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EDITORIAL  
 
 
T h e r e  a r e  s e v e r a l  j o u r n a l s  a v a i l a b l e  i n  t h e  a r e a s  o f  C o mp u t e r  S c i e n c e  

hav ing  d i f f e r en t  po l i c i e s .  I JCSI  i s  among  t he  f ew  o f  t hose  who  be l i eve  

g i v i n g  f r e e  a c ce s s  t o  s c i e n t i f i c  r e s u l t s  w i l l  h e l p  i n  a d v a n c i n g  c o mp u t e r  

s c i e n ce  r e s e a rc h  an d  h e l p  t h e  f e l l o w  s c i e n t i s t .  

 

I J C S I  p a y  p a r t i c u l a r  c a r e  i n  e n s u r i ng  w i d e  d i s s e mi n a t i o n  o f  i t s  a u t h o r s ’  

w o r k s .  A p a r t  f r o m b e i n g  i n d e x e d  i n  o the r  da t abase s  (Goog le  Scho l a r ,  

C o r n e l l ’ s  U n i v e r s i t y  L i b ra r y ,  S c i e n t i f i c C om m o n s ,  C i t e S e e rX ,  e t c … ) ,  

I J C S I  ma k e s  a r t i c l e s  a v a i l a b l e  t o  b e  d o w n l o a d e d  f o r  f r e e  t o  i n c r e a s e  t h e  

c h a n c e  o f  t h e  l a t t e r  t o  b e  c i t e d .  

F u r t h e r mo r e ,  u n l i k e  mos t  j o u r n a l s ,  I J C S I  s e n d  a  p r i n t e d  c o p y  o f  i t s  i s s u e  

t o  t h e  c o n c e r n e d  a u t h o r s  f r e e  o f  c h a r g e  i r r e s p e c t i v e  o f  g e o g r a p h i c  

l o c a t i o n .  

 

I J C S I  E d i t o r i a l  B o a r d  i s  p l e a s e d  t o  p r e s e n t  I JC S I  V o l u me  F o u r  I s s u e  T w o  

( I J C S I  V o l .  4 ,  N o .  2 ,  2 0 0 9 ) .  T h e  p a p e r  a c ce p t a n c e  r a t e  f o r  t h i s  v o l u me  i s  

2 9 . 5 5 % ;  s e t  a f t e r  a l l  s u b mi t t e d  p a p e r s  h av e  b e e n  r e c e i v e d  w i t h  i mp o r t a n t  

c o m m e n t s  a n d  r e c o m m e n d a t i o n s  f r o m o u r  r e v i e w e r s .  

 

We  s ince r e ly  hope  you  wou ld  f i nd  impor t a n t  i d e a s ,  c o n c e p t s ,  t e c h n i q u e s ,  

o r  r e s u l t s  i n  t h i s  spe c i a l  i s sue .  

 

As  f i na l  words ,  PUBLISH,  GET CIT ED and  MAKE AN IMPAC T.  
 
 
 
 
I J C S I  E d i t o r i a l  B oa r d  
S e p t e mb e r  2 0 0 9  
w w w . i j c s i . o r g  
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PASSWORD BASED A GENERALIZE ROBUST 
SECURITY SYSTEM DESIGN USING NEURAL 

NETWORK 
 
                                                                                                     Manoj Kumar Singh 
                                                                             Manuro Tech. Research Lab, Bangalore, India 
                                                                                mksingh@manuroresearch.com 
 
 
                                 Abstract 
Among the various means of available resource protection 
including biometrics, password based system is most simple, user 
friendly, cost effective and commonly used. But this method having 
high sensitivity with attacks. Most of the advanced methods for 
authentication based on password encrypt the contents of password 
before storing or transmitting in physical domain. But all 
conventional cryptographic based encryption methods are having its 
own limitations, generally either in terms of complexity or in terms 
of efficiency. Multi-application usability of password today forcing 
users to have a proper memory aids. Which itself degrades the level 
of security. In this paper a method to exploit the artificial neural 
network to develop the more secure means of authentication, which 
is more efficient in providing the authentication, at the same time 
simple in design, has given. Apart from protection, a step toward 
perfect security has taken by adding the feature of intruder detection 
along with the protection system. This is possible by analysis of 
several logical parameters associated with the user activities.  A 
new method of designing the security system centrally based on 
neural network with intrusion detection capability to handles the 
challenges available with present solutions, for any kind of resource 
has presented. 
Keywords:   artificial neural network, security, authentication, 
intrusion detection. 
 
1. Introduction 
 

      Security is a broad topic and covers many issues. Malicious 
people trying to gain some benefit, attention, or to harm 
someone intentionally cause most security problems. As, 
Complete security not possible in real life, transition will be 
long in coming. Conventional cryptographic methods have 
their own problems. Intrusion Detection System (IDS) is an 
emerging new technology, being informed is the best 
weapon in the security analyst’s arsenal. “An ounce of 
prevention is worth a pound of detection”. An Intrusion 
Detection System detects attacks as soon as possible and 
takes appropriate action. Security is a compulsory need for 
data operation today. Information or commerce exchanges 
need security and reliability. Examples are like: Bank 
Transactions where state–of-the art financial security is 
mandatory, Protection of Personal Resources etc. password 
based security system should must posses facilities like: (i) 
provision to assign complex password without any 
restriction. (ii) Password must be encrypted up to proper 
level before storing or transmitting. (iii) Easy and secure 
means to reset the password. (iv) Facility to record and 
monitor failed login attempt. (v) Don’t let people try to break 
password in forever. General structure of security system is 
shown in fig. (1), to access the resource user must verify by 
authentication environment. 

 
  

 

 
 
 
 
 
 
 

                                                       
           Figure 1. Security System in Abstract form 
Process of authentication can be defined as developing a 
unique mapping process from given password to some other 
unique information in a defined domain. The guarantee of 
security doesn’t only depend on unique mapping but greatly 
depend upon difficulties associated with getting back the 
password form the mapped formation. Artificial Neural 
network characteristics, making it very appropriate for 
playing an important role in coming era of security design.  
Artificial Neural Network (ANN) is an information-
processing paradigm that is inspired by the way biological 
nervous systems, such as the brain, process information. The 
key element of this paradigm is the novel structure of the 
information processing system. It is composed of a large 
number of highly interconnected processing elements 
(neurons) working in unison to solve specific problems. 
ANNs, like people, learn by examples. An ANN is 
configured for a specific application, such as pattern 
recognition or data classification, through a learning process. 
Learning in biological systems involves adjustments to the 
synaptic connections that exist between the neurons. This is 
true of ANNs as well.  
 

2. Literature Review 
In order for a computer system to perform specific acts on 
behalf of a specific individual, an identification and 
authentication step is needed. This process of identification 
and authentication has been extensively studied and formally 
described in principle [1], [2]. These formal descriptions 
include the user as the principal and document all relevant 
constructs and issues from a single system perspective. In the 
basic authentication process, the entity desiring 
authentication presents credentials usually an account ID and 
some additional information, to prove that the request is 
coming from a legitimate owner of the ID.This is relatively 

USER

  Authentication 

Resource
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straightforward process that has been in use for decades. An 
example is user ID and password combination, one of the 
simplest forms of user authentication [3]-[6]. A more 
complicated example is the smart card system [7], [8], where 
a user typically has an ID, a password and also a dynamic 
(time-generating) passkey from the smart card which 
changes every 60 seconds. The authenticating server has the 
same time changing numerical sequence as the specific 
smart-cards assigned to that ID and if the ID, password and 
card generated number are all correct, authentication is 
granted. Frequently smart-card are combined with passwords 
for an account to increase security. This is an example of 
two-factor authentication and is more secure because it 
requires more items for authentication. Another form of 
authentication involves the concept of biometrics. Biometrics 
can take the form of several measurements, from fingerprints 
to retinal scans to pupil images. The advantage of biometrics 
is that always available with user without any extra means 
and effort and unforgotten. Disadvantages are many, 
including not being able to change them if needed and 
complexity of solution. Many modern system have adopted a 
simple ID/password method of achieving the goals 
associated with the identification and authentication 
function, and numerous technical method exists to achieve 
this [3],[4],[7],[9],[15].the wide Varity of implementation 
schemes are a result of individual design decisions 
appropriate to specific circumstances at the time to design of 
a specific system or class of a system. Important research on 
human cognitive ability has generated a lot of practical 
knowledge on the issue of what an individual can remember 
[16]. The effect of human cognitive ability in the 
authentication process is a central element, through often 
overlooked by developers. Remembrance of passwords is 
one of the cornerstones of the current password based 
authentication system [17],[18],[24].From system 
perspective a password should be easily remembered, yet 
hard for an intruder to guess[19]-[21].Although other system 
level solutions exist much of the effort to secure password-
based system is focus on preventing unauthorized access 
through better password selection[5],[13],[29],[30].Many 
known weaknesses exists in password-based system and 
various fixes have been applied over 
time[4],[9],[10],[11],[12],[14]. 
                   According to the learning ability, artificial neural 
network has been used in artificial intelligence [31], neural 
network can be used to model nonlinear statistical data, 
which can model complex relationship between inputs and 
outputs. Sometimes, it can generate chaos phenomenon. 
According to this property, it has complex dynamic action, 
which can be used to protect data content. For example, the 
random sequence produced by neural network can be used to 
encrypt data [38], and the neural networks that generate 
chaos phenomenon can be used in secret communication 
[39]. According to complex relation between the nodes of 
neural network, neural network can produce the sequences 
with random properties. For the neural network that has 
chaotic dynamics, its output is often sensitive to the inputs or 
such control parameter as weight; it is caused by parameter 
sensitivity of chaos system. Taking the neural network 
proposed in [37] for example, although there is a slight 
difference in the initial value, the output changes greatly. 
This property makes the initial value suitable for the key that 

controls the data encryption or decryption. Application of 
neural network for intrusion detection has been shown in 
[36]. Intrusion detection is an important technology in 
network security, which can detect illegal intruders or illegal 
intrusions. Using neural network’s supervised learning, the 
intrusive operation can be distinguished from normal 
operation [37]. The one-way property makes neural network 
a suitable choice for hash function. Hash function is a 
technique for data integrity authentication. Till now some 
hash functions based on neural network have been presented 
[38][39], which were reported to have some advantages 
compared with existing schemes, such as high time 
efficiency or flexible extension. 
 
3.  Risk and complications associated with 
password authentication 
 
3.1 Attacks on password 
 
Because of high sensitivity with attacks, risk factor is very 
high in password based authentication process. Broadly the 
types of attack can be divided into three categories: - 
technical (brute force), discovery and social engineering. 
          In the brute force attack, two methods can be used, (a) 
attempting passwords against the system, but this is easily 
stopped with account lockouts. (b) An offline attack against 
the password hash file. This is processor intensive search 
through the entire password key-space, calculating and 
comparing hash values of potential passwords to the values 
in the stolen hash file. Various defense exist, including 
increasing key-space through the use of salts, and physically 
protecting the password hash file. 
           Password may also be compromised by discovery. 
Forms of password discovery may vary and include 
interception of a script file, an exploit on another system, a 
Trojan program capturing keystrokes, or the discovery of 
default passwords associated with other system or programs. 
The primary defense against discovery is proper system 
design rules that do not allow discovery of passwords 
through scripts or default system accounts. 
          Social engineering represents an attempt by an intruder 
to elicit password and account information from a user. This 
attack is exogenous to the computer system in question, 
coming via phone, fax, email or causal contact. The primary 
defense against this type of exploit is training and awareness 
directed at the user with respect to this specific vulnerability. 
 
 3.2 Complications with safeguards 
 
Password rules are either optional or enforced specification 
about the length of the password and the diversity of the 
characters that comprise its’ the length and diversity 
contribute to the size of the domain set containing all 
passwords that increase the difficulty of brute force 
detection. Prevention of easily guessed passwords reduce 
discovery. However the same rules that increase password 
resistance to brute force attack directly reduce discovery. 
However the same rules that increase password resistance to 
brute force attack directly reduce the ability of a user to 
remember a password and increase the need of password 
aids. System rules relate to the procedural aspects of gaining 
access and are enabled in a system. For example, the 
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automatic user lockout after three failed trailed attempts is a 
system-enforced rule. More complex mechanism includes 
expiring passwords and the forcing of password changes. 
System rule can also have the opposite effect through, as 
they can lead to discovery patterns. There are systems that 
will email an encrypted password back to user if required 
presenting an opportunity for discovery. System rule that 
make the passwords harder to remember can increase the 
need for user based password memory aids system rules for 
recovering forgotten password such as emailing forgotten 
passwords lessen the need for memory aids but increase risk 
of discovery. In general rules that enforce higher quality 
passwords do so at the expense of user memory ability. This 
was an acceptable trade off when the count of passwords per 
user was low but this trade off today forces users to use 
memory aids. One of the weakest links in a security system 
is an untrained user. Formal and informal activities of 
training and awareness can alleviate a wide Varity of actions 
that weaken a system such as choosing poor passwords, 
writing them down, sharing with others. Training can address 
issues associated with discovery and social engineering 
attackers. The primary issue with training is its temporary 
nature, users forget or become complacent over time and 
retraining is time consuming and costly. 
 
3.3 Complications because of multi-usability 
 
Today users have multiple accounts on multiple systems. 
users must to remember multiple IDs and multiple passwords 
for wide range of computer based service they use, this has 
placed a strain on user memory and users have developed 
memory aids, such as password lists to assist them in the task 
of keeping accounts and passwords straight. User password 
memory aids affect overall system security at the individual 
application level. 
 
4 Neural network’s features suitable for 
security design 
 
4.1 Learning ability 
 
 Neural network has the possibility of learning. Given a 
specific task to solve and a class of function, neural network 
can use a set of observations to solve the task in an optimal 
sense. Generally, according to learning task, learning ability 
of neural network can be classified into two main categories, 
i.e. supervised learning, and unsupervised learning. 
Supervise learning is the learning with a ‘teacher’ in the form 
of a function that provides continuous feedback on the 
quality of solutions. These tasks include pattern 
classification, function approximation and speech 
recognition, etc. Unsupervised learning refers to the learning 
with old knowledge as the prediction reference. These tasks 
include estimation problem, clustering, compression or 
filtering. 
 
4.2 One-way property 
 
One-way property means that it is easy to compute the output 
from the input while difficult or impossible to compute the 
input from the output. In neural network, there are often 
more inputs than outputs. Taking a simple neuron model for 

example, the input is composed of n elements P0, P1, P2…P 
(n-1), while the output is a unique element C. it is defined as 
   
                                                                           n-1 
                                  C = ƒ ( ∑ wjpj + b). 
                                                                          i=0     

As can be seen, it is easy to compute C from P=[po, p1, 
p2…p(n-1)],while difficult to compute P from C. The difficulty 
is equal to solve a singular equation. Thus it is one-way 
process from the input P to the output C. This property is 
often required by Hash function [35][36] that is used to 
authenticate data’s integrity. This is just one example with 
one neuron model, complexity of getting C from P with 
network of neurons can be understand. 
 
5 Proposed authentication method based on 

neural network 
 
As discuss earlier, the two main requirements for developing 
authentication system are, unique mapping and no 
reversibility of mapping. These two objectives can be 
fulfilled by means of applying the suitable learning of 
password and developing an appropriate architecture. Feed 
forward architecture has taken, over that the user-defined 
password can be trained with supervise learning algorithm. 
This section will contain details about architecture of neural 
network, learning rule, target definition and process, which 
will apply for authentication.  

 
5.1 Feed forward architecture  
 
The type of Architecture implemented in the project is 
multiplayer Feed Forward architecture as shown in Fig (2). 
This neural network is formed in three layers, called the 
input layer, hidden layer, and output layer. Each layer 
consists of one or more nodes, represented in this diagram by 
the small circles. The lines between the nodes indicate the 
flow of information from one node to the next. In this 
particular type of neural network, the information flows only 
from the input to the output. 

The nodes of the input layer are passive, meaning 
they do not modify the data. They receive a single value on 
their input, and duplicate the value to their multiple outputs. 
In comparison, the nodes of the hidden and output layer are 
active. This means they modify the data as shown in Fig (3) 
each value from the input layer is duplicated and sent to all 
of the hidden nodes. 
The values entering a hidden node are multiplied by weights; 
a set of predetermined number is stored in the program. The 
weighted inputs are then added to produce a single number. 
This is shown in the diagram by the symbol, Σ. Before 
leaving the node, this number is passed through a nonlinear 
mathematical function called a Sigmoid. This is an “S ” 
shaped curve that limits the node’s output. That is, the input 
to the sigmoid is a value between - ∞ to + ∞, while its output 
can only be between 0 and 1.The outputs from the hidden 
layer given to output nodes after multiplication with 
associated weight on that path. The active nodes of the 
output layer combine and modify the data to produce the 
output value of the network. In the case of this project the 
output layer only needs a single node, single hidden layer 
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contains number of nodes equal to 30 % of the size of the 
input layer nodes number. The input layer contains the 
number of nodes according to length of the user identity. The 
initial weights are generated randomly using uniform 
distribution within the range of [0 1]. 
 

 
   Figure 2. Feed forward architecture 

.  
 
