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0.1 Abstract

This paper describes an idea, how result lists of search engines could be improved and
adapted to user pro�les automatically. To achieve this goal, two di�erent algorithms
have been implemented in an application called PISA. One is aprobabilistic method of
classi�cation known as Bayesian algorithm and the other is TF-IDF (Term Frequency -
Inverse Document Frequency), frequently used in information retrieval systems. Along
with a detailed description of the objects in PISA, the test results of di�erent conditions
and algorithms are compared and summarised. In addition, needed fundamentals of
network protocols, database access, and scripting languages are introduced and explained.
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Chapter 1

Foundation

1.1 Introduction

There is a vast amount of data accessible to users in the WorldWide Web and more
becomes available daily. In �gure 1.1 is displayed, how fastthe Internet grew in the
past. The active host names (red curve) are web presences, which are maintained and
�lled with content. Usually the web hoster puts a template onthe web presence after
registration of a host name and some owners do not remove it, because they just need
the email addresses or reserved the domain name. Host names with the same content are
not counted.

Figure 1.1: The growth of the Internet. Statistics providedby Netcraft, Web Server
Survey (http://news.netcraft.com/archives/web serversurvey.html)
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Due to the amount, the user spends a lot of time, searching forweb pages that
provide the needed piece of information. By using search engines, a list of web pages,
which contain the speci�c keywords, is presented to the userand the indexed Internet is
divided into two parts: One part contains the keywords and the other does not. Although
the user searches in a subset of available web pages now, an unmanageable amount is
still left. To accelerate the search further, the search engine providers use complicated
ranking algorithms, count the calls of a link, and determine, how many links refer to
each particular web page, to rank a link as important or unimportant. However, despite
of all used algorithms there is one big disadvantage: The search engine provider does
not determine, what the user wants actually, and the rankingis calculated based on
the majority of users and not a single individual. Due to the majority of users, which
searched for "Ring" in the past, looked for jewellery in common, links to shops o�ering
golden rings are presented �rst in the result list. But a student looking for the algebraic
structure of rings, requests a completely di�erent information. Where is the advantage
of the search engine, which printed out the result list aboutrings in less than a second,
when the student has to go through more than thousand descriptions below every link
for the next 30 minutes? A search engine, which has the ability to �gure out, what the
student really wants, is preferable, even if it takes 5 minutes and a few more clicks. One
solution is the draft application PISA (PHP I ntelligent SearchA pplication) introduced
in this paper.

PISA supports the user �nding the desired information in a reasonable time by learn-
ing a pro�le of user's interest and using this pro�le to locate interesting data without
making the search more complicated. The pro�les (or knowledge bases) created in the
learning phase, can be used to predict the importance of other unknown web pages in-
dividually for each user. To accomplish this task and to build up a knowledge base, the
user has to rate some links �rst, if he likes them or not. In �gure 1.2 is shown a result
list, in which the user has already rated the �rst and second entry as unwanted links. A
cross always means that the user does not like the links, whereas a check mark symbol-
ises approved links. The meanings of the buttons and symbolsare described in detail in
chapter 2.6 on page 82.

After a rating and based on the new or updated knowledge base,two di�erent classi-
�ers implemented in PISA try to predict the new importance: Bayesian classi�er [Gra02]
known from many email client programs or Spam �ltering software and TF-IDF (Term
Frequency - Inverse Document Frequency) [SM83] [Moo], which is often used in informa-
tion retrieval systems. Both classi�ers, which are described in chapter 2.4.10 in detail,
are able to sort data into di�erent categories. Like categorising emails, where an email is
either Ham or Spam, these algorithms are also able to distinguish between wanted and
unwanted web pages after creating a knowledge base by ratinga few initial web pages.

Many users use many di�erent operating systems, machine architectures and system
con�gurations. But almost every machine, which has access to the Internet, has installed
a web browser. To avoid any incompatibilities and to make thesearch as easy as possible,
PISA is implemented to run on a server only. As a ready-to-go application it does not
have to be installed, compiled or worse a Virtual Machine hasto be set up on the client's
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Figure 1.2: Two ratings in the enhanced result list providedby PISA

computer, which overstrains a lot of people. Another advantage of using a server is that
the server usually has a faster or sometimes dedicated connection to the Internet and
more resources of CPU capabilities, which are needed to evaluate the importance of the
data for a user as fast as possible.

The big disadvantage, however, is the heavy load, which can be caused on the server,
if many users try to access the provided service. To avoid theheavy load, PISA is very
easy to install on a server and it needs only a minimum of requirements (see 2.2). PISA
is implemented in PHP, which is a script language running on aserver only (see 1.5), but
contains also parts written in Perl (2.4.6), because a few features were not available in
PHP. Most web hosting companies o�er bundles with the scriptlanguage PHP/Perl and
the database system MySQL. So every big institution or even asingle person can install
and operate their own server to have a faster access to this service and to relieve public
servers.

PISA is open source and every interested developer is able toadd, remove or improve
features. To get an idea of what knowledge is needed to develop new features, the basics of
the Internet, HTML and SQL commands are summarised at the beginning of this paper.
The experienced reader may skip these sections and start reading at the second part of
this thesis beginning at chapter 2, where the functionalityof PISA is explained. Before
describing the implemented modules of PISA in detail (in 2.4), section 2.3 of this chapter
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gives an overview about the interaction among the modules. The modules have the same
names like the implemented objects and are independent fromeach other completely. In
addition the source code is optimised to be processed with phpDocumentor1 and each
section in the source code is commented in detail. phpDocumentor is a software written
in PHP, which is able to scan PHP source �les for comments wrapped in /** */ . As
Javadoc it also extracts special attributes like@accessand @return and allows to create
a clearly arranged documentation for each class.

In section 2.5, the used table structures of the database areintroduced, which also
includes the format of the stored knowledge bases. This section is important, if you
want to alternate the way, how information is stored. It is necessary to store some data
persistently, but it is irrelevant to the modules, from where the data comes (database,
�le system, etc.). If a module requests data, it asks the module connected to the data
source, to prepare the information in the expected way.

Finally in one of the last sections (2.6) the whole implementation has been tested
and the results of the predictions, but also the e�ciency andthe calculation time is
compared between the two learning algorithms. Here the advantages and disadvantages
of the algorithms, but also surprising success and failuresare summarised.

1.2 Basics of the Internet

This chapter describes the basics of the Internet, which areneeded to understand the
principals, how PISA and the Internet works. It introduces the TCP/IP reference model
and explains, the layout of Internet addresses and details about the Hypertext Transfer
Protocol. Especially this protocol is important, because PISA simulates a normal browser
to download web pages for calculation of their importance tothe user. In addition, HTTP
is used as an interface between the parts written in PHP and the parts implemented in
Perl (see chapter 2.4.6).

Not every interesting topic can be mentioned or explained indetail in this paper,
because the topics are too complex. Further information fora more detailed overview
can be found on the web pages of Wikipedia2 or in the technical documentations of IANA3

(I nternet A ssignedN umbersA uthority), the IETF 4 (I nternet EngineeringT askForce),
and IEEE5 (I nstitute of Electrical and Electronics Engineers).

If someone requests a web page by typing in a URI (U niform ResourceI denti�er),
the request is �rst resolved into an IP (I nternet Protocol) address by a DNS (D omain
N ame System) Server. This step is necessary, because addresses based on URIs do not
exist in the Internet. An IP address, which refers usually toa host, is like the address on
an envelope and is unique. After translating the URI into an address, the request is sent
to the speci�ed host.

1http://phpdocu.sourceforge.net/
2http://en.wikipedia.org
3http://www.iana.org/
4http://www.ietf.org/
5http://www.ieee.org/
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Table 1.1: The TCP/IP reference model

TCP-IP Layer OSI Layer Protocol example
Application 5-7 HTTP, FTP,

(Application, Presentation HTTPS, SSH, Telnet
& Session)

Transport 4 TCP, UDP, ICMP
Internet 3 IPv4, IPv6, IPX

(Network)
Data Link 2 Ethernet, FDDI,

Token Ring, ARCNet6

Physical 1 RS-232, �bre optic, cable

To allow communication over a network among hosts with di�erent architectures and
operating systems, a common language, which is understood by everyone, has to be
spoken. The language is called a protocol and includes a listof rules, how communica-
tion is established, maintained, and closed. To visualise the di�erent steps of how the
communications work, reference models have been developed.

1.2.1 TCP/IP reference model [Inf81b]

The protocol stack of the TCP/IP (T ransport Control Protocol/ I nternet Protocol) refer-
ence model is slightly di�erent from the one in the OSI (Open SystemsI nterconnection)
reference model. The reason for the di�erence is the Application, Presentation, and
Session Layer, which are summarised to one single Application Layer in the TCP/IP
reference model (see table 1.1). In some literature the TCP/IP protocol suit consists
just of four layers. The last two layers are then summarised to one layer. In the past
it seemed that the practical use of the OSI reference model did not really suite to the
communication with TCP/IP in reality. So this modi�ed versi on of the model has been
developed.

If data has to be transferred, it is sent through all layers from the top to the bottom
virtually. In each layer the data is wrapped into for the current layer speci�c header
information. For instance, in the Transport Layer, the TCP header information is added
to the data block, whereas in the Internet Layer, the data coming from the Transport
Layer is wrapped into the IP header. This goes on till the dataand all its headers are
transferred through the medium to reach its destination, where the headers are removed
by passing the layers from the bottom to the top of the protocol stack. The wrapping of
the transmitted data in additional information shall ensure that the data packet reaches
the destination (like a letter in an addressed envelope). Itcan also be determined, if any
errors during the transmission occurred and steps can be taken against it. See �gure 1.3

6ARCNet: token based net with a star or tree topology; uses coaxial cable, UTP cable, or �bre optic;
invented by Datapoint in 1976; max. transfer rate: 2.5Mbit/ s (or 20Mbit/s with ARCNet-Plus)
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for a packet of data is sent from a server to a client.

Data Link

Network

Physical

Transport

Application

Data Link

Network

Physical

Transport

Application
Client Server

Figure 1.3: Flow of data in TCP/IP protocol layers

This section provides only a very short introduction to the TCP/IP protocol stack.
More detailed information can be found in Wikipedia7 or in the paper RFC7938 collected
by IETF.

1.2.2 IP Address [Inf81a]

In the OSI and TCP/IP reference model (see chapter 1.2.1), the IP is located in the
Network Layer, which is the third from the bottom. The fourth version of IP addresses
consist 32 Bits altogether and is often written as four 8 bit numbers separated by a dot,
for example194.109.137.218. An IP address is divided into two parts: one part to address
the host and the other part for addressing the network. Only those computers, which
have the same address for the network can communicate with each other. In addition
every address for the hosts must be unique within a single network. To communicate
with other computers outside the own network, a router is needed, which is able to pass
network packages from one network to the other.

There are special IP addresses, which are reserved for private networks and are not
used nor found in the public Internet. Some of these special addresses and their meanings
are summarised in Table 1.2. The number given after the slashdisplays the lowest
available subnet mask. The subnet mask is a 32 bit mask, whichhelps to determine,
which part belongs to the host address and which one to the network address. For
example, the class B address consists of 12 bits for the network address and 20 bits for
the host address.

As shown in the example (Table 1.3) the subnet mask has been extended by the net-
work administrators. Instead of using the lowest subnet mask, which would be255.240.0.0
(�rst 12 bits), the administrators decided to use 8 more bits. This allows them to divide
the whole network into several parts. The maximum amount of hosts in a network is

2Number of bits in the host address � 2:
7http://en.wikipedia.org/wiki/Transmission Control Protocol
8http://www.ietf.org/rfc/rfc793.txt
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Table 1.2: Special IP Addresses

Address Block Usage
0.0.0.0/8 the current network, where the computer is in
10.0.0.0/8 private network (class A)
127.0.0.0/8 Loop back (local computer)
172.16.0.0/12 private network (class B)
192.168.0.0/16 private network (class C)
255.255.255.255 Broadcast

Table 1.3: Example (class B net)
subnet mask 11111111.11111111.11110000.00000000(255.255.240.0)
address 10101100.00010000.00000010.00110011(172.16.2.51)
1. network name 10101100.00010000.00000000.00000000(172.16.0.0)
2. network name 10101100.00010000.00010000.00000000(172.16.16.0)
3. network name 10101100.00010000.00100000.00000000(172.16.32.0)
4. network name 10101100.00010000.00110000.00000000(172.16.48.0)
last network name 10101100.00011111.11110000.00000000(172.31.240.0)
addresses in the �rst network:
1. address 10101100.00010000.00000000.00000001(172.16.0.1)
last address 10101100.00010000.00001111.11111110(172.16.15.254)
Broadcast address 10101100.00010000.00001111.11111111(172.16.15.255)

Two addresses are always subtracted for each network: The �rst subtracted address,
where the host part consists only of zeros, is reserved for the net itself. The second one,
where the binary form of the host part consists only of ones, is reserved for the Broadcast,
which addresses all participants within the same network. In the example the maximum
number of hosts in each network is 212 � 2 = 4094, the amount of available subnets is
28 = 256, because 8 additional bits are chosen to divide the net.

1.2.3 DNS Server [Moc87a] [Moc87b]

The DNS server is a computer, which provides a name-to-IP-address translation and vice
versa. When it receives a request to resolve a name into a IP address, it can check an
internal list for the appropriate IP address. If the IP address cannot be found in the
list, the DNS Server asks the DNS Servers on the next higher level, which maintain a
larger list of entries, or delegates the request back to the sender with an address of a DNS
server, which might know the IP address.

The protocol used to obtain an IP address is located in the Application Layer. It is
much more convenient and easier for users to remember a name of a host instead its IP
address.
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1.2.4 Hypertext Transfer Protocol [BLFF96]

Most of the time, the HTTP ( H ypert ext T ransfer Protocol), which is located in the
Application Layer of the OSI and TCP/IP reference models, isused for downloading web
pages. Right know, there are two versions of this protocol: HTTP/1.0 and HTTP/1.1.
The newer HTTP/1.1 is backward compatible to the older one and provides methods
for streaming, partial downloads, etc. All the new methods are not used in PISA and
therefore, only the old protocol, which is supported by all web servers in the Internet, is
used. At the moment, PISA does not support the HTTPS, which provides encryption and
secure transmission of data. In most cases this data is con�dential and not the subject
to be searched in.

HTTP/1.0 is stateless. After the transmission of the requested data, the connection
between the client and the server is closed. To transfer moredata, e.g. images, which are
embedded in a web page, the connection is reestablished for every image that has to be
downloaded. The HTTP consists always of a request and an answer to that particular
request. If the URI http://www.imsc.res.in/example.html is clicked or typed into the
browser's address line, a computer namedwww.imsc.res.inis asked to send back the �le
example.html. As mentioned before, the name (www.imsc.res.in) has to be translated
into an IP address �rst. To initiate the transfer of this �le, a HTTP GET request is
send from the client to the server through the TCP on port 80. Port 80 is the standard
port number, which is used, when there is no other port numbergiven in the requested
address.

In HTTP/1.0 there are three di�erent methods to send a request: GET, POST and
HEAD. GET and HEAD are almost the same, but when HEAD is used instead of GET,
the server sends back only the HTTP header without the content of the �le given in the
URI. With the POST method information can be sent from the client to the server and
it is mainly used in forms. Due to the GET method is more important for the operation
of PISA, this method is described in detail.

1.2.4.1 HTTP GET Request

GET /example.html HTTP/1.0
Host: www.imsc.res.in

This information is called a HTTP header. At least the request has to contain the
used HTTP protocol version (HTTP/1.0), the name and directory of the requested �le
(/example.html ), an information, what the server shall do (GET), and the name of the
host (www.imsc.res. in ). This is the smallest amount of information accepted by the
server. Other information like the used browser, preferredlanguage, cookie information,
and accepted content types are also allowed and are sometimes used to send a speci�c
�le optimised for a particular browser or to display the web page in a language, which
the user understands easily. Often there are two �les in a di�erent language available
and then the server transmits the one, which is preferred by the user. For instance, the
header sent by the browser Firefox of the Mozilla Foundationlooks like this:
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GET /example.html HTTP/1.0
Host: www.imsc.res.in
Connection: close
Accept-Encoding: gzip
Accept: text/xml,application/xml,application/xhtml+x ml,text/html;  -
q=0.9,text/plain;q=0.8,image/png,*/*;q=0.5
Accept-Language: de,de-de;q=0.8,en-us;q=0.5,en;q=0.3
Accept-Charset: ISO-8859-1,utf-8;q=0.7,*;q=0.7
User-Agent: Mozilla/5.0 (X11; U; Linux i686; en-US; rv:1.7 .6)  -
Gecko/20050306 Firefox/1.0.1 (Debian package 1.0.1-2)

As you can see, I used Firefox 1.0.1 running on a Linux machinewith a Debian
distribution ( User-Agent). My preferred language isde or de-de, which stands for
German (Accept-Language). If no version of this �le is available in German, then the
English version is the second language, in which I like to have the �le. In fact, only a
few web page designers are aware of this information and use it. It is easier to include
a selection box in the web pages, which allows the user to choose among the available
languages. An interesting option isAccept-Encoding: gzip . Firefox is able to receive
the content of the �le compressed. It can decompress the content and display it to the
user as though nothing had happened. The big advantage of this transfer method is that
most of the �les are plain text �les, which can be compressed with the zip algorithm very
e�ciently. It saves transfer time and tra�c, but on the other hand needs more CPU
resources on transmitter and receiver.

1.2.4.2 HTTP Response

If the server operates normally (this excludes crashes, hardware failures, etc.), it will send
an answer to every request. Even if the �le was not found, has been moved or any other
error occurred. The following code shows a typical answer inHTTP:

HTTP/1.0 200 OK
Date: Wed, 27 Jul 2005 17:09:25 GMT
Server: Apache/1.3.33 (Debian GNU/Linux) mod ssl/2.8.22  -
OpenSSL/0.9.7d PHP/4.3.10-15 modauth pam/1.1.1 mod perl/1.29
Last-Modified: Mon, 25 Jul 2005 04:59:29 GMT
Content-Type: text/html; charset=iso-8859-1
Content-Encoding: gzip
Content-Length: 8238

The software on the server, which provides the HTTP service,is the Apache with
a little bit additional functionality. It has the ability to process PHP and Perl �les
through integrated modules. The size of the requested content is exactly 8238 bytes
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long. This excludes the header, which does not count to the content. The �le has
been compressed (Content-Encoding: gzip ) before transmission. The line causes the
browser to uncompress the �le �rst. If the zip compression was not supported by the
server, this line would be missing andAccept-Encoding: gzip sent by Firefox would
have been ignored. The type of the requested �le istext/html , which means that this
�le is an HTML �le ( content type ). The browser is able to perform di�erent actions
for several types. This information is also called MIME (M ultipurpose I nternet M ail
Extensions) Media Type. A list of o�cial available MIME and th eir de�nitions in RFC
papers is maintained by IANA9, which also assigns IP addresses to companies or Internet
providers.

The most interesting part in this header is the �rst line, which shows the protocol
version and a status code (200 OK). All codes have three digits and vary depending on
the status or occurred error. Some of the most common codes are summarised in table
1.4. The most used status code is 200, if the �le has been foundin the �le system on the
server, or 404, when the �le does not exist.

After the header follows one single carriage return/line feed (CRLF), which makes
the content distinguishable from the header. This allows are very easy implementation
by reading line by line from the incoming data stream. In a loop the receiving program
has to wait till there are two consecutive CRLFs (the �rst onecomes from the last line
of the HTTP header information) to separate header and content.

1.2.5 The Cookie

The cookie is a little piece of information stored by the client's browser, if it is allowed.
First supported by the Netscape Navigator, it is now in common use to identify returning
visitors of a page and to store options or changes the user made. Once the cookie is stored
and not expired, the browser sends the cookie information tothe server with every visit
of the same domain automatically and invisibly for the user.The command to store a
cookie in the browser database is given in the receiving response HTTP header by the
line:
Set-Cookie: name=value; expires=date; path=path name;  -
domain=domainname; secure

ˆ name=value
This is the most important part, because this contains the information, which has
to be stored. nameis the name of the variable andvalue its value. All characters
are allowed except space, comma and semicolon. Also all kinds of special characters
in a language should be avoided.

ˆ expires=date
This parameter is optional and represents the expire date, when the cookie is
deleted by the browser. If omitted or the date sent from the server is a time

9http://www.iana.org/assignments/media-types/
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Table 1.4: Most common status/error codes in HTTP

Error Code Description
1xx Information
100 Continue
101 Switching Protocols
2xx Successful Operation
200 OK
201 Created
202 Accepted
203 Non-Authoritative Information
204 No Content
205 Reset Content
206 Partial Content
3xx Redirection
300 Multiple Choices
301 Moved Permanently
302 Found
304 Not Modi�ed
4xx Client Error
400 Bad Request
401 Unauthorised
403 Forbidden
404 Not Found
405 Method Not Allowed
406 Not Acceptable
407 Proxy Authentication Required
5xx Server Error
500 Internal Server Error
501 Not Implemented
502 Bad Gateway
503 Service Unavailable
504 Gateway Time-out
505 HTTP Version not supported



18 PISA

stamp in the past, the cookie is deleted immediately, when the browser is quit-
ted. The format for the time stamp is day, TT-MMM-JJJJ HH:MM: SS GMT (e.g.
expires=Wednesday, 03-Aug-2005 23:00:00 GMT).

