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Overview

● Car forwarding review, Prototype and Model
● Why a new computer program
● What it does (very high level)

– Fundamentals
– Advanced Features
– Analysis

● Q & A



Show of Hands

● Operating sessions?
● Car Cards and Waybills (CC&WB)?
● Switch Lists?
● Computer Software? 



  

Car Forwarding Review



Prototype Car Forwarding

● Why? - Shipments of goods
● Where? - Waybills
● How? - Switch Lists



Prototype Waybills – 3 Main Types

● Car Supply
● Freight
● Empty Return















Model Car Forwarding (CC&WB)

● Shipments
● Waybills
● Switch Lists – Only with a lot of manual effort









Freight Waybill and Empty Return Bill



Car Supply Bill and Freight Waybill







  

Why a New Computer Program



CC&WB Works Great ..... But:

● Too much work
● Crews unsure what to do with a Car
● Hard to update for changes
● No insight into overall traffic flow















So..... Automate it!

● Keep the richness of the CC&WB system, but:
– Eliminate the manual effort for set up
– Operate using Switch Lists
– Analyse Car movements over time for planning

● And no artificial assumptions or approximations
– Car movements are always based on prototypical 

Shipments



  

What the Program Does (Very High Level)



The Program:

● Selects suitable Shipments for Cars
● Generates necessary Waybills for Cars
● Runs Trains to pick up and deliver Cars 

according to their Waybills
● Prints Switch Lists
● Records an Event Log that can be analysed



  

Program Features



  

Fundamentals



Fundamental Features

● Track Network
● Car Routing
● Running Trains
● Restaging of Trains
● Switch Lists for Operations



Track Network

● Modelled layout plus external unmodelled areas
● A view from the Car’s perspective
● Includes every place where a Car can “rest”
● Connections link one Track to another
● Used to route Cars
● Trains follow paths



Simple Example

● West Staging, one Town and East Staging
● Shipment scenario:

– Reefer to be delivered to the Warehouse in Town 
from Western Fruit, beyond West Staging

East
StagingWest

West
Staging EastTown

Warehouse



Car Routing

● Shipments specify only start and end points
● The route follows a path between these points
● Paths are calculated from the Network of 

Tracks and Connections



Car Routing

● Shipper = Western Fruit
● Receiver = Town Warehouse
● Route = ??

East
StagingWest

West
Staging EastTown

Warehouse



Car Routing

● Route:
● West Staging
● Main Track
● Siding
● Warehouse

East
StagingWest

West
Staging EastTown

Warehouse



Car Routing Schematic Diagram
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West
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West East

Reefer Route

West
Staging Main

East
Staging

Siding
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West East



Car Routing and Trains

● What Trains are involved in moving the Car?
● Answer:

– We don’t know (yet), but the Car does not care!

Reefer Route

West
Staging Main

East
Staging

Siding

Warehouse

West East



Running Trains

● Each Train follows a specific Timetable 
consisting of an order list of Stops

● Each Stop specifies if the Train picks up, 
delivers, or just “visits” the Track

● Trains try to “advance” Cars along their route
● No guarantee that any Car will ever be moved!
● Think “Hitchhiking” 



Eastbound Way Freight

Reefer Route

Way Freight Train
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Eastbound Through Freight

Reefer Route

Through Freight
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West East



...followed by a Local Switcher

Reefer Route

Local Switcher
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West East



Eastbound Non-Stop Freight

Reefer Route

Non-Stop Freight
West

Staging Main
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Staging

Siding
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West East
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CP.East

CP.East.Staging (Lower)

CP.West

CP.West.Staging (Upper)

SBC.Archibald

SBC.Carson.Main SBC.Darestof.A

SBC.Darestof.B

SBC.Darestof.C

SBC.Darestof.D

SBC.Darestof.E

SBC.Darestof.F

SBC.Darestof.Main

SBC.Grand Forks.Boundary Electric

SBC.Grand Forks.Columbia Brewery

SBC.Grand Forks.CP-Easts

SBC.Grand Forks.CP-Wests

SBC.Grand Forks.Esso

SBC.Grand Forks.Fruit Coop

SBC.Grand Forks.Locals

SBC.Grand Forks.Main

SBC.Grand Forks.OCS

SBC.Grand Forks.Sawmill

SBC.Grand Forks.SBC-Norths

SBC.Grand Forks.SBC-SouthsSBC.Grand Forks.Siding

SBC.North

SBC.North.Staging (Upper)

