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ABSTRACT

A rail routing model, INTERLINE, has been developed at the Oak Ridge National
Laboratory to investigate potential routes for transporting radioactive materials. In Version 5.0,
the INTERLINE routing algorithms have been enhanced to include the ability to predict
alternative routes, barge routes, and population statistics for any route.

The INTERLINE railroad network is essentially a computerized rail atlas describing the
U.S. railroad system. All rail lines, with the exception of industrial spurs, are included in the
network. Inland waterways and deep water routes along with their interchange points with the
U.S. railroad system are also included. The network contains over 15,000 rail and barge
segments (links) and over 13,000 stations, interchange points, ports, and other locations (nodes).

The INTERLINE model has been converted to operate on an IBM-compatible personal
computer. At least a 286 computer with a hard disk containing approximately 6 MB of free
space is recommended. Enhanced program performance will be obtained by using a random-

access memory drive on a 386 or 486 computer.
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INTERLINE 5.0—
AN EXPANDED RAILROAD ROUTING MODEL:
PROGRAM DESCRIPTION, METHODOLOGY,
AND REVISED USER’S MANUAL

P. E. Johnson,” D. S. Joy, D. B. Clarke,” and J. M. Jacobi'
1. PROGRAM DESCRIPTION

The potential impacts associated with the transportation of hazardous materials are
important to shippers, carriers, and the general public. This is particularly true for shipments
of radioactive material. Shippers are primarily concerned with safety, security, promptness, and
equipment requirements. The carriers are concerned with the impact that radioactive shipments
may have on their operations—particularly if such materials are involved in an accident. The
general public has also frequently expressed concerns regarding the safety of transporting
radioactive and other hazardous materials through their communities. Since transportation routes
are a central characteristic in most of these issues, the prediction of likely routes is the first step
toward resolution of these issues.

A rail routing model, INTERLINE, has been developed at Oak Ridge National
Laboratory (ORNL) for the express purpose of predicting likely rail routes. While this model
was developed to investigate potential routes for transporting radioactive materials, the
INTERLINE model can be used to estimate routes for any commodity. Model development was
initiated in early 1980 when a shortest path algorithm was developed to predict routes on the U.S.
railroad system.’ The routing algorithm has subsequently been enhanced to include the ability
to predict alternative routes which can then be evaluated as part of the overall risk assessment for
establishment of a radioactive materials transportation system. Other recent enhancements include
the ability to route shipments on the inland waterway system and the ability to calculate

population statistics for any route generated by the INTERLINE model.

"Computing Applications Division
TUniversity of Tennessee, Knoxville, Transportation Center
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INTERLINE’s basic function is straightforward. Given an origin and destination, the
program will determine the set of nodes and links comprising the "optimal" route between the
two. This optimal route is determined by using predefined objectives which can be modified by
the user. Fundamentally, the program minimizes the length of the route subject to user-specified
criteria. The basic output of the program is a listing of the points and segments comprising the
selected route.

This report contains three sections. The first section presents a general overview of the
routing capabilities of the INTERLINE model with a number of examples. A short discussion
of the INTERLINE naming conventions for nodes and railroads is also included. Section 2
presents a description of the methodology used to calculate rail routes. (The casual reader may
want to skip this section.) The routing methodology is presented at a simplified level using
narrative and examples to illustrate the calculational techniques. Additional resource material for
a more detailed derivation of the mathematical formulations is referenced as well. Section 3
contains the INTERLINE user’s manual, which includes a detailed discussion of the INTERLINE
routing commands. Numerous examples are included in this section to illustrate how these
commands operate. Appendix A lists the 96 subnetworks contained in INTERLINE, while the
more advanced commands that are included in the expert option, are discussed in Appendix B.
Since the general user is not expected to need these commands, their description was moved to
an appendix in order to simplify the user’s manual section. The casual user needs only to read

and understand the material in Sects. 1 and 3.

1.1 OPERATIONAL CHARACTERISTICS OF THE U.S. RAILROAD SYSTEM

Any mathematical model designed to predict rail transportation routes must be capable
of simulating the operation of the U.S. railroad system. This system is composed of a large
number of independent companies that compete economically while simultaneously cooperating
through interchange agreements to efficiently move freight across the country. Each company
generally owns its own network of rail lines. In some instances, a company may have operating
rights on a rail line owned by another company; this concept is referred to as "trackage rights."
For more information the reader is referred to ref. 2.

The overall network is, therefore, an aggregate of the interconnected track networks of
hundreds of individual railroad systems. Virtually all railroads in the United States are controlled

by private companies. Only a small amount of U.S. rail mileage is publicly owned, and most
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of this is dedicated to passenger operation—specifically commuter service in major urban areas.
(see ref. 3). Private ownership of rail lines places constraints-on the movement of commodities.
No single railroad company is able to serve all possible origins and destinations within the
country, and thus, at least two railroads must be used for most shipments.

The ability of railroad companies to freely exchange equipment between their networks
is one feature of the U.S. rail system. Although any single company is limited to regional
service, railroads cooperate by exchanging cars moving to points beyond their individual service
areas. These exchanges occur at designated transfer, or interchange, points where the lines of
two or more companies meet. Sometimes interchange is handled by a third party, such as a
terminal railroad. Interchanges are the bridges that connect the networks of the individual
railroads thereby forming a national network.

Many locations are served by more than one railroad, and the shipper may choose which
railroad will transport the shipment. This choice is based on a number of factors including cost,
quality of service, and the railroad’s willingness to provide service. While the shipper is, in
principle, free to specify the railroads to be used as well as the interchange points, most shippers
generally negotiate with a single railroad company, and that railroad will arrange to have the
shipment interchanged with the other carriers involved in completing the shipment.

There are two aspects of simulating railroad routing practices. The first is the route that
traffic will take between points on a single railroad system. The routing algorithm is designed
to preferentially route a shipment on the rail lines having the highest traffic volume. Frequently
traveled routes are preferred because they are generally well maintained since the railroad
depends on these lines for a major portion of its revenue. In addition, routing along the high-
traffic lines usually replicates railroad operational procedures.

The second aspect of rail routing is the selection of the sequence of railroads between the
origin and destination. A delay is often involved in transferring a shipment from one railroad
to another. While there are some run-through interchanges where the trains are not disassembled,
the majority of interchanges require the incoming train to be disassembled and the cars to be
sorted according to the receiving railroad. After the cars have been transferred to the receiving
railroad’s yard, they will be resorted according to destination and assembled into outgoing trains.
In order to provide efficient service, the railroads try to reduce the time delays associated with
interchanges by minimizing the number of interchanges in a route. This is accomplished in the

INTERLINE model by imposing a numerical penalty for each interchange, which increases the
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apparent length of the route. Thus, when the model attempts to minimize the length of the route,
it will also minimize the number of transfers.