ˆ domain=domainname
This parameter is also optional and speci�es the domain to which the cookie be-
longs. If omitted, the domain is automatically inserted. This parameter can be
used to make the cookie also available in sub domains. For instance, if the user
visits www.imsc.res.inand a cookie has to be stored, where this parameter is not
included, the stored cookie information is only sent along those requests, which go
to www.imsc.res.in, but not to cts.imsc.res.in. To make it also available in this sub
domain, the parameter has to be set to:domain=imsc.res.in . It is not allowed to
specify more than one domain in this parameter.

ˆ path=path name
This optional parameter allows a more speci�c de�nition, towhich pages the cookie
information is sent by the browser. If speci�ed, only the webpages in the given
directory get in touch with the stored cookie.

ˆ secure
The last optional parameter de�nes, whether the stored cookie information is only
allowed to be transferred to the server, if the HTTP connection is encrypted. If
omitted, the cookie is also transferred, if the connection is not encrypted.

If a cookie has been stored and the domain name and path match with the values in the
cookie, the information given inname=valueis sent hidden in the HTTP request header:

GET /example.html HTTP/1.0
Host: www.imsc.res.in
Cookie: name=value;
...

Recently, a lot of users got more suspicious about cookies, because many Internet
presences abuse the cookies to track down the browsing behaviour of their visitors. This
is not the intention and the two cookies of PISA are only used to store options and session
identi�ers. It is much more convenient for the user, becauseotherwise he has to change
the same settings every time, when he visits PISA. The user can block cookies, but they
are mandatory for this application. Refer to the tables 1.5 and 1.6 for what information
is stored in the cookies by PISA. In chapter 2.4.1 the meanings of the values stored with
the cookie are described.

To prevent storing thousands of cookies and �ll up the hard disk of a visitor by a web
application, the amount of cookies and their size are limited. A browser is not able to
store more than 300 cookies altogether. The maximum size of acookie is limited to 4096
bytes and only 20 cookies for each server domain and path can be stored. If the server
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Table 1.5: Information in the session cookie
Name: PHPSESSID

Content: 072ad0c2cdad182bbe9796b528445526
Host: as26.imsc.res.in
Path: /

Send For: Any type of connection
Expires: at end of session

Table 1.6: Information in the PISA Settings cookie
Name: PISA settings

Content: 48e2310e6da9bdc17a9f71f4d21681bb###1###Bayesian###1###en
Host: as26.imsc.res.in
Path: /

Send For: Any type of connection
Expires: Saturday 27 August 2005 07:52:05 PM

sends the command to store more cookies, the oldest ones are deleted �rst. If the size of
a cookie exceeds 4KB, all bytes coming after this limit are cut o�.

1.3 SQL

Tables are an e�cient way to store all kind of information about the search of each user.
If a database had not been available, it would have been necessary to store all data
in the �le system persistently. To manage and maintain such asystem could be very
complicated and time consuming, when a lot of users access the service. This chapter
introduces the basics of some commands used by PISA, which can be send to a database
system, and explains their e�ects. It is mandatory to understand those commands, if
an extension should be written so that PISA runs with anotherdatabase system than
MySQL.

In the 1970s the research institute of IBM in San Jose developed the �rst rational
database system called "System R". To access the data in thissystem, it also invented
an accessing language called "SEQUEL" (Structured English Query Language), which
was renamed to SQL in 1979. SQL stands forStructured Query Language and is a
standard language for accessing relational database systems like MySQL or PostgreSQL
at the present time. It consists of four parts: DQL (D ata Query Language), DML (D ata
M anipulation Language), DCL (D ata Control Language), and DDL (D ata D e�nition
Language).

In this section, only the commands used in PISA, are explained. Please consider that
there are further commands to perform all kinds of data manipulation and receiving,
which are not mentioned in this paper. If you want to read moreabout SQL, SQL.org10

10http://www.sql.org/
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Table 1.7: Example table R

A1 A2
10 5
30 7

provides a link collection of online resources about this topic, whereas the technical
documentation11 of PostgreSQL has a list of recommended books.

1.3.1 DQL

DQL allows the script or user to access the data stored in the tables and to sent queries
to the database system. The most important command is theSELECT command.

See table 1.7 for the used tables in these examples:
SELECT * FROM R ORDER BY A1 ASC;

This command gives back all information, which is stored in the tableRsorted ascending
by A1.

SELECT A1 FROM R AS r WHERE r.A2 = 7;
The result is a list of columnA1with all rows, whereA2is equal to7. In that case only A1
= 30 is given back. But also much more sophisticated commandslike JOIN commands
etc. are allowed, but they are not used in PISA.

An explanation of the used commands in detail:

ˆ FROMis used to indicate, from where the data has to be taken. It speci�es the name
of the table. To combine tables (JOIN) the name of the tables are separated by
comma and by theAScommand. TheAScommand is not mandatory, but it shows
in the �rst example, how the table is called in further statements.

ˆ The WHEREcommand indicates, which rows has to be retrieved. It is a boolean
condition and more conditions can be combined byANDand OR.

ˆ The ORDER BYstatement identify, which columns are used to sort the data.If the
ORDER BYstatement is applied, the data is ordered ascending by default. To reverse
the order, addDESCafter this command.

1.3.2 DML

With the DML the programs or users are able to manipulate, insert or delete data in the
tables. Statements used by PISA are:

ˆ INSERTis used to insert data into the table:
INSERT INTOtableName ( colName1, colName2, ..., colNameN)  -

11http://techdocs.postgresql.org/techdocs/bookreviews.php
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VALUES ('value1 ', ' value2 ', ..., ' valueN');
If one or more columns are omitted, default values are inserted. This is useful,
because, if the primary key is not given in the statement, thedatabase system
can de�ne its own unique value for this key. Otherwise it would be necessary to
determine, which key is still free, what would cost time.

ˆ The DELETEcommand deletes one or more rows in a table.
DELETE FROMtableName WHEREcolName1 = ' value1 ';

ˆ The UPDATEstatements updates the data in a given table and column.
UPDATEtableName SETcolName1 = ' value1 ', colName2 = ' value2 ',  -
..., colNameN= ' valueN' WHEREcolNameW1= ' valueW1' [AND  -
colNameW2= ' valueW2' ...];

ˆ TRUNCATEempties a whole table.
TRUNCATEtableName;

ˆ The OPTIMIZEstatement optimises tables. While deleting and updating data in the
table, the �le, where the table is stored, becomes fragmented. To reorganise the
table and to close the gaps between the data, is it recommended to perform this
command in speci�c periods of time.
OPTIMIZEtableName;

1.3.3 DCL

Related database systems provide a complex management to give rights and privileges of
tables or databases to users. Every user can be allowed or forbidden to send commands
to the database server. This can include general access or just manipulation commands.
One task of the database administrator is to grant or revoke rights to or from users. In
MySQL all rights are stored in a special table calledmysql.

ˆ GRANTauthorises a user to perform an operation or a set of operations.
GRANToperation1 , operation2 , ..., operationN ON
' databaseName'.' tableName' TO ' username'@' accessFrom'
IDENTIFIED BY 'password';
To grant usernameall rights to all databases and tables,databaseNameand
tableName have to be replaced by* .

ˆ REVOKEdeletes given rights for a table or database.
REVOKEoperation1 , operation2 , ..., operationN ON
' databaseName'.' tableName' FROM 'username'@' accessFrom';
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1.3.4 DDL

This group of keywords allows the user to maintain the tables. New tables can be de�ned
or no longer needed tables can be deleted. The most common statements are theCREATE
and DROPcommands:

ˆ CREATEde�nes a new table within a database. If the command isCREATE DATABASE,
a new database is de�ned instead of a table.
CREATEtablename;
CREATE DATABASENameOfDatabase;

ˆ DROPdeletes a table or database again.
DROPtablename;
DROP DATABASENameOfDatabase;

1.3.5 Data Types [SQL05]

In SQL are many prede�ned data types available. Table 1.8 shows the ranges of the
integers, which can be stored in a MySQL database system. For
oating point numbers
refer to table 1.9. If a 
oating point number is UNSIGNED the negative values are not
allowed.

String types are shown in table 1.10. The di�erence betweenBLOB (B inary Large
OB ject) and TEXT is that data stored in a BLOB is handled as a binary string (byte
strings), whereasTEXT columns are treated as non-binary strings (character strings).
The length of CHAR is �xed. For instance, if the length ofCHAR is set to 100, but only
3 characters are stored, the remaining 97 characters are �lled up with a NULL values.
This method wastes a lot of space, if the length of an entry is unknown. Because of
that, VARCHAR has been introduced, which only needs as much space as the number of
characters stored in the particular cell. The given length is the maximum of space, which
can be occupied by theVARCHAR column.

A special meaning has the NULL value. NULL means "no data" andis a value, which
di�ers from all others. Its value is unknown by de�ning the table. Be aware that NULL
is also di�erent from 0 for numeric or the empty string for string types.

1.4 HTML

To create any web presence, the knowledge of HTML is essential. HTML stands for
H ypert ext M arkup Language and is a descriptive language to display Hypertext in the
World Wide Web. Hypertext is a organisation of objects, which are connected to each
other in a net-like structure. The knots are texts or parts ofthem and are also called
knowledge or information entities. The edges consist of links or references. HTML is a
markup language to describe this information in Hypertext.This chapter describes the
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Table 1.8: Integer values in SQL

Type Bytes
Minimum Value Maximum Value

(Signed/Unsigned) (Signed/Unsigned)
TINYINT 1 -128 127

0 255
SMALLINT 2 -32768 32767

0 65535
MEDIUMINT 3 -8388608 8388607

0 16777215
INT 4 -2147483648 2147483647

0 4294967295
BIGINT 8 -9223372036854775808 9223372036854775807

0 18446744073709551615

Table 1.9: Floating point numbers in SQL

Type
needed

Precision
Storage

FLOAT 4 bytes
� 3:402823466� 10+38 to � 1:175494351� 10� 38, 0, and
1:175494351� 10� 38 to 3:402823466� 10+38

DOUBLE 8 bytes

� 1:7976931348623157� 10+308 to
� 2:2250738585072014� 10� 308, 0, and
2:2250738585072014� 10� 308 to
1:7976931348623157� 10+308

Table 1.10: String Types in SQL

Type Bytes
VARCHAR up to 255
CHAR up to 255
TINYBLOB, TINYTEXT up to 255 (28 � 1)
BLOB, TEXT up to 65,535 or 64KB (216 � 1)
MEDIUMBLOB, MEDIUMTEXT up to 16,777,215 or 16MB (224 � 1)
LONGBLOB, LONGTEXT up to 4,294,967,295 or 4GB (232 � 1)
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basics of HTML and introduces it to the reader. If you want to learn HTML, I would
recommend online tutorials or references. A accurate and very good online source regard-
ing HTML, CSS (see chapter 1.4.3), etc. can be found at the webpages of SelfHTML12

by Stefan M•unz. Unfortunately, this web presence is almostcompletely in German and
I have not found something similar in English. But even if youare not able to read
German, this reference gives a lot of examples, which can be used or alternated.

The last version of HTML, which was invented by Tim Berners-Lee in 1989 and
enhanced by the W3C13 (W orld W ide W eb Consortium), is HTML 4.01. After that,
the development of HTML stopped and XHTML 1.0, which is only slightly di�erent in a
few points, has been introduced.

The text is given the desired structure with so called tags. Tags can be opened and
closed, but also exist alone as empty tags to display a break line or an image. A few
opening and ending tags are:

ˆ < p> This is a paragraph. < /p >

ˆ < em> This is written in special formatted letters. < /em>

An empty tag is the break line tag (< br> ) or the tag to refer to an image (< img
src="imagesource.jpg" > ). The tags do not de�ne, how the browser shall display the
text. It is more a guideline to give parts of the text a specialmeaning, like a headline
(< h1> ... < /h1 > ), a paragraph (< p> ... < /p > ) or special marked text (< em> ...  -
< /em> ). In which font or size the text is displayed, is completely up to the browser and
the preferences set by its user.

However, only to describe the view without de�ning the layout was not practica-
ble. Therefore, most tags support additional parameters tode�ne width, font sizes and
colours and a lot of web page designers used them. With the last version of HTML, the
tag parameters for de�ning the layout have been declared as deprecated to separate the
descriptive part from the presenting part. But the designers were still used to the param-
eters and that is the reason, why in HTML 4.01 three di�erent types of DTD (D ocument
T ype D e�nitions) have been introduced:

ˆ Transitional
This is for web designers, who are still used to use the parameters, which are
deprecated. The logical structure is not separated from thepresenting one. This
mode ensures that existing web sites can still be displayed in current browsers and
gives the developers and designers time to rewrite their pages.

ˆ Strict
The use of deprecated parameters is forbidden and most tags are without any
parameters. The descriptive part is separated from the presenting part completely.
To de�ne the presentation of a descriptive tag explicitly, CSS (CascadingStyle
Sheets), described in 1.4.3, shall be used.

12http://en.selfhtml.org/
13http://www.w3.org/
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ˆ Frameset
This DTD contains all elements from theTransitional , but in addition contains
commands to create frame sets. Frame sets are comparable with divisions of the
available space of the browser window into several parts.

1.4.1 Structure

Basically a HTML �le consists of three di�erent parts:

1. The declaration, what DTD is used. This de�nition has to be�rst in the �le.

2. The head with documentary and technical information about this particular �le.
This information is not visible in the browser directly.

3. The body, which contains the text to display.

The following listing is an example of a HTML �le:

< !DOCTYPE HTML PUBLIC " � //W3C//DTD HTML 4.01/ /EN" " http : / /www. w3 .  -
org /TR/html4/ s t r i c t . dtd" >

< html >
< head>

< t i t l e > PISA< / t i t l e >
< !�� and maybe more header in format ion �� >

< / head>
<body >

This is the content of the web page .
< / body >

< / html >

Listing 1.1: Example of an HTML �le

1.4.2 Links

Links are the references among documents in HTML. There are two di�erent kind of links:
one kind refers to documents like other texts or images located at the same address, where
the current document comes from. These are called local links. The other links refer to
documents, which exist on other locations or servers and arecalled remote links. The
di�erence between the two kinds is that the latter one alwaysstarts with http:// and is
therefore easy to distinguish from the �rst one.

Every time, when the user wants to display a web page, which has been downloaded
by PISA, this page is coming from the same server, where PISA runs. Therefore, all local
links do not work any more, because it is very unlikely, that the document, where the
local link refers to is available at the same location on the PISA server. To make the local
links work again, they have to be transformed into remote links: the address, from where
the current page comes from, has to be added to all local linkswithin this page. Then
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the links refer to documents, which are located on a di�erentserver and the browser can
send a request to download and display the documents from there.

1.4.3 CSS

Cascading Style Sheets allow to separate the content from the style in HTML �les. The
de�nition of headlines, etc. can be done in one single CSS �leand if the de�nition is
changed, all styles are changed without the need to search through the �les and change
every HTML command individually. Another advantage of using CSS is the sophistication
of style de�nitions compared to the ones available as parameters in the deprecated HTML
commands. For example, images can be displayed, where ever the designer wishes them
to place or even overlapping of elements is no problem any more.

The Syntax consists of selectors and rules, which de�ne special properties of the
selectors. The following listing shows an example of the structure of a CSS �le:

/ * The f o l l o w i n g d e f i n i t i o n d i s p l a y bo ld wr i t t e n t e x t w i th b l ue  -
co lou r over an y e l l ow background * /

p . note f
font � s ty le : bold ;
color : blue ;
background � color : # FFFF00;

g

Listing 1.2: Example of a CSS �le (example.css)

This example �le can be included into the HTML �le by using import commands in
the HTML head:

< !DOCTYPE HTML PUBLIC " � //W3C//DTD HTML 4.01/ /EN" " http : / /www. w3 .  -
org /TR/html4/ s t r i c t . dtd" >

< html >
< head>

< t i t l e > PISA< / t i t l e >
< l ink re l =" s t y l e s h e e t " type =" tex t / c s s " href ="example . cs s ">
< !��

or :
< sty le type =" tex t / c s s " > @import "example . cs s ";< / s ty le >

�� >
< / head>
<body >

<p c l a s s=" note ">
This is a paragraph with coloured text and background .

< / p>
< / body >

< / html >

Listing 1.3: Example of an HTML and CSS �le together
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The main problem by using CSS is that this standard is not supported by all browsers
and if, it is most likely supported in a di�erent way. It is not guaranteed that a de�nition
looks the same on all browsers, which support CSS. Therefore, often dirty tricks have to
be used unfortunately. All CSS �les used by PISA are located in the directory /css/ .

The combination of HTML and CSS is very powerful and layouts are made available
with much less e�ort than designing them in HTML only. The webpage "A list apart" 14

by Je�rey Zeldman15 is a place, where designers meet. They exchange ideas and snippets
of example code and give tips, how layouts could be created without violating existing
standards.

1.5 PHP

PHP16 stands for PHP: H ypertext Preprocessor and is a widely spread scripting lan-
guage. It is embedded in HTML pages (see listing 1.4) and its syntax is similar to C,
Java and Perl. But it has some own extensions and functions included to provide an
easy access to e.g. databases and other external data sources, which makes it very easy
to learn, because the developer does not have to bother aboutprogramming interfaces
to those sources. For web application development this language is a powerful tool to
create dynamic web pages. If you are new to this language, PHP.net provides a complete
manual17 and a link collection18. Especially the web pages of Codewalkers19 and PHP-
Builder20 o�er code snippets and many online tutorials. This chapter will not cover any
descriptions for commands, which are explained in the documentation of PHP in detail.
Instead, it will introduce the con�guration of PHP on the testing machine and discuss
the advantages and disadvantages of the implementation of PISA in PHP.

< html >
< head>

< t i t l e > Example< / t i t l e >
< / head>
<body >

< ?php
echo " Hel lo , I am a PHP s c r i p t ! < br> " ;

// �� Loop p r i n t s out . . . 1 0 . . . 9 . . . 8 . . . t i l l 1
for ( $ i =10; $ i> 0 ; $ i �� ) f

echo " . . . " . $ i ;

14http://www.alistapart.com
15http://www.alistapart.com/authors/z/zeldman
16http://www.php.net
17http://www.php.net/docs.php
18http://www.php.net/links.php
19http://codewalkers.com/
20http://www.phpbuilder.com/
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g
?>

< / body >
< / html >

Listing 1.4: PHP commands embedded in HTML

The PHP interpreter, which is open source, is available for several operating systems
and machine architectures. The most common combination is the web server Apache with
the PHP engine compiled as a module for this particular web server. With the MySQL
database system this combination is called LAMP (L inux A pacheM ySQL PHP) oder
WAMP for the operating system "Windows".

In PHP 4 object oriented programming is not supported completely. Classes and
methods exist, but special features of object oriented programming are not implemented
yet. For instance, there are no access privileges like private, abstract or public for meth-
ods, classes or attributes. In PISA the privileges of attributes and methods are simulated
by putting an underscore in front of the name, if the access shall be private. This is a
convention, which is only valid in the source code of PISA andmay di�er, if you examine
the source code of other applications. Nevertheless attributes declared as private are
inherited to child classes and accessible from other classes, because of the lack of support
as mentioned above.

1.5.1 Advantages and Disadvantages of PHP

The advantages to implement an application in PHP is that it runs on the server com-
pletely. The client does not need any special capabilities and no incompatibilities occur,
which happens very often, when JavaScript, which is executed in the client's browser, is
used in a web page. The source code for a script stays on the server and the visitor just
sees its output.

However, the disadvantages: Any action executed by the useris recognised only after
another call of the web page, because the only connection to the script is by loading this
script from the web server again. This can be seen often, whenweb pages are designed for
particular screen resolutions. The users with a lower resolution do not have so much space
to display all big images, whereas the users with a higher resolution prefer bigger images
and larger font sizes. To detect the resolution with PHP, it has to rely on the output of
JavaScript, which is able to read out the current used resolution. Then this JavaScript
loads a PHP script from the server and passes a parameter withthe resolution as value
to the PHP script, which can process the information further. Due to the inability of the
crawlers of search engines to interpret JavaScript code, the web page using this detection
method cannot be indexed by the search engines, if no alternatives are o�ered.

In addition, every script has to be sent �rst through the parser and compiler before
the output can be delivered to the user's browser. This method raises the load on the
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server. The parser and compiler is provided by the Zend Engine21, which is a highly
optimised parser and compiler engine.

Because PHP runs together with the web server, it is slower than, for instance, Perl.
If a Perl script is called by an URI, the Perl script runs directly as a process in the
operating system and is not slowed down by instances of the web server. Although PHP
is slower than Perl, it provides a lot of easy-to-use functions and many methods for string
manipulation, socket handling etc. are already included.

