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Y our Web page isinvisible to most people who search the Web. Y ou are probably already
aware of this. The days of being first in the results set list of any given search engine are over.
Someone else beat you to it. Y ou know you should care, but you have no idea how to remedy the
situation. And based on some of the junk you’ ve seen search engines throw back at you in reply to
what you consider reasonable queries, the situation looks hopeless. And in fact, it may be very
difficult for you to claw your way back to the top of any given results set at asite like AltaVista or
Go.com.

This paper outlines afew important trends in Web searching technology, and exposes the inner
workings of asimple but sophisticated search engine written in Java. It also outlines a standard for
describing search engine interfaces, around which it is relatively simple to build a metasearch tool
that can be used to classify and query collections of search engines based on the types of content
they index.

Hypertext is made for browsing, but increasingly the Web is a search tool asmuch asitisa
hypertext document repository. Functional domain names (such as search.com, personalization.com,
etc.) sometimes lead to useful resources, but more often than not they’ ve been appropriated by
commercia entities looking to sell a specific product. E-commerce is taking the Web by storm, but
it doesn’t always result in objective, information-rich resources for the end user. People want
information. They don’t always have hours to invest in exploring hypertext document collections
that might ultimately provide great depth of coverage on a particular topic, but only if you follow the
right path. They want to ask a question and get an answer.

Users want to search the Web. Virtually any searchable collection of data can be easily made
accessible through asimple HTML form, and many already have. Those that are not are usually
unavailable for non-technical reasons such as alack of a mechanism for protecting the intellectual
content or ensuring proper use. While the capabilities and results presentations of different search
engines may vary, such services are maturing quickly. Technologies such as Java and JavaScript
allow sophisticated, stateful search services to be provided with all the capabilities that were once
only available in custom, proprietary clients. Fundamental similaritiesin the interfaces of search
systems are allowing devel opers to implement mechanisms such as Apple’' s Sherlock to allow users
to perform multiple site searchesin parallel. Free search engines are allowing more and more
websites to index their content. But like the websites themselves, there is a definite need for
someone to help users sort through the options and select good quality resources.

Searching on the Web is still defined as much by what isindexed as by what isnot. There are some
interesting trends in the field of Web searching and some worrisome trends. With Apple's
introduction of Sherlock, metasearching has stepped onto the desktop in abig way. Metasearching
and federated searching seem to be the most promising devel opments in the realm of search engines.
Individual search sites all face the same problem: they cannot index everything on the Web. So by
applying sometimes secret, proprietary rules to the act of collecting and indexing documents, sites



manage to present the appearance of completeness. But the truth of the matter isthat in order to
index every site on the Web, at |east some information about each site would have to be gathered
and indexed on aregular basis. No technology yet has managed to entirely eliminate the need for
some type of reconstructible representation of the indexed document to exist on the search server.
Capturing the “soul” of adocument and applying qualitative attributes as well as author-provided
metadata renders the document locatable. The problem with this system is that over-dependence on
author-provided metadata can cause problems. Some authors will mis-represent their content in
order to ensure higher visibility, even going so far asto “spoof” search engines with keywords
describing competitors or unrelated services. Ethical or not, thisis abig problem for Web search
engines. Human-mediated portal sites such as Y ahoo are still the only sure-fire solutions to this
problem.

Search Engines

Search engines themselves are available in many different implementations. Many are
derived from the vector space search model, initially described by Gerard Salton. In its simplest
form, the vector space search engine consists of aword set that encompasses al the wordsin all of
the documents in an indexed collection. This collection represents a vector, which isaline with an
n-dimensional endpoint, where n corresponds to the number of documentsin the collection. For
example, if you had only three words in your document set, the endpoint of the vector for your word
set would have an x, y and z coordinate. Each coordinate value corresponds to the number of times
each word occursin all of the documents. A similar vector also represents each document. So
searches themselves are converted to vectors, and the most similar vectors to the search vector
represent the best matches in the document collection. The beauty of this system is the ease with
which relevance searches can be constructed. If you want more documents like one that showed up
in your document set, the vector representing that document already exists, so it is simply converted
into aquery. Below isthe equation that you would use to compare two document matricesu and v
(we'll use thisformulato build a search engine a bit later!):
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Each matrix contains a single column of data. Each row represents aword in the collection of words
that make up the documents represented by u and v. The value in each row contains an integer
value of O or greater that corresponds to the number of occurrences of that particular word in the
document. Y ou can then convert each document matrix into avector. When this vector is plotted,
the end point coordinates correspond to the valuesin the matrix. For example, the integer valuein
row 1 represents the coordinate position on the x-axis; the value in row 2 represents the coordinate
position on the y-axis, etc. The cosine of theta is the angle between those two vectors. And the
smaller thisvalueis, the more similar the two documents are!

At the lower end of the search engine spectrum are brute force text scanners that do not build
indexes. Many Web sites use these sorts of search engines. They are often based on or derived from
system tools originally developed for UNIX such as grep. They tend to work fairly well for small
document sets, providing basic single or multi-word case-insensitive query capabilities. But asa



document collection grows, it takes longer for a search to be completed. A further drawback is that
it isdifficult to search content spanning multiple formats with text scanning software, whereas most
programs that build indexes of a document collection usually perform some type of format
conversion during the indexing process. In the end, text scanner-style search engines simply do not
scale.

By contrast, vector space search engines can scale nicely. Since they represent documents as
compact integer matrices, the storage requirements for the index are afraction of the storage
required for the document set. And while vector space search engines do not directly solve the
problem of indexing distributed document collections, their efficiency makes it amore easily
solvable problem.

So let’ stake alook at the inner workings of asimple vector space search engine. The following Java
application builds an index of a set of documents by representing each document as an n-
dimensional vector. To improve performance, it aso uses a configurable stop-word list to toss out
articles and other common words. The first class we will 100k at is one representing an indexed
document in memory. The class, docMatrix, contains the contents of a document, and can compare
itself to another matrix (such as aquery matrix). Since this comparison involves linear algebra
functions to determine the angle between the document represented by this instance and some other
document (a query), this class contains the mathematical meat of the application:

i mport java.util.*;
i mport java.io.*;
i mport java.lang.*;

/**
* docMatrix is a vector representing a single docunent identified
* py filenane, in n-dinensions. Each colum in the matrix represents
* the nunmber of times a specific word appears in this docunent.
* |t can extend itself, increnent the value in a specific colum and
* performcalculations to conpare itself to another vector.
* I nplements serializable interface so that instances of this class can
* be saved to a file.
*
* @ut hor Janmes Powel |, jpowell @t.edu
* @ersion 1.0
*
/

public class docMatrix inplenents Serializable {
private Vector wordVector;
private String fil enaneg;