A characteristic of routing on U.S. railroads is the desire of each individual company to
maximize its portion of the shipment’s associated revenue. This normally results in the
originating railroad transporting the shipment as far as possible on its system before transferring
the shipment to another railroad. This feature is represented in the INTERLINE model by the
originating railroad weighting factor in the routing algorithms. In evaluating the length of the
route, the model treats 1 mile of travel on the originating railroad as being "less" than 1 mile on
other railroads. This numerical adjustment increases the originating railroad’s portion of the

route.

1.2 INTERLINE RAILROAD NETWORK

The INTERLINE railroad network is essentially a computerized rail atlas describing the
U.S. railroad system. All rail lines with the exception of industrial spurs are included in the
network. Inland waterways and deep water routes along with their interchange points with the
U.S. railroad system are also included in the network. The network contains more than 15,000
rail and barge segments (links) and over 13,000 stations, interchange points, ports, and other
locations (nodes).

The rail network is a modification of a Federal Railroad Administration (FRA) data base
that was obtained by ORNL in 1977.* This network has been extensively revised and is
continually updated to reflect abandonments, company mergers, short line spin-offs, and new rail-
line construction. The network is composed of 93 separate subnetworks, where each subnetwork
represents a separate railroad system. Additional subnetworks have been included to represent
the waterway networks and the National Railroad Passenger Corporation, AMTRAK. The
waterway network is divided into two components. All inland and intracoastal waterways are
included in a single subnetwork known as the Barge/Intracoastal System. Deep water routes
along the Pacific coast, the Atlantic coast, the Gulf of Mexico, the St. Lawrence Seaway, and the
Great Lakes are included in the Merchant Marine subnetwork. In this subnetwork, the Panama
Canal connects the Pacific coast deep water routes with those in the Gulf of Mexico.

The network includes several characteristics for each of the rail segments (links). The
most important characteristic from a routing standpoint is the mainline classification (MLC),

which is a measure of the traffic volume on a particular link. The routing algorithm utilizes the
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MLC in order to replicate actual railroad routing practices. The mainline classifications used in
the INTERLINE routing model are as follows:

A-mainline—more than 20 million gross ton miles per year;
B-mainline—between 5 and 20 million gross ton miles per year;
A-branch line—between 1 and 5 million gross ton miles per year; and
B-branch line—less than 1 million gross ton miles per year.

Railroad companies tend to concentrate traffic on certain lines. These lines will have
higher traffic densities than the less frequently used lines. Hence, basing route selection on the
MLC will replicate railroad routing practices.

In addition to the mainline classification, other link characteristics include distance, line

ownership, geographical coordinates of the end points, and population density.

1.2.1 INTERLINE Naming Conventions

Railroad stations, interchange points, and other locations in the INTERLINE data base
are represented as nodes. All of the nodes in the data base are numbered, and a large proportion
of the nodes are also named; therefore, it is rather unusual for the general user to encounter
origins or destinations that are not named. A sample listing of a number of nodes in California
is shown in Table 1. This table shows the master network node number, the node location, and
the state (e.g., node number 14666 corresponds to San Bernardino, California, and node number
14745 corresponds to San Diego, California).

In general, the node names are completely spelled out. When an abbreviation is required,
no punctuation is included in the node name; however, a comma separates the node name and
state. For example, Saint Louis, Missouri, is listed as ST LOUIS, MO. Some other examples
of unusual spelling are O FALLON for O’Fallon, Illinois, and MC COOK for McCook,
Nebraska, and McCook, Illinois.

A number of the nodes in the INTERLINE data base represent barge ports and
commercial nuclear plants. Barge locations are indicated by including a semicolon after the city
name followed by the words PORT OF or PORT. As noted in Table 1, node 17293 is the port
of San Diego, and node 168609 is the port of San Francisco. These nodes can be used as origins
or destinations of barge routes or as interchange points between the barge and rail networks.

Nuclear plants are denoted by the letters NP in the node name. For example, node 14711
SAN ONOFRE NP,CA in Table 1 represents the San Onofre nuclear plant in southern California.

All nuclear plants located on navigable waterways are assigned a barge node. (It should be noted
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that the definition of such nodes does not necessarily imply that barge shipments could actually
be made from those locations.) The dock at the San Onofre plant is called SAN ONOFRE NP
DOCK, CA, node number 17290.

Table 1. Node naming convention

Node Node name
number

Location State
14666 SAN BERNARDINO CA
14745 SAN DIEGO CA
17293 SAN DIEGO; PORT CF CA
14682 SAN DIMAS CA
14677 SAN FRANCISCO CA
16868 SAN FRANCISCO BAY CA
16869 SAN FRANCISCO; PORT CA
14629 SAN JACINTO CA
14539 SAN JOSE CA
14536 SAN JOSE YARD CA
14448 SAN LEANDRO cA
16302 SAN LUCAS CA
16313 SAN LUIS OBISPO CcA
14711 SAN ONOFRE NP CA
17290 SAN ONOFRE NP DOCK CA
14451 SAN PABLO CA
16864 SAN PABLO BAY CA
14441 SAN RAFAEL CA
14738 SAN YSIDRO CA

At different times, the INTERLINE model will request that the user specify a node, for
example, to define the origin or destination of a route. The node may be specified by its name
or by its unique number. Using the node name is the simplest way to specify a node location.
Both the location and state must be entered, for example, SAN DIEGO,CA; however, the entire
name does not have to be entered. The user can enter the first several letters of the name, a

comma, and the standard two-letter abbreviation of the state. The model will list all locations in
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that state whose name starts with the characters entered. The user will then be given the
opportunity to select the proper node from the list supplied. The list of nodes shown in Table 1
was generated by simply entering SAN,CA.