1.5.2 PHP Engine

PHP is like an extension for the web server. Each request for a.php �le or any other
�le extension, depending on the con�guration, is �rst sent through the PHP Interpreter,
which can request information from other external resources (�gure 1.4).
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data
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Figure 1.4: Diagram of Requests and Responses through a Web Server with PHP Engine

1.5.3 Di�erences between CGI and module

The compilation of PHP can be done in two di�erent ways22: By compiling the source code
as a module for the web server or to run PHP as a CGI (Common Gateway I nterface).
The di�erences between the two varieties is, how the scriptsare executed. While running
as a module, the PHP engine has the same rights like the web server. It runs as a

21http://www.zend.com
22http://www.php4scripte.de/artikel.php?id=1058093504
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process of the web server and has the same permission as the web server, which is in the
most cases a restricted user likewwwrun on a UNIX system. That concludes that, for
instance, if the web server has no rights to access a �le, the PHP engine underlies the
same restrictions.

But if the PHP engine is compiled as a CGI, it runs as an own process and has its own
user rights and therefore is independent from any restrictions imposed on the web server.
On a shared web hosting system, where multiple persons uploaded a web presence, this
method can be dangerous, if the user rights management is notproperly maintained. As a
CGI the PHP script runs with the same permissions, the uploader had. If the permissions
are too loose, the scripts can check other web presences on the same server and spy out
secret passwords or other private data. This can be prevented by using another module
called modsuexec23 together with the command suexec24. The module to access suexec
is available for Apache 2.0 and later and allows to run the CGIscripts as a speci�ed user
and group.

However, many web hosting companies avoid to use CGIs and do not allow them
on their servers at all due to the security reasons. On most servers the PHP engine is
installed as a module and not as a CGI. Often they forbid to runPHP as a CGI, but, on
the other hand, allow Perl scripts to run as a CGI. To support an easy installation, PISA
is running de�nitely on a web server, where the PHP engine is installed as a module and
workarounds had to be implemented in some cases.

23http://httpd.apache.org/docs/2.0/mod/mod suexec.html
24http://httpd.apache.org/docs/2.0/programs/suexec.ht ml



Chapter 2

PISA

2.1 Expectations for PISA

The previous chapter described the basics, which will allowinterested parties to under-
stand the following more detailed explanations of the modules and the functionality of
PISA in the next chapters. The upcoming chapters will cover issues about, what is stored
in the database and how PISA works. As mentioned before, PISAis a draft to �gure out,
how and at what costs, the result list of search engines can bepersonalised for a user.
To accomplish this task, PISA provides a new front end with additional functionality for
search result lists to the user. It is placed between the userand the search engine. Each
request is directed through PISA to the search engine API, the results are processed,
alternated and sent back to the user (see �gure 2.1).

API
Formatting

PISA

Net

Processing

Client

Result list

Request

Figure 2.1: PISA is positioned between the search engine APIand the user

The question, what the user can expect and where his advantages are, when he uses
PISA, are answered next in this section. First of all, it is important for the user that

1. he does not have to wait longer than it takes to �nd the desired information without
PISA.

2. the search and its settings are not more complicated than he is used to from a
web search engine. This also includes that this applicationlooks the same in every
browser and that it can be controlled intuitively.

3. his keywords for the search cannot be used to create pro�les about him for compa-
nies and advertisement.

31
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It is di�cult to say anything about the �rst point in the list. It is not possible to test
all cases, in which a user has advantages, because the amountof test cases is in�nite.
PISA does not give the promise that the desired information can be found faster, but
it tries to support the user to do so. In the section of examples (chapter 2.6), I found
a keyword, what could speed up the search enormously. There is no guarantee that
PISA works with all keywords and for all users, because of di�erences in their behaviour
and their likes and dislikes. Another important criteria isthe used server hardware (see
chapter 2.2). The slower the hardware and the more people access the service, the longer
each user has to wait.

One criteria for the implementation of PISA was that the userdoes not need to go
through any technical documentation. If the user decides totry out the service provided
by PISA, he will �nd a search form, where he can choose the preferred search engine and
a �eld, where he can type in his keyword, for what he is lookingfor (see �gure 2.2). This
is not more complicated than the search form of any other search engine. A newcomer
is not bothered with multiple-pro�les mode, the implementation of modules or similar.
He can just type in the keyword and start his search. The result list does not di�er
from result lists coming from search engines, except the option to rate a web page, if
he likes or dislikes it. Ratings are done by the user manuallyand not by PISA, which
ensures full control over the behaviour of the categorisation in wanted and unwanted
links. The operation of PISA can be terminated immediately by closing the browser,
typing in another URI in the address line or by clicking on theexit button, if he called
a next level page.

The last point is an important issue and a user is hard to convince that there is noth-
ing stored, which allows someone, who has administrative privileges of the database, to
connect a pro�le to a speci�c person. Data of user pro�les is very valuable for companies,
because they could gather information about competitive producers or they are able to
send speci�c advertisement to the user. To prevent these concerns about the security
and stored data, the source code of PISA is open and everybodycan check, if anything
personal like IP address, etc. is stored. But this does not guarantee that e.g. the web
hoster alternated the source code to create pro�les. To makeit harder for somebody to
collect data about users, the database, which stores the data over a long period of time,
can be divided into several parts, which are then maintainedon di�erent locations by
di�erent system administrators. Even the used web server application or database system
can contain undiscovered security holes, which can be used to obtain data. Usually, this
can be prevented by updating these applications, if a security hole has been detected.
There is no satisfying solution, which �nally can convince each user that his data is save
and nothing, what he likes or dislike, is collected to earn money. The users have to trust
the service providers.

2.2 Minimal Requirements

This chapter contains the software and hardware speci�cations of the testing machine.
As you will see in the timings of the test results in chapter (2.6), this con�guration was
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Figure 2.2: Entry page of PISA

su�cient for single user access. But if more users access theservice provided by PISA,
the evaluation processes are delayed. If the user has to waita long time for the results,
the original purpose of PISA becomes futile: there is a chance that the user could �nd his
desired information in a shorter time by not using PISA. Therefore, I de�ned the testing
machine as a computer that provided the minimum of requirements. The minimum load
is produced by a single user, who searches for topics sequentially.

PISA has been implemented and tested on Linux Debian Sarge (Debian GNU/Linux
3.1) with Kernel version 2.6.8-2-686. It might also run on machines with Microsoft's
Windows installed, but this operating system was not available for testing by that time.

2.2.1 Software

The used software and version numbers:

ˆ Web server:
Apache1, version 2.0.54

1http://www.apache.org
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ˆ Database system:
MySQL2, version 4.1.11-Debian4-log, but it also runs on version newer or equal
to 3.23.23. Only after this versionFULLTEXTsearch has been integrated into the
MySQL commands (refer to chapter 2.4.5).

ˆ Interpreter:

{ PHP
version 4.3.10-15 with DOM/XML, dbx, mysql, session, and sockets support
compiled as a module for Apache2

{ Perl
mod perl/1.999.21 Perl/v5.8.4

All software programs mentioned above are available as Debian packets. An easy and
fast method for installing them is provided by the applicationsdselectand apt-get, which
allow to install and remove all kinds of packages from the Debian package management
system.

Tokenising and evaluation of importance need a lot of memory. The maximum amount
of occupied memory by PHP is set in the con�guration �lephp.ini , which can be found
in the directory /etc/php/apache2/ or similar. The standard value ofmemorylimit
is 8MB. If this limit is exceeded, the PHP script is terminated without any further no-
tice or screen output. This happened several times during the testing phase. After
increasing the total amount to 32MB, this error did not occuranymore. Another im-
portant limit is the maximal execution time, a PHP script canrun. The standard value
of maxexecution time is set to 30 seconds, which was su�cient for PISA operations,
because the execution time excludes waiting time, if a page has to be downloaded, or
time, that is shared with other processes.

2.2.2 Hardware

The following hardware con�guration was used:

ˆ CPU:
Intel Pentium IV, 1.6GHz (single processor, single core)

ˆ RAM:
256MB

ˆ HDD:
40GB Seagate Barracuda 7200RPM

2http://www.mysql.com
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ˆ Ethernet:
Intel Corp. 82801BA/BAM/CA/CAM Ethernet Controller (rev. 03)

Especially during the calculation of the importance, it wasclear, that the used pro-
cessor is not fast enough and therefore, I would recommend touse a dual processor or
multi core machine, when many users access the server. An additional reason for the slow
calculation could be that the learning algorithms are implemented in PHP, which runs as
a module through the Apache server. To improve the speed, it would have probably been
better to implement them in Perl or in a compiling language. The disadvantage of using
the compiling language is that it must be executable from a script, which is accessible
from the Internet. While this is true for Perl, it is di�cult t o mix up PHP and Perl,
because of the need to de�ne interfaces between the two languages.

2.3 Flow of Control in PISA

Before introducing all modules of PISA, this chapter coversthe issue, how they commu-
nicate and work with each other to output the desired results. The diagrams show the
path of the di�erent kind of search requests. This helps developers, who want to alternate
the code. They can see immediately, what impact an alternation of the code has on the
other modules that come after the alternated one. The diagrams demonstrate the logical
way of the 
ow of control within PISA and not the way, how instances are created and
objects communicate with each other in reality, where almost everything is handled by
Controller (see section 2.4.3). Instead they show, what happens next, if e.g. the 
ow of
control is passed to theAnalyser in �gure 2.3. The next created instance is the object
RequestGenerator. In reality, the control is given back to theController and the instance
of RequestGeneratoris created there. Also the objectAlgorithm has a special meaning:
It does not exist in PISA, because the chosen learning algorithm is integrated into the
path directly. The object User and Error are connected to each object and their methods
are called, whenever it is necessary.

In this section the term "index page" is mentioned the �rst time. Index pages are
the pages, which users see the �rst, when they hit the "Start PISA" button in the search
form. This can be their own page that they want to be evaluated, or result list coming
from search engine APIs (refer to 2.4.17 and 2.4.19). If the user clicks on a link in the
index page, a so called "next level page" is loaded into the browser.

In �gure 2.3 is shown the 
ow of data and control of the application, when the user
wants to evaluate his or her own index page. If an object receives the 
ow of control
twice during the execution of the scripts, the second incoming arrow is numbered. The
outgoing path is marked with the same number. Basically, thefollowing sequence is
executed:

ˆ clientOrb: Saves the keyword and the address of the index page in the object User.

ˆ Controller: Creates and discards the needed instances.
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ˆ ServerOrb: Receives the most current version of the index page.

ˆ PageAltering: Checks, if the index page contains local links, which do notstart with
http:// . If so, the address, where the index page comes from, is inserted followed
by the local link.

ˆ Analyser: Searches for all links referring not to images, CSS �les, etc. and extract
them all to an array called $ found urls . In addition, it stores the index page in
the table pisa user, which is described in section 2.5.5 in detail.

ˆ RequestGenerator: Cleans up the array with the found links: �lter out forbidden
addresses and discard double entries.

ˆ PageGrabber: Checks, if the contents, where the links refer to, are available in the
database. If not,ServerOrbis called to download the missing content and to make
it available in the database. After the contents of all linkshave been made available,
they are transferred into an easy to manageable array called$ nextPages.

ˆ Tokeniser: Tokenises the whole content and split it up into single words.

ˆ Algorithm: Tries to predict the importance of the contents to the user by applying
the chosen learning algorithm. The learning algorithm loads its knowledge base
from the database.

ˆ PageAltering: Back to this object to replace the links with the calculatedimpor-
tance concatenated with the link itself again. In addition,the buttons for controlling
PISA are inserted into the index page.

ˆ Controller: Finally the 
ow of control comes back to the starting point. The results
are put out to the client's browser and the process ends.

The scheme is slightly di�erent, if the APIs provided by the search engines are used
(�gure 2.4):

ˆ clientOrb: Has always the same function like in the preceding diagram.

ˆ Controller

ˆ Googleor Yahoo: Depending on the chosen search engine API, PISA selects the
appropriate modules to access the API. This involves also the selection of the used
protocol. Googledepends on the SOAP, whereasYahoo needsRESTClient.

ˆ PageGrabber: If the user has chosen to search also the content, which is available in
the database due to previous downloads, the 
ow of control ispassed toPageGrab-
ber. Otherwise this object is skipped and the control goes toAnalyser directly.

ˆ Analyser: stores the result list in the database entry for the user (table pisa user).
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Figure 2.3: Flow of control and data in PISA while using an ownindex page
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ˆ Tokeniser

ˆ Algorithm

ˆ Analyser: This object is called again to store the results of the learning algorithm
in the column indexPageDataof pisa user.

ˆ PageAltering: Creates a result list, where the entries of the search engine API, an
abstract description of the o�ine content (if activated) and the importance with
their rate buttons are shown.

ˆ Controller: Print out the results into the client's browser.
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Figure 2.4: Flow of control and data in PISA while using an API

Figure 2.5 shows, what modules are called, if the user rates or wants to display a page.
The 
ow of control of a rating is marked with a line of one dash and two dots. The 
ow
of the command "showPage" is marked just with dashes.

ˆ ratePage: This is the script �le that is called, if the user rates a page. Even,
when the user wants to go back to the index page without ratingthe current next
level page, this �le is called to download the information ofthe previous calculated
importance from the database, rather than recalculating everything. In that case,
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the 
ow of control is given to Controller, which loads the content from the database
and displays it. This is the same process as in the preceding schemes. The loading
from the cache can be skipped and a recalculation can be forced, if the "Recalculate"
link is clicked. But this link is only for debugging purposesand makes it easier, if
something in the learning algorithm was changed.

ˆ Database: This object is called to download the content from the just rated page
from the database. If the look up was not successful and the user has his own index
page, an error message is thrown. It means that, despite of the former download of
the current displayed next level page, the content is not available any more in the
database. This error should never happen. If the look up was not successful and an
API was used, the description provided with every link in theresult list, is loaded
from the database.

ˆ Tokeniser: Tokenises the just loaded content.

ˆ Algorithm: This time, the occurrences of the tokens are updated by calling the
method updateOccurrences(...) of Algorithm.

ˆ Database: Again is this object called to update, what page has been rated by the
user. This keeps track of the rating to display a little status symbol showing the
user, what page has already been rated by him. It could also prevent from double
ratings, which has not been implemented yet. In addition, the kind of rate is stored
with the downloaded page, if it was available. This �eld stores all rates from all
users and can be used for statistics.

ˆ Controller: Because of the changes in the knowledge base, all importance have to be
recalculated, which is done here. This does not di�er from the calculation process
in the previous diagram. The results are sent back to the client's browser.

Another method is supported by PISA: The search only in the o�ine content, which
involves only these modules in the following sequence:

ˆ PageGrabberto download the content from the database, which matches with the
passed keywords,

ˆ Tokeniser,

ˆ Algorithm,

ˆ Analyser to store the calculated data fromAlgorithm, and

ˆ PageAlteringto create the same result list, the user is used to from the search engine
API.
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2.4 PISA Modules

In this section, the modules of PISA and their purposes are described in detail. The
reader should be familiar with HTML and PHP described in the chapters before. To
understand the interactions among the modules, you should also be familiar with section
2.3, which provides a short overview and no detailed description of the modules. The
whole structure of PISA consists of encapsulated modules, which are independent from
each other. This ensures an easy maintenance of the code and allows to test other modules
by just exchanging them. Each introduced module in this chapter represents a class with
the same name in the source code. Depending on the kind of search performed by the user,
the sequence, in which the modules are called, can vary, or they are even modules, which
are not needed for the search at all. Refer to chapter 2.3, where the needed modules and
their interactions for each kind of search are illustrated.For more detailed information
about the methods in each class, check the documentation generated from the source
code by phpDocumentor (see chapter 1.1).

Sometimes I refer to tables and their structure in this section. You can �nd more
information about their layout in the next chapter (2.5). As mentioned before these
modules are independent from an external data source as longas the data is provided in
the expected way. The data source can be a �le system, or a local or remote installed
database.

2.4.1 Con�guration

The Con�guration module allows the user to adjust many di�erent settings to control the
behaviour of the program. Settings like

ˆ what learning algorithm shall be used to calculate the importance. Right now, PISA
has two di�erent learning algorithms integrated: TF-IDF and Bayesian Filter. A
third algorithm is just a random generator, which was used inthe early beginning
of implementation. If the learning algorithm is changed, the new setting has only
an e�ect, when the user is in single-pro�le mode or if he creates a new pro�le in
multi-pro�les mode. The learning algorithm of existing pro�les cannot be changed,
because the knowledge bases cannot be transferred to another learning algorithm
due to incompatibilities.

ˆ whether the user would like to have only one pro�le or the option to create and
use more than one. Basically, a pro�le consists of the chosenalgorithm and its
knowledge base. In multi-pro�les mode, a pro�le can be created or chosen in the
PISA search form. Otherwise, in single-pro�le mode, this option is not displayed.
If the user has more than one pro�le and wants to switch back tothe single-pro�le
mode, an error message is shown, if there are already 2 or morepro�les stored in
the database. PISA cannot guess, which pro�les can be deleted. This has to be
done by the user till only one or no pro�le remains in the list.
By using a pro�le for each new keyword, the learning algorithm will adapt to the
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topic more speci�c and will produce better results. But, on the other hand, it needs
more time to train the wanted and unwanted pages for each new pro�le.

ˆ if the user wants to search the cached content, too. Every time, when the user wants
to see a page, this page is downloaded, stored in the cache andthen sent to the
user's browser. While these pages can be stored in the database over a long time,
this option allows the user to search in these cached pages additionally. The results
are presented after the results, which came from the API of the search engine. If
the user uses his own index page, this setting is ignored.

ˆ in which language the user likes to have error messages and the help system (see
2.4.2). Translated parts are not available yet, but the integration should be easy
and the subject of further extensions of PISA. This setting has also an e�ect on
Tokeniser (see 2.4.9). Due to the characteristics in each language,Tokeniser uses
this setting to load special optimisations for stop words orthe minimal length each
word has to have to be recognised.

These four settings are stored in the client's browser alongwith the current userID by a
cookie calledPISA settingsand there is no need to change the settings every time, when
a user revisits PISA. The lifetime of the cookie is the date oftoday plus 30 days and
is de�ned in includes/constants.inc.php . If the lifetime expires, the revisiting user
is treated like a newcomer and gets a cookie with default settings. There is no way to
recognise a deleted cookie. The information stored in the cookie can look like

48e2310e6da9bdc17a9f71f4d21681bb###1###TFIDF###1###en
The three hash (#) characters separate the stored options. The �rst 32 bytes are rep-

resenting theuserID. This identi�er is a hash sum of the current time stamp in seconds
since the 1st of January 1970, 00:00:00 GMT, also known as UNIX time stamp,concate-
nated with a random value to lower the probability that two new users visiting PISA at
the same time receive exactly the sameuserID. The value of random number is between
0 and the highest number, which the system of the server can represent. On the testing
system this is 231 � 1 = 2147483647 (output ofgetrandmax() 3).

The next stored value is1, which represents that the user wants to have more than
one pro�le (multi-pro�les mode). It is a boolean value and a zero stands single-pro�le
mode. The chosen learning algorithm follows next and after that a boolean value, which
represents, if the cached pages in the database shall also bethe subject of the search or
not, is stored. The last setting is the chosen language, in which the user wants to have
error messages, the help system, and the optimisations forTokeniser.

2.4.2 Help

This part o�ers help to the user. Especially in the part of thecon�guration, it is not
always clear, what e�ect has a change of a setting. To explainthe unexperienced users,
what will happen, but not to bother the users, who know, what changes take e�ect by

3see http://in2.php.net/manual/de/function.getrandmax .php
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alternating the setting, a help system is included. This help system supports multiple
languages and new ones can be added easily. All �les for the help system are stored in
/help/ language/ . language is a placeholder for the language. All kind of abbrevia-
tions for the languages can be used, but it is preferable to use abbreviations, which are
internationally standardised like the de�nitions in the paper ISO 639.14 (I nternational
Organization for Standardization). This paper de�nes unique abbreviations for almost
all languages like en for English, ml for Malayalam, etc.

All �les of the help system are normal HTML �les. Therefore, style elements and
images are fully supported. The topic, which shall be shown,is encoded in the passed
id to /help.php . If the identi�er is missing, the table of content of the helpsystem is
displayed. Otherwise the user is redirected to the topic, which o�ers help to the current
issue. The numbers in the �lenames in/help/ language/ correspond to the appropriate
identi�er, whereas 0.html contains the table of contents.

Which language is used is de�ned by the user object (see 2.4.14) and the con�guration.

2.4.3 Controller

The Controller is the main part of PISA, because here are the necessary objects in-
stantiated and the 
ow of control and data is monitored. Basically, the purpose of the
Controller is to avoid too much data overhead and waste of memory space by calling
new instances in an already called object all the time. E.g. in �gure 2.3 on page 37
is shown that the objectPageGrabbercommunicates withServerOrband Databaseand
then passes the control to the object calledTokeniser. As long asTokeniser is executed
and has a reference inPageGrabber, it cannot be destroyed to free up memory space.
This is not an e�cient way of implementation. Therefore, the 
ow of control and data is
handled in a di�erent way: almost all objects (except theDatabaseobject) are created
and destroyed by theController. For instance,PageGrabberis created in Controller and
after it processed all data, it is not needed anymore. Then, it is destroyed by overwriting
the pointer with a null value and the freed memory can be used by another process or
another user.

After all data is processed, the content is sent back to the client's browser, the ex-
ecution is terminated, all objects including theController are discarded, and open con-
nections to databases etc. are closed. For the user, onlyclientOrb is called. The other
objects are not visible.

