kK-Transmitter Watchman Routes
(and Some Guarding Problems)

Christiane Schmidt
NYU Geometry Seminar, December 06, 2022

LINKOPING
IIQ" UNIVERSITY



k—Trunsmltter Watchman Routes
"Sere_Guarding Problems:

Christiane Schmidt
NYU Geometry Seminar, December 06, 2022

LINKOPING
IIQ" UNIVERSITY



Agenda

* k-Transmitters

* The Watchman Route Problem (WRP)
* k-Transmitter Watchman Routes

* Open Problem: k-Transmitters

* Outlook

LINKOPING
II." UNIVERSITY



The Art Gallery Problem (AGP)

Given: Polygon P
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k-/2-Transmitter

J 2VR(p)/kVR(p) can have O(n) connected
| P components.
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kK-Transmitters

AFFHUV2018: Oswin Aichholzer, Ruy Fabila-Monroy, David Flores-Pefaloza, Thomas Hackl, Jorge Urrutia, and Birgit Vogtenhuber. Modem illumination of monotone polygons.

LINKOPING BBBDDDFHILMSSU2010: Brad Ballinger, Nadia Benbernou, Prosenjit Bose, Mirela Damian, ErikD. Demaine, Vida Dujmovic, Robin Flatland, Ferran Hurtado, John Iacono, Anna Lubiw, Pat
I‘“ UNIVERSITY Morin, Vera ,Sacristan, Diane Souvaine, and Ryuhei Uehara. Coverage with k-transmitters in the presence of obstacles.

CFILS2018: Sarah Cannon, Thomas G. Fai, Justin Iwerks, Undine Leopold, and Christiane Schmidt. Combinatorics and complexity of guarding polygons with edge and point 2-transmitters.
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Watchman Route Problem (WRP)

« Watchman route can be computed in polynomial time in a simple polygon with or without a given starting
point on the boundary [Chin&Ntafos 1986] [Tan, Hirata, Inagaki 1999] [Dror, Efrat, Lubiw, Mitchell 2003]
[Carlsson, Jonsson, Nilsson 1993] [Tan 2001]
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« Watchman route can be computed in polynomial time in a simple polygon with or without a given starting
point on the boundary [Chin&Ntafos 1986] [Tan, Hirata, Inagaki 1999] [Dror, Efrat, Lubiw, Mitchell 2003]
[Carlsson, Jonsson, Nilsson 1993] [Tan 2001]

* WRP in polygons with holes is NP-hard [Chin&Ntafos 1986] [Dumitrescu&Toth 2012]
» Central concept: extensions

A cut c partitions polygon into two subpolygons:

/ S Ps(c)—subpolygon that contains starting point s
el P.(cy) A cut c; dominates c; if Ps(c2) CPs(c1)
&

//c1 / Essential cut: not dominated by other cut
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k-Transmitter Watchman Routes

| Nilsson, S., 2022]

. To appear in WALCOM 2023
LINKOPING : :
II." UNIVERSITY Preprint on arXiv:


https://arxiv.org/abs/2202.01757
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k- Transmitter Watchman Routes

 Mobile k-transmitter
e Goal:

@ Establish a connection with all (or a discrete subset
ScP of the) points of a polygon P (“sees” all of S or P)

@ Find shortest tour for the k-transmitter that “sees” all
of S or P and moves in P (a watchman route for a k-
transmitter)

@ With or without a given starting point s

» Extensions do not translate to k-transmitters for k=2 (no
longer local!)
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k- Transmitter Watchman Routes

Theorem 1: For a discrete set of points S and a simple polygon P, the k-TrWRP(S, P) does not
admit a polynomial-time approximation algorithm with approximation ratio ¢ In ISl unless P=NP, even
for k=2.
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admit a polynomial-time approximation algorithm with approximation ratio ¢ In ISl unless P=NP, even
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Approximation Algorithm for k-TrWRP(S, P s)

Theorem 2: Let P be a simple polygon with n=lPl. Let OPT(S,Ps) be the optimal
solution for the k-TrWRP(S,FP,s) and let R be the solution by our algorithm ALG(S,FP.s).
Then R yields an approximation ratio of O( log2 (ISI n) log log (ISl n) log 1Sl).
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Approximation Algorithm for k-TrWRP(S, P s)

- Create a candidate point for each connected component of the k-visibility region of each point in S.

