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Abstract 

 
Artificial Life or Alife is concerned with 

computational models invented by considering 

explicit knowledge in biological systems. However 

conceptual models have not been addressed for 

Alife due to involvement of informal practising 

methodologies. This leads to concern with tacit 

knowledge in conceptual models. This paper 

presents a research, which is incorporated with a 

computational modelling in diagnosis of human 

constitutions in Ayurvedic medicine considered as 

conceptual model. Further Tacit knowledge is the 

key issue of knowledge modelling aspect because 

all knowledge is rooted in tacit knowledge. An 

Intelligent Hybrid system involved with artificial 

intelligent techniques, namely fuzzy logic and 

expert system technology has been used to 

implement the computational model. The result of 

the modelling of Ayurvedic domain using fuzzy 

logic has been compatible with the experiences of 

the Ayurvedic experts. It has shown 77% accuracy 

in using the tacit knowledge for reasoning in the 

relevant domain.  

 

 

1. Introduction 
 

Artificial Life or Alife is a new, multi-focused field 

of research. Like theoretical biology, it is concerned 

with formal, computational models of life, but it 

has expanded its scope by claiming the possibility 

of synthesizing lifelike behaviors within computers 

and other artificial media [34]. Traditional biology 

has been primarily analytic and reductionist in 

outlook, taking an organic whole apart and 

analyzing its components. Chris Langton 

introduced the field, Artificial Life complements 

based on explicit knowledge in traditional biology  

[36].  This has been classified into Computational 

Alife, Robotic Alife and Chemical Alife based 

computational models using explicit knowledge of 

biological systems. But conceptual models for 

biological systems have not been addressed due to 

involvement of informal practicing methodologies 

[39,40, 41]. This leads to research tacit knowledge 

modeling in conceptual model. Here we used 

diagnosis of human constitutions in Ayurvedic 

medicine as conceptual model.  

 

Ayurvedic medicine has a very strong bearing on 

the concept of  Prakruti, which  means nature 

(natural form) of the build and constitution of the 
human body. According to Ayurveda the path to 

optimal health is different for people depending on 

their Prakruti. For individuals the Prakurthi is 

defined as a combination of (Vatha, Pittha and 

Kapha) [6]. A balanced state of the Tridoshas 

makes a healthy and balanced person (Physically 

and Mentally).  
 
Since we all have different combinations of the 

Tridoshas, The diagnosis of pakruti offers unique 

insights into understanding and assessing one’s 

health. It is not merely a diagnostic device but also 

a guide to action for good health.. It assesses the, 

dominance of Tridoshas and give advice for 

preventive and primitive health care. The ancient 

science of Ayurveda is the oldest known form of 

health care in the world. According to Ayurvedic 

classification individuals can be grouped into 7 
types of their dominancy of components such as  
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Vata, Pita, Kapha, Vata Pita, Vata Kapha, Pita 

Kapha, or Vata  

 

Pita Kapha. One of the main principles in 

Ayurvedic medicine is based on the importance of 
individual differences with regard to treatments. 

Ayurveda has gone beyond mere classification and 

identified possible diseases for each category of 

people. In general population, human constitution is 

combination of Vata, Pita, and Kapha.  

Recognition of human constituent in Ayurveda, is 

currently based on a standard questionnaire on 

subjective criteria based on ancient theories of 

Ayurvedic scholar Charaka, 1000 BC and Susruta, 

600 BC. Questions in concerned are very much 

user-friendly and based on conceptual model of 

Ayurveda [6], which is used for finding constituent 
type, has probes such as repeating questions and 

classification of constituent type.  This has been 

used for classification of individuals for many 

centuries. There has been no research into improve 

the questionnaire although people have realised that 

the classification is not acceptable sometimes. 

 

Knowledge modeling is concerned with languages, 

tools, techniques   and methodologies for 

developing abstract models of some target domain 

or problem solving behavior. Knowledge modeling 
technologies - in particular problem solving 

methods and ontologies - are relevant to many 

disciplines, including knowledge engineering, 

knowledge acquisition and knowledge management 

[11]. All knowledge can be considered as tacit or 

rooted in tacit knowledge27. It is important to 

investigate the methods available for tacit 

knowledge acquisition. Since tacit knowledge is 

embedded in implicit nature, fuzzy logic gives great 

interest of handling such kind of nature. Further 

more, this can be considered as a method for tacit 

knowledge acquisition using fuzzy logic. Despite 
fuzzy logic has been used for knowledge 

