
ILSO: Innovative Locomotive Simulation Optimizer
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Motivation

� A large freight railroad in USA owns 4,000 – 8,000 locomotives and has 
no optimization-based decision support system that can help its 
Locomotive Planning division for planning decisions.  

� Sample planning decisions:
– How many and what kind of locomotives to order next year? 

– If business goes down, how many locomotives to put into storage?– If business goes down, how many locomotives to put into storage?

– What is the relationship between on-time train performance and the number 
of locomotives in the system?

– Do we have shortage of shop capacity? If yes, where to add shop capacity for 
the largest impact? 

– What are the effects of changing the locomotive policy? 

� Locomotive management wants a laboratory to experiment with different 
ideas before implementation. 
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Locomotive Power Plan

� A railroad uses Locomotive Power Plan to assign consists to trains. It 
describes: 

– Number of locomotive types (consists) each train needs

– Train-train connections at each station

– Locomotive terminal dwell times 

� An example of a locomotive power plan:� An example of a locomotive power plan:
– Train Q123: 2´ [SD40]

– Train Q130: 3´ [SD40] + 2´ [AC44]: Deadhead 

– Train Q140: 2´ [AC60]

� However, due to various events and disruptions, the Power Plan cannot 
be complied and changes must be made to the plan.   
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Sources of Disruption
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Real-life events cause disruption to the locomotive plan.
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Need for Simulation and Optimization

� We need to simulate locomotive movements across the network:
– Create disruptions as they happen in reality (simulation)

– Respond to these events intelligently as managers do (optimization)

– Assess network performance measures

� Sample network performance measures:   
– % of On-Time Train Originations– % of On-Time Train Originations

– % of On-Time Train Arrivals

– Locomotive Dwell Time at Terminals

– % of Out-of-Service Locomotives

– % of Delayed Trains and Delay Hours 

– % Compliance to the Power Plan

– Locomotive Utilization

� To build this system, we need to integrate simulation with optimization.
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Locomotive Simulation Optimizer: Overview 
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Initial State of the Resources

� Trains
– Trains run as per their schedule

– Departed trains arrive according to their schedule

� Locomotives
– Use locomotive assignments as in the power plan

– Evenly spread quarterly maintenances– Evenly spread quarterly maintenances

– Randomly generate the next breakdown event

� Terminals
– Use terminal inventory as in the power plan

– Distribute spare locomotives randomly among shop locations

� Shops
– Empty
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Train Events

� Consider events for only the scheduled trains. 
– Add unscheduled trains in a later phase. 

� Train run times vary from one day to another. 
– Use historical data to generate train run times randomly. 

� Provide locomotives (consists) to trains as per the power plan. 
– Substitute locomotives if the right consist is not available.

– Use current business rules about assigning consists to trains.
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Locomotive Events

� Locomotives go to shops for quarterly maintenance.
– Use the current business logic to send locomotives to shops. 

– If an assigned locomotive is part of a consist, then bust the consist before 
sending it to a shop.

– Based on the current location, randomly choose a shop.

– Consider shop distances.  

� Locomotives also go to shops for breakdown maintenance.
– Consider historical breakdown rates based on locomotive type and age.

– Based on the current location and the type of repair needed, choose a shop 
based on shop distances and the number of locomotives at these shops.
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Terminal Events

� Trains arrive bringing locomotives.
– Some trains arrive early while some arrive late.

– Some locomotives are broken while some need quarterly maintenance. 

� Inbound locomotives undergo terminal processing.
– Inspection, cleaning, fueling and servicing.

� Good locomotives go to locomotive/consist inventory.

� Consist busting
– Occurs when one of the locomotives in the consist is broken.

� Consist formation
– Locomotives form new consists. 

� Assignment of consists to trains
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Shop Events

� Each shop has a limited capacity for breakdown and Q maintenances. 
– Limited spots for quarterly maintenance.

– Limited spots for breakdown maintenance.

– Limited spots that can handle both.

� Locomotives are served in the first-in first-out order. They form queue 
outside the shop waiting for quarterly and breakdown maintenance. outside the shop waiting for quarterly and breakdown maintenance. 

� We generate shop processing time randomly based on the historical 
data.   

� Repaired locomotives are stored in the shop inventory and released from 
the shop at the end of the shift.
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Consist Assignment at Terminals

� Consider availabilities of locomotives and consists.

� Consider train priorities.
– Lower priority trains are delayed to give locomotives to higher priority trains.

� Compliance with locomotive power plan.
– Trains are allowed to wait for some time to receive their planning consists.   – Trains are allowed to wait for some time to receive their planning consists.   

� Allow locomotive substitutions.

� Consist busting and consist formation. 
– This takes some time and incurs some cost.
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Consist Assignment at Terminals (contd.)

2´́́́

3´́́́

3´́́́

� The consist assignment 
at a terminal is a rolling-
horizon bipartite 
assignment problem. 

� We can formulate and 

2´́́́

2´́́́

3´́́́

2´́́́

3´́́́

� We can formulate and 
solve it as a multi-
commodity network flow 
problem. We solve this 
problem heuristically.
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Identifying Tactical Repositioning Moves

� Determine locomotive imbalances at 
nodes.

deficit locations

excess locations

� Solve a multi-commodity network 
flow problem heuristically to flow problem heuristically to 
determine optimal repositioning 
moves.

� Consider light travel of locomotives. 
– Add deadheading on scheduled 

trains in the next phase.
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Some Potential Uses of ILSO

� Determine the impact on system performance due to:
– Changes in fleet size/fleet mix

– Changes in shop capacity (spots in the shop)

– Changes in the # of shops

– Better operations: reduced OOS rate, increased velocity, etc.

– Changes in the train plan

– Policy changes: power plan, terminal operations, train priorities, etc.– Policy changes: power plan, terminal operations, train priorities, etc.
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Scenario 1: Changes in the Fleet Size
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Scenario 2: Strategy Change 
(Waiting Time for Right Consist for Outbound Train)
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Scenario 3: Fleet Reliability 
(Changes in the Out-Of-Service Rate of Locomotives)
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Scenario 4: Better Train Operations 
(Changes in the Train Velocity)
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Scenario 5: Changes in the Shop Capacity
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ILSO Decision Support System 

� We have packaged ILSO within a simple and easy-to-use decision 
support system. It is already being used for decision making. 
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