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SIMILARITY DETECTING APPARATUS
AND DIRECTIONAL NEAREST NEIGHBOR DETECTING METHOD

Technical Field
The present invention relates to a feature
detecting apparatus and a directional nearest neighbor
detecting method, and more particularly relates to a
feature detecting apparatus for searching desirable
data from a multi-dimensional continuous data set and

a directional nearest neighbor detecting method.

Background Art

2 nearest neighbor searching technigue is an
important technigue that is used in various
application fields. For example, the'nearestgneighbor
searching technique 1is used in an application field in
which data having similar features are detected from
an enormous database in consideration of the
similarity of data such as an image and a Web page.

As a very simple method, the feature cf each data is
represented as one point in a space (for example, one
pecint in a Euclidean space), in which a distance is
defined, and the distances from a guery point to all
the data are calculated. Thus, the data near to the
guery can be detected. However, a method cof directly
calculating the distances reguires a very expensive
cost, and as the number of the data increages, a
calculation load is nonlinearly increased. Thus,
various methods have been proposed.

Patent Literature 1 (JP 2004-021430A4)
discloses an image searching apparatus that can
accurately search an image, which includes an image of
a particular photographic subject, as a similar image
without any cumbersocome operation of a user. The image
searching apparatus extracts the image similar to &

reference image serving as a search key, from among a
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search target image group that includes a plurality of
images targeted for a search. The image searching
apparatus includes: a section for dividing the
reference image and the respective images included in
the search target image group into a plurality of
regions; a section for extracting at least one feature
amount from the each of the regions of each of the
images included in the search target image group and
the reference image; and a section for selecting a
part of the region for each image included in the
search target image group, and seguentially selecting
the images from the search target image group, and
selecting a predetermined number of regiong cof the
selected image based on a similarity between a feature
amount extracted from each of the regions of the
reference image and a feature amount extracted from

each region of the selected image; and a section for

extracting the image similar to the reference.image

from the search target image group, based on the
feature amocunt of a partial region selected for each
image included in the seaxch target image group.
Patent Literature 2 {(JP 2005-070927A4)
digcloses an image feature acguiring method that
acguires an image feature, by which an image similar
to a drawn shape can be detected, irrespective of a
coincident degree of images. The image feature
acguliring metheod is a method that acguires an image
feature of a two-dimensional image. The two-
dimensiocnal image 1s changed to a predetermined size,
and 1f the image is a color image, the image is
converted into a scale image in grayscale. Then, one- .
dimensional raster image in a horizontal direction is
generated by seguentially connecting an end point of a
seguence of pixels connected in the horizontal
direction from a start point which is set in one of a

right side and & left side of the two-dimensional
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image, and a start point of a next seguence of pixels
in a vertical direction in each scale image, and one-
dimensional raster image in the vertical direction is
generated by segquentially connecting an end point cof a
seguence of pixels connected in the vertical direction
from a start peint which is set in one of a right side
and a left side of the two-dimensional image, and a
start point of a next seqguence of pixels in a
horizontal direction in each scale image. A proper
conversion processing i1g carried out to these one-
dimensional raster images.

Patent Literature 3 (JP H10-326286A)
discloses a similarity searching apparatus in which
the precision of a similarity search can be Iimproved
and there is a low possibility that an important
similarity data 1s removed from a search result. The
similarity searching apparatus is characterized by
including: a vector database for accumulating a
plurality of vector data which are generated for
plurality of targets, and in which a plurality of
attributes for indicating the features of the targets
serve ag vector configuration elements; a target
vector data generating section for generating vector
data for a specified similarity search target; a
search condition set generating section for generating
a plurality of search conditions; a similarity
searching engine for searching vector data, which
satisfies the above search conditions and is similar
to the above target vector data, from the plurality of
vector data accumulated in the above vector database,
for each individual search condition generated by this
search condition set generating sectiocon; and a search
result display for displaying a result searched by the
above similarity searching engine for each individual
search condition.

Typically, in the nearest neighbor search in
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a higher-dimensional space, a problem becomeg further
difficult, as compared with a lower-dimensional space.
For this reason, an approximate nearest neighbor
search method is proposed in which nearest neighbor
data is not determined through strict distance
calculation for enormous higher-dimensional data, and
data in a near distance is determined approximately or
probabilistically. One typical example is LSH
{(Locality Sensitive Hashing) (refer to Non-Patent
Literature 1). The LSH is a method that uses a hash
function in which as a distance between optional two
points is closer, they collide at a high probability
{have a same value), and it ig possible to reduce a
time regquired for a nearest neighbor detection to a
gquery input. Here, when the LS8H is used, a
preobability at which data p collides with a guery g is
based on only the distance d(p.,qg). Thus, zll of a
plurality of data located on a circumference of a
circle having the query g asg z center collide with the

guery g at a same probability.
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Summary of the Invention
4 first problem ig in that a detailed
position relation which is represented by a direction
is not considered as an index of an approximation of

features of two data. Specifically, the nearest



neighbor search cannot be carried out by distinguishing a
difference in direction, as in a case that a weight is given
heavier to a distance in a direction than a distance 1in
another direction. The reason is in that a technique
depending on only the distance is used 1in a conventional
nearest neighbor search.

A gecond preoblem is in  that an unnecessary
calculation time is required in the conventional technique,
when there is an interest to the similarity in only an aspect.
In the conventional technique, this is because the direction
is not considered, sc that the process of 2 steps of
extracting candidates by the nearest neighbor detection in all
the directions, and of taking out only data along an
interested direction is reguired. Because the number of
candidates detected in the nearest neighbor becomes enormous
as a difference of the strength of the interest is larger in
dependence on the direction (when a difference in the weight
of distance between a direction and another direction is very
large), the reduction effect of the calculation time cannot be
expected tooc much.

Embodiments of the present invention provide a
gimilarity detecting apparatus and a directional nearest
neighbor detection method, in which in a nearest neighbor
detection in a space that a difference of a feature is defined
as a distance, a nearest neighbor data can be detected at a
high speed by specifying an opticnal similarity criterion ({an
optional direction and an importance of an optional distance).

In one aspect of the invention, a similarity

detecting apparatus is provided. The similarity



detecting apparatus detects similar data from search object
data based on an optional similarity criterion. The similarity
detecting apparatus comprises means for retaining a table
related to random number data generated based on a parameter
for setting the similarity criterion, means for registering
and managing the search object data on the table; and means
for carrying out a similarity detection by wusing the table
based on the criterion of gimilarity in response to a nearest
neighbor search request from an coptional reference point, and
outputting data detected to be a nearest neighborhood.

The similarity detecting apparatus according to the
present invention is composed of a random number generating
section, an initializing section, a data registering section,

a searching secticn and a
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data processing section. The random number generating
section calculates a plurality of random number data
based on a plurality of directional parameters and a
plurality of intensity parameters which are inputted
through an input unit. A plurality of directional
prarameter shows a direction on the EBuclidean space.
The initialiizing section calculates a plurality of key
calculation functions based on the plurality of random
number data. The data registering section calculates
a plurality of tables corresponding to the plurality
of key calculation functions based on a plurality of
search target data inputted through the input unit and
records the plurality of tables in a table holding
unit. The plurality cf search object data shows
points on the EBuclidean space respectively. A
distance between two points shown by optional two of
the plurality of search object data shows a similarity
of the two search object data. ©One of the plurality
of tables corresponding to an optional key calculation
function relates a plurality of keys tec a plurality of
data lists, and is calculated such that a wvalue
calculated by substituting data belonging to ocne of a
plurality of data lists which corresponds to an
optional key into the optiocnal key calculation
function is egual to the optiocnal key. The searching
section refers to the plurality of tables to calculate
a candidate data list based on a guery showing the
search condition inputted through the input unit
shows. The candidate data list contains the plurality
of zearch data lists corresponding to the plurality of
key calculation functions. ©One of the plurality of
search data lists corresponding to the optiocnal key
calculation function shows a data list corresponding
to a guery value calculated by substituting the guery
into the key calculation function. The data

processing section calculates search resultant data
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from a plurality of search data belonging to the
candidate data list so as to satisfy a condition shown
by the search condition, and outputs the search
resultant data to an output unit.

In a method cof directional nearest neighbor
detection according to the present invention, a
plurality of random number data are calculated based
on a plurality of directional parameters and a
plurality of intensity parameters which are inputted
through an input unit. Also, a plurality of key
calculation functions are calculated based on the
plurality of random number data. Alsoc, a plurality of
tables correspconding to the plurality of key
calculation functions are calculated based on a
plurality of search target data inputted through the
input unit. Also, the plurality of tables are
registered on a table holding unit. Alsc, the
plurality of tables are referred to to calculate a
candidate data list based on a guery shown by a search
condition inputted through the input unit. 2Alsc, a
search resultant data is calculated from a plurality
0of search data belonging to the candidate data lisgt so
as to satisfy a condition shown by the search
condition. Also, the search result data is outputted
tc an output unit. A plurality of directicnal
parameters show directions on the Euclidean space.

The plurality of search object data show points on the
Euclidean space, respectively. A distance between two
points shown optional two of the plurality of search
object data shows a similarity of the optional two
search object data. One of the plurality of tables
which corresponds to the optional key calculation
function is calculated, by relating the plurality of
keys to the plurality of data lists, such that a value
calculated by substituting data belonging to one of

the plurality of data lists which corresponds to the
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optional key into the optional key calculation

function is equal to the optional key. The the

.candidate data list includes a plurality of search

data lists corresponding to the plurality of key
calculation functions. One of the plurality of search
data lists corresponding to the the optional key
calculaticon function shows one of of the plurality of
data lists corresponding to a guery value calculated
by substituting the guery into the key calculation
function.

