
I CHAPTER 9 

A Web Accessible Knowledge-based Advisory System for Peadiatric 
Fever Managementt 

9.1. Introduction 

In the history of more than three decades a sub-field of AI that has a sufficient 
contribution for the current awareness is the expert system technology. Starting 
from the first generation expert systems which include DENDRAL, MYCIN etc., 
and several commercial expert systems have been built in different application 
areas including medicine, industry, agriculture, science, military etc. 

General decision support for critical care medicine is discussed in many 
publications [1 ]. Most of these works, however, focus on the logistics of critical 
care rather than on the decision making process itself. The efforts that focus on 
the decision making process itself mainly adopt heuristic approaches. Despite 
the relative success of these systems, some problems are associated with the 
commercial expert systems [2]. These are (i) availability, (ii) software 
distribution, and (iii) communication. The problem associated with availability 
dictates that one has to put the expertise at the place and time where it is 
needed. The second problem is the software distribution. As knowledge base 
and user interface components of stand-alone applications are updated, those 
updates must be physically distributed to all users, along with necessary 
documentation and instructions. This can require many separate software 
installations and upgrades over time, often beyond the competence of users. 
Communication is another problem. A lack of common protocols for the 
exchange of knowledge among expert systems has discouraged designs involving 
cooperation or dynamic information sharing among applications. The resulting 
isolation is a factor in the brittleness of expert system products, which tend to 
have a tightly circumscribed area of competence. 

In India, children under 14 years of age are about 33.5% of total population as 
per the Govt. of India SR report 2005 [3]. ChHd mortality is a vital problem 
around the globe, discussed its statistical importance in Chapter 2. UNICEF, in 
its Accelerated Child Survival and Development (ACDS) concentrates on 

t This is based on the publication [Journal of Association for the Advancement of 
Modeling and Simulation Techniques in Enterprises (AMSE), France. Advances in 
Modeling-(, Vol.68, No.5, 2005, pp.63-74] of the author. 



community-based promotion of family health, nutrition and hygiene practices; 
outreach efforts and campaigns to provide essential services and products; and 
facility-based delivery of an integrated minimum-care package. It builds on the 
strengths of existing approaches, such as the 'plus' programmes for Antenatal 
Care, the Expanded Programme on Immunization and the Integrated 
Management of Childhood Illness [4]. To address these problems, a large 
numbers of pediatricians (experts) are required. But the human experts are a 
scare commodity. This is can be viewed from the table 9.2. [5]. In order to cope 
with these huge child population and survival, and to mitigate the lack of human 
experts, web-accessible expert systems for well-being of child are very much 
essential. Architecturally, these kinds of applications in different domains are 
stand alone systems based on mainframe, minicomputer or personal computer 
platforms or LAN-based distributed applications. 

Table 9. 1. Percent distribution of estimated child population by age-group, sex 
in India, 2005 [3]. 

Ag~ Total Rural Urban 
Group 

Total Ma,,les ·Female$ 'Total ··Mates Females Total Males Females 
1 2 3 

. 4 5 6 7 8 9 10 
0-4 10.4 10.6 10.3 10.9 11.1 10.7 9.1 9.2 9.0 
5-9 11.9 12.1 11.8 12.7 12.8 12.5 10.0 10.2 9.9 

10-14 11.2 11.4 10.9 11.6 11.9 11.3 10.1 10.2 9.9 

In this situation the Internet can offer a large potential for delivery of various 
information-based services, including the services of knowledge-based 
applications. As the availability and usage of the Internet are increasing 
exponentially, it can be used as a medium for the delivery of expert systems. 
With the advent of World Wide Web and Internet technology, the above 
discussed problems can be solved and thereby the usage of expert systems can 
be enhanced as it is globally accessible. User friendly online expert systems 
would be very useful, as these can render assistance to anywhere, to anybody 
and at any time. 

To the best of our knowledge, no such expert system development has been 
reported in febrile child management at least in Indian scenario. This paper 
examines the feasibility and effectiveness of a decision support approach to 
pediatric fever management by parents. In the first phase of the work, we build 
a simplified decision diagram in fever management and analyze the knowledge 
acquisition requirements. 
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Table 9.2. Paediatricians at community health centre (CHC) in Indian states/UTs, 
as on March 2007 [5]. 

State/UT Required* Sanctioned In Position Vacant Shortfall 

Notes: NA: Not Available. *One per each Community Health Centre. **Surplus. 
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We address the issues of domain experts on medical decision analysis processes, 
systematically constructing a flow model, and assessing the parameters with the 
aim of transforming the process into a real-time setting on the web. So, here is 
an attempt to develop a rule-based online expert system for home management 
of febrile child. This expert system can be accessed through the URL 
http: I /Samanta_RK. tripod.com/homepage.html. 

