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Crew Scheduling

The crew scheduling problem is to assign crews to trains and to create
assignment, deadheading, and rest plan for each crew so that the total cost
IS minimum and operational and contractual requirements are honored.

The crew scheduling problem is a complex decision problem because of:

Strict government regulations

Stringent labor union work rules

Complex structures of Crew Districts (region in which crew can move)
Dynamic train plan (curfews, unschedule trains etc.)

Complicated compensation for crew

An optimization-based approach for the crew scheduling problem that
incorporates all the constraints, minimizes the total cost, and improves the
guality of life for crew is needed by all railroads.



Crew Scheduling Terminology (contd.)

.

Crew: The person who operates a train for a part of its route from the train
origin to train destination.

Terminal: Aterminal is a crew change station in the railroad network. A
terminal is called the home terminal if it is home base for a crew, and is
called an away terminal otherwise. In between operating two trains, a crew
stays in a hotel if he/she is at an away terminal.

Crew Territory: Aterritory is the corridor between two terminals in a rail
network on which a crew can operate a train without any rest.

Crew District: A disjoint set of territories in the rail network such that all
trains on these territories are operated by the same set of crews.

— Acrew district may contain several crew territories.



Crew Scheduling Terminology (contd.)

.

Crew Pool: The set of crews with the same cost structure and business
rules.

— Crews in the same pool can operate trains on several territories in the same
district.

Crew Roster: A crew roster is the chronological sequence of duties assigned
to a crew.



» Crew Scheduling Constraints

A train must have one crew assigned in each crew territory on its route.

A crew cannot be on duty for more than a maximum allowed duration in
one assignment.

A crew must take minimum required rest at a terminal between two
consecutive assignments. The minimum rest requirement may be
different at the home and the away terminal.

A crew cannot take continuous rest for more than maximum allowed
duaration at a terminal.



» Crew Scheduling Constraints (contd.)

Assignments of crews to trains must be done on first-in-first-out basis at
a terminal.

In the planning mode, the crew must return to its starting location at the
end of planning horizon.



5 Crew Scheduling Costs

Crew Costs:
— Trip Cost
— Hourly Wage
— Fixed Cost
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Deadheading Costs:
— Taxi Cost
— Crew Deadhead Cost

Crew
Scheduling
Costs
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Hotel Costs:
— Hotel Rent
— Meals and Allowances
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Detention Costs:

— Hourly Held-away
Penalty




4 Crew Scheduling: Model Features

Crew districts may be of different configurations in terms of the territories
on which crews can be assigned to trains.

Crew districts vary from being a simple district with one territory with one
home and one away terminal, to a more complex structure with multiple
territories and with multiple home and away terminals. Examples include:
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» Crew Scheduling: Model Features (contd)

The crew change terminal in the route of a train may be different than the
home or away terminal of a crew. Similarly, a crew can operate trains
from/to more than one stations in the vicinity of home or away terminals.

Certain terminals can be no-stay terminals implying that the crew cannot
rest at those terminals and must be repositioned to the home terminal or
to a terminal with hotel.

For several pools operating in the same territory, there can be a desired
ratio for number of assignments among these pools (called pool equity).

Each train can have a pre-specified set of primary and secondary pools.
The assignment of a crew from the primary pool will be preferred over
the assignment from the secondary pools.



.

Crew Scheduling: Model Features (contd.)

Between two terminals, a train may have the option of being operated by two
"short" crew pools or by one "long" crew pool .

long territory

‘ short territory >‘ short territory >6

The crew roster should be cyclic implying repetitive sequence of assignments
of a crew in each week.

A crew can operate a train between two away terminals (triangular crew
districts). In this case, the sequence of assignments for a crew may be as
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follows: Train 3

Home Train 1

Away
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ICSO: Innovative Crew Scheduling Optimizer

The ICSO is an optimization-based software which solves the crew scheduling
decision problem and enables analysis through the web-based decision support
system.

ICSO models the crew scheduling problem on a
space-time network to generate optimal crew plan. T
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The web-based decision support system
enables the in-depth analysis of the data,
solution, and its cost impacts.
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— Quick Overview of ICSO

Train Schedules

Crew Network

Crew Regulations

Crew Fleet

Objective Function:

Minimize number of crews used
Minimize overall cost
Minimize deadheads

Minimize hotel nights and held
away hours
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m— Crew Assignments

Crew Deadheading Plan

Crew Hotel Stay Plan

e Crew ROSter

Constraints:

Each train must get a crew to
operate.

Minimum and maximum rest at home
and away terminals

First-in-first-out crew assignments at
each terminal

Trade union rules and government
regulations



The Algorithmic Approach

.

We decompose the network-wide crew scheduling problem into the crew
scheduling problem for each crew district.

We create a space-time network for each district and solve an optimization
problem on this network.

We have developed a custom optimization algorithm to solve the crew
scheduling problem. This algorithm uses a variety of optimization teachniques
to solve it very efficiently:

— Problem decomposition

— Network flow techniques

— Multi-commodity flows

— Heuristic techniques

Our algorithm is very robust and scalable in terms of the size of the problem.
For a Class | railroad, this algorithm's run time in under one minute.



. Unscheduled Train Network

For a railroad, crews may be shared among scheduled and unscheduled
trains.

The ICSO can be used to create an optimized crew schedule for the
integrated train network.

A user can specify the time horizon for which the actual unscheduled train
network data should be considered.
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» Web-Based Decision Support System (DSS)

We have packaged our algorithms within a web-based decision support
system. This system uses the state-of-the-art information technology tools:

K Web Server (11S)
Optimization Engine
% ESRI GIS Server % (COM Components)

¥ /

Database ( Front End
02090 B og

This decision support system uses the latest web and map technology to
assist users in detailed solution analysis. The main modules in DSS are:

— Scenario Management — Model Management

— Solution Analysis — Reports and Maps
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» Scenario Management

ICSO is a multi-user and multi-scenario system in which multiple
solutions can be stored and compared against one-another.

A user can create a new scenario or can copy any of the existing scenario to
make changes in it.



The model management module allows users to review and change the data.

A user can change parameters to create a new crew schedule.




A user can compare the re-optimized solution to the current solution and
can choose to accept/reject the new solution.

e




The decision support system contains detailed solution pages to analyze a
solution in any 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 can be exported into
an Excel spreadsheet or to a PDF file.

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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To develop a repetitive crew schedule

— Given a train plan, ICSO can generate a cyclic crew plan with minimum cost
and using minimum number of crews.

— This capability can also be used in forecasting crew requirements.

To generate a non-repetitive crew schedule

— Given a train plan and current crew positions, ICSO can generate crew
assignments with minimum cost for a given time horizon (may vary from a
week to many months).

Disruption management

— To handle natural disasters or maintenance requests or curfews. Railroads
frequently alter the train timings and routes and thus requiring a tool to re-
generate a crew schedule with minimum changes in the existing schedule.

— ICSO can be used to identify the optimal change in crew costs.



Changes in crew business rules and union contracts

— ICSO has the ability of performing integrated what-if analysis in view of
changes in business rules.

— This capability can guide a user in negotiations with the labor unions.

Crew districts reconfiguarion

— ICSO can be used in performing various what-if analyses by changing
geographical configuarions of crew districts, crew territories, or crew pools.

— This capability will be helpful to the railroad's crew management in strategic
decision making.






