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ABSTRCT 

One of the more spectacular technological phenomena of the 1990s is the rapid 
growth of the Internet in general, and the World Wide Web in particular. In fact, 
WWW continue to grow so quickly that almost everybody will be affected by 
WWW direct1y or indirectIy. By now, there are many search engines that supply 
information retrieval on WWW. Finding information for individual users is more 
easy and efficient by using these tools. But for the group users within an enterprise, 
which has Intranet connecting with Internet, the existing search tools have some 
problems. This paper first analyzes the characteristics of the existing search 
engines and then describes the new specific requirements to the WWW 
information search by the group users working within an Intranet. To meet these 
requirements, the paper presents a new Web information searching mechanism--
distributed softbot (software robot) intelligent searching method. By using this 
mechanism, the problems mentioned above can be solved, also the Internet time 
that the group users consume to search information on WWW can be reduced. This 
paper also describes and discusses the main principles of the new mechanism, and 
finally gives out the possibility of implementing this mechanism by using Java, an 
00 language. 
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Since December 1990, the birth of the first WWW software on the NeXT system, 
the technologies and applications of WWW have gone a tremendous increase in the 
world, and affected almost every field of work and daily life. By now, there are 
several hundred thousands of WWW servers running around the world, which are 
supplying varied kinds of information services. According to the experts' 
prognoses, there will be over one million of WWW servers running on Internet by 
the end of this century. 

With so many WWW servers and so much Web information on Internet, how to 
effectively deal with the information searching becomes more and more important 
than before. To improve the efficiency and quality of WWW information searched, 
new method and technology emerge constantly. 

Following the development of Internet and WWW, Intranet's implementation 
within the enterprises is becoming popular. The information searching actions that 
are based on Intranet own some new characteristics. These actions are not 
individual behaviors, but group behaviors, that is, the actions between a group of 
users in an enterprise and Internet. These group behaviors characterize that the 
group users within same Intranet have the specific information set that can be 
shared and exchanged. So within Intranet, how to efficiently search WWW 
information, how to maximally share the searched information and how to reduce 
the amount of data transmitted on Internet must be considered and solved. 

2 Analysis of Status quo 

By now, there are three search strategies on the Web: 
• Directed surfing 
• Web search trees 
• Web search indexes 

Directed surfing, also called browser mode, is that the users directly surf the 
pages on the Web servers by using browsers. This strategy is not very efficient but 
simple method. It is inevitable for successful searching on the Web. Forgetting the 
goal of the search is the largest problem. For the users who don't know the URL of 
the Web server, they will be unable to search the Web site by this strategy. 

A Web search tree is a specialized Web server, which can be used to guide the 
users to the expected pages. Its contents are manually updated, hierarchically 
structured lists of Web sources with comments, Any resource on the Web can be 
found in a search tree only if a reference to it has been entered actively into the 
search tree. This is a major restriction on the use of Web search trees. The typical 
example of this strategy is Yahoo that is the biggest and a best-known search tree. 
Yahoo usually accepts links to any page. 

Like Web search trees, Web search indexes are specialized Web servers that 
offer an overview of the content of the Web. Unlike the Web search trees, the 
content is buHt automatically. They do it like this: firstly, a robot (also called 
spiders, gathers, and crawlers) that try to find as many pages ofthe Web as possible 
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collects the information on the Web. The roOOt will access a Web page, analyze the 
content, and add all the reference in the page to a list of pages in order to index. It 
will continue with the next page of the Web in that list. During the analysis 
mentioned above, a huge index of all the words in the pages is set up. Then a 
software program called the search engine will enable the users to search this index. 
Web search indexes suffer from the same restrictions as Web search trees. The 
search engine can only find what has previously been indexed. The search engine 
can not find the pages that have not been reached by the roOOt. However, as the 
robot performs indexing of pages automatically, more pages are indexed by 
indexes than by trees. The typical examples of this strategy are Alta Vista 
(http://altavista.digital.com), Lycos (http://www.lycos.coml). and HotBot 
(http://www.hotOOt.coml). 

