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. What is a Locomotive Plan?

A locomotive plan is a blueprint that describes what should happen under
normal operations, much like the service design train plan.

— It describes how many and what class of locomotives should be assigned to
each scheduled train.

— It shows train-to-train connections such that every outbound train has a
planned source of power.

— It is specific to each terminal and to each day of the week.
— It can be repeated indefinitely if there are no disruptions.

A locomotive plan ensures network balance which may require
deadheading from power sources to power sinks. A locomotive plan
must generate optimal deadhead moves to balance power.

A locomotive plan must be feasible with regard to the available fleet size
and minimum terminal connection times.



» | ocomotive Plan

A Locomotive Plan assigns consists (of locomotives) to trains.
— Number of locomotives types to each train
— Train-train connections at each station
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» The Locomotive Plan Optimizer

Train Schedules,
Tonnages & Horsepower
Requirement

Locomotive Fleet
Description

Obijective Function:

— Minimize locomotive -
ownership/leasing cost

— Minimize active pulling cost —
— Minimize deadheads
— Minimize light travel cost

= Train Locomotive
Assignment

gy 112UIN-Train Connection at
Terminals

Constraints:

Each train must get sufficient power
to pull the tonnage.

Locomotives must stay at a station
for minimum connection time before
connecting to the next train.

Satisfy a variety of business rules.



» Multiple Locomotive Types

ILPO considers multiple types of locomotives. Each locomotive type has
several attributes, such as Axle Count, HP Provided, Costs, Cab Signal

Equipped, DPU Leader, etc.
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4 Consist-Based Modeling

ILPO assigns pre-specified consists to trains. For example, we can specify
that each train gets only one of these consists:

— 27[SD40], 3 [SD40], 2" [AC44-8], 3" [AC44-8], 2" [AC60]
Consists are assigned from an incoming train directly to an outgoing train

without being busted.

Each train will get only one of these consists as an active set (that will pull
the train). Some trains may get two active sets if their power requirements
cannot be fulfilled by one active consist. A train may have one to two
deadhead consists assigned to it.

Consist-based modeling reduces the consist-busting in practice, improves
on-time train originations, and results in higher plan compliance.

ILPO allows consist busting for some specific trains.



» Active and Deadhead Consists

Active Consists:  Each train receives one or more active consist from a
set of pre-specified consists.

Deadhead Consists:  Some train can get deadhead consists.

Sufficient Tonnage for a Train:  Each train must be assigned
locomotives so that the pulling effort provided is sufficient to pull the
tonnage on the train for the ruling grade.

Sufficient Horsepower for a Train:  Each train must get sufficient
HP/Tonnage.

Hard-Wired Consist Assignments:  Some trains must receive pre-
specified consist assignments.



4 Loco Class-Type to Train-Type Constraints

We can specify the preference of using different locomotive types for
different train types. We have three types of preferences: Preferred,
Accepted, and Prohibited.

| %% | 9%/3.%

P= Preferred, A= Accepted, X=Prohibited

Trains in some territory are required to have locomotives with cab
signals. Some trains must have DPU locomotives.

DPU locomotives or locomotives with cab signals are in limited supply
and the locomotive plan must ration them.



» Irain Tonnage Requirement Logic

Helpers: 2 [SD40]
20,000

Tonnage 11,000
required by )e
the train

Consist assigned to the train should be powerful enough to pull the train on its
entire route.

Different locomotives provide different pulling power on different train segments
based on ruling grades. Some train segments have helpers.

Users can also allow power swap at intermediate location on some trains. In this
case, the tonnage requirement for path before/after swap location will be
calculated separately.
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. Terminal-Related Features

Terminal Clustering:  We allow terminal clustering to balance the
locomotive power. Small terminals close to a big terminal can share
locomotives. ILPO allows clustering of nodes to handle this feature.