A first effect is in that it is possible to
carry out the detection of a nearesgt neighbor point
with high degrees ¢f freedom along an interested
direction from a guery point to enormous data. The
reason 1s because a directional nearest neighbor
detection function can be realized by providing a data
management function having a table in which data is
registered on a same entry in a high probability as a
distance between optional two points is shorter when
the distance is measured in an opticnal distance
weight (importance} alcng the interested direction.

L gecond effect is in the speeding-up of the
directional nearest neighbor search processg. The
reason is in that it is enough to handle only data
registered on a same entry as a gquery point by
registering data on a plurality of tables in which a
desired directivity i1s registered, so that online
processing time can be substantially reduced because
it is not necessary to calculate distances to all the

data.

Brief Description of the Drawings
FIG. 1 is a block diagram showing a
similarity detecting apparatus according to the
present invention;

FIG. 2 1s a block diagram showing a table
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managing unit;

FIG. 3 is a flowchart showing an initializing
operation;

FIG. 4 is a flowchart showing a searching
operation;

FIG. 5 is a table showing an example of a
directional parameter;

FIG. 6 1is a graph showing a collision
probability isogram corresponding to the directional
parameter;

FIG. 7 is a table showing an example of the
directional parameter;

FIG. 8 is a table showing an example of a
plurality cf table sets;

FIG. ¢ ig a graph showing a plurality of
ccllision probability isograms corresponding to a
pilurality of directional parameters;

FIG. 10 is a diagram showing an image;

FIG. 11 is a graph showing the plurality of
search target data;

FIG. 12 is a table showing an example of the
plurality cf table sets;

FIG. 13 is a graph showing an example of a
guery of a search condition;

FIG. 14 is a graph showing an example of a
search resultant data;

FIG. 15 is a graph showing a plurality of
time series data;

FIG. 16 is a graph showing a plurality of
search target data of the plurality of time series
data;

FIG. 17 is a graph showing a plurality of
collision probability isograms;

FIG. 18 is a graph showing another plurality
of collision probability isograms;

FIG. 19 is a graph showing a ccllision
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probability distribution;

FIG. 20 is a graph showing another collision
probability distribution;

FIG. 21 is a graph showing a feature
distribution;

FIG. 22 is a bleock diagram showing a mobile
entity managing system; and

FIG. 23 is a table showing the plurality of

table gets.

Description of Exemplary Embodiments

Hereinafter, a similarity detecting apparatus

according to exemplary embodiments of the present
invention will be described with reference to the

attached drawings. In the similarity detecting

apparatus 1, a plurality of computers are connected so
that the computers can transmit data bi-directionally,
as shown in FIG. 1.

Each of the plurality of computers contains a
CPU, a storage unit and an interface, although they
are not shown.

The CPU executes a computer program installed
in the computer to contrecl the storage unit and the
interface.

The storage unit stores the computer program
and tentatively records or stores data generated by
the CPU.

The interface cutputs data generated by an
external unit connected toc the computer, to the CPU,
or outputs the data generated by the CPU to the
external unit.

2gs the external unit, an input unit, an
output unit, a communication unit and a removable
memory drive are exemplified.

The input unit generates data through an

operation of a usexr and outputs. the data to the CPU.
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As the input unit, a keyboard, a pointing device and a
touch panel are exemplified.

The output unit outputs data generated by the
CPU to be able to be recognized by the user. As the
cutput unit, a disgplay, an acoustic device and a touch
panel are exemplified.

The communication unit transmits data
generated by the CPU through a communication network
to another computer and outputs data received from the
other computer through the communication network to
the CPU. The communication unit ig further used to
download a c¢omputer program from the other computer.

When a recording medium is inserted into the
removable memory drive, the removable memory drive is
used to read data stored in the recording medium.

When the recording medium in which the computer
program has been stored is inserted into the removable
memory drive, the removable memory drive is furtherx
used when the computer program is te be installed in
the computer. As the recording medium, a magnetic
disc (a flexible disc, a hard disc), an optical disc
(CH, DVD), a magnetic-optical disc and a flash memory
are exemplilified.

A parameter managing unit 2, a random number
generating unit 3, a table managing unit 5 and a data
processing unit 6 are contained in the plurality of
computers.

The parameter managing unit 2 contains an
input unit 7. The parameter managing unit 2 controls
the input unit 7 so that a parameter list 8 is
inputted through the input unit 7 to the parameter
managing unit 2.

When a random number data is regquested by the
table managing unit 5, the random number generating
unit 3 calculates random number data based on data

outputted by the table managing unit 5.
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The table managing unit 5 contains a table
helding unit 10 and an input unit 11. The table
managing unit 5 controls the input unit 11 so that
input data 12 is inputted through the input unit 11 to
the table managing unit 5. The table managing unit 5
calculates a plurality of tables based on the input
data 12 and the random number data calculated by the
random number generating unit 3. The table managing
unit 5 controls the table holding unit 10 so that the
piurality of tables are stored in the table holding
unit 10. Moreover, when a data list is reguested by
the data processging unit 6, the table managing unit 5
refers to the plurality of tables tc calculate the
data list based on the data outputted by the data
processing unit 6, and then cutputs the data list to
the data processing unit 6.

The data procesgsing unit 6 contains an input
unit 14 and an ocutput unit 15. The data processing
unit 6 controls the input unit 14 so that a search
condition 16 is inputted through the input unit 14 to
the data processing unit 6. The search condition 16
includes a query and a condition. The data processing
unit 6 further outputs the guery to the table managing
unit 5 to request the data list from the table
managing unit 5. The data processing unit 6
calculates search regultant data based on the
condition and the data list calculated by the table
managing unit 5. The search resultant data indicates
data, which satisfies the condition, in the data
indicated by the data list. The data processing unit
6 further controls the output unit 15 so that the
search resultant data calculated by the table managing
unit 5 is output to be able to be recognized by the
user.

FIG. 2 shows the table managing unit 5. The

computer program that has been installed in the table
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managing unit 5 is provided with a plurality of sub
computer programs to make the table managing unit 5
realize a plurality of functions.

When each of the plurality of functions is
realized by the table managing unit 5, the table
managing unit 5 includes a random number data
acguiring section 21, an initializing section 22, a
data registering section 23 and a searching section
24 .

The random number data acquiring section 21
collects the parameter list 8, which is inputted to
the parameter managing unit 2, from the parameter
managing unit 2. The parameter list 8 indicates a
table parameter, a management parameter and a
directional parametexr. The table parameter indicates
a number of planes P, a window width W, a cardinzal
number C and a bit length B. The number of planes P
indicates a positive integer. The window width W
indicates a positive real number. The cardinal number
C indicates an integer of 2 or more. The bit length B
is a positive integer. The management parameter
indicates the number of dimensionsg D. The directional
parameter indicates a set U.

The set U is composed of directional
parameter uy and represented by the following
eguation.

U= {uy | uy € R® * R,} (§ =1, ..., D)
Here, a set R” indicates a D-dimensional vector space.
For example, a set R® indicates a two-dimensional
vector space.

A set R, indicates a set of positive real
numbers. That is, the directicnal parameter u; is
represented by the following egquation.

uy = <vy, oj=>
Here, a directional parameter v; indicates a D-

dimensional vector. An intensity parameter o5 is a
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positive real number and indicates a degree at which
importance is put on the directional parameter vy.

The random number data acguiring section 21
outputs the window width W, the bit length B, the
dimension number D and the set U in the parameter list
8 to the random number generating unit 3 to reguest
the random number data to the random number generating
unit 3. The random number data acguiring section 21
collects the random number data, which has been
calculated by the random nhumber generating unit 3,
from the random number generating unit 3. The random
number data acquiring section 21 repeats the request P
times to collect a plurality of (P) random number data
from the random number generating unit 3 and then to
generate a random number data set 2.

The random number data set Z is represented
by the fcllowing eqguation:

Z2 = {25} (p =1, ..., P}
Here, the set Z, indicates one random number data
calculated by the random number generating unit 3.

The set Z, is represented by the following

equation:

Zp = {Zp | Zp = < %%y, R®P'5) (b =1, ..., B)
Here, a random number R‘®’, indicates a random number
that i1g gubjected to a uniform disgtributicon U[C, W].
A random vector o'®'y indicates a D-dimensional vector.

The random vector &'Fly is represented by the
foilowing eguation:

q)(p)b = VZ\”l/zAb

A matrix V is represented by the following
equation:

Vo= (vi, .., Vg)

A diagonal matrix A M2

is repregented by the
following eguation:
A2 o= diag{l/cy, ..., 1/0p}

A vector Ap is a D-dimensional vector, and a
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d-component Ap,q (d = 1, ..., D} of the vector A,
indicates a random number that is subject to a normal
distribution N(0, 1).

The initializing section 22 further
calculates a plurality of (P} key calculation
functions based on the parameter list 8, which is
collected by the parameter managing unit 2, and the
random number data which is collected by the random
number data acquiring secticn 21. Of the plurality of
key calculation functions, a key calculation function
L'® (%) corresponding to an optional natural number p
(p £ P} is a function of a D-dimensional vector x.

