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There are several factors contributing to the general
failure of computer-based support of operations hanagement at
the strategic level. A lack of technical sophistication or
accuracy is only one of these. Most problems stem fraom
approéches which ignore the actual process of making decisions
and the organizaticnal context.

Too many approaches view. the management of overations as
solving an engineering problem, while ignoring the political
aspects of the process. For some, computer support means
automation in the sense of decision replacement. This ignores
the central role played by human judgment in most phases of
the decision process.

On the other hand, many approaches appropriately support
one of the several phases, but do little for the others.
Simulation, for example, enables a thorough evaluation of
alternatives, but precvides little guidance for the design of
alternatives and £or the actual choice of an alternative.

There has been too little interaction bketween the system
designers and the would-be users. Many have fallen victim
to the "Have technigque, will travel" syndromel and the
temptation to concentrate on the creation of computer systems
and algorithms, rather than the decisions to be supported.

An alternative approach, labeled "Decision Support
Systems," has evolved through the work and experiences of a
number of people applying computer support Eo managerial
»decisions in other fieslds. This apprcach centers upon the

decision process and the decision itself, recognizing that
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there are fundamental differences between managerial tasks
and those highly structured functions where computers achieved
their initial successes.

'The:thesis of this study is that Decision Support Systems
can provide appropriate computer based support to stfategic
operations management. In spite of previous difficulties,
the computer-aided design and'evaluation of operating/service
plans to support strategic decisionmaking remains a desirable
goal. The automation of tedious ‘analysis to support managerial
judgment is qguite technically feasible, as demonstrated by a
number of simulation models, but such an effort will be suc-
cessful only i% sufficient attention is given to all aspects
of the decision process itself.

The approach will be described, and its application to
the support of operations management will be shown to yield
a computer system significantly different from any existing
tool, one that locks very much like a Computer Aided Design
svstem. Such a system will utilize many existing technicues

and will be well within the technical state-of-the-art.

1.2 The Importance of Effective Operations Manacement.

The effective management of operations is wvital to the
health of the railroads. Resources must be allocated
‘efficiently. . The railroads nust deliver competitive levels
of service while holding their costs down. Yet the manacement
of operations has, time and again, been found wanting. Task

Force VI of the Freight Car Utilization Program, for example,
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concluded that
The railrocads generally do not know the gquality

of dock-to-dock service they provide to most of
their customers. . . .

Most railroads are not organized in such a manner
that service reliability and car utilization are
given enough importance in the decision-making
process. . . .

Car costs . . . assume little importance when
performance is evaluated. . . .

Railroad]s] generally do not have a clearly
spec;fied policy relating to shipment movement.
Service standards exist for the movement of only
a limited amount of selected loaded traffic and
for even fewer empties.

Effective management is also vital to the public which
must rely upon railroads to érovide energy-efficient, econom-
ical, and reliable service. However, there has been great
dissatisfaction amcng shippérs.4_ Excessive transit times,
poor reliability, and unavailability of equipment effectively
raise the cost of shipments by rail, requiring more capital
to be tied up in gocds in transit and extra safety stocks.
Some shippers must turn to other modes, even thoughltheir
transportation costs are higher.

The changing economic environment of today's railroads
requires frequent and timely revisions to the operating
strateéy. Changés in the traffic patterns, both seasonal and
long-term, opportunities in new markets, crises in old
markets, and problems brought on by regulatory changes all
réquiré maﬁagerial response., Changes in relative costs

arising from new labor agreements, increased £fuel cost, car

hire costs, and car opportunity costs (particularly in times

~
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of shortage) can alter the tradeoffs and possibly regquire
basicAchanges in the railroad's operations.

An effective capability to manage operations may be of
great value in certain strategic decisions. Problems in
stratégié planning tend to be diverse, perverse, and usually
non-recurring. Systematic analysis is often of limited value
due to uncertainty in what factors are relevant, how the
factors relate to the decisioh, the unreliability and unavail-
ability of data, and the high cost of acguiring reliable
information. Nevertheless, when the decision contemplated
will necessitate significant revisions in operations, an
understanding of the network behavior of the railroad can be
of immense help.

Sucn situations inclﬁde investments, mergers, abandon-
ments, and new labor agreements. In making investment deci-
sions, for example, a prudent manager would like to know how
the railroad will use a new classification yard before
committing scarce resources to the project.* As another
example, negotiating‘a smaller train crew size can suffi-
ciently alter the economics of railroading to reguire radical
changes in operations. These changes, in turn, will affect
the predicted impacts upon W§rkers as well as the corporate

balance sheet.5

Between 1966 and 1969, the Southern Pacific invested
$400,00¢ in a network simulation computer model to
answer precisely this question in regard to the proposed
West Colton yard.®
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4.3.1 Overview of the Planning and Monitoring Cvcles.

‘At the start of the planning cycle, the Marketing Department
develops estimates of traffic flows and identifies service -
consfraiﬁts and service priorities, which serve to direct
planning efforts toward the more important traffic.

The Car Utilization Department, in conjunction with
Marketing, predicts the flowé of empty cars.

The planning group in Transportation then revises the
operating plan, taking into account the expected traffic,
the service priorities, and the problem areas identified
by the Service Committee. A number of departments, primarily
Transportation, Mechanical, and Engineering, must examine the
proposed alternative plan't§ determine its feasibility.

The analysis group codes the traffic flows, the new
operating plan, and cther information as input to the Service
Planning Model, which predicts the service impacts of the plan.
(This is done presently by MIT, but the capability is being
transferred to the B&M.) |

The Service Committee reviews the plan, service predic-
tions computed by the SPM, and the estimates of costs. The
planning group and the committee must perform their own
analyses to determine other impacts. If the new plan is
approved, implementation can begin in a couple of weeks. If
not, neébtiations among the several deparﬁments must begin

in order to modify the plan.
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When appréved, the new operating plan andéd the standards
as predicted by the SPM are distributed and impleménted by
Transportation.

While the plan is in effect, monthly reports generated
by MIT enabie the Service Committee to monitor train, vyard,
and trip time performance in order to determine adherence

14 The Service Commit-

to the plan and the service standards.
tee specifies areas for immediate improvement as well as
those to be worked on in the next vlanning cycle, and Trans-
portation can make marginal changes to alleviate major
problems.

This overview is deceptively simple. Each of the boxes
"in Figure 4.1 is itself a complicated procedure. Two of these,
the revision of the operating plan and the adéitional analyses

performed by the Service Cormmittee, warrant further attention.

4.3.2 The Design of Overating Alternatives. The design

of an operating plan is a laborious manual process. In the
first planning cycle sin;e the case study, completed'nearly‘
a year later, only one alternative was proposed, rather than
several, as in the case study itself.

At the B&M, the creation of an alternative is primarily

the responsibility of one analyst, Jon Gbur.lS

He begins
with the traffic projections for both loads and empties. On
the B&M, the blocking policy is taken as a given, so the

traffic flows are expressed in terms of block volumes. The

origin to destination volumes are aggregated to yield the
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"Hlock=to-block" reports, which detail the block volumes and
the volumes which move on connecting blocks.

Using the block-to-block reports and a map of the network,
he calculates the number of trains needed to handle the
traffic and plots their routes.

Schedules are determined by a number of informal heuris-
tics. General goals are to minimize connection delays, to
evenly distribute the traffic among the trains, and to minimize
the number of crews and powersets required.

At interchange points which experience peaks in the
arrival times of traffic from connecting carriers, departure
times are set to minimize the expected delay. At other inter-
change points, where arrivals are more evenly distributed,
schedules are set by other considerations, primarily to
minimize the delay in connections with other B&M trains.

Finally, he distributes the blocks among the trains, a
"manual mental exercise," which attempts to balance the volumes
and workloads among trains as well as to minimize connection
delays.

When the first draft of the plan is complete, the analyst
examines it in detail, asking a number of guestions: What are
the effects of arriving at the scheduled time? Will there be
congestion with passenger service? What are the connection
“probabilities? Will tonnage restrictions be exceeded? How
will power be used? and so on.

After examination, he may wish to make a numker of changes

before coding the plan for +the MIT Service Planning Model.
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The design process consumes much of the analyst's time
and is not now supported hy any computer aid. Gbur has
expressed interest in an "interactive" version of the SPM and
some design aid which could identify places and times that
certain constraints are likely to be exceeded.

4.3.3 Analvses Required. After alternative operating

Plans have been developed, the;Service Committee requires a

number of different analyses to evaluate the options and to

suggest possible improvements. For these purposes, the SPM

has been very useful in calculating the expected values of a
number of important measures:

o Origin to destination trip time distributions,
average and median trip times, and reliability.
Trip time data are printed in disaggregate form,

but are also aggregated by geographic markets.

o Yard delay time distributions, yard volumes, and

car nire costs.

o Block volumes, train volumes, train mileage, and

line haul car costs.

o Car costs disaggregated by origin/destination pairs.

o Labor costs.
The predicted service level measures are also used as service
standards in the operating/service plan. Road crew costs, it
should be noted, are predicted using simple formulae, and
yard crew costs are highly dependent upon accurate judgments
of the number of crews required. |

In additicn to the outputs of the SPM, a number of other

analyses are important, most of which are done manually:
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© Determination of realistic schedules. The SPM simu-
lates an average day. Howéver, the average week has
high volume days and low volume days. This requires
that more trains be scheduled on some days than on

others.
© Analysis of motive power regquirements and utilization.
© Analysis of maintenance of way reguirements.
‘o Estimation of crew requirements at the various yards.
o Identification of needs for new interline agreements.

o Other feasibility analyses, such as identification of
yard and line congestion and labor work rule con-

straints.

© Analysis of effects upon local pickup and delivery

services.

© Analysis of the effects of service changes on market

demand.
Much documentation is also done manually. Transcription
of the operating plan for use in the field is currently done
by hand.* Summary cdocuments detailing resultg of the analyses

and key differences between alternatives are also created
Y

manually.
4.4 Summary.

The Boston & Maine has moved a great distance toward the

rational actor model of decisionmaking. Necessary changes in

. .
Automation of this clerical function is now uncder consicder-

ation.
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:organizational structures andé procedures were madeApossible
by the computer systems introcduced to support the new deci-
sion process. The information from the data systems (which
support‘the Intelligence and Monitoring phases) and the anal-
yses of alternatives from the Service Planning Model (sup-
porting the Choice phase) provided a focus for the efforts of
the Service Committee and prevented the process from degener-
ating into endless debates 5ver subjective judgments.

Some of the key factors in the project's success were:

Top management support.

Commitment of several full time personnel.
Considerable time spent in entry/unfreezing.
Interdepartmental involvement.

Close cooperation between users and implementors.

0O 0 o 0 o o

Evolutionary approach.

There are, however, significant bottlenecks and problems
in the new operations management process.‘ In both the design
and choice phases, a great number of time consuming manual
analyses ‘are required. The actual work of designing an oper-
ating plan is virtually unsupported by any computer system.
The operations management process and the computer systems

must continue to evolve.

Al ’
SN’
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CHAPTER 5

A DSS FOR RAILROAD OPERATIONS MANAGEMENT

5.1 tIntroduction.

