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Windowing queries - examples

[Berg]

A Interaction in GIS
I Select subset by outlining
I Zoom Iin and re-center

A Circuit boarfge @&&})@ww
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Windowing versus range gueries

A Range queries (see range trees in Lecture 03)
I Points
I Often in higher dimensions

A Windowing queries
I Linesegments, curves, &
I Usually in low dimension (2D, 3D)

A The goal for both:
Preprocess the data into a data structure

I so that the objects intersected by the query rectangle
can be reported efficiently
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Windowing queries on line segments

CH . /\

1. Axis parallel line segments 2. Arbitrary line segments
(non-crossing)
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Windowing queries on line segments
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1. Axis parallel line segments 2. Arbitrary line segments
(non-crossing)
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Windowing queries on line segments

L LA

1. Axis parallel line segments 2. Arbitrary line segments
(non-crossing)
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1. Windowing of axis parallel line segments
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1. Windowing of axis parallel line segments

Window query
A Gilven

I asetof orthogonal line segments S (preprocessed),

i and orthogonal query rectangle ® [wDw] [wWDw]
A Count or report all the line segments of S that

Intersect W ; I S O
W o
A Such segments have ; la) i
. : i a) i
a) one endpoint in H ) 0 | |
b) two end pointsinT included . - o rb)o

c) noendpointini crossover G 50
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Line segments with 1 or 2 points inside

a) one point inside | I o o
I Use a 2D range tree (esson3) J.a) O

z U &1 T¢Cstorage ﬁ_ah ) ||

z 01 1& 'Qquerytimeor | *° . ’ .b)é

z 0 1 1&¢C "Q with fractional ’ = )
cascading I oy
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Line segments with 1 or 2 points inside

a) one point inside " I o o
I Use a 2D range tree (esson3) Cf) O

z U &1 T¢Cstorage — ) ||

z 01 1& 'Qquerytimeor | *° . ’ .b)é

z 0 1 1&¢C "Q with fractional ’ = )
cascading I oy
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Line segments with 1 or 2 points inside

a) one point inside " I o o ]
I Use a 2D range tree (esson3) CLa) q
z 0 &1 TtCstorage — . |
z 01 1& 'Qquerytimeor | *° 2 . .b>-:5
z U 1 1¢C "Q with fractional . 2 .
cascading R —

b) two pOintS INside i as a) one point inside
I Avoid reporting twice:
Mark segment when reported (clear after the query)
Y and skip marked segments or

when end point found, check the other end-point and
- - . report only one of them (the leftmost or the botto@
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Line segments with 1 or 2 points inside

a) one point inside " I o o ]
I Use a 2D range tree (esson3) CLa) q
z 0 &1 TtCstorage — . |
z 01 1& Qquerytimeor | ©® 2 . @;)53
z U 1 1¢C "Q with fractional . 2 .
cascading R —

b) two pOintS INside i as a) one point inside
I Avoid reporting twice:
Mark segment when reported (clear after the query)
Y and skip marked segments or

when end point found, check the other end-point and
- - . report only one of them (the leftmost or the botto@
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Line segments with 1 or 2 points inside

a) one point inside " I o o ]
I Use a 2D range tree (esson3) CLa) q
z 0 &1 TtCstorage — S
z 01 1& Qquerytimeor | ©® 2 @@;)5
z U 1 1¢C "Q with fractional . 2 .
cascading R —

b) two pOintS INside i as a) one point inside
I Avoid reporting twice:
Mark segment when reported (clear after the query)
Y and skip marked segments or

when end point found, check the other end-point and
- - . report only one of them (the leftmost or the botto@
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2D range free (without fractional cascading -more in Lecture 3)

Search space: points | |
Query: Orthogonal intervals [wDw] [wDw]

X—range tree slab
a), b) y—range tre 5
O 14
. . T (D
' t.aux o .
"""""" B ® °
L]
0 d) ®
Wi | o ,
5 a o o o o O o (L)
b o o o O O U__ (b F
o |®* | e . : t)

. S(
. ° ¢ |® ° :
g . o« Segment end-points
L L e L ] |
° ¢ [ : : *
o -.o o o © o :-O__ W
- o o

o x-slabs S(t) = ] %§
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Line segments that cross over the window

c) No points inside ( I o o
I Su_ch segments not detected | J. O
using end-point range tree  «——3 ,
i Cross the boundary twice R 1
e ! o
i S “
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Line segments that cross over the window

c) No points inside ( I o o
I Su_ch segments not detected J. O
using end-point range tree  «——3 ,

i Cross the boundary twice R 1
34 :.

