1. Architecture

IXE isa of C++ class library for indexing and searching large collections of documents. The library has
been designed for efficiency and scaability. The library can handle multiple collections of documents
with overdl size of severa Terabytes. Using the library severd kinds of gpplications can be built, ranging
from Web Search Engines, loca disk indexing and retrieva, document management systems, specidized
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indexing and search of multimedia collection.

The library is provided with sample gpplications for indexing text documents in various formats (HTML,
PDF, DOC) and the corresponding search server which can be used out of the box for implementing a
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Web Search Engine. Such sample applications are documented with separate man pages.

The overal architecture of an IXE agpplication will consstsin:

1. Gatherer: collects document for indexing

2. Indexer: builds the index for a collection of documents

3. Document store: repository of documents

4. Query server: processes queries to the index.

Gatherer

.html, .doc, .pdf,
.ps, .txt

—

A smple gatherer is supplied with the library, but for alarge scae search service, I XE can be interfaced to
amore sophisticated spidering system.

The IXE library has been designed with a modular architecture, centered around a flexible relationa

Indexer

Index

Posting
DocStore

database table, as described in Figure 1.

The Document Store contains document descriptions, including document atributes like name, title
abgtract, date, size as well as document contents if desired. The store is cgpable of handling up to severd

Terabytes of materid.

Copyright © 2000, 2001 Ideare SpA. All rights reserved.

Multithread
Query




Perliminary Documentation e Company Confidential

A library of C++ classes provides access to the functiondities of document gethering, extraction/analyss,
indexing and search.

Doclnfo Doclinfo Cmap
Gatherer jug NaMe: Table<DocInfo>  [™=| fan
time: ime:
. size:
size: ti{lze: Berkeley DB
summary:
I i tvoe:
Doclinfo
Doclinfo
name:
name: time:
time: size:
size: title:
summary:
type:
| |
—

local Indexer
file

Figure 1. | XE Architecture (version 1.1)
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2. Document Store

The document store is a relational database table, where documents are stored. Documents are described
by Doc Info objects (i.e. instances of class DocInfo or its derivatives). A Doc Info contains the minima
st of attributes required to identify and retrieve a document from the store: i.e. a document ID, asize in
bytes and a modification time. A comparison operator must be supplied for each kind of Doc Info, which
is used to determine whether two documents are the same or the document has changed. For instance, if
the size and modification time of the document has changed, it needs to be reindexed. Specidized
versions of Doc Info might include an MD5 code of the contents to determine equality.

DocInfo is an abstract class defined as follows;

Class Doclnfo {

DoclID id; // document 1D, primary key
size_t size; // in bytes
time_t time; // modification time

virtual bool operator ==(Doclnfo const &other) = 0;

META(DoclInfo,
(KEY(id, Field::autoincrement),
FIELD(size),
FIELD timeg)

) ’
}:
The META congtruct alows specifying storage attributes for each field (member variable) of the class. In

thisexample, id is specified as an autoincrement field, i.e. a primary key, whose vaue is automaticaly
incremented when inserting an object with an id = 0; size and time are specified as ordinary fields.

META is a macro which exploits template metaprogramming for cregting a meteclass for the class, as
described later.

The document store can store object of any concrete class derived from Doclnfo. For instance, the
following class describes Web pages.

class Pagelnfo : public Doclnfo {

char const * name; // unique name: pathname or URL i
Text<255> source; // external text, contains source filename
char const* site; // site (domain)

char const* title;

char* summary;

char const* type; // MIME content-type

bool sourceAvailable_; // whether we store the source doc

META(Pagelnfo,
(METACLASS(DoclInfo),
VARKEY (name, 2047, Field::unique),
VARKEY(source, 255, Field: :external),
VARFIELD(site, 2048),
VARFIELD(title, 2048),
VARFIELD(summary, 2048),
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VARFIELD(type, 512))

);
¥

The example uses unique fields, which are equivdent to primary keys, i.e. they are keys whose vaue
must be unique in the table column. They can be used to identify an object in dternative to the primary
key, when thisis not known. For instance, we can insert a Page Info record in table with a0 vaue ID: the

table will use the name to determine whether the document is aready present: if so it will replace the
previous record, otherwise it will assign anew 1D and insert it.