This chapter develops a number of objectives for applying
computer support to the management control of operations.
Chapter 6 suggests some computer syvstem design alternatives
and proposes a seguence of stages to meet these'objectives.

Experience in using the MIT Service Planning Model and
the new data management systems on the Boston & Maine is
invaluable for the development of goals and the creation of
a broad-brush outline of what an appropriate Decision Support
System should look like. The organization and the decision
process have already moved a great distance toward the norma-
tive model of decisionmaking.

A good step would be to refine this new process and deve-
lop a DSS to support these refinements. This appears reason-
able since the B&M management and staff are willing (and, in
some cases, even eager) to utilize interdepartmental planning
and computer-based analysis, in spite of the considerable
inconvenience and costs involved and in spite of the technical
shortcomings of the available tools. A DSS which provides

analyses of at least the same quality and which improves the

‘process in other ways very likely will gain acceptance.
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= 5.2 Problems.

Looking at the present process on the B&M, one finds a
number of bottlenecks and technical shortccmings. There are
also sqme‘problems; such as data availability, which have been
met, but which nevertheless remain current issues.

Although the benefits ére real, the costs are substantial.
The benefits accrue to the organization in general, but, in a
very real sense, the costs accrue to the managers. Good
managers and analysts are scarce resources, and a manager's
own time and energy are scarcer still. The managers and their
staff have to invest a great deal of themselves in learning
the theory underlying the analysis and in learning (or dis-

covering) the proper use of the reports it generates. Making

e

rocm for meetings; committing their energy to the process, 7
wading through printouts; and putting up with the 6ther
bottlenecks and ambiguities are all severe drains on them.
Added to this are the costs of lower level staff support,
computer time, and data gathering.
These costs reduce the frequency and depth of analysis
in the management of operations and, upon the departure of
certain key personnel, for example, become a temptation to
return to the simpler world of Lindblom's "disjoint marginal

incrementalism.”

§5.2.1. Bottlenecks. Significant bottlenecks spread the
pfocess out over a period of weeks and greatly increase the -

cost of considering new alternatives or refining old ones. >
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The biggest bottleneck is in the design of the operating
plans themselves. As noted in Chapter 4, this is largely a
manual process which relies on formal and informal heuristics
and requires a great amount of calculation. The analytic
power of the MIT Service Planning Model is virtually inacces=-
sible at this stage. The design is spread out over a'period
of several days, but requireé the advice and knowledge of
several departments from time to time in order to distinguish
feasible alternativés from infeasible ones.

Marketing has some influence on the process, and this is
a significant advance over the previous planning process.
However, its only input consists of "service priorities"”
identifying areas of performance it wishes improved. Such
service priorities may be based on the knowledge or intuition
that a certain level of improvement over some corridor will
bring a certain increasé in demand.

Currently the only mechanized portion of the process,
the running of the SPM itself, is done by a group outside the
railroad, MIT. Bringing this‘step inside would eliminate a
couple of automobile trips, but in any event, running the SPM
requires the manual transcription and recoding of the candicate
operating plans and traffic projections, with the consequent
delays and potential for mistakes.
| After the model is run (in batch mode), and the printouts
are returned to B&M, Transportation £irst reviews the results

to check for obvious errors or possible improvements. IZ
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either are found, the model must be run again. The staff
must then dig through the printout, locking for key indicators
and performing ancillary calculations.

The Service Committee then reviews the alternatives and
the predictions in order to make a selection or to suggest
possible revisions: Fof both groups.the output of the model is
difficult to assimilate, and ﬁhe comparison of different plans
is laboriocus. A great number of manual calculations remain
to get useful information, and therefore the temptation is
great to focus on the aggregate statistics, such as total car
hours. If the ccmmittee is not satisfied with the alternatives
presented, either the whole process must be repeated or mar-
ginal changes are made intuitiveiy. For both groups, "what
if . . . ?" becames a costly guestion, which must be asked
early in the process or not at all.

After a new plan has been selected, it must be imple-
mented. If changes are large, scme guidance in chasing in
the new plan would be helpful; If a hitch develops during
implementation (as happened when B&M could not reach a new
interline agreement with Conraill ), a revised plan may be in
order, and delays may be costly.

5.2.2 Technical Shortcomings. Even though the SPM is

guite accurate when compared to other simulaticn models, it
hés some irritating technical shortcomings, which hurt its
accuracy, credibility} and usability.

Probably the chief limitation is the use of a daily

schedule of operations and a daily cycle of traffic. If an



100

operating plan calls for more trains along a route on peak
days than on average days, such a plan cannot be coded for the
SPM. 1Instead, an "average plan”" must be created and evaluated
usingzaverage traffié flows. Since train schedules will be
different, one will lose some of the benefits of using PMAKE
functions to model the yards; rather than some simpler model,
such as fixed yard delays. Even after an alternative strategy
has been selected, much work will remain to create a viable
operating plan, choosing the correct numbgr of trains for each
day to handle the variations in workloads, and then scheduling
these trains.

Another limitation is the specific form of the PMAKE
fuhction and the certain variables it uses. The effects of
congestion, for example, are modeled primarily by manually
changing the yard performance parameters. Additionally, the
effects of the variability of line haul times, which may be
different over éach link in the network, are not specifically
mode led.

These limitations result in the problem of translating
an average operating plan, created for the SPM, into a plan
feasible for the actual railroad, and they prevent the use of

the model in answering a number of important guestions, for

example:

o What is this weekly peak costing us? One needs to
model a weekly cycle of trains and traffic and to

explicitly model congestion effects in the yards.
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What will happen if I cancel this train on Mondays?

At a minimum, one needs to madel weekly operations.

What is the global effect of single-tracking a
certain section of main line? This may be asked in
investment or maintenance scheduling situations.
Since the contemplated change may affect reliability
as well as average time of line haul movements,

one may want the yard model to reflect Fhis.

If we believe that this yard behaves in such-and-
such a way when it gets overloaded, what are the
system-wide effects of a ten percent increase in
traffic over this corridor? One needs to meodel
vyard congestion effects.

Unsupported Overating Decisions. Looking at the

six major decision involved in creating an operating/service

plan (Chapter 1), one finds some decisions are much better

supported than others.

O 0 0 0O o o

Blocking strategy.

Train routing and block to train assignments.
Train schedules.

Power distribution.

Yard performance levels.

Empty car distribution policy.

The first three are the best understood and, consequently,

%
are the best supported. The Service Planning Model ignores

locomotive and empty car distribution completely. Although the

McCarren2 identified only the first three as the "fundamental

decisions" ‘(subsuming pcwer distribution under train sche-
dules) and specifically addressed only these three in the
design of the Service Planning Model.



analyst can use manual methods to evaluate power distributicn
alternatives, the determination of the empty car distribution
policy is unsupported. 1In fact; the formal planning process,
as depicted in Figufe 4.1, takes this dec¢ision as a given.

5.2.4 Information Problems. 2An effective data collection

and information management system is, of courSe, a preregqui-
site to any meaningful managément of operations. A means of
estimating the future demand and guantifying the uncertainties
1is necessary for the planniné of operations. Finally, a
knowledge of the physical railroad; its performance, and its
cost structures is required for‘the effective planning and
management of efficient and marketable operations.

In creating models and other tools to aid the management
6f a system as complex as a railroad, and espeéially the rail-
road operating in a business environment; McCoubrey and Sulg's

Rule3 is particularly relevant:

Assume the data you want doesn't exist,
no matter what people tell you.

Data collection :has been the downfall of a number of
modeling effdrts, as well as information systems. The AAR
model is probably most famous for the enormous effort regquired
to assemble the data base; In another case, Martland4
reported that in his study of the Louisville and Nashviile,
it took more time to assemble data and recalibrate the L&N

Network Simulation Model (which had fallen into disuse) than

it took to design, program, collect data for, and calibrate
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the MIT Service Planning Model for a similar application on
the Boston & Maine.

To a large extent the problems of information have been
"solved" in the current decision process on the Boston and
Maine, partly through the strategy of making do without "hard"
data. Nevertheless many live issues remain, and many rail-
roads will have to confront the problems anew, finding their
own ways of gathering information.

There are a number of intertwined issues to be addressed:

What constitutes useful data.
From whence it cames.
How to get along without it.

0O O o o

Calibration of models.

A. What constitutes useful data. There seems to be

a2 human tendency to confuse data with information, data being
facts, and information being facts useful for some purpose.
This has shown up markedly in the modeling of yardslin network
models. The complicated submodels of classification vards,
characteristic of many modeling efforts, are apparently wasted
effort. 1In spite of all the measurements collected, not
enough is known about yard operations (that is, the inter-

relations among all these data) to build good engineering

mecdels. Experience with simple yard models in the SPM suggests

that a large number of engineering measurements (data) can be

reliably reduced to a small number of coefficients (informa=-

tion).
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In esiimating demand and costs, one may get into trouble
by utilizing existing data which, though correct, Are inappro-
priate for planning purposes. Historical traffic data can be
useful for calibrating and validating models and for identifi-
cation of operating problems. However, the purpose of a DSS
is to plan the future operations and performance of the rail-
road, and there unfortunately exists.no empirical data on the
future. Past experience must serve as a guide, not as a pre-
diction.

One needs the ability to alter projected volumes as a
function of service levels and other factors. Too often the
demand for rail services is taken as a given, and railroad
management becomes a cost minimization problem. Since a pri-
mary purpose of interdepartmental planning is to tailor rail
services to the several markets, one needs the ability to
explore the interéctions among the operating plan, the service
levels, and the resultant volumes. Since there are many
unknowns in the economic environment, one may wish to test the
robustness of an operating/service plan by trying it out with
several scenarios of traffic flow.

The true costs to the railroad of the various factor
inputs (e.g., cars, power, and, in some instances, labor) are
ofﬁen not to be found on any accounting system, but are, at
"leastvpenultimately, matters of managerial judgment. For
example, suppose an interdepartmental committee is considering
a plan which will celay the movement oZ empties by exactly one

day. The cost of this delay is to be found nowhere. The
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transportation manager may wish to use the per diem charge
(particularly if car hire is placed in the transportation
budget), but this is only a measure of the mbney which changes
hands." Tﬁe marketing manager may advocate the use of the eco-
nomic cost, the opportunity cost, since some or all of these
empties could be earning reveﬁue for that day. This will be
difficult to calculate since éhe car could be earning revenue
fdr that day, while another could be just standing idle?
awaiting an expected order (as happens during periods of
reduced demand), in which case the opportunity cost would be
zero. On the other hand, if the delay in supplying a car
means that the shipment is lost, then the cpportunity cost
will include the profit lost on the entire trip.

-B. From whence it comes. The term, data, etomologically

comes from "things which are given." However, most of the
data recuired by any computer based aid to operations manage-
ment are not to be found in anv data base, including £iling
cabinets and desk drawers. 1In some cases no cdata exist, some-
times erroneous data exist, and sometimes the wrong data
exist, as in the cases of traffic flows and factor costs.

