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Holes

⟺
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So-called “Art Gallery Theorems”: x guards are always sufficient and sometimes necessary to guard a 
polygon with n vertices (polygon from a specific class)
•  Simple polygon with n vertices:         are sometimes necessary and always sufficient. [Chvátal ’75]

Computational Complexity
•  The AGP is NP-hard for  point guards with holes [O’Rourke & Supowit 1983] , vertex guards without holes 
[Lee & Lin 1986],  point guards without holes [Aggarwal 1986]

Algorithms
•  Depending on complexity: approximation algorithms, efficient algorithms for optimal solutions for many 
instances, heuristics; polytime algorithms

Other structural results
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Chromatic AGP:
Given: a polygon P


Task:   find a min guard cover of P

Find a colored guard cover of P:

No point in P is seen by two guards

of the same color.

We do not care about the 
number of guards, but 
about the number of 
colors!
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•  With guards on the terrain
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2VR(p)/kVR(p) can have O(n) connected 
components.
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AFFHUV2018: Oswin Aichholzer, Ruy Fabila-Monroy, David Flores-Peñaloza, Thomas Hackl, Jorge Urrutia, and Birgit Vogtenhuber. Modem illumination of monotone polygons. 


BBBDDDFHILMSSU2010: Brad Ballinger, Nadia Benbernou, Prosenjit Bose, Mirela Damian, ErikD. Demaine, Vida Dujmovic, Robin Flatland, Ferran Hurtado, John Iacono, Anna Lubiw, Pat 
Morin, Vera 3Sacristán, 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. 



Click to edit Master title stylek-Transmitters

14

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


BBBDDDFHILMSSU2010: Brad Ballinger, Nadia Benbernou, Prosenjit Bose, Mirela Damian, ErikD. Demaine, Vida Dujmovic, Robin Flatland, Ferran Hurtado, John Iacono, Anna Lubiw, Pat 
Morin, Vera 3Sacristán, 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. 

• “Art Gallery Theorems”



Click to edit Master title stylek-Transmitters

14

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


BBBDDDFHILMSSU2010: Brad Ballinger, Nadia Benbernou, Prosenjit Bose, Mirela Damian, ErikD. Demaine, Vida Dujmovic, Robin Flatland, Ferran Hurtado, John Iacono, Anna Lubiw, Pat 
Morin, Vera 3Sacristán, 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. 

• “Art Gallery Theorems”
‣ AFFHUV2018: tight bounds for monotone and monotone orthogonal polygons (             k-transmitters are 

sometimes necessary and always sufficient to cover a monotone n-gon) 



Click to edit Master title stylek-Transmitters

14

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


BBBDDDFHILMSSU2010: Brad Ballinger, Nadia Benbernou, Prosenjit Bose, Mirela Damian, ErikD. Demaine, Vida Dujmovic, Robin Flatland, Ferran Hurtado, John Iacono, Anna Lubiw, Pat 
Morin, Vera 3Sacristán, 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. 

• “Art Gallery Theorems”
‣ AFFHUV2018: tight bounds for monotone and monotone orthogonal polygons (             k-transmitters are 

sometimes necessary and always sufficient to cover a monotone n-gon) 
‣ BBBDDDFHILMSSU2010: 



Click to edit Master title stylek-Transmitters

14

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


BBBDDDFHILMSSU2010: Brad Ballinger, Nadia Benbernou, Prosenjit Bose, Mirela Damian, ErikD. Demaine, Vida Dujmovic, Robin Flatland, Ferran Hurtado, John Iacono, Anna Lubiw, Pat 
Morin, Vera 3Sacristán, 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. 

• “Art Gallery Theorems”
‣ AFFHUV2018: tight bounds for monotone and monotone orthogonal polygons (             k-transmitters are 

sometimes necessary and always sufficient to cover a monotone n-gon) 
‣ BBBDDDFHILMSSU2010: 

- Bounds for line segments in the plane



Click to edit Master title stylek-Transmitters

14

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


BBBDDDFHILMSSU2010: Brad Ballinger, Nadia Benbernou, Prosenjit Bose, Mirela Damian, ErikD. Demaine, Vida Dujmovic, Robin Flatland, Ferran Hurtado, John Iacono, Anna Lubiw, Pat 
Morin, Vera 3Sacristán, 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. 