In practice it is inconvenient to replace a document record for a document containing ful text fidds, if the
document has not changed, since such insertion would require updating the whole index. Therefore the
table checks whether the document has changed, by testing equality through a virtua method, which can
be specidized for each subclass of DocInfo.

Two Pagelnfos are consdered to describe the same document if they have the same size, modification
time and URL.:

virtual bool operator ==(Doclnfo const &other) {
return (size == other.size) &&
(time == other.time) &&
I::strcmp(name, ((Pagelnfo&)other).name);
}

Each class of DoclInfos can be printed to a stream each in its most appropriate way by specidizing
method serialize. For instance Pagelnfo can be printed in a standard way, as tab separated columns,

by this method:

ostream& Pagelnfo::serialize(ostream& s) const

return s << name << "\t"
<< site << "\t~
<< title << "\t"
<< setw(160) << summary << "\t" // limit to approx 3 lines
<< type;
}

In C++, creating or opening a table of documents entails just constructing an object of class Table, for
instance:

Table<Pagelnfo> table(“/ixe/web™);

creates atable for soring Page Infosin table /ixe/web.
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3. Indexer

Class Indexer peforms full text indexing on severd columns of a table of documents. Each full-text
column has its own index, which is created or updated when a new document is inserted in atable. Class
Indexer hasthe following public interface:

class Indexer

public: i i i
Indexer(char const *dirname, size_t num _columns, bool incremental);
~Indexer(); )

size_t a d(DocInfo *docInfo, char const* source, int col,

Field::IndexType type);
void replace(Doch doclID, byte* object);

}

Whenever a document is inserted in the table, for each full-text column it contains, the indexer is called

supplying the Doc Info, the column number, the text source and the index type. The index type can be
gther Field: :fulltext or Field: :external. In the former case, the string in source isindexed

and stored in the document store, while in the latter case, source contains the pathname of the file with
the document contents and just the pathname is stored.

An indexer receives a short description (class DoclInfo) of a document to be indexed. From such
information (for ingtance the filename extension) it creates and invokes an appropriate document reader
(class DocReader), which extracts occurrences of each term from the document and calls method hit()
on the indexer for the gppropriate column Columnindex). Moreover a reader may extract information
from the document to be addedin appropriate fieldsin Doc Info.

The generated index is made up of two parts:
Lexicon Associates to each word its frequency in the collection aswell asiits.

Pogtings Stores the postings for each word in each document: document 1D, word colors,
document frequency and positions of occurrences within document.
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Indexer
Doclinfo %
— tr_lame:
ime:
size: Doclinfo
name: fr—r-
time:
size:
title:
. . R summary:
Hit Hit Hit type:
term: term: term:
color: color: color:
case: case: case:
T L T L T L
| | F | | | |

HTMLReader SOIFReader TextReader

HTML SOIF Doc/PS

Figure2. 1 XE Indexer (version 1.2)

3.1. Document Readers

The architecture is modular, and new document readers can be added as necessary to ded with dher

document formats. The task of a reader is to extract not just terms from documents, but full hit
information, i.e. case (upper, lower, capital) and coloring, i.e. within which document Structure or

region (zone in Fulcrum SearchServer terminology) the term appears. For instance, the reader for HTML
documents is capable of determining the tag or the eement class within which aword appears.

Each reader is supplied with a specidized DoclInfo gSructure, i.e. an instance of a class derived from
DoclInfo, which it can fill from information extracted from the document, eg. its title and its summary,
which it addsto its. For instance, the HTML reader uses a Page Info structure, as defined above.

Such extended DoclInfos are then stored in a Table implemented by means of a Sleepycat Berkeley
Database. This DB is used when answering queries, providing summary information about selected

documents.
Currently available readersinclude:

GenericReader  reads text documents, and is capable of extracting text from Microsoft Office
documents, and to skip encapsulated PostScript

HTMLReader parses HTML pages, extracts title, and summary and detects word colors, i.e.
occurring within an HTML tag specified as color in the configuration file or
within the CONTENT attribute of a metatag (in this case the color is the NAME
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attribute of the metatag and META must be included among the specified tag
colors).

The title consigts in the words between the first <TITLE> ... </TITLE> pair. If no such title is present,
the title is smply the file (not path) name.