The key calculation function L'® (x) is
represented by the following equation, by using the D-
dimensional vector x:

L™ (x) = (£%(x), ..., £%:(x))
A basic function £®' (x) is represented by the

following eguation:

@oP), . R(P)
FP%(x) = ’ ;;; * mod C

The data registering section 23 controlsg the
input unit 11 so that the input data 12 is received
through the input unit 11 by the table managing unit
5. The input data 12 indicates a data set X.

The data set X is composed of data x; and
represented by the following eguatiocn:

X = {x; | xs € R?} {i =1, ..., N)
Here, the set RP indicates the D-dimensgiocnal vector
gpace. A natural number N indicates the total number
of elements of the data x; of the data set X and
indicates a natural number greater than “1”. The data
®x; indicates the D-dimensicnal vector.

The data registering section 23 further

generates a plurality of (P) tables based on the input
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data 12 and the plurality of key calculation functions
calculated by the initializing section 22. 0f the
plurality of tables, a table corresponding to an
optional natural number p has a plurality of entries.
In the table, each entry of the plurality of entries
indicates a pair (combination) of one key and one
value, and sc that a plurality of keys are related to
a pluraiity of values. That is, of the pilurality of
keys, an optional key corresponds to one value of the
plurality of values.

Of the plurality of keys, an optional key
indicates a value calculated when any data x in the
data set X 1s substituted into the key calculation
function L'® {x), corresponding to an optional natural
number p, of the plurality of key calculation
functions calculated by the initializing section 22.
Moreover, the plurality of keys are different from
each other and include a plurality of values
calculated when all of the data x belonging to the
data set X are substituted into the key calculation
function L™ {x).

A value Table'? [L], corresponding to an
optional key L, of the plurality of wvalues indicates a
data list as a set of predetermined data. At this
time, the value Table'® [L] is calculated such that a
value calculated by substituting an optioconal data x of
the data belonging to the data list into the key
calculaticn function L“”(X), coincides with a key L.

The data registering section 23 further
controls the table holding unit 10 so that the
plurality of tables are recorded on the table holding
unit 10.

A searching section 24 refers to the
plurality of tables generated by the data registexring
gsection 23 when the guery is outputted from the data

processing unit §, and calculates the data list based
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on the query. That is, the searching section 24
calculates a plurality of search keys corresponding to
the plurality of tables based on the guery. A search
key L‘®' (q) corresponding to the natural number p of
the plurality of search keys indicates a wvalue
calculated when the query g is substituted into the
key calculation function L‘®' (x) corresponding to the
natural number p of the plurality of key calculation
functions calculated by the initializing section 22.

The searching section 24 refers to the
plurality of takles generated by the data registering
section 23 and calculates a data list List<x> based on
the plurality of search keys. The data list List<x>
indicates a set of predetermined data of the data
belonging to the data set ¥. The data list List<x> is
calculated such that, when cne the plurality of tables
which corresponds to the natural number p includes the
entry corresponding te the key L'® (g), the data
belenging to the data list which 1s indicated by the
value Table® [L] indicated by the entry is included.

At this time, the data processing unit 6
calculates a search resgultant data x. based on the
search condition 16 and the data list List<x>
calculated by the searching section 24. The seaxch
resultant data x. indicates the set of the data, which
satisfies the condition indicated by the search
condition 16, in the data belonging to the data list
List<x>»>. The data processing unit & further controls
the output unit 15 so that the search resultant data
X+ 18 displayed.

In the exemplary embodiment, the directional
nearegt neighbor detecting method according to the
present invention is executed by the similarity
detecting apparatus 1 and contains an initializing
operation, a data registering sectioning operation and

a searching operation.
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FIG. 3 shows the initializing operation. The
user firstly generates a parameter list 8 and operates
the input unit 7 so that the parameter list 8§ is
received by the parameter managing unit 2. When the
parameter list 8 is received through the input unit 7,
the parameter managing unit 2 records the parameter
list 8 in a recording medium. The table managing unit
5 gets the parameter list 8, which i1s inputted to the
parameter managing unit 2, from the parameter managing
unit 2 {Step S1).

The parameter list 8 indicateg a table
parameter, a management parameter and a directional
parameter. The table parameter indicates data
regquired to generate the table, namely, indicatesg a
plane number P of the table, a window width W, a
cardinal number C and a bit length B. The plane
number P indicates a positive integer. The window
width W indicateg a positive real number. The
cardinal number C indicates an integer of 2 or more.
The bit length B indicates a positive integer. The
management parameter Iindicates data reguired for the
other management operatiocns, namely, indicates the
dimension number D. The directional parameter
includes weight data of a direction and a distance of
a feature detection and represents the directivity in
the nearegt neighbor detection and indicates the set
U.

The set U ig composed of the directional
parameter u; and represented by the following
eguation:

U= {u; | uy = «vy, o4} (§ = 1, ..., D)
Here, the directional parameter v; indicates a D-
dimensional vector. The intensity parameter o: 1s a
positive real number and indicates a weight given to
the directional parameter vs.

The table managing unit 5 substitutes “17
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into a table plane number p (Step $2). The table
managing unit 5 calculates an intensity relation
between a vélue indicated by the table plane number p
and the plane number P (Step 33).

When the value indicated by the table plane
number p is not greater than the plane number P (Step
S3, p=P), the table managing unit 5 outputs the
window width W, the bit length B, the dimension Number
D and the set U in the parameter list 8 to the random
number generating unit 3, and requests random number
data from the random number generating unit 3. When
the random number data is requested by the table
managing unit 5, the random number generating'unit 3
calculates the random number data indicating the set
Zp, based on the window width W, the bit length B, the
dimension Number D and the set U.

The set Z, is composed of elements Zp and
repregented by the fcllowing eguation:

Zp = {Zn = <2Fy, R®\ys} (b =1, .. ., B)
Here, the random number R'P'y indicates a random number
subject to the uniform distribution U[C, W] and is
generated through B independent trials. The random
vector ®®'y indicates a D-dimensional vector.

The random vector ¢'P'y is represented by the
following eguation:

&P, = vaM2a,

The matrix v is represented by the following
eguation:

Vo= (vi, ..., Vp)

The diagonal matrix Az

is represented by the
following equation:
ATYE = diag{i/o:, .. ., 1/op}
The vector 2, i1s a D-dimensional vector. A& d-
compeonent Bp,a (& = 1, ..., D) of the wvector Ay
indicates the random number subjected to a ncrmal

distribution N(0, 1}). All of the components of the
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vector A, are generated through independent trials,
respectively. The table managing unit 5 cocllectg the
random number data calculated by the random number
generating unit 3, from the random number generating
unit 3 {(Step S4).

After the random number data is collected,
the table managing unit 5 increments the table plane
number p by “1”, namely, adds “1” to the value
indicated by the table plane number p and substitutes
the calculated summation into the tabkble plane number p
{Step S5} .

The table managing unit 5, after incrementing
the table plane number p, calculates a relation
between the wvalue indicated by the table plane number
p and the plane number P {Step S3). When the wvalue
indicated by the table plane number p is not greater
than the plane number P (Step S3, p = P}, the table
managing unit 5 repeatedly executes the steps S4 to
S55.

When the value indicated by the table plane
number p is greater than the plane number P (Step 83,
p>P), the table managing unit 5 calculates the
plurality of (P) key calculation functions based on
the random number data set Z and the parameter list 8
(Step 86).

Here, the random number data set 2 indicates
the plurality of (P) random number data that are
collected when the gstep 54 is repeatedly executed. In
the plurality of key calculation functions, the key
calculation function L® {x) corresponding to the table
plane number p is a function ©f the D-dimensional
vectoxr x.

The random number data set Z is represented
by the following eguation:

2 = {zp} (p =1, ..., P)

The key calculation function L'P (%) is
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represented by the following equation, by using the D-
dimensional vector x.

L (x) = (£ (x), .., EP5(x))
Here, the basic function £'®,(x) is represented by the
above equation (refer to the equation 1}.

After the calculation of the plurality of (P)
key calculation functions, the table managing unit 5
generates a plurality of (P) tables in which entries
are empty {(Step 87). The plurality of tables
corregpond to the plurality of key calculation
functions. The table managing unit 5 controls the
table holding unit 10 and records the plurality of (P)
tables in the table holding unit 10.

The data registering section operation is
executed after the execution of the initializing
operation. The user firstly generates the input data
12 and operates the input unit 11 and inputs the input
data 12 to the table managing unit 5. The input data
12 indicates the data set X%.

The data set X is composed of the data x; and
represented by the following eqguation:

X = {x: | x;: € RP} (i = 1, ..., N)
Here, the set R indicates the D-dimensional vector
space. The natural number N indicates the total
number of the data x; as the elements of the data set
X and indicates a natural number greater than 1. The
data x®; lndicates the D-dimensional vector.

When the input data 12 is received through
the input unit 11, the table managing unit 5 contxols
a storage unit and stores the input data 12 in the
storage unit.

When the input data 12 is received through
the input unit 11, the tabkle managing unit 5 executes
the plurality of (P) table generating operations
corresponding to the plurality of (P) tables genervrated

by the initializing operation. In the plurality of
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table generating operations, the table generating
operation corresponding to the table plane number p
are generated by an plurality of (N) entry generating
operations corresponding to all of the data belonging
to the data set X.

In the entry generating operation,
corresponding Lo a certain data x;, of the plurality
cf (N) entry generating operations, the table managing
unit 5 substitutes the data x; into the key
calculation function L'® (x), which corresponds to the
table plane number p, in the plurality of (P) key
calculation functions generated through the
initializing operation, and consequently calculates a
key L'® (x;). The table managing unit 5 determines
whether or not an entry corresponding to the key
L™ (x,) exists in the table, corresponding to the
table plane number p, of the plurality of (P) tables
generated through the initializing coperation.

