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Introduction
k shortest simple paths problem

k shortest simple paths algorithms :

Yen's algorithm
Kurz and Mutzel's algorithm

Our contribution:
speeding up Kurz and Mutzel's algorithm
space time tradeoff

Al Zoobi, Coudert and Nisse k shortest simple paths June 18, 2020 2/22



Introduction

Motivation

A shortest path is not enough!

A shortest path may be affected
Some constraints can be added

Bounded delay, cost ...
A user may prefer the coast
road ...

User likes diversity!

Give the user a set of 'good’ choices
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Motivation

Sometimes, it is hard to specify
constraints that a path should satisfy

Applications:

bioinformatics: biological
sequence alignment

natural language processing
list decoding

parsing

network routing

many more ...

Figure: aligning two DNA sequences
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k shortest paths problem

De nition

Input:
Directed weighted graplo "V ;Ae withw A R,
Two terminalss andt and an integerk

Output:

k pathsPy; Py;:::; Pk from s to t such thatw™Pje DW™P; 1e,
1Di @k andw”™Pye Dw" Q- for all others-t pathsQ

wherew™Pe P ga-p. W e*
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simple vs not simple

Figure: P is simple, Q is not simple

De nition (simple path)
a path is simple if and only if it has no repeated vertices
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Complexity of the problem

Theorem (Eppstein '97)

The problem of ndingk shortest paths can be solved in time
O"m nlogn ke

Al Zoobi, Coudert and Nisse k shortest simple paths June 18, 2020 7122



Complexity of the problem

Theorem (Eppstein '97)
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Complexity of the problem

Theorem (Eppstein '97)

The problem of ndingk shortest paths can be solved in time
O"m nlogn ke

Theorem (Yen '71)

The problem of ndingk shortest simple paths can be solved in time
O"kn"m nlognee

Theorem (Williams and Williams '10)
All-Pairs-Shortest-PathS APSPe h-... 2-SSP (. O"n:me for 2-SSP)
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Yen's algorithm (the algorithm)

Yen's idea:

A second shortest simple path is a shortest simple deviation from a
shortest path

Complexity: O"kn “m nlogre .
71111111111111111111111111 . 11111111111111111111111111
Complexity of nding one SP
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Yen's algorithm (example)
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