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To MNpdBAnpa

Edw avrTi yia éyypaga kelpévou €xoupe roAupéoa (multimedia objects):
— BI10BIA0TATEG EYXPWHEG EIKOVEG
— gray-scale 1aTpIkég gIkOveg diodidoTaTeg i} TpIodidoTareg (X MRI brain scans)
— one dimensional time series
— Yn@IoToIiNuévn QWVA 1 HOUTIKA
— video clips

>16x06: FpARyopn €Upean Twv TTOAUPETWY TTOU TaIPIGJOUV akpIBWG A
TTIPOCEYYIOTIKG UE IO ETTEPWTNOT).

To améAuTo Taipiagua ouviiBwg dev pag gival Xxprigipo
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Epappoyég kal Mapadeiypata ETrepwtiiocwyv
* Image Databases

— q = Bpeg g1k6veg mou poiadouv pe nAiofacidsua E

* (TwV OTTOIWV N KATAVOUR XPWHATOG €ival idia JE QUTAV TWV QWTOYPAPIWV HE
nAioBaciepa)

— avayvwpion TTpoowTtrou (face recognition), Taipiaopa SAKTUAIKWV
ammoTuTtwpdTwy (fingerprint matching)

+ Financial, Marketing and Production Time Series
— q = Bpeg eraipeies pe mapopoia S1akuuavon HETOXWV
» Medical Applications

— g = Bpeg 1aTpIKES AKTIVOYPAPieS TTOU ameiKovi{ouv KATI e upr) 6yKou
(tumor)

» Audio/Video databases
— avayvwpion ewvng (voice recognition)
* DNA/Genome databases
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EmepwtAoeig OuoidtnTag
(Similarity Queries)

* BaoifovTal o€ pia dobeica ocuvapTNoN ATTOCTAONG (OUOIGTNTAG)

* Ymépabpo:
— MeTpik6g Xwpog eival Eva aUvoho aToixeiwv X eQodIaopEVO PE pia
ouvdpTtnon améotaong d: X x X -> R
— O1 ouvapTACEIG ATTOATACNG EXOUV TIG EGAG 1ID1IOTNTEG, VIO OTTOIOdATIOTE X,Y,Z GTO

* d(x,y)>0 positiveness,

s d(x,y) = d(y,x) symmetry,
* d(x,x)=0 reflexivity, and

* d(x,y)sd(x,z) + d(z,y) triangle inequality.
* 01 dIavUOUATIKOI XWpPOI gival pia €10IKA TTEQITITWON TWV PETPIKWY
XWPWV
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Mapadeiypata ZuvapTioewyv ATTOoTAONG
yia dlavuouaTikoUg XWpoug

» There are a number of options for the distance function to use, but
the most widely used is the family of L, distances defined as:

& 1/s
Ly ((X) 5eves X Y V1 0evs Vi) = (lei - Y |Sj
i-l

* L, :sum of the differences along the coordinates (also called
“block” or “Manhattan” distance, since in two dimensions it
corresponds to the distance to walk between two points in a city of
rectangular blocks).

* L,: “Euclidean” distance, as it corresponds to our notion of spatial
distance.

* L, : corresponds to taking the limit of the L formula when s goes
to infinity.
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loopeTpikég KaptUAeg L, L, L yia 10 81081G0TOTO XWPO
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v N
(x y)\\/

x+y=1

lim,, Bx? +yPy=1

max(x,y) =1

Katnyopieg Erepwticewv Opoidtntog
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* Taipidoparog Mpotutrou(Whole match queries)
— TN.x.: Bpeg 6Aa ra avrikeipeva o€ amréoraon s€ amo 10 Q
— Ta avTiKEiMEV Kal N ETTEPWTNON givail 1diou TUTTOU
o T.X. YXPWHEG €IKOVEG 512x512

* Taipidoparog YmrompoTUtrou (Sub-pattern match queries)
— N.x.: Bpeg O6Aa ra TuAuATA TWV AVTIKEINEVWY OE AITOOTAON < € amo 10 Q
— H emepwtnon ptropei va £xel SIaQopPEeTIKO TUTTO aTTd TA AVTIKEIYEVA

* TI.X. QVTIKEIMEVA = €IKOVEG 512x512, emepwyTnon = TUTTIKA 16x16 akTivoypagia
£VOG OyKOU