If the entry corresponding to the key L'P(x;)
exists in the table, the table managing unit §
additionally stores the data x; to the data list
indicated by a value Table'® [L'"® (x;)] of the entry.
If the entry corresponding to the key L'® (x;) does not
exist in the table, the table managing unit 5
additionally stores the entry corresponding to the key
L® (x%,}, toc the table. At this time, the wvalue
Table ' [L'® (x;)] of the entry indicates the data list
having only the data x: as an element.

The table managing unit 5 executes all the
plurality of (N) entry generating operations and
generates the table, corresponding to the table plane
number p, ©of the plurality of (P) tables. The table
managing unit 5 executes all the plurality of (P)
entry generating operations and generateg all of the
plurality of (P) tables. The table managing unit 5
controls the table holding unit 10 and stores the
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plurality of tables in the table holding unit 10.

In the table generated in this way, optional
two points indicated by two keys corresponding to
optional twe data are registered in a same entry at a
probability which ig higher when a distance measured
in an coptional length weight (importance) along a
direction indicated by the directional parameter uj is
shorter.

FIG. 4 shows the searching operation. The
user firstly prepares the search condition 16 and
operates the input unit 14 and inputs the search
conditicn 16 to the data processing unit 6. The
search conditicn 16 indicates a guery g and a
condition. As the condition, “one data in an area
nearest to the guery g is acguired” and K data are
acquired from the data nearer to the Query g” are
exemplified. When the search condition 16 is inputted
through the input unit 14, the data processing unit 6
controls the storage unit and records the search
condition 16 in the storage unit (Step S11). When the
search condition 16 is received, the data processing
unit 6 further outputs the guery g to the table
managing unit 5 and requests the data list from the
table managing unit 5 (Step 812).

When the guery g is outputted by the data
processing unit 6, the table managing unit 5
substitutes “1” into the table plane number p and
generates an empty data list List<x> = ¢ (Step S13).
The table managing unit 5 calculates the relation
between the value indicated by the table plane number
p and the plane number P (Step S14). When the wvalue
indicated by the table plane number p is not greater
than the plane number P (Step 814, p £ P), the table
managing unit 5 calculates the gearch key L“”(q) based
on the guexry g (Step S15).

The search key L'P' (g) indicates a value,
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which is calculated by substituting the guery g into
the key calculation function L (x), corresponding to
the table plane number p, of the plurality of key
calculation functions calculated through the
initializing operation.

The table managing unit 5 refers to the
table, corresponding to the table plane number p, of
the plurality of tables generated through the data
registering operation to acguire a value
Table'® [L'® (g)] corresponding toc the search key L'® (qg)
(Step S16}). The table managing unit 5 additiocnally
stores data belonging to the data list indicated by
the value Table® [L'® (g)]l, in the data list Liste<xs
(Step S17) .

Here, i1f there is data that belongs to becth
of the data list List<x> and the value
Table'® [L'® (g)], the table managing unit 5 adds only
the data, which are not registered in the data list
List<x> in the data indicated by the value
Table'® [L'P {g)], to the data list List<xs>.

After the execution of the step S17, the
table managing unit 5 increments the table plane
number p by “17, namely, adds “1” to a value indicated
by the table plane number p and substitutes the
calculated summation into the table plane number p
(Step S818). After incrementing the table plane number
P, the table managing unit 5 calculates the relation
between the value indicated by the table plane number
rp and the plane number P (Step S$14). When the value
indicated by the table plane number p is not greater
than the plane number P (Step 514, p = P}, the table
managing unit 5 repeatedly executes the gteps 815 to
518.

When the value indicated by the table plane
number p 1s greater than the plane number P (Step Si4,

p > P), the table managing unit 5 outputs the data
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list List<x> to the data processing unit 6. The data
ligt List«<x> generated in this way becomes a candidate
of the data when a distance i1s calculated while a
gspecific direction of the guery g is weighted with a
proper weight.

When the table managing unit 5 outputs the
data list List<x>, the data processing unit 6
calculates search resultant data x%. based on a
condition indicated by the search condition 16 and the
data list List<x> (Step 519).

The search resultant data x. indicates a set
of data, satisfyving the condition, of the data
belonging to the data list List<x>. TIf the condition
indicates that “K data are acguired from data nearer
to the gquery g” and the data list List<x> includes
only k or less data, the search resultant data x.
indicates all of data in the data list List<x>. Note
that as a calculation for selecting data near to the
guery g from the data list List<x>, a usual Euclidean
distance may be used, or a distance may be calculated
by considering the importance specified in the
directional parameter.

After the calculation of the search resultant
data x+, since the data procegsging unit 6 controls the
output unit 15, the search resultant data x. is
digplayed on the output unit 15 (Step S20).

According to the directional nearest neighbor
detecting method as mentioned above, the gimilarity
detecting apparatus 1 can carry out the directional
nearest neighbor detection, in which the data nearer
tc an interest center is preferentially selected at a
high speed along the interest even in a high
dimensional data, by setting a directional parameter
by considering interest data indicating a direction
and degree of an interesgst of a user,.

Since the data located in a same distance
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{similarity) are selected in a same probability in a
conventional method, data located on a concentric
gphere from a certain search center are all detected
in the same probability. For this reason, in order to
extract only the data located in a distance ¥ in a
direction related to the interest, it is required that
all of the data located inside a sphere having a
radius r are selected at a time, and only the data
located in the direction are preferentially extracted.
In such a method, as the directivity becomes greater
(as the weight of the Importance in a direction
becomes greater, compared with the weight of the
importance in another direction), a larger qguantity of
unnecessary data must be acquired. Thus, a
calculation time 1is increased in correspondence with
the extraction.

On the contrary, in the technigue according
to the present invention, because the collisgion
probability isogram can be controlled as an ellipscid
that has a longitudinal axis in the interxest direction
and not as an isotropic sphere, the directional
nearest neichbor detection can be carried ocuit in an
optional directicn in an optional weilght, so that a
large time reduction can be carried out desirably.

It should be noted that in the similarity
detecting apparatus 1, the data processing unit 6 can
be replaced with a plurality of computers in which the
random number data acguiring section 21, the
initializing section 22, the data registering section
23 and the searching section 24 are realized.
Moreover, the similarity detecting apparatus 1 can be
replaced with a single computer in which the parameter
managing unit 2, the random number generating unit 3,
the takle managing unit 5 and the data processing unit
6 are realized. Moreover, the similarity detecting

apparatus 1 can be formed by a plurality of computers
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in which any of the parameter managing unit 2, the
random number generating unit 3, the data procesgsing
unit 6, the random number data acquiring section 21,
the initializing section 22, the data registering
section 23 and the searching gection 24 is attained.
Even the similarity detecting apparatus replaced in
this way can carry out the directional nearest
neighbor detection based on an optional weight in an
optional direction, similarly to the gimilarity
detecting apparatus 1.

Next, an example in which the directional
nearest nelghbor detectiing method according to the
present invention is applied to a two-dimensional
(D=2) Euclidean space will be described. For exanmple,
as shown in FIG. 5, an example is discussed in which
the get U relates a plurality of directional
parameters 36 to a plilurality of directional parameters
37 and a plurality of intensity parameters 38.

The plurality of directiconal parameters 36
are composed of two directiconal parameters u; and u;.
The plurality of directicnal parameters 37 are
composed of a directional parameter v; indicative of
{(1/sgrt (2}, 1/sqgrt(2)) and a directional parameter v,
indicative of (-1/sgrt(2), 1/sgrt{2)). The plurality
of intensity parameters 38 are composed of an
intensity parameter o, indicative of “2” and a
intensity parameter o, indicative of “17. The
directional parameter u,; relates the directional
parameter v, to the intensity parameter o,. The
directional parameter u, relates the directional
parameter v, to the intensity parameter o,.

That i1s, the set U is represented by the
following equation:

U = {<{1l/sgrt(2), 1/sqgrt (2)), 2>, <-1/sgrt (2},
1/sgrt(2), 1>}

At this time, the directional parameter v
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indicates a direction that is inclined
counterclockwise by an angle of 45 from an x-axis, as
shownrn in FIG. 6. The directiconal parameter vy
indicates a direction orthogonal to the direction
indicated by the directional parameter v,;. The set U
indicates that, since the intensity parameter o,
indicates a value egual to two timesg of the value
indicated by the intensity parameter o,, the direction
of the directional parameter v; is weighted twice as
compared with the direction of the directional
parameter v,.

In the input data 12, a distribution of the
data belonging to the set X is assumed to be optional.
The condition of the search condition 16 indicates
“the data having the shortest distance from the guery
g to the input of the query g”.

At this time, a colligion probability isogram
31 is formed ag an ellipsoid that has a longitudinal
axis in the direction of the directional parameter v.:.
That is, all of the data on the collision probabkility
isogram 31 are detected at a same probability. In the
similarity detecting apparatus 1, data in the
direction of the directional parameter v; in a
distance twice of a distance of data in the directicn
of the directional parameter v, 1s regarded to belong
to a same probability set, and the search resultant
data can be searched from the data belonging to the
set X. That is, since the similarity detecting
apparatug 1 can control a detection probabiliity, the
similarity detecting apparatus 1 can carry out the
directional nearest neighbor detection based on the
welight of the intensity parameter o; in the direction
of the directional parameter v..

