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Windowing queries - examples

Â Interaction in GIS

ïSelect subset by outlining

ïZoom in and re-center

Â Circuit board inspection,é

[Vakken]

[Berg]

[Berg]
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Windowing versus range queries

Â Range queries (see range trees in Lecture 03)

ïPoints

ïOften in higher dimensions

Â Windowing queries

ïLine segments, curves, é

ïUsually in low dimension (2D, 3D) 

Â The goal for both: 

Preprocess the data into a data structure 

ïso that the objects intersected by the query rectangle 

can be reported efficiently
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Windowing queries  on line segments

1. Axis parallel line segments 2. Arbitrary line segments

(non-crossing)
[Vakken]
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1. Windowing of axis parallel line segments

[Vakken]
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1. Windowing of axis parallel line segments

Window query

Â Given 

ï a set of orthogonal line segments S (preprocessed),

ï and orthogonal query rectangle ὡ ὼḊὼ ώḊώ

Â Count or report all the line segments of S that 

intersect W

Â Such segments have

a) one endpoint in

b) two end points in ïincluded

c) no end point in ïcross over

[Mount]

a)

a)

b)

c)

c)

b)

ὼ ὼ
ώ

ώ
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Line segments with 1 or 2 points inside

a) one point inside

ï Use a 2D range tree (lesson 3)

ɀ ὕὲÌÏÇὲ storage

ɀ ὕÌÏÇὲ Ὧ query time or

ɀ ὕÌÏÇὲ Ὧ with fractional 

cascading

b)

ï

a)

a)

b)

c)

c)

[Mount]

b)
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b) two points inside ïas a) one point inside

ï Avoid reporting twice:

Mark segment when reported (clear after the query) 

and skip marked segments or

when end point found, check the other end-point and

report only one of them (the leftmost or the bottom)
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2D range tree (without fractional cascading -more in Lecture 3)

[Mount]

Segment end-points

Search space: points

Query: Orthogonal intervals  ὼḊὼ ώḊώ

ὼ ὼ

ώ

ώ

ώ

ώ

a), b)

slab

x-slabs
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Line segments that cross over the window

c) No points inside

ï Such segments not detected 
using end-point range tree 

ï Cross the boundary twice 
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Line segments that cross over the window

c) No points inside

ï Such segments not detected 
using end-point range tree 

ï Cross the boundary twice 

For axis parallel segments

Check left and bottom boundary
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Line segments that cross over the window

[Mount]

c) No points inside

ï Such segments not detected 
using end-point range tree 

ï Cross the boundary twice 

For axis parallel segments

For non-parallel segments

Check all 4 boundariesCheck left and bottom boundary

(9 / 70)



Windowing problem summary

Cases a) and b) 

ïSegment end-point in the query rectangle (window)

ïSolved by 2D range trees (see lecture 3,  ὕὲÌÏÇὲ time & memory)

Â We will discuss only case c)

ïSegment crosses the window

later ïa segment treefirst ïan interval tree

(three variants)

lecture 9

(10 / 70)



case c) principle

(11 / 70)

Segments cross the window

Line crosses the segments
(horizontal + vertical)



Talk Outline

1D 2D

Line x line segments

interval tree

For heat-up

Line segment x line segments

2 variants of interval tree

1 variant of segment tree
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Data structures for case c)

Interval tree (1D  IT)

stores 1D intervals (end-points in sorted lists)

computes intersections with query interval
see intersection of axis angle rectangles ïthere is y-overlap used, here is x-overlap

We must extend Interval tree to 2D

variants differ in storage of interval end-points ὓȟὓ

2D range trees

priority search trees

Segment tree

splits the plane to slabs in x in elementary intervals

(13 / 70)



Talk overview

1. Windowing of axis parallel line segments in 2D

ï3 variants of interval tree ïIT in x-direction

ïDiffer in storage of segment end points ML and MR 

i. Line stabbing (standard IT with sorted lists ) lecture 9 - intersections

ii. Line segment stabbing (IT with range trees)

iii. Line segment stabbing (IT with priority search trees)

2. Windowing of line segments in general position

ïsegment tree + BST

1D

2D

2D
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i. Segment intersected by vertical line