 
 
 
 
 
 
 

 

 

Figure 3. Neural Network Active Node 

 

5.2 Transfer function: Sigmoid Function 
 
Sigmoid function (unipolar), mathematically described by 
the equation S (x) = 1/(1+e -λx), having several advantages 
like, (1) Soft limiter, i.e. having sensitivity w.r.t variation in 
input. (2) Mathematical model of biological neuron, firing 
phenomenon the characteristic is appearing like sigma 
function. (3) It derivative is easily available which is 
required in learning process,  S′(x)= s (x) [1 - s (x)] .                          
    
5.3 Physical interpretation of learning rule 
 
Mathematical modeling of any physical phenomena has at 
least two purposes like Compact form representation and 
simplification in processing. But sometimes when we 
observe physical phenomena properly, there may be a chance 
to get the same solution as it comes from the mathematical 
modeling. 
 In ANN, the main goal of learning rule is to 
minimize the error, which is the difference between the 
target and the observed network output. Weight training is 
usually formulated as minimization of an error function, such 
as the mean square error between the target and the actual 
outputs averaged over all by iteratively adjusting connection 
weights.  
  Why this error exists? 

Error exists because initially there is zero co-relation 
between the connection weights and the applied inputs, since 
the connection weight values are chosen to be random. So 
the error value is high initially. 
How this error can be minimized? 

In simplified form we can say, if error is high, it 
indicates that the current weights are very far from the 
required value and hence a large change in weights required. 
In other case if error is less, it indicates that the current 
weights are near to the required value and hence change in 
weights required for the next iteration is also small. Hence 
we can say, ∆W ∝ Error. Each and every weight is 
responsible for the output, but in different proportion. So it 
seems logical to adjust the individual weights in accordance 
to their affect at the output in order to minimize the error, 
where the affect is calculated by taking slope, i.e., variation 
at the output w.r.t the variation in individual weight. Hence 
we can say, ∆W ∝ Affect. Combining with placement of 
proportional constant η, the final equation of weights 
adjustment can be expressed as ∆W=η(Error)(Affect). 
Advantage of this method for finding the change in weights 
are simplicity and very suitable for more complex 
architecture (like neural network with two or more hidden 
layers. Author claims to have a method for finding weights 
adjustment equation for any complex circuit just by visual 
appearance of network). 
 
5.4 Target selection for high sensitivity        
 
Because of supervise learning method; target must be 
defined at beginning. The output node transfer function is a 
sigmoid function; hence any value on the curve of sigmoid 
function can take as target i.e. between 0-1.Authentication 
system should must be very sensitive w.r.t even a very small 
variation in the input. The sigmoid characteristic curve can 
be divided in the three regions namely regions (1)&(3) can 
be consider as saturation region, because in these regions 
even for some good variation in input of sigmoid function, 
o/p variation is not very much. Region (2) can be considered 
as linear region, because changing in o/p with input is 
approximately linear manner as shown in fig (4). To enhance 
the sensitivity it’s necessary to define the target value in the 
linear region and the most suited value is equal to 0.5.  
 

 
            Figure 4. Sigmoid curve with 3 regions  
 
 
6. Authentication process 
 
Unique mapping of a given password can achieve by giving 
the training of neural network with taking password as an 
input. Because row information of password may have 
various characteristics like having alphabet character, 
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numeric or even some special character or any combination. 
Hence it’s not possible to go for direct training. A 
preprocessing step required transforming the row data in 
some suitable format like numeric only. Sensitivity with 
authentication can be further improved very much if row 
password is transformed in to corresponding binary format. 
According to length of this transformed password an 
architecture with same number of input nodes, one hidden 

layer 
cont

ainin
g 

arou
nd 

30% 
node
s of 

input layer and one output node created. To get the 
maximum sensitivity this architecture is fully interconnected. 
Sigmoid function has taken as transfer function of any active 
node. Once training completed up to specified error value, 
the final output of network is the final mapped valued of the 
password. The hidden nodes output also consider as the 
intermediate mapped values. Even final mapped value is 
alone enough to provide the authentication but inclusion of 
intermediate mapped values will give added strength of 
complete authentication process. 
              Any test case, first pass through the same 
preprocessing step as original password has been. If length 
size of test password is same as original password (otherwise 
un-authentication declared), same architecture taken as in 
case of original password, along with trained weights 
(learning will not take place this time). With the processing 
of architecture, all mapped values (final & intermediate) 
compared with the all-original mapped values. Zero 
difference in result counted as authenticated action otherwise 
counted as an unauthenticated. 

 
7.Experimental results 
 
According to specified description of neural network and its 
utilization of authentication, several experiments have done. 
Two examples along with some unauthenticated trail have 
shown below. 

 
7.1 Experiment 1 
                                                                

Correct password: neural 
Architecture size 
Layer No. Of Nodes 

Input 42 
Hidden 13 
Output 1 

 

 
  Figure 5. Learning plot  

Learning has given corresponding to password ‘neural’.  It’s 
required very few number of iteration to minimize the error 
below 0.00001,as shown in fig (5). The available trained 
weights utilize for authentication process. In the test phase 
four different passwords ‘neural’, ’mural, ’neurba’, ’signal’ 
has taken to verify the process. Its very clear from the result 
given system performs as it was expected. Zero difference 
appears for password’ neural’ while for any other case large 
difference, which is very good enough for declaring as a 
unauthentication, as shown in fig (6). 
 
 7.2 Experiment 2 
 
 

 
 
           Figure 6(a) test password: neural 
 
                        
 
 

 
                         
                       Figure 6(b) test password: meural 
 
 

Correct password: architecture 
Architecture size 
Layer No. Of Nodes 

Input 84 
Hidden 25 
Output 1 



IJCSI International Journal of Computer Science Issues, Vol. 4, No. 2, 2009 
ISSN (Online): 1694-0784 
ISSN (Print): 1694-0814 

IJCSIIJCSI  

6

 
                       Figure 6(c) test password: neurba 
 
 
 

 
Figure 6(d) test password: signal 

 
(* Last bar with red color represent the final output 
mapping difference) 

 
 

 
                   Figure 7. Learning plot  

 
 

 
                       Figure 8(a) test password: architecture 
 

 

 
      Figure 8(b) test password: archidecture 

 
                        
 
 

 
              Figure 8©test password: manojkrsingh 
 

 
           Figure 8(d) test password: manoj__singh 
      
 
 
 8   Proposed security system 

 
  8.1Hierarchical structure of security 
 
 Based upon above discussion a multiplayer, multiparametric 
security system has developed. In most of the public oriented 
services there are service provider along with service users. 
Each party wanted to allocated a security means to protect 
their resource. Hence for each case a separate password 
provision can be allocated (if there is no service provider 
single password can also be applied). To provide the intruder 
detection several parameters can taken as measuring 
consideration likes, (1) number of trails (2) length of 
password (3) time taken to insert the password. These 
parameters can surely help to define the activity as normal or 
intrusion. These parameters are forming a hierarchical 
structure to enhance the speed of computation and saving the 
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unnecessary involvement of other inner layer modules 
associated with this security system. These three layers 
logically define the types of activity without knowing the 
contents of password. Neural network based authentication is 
the innermost layer, which is taking care of contents 
available with the password as shown in Fig (9). 

 
                       1 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 9.    1:Trail layer, 2:length layer, 3:Time layer, 
and 4:ANN layer, R: Resource. 
             

 
Any request having permission by all layers only can access 
the resource otherwise any failure at any layer will be 
counted as unauthentic activity. Any unauthentic activity will 
cause to save all the information about the events like time of 
event, inserted password, and time taken to insert the 
password. Repeated unauthentic activities (depend upon 
maximum trail permission allocated for that particular 
application) result in declaration of intruder in front of 
system (this situation may also appear if right user have 
forgotten the password). When intrusion declared, to protect 
the resource, security environment not allow entering the 
password further. The other benefit of this facility is, when 
the right person will try to access the resource, system will 
not permit to enter the password hence an auto- information 
mechanism about intrusion available to right user.  
 
 8.2 Block diagram of appearance of Security System 
from User Side. 
 
 

 
 
 
 
 
 
 
 
            Figure 10. Front view for user 
 
 for any user there are two path of progress, (1) accessing of 
resource (2) reset the old password or intrusion file. If user 
going for resource access, above defined protocol will 
follow. Reset mode basically contains two facilities namely 
intrusion activities file or reset the old passwords either by 
new password or retaining the existing passwords. Picking 
up of reset mode is a necessary step for right user if there is 
seize in resource mode. Because reset mode is open for all, 

hence a high level of security provision has given for this by 
allocating a reset password along with the two same 
passwords protecting the resource. In summary to reset the 
passwords three currently existing passwords must be 
correctly given by the user. The flow of reset mode is given 
in fig. (11). 
 
 
  
                                                  
 
 
 
 
 
 
 
 

 

                                                                    
                        Figure 11. Reset protocol 
 
Resetting the passwords with same existing ones is having its 
own advantage in this system. Even for same password the 
encrypted information will very different compare to 
previous existing information. Hence instead of changing the 
password frequently this is much easy means to change the 
contents of encrypted information. 
 
 
 
 8.3 Two factor security with physical device 
 
With the association of a user-friendly memory device the 
level of security with given method can be increase very 
much. The core reason behind this is availability of two 
different sets of trained weights, hidden layer weights and 
output layer weights, from neural network. If hidden layer 
weights transfer to user memory device and output layer 
weights stored in server or with resource, resistance with 
brute force trail of attacks can be increase very much because 
virtually there are infinite possibility exist in the real value 
domain. Hence even with simple and small password, high 
level of security can be achieved. Because with each new 
training of neural network there are different set of weights 
appear, there is no harm of using the same password with 
multi-applications. This will remove the burden of memory 
aids. This proposed method give the level of security 
comparatively better and cost effective to even smart card.  
  
 8.4 Advantages of purposed system  
 
 In summary the security system given in this paper having 
advantages like: - 
■ a similar, simple method to design the one-way hash 
function. 
■with new training of same password encrypted information 
will be different,. Hence instead to changing the password 
periodically, with same password the security level can be 
increased very much. 
■ free from service provider faith ness circumference. 

2  3 

  4 R 

   USER 

Resource Reset

Resource protection 
Reset 
protection 

Reset

Intrusion 
Files 

Correct Reset password 

Resource passwords 

Reset all passwords 
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■ Intrusion detection facility. 
■Hierarchical protection gives optimum use of security 
model with high processing speed.  
■ Multi-user facility from same security environment. 
■ Encrypted password information always appear in a set of 
real value. 
■ can be integrating with any kind of resource environment 
like soft resource or physical resource. 
■ with association of external memory device, level of 
security can achieve a great height and reduce the burden of 
memory aids. 
 
This project has implemented on MATLAB platform and for 
experiment it has integrated successfully with various 
products developed by Manuro tech. research lab. 
 
Conclusion 
A new method to design the security system using 
artificial neural network having the intrusion detection 
capability too, has given. This design is very efficient & 
robust, at the same time simple. This design having the 
domain of application numerous irrespective of their 
nature. With this design, the password identity based 
security system will get a new direction of development. 
There is a very good scope to enhance the level of security 
by splitting the encrypted information in two parts. One 
part can be stored with security environment whereas 
other part can embed in to any user-friendly device. As 
an extension of this design, keystrokes dynamics inclusion 
can boost the further strength of the solution. 
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Abstract 
Radiofrequency (RF) catheter ablation has transformed 
treatment for tachyarrhythmias and has become first-line 
therapy for some tachycardias. The precise localization of 
the arrhythmogenic site and the positioning of the RF 
catheter over that site are problematic: they can impair the 
efficiency of the procedure and are time consuming 
(several hours). Electroanatomic mapping technologies are 
available that enable the display of the cardiac chambers 
and the relative position of ablation lesions. However, 
these are expensive and use custom-made catheters. The 
proposed methodology makes use of standard catheters 
and inexpensive technology in order to create a 3D volume 
of the heart chamber affected by the arrhythmia. Further, 
we propose a novel method that uses a priori 3D 
information of the mapping catheter in order to estimate 
the 3D locations of multiple electrodes across single view 
C-arm images. The monoplane algorithm is tested for 
feasibility on computer simulations and initial canine data. 
 
Key words: 3D reconstruction, monoplane imaging, navigation 
system, catheter ablation, cardiac arrhythmias. 

1. Introduction 

Severe disorders of the heart rhythm that can cause sudden 
cardiac death or morbidity, can be treated by radio-
frequency (RF) catheter ablation, which consists of 
inserting a catheter inside the heart, near the area from 
which originates the abnormal cardiac electrical activity, 
and delivering RF currents through the catheter tip so as to 
ablate this arrhythmogenic area. The precise localization 
of the arrhythmogenic site and positioning of the RF 
catheter at that site are problematic: they can impair the 
efficacy of the procedure and the procedure can last many 
hours, especially for complex arrhythmias. To shorten the 
duration of RF catheter ablation and increase its efficiency, 
commercial systems that provide a 3D color display of the 
cardiac electrical activation sequence during the 
arrhythmia have been proposed.  
 These systems incorporate basket electrode arrays 
(Constellation, EPT Inc.), catheters with a balloon 
electrode array (Ensite 3000, Endocardial Solutions Inc.) 
and catheters with magnetic position detectors 

(CARTOTM, Biosense Webster Inc.). A complete 
navigation and registration framework is also available 
(CartoMerge, Biosense Webster Inc.). All these systems 
including purchase of system-specific catheters are costly 
for hospitals. The first two technologies can map the 
cardiac activation sequence using data recorded during a 
single beat whereas the CARTOTM system relies on data 
recorded point-by-point during numerous beats, which 
implies that the arrhythmia must remain stable during the 
procedure.  
 Other approaches have also been proposed to guide RF 
ablation therapy, such as the visualization of an optically 
tracked catheter by making use of magnetic resonance 
imaging (MRI) [1-2], the combination of MRI and 
fluoroscopy [3], ultrasound imaging of the ablation 
catheter [4], the combination of ultrasound and pre-
operative computer tomography (CT) [5], or preoperative 
imaging (CT/MRI) for ablation planning [6-7]. These 
approaches omit incorporating the all important 
electrophysiological data which allows the interventionist 
to determine the origin of the arrhythmia. Inverse 
electrocardiography, an established formulation is the 
imaging of the activation time map on the entire surface of 
the heart from ECG mapping data. A few examples 
computed from body surface potential measurements have 
been incorporated to segmented MRI images by Tilg et al. 
[8-9] and to biplane reconstructions of the cardiac 
geometry by Ghanem et al. [10-11]. DeBuck et al. [12] 
have constructed a patient-specific 3D anatomical model 
from MRI and merged it with fluoroscopic images in an 
augmented reality environment that enables the transfer of 
cardiac activation times onto the model. Cristoforetti et al. 
[13] have developed a strategy for the spatial registration 
of the coarse electroanatomic map obtained by the 
CARTOTM system, and the detailed geometrical 
reconstruction of the left atria and pulmonary veins 
retrieved from CT images. Methods based on real-time 
integration of electroanatomic and tomographic modalities 
are being developed and offer an intermodal fusion based 
on semi-automatic registration procedures initialized by 
fiducial point pairing [14-15]. The above methods make 
use of preoperative data which do not reflect the real-time 
movement of the heart at the time of intervention, and 
introduce a logistical problem as these technologies are not 
present in the electrophysiological intervention room.  
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 Recently, we have proposed a more affordable 
fluoroscopic navigation, emulating CARTOTM, by 
obtaining local activation times from a roving catheter 
whose positions are computed point-by-point from biplane 
fluoroscopic projections. We also proposed a novel 
concept by superimposing the isochronal map depicting 
the cardiac electrical activation sequence directly over the 
2D fluoroscopic image of the heart [16], a method that the 
CARTOTM technology lacks. However, biplane 
fluoroscopy systems are rare in the clinical setting which 
in turn emphasizes the importance of developing single-
view 3D reconstruction algorithms.  
 The focus of this paper is a continuation of our 
previous work, but with two significant modifications. To 
begin with, we consider implementing a full perspective 
camera model instead of the parallel projection concept so 
as to create a more precise 3D geometry of the heart 
chamber affected by the arrhythmia. Second, our aim is to 
answer the following question: is it possible to estimate 
precisely the 3D locations of the mapping catheter across 
all C-arm image frames in a cardiac cycle using only a 
single view? We propose to use a priori 3D information of 
the mapping ablation catheter positions in order to achieve 
this. If this is possible, then the interventionist could 
possibly reduce procedure time accordingly as a 
monoplane C-arm fluoroscope is the primary imaging 
modality used in clinic and can provide real-time data 
images as well. To our knowledge this is the first work 
reported on estimating 3D locations using single view 
sequences in order to assist catheter ablation procedures. 
Therefore, we tag this work as a feasibility study by 
presenting a practical implementation and experimental 
analysis using computer simulations and initial results on 
canine data. 

2. Methodology 

2.1 Central Intuition 

Clinical accuracy is determined by 3D reconstruction 
precision in the order of 2 mm or less and we don’t expect 
to achieve this using a monoplane sequence. As showed in 
[16], using only a single 2D C-arm image the recovered 
catheter depth had an error of about 10 mm. We believe 
that by incorporating temporal knowledge of the catheter 
coordinates may help improve depth estimation results.  
 Initial a priori 3D information of the mapping catheter 
can be obtained using pre-operative data from CT/MRI or 
via two-view reconstruction by rotating the monoplane C-
arm fluoroscope at two perpendicular angulations and 
acquiring monoplane sequences. In this paper, we focus on 
the latter since the principal imaging modality used to 
guide cardiac ablation procedures is the C-arm 
fluoroscope. Like most work in the cardiac field, the 3D a 

priori coordinates are reconstructed in the diastolic cardiac 
phase as heart motion is considered to be minimal at this 
instant. We then proceed to select one of the monoplane 
sequences acquired and estimate the depth of the mapping 
catheter at each image frame. The idea is to determine if or 
when the 3D reconstruction becomes inaccurate. In the 
end, what will be required is providing a 3D visual aid to 
the interventionist of the heart chamber and fusing the 
isochronal times on it in order to help them position 
correctly the mapping ablation catheter on the 
arrhythmogenic site.  