/**

* This constructor creates a new, enpty matri x (Vector java type)
*/

public docMatrix() {
wor dVect or =new Vector () ;

/**
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public docMatrix(int startSize) {
wor dVect or =new Vect or (startSi ze);

}
/**
* adds one to the integer value found at el enent
*
* @aram el emrent el ement to be increnented
*/
public void increment Matri xEl ement Val ueAt (i nt el ement) {
I nt eger current Val ue=new
I nteger ((String)wordVector. el ement At (el enent));
i nt currentVal =current Val ue. i nt Val ue();
String newal ue=String. val ueO (current Val +1);
wor dVect or. set El enent At (( Qbj ect) (newval ue), el enent);

}
/**

* finds and returns integer value at el enent
*
* @aram el ement el ement to be | ooked up
* @eturn an integer representing the value of the el ement requested
*
/
public int getMatrixEl enentVal ueAt (int el ement) {
if (el enment>=wordVector.size()) {
return O;
} else {
I nt eger current Val ue=new
I nteger ((String)wordVector. el ement At (el enent));
return currentVal ue.intVal ue();

}
}

/**

* extends the matrix (java Vector) by one elenent, and inserts a 0
*/

public void extendMatrix() {

String newval ue=String. val ued (0);
wor dVect or . addEl enent ( ( Obj ect ) newval ue) ;

}
/**

* inspects itself and returns current size of matrix
* @eturn an integer representing the size of the matrix

*/
public int showSi ze() {
return wordVector. size();

}
/**
* displays to the console the contents of the matrix (primarily
* for debuggi ng)
*/
public void showvatrix() {
System out. println(wordVector.toString());




4* set the filenane field value for this instance of docMatrix
* (perhaps this should be perfornmed by constructor?)

* @aram filenane file being described by this matrix
*/
public void setFilename(String fil enameParam {
fil ename=fil enamePar am
}

/**

* inspects itself and returns the filenane of the file represented
* by this matrix
*
* @eturn string containing filenane field of this instance of
* docMatri x
*/
public String showFil enane() ({
return fil enane;

/*

* cal cul ate angl e between this vector and anot her vector

* angle is inverse cosine of the dot product of two matrices divided
* by the product of the length of the sane nmatrices
*

*

*

*

@ar am vMatrix docMatrix instance describing another document
vect or
@eturn double numeric value representing the angle in degrees
* between these two vectors
*/
public doubl e cal cul at eAngl e (dochMatrix viMatrix) {
doubl e t het a=0. 0;
docMatri x uMatri x=this;
docMatri x u=nul |

docMatri x v=nul |

if (uMatrix.showSi ze()>vMatrix.showSi ze()) {
u=uMatri x;
v=vMatri x. padMvatri x(vMatri x, uMatri x. showSi ze());
} else {

if (vMatrix.showSi ze()>uMatri x. showSi ze()) {
v=vMat ri x;
u=uMat ri x. padMatri x(uMatrix, vMatri x. showSi ze());
} else {
u=uMatri x;
v=vMat ri x;

H}

doubl e udot v=cal cul at eDot Pr oduct (u, v);
/1 Systemout.println("Dot Product was "+udotv);
doubl e nor muv=cal cul at eNor m( u) *cal cul at eNor m{v) ;
/1 Systemout.println("Normwas "+nornuv);
i f (nornmuv>0)

t het a=Mat h. acos(udot v/ nor muv) ;
} else {




} égfhéﬁggpé ;ETOEEgrees(theta);

/
convert a value in radians to degrees

*
*
*
* @aram radi anVal ue doubl e numeric val ue in radians
* @eturn double nuneric value converted to degrees

*

public doubl e convert ToDegrees(doubl e radi anval ue) {
doubl e degr ees;
degr ees=r adi anVal ue*(180/ Mat h. PI) ;
return degrees;

}
/**

* cal cul ate dot product of two vectors (sum of the product of

* each corresponding matrix el ement

*

* @aram u docMatri x instance describing a docunent vector
* @par am v docMatri x instance describing a document vector

*

@eturn double nureric value representing dot product of u and v
*/
publ i c doubl e cal cul at eDot Product (docMatrix u, dochMatrix v) {

int count, u_.n, v_n;

doubl e dot Product =0;

for (count=1; count<u.showSize(); count++) {
u_n=u. get Mat ri xEl enent Val ueAt (count);
v_n=v. get Mat ri XEl enent Val ueAt (count);
dot Pr oduct =dot Product +(u_n*v_n);

return dot Product;

/**

* calculate the length of a vector
*
* @aram X docMatri x instance describing a docunent vector
* @eturn double nuneric value representing the |l ength of vector x
*/
public doubl e cal cul at eNorn{docMatrix x) {
int count, x_n;
doubl e nor me0;
for (count=1; count<x.showSize(); count++) {
X_n=x. get Matri XEl emrent Val ueAt (count);
nor m=nor m-Mat h. pow(x_n, 2);

}
nor meMat h. sqrt (norm;
return norm

}
/**

* extend this instance of docMatrix so that it has the sanme nunber
* of elenments as anot her vector
*
*

@ar am X dochMatri x instance




* @eturn docMatri x instance reference

x|/ . . . .
prig%PEaHBCNBPPP§n§EBNBtr?&fﬁobkhpr%lQ,b?nt di mensi on) {
for (int count=x.showSi ze(); count<di mension; count++) {
x. extendMatri x();
}
return x;
}
}

There are two constructors for the docMatrix class. If you create a new instance of the class and
pass it no arguments, an empty vector field is created for the instance. If you passit a parameter,
then avector of size startSize is created for theinstance. Next is a set of methods that allow you to
look at and modify the matrix and the other field that each docMatrix instance has — a filename
corresponding to the file represented by docMatrix. A second set of methods allows you to perform
the cal cul ations necessary to compare this matrix to another matrix.

Theindex classis acollection of docMatrix objects. Asits nameimplies, itisanindex for a
document set. It loads the stop word list, and then parses each document in the document set,
creating a new instance of docMatrix to represent each one. The size of the master word list
corresponds to the number of dimensions occupied by the collection of documents. A document is
actually converted into alist of integer values. Each integer value corresponds to aword in the
master word list, and a point on the axis representing that word. The index can reveal a particular
matrix, the master word list, or the docMatrix instance that corresponds to a particular file. It can
also iterate through all documents in the index to perform a query, calling the calculateAngle()
function for each.

i mport java.util.StringTokenizer
i mport java.io.*;
i mport java.util.?*;

i mport docMatri x;
i mport resultSet;

/ *

the index class contains an array of docMatrix objects and a word |i st
whi ch contains all of the words fromthe docunent set represented by
this array. The three nmain tasks perforned by the index are building

the word list, perform ng searches and sorting search results.