These three Web search methods have advantages on Web information search, 
but also some problems which should be considered, such as: 

Directed surfing method can only be used on the condition that the users know 
the Web server address (URL or IP address). In the early time, when there were not 
so many Web sites, this method was suitable. With the rapid increase of numbers of 
Web servers on Internet, getting the addresses of Web servers becomes more and 
more difficult for users. Even if the users can get these addresses, it is impossible 
for them to remember all of these URL. On the other hand, searching information 
on Web servers by the directed surfing method means that you must browse all 
Web pages one by one in order to know the details ofthe Web server, ifyou don't, 
possibly some information will be missed. 

Web search trees method can overcome one of problems mentioned aOOve, the 
problem that it is more and more difficult to achieve URL. But Web search trees 
method itself has problems too. The reason is that a Web search tree contains 
thousands of the subjects of the Web servers, so the users can just get the URLs 
and main subjects of the Web sites by this method. To get the details of the Web 
pages, the users also need to browse one page after another by a browser. 

Web search indexes method solves the problems that the addresses of the Web 
servers are difficult to achieve and the search information is unable to be exactly 
located on the pages. Unfortunately, this method also has its own problem too, that 
is, the Web sites using this method are overload, and the reason is that this method 
indexes all the words contained in the corresponded Web servers. For example, on 
Alta Vista and Lycos Web sites, there are indexes of more than 30 million pages on 
more than 300,000 Web servers (November 1996). As the indexing of pages is 
performed automatically, more pages are indexed by indexes than by trees. 
However, as all the pages are indexed, the number of retumed documents can be 
very large. For example, as of May 1997, 600 documents containing "Die 
Zauberflote" have been indexed on Alta Vista. This will make it difficult for users to 
know which documents are important and which are not. To some common search 
words, the number of search results will reach more than one thousand. 

Except the characteristics mentioned aOOve, the existing search methods have 
one common feature, that is, information search way is characterized with 
individual behaviors. This means that these search methods are suitable for 
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individual users, but for group users. TIris can be shown as follows: 
.The search results are just for one user only . 
• 11 is difficult to find a COinmon field . 
• The scope of the search results is depended on the personal environment. 
.Others can not share the search results. 

With the development of WWW technology, Intranet is now becoming more 
and more popular among many enterprises. For the users who work in the same 
enterprise, they will share same information and topics in which they are interested. 
They form a user group with characteristics of the specific group behaviors. These 
characteristics show that the Web search on Intranet is different from the traditional 
Web search characterized with the individual behaviors. The traditional Web search 
methods and tools are unable to completely satisfy the requirements of the group 
users who share one Intranet. The typical group behaviors feature like these: 

.The users of same group can reuse the searched information; 

.There are common subjects in the group; 

.The scope of the information processing is delimited by the group; 
To solve the problems which exist in traditional Web search methods and meet 

the requirements of the Web search within Intranet, this paper presents a new Web 
information searching mechanism---distributed softbot intelligent searching method, 
which can be used to set up the Web information search system for Intranet. 

3 Multi-Softbot Architecture 

Softbot (software robot) research, being one of the artificial intelligence (AI) 
fields, is very active and challenging. But softbot has not a uniform definition. It is 
a basic terminology of distributed artificial intelligence (DAI), also a primitive of 
AI. Although many computer researchers have done a lot of work at this field, but 
different researchers have given softbot different structures and actions. We define 
tbat the softbot is an abstract entity, which can act on itself and its environment, 
also can react to its environment's actions. The softbot has the abilities as follows: 

(1) Autonomous ability 
The softbot can exist and run even without the interaction of humans or other 
softbots, and have the ability to control its own conducts and interior states. 

(2) Social ability 
The softbot can exchange message with other softbots (or humans) by a language. 

(3) Reactive ability 
The softbot can observe and react to its environment so as to change the 
environment. 

(4) Pre-active ability 
The softbot can not only react to its environment, but also accept some trigger 
messages and control its own behaviors and change its interior states. 

Generally the softbot being an abstract entity can act on its environment and 
itself, and react to the changes of the environment. It has knowledge, objective and 
capability. 
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Here knowledge is the description of the world where the softbot locates and 
the questions that that the softbot will solve. The knowledge owned by softbot can 
be obtained from the persons or other softbots, ~d also can be acquired by itself 's 
perception and recognition. The softbot's knowledge may be classified into field 
knowledge (recognition of the world, etc.), communication knowledge (protocols, 
etc.) and control knowledge (relationships among the softbots). Also the faith is part 
of knowledge too. The faith is the results gotten by softbot by inference. Just like 
human beings, the softbot's knowledge may be imperfect, uncertain, or even partly 
mistaken. 