i S “

+ ++5I y %
- + —+
+
DCGI 0170



Line segments that cross over the window

c) No points inside ( I o o
I Su_ch segments not detected J. Y i
using end-point range tree  «—+—3 |

i Cross the boundary twice R 1
e Se
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Line segments that cross over the window

c) No points inside ( I o g
I Su_ch segments not detected J. Y O
using end-point range tree  «——3
i Cross the boundary twice R 1
om0 A ;
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Line segments that cross over the window

c) No points inside

I Such segments not detected
using end-point range tree

I Cross the boundary twice

> S o~ ——

iwI

(D
L/

”  DCGI S



Line segments that cross over the window

c) No points inside

I Such segments not detected
using end-point range tree

I Cross the boundary twice

For axis parallel segments

L
Check left and bottom boundary

- o~
>~ o~ =~ 4 —I

iwI

(D
L/

”  DCGI S



Line segments that cross over the window

c) No points inside ( I o g
i Such segments not detected | J. b i T ¢
using end-point range tree  «— |
i Cross the boundary twice R 1

For axis parallel segments

[Mount]

® For non-parallel segments
Check left and bottom boundary

il Check all 4 boundariesﬁ%%
+
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Windowing problem summary

Cases a) and b) e T
I Segment end-point in the query rectangle (window)

I Solved by 2D range trees (see lecture 3, G(¢1 T&¢gtime & memory)

A We will discuss only case c)
I Segment crosses the window

\

lecture 9

® firsti an interval tree later T a segment tree
(three variants)
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case c) principle

Segments cross the window

So v,
Sq
as

Line crosses the segments
(horizontal + vertical)
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Talk Outline

1D 2D
9 ®
o o
Line x line segments Line segment x line segments .
interval tree 2 variants of interval tree ¢ ! .
For heat-up 1 variant of segment tree “&j
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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 7 there is y-overlap used, here is x-overlap

We must extend Interval tree to 2D

variants differ in storage of interval end-points 0 )
i 2D range trees
priority search trees

Segment tree

splits the plane to slabs in X in elementary intervals

- - =+
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Talk overview S

1. Windowing of axis parallel line segments in 2D
I 3 variants of interval tree 1 IT Iin x-direction
I Differ in storage of segment end points M, and Mg

1D [' L|ne Stabblng (Standard IT W|th SOF'[Ed I|StS )Iecture9-intersections}

- Ii. Line segment stabbing (IT with range trees)

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

2. Windowing of line segments in general position
2D 1 segment tree + BST
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I. Segment intersected by vertical line
A QuerylinelD o n £ 2
Report the segments
stabbed by a vertical line . .
= 1 dimensional problem (x,y) (x',y)
(ignore y coordinate)
. \ ~ \ 1D
v Report the interval [ Dosp | . :
containing query point n X qx X

DS: Interval tree with sorted lists

o o o~ ==
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|ﬂterva| tree prlnC|p|e (see lecture 9 - intersections )
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|ﬂterva| tree prIﬂCIple (see lecture 9 - intersections )

w0 QQ wd QQ wL QQ
S1
S3 ; S9
94
S6
Sy 0
!S 7

Interval tree on
Ss3 and s;

Interval tree on
So and s~

(171 70) [Vigneron] E



|ﬂterva| tree prlnC|p|e (see lecture 9 - intersections )

w0 QQ  wL QQ _ WL NQQ
S1 |
53 : 59
o4
S5 0
S
o l

Interval tree on
Ss3 and s;

Interval tree on
So and s~

(17 /70) [Vigneron] I



|ﬂterva| tree prIﬂCIple (see lecture 9 - intersections )

w0 QQ wd QQ wL QQ
S1
S3 ; S9
94
S6
Sy 0
!S 7

Interval tree on
Ss3 and s;

Interval tree on
So and s~
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|ﬂterva| tree prlnC|p|e (see lecture 9 - intersections )

w0 Qi‘z w0 QQ ] @wL QQ
S1
S3 ; S9
| 24
S5 0
S
i !

search 0 and 0

Interval tree on
Ss3 and s;

Interval tree on
So and s~
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|ﬂterva| tree prIﬂCIple (see lecture 9 - intersections )

w0 QQ wd QQ wL QQ
S1
S3 ; S9
94
S6
Sy 0
!S 7

Interval tree on
Ss3 and s;

Interval tree on
So and s~
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Interval tree principle

(see lecture 9 - intersections )

53

w0 QQ

w0 QQ ] wL QQ
S1 |
59
- S4
S
! A

Interval tree on
Ss3 and s;

(17 /70)

Interval tree on
So and s~

search b and 0

[Vigneron] I
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I. Segment intersected by vertical line

Principle
A Store Input segments In static interval tree

A In each interval tree node —
I Check the segments in the set U
i These segmentsdx:ﬁo"(ﬁélueai@npd

Z0 are left end-points

Z0 are right end-points e .
, . 0 | 0
Z N Isthe gquery value . .

