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Abstract

The Union Pacific Railroad (UPRR) has over 31,000 miles
of track covering a 24 state region. Planning and scheduling
the production, packaging, delivery, and pickup of rail,
involved in the maintenance of this network, is a very
complex task. Manually scheduling only a subset of the
resources required has historically taken several days to
accomplish. Moreover, the inability to fully schedule all
resources can lead to inefficient resource utilization. This
paper describes the Rail Train Scheduler (RTS), designed
and developed to capture the expertise of the UPRR
scheduler, generate production schedules of all the
resources involved, and provide a decision support tool for
determining the best mix of resources required. RTS is an
expert system that uses constraint satisfaction and domain
specific heuristics to produce good, low cost schedules. It
has been deployed since January, 1996. UPRR anticipates a
savings of about $500,000 per year from the use of RTS.

Introduction

This paper describes a scheduling application, the Rail
Train Scheduler (RTS), designed and developed for Union
Pacific Railroad (UPRR). The primary motivation for
developing the application was to solve a major operational
problem relating to the allocation of resources required to
provide rail to Union Pacific track construction and repair
projects. The current manual process schedules some of the
resources (weld plant capacity and rail material) but just
assumes adequate availability of the necessary rail
handling equipment. It also focuses on the delivery of rail
while generally ignoring the pickup of used rail for re-use.
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It is estimated that a more efficient use of available
resources could save UPRR about $500,000 per year.

The solution to this problem was to build an expert
system that captures the expertise of the rail scheduling
expert, additionally incorporates the scheduling of rail
trains and power units and the pickup of used rail, and
provides full “what if”” capabilities for the user to test
various resource mixes. However, the production of these
schedules is a very difficult problem, intractable using
traditional techniques. The problem was solved using a
unique combination of constraint satisfaction techniques
and domain specific heuristics. In this way RTS creates
‘good fit’ schedules automatically in much the same way
that the rail train expert does but does so in minutes, rather
than days. It also incorporates a more complete scheduling
of relevant resources.

As implemented, RTS produces high quality, low cost
schedules of all the resources required for the production
and delivery of rail to the construction sites and the pickup
of used rail from the field. It can also be used as a "what if"
decision support tool, allowing the user to experiment with
differing amounts of resources to see which combinations
make for good schedules.

The Domain

The Union Pacific Railroad has over 31,000 miles of track
covering a 24 state region. Every year Union Pacific has a
number of track maintenance and construction projects that
involve the laying of rail. While most of these projects are
planned and scheduled well in advance and spread
throughout the year, emergency needs may also arise at
any time, e.g. to repair track damaged by floods,
derailments, etc. The rail is laid in ¥ mile long segments
(strings), which are welded from shorter pieces at
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dedicated rail weld plants. The rail is then delivered to the
construction sites by special rail trains, ideally arriving
shortly before a work crew is scheduled to begin laying the
rail. Once at the site, the rail is unloaded using special
unloading equipment. After a rail train has delivered all of
its rail, it can be used to pick up old rail, removed during
construction, and return it to the weld plant. This activity
requires pickup equipment.

A single UPRR rail scheduling expert schedules the
welding of the rail manually, based on the location and
delivery dates of the rail requirements, rail inventory, and
weld plant capacity. The UPRR maintains enough rail
handling equipment (rail trains and unload and pickup
units) that this equipment is not scheduled in advance. The
supply is assumed to be adequate for any schedules
produced. Pickups of rail in the field, for return to the weld
plant and re-use, are generally not scheduled. The
scheduling expert produces an initial schedule for all rail
projects planned for the year and then produces revised
schedules on at least a weekly basis, taking into account
changing conditions, emergency requirements, etc.

The production and delivery of this welded rail requires
several resources, as mentioned above: weld plant capacity,
rail inventory, rail trains, and unload and pickup units
(referred to collectively as power units). Each track
construction project is assigned to a specific weld plant,
which will supply all the welded rail required for that
project. Raw material for the welded rail, specific rail
trains, and specific power units are also all dedicated to a
particular weld plant. This allows the production and
delivery of rail from a single weld plant to be scheduled
independently of any other plants, although resources
and/or requirements may be manually shifted from one
weld plant to another to remedy resource imbalances.
UPRR currently has two weld plants, although it may also
lease additional plants as necessary. Also, a certain amount
of weld plant overtime can be scheduled to meet welded
rail requirements. The rail raw material is welded into Y
mile strings and fed directly on to a rail train at the weld
plant. The rail must be welded and loaded in the reverse
order that it is to be delivered and unloaded.