In the next section, the benefits of using expert systems through the Internet 
have been discussed. Section 9.3 describes about the Web. In section 9.4, a 
short description of Perl has been depicted. The section 9. 5 describes the 
interrelation between Perl, CGI and the Web. Section 9.6 contains some 
representative expert systems on the Internet. Section 9.7 suggests the ways for 
connecting ES to Web-Site. Tools and languages for development of Web based 
expert systems are presented in section 9.8. In section 9.9, we describe some 
related issues such as, knowledge engineering and architecture of this Web 

based expert system. Section 9.10 presents the implementation issues. 
Performance evaluation is presented in section 9.11. Lastly, summary and 
conclusion are summarized. 

9.2. Benefits of using expert systems through the Internet 

The number of Internet based expert system applications are gradually 
increasing due to some advantages. There are several factors that combine to 

make the Internet, by contrast to traditional platforms, a more effective base 
for expert system delivery. The Internet provides several advantages for expert 

system development [2]. 

• The Internet is widely accessible. Internet usage continues to grow rapidly 
with varying estimates putting the number of Internet users at around 60 
million in India, 220 million in the USA and around 1500 million worldwide 
[6]. For people living in rural India, it is now almost easier to connect to the 

internet than it is to find a medicine shop, which can be apprehend from the 
IT statistics of Internet usage [7,8]. Cyber cafes and the affordability of 

home computers and internet access make connecting to the web simple. 

Government promotion of broadband access can only increase the numbers 

using the internet. Wireless communication makes Internet access 

completely portable as well. Due to the ubiquity of the Internet, Internet
based expert systems can be accessed literally anywhere in the world, at the 
precise location at which they are needed. Additionally, the immediacy of 

the internet and its interactive nature make it a compelling source of 
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information [9]. Lay people looking for health information can be online in 
minutes, at any time and from the comfort of their own homes - a situation 
in stark contrast to a visit to casualty or even to a busy general practice. 

Table 9.3. Top 20 countries with highest number of Internet users as on June 30, 
2008 [6]. 

Sl Country or Internet Penetration %of World Population User 

Region Users, (% Population) Users (2008 Est.) Growth 

Latest Data (2000~08) 

1 China 253,000,000 19.0% 17.3% 1,330,044,605 1.,024.4% 

2 United States 22Q, 14.1, 969 72.5% 15.0% 303,824,646 130.9% 

3 Japan 94,{)QO,OOO 73.8% 6.4% 127,288,419 99.7% 

4 India 60,000,000 5.2% 4.1% 1,147,995,898 1,100.0% 

5 .GermanY 52,533,914 63.8% ).6% 82,369,548 118 •. 9% 

··F&t:~l 6 . 5Q,OOQ;pQo .2~;1% .3.4% 191,9Q$,598 90Q,~~ 

7 u.P:~ted: KingdQm 
V. •V•',J :··.·· ., 

~1.117·t~7 6J:6% 2~9%. 60,943,912 fl}.5:% 

8 FrAnce l6Lf~l,,JZ7 5a.1 %. 2.5% 62,177,676 32S~3% 

9 ~rea, South M,ql,~O 70,7%, 2.4% 49;232;844 sz.?% 

10 ·~ly 34,70.8.144 59.7% 2.4% 58,145,321 162.9% 

11 ·Russia 32 7Q.Qi@ 23.2% 1;.2.% 1410, 704t.094 954.8% 

12 t.'anada 28,.QOOi000 M,l% 1.9% 33,212,69.6 120.'5% 

13 Turl<ey 26,~;000 36 .. 9% 1.8% 71,892,807 1,225.0% 

14 Spa,in 25,\623,329. 63>l% t~8% 40,491,051 375.6% 

15 Indonesia 25,000;000 10.5% 1.7% 237,512,355 1,150;0% 

16~ .Me~i:O 23,100.0® 21.6% 1.6% 109,955.~ 773.8% 
. 

17 · Jtiln ZJ.ooo~ooo. 34;9% 1.{!% 65,.875t223 9,10().(}.% 

18; \ltetnaro 20,;(59,615: Z).4% 1.4% 86,116~559 9,979~$% 
' '•) 

rihk1~ ·····.·•· 1'1:~&® 1~, . $tlln .'.>;. . .. .. : 10.4% 1.1;% 167,7~7;040 ,2;!169~5% 

D~··,iu 
.. 