Tf R oL QBweep L from left
by O :iff] N t intersection
irfRn oL QBweep L from right. .,

|
BN O :ifn intersection N, 0 QQ

. N+
_/_+_,_ — Inspired by [Berd]
DCGI (18 / 70)




Segment intersection (left from  wUL PQ

All line segments from U pass through w 0 "QQ
t 1 mustbe betweenn ; and w L Q&intersect the line segment 'Q

t leftendpointsryy 1 t+ intersection

Sweep
! [ 4 | L r
[ : Y
= :
5. .
@i ® : ®
o :
I | !
i —1—o
¢ —®
\ I
) F e ©0 QQ

-+ -~ =4 Inspired by [Berg]
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Segment intersection (left from  wUL PQ

All line segments from U pass through w 0 "QQ
t 1 mustbe betweenn ; and w L Q&intersect the line segment 'Q

t leftendpointsryy 1 t+ intersection

Sweep |
: ! [ ; ° r
| . : )
= | !
5 '
@i : ° : °
o :
I | !
i —1—o
¢ —®
\ I
 f @D Q0

-+ -~ =4 Inspired by [Berg]
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Segment intersection (left from  wUL PQ

All line segments from U pass through w 0 "QQ
t 1 mustbe betweenn ; and w L Q&intersect the line segment 'Q

t leftendpointsryy 1 t+ intersection

Sweep
o — . '
— 5 | n
NS I :
o ¢ ¢
& ! o : °
! :
I | !
i —1o
¢ —®
\ I
n N, @O QQ

-+ -~ =4 Inspired by [Berg]
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Segment intersection (left from  wUL PQ

All line segments from U pass through w 0 "QQ
t 1 mustbe betweenn ; and w L Q&intersect the line segment 'Q

t leftendpointsryy 1 t+ intersection

Sweep ., .
C | —— . '
— |y d
= | :
o i ’
. : .
3} : :
I | !
| e
0 —
\ I
N " N, O QQ

-+ -~ =4 Inspired by [Berg]
DCGI
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Segment intersection (left from  wUL PQ

All line segments from U pass through w 0 "QQ
t 1 mustbe betweenn ; and w L Q&intersect the line segment 'Q

t leftendpointsryy 1 t+ intersection

sop ()
ik

Sweep .

! | : . :
. | : n
l t U
| o —— —e

= ] l
EI e
gi " ‘: : : @
O} Ll :
E Bl I
i | e
o —®
\ I
N A N @O0 QQ

-+ -~ =4 Inspired by [Berg]
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Segment intersection (left from

wL PO

All line segments from O pass through @ U QQ

t 1 mustbe betweenn ; and w L Q&intersect the line segment 'Q

t leftendpointsryy 1 t+ intersection

sop ()
ik

Sweep .

1
1" : + . A
. | : n
I R NV
L —e
= ] l
O ¢ — *
gi 1 ‘: ! : @
QO Ly :
15 i |
| ] e
1 1 1 1
’ 1] 1 ! ; .
\ I
Nk N WU QQ

Intersect_i_on with line I_
D lh n H> DHb

- =
> S~ o~ =
-~
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Segment intersection (left from

wL PO

All line segments from O pass through @ U QQ

t 1 mustbe betweenn ; and w L Q&intersect the line segment 'Q

t leftendpointsryy 1 t+ intersection

sop ()
ik

Sweep .

1
1" : + . A
. | : n
I R NV
L —e
= ] l
O ¢ — *
gi 1 ‘: ! : @
QO Ly :
15 i |
| ] e
1 1 1 1
’ 1] 1 ! ; .
\ I
Nk N WU QQ

Intersect_i_on with line I_ means
- lh n H> DHb

- =
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-~
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Segment intersection (left from  wUL PQ

All line segments from U pass through w 0 "QQ
t 1 mustbe betweenn ; and w L Q&intersect the line segment 'Q

t leftendpointsr)y 1 + intersection,

N N
sop () AEn b DA O
-

Sweep .
: i i ¢ : ¢ \ *
H ii 1 r] © 1
| t 0 u
! ° - : o o : °

= ! ] . l
B! ¢ —— * ° *
@i h 6 : ' ® ° : °
D bl
c ]
I i ] —e ° ——e
\ | |
nn N, @O QQ N, w0 QQ