Balanced Terminals: Locomotives are balanced; that is, the number of
locomotives of each type into a terminal in a week is the same as the
number of locomotives of that type out of a terminal in the week.

Imbalanced Terminals:  On certain locations, locomotives are balanced
with trains in the unscheduled network. At these stations, the user can
provide the maximum surplus/deficit allowed, and ILPO will honor it.

Run-Thru Trains Logic:  Locomaotives from other (foreign) railroad may
come to a railroad by run-thru trains and return to the foreign railroad on
other run-thru trains. The foreign railroad may be giving out locomotives
at one terminal but receiving locomotives at other terminals.



. Train-Train Connections Related Features

Minimum Train-Train Connection Times: A locomotive must dwell at a
terminal for some minimum number of hours before being reassigned to a
train. Locomotives need to be inspected, fueled, and serviced before
reassigned to a train. We call this number the minimum terminal
connection time. We allow different terminals to have different minimum
connection times.

Group Train-Train Connections:  We can specify group train-train
connections. An incoming group of trains must connect to the outgoing

group of trains. The model can make any connections between the group.

Hard-Wired Train-Train Connections:  We can specify some hard-wired
train-train connections.

Prohibited Train-Train Connections:  We can specify some train-train
connections to be prohibited.



4 Consistency and Simplicity of the Plan

Consistent Locomotive Assignment: A train should generally be
assigned the same consist each day it runs. It is a soft requirement.

Consistent Train-train Connections:  Train-train connections should be
consistent on different days of the week. It is a soft requirement.

Simplicity of the Locomotive Plan:  The distinct number of locomotive
or consist types that come into a terminal is preferably within a specified
range. It is also a soft requirement.



4 ILPO Algorithmic Approach

We have developed a novel technigque to solve the problem using state-of-
the-art mixed integer programming (MIP) technique.

This technigue uses a three-stage decomposition process that we have
developed and improved through years of research.

Each stage formulates the locomotive planning problem as a flow problem
on a space-time network.

One-Day Hybrid Seven-Day
— Locomotive > Locomotive > Locomotive >
Input o o . '
P Optimizer Optimizer Optimizer Saulion




4 Different Modes of Locomotive Planning

Clean-Slate Locomotive Planning
— Create a locomotive plan from scratch.

Plan Maintenance

— Make minimal changes to the current locomotive plan to account for small
incremental changes to the current train plan.

— To be used on the daily or weekly basis to update locomotive plans.

Incremental Locomotive Planning

— Make incremental changes to the current locomotive plan to accommodate
larger system-level changes in the train plans or the fleet size.

» Example: Changes in fleet composition or consist types used or change in business
rules.
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4 ILPO: A Web-based Decision Support System

We have packaged the ILPO engine within a web-based interactive decision
support system. This system enables the user to review the data, run the
ILPO engine, and perform an in-depth analysis of the locomotive plan.

@ Innovative Locomotive Planning Optimizer

Innovative Locomative Planning Qptimizer (ILPO) is a web-based decision support system for developing a railroad's locomotive (operating) plan. A
locomotive plan specifies which types of locomotives will pull each train, and how locomotives will deadhead to obtain the overall network-wide
efficiency. The locomotive plan serves as a blue-print to guide day-to-day realtime assignment of locomotives to trains. We have developed an
optimization-based method to determine a railroad’s locomotive plan taking into account all the important business rules and constraints; this
method is the basis of ILPO. ILFO enables a user to generate a locomotive plan within an hour of computational time.

Username: |i55

Password: |"|“““

= Innovative Scheduling




4 Integration with the Rallroad’s Systems




4 Parts of the Decision Support System

Scenario
— Manage different scenarios and compare any two scenarios.

Data
— View and edit data.

Optimization
— Determine the optimal locomotive plan and fine-tune it.

Solution
— Analyze the optimal locomotive plan and compare with the given locomotive plan.

Reports and Maps
— Study various reports and maps to understand the solution better.

Admin
— Manage the users and privileges for using the system.



