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Edw avri yia éyypaga kelpévou €xoupe roAupéoa (multimedia objects):
— O100140TATEG EYXPWHEG EIKOVEGQ
— gray-scale 1aTpikég €IKOveG diodidoTarteg N TpiocdidoTarteg (X MRI brain scans)
— one dimensional time series
— ynelotroinuévn QWvVA N JOUTIKA
— video clips

2T0X0G: FpARAyopn cUpeon TWV TTOAUPECWY TTOU TaIPIAlOUV OKPIPWGS N
TIPOCEYYIOTIKA HE MIO ETTEPWTNON.

To atréAuTo Taipiacua cuvhBwg dev Hag gival XpAROIMO
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Epapuoyécg kal MNapadesiyuara ETTEpwWTACEWY

Image Databases
— q = Bpeg gikoveg mmou poiadouv ue nAioBacidsua

* (TwV OTTOIWV N KATAVOWN XPWHOTOG €ival idlia JE aQUTAY TWV QUTOYPAPIWY UE
nAloBaciiepa)

— avayvwplon TTpoowTrou (face recognition), Taipiaopa SAKTUAIKWV
ammoTuTtwudTwy (fingerprint matching)

Financial, Marketing and Production Time Series
— q = Bpeg sraipgisg ue mapouoia S1aKUuavon HETOXWV
Medical Applications

— q = Bp&g 1aTpIKES AKTIVOYPAPIES TTOU ATTEIKOVI{OUV KATI UE UQPL OYKOU
(tumor)

Audio/Video databases
— avayvwpion @wVvAg (voice recognition)
 DNA/Genome databases
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Etrepwtioeic OuoidtnTag
(Similarity Queries)

« Baaoilovtal o€ pia do6¢ica ouvdapTnon amrdéotacng (OpoIdTNTAC)

* YTéBabpo:
— MeTpikdg Xwpog cival Eva ouvolo oToixeiwv X eQodIacuévo e pia
ouvdaptnon améortaong d: X x X -> R
— O1 ouvapTACEIG ATTOOTACNG £XOUV TIG £EAG 1010TNTEG, YIA OTTOIOONTTOTE X,Y,Z OTO

X:
* d(x,y)>0 positiveness,
* d(x,y) =d(y,x) symmetry,
* d(x,x)=0 reflexivity, and

* d(x,y)<d(x,z) + d(z,y) triangle inequality.
* O1 dlavuouaTIKOI XWPEOI €ival hIa €10IKA TTEPITITWON TWV METPIKWV
XWpwvV
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Mapadeiypara Zuvaptrioewyv ArdéoTaong
yia dIAVUCOHATIKOUG 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:

k 1/s
Lo (X155 X )V 5005 Vi) = LZP@- — Vi ISJ
i=1

+ 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.

oo
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loopeTPIKEG KAUTTUAEG L, L, L, yia TO DI00IG0TATO XWPO

oo N
J(x y)K/

L,
x+y=1 2(?6 +3%) - 13/ PPy —
lm ,_, o A/(x7 +y7) =1
max(x,y) =1
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Katnyopie¢ ETrepwtiocwyv OuoidtnTog

Taipraoparog Npotutrou (Whole match queries)
— MN.x.: Bpes 6Aa ra avrikeiusva og amréoraon <& amo 10 Q

— Ta avTIKEiyeva Kal n ETTEPWTNON €ival 10iou TUTTOU
o T.X. EYXPWHUEG EIKOVEG 512x512

Taipidoparog YmromrpoTutrou (Sub-pattern match queries)
— T.x.: BpeS OAa Ta TuAuATA TWV AVTIKEINEVWVY OE AITOOTAON S € A0 70 Q
— H emmepwTtnon PTTopei va €xel dIAQopPeTIKG TUTTO ATTO TA AVTIKEIEVA

o TI.X. QVTIKEINEVA = €IKOVEG 512x512, TTEPWTNON = TUTTIKI 16X16 aKTIVOypa®ia
€vOg OyKou

KovTiveTepwy yeITovwy (nearest neighbors)
— T.x.: Bpec Ta 5 kovrivoTepa avrikeEiusva oto Q