Intersection with linel means Intersection with a half space

P Ho DHb nh . H Dy H Db
>~ o = Inspired by [Berg] %
DCGI
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Principle once more

Instead of
Intersecting edges by line search end-points in half-space

® ¢ ® L)
@ @ @
*— 0 *—0
[ @ @ T @
|
o w0 QQ N, L QQ

+ ++5I y %
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I. Segment intersected by vertical line

De facto a 1D problem

A Queryline |h 1 ):I}DI‘b/ — ]

A Horizontal segment of U stabs the query |

I|ne I Ieft Of(bD "Qi,fb itS(segment()s)

left endpoint lies in half-space
nh DY Hb DHb -
A In IT node with stored median @ 0 'QQ @

report all segments from 0 5

I M_: whose left point lies in |
H DA . A
if | lies left from xMid
I Mg: whose right point lies in 5 *
n Db Z
if | lies right from xMid *TT"  inspired by [Berg

1
< A o A~ ® 7 ®

of WL QQ
”  DCGI g
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Static interval tree  (edeisbrunnerso]

Tree over sorted segment end-points

1 2 3 4 5 $

+ ++5:: y . | %
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Primary structure 1 static tree for endpoints

vV = vertex Static
d(v)= midpoint of
segment @
endpoints /7
"
I 2,4 6,5
I/ \‘
1 3 5
/ \‘
5 6
1 2 3 4 5 6

+ ++—Z_:_:: ) . ' %
D S e [Kukral]
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Secondary lists of incident interval end -pts.

ML(V) i left endpoints of interval containing v Dynamic
(sorted ascending) - o
MR(Vv) T right endpoints ./ \.\
(descending) '\
‘.
\
/I N\
56

" [Kukral] 2}%%%;
-~
DCGI (241 70)




Merged procedures from in lecture 09

Interval tree construction . PrimaryTree(S) on side 33

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

ConstructintervalTree (S) /l Intervals all active T no active lists
Input:  Set S of intervals on the real line T on x-axis
Output: The root of an interval tree for S

1. 1f (|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 } o—e /I left of median

5. R ={[xlo, xhi] in S | xlo > xMed } M/ right of median
6. M = { [xlo, xhi] In S | xlo <= xMed <= xhi } /[ contains median
7. GML = sort M in increasing order of xlo I/l 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) I/ right subtree

12. return t

o steps 4.,5.,6. done in one step If presorted  youg %@
+
DCGI (49 / 70)
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Line stabbing query for an interval tree

Stab( t, gx)
. IntTreeNode t, Scalar gx

Output: prints the intersected intervals
1. if (t ==null) return

Input

If (gx < t.xMed)

for (i = 0; i < t.ML.length; i++)
if (.ML[i] . |gm) priat (t.ML]i])

else break
Stab (t.left, gx)

else // (gx t.xMed)

for (i = 0; 1 <t.MR.length; i++) {

If (t. MR[i].hi
else break
Stab (t.right, gx)

gx) print (t.MR]i])

Less effective variant of Queryinterval (b, e, T)
on slide 34 in lecture 09
with merged parts: fork and search right

/I no leaf: fell out of the tree
/l left of median?

/] traverse U et end-points

Il ..report if in range

/I ..else done

/] recurse on left subtree

// right of or equal to median
/l traverse U right end-points

Il ..report if in range

/I ..else done

/] recurse on right subtree

Note: Small inefficiency for gx == t.xMed T recurse on the right

—+
-+
+

DCGI
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Complexity of line stabbing via interval tree

with sorted lists

A Construction-0 &1 [&Ctime
I Each step divides at maximum into two halves or less
(minus elements of 0 ) =>tree of height'Q 0 | 1£C

i If presorted endpoints in three lists ORY, and 0
then median in O(1) and copy to new OhYTD in 0 &

A Vertical line stabbing query -0 Q | [&Ctime
i One node processedin 0 p @¢ Qraported intervals
z visited nodesin 0 O 'Q, "Qtotal reported intervals
70 Q treeheight=0 1 1:C Q #Qee

A Storage - U €
i Tree has U € nodes, each segment stored twice

-~ = (two endpoints) %
DCGI &7




Talk overview S

1. Windowing of axis parallel line segments in 2D
I 3 variants of interval tree 1 IT Iin x-direction
I Differ in storage of segment end points M, and Mg

