Recuperação de Informação B

Cap . 02:  Modeling

               2.1, 2.2, 2.3, 2.4, 2.5.1, 2.5.2, 2.5.3

September  01, 1999

Introduction

n

                                      IR  systems usually a dopt i ndex terms  to

                                      pro cess q ueries

n

                                      Index term :

                                                  u

                                                                                 a  keyword or group of selected words

                                                  u

                                                                                 any word  (more general)

n

                                      Stemming mi ght be  used :

                                                  u

                                                                                 connect :  connecting ,  connection ,  connections

n

                                      An  inverted  fi le  i s built  for  the cho se n in dex

                                      terms

Introduction

                                                                    Docs

Information Need

Index Terms

doc

query

Ranking
match

Introduction

n

                                      Matchi ng at inde x te rm level is  q uite  impre cise

n

                                      No  sur prise that use rs get fre quently u nsa tisfied

n

                                      Sin ce most users ha ve  no  trainin g i n q uery

                                      formation ,  pr oblem is even worst

n

                                      Freque nt dissati sfactio n o f  Web  use rs

n

                                      Issue of d ecid ing relevance is critica l  for IR

                                      systems : r anking

Introduction

n

                                      A ranking  is a n o rderin g o f th e d ocu me nts retrieved

                                      that  ( h opefully )  r efle cts the relevance of the

                                      documen ts  to  th e  user query

n

                                      A ranking  is b ased on  fun damental premisse s

                                      reg arding  the notion of re levance ,  such  a s:

                                                  u

                                                                                 common sets of index terms

                                                  u

                                                                                 sharing of weighted terms

                                                  u

                                                                                 likelihood of relevance

n

                                      Each set of  p remisses  leads  to a  distinct  IR  mode l

IR   Models

Non - Overlapping Lists

Proximal Nodes

Structured Models

                                                      Retrieval :

                                                        Adhoc

                                                        Filtering

                                                    Browsing

    U

 s

 e

 r

 T

 a

 s

 k

Classic Models

boolean

   vector

   probabilistic

Set Theoretic

Fuzzy

 Extended Boolean

 Probabilistic

Inference Network

 Belief Network

Algebraic

Generalized  Vector

 Lat .  Sem antic Index

 Neural Networks

  Browsing

Flat

 Structure Guided

 Hypertext

IR   Models

n

                                      The  IR  model ,  the logical view of the docs , and  the retrieval

                                      task  are  distinct aspects of the system

Index  Terms Full Text Full Text +

Structure

Retrieval

Classic

Set Theoretic

Algeb raic

Probabilistic

Classic

Set Theoretic

Algeb raic

Probabilistic

Structured

Browsing Flat

Flat

Hyp ertex t

Structure Guided

Hyp ertex t

LOGICAL   VIEW   OF   DOCUM ENTS

                                        U

                                        S

                                        E

                                        R

                                        T

                                        A

                                        S

                                        K

                                                                                                   Retrieval :  Ad Hoc  x  Filtering

n

                                      Ad hoc retrieval :

Collection

^Fixed Size~

Q2

                       Q3

Q1

                                                                                          Q4

Q5

                                                                                                   Retrieval :  Ad Hoc  x  Filtering

n

                                      Filte ring :

Documents  Stream

User  1

Profile

User  2

Profile

Docs Filtered

for User 2

Docs for

User 1

                                                                     Classic  IR  Models  -  Basic Concepts

n

                                      Each document represen ted  by  a  set o f

                                      rep resentative keywor ds or inde x te rms

n

                                      An  ind ex term is  a  d ocu me nt word useful  for

                                      remembe ring th e d ocu me nt main th emes

n

                                      Usu ally ,  inde x te rms  are  nou ns because nou ns

                                      have meanin g b y th emse lves

n

                                      However ,  search engin es  assume  that all wo rds

                                      are  ind ex terms  ( full te xt re presentation )