+ KovTtivoTepwy yeitovwy (nearest neighbors)
— N.x.: Bpeg ra 5 kovriveTepa avrikeipeva aro Q
» XUvdeong (all pairs, spatial joins, ...)
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Taipiaopa Mpotutrou: Opiopdg MpoRARuaTog

opmav avrikelpévav U (my to cuvoro 0LV Tav gikdveov 512x512)

Xoihoyn avtikelpévov C={o,,...,05} , C cU

Yvvaptmon Améotacng (opodtrag,..,cuovaeesiag) D: U x U — [0,1]
— Kkabopiletar omd Evav £1d1ko Tov mediov (pmopei va voroyiletar and Eva

TPOYpap)

Engpodmon: avureiuevo Q (O €U) ko avoyij (tolerance) &

Amavtnon enepamong: ans(Q, &={ o € C | D(0,Q) < &}

Xkomog: [ pryopoc vroroyiopuds tov ans(Q, &)
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Mia AttAoikii MéBodog Avalrtnong
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1. YmoAdyioe 1o D(o,Q) yia kGBe o ato C
2. EméAeée ekeiva ta avrikeipeva T.w. D(0,Q) < &

Mapatnproeig
* oAU apyn péBodog av:
— 0 UTToAOYIONOG TNG aTméaTaonG akpiBog
» For example, the editing distance in DNA strings requires a dynamic

programming algorithm, which grows like the product of the string lengths
(typically in the hundreds or thousands, for DNA databases)

— 710 |C| gival peydho
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ZnTtoupeva
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Taxutnta
— n ogipiokf odpwan Kail o uTtoAoylopdg TNG atréoTaong d(o,Q) yia kabe
avTikeipevo o Tou C Ba ATav oAU apydg (yia peyaAeg BAaeig)
OpBéTNTQ
— uWnASg Babudg avdkAnong (va unv Xavetal Kavéva atro Ta avTIKEIUEVA),
— KahOg Babuog akpiBelag (Ta E0QAANEVWG aVaKTNBEVTA HTTOPOUV VO
@IATpapIoTOUV e €va eTITTAEOV TTEpaCUQ)
Mikpr xwpIKA €mRapuvon
KAipdkwaon, Auvapikn:
— €UKOAN elocaywyn, diaypa@n Kal EVNPEPWON AVTIKEINEVWV
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Alo@opég pe 1o KAaooikd IR Kelpévwy

+ O BaBuog Tuvdgeiag edw avtioToixei oto Babud Ouoidtnrag (Eyyutntag) (1-
AméoTaon)
- Rel(0,Q) = 1-D(0,Q)
— D(0,Q) = 1-Rel(0,Q)

+ HD(Q,0) edw dideTai, 010 text IR “epeupiokeTal / akaAUTITETaI»

— oTa govTéAa avAakTnong Kelpévwy (ekTdg Tou Boolean MovTéAhou) AauBdveral utréyn
oA6kAnpen n ouAhoyr} (BuunBeite Ta Bapn idf, df). Me GAAa Adyia Ta povTéAa autd Sev
opigouv 10 D(d,Q) aAAd 1o D(C,d,Q)

+ Edw divoupe 1810iTePN éUpaon oTnv TaxuTnTa avagiTnong

+ Subpattern match queries yia text IR:

— Bpeg skeiveg TIC TAPAYPAQOUC TWV KEIPEVWV TTOU gival OUVAQEIS JE TNV
emepwrnon
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Avdaktnon lMNoAupéowv:
Feature-based Approach

GEMINI:
A Generic Multimedia Indexing Approach

Feature:
— 'Evag apiBuég TTou XapakTneigel (UTTG pia OKOTTIA) £va QVTIKEIMEVO, TT.X.
* Méoog Opog,
« Tumiki AtrékAion (standard deviation),
« Discrete Fourier transform (DFT)

* Baoikn 1&¢a:
— 1. éva quick-and-dirty Tépagpa yia améppiyn TwV AOXETWY QVTIKEINEVWV
* Baoietal oTnv évvola Tou feature(s)
— 2.Xpnon pedodwy Xwpikng TpoéoRacng yia ypriyopn avalitnon

» XpnoigotolwvTag K-features ptropoupue va doUue Ta avTIKEiMEVA
WG onueia evog K-81G0TATOU XWPOU