1D 1. Line stabbing (standard IT with sorted liStS ) ecure s - intersections
- {ii. Line segment stabbing (IT with range trees)

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

2. Windowing of line segments in general position
2D 1 segment tree + BST

i ++5I y %
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+
DCGI (28 70)




Line segment stabbing ( IT with range trees )

Enhance 1D interval trees to 2D

change lines to segments
1D , 2D
N
S — |:> [ )
I I
® ® ® ®
n
N N
N HDHb  (no y-test) N A Df (additional y-test)
Sorted lists Range trees

i ++5I y %
- -+ —+
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____________

i. Segments  vertical line S — -

De facto a 1D problem

A Queryline Ih n D —

A Horizontal segment of M, stabs the query
line | left of @ O “GfQIts left endpoint lies in
(half-space] . .

N h H Dn H> DHb

A In IT node with stored median xMid

report all segments from M — .
I (M. whose left point lies in 0 | 0
I_b Dzl @ i @

i | lies left from xMid . ’
i Mg: whose right point lies in '

N D Hb |
) Inspired by-[Berg]

. . it [lies right from xMid ) .
A E - %@
- g, WU
DCGI (31/70) i
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ii. Segments  vertical line segment < ke

) A 2D problem (4x,4))
A Query segmentnih n n DN —_—
A Horizontal segment of M, stabs the query * *
segment g left of @ 0 "GfQits left endpoint lies in 4
[seml -Infinite rectangular reglonl New test @ S
Ah D [ D Ligean
A In IT node with stored median xMid @ o
report all segments — .
Z (0 : whose left points lie in 0 . 0
Hb DA n 1
where 1] lies Iefﬂ?romdoi‘) o ° i 1' .
Z U :whose right point lies in I’]
nDH 7D ol 0 D | |
r] i Inspired by-[Berg]

-~~~ +~wheren liesrightfromw0 O . .
-+~ +~ | o “00
*  DCGE o
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Data structure for endpoints

A Storage of 0 and L
I 1D Sorted lists is not enough for line segments
I We need to test in wtoo
I Use 2D range trees
(one for 0 and one for U in each node)
A Instead U € sequential searchin U and U
perform 0 1 T&¢Csearch
In a 2D range tree with fractional cascading

) ++5I y %
- -+ —+
+
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g 11n 2D range tree without frac tional cascading -more in Lect.3

X—-range tree

y-range tre -
' O
—tw 11N
/ ' tE.le . ®
!
°° T ® =1
0 . i . °
no
@ N + L
 _ r’] L]
c E ® Inspired by [Berg]

\ J

- = Segment left e'nd-points for 0

”  DCGI

w0 QQ

[Mount]
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Complexity of range tree line segment stabbing

A Construction-0 &1 T&¢Ctime
I Each step divides at maximum into two halves LR
or less (minus elements of U ) => int. tree height 0 | 1€C

T If the range treeS are EffICIenﬂy bU'Id |n 6 é after points sorted
A Vertical line segmentstab.q.-0 Q | | £ time

interval tree 2D range tree sgarch with Fractlgnal Q@cadlng

I One node processed inL | 1EC ‘QdQeeported segm.

Z L-visited nodes in § U | |‘§c; ‘QhQtotal reported segm.

Z U =interval tree helght =0 1 1¢C E BQe
z 0 Q | I<& time - range tree with fractional cascading
z 0 Q i [ & time - range tree without fractional casc.

A Storage-0 €1 [£C

_ .~ I Dominated by the range trees %
7 DCGI
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Complexity of range tree line segment stabbing

A Construction-0 &1 T&¢Ctime
I Each step divides at maximum into two halves LR
or less (minus elements of U ) => int. tree height 0 | 1€C

T If the range treeS are EffICIenﬂy bU'Id |n 6 é after points sorted
A Vertical line segmentstab.q.-0 Q | | £ time

interval tree 2D range tree sgarch with Fractlgnal Q@cadlng

I One node processed inL | 1EC ‘QdQeeported segm.

Z L-visited nodes in § U | |‘§c; ‘QhQtotal reported segm.

Z U =interval tree helght =0 1 1¢C E BQe

z 0 Q | I<& time - range tree with fractional cascading

z 0 Q i [ & time - range tree without fractional casc.
A Storage - U € | 1£C Can be done better?

