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Why Not Simplifying Independently?

A bend or segment might once be kept and once be discarded

= misleading picture of the reality

= Simplify consistently!
(keep or discard a

bend or segment In
all polylines)

14 bends, 14 segments 14 bends, 18 segments
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Theorem 1:

Simplifying a bundle of polylines is NP-hard to approximate
within a factor of n'/3=¢ for any € > 0 even for 2 polylines.

= not FPT in # polylines ¢

e Reduce from minimum independent dominating set (MIDS)

e \We use vertex gadgets to indicate if a vertex is in the set V*.

e \We use edge and neighborhood gadgets to make V*
independent and dominating, respectively.

e Connecting all vertex gadgets and connecting all edge and
neighborhood gadgets gives us 2 polylines
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2h% + 1 2h% + 1

e not taking the “long” shortcuts is very expensive

e take a “long” shortcut = do not take a shortcut of at least
one vertex gadget

= guarantees dominating set property
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Bi-criteria Approximation

e Reason for this strong inapproximability: high sensitivity
towards “bad” choices for keeping or discarding a bend

How to overcome this?
Relax distance constraint!

e A bi-criteria («, 8) approx. algo. yields a polyline bundle
— for distance threshold 5 - 0
— with at most o times as many bends as an optimal
solution for distance threshold o, and
— runs in polynomial time.

Theorem 2:
There is a bi-criteria (O(log(¢ + n)), 2)-approximation
algorithm for simplifying a bundle of polylines.
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defined next:

instance of polyline OPTpgs instance of polyline
bundle simplification > OPTgrco| star cover problem
(PBS) (STCoO)
A A apply
: : classical
approx.-
: algorithm
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approximation make consistent approximation

= lose precision
by factor 2
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e Becomes NP-hard to approximate within a factor of nl/3—¢
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e Can be approximated within a factor of O(log(¢+ n)) when
violating the distance threshold by at most a factor of 2

e FPT in the number of shared bends
e Sharpen our bounds Future research?

e Consider alternative goals (e.g. min. # segments) and
distance measurements (e.g. Hausdorff distance)

e Simplify bundles of polylines in practical applications