As an example of the first, in both the Boston & Maine
and the Santa Fe case studies, the existing operating plans
were undocumented. Train séhedules existed, but the times
w;re unreaiistic. One could not calibrate a simulation model
using historical data. One could not even create credible
cperating alternativés, since there was no reliable guide to

the system constraints.

\.J
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As another example, yard performance data are unlikely to
exist. If one elects to create this information using a
detailed yard simulation model, many phyéical measurements
must be made. If one attempts to £it a simple model to empir-
ical data gleaned from car movement records (assuming their
existence), such a model will be accurate only under condi-
tions similar to those experienced in the past. If a yard has
been continually congested in the past, for example, an empir-
ically derived model cannot accurately predict the yard's
behavior when congestion is relieved.

Records of historical traffic flows and performance are
likely to be erroneous and incomplete as well as difficult to
access. Past flows may come from a computer tape of waybill
inﬁormation or car movement‘records} if one is lucky enough to
have such a tape, if both system cars as well as foreign cars
are inclucded, 1f local movements are included, if the data are

accurate, and if programs are available to extract the infor-

f's", leave many holes which can be filled only

'—l.

mation. The "
with great difficulty. For example, car service rules, among
other things, preclude the use of simple means, e.g., linear
programming, to generate missing flows.

C. How to get along without it. Managers make decisions

every day on the basis of limited or unreliable information.
To say that some piece of data is essential to make a decision
is theréfore hyperbole, even thoﬁgh the‘uncertainties in
information may reduce the effeciiveness of decisions.

There are several ways to deal with unavailable Zata, and
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all rely on human judgment. The first is to assume that the
accuracy of the data is not crucial to the outcome of the
decision. For example, in defining a blocking strategy the
most important constraints may be the number of blocks which
can be‘maae at each yard, and the yard costs may play a rela-
tively minor role, e.g., breaking a tie between two alterna-
tive reclassification points for certain traffic. If this is
the case, accurate cost data is unimportant; a mere ordinal
ranking of the yards according to costs will be sﬁfficient.

The second approach is to use judgments in place of
data. The prediction of demand and its response to price and
service level are very much matters of judgment, even when
much data and empirical estimates are available.

Yard performance is mancdated as well as predicted, and
both currently require great judgment. In the Boston & Maine
study, for example, the PMAKRE functions had very little
empirical basis at all, but were picked by Martland and
adjusted to match the yard performance levels deemed desira-
ble and feasible. The main difficulty is that the parameters
currently used in the functions have no real world signifi-
cance, so that it is difficult to calibrate the functions to
one's judgments which are based on experience.

A third approach, compatible with the others, is "sensi-

*
tivity testing." One may develop or analyze an operating

*
This, rather than a lack of courage or confidence in the OR

analyst, is a more likely explanation of the plant

\\/
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plan using several scenarios, varying yard performance in some
and traffic flows in others. This approach, however, adds to
the computer expense (which may be unavoidable), and the moun-
tains of output which must be-integrated by staff and compre-
hended by managers become a nuisance (which may be mitigated).

D. Calibration. Any model used to support decision-

making should accurately reflect the actual operations of the
railrocad. However, calibration can become a trap £for the
unwary. In the Boston & Maine case study, for example, there
were insufficient data to calibrate the model empirically, so
the judgments of the managers and analysts were utilized to
estimate yard performance parameters. If the project hac
been held up for the development of the necessary data sys-
tems, serious delays would have resulted.

When empirical performance data are available, one nust
resist the temptation to-all numerous ad hoc correction
factors in order to force precdictions to agree with observed
performance. Such adjustments may be helpful only if the
errcrs in prediction are systematic. therwise, the correc-
tions may become just another source of error. If the object
of analysis is to compare alternatives, and one is able to
consider differences only, then systematic error should

cancel each other out.

manager's behavior in Little's anecdote (chapter 2). Opti-
mization models reguire a great number of parameters, many
of which are sheer guesses. A good manager recognizes
this, even though the OR analyst did not.
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The object of simulation is to model the future, not the
past. Calibrating a model tc accurately reflect past perfor-
mance may be inappropriate as well as unnecessary. Whén a
simulétioﬁ model is used to create service standards, then the
standards should reflect desired service rather than an

inadequate past performance.

5.3 Selectinc Areas to Support.

Breaking the management process into the phases described
in Chapter 4 is helpful in designing a DSS. Several of these
phases--Intelligence, Choice, and Monitoring--already receive
some ccmputer support. Cne must determine the most profitable
areas for additional support, those places where investment
in computer systems will yield the greatest improvements in
the decision process.

Distinguishing between the unstructured portions of the
task, requiring judgment, and the structured portions,
capable of automation, can be of great help in identifying
appropriate applications of computer technology. This division
tends to break down in certain instances, in the modelihg of
classification yard perfoﬁmance, for example. Classification
operations cbviously have structure, but their complexity
obscures that face, and experience in the detailed simulation
of yards has been disappointing. Another area is the predic-
tion of demand. Modal split demand models do exist, but in

the absence of the necessary data, the estimation of traffic
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flows becomes very much a matter of judgment. In these cases,
the question is not one of technical feasibility, but one of
economics: How much is better information really worth?

5.3.1 Intelligence. The intelligence phase includes

data gathering and the incorporation of judgments into the
analysis. Intelligence also ;ncludes some problem identifica-
tion, but this will be discussed under "monitoring" below.

Good information systems are particularly iméortant.
Historical data gathered and stored in‘.any number of Manage-
ment Information Systems during the course of normal opera-
tions may be guite useful. These systems must continue to
evolve, responding to pressure from several quarters for more
accurate, timely, and complete data on operations, particularly
costs. The changing nature of the feeder systems underscores
the importance of not tying a DSS tightly to any particular
computer data base. Instead, the need is to create a series
of data scavenging programs which can evolve along with
the MISs.

Often the necessary data do not exist, and managerial
judgment must suffice. The use of judgments and subjective
estimates can be facilitated.

Extrapolation of demand. As an example, a great deal of

judgment is reguired to predict future demand, even when data
on past demand can serve as a reference point. As noted
previously, records of historical demand are often erroneous

and incomplete. Past demand may, in fact, be anomalous,
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influenced by factors which are not expected to recur. His-
torical flcws of empty cafs may be unavailable, or flows of
loaded cars may be predicted at a very aggregate level. To
suppofé judgments in such instances, a means of manufacturing
msissing data from.some set of assumptions may be quite useful.
For example, the following formula may help in artifically
disagregating traffic projections:

F.. & Oi' T.

i3 J
where
i3 is the flow from yard i to yard j,
Oi is the percentage 0f cars originating at i, and

T. 1s the percentage of cars terminating at j.
Another useful tool is a means of editing the base of
traffic flows to reflect general assumpticns, e.g., a five
percent increase in certain markets. This can be used to
test the flexibility of a plan as well as to take the effects
of service level changes into account.

Judgments in analysis. The current SPM does, in fact,

incorporate judgments ccncerning the ways in which classifica-
tion yard performance reacts to certain factors, e.g., train
schedules and volume. These are the PMAKE functions. Using
these guesses, the SPM apparently performs as well as any
mocel which simulates yard operations in detail.

| Thévincorpofation of judgmenﬁs can bte expedited, hcwever.
As currently implemented on the SPM, the PMAXE functions are

semi-rigid, having a fixed form and parameters which have
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little operational significance. One possible improvement
would be to create a small computer program to derive the
parameters (if not the form) from the answers to guestions
having scme real world significance, e.g., "Given such-and-
such a yard situation with arrivals and departures at these
times, what would be the effect of an extra hour in sched-
uled connect time?" or "Given the same vard situation, what
would be the effect of an additional arrival at such-and-such
a time?"

Another approach, suggested by Martland,5 would be to
derive the parameters érom a detailed yard model. This has
the advantage of being able to predict performance under com-
pletely different conditions, where human judgment fails. For
example, an alternative may propose significant expansion of
some yards, in which case past experience may be a less
reliable guide to futuré performance than a simulation model.
However, the costs of data collection and calibration may be
considerable, and human judgment may be quite satisfactory
for most yards in the netwbrk.

Other judgmental factors enter into the analysis. Crew
requirements for each yvard can be estimated as a function of
yard volume and the number of blocks to be made. Switch
engine requirements are similarly estimated. Train schedules
 are also a matter of judgment, depending upon the track
characteristics, engine horsepower, and trailing weight. All
these judgﬁents can be gquantified, entered into a data base,

and uniformly applied in all analyses.
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5.3.2 Design. Since the decision process is now sup-
ported by computer-based tools which can evaluate complete
operating plans, create service standards, and monitor perfor-
mance; the greatest leverage in applying additional computer
power lies in supporting the creation of the plans themselves.
This bottleneck lies in all the feedback loops of the decision
process, creating a discontinﬁity at each iteration. 1Its
elimination should, at the very least, allow a process that
now takes weeks to transpire in only days. Moreover, the
interactive design and evaluation of operating plans will
facilitate a new process in which "What if?" is fregquently
asked, and management can gain insight by playing with a model
of the railrocad.

This design phase can be supported at several levels.
Risk increases at each level, but potential benefits may be
greatest at the highest level.

The first level is to allow the user to easily edit,

save, recall, and display the operating plan. Among other
things, this will eliminate the transcription and reccding
of operating plans for input to a network simulation model.
This requires that ccnsiderable thought and experimentation
be devoted to a command language and the means of displaving
the data as well as to the internal computer data structures.
One needs the capability to define and redefine yard
blocks, the assignment of blocks to trains, and train
schedules and routing. The ccncert of closure is vital here.

For example, it should ke hard to lose cne's place when
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editing an operating plan, or, if a train is deleted from the
plan, there should not be blocks still éssigned to it.

A difficult way to enter train schedules is to list each
yard:it visits along with the corresponding arrival and
departure times. This regquires the schedule to be calculated
from the yard to yard transit times (which depend upon other
factors) and the time required to do work at each yard. 1If
one wishes to change the schedule, retyping the times to be
changed is also laborious and can give risevto errors. If
one adds or deletes train blocks, the schedule should be
adjusted.

If one train is scheduled so that a key connection with
a second train can be made, then if the analyst changes the
schedule of the second train, the schedule of the first must
be changed as well.

As an alternative, one may proceed as follows: To create
a train schedule, simply indicate the yards it visits and an
arrival or departure time at some yard. (A sufficiently smart
program may deduce the traih's route by simply taking the
"shortest" path between indicated points.) The computer could
create a schedule from information associated with each yarad
to yard link in the data base, and the line haul times can be
‘manually adjusted, if desired.

~Initially the train will make no stops since no traffic
has been assigned to it, so the departure time at each vard

will be the same as the arrival time. As work is assigned
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along the way, the computer can adjust'the schgdule by adding
appropriate delays at each stop on the route.

If it is decided that a certain connection should 'be
important“in determining the train's schedule, one can specify
the connection and the available connect time desired. The
ccmputer can adjust the schedule, and if the arrival time of
the connecting train is changéd, the schedule can be adjusted
accordingly.