Railroad systems are also named and assigned a unique number. In the INTERLINE
model, railroad names are abbreviated. The Association of American Railroads abbreviations are
used in the model. Examples of the railroad naming convention are shown in Table 2. For
instance, the Chicago & North Western railroad is abbreviated as CNW and is defined as railroad

number 3. A complete list of railroad names, abbreviations, and numbers is included in

Appendix A.
Table 2. Railroad naming convention
Railroad Abbreviation Railroad number
Atchison, Topeka & Santa Fe ATSE 1
Burlington Northern BN 2
Chicago & North Western ‘ CNW 3
Consolidated Rail Corporation CR 4
CSX Transportation CSXT 5
Florida East Coast FEC 6
Grand Trunk Western GTW 7
Southern Pacific Sp 12
Montana Rai} Link MRL 59
Terminal Railroad Association of St. Louis TRRA 80

A special nomenclature is used for some short line railroads, some terminal railroads, and
waterways. A number of the smaller short line railroads have been combined into a single
system that is assigned subnetwork number 92 and abbreviated as <C3>. The <C3> notation
is derived from the Interstate Commerce Commission Class I, II, and III railroad terminology.
The casual user will probably not encounter these short lines when running the INTERLINE
model. In a number of urban areas, there are one or more switching or terminal railroad
companies that provide switching service between major railroad systems. For convenience, a
number of the smaller transfer companies have been combined into a single classification,

<TR>, and assigned a subnetwork number of 93.
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Subnetwork 94 represents the AMTRAK intercity passenger railroad system. This
subnetwork should not be used for the routing of rail freight and is included in the data base only
for completeness. Routes generated with the AMTRAK subnetwork may not replicate the actual
path taken by specific AMTRAK trains in areas where several AMTRAK routes parallel and
cross each other.

Inland and coastal waterways are divided into two separate systems in the INTERLINE
data base. The inland and intracoastal waterways are included as the Barge/Intracoastal
Waterway system, which is abbreviated as *BRG and is subnetwork number 95. Hence, when
trying to route from a barge port, the user will see *BRG as one of the available carriers
(provided the barge routing option has been activated). INTERLINE also has the ability to route
a shipment on ocean going barges. These deep water routes provide barge service along the
Pacific and Atlantic coasts, the Gulf of Mexico, the Panama Canal, and the Great Lakes. All
deep water routes are combined into a single classification, Merchant Marine (subnetwork 96 and
is abbreviated as *M-M).

1.2.2 General Routing Considerations

Rail routes are calculated by minimizing the total impedance between the origin and the
destination. The impedance is defined as a function of distance, mainline classification, and
number of railroads involved in making the shipment. The INTERLINE program identifies the

set of links between the origin and destination that minimizes the impedance:

L= Min{ ¥ (0, )+ LT |, (1)

where
L = impedance for route;
g, = railroad factor for link i;
o, = 0.8 for the originating railroad
o, = 1.0 for all other railroads
f. = mainline classification factor for link i;
f. = 1.0 for A-mainline
= 1.2 for B-mainline
= 1.9 for A-branchlines
f. = 4.0 for B-branchlines
= distance along link i, miles;
= transfer penalty factor at node n.

=
I

i
n



1.2.2.1 Rail Routing

The routing algorithm shown in Eq. (1) preferentially routes a shipment along the A- and
B-mainlines, while minimizing interchanges between railroad companies. In general, shipments
will utilize only the A- and B-branchlines as a connection between the mainline network and the
origin or destination. Frequently, a number of railroads will provide service at the same location.
Selection of an originating railroad has a major impact on the estimated route because the
originating railroad will preferentially attempt to move the shipments on its own system before
interchanging with another railroad in order to maximize its portion of the revenue.

An example of a rail route is shown in Fig. 1. In this example, a route is calculated
between Boston, Massachusetts and Los Angeles, California. Conrail was selected as the
originating railroad for the shipment in Boston, and the Atchison, Topeka and Santa Fe (ATSF)
was selected as the terminating railroad in Los Angeles. The route travels on the Conrail system
through central Massachusetts and New York, northwestern Pennsylvania, northern Ohio and
Indiana, and into Illinois. The shipment was transferred from Conrail to the ATSF at Streator,
Illinois. The ATSF portion of the route passes through Illinois, the southeast tip of Iowa,
northern Missouri, southeastern Kansas, northwestern Oklahoma, the panhandle of Texas,
northern New Mexico and Arizona, and finally southern California. This route is 3293 miles

long.

1.2.2.2 Alternative Routing

The alternative routing capability is a useful tool for estimating a number of different
routes between the same origin and destination. The alternative routing algorithms will always
generate different routes. However, some of the alternative routes may display only minor
differences. Hence, it is necessary to review the results of the alternative routing calculations and
reject alternatives that do not display significant differences.

A number of alternative routes between Charleston, South Carolina, and Las Vegas,
Nevada, are shown in Fig. 2. The base route, which is the normal route calculated by the
INTERLINE model, travels on two major systems. This northernmost route originates on the
Norfolk Southern (NS) system and travels to Kansas City, Missouri, by way of North Carolina,
Tennessee, and Kentucky. At Kansas City, the base route transfers to the Union Pacific (UP)
system and travels through Kansas, Nebraska, Wyoming, and Utah before reaching Las Vegas.

The base route is 2844 miles long.
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Fig. 1. Rail route between Boston, Massachusetts, and Los Angeles, California.
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Fig. 2. Alternative rail routes between Charleston, South Carolina, and Las Vegas, Nevada.
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The first alternative route travels on two major railroad systems and one terminal
railroad. This route originates on the CSX Transportation (CSXT) system and passes through
Georgia, central Tennessee, and western Kentucky before reaching St. Louis, where the route is
then transferred via a terminal railroad to the UP system. The UP segments of both the base
route and the first alternative route west of Kansas City are very similar, except for a deviation
in the vicinity of Salt Lake City, Utah. This route is 2882 miles long, approximately 38 miles
longer than the base route.

The second alternative route, which is the southernmost route, uses three major railroads
to move the shipment from Charleston to Las Vegas. This route originates on the CSXT,
transfers to the Southern Pacific (SP) in New Orleans, and makes a final transfer to the UP
system at San Bernardino, California. This route is 3015 miles long.

The third alternative route, which is 3170 miles long, also utilizes three different major
railroads; the NS, the ATSF, and the UP. Interchanges for this route take place at Kansas City,
Missouri, and Daggett, California.

The fourth and final route shown in Fig. 2 is shorter than either the second or third
alternative routes—2952 miles as compared with 3015 or 3170 miles. However, the fourth
alternative route uses a significantly higher amount of B-mainline track than the other routes
which run primarily along A-mainlines. Three major railroads and one terminal railroad are
involved in the fourth alternative route. These are the CSXT, the SP, the UP, and a terminal
railroad in St. Louis. Two transfers take place in the vicinity of St. Louis, Missouri (CSXT to
the SP via a terminal railroad), and the final transfer to the UP system takes place in Provo,
Utah.