20voeong (all pairs, spatial joins, ...)
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Taipiaopa MNMpotutrou: OpIouog MNpoArHaTog

o Xopmav ovrikelwévov U (my To cOVoro OA®V TV elkOVeV 512x512)

* YXvihoyn aviikelpévov C={0o,,...,0n} , C cU

« Xuvaptnon Amoctacg (opoldtrag,..,cuvaepeng) D: Ux U — [0,1]
— kaBopiletor amd Evav €101k6 Tov Tediov (pmopet vo vroroyileton amd Eva

TPOYPOLLOL)

* Enepatnon: avureciuevo O (O €U) xat avoyn (tolerance) &

s Amavinon engpotong: ans(Q, &={ o € C| D(o,0) < &}

» Ykomog: [ pnyopoc vmoroylopudg Tov ans(Q, &)
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Mia AtTAoikf MéBodoc AvalATnong

1. YmroAoyioe 10 D(0,Q) yia kdBe o o1o C
2. EmréAeée ekeiva ta avrikeipeva 1.w. D(0,Q) < &

MapaTtnproeig
* [MoAU apyr pEBodog av:
— 0 UTTOAOYIONOG TNG atroéoTaong akpiog
* For example, the edit 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]| €ival yeydAo
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Zntoupeva

TaxuTnta

— N C€IPIAKr 0Apwan Kal 0 UTTOAoyIouOG TNG atmméaTacns d(o, Q) yia Kabe
avTIKeihevo o Tou C Ba ATav TTOAU apyog (yia eEYAAES BAOEIQ)

OpbotnTa
— uwnAS6g BaBudg avakAnong (va pnv Xavetal kavéva atro Ta avTIKEINEVaA),

— KOAOG BaBuog akpifeiag (Ta e0@aAPEVWS avakTnBévTa uTropoulv va
QIATPAPIOTOUV WE €va ETTITTAEOV TTEPACHA)

Mikpr) XwpIKn €mapuvon
KAIuakwaon, Auvauikn:
— €UKOAN gicaywyn, diaypa@n Kal eVvNUEPWON QVTIKEIMEVWV
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A10@opEC ue To KAAOOIKO IR kelpévwy

* O BaBuodcg Zuvapeiag edw avtiaToixei oto BaBud Opoidétntag (Eyyutnrag) (1-
AtmréoTaon)
— Rel(0,Q) » 1 - D(0,Q)
— D(0,Q) = 1-Rel(0,Q)

* HD(Q,0) edw dideTal, oo text IR “epeupiokeTal / aKaAAUTITETAI»

— OTa JovTEAQ avAKTNONG KEIPEVWYV (ekTOG Tou Boolean MovTéAou) AapBaveTal uttown
0AOkANpPN n cuAhdoyn (BupnBeite Ta Bapn idf, df). Me GAAa Adyia Ta povTéAa auTd dev
opi¢ouv 10 D(d,Q) aAAd& 10 D(C,d,Q)

+ EOw divoupe 181aitepn Eu@acn oTnv TaxuTnTa avalntnong

» Subpattern match queries yia text IR:

— Bpeg gKeiveg TIC TApaypd@ous TwV KEINEVWY TTOU gival ouvageis ue tnv
EmMEPWTNON
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Avaktnon lNoAupéowv:
Feature-based Approach

Feature:
— 'Evag apiBuog mmou xapaktnpeidel (UTTO Pia OKOTTIA) VA AVTIKEIPEVO, TT.X.
* Méoog Opog,
» Tumknr AtrékAion (standard deviation),
* Discrete Fourier transform (DFT)

« XpnolyotrolwvTag K-features ytropoupe va OOUUE TA AVTIKEIMEVA
WG ONMEia evOg K-01A0TATOU XWPEOU

A

« Avaclntnon = Avalnrtnon o€ MNMNoAudidoTatoug Xwpoug

>
>
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GEMINI:
A Generic Multimedia Indexing Approach

* Baoikn 16€a:
— 1. éva quick-and-dirty Tépaoua yia ammoppiyn TwV AOXETWV AVTIKEIUEVWV
* BaacieTal oTnVv £vvola Tou feature(s)
— 2. Xxpron MEBOdWV XWPIKAG TTpOcRaong yia ypriyopn avalitnon

