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Windowing application
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Warning
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4 sl e MS Paint Error

Analysis result:

You are pregnant. or Microsoft Word

Error

'E System report:
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Problem definition

Set of isothetic Intersection Set of pairs
rectangles of rectangles of rectangles
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Problem definition

Set of isothetic Intersection Set of pairs
rectangles of rectangles of rectangles

|sothetic rectangle : Each side is parallel to one axis.

A
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Problem definition

Set of isothetic Intersection Set of pairs
rectangles of rectangles of rectangles
Y - axis 4 R4
R3
RO "~ {{RL,R2},{R2, R4}}
R1
L
X - axis
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Sweep line

» First step of the algorithm

 \We assume that we can use a function :
OverlappingOnY(Q, R)

Input
- Q : a query rectangle
- R : alist of rectangles

Output :
All the intersection pairs of the projection
of Q and R on Y axis.
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SYVEEIORIE

Y - axis R4

,,,,,,,,,,,,,,,, R2

X - axis

OverlappingOnY( R1, {R1, R2, R3, R4} ) = {R1, R2}
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SYVEEIORIE

Y - axis 4 R4
R3 Res = {}

AR = {}

For each R reached by the sweep line

R2 Update AR

Res = Res U OverlappingOnY (R, AR)

R1

X - axis
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SYVEEIORIE

Y - axis A R4
R3 Res = {}
AR = {}
For each R reached by the sweep line
R2 Update AR
. Res = Res U OverlappingOnY (R, AR)
>
X - axis
AR ={R1}
Res ={}
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SYVEEIORIE

Y - axis A R4
R3 Res = {}
AR = {}
For each R reached by the sweep line
R2 Update AR
ny Res = Res U OverlappingOnY (R, AR)
>
X - axis

AR ={R1, R3}
Res ={}
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SYVEEIORIE

Y - axis A R4
R3 Res = {}
AR = {}
For each R reached by the sweep line
R2 Update AR
. Res = Res U OverlappingOnY (R, AR)
>
X - axis
AR ={R1, R2}

Res = { {R1, R2} }
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SYVEEIORIE

Y - axis A R4
R3 Res = {}

AR = {}

For each R reached by the sweep line

R2 Update AR

Res = Res U OverlappingOnY (R, AR)

R1

>

X - axis

AR ={R1, R2, R4}
Res = { {R1, R2}, {R2, R4} }
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SYVEEIORIE

Y - axis A R4
R3 Res = {}
AR = {}
For each R reached by the sweep line
R2 Update AR
. Res = Res U OverlappingOnY (R, AR)
>
X - axis
AR ={}

Res = { {R1, R2}, {R2, R4} }
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*Problem definition
Sweep line
Interval tree
eSummary

Antoine LE SQUEREN (FEL CTU) Intersection of rectangles 22/11/2012 7/20



Interval tree construction

Intervals { ] 5 | - { —
L | M g
I 1 I o
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Interval tree construction

Intervals { - |
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Interval tree construction

Vavey:

r

Intervals-{

~
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Interval tree construction

Node attribute :

- discriminant

Intervals{
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Interval tree construction

Node attribute :

- discriminant

d(w2)=(8+9) /2
=85

w2
>\ ' 5\12 T

ol [1] [2][3] [4] [5] [e] [7] 8] [2] [10] [11

| | B
Intervals | L
I l I
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Interval tree construction

Node attribute :

d=(11+12) /2

2 - discriminant

13

I ! ! ‘
I l
Intervals - | ' -
|
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Interval tree construction

7.5 ,
Node attribute :

3.5 11.5
- discriminant

1.5 5.5 9.5 12.5

0.5 X 4.5 6.5 8.5 »{ 2] 13
| |
Intervals | L
l
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Interval tree construction

Node attributes :

= Node coverage wo0

- discriminant
- list of left endpoints
- list of right endpoints

121 113

Intervals - i
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Interval tree construction

= Node coverage

=== |ntervals containing d Node attributes :

- discriminant
- list of left endpoints
- list of right endpoints

Intervals

d(w0) = 7.5
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Interval tree construction

=== Node coverage = Node attributes :
== |ntervals containing d wo
T ;?ff't’f.tfo'r7t‘c’t * L(w0)={5,6} R(w0)={13,9} /~ - discriminant
—— 1 G 1 . .
IR S - list of left endpoints
o B o ® - list of right endpoints
5 o % E
ol 1| [2] ]3] (4 6] |7l 8 10{ |11
Intervals L l . I L
d(w0) =7.5
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Interval tree construction

Node coverage .
- Node attributes :

Intervals containing d
Left list points ® )

Right list points - c.iiscriminant .
L(w2) = {4} - list of left endpoints
C Q R(w2) ={7} C s - list of right endpoints
w2
® ¢ 121 {13

ol [r| 2] 3] [4)|5]lle]| 7] [8] ][9] [|10] [1

| L
Intervals L {

d(w2)=5.5
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Interval tree construction

