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Orthogonal Range Queries



Priority Search Tree [McCreight'75]
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3-Sided Reporting Queries O(log n + t )
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Orthogonal Range MAXIMA Reporting
alias “"Generalized Planar SKYLINE Operator”

Yi

Dominance Maxima Queries
Report all maximal points among
points with x in [x,,+) and y in [y,,+®)

Contour Maxima Queries
Report all maximal points among
points with x in (-c0, x,]

3-Sided Maxima Queries
Report all maximal points among
points with x in [x;, x.] and y in [y,,+0)

4-Sided Maxima Queries
Report all maximal points among
points with x in [x;, x.] and y in [y,,y:]

Static maximal points in O(n-log n) time [Kung, Luccio, Preparata, J.ACM’75]



Dynamic Range Maxima Reporting
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Overmars, van Leeuwen [JCSS '81]
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Our Structure - Tournament Tree

U, Right(u) =0 @

Copy Up
Maximum y



Tournament Tree

Find next point
to be reported
in O(1) time

MAX(Right(u))
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Computation of MAX(Right(u))

®s_  MAX(Right(u))

o
MAX(Right(u,)) ULC/@D\DUR MAX(Right(ug))

[Sundar '89]
Priority Queue
with Attrition

N O(1) time
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Update Operation

L o

S

v S
Uuua
ot =2
> 2 O
MAR
o L C
T ¥ ¥
a = =
\back

f

UL
Uo
—~ 29y
S
)]
~ 9
S5
o -~
A=
O M
m O
O QA
n D

IIIIIIIIIIIII

11



Priority Queues with Attrition [sundar, 1PL '89]

= Deletemin()
= InsertAndAttrite(element)

O(1) worst case time
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Priority Queues with Attrition [sundar, 1PL"

Invariants

1) C, B, D sorted
2) max C < min (Bu D;u D,)
3) |Cl2 |D¢|+2|D,|

\ 17 =2 4+2-5
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CREATEPQA = Invariants
C, B, Dy, D,==( ), ()()() 1) C, B, D; sorted

INS':ERT(X)E _ 2) max C < min (BuD;uD,)
if C+ () cand first(C) > x then 3) |C|= |D|+2|D,]
= r

{Delete all existing items; add x to C}

0 C-s B! Dr-n D,==(x),( )’( ):( ) > V41"
else if C + ( ) cand last(C) = x then BiAS
{Empty B, D;, and D,; push back rest(C) into B; add x to D;}
@ C, B, D,, D,:= (first(C)), rest(C), (x), ( )
©) else D,:= D_||(x); Bias; Bias

DELETEMIN =
BIAS;
return DELETEFIRST(C) | -
{B1as ensures that C + ( ), unless the PQA is empty}
@ — ] _
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Invariants
1) C, B, Df sorted

B”.‘SE 2) max C < min (Bu Dfu D,)
i D #( ) then 3) |CI> Dyl +2ID,
{Clean-up step}
if D; #+ ( ) cand last( D;) > first(D,) then > V11"
(A DELETELAST( D, ) {decrease | D;|)} BiAs
(® else Pass(D;, D,) {decrease | D, |; increase | D;|}
else if D+ ( ) cand (B = ( ) cor first(B) > first( D;)) then
® D;, B, C:=()()C|D {decrease | D;|; increase |C |}

(Melse if B+ () then Pass(B, C) {increase |C|}
{else B=D;=D,=( )}

A B " C ®
D. -1 D: +1 C=C+Df C +1
f D - B=D;=0 B -
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L‘ib Dominance Range Maxima Queries

< O(log n) trees —

Query time O(logn + t)
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LLLL‘ Contour Range Maxima Queries

< O(log n) trees —

Query time O(logn + t)
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‘ll 3-Sided Range Maxima Queries

<— O(log n) trees —>

Query time O(logn + t)
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4-Sided Range MAXIMA Reporting
and Rectangular Visibility Queries

Proximity Queries/Similarity Search

(—OO,+OO)
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Overmars, Wood ‘88 n-log n
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4-Sided Range
Maxima Queries
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4-sided Range Maxima Queries
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Query time O(log?2 n + t), space O(n:log n)
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\ll RAM - O(log n/loglog n + t)

- Height O(log n / loglog n)

» MAX(Right(u)) maintained
using Q-heaps
[Fredman, Willard, JCSS "94]
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Space

o(n)

O(n-log n)

Query Insert/Delete

O(logn/loglogn + t) O(logn/loglog n) RrRAM

O(log2n + t) O(log2n/loglog n)
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