Track construction projects may have requirements for
more than one type and/or weight of rail. For example,
standard rail material is used on straight stretches of track,
while head hardened rail is used for curves. The head
hardened rail is much more expensive and has a purchasing
lead time that is twice as long as that of standard rail. The
quantities of welded rail required vary widely both by
project and, within a project, by rail type and weight. Rail
for one project may fill several rail trains, while in other
cases the requirements for several projects will all fit on to
a single train. Rail train capacity varies from train to train.
Currently, trains have anywhere from 40 to 54 pockets,
where each pocket holds a single string. Power units travel
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only on rail trains, so the required equipment must be
available at the weld plant before a loaded train can leave.

In the manual scheduling process, the rail scheduling
expert groups rail requirements into train loads, based on
both geographical and temporal proximity of the projects.
He orders the weld requirements in each load and
determines when each load is to be welded. He schedules
plant overtime as necessary to meet the project
requirements. He also considers rail material availability in
producing the schedule. He does not schedule the rail trains
or power units beyond specifying the train to be used for
the next load to be welded.

A good rail train schedule is defined by a set of
prioritized goals (ordered from highest to lowest priority):
e  Deliver all welded rail requirements on time.

e  Maintain uninterrupted weld line operation/ minimize

overtime.

e Minimize the total number of miles traveled to deliver
the rail.

e  Pickup up rail in the field and bring it to the weld
plant.

e  Free up excess trains/power units for leasing.

In general, the goal of minimizing distance is achieved
by minimizing the number of loads required. Thus the
scheduling expert strives to create full loads. He analyzes
the geography of rail requirements and groups
requirements into loads such that the projects to which the
rail is to be delivered are close together or lie along a
single path from the rail plant.

UPRR would like to reduce the costs associated with
providing rail to the construction projects by minimizing
the resources required to support a schedule. In other
words, they would like to reduce the amount of rail
inventory on hand at any given time, to have no more weld
plants (or weld plant shifts) in operation than are necessary
to support current rail needs, to have an adequate, but not
excessive, supply of rail handling equipment that is used
efficiently, and to maximize the amount of used rail that is
picked up and returned to the weld plants for reuse.
However, determining the correct mix of resources
required to produce a good, low cost schedule is a difficult
problem, as will be discussed in the next section.

The Operational Problem

Resources - weld plant capacity, rail inventory, trains, and
power equipment - interact in complex ways which affect
the quality and cost of the schedules that can be produced.
This section discusses the important tradeoffs and
interactions of the rail train scheduling process.

Typically what happens when resources are not
reasonably balanced is that it becomes difficult to group



requirements into full loads. Once there are small loads, the
scheduie requires more raii trains to deliver the rail. When

maore traing ara reanired maore nowe
more wrains are requireg, more powe

well. If it turns out that there are not enough trains in the
system to support the schedule, then the weld line must be
shut down to wait for a train to return to the weld plant to

alternati ng with ovemm to minimize late deliveries In
this type of cycle late deliveries are likely to occur.
Moreover, when there is a shortage of rail trains, pickups
of rail in the field for delivery to the weid plants can not be

scheduled without intensifying the problem. Figure 1
illustrates this high cost situation, with the solid arrows

indicating possible consequences.
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inventory is tightly constrained, it won't support rail being
welded early. If the weld plant runs out of one type of rail,
requlrements for other types must be welded early to avoid
e equirements for
t is out of stock and other rail that is
available are then hkely to have those requirements
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delivered on separate trains, rather than grouped on a
singie ioad.

