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Edw avTi yia éyypaga Kelyévou €xouue TrToAupéoa (multimedia objects):
— OIOBIACTATEG EYXPWHEG EIKOVES
— gray-scale 10TpIKéG £1KOVEG BiodidoTaTeg 1) TplodidoTareg (X MRI brain scans)
— one dimensional time series
— ynelotroinuévn WV | JOUCIKN
— video clips

2T0X0G: FpRyopn €Upeon TWV TTOAUPECWY TTOU TAIPIACOUV aKPIBWGS A
TIPOCEYYIOTIKA UE MIA ETTEQPUITNOTN.

To arrdéAuTo Taipiagua ouviBwg dev pag eivail Xpraiuo
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Image Databases
— ( = Bpeg g1koveg rou poialouv pe nAioBacisua

* (TwvV OTTOIWV N KATAVOMI XPWMHATOG €ival idIa JE AUTAV TWV QWTOYPAPIWV UE
nAloBaciiepa)

— avayvwplon TTpoowTrou (face recognition), Taipiacua OAKTUAIKWYV
atmmoTuTTwHATWY (fingerprint matching)

Financial, Marketing and Production Time Series
— ( = Bpeg sraipeieg e mapouoia diakuuavon HETOXwWV
Medical Applications

— ( = Bp&g 1arpIKESC AKTIVOYPAPIES TTOU ATTEIKOVI(OUV KATI UE UPIH) OYKOU
(tumor)

Audio/Video databases
— avayvwplion ewvng (voice recognition)
DNA/Genome databases
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Erepwtioeic OpoidtnTag
(Similarity Queries)

» Bagilovtal o€ pia dobcioa ocuvdpTnon arréotaocng (ouoidTNTAG)

* Y1ropabpo:
— MeTpIKOG XWPOG cival Eva 0UVOAO OTOIXEIWV X EQOBIAOHEVO PE Hia
ouvdaptnon amréoraong d: X x X >R
— O1 ouvapTAOEIG ATTOOTACNG £XOUV TIG £ENG IDIOTNTEG, 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 dIaVUOUATIKOI XWPEOI €ival pia €I0IKH TTEPITITWON TWV HJETPIKWYV
XWPWV
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[Mapadeiyuara 2uvapTtriocwyv ATT00TAONG
yia OIQVUCMATIKOUG 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
LS((xlo"'axk)(yla-"ayk)) — [lel — Vi |S]
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

oo
to infinity.
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loopETPIKEG KAUTTUAEG L, L, L, yia TO O100IA0TATO XWPO

>4 L

N\
(x y)\/

x+y=1 2\/(xz+y2):1
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liInp—)oo li/(xp +yP)=1

max(x,y)=1
Yannis Tzitzikas, U. of Crete, Spring 2006

Katnyopiec ETrepwthocwyv Opoidtntag

— MN.x.: Bpeg O6Aa Ta
— Ta avrikeiyeva kal

Taipiaoparog lNpotutrou(Whole match queries)

avTIKEiuEVaA o€ amooraon <& amé 1o Q
N eTEPWTNON €ival 1Idiou TUTTOU

o TI.X. EYXPWUEG EIKOVEG 512x512

Taipidoparog YmromrpoTtutrou (Sub-pattern match queries)

— T1L.X.: BpEC OAa Ta TUANATA TWV AVTIKEINEVWYVY OE ATTOOTAOCT <& ATTO T0 Q
— H emepwtnon pTTopei va €xel dIaQopeTIKO TUTTO ATTO TA AVTIKEIMEVA
* TI.X. QVTIKEINEVA = €IKOVEG 512Xx512, eTeEpwTNON = TUTTIKA 16X16 akTIVOypagia

€VOG OYKOU

— T.x.: Bpeg ra 5 ko
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KovTivoTepwy yeITovwy (nearest neighbors)

VTIVOTEQPA AVTIKEiEVA OTO Q

2uvdeong (all pairs, spatial joins, ...)

