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Introduction 

Integrated railway schedule planning 

Rapid Transit Railways profitability is critically influenced by its ability to 

construct profitable schedules.  

FLEET PLANNING 

LINE PLANNING 

TIMETABLE DEVELOPMENT 

CREW PLANNING 

REVENUE MANAGEMENT 

ROLLING STOCK CIRCULATIONS 

ROLLING STOCK ASSIGNMENT 

ROLLING STOCK ROUTING 
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Rolling Stock Assignment:  among the most important factors that determine cost. 

Train Routing: delay minimising assignment of fleets to operations. 

Introduction 

Current practice: sequential solving. 

Integrated models: better feedback and  choice 

of schedule and capacity. 

 

Joint optimization big challenge:  

• difficult to obtain consistent data. 

• Results in huge problem sizes. 

Crew Scheduling: cost minimising assignment of crews to operations. 

CREW SCHEDULING 

ROLLING STOCK ASSIGNMENT 

ROLLING STOCK ROUTING 
Integrated 
Approach 
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Contributions 

• Development of an integrated schedule optimisation model that includes 
rolling stock assignment, train routing and crew scheduling decisions.  
 
 

• Introduction of robustness in the integrated model through different 
approaches (i.e., penalisation of difficult shunting operations, minimisation of 
propagated delays and minimisation of the need for human resources);  
 
 

• Use of a heuristic based on Benders Decomposition so as to obtain good 
quality solutions;  
 
 

• Development of case studies using realistic problem instances obtained from 
the network of the Spanish train operator RENFE. 



Luis Cadarso  

 
 

July 2015 

Integrated railway schedule planning 

6 

Outline 

1. Introduction 
 

2. Rolling Stock Assignment 
 

3. Train Routing 
 

4. Crew Scheduling 
 

5. Integrated Approach 
 

6. Solution Approach 
 

7. Case Study 



Luis Cadarso  

 
 

July 2015 

Integrated railway schedule planning 

7 

Rolling Stock Assignment 

Optimisation of train services' compositions, empty trains and the optimal 
management of train units in depot stations, all while satisfying passenger 
demand. 
 
Robustness:  minimise difficult shunting operations. 
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Rolling Stock Assignment: Model Formulation 

+ flow conservation,  fleet size, infrastructure capacity, etc. 

Objective function 

Demand  

Services 

Shunting 
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Case Study: Rolling Stock Assignment 
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11 

Train Routing 

Sequences for each train unit in the train network once the RS assignment for 
each service is known. 
 
Robustness: minimise expected delay in train connections. 
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Train Routing: Model Formulation 

Objective function 

Sequencing 

Variables 
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Case Study: Train Routing 
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Crew Scheduling 

Assign crew resources to certain tasks derived from the schedule planning 
problem. 

Task/Operation: shortest single operation between two stations (e.g., train 
services, empty services, composition changes). 

 
 

Duty: sequence of tasks/operations to be performed by a single crew member 
withing a working shift. 

CREW SCHEDULING 

CREW ROSTERING 

CREW PLANNING 
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Crew Scheduling: Model Formulation 

Objective function 

Tasks 

Deadheading 

Duties 

Sequences 

Breaks 

+ other. 
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Case Study: Crew Scheduling 
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Optimization Model 

 We are integrating several sub-problems: 

• Rolling stock assignment; 

• Train routing; 

• And crew scheduling. 
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Optimisation Model 

Train 
Routing  

Constraints 

 Rolling Stock  
Assignment  
Constraints 

 Coupling Constraints 

 Crew Scheduling 

Constraints 

Objective Function 



Luis Cadarso  

 
 

July 2015 

Integrated railway schedule planning 

21 

Model Formulation 

Objective function 
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Model Formulation 

Constraints 

• Passenger demand is linked to the capacity of the allocated train units; 
 

• as for the rolling stock, each service gets at most one composition; flow 
conservation is ensured; fleet size; capacity of the stations is controlled; 
 

• coupling constraints establish the relationship between rolling stock 
assignment, train routing and crew scheduling constraints; 
 

• for train routing, each operation gets a predecessor and a successor 
operation (sequence constraints). 
 

• and for the crew scheduling, every constructed duty is feasible and legal 
with respect labour rules. 
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Model Formulation 

Coupling Constraints 

Train 
Routing  

Constraints 
 Rolling Stock  
Assignment  
Constraints 

 Coupling Constraints 

 Crew Scheduling 

Constraints 



Luis Cadarso  

 
 

July 2015 

Integrated railway schedule planning 

24 

Outline 

1. Introduction 
 

2. Rolling Stock Assignment 
 

3. Train Routing 
 

4. Crew Scheduling 
 

5. Integrated Approach 
 

6. Solution Approach 
 

7. Case Study 



Luis Cadarso  

 
 

July 2015 

Integrated railway schedule planning 

25 

Solution Approach 

• The problem has three decision levels:  
 

1. first, the rolling stock assignment and shunting,  
 

2. second on the train routing,  
 

3. and third on the crew scheduling.  
 

 
• To apply Benders decomposition:  

 
o a master problem, feasible rolling stock and shunting schedules,  

 
o a sub-problem which gives the train routing for each schedule,  

 
o and another sub-problem which provides crew schedules. 
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Solution Approach: Benders Train Routing Sub-model 
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Solution Approach: Benders Crew Scheduling Sub-model 

+ other constraints 

+ other constraints 
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Solution Approach: Benders Master Model 

+ rolling stock assignment constraints. 
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• Rapid transit network in Madrid. 
 
 

• Line C5: 22 stations and 4 depots. 
 
 

• 325 scheduled services. 
 
 

• More than 430 tasks/operations. 
  

Case Study  
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• We compare four approaches: 
 
 The current solution; 

 
 Sequentially obtained solutions; 

 
 Partially integrated solutions; 

 
 And integrated solutions. 

 
  

Case Study  
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Case Study  
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Case Study  

Sequential approach: Crew Scheduling solution 
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Case Study  

Integrated approach: Crew Scheduling solution 



Luis Cadarso  

 
 

July 2015 

Integrated railway schedule planning 

35 

 

 

Conclusions 

• We have presented an integrated approach to the problems of rolling stock 
assignment, train routing and crew scheduling.  
 
 

• To the best of our knowledge this is the first attempt in providing operational 
plans in such an integrated way.  

 
 
• Because the resulting mathematical model is huge, we use a Benders 

decomposition based heuristic to solve the integrated approach.  
 
 

• Computational experiments, drawn from realistic cases, show that the 
integrated approach outperforms all the rest of the approaches tested. 
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THANK YOU 
 

ANY QUESTIONS? 