1~ii$'~~ Z() $~:tJa 79;4~ 1.1" 2Q 600';$56 147 .•. 8% 
., ~ •• • u ~ ••• • • " 

I 't~%QC(Iumrta 1.11~·713~572 15.4% 76.2% 4~ 38$,Q51, 1>48 284 •. 1CJG 

II 
' .: ' . . 
~~~ a;f,·Jhe World 347.918,789 .. 11~2% 2.3.8% 2,288,Q67, 740 391.)% 

Ill TotalWortd 1,,463, 632, 361 21.9" 1.00.0% 6,676,120,288 305.5% 

• Web-browsers provide a common multimedia interface. HTML-compatible 
browsers are installed on virtually all desktop workstations and personal 
computers. The common controls and format directed by HTML provide a 
standard user interface platform on which developers can build. The 
presence of a standard user interface framework not only simplifies 
development efforts but also greatly reduces user training and support 
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requirements for expert system developers. Graphics, sound, text, etc. can 
be easily incorporated into user interfaces based on Web browsers when 
appropriate. 

Table 9.4. India Internet Usage and Population Statistics [7]. 

Year .Users Population % Penetration 
1998 11400t®O 1 ,Q~4,8701677 0.1 % 
1~9 .2· 800000 ...... '·.,.h ..... 1,Q9i4,870,~77 0.3 % 

~0 $,5QO#.Oho 1·;o9-t~$~Q,677 0.5 % 
~1 7,0dd;ooti 1,094,870,677 o~.7 % 
2Q0l t6,s,~p,()Qo 1,0914,870,677 1 .. 6% 
~&03 ~&00 1 ,094,$"];'Q,677 2.1 % , .... 
20o4 39 o·Qrlo 1 ;094~870,677 3.6% .. · •. ,., .. 
20.Q5 so 60$'00o ·' .. , . 1 '112,l25,8t2 4.5 % 
20Q~ 4o,QQ6~'Q()o 1, 114.,Z25.,812 3.6 % 
2007 42,000,000 1,129,667,528 3.7 % 

• Several lnternet-compaUble tools for expert system development are 
available. There are a variety of expert system development tools with 
features that facilitate Internet-based development, include server 
components, HTML interface, and compatibility with Internet protocols and 
languages. These include commercial development environments and free 

expert system shells. 

• Internet-based appUcaUons are inherently portable. The Internet provides a 

development environment that is platform independent and widely 
available. For Internet-based expert systems, this means that there is no 
need for special distribution and installation of expert system software in 
advance of its use. Rather, applications are provided on demand at the time 
and place they are needed. Applications can easily be relocated, upgraded 
and modified without affecting users directly. 

• Emerging protocols support cooperation among expert systems. Protocols 

such as CORBA, DCOM and Jini provide standard mechanisms for the 

exchange of information and services among applications. Though these 
protocols support data and service sharing through object interactions, they 
must still be adapted to the expert system application level in order to 
enable cooperation among intelligent processes. 
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9.3. The web 

The Web or World Wide Web is one of the most popular services provided via 

the Internet. Probably the most appealing aspect of the Web, however, is the 

fact that it is not just for spectators. Once one has some experience with the 

Web authoring tools, he can publish himself and can offer over the Web 

anything he wants to make available. 

Table 9.5. India telecom & IT statistics, facts and figures as on July 25, 2008 [8]. 

Sicltfstics on JntE!rnet in India 
1 Number of broadband connections 

2 Expected number of broadband 
connections b end C>f 2007 

3 lhternet subscriber-to-user ratio 
4 Number of peopte using the internet 

Dec 2006.: 2 miUion • Sep 2006: DNA Sep, Dec 
1. 7 million 06 

9 million (Communkation and DNA Dec 06 
IT Minister, Got) 
1: 10 b Nasscom estimate DNA Jul 06 
70 mittion estimate by DNA Jul 06 
Nasscom or 39 million by 

t~ In director 

3 mJ(lJbtt (not achieved) 

4.5% of India's population 

about 50% 

8 rniUtoh~ estimate 

2001: 22% •. 2002: 31 % 

1.2 

AS % (average over past 5 
ears) 

10; Jan·~ 

India Qafly; Jan 
06 
DNA;Apr06 

DNA; Oec06 

G'TF; 2.005 
Business 
Standard, Dec 
2005 
v2020; Apr 2003 

GTF; 2005 

conSu; Nov 
2005 
ConSu; Nov 
2005 

DNA: Daily News and Analysis <http://www.dnaindia.com/> 
ID: India Daily <http://www.indiadaiiy.com/> 
v2020: Manas Bhattacharya, IES, (Deputy Director General (Finance), Department of 
Telecommunications, Ministry of Communications&. IT, Government of India), Background Paper 
submitted to the Committee on India: Vision 2020, Telecom Sector in India: Vision 2020 
HT: Hindusthan Times <http: I I www. hindustantimes. com I Homepage I Homepage. aspx> 
FL: Frontline <http:/ /www.flonnet.com/> 
Sify: Sift Broadband, http: I /sifybroadband.techwhack.com/ 
ConSu: Content Sutra <http:/ /www.contentsutra.com/blog/> 
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The Web is the collection of all browsers, servers, files, and browser-accessible 
services available through the Internet. It was created in 1989 by Tim Berners
Lee. He designed the Web in such a way that documents located on one 
computer on the Internet could provide links to documents located on other 
computers on the Internet. 

The most familiar elements of the Web is the browser. A browser is the user's 
window to the Web, providing the capability to view Web documents and access 
Web-based services and applications. Today's Web browsers extend Mosaic's GUI 
features with multimedia capabilities and with browser programming languages. 
These programming languages make it possible to develop Web documents that 