                                                                     Classic  IR  Models  -  Basic Concepts

n

                                      Not all  terms  are  eq ually u se ful  for  r epresenting  the

                                      documen t co nte nts :  less freq uent terms a llow

                                      ide ntifying  a  narrower set of d ocuments

n

                                      The importance  of the index terms i s repre se nte d

                                      by wei ghts asso ciated  to  them

n

                                      Let

                                                  u

                                                                                 ki  be an index term

                                                  u

                                                                                 dj  be  a  document

                                                  u

                                                                                 wij  is  a  weight associated with  ( ki , dj )

n

                                      The we ight wij  quan tifies the importance of the

                                      ind ex term  for  describing the document contents

                   Classic  IR  Models  -  Basic Concepts

u

                               Ki  is an index term

u

                               dj  is  a  document

u

                               t     is the  total  number of docs

u

                               K = (k1, k2, �,  kt )   is the set of all index terms

u

                               wij  >= 0   is  a  weight associated with  ( ki , dj )

u

                               wij  = 0   indicates that term  does  not belong  to  doc

u

                               vec ( dj ) = (w1j, w2j, �,  wtj )   is  a  weighted  vector

                               associated with the document dj

u

                               gi ( vec ( dj )) =  wij   is  a  function which returns the

                               weight associated with pair  ( ki , dj )

The Boolean Model

n

                                      Simple  mode l ba se d o n set theo ry

n

                                      Que ries specified  as  b oolean  expre ssions

                                                  u

                                                                                 precise  semantics

                                                  u

                                                                                 neat formalism

                                                  u

                                                                                 q =  ka

Ù
  ( kb

Ú

Ø
kc)

n

                                      Terms  are  ei the r pr ese nt or absent .  Thus ,

                                      wij

                                                                                              e
                                                                                                                 {0,1}

n

                                      Consider

                                                  u

                                                                                 q =  ka

Ù
  ( kb

Ú

Ø
kc)

                                                  u

                                                                                 vec ( qdnf )  =  (1,1,1)

Ú
  (1,1,0)

Ú
  (1,0,0)

                                                  u

                                                                                 vec ( qcc ) = (1,1,0)   is  a  conjunctive component

The Boolean Model

n

                                      q =  ka

Ù
  ( kb

Ú

Ø
kc)

n

                                      sim(q, d j ) = 1   if

$
 vec ( qcc ) |

      ( ve c ( q cc )
e
  ve c ( q dnf ))

Ù

      (

"
ki ,  gi ( ve c ( d j )) =  g i ( vec ( qcc )))

   0   otherwise

(1,1,1)

(1,0,0)

(1,1,0)

Ka Kb

Kc

                                                                                              Drawbacks of the Boolean Model

n

                                      Retrieval based on binary decision criteria  with  no

                                      notion  of p artial ma tching

n

                                      No ranking  of the documents is p rovided  ( ab sen ce

                                      of  a  gr ading sca le )

n

                                      Info rmatio n n eed has  to  be tr anslated into  a

                                      Boo lean expression which  most users find  awkward

n

                                      The Boole an querie s formulated by the users  ar e

                                      most often  too si mp listic

n

                                      As a  consequ ence ,  the Boole an mo del fre quently

                                      returns either to o few o r too many d ocu me nts in

                                      respon se  to a  user que ry

The  Vector  Model

n

                                      Use  of binary we ights is too limiting

n

                                      Non - b inary weig hts provide considera tion  for  partial

                                      matche s

n

                                      These ter m weights  ar e  u sed  to compu te a  degr ee

                                      of similari ty  b etwee n  a  qu ery  an d  e ach  do cu me nt

n

                                      Ranked set of do cu me nts provides  for  better

                                      matchi ng

The  Vector  Model

n

                                      Define:

                                                  u

                                                                                 wij  > 0   whenever  ki

Î
  dj

                                                  u

                                                                                 wiq  >= 0   associated with the pair   ( ki ,q)

                                                  u

                                                                                   vec ( dj ) = (w1j, w2j, ...,  wtj )

                                                                                                    vec (q) = (w1q, w2q, ...,  wtq )

                                                  u

                                                                                 To  each term  ki  is associated  a  unitary  vector  vec (i)

                                                  u

                                                                                 The unitary vectors vec (i)  and  vec (j)  are  assumed

                                                                                 to  be orthonormal   (i.e.,  index terms  are  assumed  to

                                                                                 occur independently within the documents )

n

                                      The  t  unitary vectors vec (i)  fo rm an orthon ormal

                                      basis  for a t-d imensional  space

n

                                      In  this spa ce ,  querie s  and  do cumen ts  a re

                                      rep resented  as  weighted vector s

The  Vector  Model

n

                                      Sim(q, dj )  =  cos(

Q
)

 =  [ ve c ( d j )