Yannis Tzitzikas, U. of Crete, Spring 2006




Taipiaopa lNMpotutrou: Opioudg IMNpoBAruaTog

o Youmav ovrikewevov U (my 1o 6Ovoro OAmv Tov eikdvav 512x512)
« Xvihoyn avikeEvov C={o,...,05} , C cU
« 2vvdptnon Amoctocns (opototnTags,..,.covaeewg) D: U x U — [0,1]
— kofopileton amod Evav €101k0 ToL Tediov (Umopet va vroroyiletot amd Eva
TPOYPOLLULO)
« Emgpotnon: avurciuevo Q (Q €U) ko avoyn (tolerance) &

* Armavtnon enepotong: ans(Q, &={ o € C | D(0,Q) < &}
» YKomoOg: [ pryopoc vworoyiolog tov ans(Q, &)
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Mia AtrAoikry M€Bodocg AvalnTnong

1. YToAdyioe 10 D(0,Q) yia kdBe o ato C
2. EmméAeée ekeiva ta avrikeipeva 1.w. D(0,Q) < &

Maparnpnoeig
* [ToAU apyn uéEBodOC av:
— 0 uttoAoyIouOC TNS aTTO0TAONS AKPIBOS
» 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| €ival peydAo
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Zntoupeva

TaxuTtnta
— N o€IpIOKA 0dpwan Kal 0 UTTOAOYIGNOG TNG atréaTacng d(o, Q) yia kabe
avTIKEinEVO 0 Tou C Ba rTav TToAU apyog (yia peyaAeg BACEIQ)

OpBdtnTa
— UPNAGG BaBuog avakAnong (va pnv XAvetal Kavéva atrd Ta aVTIKEINEVA),

— KaAGG BaBudg akpifelag (Ta E0QAAPEVWES avaKTNBEVTA JTTOPOUV VO
QIATPAPIOTOUV HE Eva ETTITTAEOV TTEPACHAQ)

Mikpr) XwpIkA €mR&puvon
KAIlpakwon, Auvapikn:
— €UKOAN glcaywyr], dlaypar Kal eVNUEPWON AVTIKEINEVWV

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

Ala@opEG e To KAAOOIKO IR KeINEVWY

* O Babudg Zuvaeeiag edw avTtioToixei oto Babuod Ouoidtntac (Eyyutnrag) (1-
AméoTtaon)
— Rel(0,Q) » 1 -D(0,Q)
— D(0,Q) 1 -Rel(0,Q)

« HD(Q,0) edw dideTal, oTo text IR “epeupiokeTal / akAAUTITETAI»

— OTA JOVTEAQ avAKTNONG KEINEVWYV (ekTOG Tou Boolean MovTtéAou) AapBaveral uttown
oAGkANpN n cuAAoyn (BupnBeite Ta Bdpn idf, df). Me dAAa Adyia Ta povTéAa autd dev
opiCouv 10 D(d,Q) aAA& 1o D(C,d,Q)

+  EOw divoupe 101aitepn Eu@acn oTnv TaxuTnTa avadntnong

» Subpattern match queries yia text IR:

— Bp&¢ eKeiveg TIC MApaypd@oucC TwV KEINEVWYV TTOU gival OUVAQEIS IE TNV
EmEPWTNON
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AvakTtnon MNMoAupéowy:
Feature-based Approach

Feature:
— 'Evag apiBuog mou xapakTnpidel (UTTd pia oKOTTIA) £va AVTIKEIYEVO, TT.X.
* Méoog Opog,
» Tummikr) ATTékAion (standard deviation),
 Discrete Fourier transform (DFT)

« XpnoiugoTtrolwvTag K-features ytropouue va OOUPE TA AVTIKEIPEVA
WG onNuEia evog K-01A0TATOU XWPOU

A

* Avalntnon = Avalntnon o€ lNoAudidoTatoug Xwpoug

>
>
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GEMINI:

A Generic Multimedia Indexing Approach

* Baoikn 1d€a:
— 1. éva quick-and-dirty Tépacpa yia atroppIyn TWV ACXETWYV QVTIKEIMEVWV
* Baoicetal oTnv évvolia Tou feature(s)
— 2. XpAon HEBOOWV XWPIKAG TTpOoRaong yia ypriyopn avalninon

* [lapadeiypa
— Eotw C={s,,..., sy} 01M0U KA6Et s; €ival Evag Trivakag [1...365] akepaiwv
— EuUkAegidela ouvapTtnon ammréoTaong:

365 5
D(s,0) = \/[ 2. (s[i]1-0li]) j
i=1

— O utroAhoyiopég Tou D(s,Q) atrautei 365 agaipéoelg, 365 TTOANATTAACIACHOUG
— 1®€a:
* XapakTNPIoudg KAabs osipdg pe ENA voupepo
— yia TTAPAdEIYHO UTTOPOUNE VA XAPAKTNPIoOUNE KABE OcIpd e TO HECO OPO TWV TIHWYV TNG
* ME TO UECO PO UTTOPOULE VO OTTOPPIWOUUE TTOAU YPAYOPO TIG OEIPEC TTOU

giyoupa €xouv JeydAn ardédoTaon PE TV ETTEPWTNON
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EmiAoyn Twv Features

* [lapatnpnoeig

— 'Eva kaAod Feature pag emTPETTEI JE YIA APIBUNTIKA TTPAEN OUYKPIONG VO
QATTOPPIWOUNE TTOANG QVTIKEIUEVA

— MeydAn dlagopd Twv Features ouverrdayeral peyaAn diagopd Zeipwv

— MeydAn dlagopd Zeipwyv dev ocuveTTAyETAl TTAVTA PEYAAN diagopd M.O.
(MEoou OGpou), yia auto PTTOPET va £xoupe false positives (E0@aAPEVWG
BeTIKG)

— Me xprion ToAAwyv features ptropouue va ta Tape KaAuTepa (Aiyétepa false
positives)

» e xpnon ffeatures k&Be avtikeipevo o avTioTolxileTal o€ €va onueio F(o) Tou f-
d1GoTATOU XWPOU,

— OpyavwvovTtag Ta f-D onueia ye pia doun XwpIkNG TpooBaong YTTOPOUUE va
QTTOPPIWoUPE ypriyopa TTOAAG avTikeipeva (Gpa dev xpelaldpaoTe oUTE TO
quick-and-dirty o1adi10)
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MEBodo1 Xwplikn¢ IMNpdéoaong
(Spatial Access Methods)

 SAM:
— Aopég avaldnTnong yia dIavuoUaTIKOUG XWPEOUG
— 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
» Kupleg péBodoI
— R-tree (R*-tree, X-trees, SR-trees, ...)
— Linear quadtrees
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R-Tree

RO

RO

» 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

Yannis Tzitzikas, U. of Crete, Spring 2006
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— 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, Spring 2006




Quadtrees (ll)
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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.

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2006
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AAy6p1Bpoc Avadlntnong

[MpooTdadio:
Opyavwoe 1a f-D onueia Twv avTikeipévwy Tou C o€ pia dour XWPEIKAS TTPOcacng

Eicodo¢: ZuAhoyn C, Emrepwtnon Q,¢

Eéodo¢: ans(Q,¢)
1) AvTigToixios To Q aTo onueio F(Q)

2) XpNOIUOTTOIWVTAG TN doun XWPIKAS TTpooBacns Bpeg 6Aa Ta onueia o€
atmréoTacon € ammo 170 F(Q) oto F-xwpo:

TMP:={oin C| d(F(o), F(Q))<e} // Fast

3) MNa 1a eupeBEvTa UTTOAOYIOE TNV TTPAYMATIKN atréoTaon ammd 1o Q Kal aTTépPIYE
Ta UTTOAOITTQ.

AMANTHZH := {0 in TMP | d(o, Q)<¢}
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E¢aocpdaAion opBoTnTac

(atToTPOTI) AavOaCPEVWY ATTOPPIYEWV)

[161€ €va feature gival KAAG ?

« [davikn TrepiTITWON: AlATAPNOCN ATTOOTACEWV:
— D(o,0’) = D(F(0), F(0’))

« ATodeKkTN TTEPITITWON: ATToTPOTTN false-negatives (false-
dismissals)

— Nai, av n atreikovion F() @Epvel TA AVTIKEIJEVA TTIO .. KOVTA aTT’ OTI €ival oTnV
TTPAYUATIKOTNTA, ONAQDN)

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

— av IoxUEl auT N ouveOnkn TOTe dev Ba XAOOUPE KAVEVA QVTIKEIUEVO
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Case Study: One-Dimensional Time Series

C = ouvoAo oegipwv 10ioU UAKOUG
« My

— BPECS TIC ETAIPIES LIE TIUES LUETOXWYV OUOIES lIE aQUTEC THS IBM
2.UVAPTNOEIG aTTOOTACNG

— EukAcideia

MNapadeciyuyara Features Ta oTT0i0 UTTOPOUNE VA XPNOIMOTIOINOOUNE
— Méoog 6pog (M.O.)

