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What is Train Scheduling?

� To design a freight railroad’s train schedule so that all railcars are moved 
from their origins to respective destinations at minimum cost while honoring 
network capacities and using available resources. 

� The train scheduling problem is a complex decision problem and significantly 
affects the uses of the following railroad resources:

– Locomotives– Locomotives

– Crews

– Railcars

– Yards 

– Tracks

� An optimization-based approach for the train scheduling problem that can 
incorporate all the important factors that go into designing a railroad’s train 
schedule is needed by all railroads. 
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ITSO: Innovative Train Scheduling Optimizer

� The ITSO is an optimization-based software which solves the train scheduling 
decision problem and enables solution analysis through a web-based decision 
support system.

Locomotives

Constrained by Operating Rules

ITSO considers all important cost components while 
honoring network capacity and operating rules.

Crews

Locomotives

Yards

Constrained by Network Capacities

Tracks

Railcars

Optimizer

The web-based decision support system 
enables in-depth analysis of the data, 
solution, and its cost impacts. 
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Inputs/Outputs of Train Scheduling

Innovative

Blocks

Trains

Block-to-Train
AssignmentsShipments

Networks

Innovative
Train 

Scheduling
Optimizer

Trip PlanShipment-Block
Assignments

Locomotive

Balanced Crew
Assignment

Balanced 
Locomotive
Assignment

Crew
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Decision Variables and Constraints

� Decision Variables:

– Train origins, destinations, and routes

– Train times and days of operation

– Block-to-train assignments by day-of-the-week

– Trip plan for each shipment

– Crew and locomotive assignment
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� Constraints:

– Line-of-road capacity constraints

– Yard capacity constraints

– Train capacity constraints

– Train work event constraints

– Crew and locomotive related constraints

– Railcar and block related constraints



Train Scheduling Costs

� Train Costs:
– Train Start

– Train Miles

– Train Stops

Train 

� Railcar Costs:
– Car Movement

– Car Ownership

– Block Swapping

Train 
Scheduling

Costs

� Crew Costs:
– Crew Wages

– Hotel Cost

– Taxi Cost

– Detention Cost

� Locomotive Costs:
– Fuel Cost

– Repositioning

– Light Travel

– Ownership and Maintenance
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Algorithmic Approach

� The train scheduling decision problem is a very large-scale multi-objective 
mathematical optimization problem.

� ITSO uses a decomposition technique to solve this decision problem. We 
decompose the train scheduling problem into a sequence of smaller 
problems so that solutions of smaller problems give the solution of the larger 
problem.

� A variety of Operations Research techniques have been used in solving  the 
train scheduling problem:

– Construction algorithms

– Neighborhood search and very large-scale neighborhood search techniques

– Network flow techniques

– Mixed integer programming techniques

� Our approach uses efficient data-structures to speed-up the algorithm's 
run time. 
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Problem Decomposition

� We decompose the train scheduling problem into two decision problems 
and solve using different techniques.

– Train Route Optimizer

– Train Details Optimizer

� Train Route Optimizer (TRO)

– This module generates the train routes of all trains so that all blocks of – This module generates the train routes of all trains so that all blocks of 
shipments are carried from their origins to destinations most efficiently. 

– It solves the network-wide routing problem without determining some details 
related to train arrival/departure times, and train days-of-operations. 

� Train Details Optimizer (TDO)

– This routine takes as an input the solution of the train route optimizer and 
adds the remaining details, such as train arrival/departure times at all 
intermediate stop locations, train frequencies and days-of-operation, block-to-
train assignment by day-of-the-week, and routing of all shipments.  



Space-Time Networks

� A unique feature of our algorithmic approach is that it constructs three 
space-time networks. These networks are seven-day networks, since the 
train schedule repeats weekly. 

– Railcar flow network, Locomotive flow network, and Crew flow network

� We model the flow of resources in the railroad network by flow in these 
three space-time networks. 

Crew Flow Network

Locomotive Flow Network

Railcar Flow Network
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Incremental Train Scheduling

� The ITSO optimizer can be applied in two modes:

– Clean-Slate Mode: Generate a clean-slate plan with no restriction on the extent of 
changes in the current plan.

– Incremental Mode: Make incremental changes to the existing train plan within the 
degree of freedom provided by the user. 

� Examples of incremental changes are:� Examples of incremental changes are:

– Make changes to trains originating/terminating at specified locations only.

– Change the times of a given set of trains.

– Change block-to-train assignments of pre-specified blocks.

� Incremental changes enable a railroad to reoptimize its current train plan 
periodically to take into account various network changes, such as shipments 
volume changes, yard congestion, derailments, curfews, etc. 
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Optimizing Multiple Types of Trains

� Railroads may want to optimize multiple train types (merchandise, 
intermodal, automotive, etc.) together as they share rail network, 
locomotives, and crews.