* %k X X X X X

@ut hor Janes Powel |, jpowel | @t. edu

* @ersion 1.0

*/

public class index extends vectorSpaceSearch inplements Serializable {
private Vector wordLi st=new Vector();

private Vector stopwordLi st=new Vector();

private docMatrix[] docLi st;

private transient int fil eCount=0;

private int nunmbDocs;

/**

* this constructor sets the filecount and creates a new array of




*

X EaAM i x BHPBE{EES i nteger set to number of files to be indexed
*/

public index (int nunbFiles) {
nunmbDocs=nunbFi | es;
docLi st =new docMat ri x[ nunbDocs] ;

}

*

this method adds a new file to the index and calls another nethod to
extract the words and build a vector describing this docunent

* Ok Ok Ok X X

@ar am

il enane string containing filenane of file to index
@ar am I is fi

fi
fileContent string containing contents of this file
*/
public void addFile (String filenane, String fileContent) {
fil eCount +=1,;

docLi st[fil eCount]=new docMatri x();
docList[fil eCount].setFilename(fil enane);
showTokens(fileContent, fileCount);

/**
* this nmethod | oads the stopword list into the field stopwordLi st
*
*/
private void | oadstopWords() {
char [] fileContents;
String stopwordFil e="stopwords.txt"
try {
File aFil e=new Fil e(stopwordFile);
Fi | eReader in=new Fil eReader (aFil e);
int size=(int)aFile.length();
fil eCont ent s=new char|[ si ze];
int chars_read=0
whi | e (chars_read<si ze)
chars_read+=in.read(fil eContents, chars_read, size-chars_read);
}
String contents=String.valueO(fileContents);
StringTokeni zer st =
new StringTokeni zer (contents, punctuation);
st opwor dLi st =new Vector () ;
whi | e (st.hasMreTokens()) {
String token = st.next Token();
st opwor dLi st . addEl enent (t oken) ;

catch (1 OException e) {}

/**
* this method breaks the current docunment into individual words,
* and keeps track of the nunber of occurrences of each word.
* |f anewwrdis found, it is also added to the master word |i st
* for this docunent coll ection.

*




* @aram dataFile contents of file to be processed
* @aram docld fil enunmber in docunent collection
*
/
private void showTokens(String dataFile, int docld) {
StringTokeni zer st =
new StringTokeni zer (dataFil e, punctuation);
int |ocation;

| oadst opWor ds() ;
whi | e (st.hasMreTokens()) {
String token = st.next Token();
String | cToken= token.toLower Case();
if (!(stopwordList.contains(lcToken))) {

i f (wordList.contains(lcToken)) ({
| ocati on=wor dLi st. i ndexOrF (I cToken) ;
whi | e (docLi st[docld].showSi ze() <=l ocation) {
docLi st[docl d] . extendMat ri x();

docLi st[docld].increnent Matri xEl enent Val ueAt (1 ocation);
} else {
/1 if ('(wordList.contains(lcToken))) {
System out. println(lcToken);
/1l word was not in master word list, so add it
wor dLi st . addEl enent (| cToken);
| ocati on=wor dLi st. i ndexOF (I cToken) ;
if (location==-1)
docLi st[docl d] . extendMatri x();
} else {
whi | e (docLi st[docld].showSi ze() <=l ocation) {
docLi st[docl d] . extendMatri x();

docLi st[docld].increnent Matri xEl enent Val ueAt (1 ocation);
}
}

}
docLi st[docld].showvatri x();

/**

* this method di splays the naster wordlist on the console
* it is used mainly for debuggi ng purposes

*/

public void showwvatri x()
Systemout. println(wordList.toString());

/**

* this nmethod returns the master word |ist when requested by other
obj ects

* @eturn a vector containing all the words found in a docunment set
*/
public Vector showwbrdList() ({

return wordLi st;

}




/**
* this method attenpts to find the docunments in the docMatrix array
* that are nost simlar to the queryMatrix
*
* @ar am queryMatrix a matrix contai ning query ternmns
* @eturn a string containing a segnent of HIM. code with |inks
* to the best matches
*/
public String findSimlarDocunents(docMatrix queryMatrix) {
int count;

resultSet [] queryResults=new resultSet[docList.|ength];
StringBuffer results=new StringBuffer();
for (count=1; count<doclList.|length-1; count++) ({
doubl e score=doclLi st[count]. cal cul at eAngl e(queryMatri x);
gueryResul t s[ count] =new resul t Set () ;
gueryResul t s[ count] . set Fi | enanme(docLi st[count].showFil enane());
gueryResul t s[ count] . set Scor e(score);
gueryResul ts[ count]. set Fi | enunber (count);

sel ectionSort (queryResults);
for (count=1; count<docList.|length-1; count++) {
i f ((queryResults[count].showScore()<90.0) &&
(queryResul t s[ count]. showScore()>0.0)) {
resul ts. append("<TR><TD>");
resul ts. append("<INPUT TYPE=\"radi o\" NAME=\"RELEVANCE\"
VALUE=\ " " +quer yResul t s[ count] . showFi | enunber () +"\">");
resul ts.append(" file <A
HREF=\""+quer yResul t s[ count] . showFi | ename() +"\">");
resul ts. append(queryResul t s[ count]. showFi | ename() +" </ A></ TD>");
resul ts. append("<TD> angle " + queryResults[count].showScore() +
"</ TD></ TR>\n");
}

}

if (results.length()==0) {
resul ts. append("<TR><TD>");
resul ts. append(" <STRONG>Not hi ng found</ STRONG") ;
resul ts. append("</ TD></ TR>");

return results.toString();

/**

* this method sorts a set of objects by a specific field

*

* @aram A an array of objects of type result Set
*/
static void selectionSort(resultSet[] A {
/1 sort Ainto increasing order, using selection sort
/1 A has values from1l to A length
for (int lastPlace = A length-2; lastPlace > 0; |astPlace--) {
/1 Find the largest itemanong A[1], Al2], ... AllastPlace],
/1 and nmove it into position |astPlace by swapping it with
/1 the number that is currently in position |astPlace
int mxLoc = 1; // location of |argest itemseen so far
for (int j =1; j <= lastPlace; j++)
/1 Systemout.println("lastPlace="+l astPlace+" j="+j);
/1 Systemout.println(Alj].showFilenane()+j +A[j].showScore());
if (A[j].showScore() > Al maxLoc].showScore())




)
" RHKEOE =LPIP, TLAMIRLLPBEati of j S¥BRthRRGCBhe! | &FYYSE M fBhPSbBhace]

Al | ast
Al | ast Pl ace] = tenp;
}

}
/**

* this matrix returns the instance of docMatrix that corresponds to
* the specified file nunber

*

* @aram filenunber an integer representing an indexed file

* @eturn a reference to an instance of the docMatrix class, describing
* one of the docunents in the index

*/

public docMatrix | ookupDoc(int filenunber) {
return docList[filenunber];
}

}

The index class extends the vector SpaceSear ch class, which defines characteristics of this search
engine. In this case, the vector SpaceSearch class simply defines the collection of characters that
represent word boundaries for the types of documents it can index.