Another get gf circumstances leadine to small lsads
aaivuIva OWl Ul viivulilowaliveo l\«aulllé LU oliialil 1vdud
involves weld plant capacity. When a weld plant is running

at close to total capacity (including all available overtime
hours), there is not much flexibility available to schedule
requirements early to maximize full loads. This is because
the highest priority is put on timely delivery. A
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to a project late. If capacity is constrained the schedule
may require a larger number of smaller loads, which is a
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great enough, this situation can result in an actual shortage

of rail trains, with the consequences described above.
Clearly the best way to minimize costs is not to remove

all constraints on resources. Rather, these constraints need
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delicate process. If all of the costs, benefits, and
interactions between resources involved in the production
and delivery of rail could be analyzed and explicitly
modeled and known at the time a schedule was produced,
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the aDDronrlate balance of resources to produce an
optimum schedule. However, no such comprehensive,
explicit model exists.

In fact, there are a n
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quantify. One of
Delivering rail late to a pr OjeCt
construction schedules, which certamly is a cost to the
railroad as a whole. There is no model for this cost of late
deliveries, but the scheduling expert (and the RTS
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tempts to avoid late deliveries if at all
incurring other costs (increased travel and/or overtime) if
necessary to avoid them.

Another factor affecting the cost of a schedule is the
value of picking up used rail in the field and returnmg it to
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pickups is presumably better. This benefit has not been
quantified.
because tnere is no expucit cost model for either



the relative costs of various schedules, the only way to
effectively assess the consequences of different mixes of
resources is to produce schedules based on different
combinations of resources, evaluating how fully the
available resources are used and how well the resulting
schedules meet the prioritized schedule goals. However,
the manual process of scheduling the rail is very time
consuming and includes neither the scheduling of rail
trains and power equipment nor the pickup of rail in the
field. Clearly, a fast, accurate and consistent method for the
complete scheduling of all resources is highly desirable.

The Operational Solution

The development of the Rail Train Scheduler was
motivated by a desire to have a method for quickly and
consistently producing both real production schedules that
make good use of all available resources and hypothetical
schedules that show the exact effects of adding or taking
away resources. The Rail Train Scheduler (RTS) automates
the full scheduling of rail production and delivery,
including the scheduling of rail trains and power
equipment. It also has features that allow the user to
modify the availability of resources and immediately view
the resulting schedule and its resource utilization.

RTS has a fully developed “what if” capability. Both
resources and requirements can be modified, added,
deleted, or assigned to a different weld plant. Figure 2
shows the window provided for definition of new trains
and modification of parameters of previously defined
trains. Rail inventory quantities can be changed. Open
purchase orders can be modified, created, or deleted.
Usage of weld plants, rail trains, and power equipment can
be restricted to specified periods of time (Figure 3 shows
the window provided to do this).

Figure 2
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In addition, parameter settings which control the relative
priorities of the goals of the scheduler can also be changed
by the user. For example, it may be decided that even if
overtime is not required to meet delivery dates, it may
sometimes be desirable to add overtime and weld early in
order to create full loads. The relative priorities of
maximizing full loads and avoiding unnecessary overtime
can be adjusted in RTS by changing the value of a
parameter that specifies that a requirement can be welded
N number of days early to create a full load, even if this
results in overtime being required to meet the delivery
dates of one or more subsequent loads.

Once RTS has produced a schedule, the user can see the
resources it uses. The user can examine a running
inventory of each type of rail for each weld plant, the
overtime schedule for each plant, and rail train utilization
(Figure 4).

In designing and developing RTS, there was no
technical problem involved in providing the user with these
capabilities. However, developing an appropriate algorithm
for producing good schedules was a significant technical
challenge. This technical problem is described in the next
section.
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Figuré 4

The Technical Problem

The scheduling problem central to the RTS application is a

complex problem that contains elements of two known NP-

Complete problems, the "Traveling Salesman Problem"

and the "Bin Packing Problem". The scheduling problem

displays many of the characteristic features of any NP-

Complete optimization problem:

1. There is no specific procedure to follow to create the
least cost schedule.

2. The number of possible schedules increases
exponentially with the number of variables involved in
schedule generation. The variables involved include
different combinations of the following:

e  What type and quantity of rail, for which
project(s), to include in each load.

How to order the rail projects within each load
What order to schedule the loads in.

Which train and power unit(s) to assign to each
load

e How much overtime to schedule for each weld
plant and when to schedule it.

e If and when to assign pickup(s) of rail for the
weld plant to a load and how much of which rail
to pick up.