acquisition in such domains, a large portion of the 

process is manually operated. XpertRule 

Knowledge Builder extends [31] the graphical 

knowledge representation paradigm, established 

since 1988, by its predecessor XpertRule KBS, to 

new levels of scalability and flexibility.  Although 

the knowledge acquisition accompanied with the 

methods based on fuzzy logic, but it is exploited the 

level of transparency and accuracy due to handling 

manually constructed membership functions. There 
is a great issue of dealing with constructing 

membership functions, especially on determinations 

about intervals of membership functions. Most of 

the time the knowledge engineer is expected to do 

this task which leads to arise questions about 

system validation. Another knowledge acquisition 

tool for computer assisted diagnosis of 

postmenopausal osteoporosis using a fuzzy expert 

system shell [2] is also seen in a position of a 
manually operated tool for knowledge acquisition. 

Although WinProlog LPA [5] gives a toolkit 

(FLINT) based on fuzzy logic for constructing 

membership functions effectively, but it appears a  

 

manual method for determining the intervals of 

membership functions. However, in these 

approaches fuzzy membership functions are defined 

in an ad-hoc manner entirely based on expert’s 

knowledge. When domains consist of tacit 

knowledge, expert’s decisions are also not 

consistent. Therefore, we argue that the use of 
fuzzy logic for modeling tacit knowledge should be 

formally supported at least to some extend.  

 

In modeling tacit knowledge of diagnosis of human 

constitutions in to Hybrid Intelligent systems, we 

invented a novel approach for computational model 

of diagnosis of human constitution []. An 

Intelligent Hybrid system involved with artificial 

intelligent techniques, namely fuzzy logic and 

expert system technology has been used to 

implement the computational model. We primarily 
used fuzzy logic together with statistical technique 

of principle component analysis for modelling tacit 

domains. Existing practising methodology of 

Ayurvedic sub-domain of individual classification 

has been considered as tacit knowledge. This has 

been acquired through a questionnaire and analyzed 

to identify the dependencies, which lead to make 

tacit knowledge in the particular domain. 

 

2. Classification of Alife 
 

Alife has been classified into Computational Alife, 

Robotic Alife and Chemical Alife based 

computational models based on biological systems 

[35]. 

 

2.1 Computational Alife 
 

The purpose of Alife is to make computationally 

based models of natural biological systems. The 
ultimate goal is the realization of life in another 

medium -- i.e., the computational medium of a 

computer (`computer life'). This can be achieved, 

because life is a medium-independent phenomenon,  
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a question of form or processes, not a specific 

material that constitutes `aliveness'.  

 

2.2 Robotic Alife 

 
Robots and animats built for technical purposes 

may behave in a `lifelike' manner. This, however, is 

a by-product of our interpretation, the behaviour of 

these systems represents a category quite distinct 

from the behaviour of the carbon-based biological 

cells and organisms. The ultimate goal is the 

creation of autonomous, self-reproducing animats, 

capable of living a life of their own, adapting to a 

changing environment and eventually evolving into 
new species if located in an appropriate 

environment. A more proximate goal is the creation 

of robots or animats with the full behavioral 

capacities of living organisms. If any differences 

are at all recognized between systems based on 

biochemical mechanisms and `animat' devices 

based on human design, eventually in very small 

scale (`nano-technology'), these differences are not 

judged to effect the principal possibility of 

achieving the goal. 

 

2.3 Chemical Alife 

 
This view comprises attempts to make real material 

systems with lifelike characteristics, eventually as 

in vitro models of prebiotic processes; primitive 

metabolic systems; the so-called Eigen hypercycle 

systems, etc.  

 

 

3. Proposed Approach 
 
We postulate a novel approach enhancing the 

ability of modeling tacit knowledge in conceptual 
model by using an Intelligent Hybrid system []. It 

has been exploited the process of the new approach 

in following steps. 

 

3.1 Acquiring Knowledge  
 

The approach begins with by acquiring tacit 

knowledge. This can be done as an interview 

between domain experts and the knowledge 

engineer. Using the interviewing process between 

expert and knowledge engineer, tacit knowledge 

has been acquired and mapped in to a questionnaire 

based on Likert scale technology [27], We have 
chosen to acquire tacit knowledge into a 

questionnaire since it is more convenient for further 

analysis.  Once tacit knowledge has been acquired 

then we should analyses the knowledge for finding 

dependencies.  The questionnaire has been analyzed 

using principle component analysis (PC) to find 
dependencies [3]. 

 

 

3.2 Principle Components for Tacit 

Knowledge Modeling ((((Model 

Refinement)))) 

 
Let S be the set of all questions in the questionnaire 

and P be the set of all extracted principle 

components.  