are highly interactive, meaning do more than simply connect to another Web 
page elsewhere on the Internet. Web documents created in association with 
programming languages run entirely within the context of the Web pages that 
are currently displayed. This is a major advance in Web publishing technology. 

In order to publish a document on the Web, it must be made available to a Web 
server. Web servers retrieve Web documents in response to browser requests 
and forward the documents to the requesting browsers via the Internet. Web 
servers also provide gateways that enable browsers to access Web-related 
applications. Today's servers are designed for higher performance and to 
facilitate the development of complex Web applications. They also support the 
development of server based applications. 

Because the Web uses the Internet as its communication medium, it must follow 
Internet communication protocols. The Internet's Transmission Control Protocol 
(TCP) and Internet Protocol (IP) enable World Wide Web connectivity between 
browsers and servers. In addition to using the TCP/IP protocols for 

communication across the Internet, the Web also uses its own protocol, called 
the Hyper Text Transfer Protocol (HTTP), for exchanges between browsers. 

9.4. Perl 

Perl is the most powerful, easy to use and full featured programming language 
available today. Larry Wall, a linguist-turned-programmer built Perl to evolve 
over time, as a language does. Traditional programming languages evolve 
slowly and at some point stop changing. Perl like a spoken language, evolves 
quickly to meet each new generation's needs. Perl stands for Practical 
Extraction and Report Language. 
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The distribution of a version of Perl, Perl 5 has always been freely available on 
the Internet and that distribution includes the source code. It helps anyone to 
modify the language to meet individual's needs and goals. Perl attracted 
attention of Unix system administrators who needed a language that was easier 
to use than the C programming language and more powerful than scripting 
languages such as Bourne and (-shell. Originally, most Perl users were Unix 
system administrators and other people with similar needs, who used Perl's 
text-processing power to generate reports and write scripts that aided in the 
configuration and monitoring of Unix systems. Unix programmers snapped up 
Perl as a tool of choice almost immediately for doing various tasks. Because one 
has the ability to call most of the standard Unix system services from a Perl 
script including the internetworking functions. 

Perl was designed to run on any computer, but because it usually ran on a Unix 
computer, it has a decidedly Unix flavor. But in the later half of the 1990's, 
applications and versions of Perl targeted towards Windows programming 

environments started appearing. In 1994, the World Wide Web through the 
Netscape browser became a new and powerful influence on the jobs of Unix 
system administrators. They turned the Perl as their tool to help them with 
their new World Wide Web tasks. 

A Web page is a text document that is formatted with a set of commands called 
the Hyper Text Markup Language or HTML. HTML is a markup language, that is, 
it controls the way a document looks. HTML instructions tell a Web browser how 

it should go about displaying the page on screen. But HTML all by itself has 

practically no facilities for making a Web page do things. 

The Perl programming language is hands-down the most popular method of 
making a Web page 'do' something mainly because Perl is freely available and 
will run on every computer platform that can host a Web server [1 0]. Coupled 
with the Common Gateway Interface (CGI), Perl is used on the vast majority of 
Web sites to create Web pages that have to do more than sit there and look 
pretty. When new users of the Web wanted to create dynamic Web pages 
through CGI programming, they were generally working on a Unix Web server. 

Perl was freely available on those Unix Web servers and users started using Perl 
for their CGI applications. Because Perl was built to process text, and much of 

the CGI programming is processing user input and returning HTML text pages, 
Perl was a natural fit for this new programming environment. It is the de facto 
programming language for dynamic HTML Web pages. It is easy to use and there 
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are thousands of free CGI, system administrative and text processing programs 
written in Perl available on the Internet. 

Perl 5 is an interpreted language so program is converted into machine format 
at the moment it runs, that machine format is more likely to be compatible with 
the machine it is running on. Perl programs run on a Unix, Windows, or 
Macintosh operating system with little or no change required to the code 
written. This feature is called portability. This portability is one of the primary 
features of Perl 5. Though most interpreted programs are slower than similar 
programs that are compiled, but Perl 5 is an extremely optimized and fast 
interpreted language. It is not much slower than compiled code. Another benefit 
of an interpreted language is that coding and testing process is much easier and 
faster. 

Like shell scripts in Unix or batch and command files on MS-DOS and Windows 
NT, Perl programs are just text files that run through an application to process 