2.4.4 ClientOrb

When the user clicks on the "Start PISA" button in the search form, clientOrb (ORB
= Object RequestB roker) is called. It performs a few tests like, if a keyword has been
entered. It can also check the validity of the URI or IP, when the user wants to have
his own index page. But this feature is currently disabled, because the user will get a
not-found message or a DNS lookup failure, if an address doesnot exist. If another error

4http://www.loc.gov/standards/iso639-2/
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occurred, e.g. forgotten to type in a keyword, the user is redirected back to the form with
an error message. Otherwise, the entered data is stored in the object calledUser and an
instance of theController-object is created.

2.4.5 PageGrabber

This object provides methods to download next level pages bycalling the ServerOrb. If
the user wants to view a page, the whole page content is downloaded and stored in the
database, which acts as a cache and speeds up the process, if the page is requested again.
By passing a list of URIs toPageGrabber, it can determine, which content is available
and what links have still to be downloaded. If the content is available, it is loaded from
the database and stored in the associative array$ storedPages together with its URI
and the URI wrapped in HTML commands. Otherwise, the URI of the content, which is
not available, is stored in the array$ pagesToDownload. The URI in HTML commands
is needed to �nd the link faster again by avoiding another regular expression (see 2.4.11).
$ pagesToDownloadis passed to theServerOrband the download of the missing content
is initiated. After ServerOrbhas �nished, PageGrabbertries to download the missing
content from the database again and adds it to the associative array.

PageGrabberprovides also a method to cut the content of next level pages into an
abstract description for preview purposes. This method is only called, when the user uses
an API of the search engines and the setting that cached content shall also be searched,
is set. It searches the columncontent of the table pisa storedPagesfor given keywords.

2.4.6 ServerOrb

The ServerOrbis one connection to the World Wide Web and therefore, every received
data can be easily controlled and rejected in case of security problems. Actually, Server-
Orb consists of two parts: one part is written in PHP and the otheris implemented in Perl.
The reason for dividingServerOrbinto these two parts is the lack of thread management
in PHP, when it runs as a module for a web server. As mentioned in section 1.5.3, the
PHP engine is a module for the Apache web server in the most existing con�gurations.
This method implies that the PHP engine executes one commandby another and does
not allow to run commands simultaneously for each single user. But to speed up the
download process it would be a good idea to have the opportunity to download more
than one link at a time. Therefore, a thread management is necessary, where each thread
can process one link. This has to be implemented in another programming language,
because this cannot be done in the current PHP con�guration.On the most web servers
it is not allowed to execute binary �les, which means that no programming language,
which has a compiler like Java or C, could be used. Another interpreter, which runs on
the most systems, is Perl. The advantage is that Perl scriptsare executable by calling
them as a CGI from the web and additionally that Perl providesfunctions to support the
needed thread management.

Basically, the PHP script of ServerOrb consists of two parts again: the methods
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fetchPages() and fetchIndexPage() . The �rst method downloads with the help of
the Perl script more than one link, whereas the second methodcan download only one
single link. This division of the two methods is more e�cient, because infetchPages()
the Perl script is called through the local loop back in the network. fetchIndexPage()
does not call the Perl script, because just one page has to be downloaded and the thread
management is not needed.

fetchPages() �rst prepares a few parameters for the Perl script:

ˆ thread
This is a boolean value. Ifthread is equal to zero, no messages are printed out and
the Perl script can run simultaneously as a thread from the calling script in PHP. If
thread is equal to one, status and error messages are printed out. Toavoid the run
of the PHP and Perl scripts as threads and to ensure consistent data, ServerOrb
has to expect an answer after calling the Perl script. This awaited answer is printed
out, when the Perl script has �nished. After that, the execution of the calling PHP
script can proceed.

ˆ timestamp
This is a timestamp, which is stored in the database. It is used to determine, how
old the saved version of a page is.

ˆ linkstoget
The value of this parameters contains all links, which have to be downloaded. The
links are separated by! , which is very rare in a URI. Usually this sign could be
needed to pass values to a web page. During the testing phase,an exclamation
mark never occurred in a URI, which has to be downloaded.

With all these parameters, the following HTTP header is prepared (for more infor-
mation about HTTP headers, refer to chapter 1.2.4):

GET /project/cgi-bin/serverOrb.cgi?thread= valueThread &timestamp= -
valueTimestamp&linkstoget= uri1 ! uri2 !...! uriN HTTP/1.0
Host: 127.0.0.1

This header acts like an interface from the PHP to the Perl script and it is sent
through the local loop back to the web server itself to execute the Perl script.

The Perl script separates the passed values and creates 10 threads at maximum to
download the content. Otherwise, to much memory and CPU resources are needed,
when an index page contains more than 100 links and 100 threads are created. After
the download, the MIME type is checked and if the content is allowed, it is stored in
the database. In that case, the database acts like an interface from the Perl to the PHP
scripts. After the block of 10 threads ended, the pointer holding the current threads is set
to null forcing the garbage collector of Perl to clean up the memory. Without setting the
pointer to null and just overwriting it with a new address, the garbage collector would not
realise that it has to become active and more and more memory will be allocated. After
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processing all passed links, an end-of-�le is sent to the calling PHP script to signal the
termination of the Perl script and the PHP script can proceedwith the next commands.

Becauseconstants.inc.php de�nes constants globally in the whole application, this
should also be done for the Perl script. Otherwise, the administrator has to change
con�guration �les twice, if he decides to change the password for e.g. the database.
Every time, when the Perl script is called, it reads out the needed parameters to open
the connection to the database fromconstants.inc.php . Due to incompatibilities of
the syntax of PHP and Perl scripts and to accomplish the readout, a little parser had
been integrated into the Perl script, which can read out the needed values and make them
available during the execution of the Perl script.

2.4.7 Analyser

This object provides the main parts of analysing methods including methods to extract
the title of a web page given in the< title >< /title > tags. In addition the Analyser
has methods to delete all HTML tags, multiple newlines and space characters in the
content of a web page. Both methods are needed, when the cached web sites are also
searched and a description is requested in the results list.

2.4.7.1 Regular Expressions

Before the content of the next level pages can be downloaded,the links in the index page
have to be extracted. This is done by regular expressions, which have in PHP almost the
same syntax as in Perl. The problem by extracting links is thevast amount of varieties,
how links can be displayed by the browser. In addition to that, many programmers of
web pages do not follow the rules of the W3C5 (W orld W ide W eb Consortium), which
de�ned standards and guidelines in the past, how HTML commands have to look like.
Here a few correct examples:

... < a href="http://www.imsc.res.in/" > IMSc< /a > ...

... < a class='link' href='http://www.imsc.res.in/' target=' blank' >  -
IMSc< /a > ...
... < a href=http://www.imsc.res.in/ > IMSc< /a > ...

The next examples are wrong syntactically. The error is marked in red colour. But
they are interpreted and displayed by the browser like the links in the example before:

... < a href= " http://www.imsc.res.in/ ' > IMSc< /a > ...

... < a href='http://www.imsc.res.in/' / > IMSc< /a > ...

... < a href= ' http://www.imsc.res.in/ > IMSc< /a > ...

Mistyped links are not recognised by theAnalyser. The used pattern for the regular

5http://www.w3.org/
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expression to detect links starting withhttp:// is:

! < ans+href ns*n=ns*((( n" jn')(http: n/ n/.+?) nn3) j((http: n/ n/.+?)( nsj> ))) ! ism

For the local links, which destination is stored on the same server, where the current
content comes from:

! < ans+href ns*n=ns*((( n" jn')(.+?) nn3) j((.*?)( nsn=j> ))) ! ism

Generally, only the second expression is used, when the userhas an own index page,
where the importance have to be evaluated. The �rst expression can extract links in a
result list from a web search engine, which does not provide an API. But these search
engines are not supported right now.

Both patterns start with an exclamation mark. This is a delimiter, which shows,
where the regular expression begins and where it ends. It is not allowed to use the
same character within the regular expression marked in bluecolour. After the second
exclamation mark, the part to pass options to the interpreting engine is placed (in that
case the greenism).

The meanings of the characters in the blue part of the regularexpression:

ˆ ns any whitespace character like space, tab, etc.

ˆ nS any character that is not a whitespace character

ˆ + one or more quanti�er

ˆ * zero or more quanti�er

ˆ j or

ˆ ? optional

ˆ n1 back reference

ˆ . any character (including newline, ifs is set in the options part.)

The most interesting thing is the back reference. This is a kind of placeholder representing
exactly the value that has been in the brackets presented by the number following the
backslash. In the patternsnn3 is replaced by the value that has been in the third bracket,
which is ( n" jn') . It assures that the link has to end with the same quotation marks.
Otherwise the regular expression would not detect the link.The double backslash (nn)
in front of the number for the bracket is an escape sequence: the second backslash is not
interpreted as a character, which has to come before a3. Here is an example, how the
brackets are counted:

1. bracket: (( n" jn')(http: n/ n/.+?) nn3) j((http: n/ n/.+?)( nsj> ))
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2. bracket: ( n" jn')(http: n/ n/.+?) nn3)

3. bracket: n" jn'

4. bracket: http: n/ n/.+? (the �rst one)

5. bracket: (http: n/ n/.+?)( nsj> )

6. bracket: http: n/ n/.+? (the second one)

7. bracket: nsj>

The characters in the green options part control the behaviour of the interpreter
engine:

ˆ m: Multi line mode: It will also recognise links, which are spread about multiple
lines.

ˆ s: The . character in the regular expression includes also the newline character.

ˆ i : Letters in the pattern match both upper and lower case letters.

ˆ U: Makes the interpreter not greeding the pattern by default (only if there is a
? after a quanti�er). Within a regular expression, the greediness can be changed
by a question mark behind a quanti�er like a switch. As you cansee in the used
expressions, which are greedy by default (missingU), the rule .+? switches the dot
into the non-greedy mode. Greediness means that the quanti�ers try to get the
maximum of characters to match a expression instead of the shortest one.

In the next example, the meaning of greediness is explained.Everything, where the
interpreter is currently working on, is marked inbold letters. Assuming theAnalyser
has to detect the following link:
< a href="http://www.imsc.res.in" target=" blank" >

The regular expression, which can detect the link is the �rstone (Note that the ques-
tion mark behind the quanti�er is missing to show the wrong behaviour):
< ans+href ns*n=ns*((( n" jn')(http: n/ n/.+) nn3) j((http: n/ n/.+)( nsj> )))

1. < a href="http://www.imsc.res.in" target=" blank" >
< ans+href ns*n=ns*((( n" jn')(http: n/ n/.+) nn3) j((http: n/ n/.+)( nsj> )))
...

2. < a href= "http://www.imsc.res.in" target=" blank" >
< ans+href ns*n= ns*((( n" jn')(http: n/ n/.+) nn3) j((http: n/ n/.+)( nsj> )))
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3. < a href= " http://www.imsc.res.in" target=" blank" >
< ans+href ns*n=ns* ((( n" jn ')(http: n/ n/.+) nn3) j ((http: n/ n/.+)( nsj> )))
The next symbol is the quotation mark and the interpreter hasto decide, how to
proceed. In that case, the �rst bracket is the right way.

4. < a href= " http://www.imsc.res.in" target=" blank" >
< ans+href ns*n=ns*( (( n" jn ')(http: n/ n/.+) nn3) j((http: n/ n/.+)( nsj> )))

5. < a href= " http://www.imsc.res.in" target=" blank" >
< ans+href ns*n=ns*(( (n" jn ') (http: n/ n/.+) nn3) j((http: n/ n/.+)( nsj> )))

6. < a href= " http://www.imsc.res.in" target=" blank" >
< ans+href ns*n=ns*((( n" jn')(http: n/ n/.+) nn3) j((http: n/ n/.+)( nsj> )))

7. < a href=" http:// www.imsc.res.in" target=" blank" >
< ans+href ns*n=ns*((( n" jn') (http: n/ n/ .+) nn3) j((http: n/ n/.+)( nsj> )))
Here thehttp: n/ n/ is recognised.

8. < a href="http:// www.imsc.res.in" target=" blank" >
< ans+href ns*n=ns*((( n" jn')(http: n/ n/ .+) nn3) j((http: n/ n/.+)( nsj> )))
Now the remainings are examined. Because of the back reference, the expression
has to end with " . The question, with what the interpreter comes up, is: "Is the
string written in bold letters followed by a " ?" The answer is "No". In that case
the next smallest part is compared.

9. < a href="http:// www.imsc.res.in" target=" blank" >
< ans+href ns*n=ns*((( n" jn')(http: n/ n/ .+) nn3) j((http: n/ n/.+)( nsj> )))
"Is the string written in bold letters followed by " (quotes)?" The answer is again
"No".

10. < a href="http:// www.imsc.res.in" target=" blank " >
< ans+href ns*n=ns*((( n" jn')(http: n/ n/ .+) nn3) j((http: n/ n/.+)( nsj> )))
"Is the string written in bold letters followed by " ?" This time the answer is "yes",
because blank is followed by" .

The PHP command, which performs and analyses the regular expression, gives back
the results in an array. The �rst �eld in the array is the whole string, what have been
recognised. After this, the content in the brackets is givenback in each �eld separately.
The regular expression has 7 brackets altogether and the contents in the �elds look like
the ones in table 2.1.

The forth �eld of the array would contain the wanted link. In t he non-greedy mode,
the interpreter tries to get the smallest part, for which theregular expression still �ts. In
that case, the result would be correct.

Especially the greediness is explained in detail, because it can cause a lot of trouble,
if not applied properly, and it shall prevent from wasting hours of tracking down strange
regular expression behaviour.
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Table 2.1: Greeding quanti�ers

No Content Caused by
0 < a href=  - overall result

"http://www.imsc.res.in"  -
target=" blank"

1 "http://www.imsc.res.in"  - ((( n" jn')(http: n/ n/.+) nn3) j  -
target=" blank" ((http: n/ n/.+)( nsj> )))

2 "http://www.imsc.res.in"  - (( n" jn')(http: n/ n/.+) nn3)
target=" blank"

3 " ( n" jn')
4 http://www.imsc.res.in"  - (http: n/ n/.+) (the �rst one)

target=" blank
5 null ((http: n/ n/.+)( nsj> ))
6 null (http: n/ n/.+) (the second one)
7 null ( nsj> )

More characters and their meanings in the expressions are explained on the web sites
of PHP6.

2.4.8 RequestGenerator

The RequestGeneratorreceives a list of URIs and can clean them up by removing links
with not yet supported protocols likeftp:// or commands referring to other applications
on the client's computer likemailto:, which usually opens the composer window of the
email program. It can also check, if the link contains unsupported characters like quota-
tion marks and removes them.

In addition RequestGeneratoris able to remove unwanted links. This is needed, if
links in the result list of a web search engine have to be removed, because some of them
refer to services of the search engine itself. For example, Google provides links in the
result list to change the settings of the result list, to showcached or translated pages,
etc. It is not needed to evaluate the importance of those pages, where these links refer
to. Since the API of Google is used, this part of implementation is not needed any more.
But it gives a good example, how links are �ltered out for adding extensions to support
other search engines, which do not provide an API like Lycos.

2.4.9 Tokeniser

The Tokeniser divides the whole content of a web page into a list of words, which are
essential to evaluate the importance of the current web page. Punctuation and HTML
commands are �ltered out so that only the text is left. The di�erent character sets

6http://in.php.net/manual/en/ref.pcre.php
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of foreign languages are the biggest problem for tokenisingpages. There is no way to
determine the kind of language for sure by e.g. a parameter inthe HTML header. Right
now, the Tokeniser is optimised for pages in English and German. Characters like the
German umlauts (•a, •u and •o) or the French accents (�a, �a, â, ��, etc.) are di�cult to manage
and they could be considered as separators for the words or they are recognised as a part
of a word depending on their format.

To ensure a proper rendering of the special characters on localised browsers, W3C
recommends to use an escape sequence based on ISO-88597 to display these characters.
The number represents the letter that has to be used. For instance, the German umlaut
•a is represented by the hexadecimal numberE4, which is 228 in the decimal system.
Therefore, the programmer can write the escape sequence&#228; in the HTML �le to
output •a. Often the number can be replaced by a name, which iseasier to remember. In
that case the name of •a is&auml;, which has the same e�ect. SelfHTML provides a list8

with the most common and used characters. The list is also available in English9.
Although it is recommended by the W3C and ensures that even localised browsers

in Chinese display the characters properly, not every web page programmer is aware of
the advantages and uses the character, which is on his keyboard. This makes it hard to
optimise theTokeniserfor web pages in foreign languages. Only those special characters,
which are in a escape sequence are considered to be a part of a word.

The object also �lters out the most common and often used words (so calledstop
words). In English some of these words are "a", "as", "and", "or", "the" etc. These
words are �ltered out of the data to allow the following evaluation algorithm an unbi-
ased analysis of the data. Because every language has its ownstop words and to allow
localisations of PISA later, the stop words are collected ina �le, which can be found in
the directory /commonwords/. Tokeniserreads all words in this �le and adds them to the
array $ commonWords. Lines beginning with an# are read over and have no e�ect. Words
are separated by a space and are case insensitive. To ensure agood overview, the words
in this �le are sorted alphabetically and the �rst letter in each line is also skipped. A
special meaning has the line starting withminlength . This variable de�nes the minimum
length a word must have to be recognised as a token. All words with an equal or shorter
string length are ignored and �ltered out.

The current used regular expression, which recognise numbers and words is:

!(([0-9](( n. j,)[0-9])?) j[a-z-]|((&[a-z] f 2,6 gj(#[0-9] f 3,4 g));)+!i

This expression can extract numbers with a decimal dot or comma and with a thou-
sand separator (, or . ). Words including hyphens are also recognised. Special characters
always start with an ampersand and end with a semicolon. If the character is encoded
in a number, the number starts with a hash symbol and is between 3 and 4 digits long
represented byf 3,4 g. If the name is used, it is between 2 and 6 characters long. Other

7http://czyborra.com/charsets/iso8859.html
8http://de.selfhtml.org/html/referenz/zeichen.htm
9http://www.bbsinc.com/iso8859.html
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codings outside the range are not recognised as a special character and form their own
token.

The following list gives an example, how the text

This is a test with a German part. In manchen H•ohlen wohnen me hr als  -
1.000 Flederm&auml;use. nn 0.45 + 1,002.12 = 1.00257e3 1testChar83838

is divided into single words. The German part means: "More than 1,000 bats live in
some caves." It should demonstrate, how theTokeniser reacts, when it runs into special
characters or punctuation. The result is an array with one �eld for each word:

[0] => This
[1] => is
[2] => a
[3] => test
[4] => with
[5] => a
[6] => German
[7] => part
[8] => In
[9] => manchen
[10] => H
[11] => hlen
[12] => wohnen
[13] => mehr
[14] => als
[15] => 1.000
[16] => Flederm&auml;use
[17] => 0.45
[18] => 1,002.12
[19] => 1.00257e3
[20] => 1testChar83838

The umlaut •o in H•ohlen is not recognised andH•ohlen is separated into the two
di�erent tokens Hand hlen . But the special character inFlederm&auml;use is detected
and it stays within the word. Punctuation and mathematical signs are removed. Because
characters are allowed in numbers, they are also correct recognised, even when they are
in an exponential format or in a format that makes no sense.

It could be necessary to implement a second �lter for stop words, which are calculated
by the learning algorithm eventually. But, because it is speci�c for just this particular
algorithm, this part will be implemented in the algorithm module.
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2.4.10 Algorithms

In this section PISA tries to predict the importance of the word list for the user based
on his pro�les and preferences stored in the objectUser. Due to the modular structure
of PISA, each module including the algorithms can be exchanged very easily. The �rst
prototype of PISA had a random generator, which just output arandom number between
zero and one. The next algorithm was a Bayesian �lter, which is usually used in Spam
�lter programs today. To allow a comparison of the e�ciency among a Bayesian �lter and
another learning algorithms, a TF-IDF algorithm has been implemented. The algorithms
are able to sort the data into two categories: the pages, the user mostly likes (calledhot)
and pages, that the user wants to avoid (calledcold).

All algorithms are stored in /includes/classes/filter/ . If a �lter is added, it will
be listed in the con�guration options, where to choose the used algorithm from, auto-
matically. The programmer has to create two additional tables: pisa user pagelearning-
algorithm and pisa learningalgorithm �lterinfo . PISA just calls two di�erent methods
from other objects:

ˆ evaluate(array $ tokens)
Evaluates the importance of a document based on the current knowledge base of
the appropriate algorithm.

ˆ updateOccurrences(array $ tokens, int $ rate)
Performs an update of the knowledge base depending on the rate.

Both methods must exist and must be accessible, if new learning algorithms are added.

2.4.10.1 Bayesian Filter [Gra02]

The Bayesian �lter is a probabilistic method for classi�cation. It can be used to deter-
mine the probability that a received data belongs to a category. As mentioned earlier, the
Bayesian classi�er is often used in Spam �ltering programs or email clients like Thunder-
bird10. The emails belong to two categories or often also called buckets. The one category
is called Ham, which is the mail someone wants to receive and the other is Spam. Pages,
which have to be rated in PISA, can be also put into the two buckets. Experience shows
that the Bayesian �lter is very strict: either it is a very high probability that an email is
Spam or there is a very low probability, but nothing in between.