— M.O. 1ou e¢auvou kai M.O. 20u e¢aunvou (Gpa 2 features)

— Coefficients of the Discrete Fourier Transform

— for x=(X,,...X,.1) let X; denote the n-point DFT coefficient at the F-th
frequency F=0,...,n-1. Apa £xw (X,...,X,)
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One-Dimensional Time Series (ll)

* Coefficients of the Discrete Fourier Transform
— for x=(x,...X,.¢) let X, denote the n-point DFT coefficient at the Z-th
frequency Z=0,...,n-1.
— Apa yia KABe X=(Xy,...X,.1) EXw 10 X=(X,,...,X,)
e Parvesal’s theorem
— D(x,y) = D(X,Y)
— Apa auté To feature cival KaAd (agou dlatnpei TIG ATTOCTACEIG)
* MTtropoupe va XpnOIPOTTOINOOUME AIYOTEPEG, TT.X. K < N OUXVOTNTEC

k-1 ) n—1 ) n—1 )
D(F(x),F(y)= 2| Xz -Y;| 2N Xz =Yz17 = 2lx;—yi " =D(x,y)
Z=0 Z=0 7Z=0

€101 Oev Oa XAOOUE KAVEVA AVTIKEIPEVO (APOU HE K UXVOTNTEG Ol ATTOOTATEIG JETAEU
TWV AVTIKEIHEVWV Eival MIKPOTEPEG),

KOl UVANA KPATAME XapNAA 10 TTARB0GC Twv dIaoTATEWY
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Case Study: AIodIAoTATEG EYXPWMES EIKOVEC

EtrepwTtAoeIc BACEI TTEPIEXOUEVOU
AI0OTACEIG TTEPIEXOMEVOU

— Xpwa, uen, HopEg, BEoEg, ...
Xpwua

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

 —
orange . blue
9 pink
CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2006
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A10d1a0TATEG EYXPWMEC EIKOVEC (1)

« AméoTtaon loToypapuaTwy
— based on distance of colors matrix , etc
— 0 uttoAoyIou6C TNG atTéoTaoNG €ival akpIBOg

 KaAd Features:
— first few coefficients of the two-dimentional DFT transform

— RedGreenBlue: average amount of red, green blue
* KABe eIkOva atreikovileTal o€ éva didvuopa (Ravg, Gavg, Bavg)
* D(F(0),F(Q))= eukAcideia atréoTaon Twv diavuopdtwy (Ravg, Gavg, Bavg)

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2006
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Evaluating Sub-pattern match Queries

Evaluating Sub-pattern match Queries

* [1.X.: BPES OAa Ta TUNUATA TWV AVTIKEIUEVWY OE ATTOOTAOT 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 f features

« 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, Spring 2006
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AldpBpwon AIGAEENC

To MNpéBAnua, Epapuoyéc kal MNapadeiyuata
Etrepwtioceic OpoidtnTag

Feature-based Indexing and Retrieval
— Mé£B6odo1 Xwpikng MNpooaong

— Case Study: 1D Time Series

— Case Study: 2D Images

AvakTtnon NMoAupéowyv xwpig Tn xpRon Features
— METPIKA EUPETHPIO
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Avaktnon lNoAupcowyv xwpic Tn Xxpnon Features

« Me xpnon LUETPIKWYV EUPETNPIWV (metric indices, metric trees)

» [lpokeITal yia TEXVIKEG TTOU EQapuOlovTal KaTEUBEiav OTIC
ATTOOTAOEIG
— apa dev xpelaldpaote features

— @TIAXVOUV IEPAPXiEC OUAdWYV, BEVOPIKN DOMUN OPAIpWY TTOU TTEPIAQUBAVOUV
AAAEG OQaipEG, K.O0.K

* Key-point
— YT1roAoyiCOUE TIC ATTOOTACEIC JETACU TWV AVTIKEINEVWYV IO
QopPAd, PTIAXVOUUE HIa KATAAANAN dopn dedouEVWYV, KAl EV
OUVEXEIQ TNV XPNOIMOTTOIOUKE KATA TNV ATTOTiHNON TWV
ETTEPWTAOEWV
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Katnyopie¢ MeTpikwv EupetTnpiwy

(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).

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

CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2006
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Vantage-Point-Trees (VTPs) (also called metric-trees)

» Eival duadika dEvdpa
* TPOTTOC KATAOKEUNG
— EmA€éyoupe €va oTOIXEIO KEVTPIKO

(pivot).

