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Hadamard transform of the modified given data term. The indexer provides a set of keys based on the coefficients, and associates the
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similarity measure for a pair of data terms of the plurality of data

terms, the similarity measure based on a number of overlaps between respective sets of keys, and indicative of proximity of the pair

of data terms.
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PROXIMITY OF DATA TERMS BASED ON
WALSH-HADAMARD TRANSFORMS

Background

{0001} A dataset is a collection of data terms. Datasets are analyzed fo
determine proximity of the data terms. Such proximity may be ulitized in finding

a data term that is proximate {0 a recsived gquery term.

Brief Description of the Drawings

{1162 Figure 1 is a functional block diagram Hlustrating one example of a
system for determining proximity of data terms based on Walsh~-Hadamard
transforms.

{0003] Figure 2 1s a block diagram illustrating one example of a processing
system for implementing the system for determining proximity of data terms
based on Walsh-Hadamard transforms.

{04} Figure 3 is a block diagram illustrating one example of a computer
readable medium for determining proximity of data terms based on Walsh-
Hadamard transforms.

{0008] Figure 4 is a flow diagram illustrating one exampie of a method for
determining proximity of data terms based on Walsh-Hadamard transforms.

Detailed Description

{0060} A dataset is a collection of data ferms. Dalasels are analyzed 1o detect
proximity of the data terms. Such proximity may be utilized for an approximate
nearest neighbor ("ANN"} search.

{0007 As described in various examples herein, proximity of data terms is
determined based on Walsh-Hadamard transforms ("WHTs"). Such an
approach may be utilized to perform probabilistic dimensionality reduction for
the purpose of ANN search and indexing. ANN search via WHT indexing may
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be utitized for computer systems that perform in-memory big-data analysis and
retrieval. A WHT is an orthogonal, non-sinusoidal transform that takes a signal
as input and outputs a set of basis funclions. The cufput functions are known
as Walsh functions. A Walsh funclion takes two values: +1 and -1, Performing
a WHT on an input signal provides a set of coefficients associated with the input
signal.

{0008] As described herein, the ANN search based on a WHT takes a data ferm
{(&.g. a numerical N-dimensional vector) in 3 dataset and maps itto a set of H
keys. Each keyis an integer from the set {1, 2, ..., U}, where U s generally
much larger than N, and N is much larger than H. Generally, U may be a power
of 2. Forexample, we may have H = 100, N = 8000, and /= 2%, The Hkeys
may be based on largest H coefficients provided by the WHT. So we oblain a
projection of an N-dimensional object onto a lower H-dimensional object. A
similarity measure between two dafa terms in the dataset may be determined
based on a number of common keys. This provides an approximate measure of
nearest neighbors in the dataset. An ANN search may then be performed. For
example, a received guery term may be mapped to a sel of keys, and this set of
keys may be utdized {o search for a nearest neighbor in the dalaset based on
the similatity measurs,

H009] As described in various examples herein, determining proximity of data
terms based on Walsh-Hadamard transforms is disclosed. One example is a
system including a modifier, a Walsh-Hadamard fransformer, an indexer, and an
evaluator. A dataset is received via a processing system, the dataset including
a plurality of numerical data terms. A numerical data term is data that may be
represented numerically. in one example, a numerical dala may be a veclor
with numerical components. As ancther example, a numerical data term may
be a matrix with numerical entries. In one example, a dala term may be
represented numsrically. For example, the term “True” may be represented by
the number “17 and the term "False” may be represented by the number "0”.
The modifier extends a given data term of the plurality of data terms, the
extension based on multiple concatenations of the given data term with itself.
The Walsh-Hadamard transformer applies a3 Walsh-Hadamard transform o the
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madified given data term to provide coefficients of the Walsh-Hadamard
transform. The indexer provides a set of keys based on the coefficients of the
Walsh-Hadamard transform, and associates the set of keys with the given dala
term. The evaluator determines, via the processing system, a similarity
measure for a pair of data terms of the plurality of data terms, the similarity
measure based on a number of overlaps between respective sels of keys, and
indicative of proximity of the pair of data terms.