The Bayesian �lter bases on the de�nition of combined probability of multiple events
A, B , . . . , N , which occur completely independent from each other:

P(A; B; : : : ; N ) =
a � b� : : : � n

a � b� : : : � n + (1 � a) � (1 � b) � : : : � (1 � n)
(2.1)

Example: Suppose that meeting someone on a train indicates with 12% probability
that this person is on a vacation trip. Carrying a backpack indicates this with a 60%

10http://www.mozilla.org/products/thunderbird/



54 PISA

probability. The question is now: How high is the probability that someone is on a
vacation trip, if he is on a train with a backpack? In that case, the answer is:

0:12� 0:60
0:12� 0:60 + 0:88� 0:4

� 0:1698 (2.2)

There is a 17% chance that the person with the backpack on the train is on a vacation
trip.

The same method is used to calculate the �nal importance of a web page. But �rst of
all, the probability of each token has to be speci�ed, beforethe all over probability can
be calculated. To accomplish this, the following input datais needed:

ˆ How many times occurred the current token in documents of thehot category
(good)?

ˆ How many times occurred the token in thecold one (bad)?

ˆ The total amount of hot rated pages (ngood)

ˆ and the total amount of cold rated pages (nbad) so far.

The probability for this token is calculated with:

PT okenN =
badT okenN

nbad
badT okenN

nbad + goodT okenN � W
ngood

(2.3)

with
PT okenN 2 [0:01; 0:99]

A special meaning has the constantW. This is a value to change the weight of the
tokens, which often occurred in one of the categories.W > 1 increases the weight of the
tokens, which have been in thehot category, whereas any number below 1 decreases the
weight of those. This has been brought up to avoid false positives in email programs.
False positives are mails, which are Ham, but are recognisedas Spam and sorted into the
wrong category. They are worse than false negatives, which are Spam mails sorted into
the In-box folder. Usually, it is not uncommon, that a few Spam emails slip through the
�lter system and land in the In-box folder, as long as they areonly a few. But the folder,
where the Spam emails are sorted in, is not often checked by the user and important
mails could be overseen. In email programmesW is set to 2, but I had the best results,
when the good and bad tokens had the same weight. The value of weight, which is called
BAYESWEIGHTin PISA, is stored as a constant in/includes/constants.inc.php .

If no pages have been rated so far,nbad and ngoodare equal to 0 and a division-by-
zero warning would be printed out. If one of these are 0, the calculation is aborted and
� 1 is given back by the evaluation method to signalise that there are not enough rates
available yet.

The evaluation process works through all tokens coming fromTokeniser and stores
their probability in an array, if the token is signi�cant. Signi�cant tokens are tokens,
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which occurred more than �ve times in one of the categories orin both together. Other
tokens are discarded and are not longer important for the calculation. If the token of the
evaluating page is not found in the knowledge base, a standard probability is applied. For
testing a probability of 50% was used, which means that the unknown token is considered
to be neutral. After calculating the probabilities for eachtoken, the array is sorted in a
way that the tokens, which are farthest away from the neutral50%, are on the top. In
my opinion, the easiest way to sort them is shown in listing 2.1.

// �� s o r t array wi th the va lues , which are f a r t h e s t away from the  -
n e u t r a l 0 .5 are coming f i r s t .

for ( $ i =0; $ i < count ( $ p r o b a b i l i t i e s ) ; $ i++) f
$ s o r t [ ] = abs ( $ p r o b a b i l i t i e s [ $ i ] � .5) ;

g
arsort ( $ s o r t ) ;

$ s o r t = array keys ( $ s o r t ) ;

for ( $ i =0; $ i < count ( $ s o r t ) && $ i <NUMOFINTEREST; $ i++) f
$ i n t e r e s t i n g [ ] = $ prob [ $ s o r t [ $ i ] ] ;

g

Listing 2.1: Sorting the array with the probability farthest away from 0.5 on the top
(/includes/classes/filter/Bayesian.class.php )

The crucial part is done by the commandarsort() 11, which sorts an array in reverse
order, but maintains the index association. After that, only the keys are extracted and
combined with the values in $ probability again to get their values. The algorithm
can be con�gured to use only a speci�c amount of the tokens beginning from the top
for the calculation of the combined probability. The amountis de�ned by the constant
NUMOFINTEREST, which has been set to 15 or more, what produced the best results during
tests.

Due to the Bayesian classi�er has been extracted from a Spam �lter algorithm and
transferred into PISA, a high probability is considered to be Spam. But in the case of
PISA, a high probability shall mean that a page is of the user's interests. Therefore, the
method gives back (instead of equotation (2.1)):

PInterest = 1 �
PT oken

PT oken + PT oken
(2.4)

with

PT oken = PT oken1 � PT oken2 � : : : � PT okenN (2.5)

PT oken = (1 � PT oken1) � (1 � PT oken2) � : : : � (1 � PT okenN ) (2.6)

11http://in.php.net/manual/en/function.arsort.php
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2.4.10.2 TF-IDF [SM83] [Moo]

TF-IDF is used in many information retrieval systems. The abbreviation stands forT erm
Frequency -I nverseD ocument Frequency. The document is represented as a vector of
weighted terms or tokens. Terms that appear frequently in one document, but are rarely
found in others, are more likely to be relevant to the topic ofthe document. Terms that
appear in one document and also in the others very often, are more likely to be stop
words. The formula of TF-IDF calculates the weight! ij of term t i in the document dj :

! ij = f ij � idf i

f ij represents the frequency, how often the termt i occurs in the documentdj . There
are multiple formulas available in the Internet and each formula has its advantages and
disadvantages. Basically, they di�er between damped and undamped functions. In PISA
the frequency is calculated with:

f ij = f dj (t i ) (2.7)

Whereasf dj (t i ) is the frequency of the termt i in the documentdj . This formula resulted
in the best prediction rate and non of the following functions are used, because the results
di�ered a lot during experimentation and the accuracy was worse. One alternation off ij

is:

f ij =
f dj (t i )
S(dj )

WhereasS(dj ) is the sum of all terms in the documentdj . f ij can also be a damped
function:

f ij =
log(f dj (t i ) + 1)

log(S(dj ))

idf i determines the occurrences of this particular termt i in all other documents. Some
formulas for the IDF are:

idf i = log
N
df i

(2.8)

or as a damped function:

idf i = log
N � df i + 0:5

df i + 0:5
(2.9)

WhereasN is the number of documents in a collection anddf i is the document frequency
of term i , which is equal to the amount of documents containing termi . In PISA the
damped IDF (2.9) is used for calculations. After multiplication of f ij and idf i for all
terms in dj , a vector ~! j has been created containing the weights of all tokenst i in dj .

The knowledge base for the TF-IDF algorithm consist of two lists: one for each
category. In case of a rating, only the list in the speci�ed category is updated and the
occurrences of all tokens are added to the appropriate values, which are already stored in
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the knowledge base. Also the value, if a token occurred in thedocument at all, is added
to the number representing document occurrences. If the token does not exist in the list
at all, it is inserted.

If the category of a document has to be evaluated, �rst the weights of the tokens in
the document are calculated and an example vector is created. The same process builds
up weighted vectors called prototype vectors~� C for each category, whereasC stands for
the categoryhot or cold. To determine the category, to which the document belongs, the
angle among~! j and each of ~� C is calculated by using the Cosines Similarity Measure
(2.11). The smallest angle speci�es the belonging category.

Sim( ~! j ; ~� C ) = ~! j � ~� C =
nX

i =1

(! j i � � Ci ) (2.10)

CosSim( ~! j ; ~� C ) =
~! j � ~� C

j ~! j j � j ~� C j
=

Sim( ~! j ; ~� C )
q P n

i =1 ! 2
ji �

P n
i =1 � 2

Ci

(2.11)

If a token t i exists in the document, but does not in the knowledge base, the weight
in � Ci is set to 0. When tokens from the knowledge base do not exist inthe document,
! j i is also �lled up with 0. This ensures that both vectors have the same length (n),
which is necessary to calculate the scalar product. If one ofthe factors in the dominator
is equal to zero, the factor is automatically set to 1� 10� 10 to allow to proceed with the
calculation.

For binary vectors the scalar product is the number of matched tokens in the document
and knowledge base. If a token exists in the document, but is missing in the knowledge
base, the result of the multiplication! j i � � Ci is equal 0 for this tokent i , otherwise it is 1.
The sum of all tokens is the quantity of matched tokens. For weighted tokens, the scalar
product is the sum of the products of the weight of the matchedtokens.

The closer ~! j is to ~� C , the higher is the result ofCosSim( ~! j ; ~� C ) and the smaller is
the angle between these two vectors. In �gure 2.6 is shown an example. The three axis
show the weight of three di�erent tokens.

The result is a comparison among the vectors and not a probability, which is expected.
In PISA, the probability of 1.000 represents a high importance and0.000 a link of less
interest. Most likely the user is already used to this behaviour. Therefore, the results of
this learning algorithm are limited to 3 possible returns:1.000 is given back, if the angle
between ~� hot and ~! j was the smallest.0.000, if the angle between ~� cold and ~! j was the
smallest, respective. If the angles of the measurement are equal, the result will be 0.500.

If the importance needs to be calculated, it is usually done several times for many
di�erent web pages. To speed up the process, the classTFIDF.class.php uses a cache,
where the weights of both prototype vectors are stored. If a second page has to be
evaluated, the costly calculation for the prototype vectors is skipped. The names of the
attributes are $ weightPrototype good and $ weightPrototype bad. The underscore
in the beginning of the variable name shows that the access isprivate.
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~� cold

~! j;cold
~! j;hot

�

�

~� hot

Figure 2.6: Angles ofCosSim( ~! j;C ; ~� C )

Table 2.2: Knowledge base of TF-IDF

N A B C D df A df B df C df D

list in hot 3 15 7 9 | 3 2 2 |
list in cold 5 7 8 19 8 4 3 5 3

2.4.10.3 Example of TF-IDF

Assuming the knowledge base contains four di�erent tokens:A, B, C, and D. The amount
of rated documentsN is 3 for the categoryhot and 5 for thecoldcategory. The characters
in table 2.2 show, what token occurred how often till the current rating and df T oken

represents the amount, ifToken occurred in the rated documents so far. For example,
the sum of occurrences of tokenA is equal to 15 in all 3 documents rated forhot, whereas
B occurred 7 times in only 2 documents.

For the following calculations of the weighted vectors, thenormal term (2.7) and the
undamped inverse document frequency (2.8) have been used. The results are rounded to
four digits for presentation. First ~� hot is calculated:

! A = 15 � log
3
3

= 0

! B = 7 � log
3
2

= 1:2326

! C = 9 � log
3
2

= 1:5848

~� hot =

0

@
! A

! B

! C

1

A =

0

@
0

1:2326
1:5848

1

A
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Table 2.3: Tokens of documentd9

A B C
10 2 5

Due to the occurrences ofA in all rated documents (3 of 3), the weight ofA in vector
~� hot is equal to 0. The same process is applied to the ratings for the cold category and

will result in

~� cold =

0

B
B
@

0:6784
1:7748

0
1:7748

1

C
C
A :

If the angle of a document vector has to be calculated to determine to which category
it most likely belongs, the weight of its tokens has to be evaluated in the same way like
the weights for the knowledge base. Assuming,d9 is a document with the tokens in table
2.3.

The vector with weighted terms di�ers depending on what category is used for the
calculation. The IDF part depends on, how many documents have been rated so far in
the speci�c category. Therefore, the calculation of the weights of this document results
in two di�erent weight vectors.

! 9A;hot = 10 � log
3
3

= 0

! 9B;hot = 2 � log
3
2

= 0:3522

! 9C;hot = 5 � log
3
2

= 0:8805

~! 9;hot =

0

@
0

0:3522
0:8805

1

A

~! 9;cold =

0

B
B
@

0:9691
0:4437

0
0

1

C
C
A

The vector ~! 9;cold had to be extended, because tokenD was available in the knowledge
base, but did not occur in the document. Obviously, the occurrence ofD in d9 is 0 and the
weight is also set to 0 expressing the missing weight, which shall not be used for further
calculations. Now the angles between both vectors and the appropriate categories are
calculated. First the angle between ~� hot and ~! 9;hot .
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Sim( ~! 9;hot ; ~� hot ) =
3X

i =1

(! 9i;hot � � hot;i )

= 0 � 0 + 0:3522� 1:2326 + 0:8805� 1:5848 = 1:8295

CosSim( ~! 9;hot ; ~� hot ) =
1:8295

p
0:8993� 4:0309

= 0:9609

\ ( ~! 9;hot ; ~� hot ) = � = cos� 1(0:9609)

= 16:07�

Now same calculation is performed with the vectors from thecold category:

Sim( ~! 9;cold; ~� cold) =
5X

i =1

(! 9i;cold � � cold;i ) = 1 :4449

CosSim( ~! 9;cold; ~� cold) = 0 :5213

\ ( ~! 9;cold; ~� cold) = � = cos� 1(0:5213)

= 58:47�

The angle of� is less than� and therefore the document is sorted into the categoryhot.
Always the smallest angle is used to assign documents to the appropriate category. In
that case, the method will return 1.000 to show the user that the link is most likely
important to him.

2.4.11 PageAltering

This object provides methods for page altering, e.g. link alteration and replacement,
index page creation and insertion of links into any page.

If the user requested an index page, which is not provided by an API of a search
engine, the links within the index page are extracted by theAnalyser. After calculating
the importance a symbol or number is placed in front of the HTML command for the link
(< a href=... ) indicating the estimated likeness. To �nd the appropriatecommands
again, a third entry is made in the array, where the next levelpages are stored. The
multidimensional array contains three di�erent �elds for each next level page:content ,
url , and html address. The �rst �eld contains the content of one next level page, the
second entry contains the raw URI, and the third �eld is set tothe URI wrapped in
HTML commands. It is not necessary to store the whole command. Only the part from
the beginning (< a... ) to the end of the URI is stored and all parameters coming after
that, are discarded. Therefore, it is just required to replace the HTML links by the
appropriate number or symbol of importance concatenated with the HTML link itself
again. This method avoids the use of another relatively slowregular expression.

If the content of next level page is shown to the user, it came from the cache of PISA
and from the server, where PISA actually runs. If local links(see chapter 1.4) are used
within the next level page to display images, style sheets orlinks, the links would refer to
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a non-existing location on the PISA server now. Therefore, the links have to be replaced
by the address, where the page came from previously, beginning with http:// . Right now,
PISA supports next level pages only to a link depth of one beginning from the index
page, which is on zero level. Next level pages are on level one, when the link referring
to the next level page, is in the index page. The links in the next level pages are not
evaluated for the importance any more. The reason is the lackof su�cient bandwidth
for the Internet connection, which is needed to download thenext level. All links in the
pages on level one have to be replaced to refer to a location onthe server, where the next
level pages have been downloaded from.

PageAlteringalso have a method integrated to display buttons for controlling PISA.
To avoid a violation of the web standards, this method �rst searches for the< body> tag.
Directly after the tag, the control buttons are inserted. If the position of the < body>
tag is not found, the buttons are inserted at the beginning ofthe page. The following
controls are available in the next level pages:

ˆ rateGood
This rates a page for the categoryhot and trains the learning algorithm that the
current content is of the user's interest. After the rate, the new importance for each
link on the index page is calculated. After calculation, theindex page is shown again
including the updated importance.

ˆ rateBad
Same asrateGood, but for the unwanted pages.

ˆ index
This button brings back the user to the index page without rating anything. Be-
cause nothing has been rated and the knowledge base is still the same, the time
consuming updating process is avoided and the importance are loaded from the
cache (tablepisa user).

ˆ reload
Every time, when a user wants to see a page, the database is checked �rst in the
hope that another user has downloaded the page before. If so,the page comes out
of the cache, which ensures a shorter waiting time and avoidscausing unnecessary
tra�c. Sometimes pages are updated in the Internet, but an old version of the page
is shown to the user. On the other hand, there exist pages, which do not alternate
at all over years. PISA has no ability to estimate, how long the content of a page
is valid, although the database is cleaned up of old pages within speci�c periods
of time. This button allows the user to request the current shown page again, if
he thinks that the version is an outdated one. By requesting anew version, the
version stored in the database is overwritten.

ˆ exit
This button exit PISA and the user is transferred to the server and page, which
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are actually shown through PISA. The original page is loadedand the execution of
PISA ends.

ˆ home
Brings back the user to the form �eld, where the keyword and type of search engine
had been entered at the beginning. This allows the user to start another search at
any time during the display of next level pages.

To separate the content put in by PISA and the content from thenext level page, the
buttons are laid under in a slight blue as everything in PISA and the title "PISA" are
shown besides the control buttons. The same design is used toshow control buttons of
the user's own index page, which are also provided by this object. These are:

ˆ exit

ˆ home
Both have the same function like the control buttons of the next level pages.

ˆ Recalculate Importance
This option does not have a button yet, because it has been integrated for debugging
and testing purposes and will be commented out in the future.This button allows
the tester to recalculate the importance, if the evaluationor tokenising method has
been altered.

The controls mentioned last are only shown, if the user has his own index page and does
not use an API of search engines.

If an API has been used,PageAltering is able to format and create a list showing
the results like the web searches of Google or Yahoo look like. The main di�erence is
that PISA also includes buttons to rate a page right inside the result list together with
an indicator, if and how the page has been rated, and the measured importance. The
next level pages are not downloaded in that case and the prediction of the importance is
only based on the description that comes with the search engine API. If a link is already
available in the cache, its content will be used instead. Buta download of the next level
pages is not forced and will take to long, if 50 links are displayed in the result list. To get
a fast overview about wanted and unwanted pages, the number showing the importance is
coloured from red for unwanted pages to green for wanted ones. As mentioned in section
1.4 the CSS command for colouring iscolor and as a parameter is only a value accepted
representing the color in the RGB format.

c = ( i � 511) mod 256

This formula calculates the value of the coloured part of theRGB format. If the impor-
tance i is equal to 0, the link should be red completely. The value forred is 255; 0; 0
or in hexadecimal notationFF0000. For green it would be00FF00and yellow FFFF00.
For every step of the importance from 0:000 to 1:000 there must be a colour. To turn
from FF0000to FFFF00the part in the middle has to be increased. After reaching the
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importance of 0.500, the �rst FFhave to be decreased to reach the green colour00FF00,
which makes exactly 512 steps altogether. Firstc is added to the part representing the
green colour and then subtracted from the red part after reaching the neutral 0.500.

2.4.12 ratePage

ratePageaccepts rate commands of index and next level pages and updates the knowledge
base for the learning algorithms. Depending on the choice ofthe user, if he likes a page
or not, the ratePage module calls the updating method of the current used learning
algorithm, which handles the issue, how to update the knowledge base. After updating the
knowledge base, the control is given to theController, which recalculates the importance
and displays the index page again.

As mentioned before, it is not necessary to recalculate the importance, if the user
just wants to return to the result list without rating. If thi s is the case, the control is
given back toController immediately with a passed parameter to skip the recalculation
process.

This is the second module, which is visible to users and all needed methods in other
objects are called from here. But for the users, the other objects are encapsulated and
hidden.

2.4.13 showPage

This is the third and last module, which is visible to the user. Every time, when the
user wants to see a next level page, the URI of the link is passed to showPage, which
downloads the content either from the database or let theServerOrbtransfer the content
to the PISA server. After the content is available, the control is given to PageAltering
to change the links to ensure that images, etc. are displayedcorrectly. After that, the
control buttons are inserted and the result is printed out tothe client's browser.

Actually, showPagehas to call ServerOrb, when the user uses an API provided by
Google or Yahoo and he wants to visit a link in the result list.The content of the next
level page is usually not available, because the learning algorithm tries to predict the
importance only by the description, which comes for almost each link from the API. If
the user has his own index page, the pages are already available in the database, because
a description was not available and the next level page had tobe downloaded.

2.4.14 User

This object stores all information about the current user. The following information is
available:

ˆ userID
The 32 byte long string representing the user's unique ID.
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ˆ keyword
This is the keyword, what the user is looking for. In case of anown index page, the
link to the index page is stored in this variable.

ˆ pro�le
Stores, whether the user wants one or multiple pro�les. A value of 0, means that
the user has only one pro�le available, 1 representing the multi-pro�les mode.

ˆ currentDB ID
This is the primary key of the current row of the user inpisa user. The same user is
identi�ed by the same userID, which can occur more often inpisa user depending
on the pro�le mode. If the user wants more than one pro�le, this variable identi�es,
on which row the current operations are performed on.

ˆ maxLinkDepth
Stores the maximal link depth (or level) of how deep the importance is calculated.
Due to the slow Internet connection, this function is not implemented yet. The
index page is on level 0, the next level pages are on 1, the next-next level pages on
2 and so forth.

ˆ �rstpage
This is the URL to the index page. This can be the link to the user speci�c index
page, or the link to the API of the search engines.

ˆ searchengine
An internal used abbreviation for the search engine e.g. "google" for the use of the
API of Google search engine, "yahoo" for the API of Yahoo, and"own", if the user
uses his own index page.

ˆ algorithm
The used learning algorithm e.g. "Bayesian" for the Bayesian �lter system.

ˆ o�ineContent
Perform the search also in the content, which is available inthe database. The
value of 0 means that the o�ine content is not searched through, otherwise this
value is set to one.

