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Summary:

This paper describes the implementation of the Service Planning Model family
of tools at CSX Transportation, a major U.S. rail carrier. In order to successfully im-
plement this simulation model, it was necessary to build a programmatic interface to
collect required input data. An enhanced car cycle file called "QBase" was developed
as a part of this effort. The paper describes how QBase is used in the context of the
overall Service Planning process at CSXT; and describes a specialized data-driven
QBase application which identifies bypass blocking opportunities.



Cr Cycle alysis and Network Modeling at

CSX Tr . nsportation: Using the "QBASE" File

Edwin R. Kraft, Director, Operations Research, CSXT

Introduction

CSX Transportation and predecessor
roads have a long history of building and
utilizing Operations Research tools. As a
member of rail industry user group commit-
tees, CSXT co-sponsored the development
of the Automated Blocking Model (ABM)1 ,
Train Scheduling System (TSS)2 and Serv-
ice Planning Model (SPM)3. These soft-
ware packages are maintained by ALK As-
sociates, Princeton, NJ. CSX has also li-
censed ALK's proprietary graphics system,
the Princeton Transportation Network
Model (PTNM)4 .

In September 1989, the CSX Trans-
portation Operations Research (OR) group
was formed. Our group's primary focus has
been the implemention of these existing
programs, so we have not undertaken a
great deal of new model development. We
have, however, undertaken substantial data
feeder system development to provide
inputs for the models, linking them with
internal CSX systems.

Along the way, we acquired a consid-
erable capability in the analysis of historical
car movement data. This paper will focus

on those data-driven applications
which were primarily designed and
implemented by the author. At the
same time, the foundation will be laid
for future publications, describing
other applications developed within
the CSX Operations Research group.

Initial Efforts at Network
Modeling at CSXT

Prior to the formation of the OR
group, the implementation of a version
of the ABM and TSS had been carried
on by a single individual and applied
successfully on a number of projects.
Using these inherited ABM and TSS
databases, we attempted to manually
build an SPM base case for CSXT's
19,000 route mile rail networks. But,
with new traffic data, many flows
were stranded at intermediate points,
needing additional blocks or trains to
move all the way from origin to desti-
nation. An inordinate amount of man-
ual effort would have been required to
obtain and enter all the missing data,
and that would only have supported a
one-time use of the model.



We concluded that the sheer

volume and complexity of model

input required an automated data feed

process be built, linking the Service

Planning Model with CSX's produc-

tion data systems. This was the gene-

sis of the "QBase" file6 at CSXT.

What is the "QBase" File?

In the "QBase" file, individual

car movement reports are linked

together to form trips or "cycles".

QBase contains movement detail for

all rail equipment moving on CSXT.

It is created by merging several data

sources together to collect all the in-

formation we need. The context dia-

INCS

UMLER

gram for this process is shown in Figure 1.

The QBase process starts by extract-
ing both loaded and empty car movement
detail from the "EQSHIP" car cycle file.

• Then, revenue, variable cost, contri-
bution and line of business codes are added
onto each loaded record from "DSIS".

• Special car-related data such as
length, tare weight and axle count are added
by matching to the "UMLER" file.

• We "geocode" the file to convert city/
state and milepost notation into PTNM and
ABM network node numbers.

Figure 1- QBASE File Context Diagram
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o Load/empty, empty/load and

empty/empty association keys are added

from "INCS". Using these keys, empty

and loaded car cycle records are linked

so that round-trip cycle time analysis can

be performed. Associated load informa-

tion, such as line of business code, is

carried forward (or backwards) onto each

empty record.

• Intermediate Yard Switching

Codes (IYSC) and Train Block Codes are

added from the Class Tracking and Train

Profile data bases. In the future, this

information will be captured directly

from car scheduling trip plans.

o A "Handling Code" is calculated,

using a combination of train ID and

block coding information to summarize

the type of handling each car received

at each location. Two different kinds

of handling codes are defmed: Alpha-

betic codes, when special, customer or

interchange activity occurs; and nu-

merical codes, when only standard

yard handling occurs. These codes are

shown in Figure 2.

