Pivot Selection Techniques

Proximity Searching in Metric Spaces
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Introduction

® Search for information can be performed in two different ways:

¢ Exact Search: the search is performed by looking for an element whose
identifier exactly corresponds to a defined search key

® Approximate Search: the search is performed by finding an item in
the dataset which is surrounded by a radius and is sufficiently close to the
defi ned key search
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Introduction

® To answer queries, approximate search relies in indexing methods which

minimize the number of comparisons between the query and the items
of the dataset

Pivot methods are indexing structures used in many algorithms of the
literature
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Pivots are items from the collection which are chosen to
index the dataset

Choosing the best pivots is a very challenging problem

QuickSort is an example of an algorithm which uses pivot
as an indexing structure
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Metric Spaces are defined as a pair (E, d) with EcU, where U

is the universe of the elements in the space, E is a finite
subset of U which represents the dataset and d is a function

U x U = ‘R which obeys to the following properties:
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® [t is an optimization problem for finding closest points
In metric spaces.

® Given a metric space (E, d),a query g € U and a radius
r > 0, r € R, the approximate search (g, r)s over the metric
space (E, d) is defined as:

(g.7), ={xe E,d(g,x)<r}

Ly (%100 2, ), Oy 2 ) = 1| |2, =3, |
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® Given a metric space (E, d),a query g € U and
a radius r > 0, r € ‘R, the approximate search (g, r)4
over the metric space (E, d) is defined as:

In the figure, the result of the
query (q, r)q is the set of
elements: u6 - ul0 -ul4
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Given a query (q, r) and a set of k pivots p; € E,
through the triangular inequality we obtain:

d(p;,x)<d(p;,q)+d(q,x)Qd(p,,q)<d(p,,x)+d(q,x)

S0, the distance between g and x is given by:

d(q,x)=|d(p;,x)—d(p,;,q)

It follows that all items which are not inside the
radius r can be discarded (items which do not
obey to the equation): JCICHARLEN D EAILIN:
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Mapping of a metric space into a vector space with

function d using two pivots (u8 - ul |)
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Good Pivots

® Good Pivots have the following properties:

® They are far away between each other, i.e., the

~ Mmean dlstance between pIVOtS is hlgher than the
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Techniques for Pivot Selection

® |n the literature, it has already been shown that the
choice of the pivots can drastically affect the
quality of the search process.

° In thelr work the authors have proposed 3

' —pal ,-7:”.“.-‘ X -,-.',A',_‘ ATy Py s e e
3 Y P~ A S aadE K S R AP L3 bl sid 8
BT CRECE St PRt o S S S S

N RN o f. \- A5 15 ,‘F _..; (= 1,4--{,‘;_. o .rt'-:.n-;e [ Enale REy ol P uias (. P -\.m.‘f,.~ \;,., Sy ) \5“"\5' e .gm 1.. T8 AT ,. TS t" ' n A . S % v 3
- y 3 N ,,“, =/~ (s Y 4 b AW/ ot ok :.4"':.' ¥ S ey v.w%u . -~ - % 4-- sl “:__ o B e REhE ; & : PR e e

; 'Y £ | Yl d b\ vy iy 3_\, ‘i N i:“~‘ |3 n“ ¥ 60 :&,.3,:‘_7. 7’3:‘.\ | AV/L & ,Q:\- A "‘-’-‘\:’. SR E ) A,‘g;‘y..‘l,- % '_.51:'._5,.;\. '_‘.-Yf'.;_, ‘."f(:"._'“'-,'f:'-“ :q ,‘,,.-“._?-4 '_-'.'-’r'?'-.-J\;""?L‘?‘.""'ﬁrt" 5‘.‘ 'l"?"‘(;w',:"'.,‘:""“‘."“?-'.‘; B

Y o P O W SRR & A Y AR SRS P et S e B e i e e i o ey ;. -_"“., 2 L § S AL ot VIR et S VI SN, .




Selection of N Random Groups

N groups of k pivots are chosen at random among




Incremental Selection

A pivot p) is selected from a sample of N elements
of the database, such that, that pivot alone has the
maximum «p value (efficiency criterion). Then, a
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Local Optimum Selection

A group of k pivots are chosen at random among
the elements of the database. Compute the matrix:

M(r,j)= d(_ar’p_,‘)_d(a'r ,P.‘,‘),r =1..4
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Conclusions

® Pivot methods are effective indexing structures

® Nearest Neighbor Search using such structures
can improve the search results, if pivots are
carefully chosen
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