• “Art Gallery Theorems”
‣ AFFHUV2018: tight bounds for monotone and monotone orthogonal polygons (             k-transmitters are 

sometimes necessary and always sufficient to cover a monotone n-gon) 
‣ BBBDDDFHILMSSU2010: 

- Bounds for line segments in the plane
- Lower bound of       2-transmitters to cover a simple n-gon



Click to edit Master title stylek-Transmitters

14

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


BBBDDDFHILMSSU2010: Brad Ballinger, Nadia Benbernou, Prosenjit Bose, Mirela Damian, ErikD. Demaine, Vida Dujmovic, Robin Flatland, Ferran Hurtado, John Iacono, Anna Lubiw, Pat 
Morin, Vera 3Sacristán, 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. 

• “Art Gallery Theorems”
‣ AFFHUV2018: tight bounds for monotone and monotone orthogonal polygons (             k-transmitters are 

sometimes necessary and always sufficient to cover a monotone n-gon) 
‣ BBBDDDFHILMSSU2010: 

- Bounds for line segments in the plane
- Lower bound of       2-transmitters to cover a simple n-gon

‣ CFILS2018:



Click to edit Master title stylek-Transmitters

14

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


BBBDDDFHILMSSU2010: Brad Ballinger, Nadia Benbernou, Prosenjit Bose, Mirela Damian, ErikD. Demaine, Vida Dujmovic, Robin Flatland, Ferran Hurtado, John Iacono, Anna Lubiw, Pat 
Morin, Vera 3Sacristán, 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. 

• “Art Gallery Theorems”
‣ AFFHUV2018: tight bounds for monotone and monotone orthogonal polygons (             k-transmitters are 

sometimes necessary and always sufficient to cover a monotone n-gon) 
‣ BBBDDDFHILMSSU2010: 

- Bounds for line segments in the plane
- Lower bound of       2-transmitters to cover a simple n-gon

‣ CFILS2018:
- Upper and lower bounds for # edge 2-transmitters in simple, monotone, orthogonal, orthogonal 

monotone polygons



Click to edit Master title stylek-Transmitters

14

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


BBBDDDFHILMSSU2010: Brad Ballinger, Nadia Benbernou, Prosenjit Bose, Mirela Damian, ErikD. Demaine, Vida Dujmovic, Robin Flatland, Ferran Hurtado, John Iacono, Anna Lubiw, Pat 
Morin, Vera 3Sacristán, 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. 

• “Art Gallery Theorems”
‣ AFFHUV2018: tight bounds for monotone and monotone orthogonal polygons (             k-transmitters are 

sometimes necessary and always sufficient to cover a monotone n-gon) 
‣ BBBDDDFHILMSSU2010: 

- Bounds for line segments in the plane
- Lower bound of       2-transmitters to cover a simple n-gon

‣ CFILS2018:
- Upper and lower bounds for # edge 2-transmitters in simple, monotone, orthogonal, orthogonal 

monotone polygons
- Lower bound of       2-transmitters to cover a simple n-gon



Click to edit Master title stylek-Transmitters

14

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


BBBDDDFHILMSSU2010: Brad Ballinger, Nadia Benbernou, Prosenjit Bose, Mirela Damian, ErikD. Demaine, Vida Dujmovic, Robin Flatland, Ferran Hurtado, John Iacono, Anna Lubiw, Pat 
Morin, Vera 3Sacristán, 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. 

• “Art Gallery Theorems”
‣ AFFHUV2018: tight bounds for monotone and monotone orthogonal polygons (             k-transmitters are 

sometimes necessary and always sufficient to cover a monotone n-gon) 
‣ BBBDDDFHILMSSU2010: 

- Bounds for line segments in the plane
- Lower bound of       2-transmitters to cover a simple n-gon

‣ CFILS2018:
- Upper and lower bounds for # edge 2-transmitters in simple, monotone, orthogonal, orthogonal 

monotone polygons
- Lower bound of       2-transmitters to cover a simple n-gon

All other gadgets remain 
entirely below these lines



Click to edit Master title stylek-Transmitters

14

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


BBBDDDFHILMSSU2010: Brad Ballinger, Nadia Benbernou, Prosenjit Bose, Mirela Damian, ErikD. Demaine, Vida Dujmovic, Robin Flatland, Ferran Hurtado, John Iacono, Anna Lubiw, Pat 
Morin, Vera 3Sacristán, 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. 