/**

* vectorSpaceSearch is a trivial class that defines a single
* constant, the tokens that indicate word boundaries.
*

* @ut hor Janmes Powel |, jpowell @t.edu

* @ersion 1.0

*/
public class vector SpaceSearch {
public static final String punctuation=" ,.;:(){}[]<>=I?2"\"\t\r\n\\+-
*/n;
}

The indexer class takes care of discovering and loading documents from the file system. It also
processes queries against the document set, including relevance feedback queries. Since every query
is converted into a matrix, arelevance query ssmply copies the selected document into aquery. So
when a user asks to find more documents like a certain document, the selected document becomes a
guery matrix. Theindexer class has methods for saving and loading an index (which iswhy the
index class implements the Serializable interface). This class has a main method because it isthe
tool used by the search engine administrator to build an index. It expects a single string parameter
representing the directory containing the document that it is indexing.



import java.util.StringTokenizer
i mport java.io.*;

i mport java.util.*;

i mport query;

i mport index;

import java.util.zip.*;

/**
* indexer is responsible for indexing a docunent collection and initiating

sear ches
* agai nst the collection.
*

* @ut hor James Powel |, jpowell @t.edu
* @ersion 1.0
*/

public class indexer {
private index collectionlndex;

/1 You may need to provide full path to Vsindex.zip file on your
system !!

/**
* this method [oads the contents of a text file into a character array
and

* returns a string containing the file's contents

*

* @aram filenane nane of file to open and | oad

* @aram docld a unique nuneric value that is generated by a counter
* @eturn a string containing the entire contents of the file

*/

private String loadFile(String filenanme, int docld) {

char [] fileContents;
try {
File aFile=new File(fil enane);
Fi | eReader in=new Fil eReader (aFil e);
int size=(int)aFile.length();
fil eCont ent s=new char|[ si ze];
int chars_read=0
whi | e (chars_read<si ze)
chars_read+=in.read(fil eContents, chars_read, size-chars_read);

return String.copyVal ueO(fil eContents);

}
catch (1 OException e) {}
return null

}
/**
* this method finds all text files in a specified directory, counts them
and
* | oads the contents of each, then creates a new i nstance of docMatrix

to
contain the vector representing the contents of each docunent

* @aram di r ect or yName directory containing files to be indexed




private void findFiles(String directoryNanme) {
«ptring[] files;
ile dir = new File(directoryNane);
if (!dir.isDirectory())
throw new |11 egal Argunent Excepti on("Fil eLister: no such directory");
files = dir.list();
int nunbFil es=files.|ength;
col I ecti onl ndex=new i ndex( nunmbFi | es+1);

for (int i=0; i<nunmbFiles; i++) {
if ((files[i].endsWth("htm ")) || (files[i].endsWth("htnt)) ||
fil i].endsWth("xm"))) {
I + n n +

wn O®
— w0

(files[i].endsWth("txt")) || (
System out. println("Loadi ng #" +
directoryName+"/"+files[i]);
String full Fil enane=directoryName+"/"+files[i];

col I ectionl ndex. addFi |l e(ful | Fil ename, (loadFile(fullFilenanme, i)));

}

col I ecti onl ndex. showvatri x();

}

/**

* this method creates an instance of the query class which constructs a
mat rix

* that describes a vector that will be conpared agai nst each docunent in
t he

* coll ection.

*

* @aram searchTerns a space delimted |ist of search terns

* @eturn string containing a segnment of HTM. code with links to
mat chi ng docs
*/

public String doQuery (String searchTerns) {
guery newSear ch=new query(searchTernms, collectionlndex.showrdList());
String
resul t s=col | ecti onl ndex. fi ndSi m | ar Docunent s( newSear ch. showQueryMatri x());
newSear ch. showQuer yMat ri x();
return results;

/**

* this method is simlar to doQuery, but instead of a string of search
terns,

* the user has specified that docunments similar to a specified docunent
be
* found. So this nethod uses the contents of the docunent matrix
speci fied by
* the user as the vector to be conmpared with other docunents in the
col I ection
* and the instance of query gets the contents of the sel ected docunent.
*
* @aram docSel ected integer representing the docunent ID to be used
* @eturn a string containing a segnent of HTM. code with links to
mat chi ng docs
*/
public String doRel Query (int docSel ected)
docMatri x docsLi ke=col | ecti onl ndex. | ookupDoc(docSel ect ed) ;
guery newSear ch=new query(docsLi ke, coll ectionl ndex. showrdList());




éFFPhB results;
re%ults:colIectionlndex.findSiniIarDocunents(newBearch.show&perywhtrix());
/**
* this nmethod saves the index, which is an array of docMatrix objects.
* The array is gzipped before it is witten to a file called VSindex. zip
*/
public void savel ndex () {

try {

Fi | eCut put St ream f os=new Fi | eQut put Stream(i ndexFi | enane) ;
&ZI PQut put St ream gzos=new &ZI PQut put St rean( fos);

bj ect Qut put St ream out =new Cbj ect Qut put St rean( gzos);
out.witeQbject(collectionlndex);

out. flush();

out.cl ose();

}
catch (1 OException e)

{ Systemout.println("Error witing index. Error was "+e); }

/*
* this method [ oads an index, which is an array of docMatrix objects.
* |t looks for a gzipped file called VSi ndex. zip
*/
public void | oadl ndex() {
try {
Fi | el nput Stream fi s=new Fi | el nput St rean(i ndexFi | enane) ;
&I Pl nput St ream gzi s=new GZI Pl nput Strean(fis);
oj ect I nput Stream i n= new bj ect | nput Strean(gzis);
i ndex newl ndex=(i ndex)in.readObject();
in.close();
col I ecti onl ndex=newl ndex;

}
catch (1 OException e)
{ Systemout.println("Error reading i ndex. Error was "+e); }
catch (C assNot FoundExcepti on e)
{ Systemout.println("Error reading i ndex. Error was "+e); }
}