Â Query line lḊ ὼ ή

Report the segments 

stabbed by a vertical line 

= 1 dimensional problem

(ignore y coordinate)

Ý Report the interval ὼḊὼᴂ
containing query point ή

DS: Interval tree with sorted lists

[Mount]

2D

1D

(15 / 70)



Interval tree principle  (see lecture  9 - intersections )
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Interval tree principle  (see lecture  9 - intersections )

[Vigneron]

ὼὓὭὨ
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Interval tree principle  (see lecture  9 - intersections )

[Vigneron]

ὼὓὭὨ

ήὼ

search ὓ andὓ

l

(17 / 70)

ὼὓὭὨὼὓὭὨ



ὓ

L
R

ὓ

Interval tree principle  (see lecture  9 - intersections )

[Vigneron]

ὼὓὭὨ

(17 / 70)

ὼὓὭὨὼὓὭὨ



ὓ

L
R

ὓ

Interval tree principle  (see lecture  9 - intersections )

[Vigneron]

ὼὓὭὨ

ήὼ

search ὓ andὓ

l

(17 / 70)

ὼὓὭὨὼὓὭὨ



ὓ

L
R

ὓ

Interval tree principle  (see lecture  9 - intersections )

[Vigneron]

ὼὓὭὨ

(17 / 70)

ὼὓὭὨὼὓὭὨ



ὓ

L
R

ὓ

Interval tree principle  (see lecture  9 - intersections )

[Vigneron]

ὼὓὭὨ

ήὼ

search ὓ andὓ

l

(17 / 70)

ὼὓὭὨὼὓὭὨ



i. Segment intersected by vertical line

Principle

Â Store input segments in static interval tree

Â In each interval tree node 

ïCheck the segments in the set ὓ

ïThese segments contain nodeôs ὼὓὭὨvalue
Ɇὓ are left end-points

Ɇὓ are right end-points

ɀή is the query value

ïIf ή ὼὓὭὨSweep ὓ from left
Ðɴ ὓ : if ὴ ήᵼ intersection

ïIf ή ὼὓὭὨSweep ὓ from right
Ðɴ ὓ : if ὴ ήᵼ intersection

Inspired by [Berg]

ὼὓὭὨήὼ

l

ὓ ὓ
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Segment intersection (left from ὼὓὭὨ)

All line segments from ὓpass through ὼὓὭὨ

ᵼή must be between ὴȟand ὼὓὭὨto intersect the line segment Ὥ

ᵼ left endpoints ὴȟ ήᵼ intersection

ὼὓὭὨήὼ

l

ὴȟ

Inspired by [Berg]

Sweep

ὓ
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Segment intersection (left from ὼὓὭὨ)

All line segments from ὓpass through ὼὓὭὨ

ᵼή must be between ὴȟand ὼὓὭὨto intersect the line segment Ὥ

ᵼ left endpoints ὴȟ ήᵼ intersection

ὼὓὭὨήὼ

l

ὴȟ

Inspired by [Berg]

Intersection with line l Intersection with a half space ή

ὼὓὭὨήὼ

l

ὴȟ ή

ὴȟᶰ Њ Ḋή

means

ήḧ Њ Ḋή ЊḊЊlḧή ЊḊЊ

Sweep

ὓ ὓ

(19 / 70)
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Principle once more

ὼὓὭὨήὼ

l

Instead of 

intersecting edges by line search end-points in half-space

ήὼ

l

ὼὓὭὨ

(20 / 70)



i. Segment intersected by vertical line

Â Query line lḧή ЊḊЊ

Â Horizontal segment of ὓ stabs the query 

line l left of ὼὓὭὨiff its (segmentôs)

left endpoint lies in half-space

ήḧ ЊḊή ЊḊЊ
Â In IT node with stored median ὼὓὭὨ

report all segments from ὓ
ïML: whose left point lies in 

Њ Ḋή

if l lies left from xMid

ïMR: whose right point lies in 

ήḊ Њ

if l lies right from xMid

l

Inspired by [Berg]

ὼὓὭὨήὼ

l

De facto a 1D problem

ήὼ

(21 / 70)



Static interval tree [Edelsbrunner80]

1 2 3 4 5 6

1 3 5

2

4

2,4 6,5

1 3

5 6

[Kukral]

Tree over sorted segment end-points
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Primary structure ïstatic tree for endpoints

1 2 3 4 5 6

1 3 5

2

4

2,4 6,5

1 3

v = vertex

d(v)= midpoint of 

segment 

endpoints

5 6

[Kukral]

Static
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ML(v) ïleft endpoints of interval containing v

(sorted ascending)

MR(v) ïright endpoints

  (descending)

Secondary lists of  incident interval end -pts .