The summary conssts of the first 2048 bytes of the document, stripped of HTML tags.
SoifReader reads files in SOIF format, produced by Harvest.
MemReader reads text from a string.

3.2. Incremental Indexing

IXE is capable of generating an index incrementaly: new documents are added, old documents which
appear changed, according to the equality operator in their Doc Info class, are replaced.

3.3. Customization

IXE indexing can be controlled ether through command line options or through the configuration file
ixe.conf.

In particular one can specify:
1. the association between file names and (MIME) types, used to select the gppropriate document
reader:
FilleType HTML *_asp *.*htm* *_jsp *.php
FileType SOIF *_soif
FileType text *_txt *.text

2. which HTML dementsto consider as colors, with associated weights.

Color 4 title
Color 3 hil
Color 2 h2 h3 h4 a

3. which dementsto skip
ExcludeElement style script object
4. which filesto include or exclude from gathering:

IncludeFile *_txt
ExcludeFile *.gif *_jpg

5. which converter to use for extracting text from documents:.

FilterFile *.bz2 bzip2 -c %f > @E
FilterFile *.gz gunzip -c %fF > @E
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FilterFile *.Z uncompress -c %f > @E
FilterFile *.zip gunzip -c %f > @E
FilterFile *.pdf pdftotext %f Q@E.txt

6. whether to perform incrementa indexing:

Incremental no

Company Confidential



Perliminary Documentation e Company Confidential

4. Search facilities

IXE supports Boolean search, phrase search, proximity search, prefix search attribute search and color
search.

4.1. Phrase search and proximity

Phrase search can be expressed by either “” or by infix characters, including “-*:
body matches “network computing”
body matches network-computing

Proximity search is expressed asfollows:

body matches proximity 8 ((giuseppe attardi) & (associate professor))

4.2. Attribute search

Searching for words within a specified document attribute (column) can be expressed as.

site matches “it.unipi.*” and body matches network computing

The search will return dl documents containing both words “network” and “computing” appearing in
URLsfromdomain unipi. it, induding its subdomains.

4.3. Color search

It is possible for ingtance to search for words appearing within a certain HTML element:

body matches title = software AND linux

will search for documents which contain the word “software” in the title and the word “linux” anywhere.
Also metatags are used as colors:

body matches distribution=global academic-year

body matches author=giuseppe-attardi web-design

Which tags are to be indexed and whether to add meta tags as colors is controlled by entries in the
configuration file (ixe.conf).
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5. Search Server

I XE uses multithread architecture in its search server. The search server is activated with the -b switch:
search —b —i1 germanyl —i germany?2

activates a search demon on two tables called germanyl and germany2. A number of threads (specified
by the configuration variable ThreadsMin_Default (5) or by the switch -t) is activated and used in
round-robin. If dl threads are busy, additiona threads are activated, up to ThreadsMax_Default (or —
T).

Threads that remain idle for along period of time are deactivated.

To avoid that threads be blocked by a request submission that takes too long to arrive, there is a timeout
on reading the input from socket, controlled by SocketTimeout_Default (10 seconds), or by —o.

10



Perliminary Documentation e Company Confidential

6. Cursors

IXE provides a cursor interface to extract objects from atable of objects of classT:

Table: :Cursor<T> cursor(collection);
while (cursor._hasNext())
cout << cursor.get(Q);

Notice that method cursor.get() returns a genuine object of class T, whose methods can be directly
invoked, without any need to recondtruct it or extract itsindividud fields through explicit code.

Severad methods are available on Cursor objects, for performing:
1. initialization: congtructor returns a cursor positioned before the first dement;

2. ted:atEnd(), hasNext();

3. access: get(), returns the dement pointed by the cursor, next(), moves the cursor and returns
the next element.

4. specific cursor operations, depending on its type.

