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Search engines intend to show relevant documents

Keyword frequencies and document linking are used to choose content
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- Little human feedback is gathered on what makes a document
relevant; it’s mainly automated.

- The algorithms that decide relevancy are extremely complex and
need to built from scratch. In 2003, Google used over 120
independent variables to sort results.

s it possible to teach a system how to identify relevant documents
without defining any explicit rules?



Pre-built sets of queries and relevant documents

:LI_‘:LI_‘

To teach a system how to distinguish relevant
documents from irrelevant, a large amount of training
i gt data is required.

A wide range of documents and queries are needed to
give a realistic model.

Early work in indexing documents — dating back to the
1960s — provides collections of sample queries,
matched up to relevant document content.

Cyril Cleverdon pioneered work on organising
information, and creating indexes. He led creation of a
1400-strong set of aerospace documents, accompanied
by hundreds of natural language queries.

A list of matching documents was also manually created
for each query.

This set of documents, queries and relevance judgements
were known as the Cranfield Collection
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Indexing documents
Documents can be indexed according to the words they contain.

This shrinks search space considerably.

Searching all documents fora g

i
e
S
G

e
G
i

-
o
i
o
i
i

3

e R i
B R S
e
o
9. -

IR
L
R
181

o

=
=

e

bt
i
1o
e
1o
b
i

| LI

R
S
o

itha
)
Skl

s i o

FHEE LN i

= B9 = ¢
1 e e o

L
s

-
i

-
o

e
=

=) i
B UE Ul e
el hais
el

,*.? .
.ﬁ
«,

G

—
i
o
B
B A
e
B
S
o
e
O]
ihed
i

=
i
i
i
-
.
-
-

o @ W i gl
2 = .N%MH**

e
e
g
i
SR
.
e
-
S

o
i

s e
e
[ am (e
i .
|

il
Fram

b
T
ke
:

=
=
e
e
N

e

TR
e
G
@ﬁ%
.
=

i

i

X
R
e
5

o
-
sl ol
i
=

a2 il e
| %H*.Wm -
o
TR T
o i e
gl | © O
5l © e
-l o &5 ==
=) o o
LT A&?ﬁ@%@#ﬁﬁﬁ#

)

T
T

.

\

s

S
e

=

-
=

i
e
s
iy
an
71
i

=
e

o
o

A L

™

—
S
S
a
1€
T
Co
e
e
i
7
s

—
o
ol
b
8
L
R
e
ol
i
ol
.
i
A Y
i
-
e
—

]
i

R
S
i
Ui
i1
B
L
S
L
S
L
o
L
S
i
=
A
=

B e
[y

| |

-

i,
i

R
S
!
-

y = oms
o =

o
i e,
i e
e
S

. S i

o

ol
i

S
HE
Sk
B
i
-4
sais
—

iy
T

i
Gl

&
o
P

o
g

e 14
=
i
e

i

i
e
ki
il
-

s
L

£
1*2:

i
o
At
el
R
et
i
—

=

i
o

Pk
o

e
0

oE o
. oy X
S e

I A
|

i

only one lookup needs to be performed for each word in the query!

This allows documents conta



|dentify document features

A set of statistics can be used to describe a document. They can be about the document itself, or
about a particular word in the document. These numeric descriptions then become training
examples for a machine learning algorithm.

For example, two documents can be assessed based on a query such as:

“what chemical kinetic system is applicable to
hypersonic aerodynamic Problems”

A set of statistics describing each document relative to the query can then be
derived.

Document A Document B
H B
Ind dent Ind dent
indepencent | ] indepencert | ]
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E B
Overall I:. Overall I:I
keyword info l:- keyword info D
[ | B |
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Localised |:| Localised D
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L] i

Human judgement, from
reference collection

Relevant! Not relevant

Positive example Negative example



Training machine learning algorithms

Decision trees are acyclic graphs that have a decision at each branch, based on
an attribute of an example, and end at leaves which classify a document as
relevant or not relevant.

First position of keyword

>0.093 <=0.093

Ratio of sentences missing keyword to those containing it

(Other half of the tree) - ?/ <=11.3

Number of sentences in doc Absolute average word length

> 6/ \<= 6 >5.98 / \ <=5.98

Proportlc_)n_ of paragraphs Keyword density in
containing keyword

keyword sentences

<=0.59 >0.59 >0.045
<=0.045

Absolute position of paragraphs Mean position in paragraph
containing keyword of sentences with keyword

>1.54 _
<=11 / \> 11 / w‘l
- Keyword frequenc

<= 4.7% \ > 474

Mean position in
sentence of keyword

<= 9.87 \> 9.84

Keyword density

<= 0.0098 / \> 0.0098

A C4.5 Decision Tree, produced in an effort to emulate the decisions of the
Cranfield judges.

The full version of this tree attained an 80.4% accuracy rate.



Neural nets
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K-Nearest Neighbour

O Document A

Neural nets have a set of
nodes, each of which has
various weights assigned to
inputs. These are coupled
with attributes, and when a
certain internal value is
reached, the output value
changes.

Backpropagation is used to
help converge on a net that
solves the problem.

K-Nearest Neighbour plots all training data as points in multi-
dimensional space, with one dimension for each attribute.

New examples are classified by working out the weighted
average classification of the k nearest training examples.
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Findings

The task is possible, with all algorithms managing to learn to identify a
good amount of relevant documents.
Average trained

Algorithm Base accuracy accuracy Average improvement
Naive Bayes 50.00% 75.39% 50.79%
C4.5 decision tree 50.00% 81.72% 63.44%
K* lazy 50.00% 67.26% 34.51%
N 50.00% 84.07% 68.14%

Neural nets showed the biggest overall improvement.
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Not every document suggested as relevant by human judges could be matched by the system.
Sometimes, words were used that did not occur in the document.

Adding synonym lookup or a thesaurus should help.
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