* Avalntnon = Avalntnon o€ MNoAudidoTaroug Xwpoug
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* TMapdadeiypa
— ‘Eotw C={s,,..., sy} 6T0oU KGBE s, €ival évag TTivakag [1...365] akepaiwv
— EukAegideia ouvdpTnon amméoTaong:

365 )
D(s,0) = [Z(s[i]—Q[i]) j
i=1

— O umohoyiopdg Tou D(s,Q) amaitei 365 agaipéacig, 365 TToAaTTAaCIaoN0UG
— 18¢a:
* XOpaKTNPIouOG KGO oeipdg ue ‘ENA vouuepo
— yla TTOpAdElypa UTTOPOUKE VA XAPAKTNPIOCOUPE KABE O€Ipd JE TO HETO OPO TWV TINWV TNG
* ME TO PECO 6PO PUTTOPOULE VA OTTOPPIYOUUE TTOAU YPIyopd TIG OEIPEG TTOU

(CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2006 14

EmAoyn Twv Features

* Mapatnpnoeig

— 'Eva kaA6 Feature pag emTpéTmel Ye pia apiBunTikA Tpdgn olykpiong va
aTmoppiwoups TTOAAG avTIKEipeva

— MeydAn diagpopd Twv Features ouverrdyeral PeydAn diagopd Zeipuwv

— MeydAn diapopd Zeipwv dev cuveTTayeTal TTavTa peydAn diagopd M.O.
(péoou 6pou), yia auTd pTTopEi va éxoupe false positives (eg@aApévwg
BeTIKA)

— Me xprion ToAAwv features pmmopoUpe va Ta TTaue kaAUTEPa (AlydTepa false
positives)

* pe xpron f features kGO¢ avTikeipevo o avTioToIXi(eTal o€ éva anueio F(o) Tou f-
SI60TATOU XWPOU,

— Opyavwvovrag Ta f-D onueia pe pia dour XwpIKAG TpéoBaong UTTopoUue va
amoppiwoupe ypriyopa TTOAAG avTikeipeva (dpa dev XpeialdpaoTte oUTe TO
quick-and-dirty o1ad10)
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MéBodol Xwplikng MpbéoBaong
(Spatial Access Methods)

* SAM:
— Aopég avalATnong yia SIavuouaTikoug XWPoug
— they make extensive use of coordinate information to group and classify
points in the space. For example, kd-trees divide the space along different
coordinates and R-trees group points in hyper-rectangles
* Kupieg péBodol
— R-tree (R*-tree, X-trees, SR-trees, ...)
— Linear quadtrees
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R-Tree

» Extension of B-tree to multidimensional
space.

+ Can support both point data and data with
spatial extent (e.g., rectangles)

+ Group objects into possibly overlapping
clusters (rectangles in our case)
— minimum bounding rectangle MBR

» Search of a range query proceeds along
all paths that overlap with the query.
— we recursively descend the R-tree,
excluding branches whose MBRs do not
intersect the query MBR
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Quadtrees

— A quaditree is a tree in which each node
@ has at most 4 children.
— Each node of the tree corresponds to a

square (quadtree) region.
— If a node has children, think of its region
@ being chopped into 4 (quadtree)
8 | ¢ subregions. Child nodes correspond to

® (©) these smaller subregions of their parent’'s

— Subdivide as little or as much as is

0 necessary.
B c — Each internal node has exactly 4

@& © (quadtree) children.
o0 [ il
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Quadtrees (I1)
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O1 aduvapieg Twv SAMs

» They are very sensitive to the vector space dimensions.

» Closest point and range search algorithms have an exponential
dependency on the dimension of the space (this is called the
“curse of dimensionality”).

» Vector spaces may suffer from large differences between their
representational dimension (k) and their intrinsic dimension,
i.e. the real number of dimensions in which the points can be
embedded while keeping the distance among them.

— For example, a plane embedded in a 50-dimensional space has intrinsic
dimension 2 and representational dimension 50.