- Candidate points: intersection of geodesics from starting point s to cuts (Call set of all cuts)

_ _/'4 - Build complete graph G on candidate points

’ ~—

) - Gray edges: length of geodesic

1A
)

/<\1

|

- Add pink edges: edge cost 0 (any path/tour visiting pi; must visit Ci))

Example: When we visit k33 (in point p33), we also visit the cuts of k33, k' and kz°.
Thus, we have edges from to C33, C»1, and Cz°.

LINKOPING A
IIQ“ UNIVERSITY 0\3,1. g



Approximation Algorithm for k-TrWRP(S, P s)

- Create a candidate point for each connected component of the k-visibility region of each point in S.

- Candidate points: intersection of geodesics from starting point s to cuts (Call set of all cuts)

_ _/'4 - Build complete graph G on candidate points

’ ~—

) - Gray edges: length of geodesic

1A
)

/<\1

|

- Add pink edges: edge cost 0 (any path/tour visiting pi; must visit Ci))

Example: When we visit k33 (in point p33), we also visit the cuts of k33, k' and kz°.
Thus, we have edges from to C33, C»1, and Cz°.

LINKOPING
IIQ“ UNIVERSITY



Approximation Algorithm for k-TrWRP(S, P s)

- Create a candidate point for each connected component of the k-visibility region of each point in S.

- Candidate points: intersection of geodesics from starting point s to cuts (Call set of all cuts)

_ _/'4 - Build complete graph G on candidate points
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- Create a candidate point for each connected component of the k-visibility region of each point in S.

- Candidate points: intersection of geodesics from starting point s to cuts (Ceall set of all cuts)

- Build complete graph G on candidate points

- Gray edges: length of geodesic
- Add pink edges: edge cost 0 (any path/tour visiting pi; must visit Ci))

- IV(G)I=0(n 18)
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Approximation Algorithm for k-TrWRP(S, P s)

- Create a candidate point for each connected component of the k-visibility region of each point in S.

- Candidate points: intersection of geodesics from starting point s to cuts (Ceall set of all cuts)

@)
_ _/'4 - Build complete graph G on candidate points

, —
- Gray edges: length of geodesic

| /< ﬁ - Add pink edges: edge cost 0 (any path/tour visiting pi; must visit Ci))
\J

- IV(G)I=0(n 18)
r

. . . . — J’l' Jz ~
- Group all candidate points that belong to the same pointin S: Vi = Uj:l pi,; U Uj:l Ci,j

/
C1,1
o \.%’3
L ’\61,3
k3
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Approximation Algorithm for k-TrWRP(S, P s)

- Create a candidate point for each connected component of the k-visibility region of each point in S.

- Candidate points: intersection of geodesics from starting point s to cuts (Ceall set of all cuts)

@)
_ _/'4 - Build complete graph G on candidate points

, —
- Gray edges: length of geodesic

| /< ﬁ - Add pink edges: edge cost 0 (any path/tour visiting pi; must visit Ci))
\ - IV(G)I=0(n 1Sl)

| . . L | i Ji A
- Group all candidate points that belong to the same pointin S: Vi = Uj:l pi,; U Uj:l Ci,j
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Approximation Algorithm for k-TrWRP(S, P s)

- Create a candidate point for each connected component of the k-visibility region of each point in S.

- Candidate points: intersection of geodesics from starting point s to cuts (Call set of all cuts)

_ _/'4 - Build complete graph G on candidate points

’ —
- Gray edges: length of geodesic

"] < Ak? - Add pink edges: edge cost 0 (any path/tour visiting pi; must visit )
\

- IV(G)I=0(n 18)
y

s Ji A
- Group all candidate points that belong to the same pointin S: Vi = Uj:l pi,; U Uj:l Ci,j
- Add yo=s

Here: 631\ A
\.%’3
y3 candidate points that belong to ss3, ’\51,3
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Approximation Algorithm for k-TrWRP(S, P s)

- Create a candidate point for each connected component of the k-visibility region of each point in S.