At the second level one can add a simple accounting model

to hnelp keep track of traffic volumes. As one defines
vyard blocks, train schedules, and train blocks (that is,
assigns yard blocks to trains), one needs a means of keeping
track of the traffic flows assigned to yard blocks and trains,
the flows unassigned, and the expected train volumes and
workloads.* One also needs an effective means of displaying
such information. At each yard one may have a list of the
numbers of cars going to each destination ané the number of
cars which will pass through each intermediate switching
point. This list will indicate which f£lows have been assigned
to blocks and which have not, and it will indicate the volumes
of the blocks alreadyidefined.

Similarly one may want a list of link volumes ﬁo aid in

the routing of trains.

. :
This is the purpose of the Canadian National CANAT

system.

N_2
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At the third level more complex analvtical technigues can

be employed to aid design.

In designing an operating plan, the analysé makes use of
formal and informal heuristics, supported by manual accounting
scheﬁes and screening models. For example, in scheduling
trains, the analyst may begin by starting a train at a time
which will minimize the delay caused by a connection with some
other carrier. Block volumes may be crudely estimated and
assigned to trains to equalize train length or to minimize
delay. However, to satisfy both criteria or to satisfy just
one with any amount of accuracy requires a prohibitive amount
of manual calculzations.

The heuristics can be aided by a strategy of analyzing
selected portions of an’incomplete plan using the analytic
technigues of the SPM or some simpler models, which can
analyze selected portions of incomplete operating plans very
guickly. This also reguires the ability to select the areas
of interest and a means to highlight the significant differ-
ences between options.

In analyzing performance, there are several possibilities.
One may utilize the very simple models which are incorporated
into the objective functions of a number of optimization
mode ls; these may supply a gross figure of merit, but one must
‘be careful in their use. Another approach is to utilize the
techniques of the SPM to}analyze a limited number of origin-
.destinatiOn pairs. One could take more or less complex

approaches, but risk as well as cost increase with complexity.



117

Other analyses, which are also useful in the évaluation : )
and choice phase, can be utilized to aid design by giving
estimates of costs and testing for feasibility. For example,
time—disténce graphs, which can be created frcm train sched-
ules, méy be helpful in spotting line haul congestion problems.
Train-to-train power cycle graphs, which ke generated, either
automatically or with minimal‘human help, from train sched-
ules and specifications of loccmotive ccnsists, can help
determine overall power reguirements.

The computer can identify train sche&ules which may
exceed the hours of service regulation, identify congesticn
at yards caused by the bunchiné of arrivals and departures,

and identify congestion at yérds caused by a large number of

S

blocks (some of which may simply have been set off there).

A computer generated lineup of trains and block volumes, and
a graph of yard volumes at each yard can be useful in correct-
ing as well as identifying the causes of congestioq.

At the fourth level heuristics may be automated. The

most importanf ingredient of the design process is inspiration,
but the other 95 percent can be sheer drudgery. Computers

are peffectly capable of generating mediocre cperating plans
by themselves. This suggests a strategy of using tightly
controlled and simple heuristics in order that an analyst can

- specify thenmstiﬂ@ortant parameters of a plan, such as the
blocking policy and train schedules, and the ccmputer can fiil

in the details guite satisfactorily.
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The automation of yard block definition is probably the
easiest to implement. Properly controlled, the technigues
described by Martland6 and Suzuki7 are likely to be effective.
(See Appendix B.) Heuristics to assign blocks to trains or to
adjust train schedules will be more cocmplex, reguiring great
analysis of the alternatives, and, therefore, will involve
more risk. On a small railroad like the Boston & Maine,
where the operating alternatives are more limited (e.g., fewer
alternative routes), the benefits of such heuvristic optimiza- -
tion are likely to be less than on a larger network.

5.3.3 Choice. The choice phase includes the evaluation
of alternatives and the selection of a plan for action. Choice
can be aided by automating more analyses, improving existing
analyses, and facilitating the communication of the results
of such analyses. At the present time, perhaps only certain
modifications to the report presentation formats can be justi-
fied. However, this will change when the design phase 1is
better supported, since the users may be guickly overwhelmed
by the volume of computer analyses and the need for additional
manual calculations. |

A. Evaluation. One way to improve the estimation of

network performance would be to modify the present analysis
by the SPM to simulate a weekly cycle of trains and traffic.
lAnother would be to utilize a time-event simulation model in
order to cover the weak points of the SPM, e.g., i1ts inability.

to simulate the effects of overloading trains.
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Some acdditional analyses are rather straightforward and
can be implemented with only moderate effort. A few of
these have already been suggested to support the design phase.
Two otﬁers involve the calculation of costs:

Yard costs and crew requirements may depend upon the
judgments of field personnel, but they can be calculated if
these judgments are quantified. One approach, used in the
Santa Fe study, is to present trainmasters with various
scenarios of yard voluems and the numbers of blocks to be
made and ask how many crews would be required. The results
may be used by the computer in tabular form or used to
estimate a continuous function.

In the present evaluation process, linehaul costs are
assumed to be a linear function of train-miles and car-miles.
This may be a close approximaticn for budgeting purposes, but
there are instances in which the marginal cost of extending

a train's route or schedule may be either much cheaper or

more costly than the average, due to a number of labor-related

constraints. In such cases, a more detailed cost accounting
model will ke useful.

B. Selection. Repcrt presentation formats and the need
to reduce large volumes of data to meaningful information are
important issues in supporting the choice phase.

Communication is very important in interdepartmental
decisionmaking, where several managers and their staff need

to work together and explain their ideas and intuitions to

each other. The ccmputer-~cenerated reports must be flexible,

.
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understancdable, and easy to read. Each participant in the
process looks for different measurements and may want a &if-
ferent presentation format, e.g., detailed vs. aggregate or
tabular Qs. graphical. 1If they want aggregate information the
bases 0of aggregation may vary. IZ they want detailed informa-
tion, they will not want all the details at once, but only
certéin details, and these will vary each time.

It is easy to provide canned reports, but this is not
enough. As users become more sophisticated, change their
approaches to the problem, or wish to narrow their focus to
certain features, they will require a great flexibility in
asking questions. This will be difficult to provide, but may
very well be worth the effort.

In addition to displaying the results of the analysis of
a single plan using a single economic scenario, one should
have the capability of comparing significant features of a
number of different plans with a number of scenarios.

5.3.4 Implementation. Implementation is currently sup-

ported primarily by the use of the SPM to create service
standards. Other reports can be useful in communicating deci-
sions to those responsible 55r their implementation.

At the very least, an easy to read transcription of the
operating plan can be generated along with a summary of the
service étandards.

Other reports may help explain the expected impacts to

those affected. The Norfolk & Western, for example, has
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modified the AAR Network Model to create pro forma morning
reports, identical in form to the actual reports used by yaré-
masters every day.

5.3.5 Monitoring. Recently MIT has been creating

reports comparing the actual performance of the BaM with the
service standards, on the basis of origin-destination pairs.8
Other analyses are possible, éiven the necessary data. For
example, using car movement records, one may empirically esti-
mate PMAKRE functions which can be compared with those used in
ceveloping the service standards, or one may analyze the per-
formance of specific train connections. Either of these may
. prove more useful in identifying the sources of problems than
the origin to destination performance measurements. Rothberg
et al.9 and Messnerlo have proposed accounting models to
eguitably allocate the accountability for car time to those
whose actions directly affect it.

5.3.6 Emptv Distribution Policy.ll Of the six major

policy decisions, only empty car distribution falls outside
the iterative design and choice cycle (Figure 4.1). The Car
Utilization Department is responsible for predicting empty
flows based on an a priori distribution policy. However, the
goodness of a distribution policy cdepends upon the other ele-
ments cf the operating plan.

This suggests the desirability of planning distribution
in concert with the other strategic operating decisions. Tﬁo

computer-based tools may help bring distribution policy within
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the formal strategic operations planning prdcess:

First, a means to predict empty £flows given a distribu-
tion policy and predictions of loaded flows.

:Second, a means to calculate the costs of a distribution

policy given the other elements of an operating plan.

5.4 Summary.
An analysis of the new strategic operations management
process on the Boston & Maine is necessary to:

© Identify areas of the process in need of additional

computer support.

0 Suggest specific tools and technigues for appropriate
gg prop

computer support.

o Identify important issues and problems to be resolved
by any railroad seeking to improve managerial effec-

tiveness in this area.

A review of the management process discloses four major
types of problems:

© Bottlenecks in the decision process.

o Technical limits to analysis.

o Unsupported decisions.

0 Information availability.

The bottlenecks, technical limits, and unsupported deci-

sions are current problems on the B&M and hinder the effective

‘use of the managers' and analysts' time and talents. The

information problems have been provisionally solved on the

"B&M, but as newer uses for accurate data are discovered,
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present solutions will beccme inadeguate. Any railroad
attempting to improve orerations management will confront the
same p;oblems—-only they will be different, and each railrpad
must find its own way to deal with them.

Dividing the management process into types of activity
and distinguishing between structured and unstructured tasks
aids in developing concrete suggestions for additional
computer-based support. Each of the five phases‘of the
process—--Intelligence, Design, Choice, Implementation, and
Monitoring--can be supported better.

The Design chase is, however, the area of greatest need,
since it is now a largely éanual process and constitutes the
most serious bottleneck in the overall management cycle.

Chapter 6 will propose a plan for implementing additional

computer support, with specific emphasis on the Design phase.

'\l
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CHAPTER 6

DESIGN AND IMPLZMENTATION

6.1 Introduction.

The last chapter analyzed the new operations management
process at the Boston & Maine in order to identify specific
areas for additional cOmputer¥based support and to suggest
alternative tools and techniques which can provide this sup=-
port. This chapter will suggest an overall plan for the fur-
ther evolution of computer supvort for strategic operating
decisions at the B&M. On those railroads which have only é
rudimentary operations management process and poor data man-
agement svstems, the design/implementation plan must be ﬁﬁdi—
fied accordingly.

The design and implementation process should proceed in a
series of evolutionaryv steps with cl&se consultation between
the users and the builders. An appropriate path will depend
very much upon the particular organization and the greatest
needs identified by management.

The Canadian National, £for example, has proceeded from
implementing data systems, which support the Intelligence
phase, to developing the CANAT system, which can support
Design. CANAT is a sophisticated accounting model which helps
‘a planner in defining blocks, trains, and train routes and in
assigning blocks to the trains. CANAT keeps track of these

elements o0f the operating plan and derives statistics such as
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block, vard, and train volumes, and traffic wﬁich has not yet
been assigned to blocks. CN's next step will be to support
the choice phase with a simulation model.l
Providing support to Intelligence, Design, and Choice, in
that order, may or may not be a viable way to go for other
railroads, as well. It will make the development of software
easier, However, the greatest payoffs will be delayed until
tools become available to evaluate operating alternatives and
to create service standards. To build support for a new
decision-making process andéd to involve users in the design of
the system, concrete benefits should come earlier in implemen-

‘tation. Thus, technical risk must be bhalanceé with orsaniza-
g

tional risk.

6.2 A Design/Implementation Plan.

In the present management process on the Boston & Maine,
where Intelligence, Choiée, and Monitoring are more or less
aceguately supported, adding computer support to the Design
phase will result in immediate benefits, since Design is now
the biggest bottleneck in the management cycle.