 

Further, { }nn PCPCPCPCP ,,.., 121 −=  

 { }mm SSSSS ,,.., 121 −=  

⇒

mimmimiii SaSaSaSaPC ,1,12211 .. ++++=
−−

 

 
Let M be the principle components Matrix for 

filtered tacit knowledge. 
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For n number of extracted principal components, 

following computation is concluded. 
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Generating Membership Function 

((((Fine−−−−Tuning Analysis)))) 
  
Let LS be the Likert scale, then 

 

[ ]ULLS ,..,=     

 (9) 

 

XL and XU values are derived from results of the 

filtered tacit knowledge.  It is computed as given 

below.  

 

LX L =∴ ∑∑
= =

n

j

m

i

ija
1 1

   

 (10) 

=∴ UX U∑∑
= =

n

j

m

i

ija
1 1

   

 (11) 

 

Let A be fuzzy set defined on a fuzzy concept using 

the interval of [ ]UL XX ,.., . Then membership 

function is as follows. 

 

              0            

X=<XL 

   

A (X) =    (X-XL)/(XU-XL)   XL<X<XU      

(12)        

              1                  X>=XU 

 

 

 

 

 

3.4 Fuzzy Rule Base ((((Reasoning)))) 

 
Fuzzy rules can be constructed as follows, 

 

Rule 1: If X <=XL then A (X)=0 % 
  

Rule 2: If   XL<X<XU then (X-XL)/(XU-XL) 

%  

     

Rule 3: If   X>=XU     then A (X)=100 % 

 

Further, fuzzy rule base can be extended by adding 

dynamically, in order to function the reasoning 

process for answers given by the fuzzy rules.  

 

 

4. Towards modeling of tacit 

knowledge 

 
The approach has been converted for an 

implementation using the architecture given below 

(Figure 1). It is consisted of with modules such as 
principle component analyzer, database, knowledge 

base, and fuzzy logic module and inference engine.  

 

 

 

 

 

 

 

 

Figure. 1 Top-level architecture 

Principle Components Analyzer 

 

 

 
Figure 1: Top-level architecture 

 
Tacit knowledge has been extracted from the expert 

and formulated in a questionnaire. It is evaluated 

using Likert scale technology. In the first instance 

of knowledge acquisition, a pilot survey has been 

done for the purpose of extracting principal 

components. The SPSS is used for conducting the 

functions of principle components extracting.  
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4.1 Fuzzy Logic Module 

 
The output results of the principle component 

analyzer would be the input for the fuzzy logic 

module. In the case of generating membership 

function, finding the interval is considered as an 

automated process in this module due to instead of 

using runtime inputs. This module has been 

implemented using Visual Basic for widening 

scope of generating membership function. Further, 

fuzzy rules have been constructed in the fuzzy logic 

module. 

 

4.2 Database 

 
Extracted principle components have been stored in 

Ms Access database, which integrated with the 

principle component analyzer through the 

developer interface that is considered as a sub 

interface of the user interface. The questionnaire 

consisted of tacit knowledge also been stored in the 

database that integrated with the user interface.  

 

4.3 Knowledge Base 

 
Explanations for output generated by the fuzzy 

logic module have been processed using fuzzy rules 

in the knowledge base. Further, knowledge 

engineer is given a facility to add new rules in the 

runtime. The knowledge base has been 

implemented using FLEX expert system shell, 
which embedded in WinProlog. 

 

4.4 User Interface 
 
The user interface facilitates for both developer and 

general user. Once knowledge engineer develops a 

particular framework for required tacit domain with 

interaction of the expert, and then general user will 
be given a facility of using the framework for 

decision-making purposes.  So, it has been divided 

the user interface in developer interface and general 

user interface. General user will be able to use a 

developed framework using a questionnaire, which 

has been implemented as a web page linked to the 

database. 

 

 

 

 

 

4.5 Inference Engine 

 
The inference engine carries out the reasoning 

whereby the expert system reaches a solution. This 

is the inference engine of the FLEX expert system 

shell. Since this is built in to the system there are no 

development activities with regard to this 

component in the system.  Note that inference 
engine has nothing to do with the modeling of tacit 

knowledge but it runs the expert system. 

 
5. Computational model of 

diagnosis of human constitutions 

 
We have evaluated our approach using Ayurvedic 

medicine as a domain with tacit knowledge []. In 

doing so, classification of individuals through 

clinical examination in Ayurveda has been 

considered [6]. The clinical examination of 

Ayurveda is divided into 2 paths, namely: 

examination through patient and examination 

through disease. 