{0016 in the following detailed description, reference is made {o the
accompanying drawings which form a part hereof, and in which is shown by way
of Hlustration specific examples in which the disclosure may be practiced. Hisio
be understood that other examples may be ulilized, and structural or logical
changes may be made without departing from the scope of the present
disclosure. The following detalled description, therefore, is notto betakenin a
limiting sense, and the scope of the present disclosure is defined by the
appended claims. It is to be understood that features of the various examples
described herein may be combined, in part or whole, with each other, unless
specifically noted otherwise.

{011} Figure 1 is a functional block diagram iflustrating one example of a
system 100 {for determining proximity of data terms based on Walsh-Hadamard
fransforms. The system 100 receives a dataset, including a plurality of
numerical data terms. The sysiem 100 extends a given data term of the
plurality of data terms, the extension based on mulliple concatenations of the
given data term with itself. I one example, the system 100 extends each data
term of the plurality of data terms into an extended data term, the extension
based on concatenating each data term with itself d times. The system 100
applies a Walsh-Hadamard transfarm 1o the modified given data term to provide
coefficients of the Walsh-Hadamard transform. The system 100 determines a
similarity measure for a pair of data terms of the plurality of data terms, the
similarily measure being based on a number of overlaps between respective
associated sets of keys, and being indicative of proximity of the pair of data
terms. In one example, the given data term is & vector with N components, and
the modified given data term is a modified vector with {/ components, and the

3



WO 2016/014050 PCT/US2014/047803

indexer associates the set of U integers with the given data term, each given
integer of the set of U infegers associated with the given data term if the given
integer appears in the set of keys associated with the given data term.
Accordingly, the plurality of data terms in the dalaset may be indexed based on
the Walsh-Hadamard transforms.

{0012] Such indexing represents each data term with multiple keys to increase
the overall probability of overlaps. The muitiple keys may correspond to
selected WHT coefficient indices (e.g. the largest M indices), thereby
representing a high-timensional data term in low dimensional space.  Applying
the WHT is computationally more efficient than other comparable fransforms.
The indexing disclosed herein may be applicable to a data set with numerical
data terms.

{0013] System 100 includes a dataset 102 with a plurality of numerical data
terms, a modifier 104, a collection of modified data terms 106, a Walsh-
Hadamard transformer 108, an indexer 110, sets of keys 112(1), 112(2), ...,
112{x}, each set of keys associated with a data term, and an evaluator 114, In
one example, the dataset 102 may include a plurality of vectors with numerical,
real-valued components. System 100 may be provided with values for H and {4
The integer H may be experimenially determined based on the type and number
of data terms in the dataset. Generally, U is a very large integer relative to H.
In one exampie, U is a power of 2. The slements of system 100 may be
implemented, for example, in software.

{0014} Modifier 104 extends a given data term of the plurality of data terms, the
extension being based on mulliple concatenations of the given data term with
itself. In one example, the extension is based on concatenaling each daia term
with itself d imes. in one example, a vector with N numerical components may
be extended by concatenating it with itself d times, where o may be selected as
a floor(UIN). In one example, the extension includes adding zeros s0 that the
madified vector hasg U components. For example, § d = floor(UiN}, then the
number of additional zeros may be Umod N. The floor of a real number is the
largest integer that is smaller than the real number, For example, the floor of
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2.899 is 2, the floor of 10.001 is 10, and so forth. In one example, N may be
8000, and U may be 2'®. Accordingly, d = floor(2'°/8000).

J0015] As another ilustrative example, N may be 10, and U may be 2%
Accordingly, d = foor(2%10) = floor{32/10) = floor{3.2) = 3, and U/ mod N = 32
mod 10 = 2. Avector A = <@y, &8s, ..., 84> May be concatenated d = 3 imes
with itself to obtain a vector: A’ = <aq, &, ..., &, 81, 8y, ..., 84p, 81, 8, ..., a1~ Of
length 30. Two additional zeros may be added to the vector A’ fo obtain a
maodified veclor: <ag, 8s, ..., 8y, 81, 82, ..., 81, 84, 82, ..., 810, B, 0> of length U
=32

{016} In one exampie, the modifier may randomly permute components of the
extended data term. For example, components of the exlended vector may be
permuted. I one example, the integers {1, 2, ..., U} may be permuted, and the
corresponding permutation may be applied fo the modified veclor with U
components. For example, when U = 32, the integers {1, 2, ..., 32} may be
permuted to obtain the set {32, 1, 2, ..., 31}, Accordingly, the modified vector
<@, 8y, ..., Sup, S, 8, ..., 810, 81, 8y, ..., Sy, 0, U= may also be permuted to
obtain the vector: <0, a4, 8z, ... &, 84, 82, ..., &0, 84, 82, ... 810, 0> In gensral,
an extension followed by a random permitation increases a likelihood of finding
similarities between two data terms.

