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Generalized Search 
Trees and Spatial 

Indexing

(Ramakrishnan 28.1, 28.2, 

28.6)

Other Search Trees

ÅQuestion: Can B+ - trees handle more 
complicated searches?

ïA typical example: ñgpa > 3.7 and age < 18ò

ïSame thing: ñall restaurants in downtown 
Berkeleyò

ïEven fancier: ñall pictures resembling 

< /tmp/sunset.gif> ò

ï(Easy: ñall pictures identical to 
</tmp/sunset.gif> ñ)

ÅB+ - trees exploit data order to do range search

ï1-d range search is not always what you want

Search Trees in General

ÅLots of trees invented for multidimensional 
data

ïe.g. R-trees, R*-trees, hB-trees, UB-trees, X-trees, 
etc. etc.

ÅNew tree indexes for other kinds of data

ïImage/video search, timeseries matching, DNA 

sequence matching, etc.

ÅMany are ñunorderedò B+-trees, fancy keys

ïIn some ways, B+ -tree is just a ñspecial caseò of 
these trees.

Search Trees from 30,000 feet

Index Nodes (directory)

Data Nodes (linked list)

key1 key2 ...

A ñDisorderlyò B+-tree

ÅHow to search a 
disorderly B+ -

tree?

ïEquality search is 
identical to 
traditional!

ïRange search = 
traversing multiple 
paths 

Åfollow all pointers 

where key range 
overlaps query 

range.

[32 - 61)  [17 - 32)  [61 - inf) [-inf - 17)

Traditional

Disorderly

17      32       61

Another Disorderly B+-Tree

Å Insert 41???

ïkeys need not cover all possible values

ÅSearch for 77??

ïkeys may ñoverlapò

[47 - 80)  [17 - 32)  [74 - 103) [1 - 17)
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Generalized Search Tree (GiST)

ÅA disorderly B+ - tree, with user -defined keys

ïtree doesnôt interpret keys.

ïñuserò implements keys as an OO class, with 
methods that guide search, insert, delete, split, 
etc.

ÅStructure: balanced tree of ( p, ptr) pairs

ïp is an index key or ñpredicateò

ïp holds for all data records below ptr

ïneed n keys for n pointers (unlike B+ -tree)

User-provided Key Methods

ÅSearch:

ïConsistent (E,q): E.p q ?  (no/maybe)

ÅGenerating new keys after splits:

ïUnion (P ): new key that holds for all tuples in P

ÅData organization:

ïPenalty (E1,E2): 

ñbadnessò of insertingE2 in subtree E1

ïPickSplit (P): split P into two groups of entries

Search

ÅGeneral technique: 

ïDepth-First Search where Consistent is TRUE

Å Incremental algorithm:

ïMaintain a search stack of <page_id, offset> pairs 
from root to current data entry

ïEach ñget nextò call moves the offset to right

ÅWhen nothing left on page, pop stack, move right in 
parent (or recurse) and go down to leaf.

Insert

Ådescend tree along least increase in Penalty

Åif thereôs room at leaf, insert there

Åelse split according to PickSplit

ïdo B-tree-style recursive splitting

Åpropagate changes (recursively) using Union

ïmake sure all ancestor keys are consistent with 

inserted item

Q: what happened to B-tree ñcopy upò and ñpush 
upò logic?

Letôs revisit with example of R-tree in a few slides

Delete

Å find the entry via Search, and delete it

Åpropagate changes (recursively) using Union

Åon underflow:

ïreinsert stuff on page and delete page

ïwhy not borrow/merge a la B+ -trees?

RD-tree: GiST for Sets

{CS1, CS11, Music1, 
Music2, Math221, Math22, 
Math223}

{CS1, Bus101, Bus102, 
Bus103, Ec121, Ec122, 
Ec123}

{CS1, CS786, CS888, 
Math221, Music1, 
Music788}

{Bus101, Bus102, Bus103, CS1}
{Bus101, Ec121, Ec122, Ec123}

{CS1, Bus101, Ec121}

{CS1, CS11, Math221}
{Music1, Music2, CS1}

{CS1, Math221, Math22, Math223}

{Music1, CS1, Math221}
{Music788, CS888, CS786}

{CS1}


