exceeding the Hours of
Sarvice Law is not, on the face of it, c¢lear evidence that
capacity of the link is teco low, nor that the current
schedule ts faulty, nor that the dispatching strategy is
wrong. It is only after an appropriate analysis of the
current situation has been made that managers =an conclude
which, 1f any, of the processes are in need of change. The
analysis of the current situat:on with an amm to correcting

deficiencies or improving operations has been studiad
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extensively ag a "problem scolving process’ .

The general problem solving procass has been
characterized by Simon (in 1?A,p.8%9) as consisting of thrae
phases:

i’yIntelligence phase: the definition of the problem and
collection of relevant data;

i)Dagign phase: the generation and analysis of
alternativas;

j)Chaeice phase: the selection of the best alternativa
from z2mong those developed in the design phasea.

This framework has been applied in a railroad
environmant by Philip in his study of car distribution
decision support systems (19A)>. The applicability of this
gconceptual framework te capacity, scheduling, and
dispatching related problems can be shown using the example
mentioned in the first paragraph of this section. Consider
again the case of a railroad incurring what it considers an
unacceptable number of recrews. The intelligence phase might
simply consist of defining the problem as: reduce the number
of recraews without disrupting service or inereasing overall
expenses. Data collaction might take the forin of gathering
togethar the "“train sheets" (dispatching records}) for ths
past several months. In the design phase a number of
alternatives might be considered:

-spli1t the trains experiencing the most recrews i1nto two
trains or crew assignments with an evenly distributed

workload,
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-i1mprove signal systemg on the line sagments most prona
ko recraws;

-altar the dispatching priorities of trains along the
relevant line segments;

-increasse the number of sidings along the line segment;

-inecrease the lavel of supervision of train crews
experiencing recraws.
After examining these and perhaps other alternatives, the
decision maker may find that several of the choicas might
achieve the degsired objective. The choice phase would
consist of an application of experi%pcjd judgemant to salact
the alternative which its viewed ag "best'.

Unfertunately, in the design phase of problem solving
processeg, the analysis of the various alternatives is not
generally costlass. This fact has led to an extansion of the
general problem selving process known as Sequéntial Problem
Solving (SPS). Manheim (11) azamined and applied SPS to the
highway leocation decision process.

SPS diffars from the general preoblem solving process in
that the decision maker faces two choise sets:

LYAction set: the alternatives developed during the
daesign phase, as above; and

2)Ezperiment set: a set of possible "experiments", or
information gensrating activities, which attempt te raveal
tha consequancss of the members of the action set. The
mambers of the experiment set need not be limitad to

gxperimeants in tha classical scirentific sense, DbDut may
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analysis also increases.

Implicit tn the use of such a framework such as SP3 is
that the experiment set is not empty. I[f the axperiment set
is empty or vary sparsely populated, the decision maker may
ba reduced to making decisions without full information, or
with information acquired only at an excessive cost. The
question of whether the tools whicech exist are adequate for
¢apacity, digpatching, and scheduling can only be properly
addressed after the current stata of the art is examined.

That is the subject of Chapter 2.
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equation models);

T.Qptimization models;

3. Thoroughly determinitstic simulation models,

4 Random entry, deterministic movaement simulation
modals;

5. Thoroughly probabilistic models.

Members ¢f the first two categories have perhaps the least
in gcmmon, but there are encugh simjlarities within the
groupings that there is value in grouping the models.

For each of the categories the following format :s
used: .

-definition of the category

-axample

-strengths

-restricetions on use

~conclusions.
2.1.1 Aggragate“Capacity and Delay/Volume Models (Single
Eguation Modals)

1) Aggregate capacity and delay/volume models are those
modeis which are charactarized by one or at most a feaw
aquations which specify the relationship between the
capacity of a line and the lavel of sarvice across the line
{measuraed in terms of expected dalzy or the numbesr ocf trains
of a4 given size). As was stated in Section 1.2, such models
generally are built around the average characteristics of
the line. Freguently the models are the result of an

analys:is of the current delays on a given line segment,
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using regression analysis or a sim:lar estimation technique
2) Example  Aky:i:lmaz formulation,

D = (aXPd) / (1-bXd},

where:
D : delay over a2 line segment, measured in time/train-km.
X : volume, measured in trains per day,
d : distance betwgen sidings, measured in km,
P : number of pricerity trains per day,
a,b : constants in D,X,P space.

