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1. Introduction

For a given point set P,

k-parallel-line-center of P k-slab cover of P
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1. Introduction

For given k > 2, a set P of n points, and a real p € (0, 1],

find a minimum-width k-slab cover of P whose gap-ratio is at least p .
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1. Introduction

For given k > 2, a set P of n points, and a real p € (0, 1],

find a minimum-width k-slab cover of P whose gap-ratio is at least p .

A separator of a k-slab S:
a sequence of k — 1 points on a common line each of which lies in its distinct gap.

R=(r,rar3)

72

A k-slab S when k = 4
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find a minimum-width k-slab cover of P whose gap-ratio is at least p .

A separator of a k-slab S:
a sequence of k — 1 points on a common line each of which lies in its distinct gap.

R = (ri,ra2,r3)
It holds thatr; € v foreachi=1,...,k — 1.
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A k-slab S respects the separator R .

A k-slab S when k = 4
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1. Introduction

For given k > 2, a set P of n points, and a real p € (0, 1],

find a minimum-width k-slab cover of P whose gap-ratio is at least p .

Step 1. An algorithm to compute a minimum-width k-slab cover of P which respects a given separator R
in O(knlog n) time and O(n) space.

Step 2. An algorithm to compute O(p_k) candidate separators.

Step 3. Compute a minimum-width k-slab cover of P by testing O(p—*) candidate separators in O(p—*knlogn) time
and O(n) space.
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2. A min-width k-slab cover for a Given Separator

Step 1. Given a separator R = (rq, ..., rg—1), compute a minimum-width k-slab cover of P respecting R.

POSTERLCH Pohang University of Science and Technology ALLG® Chaeyoon Chung 10/21



2. A min-width k-slab cover for a Given Separator

Step 1. Given a separator R = (rq, ..., rg—1), compute a minimum-width k-slab cover of P respecting R.

POSTERLCH Pohang University of Science and Technology ALLG® Chaeyoon Chung 10/21



2. A min-width k-slab cover for a Given Separator

Step 1. Given a separator R = (rq, ..., rg—1), compute a minimum-width k-slab cover of P respecting R.

POSTERPLH Pohang University of Science and Technology Chaeyoon Chung 10/21



2. A min-width k-slab cover for a Given Separator

Step 1. Given a separator R = (rq, ..., rg—1), compute a minimum-width k-slab cover of P respecting R.

POSTERPLH Pohang University of Science and Technology Chaeyoon Chung 10/21



2. A min-width k-slab cover for a Given Separator
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2. A min-width k-slab cover for a Given Separator

Step 1. Given a separator R = (rq, ..., rg—1), compute a minimum-width k-slab cover of P respecting R.

14
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p(0) := g(0)/b(0)
W1 ((9)
g1(0
Wo ((9)
b(6
g2(0)
(6)

)
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Each of the function

l
, .
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: piecewise sinusoidal with O(n) breakpoints

g1(0)
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l
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? p(0) = g(0)/b(0) o« Wi,.., Wi

L d g].’ oo 7gk_1

w1 (0) e b
: piecewise sinusoidal with O(n) breakpoints

g1(0)
Wo ((9)
g2(0)

— We can compute the width, gap-width, breadth,
b(6) and the gap ratio for a fixed orientation.
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2. A min-width k-slab cover for a Given Separator

Step 1. Given a separator R = (rq, ..., rg—1), compute a minimum-width k-slab cover of P respecting R.

A fully dynamic structure CH; foreachi =1, ...,k [G. S. Brodal and R. Jacob, 2002]

e O(logn) time queries using O(n) space.