- Candidate points: intersection of geodesics from starting point s to cuts (Ceall set of all cuts)

@)
_ _/'4 - Build complete graph G on candidate points

’ ~—/
- Gray edges: length of geodesic
/< ‘ﬁ - Add pink edges: edge cost 0 (any path/tour visiting pi; must visit Ci))
o \ - IV(G)I=0(n 15)
V Ji Ji A
+ - Group all candidate points that belong to the same pointin S: Vi = Uj:l pi,j U Uj:l Ci,j
- Add yo=s

- Approximate a group Steiner tree: C1,1 .
\.%’ ;
’\61,3
C3,2
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Approximation Algorithm for k-TrWRP(S, P s)

- Create a candidate point for each connected component of the k-visibility region of each point in S.

- Candidate points: intersection of geodesics from starting point s to cuts (Ceall set of all cuts)

@)
_ _/'4 - Build complete graph G on candidate points

, —
- Gray edges: length of geodesic

| /< ﬁ - Add pink edges: edge cost 0 (any path/tour visiting pi; must visit Ci))
\ - IV(G)I=0(n 1Sl)

| . . L | i Ji A
- Group all candidate points that belong to the same pointin S: Vi = Uj:l pi,; U Uj:l Ci,j

+
/ - Add yo=s
- Approximate a group Steiner tree: C1,1 7‘
- Graph, with m vertices and Q vertex subsets (“groups”) Claq — \0%,3
’\61,3
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€32

- e

LINKOPING
II‘“ UNIVERSITY



Approximation Algorithm for k-TrWRP(S, P s)

- Create a candidate point for each connected component of the k-visibility region of each point in S.

- Candidate points: intersection of geodesics from starting point s to cuts (Ceall set of all cuts)

_ _/'4 - Build complete graph G on candidate points
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- Gray edges: length of geodesic
- Add pink edges: edge cost 0 (any path/tour visiting
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- Group all candidate points that belong to the same pointin S: Vi = Uj:l pi,; U Uj:l Ci,j
- Add yo=s

- Approximate a group Steiner tree: C1,1
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- Goal: find a minimum-cost subtree T of the graph /
that contains at least one vertex from each group C1 2
and minimizes the weight of the tree

- Graph, with m vertices and Q vertex subsets (“groups”)
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- Create a candidate point for each connected component of the k-visibility region of each point in S.
- Candidate points: intersection of geodesics from starting point s to cuts (Ceall set of all cuts)
- Build complete graph G on candidate points
- Gray edges: length of geodesic
- Add pink edges: edge cost 0 (any path/tour visiting
- IV(G)I=0(n 1Sl)

must visit i)

s Ji A
- Group all candidate points that belong to the same pointin S: Vi = Uj:l pi,; U Uj:l Ci,j
- Add yo=s

- Approximate a group Steiner tree: C1,1
é1,4‘/

- Goal: find a minimum-cost subtree T of the graph /
that contains at least one vertex from each group C1 2
and minimizes the weight of the tree

- Graph, with m vertices and Q vertex subsets (“groups”)

- Approximation by GKROO with approximation
ratio O(log2 m log log mlog Q)

- We have m=0O(nl8l), Q=15l + 1

- Double this tree and obtain a route R
the route is feasible as we visit one point per y;

To do: why do we achieve the claimed approximation factor?



Proof idea: alter(unknown) optimal route OPT(S,FP,s) to pass through points from V(G), and new tour has length at most constant- OPT(S,P.s)
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Proof idea: alter(unknown) optimal route OPT(S,FP,s) to pass through points from V(G), and new tour has length at most constant- OPT(S,P.s)
- Identify all cuts of the kVR(si) that OPT(S,P.s) visits—set C (Cc Call)
B . T A cut c partitions polygon into two subpolygons:
_et 0;; denote the point where OPT(S, P,s) visits ci; (first time) p.(c)—subpolygon that contains starting point s
A cut cz;dominates c; if Ps(c2) CPs(cz)
Essential cut: not dominated by other cut

S
e P, (c2)
C2

/]']

- [dentify subset C’of essential cuts (C’cC)
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- Identify subset C’of essential cuts (C’cC) | 2
- Order geodesics to essential cuts by decreasing Euclidean length: 2(g1)=£(g2)=...2£(gic1) ] & /(7 .6

