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1. Abstract

The aim of this report is to transport the analysis report which was written before into a system design model, which serves as a starting point for the detailed design with the specification of subsystems and interactions between them.

2. Introduction

Information and data retrieval has attracted attention of the researchers since the 1940s. Since finding the relevant information from huge amount of data is a really difficult job, people spend too much time and too much effort while trying to find the expected information. In addition, relevant information sometimes is ignored during this process. To provide a solution for this problem, so many work that is about how to improve the data retrieval system in the way of accuracy and speed have been carrying on in the world of computer science

2.1 Purpose of the System

Turkish Information Retrieval system is designed to provide a fast and accurate solution over a large Turkish text dataset. The main goal of the project is to propose a system, which gives the most relevant query results for Turkish Information Retrieval. To find the best component combination, we are planning to examine all possible stemming and best-match searching algorithms over a large dataset of Turkish news with a set of Turkish queries, using automatic indexing. After comparing the results of stemming and matching components, we may need to make slight optimization to provide the best system.

2.2 Design Goals

Performance, effectiveness and efficiency are the most important concerns of information retrieval systems. Since users submit query in an interactive way to the system, the response time must be as minimum as it can be. In addition to the response time, effectiveness also plays an important while evaluating an information retrieval system. In other words, the retrieval of relevant documents must be maximized, while minimizing the retrieval of irrelevant documents. Finally, space efficiency in memory must also be obtained not have any problems during run time. As a result, the design goals to reach the objectives above can be summarized as follows:

· Decomposing the system in such a way that all subcomponents become indivisible

· Reducing the amount of coupling to provide portability

· Designing the system in a layered structure

· Keeping the size of data structures as optimum as to satisfy the memory constraints

· Applying simple, but time efficient algorithms to satisfy response time constraints

2.3 Overview

There are many Information Retrieval systems currently in use. Most of them are on English texts. Although our system is going to use Turkish texts, the system archtitecture and design criteria will not be too different from those systems. Having considered these design and implementation techniques, together with the studies carried on the subject,  we created this high level design document.

To create a well documented design and easily understandable implementation with encapsulated and functional components, object oriented approach will be used in Turkish Information Retrieval project. This will also ease any further extensions, imporvements and any other possible changes.

As analyzied in the analysis document, we designed to have six subcomponents for the system, which are Query Collector, Query Processor, Stemmer, Indexer, Document Processor and Result Evaluator. These subcomponents are independent and their services are fundemental for the overall system functionality.  System components interact with eachother only via data packages that are resulted from component services. In other words, a component may only use other components resulting data that provides low coupling and high cohesion criteria.

3. Similar Studies

A number of researches have done on Turkish information retrieval; an also none of them provides complete information retrieval system. Especially, previous works aimed to develop an algorithm to create a part of the system such however the questions such as which components have to be used or what the best combination of stemmer and matching function is have not interrogated.

For all the current systems, the designs do not show significant differences. The differences are seen in stemming or matching function algorithms. From the data, inverted index is created. While creating this, the stems of words are found by stemming algorithms. Finally matching functions measures the similarity between a query and a document by using inverted index. Accordingly, design of our proposed system is not different from this architecture. The main difference is making the stemmer and matching function flexible. If the stemmer and matching function of the system are flexible, it behaves as different search engine whenever these components are changed. In this case, the purpose is evaluating the performance and deciding the best stemmer and matching function combination. 

There is also relevant work which is “Information Retrieval Effectiveness of Turkish Search Engines” [9]. This is an investigation of information retrieval performance of Turkish search engines with respect to precision, normalized recall, coverage and novelty ratios. For the research, seventeen query topics are defined carefully to asses the capability of a search engine for handling broad and narrow topic subjects. Each document in a retrieval output is classified as being “relevant” or “non-relevant” to calculate precision and normalized recall ratios at various cut-off points for each pair of query topic and search engine. In general, the investigation gives the precision and recall graphs of search engines to evaluate the search engines. We will also follow similar evaluation techniques while evaluating various systems that are the combination of different stemmer and different matching functions.

4. Proposed Software Architecture

4.1 Overview

The proposed architecture is decomposed into subcomponents to obtain flexibility in maintenance, developing and understanding the project. Independent components make project easy to understand by both a project member and an outside observer.

Moreover, independent software decomposition provides an important flexibility to control boundary conditions, flow control and hardware/software mapping.

4.2 Subsystem Decomposition

The decomposition of the proposed system is shown in Figure-1.
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Figure 1. System decomposition.

4.2.1 INDEXER: Creation and usage of inverted index

Indexer can be regarded as the backbone of the proposed information retrieval system. Therefore, it must be designed carefully in order to fulfill the effectiveness and efficiency requirements of the system. So, the following sections will illustrate the detailed architecture of this subsystem component. 

4.2.1.1 Main Functionality

The main functionality of Indexer can be briefly explained as follows:

· Preprocessing State (Creation of Inverted Index)
· Document Set
 is submitted as an input to Indexer so that Preprocessing State is initialized.  

· The frequencies of the terms in the documents are found in an efficient way in terms of both memory space and speed concerns. This is done with the help of a data structure called Trie [1], [2] (The details of Trie will be explained later). As a result, a term vector, which is a set of pairs <Document ID, Frequency>, is obtained for each term. 

· Inverted index file
 containing the term vectors is created to be used in Postprocessing State.

· Term index file
, which is used to locate the offset of the specific term vector in inverted index file, is created to be also used in Postprocessing State.

· Postprocessing State (Usage of Inverted Index)

· This state is triggered by the creation of invert index and term index files.
· The inverted index and term index files are used to extract the term vector of a specific term in case of a query submission.
The following state diagram briefly summarizes the states of Indexer component as explained above:
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Figure 2. Inverted index state diagram.

4.2.1.2 Subcomponents of Indexer

Since Indexer has a complex architecture, it has also contains other subcomponents within itself. The following is the overall architectural schema of inverted index:
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Figure 3. Inverted index architecture.

The details of the each node at the diagram above are as follows:

3.2.1.2.1 Trie

Trie is a search tree which enables to search a key value in a constant time. While it is very efficient in terms of speed, it looses in memory space. The reason why Trie is memory inefficient is that each node has 43 pointers which represent a character (including digits and headed characters) in Turkish alphabet. In addition to the character pointers, a node may also contain a key value which is term. The following illustration represents the overall structure of a Trie tree:
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Figure 4. Trie structure.