3) Strengths: The three greatest strengths of models of
this type are found in the ease of use, computational
efficiency, and ;trong theoretical underpinnings. The user
of such a model need on!y gather recent data on the line in
question to calibrate the model, and can perform the
computations on a pocket calculator. The strong theoretical
foundations are of particular note, since the formulation
can, depanding on which factoré are incorporated inte the
mode}, provide some insight intoe the‘relatiVE value of
various strategies.

4y Hestrictions: The models of this category have a
number of charactaristies which restrict the usas to which
they can be usefully applied. The models assume that the
past dispatching strategies will continua to De followed on
the line, since the dispatching strategy is essentially
tgnored The models also assume that the line sagment in
question 1s relatively homogenascus, such that sidings are

uniformly spaced, trains are uniformly timed, and conditions
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do not vary from dav to day. The cutput of the models dos not
provide any informatzo; on the location of train delays or
af the particualr trains which experience delays. If the
user seegks information on these mattars it is advisable to
use 3 model from another cataegeory.

S Conglusions: Models of this type are most useful as
skatch planning tools in which the uncerta:inty of day to day
operations are not a matter of concern, and in which a
nuymber of simplliying assuymptions are not troubling
2.1.2 Optimization Models

1} This category includes those models which attempt to
optimize rail system oparations by minimizing train delays
or minimizing a cost function which trades off between
various operating cests and capital costs. A set of
coenstraints is given which might include the configuration
of the [ines, maximym train lengths, train arrival and
departure "windows", which yards must be serviced by which
tratns, etc. The raesult is an "optimal'" schedule which meats
the constraints. ln practice, models which Ilncorporate
constraints which are realistic rapidly become very
difficult to solve. Those "models"” which are essentially
attempts to apply varitous operations research tachniguas in
an extremely simplified or stylized network or trarn
schedule (2.g. Frank (4)), but have not found application 1in
the North Americin railways are not ezxamined. They would,
however, properly form a subset of this class of models, and

the author notes that the techniques explored 1n their
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devalopment have been used in some of the models in this
class .

1) Example: Peterson and Merchant (17)

3 Strengths: When models of this type are adeguately
specified, a numbar of solution techniques developed for
other dis¢iplines and other probleﬁs can be applied. This is
particularly true of developments in Qperations Reéearch and
Management Scienca. Thus a breakthreough in a field other
than transportation can be exploited by the developer of a
model in this category. Recent advances in relatad
disciplines and in c¢omputer taechnoleogy are rapidly expanding
the size and structura of problems which this type of modal
¢can solve. Even in their present state, models in this
category can provide an analyst with insight into what a
desirable schedule or network configuration might look Ilike,
thus giving the analygt a potentially bettar starting point
for the iterative processes described in Chapter 1.

4) Restrictions: Models of this sort tend to become
increasingly difficult to solve as the constraints become
more realistic, so the user must either gacrifice realism or
computational ease. The moedels also tend to require a high
lavel of sophistication on the part of thea analyst with
respect to operations research techniques and methodologies
The modals generally output a schedule and service strategy,
hut do net i1ncorporate the uncertainties of day to day
operations, and as such are wholly dependent on the accuracy

and reptesentativeness of the data embodied in the
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constraints. Models of this sert provide no infoermation on
the expected delay by train or location other than that
input as constraints )

2) Conclusion: Models in this category are likely to be
of mogt use to railraods with analytic staffs with a high
degreae of familiarity with operations research, but even in
these cases, the outputs of the models are more likely to
serve as a starting point thanm to provide actual schedules.
2.1.3 Thoroughly Deterministic Simulation Models

1) These modals are those which use standard discrete
event simulation techniques to "move" a schaduled set of
trains across a given network in accord with a set of
logical operations rules. Such models have as inputs a set
of train schedules and priorities, a line configuration, and
a dispatching algorithm, or group of rulaes for deciding
whi?h train may move a2t any given time. The inputs may alse
include a group of engineering based rules for computing the
velocitiaes of trains dependent upon the size, weight, and
power consist of the train. As the trains are "moved" by the
computer, the results are recorded and reported to the user
in the forms of statistics and, in some cases, stringline
diagrams. In the thoroughly deterministic case all trains
laave at the scheduled time, the travel time for a given
train across wesach track section is fixed, and the priorities
assigned to the trains are held fixed throughout the run o

the model. Thus 2 single run of the model tells the user as

much as conld be learned from multiple runs of the same
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models on the varitous ratlirosds represents a congiderable
"sunk cost" and suggests that thesa models w:i:l] continue to
be widely used i1n the ra:l industry. The failure to capture
the randomness in the movement of trains suggests that the
analyst be careful in using them to analyze a particular
intersestion or short segment within a larger network,
particularly under peak congestion conditions
2.1.% Thoroughly Proebabilistic Simulation Models