• As shown in Figure 3, the last

step is final reformatting of the QBase

file. While the original source data is

in hierarchical header/trailer format,

the QBase record is "flattened out" so
that all information for the trip is con-

tained on a single data record. Up to
15 handlings can be stored on each

QBase record. In this format, the in-

formation is generally much easier to

use.
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How QBase is Used

We have found the vast majority

of Service Design's information needs

to be straightforward data requests.

Users ask for traffic volume and car

handling counts, trip and yard time

distributions, flow density maps, and
car mile calculations. These needs,
which do not require sophisticated
modeling or "what if' capability, are
satisfied through a retrieval and re-
porting system using the QBase file.

Figure 4 shows the relationship be-
tween QBase and the ABM, TSS and SPM
models. QBase serves as the foundation for
the entire modeling pyramid, providing all
input data to drive the higher elements of the
modeling process. Nearly all service rede-
sign projects begin by using QBase inquiries
to gain basic knowledge of traffic flows and
current handling patterns. The vast majority
of service redesign projects are handled at
this lowest level of the pyramid, never re-
quiring analysis at a higher level.



Figure 4- Relationship of QBase to Modeling Tools

Service Redesign
Transactions

As shown in Figure 4, the cost per
QBase transaction is low, and many al-
ternatives can be quickly explored utiliz-
ing the PTNM flow mapping capability.
QBase allows a user to "bootstrap" from
a level of zero knowledge into a fairly
complete understanding of traffic flows
and routing options.

A moderate number of alternatives
might survive into the partial specifica-
tion stage, where they are evaluated by
ABM at a moderate cost per transaction.

Increasing Sophistication,
Cost & Complexity

Decreasing Number
of Transactions

Only a few alternatives are
likely to survive as fully specified op-
erating plans, where they can be
evaluated by SPM at a relatively high

cost per transaction. As a service
redesign project moves forward, in-

creasing detail becomes available, but
operating alternatives are also weeded
out, so that only one or two prospec-
tive operating plans are likely to sur-
vive to the fully specified level.



As shown in Figure 5, the ex-

tensive data requirements of the

higher-level models effectively prevent

their use during the initial, formative

stages of a project —for the simple

reason that the operating plan is sim-

ply not yet known, or not yet specified

to the level of detail required by higher

level models.

Typical service design projects

move through three distinct analytical

stages:

era . ln
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Decomposition

In the early stages, the analyst tries
to understand what traffic volumes are to
be handled, service levels currently pro-
vided, and what trains and blocks are
currently moved. This stage is a discov-
ery process: removing one layer of ag-
gregation at a time, until the transporta-
tion requirements are fully understood at
their lowest component level. QBase is
the tool most appropriate for this phase.



Reaggregation SPM Model Interface

The next task is a goal-driven re-

aggregation of flows into new blocks

and trains. The objective might be ex-

pressed as cost minimization subject to

meeting preestablished service con-

straints. The ABM and TSS are the

tools most appropriate for this phase,

and QBase PTNM flow density map-

ping"' can also be used.

• Evaluation

The last step is a systematic

evaluation of the final proposed operat-

ing plan, to make sure that all service

and cost objectives have actually been

met. This optional step may not always

have been performed adequately in the

past. Our objective is that evaluation

(and, after implementation, post-audit)

should be performed as standard proce-

dure in the future. The SPM is the tool

most appropriate for this phase.

When used together, these tools

become a fully integrated decision sup-

port system, addressing differing user

needs during all stages of a Service
Design project.

The SPM Model Interface
builds all the input files required by

the ABM, TSS and SPM from a QBase

input file. In addition, since all rail-

road network models share common

data requirements, the interface can
easily be adapted to any other railway
network model'. Our modeling tech-
niques are now much more "reality
based". The features of this interface
are detailed in Figure 6 on the next
page.