3. There are no criteria for recognizing the best schedule
in isolation from all other possible schedules.

Because of the exponential increase in the number of
possible schedules as the number of variables to be taken
into account increases, it's not possible to generate and
evaluate all possible schedules. There is no feasible way to
consistently generate and recognize the "best" schedule.
One has to settle for a very good schedule. Moreover,
unlike the classic NP-complete problem, there is no

explicit cost model available to determine the cost of a
schedule. This makes comparing the relative quality of
various schedules a complex and subjective process,
involving an assessment of how well the prioritized goals
are met and how fully and efficiently resources are utilized.

Alternative Approaches to Selving the
Technical Problem

A number of different techniques have been developed in
operations research and artificial intelligence to find good
(although not optimal) solutions to NP-Complete type
problems in a reasonable amount of time. Among these
are:
e  Operations Research modeling
e  Genetic Algorithms
e Artificial Intelligence heuristic techniques

General purpose

Domain specific

Operations Research Modeling

The operations research approach models very specific
types of problems. A typical approach is to use a linear
programming model. Each model consists of a set of
linear equations based on the constraints, costs, and
benefits of that particular type of problem. A transshipment
model was initially considered to be a candidate for use in
developing RTS. However, further analysis showed two
fundamental problems. First, while many of the
characteristics of the rail train scheduling problem fit the
model, there were additional constraints and characteristics
that couldn't be accounted for by this approach. Second,
the key to the operations research approach is to develop a
complete set of equations modeling all of the relevant cost
factors to derive the least cost schedule. Since many of the
actual costs and benefits are not readily available or
quantifiable and some cannot be known until after the fact,
this approach proved to be unworkable.

Genetic Algorithms

One AT approach that was considered briefly for RTS was
the use of genetic algorithms. This technique is based on
genetics and natural selection as they occur in the physical
world. A large population of potential solutions is initially
created randomly. Then a fitness function is applied to
each member of the population to select a subset of the
best solutions to be used to create the next generation of
potential solutions. Eventually, over many generations, one
or more very good solutions will evolve. This technique
has produced good results with the Traveling Salesman
Problem. However, the success of its application is
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dependent upon two conditions. First, candidate solutions
need to be represented concisely as vectors of symbols or
numbers. Second, there must be an accurate and efficient
fitness function to determine the relative goodness of

Artificial Intelligence Heuristic Techniques

A number of Al heuristic search techniques have been

possible solutions a good one. There are two basic
annroaches:
approaches:

e  Techniques that will frequently, but not always, find
the best solution quickly

e  Techniques that always find a good solution in a
reasonabl amount of time

the search space.
One of the most effective general purpose techniques,
that combines eiements of both basic approaches, is the A*
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good cost functlon.
On the other hand, another general purpose technique,
constraint satisfaction, was found to be very useful in
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lmplementlng RTS. With this tecnnlque 1arge numbers of

notential solutions are either reiected or never generated
potential UUons are C1ner re¢jeciea or never gencraiea

because they fail to satisfy one or more of the constraints
of the problem. RTS also makes heavy use of domain
specific heuristics to find good schedules. The next section
describes how this was done.

The Technical Solution

As indicated above, the approach taken in implementing
RTS combines both constraint satisfaction and domain
specific heuristics. In general, the overall approach can be
described as follows:
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e Break the scheduling process into independent
components that can be performed sequentially.

e Within these components, use domain specific
heur1st1cs in mucn the same way as the domain expert

f ltemative schedules

RTS is designed to satisfy a number of constraints in
producing a schedule. First, the scheduler must scheduie ail
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delivered to another project or to a different weld plant.
Second, it must satisfy constraints relating to the
availability of resources. In order for a welded rail
requrrement to be scheduled, there must be sufficient

cmmdmie s 4l n cimani LA dcrimn miad wxral LU T ARS T i) SRR T
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weldino is projected to begin. There must also be suff ic-ent

scheduled. Trains and power units can be a551gned to loads
only if they are available, based on estimates of the time
required to load and unioad rail and to travel. The
procedures for generating the schedule are designed to
avoid producing a schedule that violates these constraints.
Within the constraints described above, the scheduler
uses domain-specific heuristics to produce a schedule that
maximizes timely delivery of requirements, while
promoting level scheduling of hours at the weld plants. It
also attempts to minimize the number of trains which are
used to deliver rail and to minimize the total distance
traveled by these trains. Most of the steps involved in
producing a schedule are to some degree interdependent:
rail availability depends on the order in which rail
requirements are welded and the weld plant schedule; the
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on rail inventory, plant capacity, and train assignment;
train assignment depends weld plant schedule and the
composition of the loads; etc. However, it was determined
that the process could be broken into several mdependent
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1. Check for 1nventory and plant capacity shortfalls and
generate a tentative weld plant schedule - that is, hours
per week that the welding line will operate.