1) This category actually consists of only one modsl at
this time, but can be expected to expand with computational
resources availabhle to rail staffs. The model extends the
random antry charasteristic of the models in Section 2.1.4
te itnelude randomness in virtually every aspect of
operations. In addition to specifying schedules, dispatching
routines, z2nd line configuratien, the user inputs
probability digtributions for almost all the avents,
including yard work times, link travel times, ete., The
models gelects from the distributions each time an event
ccecurs, and the events take oen a randomness which is very
gimilar to reality.

2) Example: Train Meet Calculator, by St .Louis San
Francigco Railway

3) Strengths: The model goes considerably further in
capturing the stochastic nature of reality than any of the
ather models describad, and is capable of providing the
statistical likelihood of many of the events which the other

modsesls must take for granted.
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4y Restrictions: The models requires large amounts of
information to accurately generate the probability
distributions for the various events., This can result in
high costs to set up the meoedel in a way which approximates
reality. The fact that so many events are simulated in
prebabilistic terms also implies fairly high computation
requirements. Finally, because of these restrictions the
network that can be simulated is considerably more
restrtcted than those modelled less realistically.

S Conclusion: This type of model is an extremely
promising development, particularly as computaticnal
capablilitties are improved. The user must be aware that the
information requirements and the skill levels needed to use
the model effectively may exceed the capabilities of some
railroads. Similarly, the current burdens may exceed the
scope of the problem to be analyzed in many cases.

2.2 PARTICULAR MODELS

In this section tha various features of actual models
in use by North Amarican railroads are examined. Because the
purpose of this section is to provide a basis for evaluating
the ¢entral thesis of the paper, the models are exzamined in
light of the following eritaria:

1) Primary function of model (i.e. capacity analysis,
train socheduling, dispatching analysis).

2> Probabilistic elements (if any)  What features or
elagments are usad to capture or model uncertainty?

3) 8ize of network handled/use of actual eonfigurat:ion:
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What is the maxzimum size of the network which the model 1s
capabia of analyzing; if available, the largest known
application 15 referenced. if the actuazl configuration of
the litne is used, it ig so spectified.

4y Maximum number of traing handled: As above, if
avajilable, the largest known application is referencead.

3) Time frame generally modelled: one day, ons week,
one month, etc.

6y Is the model in use? 1f so, by whom, with anvy
relevant details of the application.

7) Computer language used.

8) Dispatch logic: 2 aspects of the dispatoh legic are
examined, conflict resolution and priority alleocation.
Conflict resolution is the means by which the model
datermines whethar or net a move is fteasible, and whethar or
not the move will result in a2 line blockage. The three
me thods for avoiding line blosckages are:

1. Move all the highest priority trains first and then
“fill in" the remaining available "slots" with lower
priority trains This includes "first in, first out" schemes
in whiceh all trains have equal pricrities, de facto.

2. Multiple lock aheads- The model axamines the maxt
sevaral segments of track to determine whether or not a
higher pricority train will conflioct with the propesed train
move. This methed is the most commonly used, but the
computation time grows rapidly with the number of look

aheads used The tradae off is that tha likelihood of line
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blockages t1s reduced as the number of segments [ooked ahead
to 1s inereased.

3. Fleet meetable conditions: This method, devaloped by
Peterson and Taylor (18}, tests the netwerk for sufficlient
conditions for a move's feasibility without i1nducing a line
blockaga. Basically, the opposing fleet of trains relative
to the proposed move is tested for their ability to complete
their route. 1t has beaen implemented in a computationally
ef ficient way, but cannot guarantee that the dispatch
selected ts an "optimal" one.

Priority allocation is the means by which pricrities
are assigned to trains as the simulation progresses. If the
train prioritieas are set throughout the simulatien at thae
level asstigned initially by the user, the allocation is
static. If tha program is capable of increasing the priority
tn response to changed circumstances, the priority
allocation is considerad dynamic.