(5,61 (913} Node attributes :
{11} A {12} - discriminant
- list of left endpoints
{0, 1} 12, 3} @ (7 (8} f {10} - list of right endpoints
121 113

Of 1 21131 (4115116718 ]9] |10] |11

| 1L
Intervals L

Antoine LE SQUEREN (FEL CTU) Intersection of rectangles 22/11/2012 12/XX



Interval tree construction

@® Active point {5, 61 g 19 13} Node attributes :
{11} 2 {12} - discriminant
- list of left endpoints
{0, 1} @r 12, 3} 12y (7} (8} & {10} - list of right endpoints
- active flag
121 13

Off1] (23 (41|5]]e]||7]]|8|]9] |10] |1l

| | L_
Intervals L

I
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Interval tree query

Overlapping Search (w, Q, Res)
If not w.active, Return

If Q.left <w.d < Q.right
{5,6} g (9,13} Res += interval(w.left list+w.right list)
Res += Overlapping Search(w.left, Q)
Res += Overlapping_Search(w.right, Q)

@® Active point
== Query interval (+name)

If Q.right <w.d
For each left endpt in w.left list
If left endpt <= Q.right
13 Res += interval(left_endpt)
Res += Overlapping_Search(w.left, Q)

Ol Y2 3] 4] |5]]6]|7]18]]9] |i0] |11
For each right endpt in w.right list

1 J l If w.d <Q.left
, | "
ntervals | T B ] If right_endpt >= Q.left

Res += interval(right _endpt)
—_— Res += Overlapping Search(w.right, Q)

T

Res = {} Return Res
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Interval tree query

Overlapping Search (w, Q, Res)
If not w.active, Return

If Q.left <w.d < Q.right
{5,6} g (9,13} Res += interval(w.left list+w.right list)
Res += Overlapping Search(w.left, Q)
Res += Overlapping_Search(w.right, Q)

@ Active point
== Query interval (+name)

If Q.right <w.d
For each left endpt in w.left list
If left endpt <= Q.right
13 Res += interval(left_endpt)

Res += Overlapping Search(w.left, Q)
oL 12) 3] 14115167 |8]]9] (10 |1l
‘ L i If w.d <Q.left
=T | | For each right endpt in w.right list
Intervals ‘ | T o ] If right_endpt >= Q.left
| ' Res += interval(right _endpt)

Res += Overlapping Search(w.right, Q)
Res ={[6, 9], [5, 13] } Return Res
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Interval tree query

Overlapping Search (w, Q, Res)
If not w.active, Return

If Q.left <w.d < Q.right
5,6} (9,13} Res += interval(v\_r.left_list+w.right_list)
Res += Overlapping_Search(w.left, Q)
Res += Overlapping_Search(w.right, Q)

@ Active point
== Query interval (+hame)

If Q.right <w.d
For each left endpt in w.left list
If left endpt <= Q.right
13 Res += interval(left_endpt)

Res += Overlapping Search(w.left, Q)
o111 12|13 (4]]|5]|6]|({7|]|8]| 9] [10] |1]
L L d | I If w.d <Q.left
e ale e For each right endpt in w.right list
If right_endpt >= Q.left
| Res += interval(right _endpt)

Res += Overlapping Search(w.right, Q)

Res ={[6, 9], [5, 13] } Return Res
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Interval tree query

Overlapping Search (w, Q, Res)
If not w.active, Return

If Q.left <w.d < Q.right
(5,6} o (9,13} Res += interval(w.left_list+w.right _list)
Res += Overlapping_Search(w.left, Q)
Res += Overlapping_Search(w.right, Q)

@ Active point
== Query interval (+name)

{11} {12}
If Q.right <w.d
0.1) gy 12.3) {41 R {7} {814 {10} For each left endpt in w.left list
d=5. d=9.5 If left endpt <= Q.right
2] {13 Res += interval(left_endpt)

Res += Overlapping Search(w.left, Q)

Of 11 21 131 (41|56 |7||8]]9] |10 |11

L L 4 l If w.d < Q.left
Intervals . — - For each right _endpt in w.right _list

| ! If right_endpt >= Q.left
I Res += interval(right _endpt)
Res += Overlapping Search(w.right, Q)

Res ={[6, 9], [5, 13] } Return Res
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Interval tree query

Overlapping Search (w, Q, Res)
If not w.active, Return

If Q.left <w.d < Q.right
Res += interval(w.left list+w.right list)