2. Create a geographic network of the weld plant and aii

rail dehi vpr\/ an] nu\l'nr\ |nr-af|nnc
rain QCiver G PIiCK oCatllns.

3. Construct rail del1very train loads based on geographic
and temporal proximity.

4. Order the loads and assign weld completion dates, rail
trains, and power units.
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It is beyond the scope of this paper to describe fully the
heuristics employed The remainder of this section

loads in ¢

Itisn the weld plant capacity and
rail inventory constralnts coleetelV independent of the
other aspects of the scheduling. However, it is possible

deal with these constraints in three distinct steps Before
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welded soon enough for on time delivery due to mventory
shortfalls. If so, these requirements are assigned an earliest
weld date, based on inventory availability, that is used in



both the scheduling of overtime and the construction of
loads. RTS then calculates the total number of welding
hours necessary to produce the required rail for the project
year, and produces an overtime schedule for the weld
plant. The goal is to schedule overtime so that all rail can
be welded and delivered on time, while running the weld
plant at least 40 hours each week. The algorithm adds any
required overtime as needed to meet delivery requirements.
Then, during load construction, whenever adding a
requirement to a load will necessitate the requirement
being welded early, inventory and plant capacity are
checked first. This means checking to see if scheduling the
requirement early will prevent another requirement from
being welded on time or will cause an inventory shortfall
for a requirement with an earlier due date. If the
requirement can be scheduled early without violating
inventory and plant capacity constraints, the requirement is
added and the weld plant schedule is adjusted accordingly.
A similar process is invoked when weld completion dates
are assigned.

In order to minimize distance traveled, the geography of
scheduled rail projects is represented in such a way that
requirements for nearby projects will be grouped together
and deliveries to a number of projects along a single path
can be made by the same train. Rail projects can occur at
any point in the UPRR track network. Each project
location is likely to have several different routes between
it, the assigned weld plant, and the other project locations
(hence the Traveling Salesman element of the problem).
The heuristic applied to consistently achieve short routes
between these locations involves simplifying this network
to a single path between each project location and the weld
plant. This is achieved by constructing a geographic
network of rail delivery and pickup sites for each weld
plant. The weld plant is the center of the network, with the
shortest distance paths to the other locations radiating out
from there (see figure 5). While this representation is not
guaranteed to produce the absolute minimal distance
schedule, it will consistently produce short routes for each
train load without having to consider alternative routings.

Geographic Representation

Project A

Project B ProjectN

Project D

Project | ProjectM
ProjectE

Project O

Project H
ProjectG ~ ProjectJ

Project L

Project F Project P

Figure 5

Loads are constructed by traversing this geographic
network, moving from the outermost points in towards the
weld plant. Requirements are grouped into loads if they lie
on the same path and have onsite dates (or earliest weld
dates, in the case of inventory shortfalls) that lie within a
user defined timeframe. Partial loads are combined at forks
in the tree, if all the requirements are needed within the
same timeframe. The order of the requirements within each
load is defined by the order of the requirements on the
path, insuring the shortest travel distance. The heuristic to
minimize distance also involves minimizing the total
number of loads required, by combining requirements into
full loads whenever possible. At the same time, the
heuristics are implemented in such a way that several other
constraints are met. These include the constraints to not
exceed available rail inventory and plant capacity, the time
proximity constraint, and the constraint that a single train
will not deliver to projects in “different” directions from
the weld plant.

RTS must handle rail trains of different capacities.
Because the loads in a schedule are constructed prior to
and independent of the assignment of actual trains, there is
a question as to when a load is complete, with no room left
for any additional rail. The heuristic for handling this
involves determining the most common (modal) capacity
of all the trains assigned to a weld plant. This capacity is
then used globally as the upper limit for the size of most
loads. It is exceeded only when increasing the load size to
the capacity of a larger available train would eliminate the
necessity for assigning part of a requirement to an
additional load. Since the loads are constructed prior to
train assignment, availability of large capacity trains is
handled by setting aside reserved times on these trains for
large capacity loads as the loads are constructed.

