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Related notions

Closest to certified algorithms

who chooses? guarantee

SIDESTEP the algorithm  exact answer on J
Smoothed analysis Nature running time on random J

Edge modification  the algorithm  positive J € C

also linked to hardness of approximation and planted problems



Our two metrics
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diste(G, H) = |[E(D)| = 4,  dista(G, H) = A(D) = 2.



Results

Problem NP-hard up to in P at
diste

HAMILTONIAN CYCLE nt/2=o(1) n/3

DOMINATING SET nt—o() n/e

INDEPENDENT SET, CLIQUE,

VERTEX COVER n*/3—0(1) n*/3

COLORING n*/3-o(1) n*/3

CLIQUE COVER n*/3—o(1) n*/3
dista
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Hamiltonian Cycle: tractability at n/3

Theorem
SIDESTEP(HAMILTONIAN CYCLE,diste, n/3) is in P.

P=wv;---v, edge-maximal, r=n— h.
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If r < n/3: add the (absent) dashed edges — positive instance
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Theorem
SIDESTEP(HAMILTONIAN CYCLE,diste, n/3) is in P.
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If r > n/3: h<2n/3, and N(v1) U N(vy) C V(P) by maximality.



Path extension
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x ¢ V(P) and xv; € E(G)
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Path extension

Vi

when viviy1 € E(G) and vjv, € E(G)
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Path extension

Q

%1 Vh

/ /
P' = xvj-- ViVpVp_1 - Vig1vi -+ Vj_1, [Pl =h+1.



When no such configuration

%1 Vh

A= {i:V1V,'+1€E}, B := {I':V,'V/,EE}7 ANB=0.

deg(vy) + deg(vh) < h = min{deg(v1),deg(vn)} < h/2 < n/3.



Hamiltonian Cycle: a robust reduction

Theorem
SIDESTEP(HAMILTONIAN CYCLE, diste, n'/2~°(1)) js NP-hard.

subcubic s—t HAMILTONIAN PATH(H) and d(s) = d(t) = 1 is NP-hard,
Garey—Johnson—Stockmeyer '76; Arkin et al. '09.
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ur— Cu = Rg+2,
uv — x,, complete to C, U C,.



Amplification

Make 2q copies and identify t; = s;;1 cyclically.

t1 = th =53

v=|V(H),  n=|V(G)=6(q),  q=nl700,



Yes-instance: robustness against deletions

G :=G-F, |F| < q-—1.

Ore’s theorem with prescribed endpoints:
For every a, b initially complete to C,, the graph G~[C, U {a, b}]
has a spanning a—b path.
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Yes-instance: robustness against deletions

G :=G-F, |F| < q-—1.

Ore’s theorem with prescribed endpoints:
For every a, b, ¢ initially complete to C,, the graph
G~ [C, U{a, b, c}] has a spanning a—b path.
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No-instance: robustness against additions

Gt:=G+F, |F|<q-1
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An si—t; spanning path in G; contradicts the negativity of H



Open questions and directions

Open questions Directions

» Close the gap for » Optimization variants.

HAMILTONIAN PATH, dist,. > One-sided variants

» Max CLIQUE: optimization

. . » Other input spaces: formulas,
radii under both distances. P P

strings, hypergraphs, and
» TRIANGLE PARTITION: is geometry.
radius 1 tractable under dista?
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Thank you for your attention!

https://laxarchive.org/


https://laxarchive.org/

