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1. Ortogonální vyhledávání. 
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(6) vsechny možné podmnožiny, jako že těch možností je strašnej hafec, více než n^2
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(7) http://research.engineering.wustl.edu/~pless/506/l11w.html
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(9) 1D range tree (Balanced BST)
značka uzlu = largest key - nejvetsi hodnota v levem podstromu, treba node 7, kouknu nalevo a najdu tam nejvetsi hodnotu a zjistim, ze je to 7 uplne dole, co ten klič udává? asi neco jako median, proste kdyz mam mensi nebo roven 7, tak doleva, ze to najdu nalevo a zbytek napravo

každý uzel je asociován s subset of descendant (potomci) = canonical subset
a pak se asi nejak neco vybira v zavislosti na tom intervalu co je dole ... tedy např 2 - 23

tak projizdis strom a vycucáš si ty množinky ... {3}, {4, 7}, {9,12, ..} a to jsou ty kanonicke


k tem binarnim vyhledavacim stromum, pro nalezeni bodu uvnitr nejakeho range, tak takova poznamka:
v podstate jde o to najit levy list a pravy list - to je jednou log n a podruhe log n a vnitrek mezi temi konci znas
takze pocet cisel uvnitr range ma slozitost log n, stejne tak suma vsech cisel uvnitr range, tak treba pocet vsech prvku uvnitr rozsahu, najdes list nejvice vlevo - log n, najdes list nejvice vpravo - log n, a na ceste poscitas pocty cisel v tech uvedenych mnozinach nad uzly, ty uz mas predpocitane, takze slozitost cele operace je jen log n, totez plati pro sumu vsech listu, jen, ze jsem to ted pochopil jak to funguje a proc je ta slozitost takova jaka je
no ale musiš jít doprava i doleva, tak to by mělo být 2 log n a ta dvojka se v asymp.slo. ruší, tak to je? jj
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(12)
takže na cestě za u i přesto že jdu doleva, přidávej can.sub. pravým potomkum no a proč? protože vlevo se jde akorát po cestě dál ... nejsou tam žádné uzlíky na vyrábění can. sub. na druhé cestě doprava zase budu přidávat levým potomkum can.sub., to je prostě logika... proste can. sub. vytvarim jen z uzlu v intervalu?
ta cesta pro u je 15, 7, 3, 1 ... ty další dvě věty, pokud dojdu do u či do v, tak jestli jeho klíč, což je asi ta 3 pro u a pro v 23, tak z nich taky udělej can.sub. (jednoprvkove ... )
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(13) 1D range tree search complexity
takže délka cesty je klasickej O(log n), binárka, jj, jasne

pak ten dotaz prostě vrací ty čísla v daným rozsahu se stejnou složitostí

a to posledni: vratí všech k bodu v rozsahu, travers can. subtrees v tam tom case ... to uz moc nedávám ... 

pak storage O(n), pak sortovani O(n logn)
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(14)
takže při hledání toho split uzlu se může stát, že se nám vrátí jeden list, kde obě cesty končí ...

t=root(T), kde t.x a t.x' jsou hodnoty z toho rozsahu, tedy cisla daných uzlu a co je ale t.left a t.right? potomci toho t
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(15) 1D range search
line 3 jak chápeš? mozna, ze bud mohu vracet cisla na hranici intervalu nebo ne, takze tady je ta kontrola

tak ten range query vraci cisla v rozsahu ... ano ... to bude ono, proste jestli to vratit nebo ne ..
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(16,17) Multidimensional range searching
stejný princip - najdi nejvetší podstromy obsažené v rozsahu, odděl 1 n-dimensialni vyhledavani do n 1-dimensionalnich vyhledavani – Kd tree (2-dimensional kd-tree was a 2-d tree)
Types of queries
– Reporting – points in range
– Counting – number of points in range
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(18)
tohle jsme meli na MPV, jj, kd-tree, ale ne moc detailne, jen ze to existuje, pro nalezeni nejblizsich sousedu
elongated cells – prodloužené cely, uneven – nestejná, spread – rozšíření
Kde rozdělit? takže přesortíš všechnybody v x a y dimenzich a vybreš medián
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(20)
takze na hrane doleva
a rezes to tedy primo tim medianem jo? pres ten bod? no asi ano... ale nebylo by vice bodu na hrane ... kdyby jsi to rezal vzdy skrz bod? zda se ze jo, barvy - jo on to pak přebarvil napravo pro ukazku, levou ponechal ... 