Scenario Management

ILPO supports multiple scenario to enable the user to perform various
what-if studies and compare the results of any two scenarios.

@ Innovative Locomotive Plcnning Optimizer

Scenario Management

EXISTING SCENARIO ¥




» A Sample Data Page

The interface to validate and modify data.

Innovative Locomotive P|c1nning Opiimizer Welcome iss :: Logout =
[Demo 1

Scenario Solution Reports Admin

Stations Locomotives Train Preference Station Preference Home = Data = Trains

Train Data

TRAIN LIST 2 7 of 17 (325 Records) = |44 <

HE: Lab Bk Lorg
Regd Begg . Reqd Boundl
essitnae EeiTtes: SESItatae: SEtTe)

Dep Arr Travel
Time Time Duration

TOO1 Wanifest 5069 5069 - 5053 5053 - 16:30 22:45 6.3 —TWTFS 4,301 1.0 4,30 1 o-

Train Seg~  Type Orig Station  Orig Cluster Orig RR Dest Station DestCluster DestRR Frequency | Enfirans HET

ToOZ Wanifest 5069 5069 - 5053 5053 - 16:30 23:30 70 5—r— 4,301 1.0 4,30 1 o-
TOOZ Wanifest 5069 5069 - 5053 5053 - 16:30 23:30 70 MN— 4,301 1.0 4,30 1 o-
ToO4 Wanifest 5053 5053 - 5069 5069 - 12:00 1845 6.6 —TWTFS 9,401 05 8461 1 o-

TO05 Wanifest 5053 5053 - 50859 5069 - 12:00 1845 58 SM

9,401 08 8451 1 0-
T008 Manifest 5121 5121 - 5093 5093 - 04:00 01:49 21.8 SMTWTFS 2101 08 3281
Too7 Manifest 5053 5053 - 5087 5087 - 11:30 15:44 42 SMTWTFS 3,601 14 504
To08 Manifest 5093 5093 - 5121 5121 - 03:30 00:40 212 SMTWTFS 7,001 06 4201
Toog Manifest 5087 5087 - 5053 5053 - 16:30  20:10 3.7 SMTWTFS 7,201 10 7200
ToM0 Manifest 3108 3108 - 3103 5103 - 09:30 21:30 12,0 SH—W—F— 3,004 10 3,001 0 0-
TO11 Manifest 5108 5108 - 5103 5103 - 09:30 21:30 120 —T-T-5 3,001 10 3,001 0 0-
To12 Manifest 5105 5108 - 5068 5068 - 1515 19:45 45 SMTWTFS 5,301 11 583 2 0-
To13 Manifest 5103 5103 - 5073 5073 - 21:00 04:14 7.2 SWTWTFS 8,401 10 8401 0 0-

TO14 Manifest S068 S068 - S105 5105 - 06:00 09:24 s 7,601 1.0 7,601

(SN}

T015 Wanifest 5088 5068 - 5105 5105 - 21:45  02:24 47 SMTWTF— 4,401 1.0 4401

TO16 Wanifest S073 S073 - S103 5103 - 15:30 23:20 7.8 SMTWTFS 5,501 1.0 5,501

=)
o
'

THMT Wanifest =022 022 - 5088 5088 - 07:30 15:45 23 —M-W-FS 2,201 1.1 2,421 2 o -
T0M& Wanifest s022 s022 - 5088 5088 - 07:30  14:44 72 S 2,201 1.1 2,421 2 o-
TS Wanifest s022 s022 - 5088 5088 - 07:30 1814 87 —T-T— 2,201 1.1 2,421 2 o-