/**
* the main of indexer is used to build an index of a set of documents
* @aram args[] an array of strings, actually just a directory
nanme
*/
public static void main(String args[]) {
i ndexer getWords=new i ndexer();
getWords. findFiles(args[0]);
get Wor ds. savel ndex() ;
}
}

The query class converts a user query into an n-dimensional vector that contains the same number of
elements as any document in the vector space search engine docMatrix instances. It extends



vector SpaceSearch, since it needs to identify the string tokens using the same delimiters as used by
theindex class. The stop list isused indirectly, since the query is built by examining the contents of
the master word list for the document set. Words that have been eliminated during the indexing
process are simply ignored when the query class encounters them. The query class has two
constructors. One is used when the query is based on one or more words a user keyed into aform.
The other is used when a user selects a document in aresults set and asks to see more documents like
it (arelevance query).

i mport java.util.StringTokenizer
i mport java.io.*;

i mport java.util.*;

i mport docMatri x;

/**

* query contains a vector describing a user query

* |t extends vectorSpaceSearch, which is a trivial class

* that defines a single constant, the tokens that indicate
* word boundari es.

*

* @ut hor James Powel |, jpowell @t.edu

* @ersion 1.0

*

/

public class query extends vector SpaceSearch {

private docMatrix queryMatri x;
/**

* this constructor allows a user to specify a document
* in the docurment collection as a query - a show ne

* more docunents like this one query.

*

* @aram docChoi ce i nstance of docMatrix describing

* the document chosen by the user

* @aram wor dLi st master word list for this docurment collection
*/

public query (dochMatrix docChoi ce, Vector wordList) {
i nt location=wordList.size();
qguer yMat ri x=docChoi ce;

whil e (queryMatrix.showSi ze() <=l ocation) {
queryMatri x. extendMat ri x();

queryMat ri x. showvat ri x();
}

/**

* this version of the constructor supports the nore typica
* search where a user enters one or nore search terns

the search terns are used to construct a vector which is
then conpared to vectors describing docunents in the
docunent coll ection.

EEE I I

@ar am queryString a string containing the user's search terns
@ar am wor dLi st master word list for this document collection




*
/
public query (String queryString, Vector wordList) {
StringTokeni zer st =
new StringTokeni zer (queryString, punctuation);
int |ocation;
queryMat ri x=new docMatri x();

whi | e (st.hasMreTokens()) {
String token = st.next Token();
String | cToken= token.toLower Case();
i f (wordList.contains(lcToken)) {
| ocat i on=wor dLi st. i ndexOf (1 cToken);
whil e (queryMatrix.showSi ze() <=l ocation) {
queryMatri x. extendMat ri x();

queryMat ri x. i ncrenent Mat ri XEl enent Val ueAt (1 ocati on);
} else {
System out. println(l cToken);
wor dLi st . addEl enent (| cToken) ;
| ocati on=wor dLi st. i ndexOF (| cToken) ;
if (location==0) ({
queryMatri x. extendMat ri x();
} else {
while (queryMatrix. showSi ze() <=l ocation) ({
queryMatri x. extendMat ri x();

queryMat ri x. i ncrenent Mat ri XEl enent Val ueAt (| ocati on);

}
}
queryMat ri x. showvat ri x();

/**

* this method returns the reference to this instance of
* a queryMatrix
*

* @eturn a reference to this queryMatrix instance
*/
public docMatrix showQueryMatrix() {

return queryMatri x;

Finally, the resultsSet classis responsible for providing various attributes about the result of a query,
including the score of each document when compared to the query, and the actual filename of each
document in the index.

/**

* an instance of result set describes how a single docunment in the index
* conpares to a query.

*

* @ut hor James Powel |, jpowell @t.edu

* @ersion 1.0

*

/




private int size;

a r ape;
puBl | ¥abEah: FPRKLESEREr
private doubl e angl eScor e;
/1 Change the value of the following string to correspond to your Wb
server doc root!!
/1 Here is an exanple: /usr/local/etc/httpd/ htdocs (no trailing slash)
private static final String webServerDocRoot="/web_server_doc_root"

/**

* this method sets the filenane field for this result
*
* @aram filenameParam name of file that was conpared to query
*/
public void setFilename(String fil enanmeParam {
int filePathLen=webServerDocRoot.|ength();
fil enanme=fil enameParam substring(fil ePathLen+1);

*

this method sets the score, which is the angle between the vector
that describes this docunent and the vector that describes the query

}
/

* Ok O *

* @aram score a double precision nuneric of the angle in degrees
*/
public void setScore(double score) {

angl eScor e=scor e;

/**
* this nmethod sets the fil enunber for the docunment that was conpared
* to the query
*

* @aram filenum i nteger containing unique nuneric id of file
*/
public void setFilenunber(int filenun ({

filenunber=filenum

}
/**

* this method shows the filenanme field of this instance of result Set
*

* @eturn a string containing the fil enane
*/
public String showFil ename() ({

return fil enamne;

}
/**

* this nmethod shows the score of this docunent
*

* @eturn a double precision angle value in degrees between vectors
*/
public doubl e showScore() ({

return angl eScor e;

}
/**

* this method shows the fil enunber for this instance




* @eturn an integer representing file id
-y
public int showFil enunber() {
return fil enunber;
}

}

This search engineis not fast, and consumes afair amount of memory. But it is essentially a
textbook example of how linear agebra can be applied to the problem of searching collections of
documents. At the end of this paper (Appendix A), you will find an implementation that ties the
vector space search engine classes together into an application. Thisimplementation is built around
asimple Web server, but it would be just as easy to implement the search engine as a servlet, or as
part of alarger application.

Formulating Queries

M aki ng text searchable isfairly well understood. What islesswell understood is how users
want to search the content. In addition to single and multi-word queries, some users want to perform
phrase queries, where a string of words must occur exactly as specified in order to constitute a
match. Many users expect to be able to perform Boolean queries, which allow them to indicate what
combinations of words should be allowed in documents in the results set. More sophisticated users
want to be able to perform near, with, and relevance feedback queries against the full text. Still
other users prefer searching catalog records that consist of metadata describing each item in the
collection. All of these options and more can be found on the Web.

The vector space search engine example above supports multiword queries and relevance feedback
gueries. When a user presents one or more words as search terms, it creates a matrix that represents
all of thewordsthat are not in the stop word list. This matrix isthen used in calculations that
compare it to each document matrix in theindex. When a user performs arelevance query, the
document they select is used as a query, and the same calculations are performed. While not
mutually exclusive, it would be difficult to support Boolean and proximity searching in a search
engine that supports relevance queries using this vector model.