For ingance, dumping the lexicon is done in the following way:

Lexicon::Cursor cur = lexicon.cursor();
while (cur.next())

{
word = cur.get(); // fetch the word

cout << word;
postList = cur.postlist(); // fetch the posting for the word
cout << postList;

}
6.1. Query Cursors

Besides generic cursors, which scan a whole table or an inverted index, it is possble to use query cursors,
which alow examining the results of queries. For example, consider the following class:

class Videolnfo {

DoclD id;
char* title;
char* format;

META(DocInfo,
(KEY(id, autoincrement),
VARKEY (title),
FIELD(format)));

11
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The following code implements a search on a collection of video documents, described as objects of class
Video:

Collection<Video> collection(*“/ixe/video™);

Query query(“title MATCHES Totti and format=wav™);
QueryCursor<Video> cursor(collection, query);
while (cursor.hasNext())

cout << doclnfo(cursor.get());

The first line opens a Collection of Video objects, located in file “/ixe/video”. Then a query is
created from an SQL -like expresson. Search is performed by opening a Cursor on the collection for the
results of the query. Each result is extracted by scanning the cursor.

A QueryCursor returns QueryResult's, which describe individud results of a query. A QueryResult
contains:

class QueryResult {
CollectionlIDcollection_;
DoclD id;
double rank_;
HitPosition position_;

The rank_ is the information retrieva rank, computed by the cosine measure, and is used to sort the
results by relevance to the query. Position information is useful for queries involving proximity.

So atypica loop for a search application would look like this:

vector<QueryResult> sorted;
QueryCursor<T> cursor(coll, query);
while (max_results-- && cursor. hasNext()) {

tot++;

it (1 < sorted_size)
sorted.push_back(cursor.get());
i++;

} else {

// remove smallest

std: :push_heap(sorted.begin(), sorted.end(), rank_greater());

¥
std: :sort_heap(sorted.begin(), sorted.end(), rank greater());

Since aly max_results are required, the code maintains a hegp of this size wiere results get sorted.
The example uses a rank_greater () function object to sort results by information retrieva rank, but
other applications can use different criteria. For ingtance, if an overal document rank is required, one can
Ccreste an additional table:

class PageRank {
DoclD doclD;
Double rank;

}
Table<PageRank> PageRankTable(*'rank');
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where items can be inserted and extracted as follows:
PageRankTable. insert(pageRank) ;
Table<PageRank>: :Cursor c(PageRankTable);
while (c.hasNext()) {... c->get() ...}
Random access to the elements is provided by:
PageRank = c->get((byte*)&docliD);

6.2. Multiple Collection Search

For performing a search over a set of collections, one can do:

vector<Collection*> collections;
collections.push_back(collectionl);

EolIections-push_back(colIectionN);
QueryCursor cursor(query, collections);

QueryResult res = cursor.next();

A smple and effective way to perform efficient ranking of results on large collections isto cregate separate
collections with documents of different overall importance, qudity or freshness For instance, one can put
Web pages with high link popularity or referenced from authoritative Stes in one collection and other
documents in other collections. Since the search scans the collection in the order in which they are
supplied in the command line, if a Sgnificant number of results are obtained from earlier collections, the
search can just be cutoff a afixed amount (e.g. Google stops at 40000). This has no detriment for queries
looking for unusud keyword combinations, since al documents are searched if not enough answers are
present in higher ranking collections.

Queries can be expressed either in a generd SQL-like notation, or in a smplified notation suitable for
interfacing directly to a search engine from a CGI script.

6.3. SQL Query Syntax

Queries are parsed by a bison parser (Query/parser.yy), using a flex lexicd andyzer
(Query/parser.lex). The parser produces a structure of type Query, subclass of QueryExpr, that
represent the parse tree of the query condition.

The current query condition syntax is:

condition: match
| “NOT” match

| match relOp condition
match: ident “MATCHES” pattern
"(" condition ")*
comparison

pattern: attr patternOp pattern
| attr pattern

13
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| attr

attr: color "= primary
| primary

color: ident

ident: WORD

primary: (" pattern ")*"
1" primary
| WORD
WORDSTAR
PHRASE _
proximity

proximity: “PROXIMITY” dist "(" proxlist ")*
dist: LONG_NUM

proxlist: "(" wordlist ")" "&" proxlist
"(" wordlist *)*

wordlist: WORD wordlist
| WORD

relOp: “AND"
| "OR™

patternOp: "&&"
1
comparison: operand "=" operand
| operand NE operan
operand LT operand
operand LE operand
operand GT operand
operand GE operand
operand LIKE operand
operand NOT LIKE operand

operand BETWEEN operand AND operand
operand NOT BETWEEN operand AND operand

operand: factor

operand "+" factor
operand "|" factor
| operand "-° factor

factor: power
factor "*° power
factor "/° power

power: term
| term *~" power

term: field
LONG_NUM
FLOAT_NUM
| STRING

14
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field: ident
| ident "." ident

6.4. Query Processing

For performing search, a query first gets compiled, then its cursor(s) get initidized.