their commands. Moreover, Perl 5 runs on all of the brands of Unix such as HP
UX, Sun Solaris, Linux, Linux Red Hat etc. without modifications. 

9. 5. Interrelation between Perl, CGI and the web 

CGI or the Common Gateway Interface is the key to fit Perl programs into the 
World Wide Web. CGI is an interface and has been used for many years as a 
facility for passing information from a Web page to a program that can process 
the information. HTML is quite good at describing how a Web page should look 
in a browser, but the language all by itself has virtually no facilities for 
processing information or even making rudimentary decisions. CGI allows a 
program to take all its input from a page on the World Wide Web and do 
something with that input. 

When a Perl program is requested to run from the command line, generally it 
takes its input from keyboard and sends its output at the screen. CGI reroutes 
those standard conventions. The Perl program's input comes from the Web page 
and most importantly, CGI sends Perl program's output back to the Web server. 
If the output happens to be formatted correctly in HTML, the server will put it 
out as an HTML document to whatever browser is connected to it. This is the 
foundation of using CGI as a pipeline between Perl and the Web. 

A Web page can be created from a Perl program. Because Perl is a fully 

functional programming language, rather than a markup language such as HTML, 
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one can decide what to draw within his program based on what has been 
entered in the page and sent to him. Of course, this facility is not limited to 
Perl. Any program written in any language can be interfaced with CGI. But, most 
of what one needs to do can be accomplished more easily from a Perl script 
than from a compiled program. Additionally, a Perl program might not have to 
be rewritten and recompiled when moved to another operating system or 
computer platform. Perl interpreters have been written for every popular 
computer platform, from Sun to Alpha to Apple to Intel and more and with very 
few exceptions the Perl programs should transport unchanged into every 
environment. 

9.6. Expert systems on the net 

The content of this section is based on our web-searching results during 1st week 
of January, 2002 as well as on reference [2]. Although the list given here is not 
exhaustive, but readers may have some information on the recent 

advancements of internet based expert systems in different disciplines. 

• In education and research 

TEST, an expert system for Thermodynamics, developed at San Diego State 
University [11], assists in solving problems in Thermodynamics. TEST is designed 
as an HTML-based decision tree that incorporates Java applets to perform 
calculations and what-if scenario. 

• In business and industry 

The Coating Alternatives Guide [12] and Solvent Alternatives Guide [13] both 
developed at the Research Triangle Institute, have the goal of reducing 
industrial pollution. Both systems are rule-based expert systems, developed in a 
custom shell written in ColdFusion, a web application server framework. 

• In medicine 

Starting from MYCIN, a number of expert systems have been developed Vvith 
their relative merits and demerits. However, a list of 65 important medical 

expert systems along with their objectives is available from the reference [14]. 
But, however, they are mostly stand alone systems. We have been able to find 
out the following web-enabled systems. 
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HEPAXPERT /WWW is an internet-based interface to an expert system for 
interpreting serological tests for hepatitis infections [15]. Here test results are 
entered via the web, while processing is done off-line and conclusions are e
mailed to the user. 

An internet-based system for intelligent management of the treatment of 
diabetic patients was designed by Riva et al. [16]. This application interacts 
with both patients and doctors as it collects data from patients and makes 
recommendations to doctors about therapy. The design includes fuzzy logic 

control, a LISP web server and client-side Java and Java Script components for 
performing calculations. 

A decision support system to support the ear, nose and throat unit of a primary 
health centre is described by af Klercker and Klercker [17]. The system is 
designed as decision tree, derived by induction from actual past cases, and is 
implemented in Tripod CGI-PERL modules that dynamically generates HTML. 

9. 7. Connecting ES to web-site 

9. 7.1. Solution alternatives 

Two different solutions for transference of system to Web had been conceived 
as: 

Solution 1: 

Validating the existing system for its access through Web by using front-end 

technologies with the GUI truncated part of KE, IE and CS at the back-end. This 

requires CGI or native interface from C++ to an internet language. 

Approach: 

(a) Truncation of existing GUI component of any existing stand-alone ES. 

(b) CGi interface development and legacy code n1odification for interface of 
ES on server side. 

(c) Web-based client side development for consultation with the server 
component. 
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Solution 2: 

This involves code conversion and implementation through the use of Internet 
programming languages and markup technologies. 

Approach: 
(a) Database/ knowledge base conversion for Internet server based 