_ .~ I Dominated by the range trees %
7 DCGI
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Talk overview S

1. Windowing of axis parallel line segments in 2D
I 3 variants of interval tree 1 IT Iin x-direction
I Differ in storage of segment end points M, and Mg

1D I. Line stabbing (standard IT with sorted liStS ) ecure o - intersections
- li. Line segment stabbing (IT with range trees)
{iii. Line segment stabbing (IT with priority search trees) }

2. Windowing of line segments in general position
2D 1 segment tree + BST

i ++5I y %
- -+ —+
+
DCGI (36 /70)




lil. Priority search trees [McCreight8s]

A Another variant for case c) on slide 9 o
I EXxploit the fact that query rectangle in each node inQ
interval tree is unbounded (in wdirection) .

A Priority search trees | E“}

0

| as secondary data structure for both left and right
endpoints (U and U ) of segments
In nodes of interval tree 1 one for ML, one for MR

I Improve the storage to U £ for horizontal segment
Intersection with xwindow edge (2D range tree has 6 ¢ 1 1¢C

A Forcasesa)andb)-0 &1 [&Cstorage remains
I we need range trees for windowing segment endpoints

) ++EI y %
> + —+
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Rectangular range queries variants

A Let0D N,mM B i, is set of points in plane
A Goal: rectangular range queries of the form

Z Hbo DA N D T unbounded (in ddirection)
A In 1D: search for nodes O with 0 N zHDn
I range tree 0 1 T6EC "Q time (search the end, report left)

| Ordered IlSt 6 p TQ tlme 1 is for the fail test
(start in the leftmost, stop on L withv 1)
I use heap O p Qtime!

‘ (traverse all children, stopwhen 0 1} )

4 In 2D use heap for points with o 7 H DA
+ integrate information about w-coordinate

- o~
>~ o~ =~ 4 —I

. DCGI (39 / 70)




Rectangular range queries variants

A Let0D N,mM B i, is set of points in plane
A Goal: rectangular range queries of the form

Z Hbo DA N D T unbounded (in ddirection)
A In 1D: search for nodes O with 0 N zHDn
I range tree 0 1 T6EC "Q time (search the end, report left)

| Ordered IlSt 6 p TQ tlme 1 is for the fail test
(start in the leftmost, stop on L withv 1)

I use heap O p Qtime!

‘ (traverse all children, stopwhen 0 1} )

4 In 2D use heap for points with o 7 H DA
+ integrate information about w-coordinate

- o~
>~ o~ =~ 4 —I

T = Priority search tree
DCGI Y




Heap for 1D unbounded range queries

A Traverse all children, stop if 0 N —

A Example: Query zHbDpthng p Tt

) ++5I y %
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Principle of priority search tree

A Heap
I relation between parent and its child nodes only
I no relation between the child nodes themselves

A Priority search tree
i relate the child nodes according to w

i ++5:: y : %
- + —+
+
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Principle of priority search tree

A Heap
I relation between parent and its child nodes only
I no relation between the child nodes themselves

A Priority search tree
i relate the child nodes according to w

é/*o< wHeap

L N 4 A B

@/ (O . A C
NG 2

B~

2
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Principle of priority search tree

A Heap
I relation between parent and its child nodes only
I no relation between the child nodes themselves

A Priority search tree
i relate the child nodes according to w

é/*o< wHeap

L+ N 4 A B

2 (O . A C
(A

N < WBVS
\V\ B A C+ B

2

o o o~ ==

”  DCGI @170




Priority search tree (PST)

= Heap in 2D that can incorporate info about both it
I BST on w-coordinate (horizontal slabs) ~ 1D range tree
I Heap on wrcoordinate (minimum wfrom slab along o)

A If0 is empty, PST is empty leaf

A else
Z N point with smallest cxcoordinate in 0 1 a heap root
Z oxcoord. median of points 0 1 i BST root
z 0 h Aavo,. n 1D
2 0 h Av0,.{h 1D}

A Pointnn andscalarw  are stored in the PST root
A The left subtree is PST of 0
A The right subtree is PST of 0
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Priority search tree construction example

11 ® 15
.7
4 o
]
2©® 8 12
¢
6.
10
{
Se 134
9.
36
1 14
]
.7
e
.
X [Schirra]

o o o~ ==
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Priority search tree construction example
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Priority search tree construction example
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Priority search tree construction example
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Priority search tree construction example

11 @ 15
[ )
4 o
[ ]
8
o
6.
—————————————————————————————————————————————————————————— X .O —————————————————————
Se 134
(]
3e °
14
o
o
.
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Priority search tree construction

PrioritySearchTree( ||)
Input:  set 0 of points in plane
Output: priority search tree Y