1 2 3 4 5 6

1 3 5

2

4

2,4 6,5

1 3
ML(v) MR(v)

5 6

[Kukral]

Dynamic

(24 / 70)



Input:
Output:

(49 / 70)

Interval tree construction

ConstructIntervalTree ( S )         // Intervals all active ïno active lists

Set S of intervals on the real line ïon x-axis

The root of an interval tree for S

1. if (|S| == 0) return null // no more intervals

2. else

3. xMed = median endpoint of intervals in S // median endpoint

4. L = { [xlo, xhi] in S | xhi < xMed } // left of median

5. R = { [xlo, xhi] in S | xlo > xMed } // right of median

6. M = { [xlo, xhi] in S | xlo <= xMed <= xhi } // contains median

7. ML = sort M in increasing order of xlo // sort M

8. MR = sort M in decreasing order of xhi

9. t = new IntTreeNode(xMed, ML, MR) // this node

10. t.left = ConstructIntervalTree(L) // left subtree

11. t.right = ConstructIntervalTree(R) // right subtree

12. return t

steps 4.,5.,6. done in one step if presorted [Mount]

Merged procedures from in lecture 09

- PrimaryTree(S)  on slide 33 

- InsertInterval ( b, e, T ) on slide 35



Input:
Output:

(50 / 70)

Line stabbing query for an interval tree

Stab( t, qx)
IntTreeNode t, Scalar qx
prints the intersected intervals

1. if (t == null) return // no leaf: fell out of the tree

2. if (qx < t.xMed) // left of median?

3. for (i = 0; i < t.ML.length; i++)  // traverse ὓ left end-points

4. if (t.ML[i].lo Ò qx) print (t.ML[i]) // ..report if in range

5. else break // ..else done

6. Stab (t.left, qx) // recurse on left subtree

7. else  // (qx t.xMed) // right of or equal to median

8. for (i = 0; i < t.MR.length; i++) { // traverse ὓ right end-points

9. if (t.MR[i].hi qx) print (t.MR[i]) // ..report if in range

10. else break // ..else done

11. Stab (t.right, qx) // recurse on right subtree

Note: Small inefficiency for qx == t.xMedïrecurse on the right

[Mount]

Less effective variant of QueryInterval ( b, e, T )

on slide 34 in lecture 09

with merged parts: fork and search right



Complexity of line stabbing via interval tree

Â Construction -ὕὲÌÏÇὲ time

ïEach step divides at maximum into two halves or less

(minus elements of ὓ) => tree of height Ὤ ὕÌÏÇὲ

ïIf presorted endpoints in three lists ὒȟὙ, and ὓ
then median in O(1) and copy to new ὒȟὙȟὓ in ὕὲ

Â Vertical line stabbing query -ὕὯ ÌÏÇὲ time

ïOne node processed in ὕρ Ὧᴂ,   Ὧᴂreported intervals

ɀὺvisited nodes in ὕὺ Ὧ, Ὧtotal reported intervals

ɀὺ Ὤ tree height = ὕÌÏÇὲ

Â Storage -ὕὲ

ïTree has ὕὲ nodes, each segment stored twice 

(two endpoints)

Ὧ ɫὯᴂ

with sorted lists 
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Talk overview

1. Windowing of axis parallel line segments in 2D

ï3 variants of interval tree ïIT in x-direction

ïDiffer in storage of segment end points ML and MR 

i. Line stabbing (standard IT with sorted lists ) lecture 9 - intersections

ii. Line segment stabbing (IT with range trees)

iii. Line segment stabbing (IT with priority search trees)

2. Windowing of line segments in general position

ïsegment tree + BST

1D

2D

2D

(28 / 70)



Line segment stabbing ( IT with range trees )

Enhance 1D interval trees to 2D

l

ή

1D

l

ή

ή

ή

2D

to segments change lines

ή ЊḊЊ (no y-test) ή ή Ḋή (additional y-test)