2.2 C-arm Fluoroscopy Calibration 

Full Perspective Camera Model: Figure 1 shows the full 
perspective camera model that will be used for the 3D 
reconstruction problem. If we define a three dimensional 
point Pworld= [X Y Z 1]T in the world coordinate system, 
then its 2D projection in an image, m= [u v 1]T, is 
achieved by constructing a projection matrix:  
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The intrinsic matrix of size [3x3], contains the pixel 
coordinates of the image center, also known as the 
principal point (uo, vo), the scaling factor k, which defines 
the number of pixels per unit distance in image 
coordinates, and the focal length f of the camera (in 
meters). The extrinsic matrix of size [3x4] is identified by 
the transformation needed to align the world coordinate 
system to the camera coordinate system. This means that a 
translation vector, t, and a rotation matrix, R, need to be 
found in order to align the corresponding axis of the two 
reference frames. Lastly, image resolution (usually 
mm/pixel) is calculated from the imaging intensifier size 
divided by the actual size of the image in pixels.  
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Fig 1. The perspective camera model. Any 3D world point can 
be projected onto a 2D plane and its coordinates would be (u, v) 
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pixels. The camera model is taken from the Epipolar Geometry 
Toolbox [17]. Image resolution would be equal to C-arm 
intensifier size divided by image size in pixels. 

 
Parallel & Weak Perspective Camera Models: An 
orthographic camera is one that uses parallel projection to 
generate a two dimensional image of a three dimensional 
object. The image plane is perpendicular to the viewing 
direction. Parallel projections are less realistic than full 
perspective projections, however they have the advantage 
that parallel lines remain parallel in the projection, and 
distances are not distorted by perspective foreshortening. 
The parallel projection matrix is given by: 
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The weak perspective camera is an approximation of the 
full perspective camera, with individual depth points Zi 
replaced by an average depth Zavg. We define the average 
depth, Zavg as being located at the centroid of the cloud of 
3D points in the world coordinate system. The weak 
perspective projection matrix is given by: 
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2.3 Mapping Catheter Segmentation 

We have recently developed a four-step filter in order to 
enhance coronary arteries visible in C-arm fluoroscopy 
images [18]. Optimal filter parameters are presented there 
and omitted in this paper for brevity. We applied the same 
filter to enhance the catheters and extract electrode 
coordinates. Following is a brief description of these 
filters. 
 
Homomorphic Filtering: A homomorphic filter is first 
used to denoise the fluoroscopic image. The illumination 
component of an image is generally characterized by slow 
spatial variation. The reflectance component of an image 
tends to vary abruptly. The homomorphic filter tends to 
decrease the contribution made by the low frequencies and 
amplify the contribution of high frequencies. The result is 
simultaneous dynamic range compression and contrast 
enhancement. The homomorphic filter is given by:  

L
DvuDc

LH
oevuH γγγ +−−= ⋅− )1()(),(
22 /),((  (4) 

 
with γL < 1 and γH >1. The coefficient c controls the 
sharpness of the slope at the transition between high and 

low frequencies, whereas Do is a constant that controls the 
shape of the filter and D(u,v) is the distance in pixels from 
the origin of the filter. 
 
Perona-Malik Filtering: The Perona-Malik filter is 
implemented here in order to reduce and remove both 
noise and texture from the image, as well as, to preserve 
and enhance structures. The diffusion equation is given by 
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Where I is the input image and c(x, y, t), the diffusion 
coefficient, will control the degree of smoothing at each 
pixel point in the image. The diffusion coefficient is a 
monotonically decreasing function of the image gradient 
magnitude. It allows for locally adaptive diffusion 
strengths; edges are selectively smoothed or enhanced 
based on the evaluation of the diffusion function. Although 
any monotonically decreasing continuous function of the 
gradient would suffice as a diffusion function, two 
functions have been suggested: 

))(exp();,( 2
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Κ is referred to as the diffusion constant or the flow 
constant. The greatest flow is produced when the image 
gradient magnitude is close to the value of Κ. Therefore, 
by choosing Κ to correspond to gradient magnitudes 
produced by noise, the diffusion process can be used to 
reduce noise in images.  
 
Complex Shock Filtering: The complex shock filter 
couples shock and linear diffusion in the discrete domain, 
showing that the process converges to a trivial constant 
steady state. To regularize the shock filter, the authors 
suggest adding a complex diffusion term and using the 
imaginary value as the controller for the direction of the 
flow instead of the second derivative. The complex shock 
filter is given by 

ξξηη λλ
θπ

IIIIaIt
~))Im((arctan2

++∇−=
 (7) 

 
where a is a parameter that controls the sharpness of the 
slope, λ= reiθ is a complex scalar, λ̃ is a real scalar, ξ is the 
direction perpendicular to the gradient and η is the 
direction of the gradient. As fluoroscopy images have a 
low signal to noise ratio they tend to be noisy with artifacts 
present in them. Hence, we believe that applying a 
complex filter will result in a robust and stable deblurring 
process for the images as the filter is effective in very 
noisy environments.   
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Morphological Operation: Morphological filtering was 
applied as a final image processing step in order to 
eliminate background elements around the object of 
interest. The structuring element consists of a pattern 
specified as the coordinates of a number of discrete points 
relative to a defined origin. We chose a disk structuring 
element that has a radius of a few pixels, since the 
contours of the catheters and electrodes can be modeled as 
a disk.  

 
Electrode Segmentation & Convex Hull: Using MatLab, 
the 4-step filter was implemented and applied on both 
monoplane C-arm datasets, beginning with the diastolic 
image. The smoothed images were then automatically 
thresholded using Otsu’s method. We then labeled 
connected components in this image using the bwlabel 
function in MatLab. The centroid of the electrodes in each 
labeled region was then calculated using the regionprops 
function so as to obtain the coordinates required in the two 
C-arm views. The algorithm outputs the centroid 
automatically and in case of failure, due to electrodes or 
catheters overlapping, we manually segment the image to 
obtain the desired coordinates. The convex hull algorithm 
is a classical and popular method used to reconstruct a 3D 
object from an unorganized set of points. The 2D version 
of this algorithm (which is easier to understand) is 
described as follows. Let S be a finite set of two-
dimensional points in the plane. The convex hull of S is 
the smallest convex set that contains S. This means that the 
boundary of the convex hull is a convex polygon, whose 
vertices are points of S, and whose edges are line segments 
joining pairs of points of S.  
 

2.4 A Priori 3D Monoplane Algorithm 

We suppose that we have at our disposal a set of n 3D 
ablation catheter electrode coordinates (X0n, Y0n, Z0n) at 
time t = 0 obtained from two-view fluoroscopic data. 
These a priori coordinates are expressed in the camera 
reference frame in order to have a Z-direction 
corresponding to catheter electrode depth. Secondly, we 
have at our disposal the C-arm fluoroscope gantry 
parameters which can be extracted from the image header 
DICOM files. These parameters enable us to construct a 
projection matrix for a specific viewing angle. By 
selecting one of the two acquired monoplane datasets, we 
can solve for the 3D displacements (dxi,i+1, dyi,i+1, dzi,i+1) 
between consecutive C-arm image frames beginning with 
the first image i=1. Expanding equation (1) and using an 
additional C-arm image i =2, we obtain our first two 
equations as follows 
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Both equations describe the pixel coordinates in the 
second image (u2, v2) and the twelve coefficients mi=1:12 
are the values of the projection matrix. By adding an 
additional C-arm image frame i = 3 we obtain two new 
equations with three additional unknowns in 3D 
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These four equations take into account the spatial positions 
of a projected 3D world point on the acquired C-arm 
images. As we have four equations with six unknowns we 
can extract two additional equations based on the fact that 
the Euclidean distances in pixels, d, between catheter 
electrode points in two consecutive images are known. It is 
to note that the distance between 3D points is not the same 
as the distance between their projected image points. Thus, 
we consider orthogonal projection estimations in this case 
and we deem that this approximation is suitable enough for 
the proposed analysis. We arrive at the following two 
equations 
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We can now solve for the three dimensional displacements. 
A Levenberg-Marquardt optimization scheme [19] can be 
used here in order to solve for the unknown displacements.  
For the optimization scheme, initial approximations are a 
requirement to initialize the process. Hence, a suitable 
approximation for the displacements dx and dy can be 
obtained if we consider a parallel back projection of the 
2D image points into the world coordinate system. As for 
the displacements dz, if we assume that the average depth 
of the catheter electrodes remains relatively constant in 
consecutive time frames (i.e. weak perspective camera 
model), then we can calculate the average depth of the 3D 
points (X0, Y0, Z0). This average depth should be 
relatively the same at future time instants t = 2, 3, etc., 
signifying that depths dz will be equal to zero for the 
optimization scheme. However, for the sake of a more 
exhaustive analysis, we also consider depth displacements 
dz ∈ [1-5] millimeters as well. To justify the range of 
approximations, we note that the acquisition frame rate of 
the fluoroscopy images was such that the movement 
between catheter electrodes in two adjacent images 
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resulted in displacements less than ten pixels.  Finally, we 
note that the proposed equations do not incorporate 
nonrigid constraints implying that the monoplane 3D 
reconstruction of rigid moving objects (i.e. catheter 
electrodes) might be feasible. 

2.5 Clinical Data Acquisition 

A mongrel dog was anesthetized and laid on its right side 
on a fluoroscopy table (Integris Allura, Philips Inc.). A 
reference catheter and a pacing catheter were inserted into 
the right ventricle, close to the septal wall. The role of the 
reference catheter was to define an origin for our 3D 
coordinate system. This was important as motion artifacts 
are ever present during the experiments (heart beat, 
respiration, etc.), hence we deemed it appropriate to 
position it near a rigid landmark so that it experiences less 
movement due to artifacts. The role of the pacing catheter 
was to produce a simple electrical activation sequence so 
as to validate the isochronal maps. Finally, a standard RF 
ablation catheter was inserted from the femoral vein into 
the left ventricle (LV) of the dog. During the course of the 
experiment, this mapping catheter was moved to 20 
different sites (i.e. point-by-point as the CARTOTM 

system) within the ventricle in order to obtain electrical 
and geometrical data from sufficient sites to map the 
activation sequence. The 20 landmarks were selected to 
reflect as closely as possible the entire volume of the 
ventricle. Electrograms were recorded using the 
CardioMap software system (Research Center at Sacré 
Coeur Hospital, Montreal, Canada). Specifications for the 
acquisition software were: 1000 samples/second, 0.05 Hz 
high-pass and 450 Hz low-pass frequencies. Local 
activation time was measured (ms) as the difference in the 
times of the fastest negative deflections (dV/dt) seen in the 
two electrograms recorded with the reference catheter and 
the mapping catheter. The fluoroscopic image acquisition 
rate was set to 60 fps so as to minimize motion artifacts as 
interframe 2D images are thus closer to each other and 
yield a smaller displacement between the objects in 
consecutive images. Images were recorded during 
approximately 2 seconds at the end of the expiration. The 
monoplane fluoroscopic C-arm was rotated by 90˚ to 
acquire two images for each mapping site: a left lateral 
view (the C-arm in a vertical position) and a posterior 
view (the C-arm in a horizontal position). Images were 
recorded with a 512 x 512 pixel resolution. We selected 
the diastolic frame for each mapping site so as to minimize 
motion blur by identifying the frame having the smallest 
root-mean-square difference with the preceding frame. 

2.6 Evaluation 

Computer Simulations: In order to validate out method, 
we first tested our proposed procedure on synthetic 
experimentation. We created a 3D helix containing 30 

coordinate points so as to model the shape of a catheter. 
Then we created two C-arm gantry setups that represented 
the posterior/anterior (PA) and left lateral (LAT) views of 
the heart. The focal length of the fluoroscopic X-ray 
system was equal to 1 meter and the helix location was set 
to 50 cm along the focal axis. The primary angles were 
equal to (90˚, 0˚) respectively for the PA and LAT views, 
whereas the secondary angles were equal to (0˚, 0˚) for 
both views respectively. The image sizes were set to 
[512x512] pixels and the intensifier size was chosen to be 
[178x178] millimeters. This allowed for a resolution 
0.347mm/pixel. We could now calculate two projection 
matrices and we projected the 3D helix points on a first set 
of biplane images. These two-view images represent a first 
time instant at t=0. Subsequent biplane images are 
calculated by applying rigid movement on the 3D helix 
coordinates using the following rigid motion equation: 

],,[12 zyxtt TTTXRX +×= == θφψ     (11) 

The 3D angles were set to [θ, Φ, φ] ∈ [0.5˚, 0.5˚, 0.5˚] and 
the 3D translations were set to [Tx, Ty, Tz] ∈ [1, 1, 1] 
millimeters each. This accounted for 2D interframe 
displacements in the images of (-6.82, -6.03) pixels in the 
left lateral view and (4.97, 7.12) pixels for the 
posterior/anterior views. These values are similar to what 
was perceived using the 60 fps acquisition rate in the 
clinical images. A new set of biplane images and 3D helix 
points are obtained at t=1. In a similar fashion, equation 
(11) is reapplied to produce subsequent biplane data. 
Excluding the a priori biplane set at t=0, a total of five 
biplane datasets are generated. For good measure we 
added errors of up to 2 mm to the coordinates.  

Clinical Experiment: Regarding the clinical data, as we 
had a total of 20 biplane datasets, we calculated the 3D 
catheter points using a conventional biplane reconstruction 
algorithm (triangulation method). Details of the biplane 
algorithm are omitted here as it can be deduced that by 
using the two projection matrices for the X-ray gantry 
settings and the 2D electrode coordinates, we can easily 
estimate the 3D world points by solving a set of 4 
projection equations with 3 unknowns (X, Y, Z) when 
considering a single point. A complete description is 
available in [20]. For a specific dataset, we first extracted 
the diastolic images and used our 4-step filter to extract the 
electrodes. Then we performed two-view reconstruction. 
This 3D a priori model was then used to initialize our 
monoplane equations. Since we are supposing that the C-
arm fluoroscope gantry parameters remain fixed in a 
monoplane analysis, we can then calculate projection 
matrices that will allow the 3D points to be projected in 
the images temporally. We optimized the equations using a 
total of 12 visible electrodes including the actual mapping 
tip-electrode; the one that is in contact with the ventricle 
wall and directs heat to the arrhythmogenic site. With 
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respect to the initial 3D displacements for each electrode, 
we used the parallel projection approximation for (dx, dy) 
and depth estimates were set in the interval dz ∈ [0-5] mm. 

3. Results & Discussion 

3.1 Computer simulation results 

Table 1 shows the simulation results for rigid motion 
analysis on a helix. We observe that as the number of C-
arm images used to optimize our monoplane equations 
increases, the overall reconstruction results deteriorate. 
This is expected as the uncertainty of landmark positions 
increases temporally in a single view framework. The 
initial depth approximation dz plays a role in the 
convergence process. If we select an initial depth 
approximation of dz = 1 mm, which is equal to the true 
simulated displacements from our computer simulations, 
then we obtain lower 3D root mean square errors (RMS) 
between optimized and true three dimensional coordinates. 
The RMS values are accumulated values across the 
number of images used for the monoplane algorithm.  
Depth initial estimates dz ∈ [1,2,3] mm produce RMS 
values less than 3 mm when using three consecutive 
monoplane images. The PA view simulations produce 
better results probably due to the helix points being 
projected with no coplanarity in the 2D images. As 
expected, if the initial guess is unrealistic (i.e. dz ∈ [4, 5] 
mm) reconstruction results deteriorate as RMS errors are 
larger than 10mm. Interestingly, the temporal 3D RMS 
values for all 30 helix points are 8.1mm an 7.2 mm for the 
LAT and PA views respectively when using six 
consecutive images and an initial guess of dz =3 mm. This 
is less than the 10 mm estimated electrode depth using 
only a single image in [16].  
 

3.2 Clinical results 

Image contrast in the clinical experiment affects the 
accuracy of the segmentation algorithm and depth 
estimates: visual analysis revealed that the LAT images 
always had a better contrast than the PA images because of 
the oblong section of the canine torso. First, we were able 
to automatically segment the reference and mapping 
catheter electrodes in 16 of 20 datasets using the proposed 
4-step filter and thresholding algorithm. The remaining 
four images had to be manually segmented. Regarding the 
PA images, the filtering and thresholding algorithm failed 
in the majority of images and therefore we relied on a 
manual segmentation of the electrodes. Figure 2 shows an 
example of an C-arm image segmentation using the 
proposed filter on a LAT and PA image. Once the 
electrodes were extracted from the twenty datasets, we 

selected the mapping catheter tip electrode coordinates 
from the diastolic images and performed two-view 
triangulation and constructed a convex hull as shown 
     

 

Table 1. Computer simulation results for various depths dz (in 
mm). 