[017] Dataset 102 is modified via modifier 104 to provide modified data terms
106. System 100 includes a Walsh-Hadamard transformer 108 to apply a
Walsh-Hadamard transform to the modified given data term to provide
coefficients of the Walsh-Hadamard transform. For example, after application of
the Walsh-Hadamard transform fo the modified vector <0, a4, 32, ..., Sy, &4, Az,
ceoo g, 81, 82, ... 84, O, the Walsh-Hadamard fransformer may provide &
collection of coefficients ¢, ¢, oo, G,

{0018] System 100 includes an indexer 110 to provide a set of keys based on
coefficients of the Walsh-Hadamard transform, and {o associate the setl of keys
with the given data term. In one example, the highest H coefficients of the
Walsh-Hadamard transform of the modified data term may be selected as the
set of keys. In general, H may be much smaller than {J. In one example, H may
be 100, N may be 6000, and U may be 2'°,
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[a019] indexer 110 provides sets of keys 112(1), 112(2), ..., 112{x), each sel
corresponding o a data term, may be providad by the Walsh-Hadamard
transformer 108. In one example, each 6000-dimensional vector may be
associated with 100 integers selected from the set {1, 2, 3, ..., 2.

Accordingly, a higher dimensional data object (e.g. with 8000 dimensions} is
associated with a lower dimensional index {e.g. with 100 dimensions).

{0020] iIn one example, the set of keys comprises coefficients of the Walsh-
Hadamard transform of the modified dafa term. As described herein, the Walsh-
Hadamard transform for a given modified data term may provide a collection of
coefficients ¢, ¢y, ... ¢ The H largest coeflicients, ¢, ¢, ..., 0y, May be
selected as the set of keys asscciated with the data term Al

{0621 Table 1 Hlustrates an example association of data terms A, B, and C, with

sets of keys:

Data Term Set of Keys

A {1,5,8,13, 16}

B {2,3, 4,713}

G {1,6, 7.8 11}
Table 1

{0022} In one example, the given dafa term may be a vector with N components,
and the modified given data term may be a modified vector with U components,
and the indexer 110 may associate the set of U integers with the plurality of data
terms, sach given infeger of the set of U integers being associated with the
given data term if the given integer appears in the set of keys associated with
the given data term. Table 2 iflustrates an example association of {/ = 2°
integers {1, 2, ..., 168 to dataterms A, B, and C, based onsels of H= 5 keys in
Table 1:

T T2 T34 51617818 10111112 14311411516
AT A A A A
B BB B B

&7 ¢ ETE ¢

Table 2
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{0023 As illustrated, inlegers 1 and 5 are associaled with A and C since these
integers appear in the set of keys associated with A (see Table 1) and the set of
keys associated with C {see Table 1). Likewise, integer 13 is associated with A
and B since this inleger appears in the set of keys associated with A {see Table
1) and the set of keys associated with B (see Table 1).

{0024] System 100 includes an evaluator 114 to determine a similarity measure
for a pair of data terms of the plurality of data terms, the similarity measure
based on a number of avertaps belwesn respective sefs of keys, and indicative
of proximity of the pair of data terms. Table 3 ilustrates an example
determination of similarity measures for pairs formed from the data terms A, B,
and C:

Data Term Pair: (XY} | Similarity Measure: S{X.Y)
(AB) SIAB) = 1
(AL} SAC)=2
(B.C} SB.CY=1
Table 3

{0032] As illusirated in Table 2, the data terms A and B have index 13 in
comumon in their respective sets of keys. Accordingly, the similarity measure for
the pair {A B), dencted as S{A,B) may be determined o be 1. Also, for
example, as lustrated in Table 2, the data ferms A and C have indices Tand 5
in common in their respective sets of keys. Accordingly, the similarity measure
for the pair (A, C), denoted as S{A,C) may be determined to be 2. As another
example, as Hlustrated in Table 2, the data terms B and C have index 7 in
common in their respective sets of keys. Accordingly, the similarity measure for
the pair (B.C), denoted as §(B.C) may be determined {o be 1.

