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Why is ”MATHEMATICS” 

so important in “TRANSPORTATION” ?
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Mathematics as important instrument                                                                     
for improving traffic and transport

Traffic level of details
1) Microscopic (ODE)
2) Macroscopic (PDE)
3) Mesoscopic & Nanoscopic

Neural Networks concepts for:
1) Schedulling (in SCN and RT) 
2) Travel-time\Energy\Pollution
3) SPP \ SPST \ MST \ TSP\ Flow

Applications in Transportation
1) Prediction
2) Proactivity
3) Performances

Improving traffic and transport using mathematics is an old
dream (1900‘s), which is nowadays effective in many

disciplines (or fields of Science) through the use of models, 
concepts, algorithms, and tools developed in the frame of

„OPERATIONS RESEARCH (From 1960s to date)”

Continuous & Discrete Optimization
Example: Use of Neural networks to
solve key problems in transportation

Statistics & stochasticity:                                                     
Example: Analysis of
randomness and Forecasting
algrithms in transportation

Applied mathematics: 
Example: mathematical 

modeling of Traffic level of 
details
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What is ”OPERATIONS RESEARCH” 

and why is it so important in the field 

of  “TRANSPORTATION” ?
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Operations reseach in transportation

Statistics, 
stochasticity & 
Game theory

Machine learning

Continuous & Discrete 
Optimization  

Applied mathematics
(ODEs & PDEs models)

Operations research (O.R.) :
1. O.R. performs decision-making based on analytical methods (mathematical models), 

statistics and algorithms (simulation models).
2. O.R. is used to analyze complex real-world systems with the aim of improving (i.e., 

controlling/optimizing) their performance.

Traffic 
modelling

Traffic 
simulation

Traffic 
control

Traffic 
forecasting
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What is the value/importance of  

”this Lecture/Course” 

for the “New ICT- Master Program” ?
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Design of
Rail-Networks 

Design of
Road-Networks 

Transportation
planning

Traffic simulation
Models/concepts

Traffic control
strategies

Traffic sensing
(Sensor Data)

• Design of SimModels
based- ODEs & PDEs

• Neural networks

• Pretimmed
• Actuated
• Semi-actuated

• Traffic counting
• Traffic tracking/visualization
• Traffic control

❑ The knowledge acquired in this Course can be used to address the following issues: 

Sample Applications of Mathematics 
in transportation Engineering 

Example: Designs to facilitate the
move of people & goods from s→t
(  OD-Matrices,   Optimal path plan-
ning,   SPP,    MST,    Max Flow, etc.)

• Graph theory
• Lanes & Road capacity
• Traffic jam avoidance
• Travel time optimization

• Graph theory
• Rails- Scheduling
• Collision avoidance through
• Mov.  Synchro. on Rail Tracks
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Important aspects to be covered in this 

Course/Lecture by each Lecturer
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❑ Chapter 1. General introduction
✓ Why is mathematics important in transportation?
✓ How should mathematics be used in transportation?
✓ Principle of modelling transportation systems mathematically
✓ Presentation of concrete systems/scenarios in transportation              

along with their corresponding mathematical models
✓ Examples are selected in Railway  transportation, Road transportation, 

and in Supply Chain Networks (SCN) and Logistics

❑ Chapter 2. Basics of graph theory and applications in transportation
✓ Selected applications of graph theory in transportation.
✓ Basic concepts in graph theory
✓ Description of SPP, SPST, MST, TSP, and Max Flow.
✓ Dijkstra algorithm for SPST & MST in graph networks
✓ Matrix- representation (e.g., adjacency-, Incidence-, Circuit- matrices) of 

graph networks with concrete examples in transportation.

Important aspects to be investigated in each chapter
→ (1)
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❑ Chapter 3. Mathematical modeling of traffic flow
✓ Fundamental parameters of traffic flow: Speed-Flow-Density 
✓ Mathematical modeling of the fundamental parameters of traffic flow
✓ Mathematical modeling of traffic flow on a multilane segment (with 

both overtaking and ramps).
✓ Mathematical modeling of wheel pairs movement of a rail vehicles
✓ Mathematical modeling of Railway Rescheduling Problem

❑ Chapter 4. Basics of traffic signals control at isolated junction
✓ Performance criteria of a junction
✓ Mathematical model of a traffic junction
✓ Identification of a traffic junction
✓ Protected- and Unprotected- turns; Critical lane concept
✓ Graphs for traffic lanes and lane- groups
✓ Graphs for road intersections

Important aspects to be investigated in each chapterImportant aspects to be investigated in each chapter
→ (2)
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❑ Chapter 5. Mathematical modelling of scenarios/events in Railway transp.
✓ Graphical models of specific examples in Railway transportation

o (see projects below)
✓ Mathematical models of specific examples in Railway transportation

o (see projects below)

❑ Chapter 6. Basics of supply chain networks (SCN) and modelling principles
✓ Structure of a SCN & Framework for SCM
✓ Design principle of a SCN
✓ Graphical modeling of a SCN (see projects below)
✓ Mathematical modelling of a SCN (see projects below)

Important aspects to be investigated in each chapterImportant aspects to be investigated in each chapter
→ (3)
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❑ Chapter 7. MATLAB-CODING: Numerical simulation of Microscopic, Macroscopic 
and Mesoscopic traffic dynamics
✓ Microscopic traffic (ODEs)
✓ Macroscopic traffic (PDEs)
✓ Mesoscopic traffic (Coupled ODE & PDE system)

❑ Chapter 8. LAB.-DEMO: SYNCHRO 7 & 9: Design of traffic junctions with different 
control strategies using SYNCHRO and measurement of the performance criteria
✓ Pretimed control
✓ Actuated control
✓ Semi-actuated control
✓ Roundabout

Important aspects to be investigated in each chapterImportant aspects to be investigated in each chapter
→ (4)
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What is ”The Scientific 

value/importance of this 

Lecture/Course” ?
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Scientific 
Publications

Fundamental 
Research Projects

Findings are: Development of
✓ Traffic Simulation models
✓ Traffic control strategies
✓ Traffic forecasting models

Outcome is: Implementation of
✓ Traffic SimTools
✓ Traffic control devices
✓ Traffic sensors (e.g. devices

for adaptive cruise control, 
tracking & detection, traffic
counting, etc.)