More recently, users have begun to become aware of the shortcomings of various search engines.
They are beginning to realize that the AltaVistas and HotBots of the Web do not index every single
document ever published, or even all documents currently available on the Web. So they have been
seeking alternatives that allow them to search multiple sitesin parallel. Infact, it isvery possible
that more Web queriesin the not too distant future will be parallel, distributed queries than will be
gueriestargeted at one specific search engine.

Isthis an indicator that current search engines are not doing agood job? Maybe. But search engines
have improved in many respects. They’ve gotten faster. They've remained free. They’ve combined
searching with high-level categoriesto form “portal” sites, which have become very popular with
users who' ve lost patience with Boolean searching, stemming operators, and “natural language’
queries that seem to utilize some obscure, stilted notion of natural language designed by chattering



parrots. Areas where they’ ve not improved include displaying result sets that list documents that no
longer exist. They’ve made very little real progressin the area of multi-lingual searching. Most
boast of multilingual interfaces but that usually means someone trans ated the text of the search page
into another language. However, both AltaVistaand Y ahoo have made significant contributionsin
thisfield. Yahoo has provided geographically and linguistically distinct search sites like Y ahoo
Japan and Y ahoo Italia. AltaVista has collaborated with machine trandlation servicesto provide
simple trandations of documents between various languages. But no search site yet provides
targeted query tranglation, and this really seems like a metasearch-level service touching upon many
areas of linguistic computation that are still being researched. Search engines are sluggish in terms
of updating their content. Changes in documents indexed by a site might not be reflected in a search
engine’ sindex for weeks, months or ever.

But the lack of standardsis perhaps the most frustrating characteristic of Web searching. Itistrue
that some standards having the potential to allow interoperability between search engines, and
defining uniform search interfaces have been developed. But thereis no widely supported protocol
for search engines or search clients and search engines to exchange information about breadth of
content coverage, search features, or metadata. Projects like the Dienst system, which defines an
architecture and a protocol for distributed digital libraries,
(http://www.cs.cornell.edu/cdlrg/dienst/protocol s/DienstProtocol .htm) and the Stanford Protocol
Proposal for Internet Retrieval and Search, which is aso known as STARTS (http://www-
db.stanford.edu/~gravano/starts.html), both describe mechanisms for distributed heterogeneous
search systems. Y et, no major search engine vendors have implemented support for the architecture
or protocols defined by these projects, nor even for tried and true standards (at |east according to
libraries) such as 239.50. The only near-term solution for allowing searches to span multiple search
engines seems to be in heuristic solutions that take advantage of some inherent similarities among
search engines. Asfor interface design, the best practices are emerging from the field of Human
Computer Interaction (such as Ben Schneiderman’ s four-phase framework for search: see
http://ijhcs.open.ac.uk/shnel derman/shneiderman-t.html) but the closest thing to a standard is the
simple search, which consists of onefill-in field and one button. Thereis plenty of work left to be
done to determine how to present advanced search features in a standard, universally understood

way.

So the immediate future of Web searching will be defined by various heterogeneous meta- or
federated search systems. Such systems allow software to programmatically conceal and resolve
differences between search engines, using heuristics that have been encoded in some manner. This
allows such systems to even support pre-query processing such as use of a thesaurus to improve a
guery or the tranglation of a query into the primary language used by the collection beforeit is
submitted to a search engine. It also allows for post-query processing to merge and possibly
translate results.

M etasear ching

What is metasearchi ng al about? Simply put, it isthe act of delivering query termsto more
than one search engine, in the format expected by each search engine. Some pseudo-metasearch
systems present a set of pre-filled forms at an intermediate stage, and then expect the user to submit
each query as desired. The user can achieve asimilar effect by relying on a set of search engine



bookmarks and a few open browser windows. True metasearching involves some form of query
reformulation and automatic delivery. Beyond that, there are many additional tasks that can be
performed.

Sherlock was added to the Macintosh operating system starting with version 8.5
(http://www.apple.com). It wasthe first integrated, extensible Web metasearch system ever
provided as part of the services of an operating system. Sherlock employs a simple markup
language that allows anyone with basic knowledge of HTML to build descriptions of almost any
Web-accessible search engine. These descriptions can then be installed into a special folder, which
Sherlock consults whenever a user attempts to perform afind action on their local hard drive’s
contents or for Web content. The user selects a set of search engines to which their query should be
sent, and Sherlock takes care of mapping between search engines, delivering queries, and merging
results.

Several Web-based metasearch systems employ similar solutions. A similar system called the
Federated Searcher (http://jin.dis.vt.edu/fedsearch/), is a Web-based system that utilizes XML site
descriptions to alow users to search descriptions of search engines, and deliver queries to multiple
sites. The site description markup language is called SearchDB-ML (the DTD isincluded in
Appendix B). The following isan example of a search site description for the AltaVista search
engine:

<?XM. version="1.0">

<! DOCTYPE sear chdb SYSTEM "sear chdb. dt d" >
<SEARCHDB>
<ENG NE>
<NAME>Al t a Vi st a</ NAMVE>
<URL>htt p://ww. al tavi sta. digital.com </ URL>
<TYPE>Ful | text</TYPE>
</ ENG NE>
<| NSTANCE>
<CONTENT>
<TI TLE>Al ta Vi sta</TI TLE>
<CREATOR>Yahoo! | nc. </ CREATOR>
<DESCRI PTI ON>Ful | text search of WWVthat supports
mul ti pl e | anguages, newsgroup searchi ng, natural
| anguage searches, dynam c categori zation, phrase and
bool ean searches, search by host, title, images, |inks,
dat e ranges, anchors and domai ns.
A GFS top_ten site.</DESCRI PTI ON>
<I DENTI FI ER>ht t p: / / www. al t avi st a. di gi tal . com </ | DENTI FI ER>
<LANGUAGE TYPE="1S06391988" >en</ LANGUACGE>
<RI GHTS>Publ i cl y accessi bl e</ Rl GHTS>
</ CONTENT>

<| NTERFACE TYPE = "web">

<URL>htt p://wmv. al tavi sta. di gital.conicgi-bin/query</URL>
<FORMI'YPE>get </ FORMTYPE>

<QUERYFI ELD>

<FORMNAME>(q </ FORVNANMVE>
</ QUERYFI ELD>
<QUERYFI ELD>
<FORMNAME>pg</ FORMNAME>




</ QUERYFI ELD>
<QUERYFI ELD>
<BERNNAVEY wh BEFAGORVNAVE>
<DEFAULT>web</ DEFAULT>
<QUERYFI ELD>
<FORMNAMVE>KI </ FORMNAME>
<DEFAULT>XX</ DEFAULT>
</ QUERYFI ELD>

<LANGUAGE TYPE="1S06391988" >en

</ LANGUAGE>
</ | NTERFACE>

<RESPONSE TYPE="htm "/>

</ | NSTANCE>
</ SEARCHDB>

The markup is divided into two sections. The first section describes the characteristics of the search
engine and the document set it indexes. Thisinformation is used to help users select the best search
enginesto send a query to from a catalog of XML descriptions. The second section describes the
Web interface to the search engine. Thisinformation is used by an application to create and submit
aquery to the search engine just asif auser had visited the search engine’' s website and submitted
the query directly.

