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Scientific Paradigm

Theory top down approach

|

Science Experiments
|

Real Life botton-up approac

Basic research In IR Is concerned with the design
of better IR systems.



So, what is IR? (I

e General definition
» Retrieval of unstructured d:

— Most often it is
* Retrieval of text documents
— Searching newspaper articles
— Searching on the Web
— Other types of retrieval
e Image retrievz
* Video retrieval
e Music retrieval ....



So, what 1s IR? (II)

Reference Retrieval?
What Is a document?
What Is a query?
What Is relevance

The role of Information



Representation

Conceptual level perceiving |l
Geometric level Seeing ||
Digits |

Image level




Counting words/stems

Term frequency:

the frequency of word occurrence in a document furnishes
a useful measurement of word significance

Inverse document frequen

the value of a keyword varies inversely with tbeg
of the number of documents in which it ocurs



Frequency of words

Resolving Power

Upper Lower
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Term Weighting

tf-1df weighting

weight, = tf * discrim
= tf, * log(norm/D,)

dk: number of occurrences of k in document d
D, : number of documents containin
norm: normalising constant
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Robertson’s BM25 —

Zw(k1+l)rf (ky, + Dgtf 7 ‘Q‘ avdl —dI
= K+tf kg T avdl+dl

— ()15 a query containing terms T

— wis aform of IDF

— k, b, I, k. are parameters.

— tf1s the document term frequency.

— gif1s the query term frequency.

— di 15 the document length (arbitrary units).
— avd! 1s the average document length.

Shfark Sanderson, Sheffield Thniversity



Fictive
Objects

Representation

Indexed
Objects




What is an IR Model ?

 An IR model explains the structure and processes of IR

systems, and clarify thegreneral as opposed tepecifi
characteristic

 An IR model furnishes an answer for tlegevance
decision mechanism

 The IR model does not include thegnitive aspectef the
retrieval aspects, such as query negotiation or o
evaluation



IR Models

/\

Document .____Evaluation — Query

 There are many IR models
— the relevance decision mechanism can be estrici or flexible

— the representation of the data can haverging degree of
abstraction



IR demon




Models

Boolean

Vector Space (metric- mixture of thing
Probabilistic (3 models)

_ogical (implication) - what kind of logic
_anguage models

Divergence from Randomness (Terrier)
Ostensive model

Cognitive (users): Context
Language (distributions) - Bose-Einstein?



Boolean Model

Q

(X. and.Y).and.(.not.Z)
(‘boot’.and.’strap’).and.(.not.’compute

easy to evaluate with inverted file.
Problems?

Simple Matching: |XY]| /| X] + |Y]
(see page 39 boc



Doc/term matrix

Doc 1 Doc 2 Doc 3

Bank 0 0 4
Bas: 2 4 0

Commercial 0 2 2
Cream 2 0 0
Guitar 1 0 0
Fisherma 0 3 0

Money 0 1 2

Occurrence of terms in documents



Doc 3

Document/word space

s bank

fisherman




Doc/term matrix normalised

Doc 1 Doc 2 Doc 3

Bank 0 0 1
Bas: 44 .894 0
Commercial 0 707 707
Cream 1 0 0
Guitar 1 0 0
Fisherma 0 1 0
Money 0 447 .894

Sqgrt(sum of squares)) =1 e.qg. (.447).894% =1



Dissimilarity/Similarity

D(X,Y) 3 0

D(X,X) =0

D(X,Y) = D(Y,X)

D(X,Y) £ D(X,Z) + D(Y,2)

Example: XDY|/|X| + Y| (XDY = (XEY) - (XCY))

X = (gere %) Y = G ) O6Y) =X Y] cOB
cosa = (XY) /IXILIVI= xyi/ [C XA ( yAY2

see page <



Probabilistic Retrieval -
Decision Theory

No querie
Optimality
(g(x) >0 -> ret, not ret)

Nilsson, N.J., Learning Machines: Foundations of Trainable Pattern-
Classifying Systems, 1965.



Partial Models




PROBABILITY RANKING FRINCIFLE

If a reference retrieval system's response to each request is a
ranking of the documents in order of decreasing probability of

relevance than that is optimal. WHY?

Consider the set B for any cut-off

X is summed over

E =2 PAlX) the set B

a maximum compared with any other set B obtained
differently.

Hence P (A|B), P (B|A) will be maximised at any cut-off.

A : relevant documents B : retrieved documents

Precision: P (A|B) Recall :P (B | A)

Expected number of relevant documents in a set B :

> P(AIx)=E = Precislon=E/I|B]
Recall =F/IAl



------- 1 0 1 1|y Relevant
....... 1 1 1 1]y
....... O 0 0 O~ |n
....... O O 1 1 - y
....... 1 0 O ‘O )
....... 1 1 0 O~ |n
....... 1 1 1 0wy Not Relevant
....... O 0 0 1 |n |
a

Unseen Document

..... O 1 1 1 e
log=—% +log% + log + log™
Ogl—% : Og-i- Og-g Ogj



Ramsey test

To evaluate a conditional, first hypothetically
make the minimal revision of your stock of
beliefs required to assume the antecedent.
The evaluate the acceptability of the
consequent on the bais of this revised body
of beliefs.



Logical Uncertainty Principle

Given any two sentences x and y; a
measure of the uncertainty of y® X
relative to a given data set Is determined
by the minimal extent to which we have
to add information to the data set, to
establish the truth of y® x.



LUP In Hilbert space

Given any two propositions F and E; a
measure of the uncertainty of E® F
relative to a given data set Is determined
by the minimal extent to which we have
to add information to the data set, to
establish the truth of E® F.



LUP Example




Language Modelling Example

P(QID) =P, , P(tID) xP ,, (1 - P(t|D))

P(QID) = P(} t,,.....t] D) =P P(t|D)
P({|D) =a P(t|D) + (1-a) P(t|C)




Cranfield Paradigm

Document collectio

Relevance judgements in advance
Run strategy A and B

Evaluate Aand B interms of P & R
Compare A with B statistical

State whether A~B,A>B,B<A



Precision/Recall Graph

Precision

1.0 =

| | | Recall
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cormmands 'rj
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cormmands 'rj




cormmands 'rj
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cormmands 'rj




e e ——
commands T | Deputes vaguant gaiement a leurs affaires en barque




cormmands 'rj

A




commands 'Fj Hommes au travail dans un bouchot




cormmands 'rj




e ______________________________________________________________________________________________________________________________________________________________________________________________ | I ]
cormmands 'rj







http://www.cse.ucsd.edu/~rik/foa/