QueryCursor<T>: :QueryCursor(Collection<T>* collections,
Query& query) :
current(QueryResult::min(Q))

cursor = compile(collection, query, stop_words);

}

Compiling the query entals generating a suitable Structure used for query evauation. Query evauation is
performed at each iteration step through the query cursor, by calsto virtua method

virtual QueryResult* QueryCursor<T>::next(QueryResult& min);

This method looks for the next result in the collection that satisfies the current sub-condition and is greater
or equa to min. A QueryResult is a triple <CollectionlD, DoclD, rank>, ordered by
CollectionlID firg and then by DoclID. This form of iteration alows optimizing query processng by
skipping useless reaults. for ingtance in a Boolean AND keyword query, one can look for the first DocID
in the pogting list of each word, salect the largest one and check for its presence in the other pogting lists.

Class QueryCursor has several subclasses, one for each kind of condition:

QueryCursorAll boolean AND keywords

QueryCursorSome boolean OR keywords

QueryCursorAnd AND of several subconditions

QueryCursorOr OR of several subconditions

QueryCursorNot NOT subcondition

QueryCursor Index search a single indexed column

QueryCursorFilterkEq = condition on a single indexed column

QueryCursorFilterRange >, >=, <, <= condition on a single
indexed column

QueryCursorJoin general SQL join on record row

QueryCursorWord fulltext: single word in given color

QueryCursorWordStar fulltext: prefix word in given color

Each dass provides its own implementation of method next(), typicdly mantaning its own internd
cursor(s), moving to the next candidate result and checking whether it satisfies the condition.

For indance class QueryCursorWord mantans an iterator to the poding lig for the word.
QueryCursorWord: :next(QueryResult* min) advances to the next item through the PostingList
iterator that is greater than min, and then checks that the query word appears in the required color before
returning it.

Use of this operator effectively implements the so cdled Adaptive set intersection agorithm discussed in
[Demaine 01]. By reordering the clauses in a conjunction according to the size of the result s, leads to
the variant so-called Smal Adaptive.

15
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Class QueryCursorIndex handles a comparison expresson on a single indexed field of atable. It usesa
cursor on the secondary index of the table.

Class QueryCursorJoin handles comparison expressons on fields of a row, and uses a cursor on the
primary key of the table.

More complex queries are made up as boolean combinations of the previous ones.

Compiling a query may result in smplifications, for instance, if a query word turns out to be a stop word,
it is discarded

16
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7. Web Search Application

The program searchweb performs queries on anindex of Web pages, described by classweb Info:

META(WebInfo,
(SUPERCLASS(DoclInfo),
VARKEY (name, 2048, Field::unique),
KEY(text, Field::fulltext),
VARKEY(site, 255, Field::fulltext),
VARFIELD(title, 2048),
FIELD(MD5high),
FIELD(MD5low),
VARFIELD(description, 2048))

):
searchWeb supports queries with the following syntax:

search?g=query[&option]*

where
query: expr+ [cache:docid:url]
expr: [-1term | all | any
any: word {OR word}+
term: [where: ]Eword l phrase] | site:domain
where: iIntitle inur
phrase: "word+" | word{"SEP"word}+
SEP: [--="\<>:;]
all: [whereall : Jword+
whereall: allintitle | allinurl
domain: word{.word}*
option:
start=num (first result, default: 0)
num=num (number of results, default: 10)

hl=language (interface language, default: en)
Ir=lang_??[|lang_??]*

ééearch pages in these languages, default: none)
filter=0 (do not omit similar results, default: none)

17
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8. File formats

IXE uses three secondary storage structures:

1. Mainindex: contains the lexicon and the stop words and color indexes (.fti);

2. Postings. contains the postings for each word in each document (.pst);

3. Document Store: contains details and properties about each document (.bdb).
The index and pogtings files are accessed as memory mapped files, while the Document store is
implemented as a Berkeley Data Base (public version from Sleepycat Software), which uses as well
memory mapping as appropriate.
8.1. Lexicon