POSTERPLH Pohang University of Science and Technology Chaeyoon Chung /21



2. A min-width k-slab cover for a Given Separator

Step 1. Given a separator R = (rq, ..., rg—1), compute a minimum-width k-slab cover of P respecting R.

e Afully dynamic structure CH; foreachi = 1, ..., k[G. S. Brodal and R. Jacob, 2002]

e O(logn) time queries using O(n) space.

o 2klists (Wq,..., W, Gq,...,Gk_1, and B)

POSTERPLH Pohang University of Science and Technology Chaeyoon Chung /21



2. A min-width k-slab cover for a Given Separator

Step 1. Given a separator R = (rq, ..., rg—1), compute a minimum-width k-slab cover of P respecting R.

A fully dynamic structure CH; foreachi =1, ...,k [G. S. Brodal and R. Jacob, 2002]

e O(logn) time queries using O(n) space.

2k lists (W, ..., Wy, Gq, ..., Gk_1, and B)
o klists: Store functions of w;(6) fori =1, ...,k : W1, ..., Wi

POSTERPLH Pohang University of Science and Technology Chaeyoon Chung /21



2. A min-width k-slab cover for a Given Separator

Step 1. Given a separator R = (rq, ..., rg—1), compute a minimum-width k-slab cover of P respecting R.

e Afully dynamic structure CH; foreachi = 1, ..., k[G. S. Brodal and R. Jacob, 2002]
e O(logn) time queries using O(n) space.
o 2klists (Wq,..., W, Gq,...,Gk_1, and B)

e klists:  Store functions of w;(9) fori =1, ...,k : Wi, ..., Wy
e k — 1lists: Store functions of g;(6) fori=1,....,k—1  :Gy,..., G

POSTERPLH Pohang University of Science and Technology Chaeyoon Chung /21



2. A min-width k-slab cover for a Given Separator

Step 1. Given a separator R = (rq, ..., rg—1), compute a minimum-width k-slab cover of P respecting R.

e Afully dynamic structure CH; foreachi = 1, ..., k[G. S. Brodal and R. Jacob, 2002]

e O(logn) time queries using O(n) space.

o 2klists (Wq,..., W, Gq,...,Gk_1, and B)

e klists:  Store functions of w;(9) fori =1, ...,k : Wi, ..., Wy
e k — 1lists: Store functions of g;(6) fori=1,....,k—1  :Gy,..., G
o 1list: Stores a function of b(6) : B

POSTERPLH Pohang University of Science and Technology Chaeyoon Chung /21



2. A min-width k-slab cover for a Given Separator

Step 1. Given a separator R = (rq, ..., rg—1), compute a minimum-width k-slab cover of P respecting R.

e Afully dynamic structure CH; foreachi = 1, ..., k[G. S. Brodal and R. Jacob, 2002]

e O(logn) time queries using O(n) space.

o 2klists (Wq,..., W, Gq,...,Gk_1, and B)

e klists:  Store functions of w;(9) fori =1, ...,k : Wi, ..., Wy
e k — 1lists: Store functions of g;(6) fori=1,....,k—1  :Gy,..., G
o 1list: Stores a function of b(6) : B

POSTERPLH Pohang University of Science and Technology Chaeyoon Chung /21



2. A min-width k-slab cover for a Given Separator

Step 1. Given a separator R = (rq, ..., rg—1), compute a minimum-width k-slab cover of P respecting R.

\ .
.__..

1) Slab event 2) Cross event
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2. A min-width k-slab cover for a Given Separator

Step 1. Given a separator R = (rq, ..., rg—1), compute a minimum-width k-slab cover of P respecting R.

e Update W,
e Update G;_1, G;
e Update B, if needed

1) Slab event
: when two or more points of P are
contained in a boundary line of slab

of P,'(@)
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o klists: Store functions of w;(0) fori =1, ...,k : W1, ..., Wy
e k — 1 lists: Store functions of g;(#) fori=1,...,k — 1 : Gy, e, Gy
o 1list: Stores a function of b(6) : B

— Evaluate Wy, ..., Wy, G, ..., Gk_1,and B

: Compute the exact orientation 8 where the gap-ratio is at least p and the
width is minimized.
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2. A min-width k-slab cover for a Given Separator

Step 1. Given a separator R = (rq, ..., rg—1), compute a minimum-width k-slab cover of P respecting R.