proste mas vsechny body v prostoru, tak si je seradis podle x a najdes bod uprostred – median, tim to oddelis vertikalne na dve pulky - levou a pravou, pak si vezmes tu levou pulku a seradis si to podle y, najdeš median a udelas horizontalni rez a oddelis na horni a dolni, a tak pokracujes
! Pro nalezení mediánu daného souboru stačí hodnoty seřadit podle velikosti a vzít hodnotu, která se nalézá uprostřed seznamu. Pokud má soubor sudý počet prvků, obvykle se za medián označuje aritmetický průměr hodnot na místech n/2 a n/2+1.
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(21)
Split according to (depth%max_dim)-dimension, hloubku znam i dimenzi ... ale to max dim? urcis jestli rezat podle x nebo podle y, max_dim je pocet dimenzi, v nasem pripade 2 - x a y
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(22)
a) Compare Q with rectangular cells, prostě dotaz Q je ractangle (modrý) a vracíš body z toho diagramu ... 
tak Q je query (rectangle) ... a C je cell (množina bodu)
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(23)
ale Q by tady melo asi nejak z casti zasahovat do C, tedy existuje prunik C a Q, ale C neni podmnozina Q, to je to if a else if
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(24)
ten dotaz zasahuje i do jiných oblastni, jako je h, e, k, m ... to l se mi už nezdá, to je asi chyba, no ale tyto množiny nejsou vybrány celé ... takže ty nebere v potaz, dotaz tedy vrátí pouze ty světle šedé, ty jenž pokrývá celé
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(26)
takze pokud je t leaf, tak vratime, ze je intersect nebo neni intersect podle toho zda lezi v Q ci ne, kdyz to neni leaf

tak zkontrolujeme, jestli je Q nalevo od delici cary, tak budu hledat v lefem potomkovi, kdyz je Q napravo od cary, tak v pravem potomkovi a proc je tam to posledni else? rekurse  aha, asi kdyz je uvnitr intervalu (tedy neni ani napravo ani nalevo), tak se to prohleda cele i v levem i vpravem potomkovi
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(27) Orthogonal range queries in the plane (in balanced 2d-tree)
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(29) From 1D to 2D range tree
dotaz je 2D, tedy rozsah je nad osou x i y, a pro kazdou podmnozinu y vytvor pomocný strom
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(30) 2D range tree
takze je to nejprve rozsekane mnoha vertikalnimi carami a pak kazdy kousek horizontalnimi, S(t) - ze by ten rizek? jj
no prostě pro každy podstrom x existuje y strom, ktery to dále horiz. deli ...
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(32) proc ten strom pro x ma mensi space nez y? aha pro ty x je jeden strom a pro y vice stromů
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(33)
canonical sub. = to je mnozina, ktera obsahuje listy z nejakeho podstromu daneho stromu, na 33 mame strom, tak vyberu si libovolny podstrom, treba uzel 12 a nize, tak kanonicka podmnozina bude napr.: {9,12,14,15}
ale dobry je na tom to, ze kdyz chces vypsat seznam vsech cisel v intervalu, tak nemusis otevriat uzel 12 a spoustet se po nem dolu, ale staci se jen kouknout do 12 a vzit tu mnozinu kterou uzel 12 zna, takhle, kdyby ses spustil do listu 9, tak tam bys mel kanonickou mnozinu {9}
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(34) nd-rande tree - asi neco podobneho jako 2d-range tree, pro kazdy strom existuje strom v dalsi dimenzi
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(35) Fractional cascading http://research.engineering.wustl.edu/~pless/506/l12.html
2d je specialni pripad nd, takze staci si pamatovat nd, proste snazi se podle y hledat v case O(1) a to tak, ze to podle y prohledaji pouze jednou, ne pro kazde x, jakoze vyberou ten dany y tree, jak jsme meli ze pro jeden x tree je nekolik y trees, rekl bych ze vsechny y tree nejak upravi, aby slo pouzit jen jeden a v nem vyhledat pouze jednou
to bereš z té stránky jak jsem poslal jo? u toho fractional cascaing

takze na 35: V, VL a VR je klasickej strom podle x, takze kdyz vyhledavam treba p4, tak pujdu napravo a ted bych mel mit dalsi strom, ktery mi tu pravou oblast rozrizne podle y a mel bych hledat v nem jenze, tady je to vylepseni
v uzlu V jsme seradili body podle y a udelali si ty pointery na potomky, pritom pointer ukazuje na stejne nebo vetsi cislo, takze na zaklade tech pointeru uz nemusime prohledavat y-novej strom, ale staci se podivat na ty pointery