9) Cost per run (if available): Maasured in either ocpu
time or dollars. Whenever possible, a benchmark of a 1040
mile Iine segment with 20 sidings and 24 traitns per day has
been used.

10y Cost of acgqguisition (if available).

11) Comments: Any particular features which might
distinguish the model from other models in the same class
Where availablae, remarks concarning the exparience of users
are includead

To factlitate the examination of the models. I hava
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will B2 on the most congested section ¢f a line are outside
the scope of the models. Sim:ilarly, the models which are
available from Categories 3 and 4 eirther assume thzat trarns
always depzart on schedule or that random schedule variations
eccur only on the departure from station stops. This means
that if the analyst wishes to examine a c¢critical
intergsecgtion or' junction (such as thoge "backad ocut"” from in
the schedule development process described 1n Saction
1.3.3), the modaels will not permit it. Indeed, if the
analyst is willing to daptura all the uncertainty at the
station stops, the models still must be run for time frames
of 30 days to properly capture even thega randoem variationsg.
As is shoewn {n Figures 12 and 123, rungs o¢f this size can
result in costs in excess of 5300 per schedule or lins
configuration tested. Thus if the anzazlygt is forced to
axamine 4 or 5 alternative schedules, the cost of the
axpariments may outwaeigh the bBenefits of performing themn
Such models also do not permit the analyst to even aeaxamine
matters such as altering train priorities for a Iimited
sactien of the line, nor modelling complex intersections
where sevaral lines converge into a single line. The result
19 that for 2 great many of the problems reflecting small
scale decisions, there 23re no models which provide
sophisticated analysis for low cost. This is pracisely the
gap ~laimed in the central thesis

Having established the need for a low-cost, eastily used

model! capable of apmalyzing critical i1ntersections or line
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between the computer's memory snd the disk storage device.
Use 2f this feature reduced the naed for extensive core
memory by the computer
3.2 GENERAL STRUCTURE OF THE MODEL

In this section the basic network configuration and the
general structure of the actual! mode!l are presented and

explatned.

3.2.1 The Basic Network;
In order to satisfy the constraints of handling complex
intersections, short lime segments, and fully probabilist:ic
gvants, it was decided tn design the modesl around a basic
configuration, or framework, which the analyst could alter
to replicate the actual intersection or line segment. The
basic configuration was chosen to parmit the znalyst to
examine critical locations or gompler intersections. net the
entire network or rail line. The framework salected is shown
in Figure 135 The user selacts the nodes he wants to use,
and specifies the characteristics of the nodes and the links
which connect them. By judicious selection of the nodes and
links to be used, the analyst can adapt this framework te a
numbar of standard line and intersection configurations,
including a2 short single track line segment with two sidings
tFigure 147, and entrance and exit tracks surrounding a vard
(Figure 17 The network can also ba zadapted to modal a
number of men-standard track sect:ions, including the
convergence of twe lines int2 one (Figure 18). The zdvantage

of thas general frameweork is that the user needs to bacome
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famil:ar with only one method <f corganizing the data tg
configure s number of possible line structures, and neasds to
learn only one method of entaring the data i1nte a ferm
usable by the modsl

3.2.2 The General Structure of the Model

r The model is5s composed of three computer programs, an
input prepreocesscor (PREMIC), the main program {(MICSIM), and
an output processor (DUMPSTATSS The input preproceasor
{PREMIC) is an interactive program which permits the user o
gelegt the particular network configurstion, the train
schedules, the pricrity allocation reoutine, and the
probability distributions to be used in the simulation
executead by the main program. PREMIC 1s also designed to
permit the user to simply alter one of the input files, so
that matters such as the add:ition of a single train can bae
analyzed without a laborious precess. PREMIC permits the
usar to specify any of three types of prior:ity alleocation
schemes:. static priorities, dynamic reallocation, and user
specified dynamig¢ alleccation., The static cocpition retains a
train’s initially assigned priority througheut the
simulation. Dynamic reallocation examines a2 train's
accumulated delay atftter each delay is incurred and
determines whether the train's pricrity should be i1ncreased
in response to the leval of delay accumulated thus far. User
specjified dynamic allncation parmits the usar te i1nput 2
spec1fle priority leve]l for esch segment of its schednled

route. The ma:in program (MICSIM? s:mulates the movement
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FIGURE 1°¢
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frles or altering extisting ones Figures 2! and 22 provide
axamplaes for creating and updating Iine configurations The.
train schedule and probability distribution procedures are
similar in logitc and design. After the data 13 enterad by
thae user, PREMIC converts the information i(nto usable
formats for computer manipulation ¢(e.g. conversiocn of
minutes inte hundredths of hoursy. PREMIC creates or alters
four types of files" )