Sorted lists Range trees

(30 / 70)



i. Segments vertical line

Â Query line lḧή ЊḊЊ

Â Horizontal segment of ML stabs the query 

line l left of ὼὓὭὨiff its left endpoint lies in 

half-space

ήḧ Њ Ḋή ЊḊЊ
Â In IT node with stored median xMid

report all segments from M
ïML: whose left point lies in 

Њ Ḋή

if l lies left from xMid

ïMR: whose right point lies in 

ήḊ Њ

if l lies right from xMid

l

De facto a 1D problem

qx

Inspired by [Berg]

ὼὓὭὨqx

l

ὓ
Tree node

ὓ ὓ
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ii . Segments vertical line segment

Â Query segment ήḧή ή Ḋή

Â Horizontal segment of ML stabs the query 

segment q left of ὼὓὭὨiff its left endpoint lies in 

semi-infinite rectangular region 

ήḧ ЊḊή ή Ḋή

Â In IT node with stored median xMid

report all segments 

ɀὓ : whose left points lie in 

ЊḊή ή Ḋή
where ή lies left from ὼὓὭὨ

ɀὓ : whose right point lies in 

ήḊ Њ ή Ḋή
whereή lies right from ὼὓὭὨ

A 2D problem

ЊḊή ή Ḋή

New test

Inspired by [Berg]

ή

ὓ

ὼὓὭὨqx

ὓ ὓ

ή

ή

(32 / 70)



Data structure for endpoints

Â Storage of ὓ and ὓ

ï1D Sorted lists is not enough for line segments

ïWe need to test in ώtoo

ïUse 2D range trees

(one for ὓ and one for ὓ in each node)

Â Instead ὕὲ sequential search in ὓ and ὓ
perform ὕÌÏÇὲ search 

in a 2D range tree with fractional cascading

(33 / 70)



╜╛in 2D range tree without frac tional cascading -more in Lect .3

Segment left end-points forὓ

[Mount]

ή     

ή     

ή     

ή     

Inspired by [Berg]

ὓ

ὼὓὭὨ

ήὼ

(34 / 70)
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Complexity of range tree line segment stabbing

Â Construction -ὕὲÌÏÇὲ time

ïEach step divides at maximum into two halves L,R
or less (minus elements of ὓ) => int. tree height ὕÌÏÇὲ

ïIf the range trees are efficiently build in ὕὲ after points sorted

Â Vertical line segment stab. q. -ὕὯ ÌÏÇὲ time

ïOne node processed in ὕÌÏÇὲ ὯȭȟὯȭreported segm.

ɀὺ-visited nodes in ὕὺÌÏÇὲ ὯȟὯtotal reported segm.

ɀὺ= interval tree height = ὕÌÏÇὲ

ɀὕὯ ÌÏÇςὲ time - range tree with fractional cascading

ɀὕὯ ÌÏÇσὲ time - range tree without fractional casc.

Â Storage -ὕὲÌÏÇὲ
ïDominated by the range trees

2D range tree search with Fractional Cascading

Ë ВὯᴂ

interval tree 

interval tree 

(35 / 70)



Complexity of range tree line segment stabbing

Â Construction -ὕὲÌÏÇὲ time

ïEach step divides at maximum into two halves L,R
or less (minus elements of ὓ) => int. tree height ὕÌÏÇὲ

ïIf the range trees are efficiently build in ὕὲ after points sorted

Â Vertical line segment stab. q. -ὕὯ ÌÏÇὲ time

ïOne node processed in ὕÌÏÇὲ ὯȭȟὯȭreported segm.

ɀὺ-visited nodes in ὕὺÌÏÇὲ ὯȟὯtotal reported segm.

ɀὺ= interval tree height = ὕÌÏÇὲ
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Â Storage -ὕὲÌÏÇὲ
ïDominated by the range trees

2D range tree search with Fractional Cascading

Can be done better?