SBC.South

SBC.South.StagingS&BC Railway

Eastbound CPR Through Train

Reefer Route

Boxcar Route

Reefer & Boxcar
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Restaging of Trains

● No manual intervention
● Every Car assigned a “doable” Shipment
● Random selection from all suitable Shipments
● Shipment selection algorithm can easily be 

improved



Restaging Process

● Each Car must be given a new “role” to play
● Find Candidate Shipments that are:

– Suitable for Car and Type, and
– Train can advance the Car

● Select one candidate at random
● If no candidates, Car is moved to Storage



Candidate Shipment Selection

West
Staging Main

East
Staging

Siding

Warehouse

West East

Inbound Load

Through Load

Empty Supply?? ?

?

??



Switch Lists

● Different formats for Road Trains and Switchers
● Simple files processed as a spreadsheet
● Will be integrated into the program
● Printed using a receipt printer



Road Switch List Sample



Road Switch List



Road Switch List



Classify Switcher Switch List



Local Industries Switch List



  

Advanced Features



Advanced Features

● Track network diagrams
● Train schedule “String Diagrams”
● Car Exchange
● Car Orders
● Train Lineups



Track Network Diagrams

● Generated directly from the track network
● Currently uses LibreOffice Draw
● Only need to arrange Track positions
● Could become an integrated editor later
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String Diagrams

● Generated directly from Train Timetables
● Uses simple spreadsheet program to display
● Could be integrated later
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Car Exchange
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Way Freight



Car Orders

● For specific Shipments
● Both empties for outbound and inbound loads
● Helps ensure a uniform supply of cars
● Considered before random selection
● Rules can be enhanced later



Train Lineups

● View of all activity at specific Tracks
● Great for yardmaster to know what is expected



Grand Forks Yard Line-up - Arriving



Grand Forks Yard Line-up - Departing



  

Analysis



Analysis Features

● Study concept
● Multiple day simulations for analysis
● Data output for analysis as a spreadsheet
● Could be integrated later
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S&BC Study for 7 Days

<?xml version="1.0" encoding="UTF-8" standalone="no"?>
<study comment="This is a test..." cycles="7" layout="sbclayout.csv" version="1.0">
    <message message="Starting Study" start="01:00"/>
    <runtrain start="00:00" format="switcher" timetable="GF Switcher" />
    <runtrain start="00:00" format="road" timetable="CP Eastbound" />
    <runtrain start="02:00" format="switcher" timetable="GF Switcher" />
    <runtrain start="00:00" format="road" timetable="SBC Northbound" />
    <runtrain start="04:00" format="switcher" timetable="GF Switcher" />
    <runtrain start="02:30" format="road" timetable="Passenger Southbound" />
    <runtrain start="05:30" format="road" timetable="SBC Southbound" />
    <runtrain start="08:30" format="switcher" timetable="GF Switcher" />
    <runtrain start="04:45" format="switcher" timetable="GF Switcher Industries" />
    <runtrain start="06:00" format="road" timetable="Passenger Northbound" />
    <runtrain start="08:30" format="road" timetable="CP Westbound" />
</study>



CP Eastbound Timetable



Reports

● Various metrics can be plotted against time
● Shows if the operations are in “balance”
● Simplest is Car count at a location over time
● Car history of locations it has been at, etc.
● Produced by post-processing of the Event log
● Easy to develop more



Simple Car Counts Over Time
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Inbound and Outbound Conflict
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Oscillations
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Restaging Shipment Counts



Track Shipment Counts



Car History for Two Shipments



Summary

● Selects suitable Shipments for Cars
● Generates necessary Waybills for Cars
● Runs Trains to pick up and deliver Cars 

according to their Waybills
● Prints Switch Lists
● Records an Event Log that can be analysed



Not Covered

● Districts for Car selection and home routing
● Shipments and Car Orders can be “fuzzy”
● Car wait times are configurable
● Car location summary
● CSV and XML file formats



Not Covered

● Track Pools and “elastic” Tracks
● Diagnostics to help find data errors
● “Stuck” Cars
● Developed in Java using Netbeans on a Mac



  

Q & A



References

● Tony Thompson’s blog on “Modeling the SP”:
http://modelingthesp.blogspot.com/2012/05/handout
-for-waybills-talk.html

● The Operations Special Interest Group
http://www.opsig.org

Gregory Madsen:   gmadsen@ieee.org
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