treba vlevo mezi 5 a 3 je pointer ze 4, takze z toho nejak zjistim, ze 5 je nad 4-kou
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2. Segmentový strom
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(34)
jak je to rozdelene, tak tam je prvni interval -inf;p1, nasleduje bod [p1: p1], pak zase interval p1-p2 a zase bod p2
a tak dale ... takze male intervaly a body mezi nimi
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(35)
si jsou originalni intervaly - zadane asi, pi jsou elementarni intervaly, si popisujeme pomoci pi
tak ctverecky dole (leaves) jsou jednotlive intervaly (popr. bodove intervaly), šipky nevím
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(37)
barva akorát ukazuje 3 případy pro 3 uzly, tedy pro rodiče a dva potomky, ale je třeba se na to koukat bez barev, pak je to jasné, segment musí protínat celý interval ...

jeste proc neni s3 v v2 nebo v3 ? protože protíná obojí ... to by pak nemuseli vubec dělat rodiče ... bo by byly k ničemu a v listech by bylo všechno ... chápeš? jde o to to rozložit ... po tom stromě ...
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Canonical subsets S;

= Search space S=(P,Q) represented as a collection
of canonical subsets {S;, S, ..., S}, each S;c S,
~ §,may overlap each other
— Any set can be represented as disjoint UNION aumsizssees OF
canonical subsets S,
~ Elements of disjoint union are ordered pairs (x, i)
(every element x with index i of the subset S)
= Can be selected in many ways
- from nsingletons {p} .. O(n)
- to power set of P . 0(2n)
~ Good DS balances between total number of canonical
subsets and number of CS needed to answer the query
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1D range queries (interval queries)

= Search the interval [x, X,] in

= Points P={p,, py, ..., Py} on the line

a) Binary search in an array
- Simple, but
+ not generalize to any higher dimensions
(values in inner nodes are not reachable in particular level below,
to get them, we must traverse back to root)
b) Balanced binary search tree
+ 1D range tree
+ maintains canonical subsets
- generalize to higher dimensions
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1D range tree definition

= Balanced binary search tree
~ leaves — sorted points
— inner node label - the largest key in its left child
— Each node associate with subset of descendants
=>0(n) canonical subsets
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Canonical subsets

= Canonical subsets for this subtree are #
{13, 3, .. 31}, 16
1,3}, {4, 7}, ..., {29, 31} 8
{1,3,4,7},{9, 12,14, 15}, ..., {25, 27,29, 31} 4

{1,3,4,7,9,12, 14,15}, {17, 20, 22, 24, 25, 27, 29, 31} 2
{1,3,4,7,9,12,14,15,17,20,22,24,25,27,29,31} 1

" eszrars

A
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1D range tree search

= Canonical subsets for any range found in O(log n)
— Search x,,;: Find leftmost leaf u with key(u) = X,,
— Search x,;: Find leftmost leaf v with key(v) = xy;

— Points between  and v lie within the range => report
canon. subsets of maximal subtrees between u and v.

— Split node = node, where paths to v and v diverge -
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1D range tree search

= Reporting the subtrees (below the split node)
— On the path to u whenever the path goes left, add the
canonical subset associated to right child
— On the path to v whenever the path goes right, add the
canonical subset associated to left child
— Inthe leaf u, if key(u) < [XX,] then add CS of u .
— Inthe leaf v, if key(v) € [X,X,] then add CS of v~
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1D range tree search complexity £

= Path lengths O(log n )
=>0(log n ) canonical subsets
(subtrees)
= Range counting queries
~ Return just the number of points in given range
~ Sum the total numbers of leaves stored in subtree
roots - O(log n) time
= Range reporting queries
~ Retumn all k points in given range
— Traverse the canonical subtrees ... O(log n + k) time

= O(n) storage, O(n log n) preprocessing (sort P) w’
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Find split node

FindSplitNode( T, [xx])
Input: Tree Tand Query range [xX], X < X'
output The node, where the paths to x and X' spiit
o the leaf, where both paths end
1 t=root(T)
2. while(t isnotaleal and x = txor tx<x) /outof the range [xx]
3 (X =tx)t=tieft
a else
5 retumt
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1D range search