{0033} In one example, system 100 may further include a receiver {not illustrated
in Figure 1) to receive a query term. In one example, the query ferm may be a
vector with numerical compenents. The meodifier 104 may extend the query
term, and the Walsh-Hadamard transformer 108 may apply a Walsh-Hadamard
fransform to the maodified query term to provide coefficients for the modified
query term. As described herein, the indexer 110 may associate the query term

with a set of keys, the set of keys based on the coefficients for the modified
7
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query term. Table 4 fllustrates an example query tenm Q associated with a set

of keys:
Query Term Set of Keys
Q {1,6,8, 7.8, 10, 13}
Table 4

{0034} In one example, system 100 may include a classifier {not Hlustrated in
Figure 1} o generate a list of data terms of the plurality of data terms, the hist
generated based on the set of keys associated with the modified query ferm. In
one example, the classifier may rank the list of data {erms based on a similarity
measure of the query term with each data term in the list of data terms. Table 5
iHustrates an example list of terms associated with the query term Q illustrated
in Table 4, and the corresponding similarity measures.

115 {617 19 110 13 | Similarity Measures
ATA A A 1 S{QAY=4
7 B B 1 5{QB)=2
CiC C S{QCI =3
Table §

{0035 As iflustrated, the set of keys associated with the query term Q (see
Table 4) may be compared with the indexed data terms llustrated in Table 2.
Based on such comparison, index 1 appears in the set of keys associated with
@ and index 1 is also associated with data terms A and C. Also, for example,
index 5 appears in the set of keys associated with Q and index 5 is also
associated with data terms A and C. As another example, index 13 appears in
the set of keys associated with Q and index 13 is also associated with datla
terms A and B. The frequency of occurrence of Ais 4. This is also the similarity
measure for the pair Q and A. The frequency of occurrence of Bis 2. Thisis
aiso the similarity measure for the pair Q and B. The frequency of occurrence of
C i5 3. This is also the similarity measure for the pair Q and C.

{0836} In one example, the classifier may rank the list of data termg based on a
similarity measure of the query term with each data term in the list of data terms.
Based on the example illustrated in Table b, the classifier may rank the hist of
data terms as A, C, and B.
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{0037} In one example, the classifier provides, in response to the query term, at
least one data term from the list of data terms based o the ranking. In the
example llustrated in Table 5, based on the ranking, the al least ong data ferm
may be selected as A, and the classifier may provide A in response to the query
term 3. Accordingly, A may be determined as a nearest neighbor for the query
term Q.

{0038] in one example, the ranking may not provide an unambiguous candidate
for the at least one data term. In such instances, in one example, more than
one data ferm may be provided in response fo the guery term. Also, for
example, if data terms D and E are determined 1o have the same ranking, then
additional measures of similarity may be utilized 1o determine f D or E may be
provided i response o the query term. For example, cosine similanties may be
determined for the pairs (D,Q) and {(E,Q), and D or E may be selected based on
the respective cosine simifarities.

{0039] Figure 2 is a block diagram illustrating one example of a processing
system 200 for implementing the system 100 for delermining proximity of data
terms based on Walsh-Hadamard fransforms. Processing system 200 includes
a progessor 202, a meamaory 204, input devices 218, and output devices 218,
Processor 202, memary 204, input devices 218, and output devices 218 are
coupled to each other through communication link {e.¢., 8 bus).

{0040] Processor 202 includes a Central Processing Unit (CPU) or anather
suftable processor. In one example, memory 204 stores machine readable
instructions executed by processor 202 for operating processing system 200
Memaory 204 includes any suitable combination of volatile and/or non-volatile
memory, such as combinations of Random Access Memory (RAM}, Read-Only
Memory (ROM), flash memory, and/or other suitable memory.