Running Time Analysis:

Let n be number of nodes in Trie and T( n ) be the running time of a search algorithm to find a term in the tree. Then, T( n ) = O( 1 ), because we make key comparisons as much as the number of characters in a term. So, it can be assumed as constant.

4.2.1.2.2 Term

Term represents the key structure of a node in Trie. The key value of a term structure is a string which is in fact a word that identifies the term. In addition, a term object also contains a linked list, named Post_List, to store the nodes of <Document ID, Frequency> pairs.

4.2.1.2.3 Post_List

Post_List is a linked list whose nodes represent <Document ID, Frequency> pairs. For convenience, a <Document ID, Frequency> pair is represented by a Post structure.

4.2.1.2.4 Post structure

Post structure is the node of a Post_List. It has mainly two attributes:

· Document ID: The document identifier that represents the document in which the term occurs.

· Frequency: The number of occurrences of the term in a document whose identifier is Document ID.

4.2.1.2.5 Binary_File_Handler

It is a file handler component which enables to read from and write into a binary file.

4.2.1.2.6 Inverted Index and Term Index Files

Inverted index file is a binary file that holds the term vectors. A term vector is actually the Post_List of a term. Similarly, term index file is again a binary file. Each entry of this file is a pointer to the starting offset of a term vector in the inverted index file.

Examples of Inverted Index and Term Index Files

Let 

· terms be A, B, C and D.

· documents be D1, D2, D3 and D4.

Assume the following document matrix called D:


D1
D2
D3
D4


A
0
0
0
4

B
2
0
0
0

C
2
1
0
2

D
1
1
3
1

Semantic of Document Matrix:

The term A occurs in the document D1 “0” times, D2 “0” time, D3 “0” time and D4 “4” times.

The term B occurs in the document D1 “2” times, D2 “0” time, D3 “0” time and D4 “0” times.

The term C occurs in the document D1 “2” times, D2 “1” time, D3 “0” time and D4 “2” times.

The term D occurs in the document D1 “1” times, D2 “1” time, D3 “3” time and D4 “1” times.

Definition:
Let V_i be a term vector of a term i such that 

V_i is a set of P where each P_k = <document_k,frequency_i > and k is the document id.

So, our inverted index file is a collection of V_i.

e.g.


V_A = <D4, 4>


V_B = <D1, 2>


V_C = <D1, 2>, <D2, 1>, <D4, 2>


V_D = <D1, 1>, <D2, 1>, <D3, 3>, <D4, 1>

Finally, our term index file is formed as follows:

Assume each P_k holds 8 bytes, then:

TERM

VECTOR_OFFSET

A


0

B


8

C


16

D


40

4.2.2 Stemmer

Stemmer is a key component for the information retrieval. What Stemmer basically does is that it gets a term as an input and returns the stem of the term as an output as figure 5 shows. 
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Figure 5. Stemmer I/O.

There will be 3 stemming techniques that will be used for the stemming process. These techniques are:

· Successor Variety

· Affix Striping Morphological Stemmer-1

· Affix Striping Morphological Stemmer-2

Each technique will be independent from each other and not be processed at the same time. Each stemmer will be processed on whole term-list and each result will be used in different evaluations.  All of these stemming techniques only differ in the way that they found stems. As expected, their results will also be different. However, they all take the term-list as txt file input to be processed and output the stemmed term-list as a txt file again.

4.2.2.1 Successor Variety

Successor Variety is based on the fact that the stem of a word finishes at the letter as which most derivations of that word come from. Successor Variety finds the letter in a word after which the number of distinct letters makes a peak. For this reason, algorithm needs to use a vocabulary or namely a corpus, which contains any possible derivations of whole words [8].

To illustrate with an example:

Let corpus be: 

{“elma” , “elmacı”, “elmalar”, “elmada”, “eleman”, “elektrik”, “erkek”, “asker”, “haberler”}

Let the term to be stemmed:  

“elmamız”

Algortihm: 

       Looks for the SV of letter ‘e’ and finds it as 2 (l and r).


       Looks for the SV of letter ‘l’ and finds it as 2 (m and e).

       Looks for the SV of letter ‘m’ and finds it as 1 (a).

       Looks for the SV of letter ‘a’ and finds it as 4 (null, c, l and d).

       Looks for the SV of letter ‘m’ and ‘ı’ and ‘z’ and finds all 0.

So SV values are [2, 2, 1, 4, 0, 0, 0] and the peak is at ’a’. The stem is “elma”.

As it is implied, Successor Variety uses two data as inputs: term-list to be processed and corpus. The acitivity diagram of Sucessor Variety is then can be as follows:
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Figure 6. SV activities.

4.2.2.2 Affix Striping Morphological Stemmer-1

This stemmer finds the stem of a word with using finite state machines. Firstly, all derivations of suffixes in Turkish are stored in a file in a classified manner. After the classification of the suffixes, the next step is to design FSMs that make a right to left analysis on the word [5]. There are four stages to create these FSMs:

· Creating a left to right FSM

· Labeling the suffixes

· Inverting the left to right FSM and obtaining a non-deterministic finite state automaton (NFA)

· Converting NFA to a deterministic finite automaton (DFA) and constructing the right to left FSM

Having created the finite state machines, possible stem and suffixes of the given word is given as output. For example, the word “araba” is input:


Outputs:



1- ) araba: noun



2- ) arap: noun + Suffix (‘a’) 

Outputs are sorted according the stem length in ascending order. Selection of the output can be random.

We are planning to use the implementation of 2 Affix Striping Morphological Stemmer rather than implementing it. The input of this stemmer is again the term-list and the output is stemmed term-list.

4.2.2.3 Affix Striping Morphological Stemmer-2

This stemmer works as follows: It first determines the root of the word via looking a dictionary. It matches the maximum length stem of the word by matching the word with a word in the dictionary. It decreases the length of the word one by one until it founds a proper match. 

After a root of a word is found, the rest of the word is considered as the suffixes. Vowels and consonants within suffixes should obey certain rules. Because of this, these checks are done during morphological parsing, after each suffix is isolated. During the lexical analysis, if any of the allomorphs of a suffix can be matched, it is sent to the parser without checking whether the correct form of it is used. These checks are done within the parser. Since the vowel harmony check is done beforehand, only the remaining morphophonemic checks must be done at that point. The consonant harmony checks are among these checks [3].