* lNapdadeiypa
— ‘Eotw C={s,,..., sy} 01TT0U KABE s, eival évag Trivakag [1...365] akepaiwv
— EukAegideia ouvaptnon amméotaong:

365 )
D(s,0) = ( 2 (s[i]-0li j

i=1
— O utroloyiopég Tou D(s,Q) atraitei 365 agaipéoeig, 365 TTOAATTAOCIOOPOUG
— 10€a:
* XOpaKTNPIoUOG KABs ocipdg e 'ENA vouuepo
— yia TTOPAdEIyUa UTTOPOUNE VO XOPOKTNPICOUNE KABE TEIpa UE TO HECO OPO TWV TIMWY TNG
* ME TO NECO OPO UTTOPOUUE VA ATTOPPiYouuE TTOAU YPHYOPA TIG OEIPEC TTOU

oiyoupa £€xouv JeydAn ardéoTaon PE TNV ETTEPWTNON
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EmiAoyr Twv Features

* [Naparnpnoceig

— 'Eva kaAo6 Feature pag emTpETTel hE pia apiBunTiki TTPAEN cUyKpIong va
QATTOPPIWOUUE TTOAAG AVTIKEIHEVA

— MeydAn diagopd Twv Features ouverrdyetal peyadAn diapopd Zeipwv

— MeydAn diagopd Zelpwyv dev ocuveTtdyeTal TTavTa PeyaAn diagopd M.O.
(Méoou Opovu), yia auTd pTTopEi va £xoupe false positives (e0@aAPEVWC
BETIKG)

— Me xprion roAAwyv features ptropoupe va Ta Tape KaAuTepa (AiyéTepa false
positives)

* Me xpnon ffeatures k&Be avTikeiyevo o avtioToixi(etal o€ €va onueio F(o) Tou f-
d1doTaTOU XWPOU,

— Opyavwvovtag 1a f-D onueia pe pia doun XwWPIKNG Tpéoaong YTTOPOUYE va
amoppiwouue ypriyopa TTOAAG avTikeipeva (Gpa dev XpelalOPaoTe OUTE TO
quick-and-dirty otadi0)
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MEBodo1 Xwpikng MNpdéolaong
(Spatial Access Methods)

+ SAM:
— Aopég avalATnong yia diIavuouaTIKOUG 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
» KuUpieg péBodoil
— R-tree (R*-tree, X-trees, SR-trees, ...)
— Linear quadtrees
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» Extension of B-tree to multidimensional

space.

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

R3 1. * Group objects into possibly overlapping
R et : clusters (rectangles in our case)
— minimum bounding rectangle MBR

o R1 R2

» 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

RO

RO
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Example of a R-tree

P1 P3
P1 P2 P3| P4
Jacll et oy
B F “H s f
E P4 J A B C ) H I]|1J
P21D D| E F| G

every parent node completely covers its ‘children’

a child MBR may be covered by more than one parent - it is stored under ONLY
ONE of them. (ie., no need for dup. elim.)

a point query may follow multiple branches.
For more see http://www.rtreeportal. orgl
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Quadtrees

CS463 - Information Retrieval Systems

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)
subregions. Child nodes correspond to
these smaller subregions of their parent’s
region.

Subdivide as little or as much as is
necessary.

Each internal node has exactly 4
(quadtree) children.

Yannis Tzitzikas, U. of Crete

19

Quadtrees (Il)
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O1 aduvapiec 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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AAyO6pIBuoc Avalntnong

[MpooTadio:
Opyavwoe 1a f-D onueia Twv avTikeipévwy Tou C o€ Jia dopr XwpIkNg TTpéoaong

Eioodo¢: Zuhhoyn C, Emrepwtnon Q.

Eéodoc: ans(Q,g)
1) AvTioToixioe T0 Q oTO onpeio F(Q)

2) XpnoliyoTrolwvTtag Tn doun XwpIkng TpéoBaons Bpeg OAa Ta onueia o€
atréoTtaon € atmd 1o F(Q) oto F-xwpo:

TMP:={0in C| d(F(o), F(Q))<¢} /I Fast

3) MNa 1a eupeBEvTa UTTOAOYIOE TNV TTPAYHATIKA aTTOoTacN aTTd TO Q KAl ATTEPPIYE
Ta UTTOAOITTA.