Implementation may proceed in several stages, roughly
following the four levels of Design support identified in
Chapter S. The stages prcposed here are not rigid. In many
cases, features can be implemented in a different order. One
‘may wish, for example, %o automate a blocking heuristic before

adéding a power cycle analysis program.
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In brief, the stages are as £ollows:

Stage 0. Create a basic breadboard version for

testing.

~Stage 1. Provide for easy editing of operating

plans.

Stage 2. Clean up user interface and add traffic

volume accounting capability.

Stage 3. Add a collection of analysis modules.

"Stage 4. Automate some heuristics.

Stage 5. Provide more support for the Choice phase.

The technology involved in creating a Decision Support

System alreacdy exists, for the most part. Implementors can
and should kludge together existing computer software Wherever
possible, in order to build prototype systems as gquickly as
possible. Technigques need not be elaborate, particularly in
the earlier stages of evolution. A cquick-and-dirty system is
a minimal investment, a research tool enabling the imple-
mentors and the users to gain valuable information about the
best uses of the DSS and a clearer picture of thé goal toward
which the system should evolve. This will also recduce the
risk involved, and the project team will be more willing to

start over, as may be necessary.

6.2.1 sStage 0. This is a breadboard version, whose
. major purpose is to develop data structures, primitive (ele-
mentafy) operators to manipulate and cdisplay the data, and an

interface to the MIT network mocdel. (Figure 6.1) The stage O

system is separate from the MIT Service Planning Model. Its
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FIGURE 6.1
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functional capability is limited to storing and retrieving

data files, manual editing and display of data, and trans-

lating data intoc a form compatible with the present SPM.
It is composed of several parts:

o A simple interface. At this point no effort should be

made at human engineering.

0 Internal data structure. Considerable effort should

be invested in designing the data structures. A good
technical design will reduce software development

costs and improve execution efficiency.

o Data manager. This is a collection of primitive rou-

tines whose purpose is to access the data structure or
modify its elements. These routines can assure inter-
nal data consistency, and, as features are added, they

will help insulate existing modules f£rom change.

o Save/retrieve module. This will probably be a collec-

tion of routines, whose purpose is to transfer the
internal data structure to and from permanent data

*
files.

o Translator. The purpose of this module is to create a

It is important to save and protect a number of working
copies of the data base. Users should feel Iree to play
with the system, knowing that they will always be able to
get back to their original operating plans, etc. and that
they cannot inadvertently mess up the work of others. How-
ever, proliferation of files can be costly in terms of both
time and storage. One means of reducing costs is to segment
the data base, e.g., use separate files for trafiic flows,
vard block cefinitions, etc. These files may be self-
defining. Another strategy (compatible with the £irst) is
to create a tree structure in which the f£iles which are the
leaves contain modifications to the £iles which are the ‘
branches. '
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data file suitable for input to the SPM. It will be

similar to the save function.

© Editor. The Stage 0 editor should be sufficient only
to make all possible modifications to the data base.
‘Stage 1 will develop the editing capability.

o Display module. This is also composed of several rou-

tines, whose purpose is +o regurgitate selected parts
of the data base. It should also be able to identify
uncefined portions of the operating plan.

6.2.2 Stage l. After the basic techniques have been
developed, a number of features can be added to facilitate
manual editing of the operating plan. For example, submodules
can be added to the editor to do the following:

o Aid in train route definition. The object is to avoid

the need to specify every yard along the train's path.
There are several approaches. For example, standard
routes may be stored in the data base and referenced
when a new train symbol is defined (as done in the
CANAT system). Alternatively, the computer may select
the shortest path (in terms of mileage, delay, or
cost) connecting the origin, destination, andé any

*
intermediate yards specified.

o Aid in train schedule definition. As long as care 1is

taken to provide a manual schedule editing capability
and a measure of control over the procedures, auto=-
mating the calculation of train schedules can be bene-

ficial. Formal procecures and informal rules of thumbd

* 2 s 3 N R .
See Boesch,” Dreyfus,” and Defenderfer Zor cdiscussions of
applicable shortest=-path algorithms.

s
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are used in setting train schedules. The schedules
are; by definition, dependent upon the link transit
times and the yard delays along.the way. Transit
times can be estimated from rail line characteristics
(reduced to one or two variables) and train character-
istics (power and tonnage). Similarly, yard delays
can be estimated as a function of the work done at
each yard. Judgment is still reguired to take account
of other factors, such as line and yard congestion and

time incentives to the train crews.

o Aid in defining vard blocks. In defining yard blocks,

one may wish to avoid the complete enumeration of the
destinations included in each block. Such a procedure
is laborious and prone to errors. An alternative is
to assume, unless otherwise specified, that each block
carries trafiic for its destination yard and all -
points beyond which are not included in other blocks.
Again, the computer can use a shortest-path algorithm

to decide which yards are "points beyond."

At this point, the system can be of séme limited use to
the staff responsible for designing alternative operating
plans. It should be shown to them, and they should test it
with &n intermediary at the console. Builders and users
should seriously discuss the user interface, e.g., command
structures and display reguirements, and reevaluate the future
path of evolution, setting priorities for additional features,

for example.

6.2.3 Stage 2. (Figure 6.2) At this stage, there are
two tasks to be done: Clean up the user interface and begin

adding analysis capabilities. These reguire changes in three
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Command structure. Up until now, the input formets

have been rigid and tecdious, possibly reguiring, for
example, the use of numbers to identify yards, blocks,
and trains. The design of the new user interface
should have three goals: To provide a £flexible, easy
to use command language; to allow continued evolution
of the system, adding new commands and possibly
redesigning the user interface itself; and to do this
cheaply. There are a number of ways to accomplish
these goals, depmending upon the desired sophistication
of the user interface. Heindel and Roberto,5 for
example, have made available an interactive language

*

cdesign system.

Displav. After seeing the prototype displays, the

users will undoubtedly have suggestions for improve-
ment. This may be a good time to support the imple-
mentation phase by providing a well formatted descrip-
tion of the operating plan. More display features
must be added to support the traffic volume accounting

model as well.

% %
Traffic volume accounting model. A definitional

model to keep track of traffic flows is very important

in the design phase. In designing a blocking plan,

Heindel and Roberto's book provides listing in both FORTRAN
and PL/I for all routines except Zour machine-dependent sub-

routines.

* %

Although this may be considered an analyais function, most
of the actual computer code will reside within the data
-manager module, since the accounting information should be
updated automatically with each change in the operatin
plan (or traffic flows).
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one should know, at a minimum, £or each yard, the
number of cars goihg to each destination, including
those which have been sent to the yard from other ori-
gins. In assigning blocks to trains, one should know
the block volumes. (However, if blocks are assigned
to more than one train, a purely definitional model
can not tell how much of each block goes on each
train, since this depends upon the train schedules and
yvard performance.) Yard and link volumes are also
important for spotting congestion and routing trains.

6.2.4 Stage 3. More useful analyses can be added. Some

0of these will be useful in the choice phase as well as in

design.

(Recall that design involves much choice kehavior.)

In providing tools to evaluate performance for the purposes of

cdesign,

)

there are several options.

Modifv the SPM, The SPM calculates gerformance for

each origin~cdestination pair independently of every
other pair. This internal structure of the SPM can be
exploited to provide superficial analyses of alterna-
tives by confining calculations to a specific set of
origin~destination pairs. There are several ways to
implement this option:

© The minimal modification would be to provide for
a command or "options" card in the input file to
the SPM. The options card would direct the SPM
to perform only certain analyses. (Figure 6.3)

o Moéify the SPM to be a subprogram of the inter-
.face module, so that analysis can be directed
interactively. After any eciting, however,
before an analysis sessicon can proceed, the
translator mcdule must translate the data base to
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FIGURE 6.3

STAGE 3, USE OF COMMAND CARDS
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a SPM compatible £ile. (Figure 6.4)

o Make the SPM a sﬁbprogram as before and modify
the translator to insert data directlv into the
SPM's data base, rather than output it to an

intermediate file. (Figure 6.5)

Rewrite the SPM. Presently the SPM probably has only
two major technical limitations--its inability to

model weekly cycles and its inability to model ccnges-
tion. If the SPM is to e used interactively, how-
ever, a third will surface--execution speed. If it is
used to model large networks, then computer memory
requirements will get out of nand. Rewriting the SPM
to alleviate these limitations, with the goal of pro-
viding both limited and comprehensive performance
analyses, may therefore be a viable alternative.

(Figure 6.6)

Create (or obtain) one or more quick and dirtv ana-

lytic models. For example, one may calculate origin

to destination transit times by assuming that yard
delay is a function of the yard and the number of pos-
sible connections. If blocks have not been assigned
to trains, delav may be a function of block volume and

link volume.

There are other analytic tools which can be added. The

following examples can be implementeé as incdepencent mocules.

®]

Time-distance grapghs. The SPM does not mocdel linehaul

congestion at all. Thus the user is responsible for
ensuring that the train schedules are feasible. Time-
distance graphs, a familiar means of displaying schecd-
ules, can be‘plotted automatically for any specified
segment of line. Except for optional schecdules for

passenger service, no new information is regquired
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FIGURE 6.4

STAGE 3, THE SPM AS A SUBPROGRAM
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FIGURE 6.3

STAGE 3, TRANSLATOR INTERFACED WITH SPM CATA STRUCTURE
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FIGURE 6.6

STAGE 3, WITH REWRITTEN SPM
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beyond the stage 0 data base. o

o DPower cycle analvsis. On the B&M, as on other roads,

the power distribution policy is to specify a definite
plan for cycling powersets Zrom one train to the next.
Creating a gower cycle graph, annotated with layover
times, is presently done manually, but this can be
done automatically if information about the locomotive
consist is appended to each train descriptor in the
data base. If deadheading is prchibited, and each
train is allowed only one type of powerset, then the
analysis is trivial. McGaughey et al.6 have used &h
out-of-kilter algorithm* to solve the mcre general

case.

© Yard congestion analvsis. Congestion in the raceiving

and departure yards ancd the classification tracks
will, of course, hurt performance and may lead to
inefficient use of yard resources. There are several _

approaches to identifying yard congestion:

o Scan all yards to flag situations in which the
number of arrivals and departures (excluding
through trains) within a certain interval exceeds

a threshold wvalue.

o At each yard, print a list of arrivals and cdepar-
tures, annotated with setoffs, pickups, and esti-
mated volumes.

o Draw plots of arriving cars, departing cars, and
vard inventories as a function of time.

The second and third examples will need analytic capa-

bilities similaxr to the SPM to provide accurate

* . ,
A formal version of "disjoint marginal incrementalism.” -
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estimates of block volumes, but crude estimates may be

generated by other means.

o Calculation of vard costs. If, as suggested earlier,

requirements for yard crews and other resources can be
expressed as a function of yard volume and the number
of blocks handled, then it is a simple matter to cal-
culate costs. Yard volumes are available from the
traffic velume accounting model discussed at stage 2,
and it 1s easy to count the blocks at each yard.