Objective of softbot means that all actions taken by the softbot are directed by 
objectives. The objectives of softbot are not always explicit exist. Some of them are 
in implicit forms. There are two kinds of objectives: static objective and dynamic 
objective. 

Capability is that the softbot has abilities of inferring, decision making, 
planning and controlling. 

Multi-softbot architecture is a set of softbots (more than one softbot) that form 
an entity group. They can complete specific tasks on the computer network 
environment. Every softbot can act on other softbots and exchange message with 
each other. These softbots are unnecessary to run at same computer; they can run at 
different computers and exchange messages by communication. 

To count the characteristics of the Web information search on Intranet, using 
multi-softbot architecture to set up a distributed softbot intelligent searching 
system for Intranet has many advantages. First, it can solve the problem that the 
explosive growth of the Internet makes handling information volume more and 
more difficult. Second, it can solve the problem of inefficient usage of network 
bandwidth. Third, it can solve the problem that the searched information is often 
with poor quality. 

4 The Structure of Distributed Softbot Intelligent Searching System 

There are several different roles of softbots in the distributed softbot intelligent 
searching system. These softbots cooperatively work together. How to assign and 
construct these softbots, so that the system can meet the requirements of the group 
users on Intranet and solve the problems oftraditional Web search methods, is very 
important. Fortunately there are many similarities between WWW information 
environment and human being society. If the technology of working roles of 
human beings' social activities can be applied to assign softbots in this system, 
There will be a lot of advantages to construct the system. Like human beings, every 
softbot is a relative independence who having its specific role and task in the 
system. In order to meet the requirement of the group users on Intranet and 
overcome the problems of the existing Web search methods, we introduce the 
following softbot roles in the system: 

Librarian softbot 
This softbot will stay in the remote Web server for the long-term purpose, 
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which will be controlled by the dispatcher softbot. When the librarian softbot 
receives the Web search orders from the dispatcher softbot by network, it will do 
information search operation to the Web site where it locates. After finishing the 
search action, the librarian softbot will return the search results to a compiler 
softbot who is responsible for collection and edition of the searched information. 
The purpose for setting up librarian softbot is to reduce the transmission amount of 
the source data transmitted on the network. 

Journalist softbot 
This softbot will be sent from the local Web site to the remote Web site by the 

dispatcher softbot to make an on-the-spot coverage of the remote site. When the 
dispatched journalist softbot find that the information has been changed or there is 
new information on the remote Web site, the softbot will get the corresponding 
information and send it back to the compiler softbot immediately. This softbot can 
reduce the transmission amount of the source data transmitted on the network. 

Broadcaster softbot 
This softbot runs in the local Web site, whose responsibility is to send back the 

searched messages to the group users. The actions will be done on timer or event 
triggers. The push technology can be used to actively push the messages to the 
users. 

Postman softbot 
This softbot also runs in the local Web site. It is responsible for sending back 

the relevant searched messages to the user who had given the Web search orders. 

User proxy softbot 
This softbot runs in the local Web site. It is responsible for receiving the user's 

Web search orders, analyzing the orders, and trying to merge these users' orders 
into a complex order. This complex order can meet not only the requirements of 
the user's Web search, but also the conditions on that there is no repeat 
transmission of same data on network. 

Dispatcher softbot 
This softbot runs in the local Web site, who is responsible for receiving the 

complex orders from the user proxy softbot, and telling the Database softbot to 
check if the local database has the Web search results. if there is not searched data, 
the dispatcher softbot will dispatch the librarian softbot or journalist softbot to 
remote Web sites to search the information. 

Compiler softbot 
Located in the local Web site, this softbot will wait to receive the Web search 

results from the librarian softbot, journalist softbot or the database softbot. After 
getting the results, the softbot preprocesses these results and forms aseries of tasks 
so that the broadcaster softbot and postman softbot can finish them. 
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Database softbot 
Located in the local Web site, this softbot is responsible for retrieval and load 

of the Web form data searched by the librarian softbot or journalist softbot. This 
softbot maintains several databases. 