— This is, in general, the case of real applications, where the data are
clustered, and it has led to attempts to measure the intrinsic dimension such
as the concept of “fractal dimension”. Despite the fact that no technique can
cope with intrinsic dimension higher than 20, much higher representational
dimensions can be handled by dimensionality reduction techniques.
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AAy6p1Buog Avalntnong

MpooTtddio:
Opyavwoe Ta f-D onpeia Twv avTikeiyévwy Tou C o€ pia doun XwpIKAG TTpoapacng

Eigodo¢: Zuhhoyn C, Emrepwtnon Q,&
Eéodoc: ans(Q,e)
1) AvtioToixioe To Q oTo onyeio F(Q)

2) XpnoipoTrolwvtag Tn dopn xwpikAg TpdoBaong Bpeg 6Aa Ta onueia o€
améaTaon € amoé 1o F(Q) oTo F-xwpo:
TMP:={oin C| d(F(o), F(Q))<¢} // Fast

3) MNa Ta eupeBEvTa UTTOASYIOE TNV TTPAYHATIKA aTTOaTAoN OTTé TO Q KAl aTTEPPIYE
Ta utTtéAoITTa.

AMNANTHEH := {0 in TMP | d(o, Q)<¢}
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E€aopdAion opbdTtnTag
(atTOTPOTI) AavBaCUEVWY aTTOPPIYPEWV)

MoTe éva feature eival kahod ?

* 1davikA TTepITITwonN: AlaTAPNON ATTOOTACEWV:
- D(o,0’) = D(F(0), F(0))

» AmodekTn TrepiTrTwon: AmroTporrr false-negatives (false-
dismissals)

— Nai, av n atmeikévion F() @EPVEl TA QVTIKEIPEVA TTIO .. KOVTG OTT’ OTI €ival aTnV
TPAYMATIKOTNTA, SnAadn

— D( F(o), F(o’)) s D(o,0°) yia 6Aa ra o,0’ aro U.

— av IoXUel auth N ouvenkn 16T dev Ba XAOOUNE KavEVA AVTIKEIUEVO

(CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2006 22

Case Study: One-Dimensional Time Series

» C = ouUvoAo ceipwv 18iou PARKOUG
« Ny

— Bpeg TIC ETQIPIES UE TIUES UETOXWV OUOIES e QUTES TG IBM
* ZUVapTAOEIG aTTO0TAONG

— EukAsideia

» lMapadeiypata Features Ta otroia yTTOPOUPE VA XPNOIUOTTOINCOUNE
— Méoog 6pog (M.O.)
— M.O. 1ou e€apnvou kai M.O. 2ou e§aurvou (dpa 2 features)
— Coefficients of the Discrete Fourier Transform

— for x=(xo,...X,.1) let X¢ denote the n-point DFT coefficient at the F-th
frequency F=0,...,n-1. Apa éxw (X,,...,.X,)
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One-Dimensional Time Series (Il)

» Coefficients of the Discrete Fourier Transform
— for x=(xo,...X,.1) let X, denote the n-point DFT coefficient at the Z-th
frequency Z=0,...,n-1.
— Apa yia KGO x=(Xy,...X,4) EXw 10 X=(X,,...,X,)
» Parvesal’s theorem
- D(xy)=D(X)Y)
— Apa auto To feature eival kKaAd (apouU Siatnpei TIG ATTOOTACEIG)
* MrtropoUpe va XpnoIUOTTOINOOUNE AIYOTEPEG, TT.X. K < N OUXVOTNTEG

k-1 5 n-1 5 n-1 2
DF(x).F(y)= XXz Y || ZIXz =Yz [ = Xlx -y [ =D(x,y)
z=0 z=0 z=0

€101 8ev Ba XAgoupe Kavéva avTIKEIPEVO (ApoU PE K GUXVOTNTEG Ol ATTOOTATEIG HETALY
TWV AVTIKEIPEVWV Eival PIKPOTEPEG),
Kal guvdpa kpardpe xapnAd 1o mAeog Twv SiaoTdogwv
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Case Study: AIodIAOTATEG EYXPWHES EIKOVES

AlodIdoTaTEG EYXPWUEGS €IKOVEG (I1)

» Emepwrnoeig Baoel repiexopévou
* AlOOTAOEIG TTEPIEXOPEVOU

— XpWHa, uer, HopPEG, BETEIG, ...
* Xpwua

— la kB¢ eikéva uttoAoyidoupe To k-element color histogram (k=256)

orange . blue
9 pink
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* AmoéoTacon loToypapuaTWwyY
— based on distance of colors matrix , etc
— 0 UTToAOYIOPGG TNG aTTOaTACNG Eival akpIBEg