Direct QBase Applications

A variety of standardized, pre-
packaged QBase reports can be exe-
cuted at any time. Users can easily
customize these programs to their
own applications, or write entirely
new reports. Prepackaged PTNM
graphics applications can be executed
from a simple menu system. Output
goes directly to a graphics printer. No
knowledge of programming is re-
quired to utilize this system. It is just
as easy to produce a graph as it is to
make a printed report.
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A standardized data selection pro-

gram, the "Generic Retriever", is typi-

cally used as a front-end to all applica-

tions. The sole purpose of this program

is to retrieve and manipulate QBASE rec-

ords. The output of the generic retriever

is always another, subsetted, QBASE

file.

The generic retriever extracts rec-

ords based on a wide variety of car and

trip-related header fields, but the real

power of the retriever is in matching

detailed car movement information.

Geographical selection identifies records

having up to three nodes in common.

The nodes must occur in order, but do not

necessarily have to be the origin, destina-

tion or adjacent to one another. Records

can be extracted based on intermediate

yards, corridors, train ID's and arrival/

departure times.

Using the retriever, users can

select records from:

Any set of origin nodes,

across a single intermediate

"pivot" node,

to any set of destination nodes.

or, any combination of the above.

Surgical functions allow users to

modify or remove unwanted information

from within a QBASE record. The most

common surgical function is elimination

of movement cells based on handling

code. This is accomplished by sliding the

rest of the QBASE record one position to

the left, overwriting the previous contents

of the field. The primary use of this

feature is to eliminate undesired
intermediate points, such as locations

where a car was not handled, from the

QBASE record.

The second most common surgical
application is the clipping function. This
function removes the first or last part of

the record. Portions of trips that are prior

to the desired "origin yard" or subsequent

to the "destination yard" are clipped off.
This has the effect of changing the origin

and destination of the trip. The primary
use of this feature is to perform "corri-
dor" or yard-to-yard flow analysis. To
demonstrate the clipping feature, a typi-
cal QBase-generated PTNM flow density
map is shown in Figure 7.



Figure 7- Clipped Waycross to Nashville Traffic

7 — Waycross to Nashville Traffic (591 ml)

Data Source: QBASE Feb 1992

Total Car Wiles: 151540 I Cars: 2571

I
t

The Blocking Opportunities

Process

Most QBase reports are inquiry

based, waiting for the user to initiate a

transaction. As useful as this can be, we

also wanted the QBase system to bring

significant opportunities to a user's atten-

tion without having to be inquired
against.

The Blocking Opportunities proc-
ess is an exhaustive search through the
entire QBase file, looking for opportuni-
ties to build new blocks, bypassing car-
hours and handlings in intermediate
yards, subject to maintaining a minimum
block volume threshold.

• Build Blocking Combinations

First, the program identifies all
locations where cars are currently
handled, and builds all possible combi-
nations of handling locations for every
car. For example, a car which actually
moved as follows:

Cincinnati, OH -> Louisville, KY
-> Nashville, TN -> Waycross, GA

would generate the following six
potential blocking combinations:

Cincinnati, OH ->
Cincinnati, OH ->

Cincinnati, OH ->
Louisville, KY ->
Louisville, KY ->
Nashville, TN ->

Louisville, KY
Nashville, TN
Waycross, GA
Nashville, TN
Waycross, GA
Waycross, GA



These combinations are built for

every car in the file, and then the results

are summed up across the whole file by
from-to pair. Combinations are only
built for locations where the car was
classified or block-swapped, according to

the handling code, and where the car

also spent a minimum of 10 hours.

Identify Initial Opportunities

An initial listing of opportunities is

extracted from the combinations file

based on the following criteria:

The proposed block must attain a

minimum volume of 15 cars/day

At least 24 car hours per day inter-

mediate yard time must be saved by

making the proposed block. If a block is

being made some, but not all the time,

consolidating the remaining cars onto

this existing block will still be identified

as an opportunity.