To20 Manifest 5102 5102 - 5118 5119 - 17:30 19:30 2.0 SMTWTFS 5,301 1.0 530 0 0 1xLs

nnovative Scheduling ion in Action




A Sample Solution Page

The interface to review solutions

N

Orig Dest
Dwell Dwell Sun Mon Tue Wed Thu F'.eu:|u:| Pr'.cl F'.ﬂtlo
0957 1245 1xL1; 1=L1 1=L1; 1=L1 1x=L1; 1=b1 1xl1; 1xl1 1xld; 1=l 4301 4,400 1.0
0815 13:15 1%L1; 1=L1 1=L7; 1=L1 1xL1; 1=L1 1=L7; 1xb1 1xL1; =L 4 400 1.0
01:38  -00:30 0 0.0
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Reports to analyze solutions




Maps allow visualization of the solution on the railroad’s network




Maps allow visual analysis of flow over the railroad network




Terminal diagram allows users to interactively review plans at each terminal.

T
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We performed several computational studies of ILPO on the data
provided by a Class | railroad. Here we present the results of three case
studies:

— Clean-slate (Zero-base) locomotive planning
— Plan maintenance
— Incremental planning

The results presented are based on a sample test case with:

— Number of trains: 368

— Number of locomotive types: 5
— Number of consist types: 11

— Number of major terminals: 74

Several other business constraints were applied, including hard-wired
assignments, group-group connections, prohibited deadhead moves,
locomotive lower/upper bounds, minimum connection time, etc.



Statistics % Change

Number of Locomotives Required -7.5%

Productivity (Gross ton-miles per HP-day) 4.8%
Deadhead originations -2.3%
Assignment Consistency -2.0%
% Locomotive Active Time 2.2%
Average Dwell Time -7.4%

Significant reduction in the number of locomotives used and the dwelling
time, and increase in locomotive productivity.

Significant reduction in the number of deadheads.

ILPO can save $20-$50 million dollars per year for a large railroad.



The plan maintenance mode is useful when a train plan incrementally
changes and we change the previous locomotive plan to accommodate
the changes in the train plan.

A sample test case was created with the following changes in the train
plan:

5 trains added

6 trains deleted

Changed the frequency of 6 trains

Increased horsepower requirement of 6 trains
Changed the time schedule of 7 train

In summary, 8% of the input train plan was changed.

The goal of the study was to make minimum adjustments to the previous
locomotive and obtain the new optimal locomotive plan.



Statistics % Change

Change in the Train Plan -8.2%
Change in Locomotive Plan 5.7%
Locomotive Requirement 0.3%
Deadhead originations -2.3%
Assignment Consistency -1.0%
% Locomotive Active Time -0.8%
Average Dwell Time 1.8%

ILPO can make minimal changes (proportional to the number of changes
In train plan) to the current locomotive plan to make it feasible and be
near-optimal.

This feature is ideal to address day-to-day changes in the train plan.



ILPO can be run with the specified amount of freedom to propose only
handful of suggestions with best savings.

In the chart below, we demonstrate the locomotive savings as a function
of the number of changes made to the given locomotive plan.
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Generate clean-slate locomotive plans

— Useful when major business rules are changed

Incrementally improve the current locomotive plan.

ILPO allows the user to optimize only a selected part of the network while
keeping the other part fixed.

Assess the impact of proposed train schedule changes on locomotive
productivity and utilization

ILPO also generates locomotive plan with minimal changes to support the
changes in the current train plan

Generate recommendations for capital investments.

— Acquiring new fleet. Determine the number and kind of locomotives to be
purchased each year based on the projected train schedule.

— Retiring/subleasing current fleet.

— Special equipment requirement to operate in certain territories.



An optimized locomotive plan does a better matching of locomotive power
to the train horsepower and tonnage requirements.

ILPO takes into account the network-wide effects of any assignments.
Thus, it reduces deadheadings/repositionings and improves locomotive
utilization.

Using ILPO, a locomotive plan can be generated within 1-2 hours, whereas
generating a plan manually takes weeks of effort.

ILPO can quickly update/revise a locomotive plan as service design
department makes frequent changes in the train plan. ILPO can automate
the locomotive plan maintenance process.