If a word cannot pass any of the morphophonemic checks, considering the possibility that the root may have been determined wrongly, a new root is searched in the dictionary and the process is repeated.

4.2.3 Document Processor

The aim of this subsystem is to prepare the document properly in order to be used by the system. The first step is parsing the html files, which are gathered from the related web pages. For this operation, we have an html parser mechanism, which accepts the documents as the input, and gives back them without html tags. The second step is removing the stop words from the documents. Stop word mechanism accepts the parsed documents as input and returns the output after removing all the stop words. We use a stop word list, which contains frequently used words but have no effect on the searching process, in order to achieve this aim by comparing all the words in the document with the list and whenever they match the word in the document will be ignored.. After having removed the stop words and html tags, operation continues with stemming of the words in the document, which is the job of the stemmer subsystem. The following step is extracting the terms from the documents, which is an important part because it accelerates the process by making the system avoiding from unnecessary works. The final step is indexing the document in order to form the index part of the system, which is the job of the indexer subsystem.

Figure 7 shows the sequence of interactions of the system components during the execution of document preparation.
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Figure 7. Sequence diagram of document preparation.

4.2.4 Query Collector

The Subsystem that is called “Query Collector” gets input query from the user and stores to the database. In addition, whenever the user wants to edit previously entered query it retrieves from database. Generally this component makes fundamental database operations on queries.


[image: image7]
Figure 8. General view.

There are two different type users that can log on the system. Normal users can access only their own queries, so the user cannot delete or edit the queries which are belong to other users; however admin can access and edit all queries.
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Figure 9. Use case diagram of Query Collector.

For these operations the components involves DBManager, User and Query classes. DBManager provides fundamental functions that creates a connection, inserts, edits and deletes a query from database.

4.2.5 Query Processor

This component provides the process of gathering the results of a given query. To process the query, Query Processor first prepares the query such that stop words are removed. If stemmer is used, then this component also uses Stemmer to find the stems of the words of the query. 

Having prepared the query for the retrieval process, Query Processor searches the inverted index to match the terms in the query with documents. Resulting matches are evaluated with matching functions. Some important matching functions are:

Dice Coefficient:

Assume we have such a document matrix with each row representing a document and each column representing the occurrence of a term. Lets call it D.


t1
t2 
t3

D =
1
0
1


0
1
1


0
1
0

Also, lets have a query vector such that Q = [ 1 0 1 ]. 

Dice Coefficient =2*(X ( Y) / |X| + |Y| 

Actually, coefficient in the numerator does not affect the ranking, since we multiply by 2 for all of them.

Lets I be an inverted index such that:

I = 
t1 ----------( <1,1>


t2 ----------( <2,1>, <3,1>


t3 ----------( <1,1>, <2,1>

Moreover, we also have a mailbox for each document such that each cell represents the frequency of the query term in the document.

So, for this example, mailbox = [2 1 0]

Dice Coefficient for D1 = 1

Dice Coefficient for D2 = 1 / 2

Dice Coefficient for D3 = 0

As a result, we have such a ranking:

1. D1

2. D2

D3 is an irrelevant document.

Cosine Similarity Function:

This function assumes that the document and query are represented as numerical vectors in t-space, that is Q = (q1, q2, . . , qt) and D = (d1, d2, . . ., dt) where qi and di are numerical weights associated with the keyword i. The cosine correlation is now simply: 

Cosine α= (Q, D) / (|| Q || || D ||), where α is the angle between vectors Q and D.

4.2.6 Result Evaluator

Result Evaluator component performs the operations to display the performance of Information Retrieval on Turkish texts in TREC metrics. 

Evaluation measures for TREC are:

Recall = number of relevant items retrieved / number of relevant items in collection

Precision= number of relevant items retrieved / number of items retrieved.

Based on these metrics, there are methods to reflect the performance of the retrieval system. The methods that are going to be used during the evaluation step are as follows:

a) Precision – Recall Graphs:

Example:

	Recall Level Precision Average

	Recall
	Precision 

	0.00
	0.6169

	0.10
	0.4517

	0.20
	0.3938

	0.30
	0.3243

	0.40
	0.2715

	0.50
	0.2224

	0.60
	0.1642

	0.70
	0.1342

	0.80
	0.0904

	0.90
	0.0472

	1.00
	0.0031

	Average Precision over all relevant Documents

	non-interpolated
	0.2329


Table 1. Recall level precision average

Precision versus Recall graph is plotted by using the table above as follows:
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Graph 1. Precision vs. recall.

b) Summary Statistics Table

Example: The following table illustrates the results of one run:

	Summary Statistics

	Run
	BilTIR_manual_title

	Number of Topics
	60

	Total Number of Documents over all topics

	Retrieved
	50000

	Relevant
	5345

	Rel_ret
	4678


Table 2. Summary statistics.

Run: This is the descriptive field of the run. It has a tag created by participation, followed by a expression if the queries are created manually or automatically and finally if title, description or narrative topic is used.

Number of Topics: 
Number of topics searched during this run.

Retrieved: 

Number of documents submitted to NIST.

Relevant: 

Expected number of relevant documents in the collection for this run.

Rel_ret: Number of relevant documents retrieved after this run.
c) Document Level Averages Table

I. Precision at Specific Document Cutoff Values

It is calculated by summing the precision at the boundary document value and dividing to the total number of topics.

II. R-Precision

It is the precision when R documents are retrieved for a specific run. R is the number of relevant documents for a topic. Average R-Precision is obtained by calculating the mean of R-Precisions for different topic.

Example:

Let say, we have 30 relevant documents for topic A and 20 relevant documents for topic B. We retrieved 10 relevant documents in a frame of 30 documents for topic A and 15 relevant documents in a frame of 20 documents. So average is: [10/30 + 15/20] = 0.54.

	Document Level Averages

	
	Precision

	At 10 docs
	0.3897

	At 20 docs
	0.3443

	At 30 docs
	0.3123

	At 100 docs
	0.2112

	At 200 docs
	0.1487

	At 500 docs
	0.0834

	At 1000 docs
	0.0594


Table 3. Document level averages.

d) Average Precision Histogram

This metric is used to understand which topics are handled best by an individual system. It is calculated by first finding average precision for a topic and then plotting its distance from the average precision of all runs on that topic.