1dRangeQuery( £, [xX1])
Input: 1d range tree t and Query range
Output: Al points in ¢ liying in the range
1,55, = FindSplitNode( £, x, ) J/find interval point t  [xx]
(s leal )
check if the point in t;, must be reported
else // follow the path to x, reporting points in subtrees right of the path
=ty left
while( tis not a leaf )
(x=tx)
ReportSubtree( t,....(£right)) //any kind of tree traversal
left
10 elset=tright
1. checkif the point in leaf  must be reported
12, I/ Symmetrically follow the path to X reporting points left of the path -

- o Lt=t,right o Py

WENO R LN S
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Multidimensional range searching

= Equal principle - find the largest subtrees
contained within the range
= Separate one n-dimensional search
into n 1-dimensional searches
= Different tree organization
— Kd tree
~ Orthogonal (Multilevel) search tree — range tree
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Kd-tree

= Easy to implement
= Good for different searching problems
(counting queries, nearest neighbor,...)
= Designed by Jon Bentley as k-dimensional tree
(2-dimensional kd-tree was a 2-d tree, ...)
= Not the asymptotically best for orthogonal range
search (=> range tree)
= Types of queries
~ Reporting — points in range
— Counting — number of points in range
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Kd-tree principle

= Subdivide space according to different dimension
(x-coord, then y-coord, ...)

= This subdivides space into rectangular cells
=> hierarchical decomposition of space

= In node t store:|cutDim, cutVal,| (size tor counting queries))
Culting e

Each tree node
). | represents aregion

4
[Pl

Tree structure P
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Kd-tree principle

= Which dimension to cut?  (cutDim)

~ Cycle through dimensions (round robin)
- Save storage — cutDim is implicit ~ depth in the tree
- May produce elongated cells (if uneven data distribution)
— Greatest spread (the largest difference of coordinates)
- Adaptive
+ Called “Optimal kd-tree”
= Where to cut?  (cutval)

— Median, or midpoint between upper and lower median
->0(n)

— Presort coords of points in each dimension (x-, y-,...)
for O(1) median — resp. O(d) for point all d dimensions
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Kd-tree principle

= What about points on the cell boundary?
— Boundary belongs to the left child
— Left: Pamval = cutVal
— Right: Paimval > cutval

'ZL":\D-\"S\ Ps [P [P

P1|[Pe] o] [P,
“Subdivision Tree structure  Mews
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Kd-tree construction in 2-dimensions

BuildKdTree(P, depth)

Input: A et of points P and current depth.

Output: The root of a kD tree storing P.

1. If (P contains only one point) [or small set of (10 to 20) points]

2. then return a leaf storing this point

3. else if (depth s even) Spit socordng t (dsptemax ) drmension

4 ‘then spiit P wilh a verlical fine / through median x into two SUbsets
P, and P, (left and right from median)

5 else spiit P with a horiz. line / through median y into two subsets
P, and P, (below and above the median)

3 Tin = BUIGKGT ree(P;, depih+1)

7 £ 4= BUIGKATree(P,, depth+1)

8 create node ¢ SHoring I, fr and tgy children  //1= cutDim, cutval

9 return ¢

It median found in O(1) and array spit in O(n)
T(n)=2 T(n/2) + n => O(n log n) construction @B
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Kd-tree variants Test interval-interval

a) Compare Q with rectangular cells

Rectangle C:[Xq, X, Yio, Y] — cOMputed on the fly
Test of kD node cell C against query Q (in one cutDim)
1. if cellis disjoint with @ ...C1Q=0 ... stop

2. Ifcell C completely inside Q ... C < Q .. stop and report cell points.
3. else cell C overlaps Q ... recurse on both children

Recursion stops on the largest subtree (in/out)
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Kd-tree rangeCount (with rectangular cells)

int rangeCount(t, Q, G)
Input The oot { of KD tree, query range Q and f's cell C.
Output: Number of points at leaves below ¢ that lie in the range.

. if(tisalean
if (tpoint lies in Q) return 1 //or loop this test for all points in leaf
else retum 0 m

else // (tis not a leaf)
if(CNQ=0) retum0 disjoint

else if (C c Q) retum tsize m Cis ully containedin Q |

else
split C along f's cutting value and dimension, .
creating two rectangles C; and C,. cl

. return rangeCount(t/eft, Q, C,) + rangeCount(t.right, Q, C;) |

1
2,
3.
4.
5.
6.
7.
8
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Kd-tree rangeCount example

Tree node (rectangular region)

o O vsted [J containedina

O isiointot@ @ counted n the search
(prune)

kd-tree subdivision Nodes visited in range search
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Kd-tree variants Test point-interval

b) Compare Q with cutting lines

Line = Splitting value p in one of the dimensions
Test of single position given by dimension against Q

1. Lineisright fomQ .. recurse on left chid only (prune right child)
2. LineisleftfomQ .. recurse o ight child only (prune left ch )
3. LineintersectsQ .. recurse on both children

— Recursion stops in leaves - traverses the whole tree
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Kd-tree rangeSearch (with cutting lines)

int rangeSearch(t, Q)
Input: The root { of (a sublree of a) kD tree and query range Q.
Output: Points at leaves below f thatlie in the range.