The implementation details are quite smple. An application that uses SearchDB-ML descriptions to
perform metasearches first provides some mechanism for the user to select which search enginesto
search. Next, it accepts aquery (one or more words) from the user. Finally, it constructs a CGl
regquest using the information it finds in the <INTERFA CE> section of each site description. The
request targets the URL contained within the <URL> tag, it sets a number of form element values
contained within <DATABASE> or <CONTROL> elements, using their <DEFAULT> value.
Finally, it assigns the user’s query to the first <QUERY FIELD> element, which has no
<DEFAULT> value. Then it submitsit asa GET or POST request, depending on the value of the
<FORMTY PE> element. Our implementation aso checks the <LANGUAGE> element value, and
communicates with another network application, called the TRP (Translation Request Protocol)
Server. Prior to submitting a query to asearch engine, it tries to translate the individual query terms
into the language of the target server.

An additional feature of the Federated Searcher system was the ability of the metasearch software to
identify the primary language of each search engine targeted by the user. It then employed a
mechanism to communicate with a dictionary-based word tranglation service to request translations
of queries from, for example, English to Japanese, before delivering the query to a Japanese search
engine. It iseasy to underestimate the importance of such afeature. But if you have ever tried to
search a search engine in alanguage you do not speak well, particularly one that uses different




characters and employs different techniques for query entry, encoding, and parsing, then you will
probably appreciate being able to bypass these hurdles. This feature merely hints at the possibilities
as networks and processors become faster, and applications and devel opers become smarter.

One big question in the emerging field of metasearching is what will be the reaction of the major
search engine sites? Until Sherlock appeared on the Macintosh, the threat to individual search
engineswas fairly small. But imagineif later version of the Windows operating system supports a
Sherlock-like mechanism that eliminates ads, conceals the complexity of a search engine and
seamlessly merges results from different search enginesinto asingle set of links. Who will pay for
search engines? Will there be royalties associated with the use of such tools? Will this be decided
in the courts? Thiswill probably be the case. What could be abig win for end users will likely cost
search enginesin lost revenue and legal fees, so the battle over metasearches hasn’t yet begun.

Intranet-based metasearches will likely lead the pack in terms of functionality. Linking large
multinational companies will require that various barriers to communication will have to be
overcome in a secure, seamless manner. Thereisagreat opportunity for librariesto lead the
unification of the scattering of Web-search engines that inevitably crop on campuses, in corporations
and around the Web. Schemes for classifying and describing search engines will require expertsto
evaluate and catal og search engines.

Conclusion

What does this mean for your site? First of al, if you haven’t made your website
searchable, do it. There are anumber of free search engines available for indexing content stored on
asingle Web server. You could even use the vector space search engine described in this article,
although it isintended to be used as an instructional tool rather than as a production Web search
engine. For high traffic sites, or for indexing multiple servers, you may want to consider purchasing
software such as Infoseek’ s Ultraseek search engine, or contracting with a vendor such as Inktomi.
Or you can establish indexes for each site and build a page pointing users to the collection of
indexes. Or you can try out Javascript or Perl-based metasearch systems that provide ssmple,
transparent metasearching without alot of bells and whistles. By providing your own Web-based
keyword query, you can reach awider audience than ever before.

Next, prepare your site so that it is search-engine friendly. Danny Sullivan, of “The Search Engine
Report” recommends that you “think of search engines as the third major type of Web browser.”

Y ou should carefully consider what words and phrases you expect users might use to find your site,
and then make sure those words actually appear in the documents you would want them to be
directed to by search engines. Y ou can also use arobots.txt file to control which documents are
indexed by external search engines. If you first establish the collection of documents you do want
search services to focus on, then you can devote extratime to designing them for all three types of
Web browsers! Keep in mind that it does you little good to show up in results sets unexpectedly.

Y ou want your content to show up in the right results sets.



Appendix A
Pulling Together the Search Engine Example

One way the vector space search engine described in this paper could be implemented is as a Java
servlet. The code below defines a servlet called vsServlet. It can be used along with the HTML
document that follows it to provide a Web interface to your vector space search engine. Please note
that you will need to make afew changesto thisfile and to a couple of the classfilesin the paper in
order to customize the application for your environment.

i mport java.net.*;

i mport java.io.*;

i mport java.util.?*;

i mport javax.servlet.*;

i nport javax.servlet.http.*;

i mport indexer;
public class vsServlet extends HttpServlet {
private static indexer webCol | ecti onl ndexer

public void doGet (HtpServletRequest request,
Ht t pSer vl et Response response)
t hrows Servl et Exception, | COException
{
PrintWiter out;
String title = "vsSearch Qutput”;
/1 set content type and other response header fields first
response. set Cont ent Type("text/htm ");

String searchRequest =request. get Paraneter (" query");
String searchType=request. get Par anet er (" RELEVANCE") ;
String results;

/1 creates an instance of indexer class to |oad i ndex, do searches
webCol | ecti onl ndexer =new i ndexer () ;
webCol | ecti onl ndexer. | oadl ndex() ;

/1 then wite the data of the response
out = response.getWiter();

if (searchType!=null) {
i nt docSel ect ed=I nt eger. parsel nt (request. get Paranet er (" RELEVANCE") ) ;
/1 get doc matrix for this docunent

resul t s=creat eResul t sPage(webCol | ecti onl ndexer . doRel Query(docSel ected));

} else {
resul t s=creat eResul t sPage(webCol | ecti onl ndexer. doQuery(searchRequest));
}
out.println(results);
}
/**
* this method builds the results page that is delivered in response to
* a query
*
* @aram results string containing HTM. stub of sorted, natching
* docunent |inks
*