* Kahd Features:
— first few coefficients of the two-dimentional DFT transform
— RedGreenBlue: average amount of red, green blue
* K@Be eikdva ameikovieTal og éva didvuopa (Ravg, Gavg, Bavg)
» D(F(0),F(Q))= eukAcideia amméoTaon Twv SiavuopdTtwy (Ravg, Gavg, Bavg)
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Evaluating Sub-pattern match Queries

Evaluating Sub-pattern match Queries

* T.x.: Bpeg 6Aa Ta TuANATA TWV QVTIKEIPEVWY O€ AMOOTACT) S €
amé 1o Q

» Assume time sequences

» Let m the length of the query pattern

» We slide a window of length m and for each position of the window
we compute the ffeatures

» Every sequence becomes a trail in the f-dimensional space

 This trail can be approximated by a MBR (minimum bounding
rectangle)

» Representing each sequence by a few MBRs in feature space may
allow false alarms but no false dismissals
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Ai6pBpwaon AIGAEENG

AvakTtnon MoAupéowyv xwpig Tn xprion Features

* To MNpoépAnua, E@apuoyég kai Mapadeiypata
» Emepwtioeig Opoiotntag

» Feature-based Indexing and Retrieval
— Mé¢B0odo1 Xwpikng MNMpooBaong
— Case Study: 1D Time Series
— Case Study: 2D Images

* Avdktnon MoAupéowv Xwpig Tn xpnon Features
— METPIKG EUPETAPIA
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* Me xpron HETPIKWYV gUpeTNPiwV (metric indices, metric trees)

* Mpokeiral yia TeEXVIKEG TTOU e@apudlovTal KaTeubeiav aTIg
ATTO0TACEIG
— dpa dev xpelalduaate features
— @TIAXVOUV IEPAPXIEG OPBadWY, BEVOPIKT SOUR OPaIPWV TToU TTEPIAaUBAVOUV
GAAeG OQaipeg, K.0.K

* Key-point
— YTroAoyifoupe TIG ATTOCTACEIG HETASU TWV AVTIKEIEVWYV IO
@opd, PTIAXVOUNE pia KATAAANAN dopr) dedopévwy, Kal v
OUVEXEIQ TNV XPNOIYOTTOIOUYE KATA TNV OTTOTIUNGON TWV
ETTEPWTNOEWV
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Katnyopieg MeTpikwyv Eupetnpiwv

(A) tree indexes for discrete distance functions,
— i.e. for functions that deliver a small set of values
— Burkhard-Keller Tree (BKT) [Buthard et al 73]
— Fixed Query Tree (FQT) [Baeza-Yates 94]
(B) tree indexes for continuous distance functions
— i.e. for functions where the set of alternatives is infinite or very large
Vantage Point-Trees (VTPs)
— Multi-Vantage-Point trees (MVTs)
— Voronoi Trees (VTs)
— M-trees (MT).
(C) not tree-based indexes.
— AESA (Approximating Eliminating Search Algorithm)
— LAESA (for linear AESA).
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(B) Tree Indexes for Continuous Distance Functions

+ If we have a continuous distance or if the distance function gives
too many different values, it is not possible to have a child of the
root for any such value.

» However the indexes for discrete functions can be adapted to a
continuous distance by assigning a range of distances to each
branch of the tree.

» Other examples of indexes for continuous distance functions
include
— Vantage Point-Trees (VTPs),
— Multi-Vantage-Point trees (MVTs),
— Voronoi Trees (VTs),
— M-trees (MT).
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Vantage-Point-Trees (VTPs) (also called metric-trees)

Eivai duadika dévdpa

TpAOTTOG KOTOOKEUAG

— EmAéyoupe éva oToIxEIO KEVTPIKO
(pivot).