       Example:

	 Topics
	Precisions at Runs
	Average
	Difference

	Topic 1
	0.2
	0.13
	0.22
	0.23
	0.44
	0.244
	-0.044

	Topic 2
	0.32
	0.23
	0.34
	0.19
	0.33
	0.282
	0.038

	Topic 3
	0.18
	0.22
	0.12
	0.2
	0.21
	0.186
	-0.006

	Topic 4
	0.52
	0.33
	0.56
	0.6
	0.69
	0.54
	-0.02

	Topic 5
	0.78
	0.89
	0.78
	0.7
	0.72
	0.774
	0.006


Table 4. Precision statistics.
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Graph 2. Average precision histogram.

To obtain these statistical data, in information Retrieval in Turkish Text project, we are designing to use the automatic performance evaluator tool for the text retrieval systems of TREC. The input is the retrieval correctness of the system in detail and output is the statistics for the above methods [10]. 

4.3 Hardware/Software Configuration

We need two different computers for this system. One is for the server and the other one is for the client. An average computer is enough for the client one but for server we need a powerful machine with at least 1 GB memory and a processor of at least 2 GHz since this machine is both a Web and a database server and deals with lots amount of data. Both of them need Internet connections in order to communicate between them. Client makes query in the Web page and server shows the result after processing the query.

We will use java development kit JDK 1.5.0 that will allow us to run applets and applications written in the Java programming language. In order to benefit from object-oriented paradigm and the concinnity with the web we will use JAVA and JSP in our project. We will use MySQL server as the database management system. Our system will be operating system independent, which means that it will be able to run at both Windows and UNIX base operating systems.

4.4 Persistent Data Management

The data that we use in the project will be kept in two ways. The user information and queries are kept in the database. Because while collecting queries from users, there will be so much data operation such as insertion, deletion or correction. Also, we have to log the operation of the users. For these reasons, database is the proper choice.

On the other hand, the document data will be written to the text files. Because, there will not be any extra operation on them after parsing and stemming operations. So, text files could be sufficient to hold the data.
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Figure 10. ER diagram of query collector.

The database consists of three main tables;

· Users table keeps track of user id, password, name and surname of users. Since user id is unique, it is the primary key.

· Queries table keeps track of query id, domain, topic, description narrative concepts, factors and definition of queries. Since query id is unique for all queries, it is the primary key.

· Manage table keeps track of operations done by users on queries. It is a relation between User and Queries tables. There is three type of operation; insert, delete and update. Whenever the user performs any operation on database, it is recorded to this table. There is no primary key.

4.5 Access Control and Security

The document preparation and Information Retrieval stages of the project run in a local computer, so that security is not a concern for these steps. Access control to the source code is not planned for these stages because each subcomponent of these steps is under the responsibility and the control of an individual member.

However, the Query Collection part is controlled via the web server and webpage is open for access. The security mechanism is via the login operation, so that only authenticated users are allowed to login to the Query Collector component. Each user is allowed to access his/her queries so that no one can change or see other users’ queries.

Only the database administrator is allowed to see or change whole database. Because of that, the responsibility to control the database consistency is performed by DB administrator.

4.6 Global Software Control

Software control mechanism is divided into three sections since there are three independent execution flows that operate at different times. 

4.6.1 Document Preparation

As the sequence diagram in figure 7 shows on page 15, user only executes preparation command for the document preparation phase. After the process completes, the document is ready for the queries.

4.6.2 Information Retrieval

Next sequence diagram illustrates the flow of the control when a user submits a query to the system.
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Figure 11. Document preparation control flow.

4.6.2 Query Collection

The interaction between the query database and the users are provided by the project web server. The control flow mechanism that is used in the web pages is event-driven control mechanism. Locus of the system is outside the application. 

The following activity diagram shows the events:
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Figure 12. Query collection control flow.
4.7 Boundary Conditions

The IR side application works as a cascade of run of subcomponents. At each running step of the components the data collected from each step is stored in txt file. Stemmer, Document Processor, Indexer and Result evaluator stores their data in files after their executions terminate. The execution time of these components is user-free, thus a user cannot directly interrupt these operations. During execution, these components stores in a txt file, so if system crashes some output data can be saved.

Web-side application, user writes a query and has an option to save his/her query before termination. Thus, user has also an option to change the query. A remote database stores user queries so that a client –side crashes will not crash the query database.

5. Conclusion

Information storage and retrieval is one of the most important problems of computer science.  Its importance is especially more conspicuous after the invention of the Web.  The size and never ending need for useful information necessitate the implementation of effective and efficient information retrieval systems. To provide a solution for this problem, so many works that is about how to improve the data retrieval system in the way of accuracy and speed have been carrying on in the world of computer science. 

However, Turkish Information Retrieval has not been extensively experimented. When we consider the number of Turkish speaking population in the world, to make this research is a requirement for the world of science. So we want to fill this space by creating intelligent and fast Turkish Information Retrieval system.

Up to now, some of the important parts of the system, such as stemmers and inverted index have been already started to implement and test. However, we have not received the expected results from all of the testes. We will plan to improve our implementations and complete the entire system as soon as possible.

6. Glossary

Cohesion: In computer programming, cohesion is a measure of how well the lines of source code within a module work together to provide a specific piece of functionality.

Coupling: In computer science, coupling is the degree to which each program module relies on each other module.

Matching Function: The function which measures the association between a query and a document or cluster profile.

Postprocessing State: The state of the system after the actual process takes place.

Preprocessing State: The state of the system before the actual process takes place.

Query: In computing, a specific set of instructions for extracting particular data from a database.
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8. Appendix

Appendix-A
Source Code of Indexer

InvertedIndex.java

/**

 * InvertedIndex with Trie Structure

 * @author Cihan Kaynak

 */

import java.util.LinkedList;

import java.io.IOException;

import java.io.File;

public class InvertedIndex

{

    private TrieNode root;

    private int seqNum;

    private RandomFileHandler rf;

    /**

    *  Constructor

    */

    public InvertedIndex()

    {

        //allocate root

        root = new TrieNode();

        seqNum = 1;

        rf = new RandomFileHandler("rw");

    }

    /**

     * Inserts a new term into index if it does not exist.