- Mode Files, which specify which nodes are En use,
whether a node is a crossover from single to double track
(passnode) or a yvard (worknode), the mean time a train
spends crassing or working in the node, and what the
distribution of work t:mes is in particular yards.

Exanple:

NODE TYPE MEAN DIST.
# TIME CODE

VW s
The procedure converts the mean times from minutes into
decimal based hours. (In this example, 43 minutes would be
converted inte .75 hours.?}

- Link Files, which specify which particular line
gsegments are active, whether the segment is single or double
tracked (Note 1), the mean travel time across the segment,
ind the probability distribution about the mean travel time.
Example:

LINK TYPE MEAN DIST.
# TIME CODE

-— - - - - — - — . -

3 s 30 4
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Aga:in, the procedure converts the travel time into
hundredths of hours.

- Train Fi1les, which specify the train name, the trarn's
prirority, the train‘'s route, 1ts scheduled departure time
from its initital node, the distribution about the scheduled
start time, and the speed multiplier. (The usar specifies at
an earlier point whether the priority allocation is static,
dynamic, or user specified. Depending on which alloecation
scheme has been selected, the train‘'‘s prierities are either
iniput as a single number (the initial prioritty), or an array
in which the prisrity corresponds to each link of the
route.)

Ezample (static priority allocation):

TRAIN PRIQRITY SKED DIST. SPEED RQUTE
MAME TIME CODE MULT.

mero oz 2230 3 1.8 8-3-1-0
The route is specified as a serres of nodes, and is
soncluded with a '0'. The conversion scheme mentioned above
15 used.

- Probability Distribution Tables, which speci1fy the
correspondenca between a given prebability and the
distribution of times about a mean. These are the
Distiribution Codes referenced in the other files. These
tables are input as percentages and values and are converted

inte a format which the ma2:1n program can chack random

numbers against
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Paterson and Tavier Meatable Cond:i:t:ions
When a train move 1s being considered, 1t 15 1mportant

tn determine whether the move will block the line, and avoid
such moves. If the move 1s such that all other trains ¢in be
arranged to complete therir journey, the tr?in 19 gonsiderad
"meetabla". If the other trains cannot be arranged to reach
their destination, the train i{s "non-meetable" (i . e. a line
blockage will follow from the move)., To implement the
meetable test, create a variable, ccunter, and set counter =
1, At the train's nexzt event aftaear the one under
constideration, set
counter = counter +

i, if double track, occupied same direction;

i1, if single track, occcupied erther

directiron;

@, if single track unocccupied;

-1, if double trzeck , uncccupiad, or

nccocupied opposite direction.
Repeat through the train's remaining journey until counter =
@, or the destinaticn station is reached. I1f counter = 0,
then the train :1s simplas meestable. If the destination is
reached and cocunter = n,the ftrain is n-th ocrder mestablea.
Constratning moves to simple meetable ones insures
computational efficiency; Electing for n-th order meetable

moves may permit more sophisticated dispatch moves, but also

ingreases ccmputation time.

FIGCURE 24
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event to the neznt, and se¢ long as the event calender has
been properly updacted, consider all the dec:sions which 2
dispatcher would hive teo z2ddress. Next event timing alseo
permits dynamiec priority allocation to ba easily
implemented

