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Outline

• Optimization problems in Operational 
Research

• Winter Gritting case study
• Reasons for using human interaction in 

practical optimization problems
• Issues and questions
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Introduction

• OR often involves solving a constrained 
optimization problem

• Sometimes this is easy, e.g. Linear 
Programming for continuous variables

• Sometimes this is hard, e.g. large scale NP-
Hard problems

• All known algorithms to solve NP-Hard 
problems to proven optimality have a 
running time that is exponential in the size 
of the problem. (e.g. the TSP)
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Travelling Salesman Problem
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Travelling Salesman Problem

• Find a minimum cost circuit visiting all the 
vertices of a graph
• Problem is NP-Hard
• Many heuristics have been developed
• Exact methods can solve large problems to 

optimality
• Recent exact results on the TSP can be 

found on http://www.tsp.gatech.edu/ 
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The TSP Record

In May 2004, the traveling salesman problem 
of visiting all 24,978 cities in Sweden was 
solved: a tour of length 855,597 TSPLIB
units (approximately 72,500 kilometers) 
was found and it was proven that no 
shorter tour exists. This is currently the 
largest solved TSP instance, surpassing the 
previous record of 15,112 cities through 
Germany set in April 2001. 
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Computational effort

• The majority of the work was carried out 
on a cluster of 96 dual processor Intel 
Xeon 2.8 GHz workstations running as a 
background process when the machines 
were not otherwise active.

• The cumulative CPU time used in the five 
branch-and-cut runs and in the cutting-
plane procedures for the five root LPs was 
approximately 84.8 CPU years on a single 
Intel Xeon 2.8 GHz processor  
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Travelling Salesman Problem

• Improvements in performance are due to:
• Faster computers
• Improved theory
• Good computer programming
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Practical Vehicle Routing Problems

• Almost always have additional features 
• E.g. Capacity constraints, time windows, 

different commodities with different 
requirements etc.

• These features tend to make the problems 
harder

• So heuristic methods are needed to give 
good quality solutions in a reasonable 
computing time.

• Should the heuristic be automatic or 
involve human interaction?
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Case study – Winter Gritting

• Winter gritting is a type of arc routing 
problem.

• Arc routing problems arise in practice 
when roads require treatment or 
customers must be served who are located 
along roads.

• M. Dror, editor (2000) Arc Routing: Theory 
Solutions and Applications. Kluwer, Boston. 
ISBN 0-7923-7898-9
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Practical examples include

• Postal deliveries
• Parking meter collection
• Meter reading
• Refuse collection
• Snow ploughing
• Road sweeping
• Winter gritting
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Winter gritting
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Winter Gritting 
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Chinese Postman Problem

• If all arcs in a network require to be covered 
on a tour and there are no other constraints, 
the problem of finding the minimum length tour 
is called the Chinese Postman Problem (CPP).

• Meigu Guan (Kwan Mei-Ko) Chinese Mathematics 
1962

• The CPP is not NP-Hard; there is an efficient 
algorithm that will find the optimal solution.

• However the addition of constraints on capacity 
and/or time make the problem NP-Hard.
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Winter gritting constraints

• Vehicles have limited salt capacity; at 
normal rates of spreading this implies a 
constraint on the length of road that can 
be treated before the gritter must be 
refilled at the depot or a location storing 
salt.

• Roads are divided into categories with 
different time deadlines for treatment. 
Typically, the highest priority roads must 
be treated within 2 hours.

• Roads may be one-way or two-way.
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The Time Constraint Two Phases Algorithm

• Constructive heuristic 
• Phase 1 adds roads from near the boundary of 

the region back to the start at the depot
• Phase 2 extends the route by adding roads to 

the current end of the route
• Route choices based on a simple set of priority 

rules
• Resulting routes are always feasible with 

respect to the constraints
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Allowing human interaction

• Build up of routes represented on a map
• Colour of roads indicates progress
• Information also given on gritting distance 

and time spent so far
• At each step, user can accept the proposed 

next road to be added or…
• Override and include a different road or…
• Refill gritter with salt or…
• Deadhead elsewhere
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Results of tests in Lancashire

Area No. 
Nodes

No. 
Arcs

Method No. 
Vehicles

Distance 
(km)

East 77 111 TCTPA 7 366

User-
intervened

7 339

South 140 203 TCTPA 12 640

User-
intervened

10 532

North 254 380 TCTPA 20 1124

User-
intervened

17 927
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Reasons for using human interaction

• Strong visual representation that allows 
human judgement to guide the solution

• Development time available
• Make use of human experience or 

expertise (e.g. forecasting)
• Modifying details not covered by automatic 

method (e.g. aircraft loading, VRP 
solutions)

• Learning and training
• Less well-defined problems (e.g. relaxing 

soft constraints or not)
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Issues for further research

• Visualization and optimization
• What are the best visualizations for hard 

optimization problems?
• E.g. 2D v Virtual reality, animation of algorithms

• Interaction and optimization
• What are the best ways to make interaction 

easy and effective?
• Is there a way to measure the trade-off 

between an interactive approach and a more 
complex automatic heuristic?
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