In the second exemplary embodiment of the
gimilarity detecting apparatus according to the

present invention, the directional parameter indicated
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by the parameter list 8 in the above-mentioned
exemplary embodiment is replaced with another
directional parameter.

The directional parameter indicates a set
configured from a set Uy, and the set is represented

by the following eguation:

{Ux} (k = 1, ..., K)
The set Uy is represented by the following
eguation:
Ue = {u; | uy €rR” * R} (§ =1, ..., D)

At this time, the set Uy differ from each
other. That is, one of the directional parameter v and
the intensity parameter o is different.

For example, for simplicity of the
descripition, 1in case of the two-dimension of D=2, the
set Uyx. is represented by the following eguation:

Ue = {<vx, 02F>, <v,, o0y27>}
Here, a directional parameter v, indicates a unit
vector in an X-axis direction. A directional
parameter v, indicates a unit vector in a y-axis
direction. A variable p indicates an integexr cof “07
or more. An intensity parameter oy indicates a basgic
welght in the x-axis direction. An intensity

parameter o, indicates a basic weight in the y-axis

direction.

For example, there are four cases of p = 0,
1, 2 and 3 and two cases of (ox, oy) = (1, 3) and ((3,
1), the directional parameter sets of Ux of k = 2x4 =

8 cases are specified, as the directional parameter U,
as shown in FIG. 7.

At this time, the similarity detecting
apparatus generates a plurality of key calculation
function sets corresponding to a plurality of sets
that belong to the set U indicated by the directional
parameter. Of the plurality cf key caiculation

functicn sets, the key calculation function set
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corresponding to the set Uy indicates the plurality of
key calculation functions. The plurality of key
calculation functions are calculated based on the set
Ux, similarly to the plurality of key calculation
functions that are calculated based on the set U by
the similarity detecting apparatus 1 in the above-
mentioned exemplary embodiment.

The similarity detecting apparatus generates
a plurality of table sets 51 corresponding to a
plurality of key calculation function sets 52 based cn
the input data 12 and the plurality of key calculation
function setg, as shown in FIG. 8. An optional table
set in the plurality of table sets 51 indicates a set
composed of the plurality of tables.

The plurality of tables are generated
similarly to the plurality of tables in the above-
mentioned exemplary embodiment. That is, in the
plurality of tables, the table corresponding to an
optional table plane number p relates a plurality of
keys to a plurality of wvalues.

An optional key of the plurality of keys
indicates a value that is calculated by substituting
any data x cof the data set X into the key calculation
function L' (x), corresponding to the table plane
number p, of the plurality of key calculation
Functions.

Of the plurality of values, the value
Table'® [L] corresponding to an optional key L
indicatesg a data list that is a set of predetermined
data. At this time, the value Table'® [L] is
calculated such that a value which is calculated by
subgtituting an optional data % of the data belonging
to the data list into the key calculation function
L® (x) coincides with the key L.

FIG. ¢ shows a plurality of collision

probability isograms that indicate the directivities
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specified in the sets Uy, respectively. Each of the
plurality of collision probabkility isograms is formed
ag an ellipsoid that has the longitudinal axig in the
direction of the directional parameter, and they
differ from each other.

The data on the colligion probability
isogram, corresponding to the set Uy of the plurality
of colilision probability iscgrams are all detected in
a same probability, by using the plurality cof tables
indicated by the table set corresgsponding to the set Uy
cf the plurality of table setgs 51, similarly to the
colligion probability isogram 31 shown in FIG. 6. The
similarity detecting apparatus generates and manages
tableg generated for the number of the planes which
specify the tableg corresponding to the resgpective
directional parameterg, similarly to the method
degcribed in the above-mentioned exemplary embodiment.

The user supplies another search condition
which differs from the search condition 16 to the
similarity detecting apparatus at the Time of the
searching operation.

The searching condition indicates the
directional parameter and the query and conditicn that
are indicated by the search ceondition 16. The
directional parameter indicates a set of pairs of a
direction and an intensity. The similarity detecting
apparatus selects tThe table set corresponding to the
set Uy indicative of the directional parameter and
nearest to the directional parameter from the
plurality of table gets 51. The similarity detecting
apparatus uses the plurality of tables belonging to
the table set tc calculate the plurality of search
data lists and calculate the data ligt Ligt<x>.

The searched data list corresponding to a
table get of the plurality of search data lists

coincides with a data list indicated by a value,
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corresponding to the key of the query, of the
plurality of values in the table set. The data list
List<z> includes the plurality of search data lists
corresponding to the plurality of table sets.

The similarity detecting apparatus in the
gecond exemplary embodiment as mentioned above hasg a
function that the plurality of table sets are
generated in advance and the table to be used is
gselected in resgponse to the search. Thus, even if the
directional parameter is preliminarily unknown, it is
possible to carry out the directional nearest neighbor
detection by inputting the directional parameter of
“an intensity of this degree in this direction at this
peoint” at the time of the searching operation.

It should be noted that an example in which
the table is prepared to have the directional
parameters for only 8 cases is shown. Eowever,
generally, further more directional parvameters may be
used. Thug, as various pairs of direction and
intensity are prepared, more precise outputs can be
returned for various gearch reguests. The number of
the table sets may be determined by using a tradecff
relation to a calculaticn resource.

Also, as in this example, a searching person
inputs the specification of the directional parameter
in the search in accordance with the format of the
directional parameter U (the set of the pairs of the
direction and the intensity). However, thig may be
carried out such that a more instinctive input is
carried out and converted into the format of the
directional parameter in the data processing unit.

Ag an example of the more instinctive input,
it is possible to specify the directivity of the
search
by specifying a length in an interest direction

regarded as being egual to a unit length in a non-
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interest axis direction, (for example, when a length 1
in a direction of the angle of 45 degrees from the x-
axis 1s equivalent to a length 3 in a direction of the
angle c¢f -45 degrees from the x-axis, even if the
direction of the angle of -45 degrees from the x-axis
is more distant three times than the directicon of the
angle of 45 degrees 1in real distance, they can be
detected at a same probability).

Moreover, in this example, an example in
which one optimal table igs selected and outputted for
the directivity data in the search is described.
However, a directional nearest neighbor search result
in which the plurality of tables are combined may be
coutputted. Specifically, for example, the vicinity
search results executed in the respective tableg may
be displayed based on the weight by using a distance
between the directivity data specified for the search

and the directivity data of the table are used.

[Implementation Example 1]

A first example in the directional nearest
neighbor detecting method according to the present
invention will be described in detail. The present
example describes a method of detecting an image
similar in a feature at a high speed.

Image data that shows an image can be
generally represented by using a D-dimensional feature
vector. Although various methods are considered, the
image data i1s considered in which an image 61 is
divided into a plurality of pixels 62-1 to 62-16 in
proper meshes as shown in FIG. 10, and the image data
is represented by defining a pixel value of each pixel
62-1 as one example.

Here, it is supposed that a feature vector is
generated by raster-gcanning the pixel values of the

respective pixels and arraying the pixel wvalues. Note
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that in the raster scanning, the values are scanned in
order from left to right, starting from the upper
left, and when having reached the right end once, the
same procedure is repeated after falling down to the
next line.

For example, & feature vector u of an
opticnal image that is divided in units of 4x4 pixel
blocks is represented as a l16-dimensional vector. For
example, when 16 unit vectors e, to e.g and 16 pixel
values are used, the feature vector u is represented

by the following eguation:

Here, the unit vector e; 1s a vector in which conly the
i*® component indicates “1” and the other components
indicate “07.

Here, 1t ie supposed that the user is
interested in only a feature direction. In the
simplest, a case isg considered in which the user is
interested in only an interest region 63 as a part of
the image 61 and ignores the similarity except it. In
such a case, the user attaches importance to only a
first component, a second component, a fifth component
and a gixth component in the feature vector u and doesg
not attach importance to the other pixels.

Here, when the weight to be loaded is
decupled {(the distance of “1” in an uninterested

direction and the distance of “10% in an interested

direction are regarded as being eguivalent), a
directional parameter U = {u; = <vy, o;>} (i = 1, .
16} 1is set to be vi=e;, o0;=10 {i = 1, 2, 5, &), and “17
(others). By using the directional parameter U and

carrying out the directional nearest neighbor
detection shown in the above-mentioned exemplary

embodiment, it is possible to carry out a similar
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image search that gives the importance to the
gimilarities of the first, second, fifth and sixth
pixels, for the input of a query image g.

Moreover, the directional nearest neighborx
detecting method according to the present invention
can carry ocut a similar image detection in which a
combination of a proper rate of pixelg is defined as a .
feature direction. For example, a case 1is considered
where importance is given to the similarity of a ratio
among the first, second, fifth and sixth pixel values.

As the interest directicon, a directional
parameter v, when the first, second, fifth and sixth
pixels are added in a same weight 1s defined by the
following equation:

Ve = (21 + ey +te; + eg) /2

It is possible toc configure normal orthogonal
coordinate systems {v:, vi, ..., Vs) in which axes are
crthogonal to esach c¢ther, from the directional
parameter vy and {e;} (i = 2, ..., 16) by using the
orthogonalizing method of Gram-Schmidt to the
directional parameter vi.