1. if 0 n then PSTis an empty leaf

2. else

3. N = point with smallest cxcoordinate in 0  // heap on ®° root

4, W = wrcoord. median of points 0 {f} '} //BST on ®° root

5. Split points 0 {f]  }into two subsets i according to

6. v h Aavo. 0 1 DY) o

7. 0 h avo. {n I} Dy

8. T = newTreeNode() é Not anthemext slide:
9. T.p=n /l point G é N0 ,0 treenode
10, Ty=w Il scalar € Wwu

11.  T.left = PrioritySearchTree(0 ) é av

12.  T.rigft = PrioritySearchTree( 0 ) é 10

13.0 ¢1 1€C,but0 ¢ if presorted on w-coordinate and bottom up

-, o~ -
>~ o~ =~ 4 —I
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Query Priority Search Tree

Query PrioritySearchTree (“Y zH DA n D )
Input: A priority search tree and a range, unbounded to the left
Output: All points lying in the range

1. Searchwithry andnfy in”Y /I BST on wcoordinate i select wrange
Let’ be the node where the two search paths split (split node)

2. foreachnode’ on the search path of g, ornp  // points along the paths
3. ifno N zHDN A D then Reportry’ // starting in tree root

for each node ’ on the path of 1 in the left subtree of’ // inner trees
if the search path goes left at’
ReportinSubtree(i * hn ) // report right subtree
for each node ’ on the path of rj in right subtree of’
If the search path goes right at’
ReportinSubtree( &’ hry ) // reportileft subtree

—+
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Query Priority Search Tree

Query PrioritySearchTree (“Y zH DA n D )
Input: A priority search tree and a range, unbounded to the left
Output: All points lying in the range

1. Searchwithry andnfy in”Y /I BST on wcoordinate i select wrange
Let’ ® be the node where the two search paths split (split node)

2. foreachnode’ on the search path of g, ornp  // points along the paths
3. ifno N zHDN A D then Reportry’ // starting in tree root

for each node ’ on the path of 1 in the left subtree of’ // inner trees
if the search path goes left at’
ReportinSubtree(i * hn ) // report right subtree
for each node ’ on the path of rj in right subtree of’
If the search path goes right at’
ReportinSubtree( &’ hry ) // reportileft subtree
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Query Priority Search Tree

Query PrioritySearchTree (“Y zH DA n D )
Input: A priority search tree and a range, unbounded to the left
Output: All points lying in the range

1. Searchwithry andnfy in”Y /I BST on wcoordinate i select wrange
Let’ ® be the node where the two search paths split (split node)

2. foreachnode’ on the search path of g, ornp  // pointse along the paths
3. ifno N zHDN A D then Reportry’ // starting in tree root

for each node ’ on the path of 1 in the left subtree of’ // inner trees
if the search path goes left at’
ReportinSubtree(i * hn ) // report right subtree
for each node ’ on the path of rj in right subtree of’
If the search path goes right at’
ReportinSubtree( &’ hry ) // reportileft subtree
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Query Priority Search Tree

Query PrioritySearchTree (“Y zH DA n D )
Input: A priority search tree and a range, unbounded to the left
Output: All points lying in the range

1. Searchwithry andnfy in”Y /I BST on wcoordinate i select wrange
Let’ ® be the node where the two search paths split (split node)

2. foreachnode’ on the search path of g, ornp  // pointse along the paths
3. ifno N zHDN A D then Reportry’ // starting in tree root

for each node ’ on the path of 1 in the left subtree of’ // inner trees
if the search path goes left at’
ReportinSubtree(i * hn ) // report right subtree
for each node ’ on the path of rj in right subtree of’
If the search path goes right at’
ReportinSubtree( &’ hry ) // reportileft subtree
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Query Priority Search Tree

Query PrioritySearchTree (“Y zH DA n D )
Input: A priority search tree and a range, unbounded to the left
Output: All points lying in the range

1. Searchwithry andnfy in”Y /I BST on wcoordinate i select wrange
Let’ ® be the node where the two search paths split (split node)

2. foreachnode’ on the search path of g, ornp  // pointse along the paths
3. ifno N zHDN A D then Reportry’ // starting in tree root

for each node ’ on the path of 1 in the left subtree of’ // inner trees
if the search path goes left at’
ReportinSubtree(i ' hn ) // reportright subtree A
for each node ’ on the path of rj in right subtree of’
If the search path goes right at’
ReportinSubtree( &> hry ) // reportileft subtree + ¢