— YmoAoyifoupe Tov Yégo 6po M Twv
ATTOOTACEWY OTTO QUTO TO ONUEI0

— Ta oToixeia pe améoTACH HIKPOTEPN
1 ion Tou M gilocGyovTal GTO ApIOTEPO
UTTO0€VOPO, £VW Ta UTTGAOITTA GTO
Oeki

— 2uveyioupe avadpoIKa
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Mapddelypa KaTaokeung evog VPT

us u12
u2
u4
u11,u7,u15,u6,u14,u4,u10,u1, u3,u12,u2,u9,u13,u8,us
ut1 w Y10
u7
ug
ul4
u15
1
us Y
u13
ug
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EtmAoyn KevTpikoU aToixeiou (pivot)

p=u11
-l w2 i )
i RN N median(d(p,u) | uin U}=3.1
/, \\ u2
// u \
I’ \‘ u11,u7,u15,u6,u14,u4,u10,u1, u3,u12,u2,ud,u13,u8,us
\
T
1 u7 1
\ ) w9
\ ul4 ’
N uis ,
~ 4
us N w -7
T ums
us
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Alapépion oToixeiwv Bdoel Tou M.O. Twv
ATTOOTACEWV

u3 p=ut1
LmT T TsL w2 . .
i RN N median(d(p,u) | u in U}=3.1
/, A u2
// ud \\
1 \‘ <3.1 >3.1
1
1 6 u10!
1 o7 u : u7,u15,u6,u14,u4,u10,u1‘ ‘u3,u12,u2,u9,u13,u8,u5
1
\ )
\ ul4 ’
N uis ,
~ 4
us N u -7
T ums
ug
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EmmAoyn piv

ot

u3 12 p=u7 p=u7
- N . . . .
e RN median(d(p,u) | uin ()}=2.9 median(d(p,u) | uin ()}=2.9
b AN u2
u4\\
\ <3.1 >3.1 <3.1 >3.1
\ \
\ u10:
utt y6 ; g,u15,us,u14,u4,u1o,u1| ‘u3,u12,u2,u9,u13,u8,u5 Iﬂ,u15,u6,u14,u4,u10,u1| ‘u3,u12,u2,u9,u13,u8,u5
1 H
ay <29 >29
15
e ‘u15,u14,u4‘ ‘u1,u6,u10‘
\|
S oM
=== ul3
ug
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EmmAoyn pivot
p=u7 p=u15
u3 e ut2 ! ) us ut2 i
median(d(p,u) | uin ()}=2.9 median(d(u15,u14), d(u15,u4)) =2.5
w2 u2
u4 u4
ut1 ue “1°} Lomat~_ue V10
B ’ \
/ u8 ’ A u9
ul4 : ! utd |
15
u ‘u15,u14,u4‘ ‘u1,u6,u10‘ “ @ ,' |u175,u14,u4| ‘u1,u6,u10‘
. ,
us e u1 us ut S
ut3 AN _-"u13
us B us
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Alapépion
u3 ut2 puts us ut2 puts
median(d(u15,u14), d(u15,u4)) =2.5 median(d(u15,u14), d(u15,u4)) =2.5
u2 u2
ud ué
Lomatt~ ue V10 ut1 w U0
u7 s AN u7
/
1 \ u9 u9
! uig ) ul4
] 1
' @ ! |u15,u14,u4| ‘u1,u6,u10‘ @
7
w6 N “o <25\ >25 us u
A _-"u13 ut3
T e .
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EmmAoyn pivot

Alapépion
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(CS463 - Information Retrieval Systems

p=ué p=ué
u3 ui2 _ u3 ut2 )
median(d(u6,u1), d(u6,u10)) =1.8 median(d(u6,u1), d(u6,u10)) =1.8
_ u2 _ u2
/m' SN ,uA- SO
4 N 4 N <3.1 >3.1
’ \ ’ \
1 uto’® ! uto}
un ! ut ! u3,u12,u2,u9,u13,u8,uS
u7 ‘\ , u7 ‘\ ,
N 7 u9 \ 7 u9
Sus 7 tua
u1s - uis .
us ut us ut <.
u13 u13
ug ug
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To TeAIKG aTToTEAETUQ
p=ué
u3 ui2 _ us ui2
median(d(u6,u1), d(u6,u10)) =1.8
u2 u2
u4 u4
ut1 ut0 ut we Y10
u7 u7
ug ug
ul4 ul4
u15 u15
s ul s ul
u13 u13
ug ug
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Vantage-point-trees

* Xwpog: O(n)

» Xpovog karaokeung: O(nlogn)

distance evaluations
— (3161 gival Ioofuyiopéva)
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Vantage-point-trees: AAy6piBuog Avalitnong

‘EoTw £mepwtnon (Q,€)