ˆ language
This value stores, which language the user wants to use. In the current version of
PISA only English is available for the help system and error messages. English and
German are available for theTokeniser.

This module also provides methods regarding the user. Some of these methods provide a
management for storing and loading settings from and to cookies or tables in the database.
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2.4.15 Error

This object gives back an error message wrapped in HTML commands, so that it can
be output immediately to show the user that something went wrong. This is the case,
when the user forgot to type in a keyword for what he is searching for, or when he tries
to manipulate passed variables and this is detected by PISA.The error messages are
separated from the rest of PISA, to allow an easier translation into other languages.

2.4.16 Database

This is the object, which handles the connection to the database server. This is separated
from PISA to make it easier to adapt this application to otherdatabase systems like
PostgreSQL12 or Oracle13, which are both supported by PHP and Perl. No raw SQL
commands regarding the database are integrated in the otherobjects, which ensures the
independence to the database system. If data have to be collected from the database,
methods are called and the parameters are passed to get the desired data. The same
happens, if an object needs data to be stored: the data is passed in an array or string (if
it regards only to one column) to the appropriate method.Databaseprovides the most
needed methods to store data to or receive data from a database like SELECT, INSERT,
UPDATE, or DELETE. If an error occurred during the database handling or the transfer of
data, the execution of PISA is terminated immediately with an error message. Normally,
these errors are so severe that it does not make any sense to proceed with the execution,
because of missing or corrupted data in the database or PISA.By creating an instance of
Database, the connection is opened and the database is selected automatically with the
login data given in constants.inc.php .

Besides the normal commands,Databasehas some special abilities. For instance, it
can check, if an entry exists in the database by using theSELECTcommand. But the
returned result is boolean and therefore �ts intoif or while conditions. In addition, an
INSERTcommand returns the last inserted primary key. Normally this behaviour is not
supported by raw SQL commands.

2.4.17 Google

Google is one of the search engines providing an API (A pplication Programming I nter-
face) for free, which is supported by PISA. The Google API allows other programs to
access the service of the search engine directly without taking the long way around over
the result list of the Google web site. Usually, the links of the result list of the search
engine have to be extracted with a regular expression. If themaintainers of Google decide
to change the layout or the command showing the links, the regular expression has to
be adapted. Accessing the service through the API avoids this procedure, because the
results are always preformatted in a XML �le and the requesting program can extract

12http://www.postgresql.org/
13http://www.oracle.com/database/index.html
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the data easily. APIs exist for a lot of other services. For instance, ebay14 provides an
API allowing its users to create auctions o�ine in a foreign program and to start this
auction by uploading the data.

Before using the API of Google, a license key is required �rst. This license key is a
32 bytes long string and is stored in the constantGOOGLEAPIKEYin PISA. The number of
results list is restricted to 1,000 request per day. Information, when the timer or day is
reset or when it starts is not available in the documentation. Each result list is limited to
have 10 entries at maximum. To get more results, PISA requests the API twice, which
doubles the amount of entries in the result list, but cut the number of requests for each
day into half.

The API of Google is still in a beta version, which means that at any time there
can be changes in the format of the requests, results, or the service can be stopped
completely. Basically, the support and documentation consists of a FAQ (Frequently
A skedQuestions) and a forum, where experienced users can help the new ones. Although
an email address is also provided, it seems that nobody is responsible for emails to this
address.

To use the API, a request has to be sent to the server15 providing the service. The
following parameters shall be supported:

ˆ key
The Google license key received by registration.

ˆ q
The keywords for what the user is looking for.

ˆ start
Start index for the results page. Its value represent, wherethe �rst entry shall
begin. If this value is set to 1, the entries from 1 to 11 are shown (maxResultsis
set to 10). The index starts at 0.

ˆ maxResults
How many results shall be displayed? At this time, the maximum amount of entries
is limited to 10 per request.

ˆ �lter
Filtering similar entries. Unfortunately this value does not work at the present
time.

ˆ restrict
Country and topic restrictions

ˆ safeSearch
Adult content �lter, which tries to �lter out any content rel ated to violence or
pornography. This value is set tooff in PISA and everything is displayed.

14http://www.ebay.com
15http://api.google.com/search/beta2
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ˆ lr
If the entries in the result list shall be restricted to a speci�c language, this can be
set here.

ˆ ie
Input encoding. This shows, how the input is encoded (UTF-8,etc). This parameter
is deprecated and not used by PISA.

ˆ oe
Output encoding, which de�nes the used character set for theoutput. This param-
eter is also deprecated and not used.

The main problem by using Google's API is that the results di�er in almost all entries
from the result list, which someone gets, if he uses the normal query through the web
front end of Google. In addition, the�lter parameter does not work at all, what could
result in a list with almost the same links for all entries. Especially, if the keyword is
found in a forum, the links in the result list refer to the mainentry in that forum. The
second link to an answer in the same forum, etc. Because of thelimitation to 10 entries,
it is bad luck, when someone gets the same list entries all thetime. Therefore, this API
is supported by PISA, but its use is not recommended.

The request and response management and the parsing of the response coming from
Google is carried out byNuSOAP16, which has been implemented by Dietrich Ayala17 of
the NuSphere Corporation18.

The classes of the interfaces can be found in the directory/includes/classes/in-
terface .

2.4.18 NuSOAP

The Simple Object A ccessProtocol allows to transfer data between two di�erent systems
and to call other objects on a remote system. It is classi�ed as a service of the Application
Layer of the OSI reference model (refer to section 1.2.1). A combination of SOAP, HTTP
and TCP is often used to exchange data.

This object does not use theServerOrb, because result lists coming from the API of
any search engine are considered to be save.NuSOAP and RESTClient are the two other
objects, which are allowed to communicate with the Internet. If malicious code comes
through one of these connections, the origin of this code is known and can be blocked
easily by shutting down the service to the API.

2.4.18.1 An example of SOAP

The following example shows the communication with the Google API by using NuSOAP.
The HTTP header has been skipped and only the content of the request and response of

16http://dietrich.ganx4.com/nusoap/index.php
17dietrich@ganx4.com
18http://www.nusphere.com
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the SOAP is pointed out.
In listing 2.2 is shown a request to Google's API. The parameters are enclosed in

XML tags and their type is de�ned in the given xsi:type parameter. For instance, the
keyword, for what the user is looking for, is wrapped in tags for q. The actual type is a
string and its value is "hello".

< ?xml version =" 1 .0 " encod ing="ISO � 8859� 1"?>
<SOAP� ENV:Envelope SOAP� ENV:encodingStyle=" h t t p : // schemas . xmlsoap .  -

org / soap / encod ing /" xmlns:SOAP � ENV=" h t t p : // schemas . xmlsoap . org /  -
soap / enve lope /" xmlns:xsd=" h t t p : //www. w3 . org /2001/XM LSchema"  -
xm lns :xs i=" h t t p : //www. w3 . org /2001/XMLSchema � i n s t an ce ">
<SOAP� ENV:Body>

< ns9239:doGoogleSearch xmlns:ns9239=" urn :GoogleSearch">
< key x s i : t y p e=" x s d : s t r i n g " >

VIsDVJ1QFHKxanJ8SHjjTvOwOe8FX+ Wa
< /key>
< q x s i : t y p e=" x s d : s t r i n g " >

hello
< /q>
< s t a r t x s i : t y p e=" x s d : i n t " >

0
< / s t a r t >
< maxResults x s i : t y p e=" x s d : i n t " >

10
< /maxResults>
< f i l t e r x s i : t y p e=" xsd :boo lean " >

0
< / f i l t e r >
< r e s t r i c t x s i : t y p e=" x s d : s t r i n g " >
< / r e s t r i c t >
< sa feSearch x s i : t y p e=" xsd :boo lean ">

0
< / sa feSearch>
< l r x s i : t y p e=" x s d : s t r i n g " >
< / l r >
< i e x s i : t y p e=" x s d : s t r i n g " >
< / i e >
< oe x s i : t y p e=" x s d : s t r i n g " >
< /oe>

< / ns9239:doGoogleSearch>
< /SOAP� ENV:Body>

< /SOAP� ENV:Envelope>

Listing 2.2: SOAP request

The response coming from Google's API is shown in listing 2.3. To shorten the
response, this listing contains the information for the �rst entry in the result list only.
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< ?xml version = ' 1 .0 ' encod ing= 'UTF � 8 ' ?>
<SOAP� ENV:Envelope xmlns:SOAP� ENV=" h t t p : // schemas . xmlsoap . org / soap  -

/ enve lope /" xm lns :xs i=" h t t p : //www. w3 . org /1999/XMLSch ema�  -
i n s t an ce " xmlns:xsd=" h t t p : //www. w3 . org /1999/XMLSchem a">
<SOAP� ENV:Body>

< ns1:doGoogleSearchResponse xmlns:ns1=" urn :GoogleSearch "  -
SOAP� ENV:encodingStyle=" h t t p : // schemas . xmlsoap . org / soap  -
/ encod ing /" >
< re tu rn x s i : t y p e=" ns1:GoogleSearchResu l t ">

< d i r ec t o r y C a t ego r i e s xmlns:ns2=" h t t p : // schemas .  -
xmlsoap . org / soap / encod ing /" x s i : t y p e=" ns2:Array  -
" ns2:ar rayType=" ns1:Di rec to ryCategory [ 1 ] " >
< item x s i : t y p e=" ns1:Di rec to ryCategory " >

< ful lViewableName x s i : t y p e=" x s d : s t r i n g " >
Top/ Arts / Animation / Cartoons / Titles / H/  -

Hello_Kitty
< / fu l lViewableName>
< spec ia lEncod ing x s i : t y p e=" x s d : s t r i n g ">
< / spec ia lEncod ing>

< / item >
< / d i r ec t o r y C a t ego r i e s>
< documentF i l te r ing x s i : t y p e=" xsd :boo lean " >

false
< / documentF i l te r ing >
< endIndex x s i : t y p e=" x s d : i n t " >

10
< /endIndex>
< es t ima te I sExac t x s i : t y p e=" xsd :boo lean ">

false
< / es t ima te I sExac t>
< est imatedTotalResu l tsCount x s i : t y p e=" x s d : i n t " >

7230000
< / est imatedTota lResu l tsCount >
< resu l tE lemen ts xmlns:ns3=" h t t p : // schemas . xmlsoap .  -

org / soap / encod ing /" x s i : t y p e=" ns3:Array "  -
ns3:ar rayType=" ns1:Resu l tE lement [ 1 0 ] ">
< item x s i : t y p e=" ns1:Resu l tE lement " >

<URL x s i : t y p e=" x s d : s t r i n g " >
http: // www. hellomagazine . com/

< /URL>
< cachedS ize x s i : t y p e=" x s d : s t r i n g ">

28k
< / cachedS ize>
< d i rec to r yCategory x s i : t y p e="  -

ns1:Di rec toryCategory ">



70 PISA

< ful lViewableName x s i : t y p e=" x s d : s t r i n g  -
">

Top/ Society / People / Celebrities /  -
News_and_Media

< / fu l lViewableName>
< spec ia lEncod ing x s i : t y p e=" x s d : s t r i n g "  -

>
< / spec ia lEncod ing>

< / d i r ec to r yCategory >
< d i r e c t o r y T i t l e x s i : t y p e=" x s d : s t r i n g " >

< b> Hello < /b>
< / d i r e c t o r y T i t l e >
< hostName x s i : t y p e=" x s d : s t r i n g " >
< /hostName>
< re la ted In fo rmat ionPresen t x s i : t y p e="  -

xsd :boo lean ">
1

< / re la ted In fo rmat ionPres en t >
< sn ippe t x s i : t y p e=" x s d : s t r i n g " >

News and pictures from the world of  -
celebrity , royalty and  -
entertainment .< br> World news in  -
pictures . Special sections on  -
fashion and celebrity profiles .

< / sn ippe t >
< summary x s i : t y p e=" x s d : s t r i n g " >

Combining up� to � the � minute news and in  -
� depth special reports about the  -
people in < br> the world of  -
celebrity , royalty , actors , fashion  -
, and music .

< /summary>
< t i t l e x s i : t y p e=" x s d : s t r i n g " >

< b> HELLO< /b> !
< / t i t l e >

< / item >
.
.
.

< / r esu l tE lemen ts>
< searchComments x s i : t y p e=" x s d : s t r i n g ">
< /searchComments>
< searchQuery x s i : t y p e=" x s d : s t r i n g ">

hello
< / searchQuery>
< searchTime x s i : t y p e=" xsd :doub le ">
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0.036975
< /searchTime>
< searchT ips x s i : t y p e=" x s d : s t r i n g " >
< / searchT ips>
< s ta r t I ndex x s i : t y p e=" x s d : i n t " >

1
< / s ta r t I ndex >

< / re tu rn >
< / ns1:doGoogleSearchResponse>

< /SOAP� ENV:Body>
< /SOAP� ENV:Envelope>

Listing 2.3: SOAP response

A disadvantage of SOAP is the amount of data that has to be transferred. Even if
it is just a boolean value, which represents one bit, all information about this value has
to be transmitted, too. Otherwise, the receiver will not be able to distinguish a boolean
value from a double or an integer.

More information about SOAP can be found on the web pages of the W3C19 or Apache
Foundation20.

2.4.19 Yahoo!

The other search engine API supported by PISA is provided by Yahoo!21. To use this web
service, an application ID is needed, which can be obtained free of costs by registration
to Yahoo. The application ID is stored in the constantYAHOOAPIKEY.

This API is more sophisticated compared to the one of Google.The amount of
requests is also limited to 5,000 for every 24 hours. The timer starts, when the �rst user
sends a request. Within the next 24 hours, 5,000 requests areallowed. After this period,
the counter is reset and the timer starts over again, when the�rst request is received.
Each result list can have 50 entries at maximum, which is quite su�cient for PISA. The
following parameters are the minimum requirements to get the Yahoo API to work:

ˆ appid
The application ID. This value identi�es the application, which sent the request.

ˆ query
This value contains the keyword, for what the user is searching for.

A complete list of supported parameters can be found on the web pages for developers22.
To adapt the API to PISA needs, the following optional parameters have been set or
changed:

19http://www.w3.org/TR/soap/
20http://ws.apache.org/soap/
21http://developer.yahoo.net/search/index.html
22http://developer.yahoo.net/search/web/V1/webSearch. html



72 PISA

ˆ start
Start index for result page. This value is set to 1.

ˆ results
The amount of displayed entries in the result list. The minimum is 10 entries, the
maximum is 50. This value is set to 50.

ˆ adult ok
Switch on or o� the content �lter, which �lters out search results, which are not
suitable for minors. This is set to 1, which switches this �lter o�.

ˆ similar ok
This �lters out similar results and is functional in this API .

ˆ language
Tells the API, in which language the pages of the result list are preferred.

Most of the values have still the default setting and are not changed. They are integrated
in PISA, to allow a fast change of the preferences, if it becomes necessary.

The use of Yahoo's API is recommended. Despite of the well known and sophisticated
search engine of Google, all the advantages of it are dissolved, because of the lack of sup-
port, parameters and the strict limitation of result list entries. The result list downloaded
through Yahoo's API is bigger, can be downloaded more often,and is the same like the
one, which is shown to the user, when he types in the keywords in the web front end of
Yahoo.

2.4.20 RESTClient

The responses of the Yahoo API are handled by the objectRESTClient (RE presen-
tational State T ransfer). REST bases most often on HTTP and TCP like SOAP. The
main di�erence is that REST does not need request wrapped in XML. A request just
consists of a URI and passed parameters. Calling a service byURI is easy to implement
and can save a lot of bandwidth. But, on the other hand, the URIcan grow to a very
long string and is not readable e�ciently. If there is a chance that long URIs occur very
often, SOAP would be the preferred solution.

REST does not support transmitting the kind of value type like string, integer or
boolean. It is the task of the client to determine the transmitted type. This saves
additional bandwidth, but could cause problems, if the types are not determined correctly.
Anyway, in PHP the kind of types is not very important at all. For instances, an integer
is also considered to be a boolean: all values other than zeroof that integer are true. In
addition, the PHP engine does not throw an error message, if avariable for an integer or
a double value is assigned to a string. The type of the variable is converted to the new
environment.
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2.4.20.1 An example of REST

To receive the response of the desired result list, the API can be called with an URI. All
needed parameters are passed within the URI. The same request, which has been sent to
Google in the preceding example, is accepted in this format by the API of Yahoo:

http://api.search.yahoo.com/WebSearchService/V1/web Search -
?appid=PISA IMSc Chennai&query=hello&start=1&results=50&adult ok=1 -
&similar ok=0&language=en

The caused tra�c is much less, because here just an HTTP header is transmitted in-
stead of the whole information needed by SOAP. The format of the response is similar
to the example of SOAP, but without unnecessary informationabout e.g. the type.

< ?xml version =" 1 .0 " encod ing="UTF � 8"?>
< Resu l tSet xm lns :xs i=" h t t p : //www. w3 . org /2001/XMLSchem a� i n s t an ce "  -

xmlns=" u rn :yahoo :s r ch " xs i :schemaLocat ion=" u rn :yahoo :s r ch h t t p :  -
// ap i . search . yahoo . com/WebSearchService/V1/WebSearchResponse .  -
xsd " t o t a l R es u l t s A v a i l a b l e=" 205108435 " to ta lResu l t sRe tu rned="50  -
" f i r s t R e s u l t P o s i t i o n="1" >
< Resul t>

< T i t l e >
Hello

< / T i t l e >
<Summary>

share digital photos with friends and family using  -
instant messaging .

< /Summary>
< Url>

http: // www. hello . com/
< / Ur l >
< Cl ickUr l >

http: // rds . yahoo. com/ S=96857362/K= hello / v=2/ XP= yws/ SID  -
= w/ l = WS1/ R=1/ SS=96615254/H=0/ IPC= us/ SHE=0// SIG=119  -
dnl9e3 / EXP=1123938996/* � http %3A// www. hello . com/

< / C l ickUr l >
< Mod i f i ca t ionDate>

1123657200
< / Mod i f i ca t ionDate >
< MimeType>

text / html
< /MimeType >
< Cache>

< Url>
http: // rds . yahoo. com/ S=96857362/K= hello / v=2/ XP= yws  -

/ SID= w/ l = WS5/ R=1// SIG=15737bvrb / EXP  -
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=1123938996/* � http %3A/ /66 .218 .69 .11 / search /  -
cache?ei = UTF� 8&amp; eo= UTF� 8&amp; ac=0& amp; n=50&  -
amp; b=1& amp; va= hello &amp; vm= i &amp; fl =1& amp; vl =  -
lang_en&amp; u= www. hello . com/

< /Ur l >
< S ize>

6692
< / S ize>

< /Cache>
< / Resu l t >
.
.
.

< / Resu l tSet>
< !��

ws01 . search . scd . yahoo . com uncompressed Fr i Aug 12 06 :26 :30 PDT  -
2005

�� >

Listing 2.4: REST response by Yahoo

More information about REST is provided by Wikipedia23 and in the dissertation
"Architectural Styles and the Design of Network-based Software Architectures"24 by Roy
Thomas Fielding, who described REST in chapter 5.

2.5 Tables in PISA

All user settings and knowledge bases of the learning algorithms are stored in tables
persistently, what means that they are not lost, if the server crashes or is shut down.
This section will give an overview about the used table structure and the kinds of stored
data. Basically, PISA needs four di�erent types of table structures. The following list
summarises the names and their purposes:

ˆ pisa learningalgorithm �lterinfo
In these tables, the knowledge bases, which is speci�c for every learning algorithm,
are stored. This table name does not exist in the database, because the part
"learningalgorithm" is replaced by the name of the appropriate algorithm. Right
now, PISA supports two di�erent algorithms, which need a knowledge base: TF-
IDF (see 2.4.10.2) and the Bayesian �lter (see 2.4.10.1). Therefore, the table names
are pisa t�df �lterinfo and pisa bayesian�lterinfo respectively. The way, how data
is stored, is described in section 2.5.2.

ˆ pisa user pagelearningalgorithm
To keep track, which page has been rated by whom and to allow actions, if a page is

23http://en.wikipedia.org/wiki/REST
24http://www.ics.uci.edu/ �elding/pubs/dissertation/to p.htm
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rated twice, this table stores that kind of information. Like pisa learningalgorithm
�lterinfo this table name does not exist and "learningalgorithm" is replaced by the
appropriate name. See 2.5.3 for details.

ˆ pisa storedpages
This table is the page cache. All pages, which have been downloaded, are stored in
this table completely. Depending on the load of the server, this table can consume a
lot of space and it could be necessary to de�ne a expire date, when obsolete entries
can be deleted. The structure is explained in 2.5.4.

ˆ pisa user
Here the user pro�les, the used algorithm, last access time,etc. are stored (see
2.5.5).

By introducing the tables of PISA, you will see that almost all types are followed by
a number included in brackets. The number de�nes the maximallength in characters in
strings columns, which have a dynamic length (e.g.VARCHAR) or where the length has to
be de�ned �rst (e.g. CHAR). For the numeric types this number is only for information
purposes.

Primary keys of the table are underlined or in bold letters, foreign keys, although not
supported in MySQL yet, are in italic letters.