     * If term already exists:

     * a) increment frequency

     * or

     * b) add new post

     * @param word key to be inserted into index

     * @param docID document ID

     */

    public void insertTerm(String word,int docID)

    {

        TrieNode current = root;

        char key;

        int index;

        for (int i = 0; i<word.length();i++)

        {

            key = word.charAt(i);

            index = Mapper.getIndex(key);

            if(current.link[index] == null)

                current.link[index] = new TrieNode();

            current = current.link[index];

        }

        if (current.term != null)

        {

            if (current.term.contains(docID))

            {

                //System.out.println(current.term.getTerm()+" var");

                current.term.incrementFrequency(docID);

            }

            else

            {

                  Post p = new Post(docID);

                  current.term.createIndexPost(p);

            }

        }

        else

        {

            Term term = new Term(word,seqNum,rf);

            Post p = new Post(docID);

            term.createIndexPost(p);

            current.term = term;

            seqNum++;

        }

    }

    /**

     * Searches Tree and returns term

     * @param word Term identifier

     * @return Term object containing its post-list within itself

     */

    public Term getTerm(String word)

    {

        TrieNode current = root;

        char key;

        int index;

        for (int i = 0; i<word.length();i++)

        {

            key = word.charAt(i);

            index = Mapper.getIndex(key);

            current = current.link[index];

            if(current == null)

                return null;

        }

        return current.term.copy();

    }

    public void finish() throws IOException

    {

        depthSearch(this.root);

        rf.close();

        File file = new File("temp_index");

        file.delete();

    }

    /**

     * Saves the inverted index into the random access file

    public void store()

    {

        depthSearch(rf,root);

        rf.close();

    }*/

    /**

     * Makes a depthFirtst search to sort the terms

     * @param current Current Trie Node*/

    private void depthSearch(TrieNode current) throws IOException

    {

        if ( current != null)

        {

            if (current.term != null)

            {

                    // MAKE UNIFORM

                    rf.uniform(current.term);

            }

            for (int i = 0; i < Mapper.SET_SIZE; i++)

                depthSearch(current.link[i]);

        }

    }

    /**

     * Private Class

     */

    private class TrieNode

    {

        TrieNode[] link;

        Term term;

        /**

         * Constructor

         */

        public TrieNode()

        {

            term = null;

            link = new TrieNode[Mapper.SET_SIZE];

            for (int i=0; i<link.length;i++)

                link[i] = null;

        }

    }

}

Term.java

import java.util.LinkedList;

import java.util.ListIterator;

/**

 * Term Class

 * @author Cihan Kaynak

 */

public class Term

{

    private String word;

    private LinkedList postList;

    private int index = 0;

    private int START_OFFSET = 0;

    private int BUFFER_SIZE = 100;

    private RandomFileHandler rf;

    private int seqNum;

    private int previousEnd = 0;

    private int numPass = 0;

    private boolean firstPass = true;

    /**

     * Constructor

     * @param word Word to identify term

     */


public Term(String word,int seqNum,RandomFileHandler rf)


{



this.word = word;



postList = new LinkedList();

        this.rf = rf;

        this.seqNum = seqNum;

    }

    public Term(String word,LinkedList postList)

    {

        this.word = word;



this.postList = postList;

    }

    public Term(String key,int seqNum)

    {

        this.word = key;



postList = new LinkedList();

        this.seqNum = seqNum;

    }

    /**

     * Returns word in term

     * @return word

     */


public String getTerm()


{



return word;

    }

    /**

     * Returns the copy of term to avoid coupling

     * @return Copy of a term

     */

    public Term copy()

    {

        return new Term(this.word,(LinkedList)this.postList.clone());

    }

    /**

     * Insert a new post of the term

     * @param post Post

     * @return True if post does not already exists, otherwise False

     */


public boolean createIndexPost(Post post)


{

        if( postList.size() < BUFFER_SIZE)

            return insertPost(post);

        else

        {

             if(firstPass)

            {

                START_OFFSET= rf.getCurrentSize();

                firstPass = false;

            }

            rf.write(this);

            postList.clear();

            previousEnd = rf.getCurrentSize();

            postList.add(post);

            numPass++;

            return true;

        }

    }

    public boolean insertPost(Post post)


{

       if(!contains(post.getDocID()))

       {

           postList.add(post);

           return true;

       }

        else

           return false;

    }

    /**

     * Checks if Term has a posting with docID

     * @param docID DocumentID of posting

     * @return True if it contains False otherwise

     */


public boolean contains(int docID)


{



if (getPost(docID) == null)




return false;



else

        {

            System.out.println(this.word+" "+docID+" "+postList.size());

            return true;

        }

    }


/**

     * Gets the frequency of the term in the document with docID

     * @param docID DocumentID

     * @return frequency

     */


public int getFrequency(int docID)


{



Post p = getPost(docID);



if ( p != null)




return p.getFrequency();



else




return -1; 


}

    /**

     * Increments the frequency of the term

     * @param docID DocumentID

     * @return TRUE if operation is successful

     */


public boolean incrementFrequency(int docID)


{



Post p = getPost(docID);



if(p != null)



{

            p.incrementFrequency();




return true;



}



else




return false;


}

    /**

     * Returns a post of the term with a specific docID

     * @param docID

     * @return Post

     */


private Post getPost(int docID)


{



ListIterator it = postList.listIterator(0);



while(it.hasNext())



{




Post p = (Post)it.next();




if(p.getDocID() == docID)





return p;



}



return null;


}

    /**

     * Returns true until iterative index reaches end of the post-list

     * @return True if there remains a post to iterate

     */

    public boolean hasNext()

    {

        if (index < postList.size())

            return true;

        else

        {

            index = 0;

            return false;

        }

    }

    /**

     * Returns the document id of the post in turn

     * @return Document id

     */

    public int getNextDocID()

    {

        return ((Post)postList.get(index)).getDocID();

    }

    public int getSeqNum()

    {

        return seqNum;

    }

    /**

     * Returns frequency of the post in turn

     * @return Frequency

     */

    public int getNextFrequency()

    {

        return ((Post)postList.get(index++)).getFrequency();

    }

    /**

     * Returns the size of the term (in bytes)

     * @return Size of the term

     */

    public int getByte()

    {

        return (postList.size()+(numPass*BUFFER_SIZE)) *2*4;

    }

    /**

     * Returns the number of posts of the term

     * @return Post-list size

     */

    public int size()

    {

        return postList.size();

    }

    public int getStartOffset()

    {

        return this.START_OFFSET;

    }

    public void setStartOffset(int offset)

    {

        this.START_OFFSET = offset;

    }

    public void setNumBufferNodes(int size)

    {

        BUFFER_SIZE = size;

    }

    public int getNumBufferNodes()

    {

       return BUFFER_SIZE;