Similarly to the above examples, when the
direction of the directional parameter v, is given
with the weight of ten times compared with other
directions, the image in which an image identical in
the ratio of the first, seccond, fifth and sgixth pixel
values can be detected as a similar image, by setting
the directional parameter U (U = {uj=<v;, o:i>} (1 =
i, ..., 18)) to oy =10 {(i=1)), and “1” {others}. Thus,
for example, when the denseness of a colcr as the
pixel value is represented as a real value of 0 to 1,
it can be detected as a similar image even 1f a
difference among the pixel values except the target
portion is sglightly large, 1f the ratio of the

denseness of a target portion is closer.
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[Example 2]
[0132]

Next, a second example of the directional
nearest neighbor detecting method according to the
present invention will be described below in detail.
In the second example, a similar function search is
carried out in which attention is paid to a local
feature of a multi-dimensional function. As a typical
example, time series data {vi{ti}} (i = 1, 2, ...) is
considered that is represented by a set of multi-
dimensional vectors.

Here, the time series data v{tili) indicates a
multi-dimensional vector at a time ti. As the time
series data, a data is exemplified in which a three-
dimensgional vector is represented from acceleration
valueg of an acceleration sensor in an x-axis
direction, a y-axis direction and & z-axis direction
at the time ti at a point. In such a case, a set of
points when times on the three-dimensional vector
gpace are uged as a parameter is the time series data.

The present example searches at a high speed
the time serieg data, which isg similar only in a
partial region, for a time series data serving as the
guery, of a large quantity of time series data (for
example, a time series data of acceleration data in a
large quantity of points).

FIG. 11 shows a plurality of time series data
71i-1 toe 71-T that are a search target in the present
example. The user firstly inputs the plurality of
time series data 71-1 to 71-T to a similarity
detecting apparatus in the present example. The
similarity detecting apparatus sequentially registers
the respective points for the time series data in a
plurality of tables corresponding to the plurality of
directional parameters, similariy to the similarity

detecting apparatus in the second exemplary
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embodiment.

Here, the plurality of directional parameters
are simply classified intoc two kinds of: a directicnal
parameter that has a long axis in the x-axis direction
and a short axis in the yv-axis direction; and anotherxr
directional parameter that has a directivity in a
direction rotated by the angle of 90 degrees from the
long axis. A plurality of intensities can be
typically specified for the intensities of the
directional parameter. However, for example, the
ratio of 3:1 1s supposed to be set.

The similarity detecting apparatus generates
a plurality of table sets 75 corregponding to the
plurality of directional parameters 74, as shown in
FIG. 12. Here, the number of the tables belonging to
each table set of the plurality of table sets 75 is
defined as K. The gimilarity detecting apparatus
calculates a key for each peint of the time series
data to register in the value for all of the tables,
similarly to the similarity detecting apparatus in the
above-mentioned exemplary embodiments.

At the time of the search, as shown in FIG.
13, the uger inputs a time series data 76 and
specifies a search range parameter 77, which indicates
an interested region (search target region) of the
time serieg data 76 as a gqguery. Here, the search
range parameter 77 i1s sufficient to specify the
interested regicon of the time seriesg data 76. For
example, the search range parameter 77 may be a data
that indicates the range of a coordinate value or may
be a data that indicates the range of a parameter (for
example, a time t and the like) of each data. Also,
the search range parameter 77 may be a partial time
series data in which only data within the range of the
interested region is extracted from inside the time

series data 76.
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Similarly to the similarity detecting
apparatus in the above-mentioned exemplary embodiment,
the similarity detecting apparatus refers to the
plurality of tables belonging to the table set
selected by the user, c¢f a plurality of table sets 75,
and extracts a time series data 78 ag shown in FIG.
14, and then controls the output unit 15 so that the
time series data 78 ig represented in a manney which
can be recognized by the user. The time series data
78 is composed of data included in the plurality of
gearch data lists corresponding to the plurality of
tables. The search data list corresponding tc a table
of the plurality of search data lists shows a data
list indicated by a value corresponding to a query
value that is calculated by substituting the guery
into the key calculation functicn corresponding to the
table.

Another example in the directional nearest
neighbor detecting method according to the present
invention will be described below in detail. In this
example, in orderxr to carry out & range limit
similarity function search, a function for judging a
similarity whose range the inputted time geries data
and an optional time series data is limited will be
described below in detail. For the simplicity of
description, it is a case is considered of calculating
a similarity of a time series data 82 to a time series
data 81 in the two-dimensiconal space that is
schematically shown in FIG. 15. Here, asg a limit of a
search range, a case 1s considered the comparison of
the local feature of only a part, which belongs to a
time interval [tmin : tmax] epecified by the user, in
both of the time series data.

The time series data 81 has {8i} (i = 1, ...,
9) as a data belonging to the time interval. The time

series data 82 has {Ri} (i = 1, ..., 6) as a data
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belonging te the tfime interval. At this time, as
shown in FIG. 16, a partial time series data 83 in
from a restricted range of the time series data 81 is
formed from {8i} (i = 1, ..., 9) and a partial time
series data 84 in a restricted range of the time
series data 82 is formed from {Ri} (i = 1, ..., 6).

Here, the user further extracts a central
reference point 85 as a guery from a point group {Si}
{i =1, ..., 8} of the partial time gerieg data 83.
The reference point 85 is a point that represents the
partial time series data 83 in the best manner. For
example, the reference point 85 may be an average of
all of the points, or may be a point closest to the
average, or may be an averége of The maximum and
minimum values (the average of S1 and 8% in this
example) .

Next, the similarity detecting apparatus
calculates a probability (colligion probability) that
the reference point 85 and the respective points of
the partial time series data 83 and the partial time
series data 84 are registered on the same entry in a
plurality of tables that belong to each ©of a plurality
of table sets 75, and calculates a plurality of
collision probability distributions corresponding to
the plurality of directional parameters 74. ERach of
the plurality of collision probability distributions
shows a function of a distance from the reference
point 85 to the data which belongsg tce the partial time
series data 83 or the partial time series data 84.

FIG. 17 shows a collision probability isogram
corresponding to a first directional parameter of the
plurality of directional parameters. The collision
probability isogram 86 has a long axis in the x-axis
direction and has a short axis in the y-axis
direction. FIG. 18 shows a collision probability

iscgram corresponding to a second directional
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parameter of the plurality of directional parameters.
The collision probability isogram 87 has a long axis
in the x-axis direction and has a short axis in the vy-
axis direction.

FIG. 19 shows the collision probability
distribution. The collision probability distribution
88 shows a collision probability that the regpective
data which belong to the partial time series data 83
and the partial time series data 84 are registered on
the same entry of the table calculated based on the
first directional parameter, as the reference point
85,

FIG. 20 shows another collisicon probability
distribution. The collision probability distribution
89 shows a collision probability that the resgpective
data which belong to the partial time series data 83
and the partial time series data 84 are registered on
the same entry of the table calculated based on the
gsecond directional parameter, as the reference point
85.

Those values are approximated by measuring
the number L that both actually collide with each
cther (both are registered on the same entry) and
calculating a ratic of the number L to a total table
number K of each of directional parameters, as the
collision probability (L/K). The collision
probability distribution 88 and the ccollision
probability distribution 8% show that the collision
probability between each of the points of the time
series data and the reference point 85 depends on the
positional relation between both and the direction and
intensity which are shown by the directional
parameter. The collision probability distribution 88
and the colligion probability distribution 89 have
more similar distribution shapes, as the two partial

time serieg data to be compared are more sgsimilar to
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each other. Thus, by comparing a difference in those
shapes, 1t is possible to evaluate the similarity
between optional two partial time series data.

FIG. 21 shows a feature distribution. The
feature distribution S0 shows a difference in the
collision probability between the respective partial
time series data for the collision precbability
distribution 88 and the collision probability
distribution 8%. The shape of the feature
distribution 20 of each of the partial time series
data can be evaluated as the similarity of the partial
time series data. As a method of caliculating this
similarity, a method of calculating an inner product
between functions that are smoothly interpclated, or a
method of using a distance evaluation scale guch as
E.r.h Mover s Distance may be considered. However, the
method is neot limited to them. An optiocnal method
that can quantitatively evaluate the similarity of the
shape of a function (a function value when a distance
is given} can be used.

When the above method is used, it is possible
to extract the time seriegs data having the highest
similarity to the time series data specified based on
the guery in a specified search range. Specifically,
the reference point 1is calculated from the partial
time series data specified based on the query, and the
data within the search range is extracted from the
data colliding with the reference point in all of the
tables belonging to the plurality of table gets 75 (in
this example, only the data within a specified time
range), and the collision probability distribution
corresponding to each time series data 1s generated.
Thus, the sgimilarity to the collision probability
distribution of the partial time series data specified
based on the gquexry is evaluated.

Here, in this example, the gearch range is
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specified as a continuous zone. However, typically,
the execution in a plurality of zones can be easily
attained by applying the similar method to the
respective zones and integratedly evaluating the
similarities in the respective zones.

[0151]

The effect of thig example will be described
below. According to this example, it is possible to
greatly speed up the extraction processing of the most
gsimilar time series data from all of the time series
data as a search target based on the input of the
actual guery and range.

This is because the cowmparison between all of
the partial time series data corregpending to the
gsearch range and the partial time serieg data of the
guery has to be carried out online in the usual
method. Therefore, ag the number of the gearch target
data increases, the calculation time increases, which
causes a response speed to be delaved.

However, according to this example, the time
series data of the search target can be registered in
the table offline previously. Thus, what should be
actually evaluated in an online process is only the
time series data composed of the data colliding with
the reference point and the corresponding collision
probability distribution. In particular, when the
number of the time series data of the search target is
enormous, the large reduction in the number cf the
target data can be expected.