2.5.1 Relationship Diagram

In the used versions of the MySQL database system, relationships among the tables are
not supported yet. However, the needed commands are accepted, but they still have no
function at all. Therefore, all functions regarding relationships have to be implemented
in the program and relations between the tables can only be simulated. For instance, the
table pisa user pagebayesianis dependent on the tablepisa user. The question is, what
shall happen, if an entry inpisa user is deleted, because the user tested PISA once and
never came back. In that case, cascaded deleting is simulated by the script: if an entry
in pisa user is deleted, this operation a�ects also all other tables, which depend on the
user table.

In �gure 2.7 each relationship is shown by a line connecting the tables. Each line has
a symbol at the end. 1 at one end means, that the value of this column is unique in the
whole table. The in�nity symbol ( 1 ) describes that the value can occur non, one time or
in�nite times in the current table. This kind of connection is also called 1:n relationship.
For example: id in pisa userand userID in pisa bayesian�lterinfo are connected by such
a line. It means, that the value ofid is unique, but is allowed to occur more often in
the other table in the columnuserID. Because of the lack for other o�cial descriptions
and symbols in the relationship diagram, I had to use the1 symbol. Normally the
connections betweenid in pisa user and userID in all other tables are conditional in
PISA: these relationships are 1:c, which stands for unique values in a column (in that
caseid ) in one table and this value occurs again zero times or once inthe other table,
but not more than that.
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Figure 2.7: Relationship Diagram of the tables
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2.5.2 pisa learningalgorithm �lterinfo

This table varies in the structure depending on the information the learning algorithm
needs. In table 2.4 is shown the structure of the Bayesian algorithm.

ˆ id
The primary key for this table. In relational database systems, the purpose for the
primary key is to provide an option to access each single row.It is not mandatory,
but recommended to have a column acting as a primary key �lledwith unique values
for each row. Especially in later versions, when the relationships are supported by
the MySQL database system, the primary key can act as a foreign key in other
tables.

ˆ userID
This column saves the userID, which is the primary key inpisa user (see table 2.8)
and connects the data in the row with the user pro�le.

ˆ totalGood
As it was described in section 2.4.10.1, the Bayesian algorithm needs the informa-
tion, of how many pages have been rated as wanted pages so far.This information
is stored here.

ˆ totalBad
Same astotalGood, but for the unwanted pages.

ˆ tokens
This is the most important column for the learning algorithm. In this column the
statistics of the occurrences of the tokens is stored. Both rates for wanted and
unwanted pages result in an update of the tokens. The format is:
token1 #occurWanted1#occurUnwanted1#
token2 #occurWanted2#occurUnwanted2#...

tokenN is the token, which occurred in one of the rates;occurWantedN is the
number of occurrences, the token was in pages rated as wanted. The number of
occurrences of this token in unwanted pages is stored inoccurUnwantedN.

Due to the hash character# is not allowed in words and acts as a delimiter, when
the data is split up into single words, it will never appear ina word itself and
therefore can be used as a delimiter to separate the information in this column.
Speed test had shown that storing the tokens in this way is much faster than to
store each token with its information in a new row.

ˆ totalDocs Good
The information stored in this column is for the TF-IDF algorithm (see section
2.4.10.2). It contains the total amount of rated documents as wanted so far.

ˆ totalDocs Bad
Same astotalDocs Good, but for the unwanted pages.
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Table 2.4: pisabayesian�lterinfo
Field Type Attributes NULL Default Extra

id INT(10) UNSIGNED No auto increment
userID INT(10) UNSIGNED No 0
totalGood INT(11) UNSIGNED No 0
totalBad INT(11) UNSIGNED No 0
tokens MEDIUMTEXT No

Table 2.5: pisat�df �lterinfo
Field Type Attributes NULL Default Extra

id INT(10) UNSIGNED No auto increment
userID INT(10) UNSIGNED No 0
totalDocs Bad INT(11) UNSIGNED No 0
totalDocs Good INT(11) UNSIGNED No 0
tokens Bad MEDIUMTEXT No
tokens Good MEDIUMTEXT No

ˆ tokens Good
Also for the TF-IDF algorithm: It stores a list of tokens that have been rated as
wanted. The format of the knowledge base is slightly di�erent compared to the one
of the Bayesian algorithm:
token1 #occurred1 #occurredInDocs1 #
token2 #occurred2 #occurredinDocs2 #...

occurredN represents the total amount the token occurred in the rated documents,
whereasoccurredInDocsN stores the number of documents, the token occurred in.
For instance, if a token occurs 5 times in one document, 5 is added to occurredN,
but only 1 to occurredInDocsN .

ˆ tokens Bad
Same astokensGood, but for the tokens that occurred in unwanted documents.

The name of the columns are always the same, when their purposes are the same.
The only exception isid and userID in pisa user (see section 2.5.5). If the meanings are
the same, the descriptions are omitted for the further explanations of the tables.

2.5.3 pisa user page learningalgorithm

In table 2.6 is stored, what page has been rated by whom. This is useful, when the lists
of results coming from the API (see section 2.4.17) of the search engines are displayed.
So the user can see immediately, what has been rated already.But it could also be
used to prevent users of rating a page more than once. Due to the separation of the



PISA 79

Table 2.6: pisauser pagelearningalgorithm

Field Type Attributes NULL Default Extra
id INT(10) UNSIGNED No auto increment
userID INT(10) UNSIGNED No 0
pageAddress TEXT No
rate TINYINT(1) No

learning algorithms and di�erences in results and ratings,there is a table for each learning
algorithm.

ˆ pageAddress
This column stores the URI to a page. It also could have been a foreign key to
pisa storedpages, but this method saves at least one database access for each link.
Very often there are more than hundred links on one index page, what could slow
down the whole process otherwise.

ˆ rate
Stores, how the user rated the page to which the URI refers inpageAddress.

2.5.4 pisa storedpages

Table 2.7 shows the structure of the page cache of PISA. All pages that have been
downloaded, are stored in this table. If two di�erent user access the same page, the page
can come from the cache and there is no need to download the information again. This
method saves time and bandwidth. If the page is outdated, theuser can request a new
version, which overwrites the current stored version. Thistable also acts as an interface
between serverOrb, which is partly written in Perl, and the other objects, which are
written in PHP (see section 2.4.6 for details).

ˆ timestamp
This column saves the download date for each page.

ˆ address
This is the URI, where the page can be found. It includes the address for the host,
but also the path and �lename.

ˆ content
The whole content of the page is stored in this column. It is ina binary format
to have the ability to estimate the importance of binary datasuch as PS or PDF
documents in later versions of PISA. The content column is indexed and allows a
full text search in the whole table, which is needed by the module PageGrabber
(see section 2.4.5). Usually a full text search is a very slowprocess compared to
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other search methods. But by letting this performed by the search engine, which
can apply tricks to speed up the search, it is faster than implementing a PHP
script, which does the same. A short abstract description iscreated, which can be
displayed under the appropriate links like the search engines do to give the user a
short information about the content.

The command for the full text search is available in MySQL since version 3.23.23
and the syntax of theWHEREclause to initiate a full text search is

MATCH (columnName) AGAINST ('word1, + word2, ..., + wordN'  -
IN BOOLEAN MODE;

The MATCH()function performs a search for a string or multiple words against a
text collection. A text collection is a set of one or more columns, which are included
in the FULLTEXT index. The words to be searched for are given as an argument
in the function AGAINST(). By default the search is case insensitive.

To measure the relevance of a row,MATCH()gives back a similarity measurement
between the search string and the text in that row. WhenMATCH()is used in aWHERE
clause, as shown in the preceding example, the rows returnedare automatically
sorted with the highest relevance �rst. Relevance values are non-negative 
oating-
point numbers. Zero relevance means no similarity. Relevance is computed based
on the number of words in the row, the number of unique words inthat row, the
total number of words in the collection, and the number of documents (rows) that
contain a particular word.

Further information about the functioning can be found on the web site of ON-
Lamp.com25 or the documentation of MySQL database for developers26.

ˆ content type
This is the content type of the content. At the moment, the only supported MIME
types aretext/html and text/plain . The information comes directly from the server,
where the page is downloaded from and is reserved for a later version of PISA,
which will most likely support MIME types like application/pdf, etc.

ˆ httpstatus
Sometimes the entries in index pages or search engines are outdated. Nevertheless
the downloaded content consists of data, which is a error message in that case. To
�lter out pages, which do not exist any more, the clean up program has just to
delete all entries, wherehttpstatus is not equal to 200.

ˆ ratedGood
To build up statistics, which pages the users like the most and which are not so

25http://www.onlamp.com/pub/a/onlamp/2003/06/26/fullt ext.html
26http://dev.mysql.com/doc/mysql/en/fulltext-search.h tml
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Table 2.7: pisastoredpages

Field Type Attributes NULL Default Extra
id BIGINT(20) UNSIGNED No auto increment
timestamp INT(10) UNSIGNED No 0
address TEXT No
content MEDIUMBLOB BINARY No
content type VARCHAR(20) No
httpstatus CHAR(3) No
ratedGood INT(10) UNSIGNED No 0
ratedBad INT(10) UNSIGNED No 0

popular, all "wanted"-rates from all users are added to thiscolumn. For instance,
this information could be used for ranking purposes, when the user searches pages
available in the cache.

ˆ ratedBad
Same purpose asratedGoodbut for the "unwanted"-rates.

2.5.5 pisa user

Table 2.8 is for the user pro�les. In this table all information regarding the user is stored.
If the user is new and no pro�le has been created yet, it is �lled up with standard values.
The lifetime for each entry is limited by the lifetime of the cookie, which is mandatory for
the usage of PISA. If the user cannot identify himself by the cookie, although he visited
PISA earlier, he is handled as a normal newcomer. In prede�ned periods of time, all
entries, which do not have been accessed within the lifetime, are deleted. That includes
the loss of eventually trained knowledge bases. (The lifetime can be changed in the �le
includes/constants.inc.php .)

ˆ userID
This is not the same as the foreign key in the other tables, where the foreign key
refers to the primary key of this table. This column ofpisa usercontains a 32 bytes
long string, which is unique for every user. With this string, one or more rows are
assigned to the visiting user depending on the pro�le mode (see section 2.4.1).

ˆ keyword
This column stores the keyword, if the user works with an API of a search engine.
Otherwise, the link to his own index page, which he wants to beevaluated, is stored
here.

ˆ �rstpage
This is the URI to the index page. Usually the address to the search engine API is
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saved in this column, but if the user wants to evaluated his own index page, then
�rstpage is equal tokeyword.

ˆ searchengine
An internal used abbreviation to distinguish among the supported search engines
and the search in own index pages.

ˆ algorithm
The algorithm the user wants to be used for evaluation. The learning algorithm
can be changed in the con�gurations. But this does not make sense, because the
knowledge bases are completely di�erent. So the new learning algorithm has to
start from the beginning. If the user would like to have more than one pro�le,
which can also be set in the con�gurations, the chosen learning algorithm cannot
be changed later.

ˆ lastaccessed
The last access time, which is identical with the access timeplus 30 days stored as
lifetime in the cookie. Every access and use of the user pro�le sets a new time.

ˆ indexPageContent
Once the user has chosen an index page, the content of this page is stored here for
caching purposes. This speeds up the access to PISA, becauseevery time, when
the user rated a page and is brought back to the index page, this page does not
have to be downloaded again. In addition, requests to the APIs of search engines
are limited and this method saves requests for more searchesof other users.

ˆ indexPageData
The tokenisation and calculation of the importance are verytime consuming. In
the case, the user wants to see a page without rating it, the importance does not
have to be calculated again. If the user works with his own index page, all links are
also stored here, so that theAnalyser (see section 2.4.7) does not have to �nd the
links again.

2.6 Examples of PISA operation

After introducing the 
ow of control and the used modules in PISA in the previous
chapters, it has to be determined, if it is possible to learn user preferences accurately. In
the �rst test, the API of the search engine of Yahoo! has been used. The second test
was much harder: the user had his own index page, which consisted of a link collection
to new articles. The goal was to create a pro�le, where only those articles get a high
importance that are related to topics of the Internet. The timings and prediction results
of both algorithms are compared for each test separately.

This section will also give examples about the behaviour andappearance of PISA.
When the user accesses the web page to use the service of PISA,he is directly brought



PISA 83

Table 2.8: pisauser

Field Type Attributes NULL Default Extra
id INT(10) UNSIGNED No auto increment
userID VARCHAR(32) No
keyword VARCHAR(250) No
�rstpage VARCHAR(255) No
searchengine VARCHAR(120) No
algorithm VARCHAR(15) No
lastaccessed INT(11) No 0
indexPageContent MEDIUMBLOB BINARY No
indexPageData TEXT No

to the form to start the search after the cookie check (see �gure 2.8). If he is new, his
pro�le is �lled with default settings and he can start immediately without understanding
the settings that can be made.

2.6.1 Accuracy

To see immediately, if the algorithm makes any progress in the learning phase, the ac-
curacy has been determined after almost every rating. The accuracy represents the
percentage of correctly classi�ed examples and is calculated as follows:

accuracy=
a + d

n

a is the number of positive classi�ed documents, which are really for the hot category. d
stands for the amount of negative classi�ed documents, which are for the categorycold.
n is the total amount of documents.

2.6.2 API of Yahoo!

Figure 2.8 shows the �rst page with the form in single-pro�lemode. Below the line, the
error messages are printed out, if anything went wrong.

If the user has selected the multi-pro�les mode, one drop down box is added to give
the opportunity to select a previously created pro�le or to create a new one by starting a
new search. In theCon�guration section all settings that were discussed in section 2.4.1
can be changed. A click onHelp o�ers the available topics in the help system, if the user
has any questions.

For the following screen shots, these settings have been used:

ˆ Algorithm:

{ Bayesian
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Figure 2.8: Entry page of PISA

{ BAYESWEIGHTis set to 1.

{ All tokens available are considered. The text that is tokenised, is not cut o�
after a speci�ed length.

ˆ Keyword: "halle". Halle is a town in Germany, but also the name of actress Halle
Berry. Assuming, the user searches for information about the town.

ˆ search engine: Yahoo! API

ˆ search o�ine content: o�

ˆ language: en

ˆ pro�le: single-pro�le mode

The result list coming from the API of Yahoo, is shown in �gure2.9. In the upper
right corner is a summarisation of the needed timings. The longest part was to download
the �le containing the results of the search engine, which took almost 8 seconds. This
is normal and depends on the load of the Internet connection.When the line is not
very busy, it just takes 3 seconds. The tokeniser and learning algorithm had nothing to
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Figure 2.9: Result list for "Halle" provided by Yahoo!
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do, because the knowledge base of the Bayes �lter is still empty. The meanings of the
symbols in the blue bar above each link from left to right:

ˆ Prob:
Shows the probability, if the user might like the link below.

No tokens of the description provided beneath each link has been found in the
knowledge base. The importance could not be calculated and therefore, all entries
are marked with -.--- .

ˆ Rated:
This symbol informs the user, if he has already rated the appropriate link. A gray
circle means that the user has not rated the page yet. A check mark indicates a
positive rate and a cross a negative rate by the current user.To avoid confusion,
these symbols are always grayed out compared to the following symbols, which act
as a link to rate pages.

ˆ The last two symbols allow the user to rate a page directly based on the description
without calling and downloading the next level page.

2.6.2.1 Search with Bayes

Assuming the user is searching for all kind of information about the German town "Halle"
in Saxony-Anhalt. In this example the used keyword "halle" is chosen very well, because
the �rst entries, which are related to the German town and forwhat the user is searching
for, are ranked 4th and 10th by the time of testing. The list contains more entries about
the actress "Halle Berry" than anything else. So the user is 
ooded with search results, in
which he is actually not interested. The following list gives an overview about all entries
and their regarding topics:

Table 2.9: Result list for halle without ratings (Yahoo
API, Bayes)

No Probability Rated Topic

1 -.- - - ž Symphony orchestra in Britain
2 -.- - - ž Actress Halle Berry
3 -.- - - ž Actress Halle Berry
4 -.- - - ž Wikipedia: German Town
5 -.- - - ž Actress Halle Berry
6 -.- - - ž Actress Halle Berry
7 -.- - - ž Description about Adam de la Halle
8 -.- - - ž Actress Halle Berry
9 -.- - - ž Actress Halle Berry

Continued on next page
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Table 2.9 { continued from previous page
No Probability Rated Topic
10 -.- - - ž Wikipedia: German town Halle, Saxony-Anhalt
11 -.- - - ž Actress Halle Berry
12 -.- - - ž Library in Halle
13 -.- - - ž Actress Halle Berry
14 -.- - - ž Leipzig/Halle Airport (
ight numbers)
15 -.- - - ž Halle Brass (Music related)
16 -.- - - ž Learning Centre near Halle Avenue
17 -.- - - ž Actress Halle Berry
18 -.- - - ž Virtual Middle East Library in Halle
19 -.- - - ž The Velvet Hammer Berlusque
20 -.- - - ž Actress Halle Berry
21 -.- - - ž Actress Halle Berry
22 -.- - - ž Symphony orchestra in Britain
23 -.- - - ž Actress Halle Berry
24 -.- - - ž Actress Halle Berry
25 -.- - - ž Fashion Online Shop
26 -.- - - ž Actress Halle Berry
27 -.- - - ž Martin-Luther University in Halle, Germany
28 -.- - - ž Actress Halle Berry
29 -.- - - ž Actress Halle Berry
30 -.- - - ž Actress Halle Berry
31 -.- - - ž Information about Protein Folding
32 -.- - - ž Actress Halle Berry
33 -.- - - ž Actress Halle Berry
34 -.- - - ž Actress Halle Berry
35 -.- - - ž Actress Halle Berry
36 -.- - - ž Actress Halle Berry
37 -.- - - ž Actress Halle Berry
38 -.- - - ž Halle/Leipzig Airport (German Railway)
39 -.- - - ž Actress Halle Berry
40 -.- - - ž Actress Halle Berry
41 -.- - - ž Actress Halle Berry
42 -.- - - ž Actress Halle Berry
43 -.- - - ž Lyrics of Halle, Halle, Hallelujah
44 -.- - - ž Actress Halle Berry
45 -.- - - ž Actress Halle Berry
46 -.- - - ž Hotels and accommodation in Halle
47 -.- - - ž Library in Halle
48 -.- - - ž Actress Halle Berry

Continued on next page
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Table 2.9 { continued from previous page
No Probability Rated Topic
49 -.- - - ž Encyclopedia.com: Halle, Sir Charles
50 -.- - - ž Actress Halle Berry

Usually a user starts to read the abstract descriptions fromthe top and rates the
o�ered links in the same order. The �rst entry is about a symphony orchestra in Britain
and the user rates this link for the categorycold. By rating, the importance of all other
links also change and they are updated automatically with one exception: The Bayesian
algorithm cannot calculate any importance as long as there is not at least one rate for
each category (see the denominatorsnbad and ngoodin the fractions of formula 2.3 on
page 54). Table 2.10 shows the calculated results after the user has also rated the 4th

entry about Halle in Germany, in which he is interested.
At the bottom of each table is located a summarisation about the accuracy, correct

evaluated links, false positives, and false negatives. False positives are links, which are
sorted in the categoryhot, although they belong to the other category, because their topic
is not related to the town in Germany. False negatives are links, which are sorted into
the cold category, but they belong to the categoryhot.

Table 2.10: Result list forhallewith the �rst two ratings
for Bayesian algorithm (Yahoo API)

No Probability Rated Topic
1 0.000 � Symphony orchestra in Britain
2 0.990 ž Actress Halle Berry
3 -.- - - ž Actress Halle Berry
4 1.000 X Wikipedia: German Town
5 -.- - - ž Actress Halle Berry
6 0.990 ž Actress Halle Berry
7 1.000 ž Description about Adam de la Halle
8 0.990 ž Actress Halle Berry
9 0.990 ž Actress Halle Berry
10 1.000 ž Wikipedia: German town Halle, Saxony-Anhalt
11 0.990 ž Actress Halle Berry
12 0.990 ž Library in Halle
13 0.990 ž Actress Halle Berry
14 0.990 ž Leipzig/Halle Airport (
ight numbers)
15 0.000 ž Halle Brass (Music related)
16 0.990 ž Learning Centre near Halle Avenue

Continued on next page
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Table 2.10 { continued from previous page
No Probability Rated Topic
17 0.990 ž Actress Halle Berry
18 1.000 ž Virtual Middle East Library in Halle
19 -.- - - ž The Velvet Hammer Berlusque
20 1.000 ž Actress Halle Berry
21 0.990 ž Actress Halle Berry
22 0.000 ž Symphony orchestra in Britain
23 0.990 ž Actress Halle Berry
24 0.990 ž Actress Halle Berry
25 -.- - - ž Fashion Online Shop
26 0.990 ž Actress Halle Berry
27 1.000 ž Martin-Luther University in Halle, Germany
28 0.990 ž Actress Halle Berry
29 0.990 ž Actress Halle Berry
30 0.990 ž Actress Halle Berry
31 -.- - - ž Information about Protein Folding
32 0.990 ž Actress Halle Berry
33 0.990 ž Actress Halle Berry
34 0.990 ž Actress Halle Berry
35 0.990 ž Actress Halle Berry
36 0.990 ž Actress Halle Berry
37 0.990 ž Actress Halle Berry
38 1.000 ž Halle/Leipzig Airport (German Railway)
39 0.990 ž Actress Halle Berry
40 0.990 ž Actress Halle Berry
41 0.990 ž Actress Halle Berry
42 0.990 ž Actress Halle Berry
43 0.500 ž lyrics of Halle, Halle, Hallelujah
44 -.- - - ž Actress Halle Berry
45 0.990 ž Actress Halle Berry
46 1.000 ž Hotels and accommodation in Halle
47 0.990 ž Library in Halle
48 0.990 ž Actress Halle Berry
49 0.000 ž Encyclopedia.com: Halle, Sir Charles
50 0.990 ž Actress Halle Berry

Correct calculated 19
False Positives 31

False Negatives |
Accuracy 38%
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Now the user sees that almost all entries have a high probability and he rates the next
entry, which is related to the actress Halle Berry, in which he is not interested either. So
he rates the second entry for the categorycold (see table 2.11 and �gure 2.10).