1.2.2.3 Barge Routing

Barge routes may be calculated by using the inland waterway and deep water subnetworks
that are included in the INTERLINE data base. If it is not possible to complete the entire route
by water, the INTERLINE program will automatically determine a rail/barge interchange point.

The inland waterway and deep water networks are not automatically turned on when the
model is first activated. Initially, when the INTERLINE routing model was created, only the
railroad network was included in the data base. As the model went through several
enhancements, it became apparent that there was a need to include the inland and coastal

waterways and deep water routes. With the waterways option activated, it was noticed that some
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routes between rail nodes actually utilized the waterway for part of the route. Hence, it was
necessary to carefully review all rail routes to ensure that the waterways were not inadvertently
included. In order to simplify operation, INTERLINE automatically activates only the railroad
systems. When barge routes are desired, these networks must be activated manually.

An example of barge routing is shown in Fig. 3. Two routes are included in this
example to illustrate different capabilities of the model. The first is an all water route between
the port at Knoxville, Tennessee, and the port at New Orleans, Louisiana. The estimated route
follows the Tennessee River, Tennessee-Tombigbee Waterway, Mobile River, and Gulf
Intracoastal Waterway, for a distance of 1037 miles. While there are a number or railroad
companies connecting these locations, the lower impedance associated with waterways and the
high transfer penalties associated with barge-to-rail transfers resulted in the selection of a route
that remained on the inland waterway system for the entire distance. If both end points of the
route are on waterway networks, the entire route will remain on the waterway networks.

A second example, included in Fig. 3, is a route originating at the port in Knoxville,
Tennessee, and terminating in Helena, Montana. Since Helena is not located on a navigable
waterway, this route must transfer to the railroad network at some intermediate point. As shown
in Fig. 3, the route follows the waterways from Knoxville, Tennessee, to St. Paul, Minnesota,
where it transfers to the Burlington Northern (BN) railroad. The route then remains on the
railroad system from St. Paul to Helena. The total distance of this route is 2572 miles: 1458
miles along the waterway system and 1114 miles on the BN and Montana Rail Link (MRL)

railroads.

1.2.2.4 Other Routing Considerations

In general, the standard routing capabilities described above will be sufficient for most
applications. However, the user may constrain a route from passing through a particular location
or from using a particular railroad or waterway system.

It may be necessary to temporarily remove a link or node from the network to simulate
the closure of a segment of a rail line. Such closures could be caused by a washout, flooding,
or other natural phenomena.

Link removal may be simulated by defining a very large impedance for the link. The

routing algorithm will then tend to select other links to connect the origin and destination.
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Placing 2 high impedance on a link does not guarantee that the "removed” link will not be used
in a route. A "removed" link will still be included in the route if it is the only possible route.
However, the route listing will contain a message indicating that a "removed” link was included
in the route.

A special case of link removal is the program’s ability to permit traffic to flow in only
one direction on a link. This feature is useful in simulating the sharing of parallel rail lines by
different railroad companies. In some instances, westbound traffic uses one line, and eastbound
traffic uses a nearby parallel line.

The user may also ask the program to avoid a node or a series of nodes. Avoiding nodes
is somewhat more complicated because more than one railroad may provide service to those
nodes. In INTERLINE’s internal structure, a node is defined as a combination of a location and
a railroad. The user usually interprets a node as a spatial location (i.e., a location and all
railroads entering or leaving that location) and assumes that once the node is removed it cannot
be used. Hence, the use of all railroads passing through the node must be avoided.

A third routing constraint that can be imposed by the user is the removal of a railroad
system. In this case, routes will not utilize any of the links on the removed system. Three
subnetworks included in the INTERLINE data base, AMTRAK and the two waterway networks,
are not activated when the model starts operation. The INTERLINE model was created to model
freight movements throughout the country, and all railroad systems that transport freight are
automatically activated at the start of operation. Section 3.3.7 in the User’s Manual contains
instructions for activating the AMTRAK and waterway subnetworks if needed for a particular
application. Detailed instructions for removing or reactivating links, nodes, and railroad systems
are included in the User’s Manual (Sects. 3.3.5, 3.3.6, and 3.3.7).

Other routing constraints that can be imposed by the advanced user are altering the MLC
factors, altering the originating railroad factor, altering the transfer penalties, and defining the
sequence of railroads to be used. However, to use these capabilities effectively, the user needs
detailed knowledge of the U.S. railroad system and the mathematical structure of the
INTERLINE model. Many of these operations are considered advanced concepts and are

discussed in Appendix B.
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1.2.2.5 Population Density Estimates
INTERLINE can generate a table of population densities for any route calculated. The
population data used for this calculation are based on the U.S. Bureau of Census block group
data. The population density levels reported were designed to be comparable with the
RADTRAN risk analysis code.® For details in obtaining population density data, please refer to
the User’s Manual (Sect. 3.3.4.3).



2. METHODOLOGY

A description of the shortest path techniques used to calculate routes in the INTERLINE
model is presented in this chapter. A basic understanding of the algorithms performing the
various routing calculations will help the user to more effectively and accurately use the program.
The discussion is aimed at the general reader and uses narrative along with a number of simple
examples to illustrate the calculational techniques. A number of references are included that will
supply further information for the user interested in the mathematical formulations of the shortest
path technique.

The discussion starts with a description of the U.S. railroad system and illustrates how
the large network is subdivided into a number of subnetworks. A general overview of the
shortest path algorithm is presented in Sect. 2.2.3. The next several sections show how the
generalized shortest path algorithm has been modified in the INTERLINE model to handle
decomposed networks. This technique is illustrated in Sect. 2.2.5 by showing a calculation for
a route that spans four interconnected networks. More complicated examples are included in the
later sections of this chapter. These examples include an origin with multiple railroads and

alternative routing.

2.1 ORGANIZATION OF THE NETWORK FOR ROUTING ANALYSIS

In its basic structure, the railroad network model is essentially a data base. To be used
for route analysis, this data base must be processed separated or decomposed, into a series of
subnetworks representing individual railroad companies, which are connected at transfer

locations. Finally, the network is placed in a form convenient for the routing algorithms.

2.1.1 Railroad Company Representation

The networks for the individual railroad companies are developed from the information
in the network data base. This is done in a rather straightforward fashion by examining link
ownership and usage rights and extracting all links which a carrier is authorized to use. This
includes both links that the carrier owns and those links upon which the carrier has trackage

rights.