DEPLOYED APPLICATIONS 909



Application Development and Test

RTS was designed and implemented in ART*Enterprise®,
interfaced with Oracle. It runs as a single user application
under Windows, on a personal computer. This machine is
connected across a LAN to a UNIX server
ART*Enterprise was selected because it is a powerful tool
that includes, in a single, easy to use development
platform, all of the capabilities required to implement the
project. Among these are a screen painter and graphics tool
kit for implementing sophisticated user interfaces, an
interface to Oracle and other common databases, and the
capability to integrate an object oriented approach with
both rules and procedural code. All of this functionality
was crucial to the implementation of RTS. Moreover,
UPRR had satisfactory experience with the ART® family
of products on other Al projects. Oracle was already in
place as the UPRR standard for accessing the data required
by RTS.

RTS was developed over a single calendar year and
required about 3.0 man-years of effort. The completed
application was tested by automatically generating
schedules, based actual rail requirements, for a number of
alternative scenarios that included varying the amount and
availability of resources, such as rail trains and power
units. The computer generated weld plant schedules were
compared to manual schedules created by the scheduling
expert. It was verified that the schedules produced were
substantially the same. Where the schedules differed, the
variance was most often due to either the limited
availability of resources not scheduled in the manual
process or the lack of accurate geographical data for
certain rail requirements in RTS. The RTS generated
scheduling of the rest of the resources could not be directly
compared with manual output, since these resources are
not scheduled as part of the manual process. However, the
output was inspected by the expert for accuracy and
reasonableness in meeting the prioritized goals of the
scheduling process. The resource utilization displays were
inspected by the developers and the expert and were
verified to accurately reflect the actual resource utilization
of the associated schedules. RTS passed user acceptance
tests to the satisfaction of both the expert and his
management organization and was deployed in January,
1996.

run
a UNIX server, running Oracle.

Application Use and Payoff

The scheduling of weld plants and rail trains at Union
Pacific is the responsibility of a single domain expert who
is the only initial user of the RTS application. The system
is intended to be run on a daily basis, in order to
automatically update weekly schedules based on actual
requirements and available resources, and to incorporate
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emergency requirements into the schedule, both with little
user intervention. RTS is also intended to be used as a
decision support tool to aid in intelligently planning the
acquisition of resources such as rail, trains, and power
units, and assessing the need for a second shift at the weld
plants. Both the amount and timing of resource acquisition
can be estimated with the software. The rail train
operations involve hundreds of trips per year by rail trains
carrying hundreds of miles of rail. Anticipated benefits of
$518,000 per year will be realized from timely response to
emergency rail requirements, from being able to
intelligently reduce the amount of resources needed to
support the rail construction projects, and from scheduling
resources only as necessary to support good schedules.

There will also be a number of lntanglble benefits:
preserving the expertise of the single UPRR rail scheduler
and significantly shortening the time to produce schedules.

The initial usage of RTS proved to be a sufficient test
for UPRR to validate the schedules that are automatically
generated and to verify that the intended usage and the
benefits expected to be derived from full use of the system
are reasonable. It demonstrated that RTS will automatically
produce good schedules, requiring little or no modification,
in minutes. After some operational experience with the
deployed system, however, it also became apparent that
certain enhancements to the software would be required
before there would be regular use of the system and
achievement of significant benefits.

The poor quality of the rail requirement data that serves
as input to RTS formed a significant barrier to regular use
of the system. Cleaning up this data before running the
scheduler was a very manual and time consuming process
that had to be repeated each time new rail requirements
were downloaded from the mainframe. Operational
changes that will improve data integrity and timeliness
may take several years to effect. Consequently, it became
apparent that the requirements editing process needed to be
automated as much as possible. Initial experience with
RTS also served to emphasize the desirability of two other
enhancements: an expanded capability to define the initial
conditions of the scheduling process and the ability to
arbitrarily define the timeframe of the schedule to be
generated.