* 1/ Metpape Tnv amrdéoTtacn Tou Q atéd 1o pivot p, dnAadn d(Q,p)
* 2/ Av d(Q,p)-€¢ <= M Trape 010 OPIOTEPS UTTOOEVTPO
Av d(Q,p) +€ > M trape oT1o OEEi UTTOBEVTPO
(evdéxeTal va utroUpE Kal oTa dUO0 UTTodEVOPa)
* 3/ EmaTpé@oupe Ta oToIxEIa TToU £X0UV atrdaTaon <= € atd 10 Q

KéoTog avadriong:

O (log n) uroAoyiopoi aTGOTAONS AV TO € Eival PIKPO
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If d(Q,p)-€ <= M go left

If d(Q,p)-€ <= M go left

Q=(u11,0) it d(Q.p) +€ > M go right Q=(u11,3.1) if d(Q,p) +€ > M go right
If d(u11,u11)-0 =0 <= 3.1 go left If d(u11,u7)-0 =1 <= 2.9 go left If d(u11,u11)-3.1 =3.1 <= 3.1 go left
ifdu11,u11)+0=0 >3.1goright  ifd(ul1,u7)+0=1 >2.9 go right if d(u11,u11) +3.1 =3.1 > 3.1 go right
w3 o ': d(“::mf)'o =L5 <= 22-5 g0 "_*f:] W If d(u11,u7)-3.1 =2.1-3.1=-1 <= 2.9 go left
ffd(ut1, u15)*0 =1.5 > 2.5 goright e SN if d(u11,u7)+3.1=2.4°F 3.1:=5.1 >2.9 go right
u2 e \\ u2 e s
w J/ u4 \
1 \
1 \
@ w6 u10 Il @ w6 u10 ‘I
u7 1 u7 I
ug \ )
ui4 \ ul4 /
u1s N u1s /
\\ //
s ul s \\\~__u—1’,/
ul3 u13
us8 ug
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_ If d(Q,p)-€ <= M go left _ If d(Q,p)-€ <= M go left
Q=(u8,1) // pikpd € if d(Q.p) +& > M go right Q=(u8,2) // peyaho & if d(Q.p) *€ > M go right

If d(u8,u11)-1=4.2-1=3.2<= 3.1 go left

if d(u8,u11)+1=4.2+1=5.2 >3.1 go right

3
4 ut2
u2
w
ut w10
u7
ug
ui4
u1bs -—=J
P
4
1 /
us u ’
‘1’113
1 u8
\
\

\
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If d(u8,u9)-1=2-1=1 <= 4 go left
if d(u8,u9)+1=2+1=2 > 4 go right

If d(u8,u11)-2=4.2-2=2.2<= 3.1 go left
if d(u8,u11)+2=4.2+2=6.2 >3.1 go right

3
u u12
u2
u4
ut ue Y10
u7
ug
uld o —
us -7 S
4
/
s Sut
J u13
I' u8
1

If d(u8,u7)-2=4.2-2=2.2 <= 2.9 go left
if d(u8,u7)+2=4.2+2=6.2 > 2.9 go right

\
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If d(Q,p)-€ <= M go left

u7

us

Q=(u8,2) if d(Q,p) +€ > M go right
If d(u8,u15)-2=3-2=1<=2.5 go left
if d(u8,u15)+2=3+2=5 >2.5 go right

u3

,

(A) Tree indexes for discrete distance functions

BKT (Burkhard-Keller Tree)

» An arbitrary element p in U is selected as the root of the tree.
» For each distance i>0, we define U={u in U| d(u,p)=i}
— the set of all the elements at distance i to the root p.
* Then, for any nonempty U; we build a child of p (labelled i), and we

recursively build the BKT for

U,

» This process can be repeated until there is only one element to
process, or until there are no more than b elements (and we store
a bucket of size b). All the elements selected as roots of subtrees

are called pivots.
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' BKT: To mpwrto eTTitTredo

- -~ ~ ——
Lt aTulduls ] [l ul0) [ edesul2uld) uzug |

()

BKT (Canr )

Y

kY -.I- .3
Cws ) (e} )(Cw2)