 
Prescribing drugs for a disease is depended on both 

2 examinations. Classification of individual (human 

constituents) is included in examination through 

patient, which defined as a concept called ′prakurti 

pariksha.′. Individual can be categorized into vata 

or pita or kapha based on the ′prakurti pariksha.′. It 
was defined that one type can be dominated but in 

combination of all 3 types. In the exciting system, 
the method of analysing constituents is not 

consistent. Although Ayurvedic practitioners use a 

questionnaire but leads several problems like 

dependencies among the questions in the 

questionnaire and analysis of the constituent type. 

We addressed these problems to solve using 

following stages by a computational model. 

 

5.1 Extracting Tacit Knowledge in 

Ayurveda 
 
In the first instance we mapped tacit knowledge 

regarding to analysis of constituents to a 

questionnaire with interaction of an Ayurvedic 

expert. It is consisted of 72 questions to analyse 
vata, pita and kapha. It is shown as Figure 2.  
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Figure 2: Questionnaire window 

 

5.2 Removing Dependencies 

 
We have done a pilot survey using 100  

 
Figure 2: Questionnaire window 

 
no.of students for statistical modeling. Principal 

component analyzer has been used to remove 

dependencies. It has been identified 25 principal 

components using SPSS [17] as shown below in a 
matrix form. Here V1, V2..V24, K1, k2..K24, P1, 

P2..P24 denotes question-numbering system in the 

questionnaire. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.3 Analysis Of Human  
5.3 Analysis Of Human Constituents  
 

Human constituents can be computed in to vata, pita 

and kapha in percentages as shown in Figure 3.  

Membership functions for vata, pita and kapha have 

been constructed using the out puts of principle 

component analyzer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3: Analysis of human constituents 

 

 

5.4 Explanations for Derived Human 

Constituents 
Possible diseases can be occurred due to dominated 

constituent type. It is illustrated as shown in Figure 

4, which has been implemented through FLEX 

expert system shell. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

1 2 .. 24

V1 -0.228622 0.249362 . -0.073945 0.058179

V2 0.08431 0.20654 . -0.097192 -0.112795

.     V=

.

V23 -0.645803 0.232312 . 0.0067 -0.083959

V24 -0.222147 -0.06453 . -0.073514 0.084404

K1 0.012511 -0.096332 . 0.141314

K2 -0.005642 0.268145 . -0.179992 0.111715

.     K=

 M = .

K23 0.409442 0.073812 . -0.115118 -0.056431

K24 0.696973 0.126679 . 0.098213 0.045471

P1 0.430044 0.14608 . 0.023669

P2 0.243781 0.373485 . -0.040468 0.149644

.

.     P=

P23 0.009727 0.012529 . -0.072224 0.177827

P24 -0.378091 0.096985 . 0.158006 0.069821
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Figure 4: Explanation Window 

 

6. Discussion and conclusion 
 

The expert system developed using this approach 

was tested with a group of 35 persons of Ayurvedic 

experts and Ayurvedic medical students. The 
evaluation was conducted to see far the answers 

generated by the system matches with the 

identification by Ayurvedic experts and the 

students. Further, the system’s ability to fine-tune 

the answers was also tested. It is investigated that 

77% of conclusions matches with the system and 

expert using descriptive statistics.  

 

The system facilitated to derive constituents types 

in percentages while Ayurvedic experts obtain only 

the constituent type. As recommendation given by 
the Ayurvedic experts, determining constituent’s 

types in percentages is an important criterion for 

prescribing drugs for a disease. Further, our system 

provide as an option to find out possible diseases. 

In generally, the system can be used as a self-

assessment for finding constituents. According to 

Ayurvedic medicine, regiments can be done easily 

by knowing the constituent type. The human 

constituents can be computed as a combination. So 

it would help to find the effectiveness of minimum 

type in a diagnosis.  

 

In doing so, a novel approach was formulated 

namely, tacit knowledge of experts can be acquired 

via questionnaire and informal interviews, 

statistical techniques of principle component 

analysis (PCA) can be used to identify preliminary 
dependencies in acquired tacit knowledge and fuzzy 

logic with PCA as the input can be used for 

developing a model for modeling tacit knowledge. 

This leads to present a formal practicing 

methodology for tacit knowledge modeling in 

conceptual models. It has been achieved a 

computational model for diagnosis of human 

constitution. This leads to convince of 

computational modeling using conceptual models 

in Alife. 
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