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Let G be a finite, simple, and undirected graph.
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Let G be a finite, simple, and undirected graph.

Definition (Slater, 1975 and Harary-Melter, 1976)

A set S C V(G) is a resolving set of G if, for any distinct
x,y € V(G), there exists a vertex z € S such that

d(x,z) # d(y,z). The metric dimension dim(G) of G is the
minimum cardinality of a resolving set of G.

u}
o)
1
n
it

DA



Let G be a finite, simple, and undirected graph.
Definition (

Slater, 1975 and Harary-Melter, 1976)
A set S C V(G) is a resolving set of G if, for any distinct
x,y € V(G), there exists a vertex z € S such that

d(x,z) # d(y,z). The metric dimension dim(G) of G is the
minimum cardinality of a resolving set of G.



Let G be a finite, simple, and undirected graph.
Definition (Slater, 1975 and Harary-Melter, 1976)

A set S C V(G) is a resolving set of G if, for any distinct
x,y € V(G), there exists a vertex z € S such that
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minimum cardinality of a resolving set of G.

Define dk(x,y) = min{d(x,y), k + 1}.
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Definition (Jannesari-Omoomi, 2012)

A set A C V(G) is an adjacency resolving set for G if, for any
distinct x, y € V/(G), there exists a vertex z € A such that
di(x,z) # di(y, z). The adjacency dimension adim(G) of G is
the minimum cardinality of an adjacency revolving set of G.
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Definition (Jannesari-Omoomi, 2012)

A set A C V(G) is an adjacency resolving set for G if, for any
distinct x, y € V(G), there exists a vertex z € A such that
di(x,z) # di(y, z). The adjacency dimension adim(G) of G is
the minimum cardinality of an adjacency revolving set of G.

Definition (Geneson-Yi, 2020)

Function f : V(G) — Z* U {0} is a resolving broadcast of G if,
for any distinct x,y € V(G), there exists a vertex z such that
f(z) >0 and df(z (x,2) # d¢(z)(y;2). The broadcast dimension
bdim(G) of G is the minimum of > y f(v) over all

resolving broadcasts f of G.
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Consider a robot moving from vertex to vertex on a graph G. There are
landmarks located at some of the vertices.
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Consider a robot moving from vertex to vertex on a graph G. There are
landmarks located at some of the vertices.

The minimum number of landmarks required for the robot to

determine its location from its distance to the landmarks is dim(G).

The minimum number of landmarks required for the robot to
determine its location from the landmarks adjacent to it is adim(G)

Transmitters with varying range k and cost k. The robot learns its
distance to each transmitter that it is within range of and learns
that it is out of range of the others.



An Application: Robot Navigation

Consider a robot moving from vertex to vertex on a graph G. There are
landmarks located at some of the vertices.

The minimum number of landmarks required for the robot to
determine its location from its distance to the landmarks is dim(G).

The minimum number of landmarks required for the robot to
determine its location from the landmarks adjacent to it is adim(G).

Transmitters with varying range k and cost k. The robot learns its
distance to each transmitter that it is within range of and learns
that it is out of range of the others.

The minimum total cost of transmitters required for the robot to
determine its location is bdim(G).
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Asymptotic Lower Bounds

Theorem (Geneson-Yi, 2020)

For all graphs G of order n, we have
bdim(G) = Q(log n),

and this lower bound is asymptotically optimal for general graphs.



Asymptotic Lower Bounds

Theorem (Geneson-Yi, 2020)

For all graphs G of order n, we have
bdim(G) = Q(log n),
and this lower bound is asymptotically optimal for general graphs.

Theorem (Z)

For all acyclic graphs F of order n, we have
bdim(F) = Q(v/n),

and this lower bound is asymptotically optimal.
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Comparing adim(G) and bdim(G)

Theorem (Geneson-Yi, 2020)

For the the d-dimensional grid graph G, = M<_, Py, we have
bdim(Gk) = ©(k) and adim(Gy) = ©(k?) for every k € Z* and any
d > 1, where the constants in the bounds depend on d.
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Comparing adim(G) and bdim(G)

Theorem (Geneson-Yi, 2020)

For the the d-dimensional grid graph G, = M<_, Py, we have
bdim(Gk) = ©(k) and adim(Gy) = ©(k?) for every k € Z* and any
d > 1, where the constants in the bounds depend on d.

Corollary (2)

There does not exist a family of acyclic graphs { G}« with
bdim(Gy) = k and adim(Gy) = 2%K) for every k € Z*+.

Theorem (Z)

There exists a family of graphs { G}, 4+ with bdim(Gy) = ©(k) and
adim(Gy) = 29%) for every k € Z*.

Recall that bdim(G) = Q(log n) for all graphs G of order n. Thus, my
construction has broadcast dimension that is asymptotically optimal in
both its order and its adjacency dimension.
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Let v and e, respectively, denote a vertex and an edge of a connected
graph G such that G — v and G — e are also connected graphs.
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The Effect of Edge Deletion

Let v and e, respectively, denote a vertex and an edge of a connected
graph G such that G — v and G — e are also connected graphs.
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Both %(G)) and bdim(G — v) — bdim(G) can be arbitrarily large.
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The Effect of Edge Deletion

Let v and e, respectively, denote a vertex and an edge of a connected
graph G such that G — v and G — e are also connected graphs.

Theorem (Geneson-Yi, 2020)

Both %(G)) and bdim(G — v) — bdim(G) can be arbitrarily large.

Question (Geneson-Yi, 2020)
Is it true that bdim(G — e) — bdim(G) < dg_c(u, v) — 1, where e = uv?

Theorem (Z)

m The value bdim(G) — bdim(G — e) can be arbitrarily large.

m The value bdim(G — e) — bdim(G) can be arbitrarily larger than
dc_e(u, v), where e = uv.
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The Effect of Edge Deletion

Theorem (Z)

For all graphs G and any edge e € E(G), we have %?g)e) <3.
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The Effect of Edge Deletion

Theorem (Z)

bdim(G—e)

For all graphs G and any edge e € E(G), we have “odm(C)”

< 3.

Open Question (Z)

Is %éf)e) bounded from above for all graphs G and any edge

e E(G)?

Open Question (Z)

I %G(E)‘/) bounded from above for all graphs G and any vertex

ve V(G)?
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