processing. 

(b) Entire code conversion to Internet. 

(c) Appropriate client design. 

9. 7.2. Technology requirements in transference 

9. 7.2.1. Web connectivity 

Web connectivity of software system to make it accessible was prime concern. 
Language selected needed to be capable to connect the program for access 
through Web. Interface through popular and standard Web-browsers using GUI 
capabilities is basis for better utility of ES over Web. Also, the system developed 
required to handle multi-user interaction and manage client users. 

9. 7 .2. 2. Database connectivity 

Since case data, knowledge base are to be accessed and processed in the 

system, database connectivity is essential. Selection of only relevant part of 
data or KB through database queries is necessary parameter for increased 
efficiency of the ES. 

9.7.2.3. Image processing and GUI 

Some times images are very useful in identification task. So, a language with 

image processing capability is a must. Also the GUI is the ideal way to 
communicate with the ES. 
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9. 7.2.4. Knowledge processing and inference 

This capability is most sought after as no ES based on knowledge base can be 
built without it. But at the same time efficiency of processing is important 
feature for an Internet based system. 
9. 7 .2. 5. procedural 

Knowledge based needs restructuring for database storage and access. This 
constraints the inference procedure. RETE algorithm implementation procedure 
needed to modify to firstly access facts and rules and then make inferences in 
working memory. 

9. 7.2.6. Hardware and setup 

It is urgent to investigate the hardware, environment and hosting and 
connectivity issues while transference to the Internet based system from an 
existing legacy system. The issues had been classified into hardware setup when 
deploying on server and environment factors when using it on Internet. These 
are listed in the table below: 

Table 9.6. Hardware and setup. 

PC based ES W~b Based Expert Information 

~~tem _{WBEIS) 
Single PC Dedicated Web server or server 

sJla<:e and hosting_. 
Legacy software, C++ Software sup[port I Java virtual 

runtil:n~,, D~~base ~uPOrt machine /Database sl:Jpport 

Operating system Wei:) server I Internet Operating 
System platform 

9.8. Tools and languages available 

Several tools and languages are available for developing Internet based 
applications, !n general, these employ traditional expert system techniques and 
offer in addition the capacity for Web based development. Some of them are 
discussed below. 

ExSys by Multilogic is an expert system shell incorporating rule based and fuzzy 
reasoning. An Internet based runtime component supports client-server designs 
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through CGI scripts and can integrate other server-side components. Additional 
technical information is available at http: I /www.multilogic.com/solutions/. 

Acquire, by Acquired Intelligence Inc., is an expert system shell that also 
includes a knowledge acquisition tool. Acquire's knowledge structures include 
qualitative influence graphs, decision tables and traditional rules. Inference can 
be both rule based and pattern based. The development of Internet based user 
inferences is supported through a client-server development kit that supports 
Java and ActivX controls. Additional information, including demos, is available 

at http:/ /www.aiinc.ca. 

The Java Expert System Shell (Jess) is an expert system shell in Java that 
processes a CLIP-like rule based language. Jess includes backward chaining as 
well, and has many object-oriented features including a direct interface to Java 
components. Details information is available at 
http: I /herzberg.ca.sandia.gov /jess. 

XpertRule KBS is a rule based expert system shell that interfaces over the Web 
with a thin client using Microsoft's Active Server Page technology. Additional 

information is available at http: I /www.attar.com. 

KB Agent by Explorer Reasoning Systems is an expert system shell based on the 

SOAR system of Allen Newell. It includes a CORBA interface for Internet based 
applications. More information and demos are available at http: I /www.ers.com. 

Perl. offers language and scripting facilities. It can be used as programming 
vehicle to develop inference engines. The Web servers can communicate with 

Perl through CGI. The inference engine can be designed and implemented in an 
Unix/Linux environment by using Tripod CGI-Perl Module. Information can be 
obtained from http://www.tripod.com/. 

9. 9. Web based version of child fever management at home 

Web based Child Fever Management (CFM) at home is a rule based online 
prototype knowledge-based system for management of febrile child at home by 
their parents. The system accepts observed sign and symptoms of the febrile 
child, suspected by their parents through HTML page(s). The inputs are than 
submitted to the inference engine in the server side. These inputs are then 
submitted to the inference engine in the server. After processing, the advice(s) 

203 



is/are displayed online. After submitting the parameters such as temperature, 
site of measurement, age etc., one can get the advice online. 

9. 9.1. Parameters of febrile child considered in CFM 

Physicians have recognized fever the abnormal elevation of body temperature, 
as a sign of disease and the problem is one of the most frequently encountered 