  
Left Lateral View   

Antero-Posterior View  
dz=0  

 

mean min  max  3D RMS  

 

mean  min  max  3D RMS 
# Images            

3   2.188 0.148 3.840 3.976   1.033  0.096 1.917 1.911  
4   1.752 0.094 3.837 4.527   0.976  0.003 2.067 2.613  
5   1.463 0.003 3.951 5.152   0.929  0.007 2.128 3.204  
6   1.150 0.015 3.373 5.324   0.869  0.004 2.160 3.674  

           
dz=1   mean min  max  3D RMS   mean  min  max  3D RMS 

# Images            

3   1.491 0.043 2.877 2.763   0.578  0.005 0.929 0.983  
4   1.272 0.039 2.876 3.122   0.651  0.006 1.080 1.541  
5   1.247 0.101 2.998 3.802   0.657  0.010 1.138 2.004  
6   1.230 0.011 2.413 4.411   0.641  0.002 1.165 2.398  

           
dz=2   mean min  max  3D RMS   mean  min  max  3D RMS 

# Images            

3   1.254 0.005 1.913 2.048   0.915  0.060 1.830 1.742  
4   1.223 0.098 2.628 2.813   0.977  0.002 1.996 2.592  
5   1.363 0.006 3.052 4.095   1.045  0.003 2.070 3.443  
6   1.522 0.021 3.327 5.645   1.114  0.001 2.109 4.314  

           
dz=3   mean min  max  3D RMS   mean  min  max  3D RMS 

# Images            

3   1.190 0.059 2.860 2.341   1.890  1.050 2.794 3.142  
4   1.418 0.008 3.643 3.873   1.942  0.896 2.954 4.458  
5   1.730 0.009 4.072 5.787   2.004  0.842 3.023 5.815  
6   2.074 0.012 4.351 8.097   2.074  0.825 3.057 7.220  

           
dz=4   mean min  max  3D RMS   mean  min  max  3D RMS 

# Images            

3   1.698 0.014 3.862 3.390   2.866  2.040 3.758 4.635  
4   2.197 0.007 4.659 5.567   2.913  1.885 3.912 6.471  
5   2.568 0.064 5.091 8.037   2.974  1.832 3.976 8.363  
6   3.021 0.465 5.375 10.979   3.042  1.820 4.006 10.314  

           
dz=5   mean min  max  3D RMS   mean  min  max  3D RMS 

# Images            

3   2.668 0.978 4.862 4.714   3.842  3.030 4.723 6.154  
4   3.173 0.969 5.673 7.476   3.885  2.873 4.872 8.528  
5   3.544 0.812 6.111 10.492   3.944  2.822 4.930 10.965  
6   4.004 1.424 6.399 14.028   4.011  2.814 4.955 13.468  

 

 
Fig 2. Example of segmentation algorithm using (top row) left 
lateral view and (bottom row) the posterior anterior view. The 
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reference and pacing catheters are adjacent to each other in the 
right ventricle; the third catheter is the ablation catheter in the 
left ventricle. (Left column): original cropped image; (Center 
column): the electrodes are enhanced and background 

suppressed using a 4-step filter; (Right column): segmentation of 
the filtered image using Otsu’s method and labeling. Manual 
segmentation would be necessary for the PA image. 

 
 

  Table 2. Various depth estimations of catheter electrodes using 3 and 6 consecutive X-ray images over the 20 datasets. ( in mm). 
 
 

   Left Lateral View   Posterior-Antero View  
   Mapping electrode     Twelve electrodes     Mapping electrode     Twelve electrodes  

dz=0                                                           

   mean  min  max  3D RMS   mean  min  max  3D RMS   mean  min  max  3D RMS   mean  min  max  3D RMS  

# Images                     

3  0.498  0.295  0.725  0.791   0.470  0.131  0.887  0.755   0.977  0.654  1.300  1.435   0.931  0.322  1.674  1.418  

6  0.533  0.121  1.075  1.397     0.553  0.044  1.311  1.449     0.958  0.249  1.814  2.642     0.994  0.055  2.295  2.762  
                      

dz=1                     

   mean  min  max  3D RMS   mean  min  max  3D RMS   mean  min  max  3D RMS   mean  min  max  3D RMS  

# Images                     

3  1.021  0.797  1.240  1.615   1.031  0.628  1.411  1.624   1.596  1.157  2.020  2.567   1.580  0.815  2.450  2.566  

6  1.039  0.494  1.721  3.554     1.050  0.332  1.948  3.609     1.578  0.634  2.585  5.190     1.626  0.386  3.060  5.323  
                      

dz=2                     

   mean  min  max  3D RMS   mean  min  max  3D RMS   mean  min  max  3D RMS   mean  min  max  3D RMS  

# Images                     

3  1.902  1.641  2.164  3.042   1.942  1.485  2.360  3.095   2.581  2.105  3.056  4.138   2.560  1.763  3.436  4.109  

6  1.968  1.331  2.683  6.730     1.993  1.143  2.935  6.846     2.509  1.522  3.557  8.399     2.467  1.193  3.855  8.355  
                      

dz=3                     

   mean  min  max  3D RMS   mean  min  max  3D RMS   mean  min  max  3D RMS   mean  min  max  3D RMS  

# Images                     

3  2.876  2.616  3.136  4.578   2.918  2.460  3.334  4.635   3.566  3.083  4.040  5.693   3.531  2.731  4.403  5.638  

6  2.933  2.297  3.645  9.922     2.957  2.113  3.898  10.029     3.461  2.394  4.533  11.605     3.501  2.040  5.000  11.718  
                      

dz=4                     

   mean  min  max  3D RMS   mean  min  max  3D RMS   mean  min  max  3D RMS   mean  min  max  3D RMS  

# Images                     

3  3.848  3.592  4.103  6.113   3.893  3.434  4.310  6.177   4.550  4.067  5.033  7.250   4.528  3.734  5.387  7.215  

6  3.912  3.269  4.630  13.173     3.923  3.082  4.859  13.201     4.432  3.359  5.507  14.824     4.469  2.988  5.970  14.932  
                      

dz=5                     

   mean  min  max  3D RMS   mean  min  max  3D RMS   mean  min  max  3D RMS   mean  min  max  3D RMS  

# Images                     

3  4.795  4.534  5.057  7.609   4.871  4.406  5.291  7.724   5.536  5.049  6.022  8.808   5.519  4.710  6.376  8.767  

6  4.885  4.242  5.597  16.399     4.899  4.063  5.827  16.468     5.405  4.330  6.482  18.051     5.440  3.959  6.939  18.149  

 
 
in Figure 3. This 3D representation of the left ventricle 
combined with the electrophysiological data was 
obtained using a full perspective camera model.  
 Table 2 presents the values for the 3D monoplane 
analysis using three and six consecutive images. Once 
again we validated our algorithm using various initial 
depth estimates dz ∈ [0-5] mm. We performed two-view 
reconstruction at each image frame beginning with the 
diastolic image allowing us to have ground truth for the 
true 3D displacements and 3D reconstruction between 
consecutive images. We also determined that the 
minimum average 3D displacement between consecutive 
images for the twenty datasets was 0.10 mm and that the 
maximum average 3D displacement of the catheter 

electrodes was equal to 1.63 mm. This useful 
information allows us to hypothesize that the best results 
for our monoplane analysis should come from initial 
depth approximations in the range of dz ∈ [1, 2] mm. 
 From Table 2 we observe that the LAT views used 
for monoplane reconstruction provided better recovered 
displacements and lower 3D accumulated RMS values 
when compared to the PA view. The 3D RMS values 
increased as we doubled the number of consecutive 
images used in the algorithm. The algorithm produced 
3D RMS errors lower than 4.1 mm using dz ∈ [0, 1, 2] 
mm initial approximations when considering both the 
LAT and PA views and three successive images. When 
considering six consecutive images, a maximum RMS 
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error equal to 8.36 mm was obtained. Depending on the 
initial guess used to solve our equations our results are 
up to five times better than in [16] where we obtained 15 
mm (posterior/anterior view) and 10 mm (left lateral  

 

 
Fig 3. Three dimensional depiction of the left ventricle using a 
full perspective model and convex hull. The local activation 
times measured with the mapping catheter and colored regions 
having the same local activation times are superimposed on 
the model. The star (*) symbol represents the tip electrode of 
the mapping catheter which was moved to 20 different 
locations. 

 

view) depth errors for the ablation catheter tip electrode 
using a single C-arm image. Even when using six 
consecutive images and an initial depth error of dz = 3 
mm we obtain 3D accumulated RMS errors of about 10 
mm in LAT and 12 mm in PA views respectively which 
is again more accurate than [16]. Nevertheless, our 
method relies on initial a priori 3D information of the 
catheter, this implies more preprocessing time. Also, we 
could not attain our goal of estimating accurately the 3D 
coordinates of the electrodes across all C-arm images in 
a cardiac cycle. Depending on the acquisition rate, the 
total number of images making up a cardiac cycle can be 
at most 15. We thus conclude that we can recover 
adequately the rigid movement of the electrodes up to six 
consecutive images and that nonrigid equations should 
be incorporated in our proposed monoplane algorithm.   
 The clinical strategy is to provide the 
electrophysiologist with a real time representation of the 
activation times during catheter ablation procedures, as 
well as the 3D volume of the heart chamber obtained by 
a mapping catheter. As an addition to the CARTOTM 
technology, we register 3D isochronal information 
directly on the 2D C-arm images. Figure 4 and Figure 5 
show the fusion of the 3D activation model with the 
fluoroscopic images. For both figures, the image depicts 
the mapping catheter tip electrode with a local activation 
time of 73 milliseconds. Figure 4 shows two local 

activation times that are inaccurate (56 ms and 61 ms); 
similarly in Figure 5, we observe two local activation 
times (79 ms and 94 ms) which are no longer part of the 
convex hull before projection. The smallest activation 
times are positioned  

 

 

Fig 4. Fusion of electrophysiology on left lateral images of a 
mongrel dog. (Top) Visible electrophysiological data on exact 
depth coordinates of the ablation catheter. (Bottom) Erroneous 
electrophysiological data on estimated depth coordinates using 
our monoplane three view analysis. 

 
closer to the pacing catheter in the left ventricle, as 
would be expected. 
 Even though monoplane reconstruction yielded depth 
errors, the isochronal maps were close enough to ground 
truth which raises promise for our monoplane technique.  
We are optimistic that in the near future this method can 
be validated on actual patient data. When compared to 
[1-13], our method uses readily available intraoperative 
information in order to calculate the 3D coordinates of 
the mapping catheters in real time. We use this 
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information to estimate catheter electrode positions in a 
single view sequence and determine the feasibility of  

 
Fig 5. Fusion of electrophysiology on posterior/anterior 
images of a mongrel dog. (Top) Visible electrophysiological 
data on exact depth coordinates of the ablation catheter. 
(Bottom) Erroneous electrophysiological data on estimated 
depth coordinates using our monoplane three view analysis. 

 
monoplane 3D reconstruction as adequate when 
analyzing rigid moving objects. When compared to the 
CARTOTM system we are cost effective by making use 
of standard catheters and existing technology (i.e. 
monoplane C-arm fluoroscope), we attempt to detect 
more than one electrode across monoplane C-arm 
sequences, and we fuse 2D isochronal maps directly in 
the fluoroscopy images. 
 

4. Conclusion 

A novel method to estimate the depth of the mapping 
catheter was presented. By assuming that a priori 3D 

model is present at a first time instant, we can estimate 
the depth of the catheter by making use of consecutive 
single view fluoroscopy images. Our feasibility study 
provided results that were an improvement of up to 50% 
when compared to the two-view projection method 
developed in [16] which use only a single image. 
Activation times were fused directly on the C-arm 
images in order to illustrate the evolution of cardiac 
electrical propagation. By exploiting spatial and 
projective information using only single plane sequences, 
we aim to decrease overall intervention time and still 
maintain high level accuracy when predicting the depth 
position of the mapping catheter. Future work will focus 
on adding additional nonrigid constraints to our 
monoplane equation which capture the inherent 
movement of the heart. With some additional work, we 
are confident that our proposed analysis can be adapted 
to meet the demands of MRI/C-arm or CT/C-arm 
registration in providing a navigational aid when treating 
any sustained arrhythmia.  
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Abstract 

The study deals with the parallelization of 2D and 3D finite 
element based Navier-Stokes codes using direct solvers. 
Development of sparse direct solvers using multifrontal solvers 
has significantly reduced the computational time of direct 
solution methods. Although limited by its stringent memory 
requirements, multifrontal solvers can be computationally 
efficient. First the performance of MUltifrontal Massively 
Parallel Solver (MUMPS) is evaluated for both 2D and 3D codes 
in terms of memory requirements and CPU times. The scalability 
of both Newton and modified Newton algorithms is tested. 
Key words: finite element, MUMPS solver, distributed 
computing, Newton method. 

1. Introduction 

Discretization of Navier-Stokes equations involves a large 
set of non-linear equations, requiring high computing 
power in terms of speed and memory.   The resulting set 
of weak form (algebraic) equations in such problems may 
be solved either using a direct solver or an iterative solver.  
The direct solvers are known for their generality and 
robustness. The direct solution methods generally involve 
the use of frontal algorithms [1] in finite element 
applications.  The advent of multifrontal solvers [2] has 
greatly increased the efficiency of direct solvers for sparse 
systems.  They make full use of the high computer 
architecture by invoking level 3 Basic Linear Algebra 
Subprograms (BLAS) library. Thus the memory 
requirement is greatly reduced and the computing speed 
greatly enhanced. Multifrontal solvers have been 
successfully used both in the context of finite volume 
problems [3-5], finite element problems [6] and in power 
system simulations [7-9]. The disadvantage of using direct 
solvers is that the memory size increases much more 
rapidly than the problem size itself [6]. To circumvent this 
problem, out-of-core multifrontal solvers [10] have been 
developed which has the capability of storing the factors 
on the disk during factorization. Another viable alternative 

is to use direct solvers in a distributed computing 
environment. 
The system of non-linear equations obtained from the 
discretization of Navier-Stokes equations is usually solved 
using a Newton or a Picard algorithm. Newton algorithms 
are known for their quadratic convergence behavior. 
When the initial guess is close to the final solution, 
Newton achieves quadratic convergence. In this paper, 
only the Newton algorithm is used. In using direct solvers, 
factorization of the left hand side matrix is the most time 
consuming step. To avoid factorization during every 
iteration, a modified Newton is used in which the 
factorization is done only during the first iteration. The left 
side matrix evaluated for the first iteration is retained and 
is not changed during the subsequent iterations. Only the 
right hand side matrix is updated during each iteration 
step. The right hand side vector is appropriately modified 
to give the final converged solution. Since the 
factorization is done only during the first iteration, the 
subsequent iterations are extremely cheap. It usually 
requires more number of iterations to obtain the overall 
convergence. So there is a tradeoff between the 
computational time per iteration and the number of 
iterations to obtain the final convergence. Although the 
convergence rate is lower compared to the Newton 
iteration, the savings in computational time per iteration is 
so high that it can more than compensate the decrease in 
the convergence rate. 
   MUMPS [11-13] and SUPERLU [14] are amongst the 
fastest parallel general sparse direct solvers that are 
available under public domain software. A detailed 
description of the various features and algorithms 
employed in these packages can be found in [15]. 
MUMPS is found to be much faster compared to 
SUPERLU, although its scalability is low compared to that 
of SUPERLU. In this paper, parallelization is achieved 
using a MUltifrontal Massively Parallel Solver (MUMPS) 
on a distributed environment using MPI. The linear system 
of equations is evaluated on different processors 
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corresponding to the local grid assigned to the processor. 
The right hand side vector is assembled on the host 
processor and is input to the MUMPS solver. On exit from 
the MUMPS solver, the solution is assembled centrally on 
the host processor. This solution is then broadcast to all 
the processors. In the context of modified Newton 
algorithm, the LU factors evaluated during the first 
iteration are reused and the solution of the linear system 
with the new right hand side vector is solved. The 
performance of the solver in terms of scalability and 
memory issues for both two-dimensional and three-
dimensional problems are discussed in detail. 

2. Mathematical Formulation 

The governing equations for laminar flow through a two-
dimensional rectangular duct are presented below in the 
non-dimensional form. 

0,u v
x y
∂ ∂

+ =
∂ ∂

   (1) 

( ) ( )2 2 1 ,
Re Re

p u u vu uv
x y x x x y y x

⎛ ⎞⎛ ⎞∂ ∂ ∂ ∂ ∂ ∂ ∂ ∂⎛ ⎞+ = − + + +⎜ ⎟⎜ ⎟⎜ ⎟∂ ∂ ∂ ∂ ∂ ∂ ∂ ∂⎝ ⎠ ⎝ ⎠⎝ ⎠
(2) 

and 

( ) ( )2 1 2 ,
Re Re

p u v vuv v
x y y x y x y y
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+ = − + + +⎜ ⎟⎜ ⎟ ⎜ ⎟∂ ∂ ∂ ∂ ∂ ∂ ∂ ∂⎝ ⎠ ⎝ ⎠⎝ ⎠

 (3) 

where ,u v  are the x and y components of velocity, p is 
the pressure.  The bulk flow Reynolds number, 
Re=ρU0D/µ, U0 being the inlet velocity, ρ the density, L 
the channel length, and µ is the dynamic viscosity.  
Velocities are non-dimensionalized with respect to U0, 
pressure with respect to ρU0

2. 
The boundary conditions are prescribed as follows: 
(1)  Along the channel inlet: 

1; 0.u v= =     (4) 

(2)  Along the channel exit: 

0; 0; 0.u vp
x x
∂ ∂

= = =
∂ ∂

   (5) 

(3) Along the walls: 
0;   0.u v= =     (6) 

   The governing equations for laminar flow through a 
three-dimensional rectangular duct are presented below in 
the non-dimensional form. In three-dimensional 

calculations, instead of the primitive u,v,w,p formulation, 
penalty approach is used to reduce the memory 
requirements. 