• “Art Gallery Theorems”
‣ AFFHUV2018: tight bounds for monotone and monotone orthogonal polygons (             k-transmitters are 

sometimes necessary and always sufficient to cover a monotone n-gon) 
‣ BBBDDDFHILMSSU2010: 

- Bounds for line segments in the plane
- Lower bound of       2-transmitters to cover a simple n-gon

‣ CFILS2018:
- Upper and lower bounds for # edge 2-transmitters in simple, monotone, orthogonal, orthogonal 

monotone polygons
- Lower bound of       2-transmitters to cover a simple n-gon

• Minimum 2-/k-transmitter cover:



Click to edit Master title stylek-Transmitters

14

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


BBBDDDFHILMSSU2010: Brad Ballinger, Nadia Benbernou, Prosenjit Bose, Mirela Damian, ErikD. Demaine, Vida Dujmovic, Robin Flatland, Ferran Hurtado, John Iacono, Anna Lubiw, Pat 
Morin, Vera 3Sacristán, 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. 

• “Art Gallery Theorems”
‣ AFFHUV2018: tight bounds for monotone and monotone orthogonal polygons (             k-transmitters are 

sometimes necessary and always sufficient to cover a monotone n-gon) 
‣ BBBDDDFHILMSSU2010: 

- Bounds for line segments in the plane
- Lower bound of       2-transmitters to cover a simple n-gon

‣ CFILS2018:
- Upper and lower bounds for # edge 2-transmitters in simple, monotone, orthogonal, orthogonal 

monotone polygons
- Lower bound of       2-transmitters to cover a simple n-gon

• Minimum 2-/k-transmitter cover:
‣ CFILS2018: NP-hard to compute point 2-transmitter/point k-transmitter/edge 2-transmitter cover in 

simple polygon, point 2-transmitter also for orthogonal polygons



Click to edit Master title stylek-Transmitters

15

BCLMMVY2019: Therese Biedl, Timothy M. Chan, Stephanie Lee, Saeed Mehrabi, Fabrizio Montecchiani, Hamideh Vosoughpour, and Ziting Yu. Guarding orthogonal art galleries with sliding k-transmitters: Hardness and approximation
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BBBDM19: Yeganeh Bahoo, Bahareh Banyassady, Prosenjit K. Bose, Stephane Durocher, Wolfgang Mulzer. A time-space trade-off for computing the k-visibility region of a point in a polygon.


BBDS20: Yeganeh Bahoo, Prosenjit Bose, Stephane Durocher, Thomas C. Shermer. Computing the k-visibility region of a point in a polygon.
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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]
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• WRP in polygons with holes is NP-hard [Chin&Ntafos 1986] [Dumitrescu&Tóth 2012]
• Central concept: extensions
• As for the AGP, we can alter the capabilities of the watchman or the area to be guarded

A cut c partitions polygon into two subpolygons: 
Ps(c)—subpolygon that contains starting point s
A cut c1 dominates c2 if Ps(c2)⊆Ps(c1)
Essential cut: not dominated by other cut



k-Transmitter Watchman Routes
[Nilsson, S., 2022]

To appear in WALCOM 2023

Preprint on arXiv: https://arxiv.org/abs/2202.01757
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longer local!)
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 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 c ln |S| unless P=NP, even 
for k=2.
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k-Transmitter Watchman Routes

 Corollary: The same holds for k-TrWRP(S,P,s).

 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 c ln |S| 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=|P|. Let OPT(S,P,s) be the optimal 
solution for the k-TrWRP(S,P,s) and let R be the solution by our algorithm ALG(S,P,s). 
Then R yields an approximation ratio of O( log2 (|S| n) log log (|S| n) log |S|).
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Example: When we visit k33 (in point p33), we also visit the cuts of k33, k21 and k15. 

Thus, we have edges from p33 to ĉ33, ĉ21, and ĉ15.



Click to edit Master title style

24

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)

- Build complete graph G on candidate points pi,j:

- Gray edges: length of geodesic

- Add pink edges: edge cost 0 (any path/tour visiting pi,j must visit ĉi,j)

p3,2

g3,2 ĉ3,2

Example: When we visit k33 (in point p33), we also visit the cuts of k33, k21 and k15. 

Thus, we have edges from p33 to ĉ33, ĉ21, and ĉ15.