AMANTHEH :={0in TMP | d(o, Q)<¢}
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N Ecaopdhion opBoTNTOG
' (atToTPOTI AavBaOUEVWY ATTOPPIYEWV)

Mo6T1e éva feature ival KaAd ?
* 1davikn TrepiTITWON: AlaTrPNoN ATTOOTACEWV:
— D(o,0’) = D(F(o), F(0’)
» ATodekT TTEPITITWON: ATTOTPOTTH false-negatives (false-

dismissals)

— Nai, av n amreikévion F() @Epvel Ta AVTIKEIMEVA TTIO .. KOVTA OTT’ OTI €ival OTnNV
TTPAYMATIKOTATA, dNAQdI)

— D( F(o), F(o’)) < D(0,0’) yia 6Aa ra o,0’ oro U.

— av 1oxUel auTA N ouvenikn TOTE dev Ba XAOOUNE KAVEVA AVTIKEIMEVO
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Case Study: One-Dimensional Time Series

« C = guvoAo oelpwyV 10iou HAKOUG

« My

— BPEC TIC ETAIPIES LE TIUEC UETOXWV OLOIEC UE QUTES THS IBM
2UVAPTNOEIG atTéoTaoNnG

— EukAcideia

Mapadeiyuata Features Ta otT0ia0 TTOPOUNE VA XPNOIUMOTTOINOOUUE
— Méoog 6pog (M.O.)

— M.O. 1ou e€apfvou kai M.O. 2ou eg¢aurvou (dpa 2 features)

— Coefficients of the Discrete Fourier Transform

— for x=(X,,...X,.4) let X¢ denote the n-point DFT coefficient at the F-th
frequency F=0,...,n-1. Apa éxw (X,,...,X,)

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 24




One-Dimensional Time Series (ll)

» Coefficients of the Discrete Fourier Transform
— for x=(X,,...X,.1) let X, denote the n-point DFT coefficient at the Z-th
frequency Z=0,...,n-1.
— Apa yia KABe X=(Xg,...Xyq) EXW TO X=(X, ..., X,)
» Parseval’'s theorem
— D(x,y) = D(X,Y)
— Apa auté To feature gival KaAO (agou diatnpei TIg ATTOOTACEIG)

* MrTropoupe va XpnOIPOTIOINOOUME AIYOTEPEG, TT.X. K < N OUXVOTNTEG

k-1 n—1 n—1

D(F(x),F(y)) = 2| Xz -Y, A=) TIXz -V, = ¥|x; -y F =D(x,y)
Z=0 Z=0 7Z=0

€101 8ev Ba XAOOUPE KAVEVA OVTIKEIMEVO (O@POU HE K OUXVOTNTES Ol ATTOOTACEIG
METASU TWV AVTIKEIYEVWV Eival MIKPOTEPEG),

KOl CUVANO KPATAME XauNAd TO TTARB0G TwV S100TACEWV
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Case Study: AIodIAoTATEC EYXPWMES EIKOVEC

» EmepwTtAoeIg Baoel TTEpIEXONEVOU
* AlaoTdoEIg TTEPIEXOUEVOU

— XpwHa, uer, HOPYEGS, BEDEIG, ...
« Xpwpua

— TNa kaBe eikdva uttoAoyifoupe 10 k-element color histogram (k=256)

>

orangepink blue
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A10d1A0TATEG EYXPWHEG €IKOVEG (1)

« Amoéotaon loToypapudtwy
— based on distance of colors matrix , etc
— 0 uttoAoyIou6G TNG atréoTaoNG €ival akpIBog

 KaoAd Features:
— first few coefficients of the two-dimentional DFT transform
— RedGreenBlue: average amount of red, green blue

* KGBe eikOva atreikovieTal o€ éva didvuopua (Ravg, Gavg, Bavg)
* D(F(0),F(Q))= eukAeideia amdéoTaon Twv diavuopdtwy (Ravg, Gavg, Bavg)

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete
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Evaluating Sub-pattern match Queries




Evaluating Sub-pattern match Queries

* [l.X.: BPES OAQ Ta TURUATA TWV AVTIKEINEVWV OE ATTOOTAON <&
amo 10 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