{00411 Memory 204 stores dataset 206, including a plurality of data terms, for
processing by processing system 200, Memaory 204 also stores instructions to
be executed by processor 202 including instructons for a modifier 208, a Walsh-
Hadamard transformer 210, an indexer 212, and an evaluator 214, i one
example, modifier 208, Walsh-Hadamard transformer 210, indexer 212, and

svaluator 214, include modifier 104, Walsh-Hadamard fransformer 108, indexer

g
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110, and evalualor 114, respeclively, as previously described and llusirated
with reference to Figure 1.

{842 iIn one example, processor 202 executes instructions of modifier 208 to
modify dataset 206 to extend a given data term of the plurality of data terms, the
axtension being based on mutltiple concatenations of the given data term with
itself. In one example, processor 202 executes instructions of modifier 208 to
extend a vector with N numerical components by concatenating it with itself d
times, where ¢ may be selected as the floor(UiN). In one example, processor
202 executes instructions of modifier 208 1o randomly permute components of
the extended given data term.

13025 Processor 202 executes instructions of Walsh-Hadamard fransformer
210 to apply a Walsh-Hadamard transform to the modified given data term fo
provide coefficients of the Walsh-Hadamard transform.

[0026] Processor 202 exscutes insfructions of an indexer 212 to provide a set of
keys based on coefficients of the Walsh-Hadamard transform, and to associate
the setl of keys with the given data term. In one example, highest H coefficients
of the Walsh-Hadamard fransform of the madified given data term may be
selected as the set of keys. In one example, the given dala termmay be a
vactor with N components, and the modified given data term may be a modified
vactor with U components, and processor 202 executes instructions of an
indexer 212 {0 associate the set of U integers with the plurality of data terms,
each given integer of the set of L/ integers being associated with the given data
term i the given integer appears in the set of keys associated with the given
data term.

1927 Processor 202 executes instructions of an evalualor 214 {0 detenmine g
similarity measuyre for a pair of data terms of the pluralily of data terms, the
similarity measure based on a number of overlaps between respective sets of
keys, and indicative of proximity of the pair of data ferms.

{0028} In one example, processor 202 executes instructions of a receiver (nat
ilustrated in Figure 2} 1o receive a query term. In one example, processor 202
executes instructions of modifier 208 1o extend the query term. In one example,
processor 202 executes instructions of Walsh-Hadamard transformer 210 to

10
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apply a Walsh-Hadamard transform to the moedified query term {o provide
coefficients for the modified gquery termy. In one example, processor 202
gxecutes insfructions of indexer 212 {o provide a set of keys based on
coetfficiants of the Walsh-Hadamard transform, and to associate the set of keys
with the query term. In one example, processor 202 executes instructions of a
classifier (not illustrated in Figure 2) to generate a list of data terms of the
plurality of data terms, the list generated based on the set of keys associated
with the modified query term. In one example, processor 202 executes
instructions of a classifier (o rank the list of data terms based on a similarity
measure of the guery term with each data term in the list of data terms. Inone
example, processor 202 executes instructions of a classifier to provide, in
response {o the query term, at least one data term from the list of data terms
based on the ranking.

[0829] input devices 216 include a Keyboard, mouse, dala porls, andfor other
suitable devices for inputting information inte processing system 200, In one
example, input devices 216 are used {0 input a guery term. Quiput devices 218
include a monitor, speakers, data poris, and/or other suitable devices for
outpuiting information from processing system 200, in one example, output
devices 218 are used 1o provide responses 1o the query term. For example,
output devices 218 may provide the at least one data term.

{0030] Figure 3 is a block diagram illustrating one example of a computer
readable medium for determining proximity of data terms based on Walsh-
Hadamard transforms. Processing system 300 includes a processor 302, a
computer readable medium 306, and a Walsh-Hadamard transformer 304.
Processor 302, computer readable medium 306, and the Walsh-Hadamard
transformer 304 are coupled 1o each other through communication ink (e.g., &
hus).

{0031} Processor 302 exscutes instructions included in the computer readable
medium 306. Computer readable medium 3086 includes dataset receipt
instructions 308 o receive a dataset. The dataset receipt instructions 308
include instructions to receive a plurality of plurality of veciors with numerical
components. Computer readable medium 306 includes modification instructions

11
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310 of a modifier to modify a given vector of the plurality of vectors intc a
modified given vector. The modification instructions 310 comprising further
extend instructions 312 to exiend the given vector by concatenating it with itself
migdliple imes. The modification instructions 310 comprising further permute
instructions 314 to randomily permute the components of the extended given
vegtor.