Ë ВὯᴂ

interval tree 

interval tree 
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Talk overview

1. Windowing of axis parallel line segments in 2D

ï3 variants of interval tree ïIT in x-direction

ïDiffer in storage of segment end points ML and MR 

i. Line stabbing (standard IT with sorted lists ) lecture 9 - intersections

ii. Line segment stabbing (IT with range trees)

iii. Line segment stabbing (IT with priority search trees)

2. Windowing of line segments in general position

ïsegment tree + BST

1D

2D

2D
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iii. Priority search trees   [McCreight85]

Â Another variant for  case c) on slide 9

ïExploit the fact that query rectangle in each node in 

interval tree is unbounded (in ὼ direction)

Â Priority search trees

ïas secondary data structure for both left and right 

endpoints (ὓ and ὓ ) of segments 

in nodes of interval tree ïone for ML, one for MR

ïImprove the storage to ὕὲ for horizontal segment 

intersection with left window edge (2D range tree has ὕὲÌÏÇὲ

Â For cases a) and b) -ὕὲÌÏÇὲ storage remains

ïwe need range trees for windowing segment endpoints 

ÍÉÎὼ
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Rectangular range queries variants

Â Let ὖ ὴρȟὴςȟȣȟὴὲ is set of points in plane

Â Goal: rectangular range queries of the form
ɀЊḊή ή Ḋή ïunbounded (in ὼ direction)

Â In 1D: search for nodes ὺwith ὺᶰ ɀЊḊή
ïrange tree ὕÌÏÇὲ Ὧ time (search the end, report left)

ïordered list ὕρ Ὧ time    1 is for the fail test

(start in the leftmost, stop on ὺwith ὺ ή)

ïuse heap ὕρ Ὧ time !

(traverse all children, stop when ὺ ή)

Â In 2Dïuse heap for points with ὼɴ ɀЊḊή

+ integrate information about ώ-coordinate 

(39 / 70)



Rectangular range queries variants

Â Let ὖ ὴρȟὴςȟȣȟὴὲ is set of points in plane

Â Goal: rectangular range queries of the form
ɀЊḊή ή Ḋή ïunbounded (in ὼ direction)

Â In 1D: search for nodes ὺwith ὺᶰ ɀЊḊή
ïrange tree ὕÌÏÇὲ Ὧ time (search the end, report left)

ïordered list ὕρ Ὧ time    1 is for the fail test

(start in the leftmost, stop on ὺwith ὺ ή)

ïuse heap ὕρ Ὧ time !

(traverse all children, stop when ὺ ή)

Â In 2Dïuse heap for points with ὼɴ ɀЊḊή

+ integrate information about ώ-coordinate 

= Priority search tree
(39 / 70)



Heap for 1D unbounded range queries

Â Traverse all children, stop if ὺ ή

Â Example: Query ɀЊḊρπȟή ρπ

6

50 100

12

7

9

11

99 19

stop

report

[Berg]

xMidqx

lὺ

heap ï minimum in root

ὼ
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Principle of priority search tree

Â Heap   

ïrelation between parent and its child nodes only

ïno relation between the child nodes themselves

Â Priority search tree

ïrelate the child nodes according to ώ

B

C

A
ώ

ὼ
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Principle of priority search tree

Â Heap   

ïrelation between parent and its child nodes only

ïno relation between the child nodes themselves

Â Priority search tree

ïrelate the child nodes according to ώ

B

C

A

ὼ Heap

A B

A C

ώ BVS

B A C ᵼ B C

ώ

ὼ
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Priority search tree (PST)

= Heap in 2D that can incorporate info about both ὼȟώ
ï BST on ώ-coordinate (horizontal slabs) ~ 1D range tree

ï Heap on ὼ-coordinate (minimum ὼfrom slab along ὼ)

Â If ὖ is empty, PST is empty leaf

Â else
ɀ ὴ point with smallestὼ-coordinate in ὖ ï a heap root

ɀ ώ ώ-coord. median of points ὖ͵ ὴ  ïBST root

ɀ ὖ ḧ ὴɴ ὖ͵ ὴ Ḋὴ ώ

ɀ ὖ ḧ ὴɴ ὖ͵ ὴ Ḋὴ ώ

Â Point ὴ and scalar ώ are stored in the PST root

Â The left subtree is PST of ὖ

Â The right subtree is PST of ὖ

(42 / 70)



Priority search tree construction example
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Priority search tree construction