Table 2.11: Result list forhalleafter three ratings (Yahoo
API, Bayes)

No Probability Rated Topic

1 0.000 � Symphony orchestra in Britain
2 0.000 � Actress Halle Berry
3 0.000 ž Actress Halle Berry
4 1.000 X Wikipedia: German Town
5 0.010 ž Actress Halle Berry
6 0.010 ž Actress Halle Berry
7 0.990 ž Description about Adam de la Halle
8 0.010 ž Actress Halle Berry
9 0.010 ž Actress Halle Berry
10 1.000 ž Wikipedia: German town Halle, Saxony-Anhalt
11 0.000 ž Actress Halle Berry
12 0.500 ž Library in Halle
13 0.000 ž Actress Halle Berry
14 0.500 ž Leipzig/Halle Airport (
ight numbers)
15 0.000 ž Halle Brass (Music related)
16 0.500 ž Learning Centre near Halle Avenue
17 0.000 ž Actress Halle Berry
18 0.990 ž Virtual Middle East Library in Halle
19 -.- - - ž The Velvet Hammer Berlusque
20 0.010 ž Actress Halle Berry
21 0.010 ž Actress Halle Berry
22 0.000 ž Symphony orchestra in Britain
23 0.010 ž Actress Halle Berry
24 0.010 ž Actress Halle Berry
25 -.- - - ž Fashion Online Shop
26 0.010 ž Actress Halle Berry
27 0.990 ž Martin-Luther University in Halle, Germany
28 0.010 ž Actress Halle Berry
29 0.010 ž Actress Halle Berry
30 0.000 ž Actress Halle Berry
31 -.- - - ž Information about Protein Folding
32 0.010 ž Actress Halle Berry
33 0.000 ž Actress Halle Berry

Continued on next page
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Table 2.11 { continued from previous page
No Probability Rated Topic
34 0.000 ž Actress Halle Berry
35 0.010 ž Actress Halle Berry
36 0.010 ž Actress Halle Berry
37 0.000 ž Actress Halle Berry
38 0.990 ž Halle/Leipzig Airport (German Railway)
39 0.010 ž Actress Halle Berry
40 0.000 ž Actress Halle Berry
41 0.010 ž Actress Halle Berry
42 0.000 ž Actress Halle Berry
43 0.010 ž Lyrics of Halle, Halle, Hallelujah
44 0.000 ž Actress Halle Berry
45 0.010 ž Actress Halle Berry
46 0.990 ž Hotels and accommodation in Halle
47 0.500 ž Library in Halle
48 0.010 ž Actress Halle Berry
49 0.000 ž Encyclopedia.com: Halle, Sir Charles
50 0.010 ž Actress Halle Berry

Correct calculated 48
False Positives 2

False Negatives |
Accuracy 96%

The accuracy of 96% is surprisingly high, but further tests with other keywords showed
similar results. Due to the in�nite amount of test cases, thedescription of all results in
detail would be to much for this paper and I leave it to the reader to convince himself
about the improved search capabilities.

After the third rate, there are still 3 entries left, which could not be rated. The topics
of the 19th , 25th , and 31st entry di�er from the others and the tokens in the descriptions
of these three not calculated entries do not occur in the other descriptions. For accuracy,
the probability of these entries are set to 0. If the tokens donot occur in positive rated
descriptions, the links are most likely not important to theuser. After only three ratings,
a high probability has been assigned to all entries, which seem to be important to the
user, and there are not any further ratings needed.

The user rated the fourth entry for the categoryhot. Automatically, the 10th entry
gets also a high probability. Interesting is the fact that the 38th entry about, how to get
to the airport Leipzig/Halle by train, has a high importance, whereas the entry, which
contains 
ight numbers and is ranked 14th in the result list has just a neutral importance.
The reason for this behaviour is mainly the numbers in the link description. As mentioned
before, each token, which does not occur in the knowledge base is assigned to a neutral
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Figure 2.10: Two ratings in the result list
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probability. If there is a single token of the description for this link available in the
knowledge base, the probability can be generally calculated. Due to the lack of numbers
in the knowledge base, because no rated entry contained numbers so far, all numbers
have the neutral probability of 0.5, which dominates the calculation.

The Bayes �lter is often used to predict the probability of Spam. There are two
di�erent possibilities: Either an email is Spam or it is Ham.This strict sorting behaviour
can also be observed in this example. Either an entry has a very high probability that
the link might be important to the user, or a very low one. There are just a few entries
with a probability around 0.5, which represents a neutral importance and it is unsure, to
which category the entry belongs.

It is unknown, how these results change, if the same knowledge base is used for another
search with a di�erent keyword. Usually the user knows exactly, what he wants and he
tries to minimise unwanted links coming from the search engine. One way to have less
links, which do not refer to the wanted topic, is to de�ne the keywords as precisely as
possible. Some search engines even support boolean expressions to de�ne e.g. words,
which must not occur in the result list. In general the behaviour of using an existing
knowledge base for another and unknown result list can be seen in section 2.6.3. It is
not a result list of a search engine, but a link collection of anews service, which changes
during two days completely. With an existing knowledge base, the algorithms are tested
in this unknown environment.

2.6.2.2 Search with TF-IDF

The next example shows almost the same result list, but this time the learning algorithm
of TF-IDF was used. For the result list in table 2.12 after theforth rate, the following
settings have been made:

ˆ Algorithm:

{ TF-IDF

{ All tokens available are considered. The text is not cut o� after a speci�ed
length.

ˆ Keyword: "halle"

ˆ search engine: Yahoo! API

ˆ search o�ine content: o�

ˆ language: en

ˆ pro�le: single-pro�le mode



94 PISA

Table 2.12: Result list of PISA after four ratings (TF-
IDF)

No Category Rated Topic

1 0.500 ž Symphony orchestra in Britain
2 0.000 � Actress Halle Berry
3 0.500 ž Actress Halle Berry
4 1.000 X Wikipedia: German Town
5 0.500 ž Actress Halle Berry
6 0.000 ž Actress Halle Berry
7 1.000 ž Description about Adam de la Halle
8 0.000 ž Actress Halle Berry
9 0.000 ž Actress Halle Berry
10 1.000 ž Leipzig/Halle Airport (
ight numbers)
11 1.000 ž Wikipedia: German town Halle, Saxony-Anhalt
12 0.000 ž Actress Halle Berry
13 1.000 ž Library in Halle
14 0.000 ž Actress Halle Berry
15 0.500 ž Halle brass (Music related)
16 1.000 ž Learning Centre near Halle Avenue
17 0.000 ž Actress Halle Berry
18 1.000 ž Virtual Middle East Library in Halle
19 0.500 ž The Velvet Hammer Berlusque
20 0.000 ž Actress Halle Berry
21 0.000 ž Actress Halle Berry
22 0.500 ž Symphony orchestra in Britain
23 0.000 ž Actress Halle Berry
24 0.000 ž Actress Halle Berry
25 0.500 ž Fashion Online Shop
26 0.000 ž Actress Halle Berry
27 1.000 ž Martin-Luther University in Halle, Germany
28 0.000 ž Actress Halle Berry
29 0.000 ž Actress Halle Berry
30 0.000 ž Actress Halle Berry
31 0.500 ž Information about Protein Folding
32 0.000 ž Actress Halle Berry
33 0.000 ž Actress Halle Berry
34 0.000 ž Actress Halle Berry
35 0.000 ž Actress Halle Berry
36 0.000 ž Actress Halle Berry
37 0.000 ž Actress Halle Berry

Continued on next page
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Table 2.12 { continued from previous page
No Category Rated Topic
38 1.000 ž Halle/Leipzig Airport (German Railway)
39 0.000 ž Actress Halle Berry
40 0.000 ž Actress Halle Berry
41 0.000 ž Actress Halle Berry
42 0.000 ž Actress Halle Berry
43 1.000 ž Lyrics of Halle, Halle, Hallelujah
44 0.500 ž Actress Halle Berry
45 0.000 ž Actress Halle Berry
46 1.000 X Hotels and accommodation in Halle
47 1.000 ž Library in Halle
48 0.000 ž Britannica Student Encyclopedia: Actress Halle Berry
49 0.000 � Encyclopedia Britannica: Actress Halle Berry
50 0.000 ž Actress Halle Berry

Correct calculated 38
False Positives 12

False Negatives |
Accuracy 76%

If the angles between both prototype vectors and the examplevector are the same,
0.500 is given back by the evaluation method. If these entries are considered to belong
to the cold category, the accuracy raises to 94% (47 correct, 3 false positives). In fact,
0.500 is displayed in yellow colour, what looks suspicious to the user, while red coloured
numbers are skipped almost automatically.

The order of the result list, which is not in
uenceable, has changed during the switch
of the learning algorithm. In this list, there are the three special entries ranked 19th ,
25th , and 31st again, which marked this time with a probability of 0.500, because their
tokens do not exist in the knowledge base and the angles� and � are equal. Although
there are just a few ratings, the calculated importance hitsalmost everywhere the user's
interest. All entries about Halle Berry are less than 0.5, most of them are equal to 0.
Only these entries, which have nothing to do with the actress, have a higher importance.
In the list are still 3 false positives, which show a high importance, but are sorted into
the wrong category: the 7th entry about the musician Adam de la Halle, who is just in
the result list, because of his name, the 16th entry with a list of directions mentioning
a Halle Avenue, and lyrics about the songHalle, Halle, Hallelujah(43rd entry). Except
the lyrics, all false positives have been rated in the same way by the Bayesian algorithm.
Unfortunately, the last entry about Sir Charles Halle did not occur any more in the result
list. The calculated importance of this entry would have been interesting.

TF-IDF is stricter than the Bayes �lter, due to the reduced three options of returned
results: either a document belongs to a category or not or it cannot be said for certain.
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There is no value or probability in between.

2.6.3 Rating of own Index Pages

If the user does not want to search with the API provided by search engine, he can let
PISA calculate the importance of links of his own index page.In �gure 2.11 on page 97
is shown the index page of the German news serviceheise. All its articles are related to
a topic about computers, technical innovations and events in the world of computers. In
this example, the user tries to train the learning algorithmto give those topics, which
cover issues about the Internet, a higher probability than all other topics. This could be
hard for the algorithms, because the topics are related to each other, which can cause
that more ratings are needed than usual.

In the �gure (2.11) the control buttons for the index page arealso visible. All links
start with [-.---] to inform the user that the importance of the following link could
not be calculated, because the knowledge base is still empty. The same symbols are used
so that the user does not have to learn any new symbols and their meanings. In the
upper right corner, the needed time for download, calculation, etc. is displayed again.
The download of the next level pages took almost 2 minutes for2MB, because all next
level pages have to be loaded from the server since no abstract description is available for
PISA. To improve the download timings, PISA can be optimisedto read the descriptions
below every headline, so that the download of the next level pages is not longer necessary.
But then this does only work for this particular page.

Figure 2.12 shows a next level page. Again the buttons to control PISA and to rate
pages are visible. If an own index page is used, the user has tocall the next level page to
rate it. Otherwise, an insertion of the rate controls can mess up the index page, which is
already not very good-looking, because of the inserted numbers for the probability.

Depending on the habits of the learning algorithm, the user can click and rate in a
di�erent sequence. This test tries to compare the e�ciency of the algorithms based on a
natural behaviour of the user. The index page contains at least 25 links, which refer to
articles and only these links are rated. The user is not interested in any other services of
this publisher nor in any o�ers made by advertisements.

2.6.3.1 Index Page with Bayes

The used settings of the Bayesian algorithm have not changedsince the last testing with
the Yahoo API. But the optimisation of the Tokeniserhas been switched over to German
to �lter out German stop words. Table 2.13 gives an overview about the topics and if
these topics are related to any subjects about the Internet.

Table 2.14 shows, what entry has been rated and the results ofthe following recal-
culation of importance. ColumnRates shows the number of rates so far, whereasLink
No represents the link, which has been rated in the current row.The results of this rate
are shown in the next row. If the link is about a topic of interest, the rate is for the hot
category. If not, it is a rate for the cold one. FP stands forfalse positivesand FN is the
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Figure 2.11: Use of an own index page (http://www.heise.de) without any ratings yet
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Figure 2.12: Next level page with control buttons
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Table 2.13: Headlines ofhttp://www.heise.de

No Related? Topic
1 � Flashback and comments about last week
2 � Games Convention shall stay in Leipzig
3 � c't: Windows emergency CD
4 � Beta 3 of Ubuntu released
5 � Bio PII: Biometry in test
6 � Linux notebooks available from HP
7 � AMD subnotebook available at Tchibo for 1000 Euros
8 � New drivers and BIOS versions
9 � NASA postpones next shuttle start till March 2006
10 � Higher nominal charge for the trademark Linux
11 � Source code of Quake 3 available
12 X Opposition is 4 years too slow regarding Internet services
13 � Software for do-it-yourself in Hollywood
14 X More Internet frauds, but also higher clearance ratio
15 X .de domains reach mark of 9 millions
16 � Apple plays with the time in a new game
17 � GC family: learning with fun
18 X Dedicated IP telephony: VoIP for companies
19 � School in the US replaces books with laptops
20 � Already 56,000 visitors counted on Games Convention
21 X First draft of RSS 3
22 � Thomson Financial buys web cast specialist neTVision
23 X DVDShrink searches for a new host
24 X Belarus: KGB against Internet caricatures
25 � Elitegroup shuts down own notebook distribution
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Table 2.14: Results of ratings ofhttp://www.heise.de (Bayes)

Rates Link No correct FP FN Time [s] Accuracy [%]
0 2 | | | 0.0 |
1 14 | | | 0.0 |
2 1 10 15 | 0.7 40
3 3 18 6 1 0.8 72
4 5 18 6 1 0.7 72
5 8 17 5 3 0.7 68
6 6 19 2 4 0.9 76
7 21 19 1 5 1.4 76
8 12 20 2 3 0.8 80
9 10 21 1 3 0.9 84
10 23 | 2 1.1 92

Table 2.15: Accuracy for unknown topics inhttp://www.heise.de(Bayes)

Call Rates so far correct FP FN Accuracy [%]
1 10 24 8 3 69
2 34 21 | 4 84
3 68 23 1 1 92
4 85 32 7 | 82
5 93 21 | 4 84

abbreviation for false negatives. Time displays the needed time for the calculation of all
importance. As a threshold the neutral probability of 0.5 has been used: all importance
greater than or equal to 0.5 are considered to be of the user'sinterest.

Although the size of the knowledge base grows steadily, the calculation time does not
increase noticeable. The most time is needed, when the documents have to be evaluated
and their probabilities have to be calculated. The probabilities are stored in a cache to
avoid any slow database communication and recalculation. As long as the instance of the
object Algorithm is not destroyed, the cache is available. After 10 ratings, the results got
worse and a lot of false positives occurred again. Especially the entries about any Linux
topic regain a high importance, although they are rated for the cold category.

The links of heise.dechange almost every day and new replace the old ones. In
the preceding example, the Bayesian algorithm has been trained to give Internet related
topics a high probability. But how does the algorithm react,if the entries are new and
unknown? The detection rate and accuracy is shown in table 2.15. The index page is
only recalled, if all entries have been replaced. All links that have been classi�ed into the
wrong category, have been rated again to train the algorithmand to raise the accuracy.

A lot of rates have been necessary to receive satisfying results. The reason could be
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Table 2.16: Results of ratings ofhttp://www.heise.de(TF-IDF)

Rates Link No correct FP FN Time [s] Accuracy [%]
0 2 | | | 0.7 |
1 14 18 | 7 3.0 72
2 3 10 15 | 4.9 40
3 15 19 | 6 5.4 76
4 1 11 14 | 5.2 44
5 4 16 7 2 6.7 64
6 18 20 | 5 6.9 80
7 6 19 4 2 7.1 76
8 23 21 | 4 7.3 84
9 8 22 2 1 7.5 88
10 11 18 6 1 12.7 72
11 22 23 1 1 9.2 92
12 24 | 1 9.2 96

the layout of the next level pages. Each next level page had onthe left and right side a
bar �lled with links to other pages (see �gure 2.12). These bars were always the same
and their in
uence in the beginning of the calculation couldbe enormous. For the user
it is obvious that the bars are not important to him. But the Tokeniser and learning
algorithm do not have this information. Therefore, for later ratings and tests ofheise.de
the amount of signi�cant tokens used for calculation has been changed to the maximum
NUMOFINTEREST. All tokens and not only the 15 most signi�cant ones are used.

2.6.3.2 Index Page with TF-IDF

The same index page is also rated by the TF-IDF algorithm (seetable 2.16). This algo-
rithm needs one more rating to get the same satisfying results. Another di�erence between
Bayesian algorithm and TF-IDF is the signi�cant longer calculation time, because of the
determination of all weights with a complex and costly formula.

Like the Bayesian algorithm, TF-IDF has been tested, how it reacts, if it has to
face new and unknown topics. Table 2.17 gives an overview about the detection rate.
To compare the di�erent reactions of TF-IDF and Bayesian algorithm, always the same
index page has been examined. All links that were classi�ed into the wrong category,
have been corrected.

The accuracy of TF-IDF is a little bit lower compared to the Bayesian algorithm. But,
on the other hand, the number of rates needed to adapt TF-IDF to the new situation
with unknown links are much less. Another di�erence betweenTF-IDF and Bayesian
is the time needed for calculation of the importance. While Bayesian is quite fast with
calculation timings below 9 seconds after 93 ratings, TF-IDF needs almost 25 to 30
seconds till the index page is displayed, due to the costly formula. The advantage of
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Table 2.17: Accuracy for unknown topics inhttp://www.heise.de(TF-IDF)

Call Rates so far correct FP FN Accuracy [%]
1 12 19 | 16 54
2 30 19 5 1 76
3 39 11 14 | 44
4 45 29 7 3 74
5 53 21 1 3 84

TF-IDF is the fast adaption to new situations on the cost of a lower accuracy and higher
calculation time.

2.7 Conclusion

Although PISA can be used for rating an own index page, the learning algorithms are not
very e�cient for this kind of operation. The reason for the amount of needed rates could
be that the topics of the news service are sometimes very close together. For instance, an
article about the software company "Opera", which producesalso a browser called the
same, was about its business volume and pro�ts. Could this beof the user's interest?
This question is hard to answer, even for the user.

While implementing PISA, new ideas, how to improve this program came up. Many
improvements can be made inTokeniser. It can be adapted to more languages and the
list of stop words can be completed. Also an enhancement could be that Tokeniser can
recognise di�erent HTML styles like headlines, etc. and give those tokens another weight.
But this can only be used, if the user wants to rate his own index page and not links
of the search engine API. The amount of tokens in the descriptions of the API is so low
that a weighting could make things worse.

In the planning phase of PISA there was a variable calledmaxLinkDepth, which is
still implemented in the object User. This variable should be an integer, which de�nes,
how many levels of links can be examined by PISA to calculate the importance of the
link in the index page. The problem of having such a feature isthat it needs a lot of
bandwidth and the user has to wait even a longer time. But withthis variable, the links
in the next level page could also be rated immediately, because the next-next level pages
have been already downloaded and are available in the cache.Then the user is able to
"walk" through the di�erent levels and he would �nd only pages and links of interest.

PISA is implemented as a stand-alone application. But it is easy to integrate it directly
into a front-end of a search engine provider like Google, Lycos or Yahoo. The big providers
have a lot of resources for calculation and storage of all kind of pages. With this back-end
and the fast connection among the multiple servers and to theInternet, gathering and
rating of pages would not be a problem any more. During the implementation of PISA
and writing of this paper, Google and Yahoo came up with new techniques to improve
search results. For instance Google allows to narrow the search to preselected categories
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or to remove single entries of the list27. This is not yet an intelligent method to improve
searches like the one provided by PISA, but it shows the trendthat personalised search
results are needed and will be most likely implemented in thenear future.

Due to the information available in the Internet grows with everyday and the crawlers
need to examine more and more domains, the users are 
ooded with information. In
fact, in August 2005, Yahoo announced that they have indexed19.2 billion web pages,
1.6 billion images and more than 50 million audio and video �les28. At the end of the
year 2004, the index of Google contained only 8 billion pages29, which is still a lot of data.
To �lter out, what content the user really likes, is one of thelast and biggest problems
of the search engine providers. PISA should be a draft, if a rating with existing learning
algorithms can be accomplished in a reasonable time.
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