- y [Berﬁ@
- -+ - —
-~ -4
-~

© 00N OB

by

¥



Query Priority Search Tree

Query PrioritySearchTree (“Y zH DA n D )
Input: A priority search tree and a range, unbounded to the left
Output: All points lying in the range

1. Searchwithry andnfy in”Y /I BST on wcoordinate i select wrange
Let’ ® be the node where the two search paths split (split node)

2. foreachnode’ on the search path of g, ornp  // pointse along the paths

3. ifno N zHDN A D then Reportry’ // starting in tree root
4. for each node’ on the path of 1 in the left subtree of’ I/ inner trees
5. if the search path goes left at’

6. ReportinSubtree(i ' hn ) // reportright subtree A

7. for each node’ on the path of 1} in right subtree of’

8. if the search path goes right at’ ,11\‘&

9 ReportinSubtree(a’ hn ) // reportileft subtree +
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Query Priority Search Tree

Query PrioritySearchTree (“Y zH DA n D )
Input: A priority search tree and a range, unbounded to the left
Output: All points lying in the range

1. Searchwithry andnfy in”Y /I BST on wcoordinate i select wrange
Let’ ® be the node where the two search paths split (split node)

2. foreachnode’ on the search path of g, ornp  // pointse along the paths
3. ifno N zHDN A D then Reportry’ // starting in tree root

© 00N OB

by

for each node ’ on the path of 1 in the left subtree of’ // inner trees
if the search path goes left at’
ReportinSubtree(i ' hn ) // reportright subtree A
for each node ’ on the path of rj in right subtree of’
if the search path goes right at’ ,11\“‘\
- ReportinSubtree(a’ hn ) i/ reportieft subtree A Berg
. DCGI (112 / 70) @ :
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Query Priority Search Tree

Query PrioritySearchTree (“Y zH DA n D )
Input: A priority search tree and a range, unbounded to the left
Output: All points lying in the range

1. Searchwithry andnfy in”Y /I BST on wcoordinate i select wrange
Let’ ® be the node where the two search paths split (split node)

2. foreachnode’ on the search path of g, ornp  // pointse along the paths
3. ifno N zHDN A D then Reportry’ // starting in tree root

for each node ’ on the path of 1 in the left subtree of’ // inner trees
if the search path goes left at’
ReportinSubtree(i ' hn ) // reportright subtree A
for each node ’ on the path of rj in right subtree of’
If the search path goes right at’
ReportinSubtree(a’ hn ) // reportleft subtree A -

s [Berg ~
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Reporting of subtrees between the  wpaths

ReportinSubtree( ’ ] )
Input:  The root’ of a subtree of a priority search tree and a value 1] .
Output: All points rj in the subtree with cxcoordinate at most 1 .

If o( nC )) N // root, heap condition: wN 7z HoDn)
Report pointn) * .

If’ is not a leaf
ReportinSubtree(a’ ) A
ReportinSubtree(1 * M) A\

abhwdNE

Search according to win the heap

) ++5I ) %
- o+ =
+
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Priority search tree query 7 Ho DA n Dn

Given interval 1] DY

Segment left end-points

.
- - = :
e o e e Based on [Schirra]
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Priority search tree query 7 Ho DA n Dn

Given interval 1] DY

1. select y range (©>BVS~ 1D range tree)

Segment left end-points

- Based on [Schirra]
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Priority search tree query 7 Ho DA n Dn

1. select y range (©>BVS~ 1D range tree)

S~
~~ wrange path

- o~
>~ o~ =~ 4 —I
-~

Given interval 1] DY
Given I

Segment left end-points

Based on [Schirra]
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Priority search tree query 7 Ho DA n Dn

Given interval 1] DY

1. select y range (©>BVS~ 1D range tree)

2. report points on paths (cxheap) Given I
l 11 15
———————— S e @
n
______________________________________________________ é_'.________________________.
2® 12
"""""""""""" """'"""""""6'6 """""""""" ®------------
S — 0
____________________________________ 0. SR
_______________________________________________________ A NN SRR SIS PN
1
___________ A A S G
7
Segment left end-points
- Based on [Schirra]
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Priority search tree query 7 Ho DA n Dn

Given interval 1] DY

1. select y range (©>BVS~ 1D range tree)

2. report points on paths (cxheap) Given I
l 11® 15
——————————————— ST e
n
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5® 8 12
___________________________________________________________________ .____________.
6‘
______________________________ SRS s
_________________________________________ S 2
_______________________________________________________________ 7
1
b o
\ I~ e T

~~ wrange path

@ wok T report this point

Segment left end-points

Based on [Schirra]

_wtoo high'1 stop
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