    }

    public int getNumPasses()

    {

        return numPass;  

    }

    public int getPreviousEnd()

    {

        return this.previousEnd;

    }

}

Post.java

/**

 * Post of a Term

 * @author Cihan Kaynak

 */

public class Post 

{


private int docID;


private int frequency;

    /**

     * Constructor

     * @param id Document ID

     */


public Post(int id)


{



this.docID = id;



frequency = 1;


}

    /**

     * Returns the copy of a post

     * @return Copy of a post

     */

    public Post copy()

    {

        Post p = new Post(this.docID);

        p.setFrequency(this.frequency);

        return p;

    }

    /**

     * Returns document id of the post

     * @return documentID

     */


public int getDocID()


{



return docID;


}

    /**

     * Returns the frequency of term in the post

     * @return frequency

     */


public int getFrequency()


{



return frequency;


}

    /**

     * Sets the frequency of the post

     * @param freq Frequnecy to be set

     */

    public void setFrequency(int freq)

    {

        this.frequency = freq;

    }

    /**

     * Increments the frequency

     */


public void incrementFrequency()


{



frequency++;


}

}

Mapper.java

/**

 * Character Mapper

 * User: Cihan Kaynak

 * Date: Nov 15, 2005

 * Time: 4:12:30 PM

 */

public class Mapper

{

    private static final int FIRST_NUM = 48;

    private static final int LAST_NUM = 57;

    private static final int FIRST_CHAR = 97;

    private static final int LAST_CHAR = 122;

    public static final int SET_SIZE = 44;

    /**

     * Returns the index of a character in the set

     * @param key character

     * @return index

     */

    public static int getIndex(char key)

    {

        int index;

        if ( key >= 226 )

        {

            //long-a

            if ( key == 226 )

                index = SET_SIZE - 8;

            // ç

            else if ( key == 231 )

                index = SET_SIZE - 7;

            // long-i

            else if ( key == 238 )

                index = SET_SIZE - 6;

            // ö

            else if ( key == 246 )

                index = SET_SIZE - 5;

            // long ü

            else if ( key == 251)

                index = SET_SIZE - 4;

            // ü

            else if ( key == 252)

                index = SET_SIZE - 3;

            // ?

            else if ( key == 287 )

                index = SET_SIZE - 2;

            // ?

            else if ( key == 351 )

                index = SET_SIZE - 1;

            else

                index = -1;

        }

        else if ( key >= FIRST_NUM && key <= LAST_NUM  )

            index = key - FIRST_NUM;

        else if ( key >= FIRST_CHAR && key <= LAST_CHAR)

            index = key - FIRST_CHAR + 10;

        else

            index = -1;

        return index;

    }

}

RandomFileHandler.java

/**

 * User: Cihan Kaynak

 * Date: Nov 26, 2005

 * Time: 1:59:41 AM

 */

import java.io.RandomAccessFile;

import java.io.IOException;

public class RandomFileHandler

{

    private RandomAccessFile tmp_index;

    private RandomAccessFile termList;

    private RandomAccessFile index;

    private final int MAX = 50;

    private final int PAGE= MAX+4+4+4;   // CHAR,OFFSET,SIZE,ID

    private int SIZE = 0;

    private int off = 0;

    /**

     * Constructor

     * @param mode I/O Mode r -> readOnly rw ->readWrite

     */

    public RandomFileHandler(String mode)

    {

        try

        {

            if ( mode.equals("r"))

            {

                index = new RandomAccessFile("index","r");

                termList = new RandomAccessFile("term","r");

            }

            else if (mode.equals("rw"))

            {

                index = new RandomAccessFile("index","rw");

                tmp_index = new RandomAccessFile("temp_index","rw");

                termList = new RandomAccessFile("term","rw");

            }

            else

                tmp_index = null;

        }

        catch(Exception ex)

        {

            System.out.println(ex.toString());

        }

    }

    /**

     * Writes the term with its post-list into the random access file

     * @param term

     */

    public void write(Term term)

    {

        int previousEnd = term.getPreviousEnd();

        // SEQUENCE NUMBER TO BE USED

        try

        {

            int NEXT = SIZE;

            while(term.hasNext())

            {

                tmp_index.writeInt(term.getNextDocID());

                tmp_index.writeInt(term.getNextFrequency());

            }

            tmp_index.writeInt(-1);

            SIZE+= (term.size()*2*4) + 4;

            if(previousEnd != 0)

            {

                tmp_index.seek(previousEnd - 4);

                tmp_index.writeInt(NEXT);

            }

        }

        catch(Exception ex)

        {

            System.out.println(ex.toString());

        }

    }

    public void uniform(Term term) throws IOException

    {

        // CHECKS ....

        if( term.size() != 0)

            this.write(term);

        tmp_index.seek(term.getStartOffset());

        int bufferSize = term.getNumBufferNodes() * 2;

        int next;

        boolean finished = false;

        // NORMALIZE INVERTED-INDEX

        while(!finished)

        {

            System.out.println(bufferSize);

            for(int i=1; i <= bufferSize; i++)

                index.writeInt(tmp_index.readInt());

            next = tmp_index.readInt();

            if( next != -1)

                tmp_index.seek(next);

            else

                finished = true;

        }

        while(term.hasNext())

        {

            index.writeInt(term.getNextDocID());

            index.writeInt(term.getNextFrequency());

        }

        // WRITE TERM_LIST

        int size = term.getByte();

        char[] str = new char[MAX];

        String t =  term.getTerm();

        t.getChars(0,t.length(),str,0);

        for (int i=0; i<MAX; i++)

            termList.writeByte(str[i]);

        termList.writeInt(off);

        termList.writeInt(size);

        termList.writeInt(term.getSeqNum()); // TERM NUMBER

        off = off + size;

    }

    /**

     *

     * @param key Term to be searched

     * @return Term with its post-list

     * @throws IOException

     */

    public Term search(String key) throws IOException

    {

        TermInfo info = binarySearch(key,0,(int)termList.length());

        if( info == null)

            return null;

        else

        {

            index.seek(info.getOffset());

            int tuple = info.getSize() / 8;

            Term t = new Term(key,info.getSeqNum());

            for( int i=0; i<tuple; i++)

            {

                Post p = new Post(index.readInt());

                p.setFrequency(index.readInt());

                t.insertPost(p);

            }

            return t;