(@)
J) J
- C — C Q _‘o
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IR[| < a1 - fF(IV(G)], [SDIIOPT (S, P, s)|| < az - f(n|S], [SDICHp(Per)|| < as - f(n|S], [S))||[CHp(OPT, Per )|

: N P
< ay - f(n|S|,|S))||OPT(S, P, s)|| with f(N, M) = log” Nloglog N log M
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Claim 1: The geodesics in G¢» are a set of independent geodesics, i.e., no essential cut is
visited by two of these geodesics.
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Claim 1: The geodesics in G¢» are a set of independent geodesics, i.e., no essential cut is
visited by two of these geodesics.

Proof:
We orderred the geodesics to the essential cuts C’ by decreasing length: £(g1)2£(g2)=...2{(g|c'|)

We then iterate over these geodesics in the order g1, 92, ..., g|c’|
If the current geodesic gt intersects cuts ct1,..., Ciy € C’; we delete the shorter geodesics to these cut (gt1,..., gty)

=» After last iteration, no two remaining geodesics visit the same cut in C’
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Claim 2: Each essential cut visited by OPT(S,P,s) (each cut in C’) is touched by exactly one
of the geodesics.
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Claim 2: Each essential cut visited by OPT(S,P,s) (each cut in C’) is touched by exactly one
of the geodesics.

Proof:
The geodesics g1, 92, ..., gic’ visit all cuts in C’

LINKOPING
II." UNIVERSITY

20



Claim 2: Each essential cut visited by OPT(S,P,s) (each cut in C’) is touched by exactly one
of the geodesics.

Proof:
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Claim 2: Each essential cut visited by OPT(S,P,s) (each cut in C’) is touched by exactly one
of the geodesics.

Proof:
The geodesics g1, 9z, ..., gjc’) visit all cuts in C’
We only delete a geodesic from the set if the cut is already visited by a longer geodesic

=> All cuts in C’ are visited
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Claim 3: No geodesic can intersect CHp(OPT, P.-») between a point 0;; and a point p;; on the
same cut. Thus, between any pair of points of the type o;;on CHe(OPT, P.»), we have at
most two points of P-.. CHp(OPT, P-) has length at most 3:[|OPT(S,P,s)ll.
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Let pc denote the point in which g¢ intersects ¢

 If £(gc)>U(gc): we would have deleted g¢, hence cgC”

* If £(gc)<€(gc): the geodesic to ¢’ restricted to the part between s and pc (ges,pc)) is shorter than gc
4 contradiction to gc being geodesic to ¢
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Claim 3: No geodesic can intersect CHp(OPT, P.») between a point 0;; and a point p;; on the
same cut. Thus, between any pair of points of the type o;;on CHe(OPT, P.»), we have at
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LINKOPING
IIQ“ UNIVERSITY

22



Claim 3: No geodesic can intersect CHp(OPT, P.») between a point 0;; and a point p;; on the
same cut. Thus, between any pair of points of the type o;;on CHe(OPT, P.»), we have at
most two points of P-.. CHp(OPT, P-) has length at most 3:[|OPT(S,P,s)ll.

Lemma 2: Between any pair of points of the type 0;; on CHp(OPT, Pc”), we have at most two points in Pc»
Proof:

LINKOPING
UNIVERSITY

22



Claim 3: No geodesic can intersect CHp(OPT, P.») between a point 0;; and a point p;; on the
same cut. Thus, between any pair of points of the type o;;on CHe(OPT, P.»), we have at
most two points of P-.. CHp(OPT, P-) has length at most 3:[|OPT(S,P,s)ll.

Lemma 2: Between any pair of points of the type 0;; on CHp(OPT, Pc”), we have at most two points in Pc»
Proof:

* Let 0;j and oy be the two consecutive points from OPT on CHp(OPT, P¢»)

LINKOPING
IIQ“ UNIVERSITY

22



Claim 3: No geodesic can intersect CHp(OPT, P.») between a point 0;; and a point p;; on the
same cut. Thus, between any pair of points of the type o;;on CHe(OPT, P.»), we have at
most two points of P-.. CHp(OPT, P-) has length at most 3:[|OPT(S,P,s)ll.