PrioritySearchTree( ╟)
set ὖof points in plane
priority search tree  Ὕ

1. if  ὖ ᶮ then PST is an empty leaf
2. else
3. ὴ = point with smallest ὼ-coordinate in ὖ // heap on ὼ ᴼ root
4. ώ = ώ-coord. median of points ὖ͵ ὴ // BST on ώ ᴼ root
5. Split points ὖ͵ ὴ into two subsets ïaccording to ώ
6. ὖ ḧ ὴɴ ὖ͵ ὴ Ḋὴ ώ
7. ὖ ḧ ὴɴ ὖ͵ ὴ Ḋὴ ώ
8. T = newTreeNode()    é Notation on the next slide: 
9. T.p = ὴ // point ὼȟώ    é ὴὺ, ὺ tree node
10. T.y = ώ // scalar    é ώὺ 
11. T.left = PrioritySearchTree(ὖ )  é ὰὺ
12. T.rigft = PrioritySearchTree(ὖ )  é ὶὺ

13. ὕὲÌÏÇὲ , but ὕὲ if presorted on ώ-coordinate and bottom up
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Query Priority Search Tree

Query PrioritySearchTree ( Ὕ, ɀЊḊή ή Ḋή )

A priority search tree and a range, unbounded to the left
All points lying in the range 

1. Search with ή andή in Ὕ // BST on ώ-coordinate ïselect ώrange     

Let ’ be the node where the two search paths split (split node)

2. for each node ’on the search path of qy or ή // points  along the paths

3. if ὴὺᶰ ɀЊḊή ή Ḋή then Report ὴ’ // starting in tree root

4. for each node ’on the path of ή in the left subtree of ’ // inner trees

5. if the search path goes left at ’
6. ReportInSubtree( ὶ’ȟή)   // report right subtree

7. for each node ’on the path of ή in right subtree of ’

8. if the search path goes right at ’
9. ReportInSubtree( ὰ’ȟή)   // report left subtree

[Berg]
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Query Priority Search Tree

Query PrioritySearchTree ( Ὕ, ɀЊḊή ή Ḋή )

A priority search tree and a range, unbounded to the left
All points lying in the range 

1. Search with ή andή in Ὕ // BST on ώ-coordinate ïselect ώrange     

Let ’ be the node where the two search paths split (split node)

2. for each node ’on the search path of qy or ή // points  along the paths

3. if ὴὺᶰ ɀЊḊή ή Ḋή then Report ὴ’ // starting in tree root

4. for each node ’on the path of ή in the left subtree of ’ // inner trees

5. if the search path goes left at ’
6. ReportInSubtree( ὶ’ȟή)   // report right subtree

7. for each node ’on the path of ή in right subtree of ’

8. if the search path goes right at ’
9. ReportInSubtree( ὰ’ȟή)   // report left subtree

[Berg]
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Query Priority Search Tree

Query PrioritySearchTree ( Ὕ, ɀЊḊή ή Ḋή )

A priority search tree and a range, unbounded to the left
All points lying in the range 

1. Search with ή andή in Ὕ // BST on ώ-coordinate ïselect ώrange     

Let ’ be the node where the two search paths split (split node)

2. for each node ’on the search path of qy or ή // points  along the paths

3. if ὴὺᶰ ɀЊḊή ή Ḋή then Report ὴ’ // starting in tree root

4. for each node ’on the path of ή in the left subtree of ’ // inner trees

5. if the search path goes left at ’
6. ReportInSubtree( ὶ’ȟή)   // report right subtree

7. for each node ’on the path of ή in right subtree of ’

8. if the search path goes right at ’
9. ReportInSubtree( ὰ’ȟή)   // report left subtree

[Berg]
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Query Priority Search Tree

Query PrioritySearchTree ( Ὕ, ɀЊḊή ή Ḋή )

A priority search tree and a range, unbounded to the left
All points lying in the range 

1. Search with ή andή in Ὕ // BST on ώ-coordinate ïselect ώrange     

Let ’ be the node where the two search paths split (split node)

2. for each node ’on the search path of qy or ή // points  along the paths

3. if ὴὺᶰ ɀЊḊή ή Ḋή then Report ὴ’ // starting in tree root

4. for each node ’on the path of ή in the left subtree of ’ // inner trees

5. if the search path goes left at ’
6. ReportInSubtree( ὶ’ȟή)   // report right subtree