17
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From the link list, the set of nodes that the railroad’s network serves is determined by
scanning the end points for each link. The numbers assigned to these nodes are the numbers
from the original FRA data base and are not in a particular sequence. (NOTE: In this document,
the original node numbers will be referred to as FRA node numbers.) The routing algorithm
requires that the nodes in a subnetwork be numbered in sequence. Hence, the nodes in a railroad
subnetwork are automatically assigned a new sequential number, starting at 1.

Figure 4 graphically illustrates this decomposition process. Figure 4(a) shows the
combined network where the dashed and solid lines indicate ownership by two different railroad
companies. For this example, the nodes are arbitrarily numbered. Nodes 9946 and 11211 are
served by links of both railroads (i.e., they are transfer points). Figure 4(b) shows the network
decomposed into the two separate companies. Nodes in each company network have been
assigned sequential numbers.  The table accompanying each subnetwork shows the
correspondence between the new sequential subnetwork node numbers and the original FRA node

numbers.

2.1.2 Transfer Connections

Interline transfer locations are incorporated into the network model as a special type of
link. These links connect the individual railroad subnetworks and allow routes to cross
subnetwork boundaries. Figure 5 shows transfer links installed to connect the two railroad
company subnetworks shown in Fig. 4.

Transfer links have an associated value that represents the attractiveness of moving
between two subnetworks at that location. A low-value transfer location is highly attractive.
High value indicates that a transfer is discouraged. These values are set to reflect the individual
railroad’s preferences for interline activity. Note that transfer links are directional. Transfers
from Company A to Company B may have a different vatue than transfers from B to A.

Once the network has been decomposed, it is automatically organized and processed to
make it efficiently accessible for the routing software. The details of this process are not

significant to the routing methodology and will not be discussed in this document.
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2.2 BASIC ROUTING METHODOLOGY

This section presents the logic used in the INTERLINE model to estimate routes. The
general procedure is based upon a mathematical technique called a shortest path algorithm.
However, this algorithm has been modified to handle decomposed interconnected networks. The
following subsections describe the principles employed by the algorithm. The user is referred

to refs. 6 and 7 for a mathematical derivation of the shortest path algorithms.

2.2.1 Routing Nomenclature

To understand the subsequent material, the reader should be acquainted with some terms
and concepts that will be employed. A discussion of these terms follows.

Simply stated, a route, or path, is a sequence of adjacent links. If a link is defined by
its end points (nodes n, and n,), a path can be represented as the series of connected links
(n,, n,), (0, n,), (0, 1), . . . (0, n). Node n, in the path is the origin, and node n, is the
destination. All other nodes represent connection points between links in the path. Each node
in a typical path is unique (appears only one time), which means that the path does not cross
itself.

Each link in a network has an associated impedance that is incurred for using the link in
a path. This impedance value may be of interest to the analyst. Typical values could include
distance, travel time, and monetary cost. Impedances may not assume negative values.

The cost of traveling between two nodes is the sum of the impedances of the links in a
path connecting the nodes.  Given the set of all possible paths between two nodes, the algorithm
finds the path with the minimum impedance.

The INTERLINE routing algorithm (which is normally called the shortest path algorithm)
takes a network that has a number of interconnections (like a web) and creates a minimum
impedance tree, which is the collection of the minimum impedance paths from a single origin to
all other nodes in a network. The term "tree" is an analogy. The origin node is the "root."
Destination nodes are located on the leaves of the tree. The individual paths from the destination

nodes join to form branches that lead to the root node.

2.2.2 The Routing Objective Function
The objective function is the mathematical expression that the routing algorithm uses to
evaluate the minimum impedance or shortest path. INTERLINE produces routes consisting of

line segments and transfer links according to the following objective:
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where
L. = impedance for route;

o, = originating railroad factor for link i;

f, = mainline classification (MLC) factor for link i;
d, = distance along link i, miles;

T, = transfer penalty factor at node n.

The distance of the link is the basic impedance value. In the real world, however, a mile
of travel on a segment of well-maintained mainline track is more likely than a mile on lower
quality branchlines, since railroads tend to concentrate traffic on the highest class portions of their
networks. To reflect this behavior, the MLC factors are assigned values, the defaults used in the
INTERLINE model are itemized below:

= 1.0 for A-mainline,

1.2 for B-mainline,

1.9 for A-branchlines, and
4.0 for B-branchlines.

b th U th
o

The length of each line segment is multiplied by the appropriate MLC factor to determine
the link impedance. A mile of B-branchline would have an impedance of 4, while the
corresponding distance along an A-mainline segment would only have an impedance of 1. The
reader will see that the model attempts, wherever possible, to maximize travel on the higher
MLC lines. Only where the circuity of high MLC lines become excessive will a lesser MLC line
be selected.

Waterway segments also have classification factors. The default values are as follows:

f. = 0.7 for inland waterway segments, and
f; = 0.6 for deep water route segments.

The originating railroad factor, ¢; in Eq. (2), reduces the apparent impedance of links in
the originating railroad subnetwork to 80% of their initial value; that is, the default values are

o, = 0.8 for the originating railroad, and
g, = 1.0 for all other railroads.
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The algorithm will then tend to increase the portion of the route using the originating railroad,
since its impedance per mile of equivalent MLC class is lower than those of other railroad
subnetworks.

The default values for the standard impedance value for a transfer is 300 units, equivalent
to 300 miles of travel on an A-mainline. Transfers to terminal railroads receive an impedance
of 151 units, so that these railroads may be used as connections between two Class I railroads
without significant penalty. (The impedance of the two transfers involved will be 302 units,
slightly more than associated with a direct Class I to Class I transfer.) Impedance factors for
transfers between railroad companies under a common corporate umbrella have also been reduced
to reflect operational coordination between the subsidiary companies.

Transfers between the railroads and the waterway networks have an impedance of
900 units. With a penalty of this magnitude, routes are unlikely to change modes unless the

origin and destination are located on differing modes.

2.2.3 Shortest Path Algorithm Overview

In its basic form, the shortest path algorithm generates a path tree between an origin node
and other nodes in a network. The logic behind this procedure is not complex, and a short
discussion of it will prepare the user for the discussion of the complete routing algorithm in
Sect. 2.2.4.

Within a subnetwork, each node has the following attributes that are used by the
algorithm:

. a label that contains the lowest impedance currently computed for a path from the origin
to that node;

. a status flag, which is TRUE when the label represents the impedance of the shortest path
from the origin and FALSE otherwise; and

. a predecessor node in the path back towards the origin.
At the start of the algorithm, the program:

. sets the label of the origin node to 0,

o sets the status of the Qrigin node to TRUE,

. places the source node in a pool of candidate nodes to be examined for expansion of the
path tree on subsequent iterations of the algorithm,
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. sets the labels of all other nodes to infinity, and
e sets the status of all other nodes to FALSE.
The main portion of the algorithm procedure is described below:

1.  Examine the pool of candidate nodes. If the pool is empty, the tree is complete, so exit
the procedure. Otherwise, pick the node with the lowest impedance, and call it the pivot
node.