It should be noted that in this example, the
time is treated as the parameter. However, for
example, by properly multiplying the time itself by an
opticnal number, or performing a proper conversion on
the time, it is possible to carry out the search as
one coordinate wvalue in a format that can be compared

with a value of the time series data.
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[Example 3]

Next, a third example of the present
invention will be described below in detail. In the
third example, the similarity detecting apparatus
according to the present invention is applied to a
mobile entity managing system 100, as shown in FIG.
22,

In the mobile entity managing system 100, a
plurality of computers are connected to each other
through a network 103 sco that data can be bi-
directionally transmitted. As the network 103, the
Internet, a wmobile phohe network and the like are
exemplified. The plurality of computers include a
mobile entity managing unit 101 and a plurality of
mobile terminals 102-1 to 102-3. Hach of the
plurality of mobile terminals 102-1 to 102-3 1is a
device carried by the user and can acguire a current
pogition data. As such a device, a smart phcocne, a GPS
logger and the like are exemplified.

The mobile entity managing unit 101 contains
the similarity detecting apparatus in the above-
mentioned exemplary embodiment and provides a function
of managing the movement directions of the plurality
of mobile terminals 102-1 to 102-3 and grouping the
mobile terminals moving in similar directicns. For
example, with regard to each of the pliurality of
mobile terminals 102-1 to 102-3, the mobile entity
managing unit 101 manages a pair of a current position
and a position previous to a proper time 1. Here,'for
the simplification of description, a space to be
treated is defined as a two-dimensicnal space, and a
main movement direction desired to be detected is
defined as the x-axis direction. The directional
parameter is set such that the intensity is set to

give a proper directivity toc the x-axis direction, as
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compared with the y-axis direction. As an example of
the intensity, for example, by multiplying the
intensity of the x-axis direction by an optional
number of v,; and multiplying the intensity of the y-
axls direction by 0.1. Thus, the upper limit of a
speed to be desired to be detected is defined for the
intensity of the x-axisg direction, and the zallowable
range cof a directional deviation can be defined for
the y-axis direction.

The plurality of mobile terminals 102-1 to
102-3 are assumed to exist at a position 101C, a _
position 1020 and a position 1030 at a certain time t,
respectively, and move to a position 1C11l, a position
1021 and a position 1031 at a time t+1, respectively.
The plurality of mobile terminals 102-1 to 102-3
acquire respective current positions through GPS and
periodically uplcad respective position data to the
mobile entity managing unit 101 through the network
1063.

The mobile entity managing unit 101 generates
a plurality of table sets 112 corresponding to a
pluraliity of directional parameters 111, as shown in
FIG. 23, similarly to the similarity detecting
apparatus in the above-mentioned exemplary
embodiments. The mobile entity managing unit 101 uses
the plurality of table sets 112 and managesg the
positions of the plurality of mobile terminals 102-1
to 102-3, and calculates the keys of the respective
tables, for the position 1010, the position 1011, the
position 1020, the position 1021, the position 1030
and the position 1031, and then registering sections
in the values corresponding to their keys. The mobile
entity managing unit 101 uses those table sets and
groups the mobile terminals moving in the x-axis
direction, in the plurality of mobile terminals 102-1

to 1¢2-3, and outputs a mobile entity group data 105
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that includes the data relating to the property of the
group.

Next, & method of generating the mobile
entity group data 105 by the mobile entity managing
unit 101 will be described. If the mobile terminal
moving in the x-axis direction at a set speed, the
position cocrdinates of the time t and the time t+1
have a possikility that they have the same key.
However, the mobile terminal moving in the orthogonal
y-axis direction, has a high possibility that it has a
different key. Thus, both can be discriminated.

In the present example, there is a high
possibility that the position 1010, the posgition 1011,
the position 1020 and the position 1021 as the
position data of the mobile terminal 102-1 and the
mobile terminal 102-2 are registered in the same entry
and the posgition 1030 and the pogition 1031 as the
position data of the mobile terminal 102-3 are
registered in a different entry. For this reason, the
mobile terminal 102-1 and the mobile terminal 102-2
moving in the x-axis direction at the similar speeds
can be grouped into a same group.

The present example indicates a case of only
the directional parameter of one kind. Bowever,
typically, by specifying the plurality of directional
parameters, it 1is possible to set a plurality of
interest directions and a plurality of movement speed
upper limit. Thus, 1t is pcssible to generate various
grouping policies of the mobile terminals.

Also, by paying attention to a mobile
terminal and monitoring a table entry on which the
mobile terminal is registered, it is possible to
detect a different mobile terminal that travels
parallel to this mobile terminal. For example, with
respect to the input of the search target mobile

terminal, a mobile terminal that belongs to the same



10

15

20

25

30

35

group as this search target mobile terminal in past or
at present can be outputted as a parallel moving
mobile terminal.

At that time, by further setting the grouping
policy as necessary, the grouping can be modified in
respcnse to the policy. For example, when “a mobile
terminal moving in parallel to a search target mobille
terminal while previocusly existing within a range of
the radius of 100 m fcr 10 minutes cr more” is set as
the grouping policy, only the mobile terminal that can
satigfy the condition may be filtered from the mobile
terminal group ocutputted according to the present
invention and outputted.

Mcreover, when the number of the mobile
terminals is enormoug, of the mobile terminals
registered in the respective entries of the respective
tables, the number of the mobile terminals, which are
reglstered in the same entry at both of the position
at the time € and the position at the time t+1, are
counted, and the sets of the mobile terminals of a
proper number having been registered in descending
order in the entry are extracted.

This extraction implies that, of all of the
mockile terminals, the mobile terminals moving along
the same direction are sampled in order from the group
that the number of the above moving mobile terminals
is more. By grouping those sampled mobile terminals
based on their movement directions and speeds, the
main trend of mobile terminal movement patterns in the
entire system (a direction and speed of movement of
the many mobile terminals) is extracted, and a mobile
terminal group data such as a size, a direction, a
speed and the like of the mobile terminal group can be
generated, and the movement state of the mobkile
terminals can be classified or displavyed.

The effect of this example will be described
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below. In the mobile entity managing system 100,
basically, the table to be managed is updated in
response to update of the position of the mobile
terminal, and the mobile terminals having a highly
interested are sampled and grouped from the table by
using the above method. Thus, it is not reguired to
group all of the mobile terminals by calculating the
mutual relation of them with regard to the movements
of them. For this reason, even if the numbexr of the
mobile terminals increases, the increase in the
calculation load can be suppressed. Thus, the great
reduction in the calculation time can be expected.

It should be noted that in all of the
exemplary embodiments and examples shown in the
present inventicn, as the calculating method of the
key of the table, the key calculation function Lm)(x),
the basic function £'®'y(x) and the random vector @™,
are used in the above-mentioned exemplary embodiments.
However, 1f the asymmetry for a desirable direction
and intensity 1s introduced based on the parameter
specifying the directivity, the present invention ig
not limited to the above example.

It should be noted that in all of the
exemplary embodiments and the examples shown in the
present invention, the collisions of the data in the
table have been described to be sgstrictly registered in
the same entry. However, as a variation, a collisgion
range may be enlarged such that an entry distance of
the table is defined, and the data registered in near
entries collides (for example, “an adjacent entry”
that is different by one bit of a key represented by

the key calculation function L® (x))).

<Remarks>
As mentioned above, the exemplary embodiments

and the implementation examples in the present
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invention have been described in detail. Actually,
the present invention is not limited to the above-
mentioned exemplary embodiments and implementation
examples. Thus, modifications in a range without
departing from the spirit cf the present invention are
included in the present invention.
<Supplemental Notes

A part or all of the above-mentioned
exemplary embodiments and implementation examples can
be desgcribed as in the fcllowing supplemental notes.
However, actually, the present invention is not

limited to the following supplemental notes.

<Supplemental Note 1=

A gimilarity detecting apparatus including:

a random number generating section for
calculating a pluraiity of random number data based on
a pilurality of directional parameters and a plurality
cof intensity parameters which are inputted through an
input unit;

an initializing section for calculating a
plurality of key calculation functions based on the
plurality of random number data;

a data registering section for calculating a
plurality of tables corresponding to the plurality of
key calculation functions based on a plurality of
search target data inputted through the input unit and
recording the plurality of tables in a table holding
unit;

a searching section for referring to the
plurality of tables and calculating a candidate data
iist based on a query indicated by a search condition
inputted through the input unit; and

a data processing section for calculating
search resultant data from a plurality of search data

belonging to the candidate data lisgst so as to satisfy
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a condition shown by the search condition, and
outputting the search resultant data to an output
unit,

wherein when calculating a table
corresponding to an optional key calculation function
of the plurality of tables, the data registering
section relates a plurality of the keys to a plurality
of the data lists and calculates the table such that a
value calculated by substituting data belonging to one
of the plurality of data lists corresponding to an
optional key into the key calculation function for the
opticonal key 1is equal to the optional kevy,

wherein a candidate data list includes a
plurality of search data lists corresponding to the
plurality of key calculation functions, and

wherein one o0f the plurality of search data
lists corresponding to the optional key calculatiocn
function shows the data list of the plurality of data
lists corresponding to a gquery value calculated by
subgtituting the guery into the key calculation

function.

<Supplemental Note 2>

The similarity detecting apparatus according
to supplemental note 1, wherein the data registering
section further calculates a plurality of table sets
based on the plurality of search target data, and

wherein the searching secticon refers to the
plurality of tables to calculate the candidate data
list, when one of the plurality of table sets shown by

the search condition shows the plurality of tablesg.

