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Problem formalization

The online graph exploration problem

setting: > single agent has to

= visit every vertex of a graph
(weighted, undirected, connected)

= return to start

> upon visiting new vertex, agent learns:

= adjacent vertices and weights of corresponding edges

objective: » minimize total walked distance
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Competitive analysis

Definition: given exploration algorithm ALG,
» ALG(G, v): total walked distance of ALG on graph G starting in v
» OpT(G): length of a shortest TSP tour on G
> ALG is p-competitive if ALG(G,v) < p- OprT(G) for all G, v.

» The competitive ratio of ALG is inf{p : ALG is p-competitive}.

Open question: (Kalyanasundaram and Pruhs, 1994)
Is there a constant-competitive algorithm for online graph exploration?
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Minor-free graphs

excluded minor

Definition. A minor of a graph G
is obtained by a sequence of

P edge deletions,
> vertex deletions,

> edge contractions. bounded treewidth

Example.

» G is acyclic & G is Kz-minor-free (i.e., K3 is not a minor of G)

» G is planar = G is Ks-minor-free

> Let H be a graph of genus g + 1.
G has genus < g = G is H-minor-free
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Main result

Theorem. For every graph H,
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The algorithm BLOCKING
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» boundary edge: edge e = (u, v) with v unexplored
» e = (u,v) is 6-blocked if 3 boundary edge
> w(e') < w(e)
> dist(u,v') < (14 )w(e)
» deblocked edge: no longer blocked

idea of BLOCKING: perform DFS ignoring d-blocked edges

DFS(u)
for every boundary edge (v, v)
with v = u :

goto v (via (/. v))

DFS(v)

go back to u (via (v, v))
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The algorithm BLOCKING

Definition.

» boundary edge: edge e = (u, v) with v unexplored =
» e = (u,v) is 0-blocked if 3 boundary edge with P

> w(e') < w(e)
> dist(u,v') < (14 )w(e)

» deblocked edge: no longer blocked

<< (1+0)w(e)

s,
‘@

idea of BLOCKING: perform DFS ignoring d-blocked edges

DFS(u) BLOCKING(u)
for every boundary edge (v’, v) || for every not d-blocked boundary edge (u', v)
with v/ = u : with v/ = v or (', v) deblocked (by u):
goto v (via (/. v)) gotov (via (/. v))
DFS(v) BLOCKING(Vv)
go back to u (via (v, v)) go back to u (via (/. v))
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, go to v (via (v, v))
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» e =(u,v) is 1-blocked for every not d-blocked boundary edge (v, v)
with v/ = u or (v, v) deblocked (by v):

, go to v (via (v, v))

> w(e) < wle) BLOCKING;(V)

> dist(u,v') <2-w(e) go back to u (via (/. v))

if 3 boundary edge €’ = (', v') with

» B: set of traversed boundary edges (i.e., DFS-tree)
» Observation. BLOCKINGs(G,v) < 2(14 (14 ))w(B) = O(1) - w(B)
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» lightness: w(H)/w(MSTg)

Question: What is the tradeoff between stretch and lightness?

» Conjecture. Every graph has a spanner of
stretch 25 — 1 and lightness O(n'/%) (for every s > 1).

» Theorem. For every ¢ > 0 and fixed graph H,
every H-minor-free graph has a (1 + )-spanner of lightness O(1).
(Borradaile, Le, Wulff-Nilsen, 2017)
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