S {5, 6} g (9,13} _
® ACHDE POV Res += Overlapping_Search(w.left, Q)
o Res += Overlapping_Search(w.right, Q)
{11} {12}
If Q.right <w.d
0.1) gy 12.3) {41 R {7} {814 {10} For each left endpt in w.left list
d=5. d=9.5 If left endpt <= Q.right
2] {13 Res += interval(left_endpt)
Res += Overlapping Search(w.left, Q)
(O} I I 2 31 (415116171 ]18]1]19] |10] |11
L E 1_4_.J If w.d < Q.left
frtarle . il . For each right_endpt in w.right_list
| ! If right_endpt >= Q.left
L Res += interval(right endpt)
Res += Overlapping Search(w.right, Q)
Res ={[6, 9], [5, 13], [4, 7], [8, 10] } Return Res
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Summary

Overlapping_Search (w, Q, Res)
If not w.active, Return

If Q.left <w.d < Q.right
Res += interval (w.left_list+w.right_list)
Res += Overlapping_Search(w.left, Q)
Res += Overlapping_Search(w.right, Q)

Res={}
AR={} '
U If Q.right <w.d
Tree = Build_Interval_Tree() For each left_endpt in w.left_list
For each R reached by the sweep lane If left_endpt <= Q.right
Updzite_A R(Tree) Res += interval (Ieft_endpt)
Res = Overlapping_Search(Tree, R, Res) Res += Overlapping_Search(w.left, Q)

If w.d < Q.left
For each right_endpt in w.right_list
If right_endpt >= Q.left
Res += interval (right_endpt)
Res += Overlapping_Search(w.right, Q)

Return Res
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Complexity

Preprocessing time (interval tree construction) :
O(N*log(N))

Optimal processing time:
O(N*log(N) + k)

Space complexity :
O(N)

with N number of input rectangles and k number of output pairs.
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Questions

Thank you !
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Interval tree query

Overlapping Search (w, Q, Res)
If not w.active, Return

If Q.left <w.d < Q.right
Res += interval(w.left list+w.right list)
Res += Overlapping_Search(w.left, Q)
Res += Overlapping_Search(w.right, Q)

{5, 6} {9, 13}

@ Active point
== Query interval (+name)

If Q.right <w.d
For each left endpt in w.left list
If left endpt <= Q.right
13 Res += interval(left_endpt)
Res += Overlapping_Search(w.left, Q)

o112 131 (14]|5]116||7]]8]]9] [10] |11

i | If w.d <Q.left
‘ T ‘ | For each right _endpt in w.right _list
Intervals ' L S If right_endpt >= Q.left

' L Res += interval(right endpt)
S Res += Overlapping Search(w.right, Q)

T

Res = {} Return Res
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Interval tree query

Overlapping Search (w, Q, Res)
If not w.active, Return

If Q.left <w.d < Q.right
Res += interval(w.left list+w.right list)
Res += Overlapping_Search(w.left, Q)
Res += Overlapping_Search(w.right, Q)

{5, 6} {9, 13}

@ Active point
== Query interval (+name)

If Q.right <w.d
For each left endpt in w.left list
If left endpt <= Q.right
13 Res += interval(left_endpt)
Res += Overlapping_Search(w.left, Q)

o112 131 (14]|5]116||7]]8]]9] [10] |11

i | If w.d <Q.left
‘ T ‘ | For each right _endpt in w.right _list
Intervals ' L S If right_endpt >= Q.left

' L Res += interval(right endpt)
S Res += Overlapping Search(w.right, Q)

T

Res = {[5, 13], [6, 9] }

Return Res
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Interval tree query

Overlapping Search (w, Q, Res)
If not w.active, Return

If Q.left <w.d < Q.right

(5,6} o (9,13} Res += interval(w.left list+w.right list)
] Active point : ' Res += Overlapping_Search(w.left, Q)
== Query interval (+name) Res += Overlapping_Search(w.right, Q)

{11} {12}
e d=11. If Q.right < w.d
{0.1} @12, 3} {4} YR (7} {814 {10} For each left_endpt in w.left_list

If left endpt <= Q.right
12| [13 Res += interval(left_endpt)
Res += Overlapping Search(w.left, Q)

Ol 112 3] (4] |51 [e]||7]]|8|]2] [10] |1l

| | If w.d <Q.left
L - I | | 1 L For each right_endpt in w.right list
Intervals : )

If right_endpt >= Q.left

| | Res += interval(right endpt)
_— Res += Overlapping Search(w.right, Q)

Res = {[5, 13], [6, 9] }

Return Res
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Interval tree query

Overlapping Search (w, Q, Res)
If not w.active, Return

If Q.left <w.d < Q.right

(5,6} o (9,13} Res += interval(w.left list+w.right list)
] Active point : ' Res += Overlapping_Search(w.left, Q)
== Query interval (+name) Res += Overlapping_Search(w.right, Q)

{11} {12}
e d=11. If Q.right < w.d
{0.1} @12, 3} {4} YR (7} {814 {10} For each left_endpt in w.left_list