Great ingenuity is requiréd only in devising an easy
means to elicit the yard cost functions from manage-
rial judgments. Of course, more sophisticated models
can be developed. Martland and Rennicke,7 for exam-
ple, made empirical measurements relating average
crews worked to the shift and daily volumes at two B&M

yards.

By this time, certain optimization technigues may be
applied profitably. On the other hand, with the addition of
the analytic modules at stage 3, the users may believe that
the DSS sufficiently supports the design phase and that the
system builders should concentrate on Intelligence or Choice.

Thus stage 4 must be considered optional.

6.2.5 Stage 4. Applying optimization techniques and
automated heuristics involves more risk of technical failure
than features added at previous stages. In some instances,

optimization may turn out to be no more effective than well-

~supported human judgment. On the other hand, such technigues

can be used to generate greatly differing basic strategies and

to relieve the tedium of making the "obvious" choices. A key
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problem is to devise methods to control the automated heuris-~
tics so that they change only those parts of the operating
plan which the user desires; one does not want to have one's
painstaking work in relieving congestion at a certain yard
wiped out by some stupid algorithm. One of several possible
appfoaches is to append flags to the data structure to indi-
cate which changes are off limits, e.g., which blocks must bg
made regardless of volume.

Heuristics can be applied to several of the key decisions
involved in creating an operating plan.

© Yard block definition. Automating the definition of - -

vard blocks may be the easiest to implement. Some

technigues are discussed in Appendix B. o .

o Assignment of blocks to trains. This is an involved

combinatorial problem, which may be attacked by test-
ing random swaps of blocks among trains. Evaluation- .
of alternative assignments, however, reguires a great-
cdeal of analysis. Train schedules and vard delays, -
for example, must be taken into account; otherwise, a
ludicrous assignment may result, e.g., blocks being
assigned to consecutive trains rather than being

spaced agpart.

6.2.6 Stage 5. By this point, a great number of
editing, display, analytic, and accounting mocules have been
applied to support the Design phase. Attention should be paid
to the other phases, particularly Choice.

With the addition of many modules £or guick analyses, a

serious information management problem will develop. The
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system users, particularly the stafsf responsiﬁle for designing
alternatives, may soon £ind themselves buried in data. The
system builders should turn their attention to devising means
to comparé the evaluations of two or more alternatives and to
display the key differences.

© Analysis analvsis. One approach is to analyze several

alternatives as they are generated, storing the raw
results as well as the alternatives themselves on disk
files, and use an interactive program to make compari-
sons as needed. Of course, this may require enormous
data files. The opposite approach is to run the anal-
yses at the time the comparison is regquested, saving
only those data specified by the user and deleting the

scratch files when the comparison is completed.

More analytical modules should bé added to evaluate an
operating plan more completely and to help integrate the
development of the empty car distribution policy into the
guarterly planning cycle. The analyses described here are
copsiderably more complex than most of those listed at stage
3 (the exception being the SPM type analyses).

o Scenario generation (editing the traffic base to

reflect assumptions). This £falls primarily under the

rubric of incorporating judgments into analysis, but
the ability to create various scenarios is important
in testing alternatives. It is desirable to begin
with a traffic data base as disaggregate as practi-
cable, so that commodity-related assumptions (e.g., a
12 percent decrease in paper products traific) can be
handlecd. The basic operations of the scenario generé-

tion module are to muliiply all traffic in a certain
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user-defined category by a factor and to aggregate by
geographic location. These capabilities will enable
the users to:

o Project past demand into the Zuture by accounting
- for anomalies and trends.

0 Modify service-elastic demand projections in
accordance with service levels predicted by anal-
ysis of the operating plan.

o Test the flexibility of the operating/service

Plan and create very specific coantingency plans.

Road crew costs. Cost accounting £or road crew

expense is difficult due to the complexity of work
rules, but still possible to automate in principle.
Perritt,8 for example, suggested a mocdel for road crew
costs which takes into account the cdual bases of pay
(mileage and time), deadheading, ané payments for time
held away from home terminal, initial terminal celay,
and £inal terminal delay. Analysis is complicated by
the use of extra boards to £ill vacancies (analogous
to a "safety stock" in inventory control), but judg-
ments may be incorporated to great advantage. On cer-
tain roads which have negotiated recduced crew size
agreements, savings can be realized on crews only
after all protected positions have been assigned.
These complications make computer analysis all the

more attractive.

Enhanced network verformance analvsis. Although the

SPM is very useful in evaluating alternatives in a
wicde range of situations, it has, like all analytic
tools, weaknesses which limit its generally applica-
‘bility to the more common cdecisions faced in opera-
tions management. As these limits are reached, manag-

ers will want more reliable evaluation methods. There
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are two approaches:

o

Obtain or create a more conventional time-event

simulation model.

Extend the SPM: Use a detailed yard simulation
model to calibrate the SPM's PMAKE functions and
to estimate yard costs. Use a detailed line sim-
ulation model to calculate line-haul delays and
reliability, which can be used to create realis-
tic schedules.

Empty distribution policy analvsis. In the current

B & M formal planning process, the empty distribution

policy is taken as given. If distribution is to be

well integrated with the rest of the operating/service

plan,

o

two tools are necessary:

A means of deriving the flows of empty cars given
loaded flows and the distribution policy. Since
car types ané ownership are not interchangeable,
this may regquire extremely disaggregate demand
data.

© A means of calculating the costs involved in
moving and storing empty cars.
Comments.

Chapters 4 through 6 complete one pass through the

Decision Analysis loop depicted in Figure 3.3, the Predesign

The next task should be to complete a pass through

the Entry loop. Both loops should be repeatedé before the
| implementors and users may consider themselves ready to move

on to the'Design Cycle, shown in Figure 3.4.
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The proposed plan for design and implementation should
in no way be considered a final prescription. In fact, if
the user-managers do not rewrite at least half of it, they
are pfbbably not upholding their responsibilities as members
of the design team. The plan and the ideés contained in
earlier chapters should help team members generate better
suggestions.

Personnel required during the earlier stages of cevelop-
ment (up through stage 2) will be relatively modest. In addi-
tion to the B&M staff already devoted to supporting the new
management process, there should be, at a minimum, a full-
time person playing the role of the intecgrating agent. A
full-time transportation analyst and a software specialist,
between them conversant with the techniques and tools to be
implemented, will be requ;red, as well as one or two computer
programmers. At stage 3, staff requirements will probably
double, and as the Service Committee learns to utilize their
new capabilities their staff must grow as well. Staff needs
will jump again at stage 5, when the Service Committee
receives the capabilities to thoroughly test operating alter-
natives, to develop specific contingency plans, and to

evaluate empty distribution policies.
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CHAPTER 7

SUMMARY AND CONCLUSIONS

7.1 Introduction.

The effective management of freight operations is impor-
tant to the health of the railroads as well as to the public

they serve. The highly structured aspects of railroad opera-

‘tions suggest that computers can be applied to operations

management with great advantage. Yet, despite a decade and a
half of effort, computers have failed to make a significant
impact upon operations management. Although a large number
of promising tools and technigues have appeared in the liter-
ature, most of these projects have died in obscurity.

The purposé of this study is to identify the causes of
the many failures and, more positively, to suggest an alter-
native approach to creating a more effective operations

management process supported by the power of the computer.

7.2 Summarv.

Chapter 1 reviewed the normative model of operations
management recommended by Task Force I-6 of the Freight Car
Utilization Program and identified the six major, inter-
related decisions involved in strategic management:

o Definition of blocking policy.

o Routing of trains and assigning blocks to trains.

o Creation of train schedules.
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© Definition of motive power distribution policy.

0 Definition of desired yard periormance levels.

© Definition of empty car distribution poiicy.

An analysis of the interrelations among these decisions
anéd the important %technical and business factors to be con-
sidered indicates that although the operations themselves are
highly structured, making computer—based support possible,
the management of operations must depend upon the judgments
and the experience of managers.

Chapter 2 analyzed a number of efforts to utilize
computers in supporting strategic operating cdecisions and
identified the inherent strengths and weaknesses in each
approach. These efforts fall into two general groups:

© The use of optimization technigues

© The use of simulation models.

Optimization inapprdpriately tries to replace essential
managerial judgment, while simulation needs to be supplemented
with other tools in order to adequately support judgment.

Chapter 3 reviewed the Qork and ideas of a number of
people in applying computers to managerial tasks in a variety
of industries. The lessons learned from these experiences
indicate that it is not the incompetence, in the narrow
sense, of the managers and computer system builders which lay
‘Eehind_the numerous failures in applying computer support to
railroad operations management. The basic cause is, rather;

a design and implementation process which does not reflect

\V’
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the fundamental differences between automating a well-defined,
structured task and providing support to an ambiguous, semi-
structured managerial function.

.An alternative approach, labelled, "DecisionvSupport
Systems," has evolved over the last decade. This approach
has a number of characteristics which contrast with most past
and much current practice:

© Assists managers with semi-structursd tasks.

o Supports, rather than replaces managerial judgment.

© Strives to improve the effectiveness of decision-

making rather than its efficiency.

© Focuses upon the decisions and the management
process, rather than upon the creation of artifacts--

algorithms and computer systems.

© Reqguires the active participation of users in an
evolutionary design and implementation process.

o0 Places a heavy emphasis upon the evolution of the
organizational structures, procedures, people, and
computer support as an integrated whole.

The remaining chapters were devoted to the analysis of
the process of operations management and the development of
a reasonable design and implementation plan to create a
decision support system for strategic operations management.

Chapter 4 reviewed the Boston & Maine case study and
. described the B&M's new operations management process. The

B&M case study is a significant experiment, both in reshaping

fundamentally the management structures and procedures of
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that railroad and in providing computer support for an inter-
cdepartmental operations management process. One of the

important lessons of the study is that changing the structures
and prgcedures is the hard part, and success requires a major

effort in unfreezing and moving the organization.

Chapter 5 analyzed the B&M experience, especially the
current decisionmaking process, in order to:

o Identify areas of the current process .in need of
computer support beyond the data systems and the
network simulation model introduced during the case
study.

0 Suggest appropriate tools and technigues to provide

additional support.

o Identify important issues and problems which must ke
addressed by any railroad wishing to improve the

effectiveness of its operations management.

The creation of operating alterﬁatives is now done
manually. Considerable benefits will result from supporting
this Design phase of the decision process, since it is cur-
rently the majbr bottleneck, lying in all feedback loops.

.

There are a wide range of alternatives in providing
tools to facilitate the creation of good operating plans.
These range from a means to interactively edit operating
plans through automated heuristics and optimization tools
(which, however,.must remain under the tight control of the

users) .
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There are appropriate means to support the other phases,
as well. However, benefits from such support will be delayed
until Design is adeguately supported.

tChapter 6 proposed an overall design and implementation
plan for the further evolution of computer support and the
operations management process on the B&M, The plan cbnsists
of a series of stages, with evaluation and redirection at the
end of each stage. There is an emphasis on utilizing exis-
ting computer software and guick-and-dirty technigues wher-
ever possible in order that prototype systems may be gquickly
assembled for experimentation by the managers and transpor-

tation analysts.