� Different train types have specific constraints and business 
requirements. The user can specify different types of constraints or 
different parameter values for different train types. different parameter values for different train types. 

– Intermodal trains have higher speeds compared to Merchandise trains

� ITSO can generate train schedules for multiple train types honoring their 
specific constraints and business rules.

� ITSO can fix some train types while optimizing other train types, even 
though the crew and locomotive resources and network capacities are 
shared across all train types.
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� We have packaged our algorithms within a web-based decision support 
system. This system uses the state-of-the-art information technology tools:

Web-Based Decision Support System (DSS)

Web Server (IIS)

Backend
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Optimization Engine
(COM Components)

ESRI  GIS Server

� This decision support system using the latest web and map technology to 
assist users in analysis and decision making. The main modules in DSS are:

– Scenario Management – Data Management

– Optimization Management – Solution Analysis
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Scenario Management

� ITSO is a multi-user and multi-scenario system in which multiple train 
plans can be stored and compared against one-another.
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Data Management

� The quality of the input data and cost parameters significantly impact the 
quality of the optimized train plan. 

� The data management module checks the data, identifies data errors, 
fix/correct part of the data, and present input data to users for review and 
updates.
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Optimization Management

� The ITSO decision support system contains friendly user interfaces to set 
up constraints, objective functions, and the scope for incremental 
optimization.
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Solution Analysis

� The decision support system contains detailed solution pages to analyze a 
solution in a scenario or to compare two solutions from two scenarios. 

� These pages provide the capability of three layered analysis in which one 
"child" layer is subsumed in the "parent" layer. The solution grid has 
paging, filtering, and sorting capabilities. 

� The solution module also contains several reports, charts, and maps to 
present results of a scenario in various formats. 

� The charts are customizable and the user can control the height, width, 
grid, label, and legend for the chart.

� The charts and maps also allow the drill-down capability and we can view 
the details associated with different parts of the chart.
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Solution Page
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Solution Page (contd.)
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Report Page
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A Sample Chart
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A Sample Map
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Case Studies

� We have performed several case studies on the data provided by several 
US Class I railroads. 

� These case studies varied in terms of:

– Extent of changes allowed in a train plan

– Objective function factors to be considered

– Train types to be considered in optimization– Train types to be considered in optimization

� We also performed several what-if analysis to study the sensitivity of the 
train schedules on costs and constraints.

� We present the results of two studies here. 
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Study 1: Optimize Costs by Clean-Slate 
Train Scheduling

� Extent of changes:

– Generate brand new train schedule 
for Merchandize trains.

– Consider all other train types in 
network related constraints.

� Study results:

Statistics % Improvement
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� Study results:

– ITSO made several improvements 
in the objective function factors.

– These improvements translate into 
significant savings in costs for a 
Class I railroad.
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Study 2: Optimize Cost by Changing Train Times 
and Frequencies

Statistics % Improvement
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Crew Deadheading 7.28%

� Extent of changes:

– Change timings of trains if savings 
are more than a minimum 
threshold.

– Change train operating days for 
pair of trains running in opposite 
direction.

Crew Detention 3.83%

Locomotive Requirements 6.08%

Locomotive Deadheading 10.12%

Locomotive Dwelling 14.00%

Car Ownership -0.08%

Total Operating Cost 0.91%

– Do not add/remove trains.

� Study results:

– Changed timings of around 10% of 
the trains and operating days of 
around 2% trains.

– The saving achieved by these 
changes are in the range of 
$10-20 millions per year. 
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Uses of ITSO

� Optimization of all resources in an integrated manner:

– ITSO is the only software product that optimizes all the resources (railcars, 
locomotives, and crews) in an integrated manner. It breakdowns the total cost 
into different cost components so that the management can view the impact 
of changes on different resource costs.  

� Reducing yard and track congestions:

– ITSO recommends fewer train starts and lesser train miles, and thus reduces 
congestion of trains at yards and the line-of-road.

� Disruption management:

– To handle natural disasters or maintenance requests or curfews, railroads 
frequently alter the train plan and routes taken by shipments.

– The impact on train plan changes can be reduced by using ITSO.
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Uses of ITSO (contd.)

� Changes in locomotives and crew business rules:

– ITSO has the unique ability of performing integrated what-if analysis on all 
cost components in view of changes in business rules pertaining to either of 
railcars, locomotives, or crews.

� Impact of changes in business plan and new capital investments:

– Railroads want to assess the impact on operational cost and efficiency in view – Railroads want to assess the impact on operational cost and efficiency in view 
of any expansion/contraction plan of rail network.

– ITSO in association with another product from Innovative Scheduling, the 
Innovative Railroad Blocking Optimizer (IRBO), can answers these questions.

� Rail merger and acquisitions:

– An ideal tool to study the impact of merging two railroad networks, or 
acquiring new resources. 

– For a given set of shipments, the user can execute ITSO in pre-merger and 
post-merger scenarios, and evaluate the changes in costs.
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