Minimum positive event time is defined as the smallest
increment of time in which any avent in the simulation can
occur (i.e. cross a node, travel across & link, etec ) Feor
the purposes of MICSIM, the mintmum time is selected from
the mean times input in PREMIC. The minimum positive event
time becomes significant in cases where a train is forced te
delay entrance inte a node or link, since it is the smallest
amgunt of delay that 2 train can accrue in such a c¢case
While it is poessible that a train could accrue less delay in
practice, the minimum positive event time is 31 useiful
logical construct which permits considerable simplification
of the dispatching routine, since any train which is delavyed
san be simply advanced by this amount, returned to the event
calender, and the simulatien continued. The construct is
particularly useful 1n cases where the next event to occocur
has the same event time as the delayed train and a [ower
prioerity. Consider the case where train a of priority 1 is
scheduled to santer link i-3j at 1130, and tra2in b of prirority
2 15 scheduled to vacate the l:i:nk at 1130. If we simplyvy move
the nezt event time of train a to the next event t:i:me on the
event calender, we can end up in an endless loop

ingrementing the next event time by zero and always finding
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the oriority ! train being considered ahead of the priority
2 train By a2lways assigning some nominal amount of delay we
insure that such a loop will be escaped after one piss The
tradeoff :s that i{f the next significant scheduled avent s
30 minutes later and the minimum positive event time is 10
minutes we must make 4 attempts to move the delayed train
beforea we acgtually move it. This disadvantage is not viewed
as significant at this time.

The other time related characteristic that should be
mentioned is the routine for loading new days into the event
calender. After ezoh event the next avent is tested for the
train at the top of the event calender. If this is schaduled
to ococur in a day later than Currday, then Currday is
incremented to Currday plus one, and the event calender for
Currday plus one is loaded i1nto memory. Thus the largest
siza the event calender within memory can become is 3 times
the number of scheduled traitns per day. (in fact, the number
could, under a very peculiar set of probabilxgy
distributions and with a very high number of scheduled
trains per day actually execeed this number, but this
nossibility is so remote as o be practically non-existent.?
In practice, the event calender in memory will be smalier
than thig most of the time., since trains which have
terminated are removed from the avent calender.

These time reiated routines and character:istiecs are

believed sufficient to operate MICEIM fully within standard

si1mulation techniques
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3 4 3 Dispatchin§ Routine

As stated earlier, MICSIM 1ncorporates bEoth dynamic
priorttv allocation a2nd the Petersen and Taylor simple
méetable condiii&ns. Thus the dispatching routine can he
characterized by the following logtic:

1 Salect the top 1tem from the event calender and
advanca Currtime to the time of this event.

2) Test the avent agatnst Flagfile to detarmine whether
the move 15 feasible (i.e. whethaer the proposed move would
block a2 single track segment of the line). If the move is
not feasibla, increment the approprizte times 2a2nd delays By
the minimum positive event time, update the train's priocrity
{1f dynzamic reallocation is in use}, sort the event
calendar, and return to gstep 1}.

3) If the move does mot cause an 1mmed:iate blockage, tast
the move for simple meetability using the Petarson and’
Taylor counters. (See BSection 2.2 for a general description,
gee Peterson and Taylor (18) for a deta:iled thanretical
degscription, and Peterson and Tayler {(1%) for a3 mathematical
implementation.) Figure 24 presents the logic used in
implementing the countars. [f the move i{s not found to be
simple meetible, the appropriate times and delay are
incremented by the minimum positive event time, the train's
priocority is tested for changes (if dynamic reallocation is
in us=2), the event calender is resorted, and the program s
returned to step 1.

4 1f the move is simple mestaibla, the trartn's travel
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timae is computed, the event calender 1:is upéated, the
appropriate Flagfiles ar Followflags are set, the train's
priority is tested for c¢hanges (if user specifred priorittes
are in usea), the event calender is resorted, and the
dispatch routine moves on to the next event con the event
calender

The dispatching routine is shown in Figure 235.

When a train reaches its terminal destination (next
scheduled avent = 0), the train is tested against the best
and woerst cases for other days' simulations of that train.
The test for best and worst cases for a train is the
following:

Best case:
iccumulated delay(trainy ( agcumulated delay (train,
bestyet),
‘Worst case:
accumulated delay(é;ain) > z2ceumulated delay (train,
worstyet).
I1f the accumulated delay is neither less than "bestyet®, ner
greater than "worstyet'" for that train, the information on
that train is simply inceorporated into the summary
information operated upon by DUMPSTATS. If the train's
performance indicates that it is either a best or worst
case, the particular statistics are recorfded in the bestcasa
or worstocaise fi1les.
2 5 Output Progessor (DUMPSTATS)

The ouftput precessor 1s a menu driven program, which,
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name, day and time train ceriginated and terminated,
acenmulated dalay, train's :nitial pricertty, train's final
priority

Thus 1f a user is only interested in what percentage of
the dalays ocecur at 2 particular location on average, he cazan
gimply compute and print out the average accumulated delay
per day and the average delay by location. A simplg.diviSLOn
provides the dasired answer.