7.3 Conclusions.

In general, experience in applying (and misapplying)
computers to railroad managerial tasks coheres well with the
experiences of the Decision Support System practitioners in
other fields. With regard to railroad operations manacement,
the decision-centered approach advocated in Chapter 3 is,
unhappily, supported by a large body of negative anecdotal
evidence as well as the positive evidence afforded by the B&M
case study. Three of the following conclusions (1, 2, and 5)
may be taken as confirmations of RKeen and Scott Morton's
'generalizatiops. They are included‘here because they have
been strongly confirmed and because there are those who
believe that their own situation is so different that they

can beat the system.
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1. The effective support of strategic operating deci-

*
sions requires little or no advance in technigues. The

primary need is not newer, more sophisticate& and complex
computer systems, but more effective implementation and
refinement of existing technology. The analysis of Chapter 5
and the suggested implementation plan of Chapter 6 indicate
great benefits possible from éssembling and refining a col-
lection of well-known tools and technigues. No tool or tech-
nigque has been suggested which is not well within the techni-
cal state-of-the-art.

2. Nevertheless, desicn and implementation must be

L
evolutionary. One can not create a viable DSS by laying

out a detailed specificaticn in advance, even for the Boston

& Maine, where most of the necessary organizational changes
have already taken place. Many of the support tools cdescribed
in Chapter 6 have never existed. Some have existed only in
isolation. Implementation is also a process of discovering
how the utilize the capabilities afforded by an intégrated

set of such tools. This new knowledge must inform the design
process. (Experience in other applications suggests that the

more interesting uses of any DSS are the unanticipated uses.)

This is probably not true of tactical operating decisions.
*x

Alternatively, one might say that like "jumbo shrimp" (and

another term used in this thesis), the term, "Turn-Key

Decision Support System," is self-contradictery.
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3. The use of adeguate data systems and a well-desianed

simulation model is the absolute minimum level of computer-

based support reguired for the successful creation and insti-
tutiénalization of the interdepartmental strategic operations
planning process recommended by Task Force I-6 of the FCUP.
Without the analyses, the best that can be done is Lindblom's
"muddling through." Without'adequate information and feed-
back, muddling thrdugh becomes blinéd muddling.

.

4. However, *+to provide onlv this minimum suvport will

hinder the consolidation of the radical changes in organiza-

tional stxructure anéd procedures required by the Task Force

recommendations. At the verv least, additional support

should be provided to the desicn of operating alternatives,

which is otherwise a long manual process. The heavy commit-
ments and increased workloads reguired of both managers and
staff, and the difficulty of measuring concrete benefits

make it tempting to lengthen the planning cvcle or even to
revert to the o0ld way of doing things after the novelty wears
off, particﬁlarly when key personnel leave the organization.
As long as this temptation exists, the organization cannot be
considered refrozen.'

5. The successful creation of an effective management

. process and implementation of appropriate computer tools to

'support it reguire the close cooveration of DSS implementors,

software designers, programmers, managers, transvortation

analvsts, and other users workinag as a team. User involvement
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in design is much more than consulting the clients at key
points. If users do not take an active role in the design of
their own systems, then all are condemned to endless cycles
of "That's impressive, but . . . ."*

The effective DSS implementor must be an integrator,
integrating the efforts of a team of user-managers and
technicians. The difficulties in applying computer-based
technigues to railroad operations management can only
partially be ascribed to recalcitrant or ignorant managers.
Their reservations and hesitations are often guite legiti-
mate. Likewise, the failures cannot be attributed primarily
to technical incompetence on the part of the system builders.
They have, in fact, produced a number of £fine tools and tech-
nigques. There is, however, a deep misunderstanding between
the two groups. Implementation can be successful only if
each understands and appreciates the other's needs and capa-
bilities.

6. The creation of an effective management process

requires the efforts and expertise of a relatively large

number of peopnle, not just the provision of the necessary

computer systems. No railroad should expect results £from a

token commitment of three or four full-time staff positions.

There  are, in fact, sound reasons for the "buts." One
should not assume, without substantial investigation, that
the "That's Impressive But" svndrome is simply a counter-
implementation game, similar to the "Why Don't You Yes But"
game of Transactional Analysis.

.
A
N 4
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The success of the Boston & Maine case study, for example,
required the heavy commitment of the members of the Service
Committee, particularly its chairman, as well as the eguiva-
lent”pf three to four full-time people from MIT. The Santa
Fe case study, a less ambitious project on a larger railroad,
required the equivalent of four full-time people, and only a
half-time position was devoted to software development.

A strategy which commits a low level of resources to
such a project for a long period of time cannot foster the
necessary change. It is absurd to think that an effort per-
ceived as having little urgency can, in the long run, succeed
in unfreezing the management process.

7. A project to create substantial change in the man-
agement of operations and to design and implement suppoéting
computer systems will transcend every department. It there-

fore must report to top manacement, rather than reside in anv

department.

"Software development" cannot be split off and given to
the Data Processing department. 'The procedures of the DP
shop are generally incompatible with the team approach and
are oriented delivering well-specified products, rather than
evolutionary development. This does not rule out any involve-
ment by DP personnel, but clear lines of responsibility must
"be drawn amon¢ the team members. That is, the DP people must
see ﬁhemselves.as working for the project manager, not the DP

manager.



7.4 Corollaries. . )

These conclusions have some important corollaries. They
are expressed here as caveats, each of which are currently
being.violated:

1. Projects which have their home in remote corners of
the organization, such as Planning departments, particularly
those efforts which live ofZf Ehe organizational slack, have
little chance of making an impact on cperations management.
Such activities are rightly seen as subversive and are
rejected by the homeostatic organization. Without top
management support, they are particularly susceptible to
counter-implementation. Creating the computer-based tools is
relatively easy. The hard part is unfreezing the orcaniza- ')
tion and getting that top management support.

2. When applied to the support of managerial decision-
making, the traditional mode of contracting out research or
software development work is guestionable. The key word here
is "out." The farther out, the poorer the communication and
cooperation between the would-be users and the system
builders. Yet a great deal of AAR and FRA resources have
been expended in this manner, ané some railroads continue to
buy management support tools as if they were accounting
systems.

3. To talk of transferring the technolocv of decision

support from one railroad “o another is the kiss of death.

Each railroad is different, with varying structures,
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procedures, people, and operational problems, Change must
begin anew each time. Doing an orgarnizational end-run
produces the phenomenon of counter—implementation. The
compﬁter‘programs themselves cannot be simply plugged in
either, Data bases are different. The users may wish to do
their tasks differently, requiring a new user interface as

well as new analytic tools.

7.5 Recaommendations.

1. The Boston & Maine should hire several new preople to
£ill the poéitions of integrating agent, transportation
analyst, software specialist, and programmer, as described in
section 6.3. These people should report to Rennicke, the
chairman of the Service Committee, not to the Data Processing
Department or even the Transportation Planning. Group. The
B&M should commit the other resources necessary for the
continued evolution of computer support along the lines
described in Chapter 6. A continuity in the high level of
effort following the B&M case study is necessary in order to
keep the organization in its unfrozen state and to continue
the momentum for change. Continued evolution is necessary to
capture the full henefits of a planning process in which
"What if . . . ?" is no longer a prohibitively eipensive
"question.
| 2. In transferring the general process and the lessons

learned from the Boston & Maine to other railroacds,
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implementors shouléd payv particular attention to the entry/
unireezing aspects of the Predesign process. Specific
attention should also be given to vroviding early computer
suppdft ﬁo the design phase., Leavitt's organizational
analysis suggests that the difficulty of changing organizé—
tional structures and redefining managerial tasks can be
mitigated by providing good computer support to the new

nmanagement process.



160

APPENDIX A

THEORY OF THE M.I.T. SERVICE PLANNING MODEL

A.l ° General.

The Service Planning Model was develbped at MIT by Reilly
McCarrenl as his thesis research. For planning operating
strategy, it is a significaﬁt improvement over other models.
In calculating trip time and yard time distributicns, the SPM
does not simulate the internal workings of yards or the mechan-
isms of line-haul delays. It simply uses train schedules and
yard performance parameters, estimated by analysts, to calcu-
late the probabilities that connections will be made.

These probability functions, generally known as PMAKE
(Probability of Making a connection), were described by Kerr,

et al.2

The choice of the parameters to include and the exact
form of the function have not been permanently settled. The
following is a descritpoin of the PMAKE calculations as imple-
mented currently in the SPM.

The PMAKE is actually a conditional probability function.
That is, it is the conditional probability of making a connec-
tion given the values of certain variables and given that no
previous connections were made.

For example, suppose a car arrives at yard Y on train A.
The probability that it will be reclaséified and leave on the

next appropriate train, train B, can be calculated as a

function:
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PMAKEY (CREWS, VOLUMES, ARRTIME, DEPTIME)
where
CREWS is the number of vard crews on duty during
each shift (trick),
VOLUMES is the volumes of cars processed during each
shift,
ARRTIME is the scheduled time of train 3,
DEPTIME is the scheduled departure time of train A.
This function subsumes the probabilities that the car will
miss the connection for such diverse reasons as a missing way-
bill, the car being sent to the repair %rack, the train being
cancelled, the train being full, and so on.
As implemented in the current SPM, the functicn takes the
following.form:
Pmax

Y
1 + exp (A, + By * CRWS + Cy*VOL + D, -ACT)

PM2AKE

Y

where
Pmax,, Ay, Cy, DY are yard performance parameters,
CRWS  is the number of crews on duty during the shift
in which the train arrives,
VQoL is the yard volume Z£cr that shift,
ACT is the available connect time (DEPTIME-ARRTIME).
For this calculation, if there are no crews on duty when
- the train is scheduled to arrive, it is assumed that the

train arrives at the beginning of the next active shif<t.

Remembering that PMAKE, is the probability of making a

connection ccnéitional upon missing all previous trains,
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suppose that trains C, D,-and E (in that order) leaving after
train B, can also carry the car. Then

P {car leaves on B} = PMAKE, (B) .
(Let PMAKEY(X) be shorthand for the original expression with

only the departing train changed.) But

P {car leaves on C} (1-PMAKE, (B) ) - PMAKE, (C)

P {car leaves on D} (1-PMAKE, (B) ) - (1-PMRKE (C))
» PMAKE, (D)

and so on.

A.2 Transit Time Calculations in the SPM.

The SPM uses several inputs in calculating origin to des-
tination transit time distributions. It needs the parameters
for the PMAKE functions (also the CREZWS and VOLUMES variables),
train schedules, train block definitions, and origin terminal
arrival distributions.

Each train block definition specifies the origin of the
block, the train on which it departs, the block's destination,
and the destination yards for which it carries traffic.

The origin yard arrival distributions specify the probabi-
lity that a car coming onto the railroad at.a specified yard
(an origin yard), either from industry or £from interchange,

- will arrive at a certain hour of the day. (Local traffic move-
‘ments are not modeled bv the SPM.)

A.2.1 The procedure. Suppose a car must move from yard

O to yard D. (In the diagram, each arc represents a daily
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train which can carry the car to the next yard.) The SPM

calculates trip time distributions in the following manner:

For a hypothetical random car which must move f£rom O to D
on a given day (the SPM assumes a daily cycle of traffic and
tréins), the SPM calculates for each possible hour of arrival,
h, at yard O, the conditional probabilities that the car will
pe on each train which can carry it to the next yard, Il.
(To simplify calculations, the SPM assumes that the car will
leave on the last train on the fourth day if it hasn't left
before.)