{0032] Computer readable medium 3086 includes Walsh-Hadamard fransform
instructions 316 of the Walsh-Madamard transformer 304 to apply a8 Walsh-
Hadamard transform fo the modified given vector to provide coefficients of the
Walsh-Hadamard transform. Computer readable medium 3086 includes indexing
instructions of an indexer 318 to associate a set of keys with the given veclor,
the set of keys based on the coefficients of the Walsh-Hadamard transform. In
one example, highest H coefficients of the Walsh-Hadamard fransform of the
madified given veclor may be selected as the set of keys. In one example, the
given vector may have N companents, and the maodified given vector may have
L/ components, and computer readable medium 306 includes indexing
instructions of an indexer 318 o associale the set of U integers with the given
vector, each given integey of the set of U integers being associated with the
given vector if the given integer appears in the set of keys associated with the
given vector. Computer readable medium 308 includes similarity measure
determination instructions 320 of an evaluator to determine a similarity measure
for a pair of vectors of the pluralily of vectors, the simifarity measwre based on a
number of overlaps between respective sets of keys, and indicative of proximity
of the pair of vectors.

[3033] in one example, computer readable medium 306 includes instructions ©
receive a query veclor, assaciate the query vector with a set of keys, and
provide at least one vector of the pluralily of veclors based on the set of keys
associgted with the query vector.

[0034] Figure 4 is a flow diagram illustrating one example of a method for
determining proximity of data terms based on Walsh-Hadamard fransforms. At
400, a query term is received. At 402, the query term is modified by
concatenating the query term with itself multiple times. At 404, a Walsh-

12
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Hadamard transform is applied to the modified query term to provide coefficienis
of the Walsh-Hadamard fransform. At 408, the query term is associated with a
set of keys, the set of keys based on the coefficients of the Walsh-Hadamard
fransform. Al 408, at least one datla term is retrieved from a plurality of dala
terms, the at least one data term being retrieved based on the set of keys
associated with the query term. At 410, the at least one data term is provided in
response o the query term.

{0035] in one example, modifying the query tenm may include randomly
permuting the components of the concatenated query term.

[HI36] In one example, the associated set of keys may include indices of the
Walsh-Hadamard transform of the modified query term.

{98371 In one example, the guery term is a vector with N components, and the
modified guery term is a modified vector with U components, and the indexer
associates the set of U integers with the vector, each given integer of the set of
U integers associated with the vector if the giver integer appears in the set of
keys associated with the vector.

JBO3R] In one example, the datahase may include an association of the set of U
integers with the plurality of data terms, each given integer of the set ot U
integers being associated with a given data term if the given integer appears in
the set of keys associated with the given data term.

{0039] Examples of the disclosure provide a generalized system for determining
proximity of data terms based on Walsh-Hadamard transforms. The
generatized system provides an automatable approach {o perform probabilistic
dimensionality reduction for the purpose of ANN search and indexing. ANN
search via WHT indexing may be ulilized for compider systems that perform in-
memory big-data analysis and retrieval.

{00407 Although specific examples have been illusirated and described herein,
especially as related to healthcare data, the examples illustrate applications to
any structured data. Accordingly, there may be a variety of alternate andlor
equivalent implementations that may be substituted for the specific examples
shiown and described withoul depading from the scope of the present
disclosure. This application is intended to cover any adaptations or variations of

13
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the specific examples discussed herein. Therefore, it is intended that this
disclosure be limited only by the claims and the equivalents thereof.
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CLAIMS

1. A system comprising:

a dataset received via a processing system, the dataset including
a plurality of numerical data terms;

a modifier to extend a given data term of the plurality of data
terms, the extension based on multiple concatenations of the given data
term with itself;

a Walsh-Hadamard transformer to apply a Walsh-Hadamard
transform to the modified given data term to provide coefficients of the
Walsh-Hadamard transform;

an indexer to provide a set of keys based on the coefficients of the
Walsh-Hadamard fransform, and 1o associate the set of keys with the
given data term; and

an evaluator {o determineg, via the processing system, a similarity

measure for a pair of data terms of the pluralily of data terms, the
similarty meaasure based on a number of overlaps belween respective
sets of keys, and indicative of proximity of the pair of data terms.