YT1roAoyifoupe Tov p€oo 6po M Twv
ATTOOTACEWY ATTO AUTO TO ONUEIO

Ta oToIxeia he ATTOOTACH MIKPOTEPN
] ion Tou M gicdyovTal 01O APIOTEPO
UTTOOEVOPO, EVW TA UTTOAOITTA OTO

<2.9

u1d

u’7

ul1

>2.9

u6

>3.

1

u9

us8

>4

u3

[oYd]

2 uvexiCoupe avadpouIKa
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[Tapadelyua KAaTtaokeung evog VPT

ud

u3

u7

ui2
u2
u4
ut1 ws Y10
u9
ui4
uld
ui
ui3
us8

ui11,u7,u15,u6,u14,u4,u10,u1, u3,u12,u2,u9,u13,u8,us
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ETTiAoyr) KEVTPIKOU aToIXEiOU (pivot)

u3
,———‘~\\ ui2
//, \\
/ N\ u2
// u4 \\
/ \
! \
10"
X w1 w10
1 u7 'l
\ 9
, u
Y u14 /
AN ui5 J
N /7
us \\\ u1 ’//
TTTT w13
u8

p=ui1
median(d(p,u) | u in U}=3.1

ul1,u7,u15,u6,u14,u4,u10,u1, u3,u12,u2,u9,u13,u8,us
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Alapépion oToixeiwv Baoel Tou M.O. Twv
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ATTOOTACEWV
p=u11
u3 - T =4 u12 ] _
g A median(d(p,u) | u in U}=3.1
// S u2
// ud \\ uli
/ \ <3.1 >3.1
] \
I 1 6 u10!
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\
\\ u1i //
us S _——_— - -
ul3
u8
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EiAoyn pivot
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3 p=u7
- —u—7—<': -------- u12 . .
R ~\\ median(d(p,u) | uin ()}=2.9
5
i ! u11
\ <3.1 >3.1
\ )
11 e 1%
o7 u ¥ ' u7,u15,u6,u14,u4,u10,u1] u3,u12,u2,u9,u13,u8,ud
| !
I / u9
u14/
u1ds /
/
7/
s oY
TTemT u13
u8
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3 p=U7
- —u—7—<': -------- u12 . .
R ~\\ median(d(p,u) | uin ()}=2.9
5
i y u11
\ Y <3.1 >3.1
\ )
11 e 1%
.7 u ¥ u7,u15,u6,u14,u4,u10,u1| [u3,u12,u2,u9,u13,u8,us
| !
I ! u9
<2. >2.9
u14/ 2.9
u1d /
// u15,ui4,u4 u1,u6,u10
\\\ 5 e ’,’u1
Te=- u13
u8
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u3 p=U7
————————— ui2 ] )
. median(d(p,u) | uin ()}=2.9
‘ 2
w4 ” u11
‘ <3.1 >3.1
u10:
- ut1 u6 | u7 u3,u12,u2,u9,u13,u8,us
4 Fu9 <2.9 >2.9
15
” u15,u14,u4|  |u1,u6,u10
) u1
us e
ul3
u8
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EmiAoyn pivot
u3 p=U15
u12 ]
median(d(u15,u14), d(u15,u4)) =2.5
2
» y u11
<3.1 >3.1
P e u10
ut1 =, ué u7 u3,u12,u2,u9,u13,u8,us
u7// ‘\
/ \ ud <2 9 >2 9
\ <. .
l' . ul4 ‘
‘\ : / u15,u14,ud|  |u1,u6,u10
\ u1 /
us /’
A _-"u13
- us
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AlauEpiaon
u3 p=U15
u12 ]
median(d(u15,u14), d(u15,u4)) =2.5
2
u4 - ui1
<3.1 >3.1
L R I
-7t AN u7 u3,u12,u2,u9,u13,u8,us
u7// AR
/ \ ud <2 9 >2 9
\ s<. .
l' ul4 \
\ uld !
\ ! ui5,u14,u4 u1,u6,u10
\ u1 /
us /’ <2.5 >2.5
M. _-"u13
ud8 | lu14| | ud
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u3 p=U15
u12 ]
median(d(u15,u14), d(u15,u4)) =2.5
2
u4 - ui1
<3.1 >3.1
11 6 u10
.7 u u u7 u3,u12,u2,u9,u13,u8,us
14 ud <2.9 >2.9
u1s
u1ds u1,u6,u10
u5 u1 32.7/\>2.5
ul3
ud8 | lu14| | us
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EiAoyn pivot