0,u v w
x y z
∂ ∂ ∂

+ + =
∂ ∂ ∂

    (7) 
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(10) 
where , ,u v w  are the x, y and z components of velocity,.  
The bulk flow Reynolds number, Re=ρU0D/µ, U0 being 
the inlet velocity, ρ the density, L the channel length,  µ is 
the dynamic viscosity and λ is the penalty parameter.  
Velocities are non-dimensionalized with respect to U0. 
The boundary conditions are prescribed as follows: 
(1)  Along the channel inlet: 

1; 0; 0.u v w= = =     (11) 

(2)  Along the channel exit : 

0; 0; 0.u v w
x x x
∂ ∂ ∂

= = =
∂ ∂ ∂

   (12) 

(3) Along the walls: 
0;   0;   0.u v w= = =     (13) 

4. Newton’s Algorithm 

   The set of non-linear equations obtained by the 
discretization of Galerkin Finite element formulation is 
solved using Newton’s iterative algorithm. 
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  Let ( )kX
%

 be the available vector of field unknowns 
for the kth iteration.  Then the update for the ( )1 stk +  

iteration is obtained as 
( ) ( ) ( )1k k kX X Xαδ+ = +

% % %
,    (14) 

where α  is an under-relaxation factor, and ( )kXδ
%

 is the 
correction vector obtained by solving the linearized 
system 

( ){ } { }( )[ ] kk
XJ X Rδ = −

% %
.    (15) 

Here, [J] is the Jacobian matrix, 
( )

( )[ ]
k

X
k

RJ
X
∂

=
∂
%

%

.      (16) 

and { }( )k
XR
%

 is the residual vector. Newton’s iteration is 

continued till the infinity norm of the correction vector 
( )kXδ

%
 converges to a prescribed tolerance of 610− .   

  The modified Newton’s algorithm employs the jacobian 
calculated during the first iteration repeatedly for all the 
successive iterations. The jacobian is not updated. This 
would reduce the rate of convergence of the Newton 
algorithm. Since the jacobian is not updated, factorization 
can be skipped during all the subsequent iterations.  

5. MUMPS Solver 

   The most time consuming part is the solution of the set 
of linear equations. To solve these linear systems, we use a 
robust parallel solver MUMPS. It employs multifrontal 
techniques to solve the set of linear equations on parallel 
computers on a distributed environment using MPI. It 
relies on Level II and Level III optimized BLAS routines. 
It requires SCALAPACK and PBLACS routines. In this 
paper, the vendor optimized INTEL Math Kernal Library 
is used.  The Software is written in Fortran 90 and has a C 
interface available. 
   The solution of the set of linear equations takes place in 
3 essential steps 
(i) Analysis step: MUMPS offers various built in ordering 
algorithms and interface to external packages such as 
PORD [16] and METIS [17]. The Matrix is analyzed to 
determine an ordering and a mapping of the multifrontal 
computational graph is constructed. This symbolic 
information is passed on from the host to all the other 
processors. 
(ii) Factorization: Based on the symbolic information, the 
algorithm tries to construct several dense sub matrices that 
can be processed in parallel. The numerical factorization is 
carried out during this step. 
(iii) Solution step: Using the right hand side vector, the 
solution vector is computed using the distributed factors. 

   All these steps can be called separately or as a 
combination of each other. This can be exploited to save 
some computational effort during the solution of 
subsequent iterations in the solution of a set of nonlinear 
equations. For example if the structure of the matrix does 
not change during every iteration, the analysis step can be 
skipped after evaluating once. Similarly, if the left hand 
matrix does not change, both the analysis and the 
factorization steps can be skipped.  

6. Parallel Implementation 

The MUMPS solver is implemented using the MPI library, 
which makes the code very portable and usable on both, 
shared and distributed memory parallel computers.  The 
parallelization is done internally in the code. The calling 
program should also be in a parallel environment to call 
the code. In the present formulation, each element is 
assigned to particular processor such the elements are 
equally (or almost equally) distributed amongst all the 
processors. The computation of the matrix coefficients and 
the right hand side vector are done in parallel 
corresponding to the set of local elements. Evaluation of 
the Jacobian matrix and the right hand side vector in a 
parallel environment is crucial for problems, which 
consume lot of time for the evaluation of matrix 
coefficients.  
   During the progress of overall iterations, the different set 
of linear equations obtained during every iteration is 
solved by successive calls to the MUMPS. For the 
modified Newton’s algorithm, the left hand matrix 
remains the same (numerically). So both the analysis and 
the factorization steps are skipped during the subsequent 
iterations. Since the factorization is most costly step, it 
leads to a significant amount of savings in time for the 
subsequent iterations. The performance of Newton and 
Modified Newton’s method is tested. 
   While implementing the finite element code in a parallel 
environment with the MUMPS code, the element matrix 
entries are calculated locally on each of the processors. 
Although the facility for element matrix input is available, 
only the option of centralized element entry is available in 
the current versions of MUMPS solver. To facilitate 
distributed matrix input (necessary for improving the 
parallel efficiency), the local element entries are converted 
into sparse matrix triplet entries in coordinate format and 
are input in a distributed fashion (using ICNTL(5) = 0 and 
ICNTL(18) = 3). There will be lot of duplicate entries due 
to contribution of all the neighboring elements at a given 
grid point. MUMPS solver automatically sums up all the 
duplicate entries. Different ordering can be chosen by 
using different values for ICNTL(7). The different 
ordering options that are available within MUMPS solver 
are (i) Approximate minimum degree (AMD), (ii) 
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Approximate minimum fill (AMF), (iii) PORD, (iv) 
METIS, (v) Approximate Minimum degree with automatic 
quasi-dense row detection (QAMD). 

7. Performance of MUMPS Solver 

   Preliminary experiments have been done to study the 
effect of different ordering routines on the performance of 
MUMPS solver both in terms of memory and 
computational time. Table 1 shows the performance of 
different ordering routines for two-dimensional codes. 
Table 1 shows the comparison of different ordering 
routines for a 300x300 mesh using 12 processors. Results 
indicate the both PORD and METIS perform well in 
minimizing the computational time requirements but 
METIS performs well in terms of memory requirements. 
Based on this observation, METIS ordering is used for all 
subsequent calculations. Table 2 shows the performance of 
Newton’s and modified Newton’s method using MUMPS 
solver for a two-dimensional channel flow problem. 
Results indicate that modified Newton’s method performs 
better than Newton’s method. This is due to the fact that in 
modified Newton’s method, factorization is done only 
during the first iteration. During the subsequent iterations, 
factorization is skipped and only the solution step is 
performed. This decreases the convergence rate, thereby 
increasing the number of iterations to obtain convergence. 
However, the solution step being computationally 
inexpensive compared to the factorization step, the overall 
solution time is less compared to the Newton’s step. 
However it should be noted that the memory requirement 
for the Newton and modified Newton’s method are the 
same. Table 2 shows that the memory requirement does 
not vary linearly with the number of processors. It behaves 
erratically. Table 2 also shows that the MUMPS solver 
does not scale so well. Using 20 processors, the 
computational time is approximately halved compared to 
the computational time using 2 processors. It does not 
scale much beyond 6 processors. The scalability of 
MUMPS solver for two-dimensional problems is observed 
to be poor. 
Table 3 shows the performance of MUMPS solver using 
different ordering routines for a three dimensional channel 
flow problem. The table shows that METIS ordering is a 
better choice both in terms of computational speed and 
memory requirement. Hence METIS is used for all the 
subsequent computations of three dimensional problems. 
For a 100x20x20 mesh, memory was not sufficient to run 
on 2 processors. The table shows that the scalability of 
MUMPS solver for three-dimensional problems is better 
than that for the two-dimensional problems. When the 
number of processors increased from 4 to 20, the 
computational time of Newton’s method has reduced to a 
factor of 3.6 approximately, while that of modified 

Newton’s method has reduced to a factor of 3 
approximately.  The maximum memory requirement for a 
single processor has reduced to a factor of 4. The use of 
MUMPS solver for three dimensional problems seems to 
be promising. However, memory requirement is a serious 
limitation for solving three dimensional problems using 
direct solvers. 

8. Conclusions 

Finite element based Navier-Stokes codes are parallelized 
using MUMPS solver. Both Newton and modified 
Newton’s algorithms are used. It is observed that modified 
Newton’s method leads to savings in computational time 
compared to the Newton’s algorithm. It is also observed 
that METIS ordering enhances the performance of 
MUMPS solver both for two-dimensional and three-
dimensional problems. MUMPS solver does not scale well 
for two-dimensional problems but it scales better for three 
dimensional problems.  

Table 1: Comparison of the performance of different orderings in 
MUMPS solver for a 300x300 mesh on 12 processors 

Memory (MB)Ordering CPU time/ 
iteration (sec) avg max 

PORD 16.6 1525 1640 
METIS 5.1 1560 1820 
AMD 5.5 1586 1923 
AMF 6.7 1592 2000 
QAMD 5.3 1603 2056 

 
Table 2: Comparison of the performance of Newton and Modified 

Newton’s methods using MUMPS solver for a 200x200 mesh 
Time to solve 

(Seconds) 
Memory 

Requirements (MB) 
# of 

processors

Newton
Modified
Newton 

max  
memory 
on one 

processor 
Total 

memory 

Ordering

2 35.7 27.4 412 806 Metis 
4 23 18.4 259 977 Metis 
6 21 16.8 227 1082 Metis 
8 20 15.3 178 1209 Metis 
10 19.2 14.8 159 1394 Metis 
12 18.6 14.6 157 1700 Metis 
14 19.1 15 171 2039 Metis 
16 18.4 13 156 2352 Metis 
18 18.3 13 145 2534 Metis 
20 18 12 141 2675 Metis 

 
Table 3: Comparison of the performance of different orderings in 

MUMPS solver for a 100x20x20 mesh on 12 processors 
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Memory 
(MB) Orderin

g 
CPU time/iteration 

(sec) 
Avg max 

PORD 41 1385 1612 
METIS 38 1286 1400 
AMD 105 2296 2496 
AMF 93 1246 1425 
QAMD 102 2296 2593 

 
 
 
Table 4: Comparison of the performance of Newton and Modified 
Newton’s methods using MUMPS solver for a 100x20x20 mesh 

Time to solve  
(Seconds) 

Memory 
requirements  

(GB) # of 
processors 

Newto
n 

Modifie
d 

Newton 

max 
memory 
on one 

processor 

Total 
memor

y 

Orderin
g 

4 184 89 2 7.3 metis 
6 147 77.2 1.6 8.6 metis 
8 112 61.6 1 7.5 metis 

10 91 53.4 1.5 13.9 metis 
12 99 42.5 1.4 15.4 metis 
14 68 37.2 1.45 17 metis 
16 58 37 0.7 9.6 metis 
18 52 34.8 0.63 10.2 metis 
20 50 31.1 0.56 9.9 metis 
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Abstract 
 
The objective of this paper is to review the folklore knowledge 
seen in research work devoted on synthesis, optimization, and 
effectiveness of various sorting algorithms. We will examine 
sorting algorithms in the folklore lines and try to discover the 
tradeoffs between folklore and theorems. Finally, the folklore 
knowledge on complexity values of the   sorting algorithms will 
be considered, verified and subsequently converged in to 
theorems.  
 
Key words:  Folklore, Algorithm analysis, Sorting algorithm, 
Computational Complexity notations. 

1. Introduction 

Folklore is the traditional beliefs, legend and customs, 
current among people. Where as a theorem is a general 
conclusion which has been proved [1].In view of these 
definitions one might be tempted to conclude simply that 
the folk theorem is a general conclusion which is 
traditional and can be proved. The objective of this paper 
is to narrate the folklore on complexity issues of sorting 
algorithms and prove them. Accordingly, we shall attempt 
to provide a reasonable definition for complexity or 
criteria for folklore, followed by a detailed example 
illustrating ideas. The letter endeavor might take one of 
the two possible forms. We could take a piece of folklore 
and show that it is a theorem or take a theorem and show 
that it is folklore.  Literature review in present context 
highlights that the unified theory regarding their folklore 
knowledge and in terms of theorems is found missing. 
 
Since the dawn of computing, the sorting problem has 
attracted a great deal of research. Till date, Sorting 
algorithms are open problems and many researchers in 
past have attempted to optimize them with optimal space 
and time scale. Here Optimization was thought as the 
process to reduce the time complexity so as to cross at 
least O (n log n) milestone. Many new techniques were 
proposed and till today fine refinement of them is in 

progress. Every researcher attempted optimization in past 
has found stuck to his / her observations regarding sorting 
experiments and produced his/ her own results. Since 
these results were specific to software and hardware 
environment therein, we found abundance in the 
complexity analysis which possibly could be thought as 
the folklore knowledge. We tried to review this folklore 
knowledge in past research work and came to a conclusion 
that it was mainly devoted on synthesis, optimization, 
effectiveness in working styles of various sorting 
algorithms. 
 
Our work is not mere commenting earlier work rather we 
are putting the knowledge embedded in sorting folklore 
with some different and interesting view so that students, 
teachers and researchers can easily understand them. 
Synthesis, in terms of folklore and theorems, hereupon 
aims to check what past researchers have thought is really 
the same they were saying and to analyze research on 
sorting algorithms in such a way to get united 
understanding of and support for the research results so 
that they can be used directly and defended in public. 
Since we have resolved to introduce no new technical 
material in this paper except having technical elaboration 
of folklore, and as researchers seem to be less familiar 
with folklore than with theorems, we prefer to deal with 
both approaches stated in above Para. We will present 
strong evidence to the effect that a particular folk can be 
converged in to theorem and vice versa. Folklore 
knowledge on complexity values of the   sorting 
algorithms will be considered, verified and subsequently 
converged in to theorems. 
 
This paper is important as Sorting algorithms are often 
prevalent in introductory computer science classes, where 
the abundance of algorithms for the problem provides a 
gentle introduction to a variety of core algorithm concepts. 
Sorting algorithms illustrate a number of important 
principles of algorithm design; some of them are also 
counterintuitive [2]. Efficient sorting is important to 
optimizing the use of other algorithms such as Binary 
search and merge algorithms that require sorted lists to 
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work correctly [2,3]. We can not deploy binary search if 
data is not pre sorted otherwise the search process may get 
trapped into a blind alley thereby exhibiting worst case 
complexity. Literature review has highlighted mainly 
interesting things which could be the parts of folklore and 
or theorems .Usually these folklore and theorem parts are 
always omitted by the faculties teaching these topics and 
students find them extremely difficult to understand. We 
will examine sorting algorithms in these lines and try and 
discover the tradeoffs between folklore and theorems. This 
paper covers different complexity aspects of basic sorting 
models, such as big O notation, best, worst and average 
case analysis, time-space tradeoffs, lower bounds, etc.  

2. Origin of Folklore  

When we look to develop or use a sorting algorithm on 
large problems, it is important to understand how long the 
algorithm might take to run.   The time for most sorting 
algorithms depends on the amount of data or size of the 
problem.  In order to analyze an algorithm, we try to find a 
relationship showing how the time needed for the 
algorithm depends on the amount of data.  This is called 
the "complexity" of the algorithm. [4] 
 
A simple sorting algorithm like bubble sort may have a 
high complexity, whereas an algorithm which is very 
complex in its organization such as shell sort ,  sometimes 
pays off by having a lower  complexity in the sense of 
time needed for computation[5,6]. Besides running time 
analysis, it is seen that, factors other than the sorting 
algorithm selected to solve a problem, affect the time 
needed for a program. It is just because different people 
carrying out a solution to a problem may work at different 
speeds, even when they use the same sorting method, 
different computers work at different speeds.  The 
different speeds of computers on the same program can be 
due to different "clock speeds”, the rates at which steps in 
the program are executed by the machine and different 
"architectures," the way in which the internal instructions 
and circuitry of the computer are organized. Literature 
review shows that, the researchers have attempted for 
rigorous analysis of sorting algorithms and produced 
prolific comments [7, 8, 9] discovering such complexity 
dependent factors . 
 
Consequently, analysis of sorting algorithm can not 
predict exactly how long it will take on a particular 
computer [5]. What analysis can do is tell us how the time 
needed depends on the amount of data.  For example, we 
always come across folklore like, for an algorithm, when 
we double the amount of data, the time needed is also 
doubled, and in other words the time needed is 
proportional to the amount of data.  The analysis of 

another algorithm might tell us that when we double the 
amount of data, the time is increased by a factor of four, 
which is the time needed is proportional to the amount of 
data squared.  The latter algorithm would have the time 
needed increase much more rapidly than the first.  
 