2. The system of claim 1, wherein the modifier randomly permutes
components of the extended data term.

3. The system of claim 1, wherein the given data term is a vector with N
components, and the modified given data term is a modified vector with U/
components, wherein U/ is considerably larger than N, and the indexer
associates the set of U integers with the given data term, each given
integer of the set of I/ integers associated with the given data term if the
given integer appears in the set of keys associated with the given data
term.

15
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4. The system of claim 3, wherein the set of keys comprises H largest
coefficients of the Walsh-Hadamard transform, wherein H is considerably
smaller than N.

5. The system of claim 1, further comprising a receiver 1o receive a query

term, and wherein:

the modifier extends the query term;

the Walsh-Hadamard transformer apphies the Walsh-Hadamard
transform to the modified query term to provide coefficients for the
madified guery term; ang

the indexer associates the guery term with a sef of keys, the sef of
keys based on the coefficients for the modified query term.

8. The system of claim 5, further comprising:
a classifier {0 generate a list of data terms of the plurality of data
terms, the list generated based on the set of keys associated with the
madified query term.

7. The system of claim 6, wherein the classifier ranks the list of data terms
based on a similarity measure of the query term with each data term in
the list of data terms.

8. The system of claim 7, wherein the classifier provides, in response to the
query term, al least one data {erm from the list of data terms based on
the ranking.

8. A maethod o find an approximale nearest neighbor in a database, the

method comprising:

recaiving, via a processor, a guery lerm;

madifying the guery term by concatenating the query lerm with
itself muitiple times;

applying a Walsh-Hadamard transform to the modified guery term
to provide coefficients of the Walsh-Hadamard transform;

16
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associating the query term with a set of keys, the set of keys
hased on the coefficients of the Walsh-Hadamard transform;

retrieving, from the daiabase, at least one data term from a
plurality of data terms, the at least one data term refrieved based on the
set of keys associated with the guery term; and

providing, in response to the guery term, the at least one data

term.

10. The method of claim 9, wherein modifving the query term further
comprises randomiy permuting the components of the concatenated
query term.

11. The method of claim 9, wherein the query term is a vector with N
components, and the modified query term is a modified vector with U
components, and the indexer associates the set of U integers with the
vector, gach given integer of the set of U integers associated with the
vectar if the given integer appears in the set of keys associated with the
vectar,

12. The method of clgim 8, wherein the database comprises an association
of the set of U integers with the plurality of dala terms, each given integer
of the set of U/ integers associated with a given data term i the given
integer appears in the set of keys associated with the given data term.

13.A non-fransitory compuler readable medium comprising execuiable
instructions {o:
receive a dafaset via a processor, the dataset including a plurality
of vectors with numerical components;
modify a given vector of the plurality of vectors info a modified
given vector, the instructions to modify comprising further instructions to:
extend the given vector by concalenating it with itself

muitiple times, and

17
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randormiy permute the components of the extended given
vector;
apply a Walsh-Hadamard transform {o the modified given vector to
provide coefficients of the Walsh-Hadamard transform;
associate a set of keys with the given vector, the set of keys based
on the coefficients of the Walsh-Hadamard transform; and
determine, via the processor, a similarity measure for a pair of
vectors of the plurality of vectors, the similarily measure based on a
number of overlaps between respective sets of keys, and indicative of

proximity of the pair of vectors.

14. The non-transitory computer readable medium of claim 13, wherein the
given vector has N components, and the modified given vector has U
components, wherein {18 considerably larger than N, and further
mcluding instructions to:

associate the set of U integers with the given vector, gach given
integer of the set of I/ integers associaled with the given vector if the
given integer appears in the set of keys associated with the given vector,

15. The non-transitory computer readable medium of claim 13, further
including instructions to:
receive a query vector;
associate the query vector with a set of keys; and
provide at least one vector of the plurality of vectors based on the

set of keys associated with the guery vector.
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