        }

    }

    /**

     * Binary Search to find desired term in the random access file

     * @param key Term to be searched

     * @param start Start offset

     * @param end End offset

     * @return Location info

     */

    private TermInfo binarySearch(String key,int start,int end)

    {

        if (start < end)

        {

            int offset = (end + start )/2;

            offset = offset - (offset % PAGE);

            TermInfo info = null;

            try

            {

                termList.seek(offset);

                char[] str = new char[MAX];

                boolean fin = false;

                char c;

                int i=0;

                for(; i<MAX && !fin; i++)

                {

                    c = (char)termList.readByte();

                    if( c == '\0')

                        fin = true;

                    else

                        str[i] = c;

                }

                String word = new String(str,0,i-1);

                termList.seek(offset+MAX);

                if (word.equals(key))

                {

                    offset   = termList.readInt();   // offset

                    int size = termList.readInt();   // size

                    int seqNum = termList.readInt(); // seqNum

                    info = new TermInfo(offset,size,seqNum);

                    return info;

                }

                else if (word.compareTo(key) < 0 )

                    return binarySearch(key,offset+PAGE,end);

                else

                    return binarySearch(key,start,offset);

            }

            catch(Exception ex)

            {

                System.out.println(ex);

                return null;

            }

        }

        else

            return null;

    }

    /**

     * Release I/O buffers and close the file

     */

    public void close()

    {

        try

        {

            index.close();

            tmp_index.close();

            termList.close();

        }

        catch(Exception ex)

        {

            System.out.println(ex.toString());

        }

    }

    public int getCurrentSize()

    {

        return SIZE;

    }

}

TermInfo.java

/**

 * User: Cihan Kaynak

 * Date: Nov 26, 2005

 * Time: 1:21:06 PM

 */

public class TermInfo

{

    private int offset;

    private int size;

    private int seqNum;

    /**

     * Constructor

     * @param offset Starting offset of the entry in inverted index file

     * @param size Size (byte) of the entry in the inverted index file

     */

    public TermInfo(int offset,int size,int seqNum)

    {

        this.offset = offset;

        this.size = size;

        this.seqNum = seqNum;

    }

    /**

     * Returns offset of the entry

     * @return Offset

     */

    public int getOffset()

    {

        return offset;

    }

    /**

     * Returns size of the entry

     * @return Size of the entry in byte

     */

    public int getSize()

    {

        return size;

    }

    public int getSeqNum()

    {

        return seqNum;

    }

}

Source Code of Successor Variety

import java.io.*;

import java.util.Vector;

/**

 * Created by IntelliJ IDEA.

 * User: amcaoglu

 * Date: Nov 21, 2005

 * Time: 4:50:46 PM

 * To change this template use File | Settings | File Templates.

 */

public class SuccessorVariety {

    private  Vector corpus;

    private  Vector tempCorpus;

    private int [] changeIndex;

    private boolean compositionPoint;

    public SuccessorVariety(){

        getCorpus();

        System.out.println("corpus is in hand..");

    }

    public  String Stemmer(String word ){

        int [] values;

        int cutPoint;

        String mainStem;

        if(word.length() < 3)

            return word;

        changeIndex=new int[word.length()];

        compositionPoint=false;

        tempCorpus=(Vector)corpus.clone();

        values= new int[word.length()];

        for(int i=0; i< word.length(); i++){

            values[i]=getSuccessorVariety(word,i);

        }

        cutPoint=getCutPoint(word,values);

        mainStem=word.substring(0,cutPoint+1);

       if(changeIndex[cutPoint]==1){

            switch  (mainStem.charAt(cutPoint) ){

                case 'b':

                    mainStem=mainStem.substring(0,cutPoint)+'p';

                    break;

                case 'c':

                    mainStem=mainStem.substring(0,cutPoint)+'ç';

                    break;

                case 'd':

                    mainStem=mainStem.substring(0,cutPoint)+'t';

                    break;

                case 'ğ':

                    mainStem=mainStem.substring(0,cutPoint)+'k';

                    break;

                default:

                    break;

             }

        }

        return mainStem;

    }

    private int determineCorpusChange(char ch1, char ch2,int index){

        int []successor1=new int[33];

        int []successor2=new int[33];

        int variety1=0;

        int variety2=0;

        for(int j=0; j<tempCorpus.size(); j++){

                String temp=(String)tempCorpus.elementAt(j);

                if(temp.charAt(index) == ch1){

                    int location = hash(temp, ch1, index);

                    if (location != -1) {

                        if (successor1[location] == 0) {

                            successor1[location]++;

                            variety1++;

                        }

                    }

                }

                else if (temp.charAt(index) == ch2 && checkVowel(temp, index - 1) && checkVowel(temp, index + 1)) {

                    int location = hash(temp, ch2, index);

                    if (location != -1) {

                        if (successor2[location] == 0) {

                            successor2[location]++;

                            variety2++;

                        }

                    }

                }

       }

       if(variety1 > variety2){

           arrangeCorpus2(index,ch1,ch2);

           return variety1+variety2;

       }

       else{

           arrangeCorpus(index,ch1);

           return variety1;

       }

    }

    private int determineWordChange(char ch1, char ch2, int index){

        int variety1=0;

        int variety2=0;

        int []successor1=new int[33];

        int []successor2=new int[33];

        for(int j=0; j<tempCorpus.size(); j++){

            int location=hash((String)tempCorpus.elementAt(j),ch1,index);

            if(location!=-1){

                if(successor1[location]==0){

                    successor1[location]++;

                    variety1++;

                }

            }

        }

        for(int j=0; j<tempCorpus.size(); j++){

            int location=hash((String)tempCorpus.elementAt(j),ch2,index);

            if(location!=-1){

                if(successor2[location]==0){

                    successor2[location]++;

                        variety2++;

                }

            }

        }

        if(variety1>=variety2){

            arrangeCorpus(index,ch1);

            return variety1;

        }

        else{

            arrangeCorpus2(index,ch2,ch1);

            if(!compositionPoint)

                changeIndex[index]=1;

            return variety1+variety2;