If left endpt <= Q.right
12| [13 Res += interval(left_endpt)
Res += Overlapping Search(w.left, Q)

Ol 112 3] (4] |51 [e]||7]]|8|]2] [10] |1l

| | If w.d <Q.left
L - I | | 1 L For each right_endpt in w.right list
Intervals : )

If right_endpt >= Q.left

| | Res += interval(right endpt)
_— Res += Overlapping Search(w.right, Q)

Res = {[5, 13], [6, 9], [11, 12] }

Return Res
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Interval tree query

Overlapping Search (w, Q, Res)
If not w.active, Return

If Q.left <w.d < Q.right
Res += interval(w.left list+w.right list)

{5, 6} @ (9,13} Res += Overlapping_Search(w.left, Q)

@ Active point

== Query interval (+name) Res += Overlapping_Search(w.right, Q)
{11} {12}
If Q.right <w.d
{0, 1} @2, 3} ™ ¥ 214 {10} For each left _endpt in w.left list
=5, A If left endpt <= Q.right
12| [13 Res += interval(left_endpt)

Res += Overlapping Search(w.left, Q)

0111 21131 (41151 67| ]|8] |2] |lO] |11

| | If w.d < Q.left
‘ ‘ ' | | ' ' L For each right_endpt in w.right list
Intervals . -

k If right_endpt >= Q.left
5

| | Res += interval(right _endpt)
Res += Overlapping Search(w.right, Q)

Res = {[5, 13], [6, 9], [11, 12] }

Return Res
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Interval tree query

Overlapping Search (w, Q, Res)
If not w.active, Return

If Q.left <w.d < Q.right
Res += interval(w.left list+w.right list)

{5, 6} @ (9,13} Res += Overlapping_Search(w.left, Q)

@ Active point

== Query interval (+name) Res += Overlapping_Search(w.right, Q)
{11} {12}
If Q.right <w.d
{0, 1} @2, 3} ™ ¥ 214 {10} For each left _endpt in w.left list
=5, A If left endpt <= Q.right
12| [13 Res += interval(left_endpt)

Res += Overlapping Search(w.left, Q)

0111 21131 (41151 67| ]|8] |2] |lO] |11

| | If w.d < Q.left
‘ ‘ ' | | ' ' L For each right_endpt in w.right list
Intervals . -

k If right_endpt >= Q.left
5

| | Res += interval(right _endpt)
Res += Overlapping Search(w.right, Q)

Res = {[5, 13], [6, 9], [11, 12], [4, 7], [8, 10] }

Return Res
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Interval tree query

Overlapping_Search (w, Q, Res)

@® Active point {5, 6} g (9,13}
== Query interval d=75
{11} {12}
{0, 1}@¥F {2, 3} 4} @R (7} {8} @§ {10}
12

13

Res = {}

If Q.left < w.d < Q.right
Res = Res + w.left list + w.right list

Overlapping_Search(w.left, Q, F)
Overlapping_Search(w.right, Q, F)

If Q.right <w.d
For each i in w.left list
If 1 >= Q.right
F=F+1
Overlapping_Search(w.left, Q, F)

If w.d <Q.left
For each 1 in w.right_list
If i >= Q.left
F=F+i
Overlapping_Search(w.left, Q, F)
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Interval tree query

Overlapping_Search (w, Q, Res)
® Active nt e Ll If Q.left < w.d < Q.right
== Query interval Res = Res + w.left_list + w.right list
{11} {12} Overlapping Search(w.left, Q, F)
d=3.5 Overlapping_Search(w.right, Q, F)
{0, 1142, 3} 4} 8 (7} (8} 4K {10} If Quright < w.d
For each 1 in w.left list
12) |13 If i >= Q.right
F=F+i
Overlapping_Search(w.left, Q, F)

| | | ’ If w.d <Q.left
| L | For each i in w.right_list

Ifi >= Q.left
F=F+i
Overlapping_Search(w.left, Q, F)

Res = {}
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Interval tree query

Overlapping_Search (w, Q, Res)

® Active point {5, 6} g (9,13} If Q.left < w.d < Q.right
== Query interval Res = Res + w.left list + w.right list
Overlapping Search(w.left, Q, F)
(11) 12 Overlapping Search(w.right, Q, F)
{0, 1}@¥ {2, 3} 4} (7 {8} @ {10} If Q.right <w.d
For each 1 in w.left list
d=15 If 1 >= Q.right
3 )
2] 1 F=F+1

Overlapping_Search(w.left, Q, F)

| | If w.d <Q.left
‘ . | I . l l_ For each i1 in w.right_list
. | J - { If 1 >= Q.left

! 1 | F=F+1
! Overlapping_Search(w.left, Q, F)

Res = {2, 3}
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