Click to edit Master title style

24

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)

- Build complete graph G on candidate points pi,j:

- Gray edges: length of geodesic

- Add pink edges: edge cost 0 (any path/tour visiting pi,j must visit ĉi,j)

p3,2

g3,2 ĉ3,2



Click to edit Master title style

24

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)

- Build complete graph G on candidate points pi,j:

- Gray edges: length of geodesic

- Add pink edges: edge cost 0 (any path/tour visiting pi,j must visit ĉi,j)

- |V(G)|=O(n |S|)

p3,2

g3,2 ĉ3,2



Click to edit Master title style

24

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)

- Build complete graph G on candidate points pi,j:

- Gray edges: length of geodesic

- Add pink edges: edge cost 0 (any path/tour visiting pi,j must visit ĉi,j)

- |V(G)|=O(n |S|)

- Group all candidate points that belong to the same point in S: 

p3,2

g3,2 ĉ3,2



Click to edit Master title style

24

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)

- Build complete graph G on candidate points pi,j:

- Gray edges: length of geodesic

- Add pink edges: edge cost 0 (any path/tour visiting pi,j must visit ĉi,j)

- |V(G)|=O(n |S|)

- Group all candidate points that belong to the same point in S: 

- Add 𝛾0=s

p3,2

g3,2 ĉ3,2



Click to edit Master title style

24

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)
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- Group all candidate points that belong to the same point in S: 

- Add 𝛾0=s

p3,2

g3,2 ĉ3,2

Here: 

𝛾1 candidate points that belong to s1,


𝛾2 candidate points that belong to s2, 


𝛾3 candidate points that belong to s3, 

𝛾0=s,  
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GKR00: Naveen Garg, Goran Konjevod, and R. Ravi. A polylogarithmic approximation algorithm for the group Steiner tree problem
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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 (Call set of all cuts)

- Build complete graph G on candidate points pi,j:
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- Add pink edges: edge cost 0 (any path/tour visiting pi,j must visit ĉi,j)

- |V(G)|=O(n |S|)

- Group all candidate points that belong to the same point in S: 

- Add 𝛾0=s
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- Graph, with m vertices and Q vertex subsets (“groups”) 

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

- Approximation by GKR00 with approximation                                                                            
ratio O(log2 m log log m log Q)

- We have m = O(n |S|), Q = |S| + 1

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

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

p3,2

g3,2 ĉ3,2

GKR00: Naveen Garg, Goran Konjevod, and R. Ravi. A polylogarithmic approximation algorithm for the group Steiner tree problem
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A cut c partitions polygon into two subpolygons: 

Ps(c)—subpolygon that contains starting point s

A cut c1 dominates c2 if Ps(c2)⊆Ps(c1)

Essential cut: not dominated by other cut
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-GC’’  set of geodesics that end at cuts in C’’
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Claim 1: The geodesics in GC’’ are a set of independent geodesics, i.e., no essential cut is 
visited by two of these geodesics.
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If the current geodesic gt intersects cuts ct1,…, ctY ∈ C’: we delete the shorter geodesics to these cut (gt1,…, gtY)
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➜ After last iteration, no two remaining geodesics visit the same cut in C’
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Claim 1: The geodesics in GC’’ are a set of independent geodesics, i.e., no essential cut is 
visited by two of these geodesics.
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Claim 3: No geodesic can intersect CHP(OPT, PC’’) between a point oi,j  and a point pi,j  on the 
same cut. Thus, between any pair of points of the type oi,j on CHP(OPT, PC’’), we have at 
most two points of PC’’. CHP(OPT, PC’’) has length at most 3·||OPT(S,P,s)||.
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and the point pi,j are on CHP(OPT, PC’’). No geodesic in GC’’ intersects c between oi,j  and pi,j.
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•By Lemma 1, pi,j     and pi’,j’ can lie between oi,j     and oi’,j’

•BUT: we cannot have a point p𝜅,ƛ  between oi,j     and pi,j or between oi’,j’     and pi’,j’ 

•Assume there is a point p𝜅,ƛ between on pi,j     and pi’,j’ on CHP(OPT, PC’’’) (on cuts c’’, c, c’, resp.)
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30

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

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



Outlook
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• 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 0-transmitters?

• Improved combinatorial bounds for 2-/k-transmitter covers—in particular, 

better upper bounds for simple polygons than the one stemming from 0-
transmitters
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