@eturn a string containing the conplete results page to be sent



* to browser
*/
public String createResultsPage(String results) {
StringBuffer resPage=new StringBuffer();
resPage. append(" <HTM_L><HEAD><TI TLE>Resul t s</ TI TLE>") ;
resPage. append(" <BASE HREF=\"htt p://your. server/\"></ HEAD><BODY>") ;
resPage. append(" <H3>Resul ts of search</H3>");
resPage. append("<EM>The smaller the angle, the better the match</ EM<P>");
resPage. append(" <FORM METHOD=\ " GET\ "
ACTI ON=\"http://your.server/servlets/vsServlet\">");
resPage. append(" <TABLE>");
resPage. append(results);
resPage. append(" </ TABLE>") ;
resPage. append(" <l NPUT TYPE=\"submi t\" VALUE=\"Find simlar\">");
resPage. append(" </ BODY></ HTML>") ;
return resPage.toString();

}
/**

* the main of vsServlet is used for test purposes
*
* @aram args[] a string to search for
*/
public static void main(String args[]) {
webCol | ecti onl ndexer =new i ndexer () ;
webCol | ecti onl ndexer. | oadl ndex();

String searchRequest=(args[O0]);

StringBuffer resPage=new StringBuffer();
resPage. append(" <HTML><HEAD><TI TLE>Resul t s</ TI TLE>") ;
resPage. append(" <BASE HREF=\"htt p://your. server/\"></ HEAD><BODY>") ;
resPage. append(" <H3>Resul ts of search</H3>");
resPage. append("<EM>The smal |l er the angle, the better the match</ EM><P>");
resPage. append(" <FORM METHOD=\ " GET\ "
ACTION=\"htt p://your. server/servlets/vsServlet\">");
resPage. append(" <TABLE>") ;
resPage. append(webCol | ecti onl ndexer. doQuery(sear chRequest));
resPage. append(" </ TABLE>") ;
resPage. append("<I NPUT TYPE=\"subm t\" VALUE=\"Find simlar\">");
r esPage. append( " </ BODY></ HTM.>") ;
System out. println(resPage.toString());

}

A simple HTML query page for the vector space search servlet:

<HTM_>
<HEAD>
<Tl TLE>Vect or Space Search Engi ne Query Page</ Tl TLE>
</ HEAD>
<BODY>
<H3>Vect or Space Search Engi ne</ H3>
<H4>Test Query Page</ H4>
<FORM METHOD="get "
ACTI ON="ht t p: //your. server/servl ets/vsServlet">
Enter your search terns: <INPUT NAVE="query">
<P>
<I NPUT TYPE="submt">
</ FORW>
</ BODY>
</ HTML>



A basic stop word list. Stop words should be listed one per line (save as stopwords.txt):

a
an
any
the
this
then
that

Y ou can add any words you want to omit from the index to thisfile.



Appendix B
The SearchDB-ML DTD

The SearchDB markup language is one example of a methodology for describing search engines. It
actually predates the Apple Sherlock system, but resemblesit in some ways.

<!-- SearchDB Lite DID version 1.0 -->
<l-- Markup for text-based Internet searchable archives -->
<l-- Conforms to XM 1.0 -->
<l-- Lite version is suitable for describing sinple, or -->
<l-- basic search capabilities of a site, esp. Wb sites -->
<l-- Created February 18, 1998 -->
<l-- Janes Powell, jpowell @t.edu -->

<IENTITY % fornmel ens "formane+, size*, default*, option*, mandatory*">
<IENTITY % dbel ens "formane+, default*, option*, mandatory*">
<IENTITY % types "TYPE CDATA">

<IENTITY amp "&">

<l-- Top level elenents -->

<! ELEMENT sear chdb - - (engi ne, instance)>

<l-- Markup elenents for describing the type of software -->

<l-- by the site being described -->

<! ELEMENT engi ne - - (nane, url, type)>

<! ELEMENT nane - - ( #PCDATA) >

<! ELEMENT url - - ( #PCDATA) >

<! ELEMENT type - - ( #PCDATA) >

<l-- Elenents for the specific site described -->

<! ELEMENT i nst ance - - (content, interface+, response)>
<l-- Metadata describing the type of content indexed by this site -->
<l-- Slightly abbreviated version of the Dublin core el enents -->
<l-- Docunentation at http://purl.oclc.org/netadata/dublin_core -->
<! ELEMENT cont ent - - (title+, creator*, subject*, description*,

abstract*, publisher*, date*, type*, format*, identifier*, |anguage*,
rel ati on*, coverage*, rights*)>

< ELEMENT title - (#PCDATA) >

<! ELEMENT cr eat or - - ( #PCDATA) >

<! ELEMENT subj ect - - (#PCDATA) >

<! ELEMENT descri ption - - ( #PCDATA) >

<! ELEMENT abstract - - (#PCDATA) >

<! ELEMENT publ i sher - - ( #PCDATA) >

<! ELEMENT date - - (#PCDATA) >

<! ELEMENT f or mat - - (#PCDATA) >

<IELEMENT identifier - - ( #PCDATA) >

<! ELEMENT rel ation - - ( #PCDATA) >

<! ELEMENT cover age - - (#PCDATA) >

<! ELEMENT rights - - ( #PCDATA) >

<l-- Elenents for describing the interface to this search engine -->
<IELEMENT interface - - (url+, formame*, formtype*, database*, (control

queryfield)*, |anguage+)>
<I ATTLI ST interface TYPE CDATA #REQUI RED

VERSI ON (sinple | conpl ex) #REQU RED>
<! ELEMENT f orntype - - (#PCDATA) >

<l-- Elements for describing an input field on a form-->



<!l ELEMENT queryfield - - (9% ornel ens; ) >

<! ELEMENT contr ol - - (% ornel ens; ) >

<! ELEMENT f or mmanme - - (#PCDATA) >

<! El ements belonging to %ornelens that are used to describe -->
<! standard Web and wi ndowi ng system form el enents including -->
<! field name, size, default value, and required status -->
<! al so content nodifiers such as search attribute nane, -->
<! bool ean operators, proximty and stenm ng operators -->
<l-- Maxi mum query/field content size -->

<! ELEMENT si ze - - (#PCDATA) >

<!-- default value, other allowed values -->

<! ELEMENT def aul t - - (#PCDATA) >

<! ELEMENT option - - (#PCDATA) >

<l-- is field required -->

<! ELEMENT mandatory - - EMPTY>

<l-- Elenment for describing database reference(s) -->

<! ELEMENT dat abase - - (%dbel ens;) >

<!-- Element for recording |anguage information-->

<! ELEMENT | anguage - - (#PCDATA) >

<! ATTLI ST | anguage TYPE (Z3953 | |S06391988) #REQUI RED>

<l--

Response el enents -->

<! ELEMENT response - - EMPTY>
<! ATTLI ST response TYPE (htm | vrml | xm | text) #REQU RED>