Application Enhancements and Maintenance

The enhancements identified during the initial deployment
of RTS have been designed and developed during the past
year. The most significant of these has been the
requirements editor. The rail requirements are maintained
in a mainframe system that is not integrated with RTS.
Changes to requirements in RTS are not reflected in
changes to the mainframe requirements. Moreover, due to



operational restrictions, the rail scheduling expert is not
allowed to change the data in the mainframe to correspond
to the corrections he makes in RTS. Consequently, in the
initial release of RTS whenever the latest requirements
were downloaded all previous edits were lost.

RTS was designed to be run from the most recently
downloaded requirements. The user could also edit the
schedule produced by a previous run, and then run the
scheduler from requirements derived from the edited
schedule. However, there was no capability to edit the
requirements directly, prior to running the scheduler. To
make corrections to the downloaded requirements, the user
would run RTS with the unedited requirements, edit the
resulting schedule, and then rerun the scheduler using
requirements based on the edited schedule. This was a
very time consuming process, especially since
requirements are downloaded nightly.

The enhanced system has separate editors for
requirements and schedules. There is also a reconciliation
process to merge the edited requirements with downloads
from the mainframe, including a small knowledge base to
determine:

e whether there is a corresponding requirement in the
download for each of the edited requirements,

e  which value should be used if there is a disagreement
between downloaded and edited values,

e when the user should be queried to make the final
decision.

Edited requirements now contain additional information
that is used by the knowledge base and the user to make
data integration decisions. This information includes the
source and modification status of the requirement, i.e.,
whether it came from the mainframe or was added by the
user, and whether it was modified from the mainframe
value. It also includes the last two downloaded values for
each of the editable fields.

The knowledge base for reconciling the data is
composed of a number of rules. Some of these rules are
general, such as:

If an edited requirement has status modified and a
corresponding mainframe requirement is found and the
mainframe requirement has changed from its previous
value and the edited requirement now matches the
mainframe requirement,

Then set the status of the edited requirement to unchanged.

If an edited requirement has status modified and a
corresponding mainframe requirement is found and the
mainframe requirement has changed from its previous
value and the edited requirement does not match the
current mainframe requirement,

Then ask the user whether to use the edited value and
leave the status as modified, or use the mainframe value
and set the status to unchanged.

Other rules are application specific, such as:

If an edited requirement does not have status added and
the corresponding mainframe requirement was removed
because it was completed and the delivered rail was equal
to or greater than the total amount of  the edited
requirement,

Then change the status of the edited requirement to
deleted.

If an edited requirement has status modified or unchanged
and the corresponding mainframe requirement was
removed because it was completed and the delivered rail
was less than the total amount of the edited requirement,
Then ask the user whether to change the status of the
edited requirement to deleted or added.

The initial enhancements to RTS have been developed
by Brightware, Inc., with support from Union Pacific staff.
The enhanced system was deployed in March of 1997, just
as this paper went to press. At this point, the UP staff is
assuming responsibility for the maintenance and any
further enhancements to RTS.

Conclusion

This  project encompasses many complex and
interdependent tasks. Decomposition of the overall task
into more manageable subtasks led to the development of
an inventive solution. This solution incorporates heuristics
derived from the expertise of the UP rail scheduler.
Because of this, RTS produces weld plant schedules which
are substantially the same as those produced by the expert.
A benefit of this approach is that the schedules can be quite
easily understood by their users. Another benefit is that the
schedules produced are not nearly as sensitive to minor
changes in input as is sometimes the case with a more
traditional search-space approach.

RTS will become a valuable tool with the modifications
now being deployed, but numerous opportunities still
remain. Since daily use of the system is expected,
performance will need to be assessed and tuned. In
addition to a general performance tuning of the code, it is
anticipated that performance can be improved via a
hardware upgrade, a consolidation of database accesses, or
an elective reduction of the scheduling timeframe.

RTS was not designed to address one major problem
related to rail construction projects - the cascading of used
rail from one project to another. Used mainline rail is often
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quite adequate for re-use as rail on less traveled routes or
sidings. Presently, both the decision to convey rail from
one project to another and the selection of which projects
would best provide rail to which other projects rest outside
of RTS. Incorporating the functionality to make these
decisions into RTS could result in even better use of
resources and further cost reductions.
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