2. Make the pivot node’s status TRUE to indicate that its path from the origin is the shortest;
that is, no other path having a lower impedance exists to this node. Remove the pivot node
from the pool of candidate nodes.

3. Perform the following steps for every node having a status of FALSE at the end of a link
emanating from the pivot node:

a.  Compute a candidate impedance for the node by adding the impedance of the pivot
and the impedance of the link.

b.  If the current impedance of the node is greater than the candidate impedance, set the
node’s impedance equal to the candidate impedance and designate the pivot node as
the predecessor node.

¢.  If the node is not in the candidate pool, add it.

4.  Return to the first step.

Figure 6 provides a graphic demonstration of the shortest path algorithm. In Fig. 6(a),
the links and nodes of an sample network are shown. The numbers beside the links represent the
impedances. Figures 6(b)-6(h) show the successive stages of the algorithm for an origin at node
1. The node number within two concentric circles represents the pivot node in each step. A
node’s label is shown adjacent to its circled number. Labels in bold are permanent (status of
TRUE), while other labels are temporary. Links in the path tree at each stage are shown as solid

lines. Since the reader can directly visualize the route, predecessor node numbers are not

displayed.

2.2.4 The INTERLINE Routing Algorithm
INTERLINE uses a modification of the shortest path algorithm to find the best route
through a series of subnetworks. The algorithm must route within a subnetwork and decide how

to move between subnetworks. To do this, a two-stage approach is used. The top-level
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procedure decides which subnetwork should be examined in detail to extend the path tree from
the origin. The lower-level procedure then extends the tree within the selected subnetwork using
a traditional shortest path approach. The behavior of the algorithm is described below.
Conceptually, the upper-level procedure treats subnetworks and transfer connections like
nodes and links respectively. These entities are given additional attributes to reflect this, as

explained below.

. Each subnetwork has a label that reflects the minimum impedance of all paths reaching the
subnetwork from the origin node.

. Each transfer link has a label that is used in transferring label values for transfer nodes
between subnetworks. This label should not be confused with the transfer impedance,

which represents the actual impedance of a transfer operation.

For tracing the paths, individual nodes must have both a predecessor subnetwork
identifier and a predecessor node number. A number alone will not uniquely identify a node,

since all subnetworks have sequentially numbered nodes, starting at 1.

2.2.4.1 Initialization Sequence
To start the routing procedure, the following operations are performed.

. The labels of all nodes in all subnetworks are set to infinity.

e The status of all nodes in all subnetworks is set FALSE.

* The label of each subnetwork is set to infinity.

* The label of each transfer link is set to infinity.

. The label of the source node in the source subnetwork is set to 0.

. The status of the source node in the source subnetwork is set TRUE.
. The label of the source subnetwork is set to 0.

These actions will ensure that the main body of the algorithm will begin the route at the origin

node in the origin subnetwork.

2.2.4.2 Main Loop

The body of the algorithm consists of the following steps.
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Select the subnetwork having the lowest label, and treat this as the pivot. Initially, the
origin railroad will be selected since its label is 0. The path tree will be extended within
this pivot subnetwork.

Consider the following conditions:

a. If the label of the pivot subnetwork is greater than or equal to the label of the
destination node, then the route is complete, so stop.

b. If no pivot subnetwork is selected, no direct path to the destination exists, so
stop.

Examine all transfer connections into the pivot subnetwork. If the label of a transfer link
is less than the label of its end node in the pivot subnetwork, do the following.

a. Make the label of the transfer node in the pivot equal to the label of the transfer
link. The path from the origin via the connecting railroad is shorter than the
current path.

b. Set the predecessor subnetwork of the transfer node in the pivot equal to the
identifier of the subnetwork from which the transfer originates.

c. Set the predecessor node of the transfer node in the pivot equal to the node in the
subnetwork from which the transfer originates.

d. Set the status of the transfer node to TRUE. This indicates that it should be
included in the list of candidate pivot nodes in step 4 below.

Extend the path tree within the pivot subnetwork using a shortest path algorithm. The
procedure starts with the first node in the candidate pool of the subnetwork. Link
impedances in the originating subnetwork will receive the originating railroad factor.

Set the label of the pivot subnetwork to infinity so that it will not be reselected in the
next iteration.

Examine all transfer connections into the pivot subnetwork again. Set the label of each
transter link equal to the label of its end node in the pivot subnetwork.

Examine all transfer connections from the pivot network to surrounding networks.
Compute a candidate impedance for each transfer by adding the impedance of the end
node in the pivot network to the impedance of the transfer link.

a. If the candidate impedance is less than the transfer link’s label, then the label is
set to the candidate impedance.

b. If the candidate impedance is less than the transfer subnetwork’s label, the label
is set to the candidate impedance.
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8. Return to the first step.

The reader is urged to review this sequence of steps carefully because the logic may not
be intuitively obvious.

Once path generation is complete, the route must be traced backward from the destination
to the origin. Starting with the destination, the path is followed by examining the predecessor

node and predecessor subnetwork for each node until the origin is reached.

2.2.5 Example of a Route from an Origin Served by a Single Railroad

To demonstrate the algorithm, the sample network of Fig. 7 is presented. The overall
network consists of four subnetworks connected at transfer points. The circled numbers identify
nodes within each subnetwork. Impedance values, which already include appropriate factors, are
provided beside each link. Transfer links, indicated by dashed lines with arrowheads, have an
impedance of five units.

The route of interest lies between node 1 in subnetwork 1 and node 2 in subnetwork 4.
As the figure shows, there are a number of possible routes, and the shortest route is not
immediately obvious.

Following the initialization procedures, the labels of subnetwork 1 and node 1 in
subnetwork 1 are set to 0. Node 1 is placed in the candidate pivot pool for subnetwork 1. All
other transfer labels, subnetwork labels, and node labels are set to infinity. To begin the first
iteration, subnetwork 1 is selected as the pivot because it has the smallest label.

