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ABOUT THE TRAVELLING SALESMAN PROBLEM

•	 The travelling salesman problem (also called the travelling 
salesperson problem or TSP) asks the following question: 
"Given a list of cities and the distances between each pair 
of cities, what is the shortest possible route that visits each 
city exactly once and returns to the origin city?" It is an NP-
hard problem in combinatorial optimization, important in 
theoretical computer science and operations research.

•	 The travelling purchaser problem and the vehicle routing 
problem are both generalizations of TSP.

•	 In the theory of computational complexity, the decision 
version of the TSP (where given a length L, the task is to 
decide whether the graph has a tour of at most L) belongs 
to the class of NP-complete problems. Thus, it is possible 
that the worst-case running time for any algorithm for 
the TSP increases superpolynomially (but no more than 
exponentially) with the number of cities.

•	 The problem was first formulated in 1930 and is one of 
the most intensively studied problems in optimization. It 
is used as a benchmark for many optimization methods. 
Even though the problem is computationally difficult, many 
heuristics and exact algorithms are known, so that some 
instances with tens of thousands of cities can be solved 
completely and even problems with millions of cities can be 
approximated within a small fraction of 1%.

ABOUT THE TRAVELLING SALESMAN PROBLEM

The TSP has several applications even in its purest formulation, 
such as planning, logistics, and the manufacture of microchips. 
Slightly modified, it appears as a sub-problem in many areas, 
such as DNA sequencing. In these applications, the concept 
city represents, for example, customers, soldering points, or 
DNA fragments, and the concept distance represents travelling 
times or cost, or a similarity measure between DNA fragments. 

The TSP also appears in astronomy, as astronomers observing 
many sources will want to minimize the time spent moving 
the telescope between the sources; in such problems, the TSP 
can be embedded inside an optimal control problem. In many 
applications, additional constraints such as limited resources or 
time windows may be imposed.

INTRODUCTION TO OPEN STREET MAPS

•	 Open Street Map (OSM) is a free, open geographic 
database updated and maintained by a community of 
volunteers via open collaboration. Contributors collect data 

from surveys, trace from aerial imagery and also import 
from other freely licensed geodata sources. 

•	 Open Street Map is freely licensed under the Open 
Database License and as a result commonly used to make 
electronic maps, inform turn-by-turn navigation, assist 
in humanitarian aid and data visualisation. OpenStreetMap 
uses its own topology to store geographical features which 
can then be exported into other GIS file formats. 

•	 The Open Street Map website itself is an online map, 
geodata search engine and editor.

LEVERAGING ROUTING MACHINES

In contrast to most routing servers, OSRM does not use an 
“A” variant to compute the shortest path, but instead uses 
contraction hierarchies or multilevel Dijkstra's. This results in 
very fast query times, usually below 1 millisecond for data sets 
like Europe, making OSRM a good candidate for responsive, 
web-based routing applications and websites.
•	 Very fast routing
•	 Highly portable
•	 Simple data format makes it easy to import custom data sets 

instead of OpenStreetMap data or import traffic data
•	 Flexible routing profiles (e.g., for different modes of 

transportation)
•	 Respects turn restrictions, including time-based conditional 

restrictions
•	 Respects turn lanes
•	 Localized turn-by-turn instructions powered by OSRM Text 

Instructions
Besides chronological routing, OSRM also provides additional 
functionality, such as map matching, traveling salesman 
problem solving, and generating vector tiles that contain 
routing metadata.

Open Street Map
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OSRM PACKAGE FOR R MAKES IT CONVENIENT 
TO SEND ROUTE REQUESTS TO  OSRM SERVER

The public server is fine for testing but not for sending too 
many requests in a short time. It will give errors and not work. 
Therefore it is suggested to get your own OSRM instance.

The easiest solution is to run it with Docker. This requires 2 
preparatory steps:

Install Docker CE https://docs.docker.com/install/
Get the osrm-backend running https://hub.docker.com/r/osrm/
osrm-backend/
The first step of installing Docker might take 30 minutes if you 
follow the steps in the installation tutorial. The second step, 
to run the Docker container on your machine, is also pretty 
straightforward if you follow the Quick Start section in the 
Docker Hub link provided above.

The OpenStreetMap data required to compute paths can be 
downloaded from http://download.geofabrik.de. For this 
project we want the latest data (*.osm.pbf) of Switzerland, 
which can be downloaded here.

Start by installing the OSRM package

CALCULATING HOW FAR ARE YOU FROM YOUR 
CUSTOMERS?
•	 Optimizing your physical touch points is an important 

aspect of customer support (depending on the type of 
support we are talking about)

•	 Areas to ponder over:
•	 Enhance response times
•	 Reduce costs of touch points that are redundant
•	 Better manage warranty support
•	 … and more…

LET’S COVER SOMETHING DIFFERENT TODAY…
•	 Virtual Machines & Containers
•	 Enable Hyper-V
•	 Docker Installation
•	 Running the OSRM Backend
•	 The Code
•	 Output

VIRTUAL MACHINES

Virtual Machine (VM) is an emulation of a computer system. 
Virtual machines are based on computer architectures and provide 
functionality of a physical computer. Their implementations may 
involve specialized hardware, software, or a combination.