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete

A1GpBpwon AIGAEENS

To MNMpopAnua, E@apuoyég kai MNapadeiyuara
Etrepwtriocic Opoidtntag

Feature-based Indexing and Retrieval
— Mé£Bodol Xwpikn¢ MpdéoBaong

— Case Study: 1D Time Series

— Case Study: 2D Images

AvdakTtnon MNMoAupéowyv Xwpig Tn xprnon Features
— METPIKA EUPETAPIA
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AvakTtnon MNoAupéowyv xwpic Tn xpnon Features

* Me xprion METPIKWV EUPETNPIWV (metric indices, metric trees)

» [lpokeital yia TEXVIKES TTOU eQapuOlovTal KaTeuBegiav oTIC
ATTOOTACEIG
— apa dev xpelaldpaoTe features
— @TIAXVOUV IEpapXieC ONAdWY, BEVOPIKI BOUN CQaIpWYV TToU TTEPIAAUBAVOUV
GAAEG OQaipeG, K.0.K

+ Key-point
— YT1roAoyiCoupue TIC ATTOOTACEIC METACU TWV QVTIKEIMEVWY (OXI
KATA avayKkn METAEU OAWV) MIa popd, GTIAXVOUME MIa KOTAAANAN
Oour O0eDdOUEVWV, KAl EV CUVEXEIQ TNV ACIOTTOIOUME KATA TNV
QTTOTINNON TWV ETTEPWTACEWV (YIO VA JEIWOOUUE TO TTARB0C TwV
QATTOOTACEWY TTOU QTTAITEITAI VO UTTOAOYIOOUE EKEIVN TNV WPA)

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 31

Katnyopiec Metpikwv 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

 |f 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)

» Eival duadikd dévdpa

* TpOTIOC KATAOKEUNG "
— EmA&youpe €va oToixeio KeVTPIKO .
(pivot). <3.1 >3.1
— YT1roAoyifoupe Tov u€oo 6po M Twv u7 u9
QTTOOTACEWYV OTTO QUTO TO ONuUEio
<2.9
>2.9 <4 >4

— Ta oToixeia ye aréoTacn PIKPOTEPN
f ion Tou M eiIcayovTal OTO APICTEPO  |y15 ué us u3

UTTOOEVOPO, EVW TA UTTOAOITT OTO
Seti A>2.5 A A

uld| | u4 ul0| | u1 ul3| | u2 | (u12| [ ud

— 2uvexiCoupe avadpouIKa
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[Mapadelyua Kataokeung evog VPT

u3
ul2
u2
ud
ut1 ue Y10
u7
u9
u14
uls
u1i
ud
u13
u8

u11,u7,u15,u6,u14,u4,u10,u1, u3,u12,u2,u9,u13,u8,ud
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ETiAoyn KevTpikoU oToixeiou (pivot)

/
, ud \

1
! ult|  u6
\
\

u8

p=u11
median(d(p,u) | uin U}=3.1

ul1,u7,u15,u6,u14,u4,u10,u1, u3,u12,u2,u9d,u13,u8,ud
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Alauépion otoixeiwv Baoel tou M.O. Twv

ATTOOTACEWV
p=u11
W -l 2 _ _
e ‘\\ median(d(p,u) | u in U}=3.1
// \\ u2 11
I/ ud \ u
1 \ <3.1 >3.1
! \
I 11 6 u1o'
l| u7 u u : u7,u15,u6,u14,u4,u10,u1 u3,ul12,u2,ud,u13,us,us
\ , u9
\ ui4 /
N u15 )
N ’
s ~ ui s ’
u5 S -_—_—_—— - -
ul3
u8
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EmiAoyn pivot
p=u7
B o uf2 _ _
o7 T TN median(d(p,u) | uin ()}=2.9
/| N . 2
o o uti
Y <3.1 >3.1
\ |
11 e U1
u7 u H u7,u15,u6,u14,u4,u10,u u3,u12,u2,ud,u13,us,us
I :
! ; u9
u14/
u1d /
/
\ /7
\\\u5 Sl _///__L_Iil—‘
Te--T u13
u8
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p=u7
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u3
e T - ul2 ) .
R \\ L median(d(p,u) | uin ()}=2.9
b 2
an ! ut1
\ <3.1 >3.1
\ \
11 ‘6 u10:
u7 u F 17,u15,u6,u14,u4,u10,u u3,u12,u2,ud,u13,us,us
| :
! ! u9 S
”1‘91 <2.9 29
u1b /
// u15,u14,u4 u1,u6,u10
Ssews oW
Tee-mT u13
u8
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p=u7
- 2 _ _
median(d(p,u) | uin ()}=2.9
2
w4 ! uti
\ <3.1 >3.1
11 6 U0
u7 u u : u7 u3,u12,u2,u9d,u13,u8,us
/ u9 S
uld <2.9 29
u1b
u15,u14,u4 u1,u6,u10
) u1
us e .-
u13
u8
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EmiAoyn) pivot