Figure 8(a) shows the initial conditions at the beginning of the pivot operation for
subnetwork 1. Figure 8(b) shows the label values and path tree at the conclusion of step 7 of the
algorithm. The path tree from the origin is indicated by solid links. Nodes 3 and 4 of
subnetwork 1 connect to subnetwork 2. The minimum impedance path to subnetwork 2 is
19 units via node 4 in subnetwork 1. This value (19 units) is assigned to the subnetwork label
for subnetwork 2. Likewise, nodes 4 and 5 of subnetwork 1 connect to subnetwork 3, and the
minimum impedance to this network is also 19 units for a path passing through node 4 in
subnetwork 1. The updated subnetwork labels indicate that either subnetwork 2 or subnetwork 3
could be selected for the next pivot because they have the same values. The selection of
subnetwork 2 is arbitrary.

Figure 9 shows the start and end conditions for the pivot involving subnetwork 2. Note

that the calculations continue from both nodes 1 and 5 of this network and the path extension
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generated does not form a tree within this subnetwork. The paths shown in Fig. 9(b) are an
extension of the tree rooted at the origin in subnetwork 1. The reader should trace through the
algorithm steps carefully to determine how the label values are derived. Subnetwork 3 will be
the next pivot.

Figure 10 continues the process by expanding the path tree through subnetwork 3.
Observe the following alteration of a tentative path. Node 3 receives a tentative label of 44 units
in step 3 of the iteration through a transfer from node 8 of subnetwork 2. Step 4 finds a shorter
path of 35 units via node 2. The transfer is not used in the tree.

Figure 11 completes the algorithm by examining subnetwork 4. The final impedance of
the optimal (or base) path from the origin to node 2 is 51 units. No further iterations are
required since the label of node 2 is smaller than the label of any subnetwork.

Figure 12 shows the complete path tree through the four subnetworks, along with the
transfer links used. Dashed lines indicate links not included in the tree. As noted earlier, once

the path generation is complete, the route is traced backward from the destination to the origin.

2.2.6 Example of a Route from an Origin Served by Multiple Railroads

Many points in the United States have multiple railroads providing service. When a user
selects an origin node with more than one railroad providing service, the user has the option of
selecting one or more of these railroads for originating the route. The INTERLINE model will
build the shortest path from the origin node within each of the selected railroads. The resultant
route will be the path with the minimum impedance.

The sample network of Fig. 7 will be used to demonstrate this feature of the algorithm.
Impedance values for each link already include the appropriate factors.

The origin for this route will be the node served by three railroads. This point is
represented as a node in three subnetworks—node 4 in subnetwork 1, node 5 in subnetwork 2,
and node 1 in subnetwork 3. All three subnetworks will be considered as originating railroads.
The destination for this example will be node 2 in subnetwork 4.

Following the initialization procedures, the labels of subnetworks 1, node 4; subnetwork
2, node 5; and subnetwork 3, node 1, are all set to 0. All other transfer labels, subnetwork
labels, and node labels are set to infinity. To begin the first iteration, the model will arbitrarily

select either subnetwork 1, 2, or 3, since all three have the identical subnetwork label of 0.
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As described in Sect. 2.2.5, the model will progress through the subnetworks until the
shortest path has been determined. Figure 13 shows the complete path tree through the four
subnetworks along with the transfer links used. Dashed lines indicate links not included in the
tree. As seen on the figure, the origin that produces the minimal impedance route begins at

node 5 of subnetwork 2. The impedance for this route is 32 units.

2.3 PROGRAM OPTIONS

INTERLINE has a number of options that can be used to influence the routing algorithm.
The ability of the user to change the transfer impedances, line classification weights, and
originating railroad factor has been previously mentioned. Program options allow the user to
directly replace default values of these parameters with desired values. The program allows the
user to make the route avoid selected links, nodes, or railroads and to calculate alternative routes.
This section describes how these options are incorporated into the INTERLINE routing

algorithms.

2.3.1 Link Avoidance

If the impedance of a link is increased by a very large amount, the algorithm will not use
the link in a path if there is a feasible detour. When the user specifies that a particular link
should not be included in a route, an impedance of 70,000 units is added to the original link
impedance. As links are directional, the penalty is normally applied to both directions of travel
along the link, although the user has the option to discourage travel in one direction only. Nodes
at one or both ends of the high-impedance link may be included in the route, but the route will
include the high-impedance link only if there is no alternative path with a lower impedance.

A message will be printed if penalized links have been included in a route.

2.3.2 Node Avoidance

A route can be constrained from passing through a specified node if a high-impedance
penalty is applied to all links that emanate from the node. When these constraints are applied,
a 70,000-unit impedance is added to the original impedance of each emanating link. The high
impedance associated with using the node will discourage its inclusion in the route provided that
an alternative path exists around it. Node avoidance cannot be applied to the origin and/or

destination of a route, because all links emanating from these nodes would be penalized, and one



Subnetwork 2

14(1)d

ORNL-DWG-93-7648

Subnetwork 1

Fig. 13. Completed path tree for a multiple railroad origin route.



38

of the links is required to be part of the route. A message will be printed if the calculated route

passes through a penalized node.

2.3.3 Directed Routing

In directed routing, the user specifies the sequence in which subnetworks will be
examined for expansion of the path tree. The user may require, for example, that the route
proceed from subnetwork A to subnetwork C to subnetwork D. Of course, these subnetworks
must be interconnected such that at least one contiguous path exists between the origin and the
destination.

Directed routing is straightforwardly implemented. Instead of examining labels to select
a pivot subnetwork in the first step, the algorithm selects the next subnetwork from the user-

provided list.

2.3.4 Subnetwork Prohibition

INTERLINE allows the user to specify subnetworks that the path tree will not traverse.
Unlike link and node avoidance, where the tree will include the object if there is no alternative,
this option completely prohibits the inclusion of the subnetwork in the tree.

Subnetwork prohibition is implemented as follows. Each subnetwork has a status flag.
If the value of this flag is FALSE, which is the normal condition, the subnetwork is eligible to
be a pivot candidate during the first step. If the status flag is TRUE, the subnetwork will never
be considered as a pivot and, therefore, will never be included in the path tree. The user has the

capability to set these subnetwork status flags.

2.3.5 Alternative Routing

Frequently, in addition to the optimal route, the user wishes to find a number of
alternative routes that have a slightly higher impedance. INTERLINE offers this capability.

To develop alternative routes, INTERLINE first finds the optimal or base route using the
user-specified criteria. The impedance of the links and transfers of the base route are then
increased to encourage the algorithm to find an alternative route between the origin and
destination. Normally, the program increases the impedance of the links in the base route by
20% and increases the base route transfers by 200%. The algorithm is then rerun. Due to the

increased impedances of the original route, the second route will tend to use a different set of



39

links and different transfer points between railroad networks. To generate a third route, the
impedances of the links and transfers used in the second route are also increased, and the
procedure is repeated. Links that appear in both routes, the base route and first alternative route,
would have had their impedances increased two times. The alternative routing algorithm will
always produce a different route; however, in some cases there may be only minor differences
between routes.