1. if(tisaleaf)

2. if (tpoint lies in Q) report t point //or loop test for all points in leaf
3 elseretun

4. else (tisnotaleaf)

5. if(Qy = toutVal) rangeSearch(t/eft, Q)

6. if(Qy > toutVal) rangeSearch(tright, Q)

7. else
8 rangeSearch(tfeft, Q)
9 rangeSearch(t.right, Q)
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Kd-tree - summary

= Orthogonal range queries in the plane
(in balanced 2d-tree)
~ Counting queries O( vn ) time
~ Reporting queries O( vn + k) time,
where k = No. of reported points
~ Space O(n)

— Preprocessing: Construction O( n log n ) time
(Proof. if presorted points to arrays in dimensions. Median in O(1)
and spit in O(n) per level, log n levels of the tree)

= Ford=2:
~ Construction O(d n log n), space O(dn), Search O(d n*(1-1/d) + k)
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Orthogonal range tree (RT)

= DS highly tuned for orthogonal range queries

= Query times in plane

2d tree versus [range tree

O(¥n +k) time of Kd

0O( log 1) time query

O( ) space of Kd

O(nlog n) space

n=number of points
k = number of reported points
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From 1D to 2D range tree

= Search points from [Q.x, Q.X,] [Q.Yj, Q.Yy]
= 1d range tree: log n canonical subsets based on x
= Construct an auxiliary tree for each such stibset y

fo12:1415)
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2D range tree

x-range tree |
y-range tre: o
- Qhiy
taug
Qloxi=—————~ Qhix Qloy
Cllele Belde g
. W s
t

|
Laly /

S(t)—
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2D range search

2dRangeQuery( t, [xx] x [yy])
Input: 2d range tree t and Query range
Output: All points in ¢ laying in the range
1.ty = FindSpiitNode( £, x, X')
2 Mty IS leal )
3. checkif the point in t,,, must be reported  ___tx = [xx], ty = [yy]
4. else /i follow the path to x, calling 1dRangeQuery on y
t=tg.left //path to the left
while( tis not aleaf )

if(x = tx)

1dRaNgEQUENY( tyecc( Lright ), [y:y]) f check associated subtree

9 t=tieft
0. elset=tngnt
11, checkif the point in leaf t must be reported .. tx =X, ty =[yy]
12 Similarly for the path to X' _._ // path to the right

5
6
7
8
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2D range tree

= Search O(log2 n + k) —log ninx-, logniny
= Space O(n log n)

/
X
— O(n) the tree for x-coords //ﬁ’}
— O(n log n) trees for y-coords /] ]
« Point p is stored in all canonical subsets LN
along the path from root to leaf with p,
- once for x-ree level

« each canonical subsets is stored in one auxilary tree
- log n levels of x-ree => O(n log n) space for y-trees

= Construction - O(n log n)
— Sort points (by x and by y). Bottom up construction
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Canonical subsets

= Canonical subsets for this subtree are #
{01343 . 31}, 16
1,3}, {4, 7}, ..., {29, 31} 8
{1,3,4,7},{9, 12, 14,15}, ..., {25, 27,29, 31} 4

{1,3,4,7,9,12,14 15}, {17,20, 22, 24, 25,27,29,31}2
{1,3,4,7,9,12,14,15,17,20,22,24,25,27,29,31} 1
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nD range tree (multilevel search tree)

Tree for each dimension

canonical subsets
of 2. dimension

_____ splitnode

canonical subsets
of 1. dimension
(nodes < [xx])
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Fractional cascading

= How to save one log n during last dim. search?
~ Store canonical subsets in array sorted by y
~ Pointers to subsets for both child nodes v and vg

— O(1) search in lower levels => in two dimensional
search O(log? n ) time > O( 2 log 1)
__ internal node in x-tree.

