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Outline

@ classical network flow theory

@ historical remark

© network flows over time — algorithms and complexity
@ approximation results

© application: evacuation problems

@ conclusion
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Classical Network Flow Theory

Maximum s-t-flow problem.

Given: Directed graph G = (V, E) with capacities u. > 0 on arcs e € E;
source node s € V and sink node t € V.

w

Task: Send as much flow as possible from the source s to the sink t.
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True Motivation

Unlike what Ford and Fulkerson say, the interest of Harris and Ross was
not to find a maximum flow. They write:

"Air power is an effective means of interdicting an enemy’s
rail system, and such usage is a logical and important
mission for this arm.

The present paper describes the fundamentals of a method
intended to help the specialist who is engaged in estimating
railway capabilities, so that he might more readily
accomplish this purpose and thus assist the commander and
his staff with greater efficiency than is possible at
present."
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Fig. 2. From Harris and Ross [11]: Schematic diagram of the railway network of the Western Soviet Union
and Eastern European countries, with a maximum flow of value 163,000 tons from Russia to Eastern Europe,
and a cut of capacity 163,000 tons indicated as “The bottleneck”
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Flow Decomposition

Theorem. (Fulkerson 1962)

An s-t-flow x can be decomposed into flows on s-t-paths PP and flows on
cycles C, that is

Xe = ZXP + Zxc for all e € E.
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Flow Decomposition — An Example
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General Motivation

Network flow problems are motivated by questions that arise in

@ transportation networks, @ communication networks,
@ production systems, o logistics,
@ evacuation planning, ° ...

Example: Road traffic can be modeled as flow in a network.
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