When analyzing sorting algorithms, it often happens that 
the analysis of efficiency also depends considerably on the 
nature of the data. For example, if the original data set 
already is almost ordered, a sorting algorithm may behave 
rather differently than if the data set originally contains 
random data or is ordered in the reverse direction. 
Similarly, for many sorting algorithms, it is difficult to 
analyze the average-case complexity. Generally speaking, 
the difficulty comes from the fact that one has to analyze 
the time complexity for all inputs of a given length and 
then compute the average. This is a difficult task. Using 
the incompressibility method, we can choose just one 
input as a representative input. Via Kolmogorov 
complexity, we can show that the time complexity of this 
input is in fact the average-case complexity of all inputs of 
this length. Constructing such a “representative input”           
is impossible, but we know it exists and this is      
sufficient [10] 
 
For these reasons, the analysis for sorting algorithms often 
considers separate cases, depending on the original nature 
of the data. The price of this generality is exponential 
complexity; with the result that many problems of 
practical interest are solvable better than folklore of 
sorting, but the limitations of computational capacity 
prevent them from being solved in practice. The 
increasing diversity in computing platforms motivates 
consideration of multi-processor environment. Literature 
review suggests that no folklore is found mentioned 
regarding complexity in multiprocessor environment. 
 
Recently, many results on the computational complexity of 
sorting algorithms were obtained using Kolmogorov 
complexity (the incompressibility method). Especially, the 
usually hard average-case analysis is amenable to this 
method. A survey [10] shows such results about Bubble 
sort, Heap sort, Shell sort, Dobosiewicz-sort, Shaker sort, 
and sorting with stacks and queues in sequential or parallel 
mode. It is also found that the trade-off between memory 
and sorting is enhanced by the increase in availability of 
computer memory and the increase in processor speed. 
Currently, the prices of computer memory are decreasing. 
Therefore, acquiring larger memory configurations is no 
longer an obstacle, making it easier to equip a computer 
with more memory.  
 
Similarly, every year there is an increase in computer 
speed. The Moore’s Law, a computer-industry standard 
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stated that computer chips should double in power 
approximately every 18 months. The speed of most of 
today's computers is really quite remarkable. Even the 
"slower" ones are quite fast, and the actual processing 
doesn't take much time. Delays, usually encountered in 
"I/O", either to/from disk, the network or peripheral 
devices have been eliminated because of innovative 
interfacing standards, thereby boosting speed.  If a 
computer has an 800 MHz processor, sounds like it was 
made in the early to mid 90's. If we look at most 
computers coming out today we will notice that the dual 
core processor - which is in fact two processors on the 
computer, each processor is clocking in at around 1.85 
Ghz, which alone is more than two times as fast as that 
800 Mhz processor. Then we have to multiply that by two 
since there are two cores. It is something like today's 
computers are working about 4-5 times faster than the 
earlier ones. Such increase in computer speed causes 
acceleration of sorting algorithms. Thus knowledge 
proved by some researcher for a sorting algorithm on its 
complexity can not be considered absolute as it may be 
increased or decreased analogously. Therefore piece of 
knowledge seen can be thought as folklore knowledge. 
 
Above discussion is potentially the source for folklore. 
Many people, same work on different environment leading 
to different folklores. Some examples of folklore 
knowledge are 1) A quick sort is an effective, but more 
complex, sorting algorithm, 2) Shell Sort is much easier to 
code than Quicksort, and it is nearly as fast as Quicksort.  
 
In next part of paper, we try to express sorting algorithm’s 
behavior using the folklore and then try to prove it by 
formulating theorems.  

3. Background Knowledge  

Sorting is always carried out technically. In computer 
science and mathematics; we can formulate a procedure 
for sorting unordered array or a file. Such procedure is 
always governed by an algorithm; called Sorting 
Algorithm. It is highly expected that we must converge to 
the definition of sorting concept. Basically a sorting 
problem is to arrange a sequence of objects so that the 
values of their "key" fields are in "non-decreasing" 
sequence. 
That is, given objects  

O1, O2, ..., On   
 With key values  

K1,   K2, ...,     Kn    respectively,  
Arrange the objects in an order  

 Oi1,   Oi2,     ...,   Oin , 
 Such that  

 Ki1 <= Ki2    <= ... <= Kin.           (1) 

 
Generally, Computational complexity (worst, average and 
best behavior) of element comparisons in terms of the size 
of the unsorted list is considered for the analysis of the 
efficiency of sorting algorithm. The complexity notational 
terminology is covered in [2]. If the size of unsorted list is 
(n), then for typical sorting algorithms, good behavior is O 
(n log n) and bad behavior is Ω (n²).  The Ideal behavior is 
O (n). Sort algorithms which only use an abstract key 
comparison operation always need Ω (n log n) 
comparisons in the worst case.  
An important criterion used to rate sorting algorithms is 
their running time. Running time is measured by the 
number of computational steps it takes the sorting 
algorithm to terminate when sorting n records. We say that 
an algorithm is O (n2) ("of order n-squared") if the number 
of computational steps needed to terminate as n tends to 
infinity increases in proportion to n2.  Literature review 
carried out in [11, 5] indicate the man’s longing efforts to 
improve running time of sorting algorithm with respect to 
above core algorithm concepts.  
 
Research on efficiency analysis [3, 2] use big O, omega 
and theta notation to give asymptotic upper, lower, and 
tight bounds on time and space complexity of sorting 
algorithms. They determine the time complexity of sorting 
algorithms, use a list of functions and order them 
according to asymptotic growth.  

4. Some Folklore and Convergence in to 
Theorems 

4.1 Folklore 1: The running time of a sorting 
algorithm grows if the length of the input sequence 
grows.  

Proof 1: Proof can be obtained from the following 
reformulation of the sorting problem. For n records there 
are n!  possible linear arrangements, only one of which is 
the correct, sorted set of records. ( n! = 1 x 2 x 3 x . . . [n -
2] x [n - 1] x n.) One may imagine these n!  arrangements 
as the leaves of a binary decision tree. The process of 
sorting then involves starting at the root of the tree (the 
unordered initial list) and traveling down the nodes, 
choosing either the left or right node based on results of 
comparisons. (In this terminology, the "root" of a tree is at 
the top, and all the branches expand downward.) The 
maximum number of steps needed would correspond to 
the height of the tree, which is log n!. Using Stirling's    
approximation of log n!. For large n, this process would be 
O (n log n).  
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Thus the folklore 1 can be converged in to a theorem as, 
Theorem 1: For n records, linear sorting will take a 
complexity O (n log n). If the input sequence is presorted, 
compared to an unsorted sequence possibly less steps are 
sufficient. 
 
Seldom, the theorem does not hold true. It might be the 
case that the keys of the objects fall within a known range. 
Let there be a controlled environment, where we produce 
the keys. For example, we might issue employee numbers 
in a given order and in a given sequence, or we might 
issue part numbers to items that we manufacture. 
Therefore, if the keys are unique and known to be in a 
given range, we might allow the key to be the location of 
the object (imagine placing the objects in a vector such 
that object with key K is in (vector-ref v k)). However the 
algorithms presented only rely on the fact that we can 
compare keys, to determine if one is less than another 

4.2 Folklore 2: In general, we can't sort faster than   
O (n log n). 

Proof 2:  Consider Heap Sort or Bubble Sort or Quick Sort 
or Merge Sort or anything else like those, whether already 
invented or still to be invented. They all will take at least 
O (n log n) steps [5] to sort n items, because of the reason 
that, they all work by comparing data items and then 
moving data items around based on the outcome of the 
comparisons [5]. To illustrate this, here is a piece of Heap 
Sort:  
 
If (a[c/2] < a[c]) // if parent is smaller than child 
     
Swap (c/2, c); // trade their values 
 
Imagine running such a sort on these numbers:  
 
  3, 2, 4, 5, 1 
 
The sort will compare the numbers and based on the 
outcomes of that comparison move the values around, 
with the net effect of all the moves being summarized by 
these arrows:  

 
Fig.1. Suggested moves during swapping process 
 
However it cannot run the same way on same but 
differently arranged inputs like 2, 3, 4, 5, 1, as output will 

be misleading. Thus the execution must take a different 
path for every permutation of inputs.  
 
We can visualize all these executions as an execution tree. 
Each node is some action, either an assignment or a 
comparison; the tree branches after each comparison; each 
path from the root to a leaf is one execution of the 
program; and the height of the tree is the (worst-case) 
running time of the program. If this is a sorting program 
that sorts the numbers 1 through n then execution must 
reach a different leaf for each of the n!  permutations 
of 1....n.  
 
We know that a binary tree with L leaves has height at 
least log L where the log is base 2. Thus our execution tree 
has height at least log (n!) which is O (n log n).To 
conclude, these sorting algorithms must take a different 
path of execution for every different permutation of the 
input values. There are lots of different permutations (n!).  
To be able to run in that many different ways (i.e., for the 
execution tree to have that many leaves), the programs 
cannot run too quickly (i.e., the execution tree cannot be 
too shallow). We may want to conclude that sorting cannot 
be done in less than O (n log n) time. This would be an 
overstatement because there is a subtle assumption in the 
above argument: that the program determines what actions 
to take (i.e., how to move values around) solely based on 
the outcome of comparisons between the input values. The 
lesson learned is, programs that base their actions only on 
comparisons of the data cannot beat the O (n log n) 
barrier. To have a chance at sorting faster we have to 
avoid comparing data! , which is highly impossible. 
However, there are situation where we can say that we can 
sort faster than O (n log n). For example, Counting Sort 
and Radix Sort work faster when the range of values is 
limited .Thus the folklore 2 can be converged in to a 
theorem as, Theorem 2: For n records, sorting will take 
minimum O (n log n) time. 
 

4.3 Folklore 3: The exact number of steps required 
by insertion sort is given by the number of inversions 
of the sequence 

Proof 3: Let a =   a0, ..., an-1 be a finite sequence. An 
inversion is a pair of index positions, where the elements 
of the sequence are out of order. Formally, an inversion is 
a pair (i, j), where i < j and ai > aj. Example:  Let a = 5, 7, 
4, 9, 7. Then, (0, 2) is an inversion, since a0 > a2, namely 
5 > 4. Also, (1, 2) is an inversion, since 7 > 4, and (3, 4) is 
an inversion, since 9 > 7. There are no other inversions in 
this sequence.  The inversion sequence v = v0, ..,vn-1 of a 
sequence a = a0, ..., an-1 is defined by  
vj  =  |{ (i, j)  |  i < j      ai > aj }|  for j = 0, ..., n-1. 
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The above sequence a = 5, 7, 4, 9, 7 has the inversion 
sequence v = 0, 0, 2, 0, 1.  
 
We now count the inversions (i, j) of a sequence a 
separately for each position j. The resulting value of vj 
gives the number of elements ai to the left of aj which are 
greater than aj. Obviously, we have vi i for all 
i = 0, ..., n-1. If all vi are 0, then and only then the 
sequence a is sorted. If the sequence a is a permutation, 
then it is uniquely determined by its inversion sequence v. 
The permutation n-1, ..., 0 has inversion sequence 0, ..., n-
1.  
 
Let a =  a0, ..., an-1 be a sequence and v  =  v0, ..., vn-1 be its 
inversion sequence. Then the number of steps T (a) 
required by insertion sort to sort sequence a is  

 
T (a)   =    i = 0, ..., n-1  vi    (2) 

 
Obviously, insertion sort takes vi steps in each iteration i. 
Thus, the overall number of steps is equal to the sum of all 
vi. This can be proved by an example:  The following table 
shows the sequence a of the first example and its 
corresponding inversion sequence. For instance, v5 = 4 
since 4 elements to the left of a5 = 2 are greater than 2 
(namely 5, 7, 3 and 4). The total number of inversions is 
17. 

 Table 1: Inversion Table  
 

i 0 1 2 3 4 5 6 7 
ai 5 7 0 3 4 2 6 1 
vi 0 0 2 2 2 4 1 6 

 
It is seen that  insertion sort requires 17 steps to sort this 
sequence.Thus the folklore 3 can be converged in to a 
theorem as, Theorem 3 :  The sorting algorithm 
insertion sort has a worst case time complexity of 
T(n) = n·(n-1)/2 comparison-exchange steps to sort a 
sequence of n data elements. 
 

4.4 Folklore 4: Any comparison sort type of 
algorithm requires lower bound comparisons in the 
worst case. 

 
Proof 4: From the folklore 2, it suffices to determine the 
height of a decision tree in which each permutation 
appears as a leaf. Consider a decision three of height h and 
l leaves corresponding to a comparison sort on n elements. 
Because each of the n! permutations of the input appear as 
some leaf, we have   n! ≤ l.  
 

Since a binary tree of height h has no more than 2h leaves, 
we have to conclude that n! ≤ l ≤ 2 , which by taking 
logarithms , implies h ≥ log(n!) (Since the log function is 
monotonically increasing).  
Therefore, 
    h ≥ log(n!) 
 = log (n.n1.n2....2.1) 
 = log n + log (n1) + log (n2) + ... + log2 + log1 
 > log n + log (n1) + log(n2) + ... + log(n/2) 
 > log (n/2) + log (n/2) + ... + log (n/2) 
 = n/2 log (n/2)  
 = n/2logn – n/2 
 = Ω (n log n)     (3) 
 
This folklore can be converged in to new theorem as, 
Theorem 4: any comparison sort algorithm requires   
Ω (n log n) comparisons in the worst case. 

5. Some Convergence of Theorems into 
Folklore  

Now we take a theorem and show that it is a piece of 
folklore.  We know that time needed for these algorithms 
like selection sort varies like N2. [12]. Let’s deduce 
folklore form this.  
 

5.1 Deduction 1:  

Algorithms like selection sort, takes each unsorted list and 
goes through each item in order to identify the 
smallest.  The first unsorted list consists of all N items in 
the original, and each successive unsorted list is one 
smaller, as the smallest item each time is placed in its 
correct position.  So the first search for the smallest will 
take N operations, the next search for the smallest will 
take N-1 operations, the next N-2 operations, and so on 
until the last search for the smallest take 2 operations (we 
don't need to search when the list has only one 
item).  Thus the time needed will be a constant times the 
following sum:  
           

 N + (N-1) + (N-2) + ... + 3 + 2 + 1                (4) 
(We include the 1 to create a sum for which a standard 
formula applies; it adds only a small constant which does 
not affect the overall result.)   
 
This sum, the sum of the first N integers, is known to be N 
(N+1) / 2, which is approximately    N2/2. Since we know 
that this is multiplied by some constant representing the 
time the operations take on a specific machine, we can see 
that the time needed for this algorithm varies like N2, the 
square of the amount of data.  Thus the time needed for 
the selection sort algorithm behaves like; each time the 
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size of the list is doubled, the amount of time needed is 
increased by a factor of four.  The folklore deduced is 
“Algorithms like Selection sort are quadratic in 
nature.” 

6. Conclusion  

In this paper we have shown that the research on sorting 
algorithm has produced abundant results and can be 
thought as Folklore knowledge - momentarily belief 
among people. We proved that these results are not 
absolute as they are specific to some factors like person 
working, configuration of hardware, programming styles, 
whether parallelism is opted or not? Etc. Even with these 
uncertainties, we have analyzed sorting algorithms and 
presented strong evidence to the effect that a particular 
folk can be converged in to theorem and vice versa so as 
to show that folklore and converged theorems are 
interchangeable. 
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Abstract 
With the advancement in image capturing device, the image data 
been generated at high volume. If images are analyzed properly, 
they can reveal useful information to the human users. Content 
based image retrieval address the problem of retrieving images 
relevant to the user needs from image databases on the basis of 
low-level visual features that can be derived from the images. 
Grouping images into meaningful categories to reveal useful 
information is a challenging and important problem. Clustering is 
a data mining technique to group a set of unsupervised data 
based on the conceptual clustering principal: maximizing the 
intraclass similarity and minimizing the interclass similarity. 
Proposed framework focuses on color as feature. Color Moment 
and Block Truncation Coding (BTC) are used to extract features 
for image dataset. Experimental study using K-Means clustering 
algorithm is conducted to group the image dataset into various 
clusters. 
Key words: Image features, Clustering, Color moments, BTC 

1. Introduction 

The rapid progress in computer technology for multimedia 
system has led to a rapid increase in the use of digital 
images. Rich information is hidden in this data collection 
that is potentially useful in a wide range of applications 
like Crime Prevention, Military, Home Entertainment, 
Education, Cultural Heritage, Geographical Information 
System (GIS), Remote sensing, Medical diagnosis, and 
World Wide Web [1, 2]. Rich information is hidden in 
these data collection that is potentially useful. A major 
challenge with these fields is how to make use of this 
useful information effectively and efficiently. Exploring 

and analyzing the vast volume of image data is becoming 
increasingly difficult.  

 

 
The image database containing raw image data cannot be 
directly used for retrieval. Raw image data need to be 
processed and descriptions based on the properties that are 
inherent in the images themselves are generated. These 
inherited properties of the images stored in feature 
database which is used for retrieval and grouping. The 
strategy for earlier image retrieval system focused on 
“search-by-query”. The user provides an example image 
for the query, for which the database is searched 
exhaustively for images that are most similar.  
Clustering is a method of grouping data objects into 
different groups, such that similar data objects belong to 
the same group and dissimilar data objects to different 
clusters [3,4]. Image clustering consists of two steps the 
former is feature extraction and second part is grouping. 
For each image in a database, a feature vector capturing 
certain essential properties of the image is computed and 
stored in a feature base. Clustering algorithm is applied 
over this extracted feature to form the group. 
In this paper we propose a data mining approach to cluster 
the images based on color feature. Concept of color 
moment is extended to obtain the features and k_means 
algorithm is applied to cluster the images. The rest of 
paper is organized as follows: In section two we provide 
overview of the previous work related to image retrieval 
and mining. Section three introduces the concept of 3.1 
Color moments, 3.2 Block Truncation Coding Algorithm, 
3.3 K-means clustering algorithm. In section four we 
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present the results of our experiments and finally section 
five concludes the paper. 