        }

    }

    private  int getSuccessorVariety(String s, int index){

        int variety=0;

        int []successor=new int[33];

        if(index > 2 && s.charAt(index)=='p')

            return ( determineCorpusChange('p','b',index) );

         else if(index > 2 && s.charAt(index)=='ç')

            return ( determineCorpusChange('ç','c',index) );

         else if(index > 2 && s.charAt(index)=='t')

             return ( determineCorpusChange('t','d',index) );

        else if(index > 2 && s.charAt(index)=='k')

            return ( determineCorpusChange('k','ğ',index) );

        else if( index > 2 && checkVowel(s,index-1) && checkVowel(s,index+1)){

            switch (s.charAt(index)){

                case 'b':

                    return determineWordChange('b','p',index);

                case 'c':

                     return determineWordChange('c','ç',index);

                case 'd':

                     return determineWordChange('d','t',index);

               case 'ğ':

                     return determineWordChange('ğ','k',index);

               default:

                    break;

            }

        }

        for(int j=0; j< tempCorpus.size(); j++){

            int location=hash((String)tempCorpus.elementAt(j),s.charAt(index),index);

            if(location!=-1){

                if(successor[location]==0){

                    successor[location]++;

                    variety++;

                }

            }

        }

        arrangeCorpus(index,s.charAt(index));

        return variety;

    }

    private  int hash(String s, char ch, int index){

        if(s.charAt(index)==ch){

            if(index==s.length()-1)

                return 32;

            else{

                int ascii=s.charAt(index+1);

                if(ascii==231)

                    return 26;

                else if(ascii==287)

                    return 27;

                else if(ascii==305)

                    return 28;

                else if(ascii==246)

                    return 29;

                else if(ascii==351)

                    return 30;

                else if(ascii==252)

                    return 31;

                else if(ascii > 122 || ascii<97)

                    return -1;

                else {

                    ascii-=97;

                    return ascii;

                }

            }

        }

        else

            return -1;

    }

    private  int getCutPoint(String word, int[]values){

        int cutPoint=0;

        int length=values.length;

        if(length==2 || length==1)

            return length;

        int l;

        int r;

        if( checkVowel(word,1)&& values[1]-values[2] > 0){

            cutPoint=2;

            if(values.length > 3)

                for(int i=3; i< values.length; i++){

                    l=values[i]-values[i-1];

                    if(i==values.length-1 && l >0){

                        cutPoint=i;

                        break;

                    }

                    else if(i!=values.length-1){

                        r=values[i]-values[i+1];

                        if(l>0 && r > 0){

                            cutPoint=i;

                            break;

                        }

                    }

               }

        }

        else{

            for(int i=1; i< values.length; i++){

                l=values[i]-values[i-1];

                if(i==values.length-1 && l >0){

                    cutPoint=i;

                    break;

                }

                else if(i!=values.length-1){

                    r=values[i]-values[i+1];

                    if(l>0 && r > 0){

                        cutPoint=i;

                        break;

                    }

               }

           }

        }

        if(cutPoint==0){

             return values.length-1;

        }

        else

             return cutPoint;

    }

    private  void arrangeCorpus(int index, char ch){

        int length=tempCorpus.size();

        Vector temp=new Vector();

        String s;

        for(int i=0; i<length; i++){

            s=(String)tempCorpus.elementAt(i);

            if(s.charAt(index)==ch && s.length()-1!= index ){

                temp.add(s);

            }

        }

        tempCorpus=(Vector)temp.clone();

    }

     private  void arrangeCorpus2(int index, char ch, char ch2){

        int length=tempCorpus.size();

        Vector temp=new Vector();

        String s;

        for(int i=0; i<length; i++){

            s=(String)tempCorpus.elementAt(i);

            if((s.charAt(index)==ch || s.charAt(index)==ch2) && s.length()-1!= index ){

                temp.add(s);

            }

        }

        tempCorpus=(Vector)temp.clone();

    }

     private  void getCorpus(){

        File inputFile = new File("Real+novel.txt");

        BufferedReader input = null;

        corpus=new Vector();

        try {

            input = new BufferedReader( new FileReader(inputFile) );

            String line = null; //not declared within while loop

            while (( line = input.readLine()) != null){

               if(((int)line.charAt(0) < 123 && (int)line.charAt(0) >96) || line.charAt(0)=='ı' || line.charAt(0)=='ğ' ||

                       line.charAt(0)=='ş' || line.charAt(0)=='ç'|| line.charAt(0)=='ö' || line.charAt(0)=='ü'){

                    corpus.add(line);

               }

            }

        }

        catch(FileNotFoundException e){

            System.out.println("FNF");

        }

        catch(IOException e){

            System.out.println("IO");

        }

    }

    private boolean checkVowel(String s, int index){

        if(index >= s.length())

            return false;

        if( s.charAt(index)=='a' || s.charAt(index)=='e' ||s.charAt(index)=='ü' || s.charAt(index)=='ö' ||

                s.charAt(index)=='i' ||s.charAt(index)=='ı' || s.charAt(index)=='o' || s.charAt(index)=='u'){

            return true;

        }

        else

            return false;

    }

    public static void main(String []args){

        SuccessorVariety sv=new SuccessorVariety();

        File inputFile = new File("corpus.txt");

        File outFile = new File("output.txt");

        BufferedReader input = null;

        BufferedWriter output=null;

        int lineCount=0;

        try {

            output= new BufferedWriter(new FileWriter(outFile));

            input = new BufferedReader( new FileReader(inputFile) );

            String line = null; //not declared within while loop

            while (( line = input.readLine()) != null){

                if(line.charAt(0)>96 && line.charAt(0) < 123) {

                    if(lineCount > 5000000){

                        String out=line+" ---------------> "+sv.Stemmer(line)+"\n";

                        output.write(out);

                    }

                    lineCount++;

                    if(lineCount > 5005000)

                        break;

                }

            }

        }

        catch(FileNotFoundException e){

            System.out.println("FNF");

        }

        catch(IOException e){

            System.out.println("IO");

        }

        finally{

            try {

                if (input!= null) {

                    input.close();

                }

                if(output!=null)

                    output.close();

            }

            catch (IOException ex) {

                ex.printStackTrace();

            }

        }

    }

}
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Query Collector User Interface
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Figure C1. Query collection login screen.
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Figure C2. Query collection menu screen.
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Figure C3. Query collection create query screen.
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Figure C4. Query collection edit query screen.
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Figure C5. Query collection delete query screen.
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Figure C6. Query collection delete query admin screen.



Figure C7. Query collection edit query admin screen.
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� Document Set is the set of text files. Each text file has an identifier, which is the document id, and stores the terms in that document. Stop words are eliminated during the creation of Document Set.


� A binary file holding the set of term vectors


� A binary file such that each entry points the starting offset of a term vector in inverted index file
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