Lemma 2: Between any pair of points of the type 0;; on CHp(OPT, Pc”), we have at most two points in Pc»
Proof:

* Let 0;j and oy be the two consecutive points from OPT on CHp(OPT, P¢»)

By Lemma 1, pij and p;j can lie between o;j and ojj

Cuts, points of the type pi;,

LINKOPING
UNIVERSITY




Claim 3: No geodesic can intersect CHp(OPT, P.») between a point 0;; and a point p;; on the
same cut. Thus, between any pair of points of the type o;;on CHe(OPT, P.»), we have at
most two points of P-.. CHp(OPT, P-) has length at most 3:[|OPT(S,P,s)ll.

Lemma 2: Between any pair of points of the type 0;; on CHp(OPT, Pc”), we have at most two points in Pc»
Proof:

et 0;j and oy be the two consecutive points from OPT on CHRA(OPT, P.»)
By Lemma 1, pij and p;j can lie between o;j and ojj

« BUT: we cannot have a point p.x between o;; and pi; or between o;; and p;

Cuts, points of the type pi;,

LINKOPING
IIQ“ UNIVERSITY



Claim 3: No geodesic can intersect CHp(OPT, P.») between a point 0;; and a point p;; on the
same cut. Thus, between any pair of points of the type o;;on CHe(OPT, P.»), we have at
most two points of P-.. CHp(OPT, P-) has length at most 3:[|OPT(S,P,s)ll.

Lemma 2: Between any pair of points of the type oi;jon CHp(OPT, Pc»), we have at most two points in P¢»
Proof:

* Let 0;j and oy be the two consecutive points from OPT on CHp(OPT, P¢»)

By Lemma 1, pij and p;j can lie between o;j and ojj

« BUT: we cannot have a point p.x between o;; and pi; or between o;; and p;

* Assume there is a point p,.1 between on p;; and piyon CHe(OPT, P-») (on cuts ¢”, ¢, ¢’, resp.)

) Cuts, g
II L LG
OW UNIVERSITY



Claim 3: No geodesic can intersect CHp(OPT, P.») between a point 0;; and a point p;; on the
same cut. Thus, between any pair of points of the type o;;on CHe(OPT, P.»), we have at
most two points of P-.. CHp(OPT, P-) has length at most 3:[|OPT(S,P,s)ll.

Lemma 2: Between any pair of points of the type oi;jon CHp(OPT, Pc»), we have at most two points in P¢»
Proof:

* Let 0;j and oy be the two consecutive points from OPT on CHp(OPT, P¢»)

By Lemma 1, pij and p;j can lie between o;j and ojj

« BUT: we cannot have a point p.x between o;; and pi; or between o;; and p;
* Assume there is a point p,.1 between on p;; and piyon CHe(OPT, P-») (on cuts ¢”, ¢, ¢’, resp.)

« OPT visits o1 0n ¢”

) Cuts, g
II L LG
OW UNIVERSITY



Claim 3: No geodesic can intersect CHp(OPT, P.») between a point 0;; and a point p;; on the
same cut. Thus, between any pair of points of the type o;;on CHe(OPT, P.»), we have at
most two points of P-.. CHp(OPT, P-) has length at most 3:[|OPT(S,P,s)ll.

Lemma 2: Between any pair of points of the type oi;jon CHp(OPT, Pc»), we have at most two points in P¢»
Proof:

* Let 0;j and oy be the two consecutive points from OPT on CHp(OPT, P¢»)

By Lemma 1, pij and p;j can lie between o;j and ojj

« BUT: we cannot have a point p.x between o;; and pi; or between o;; and p;
* Assume there is a point p,.1 between on p;; and piyon CHe(OPT, P-») (on cuts ¢”, ¢, ¢’, resp.)
« OPT visits o,.s0n ¢”

» 0;j and o;, are consecutive pts on CHp(OPT, P¢»)

) Cuts, g
II L LG
OW UNIVERSITY



Claim 3: No geodesic can intersect CHp(OPT, P.») between a point 0;; and a point p;; on the
same cut. Thus, between any pair of points of the type o;;on CHe(OPT, P.»), we have at
most two points of P-.. CHp(OPT, P-) has length at most 3:[|OPT(S,P,s)ll.