<Supplemental Note 3>
The similarity detecting apparatus according
to supplemental notes 1 or 2, wherein the plurality of

directional parameters are set such that two values
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that are respectively calculated by two similar state
change similar data of the plurality of search target
data into the optional key calculation function are

egqual to each other, or a difference between the two

values is gsmaller than a predetermined value.

<Supplemental Note 4>
The similarity detecting apparatus according
to any of supplemental noteg 1 to 3, wherelin each of

the plurality of sgearch target data shows an image.

<Supplemental Note 5>

The similarity detecting apparatus according
to any of supplemental notes 1 to 4, wherein the data
registering section updates the plurality of tables,

when the plurality of search target data are updated.

<Supplemental Note 6>

A directional nearest neighbor detecting
method including:

a step of calculating a plurality of random
number data based on a plurality of directional
parameters and a plurality of intensity parameters
which are inputted through an input unit;

a step of calculating & plurality of key
calculation functions based on the plurality of random
number data;

a step of calculating a plurality of tables
corresponding to the plurality of key calculation
functions based on a plurality of search target data
inputted through the input unit;

a step of storing the plurality of tables in
a table holding unit;

a step of referring te the plurality of
tables to calculate a candidate data list based on a

query shown by a search condition inputted through the
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input unit;

a step of calculating a search resultant data
from a plurality of search data belonging to the
candidate data list so as to satisfy a condition shown
by the search condition;

a step of outputting the search resultant
data to an ocutput unit; and

a step of relating a plurality of kevys to a
pilurality of data lists, when calculating one of the
plurality of tabkles corresponding to an optiocnal key
calculation function, and calculating the table such
that a value calculated by substituting data belonging
to one of the plurality of data lists corresponding to
an optional key into an optional key calculation
functicon for the optional key is egual to the optional
key,

wherein the candidate data list includes a
plurality of search data ligts corresponding to the
plurality of key caleculation functicons, and

wherein one of the plurality of search data
lists corresponding to the the optional key
calculation function shows one of of the plurality of
data lists corresponding to a query value calculated
by substituting the guery intc the key calculation

function.

<Supplemental Note 7=

The directional nearest neighbor detecting
method according to supplemental note 6, further
including:

a step of cazlculating a plurality of table
sets based on the plurality of search target data; and

a step of referring to the plurality of
tables to calculate the candidate data 1list, when one
of the plurality of table sets shown by the search

condition shows the plurality of tables.
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<Supplemental Note 8>

The directional nearest neighbor detecting
method according to supplemental ncte 6 or 7, wherein
the plurality of directional parameters are set such
that two values respectively calculated by
substituting two similar state change gimilar data of
the plurality of search target data into the optional
key calculation function are egual £o each other, or a
difference between the two values isg smaller than a

predetermined value.

<Supplemental Note 9>

The directional nearest nelghbor detecting
method according to any of supplemental notes 6 to 8,
wherein each of the plurality of search target data

shows an image.

<Supplemental Note 10>

The directional nearest neighbor detecting
method according to any of supplemental notes 6 to 9,
further including a step of updating the plurality of
tables when the plurality of search target data are

updated.

<Supplemental Note 11>

A similarity detecting apparatus for
detecting similar data from enocrmous search target
data at a high speed based on an opticonal similarity
criterion, wherein the similarity detecting
apparatus holds a table that is related to random
number data generated based on & parameter to set the
gimilarity criterion, and used to register and manage
the gearch target data, and

wherein the similarity detecting apparatus

carrieg out a nearest neighbor detection by using the
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table based on the set similarity criterion in
response to a nearest neighbor search reguest from an
optional reference point, to cutput data determined to

be in a nearest neighbor region.

<Supplemental Note 12>

The similarity detecting apparatus according
to supplemental note 11, wherein the similarity
detecting apparatus has a plurality cf the different
gimilarity criteria and has a plurality of the tables
related to the plurality of similarity criteria, and
manages the search target data in all of the tables in

parallel.

<Supplemental Note 13>

The similarity detecting apparatus wherein
the similarity criterion described in the supplemental
note 11 is a set of combinations of an interest
direction and an importance parameter of the

direction.

<Supplemental Note 14z

The similarity detecting apparatus wherein as
the search target data described in the supplemental
note 11, a distance between two optional points is

defined as a distance on an Euclidean space.

<Supplemental Note 15>

The similarity detecting apparatus according
to supplemental note 12, wherein the similarity
detecting apparatus inputs a search gimilarity
criterion together with a search center in searching,
and determines a nearest neighbor region tc be
outputted by using the nearest neighbor detection
result in the plurality of tables and a relation

between the similarity critericon parameter specified
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in each table and the search similarity criterion.

<Supplemental Note 16>

The similarity detecting apparatus, wherein
the search target data according to supplemental note
11 or supplemental ncte 12 is not only data having a
statically fixed wvalue but also data having a
dynamically updated value, and a registration state of
the table is updated in response to the update of the

value.

<Supplemental Note 17>

The similarity detecting apparatus, wherein
the similarity detecting apparatus according to
supplemental note 11 or supplemental note 12 groups
data similar in a state change by using a similarity

detection result using the table.

<Supplemental Note 18>

The similarity detecting apparatus, wherein
the table according to supplemental note 11 is
configured from a pair of a key and a value, and when
an optional data i1s registered, the similarity
detecting apparatus calculates a key for data to be
registered, and manages the data by additionally
registering on the data list correspoending to the

corresponding value.

<Supplemental Note 18>

The similarity detecting apparatus, wherein
the similarity criterion according to supplemental
note 11 is that data having same keys or keys of a

small difference have a high similarity.

It should be noted that the present

applicaticn c¢laims a priority based on Japan Patent



Application No. JP 2011-219547, and the disclosure

thereof 1s incorporated herein by reference.



Claims:

1. 2 similarity detecting apparatus which detects
gimilar data from search object data based on an optional
similarity critericn, comprising:

means for retalning a tabkle related to random number
data generated based on a parameter for sstting the similarity
criterion;

means for registering and managing the search object
data on the Lable; and

means for carrying out a similarity detection by using
the table based on the criterion of similarity in responsge to
a nearest neighbor search reguest from an optional reference
point, and outputting data detected to be a nearest
neighborhood.

2. The similarity detecting apparatus according to
claim 1, further comprising:

means for setting a plurality of said different
similarity criteria;

means for retaining & plurality of said tables which
are respectively related to said plurality of differsant
similarity criteria; and

means for managing the ssarch objact data by the
plurality of tabkles in parallel.

3. The similarity detecting apparatus according to
claim 1, further comprising:

means for making a set of a combination of a dirsction
of interest and an importance parametar to the direction set

the a similarity criterion.

4. The gimilarity detecting apparatus according to
claim 1, further comprising:
means for satting datz in which a distance betwsen

optional two points ig defined az a distance on the Buclidean
P I
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space, as the search object data.
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5. The similarity detecting apparatus according to any
of claimg 1 to 4, further comprising:

means for inputting a search gimilarity criterion
with a search center, and determining the nearest neighborhood

to be outputted by uging a nearest neighborhood detection result

'...I-

n the plurality of tablss and 2 rezlaztion between a parameter

Q

f the similarity criterion specified in each of the plurality

of tables and the search similarity criterion.

£. The similarity detecting apparatus according to any
claims 1 to 4, further comprising:
means for using data having a statically fixed value
and data having a dynamically updated value as the search obhiasct
data; and
means for updating a registration state in the table
in response to an update of the value of the data used as the

ssarch object data.

7. The similarity detecting apparatus according to any
of claims 1 to 4, further comprising:
means for grouping data similar in a state change by

using the similarity detection result using the table.

8. The similarity detecting apparatus according to any
of claim=s 1 to 4, further comprising:

means for configuring the table from the combination
of a key and a value, calculating thes key for data to be
registered by using the random number data in registration of
opticonal data, and managing the data by additionally

registering in data list for a corresponding wvalue.
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9. The similarity detecting apparatus according to any
of claims 1 to 4, further comprising:
means for determining that data having same keys or

slightly different keys have a high similarity.

1D. 2 method of detecting a directicnal nearest neighbor
which ig executed by a similarity detecting apparatus and which
detects similar data from search obiect data based on an
optional similarity criterion, couprising:

retaining a table related to random number data
generated based on a parameter for setting the gimilarity
criterion;

registering and managing search cbhject data on the
table; and

carrying out a similarity detection based on the set
similarity criterion by using the table in response to a nearest
neighbor search request to cutput data which is determined to

be in the nearest neighborhood.
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SIMILARITY DETECTING APPARATUS
AND DIRECTIONAL NEAREST NEIGHBCOR DETECTING METHOD

ABSTRACT

In order to detect similar data from a great
deal of data at high speed, a similarity detecting
apparatus includes a random number generating unit 3
which calculates random numbexr data based on a
parameter list, a table managing unit 5 which
calculates a plurality of key calculation functions
based on the random number data, calculates a
plurality of tables basged on input data, and
calculates a candidate data list based on a query
shown by a search condition, and a data processing
unit 6 which calculates search result data from the
candidacy data list to satisfy the condition shown a
search c¢condition. Each table is calculated for a
value c¢orresponding to a key to show a data list of
data in which the data substituted into a key
calculation function is equal to the key. A candidate
data list contains a plurality of search data list and
a search data list corresponding toc the table shows
the value corresponding to a query value obtained by
substituting the query into the key calculation

function.

Fig. 1



