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Theoretical Properties of Hypervolume

I Hypervolume is Pareto compliant [Fleischer, 2003]

B � A =) S(B) � S(A)

I Problem: Least Hypervolume Contributing Subset
I Given set of n objective vectors in Rd,

�nd subset of size � < n that contributes least to hypervolume.
I O(nd=2 log n+ n�) alg [Bringmann and Friedrich, 2009].

I Calculating hypervolume S is #P-hard,
i.e. superpolynomial runtime unless P = NP
[Bringmann and Friedrich, 2008].



A Hypervolume based Algorithm [Beume et al., 2007]

Algorithm 1 SMS-EMOA

1: P0  init()
2: t 0
3: repeat

4: qt+1  generate(Pt)
5: Pt+1  reduce(Pt [ fqt+1g)
6: t t+ 1
7: until termination condition met.
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Algorithm 2 reduce(Q)

1: fR1; R2; :::; Rvg  fast-nondominated-sort(Q)
2: r  argmins2Rv

�S(s;Rv)
3: return Q n frg

�S(s;Rv) := S(Rv)� S(Rv n fsg):



A Hypervolume based Algorithm [Beume et al., 2007]

Algorithm 3 SMS-EMOA

1: P0  init()
2: t 0
3: repeat

4: qt+1  generate(Pt)
5: Pt+1  reduce(Pt [ fqt+1g)
6: t t+ 1
7: until termination condition met.
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Algorithm 4 reduce(Q)

1: fR1; R2; :::; Rvg  fast-nondominated-sort(Q)
2: r  argmins2Rv

�S(s;Rv)
3: return Q n frg

�S(s;Rv) := S(Rv)� S(Rv n fsg):



SMS-EMOA Empirical Results
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