7. for each node ’on the path of ή in right subtree of ’

8. if the search path goes right at ’
9. ReportInSubtree( ὰ’ȟή)   // report left subtree

[Berg]
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Query Priority Search Tree

Query PrioritySearchTree ( Ὕ, ɀЊḊή ή Ḋή )

A priority search tree and a range, unbounded to the left
All points lying in the range 

1. Search with ή andή in Ὕ // BST on ώ-coordinate ïselect ώrange     

Let ’ be the node where the two search paths split (split node)

2. for each node ’on the search path of qy or ή // points  along the paths

3. if ὴὺᶰ ɀЊḊή ή Ḋή then Report ὴ’ // starting in tree root

4. for each node ’on the path of ή in the left subtree of ’ // inner trees

5. if the search path goes left at ’
6. ReportInSubtree( ὶ’ȟή)   // report right subtree

7. for each node ’on the path of ή in right subtree of ’

8. if the search path goes right at ’
9. ReportInSubtree( ὰ’ȟή)   // report left subtree

[Berg]
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Query Priority Search Tree

Query PrioritySearchTree ( Ὕ, ɀЊḊή ή Ḋή )

A priority search tree and a range, unbounded to the left
All points lying in the range 

1. Search with ή andή in Ὕ // BST on ώ-coordinate ïselect ώrange     

Let ’ be the node where the two search paths split (split node)

2. for each node ’on the search path of qy or ή // points  along the paths

3. if ὴὺᶰ ɀЊḊή ή Ḋή then Report ὴ’ // starting in tree root

4. for each node ’on the path of ή in the left subtree of ’ // inner trees

5. if the search path goes left at ’
6. ReportInSubtree( ὶ’ȟή)   // report right subtree

7. for each node ’on the path of ή in right subtree of ’

8. if the search path goes right at ’
9. ReportInSubtree( ὰ’ȟή)   // report left subtree

[Berg]
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Query Priority Search Tree

Query PrioritySearchTree ( Ὕ, ɀЊḊή ή Ḋή )

A priority search tree and a range, unbounded to the left
All points lying in the range 

1. Search with ή andή in Ὕ // BST on ώ-coordinate ïselect ώrange     

Let ’ be the node where the two search paths split (split node)

2. for each node ’on the search path of qy or ή // points  along the paths

3. if ὴὺᶰ ɀЊḊή ή Ḋή then Report ὴ’ // starting in tree root

4. for each node ’on the path of ή in the left subtree of ’ // inner trees

5. if the search path goes left at ’
6. ReportInSubtree( ὶ’ȟή)   // report right subtree

7. for each node ’on the path of ή in right subtree of ’

8. if the search path goes right at ’
9. ReportInSubtree( ὰ’ȟή)   // report left subtree

[Berg]
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Query Priority Search Tree

Query PrioritySearchTree ( Ὕ, ɀЊḊή ή Ḋή )

A priority search tree and a range, unbounded to the left
All points lying in the range 

1. Search with ή andή in Ὕ // BST on ώ-coordinate ïselect ώrange     

Let ’ be the node where the two search paths split (split node)

2. for each node ’on the search path of qy or ή // points  along the paths

3. if ὴὺᶰ ɀЊḊή ή Ḋή then Report ὴ’ // starting in tree root

4. for each node ’on the path of ή in the left subtree of ’ // inner trees

5. if the search path goes left at ’
6. ReportInSubtree( ὶ’ȟή)   // report right subtree

7. for each node ’on the path of ή in right subtree of ’

8. if the search path goes right at ’
9. ReportInSubtree( ὰ’ȟή)   // report left subtree

[Berg]
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Reporting of subtrees between the ώ-paths

ReportInSubtree(  ’ȟή )

The root ’of a subtree of a priority search tree and a value ή.

All points ὴ in the subtree with ὼ-coordinate at most ή.

1. if ὼ ὴ’ ή // root, heap condition: ὼɴ ɀЊḊή

2. Report point ὴ’.

3. if ’is not a leaf

4. ReportInSubtree( ὰ’ȟή)

5. ReportInSubtree( ὶ’ȟή)

Search according to ὼin the heap
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Priority search tree query   ɀЊḊή ή Ḋή
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