The general structure of DUMPSTATS is shown in Figure
4.,

3.4 HYPOTHETICAL SCENARIO FOR USING THE MOBEL

This paper has arguned throughout that the tools usad
{or analyzing problems should be matched to the importance
and permanance of the problem. In this section a
hypothetical case is examined in which the appropriate tool
is the model prasented in Seactions 3.1-3.3. The case Iis
drawn from a situation which confronted the B&M in the
Spring of 1982, but is modified slightly feor purposes of
demonstration.

Consi@gr a rail line such as that shown in Figure
27¢a). The railroad operated both commuter and freight
servicece 3creoss the line, with commuter trains opearating from
peints 1 to 4 and returning to {, while the freight sarv:ice
operates between 1 and é, & and t, é and 7?7, and 7 and 6. The
commuter trains are given the highest pricrity, and are
narked by 2 high degree nof schadule adherence. The freight

trains vary widaly from their scheduled times. The commuter
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CHAFTER 4

CONCLUSIONS AND RECOMMENDATIONS

4.0 SUMMARY

It has been the central thesis of this paper that when
the processes of capacity analysis, train scheduling, and
train dispatching are placed in a2 proper conceptual
framework, a "gap" in the current set of tools available to
the analyst becomes evident. In particular, the analyst is
forced to choose betwean larga scale computer modelis and
sketch planning tools, a severe restriction when the area to
be examinaed is of a small scale but marked by a high degree
of uncertainty, such as a complaex intersection or a critical
track segment within a2 Iine. Proeblems of this sort cceur
frequently in the ra:lroad operations planning environment
“What 15 needed, then, is a model which is fully
probabilistic (to capture the uncertainty), and capable of
oparating efficiently and inexpensively (to match the small
scale of the problem!.

In Chapter 1, the processes of capacity analysis, train
scheduling, and trz2zin dispatching were examined us:ng the
Boston and Maine Railroad as an aexample. These processes
were then placed in a conceptual framework known as
Sequential Problem Solving (SPS), which showed that while
the processes may be performed by different actors within =2
rai1lroad, the decisions made by any one greup are properly

viewaed as affesting the decisions of the other actors azand
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the overal]l opersaticons of the rai1lroad The 8P5 framework
showed fuarthar that the processes of capacity anaiysis,
scheduling, and dispatching a2re i1nvoked in response to socme
prchlem or problems which c¢can potentialiy be resolv;d by any
or ali of the three processaes. Chapter 1 showed that
decision makers seek to match the [evel of analysis to the
lavel of importance or permanance of the decision; thus if
the proBlem is of a small scale (such as adding a single
train, or altering the priority of a train}), it is of great
importance that the analyst have avajilable effective models
which operate at a low cost

In Chapter 2 the varinus analytical tools available
were examined in light of a number of faeatures, including
computational features, resource requirements, and ability
to appropriately represent the uncertainty which
characterizes North Ameritcan railroad operations. While the
number of tools available was shown to be great, and the
number of potential uses vast, none of the models could be
shown to effectively model the potentially critical line
sagments or complex intersections which sometimes confound
the planner or analyst, and do so for a low cost.

Chapter 3 presented the system design for a
microcomputer based simulation model which is oriented to
the above problems and incorporates a number of state of the
art features, 1nocluding alternative pricority alliocation
schemes, the Peterscon and Taylor simple meetability

sonditiens, and thoroughly probabi1iistiec event timing A
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nay well Be blind alleys. The author was unable to uncoewver a
single werk which examined actual dispatch decisions
empirically, noer a single scheduling algoerithm in actual use
by a North American railroad operations staff. Indeed it is
argusble whether strict schedule and dispatching adherence
(such as that found on European railways) 15 preferable to a
high level of adaptability i1n a radically changing
environment (the North American railreoad appreoach). It is
the auther’'s hope that the increasing awareness of the value
of research :nto basic operations processes will permit the
development of {heoretical foundations for these wvital and
substantial areas.
4.2 RECOMMENDATIONS FOR FUTURE RESEARCH