2. Related Work 

Feature extraction is the process of interacting with images 
and performs extraction of meaningful information of 
images with descriptions based on properties that are 
inherent in the images themselves. Color information is 
the most intensively used feature for image retrieval 
because of its strong correlation with the underlying image 
objects. Color Histogram [2] [5] [6] is the commonly and 
very popular color feature used in many image retrieval 
system. The mathematical foundation and color 
distribution of images can be characterized by color 
moments [7]. Color Coherence Vectors (CCV) have been 
proposed to incorporate spatial information into color 
histogram representation [8]. Texture refers to the 
presence of a spatial pattern that has some properties of 
homogeneity. Textures are replications, symmetries and 
combinations of various basic patterns or local functions, 
usually with some random variation.  There are a number 
of texture features which have been used frequently liked 
Tamura Texture feature [5,6], Simultaneous Auto-
Regressive (SAR) models[9], Gabor texture features[10] 
and Wavelet transform features[11,12]. 
Intelligently classifying image by content is an important 
way to mine valuable information from large image 
collection. [13] Explore the challenges in image grouping 
into semantically meaningful categories based on low-
level visual features. The concept of fuzzy ID3 decision 
tree for image retrieval was discussed in [14]. ID3 is a 
decision tree method based on Shannon’s information 
theory. Given a sample data set described by a set of 
attributes and an outcome, ID3 produces a decision tree, 
which can classify the outcome value based on the values 
of the given attributes like Color, Texture and Spatial 
Location. Image dataset were defined in 10 classes 
(concepts): grass, forest, sky, sea, sand, firework, sunset, 
flower, tiger and fur. At each level of the ID3 decision 
tree, the attribute with smallest entropy is selected from 
those attributes not yet used as the most significant for 
decision-making.   
The SemQuery [15] approach proposes a general 
framework to support content-based image retrieval based 
on the combination of clustering and querying of the 
heterogeneous features. Given a query image, the 
SemQuery compares the features of query image to those 
of database images, resulting in a group of retrieved image 
sets based on individual feature classes. Database images 
were categorized into five categories of cloud, floral, 
leaves, mountain and water. Hierarchical clustering 
approach was performed on texture and color feature. 
Wavelet transforms extract the texture features while color 

histograms method used for color feature. [16] Describe 
data mining and statistical analysis of the collections of 
remotely sensed image. Large images are partitioned into a 
number of smaller more manageable image tiles. Then 
those individual image tiles are processed to extract the 
feature vectors. 

3. Proposed Work 

An image is a spatial representation of an object and 
represented by a matrix of intensity value. It is sampled at 
points known as pixels and represented by color intensity 
in RGB color model. A basic color image could be 
described as three layered image with each layer as Red, 
Green and Blue as shown in fig 1.   

  

 Fig. 1 Image Components 

 3.1 Color Feature Extraction 

Color moments are measures that can be used differentiate 
images based on their features of color. The basis of color 
moments lays in the assumption that the distribution of 
color in an image can be interpreted as a probability 
distribution. Probability distributions are characterized by 
a number of unique moments (e.g. Normal distributions 
are differentiated by their mean and variance). It therefore 
follows that if the color in an image follows a certain 
probability distribution, the moments of that distribution 
can then be used as features to identify that image based 
on color. Stricker and Orengo [7] use three central 
moments of an image's color distribution in which pk

ij is 
the value of the k-th color component of the ij-image pixel 
and P is the height of the image, and Q is the width of the 
image. They are Mean, Standard deviation and Skewness. 
 
MOMENT 1 – Mean: 
                     P   Q 
E k   = 1      ∑   ∑ pk ij                     (1) 
             PQ   i=1 j=1  
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Mean can be understood as the average color value in the 
image. 
 
 
 
 
MOMENT 2 - Standard Deviation: 
 
The standard deviation is the square root of the variance of 
the distribution.                     
 
              P   Q  
SDk  =   SQRT(   1    ∑   ∑ (pk ij – E k )2)               (2) 
                          PQ   i=1 j=1  
 
MOMENT 3 – Skewness: 
                          
          P  Q 
       Sk    =   (   1     ∑  ∑ (pk ij – E k )3)1/3               (3)     
          PQ  i=1 j=1  
Skewness can be understood as a measure of the degree of 
asymmetry in the distribution. 

3.2 Block Truncation Algorithm 

Steps in Block Truncation Coding Algorithm: 
 
1. Split the image into Red, Green, Blue Components 
 
2. Find the average of each component  
 Average of Red component  
 Average of Green component  
 Average of Blue component  
 
3. Split every component image to obtain RH, RL, GH, 
GL, BH and BL images  
RH is obtained by taking only red component of all pixels 
in the image which are above red average and RL is 
obtained by taking only red component of all pixels in the 
image which are below red average. Similarly GH, GL, 
BH and BL can be obtained. 
 
4. Apply color moments to each splitted component i.e. 
RH, RL, GH, GL, BH and BL. 
 
5. Apply clustering algorithm to find the clusters. 

3.3 K Means Clustering Algorithm  

K-means is one of the simplest unsupervised learning 
algorithms in which each point is assigned to only one 
particular cluster. The procedure follows a simple, easy 
and iterative way to classify a given data set through a 
certain number of clusters (assume k clusters) fixed a 
priori. The procedure consists of the following steps, 
 
Step 1: Set the number of cluster k 

 
Step 2: Determine the centroid coordinate 
 
Step 3: Determine the distance of each object to the 
centroids 
 
Step 4: Group the object based on minimum distance 
 
Step 5: Continue from step 2, until convergence that is no 
object move from one group to another. 

4. Experiments 

The proposed scheme has been performed using a image 
database of 1000 images including 10 classes, which can 
be downloading from the website 
http://wang.ist.psu.edu/iwang/test1.tar. Each class has 
100 images. Each image is of size 384*256 pixels. The 
system is developed in Matlab. We define unichrome 
feature as values that are extracted from a single color 
layer of Red, Green and Blue.  
 

Original Image (Bus Image) 
 

 

   
             Red          Green           Blue 

Fig. 2 RGB Components of Sample Image 

The first part of evaluation computes color moments for 
each of the three color components. Each color component 
yields a feature vector of three elements as discussed in 
section 3.1 i.e. mean, standard deviation and skewness. 
Thus total nine feature vectors are calculated for one 
image.  
In the second part apply Block Truncation Coding 
Algorithm discussed in section 3.2 over RH, RL, GH, GL, 
BH and BL. Thus total 18 feature vectors are calculated 
for one image. 

Table 1: Recall and Precision using Color Moments 
Classes Recall Precision 

African People and villages 30 25.43 
Beaches 47 40.17 

Buildings 33 23.57 
Buses 37 35.24 

Dinosaurs 100 92.59 
Elephants 32 35.56 
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Flowers 56 90.32 
Horses 50 54.95 

Mountains and glaciers 23 34.33 
Food 21 20.79 

Fig. 3 Sample Dinosaurs Clusters using color moments 

Based on commonly used performance measures in 
information retrieval, two statistical measures were 
computed to assess system performance namely Recall 
and Precision. 
Recall consists of the proportion of target images that have 
been retrieved among all the relevant images in the 
database. 
 
Recall   =    Number of Relevant Images Retrieved           
                   Total Number of Relevant Images     (4) 
 
Precision consists of the proportion of relevant images that 
are retrieved. 
 
Precision =   Number of Relevant Images Retrieved         
                   Total Retrieved Images      (5) 

Table 2: Recall and Precision using BTC 

Classes 
Recall Precision 

African People and 
villages 

44 33.58 

Beaches 42 42.42 
Buildings 8 7.92 

Buses 52 44.83 
Dinosaurs 99 97.06 
Elephants 39 44.83 
Flowers 80 94.12 
Horses 50 58.82 

Mountains and 
glaciers 

35 43.21 

Food 25 22.32 
 

Figure 3 showing the sample images in Dinosaurs cluster 
using color moments and Figure 4 showing the sample 
images in Flowers cluster using BTC algorithm. 

Table 1 and Table 2 shows the values of recall and 
precision of each classes using color moments and BTC 
algorithms. Precision is maximized for dinosaur’s images 
in both the clustering algorithm. For maximum classes 
recall and precision of BTC is better than Color moment 
feature extraction. 
 

        
 

        

           

           

           

            

           

Fig. 4 Sample Flowers Clusters using BTC 

5. Conclusion 

In image retrieval system, the content of an image can be 
expressed in terms of different features such as color, 
texture and shape. These low-level features are extracted 
directly from digital representations of the image and do 
not necessarily match the human perception of visual 
semantics. We proposed a framework of unsupervised 
clustering of images based on the color feature of image. 
Test has been performed on the feature database of color 
moments and BTC. K-means clustering algorithm is 
applied over the extracted dataset. Results are quite 
acceptable and showing that performance of BTC 
algorithm is better than color moments. 
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Abstract 
In this paper we present high performance dynamically allocated 

multi-queue (DAMQ) buffer schemes for fault tolerance systems 

on chip applications that require an interconnection network. 

Two or four virtual channels shared the same buffer space. On 

the message switching layer, we make improvement to boost 

system performance when there are faults involved in the 

components communication. The proposed schemes are when a 

node or a physical channel is deemed as faulty, the previous hop 

node will terminate the buffer occupancy of messages destined to 

the failed link. The buffer usage decisions are made at switching 

layer without interactions with higher abstract layer, thus buffer 

space will be released to messages destined to other healthy 

nodes quickly. Therefore, the buffer space will be efficiently 

used in case fault occurs at some nodes. 

Key words: Network on chip, Fault tolerance, DAMQS, 
DAMQAS, Buffer space, Odd-even routing algorithm. 

1. Introduction 

Future system-on-chip (SoC) designs require predictable, 

scalable and reusable on-chip interconnect architecture to 

increase reliability and productivity. Current bus-based 

interconnect architectures are inherently non-scalable, less 

adaptable for reuse and their reliability decreases with 

system size. To overcome these problems, it has been 

proposed to build a message passing network for on-chip 

communication - network-on-chip (NoC). 

 

Due to the constraints of being in a single chip, using an 

interconnection network on chip needs be restricted in 

terms of area. Thus, it is extremely important to design the 

schemes that require less hardware resources and still 

provide a good performance. Virtual channel multiplexing 

across a physical channel is extensively used to boost 

performance and avoid deadlock. 

 

As virtual channels are not equally used in many 

applications, if they share a common buffer, the whole 

buffer space will be better utilized. In this paper we 

present schemes that are based on a dynamically allocated 

multi-queue (DAMQ) buffer. These schemes provide 

similar performance as other statically allocated multiple-

queue (SAMQ) buffers using less hardware and, therefore, 

requiring less hardware. 

 

In order to improve the reliability of SoCs, their 

interconnect infrastructures must be designed such that 

fabrication and life-time faults can be tolerated. These 

irrecoverable faults influence the behavior of NoC fabrics 

and consequently degrade the system performance. 

Therefore, achieving on-chip fault tolerant communication 

is becoming increasingly important in presence of such 

permanent faults. A fault tolerant algorithm distinguishes 

from deterministic one according to the fact that it can 

provide an alternative path so that the message wouldn’t 

be blocked by a faulty component [1], [2]. Consequently 

we investigate the applicability of partially adaptive 

algorithms to achieve a certain degree of fault tolerance in 

NoC communication fabrics. 

 

The paper is organized as follows. In section 2, we review 

the fault tolerant odd-even algorithm in mesh-based NoC 

while in section 3, the DAMQ shared (DAMQS) and 

DAMQ all shared (DAMQAS) buffer schemes are 

discussed. Experimental results, that show the 

performance of the proposed approaches, are presented in 

Section 4 followed by conclusions in Section 5. 

2. Fault Tolerant Odd-even Algorithm in 

Mesh-Based NoC 

Fault tolerance is the ability of the network to function in 

the presence of component failure. The turn model is a 

well known partial adaptive routing algorithm, widely 

investigated for multi-processor environments [3]. The 

odd-even turn model facilitates deadlock-free routing in 

mesh network of a NoC. 

 

The detail of odd-even turn model is explained with the 

help of Fig. 1. In the figure, the odd-even routing 

algorithm has been illustrated. 
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(a) fault free case 

 

 
(b) in presents of faults 

Fig. 1  A sample for Odd-even turn model algorithm. 

In Fig. 1. (a), source IPa is trying to send a packet to 

destination IPb. Two situations are presented in Fig. 1. (a) 

and (b) respectively. When the network is fault-free, the 

packet is first routed in x direction before being routed to y 

direction. When one link L1 is faulty in the path, if normal 

deterministic x-y routing was adopted, there is no path for 

the packet to move towards the destination. For odd-even 

turn algorithm, the packet is routed one hop perpendicular 

to the top, then toward the destination. As shown in Fig. 1. 

(b), suppose source IPc is trying to communicate to the 

destination IPd, and the link L2 is faulty. In this case the 

packet is routed, one hop toward the down, then toward 

the destination. 

3. DAMQS and DAMQAS Buffer Schemes 

DAMQ dynamically allocates buffer blocks according to 

the packet received. Compared with SAMQ, the advantage 

of DAMQ is that it uses efficiently the buffer space by 

applying free space to any incoming packet regardless its 

destination output port.  

 

DAMQ All (DAMQA) is based on self-compacting buffer 

scheme. Two buffer slots are reserved for each virtual 

channel before the buffer accepts any incoming flit and 

during buffers operation [4] [5] [6].  

 

DAMQS buffer combines the buffer for virtual channels 

from two different physical channels. We combine the 

buffer space for east X and south Y virtual channels to 

build one physical buffer, and west X and north Y forms 

another buffer group. There are two buffers for four 

physical channels; each buffer is shared by eight virtual 

channels, and has two read ports and write ports 

respectively.  

 

As shown in Fig. 2, in this way, the shared space is placed 

in the middle of the two buffer regions of two virtual link 

groups then the two buffer regions expand towards center 

of the free buffer space. This way, there will be less data 

shifts when a flit is saved into buffer because the 

movement of one region doesn’t depend on shift of 

another group. 

 

When a node or a physical channel is deemed as faulty, the 

previous hop node will terminate the buffer occupancy of 

messages destined to the failed link. Therefore, the buffer 

space will be efficiently used in case fault occurs at some 

nodes. For example, if node X is connecting to node Y and 

Z and there are message flows from X to Y and X to Z. 

When Z fails, there are probably still a number of message 

flits left in X’s buffer. It will improve the system 

performance if the buffer space occupied by Z’s message 

can be allocated to Y’s message quickly.  

 

DAMQAS buffer combines the buffer for virtual channels 

from four different physical channels. There is one buffer 

for four physical channels; the buffer is shared by sixteen 

virtual channels, and has four read ports and write ports 

respectively. 

 

As shown in Fig. 2. (a,c), two buffer slots are reserved for 

each virtual channel before any flit comes in the buffer. 

Virtual channels on X dimension start to occupy the buffer 

from lower end of the whole buffer space while virtual 

channels on Y dimension start using buffer on another end. 

The buffer space of groups expands and compresses in 

opposite direction. When a buffer group accepts a flit it 

expands, when it dispatches a flit it compresses. 
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The reserve space (RS) is always kept if there is no flit or 

only one flit in the buffer region for a specific virtual 

channel [4].  

 

As shown in Fig. 2. (b,d), when the buffer performs shift 

up or shift down operations, the RSs are also shifted. 

When a virtual channel accepts a flit, it first uses its RS. If 

RS is used up, buffer space of the whole group expands 

toward another group’s buffer space to produce a slot. At 

any time, the number of current flits in buffer plus the 

number of reserved slots equals to the total amount of 

buffer slots. Therefore, one or more virtual channels which 

have the flits come into the buffer at earlier time can never 

deprive the chance for other virtual channels which get 

flits later than them to get buffer.  

 

Also, in case the earlier coming packets are blocked in the 

buffer, since there is still reserved space for other virtual 

channels, the network traffic will keep flowing; therefore 

the performance of the switch is enhanced. Moreover, as 

virtual channels from two or four physical channels are 

sharing the buffer, the buffer space is more efficiently used 

by the incoming flits. The results will be shown in next 

section. 

 
    0    1     2    3            14  15                    31  30           19  18   17  16 

  
Reserved Reserved    Reserved      Free   Reserved      Reserved  Reserved  
forVCE0  forVCE1    forVCE7    Space  for VCS7    for VCS2  forVCS0  

(a) DAMQS at initial state (# VC=8). 

 

  
  Used by    Reserved  Used by      Free     Used by    Reserved   Used by 

  (VCE0-    forVCE4   (VCE5-     Space   (VCS4-     forVCS3   (VCS0- 
   VCE3)                       VCE7)                   VCS7)                       VCS2) 

(b) DAMQS at operation state (# VC=8). 

(c) DAMQAS at initial state (# VC=8). 

(d) DAMQAS at operation state (# VC=8). 