Containers Are More Agile than VMs
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Containers give both developers and operators more agility. 
Containers deploy quickly, deliver immutable infrastructure and 
solve the age-old “works on my machine” problem. They also 
replace the traditional patching process, allowing organizations 
to respond to issues faster and making applications easier to 
maintain.
CONTAINERIZED APPLICATIONS GREATLY 
REDUCE THE NUMBER OF VMS NEEDED
Most enterprise organizations have a mature virtualization 
environment which includes tooling around backups, 
monitoring, and automation, and people and processes that 
have been built around it. By running Docker Enterprise on 
virtualized infrastructure, organizations can easily integrate 
containers into their existing practices and get the benefits of 
points 1 and 2 above.

Containerized applications share common operating system 
and software libraries which greatly improves CPU utilization 
within a VM. This means an organization can reduce the 
overall number of virtual machines needed to operate their 
environment and increase the number of applications that can 
run on a server. 

… AND THE WINNER IS DOCKER

In the end, Docker containers can run inside a virtual machine or on 
bare metal – the choice is up to you. Just like every other decision in 
the data center, the path you want to go down should align to your 
business priorities. Containers work well with virtual machines, but 
they can also run without them.
•	 Docker can help facilitate savings by dramatically reducing 

infrastructure resources.
•	 Docker containers ensure consistency across multiple 

development and release cycles, standardizing your environment
•	 Docker enables you to build a container image and use that 

same image across every step of the deployment process. A huge 
benefit of this is the ability to separate non-dependent steps and 
run them in parallel. 

•	 Eliminate the “it works on my machine” problem once and for all. 
One of the benefits that the entire team will appreciate is parity. 

GETTING STARTED- ENABLE HYPER-V
•	 Hyper-V lets you run multiple operating systems as virtual 

machines on Windows
•	 Hyper-V specifically provides hardware virtualization. 

That means each virtual machine runs on virtual hardware. 
Hyper-V lets you create virtual hard drives, virtual switches, 
and several other virtual devices all of which can be added to 
virtual machines.

•	 Experiment with other operating systems. Hyper-V makes it 
very easy to create and remove different operating systems

•	 Hyper-V is available on 64-bit versions of Windows 10 Pro, 
Enterprise, and Education. It is not available on the Home 
edition

•	 Most computers run Hyper-V, however each virtual machine 
runs a separate operating system. You can generally run one 
or more virtual machines on a computer with 4GB of RAM
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Hyper V- Architecture

DOCKER INSTALLATION
https://docs.docker.com/docker-for-windows/install/

•	 Double-click Docker Desktop Installer.exe to run the installer.

•	 If you haven’t already downloaded the installer (Docker 
Desktop Installer.exe), you can get it from Docker Hub. It 
typically downloads to your Downloads folder, or you can 
run it from the recent downloads bar at the bottom of your 
web browser.

•	 When prompted, ensure the Enable Hyper-V Windows 
Features option is selected on the Configuration page.

•	 Follow the instructions on the installation wizard to authorize 
the installer and proceed with the install. When the installation 
is successful, click Close to complete the installation process.

•	 If your admin account is different to your user account, you 
must add the user to the docker-users group. Run Computer 
Management as an administrator and navigate to  Local 
Users and Groups > Groups > docker-users. Right-click to 
add the user to the group. Log out and log back in for the 
changes to take effect.

Download OpenStreetMap data for region

http://download.geofabrik.de/asia.html

KICKSTART THE CONTAINER FROM DOCKER

PS C:\Users\Path> docker run -t -v "${PWD}:/data" osrm/
osrm-backend osrm-extract -p /opt/car.lua /data/india-latest.
osm.pbf

PS C:\Users \Path > docker run -t -v "${PWD}:/data" osrm/
osrm-backend osrm-partition /data/india-latest.osrm

PS C:\Users\Path > docker run -t -v "${PWD}:/data" osrm/
osrm-backend osrm-customize /data/india-latest.osrm

PS C:\Users \Path > docker run -t -i -p 5000:5000 -v "${PWD}:/
data" osrm/osrm-backend osrm-routed --algorithm mld --max-
table-size 65535 /data/india-latest.osrm

Don’t forget to increase table size
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Load your files: Customers locations and your touch 
points

Containerized server instance from your own machine

REQUESTING TRAVEL TIMES

You will see the Powershell send data to the OSRM Table 
(through the container instance you have created earlier) 

FEW FINAL TOUCHES…

Docker containers

BRINGING IT TOGETHER ON THE MAP…
Minimum Travel times from closest optimized locations for 
customer support

Blue- Your locations
Black- Customer Locations
Bubble- minimum time taken to travel from closest location
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THIS WORKS GREAT FOR LARGE SCALE 
ROUTING OPTIMIZATIONS!

http://project-osrm.org/docs/v5.23.0/api/#
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