__associated auxiliary list -y

right son of v

__—+ Pointer to equal or
Y targer y-value

J/ ‘Mo o
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Orthogonal range tree - summary

= Orthogonal range queries in plane
~ Counting queries O(log? n ) time,
or with fractional cascading O( log ) time
~ Reporting queries plus O( k ) time, for k reported points
— Space O(nlog n)
~ Construction O(nlog 1)
= Orthogonal range queries in d-dimensions, d=2
~ Counting queries O(log® n ) time,
or with fractional cascading O( log®" n ) time
~ Reporting queries plus O( k ) time, for k reported points
~ Space O(n log®" n)
Construction O(n log®®) n ) time. o
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Segment tree [Bentley, 1977]

= Exploits locus approach
~ Partition parameter space into regions of same answer
~ Localization of such region = knowing the answer

= For given set S of n intervals on real line
— Finds m elementary intervals

— Partitions 1D parameter space into these elementary
intervals —H—H

b P pat pn

(=eo: p1).[prz pilu(pr p2).[p2 pa)
(P12 pm)s [P 2 P], (P : +20)
— Stores original intervals s, with the elementary intervals

— Reports the intervals s, containing query point g
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Segment tree example
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Segment tree definition

Segment tree
= Skeleton is a balanced binary tree T
= Leaves ~ elementary intervals Int(v)
= Internal nodes v
~ union of elementary intervals of its children
— Store: 1. interval Int(v) = union of elementary intervals
of its children
2. canonical set S(v) of original intervals [x : x]=S
— Holds Int(v) < [x : ] and Int(parent(v)] ¢ [x : x]
(node interval is not larger than a segment)
— Intervals [x - x] are stored as high as possible, such that

_ Int(v) is completely contained in the segment o n
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Segments span the slab

Segments span the slab of the node,
but not of its parent
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Query segment tree

QuerySegmentTree(v, q,)
Input:  The root of a (subtree of a) segment tree and a query point g,
Output: Al intervals in the tree containing g,

Report all the intervals s;in S(v).
ifvis nota leaf
ifq, = Int(Io(v) )
QuerySegmentTree( /c(v), q,)
else

e

QuerySegmentTree( re(v), ,)

Query time O(log n + k), where ks the number of reported intervals
Height O(log n ), O( 1 + K, ) for node
Storage O( nlog n )
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Segment tree construction

ConstructSegmentTree( S )
Input: et of intervals S
Output: segment tree

Sort endpoints of intervals in S -> get elemetary intervals ___O(n log 1)
Construct a binary search tree T on elementary intervals ..O(n)
(bottom up) and determine the interval Int(v) it represents
Compute the canonical subsets for the nodes (iists of their segments)
v =rool( T)
for all intervals 5, =[x~ x] = S
InsertSegmentTree( v, [x x])

~

omew
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Segment tree complexity

A segment tree for set S of n intervals in the plane,
= Build O(nlog n)
= Storage  O(nlog n)
= Query O( k +log n)
— Report all intervals that contain a query point
— kis number of reported intervals
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Segment tree versus Interval tree

= Segment tree
~ O(nlog n ) storage x O(n) of Interval tree
— But retumns exactly the intersected segments s, interval
tree must search the lists ML and/or MR
= Good for
 extensions (allows different structuring of intervals)
. stabbing counting queries
— store number of intersected intervals in nodes
~ O(n) storage and O(log n ) query time = optimal
 higher dimensions — multilevel segment trees
(Interval and priority search trees do not exist in Adims)

[N

w
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Orthogonal range searching

— Given a set of points P, find the points in the region Q
+ Search space: a set of points (somehow represented)
« Query:  intervals Q ()
« Answer: points contained in Q
— Example: Databases (records->points)
« Find the people with given range of salary, date of bith, kids, ..
2D: axis parallel rectangle 3D: axis parallel box

[

Py
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Orthogonal range searching

= Region = axis parallel rectangle

— nDimensional search can be decomposed into
set of 1D searches
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Other range searching variants

= Search space: set of
— line segments,
— rectangles, ...
= Query region: any other region
— disc,
~ polygon,
— halfspace, ...
= Answer subset of P laying in Q
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Subsets selectable by given range class

= The number of subsets that can be selected by
simple ranges Q is limited

= Itis usually much smaller than the power set of P

— Power set of P where P = {1,2,3,4} (potenini mnotina)
is {{}, {11.421.03}. {4}, {1.21.{1,3}.{1,4}, {2.3},.. {234},
{1.234)) ...0@")

i.e. of all possible subsets

— Simple rectangular queries are limited 2

- Defined by max 4 points along 4 sides

=> O(n¥) of O(2") power set 3

- Moreover — not all sets can be formed
by O query

©.9. sets {1,4} and {1,2.4} cannot be formed