u3 p=u15
ul2 .
median(d(u15,u14), d(u15,u4)) =2.5
2
7 ! uti
<3.1 >3.1
matm~ue 10
w7 s u U u7 u3,u12,u2,u9,u13,u8,us
/ \
/ \ u9 S
; IR <29 2.9
' u15 :
\ ! u15,u14,u4|  |u1,u6,u10
/
u5 \\ ul /,
A _- u13
- u8
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Alauépion
u3 p=u15
ul2 .
median(d(u15,u14), d(u15,u4)) =2.5
2
u4 ! u11
<3.1 >3.1
=it ~_ue 10
w7 s’ u U u7 u3,u12,u2,u9d,u13,u8,us
/ \
/ \ u9 S
; IR <29 2.9
' u15 :
\ ! u15,u14,ud|  |u1,u6,u10
\ /
us N “e <2.5/\ >2.5
S - _- ul3
u8 | lu14| | u4
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u3

p=u15

u12
median(d(u15,u14), d(u15,u4)) =2.5
2
" ! uti
<341 >3.1
u10
. utt ué u7 u3,u12,u2,u9,u13,u8,us
u9 >
uld <2.9 29
ul5
u1b u1,u6,u10
ul
us s2.7N>2.5
ul3
us | lu14| | ud
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EmiAoyn pivot
p=ub
us u12 _
median(d(u6,u1), d(u6,u10)) =1.8
u2
,u4’ ~ o . . ul1
// \ <31 >3.1
! uto |
. utt | ué , u7 u3,u12,u2,u9,u13,u8,us
\ /
\ / u9 >
“ut4 L <2.9 2.9
u15 -
u1b ut,u6,u10
ul
us 52.7N>2.5
ul3
ud | lu14| | ud
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Alauépion

u3 p=u6
ul2 .
median(d(u6,u1), d(u6,u10)) =1.8
u2
,u4’ =~ . ui1
I’ \ <31 >3.1
” 5| ul0 |
7 u u ! u7 u3,u12,u2,u,u13,u8,us
\ /
\ /7 u9 >
\'”14 R <2.9 2.9
u15 T
u1b u1,u6,u10
1
us ! 32A>2.5 <1.%>1_3
u13 -
u8 | lu14| | u4 u10| | u1
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u3 p=u6
ul2 .
median(d(u6,u1), d(u6,u10)) =1.8
2
u4 ! uti
<3.1 >3.1
11 6| U0
u7 u u u7 u3,u12,u2,u9d,u13,u8,us
u9 S
uld <2.9 29
u1d
uld ué
ui
u5 52.7N>2.5 <1.%\>1.8
u13 -
u8 | lu14| | u4 u10| | u1
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To TeNIKO aTTOoTEAEOUQ

3
u u12

u2
ud

u11 ue Y10

u7

u9
u14

uls

u1i

<3.1

u7

<
<2.9 >2.9

ulb u6

u5 ui
u13 52.5; ;>2.5 ; \

>3.1

u9

<4 >4

us u3

AN

u8

uld| (u4 ul0| | u1

ul3| |u2 | (u12| | ub
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Vantage-point-trees
« Xwpog: O(n)
« Xpovoc¢ karaokeung: O(n logn) ul1
distance evaluations <31 3.1
— (&16T11 gival 1Ic0Cuyiouéva)
u7 u9
<2.9
>2.9 54 >4
u1s ub u8 u3

e

AN

uld| (u4 ul0| | u1

ul3| |u2 | (u12| | ub
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Vantage-point-trees: AAyopiBpog Avalritnong