in clinical pediatrics. The problem of determining early and appropriate 
recommendations remains a major challenge to the pediatrician. 

It is difficult to pinpoint the lowest temperature elevation that is definitely 
abnormal for all children under all circumstances. Some children normally have 
a rectal temperature as low as 36.2°( (9TF) or as high as 38°C (100.4°F). 
Children, like adults, also normally have diurnal variations in temperature with 
the peak usually occurring between 5:00 and 7:00 PM. Factors such as excessive 
clothing, physical activity, hot weather, digestion of food, and ovulation can all 

raise temperature in the absence of disease. 

Physicians have a role in educating parents about fever phobia. Fever seldom is 
harmful. It does cause an individual to feel uncomfortable. On the other hand 
fever does many positive things, such as interfering with viral replication and 
increasing leukocyte chemotaxis. Rarely an extreme fever (temperature greater 
than 41.1 oc or 106°F) may pose a risk to a child in and of itself, and demand 

immediate consultation with doctor. Fever is a symptom (sign), not a diagnosis 

in and of itself. The main task facing the physician is to make a diagnosis and to 

treat the underlying disease causing the fever. 

The evaluation and clinical decision-making process begins with complete 
physical observation and known facts (history). The physical observation should 
focus on alertness, responsiveness to parents, examiner, and objects, irritability 
or lethargy, respiratory status, color, feeding activity, and age-related 
appropriate motor activity. 

The above consequences are often caused parental anxiety. Fast and aggressive 
treatment is therefore discarded and recommended immediate home 

management includes medical and non-medical intervention. The treatment 

options ranges from simple ones like fluids intake to those requiring constant 
monitoring like temperature reading. The pros and cons of fever and its 

management have been discussed in details in chapter 8. For designing this 

prototype system, the parameters considered are presented below in table 9. 7. 
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Table 9.7. Parameters considered in CFM. 

Parameters Values/Sign a Symptoms 

Age Days/ Months/Years 

Weight of Child Pound/KG 

T;hennqme\er>Site AnnpitfOral!Tympanic/Rectal 

Tenu>er~ture Centigrade /F(lhrenheit 

FtNer Persist Ho1.1rs 
Associated Symptoms: 0 Ear Pain o Stomach Pain 0 Back Pain 

0 Runny Nose o Barking Cough o Stiff Neck 

0 Confusion o Excessive Irritability o Tired 
Through o Listlessness o Severe Headache o Sore Throat 
Observation o Vomiting o Breathing Problem o Seizure 

0 Diarrhea 0 Painful/Frequent Urination 
o Yellow urine o Red Rash with Small Bumps on Face 

0 Blister over Face/Chest/Back/Stomach 

0 R~ent OTP /MJAR Shot <>Cancer 
' ,·; . -~\ ; :· ., ; ' ·' ,,. ' 

<> Recent Outstation/Foreign Visit 0 Heart Disease 
Known Facts o lung Disease <> Kidney Disease 

0 Diabetics <> Any Major Disease 

9. 9.2 Knowledge engineering 

A vital part of building expert system is to acquire the knowledge needed to 
achieve a desired level of performance. The system's knowledge had been 

acquired from 33 medical web-sites [18] following the guidelines for managing 
child fever at home supplied by El-Radhi and Caroll and their recommendations 
[19]. 

A rich knowledge base is the primary source of power of any medical decision 

support system even if the implementations are quite different. Since it is 

evident that no single source covered the entire spectrum of medical knowledge 
of a particular domain, hence elicitation of knowledge from similar sources has 
been adopted. Thus the partial and unstructured knowledge acquired from 
different web-sites were structured and formalized by the authors, the 
knowledge engineers. Knowledge acquisition from different web sources were 
analyzed statistically [18] and transformed to a decision support system. All 
possible set of observations were structured in such a way that the HTML forms 

for input could be effectively designed. The inference engines in the server side 
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have been designed using Perl programming language, where rule based 
representation is more suitable. So the acquired knowledge is represented in 
rule based form for later implementation. In the process, a pediatrician having 
long years of experience was consulted including her assistance in the 
performance evaluation process. The expert had been consulted through 
structured interviews and judgments for different sets of possible observations 
were recorded in structured forms. 

9.9.3.Architecture of CFM 

The system was designed for parents to aid the decision management of febrile 
child. The block diagram of the system is shown in Figure 9.1. The system has 
been developed using PERL modules that dynamically generate HTML. The 
system asks for inputs related to the status of the child caused by fever. The 
users are to submit the input information using HTML forms available in the 
expert system. On-line processing will be done and you will get immediate 

advice. Furthermore some well-known diseases, if any, are to be chosen for 
input data. Production rules have been used to design the inference engine and 
a good level of accuracy is achieved. 

SERVER SIDE www 

Inference Engine 