L

—L ok
4|

(s [ wt
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' BKT: AAy6piBuog AvalAtnong ' Fixed Query Tree (FQT) [Baeza-Yates 94]
Eigodoc: ZuhhoyR C, ETrepiitnon Q& » Alagopég pe 10 BKT:
Eéobdog: ans(Qe) — ¥70 BKT kdBg K6UBOC £Xel TO SIKG Tou pivot
+  Zekiva amo m pica — Z10 FQT 6Aol 01 k6P £VOG ETITTESOU £XOUV TO iBI0 pivot
* Mmeg oe OAa Ta aidId i T.w. d(Q,p)-€ <=i<=d(Q,p) +& — OAa Ta oToIXEIa aTTOBNKEUOVTAI OTA GUAAQ
« [lpoxwpnoe avadpouika
«  Ortav gracoupe o€ éva UANO, eAéyxoupe ocipiakd OAa Ta oToixeia Tou . .
@ H M YXOUpE OEIP X + K&0TOC KATOOKEUKGC:
— O (nlog n) distance evaluations
» Kdéatog avalAtnong
— O(n"a), O<a<1
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' Fixed Query Tree (FQT)
| = ull
S R SO WSV VOO [ DOVR RO SO o1 . (U9
atd Jusue ) ot Lo 0 ws Tws Tur Tuiz ) Cozus)( w )
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(C) not tree-based indexes.
AESA(Approximating Eliminating Search Algorithm)

* Bagiletan o€ évav mivaka pe n(n-1)/2 rpoltroAoyiopéveg
ATTO0TACEIG

u;
u, D2,1)
u; DG3,1) D@3,2)

L; b(n,I)D(n,Z) Dn,n-1)

n
u; Uy Uy U,
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, AESA: AAy6piBuog AvalAtnong

‘EoTw emepwnon (Q,€)

1/ EmAéyoupe Tuxaia éva onueio p

2/ Metpape v amméoTacn Tou Q atéd 1o pivot p, dp := d(Q,p)

3/ AtrékAeioe OAa Ta onueia u TTou OeV IKAVOTTOIOUV TO:
dp-e<=D(u,p)<=dp+e //Bdoel Tou TrivoKa TTOU BN €XW

4/ Yuvéyioe €101 €wg 6Tou Oev €xouv artropeivel GAAa onpueia
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62

, AESA: AAy6piBuog Ava¢Atnong: Mapdadelypa

p=u11

ATOKAEIGUOG TOV U TTOV gV
KOVOTTOL00V:
dp-e<=D(up)<=dp+e
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, AESA: AAy6piBuog AvaZAtnong: Mapadelypa

p=u11

ATOKAEIGUOG TOV U TTOV gV
KOVOTTOLOVV:
dp-e<=D(up)<=dp+e

Emdpevo pivot p=u15
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, AESA: AAy6piBuog Ava¢Atnong: Mapdadelypa

p=u15

, AESA: AAy6piBuog AvaZAtnong: Mapadelypa

p=u1s
Emdpevo pivot p=u6
\ /
N ’
N e
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u AESA: AAy6piBuog AvaZAtnong: Mapadelyua

p=ué

D(up)<=dpte
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ATOKAELGUOG TOV U TTOV JEV 1K.:

u AESA: AAy6piBuog AvalAtnong: Mapadelypa
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AESA
(Approximating Eliminating Search Algorithm)

* Xwpog: O(n"2) (to oTroio ival TTOAU peydAo)
* Xpovog kataokeung: O(n*2)
» Experimental query time: O(1)
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u A1GpBpwaon AIGAEENG

* To MNpdéBAnua, Epappoyég kai Mapadeiypata
* Emepwtnoeig Opoidtnrag

» Feature-based Indexing and Retrieval
— MéBodol XwpikAg MpéoBaong
— Case Study: 1D Time Series
— Case Study: 2D Images

* Avdktnon MNMoAupéowv xwpig Tn xprion Features
— METPIKG EUPETAPIA
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u Avogopég

* Modern Information Retrieval, Chapter 12

+ [Edgar Chavez, Gonzalo Navaro, Ricardo Baeza-Yates, Jose Luis Marroquin,

Searching in metric spaces, ACM Computing Surveys, 33(3), 273-321,
September 2001

« [Christian Bohn, Stefan Berchtold, Daniel Keim, Searching in multidimensional

spaces, ACM Computing Surveys, 33(3), 322-373, September 2001]
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