‘Eotw emmepwtnon (Q,¢)
* 1/ Metpdue Tnv améotacn tou Q ato 1o pivot p, dnAadn d(Q,p)
« 2/ Av d(Q,p)-€ <= M TTGUE OTO APIOTEPO UTTOOEVTPO
Av d(Q,p) +&€ > M 1TGue 01O OELi UTTODEVTPO
(evOEXETAI VO UTTOUME Kal OTA OUO UTTOOEVOPQ)
» 3/ EOTpEPOUE TA OTOIXEIO TTOU £XOUV aTTO0TO0N <= € a1Td T0 Q

KéoTog avalATtnong:
O (log n) utroAoyiopoi aTTéCTACNG AV TO £ Eival HIKPO
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If d(Q,p)-€ <= M go left

Q=(u11,0) 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) +0 =0 > 3.1 go right if d(u11,u7) +0 =1 > 2.9 go right
3 If d(u11,u15)-0 =1.5 <= 2.5 go left
u12 if d(u11, u15)+0 =1.5 > 2.5 go right
u2 \'
ud
@ 46 U10
u7 u9
u9
ul4
ulb >4
ul I u3
us !
u13 <2. ’_ /\
us rlu14" ud| |ut0| |u1| |u13] |u2 | |u12| | u5
1
P |
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If d(Q,p)-€ <= M go left

Q=(u11,3.1) if d(Q,p) +€ > M go right
If d(u11,u11)-3.1 =-3.1 <= 3.1 go left
if d(u11,u11) +3.1 =3.1 > 3.1 go right
ud w12 If d(u11,u7)-3.1 =2.1-3.1=-1 <= 2.9 go left
e ~ if d(u11,u7)+3.1=2.4"+ 3.1'=5.1 >2.9 go right
d N w2 SRS I
// ud \\ /,/’ uii /I
! Y T <34 >34
SR It B
\ u7 'l /,’ u7 \ u9
‘\ ul4 /I ud //I ) 20 \\
\ ’ <2. >2. \\
\\ u15 // I,/ \‘ <4 >4
AN " Il LT ué| | |u8 u3
ub \\____/ 3 'S2.5 >2.5 /\ i /\
us \ut4) [ua | w10 |ut| w13 [u2 | (w12 | us
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If d(Q,p)-€ <= M go left

Q=(u8,1) // pIKpHO €

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

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

u3
ui2
u2
ud
ul ue Y10
u7
u9
ul4
u15 -~
7
/7
ul 4
ud /
'(113
1 u8
\
\

u13\ u2 | lu12| | ud

\
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Q=(u8,2) // peydaho €

If d(u8,u11)-2=4.2-2=2.2<= 3.1 go left

If d(Q,p)-€ <= M go left
if d(Q,p) +€ > M go right

f A(UB.UT 14224 242=6.9 >3 1 iaht If d(u8,u7)-2=4.2-2=2.2 <= 2.9 go left
+2=4.2+42= >
I d(u8,ut1)+2=4. < >0.1901g if d(u8,u7)+2=4.2+2=6.2 > 2.9 go right
u3
ui2
o ——————— \
u2 ! \
ud ll u11 \
\
| <34 >34 1
F——— e —— T — - \
w1 ue V10 ! I \ \
u?7 ! I | u7 \ ug | *
1 ! \ \
u /’—_~\\ 32. >2-9 \
uits -~ ~d " \\ <4 >4
7 . |u15 ué| 1 |u8 u3
u5 , ul 'I \ \
I u8 \
| uld| | u4 u10| | ut u13| |u2 | (u12| | ud
\ ]
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If d(Q,p)-€ <= M go left
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
u12
ud
uli u6
u7
uti4
ulb /,’ ||
u5 , |
1 1
! ui3 | L \
I ! ! 1
. ue !u14) ua utof | ut ,1‘;13\ u2 [1u12| |us
1 1
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(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 >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 /), 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 mrpwTo €TTiTred0

ul2 T 1
ul2 i .
{j‘: rd b
o Wi
i Ted | o,
Nd ey -
i S
ud e
e 5 N
3 o =t IJ||:| -\
;' ull uf - " s
Py L] | £ o
tud A ] ' - - o -, - - - -
¥ . o | ud CudufaTulduld | [ulal®) | o3 el2uld) ulud | ug |
{ ol s ¥ ML N L L
UL
i ¢
: Fl
TR o
"} -7 i
S ul
[ ]
h, =