( Fever Status Detection ) 

~ 
/ ~ 

L ~ 
INPUT I OUTPUT 

(I. Status of Febrile Child) (I. Home Management: NDT/ DT) 
(2. Immediate Call Doctor) 

I CLIENT SIDE I 

Fig. 9.1. Block diagram of the system. 
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Forward chaining with this rule base knowledge performs the reasoning as 

follows. 'IF [5} THEN [A}' rules have been used for inferences, where [S} is the 

child's symptoms, [A} is the advice. 

The format chosen for definition of rules allows flexibility in structuring the 

knowledge. An antecedent of any rule may be a composite of a number of 

clauses or atomic propositions connected via the logical operations .AND. (&&) 

and .OR. (II). As inference propagates from temperature (starting with inputs) 

to the advice [goals: Home Management with non-drug treatment (NDT) or with 

drug treatment (DT) or Call Doctor}, forward chaining of rules had been found 

suitable in this case [20]. An example of decision making rule is: 

if (($qs['age'} <= 3 && Sqs['ageunit'} eq "months") II ($qs['age'} <= 90 && 

$qsfageunit'} eq "days") II ($qs[Temperature'} >= 106 && $qs['position'} eq 

"rectum") II ($qs[Temperature'} >= 103 && $qs['position'} eq "armpit" ) II 
($qs[Temperature'} >= 105 && $qs['position'} eq "mouth" ) II ($qs[Temperature'} 

>= 104 && $qs['position'} eq "ear" ) II ($qs['type2'}eq "true") II ($qs['type3'}eq 

"true")) then print "Immediate Call Doctor"; 

PEDIATRIC FEVER 
MANAGEMENT AT HOME 

This is an E:t~.'Pert System for Pediatric Fever Management at home 

Developed by Sanjay Kumar Datta & Dr. R K Samanta 
Not for medical use 

Please select the following! 

r age less than 6 months r temperature > 1 06°F r fever for more than 2 days I looks very sick 
r feeling very uneasy r stiff neck r confusion r vomitting r seizure r breathing problem .l.l 

!i}lr,;[ll':;t~~~~;t;··lf¢rx;m:tfu?0"~~1r:\.;;:t;j'•:;0f'ff!llW:II·tM_., ' . ~ 8• · 

Fig. 9.2. HTML input form. 

207 



Advice 

1. Give paracetamol in a dose of 10-15mglkg every four hours 

2. Spong with tepid water that feels neutral to touch & always give 
paracetamol before sponging 

3. Keep the child lightly dressed, offer fluids frequently, discurage excessive 
activity 

4. Consult your house Physician 

5. NEVER GIVE ASPIRIN 
.:1 

i.,l11w· ·• ~--~-r-rrliltr¥61heti00e·-.------~-

Fig.9.3. Advice. 

9.10. Implementation 

CFM is a web based online expert system. To interact with the user, the systems 
have been designed to use HTML pages as user interface. The inputs are 
accepted through HTML pages as environment variables. When submitted, the 
HTIP request goes to the Web server and the variables are made available to 
the inference engine through CGI. The inference engine sends back the outputs 
back to the Web server and the server sends the output back to the user through 
HTML page. To design inference engine, Perl has been accepted as the preferred 
programming vehicle. The inference engines have been implemented in an 
Unix/Unux based environment by using Tripod Perl Module. A simple block 
diagram will be self explanatory as shown in figure 9.4. 

9.11. Performance evaluation 

CFM was tested vvith the real data collected from the expert. For evaluating the 
system's performance, we had taken 50 random cases. The decisions of the 
system were compared with the decisions of an human expert. We found 85% 
agreement as per the current knowledge base. This online system produces an 
online prescription which can be printed as a hard copy for future reference. 
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User 

HTIP request goes 
to the Web server 

Server sends 
output to the user 

CGI 

Variables are made 
available through CGI 

Inference engine sends 
back output to the Web 

server 

Inference 
engine 

Based on Tripod Perl 
Module 

Fig. 9.4. Block diagram for implementation process of CFM 

9.12. Discussions and conclusion 

We presented the paradigm of a web-based decision methodology. The practical 
promise of the system framework has been demonstrated through a prototype 
interactive implementation and a comprehensive case study in Pediatric Fever 
Management to meet up critical needs of the parents to avoid aggressive and 
inappropriate call to doctor. Suitable Graphical User Interface (GUI) components 
incorporated in the input forms provide facility to select and deselect multiple 
options from a menu. The system is more expressive and efficient than the 
biased and partial advice available in medical web-pages. The high-level 

modeling constructs and the multiple graphical perspectives allow simple and 
explicit specification of the decision factors and constraints. It is a user-friendly 
system and needs almost no training for its use. Linguistic variable inputs and 
outputs, which are in natural language and commonly used terms, add 
advantages to a layman or a lesser trained person seeking advice for proper 
management of febrile child. The system shows good performance as evident 
from its performance evaluation. Here the input form is designed on the basis of 
domain knowledge. As child fever is a common phenomenon across the global 
community and the system is web accessible, the user observations may extend 
to the scope of input forms and knowledge bases in any particular case. The 

system leaves scope for further refinement in this direction before launched to 
be full scale systems. 
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