Lemma 2: Between any pair of points of the type oi;jon CHp(OPT, Pc»), we have at most two points in P¢»
Proof:

* Let 0;j and oy be the two consecutive points from OPT on CHp(OPT, P¢»)

By Lemma 1, pij and p;j can lie between o;j and ojj

« BUT: we cannot have a point p.x between o;; and pi; or between o;; and p;
* Assume there is a point p,.1 between on p;; and piyon CHe(OPT, P-») (on cuts ¢”, ¢, ¢’, resp.)
« OPT visits o,.s0n ¢”

» 0;j and o;, are consecutive pts on CHp(OPT, P¢»)

= Order of OPT 0j; 0ij, 0,4 Or O.4 Oij Oij, W.l.0.g. 0ij Oij’, OA >&

1

) Cuts, g
II L LG /
OW UNIVERSITY



Claim 3: No geodesic can intersect CHp(OPT, P.») between a point 0;; and a point p;; on the
same cut. Thus, between any pair of points of the type o;;on CHe(OPT, P.»), we have at
most two points of P-.. CHp(OPT, P-) has length at most 3:[|OPT(S,P,s)ll.

Lemma 2: Between any pair of points of the type oi;jon CHp(OPT, Pc»), we have at most two points in P¢»
Proof:

* Let 0;j and oy be the two consecutive points from OPT on CHp(OPT, P¢»)

By Lemma 1, pij and p;j can lie between o;j and ojj

« BUT: we cannot have a point p.x between o;; and pi; or between o;; and p;
* Assume there is a point p,.1 between on p;; and piyon CHe(OPT, P-») (on cuts ¢”, ¢, ¢’, resp.)
« OPT visits o,.s0n ¢”

» 0;j and o;, are consecutive pts on CHp(OPT, P¢»)

= Order of OPT 0j; 0ij, 0,4 Or O.4 Oij Oij, W.l.0.g. 0ij Oij’, OA >&

1

* Cut c”is a line segment ~—

) Cuts, g
II L LG /
OW UNIVERSITY



Claim 3: No geodesic can intersect CHp(OPT, P.») between a point 0;; and a point p;; on the
same cut. Thus, between any pair of points of the type o;;on CHe(OPT, P.»), we have at
most two points of P-.. CHp(OPT, P-) has length at most 3:[|OPT(S,P,s)ll.

Lemma 2: Between any pair of points of the type oi;jon CHp(OPT, Pc»), we have at most two points in P¢»
Proof:

* Let 0;j and oy be the two consecutive points from OPT on CHp(OPT, P¢»)

By Lemma 1, pij and p;j can lie between o;j and ojj

« BUT: we cannot have a point p.x between o;; and pi; or between o;; and p;
* Assume there is a point p,.1 between on p;; and piyon CHe(OPT, P-») (on cuts ¢”, ¢, ¢’, resp.)
« OPT visits o,.s0n ¢”

» 0;j and o;, are consecutive pts on CHp(OPT, P¢»)

= Order of OPT 0j; 0ij, 0,4 Or O.4 Oij Oij, W.l.0.g. 0ij Oij’, OA >&

1

* Cut c”is a line segment ~—

 Consider polgyon . with vertices

) Cuts, g
II L LG /
OW UNIVERSITY
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Claim 3: No geodesic can intersect CHp(OPT, P.») between a point 0;; and a point p;; on the
same cut. Thus, between any pair of points of the type o;;on CHe(OPT, P-), we have at
most two points of P-.. CHp(OPT, Pc) has length at most 3:[|OPT(S,P,s)ll.
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Claim 4: CHp(P:) is not longer than CHA(OPT, P-») and CHp(P.») visits one point per yi
(except for yo).
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Claim 4: CHp(P:) is not longer than CHA(OPT, P-») and CHp(P.») visits one point per yi
(except for yo).

Lemma 4: lICHp(P)ll = ICHp(OPT, Peo)ll.
Proof: Pc» € Poru OPT= I

Lemma 5: All points in P.» lie on their relative convex hull CHp(P»).