The block must "fit" reasonably

with the current train operating plan.
Any blocks which require more than two
trains to move to destination are dis-
carded.

Trial Masking Process

In the Trial Masking phase, a
"What If" analysis is performed. This

step eliminates double-counted handlings

and block volumes. This is accomplished

by employing two conflict resolution

rules when more than one blocking op-
portunity might apply:

1. The first yard to receive the car
classifies it.

2. Make the longest block possible.

This process, also called "Block
Simulation," projects how cars would
actually move if all the proposed new
blocks were built at the same time. Two
examples of how the process works are
shown in Figure 8 on the next page.

On each QBase record, the generic
retriever labels or "masks" any handlings
to be bypassed by overlaying a pound
sign "#" into the handling code field.



Identify Final Opportunities

Based on the results of the Trial

Mask, a "final cut" is made on candidate

opportunities. After eliminating double-

counts, this step verifies that all simu-

lated block volumes still meet the re-
quired minimum thresholds. A two-step
threshold is used:

Blocks having 25 cars or more are
permitted one blockswap to reach desti-
nation.

Blocks having 15-25 cars are
retained only if they can move from
origin to destination on an existing train,

without requiring a blockswap.

Blocking opportunities having less

than 15 cars per day are discarded.



Final Masking Process

In this stage, the surviving oppor-
tunities are simulated once again to
estimate block volumes and time savings
for the final reports. The results of this
step can be input into the SPM interface
for precise operational, cost savings and
service reliability impact evaluations.

A sample handling pattern report,
automatically generated by the Blocking

Opportunities system for the Chicago to

Detroit block is shown in Figure 9.

While most cars moved without
intermediate handling, 70 cars from

R326 were delayed in Grand Rapids, MI,

averaging in excess of 26 hours. They

then moved to Detroit on R326 the

following day.

An additional 11 cars arrived from

Chicago on R336 connecting to R326,

averaging 16 hours delay.

The handling pattern report is

designed to give sufficient detail to both

diagnose and correct service reliability

problems. QBase inquiry-based reports

can provide additional detail, right down

to specific car initials, numbers and

movement dates, if necessary.



Implementation Experience

As of May, 1992, the QBase file is

transitioning from the proof of concept

stage into a widely used corporate data-

base. With direct support from Opera-

tions Research, QBase has thus far been

utilized on two major projects: a mer-

chandise reroute, leading to the closing

of a merchandise hump yard; and in on-

going plant rationalization studies includ-

ing capacity sharing opportunities with

other rail carriers. In addition, it has been

utilized on a wide variety of smaller, ad-

hoc projects.

Currently, only a few "power

users" outside the Operations Research

group are able to utilize the QBase file.

During July 1992, we hope to offer train-

ing classes for a broad base of users in

Service Design, Marketing, Cost & Eco-

nomic Analysis and Cost & Budgets.

The Service Planning Model inter-

face runs on a production basis each

month to create a new model base case.

Recent SPM projects have included an

evaluation of the impact of proposed

network train consolidations on operating

costs, transit time and reliability. As of
this writing, this SPM study is still ongo-
ing.

An initial run of the Blocking Op-
portunities process has identified a poten-
tial car-hour savings equivalent to more
than 3,000 freight cars. Even if only a

small fraction of this potential can be

realized, the savings to CSXT will still

be substantial.

Most opportunities fall into the

"better discipline" category (to more

effectively build blocks which are al-

ready called for in the operating plan, or

to adjust connections and train schedules

to reduce intermediate yard delay). The

blocking opportunities report serves

primarily as a monthly "Plan Integrity"

report, with an added bonus that it will

also identify new opportunities which are

not in the current plan. .

The implementation status of

QBase is clearly work-in-progress. We

hope to be able to bring conference atten-

dees up-to-date on our implementation

experience at the TRF Saint Louis meet-

ing in October, 1992.
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