u3 p=u6
u12 ]
median(d(u6,ut), d(u6,u10)) =1.8
2
u-—=~ u11
7/ N
’ S <3.1 >3.1
/ \
» 6| ulo)
.7 u u I u7 u3,u12,u2,u9,u13,u8,us
\ /
9
\u14 o <2.9 >2.9
u15 -
u1ds u1,u6,u10
ui
u5 32.7/\>2.5
ui3
ud | lu14| | u4
CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2006 43
p=u6
u3 u12 _
median(d(u6,u1), d(u6,u10)) =1.8
2
u-—=~ u11
7/ N
’ N <3.1 >3.1
/ \
» 6| ulo)
.7 u u I u7 u3,u12,u2,u9,u13,u8,us
\ /
9
\u14 S <2.9 >2.9
u15 -
u1ds u1,u6,u10
1
us ’ 32-7/\>2-5 <1.8/ \>1.8
ui3
u8 | lu14| | u4 u10| | u1
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u3 p=u6
u12 ]
median(d(u6,u1), d(u6,u10)) =1.8
2
u4 : uti
<3.1 >3.1
11 6 u10
.7 u u u7 u3,u12,u2,u9,u13,u8,us
u9
uld <2.9 >2.9
u1ds
uib ué
u1t
u5 32.7/\>2.5 <1_V\§1_8
u13 B
u8 | |lu14| | u4 u10| | u1
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To TENIKO atToTEAECUA
u3 u12
ul1
" w2 <3.1 >3.1
u11 U6 u10 u”7 u9
u7 <9
u9 - >2.9
ul4 4 >4
u1d
uibd ué ud u3
U5 u1
e VAN
u8
ul4| | u4 ul0| |u1 | [u13| | u2 | (u12| | ud
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Vantage-point-trees

« Xwpog: O(n)

« Xpovog¢ karaokeung: O(nlogn) ul1
distance evaluations
— (8167 €ival 1c00luyiouéva)

IA

3.1 >3.1

u7 u9

<2.9
>2.9 <4 >4

uid ué us8 u3

Cos ST

u14| | u4 u10| | u1 u13| | u2 | (u12| | ud
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Vantage-point-trees: AAyopiBuoc Avalntnong

‘Eotw emepwtnon (Q,€)
« 1/ Metpdue TNV atrécTacn Tou Q atrd 1o pivot p, dnAadn d(Q,p)
« 2/ Av d(Q,p)-€ <= M TTauE OTO APIOTEPO UTTOOEVTPO
Av d(Q,p) +& > M 11aue OTO BEEi UTTOBEVTPO
(evOEXETAI VO ITTOUME KOl 0Ta QU0 UTTOOEVOPQ)
« 3/ ETOTpEQPOUE TA OTOIXEIO TTOU £XOUV ATTO0TAON <= € ATTO TO Q

KoaTog avalntnong:
O (log n) utroAOyIOWOI ATTOOTACNG AV TO € Eival MIKPO
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Q=(u11,0)

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

If d(u11,u11)-0 =0 <= 3.1 go left
if d(u11,u11) +0 =0 > 3.1 go right

If d(u11,u7)-0 =1 <= 2.9 go left

)

if d(u11,u7) +0 =1 > 2.9 go right
(
(

03 If d(u11,u15)-0 =1.5 <= 2.5 go left
u12 if d(u11, u15)+0 =1.5 > 2.5 go right
u2
u4
@ w6 Y10
u7 u9
u9
ut4
u1bs >4
ut ( u3
ubd !
u13 3'2.5 >2.5
u8 I ’
vu14" u4 u10| |u1 | (u13| |u2 | (u12| | us
|
PR |
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If d(Q,p)-€ <= M go left
if d(Q,p) +& > M go right
Ifd(u11,u11)-3.1 =-3.1 <= 3.1 go left
if d(u11,u11) +3.1 =3.1 > 3.1 go right
u3 e u12 If d(u11,u7)-3.1 =2.‘I-3;1 =-1 <= 2.9 go left
R s N if d(u11 ,u7)+3.1=2,./1’-lf 3.1=5.1>2.9 go right
.’ S u2 L7 \‘,
I/ u4 \\ //, U11 [I
! Y 7 <341 >3
\ ’ d
.' @ w 1O , ;
\ u7 " / u7 Y u9
\ /' \\
Y u14 ; * / Szﬁ/ 29 | o4
\\ u15 // II/ “ s,
o » /’ / |ulb u6| ! |u8 u3
us Te=---T u13 ' <2.5 >2.5 i
u8 \ut4] [ua | Ju10 | ut | iu13] | u2 | 12| | us
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If d(Q,p)-€ <= M go left
if d(Q,p) +&€ > M go right