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete 56




BKT: OASkANnpo
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BKT: AAy6piBuoc AvaliTnong
Eioodo¢: Zuhhoyn C, Emrepwtnon Q,&
Eéodoc¢: ans(Q,e)
e =eKiva a1t TN pica
e Mmeg og OAa Ta TaIdId i T.w. d(Q,p)-€ <=i <= d(Q,p) +¢
* [lpoxwpnoe avadpouika
*  Ortav @racoupe o€ éva QUANO, EAEyXOUUE OEIPIaKA OAa Ta OToIXEIO TOU
Yannis Tzitzikas, U. of Crete 58
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Fixed Query Tree (FQT) [Baeza-Yates 94]

* Ala@opég pe 1o BKT:
— 2710 BKT kdB¢ képpog éxel To d1kd Tou pivot
— 210 FQT 601 o1 k6upol evdg eiTTEdOU €Xouv TO idlo pivot
— OAa 1a oToIXEia atTOBNKEUOVTAI OTA PUAAQ

* KOOTOG KATAOKEUNG:

— O (nlog n) distance evaluations
+ KooTog avalntnong

— O(n"a), O<a<1
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Fixed Query Tree (FQT)
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FQHT
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(C) not tree-based indexes.
AESA(Approximating Eliminating Search Algorithm)

» Baoiletal o€ évav trivaka pe n(n-1)/2 TTpoUTTOAOYICUEVES
ATTOOTACEIG

- ™
U
u, D(2,1)
u; D(3,1) D(3,2)

1/; b(n,]}D(n,Z) D(n,n-1)

n

N Uy U, U ~/

n
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AESA: AAy6p1Buog Avadlntnong

‘EoTtw emmepwtnon (Q,¢)

1/ ETTIAéyoupue Tuxaia éva onueio p

2/ MeTpdue Tnv amméoTacn Tou Q atrd 1o pivot p, dp = d(Q,p)

3/ AtTékAeioe OAa Ta onuEia U TTOU OEV IKAVOTTOIOUV TO:
dp-e<=D(u,p)<=dp+¢ //Bdoel Tou TTivaka TTOU AdN £€XW

4/ 2uvéxioe €101 €WG OTOU Ogv £XOUV aTToUEiVEl AAAa onuEia
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AESA: A\y6piBuoc Avalitnong: MNMapdadeiyua

p=u11

ATOKAEIGUOC T®V U TTOV OEV
KOVOTTOLOVV:
dp-e<=D(u,p)<=dp+e
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AESA: AAy6piBuocg Avalntnong: MNMapdadeiypa

p=ui1

ATOKAEIGLOGC T®V U TOL OEV
KOLVOTTOLOVV:
dp-€e<=D(u,p) <=dp +¢

Emrépevo pivot p=u15
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AESA: AAy6piBuog Avalntnong: MNMapdadeiypa

p=u15

N\ /
S 4
N '

~
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AESA: AAy6piBuocg Avalntnong: MNMapdadeiypa

p=u15

Emoépevo pivot p=u6
\ /

S 4
A Y '

~
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AESA: AAy6piBuog Avalntnong: MNMapdadeiypa

p=u6

D(u,p) <=dp +¢
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ATOKAEIGUOG T®V U TOL OEV 1K.:
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AESA: A\y6piBuoc Avalitnong: MNMapdadeiyua

//,uﬁ u\16‘\\
1
L
“{14 € //I
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AESA
(Approximating Eliminating Search Algorithm)
* Xwpog: O(n*2) (to otroio gival TTOAU PeyAAo)
* Xpovog kataokeung: O(n*2)
« Experimental query time: O(1)
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A1apBpwon AIGAeENC

To MpoBAnua, E@appoyéc kai Mapadeiypara
Emepwtioeigc OpoldtnTag

Feature-based Indexing and Retrieval
— Mé£Bodor XwpikAg MNpdoBaong

— Case Study: 1D Time Series

— Case Study: 2D Images

AvakTtnon MNoAupéowyv Xwpic Tn xprion Features
— METPIKA EUPETAPIA
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» 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]

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete

72