Expected contribution are:
✓ Conference papers
✓ Book chapters
✓ Journal papers
✓ Master Theses
✓ PhD Theses

Experimental 
Research Projects

Scientific 
Publications

❑ The knowledge acquired in this Course can be used in the following key projects: 

Spin-off of the course/Lecture
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Selected concrete application examples 

of scenarios in transportation with 

related mathematical models



Intelligent Transport Systems: New ICT – based Master’s Curricula in Uzbekistan (INTRAS)
Agreement number: 2017-3516/001-001

Project reference number: 586292-EPP-1-2017-1-PL-EPPKA2-CBHE-JP

“A TYPICAL EXAMPLE OF APPLYING MATHEMATICS IN ROAD TRAFFIC”

[Source]: Article by Lorna Wilson, Commercial Research Associate, University of Bath, 2016

Macroscopic model

https://theconversation.com/institutions/university-of-bath-1325
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“A TYPICAL EXAMPLE OF APPLYING MATHEMATICS IN ROAD TRAFFIC”

1. This 
mathematical 
model was 
developed by a 
team of MIT 
mathematicians 
to describe the 
formation of 
"phantom jams"

2.  This 
equation/ 
Model 
(developed at 
the University 
of Alberta and 
MIT) can tell 
you when to 
prepare for 
frustration (due 
to jam traffic)

[Source]: University of Alberta and MIT, 2011
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“A TYPICAL EXAMPLE OF APPLYING MATHEMATICS IN ROAD TRAFFIC”

Greenshields model 2 Greenshields model 1 Greenshields model 3 

(Flow versus Density) (Speed versus Flow) (Speed versus Density)

(Maximum flow)
(Capacity)

(Speed at capacity)
(Level of Service (LOS) at capacity)

(Density at capacity)

❑ This course analyses the following models: Greenshields, Daganzo, Smulders, and Drake: 



Intelligent Transport Systems: New ICT – based Master’s Curricula in Uzbekistan (INTRAS)
Agreement number: 2017-3516/001-001

Project reference number: 586292-EPP-1-2017-1-PL-EPPKA2-CBHE-JP

Real Time Rescheduling of Railway Networks

“A TYPICAL EXAMPLE OF APPLYING MATHEMATICS IN RAIL TRAFFIC”

Discrete
optimization

Continuous
optimization

Multi objective
optimization

❑ This course analyses the following issue (amongst many others at stake in Rail traffic):
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“A TYPICAL EXAMPLE OF APPLYING MATHEMATICS IN SCN”
❑ This course also investigates the mathematical modeling of SCN
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Selected important projects to be 

considered in the frame of this lecture
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Selected projects in railway transportation

❑ A Mathematical Model for Railway Control 
Systems - (NASA Contractor Report 198353)

❑ Mathematical approach applied to train 
scheduling 

❑ Mathematical modeling of Railway 
Rescheduling Problem

❑ Mathematical model of wheel pairs movement 
of a rail vehicles

❑ Mathematical model for planning the 
distribution of locomotives to meet the 
demand for making up trains

❑ A mathematical model of the rail track 
presented as a bar on elastic and dissipative 
supports under the influence of moving loads 



Intelligent Transport Systems: New ICT – based Master’s Curricula in Uzbekistan (INTRAS)
Agreement number: 2017-3516/001-001

Project reference number: 586292-EPP-1-2017-1-PL-EPPKA2-CBHE-JP

Selected projects in road transportation

❑ Mathematical modelling of traffic flow on 
highway

❑ Mathematical modeling of road transport in 
context of critical infrastructure protection

❑ Mathematical models for traffic control with 
concrete applications

❑ Mathematical modelling using integer linear 
programming approach for a Truck Rental 
Problem (TRP)

❑ A mathematical model in reduction of cost on 
transportation of sugarcane and the loss due to 
the accident in transportation

❑ A Neural Network Model for Drivers Lane-
Changing Trajectory Prediction in Urban Traffic 
Flow
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Selected projects in Supply chain networks

❑ Modelling Supply Chains with PDEs
❑ Modelling of a Supply Chain Network 

Driven By Stochastic Fluctuations
❑ Modelling of Job Shop Scheduling 

Problem
❑ Modelling and optimization of the 

assignment problem in a supply chain 
network

❑ Supply Chain Network Design under 
Uncertainty with Evidence Theory

❑ Formulating a mathematical model 
for container assignment optimization 
on an intermodal network

Supply chain networks & Logistics
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A didactic lecture on the topic:

“Mathematical modelling of Shortest 

path problems (SP) and Travelling 

salesman problem (TSP)
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CONCLUDING REMARKS

❑ We have demonstrated why is mathematics so important
in transportation

❑ We have presented some/selected concret (or real-life) 
application examples of mathematics in transportation

❑ We have described the important information/knowledge
to be provided (in each chapter) by the Lecturer

❑ We have selected some projects to be considered (by the
Lecturer) in the frame of this Course/Lecture.

❑ As a didactic example, we have selected amongst the eight
chapters of this Course the chapter entitled „Mathematical
modeling of graph theoretical problems- SPP & TSP“. The 
full content of this chapter has been presented.
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