Q=(u8,1) // piIkpd €

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

. ] If d(u8,u9)-1=2-1=1 <=4 go left
if d(u8,u11)+1=4.2+1=5.2 >3.1 go right

if d(u8,u9)+1=2+1=2 > 4 go right

3
u u12
PR \
u2
I \
ud | uli \
1 \
ﬂ/ >3.1
I — ===
u11 v Y10 I X T
u7 u7 I I u9 1 !
1 \
ui4 SZﬁ/ >2.9 | S4/\\>4
u1d = ~d I
-’ N 6| ! |us 'u3
U1 , . (u15 u , |u \u
us / \ L _ ____T
13 ) /7(\
I 8 |
u
] wd ua| lut0 |ut [ JursY w2 | w12 |us
\ s
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N

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

Q=(u8,2) // peyaho ¢

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

_ ) If d(u8,u7)-2=4.2-2=2.2 <= 2.9 go left
if d(u8,u11)+2=4.2+2=6.2 >3.1 go right

if d(u8,u7)+2=4.2+2=6.2 > 2.9 go right

u3
ui2
[ el \
I
u2 \
ud l, uli \
\
| <3.1 >34
\
10 oy
ui1 u6 . I ! \ \‘
u7 ! 1| u7 \ u9
1 I \ \
ud I "Z0 U U N
ui4 -— 1
Je S~ | 32/9/\*-9 | 54/ >4
utds d 1
’ Y !
‘U1 N u1d ué \ u8 u3
u5 / L \\ \
[ um Al 7N\
I u8 1
I uld | u4 u10| ful | (13| |u2| (u12 | ud
\ 1
\ 1
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Q=(u8.2 If d(Q,p)-€ <= M go left
=(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 u12
e e e e === == - \
2 I
ud ’ ! ut1 \
\
| <31 >34
_————_—— === \
u11 ué u10 ! I \\ )
u7 ! I |u7 \ u9 | |
I , | \
u9 I "Z0 U U N
uid _-—-<_ || < >29 \ 4 >4
R ML - _‘\-\:__ \
4 Poqutsp 1 jue )y ju 1 U
ub / L \ L "] |
,’ u13 1<2. 52-5‘_1 =y ||
I ! 1 ! 1
! u8 | lutd] ud ) | ut0f | ut ,¢13\ u2 [(u12| |us
\ 1
________ L I Wy ' Sy
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AN

’

(A) Tree indexes for discrete distance functions

BKT (Burkhard-Keller Tree)

are called pivots.

CS463 - Information Retrieval Systems

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 /), 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
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BKT: To mrpwTo £TTiTred0
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BKT: AAyopiBuog Avalntnong

Eicodoc¢: ZuMhoyn C, Emepwtnon Q,¢

Eéodog: ans(Qg)

« Zzekiva atmod 1 pica

Mrmeg oe OAa Ta Taudid i T.w. d(Q,p)-€ <=i<=d(Q,p) +¢

* [lpoxwpnoe avadpouIka

*  Ortav prdooupe o€ €va QUANO, EAEyXOUE OEIPIOKA OAQ TO OTOIXEIO TOU
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Fixed Query Tree (FQT) [Baeza-Yates 94]

« Alagopég ue 1o BKT:
— 2710 BKT kG0B¢ kOuP0oG €xel TO OIKO TOU pivot
— 210 FQT 6Aoi o1 kbéuBol evog emiTédou €xouv To idlo pivot
— OA\a 1a oToixeia atroBnkevovTal oTa QUAAQ

* KOOTOG KATAOKEUNG:

— O (nlog n) distance evaluations
« KooTog avalntnong

— O(n*a), O<a<1
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Fixed Query Tree (FQT)

s .
- ) ) o2 "
: S
2 L:} -7 ulb = '
3 -"'J wll ""E.b. I". [ '|I. ;
i T C} ;rj J | i 1 i
e / ' wih
I\l:.'-] 3 -'“I_LI”_'\ 7 n |I| I' i :
' '._‘ =T J_{_.' ’.r 1 i
' - u]j '\.“ - 3 - - ull
z ——-"'I-l 2 H-'.-T‘.J-- ; II S
il ¢ --";-::’::?_ e
B O e R
N e -- i . . A .
it e P A e
. o o T - i
s 3/ 4 5 6 S
saiatTs ool =3
f = b i Y 3| ] . | —‘—] u’
P owll | ] |:lu||||lt |.. ] I wkad | | uf AR
Y
! '-. [
,I'I- L] rrr'lll I|
.'". { Y
4| an 07 37 65 T
III II II
/ A I, L
i s - 5 -
k_u?lﬂi]k uld b | ol f[m:- I ud I 2 |
CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2006 59
ull
FQHT = -
-~ .
.,-F"'f-:-"jf |I HR:\.::-
. r | e
-'_'_-F-FF .-__.-' |
- - i
I:I_,-""-F-F -"?-- : |I
. - -.-H- .l"--.l- |I
|
e il ! o o
£ N |
/ \ [ A
) |
] I
4 il 4 ﬁ".ll 1 6 |
! | i \
.I I.I II I
.'ll y I !
2 v o g 'y &
Lull JLuTuulrl uld Jwdub | ul Iulu i1
CS463 - Information Retrieval Systems Yannis Tzitzikas, U. of Crete, Spring 2006 60




(C) not tree-based indexes.

AESA(Approximating Eliminating Search Algorithm)

« Bagiletal o€ £vav TTivaka pe n(n-1)/2 TTpoUTTOAOYIOUEVEG
QATTOOTAOEIG

~ \

U
u, D(2,1)
u; D3,1) D(3,2)

1/; lj(n,l)D(n,Z) D(n,n-1)

n
~— Uy Uy U, U, ~/
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AESA: AAyopiBuoc Avalntnong

‘Eotw emepwtnon (Q,€)

1/ ETMIAéyoupE TuXaia Eva onueio p

2/ Metpdue Tnv atréocTacn Tou Q atrd 1o pivot p, dp := d(Q,p)

3/ AtrékAeioe OAa Ta onuEia u TTou OEV IKAVOTTOIOUV TO:
dp-e<=D(u,p)<=dp +¢ //PAoel TOU TTivaka TTOU dn £XwW

4/ Zuvéxioe €101 WG OTOUu Ogv €XOUV atTouEivel GAAa onueia
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p=u11

ATOKAEIGUOG TV U TTOV OV
IKOLVOTTOLOVV:
dp-e<=D(u,p)<=dp +e¢
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AESA: AAyopiBuocg Avalntnong: MNapadsiyua

p=u11

ATOKAEIGUOG TOV U TTOV OV
IKOLVOTTOLOVV:
dp-e<=D(u,p)<=dp +e¢

Emoéuevo pivot p=u15
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AESA: AAyopiBuocg Avalntnong: MNapadsiyua

p=u1b
\ /
\ 7/
S R4
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AESA: AAyopiBuocg Avalntnong: MNapadsiyua
p=u1b
Emoéuevo pivot p=ub
\ N , /
S R4
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AESA: AAyopiBuocg Avalntnong: MNapadsiyua

p=u6

ATOKAEIGUOG TOV U TTOV dEV 1K.
D(u,p) <=dp + ¢
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AESA: AAyopiBuocg Avalntnong: MNapadsiyua

P ~
,
/ 6 U1G\\
/ \
| Q |
! !
w14
\ € ,’
Se_ -
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AESA
(Approximating Eliminating Search Algorithm)

« Xwpog: O(n*2) (1o otroio gival TTOAU YEYAAO)
« Xpovog Kataokeung: O(n”2)
« Experimental query time: O(1)
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AiapBpwan AIGAEENS

To MNpbéBAnua, Epappoyéc kal MNMapadeiyuara
Emrepwtiocic Ouoidtnrag

Feature-based Indexing and Retrieval
— Mé£Bodol Xwpikng MpoéoBaong

— Case Study: 1D Time Series

— Case Study: 2D Images

AvakTtnon MNoAupéowv xwpic Tn xprion Features
— METPIKA EUPETHPIO

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

70




Ava@QopEg

* 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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