The lexicon is organized in atwo level hierarchy, smilar to a suffix array with a supra-index. The first
level conssts of atable of bigrams, corresponding to the first two letters of aword. An entry in this table
contains the index of the firs word in the full index starting with that bigram, as illustrated in the
following picture;

Bigram index Word index Postings

ab: 24930 > |
ac: 24931 |
ad: 24932 |

ae: 24933 _A |

3
ateOcentOcuteOrialO

Suppose the following words are present:

abate
accent
acute
aerial

The bigram index is used to narrow the search to a portion of the full index.
When searching for the word ‘acute’, first we extract ‘ac’, perform alook up in bigram_index and get

the begin index (= bigram_index[“ac”]), which refers to the first word darting with ‘ac’, i.e.
‘accent’.

18
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The next entry in bigram_index (bigram_index[“ac” + 17]) contains the index (end) of the first
word lexicographicaly after ‘ad’ (it may or may not start with ‘ad’). In this case it is ‘aerid’, since there
are no words starting with ‘ad'.

A binary search is performed using the STL procedure bwer_bound with arguments the two iterators
begin and end and so ‘acute’ is found.

The entries after the last one pointing to a word in the index are filled with the index one beyond the last
oneinword_index

Soin generd bigram_offset[bg] contains, for each bigram bg (two letter prefix), the index of the first
word lexicographicaly after bg (it may not start with bg).

8.2. Multiple Columns

An index may contain severd columns are implemented by adding one prefix byte, representing the
column number, to each indexed term. Therefore the full index structureis as follows:

8.3. Format of index file

FileHeader {
FileFormat ff;
Count num_docs;
Count num_columns;
fileHeader;
(columnindex):

(columnIndex)nun colums

Count num_stop_words;

off32_t stop_word_offset[num_stop_ words];
size_t stop_word_size;

(stop-word index)

Count num_colors;

off32_t color_offset[num_colors];

size_t color_size;

(color index)

where acolumn index is as follows:

Count num_bigrams; (0 if not present)
long bigramTable[num_bigrams];

Count num_words;

LexEntry lexicon[num words];

long lex_size;

(lexicon)

The lexicon conssts of a sequence of consecutive null-terminated words (stripped of the first two
characters).

19
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8.4. Postings File

The postings file contains just a sequence of consecutive doclists. Each doclist represents dl the
occurrences of aword in al documents and has the form:

{DF}{posting}oF
thet is. the word document frequency (DF) followed by exactly DF postings, where a posting is.
I [OXFF{C}..OXFF]{OH{L}{H}L

that is. a docID (1) followed by zero or more cdorlD’s (C) surrounded by OxFF bytes followed by the
number of occurrences in the document (O), followed by the length in byte of the hits (less O, to save
space) and then by L hits.

A hit for the moment is just an ECD representing the postion of the word in the document. Positions are
represented as delta increments.

Note that color information is incomplete, since it does not express which occurrence of the term appeared
with thet color.

The integers are expressed as ECD (Epta Coded Digit, i.e. base 127), not raw binary. An ECD integer is
represented as a series of digitsin base 127, with dl but the last digit having 0 in the sign bit.

8.5. Long Posting lists

In order to speed up queries involving long pogting lists, a binary table is added in front of pogting lists
longer than LongPostingThreshold (8000). It contains pairs <DoclID, postingOffset> for every
thousands pogting. This alows skipping to the posting list with closest thousands and to limit scanning
sequentidly up to 1000 Pogting lists. The size of the block to skip should be close to the machine page
Sze, to optimize mmap and disk access.

8.6. Color Entries

The color index is a lig of dl the HTML tag/meta names (in aphabetical order) sdected for indexing.
Each color is followed by its numeric ID that is Smply a unique integer to identify it and its weight. Each
entry is of the form:

colorO{1}{W}
thet is, anull-terminated color followed by the ID (1) and weight (W) in BCD format.