1) Slab event : when two or more points of P are contained in a boundary line
of slab of P;(9)
2) Cross event : when a point in P lies on ¢;(6)

e The number of events is O(kn)
e It takes O(log n) time for each event. [G. S. Brodal and R. Jacob, 2002]

2k lists (W1, ..., Wy, G4, ..., Gk_1, and B)

o klists: Store functions of w;(0) fori =1, ...,k : W1, ..., Wy
e k — 1 lists: Store functions of g;(#) fori=1,...,k — 1 : Gy, e, Gy
o 1list: Stores a function of b(6) : B

— Evaluate Wy, ..., Wy, G4, ..., Gr_1, and B every n events

: Compute the exact orientation 8 where the gap-ratio is at least p and the
width is minimized.
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2. A min-width k-slab cover for a Given Separator

Step 1. Given a separator R = (rq, ..., rg—1), compute a minimum-width k-slab cover of P respecting R.

Theorem. A minimum-width k-slab cover of P respecting R can be computed in O(knlog n) time and O(n) space.
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3. Computing Candidate Separators

Step 2. Given a set P of n points, compute candidates for an optimal separator.
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3. Computing Candidate Separators

Step 2. Given a set P of n points, compute candidates for an optimal separator.

The directional width of P in orientation 6, dy(P) An e-coreset for the directional width of P
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3. Computing Candidate Separators

Step 2. Given a set P of n points, compute candidates for an optimal separator.

The directional width of P in orientation 6, dy(P) An e-coreset for the directional width of P
do(K) > (1 — €)dg(P) for any orientation 6.
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3. Computing Candidate Separators

Step 2. Given a set P of n points, compute candidates for an optimal separator.

The directional width of P in orientation 6, dy(P) An e-coreset for the directional width of P
do(K) > (1 — €)dg(P) for any orientation 6.
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3. Computing Candidate Separators

Step 2. Given a set P of n points, compute candidates for an optimal separator.

Let K C P be a (p/2)-coreset for directional width of P.
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3. Computing Candidate Separators

Step 2. Given a set P of n points, compute candidates for an optimal separator.

Let K C P be a (p/2)-coreset for directional width of P.

— K of size O(1/p) can be computed in O(n) time.
o
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3. Computing Candidate Separators

Step 2. Given a set P of n points, compute candidates for an optimal separator.

Let K C P be a (p/2)-coreset for directional width of P.

— K of size O(1/p) can be computed in O(n) time.
o
l.‘ ¢
. Lemma. For any k-slab cover S = (o7, ..., o) of P,
¢ ° . it holds that KN o1 # ) and K N oy # (.
A e
° ' K !
L \\‘\ ’
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3. Computing Candidate Separators

Step 2. Given a set P of n points, compute candidates for an optimal separator.

Let K C P be a (p/2)-coreset for directional width of P. — K of size O(1/p) can be computed in O(n) time.

Lemma. For any k-slab cover S = (o074, ..., 0k) of P,
it holds that KN oy # () and K N oy # 0.
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3. Computing Candidate Separators

Step 2. Given a set P of n points, compute candidates for an optimal separator.

Let K C P be a (p/2)-coreset for directional width of P. — K of size O(1/p) can be computed in O(n) time.

Lemma. For any k-slab cover S = (o074, ..., 0k) of P,
it holds that KN oy # () and K N oy # 0.

Corollary. There is an antipodal pair (p, q) of K
such thatp € 07 and g € oy.
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3. Computing Candidate Separators

Step 2. Given a set P of n points, compute candidates for an optimal separator.

For an arbitrary k-slab cover S of P,
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3. Computing Candidate Separators

Step 2. Given a set P of n points, compute candidates for an optimal separator.

For an arbitrary k-slab cover S of P,
Let p and g be any two points such that p € o7 and g € oy.

01

Ok
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3. Computing Candidate Separators

Step 2. Given a set P of n points, compute candidates for an optimal separator.