The need to provide reasonable boundaries on this paper
forced the auther to limit his exploration of a number of
interesting and potentially useful topics which this
resaarch uncovered. It is5 perhaps appropriate to clese the
paper by suggesting some of these areas for further work:

- The actual behavior of dispatechers: Casual observation
ot dispatchers by the author suggests that the actual
decision rules used by the dispatehers may vary widely;
whether the effectiveness of the various decision rules
varies egqually widely is a matter of speculation. Current
moedels seek to mimiec the dacision rules, but the success
which they 3chieve is measurablia only by i1nspection of the
cutput of the models by dispatchers, net by emp:rircal or

theoretical work which precedes the gemeration of
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Pickun- The process by which blocks of cars 3re added to 2
tratn at an (ntermediate station.

Power Turn- The time needed batween the termination of a
trzin's run and the next scheduled uses of its locomoftives on
another train. The time must be great enough to allow for
fueling and servicing and for variations from schedule, but
small enough to insure adequate utilization of this
expensive resource.

Recrew~ The term applied when a train's crew reaches the
limits 1mposed by the Federal Hours of Service Law befocre
reaching the train's destination station or a crew change
point When a racrew occurs both the expired crew and the
replacement crew are paid the full labor expense of the
entire schedules sarvice.

Aavenue Traffic- Loaded cars for which the railrecad is paid
by a shipper. (the railroad is not paid for the movement of
empty cars.?

Run Through Tra:n- A train whiceh has its origin station on.
one raiiroad and its destination station on another
railroad, and sarries cars classified for the seacond
ratlreoad.

Schedule Bunching- The grouping of the scheduled departures
from an oritgin station to the same destination station at or
near the same time with few or mo trains at other times.

Setoff~ The process by which blocks of cars are removed from
a trawtn for delivery at an intermediate station.

Stringline Diagram- A chart which displays the movement of
trains over a rail line. The axes of the diagram a2re time
and space. (An example is shown in Figure 4.}

Structured Programming Language- Any computer language in
which programs are composed of i1ndependent ssegments
organized in a heirarchical way. The advantages are
primarily in ease of understanding and modifying large
programs. Examples ineslude PASCAL and PL/1.

Timetable-~ A listi:ng of all the scheduled times, routes,
pickups, setoffs, and crew change porints of the freight
tratns operated by a railroad.

Tower Operator- A railroad employee who provides the
intermediate link between train digpatchers and thes crews cof
trains moving over a2 line. Frequently they are pos:tioned it
towers which overloock entrances to vards, where the
pperators can visually 1nspect the track segments affected
by the dispatching decision This functien 15 gradually
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NOTES

Chapter - -

1. Developed 1m conversation with C.D. Martland, basad ¢&n
Marcland (137,

. Conversations with officials on 3 other railroads and the
auther's observation of scheduling on the Maine Cantral RR.
suggest the scheduling processes on the B&M are common in
tha industry, subiject to limited variaticns.

3 BEasad on discussions with schedule plannars on 3
railroads.

4. The author worked on the development of data and plans
fer the Joint Control Application ever the Boston and Maine
and Maine Central Railroads by Guilford Transporiation
Industries. A Xey issue was insuring that both railroads
maintained service levels and key connections under a
run-through train service.

$. Based on an interview with Stan Maxwell, the Director of
Planning, Boston and Maine RR., Qct. 12, 19581.

Chapter 2
1 BEased on convarsations with Joe Dratch, Transportation
Data Systems, Mov. 4, 1981; Dennis Wierdak, IGCC Rai1l Services
Planning Office, Nov. 3, 1981; and E.R. Peterson, CIGGT,
Nov. 20, 19221.

2. Conversation with Steven Rathberg, Southern Pacific
Ra:rlroad, Nev. 3, 1981.

3. Conversation with Dratch, Nev. 4,1981; with Wiardak, Nov.
3, 1981; with Peterson, MNov 20, 1981,

4. Conversation with Paeterson, Nov. 20, 1%81.

Conversation with Dratch, Nov. 4, 1%981.

wn

4. Conversations with Dratch, Wierdak., and Peterson
tep cit.?, econversation with V Mulkhodar, Boston and Maine
RR , Nev 2, 19281

-

7. Conversation with B Ryan, Mgr of Operations Research
Development, Burlington Noerthern RR.. March 31, 1982

8. Conversaticn with Petarson and A J Tayler, Nov Ix,o1981
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