Proof:
Assume there is a point p;jje Pc», pijg CHp(Pc»)
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Proof:
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Claim 4: CHp(P:) is not longer than CHA(OPT, P-») and CHp(P.») visits one point per yi
(except for yo).

Lemma 4: lICHp(P)ll = ICHp(OPT, Peo)ll.
Proof: Pc» € Poru OPT= I

Lemma 5: All points in P.» lie on their relative convex hull CHp(P»).

Proof:
Assume there is a point pije Pc», pij¢ CHp(Pc)

Claim 1

= NoO gce G¢» Intersects cj;

» Cut cjj connects two boundary points x, y
« CHpR(P) € Ps(cij) (CHR(P-») does not cross cij)

= p;; must lie on CHp(Pc) %
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Claim 4: CHp(P-») Is not longer than CHA(OPT, P-) and CHp(P.») visits one point per y
(except for yo).
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Claim 4: CHp(P-») Is not longer than CHA(OPT, P-) and CHp(P.») visits one point per y
(except for yo).
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Claim 4: CHp(P-») Is not longer than CHA(OPT, P-) and CHp(P.») visits one point per y
(except for yo).

Lemma 6: CHp(P.») visits all cuts in C.

Proof:

C=C"u{C’\C”}u{C\ C’} (Reminder: C visited by OPT, C’c C essential cuts, C” < C’cuts with independent geodesics)
*Cuts in{C\ C’} are dominated by cuts in C’

= Any tour visiting all cuts in C’must visit all cuts in {C\C’}
Cuts in C”are visited by Lemma 5.

«Assume c € {C’\ C”} not visited by CHp(P;»)

= Cut cnotin C”(we filtered its geodesic gc out)
= There is a geodesic gcije G With £(gcij)=0(gc) that intersects c; visits c¢;j; in the point p;;

= Any tour that visits s and p;; must intersect ¢
= CHp(P:) is such a tour 4

Lemma 7: CHp(P.») visits one point per yi, except for yo.
Proof: OPT(S,P,s) is feasible
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Proof: OPT(S,P,s) is feasible
= Set Cincludes at least one cut colored in s;
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Claim 4: CHp(P-») Is not longer than CHA(OPT, P-) and CHp(P.») visits one point per y
(except for yo).

Lemma 6: CHp(P.») visits all cuts in C.
Proof:
C=C"u{C’\C”}u{C\ C’} (Reminder: C visited by OPT, C’c C essential cuts, C” < C’cuts with independent geodesics)

*Cuts in{C\ C’} are dominated by cuts in C’
= Any tour visiting all cuts in C’must visit all cuts in {C\C’}
Cuts in C”are visited by Lemma 5.

«Assume c € {C’\ C”} not visited by CHp(P;»)
= Cut cnotin C”(we filtered its geodesic gc out)
= There is a geodesic gcije G With £(gcij)=0(gc) that intersects c; visits c¢;j; in the point p;;

= Any tour that visits s and p;; must intersect ¢
= CHp(P:) is such a tour 4

Lemma 7: CHp(P.») visits one point per yi, except for yo.
Proof: OPT(S,P,s) is feasible

= Set C includes at least one cut colored in s

= CHp(P) visits all cuts in C
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Claim 4: CHp(P-») Is not longer than CHA(OPT, P-) and CHp(P.») visits one point per y
(except for yo).

Lemma 6: CHp(P.») visits all cuts in C.

Proof:

C=C"u{C’\C”}u{C\ C’} (Reminder: C visited by OPT, C’c C essential cuts, C” < C’cuts with independent geodesics)
*Cuts in{C\ C’} are dominated by cuts in C’

= Any tour visiting all cuts in C’must visit all cuts in {C\C’}
- Cuts in C” are visited by Lemma 5.

«Assume c € {C’\ C”} not visited by CHp(P;»)
= Cut cnotin C”(we filtered its geodesic gc out)
= There is a geodesic gcije G With £(gcij)=0(gc) that intersects c; visits c¢;j; in the point p;;

= Any tour that visits s and p;; must intersect ¢
= CHp(P:) is such a tour 4

Lemma 7: CHp(P.») visits one point per yi, except for yo.