·
  vec ( q)]  /  | dj | *  |q |

 =  [

S
  wij  *  wiq ]  /  | dj | * |q|

n

                                      Sin ce  wij  > 0  a nd   wiq  > 0,

                                                                                                    0 <= sim(q, dj ) <=1

n

                                      A  document i s retrieved even if it match es the

                                      que ry terms only partially
i
j

dj

q

Q

The  Vector  Model

n

                                      Sim(q, dj )  =  [

S
  wij  *  wiq ]  /  | dj | * |q|

n

                                      How  to co mp ute  the we ights  wij   and   wiq  ?

n

                                      A  good  weigh t must take into accou nt two  effe cts :

                                                  u

                                                                                 quantification of intra - document contents  ( similarity )

                                                                                                    F
tf   factor ,  the term frequency  within  a  document

                                                  u

                                                                                 quantification of inter - documents separation  ( dissi -

                                                                                 milarity )

                                                                                                    F
idf  factor ,  the inverse document frequency

                                                  u

                                                                                 wij  = tf(i,j) *  idf (i)

The  Vector  Model

n

                                      Let ,

                                                  u

                                                                                 N   be the  total  number of docs in the collection

                                                  u

                                                                                 ni  be the number of docs which contain ki

                                                  u

                                                                                 freq (i,j)   raw frequency of ki  within  dj

n

                                      A  normali zed   tf   factor is g ive n b y

                                                  u

                                                                                 f(i,j)  =   freq (i,j) /   max ( freq (l,j))

                                                  u

                                                                                 where the maximum is computed over all terms which

                                                                                 occur within the document  dj

n

                                      The  id f  facto r is co mp ute d  a s

                                                  u

                                                                                 idf (i) =   log  (N/ ni )

                                                  u

                                                                                 the log is used  to  make the values of   tf  and   idf

                                                                                 comparable .  It can also be interpreted  as  the amount of

                                                                                 information  associated with the term ki .

The  Vector  Model

n

                                      The best term - weighting sche me s  use  we ights which

                                      are  give by

                                                  u

                                                                                 wij   =  f(i,j) *   log (N/ ni )

                                                  u

                                                                                 the strategy is called  a  tf- idf  weighting scheme

n

                                      For  the  qu ery term wei ghts , a  sugge stion is

                                                  u

                                                                                 wiq   =  (0.5  +  [0.5 *  freq (i,q) /  max ( freq (l,q)]) *   log (N/ ni )

n

                                      The  ve ctor  model with   tf- idf  weights is  a  g ood  ranking

                                      stra teg y with  gen eral  collectio ns

n

                                      The  ve ctor  model is usual ly  as  g ood  as  the known

                                      ran kin g  a lter natives .  It is a lso  simple  and  fast  to

                                      compute.

The  Vector  Model

n

                                      Advan tag es :

                                                  u

                                                                                 term - weighting improves quality of the answer set

                                                  u

                                                                                 partial matching allows retrieval of docs that

                                                                                 approximate the query conditions

                                                  u

                                                                                 cosine  ranking formula  sorts documents according  to

                                                                                 degree of similarity  to  the query

n

                                      Disadvantages :

                                                  u

                                                                                 assumes  independence of index terms  (??);  not clear

                                                                                 that this is bad though

The  Vector  Model :

                                                                    Example   I

k1 k2 k3
q  dj

                                                    d1 1 0 1 2

                                                    d2 1 0 0 1

                                                    d3 0 1 1 2

                                                    d4 1 0 0 1

                                                    d5 1 1 1 3

                                                    d6 1 1 0 2

                                                    d7 0 1 0 1

                                                           q 1 1 1
d1
d2

d3
d4 d5
d6
d7
k1
k2

k3

The  Vector  Model :

                                                               Example   II

d1
d2

d3
d4 d5
d6
d7
k1
k2

k3

k1 k2 k3
q  dj

                                                       d1 1 0 1 4

                                                       d2 1 0 0 1

                                                       d3 0 1 1 5

                                                       d4 1 0 0 1

                                                       d5 1 1 1 6

                                                       d6 1 1 0 3

                                                       d7 0 1 0 2

                                                              q 1 2 3

The  Vector  Model :

                                                          Example   III

d1
d2

d3
d4 d5
d6
d7
k1
k2

k3

k1 k2 k3
q  dj

                                                                                      d1 2 0 1 5

                                                                                      d2 1 0 0 1

                                                                                      d3 0 1 3 11

                                                                                      d4 2 0 0 2

                                                                                      d5 1 2 4 17

                                                                                      d6 1 2 0 5

                                                                                      d7 0 5 0 10