Figures 14-16 demonstrate the alternative routing process. The link and transfer
impedances of the path of the base route, shown in Fig. 12, between node 1 in subnetwork 1
and node 2 in subnetwork 4 are increased by 1.2 and 2.0 respectively. Figure 14 shows both the
resulting links and the transfer links with increased impedances. The resulting path tree, with
associated impedances, is shown in Fig. 15. The alternative route reaches node 2 of
subnetwork 4 with an impedance of 64.2 units, whereas the base route shown in Fig. 12 had an
impedance of 51. The reader is encouraged to perform the detailed calculations, thus verifying

the shortest path shown in Fig. 15. The alternative and base routes are compared in Fig. 16.

2.3.6 Population Density

The INTERLINE routing model includes the option of calculating a population density
distribution for a route. A detailed description of the techniques used to generate the population
density data is beyond the scope of this manual. The interested reader is referred to ref. 8 for

additional details.
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3. INTERLINE USER’S MANUAL

This section is designed to guide the user through the operation of the INTERLINE
interactive rail routing model and explain the logic of the program operation. Unless there is a
particular need, advanced features described in some sections may be skipped by the beginning
user. The individual routing commands are discussed in separate sections in this chapter. All
users should review Sects. 3.1 and 3.2. Beginning users will want to initially concentrate on the
ROUTE command described in Sect. 3.3.1 and the STOP command described in Sect. 3.3.11.
While the material in Sects. 3.3.2 and 3.3.3 is helpful at the beginning level, a detailed
understanding of these commands is not essential. As the usér becomes more familiar with the
operation of the INTERLINE model, the material included in Sect. 3.3.4—the OPTION
command—as well as the command’s access to the alternative routing, barge routing, and
population statistics capabilities (Sects. 3.3.4.1 through 3.3.4.3) would be the next logical
extension of the user’s capabilities. The advanced user who wishes to include numerous
constraints on the routing calculations will need to be familiar with the commands that modify
the basic INTERLINE data base. These commands are described in Sects. 3.3.5 through 3.3.8.

Many of the program prompts have a default answer that can be exercised by using a
carriage return, <c¢r>. These defaults will be explained in the appropriate sections.
Conventions described in the manual will assist the user in determining the sequence of
commands needed to operate the INTERLINE program. Program prompts will be indicated by
BOLD UPPERCASE. User responses will be printed in bold lowercase. The user may respond
with either uppercase, lowercase, or a combination of the two. However, for clarity, lowercase
will be used in this manual. Commentary pertaining to various command responses and options
will be enclosed in brackets ([ ]). Additional information will be highlighted with bold italics.

This convention is used to distinguish user actions from program information.

3.1 INSTALLATION

The INTERLINE routing package, including the INTERLINE program and railroad/barge
network, is contained on a single high-density diskette. A special installation program is included
to assist the user in installing INTERLINE on an IBM-compatible personal computer. The
procedure for installing the INTERLINE program on a hard disk is as follows:

43
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1. Change the drive specification to the floppy disk drive containing the INTERLINE
diskette (assumed to be drive A: in this example) by typing:

C:\> a:<er>.
2. Execute the installation routine by typing:
A:\> install<er>.

3. Answer the questions presented on the screen. The INSTALL program will ask for the
designation of the hard drive (C:, D:, etc.). A new subdirectory \RAILROAD will
automatically be created for the routing programs and data bases on the selected hard
drive. The name of this subdirectory can be changed by responding to the appropriate
question during the setup procedure.

The hard drive must have approximately 5.7 MB of free space to accommodate the
INTERLINE rail routing model. Once installation is complete, unneeded files will be
automatically deleted, and the RAILROAD subdirectory will occupy about 3.7 MB of space.
During program operation, an additional 0.8 MB of space will be required.

It is recommended that the rail routing model be installed on at least a 286 IBM
compatible computer with 640K of memory and a hard drive with 5.7 MB of free space.
Calculational performance will be improved significantly if there is sufficient memory to define
a 4-MB random-access memory (RAM) drive. (For information regarding the installation of a
RAM drive, see the DOS manual.)

If a RAM drive is be used, the RAILROAD.BAT file in the \RAILROAD subdirectory

must be modified as shown in Fig. 17. In this example, it is assumed that drive d: is the RAM

drive.

3.2 STARTING THE INTERLINE PROGRAM

To begin using the INTERLINE routing model the user should follow the steps listed
below.
1. Change directories to the \RAILROAD subdirectory.

C:> cd ‘railroad <cr>
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@echo off
echo INTERLINE/PC
echo Please wait; Your temporary work file is being created.

copy rrnl0b.fil d: [This line must be added to the file.]

copy interlin.exe d: [This line must be added to the file.]

copy darrpdn.dat d: [This line must be added to the file.]

copy rrnlQ0bo.lls d:rrnl0b.1ls [The d: must be added to place the destination
: file on the correct drive.]

d: [This line must be added to the file.]

interlin

del rrn10b.11s

del interlin.exe [This line must be added to the file.]

del darrpdn.dat [This line must be added to the file.]

del rrn10b.fil [This line must be added to the file.]

c: [This line must be added to the file.]

@echo on

Fig. 17. Modified RAILROAD.BAT file.

2.Execute the railroad batch file.
C:\RAILROAD> railroad <er>"
The first program statement is as follows:

INTERLINE/PC
PLEASE WAIT; YOUR TEMPORARY WORK FILE IS BEING CREATED.
1 FILE(S) COPIED.

There will be a pause at this point while the computer makes a copy of the master data
base. The duration of this pause is a function of the type of computer being used. A copy of
the master data base is made so that the user can make temporary changes to the data base while
performing certain routing operations without permanently altering the master data base. The
opening screen is shown in Fig. 18. At this point, the impedance and transfer penalties in the
routing model are automatically set to their default values by the program.

The program is now ready to accept commands defining the specific actions to be taken.

The various commands are discussed in the following sections.

“In this manual it is assumed that the railroad program is installed on drive C. By typing
railroad, a batch program is run which defines the necessary files and initiates program
execution.
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INTERLINE/PC
Please wait; Your temporary work file is being created.
1 file(s) copied

B I 2 o S M

+ INTERLINE 5.00 +
+ Developed at +
+ OAK RIDGE NATIONAL 