The structure of the distributed softbot intelligent searching system is shown as 
below. 

User Agent 
Softbot 

Dispatcher 
Softbot 

librarian 
Softbot 

Broadcaster 
Softbot 

Database 
Softbot 

Postman 
softbot 

Compiler 
Softbot 

Journalist 
Softbot 

Figure 1. The structure of the distributed softbot intelligent searching system 

In this system, the softbots are self -contained, independent, interactive 
components of a Web search system that communicate by asynchronous message 
passing. The softbot metaphor is derived from the idea of computational agents that 
are distributed in space and time and may have complex and dynamically evolving 
interactive patterns. The softbot model is directly realized in architectures 
consisting of computers distributed on network, i.e. Internet environment. A key 
difference between softbots and some other Web search models mentioned above is 
that softbots do optimization of the communication and other operations. 

The way a softbot influences the actions of other softbots is sending the latter a 
message. One softbot can send another softbot a message if it knows the interface 
address of the recipient. Usually, the librarian softbot and journalist softbot running 
at remote Web sites communicate with rest of the softbots running at the local Web 
site through Internet and Intranet. All softbots together form a distributed intelligent 
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system. 
To reduce network traffic and the number of the requests answered by the 

primary servers, there are several measures adopted in this system. 
First measure is that the user proxy softbot intercepts users' requests for Web 

pages, and let the dispatcher softbot check if there is a copy of the required page in 
the local database. The postman softbot will respond to the users with this page if it 
is up to date (has not been changed on the original server). If there is no such copy 
or it is outdated, the dispatcher softbot will try to get the original copy, and then 
place it in the local database, and let Postman softbot send it to the users. 

Second measure is that the user proxy softbot tries to merge the users' requests 
into a complex request that can meet the requirements of the users' Web search. 
This is based on a very basic principle: people within same enterprise often require 
the same information. This is also why a local database is set up for the Internet 
users as the first place to fmd an answer for a Web search. It is likely that other 
people have been looking for the same information, that your question has been 
asked and the answers are stored. Obviously the same must be true regard of 
Intranet Web search: if you are looking for some thing, it is very possible that the 
people on the same Intranet with you have already been looking for it. People 
within a specialized professional environment share same professional interests. 

Third measure is that the dispatcher softbot tries to reduce the transmission 
amount of unprocessed pages. If a Web site has several thousand pages, the users' 
request may be just a few pages. It is very common to meet a few pages' search 
request that several thousand pages must be transported from remote Web server to 
the user except there is a search engine. To deal with this problem, the dispatcher 
softbot can send the journalist softbot to remote Web sites, and then communicate 
with it. After the journalist softbot having found the pages, it will return the results 
back to the database softbot and the compiler softbot. The efficiency of this 
measure is quite high especially in the case that the speed of network is slow. 

5 Mechanism 

To realize the Web search based on the structure of the distributed softbot intelligent 
searching system within an Intranet, the prerequisite is the resources of WWW can 
be shared. The resources here mean WWW information, network bandwidth and 
computing functionality. The purpose of constructing this Web search system is to 
meet the requirements of Intranet's group users and the goal of minimum resource 
consume and maximum Web information search efficiency. In Internet environment, 
the share of WWW information and network bandwidth is obvious, but how about 
computing functionality? 

We know that the primitive usage of computer is to do scientific computing. By 
now, most of the computers connecting with Internet are not fullioad (some even 
idle status). Ifthis computing functionality can be made full use of, the significance 
will be very great. So the share of computing functionality over Internet can be 
solved by some organizations. Within one Intranet, this problem can be solved more 
easily. The reason is that all computers belong to same enterprise. 
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There are several ways to realize the share of computing functionality under 
Internet environment. One way is to set up a interface of flag message on the 
computers that have the sharable computing functionality and also want to share. 
When other computers want to share a computer's computing functionality, they 
need first check the computer's interface of flag message, if the flag message is set 
sharable, the other computers can use this computer. Another way is to build one or 
more servers that are responsible for management of the computers that can supply 
computing functionality to others. When a computer under Internet environment 
wants to supply it's computing functionality; it can register to one of the servers and 
describe what characteristic computing functionality can be supplied. 