20
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9. Basics of Information Retrieval

9.1. Documents and terms

In IR (Information Retrieva), the items we are trying to retrieve are called documents, and the documents
are described by sets of terms. Usualy a document is thought of as a piece of text and aterm as aword or
phrase which helps to describe the document, and which may indeed occur in the document, one or severa

times. So a document might be about denta care, and could be described by corresponding terms ‘tooth’,

‘teeth’ ‘toothbrush’ ‘decay’, ‘cavity’, ‘plague’, ‘diet’ and so on.

More generdly a document can be anything we want to retrieve, and aterm any feature that helps describe
the documents. So the documents could be a collection of fossls held in a big museum collection, and the

terms could be morphologica characterigtics of the fossls. Or the documents could be tunes, and the
terms could then be phrases of notes that occur in the tunes.

If adocument D, isdescribed by aterm t, tissaidto index D, and we can write,
t® D
In fact an IR system consists of a set of documents, D1, D2, Ds ..., a set of terms ty, to, t3 ..., and set of
relationships,
t ® D,

i.e. ingances of terms indexing documents. A single instance of a particular term indexing a particular
document is clled a posting.

For adocument D, thereisaligt of termswhich index it. Thisis cdled theterm list of D.

For aterm t, there is a list of documents which it indexes. This is caled the posting list of t. So each
posting refers to a document in which the term appears, but additiona information is often stored in the
posting, e.g. the number of occurrences of the term in the document or their position.

A term t is sad to index a document D, or t ® D. It will often be the case that D is made up of alist of
words,

D =wy, W, W3 ... Wi

and that many, if not dl, of the terms which index D derive from these words. The relation between words
and terms need not be a smple one. A single term ‘connect’ might derive from a number of words,
‘connect’, ‘conneds, ‘connection’, ‘connected’ and so on. A single word might give rise to more than one
term. Nevertheless, if aterm derives from words we, Was, Wez and We21 in the indexing process, we can say
that the term *occurs in D a pogtions 9, 38, 97 and 221, and o for each term a document may have a
vector of positiona information. These are thewithin-document positions of t, or the wdp information of t.

The within-document frequency, or wdf, of aterm tin d, denoted asfy;, isthe number of times the term
gppearsin document d.
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The document collection frequency, or document frequency, f, is the number of documents in the
collection where the term t appears.

The length of a document d, made up of k words, w; tow, isdefined as| d | = k.
The normalized document length, or ndl, is k divided by the average length of the documents in a

collection. So the average length document has ndl equd to 1, short documents are less than 1, long
documents greater than 1.

9.2. Ranking
IXE computes the document term weight as follows:

Wyt = 1+ I(g(fd’t)
The logarithm is used to give diminishing returns as term frequencies increese. fy, is adjusted to take into
account aso the color of the occurrences of term: eg. if a word occurs in a title it counts as 2
occurrences, where 4 is the weight for title.

The term weight w; is computed as:
Wt = I®(1+ N/ft)

The cosine measure of smilarity between aquery Q and adocument d is:

. 1 1
cosing(Q, d) = —><;‘5’1tmvv¢t W, =—><éﬁQ(1+Iog(fd,t)) W,
W W,

d
o
W, = q,aﬁQ fdz,t
By gpproximating Wa = sgrt(d]), we have:

& 4o (L+log(f,,)) Hog(1+ N/ f,)
|d|

cosneg(Q, d) =

Thisis not much different from the following measure of similarity between a query Q and a document d:

o 1l+log(f,,) 1
MQ = 8~ e

t

An earlier verson of IXE computed the document term weight as follows:

_ 10+log(f,,)
|d]
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(dividing by |d | introduces a normalization factor to discount the contribution of long documents) and
dored the value

_10000 10 +log(f,,)

Wd,t Wt
F, |d]

within the pogting information of term t for document d in the index, where F, is the totd number of
occurrences of term t in the whole collection and the 10000 factor ensures an integer value for the rank.
Using these vaues, ranking a document with respect to a query Q requires just adding up such vaues for
eacht1 Q, but increased the size of the index of gpproximately 10%.

10. References

[Demaine01] Erik D. Demaine, Algandro LopezOrtiz, and J. lan Munrg “Experiments on Adaptive
Set Intersections for Text Retrieva Systems,” in Proceedings of the 3rd Workshop on
Algorithm Engineering and Experiments Lecture Notes in Computer Science,
Washington, DC, January 5-6, 2001.

23



