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Network optimisation problems Outline
•  We examine the characteristics of network models;
•  Formulate some examples of these models;
•  Study approach to their solution. 
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General Minimum Cost Flow Problem
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General Minimum Cost Flow Problem- Important special 
structure
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General Minimum Cost Flow Problem

Flow 
balance

Flow 
capacity
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• Minimum cost flow, a unified approach:
• Transportation problem; (no transhipment nodes, no capacity limits)
• Assignment problem; (a special type of transportation problem)

• Recap
• New: 
• Maximum flow problem;
• Shortest-path problem;
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Maximum flow-a prototype example
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Scenario
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Maximum flow problem

• Exercise: formulate the problem;

6DATA005W Operational research & optimisation



Note: The objective function; the values of bi; Check if it presents the special structure of the network model; 
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• Exercise: formulate the problem
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Note: the direction of the arcs; the values of bi; 

6DATA005W Operational research & optimisation



Network models
• Minimum cost flow, a unified approach:
• Transportation problem; (no transhipment nodes, no capacity limits)
• Assignment problem; (a special type of transportation problem)
• Maximum flow problem;
• Shortest-path problem;

• Minimum spanning tree:
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• Slides 21,23,24,37 are from:  Robert Sedgewick and Kevin Wayne  Copyright © 2006 
http://www.Princeton.EDU/~cos226 

6DATA005W Operational research & optimisation



Minimum spanning tree from Wikipedia
• A telecommunications company trying to lay cable in a new neighbourhood. If 

it is constrained to bury the cable only along certain paths (e.g. roads), then 
there would be a graph containing the points (e.g. houses) connected by 
those paths. Some of the paths might be more expensive, because they are 
longer, or require the cable to be buried deeper; these paths would be 
represented by edges with larger weights. 

• A spanning tree for that graph would be a subset of those paths that has no 
cycles but still connects every house; there might be several spanning trees 
possible. A minimum spanning tree would be one with the lowest total cost, 
representing the least expensive path for laying the cable.
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• Exercise: how many cycle can you find with number of arcs 
of 3, 4, 5,6?
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• Another slightly better way to do it:
• Add the sub-tour (cycle) elimination constraints iteratively.
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Minimum Spanning Tree Problem
• More efficient method maybe:
• Heuristics method! 

6DATA005W Operational research & optimisation



Heuristic
• The word “heuristic” means “to find” or “to discover” by trial and 

error.
• A heuristic is a rule of thumb to guide decision making or to find 

approximate solutions to optimisation problems.
• Heuristic Search:

• Heuristic search refers to the techniques with the aim of 
finding “good” solutions for a very hard optimisation and 
decision problems within a reasonable amount of 
computational time.  

• But, it inability to produce guaranteed optimal solutions. And 
it is difficult to know, in many cases, how far away from the 
optimum a heuristic solution might be…
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Heuristics
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(greedy) Prim’s algorithm
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Real-world applications
• Identify which network models should be used to model 

these real-world problems:
• Blood Bank Distribution: Blood donation centres have supplies of 

different blood types. Hospitals require specific amounts for 
surgeries and emergencies.

• Energy Distribution: Power plants generate electricity. Cities / 
industrial zones consume electricity.

• Cloud Computing / Data Server Allocation: Data centres (supply of 
computing resources) serve. Users / client servers (demand). The 
"cost" corresponds to latency, bandwidth usage, or energy 
consumption.
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Real-world applications-continue
• Internet & Network Data Routing: Flow = data packets. Capacity = 

bandwidth of cables or routers. Determine how much data can be sent 
between two computers/data centres without overloading the network.

• Evacuation & Emergency Planning: Flow = number of people Capacity = 
corridor or exit width. Determine how many people can safely exit a 
stadium or building within a time limit.

• Emergency Response Planning: Fire trucks, ambulances, and police 
need the quickest possible route. The system considers: Traffic density, 
road closures and distance and speed limits etc.

• Electrical Power Grid Design: To build a power line network connecting 
multiple substations, we want minimum construction cost, minimum wire 
length, no unnecessary loops
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• Q&A

6DATA005W Operational research & optimisation