Proof: OPT(S,P,s) is feasible
= Set Cincludes at least one cut colored in s;

= CHp(P) visits all cuts in C
= CHp(P») visits at least one point per y
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Approximation Algorithm for k-TrWRP(S, P s)

Theorem 2: Let P be a simple polygon with n=lPl. Let OPT(S,Ps) be the optimal
solution for the k-TrWRP(S,FP,s) and let R be the solution by our algorithm ALG(S,FP.s).
Then R yields an approximation ratio of O( log2 (ISI n) log log (ISl n) log 1Sl).
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Open Problem: k-Transmitter Combinatorics
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- Lower bound of | ¥ |2-transmitters to cover a simple n-gon i Y

_'AII athé-rAgages remain ‘.
¥ entirely below these lines  §
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BUT: the best upper bound is (essentially) given by the bound for the AGP with “normal” visibility: | n/3_] 2-transmitters
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BUT: the best upper bound is (essentially) given by the bound for the AGP with “normal” visibility: | n/3_] 2-transmitters

We were only able to reduce this to | (n-1)/3 ] (getting rid of an ear)

This does not use the stronger capabilities of vs. O-transmitters (our “normal” guards)

= OPEN PROBLEM #1: Close the gap between lower and upper bound for 2-transmitters (intuition: should be closer to | n/5
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Joe O’Rourke, Computational Geometry
Column 52, 2012:

The only upper bound | know is obtained
by ignoring the extra power of the
transmitters, when | n/3 ] suffice—the
original art gallery theorem!

BUT: the best upper bound is (essentially) given by the bound for the AGP with “normal” visibility: | n/3_] 2-transmitters
We were only able to reduce this to | (n-1)/3 ] (getting rid of an ear)

This does not use the stronger capabilities of vs. O-transmitters (our “normal” guards)
= OPEN PROBLEM #1: Close the gap between lower and upper bound for 2-transmitters (intuition: should be closer to | n/5
thanto Ln/3]) a
- Lower bound of | ¥ |2-transmitters to cover a simple n-gon o
‘\
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We know: Joe O’Rourke, Computational Geometry

e Every 5-gon can be covered Column 52, 2012:
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placed anywhere. transmitters, when [ n/3] suffice—the
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We know: Joe O’Rourke, Computational Geometry

e Every 5-gon can be covered Column 52, 2012:
oy a point 2-transmitter The only upper bound | know is obtained

by ignoring the extra power of the

olaced anywhere. > transmitters, when [ n/3] suffice—the
* Let P be a 6-gon, e={v,w}, a original art gallery theorem!

point 2-transmitter at vorw

covers P.

BUT: the best upper bound is (essentially) given by the bound for the AGP with “normal” visibility: | n/3_] 2-transmitters
We were only able to reduce this to | (n-1)/3 ] (getting rid of an ear)
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We know: BUT: I 'f; Joe O’Rourke, Computational Geometry
e Every 5-gon can be covered ¢ % Column 52, 2012:
by a point 2-transmitter i g;\?g?]glrxifnt;pﬁ]eer gftt:;\c:) | know is obtained
| nywhere. ¥ 3 . .
1 transmitters, when [n/3] suffice—the
Let P be a b-gon, e ] original art gallery theorem!

)
O
N
W
N
<N
< v

=~

BUT: the best upper bound is (essentiallie thnd for the AGP with “normal” visibility: | n/3_ 2-transmitters

We were only able to reduce this to | (n-1)/3 (getting rid of an ear)

This does not use the stronger capabilities of vs. O-transmitters (our “norma
= OPEN PROBLEM #1: Close the gap between lower and upper bound for 2-transmitters (intuition: should be closer to | n/5

thanto L.n/3]) )
- Lower bound of | ¥ |2-transmitters to cover a simple n-gon =

I”

guards)
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Outlook
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Outlook

» Approximation for watchmen routes for k-transmitters without given starting
point and/or when all of P should be monitored?

» Structural analogue for extensions for O-transmitters?

* Improved combinatorial bounds for 2-/k-transmitter covers—in particular,
better upper bounds for simple polygons than the one stemming from O-
transmitters
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