For an arbitrary k-slab cover S of P,
Let p and g be any two points such that p € o7 and g € oy.

Rpq : [1/p]| equidistant points on pq

Ok
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3. Computing Candidate Separators

Step 2. Given a set P of n points, compute candidates for an optimal separator.

For an arbitrary k-slab cover S of P,
Let p and g be any two points such that p € o7 and g € oy.

Rpq : [1/p]| equidistant points on pq

Lemma. Each gap of S contains at least one point in Ry,

Ok
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3. Computing Candidate Separators

Step 2. Given a set P of n points, compute candidates for an optimal separator.

For an arbitrary k-slab cover S of P,
Let p and g be any two points such that p € o7 and g € oy.

Rpq : [1/p]| equidistant points on pq

Lemma. Each gap of S contains at least one point in Ry,

l

There is a separator (rq, ..., rg_1) of Ssuch thatr; € Ry,

Ok
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3. Computing Candidate Separators

Step 2. Given a set P of n points, compute candidates for an optimal separator.

1) Compute a (p/2)-coreset K C P of size O(1/p)
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1) Compute a (p/2)-coreset K C P of size O(1/p)

POSTERPLH Pohang University of Science and Technology Chaeyoon Chung 19/21



3. Computing Candidate Separators

Step 2. Given a set P of n points, compute candidates for an optimal separator.

1) Compute a (p/2)-coreset K C P of size O(1/p)

2) Compute all antipodal pairs of the convex hull of K < Corollary. There is an antipodal pair (p, q) of K
such thatp € o1 and g € oy.
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3. Computing Candidate Separators

Step 2. Given a set P of n points, compute candidates for an optimal separator.

1) Compute a (p/2)-coreset K C P of size O(1/p)

2) Compute all antipodal pairs of the convex hull of K < Corollary. There is an antipodal pair (p, q) of K
such thatp € o1 and g € oy.

3) For every antipodal pair (p, q), generate [1/p| equidistant points
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3. Computing Candidate Separators

Step 2. Given a set P of n points, compute candidates for an optimal separator.

1) Compute a (p/2)-coreset K C P of size O(1/p)

2) Compute all antipodal pairs of the convex hull of K < Corollary. There is an antipodal pair (p, q) of K
such thatp € o1 and g € oy.

3) For every antipodal pair (p, q), generate [1/p| equidistant points

& consider all possible (k — 1)-combinations of the points as candidate separators «— Lemma. Each gap of 5 contains
at least one point in Rpq
When k =

IANNCE
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3. Computing Candidate Separators

Step 2. Given a set P of n points, compute candidates for an optimal separator.

1) Compute a (p/2)-coreset K C P of size O(1/p)

2) Compute all antipodal pairs of the convex hull of K < Corollary. There is an antipodal pair (p, q) of K
such thatp € o1 and g € oy.

3) For every antipodal pair (p, q), generate [1/p| equidistant points

& consider all possible (k — 1)-combinations of the points as candidate separators «— Lemma. Each gap of 5 contains
at least one point in Rpq
When k =

NN

K| = 0(1/p), # of combinations per antipodal pair = O(1/p*"1)

— # of candidate separators is O(1/p*)
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4. Algorithm

1) Given a separator R, we can compute a minimum width k-slab cover of P respecting R in O(kn log n) time and
O(n) space.

2) We can compute O(p~¥) candidate separators in O(nlogn + p=—) time.
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4. Algorithm

1) Given a separator R, we can compute a minimum width k-slab cover of P respecting R in O(kn log n) time and
O(n) space.

2) We can compute O(p~¥) candidate separators in O(nlogn + p=—) time.

Theorem. A minimum-width k-slab cover of P whose gap-ratio is at least p can be computed in O(,o_k - knlogn)
time and O(n) space, if exists.

POSTERPLH Pohang University of Science and Technology Chaeyoon Chung 20/21



4. Algorithm

Thank you!
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