Based on these, we can image how the distributed softbot intelligent search 
system searches information on WWW environment. When receiving the Web 
search requirement, the dispatcher softbot first judges if it is necessary to dispatch a 
journalist softbot to the remote Web server. The judgment conditions include: the 
ratio of original pages and the result of pages busy status of the remote WWW 
server and occupation of the network bandwidth, etc. If necessary to dispatch a 
journalist softbot and the remote Web site agrees to share the computing 
functionality, the dispatcher softbot will send a journalist softbot to the remote Web 
site by network. After arrival at the remote Web site, the journalist softbot first does 
initialization, then returns a ready message to the dispatcher softbot. When the 
dispatcher softbot receives the ready message, it will give the journalist a detail 
search command to order the journalist softbot to begin its search. The journalist 
softbot is an independent component who can decide what method will be used to 
do the Web search. After finding the wanted pages, the journalist softbot returns the 
pages to the dispatcher softbot and the compiler softbot. When receiving a task
finished message, the journalist softbot will destroy itself. 

To the WWW servers that locate within the same Intranet, there is more 
information exchange among them than in other places. In this case, the librarian 
softbots can be installed in these Web sites for long term purpose. Besides receiving 
the Web search order, fmding Web pages and retuming the pages to the dispatcher 
softbot just like a journalist softbot, the librarian also monitors the changes of the 
Web pages on the corresponding Web server, and sends back these information to 
the dispatcher softbot and the compiler softbot. 

6 Implementation 

In the light of the characteristics of the softbots mentioned in the Web search 
system, the composition of a softbot should include common sense, specialized 
knowledge, method (action, procedure), reasoning mechanism, attribute and 
language. 

According to the speech act theory, communication among the softbots can be 
completed with act primitives. These primitives include inform, request, offer, 
accept, reject, compete, assist and so on. The speech act theory bases on the 
hypothesis that the basic unit of communication between human beings is not 
sentences or other expression means, but acts. 
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Currently, we are developing a Web search tool based on the structure of 
distributed softbot intelligent searching system mentioned above by using Java, an 
object-oriented language. In this way, the concurrence process and other 
functionality that Java supports can be fully applied. The tool can be instalied on a 
Web site within an Intranet and can supply Web information searching function for 
the group users. The main tasks of the tool are searching Web information from 
Internet on the requirement of the group users. This tool can also automatically 
collect the specialized information that the enterprise is interested and push it to the 
group users by e-mail or other ways. We use key word match method to decide if 
the Web page is the searching one, and use the Web page's hyperlink to search the 
next Web pages. For the Web site that has search engine, the tool can use that 
search engine to do the searching operation. But for the Web site that has no search 
engine, the tool can send a Journalist softbot to that Web site if getting the promise. 
The key point is how we can efficiently send a softbot to a Web site and let it run on 
the machine. There are three methods to realize this. 

• CGI method: Using CGI (Common Gateway Interface), we can get the 
source program (a dormant softbot) from the local Web site to the remote Web site 
by parameter forms, then revoke it. 

• PUT method: This method is actively sending the source program (a 
dormant softbot) from the local Web site to the remote Web site by a PUT request, 
then letting the softbot run on the remote Web site. 

• RMI method: This method uses RMI class of JAVA to realize the 
communication between the softbots. 

7 Summary 

Traditional WWW information retrieval techniques have not scaled very weIl. 
However the approach with individual user oriented search tools is working for the 
moment. This is far from the desirable Web search support, especially for the group 
users who work in the same enterprise. This paper has discussed possibility of 
design and implementation of a new Web search system by using multi-softbot 
architecture. This architecture can overcome the problems of traditional ways and 
also provide convenience to implement the Web search serviee for the purpose of 
an enterprise. In Internet, realizing the share of computing resouree is the general 
trend. Although there are still a lot of difficulties to be solved, it is quite possible 
and practical to realize computing shares first in the Intranet range. If a mutual 
trust relationship can be established among the Intranets, the computing share 
among these Intranets is also possible. The more important thing is that, based on 
the computing share ability, we can take Internet's resources as whole to do Web 
searches and other information processing. 
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