By consulting the train schedule, the SPM will obtain the
conditional (conditional upon arrival at yard O at hour h)
probability distributions for transit time (measured from
arrival at yard O to arrival at yard Il) anéd for yard time at
yard O. These are aggregated by weighting with the probabili-
ty that the car will arrive at yard O at the given hour h.
(These resulting marginal probability distributions afe in
turn aggregated, by weighting with 0-D traffic volumes, to

accumulate "market" and yard performance statistics.)

At this point the model has the total transit time cdistri-
bution from arrival at yard O to arrival at yard I,. Informa-

tion dealing with the arrival time distribution is thrown away

except to censtruct a distribution of the probability of
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arrival at yard Il as a function of the time of day.

Note that the model has just calculated the transit time
distribution for an origin-destination pair other than the one
we are currently interested in. The present version of the
SPMFQill not recognize this fact and will forget this valuable
information as it pursues the current calculatiéns.

_The SPM assumes that delays on each segment of the trip
are independent. That is, the time it takes to move from I,
to I, does not depend upon the time it took to move from O to

I However, if there is more than one train per day which

1-
an take traffic from I, to I,, this assumption will almost
surely be false, though probably not grievously false,.

With this assumption in mind, the next step is to calculate
the delays on the Il to 12 leg of the journey. The SPM acgre-
gates the £flows across the daily runs of each train in order
to get a 24-hour arrival distrubtion at varad Il' The model
then grinds through connection probabilities at yard Il to
find a yard time distribution at vyard I, and a distributiocn' of
transit times from arrival at yard Il to arrival at vyard I,

The two transit time distributions are then convoluted to

get a total transit time distribution. That is,

h
~ a~ ~ .
PO-I /0 §;=h3 = E: PO-I /0 it—i} -PI ~1./0 %t—h*l}
2 ° 1 1 72
i=0
‘where |
Pi-j/k {€=h} is the probability that the transit time, t,

from arrival at i to arrival at j, is equal
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to h, given that the car originated ét k.

The model continues in this way, calculating link distri-
butions and convoluting, until the car arrives at the destina-
tion yard, D.

In this example, yard Il could be a classification point,
where the block 1s broken up and the cars reclassified into
new blocks. It could also be a block switch point. In this
case, the block could have yard I, as its destinaticn, but the
train which picks it up at O only carries it as far as yard I,
and then continues on to some yard not shbwn in the diagram.
The block would sit at yard Il' already macde (the cars wauld
not have to be reclassified), until it is pickea up by one of
several possible trains which could carry it to vard I,. Con- ‘>
ceptually, the SPM treats a blcck switch just like a reclassi-
fication except that the yard performance parameters are dif-
ferent, yielding a hicher probability of making a connection

(for the same available connect time).

A.3 Problems.

There are three limitations inherent in the approach taken.
The SPM also thrcws away useful data, a problem which can be
fixed.

A.3.1 Indevendence assumpotion. The independence assump-

ﬁion was previously mentioned. 1In cases wheres this assumption
does not hold, it is conceivable that the SPM could yield mis-
leading results to an analyst who is investigating the effects

of small changes in the operating plan (moving train schedules
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back and forth, for example). In general, the variance of a
convoluted distribution will be misstated by an amount ecual

to twice the covariance of the distributions being convoluted.

A.3.2 Single path restrictions. A second limitation is

that the procedure does not allow more than one path through
the network for & given C-D pair. For example, the following

would be illegal:
I Iz

. / -

~—>0

I

3

McCarren believed that it is poor practice to run a rail-
road this way and was therefore unconcerned about this limita-
tion. Others have expressed interest in removing the multiple
path prohibition. A multiple path could very well be appro-
priate in a situation where both paths are equally desirable.
Addinc the second path might effectively double train freguency
from the origin yafd.

A.3.3 Arrival distribution. The third limitation is that

it is impossible to get a distribution for destination arrival
times. Thislcan not be reconstructed frcm the transit time
distribution, since the transit time is dependent upon the
time of day that the car is submitted to the originating yard.
However, it is possible to get an arrival distribution by time
of day, as opposed to day and time, but this would not be as
useful. It is conceivable that the arrival time distribution

could be more important than the transit time distribution.
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After all, it is the cdate and time of arrival that the
receivers directly perceive. Changing train schedules so that
shipments are delivered at 5:00 p.m. rather than 8:00 p.m. is
worth much less than an improvement which will deliver cars

at 9:00 a.m. rather than 12:00 noon.

A.3.4 Computatiocnal inefficiency. The major problem with

the SPM, which is not inherent in its underlying theory, is
its ccmputational inefficiency. 1In its present form, the SPM
repeats many calculations needlessly. For example, consider

the following network:

A C
a3l 1-7
2 2
> I 2"_> J &«
1 1
‘f'/? “«2 N
2 3
B D

In calculating transit time distributions for the flows amcng

yards A, B, C, and D,

P - a .
PA-I/A' PB-I/B' Pc-J/C. Pp-3/D are calculated 3 times
PI-J/AI PI-J/B' PJ—I/C' PJ-I/D are calculated twice,
PI-B/A' PI-A/B' PJ-D/C' PJ-C/D are calculated once,

and, if there is only one train per day running between I and

= P P then

q sc that PJ-C/A

J-c/B - TJ-c/1!

P P P are calculated twice. -

5 .
J-c/1' “3-p/1' “1-A/3' “1-B/J
In this case, out cf 32 calculations, up to 16 are redundant.

This does not include convolutions which could be eliminated.

/
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The graph is labeled with the number of redundant calculations
for each leg.

If the number of terminal yvards at each end is doubled,
then: out 6f 144 calcﬁlations, 96 will be redundant. In
general, the proportion of redundant calculations increases
as the number of O-D pairs increases. These redundant calcu-

lations pose a significant barrier to implementing an inter-

active computer model.
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McCarren, Railroad Opmerating Plans: Develooment and
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APPENDIX B

AUTOMATION OF YARD BLOCK DEFINITION

B.l ' Introduction.

The goodness of a blocking strategy is heavily dependent
upon traffic patterns, train schedules and makeup, vard
characteristics and performaﬁqe, costs, and the levels of per-
formance éesired. One can, however, define a reasonably good
tentative blocking strategy by assuming an expected average
connection delav for each yard, indepencdent of train schedules
and makeup.

Several aporoaches have been taken, three of which are
described below. None will indicate which yards should do
classification and which yards should be closed (or built).

In all cases, this decision is taken as given, that is, left
up to human judgment. In addition, since none of the approa-
ches considers the actual assignment of blocks to trains, they
are unable to:

o Account for block switches (or preblocking) in

any cost/benefit calculations.

o) Allow for constraints on the number of blocks

which can be carried on any train.

o Equalize train lencgths (important if one wishes

to cycle powersets from train to train).
Machine generated blocking plans must be considered tentative,

~and provisions must be made for easy modifications by the
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transportation analysts in order for autcmated blocking to be

useful.

B.2 The Universitv of Marvland Cotimizaticn Mcdel.

The most ambitious effort has been the University of

Marvlandl

cptimization model, a mathematical programming
formulation which relates expécted yard delay to block volume,
in order to take account of the effects of train frequency.
It explicitly relates time to cost and attempts to minimize
total cost subject to several constraints, e.g., minimum and
maximum block size, maximum yard volumes, and maximum number
of blocks to be made at each yard. It dces not allow different
cost-time tradeoffs for different origin-destinaticn pairs.
The model was tested on the Norfolk and Western using a
33 yard network, and the results received an encouraging
response frcm N&W. The sclution of the problem was gquite
expensive using available mathematical programming software
packages, requiring much human interventicn and judgment.
Bodin suggested that a more efficient (by a factor of tern)

algorithm can be developed.

B.3 Martland's Pencil and Paper Method.

Martland, et al.2 used a simple pencil and parver method to
éevelopka blocking plan for a section of the Louisville and
‘Nashville. The heuristic used was to blcck for the'longestv

next move. That is,

S
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At each yard, look at all the unblocked flows and
define the feasible block (i.e., containing a
minimum number of cars) which will travel the
longest distance. Repeat until all flows are
assigned to some block. If this results in too
many blocks.: at some yard, the minimum block size
for that yard can be adjusted.and the process
repeated.

To make the approach nﬁnégeable, one must begin at the
periphery of the network and work in. When loops in the net-
work are encountered, the method gets a little messy, and it
may be necessary to return to some vards to readjust the
blocking. If a yard volume constraint is encountered, some
ad hoc adjustments must be made to alleviate congestion.
Since it is a manual process, a numbér of ad hoc constraints
(such as a requirement that certain blocks be made regardless
of volume) can be accomodated.

This approach can be mechanized with little difficulty,
but it has several drawbacks:

o Differences in yard performance are ignored.

o) Although efficient, the simple heuristic is not
particularly effective.

© Costs are not considered at all.

B.4 Suzuki's Heuristic.
3

Suzuki~ also formulated a mathematical programming approach

to the problem, but went about solving it heuristically:

l. Start with a blocking plan definedé so that no
blocks bypass yards, that is, all blocks go
only to the next yard.
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2. Look for the most profitable place where a new T
block (bypassing one or more yards) can be added.

If one exists, then add it and look again.

3. If ncne exist, then look for blocks which have
been made unprofitablsz by the addition of other
blocks. If any exist, then delete them and
return to step 2. If none exist, then stop.
He enhanced this simple heuristic to tentatively add
~blocks which wers unprofitable by themselves, but might, when
added, allow some cther block to be deleted. He reported that
The algorithm was porogrammed in Fortran and
was tested on FACOM 230/60 and CDC 3800. Among
the prcblems handled there was one with thirty
six yards through which about 20 000 freight cars
are transported daily. In this problem {yard
bypass blocks] were set up cn 136 secticns and
then 22 ([blocks] removed in the optimization
stage. The results show a considerable reduction T
of standing time of freight cars ccmpared to the -
one in practice. The computation time was ten to
twenty minutes.4
Suzuki's approach is helpful but not directly applicable
to the real world since it neglects yard capacity ccnstraints
and relates time to cost in a scmewhat obscure manner. Never-
theless it appears recdeemable; its method is clear and under-
standable, it is more ccntrollable and can be modified to add
the yard constraints, and it is relatively efficient. It can, |,
in fact, be made more efficient; Suzuki apparently took a brute

force aporoach to the evaluation of potential new blocks,

examining them all at step 2.
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B.5 Conclusion.

Although any of these methods can create a more or less
satisfactory blocking strategy, it must be emphasized that
none, not even the University of Mafyland model, will procuce
an "optimal" strategy, the goodness of the blocking strategy
being contingent upon all the other factors in-the operating
plan.

The Martland and Suzuki approaches may be useful in the
interactive design of an operating/service plan if they are
modified to allow for more constraints and to provide tight
control over which yards and flows may be considered and which

blocks may be modified.
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