Fig. 2. DAMQS and DAMQAS buffer spaces status. VCE (VC East), 
VCS (VC South) 

4. Experimental Results 

In this section, we consider a system consisting of 64 IP 

blocks mapped onto mesh-based NoC architecture as 

shown in Fig. 1. Packets size is set to 32 flits. Virtual 

channels number for each physical channel is 4. Faults are 

generated randomly in the network. We set the buffer size 

(BS) for each virtual channel to 4 flits when DAMQA and 
SAMQ are used. Since four virtual channels are 

multiplexing cross one physical channel, the buffer size for 

each direction of a duplex physical channel is 16 flits 

when these two buffer schemes are evaluated. To examine 

the performance of DAMQS and DAMQAS with regard to 

the relationship between buffer size and network 

performance, we use flits buffer with different sizes. Since 

the network performance is greatly influenced by the 

traffic pattern, we applied two different traffic patterns, 

including synthetic traffic pattern (uniform) and a real-life 
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traffic pattern (telecom) is retrieved from "E3S" 

benchmark suite [7], which contain 30 tasks. Fig. 3 (a, b) 

shows the message latency as function of injection load 

with 2% fault rate (fr) for two uniform and telecom traffic 

patterns, respectively. When we further increase the traffic 

load and the fault rate after the network starts getting 

saturated, DAMQAS shows higher latency than other 

schemes. The reason is DAMQAS holds much more flits 

in the buffer than other schemes.  

 

(a) Uniform traffic 

  

(b) Telecom traffic 

 

(c) Latency Comparison 

Fig. 3.  Message latency (2% fr) 

In Fig. 3 (c), we compare the message latency of network 

for two different traffic patterns under different injection 

rates. 

 

Fig. 4 (a, b) shows the throughput characteristics of the 

NoC for each buffer scheme in presence of permanent 

faults with different fault rates for two uniform and 

telecom traffic patterns, respectively.  

 

As shown in Fig. 4, DAMQAS and DAMQS can provide a 

better performance in presence of faults than other 

schemes. For example in uniform traffic, 14-flit DAMQS 
with 0% fr and 8-flit DAMQS with 4% fr achieves 

approximately the same maximum throughput as a 16-flit 

DAMQA as shown in Fig. 4 (b). Also, a 13-flit DAMQAS 
with 0% fr and 6-flit DAMQAS with 4% fr achieves 

approximately the same maximum throughput as 16-flit 

DAMQA. This is to say, to provide a similar network 

performance on very limited buffer resource, DAMQA 

with 0% fr achieves similar throughput with 12.5% and 

18.75% more buffer space than DAMQS and DAMQAS 

with 0% fr, respectively and DAMQA with 4% fr achieves 
similar throughput with 50% and 62.5% more buffer space 

than DAMQS and DAMQAS with 4% fr, respectively. For 

telecom traffic, 13-flit DAMQS with 0% fr and 7-flit 

DAMQS with 4% fr achieves approximately the same 

maximum throughput as a 16-flit DAMQA as shown in 

Fig. 4 (b). Also, a 12-flit DAMQAS with 0% fr and 5-flit 

DAMQAS with 4% fr achieves approximately the same 

maximum throughput as 16-flit DAMQA. This result 

shows that, DAMQA with 0% fr achieves similar 

throughput with 18.75% and 25% more buffer space than 
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DAMQS and DAMQAS with 0% fr, respectively and 

DAMQA with 4% fr achieves similar throughput with 

56.25% and 68.75% more buffer space than DAMQS and 

DAMQAS with 4% fr, respectively. 

 

 

(a) Uniform traffic 

 

 

(b) Telecom traffic 

Fig. 4. Network throughput 

 

The total buffer space (BUFtotal) can be obtained by the 

following formula: 
 BUFtotal = ( N × PHY - 4√N ) × VC × VB 

where PHY is the physical channel corresponding to a 
node port, N is the count of nodes, VC is the count of 
virtual channel multiplexing a physical channel and VB is 
the buffer size of a virtual channel. The total available 

buffer space is 3584 flits in our simulations. We 

considered high injection load of 0.35. As shown in Fig. 5, 

DAMQS and DAMQAS can provide a better performance 

than DAMQA and SAMQ. 

 

 

(a) Uniform traffic 

 

 

(b) Telecom traffic 

Fig. 4. Buffer usage rate 

 

Comparing uniform traffic results with telecom traffic 

results, it is clear that the DAMQS and DAMQAS are 

even more beneficial for real benchmarks. Indeed, 
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compared to the uniform traffic pattern in Fig. 3 (a), Fig. 4 

(a) and Fig. 5 (a), the traffic patterns for real benchmarks 

are much more unbalanced (for instance, some of the 

channels have even a load of zero), which makes the idea 

of share buffer more attractive. 

5. Conclusions 

For deep sub-micron VLSI processes, the life-time 

reliability of devices is likely to be compromised by 

effects such as electromigration and material ageing. 

Consequently, the performance of NoC interconnect 

architectures will be severely affected due to presence of 

permanent faults. Though deterministic routing is very 

easy to implement, it fails to sustain the desired level of 

performance in presence of permanent faults. When an 

adaptive routing protocol such as odd-even turn algorithm 

is used for the NoC, DAMQAS and DAMQS are excellent 
schemes to optimize buffer management providing a good 

throughput when the network has a larger load in presence 

of faults. They can utilize significantly less buffer space 

with further increase of the fault rate without sacrificing 

the network performance. As shown in our simulation 

results, these buffer schemes can provide marginally 

higher throughput than traditional SAMQ when same 

amount of resource is used, this is due to the fact that 

buffer cannot play a major role in determining the network 

performance in terms of throughput or latency. However, 

the results show that these schemes can use significantly 

less hardware to provide a same performance as traditional 

SAMQ buffer. The simulation results show that the 

proposed DAMQ-Based schemes are indeed beneficial for 

real-world applications characterized by real-life traffic 

patterns. 
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ABSTRACT 
Abstract- Digital medical informatics and images are commonly 
used in hospitals today,. Because of the interrelatedness of the 
radiology department and other departments, especially the 
intensive care unit and emergency department, the transmission 
and sharing of medical images has become a critical issue. 
 Our research group has developed a Java-based Distributed  
Object Medical Imaging  Model(DOMIM)  to facilitate the rapid 
development and deployment of medical imaging applications in 
a distributed environment that can be shared and used by related 
departments and mobile physiciansDOMIM  is a unique suite of 
multimedia telemedicine applications developed for the use by 
medical related organizations. The applications support real-
time patients’ data, image files, audio and video diagnosis 
annotation exchanges. The DOMIM enables joint collaboration 
between radiologists and physicians while they are at distant 
geographical locations. The DOMIM environment consists of 
heterogeneous, autonomous, and legacy resources. The 
Common Object Request Broker Architecture (CORBA), Java 
Database Connectivity (JDBC), and Java language provide the 
capability to combine the DOMIM resources into an integrated, 
interoperable, and scalable system. The underneath technology, 
including IDL ORB, Event Service, IIOP JDBC/ODBC, legacy 
system wrapping and Java implementation are explored. This 
paper explores a distributed collaborative CORBA/JDBC based 
framework that will enhance medical information management 
requirements and development.  It encompasses a new paradigm 
for the delivery of health services that requires process 
reengineering, cultural changes, as well as organizational 
changes 
 
KEY WORDS 
Java, CORBA,  DICOM , Medical Imagine ,Medical 
Informatics , Distributed Object Computing. 
 
1. Introduction 
 
Digital medical images are commonly used in hospitals 
today, even outside the radiology department. Because of 
the interrelatedness of the radiology department and other 
departments, especially the intensive care unit and 
emergency department, the transmission of medical 
images has become a critical issue. The use of World  
 
Wide Web  and network related technologies in radiology 
is not new. These technologies have been used in 
radiology teaching files to access information in 
multimedia integrated picture archiving and 
communication systems (PACS), for teleradiology 

purposes . Web technology has also been used to access 
the images stored in a Digital Imaging and 
Communications in Medicine (DICOM)archive in PACS 
environments[1][2]. 
 
2. Project Background 

This research develops a framework of distributed 
medical informatics that can be used for multimedia data 
exchange. framework can be expand it any distributed 
object oriented, collaborative applications, for example, 
distance learning modeling and simulation 

A DOMIM system based on distributed object 
computing sytem. The system can be viewed as a set of 
object services and a set of client applications. Each client 
application has a defined, interactive user interface. The 
object services provide and manage the information for 
the DOMIM clients. The ultimate goal is to have a 
complete set of services with a single fine-grained 
framework. The DOMIM strategy is an approach towards 
a single architecture where hardware and software from 
multiple vendors coexist in harmony. This is achieved by 
categorizing information into components or services 
(object services) as they communicate, by passing the 
information via interface invocations of objects. These 
object services are manufactured by different vendors and 
can run on different computers on networks. The 
architecture must have certain key characteristics: 

 
(I) distributed: it must support a service object 

model that is distributed across a regional area 
over LAN and WAN networks. 

 
(2) platform independent: it must support multiple 

computing platforms, from mainframes to 
servers to desktop PCs. 

 
(3) heterogeneous: it must support all different types 

and classes of medical equipment and software 
tools from many different vendors. 

 
(4) location insensitive: it must allow components in 

the system to replaced, repaired, upgraded and 
changed without compromising its ability. 

 
Obviously, interoperability is a key technology that 
allows this exchange to scale. Interoperability is also the 
ability to leverage and reuse system content and 
functionality to an end user or to another system 
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3. Approach 
 
The distributed and heterogeneous nature of todays 
computing systems requires a middleware infrastructure 
capable of supporting a three-tier computing architecture 
such as Common Object Request Broker Architecture 
(CORBA).  Business logic can be built, or existing 
applications encapsulated, into middle-tier components 
that interact with end users via standard interfaces such as 
web browsers and standard GUI desktops, and back-end 
data repositories [4]. 

 
3.1 Distributed Object . 
 
Common Object Request Broker Architecture (CORBA) 
was introduced by OMG in 1991 to go a step beyond 
OMA to specify technologies for interoperable distributed 
OO systems. With the CORBA specification, a broad and 
consistent model for building distributed applications is 
defined : 
• An object-oriented based model for developing 

applications 
• A common application programming objects in the 

network to be shared by client and server applications 
• A syntax to define and describe the interfaces of 

objects used in the environment 
• Support for multiple programming languages and 

platforms 
Therefore, CORBA model formally separates the client 
and server portions of the application and also logically 
separates an application into objects that can perform 
certain functions. It also provides data marshaling to send 
and receive data with remote or local machine 
applications without direct knowledge of the information 
source or its location. In the CORBA environment, client 
and server applications communicate using Object 
Request Broker (ORB).  
 
3.2 Java Based CORBA. 
 
The Java programming language is a strongly typed, 
object-oriented language that borrows heavily most of its 
syntax from C and C++. Java is a simple, object-oriented, 
distributed, interpreted, robust, secure, architecture 
neutral, portable, high performance, multithreaded and 
dynamic language. This language was primarily used for 
developing applets-downloadable mini-applications that 
could be embedded inside Web pages and performed in 
browsers. However, since 1995, Java has emerged as a 
first-class programming language that is being used for 
everything from embedded devices to enterprise servers. 
Nowadays the Java language can be seen in use in a wider 
range of applications.  When an application is written and 
compiled in one place it can run on any machine under 
any operating system. Sometimes the "Write Once, Run 

Anywhere" slogan is called the synonym of Java. 
Anyway, platform independence is the ability of a 
program to move from one computer system to another. 
Java is platform independent at both the source and the 
binary level. The secret of the Java has been hidden into 
Java Virtual machine (JVM). Instead of creating machine 
dependent code, the Java compiler creates a bytecode 
format, which can be run on any Virtual Machine (VM). 
Somehow, Java makes programming easier because it is 
object-oriented and has automatic garbage collection. 
 
Java offers tremendous flexibility for distributed 
application development. To do this, Java needs to be 
augmented with a distributed object infrastructure, which 
is where OMG's CORBA comes into the picture. Using 
CORBA requires more than just a knowledge of the 
CORBA architecture. CORBA should be part of a well 
designed system architecture.  
 
CORBA technology as part of the Java 2 platform 
consists of an Object Request Broker (ORB) written in 
Java. Java IDL adds CORBA capability to the Java 
platform, providing standards-based interoperability and 
connectivity. Java IDL enables distributed Web-enabled 
Java applications to transparently invoke operations on 
remote network services using the industry standard 
OMG IDL (Interface Definition Language) and IIOP 
(Internet Inter-ORB Protocol) defined by the Object 
Management Group. CORBA is an distibuted object-
oriented middleware protocols, used for the DOMIM 
development. By using CORBA it gives us several 
benefits in the system distributed computing environment. 
For example, we are able to interface legacy database by 
developing CORBA wrapper that allows us to access the 
data structures in the database without disturbing the 
existing database. Interoperability and scalability are 
other benefits of using CORBA. The CORBA  IDL for 
streaming medical image in our  model as follow :-  
 
  struct Info { 
  string name; module Student_App { 
 
  struct Info { 
  string name; 
  string matric; 
  string address; 
  string city; 
  string state; 
  string zip; 
  string country; 
  string email; 
  string phone; 
  string program; 
  }; 
    
  typedef sequence<octet> Data; 
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  interface project { 
    string execute(in short operation, in Info 
info_student); 
    Info execute2(in short operation, in Info 
info_student); 
    Data downloadFile(in string fileName);  
 };   
 
}; 
  string matric; 
  string address; 
  string city; 
  string state; 
  string zip; 
  string country; 
  string email; 
  string phone; 
  string program; 
  }; 
    
  typedef sequence<octet> Data; 
 
 
  interface project { 
    string execute(in short operation, in Info 
info_student); 
    Info execute2(in short operation, in Info 
info_student); 
    Data downloadFile(in string fileName);  
 };   
 
}; 
module Student_App { 
 
  struct Info { 
  string name; 
  string matric; 
  string address; 
  string city; 
  string state; 
  string zip; 
  string country; 
  string email; 
  string phone; 
  string program; 
  }; 
    
  typedef sequence<octet> Data; 
 
 
  interface project { 
    string execute(in short operation, in Info 
info_student); 
    Info execute2(in short operation, in Info 
info_student); 
    Data downloadFile(in string fileName);  

 };   
    

  typedef sequence<octet> Data; 
  interface project { 
  string execute(in short operation, in Info info_patient); 
  Info execute2(in short operation, in Info info_patient); 
 Data downloadFile(in string fileName);  

 
 
3.3 Digital Imaging and Communications in Medicine 

The Digital Imaging and Communications in Medicine 
(DICOM) standard was created by the National Electrical 
Manufacturers Association (NEMA) to aid the 
distribution and viewing of medical images, such as CT 
scans and ultrasound. New technologies such as Java 
should always be used as complements of the de facto 
standard in medical imagine, DICOM. DICOM allows the 
interchange of images from different modalities, archives, 
and workstations from different vendors. java technology 
can be used to build a storage system and to make this 
service accessible for different clients. However, this 
storage service should also incorporate DICOM services 
to store and access examination data from DICOM 
workstations and DICOM modalities. Since Java version 
1.4, the Java standard includes a specification for working 
with images stored in files and accessed across the 
network. This specification is called Java Image I/O. It 
provides a pluggable framework for easily adding support 
for alternate image formats using third-party plug-ins. The 
DICOM Image I/O Plug-in connects the DICOM® 
standard to the Java™ standard.   DICOM is the universal 
standard for sharing medical imaging resources between 
heterogeneous and multi-vendor equipments (acquisition 
device, workstation, storage server, patient management 
system, etc.). 

3.4 Distributed Medical API Impelememtaion 

A toolkit, which is referred to as NeatMed, is intended to 
reduce development time by eliminating the need for the 
application developer to deal directly with medical image 
data The medical imaging application developers 
interface(API), NeatMed  interface (API), was developed 
using the Java programming language (Sun 
Microsystems, Mountain View, Calif).  An extension API 
is a set of classes that can be instantiated by a 
programmer to create a particular type of application, thus 
facilitating software reuse. NeatMed is an example of an 
extension API that can be used for the development of 
applications that deal with off-line medical image 
data..NeatMed currently provides support for the Digital 
Imaging and Communications in Medicine and Analyze 
medical image file formats.  The NeatMed API is a group 
of core and support classes that can be used to interpret, 
represent, and manipulate images and related data that are 
stored in DICOM-compliant files. The toolkit has been 
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created specifically for interpreting medical image data; it 
thus acts as a platform for development of medical 
imaging applications.. NeatMed was implemented by 
using Java[1]. NeatMed currently provides support for the 
DICOM in Medicine and Analyze medical image file 
formats.The Neat-Med API is distributed in accordance 
with the terms and conditions laid out in the GNU Lesser 
General Public License[2]. This license was selected to 
ensure that the NeatMed.  NeatMed was developed using 
the Java programming languages. It was initially intended 
for the development of software for use in the consumer 
electronics industry (eg, set-top boxes). The core Java 
libraries maintained by Sun Microsystems are used as the 
foundation for the development of any Java application. 
These libraries can be used in conjunction with an 
extension API in order to develop specialized 
applications. An extension API is a set of classes that can 
be instantiated by a programmer to create a particular type 
of application, thus facilitating software reuse. NeatMed 
is an example of an extension API that can be used for the 
development of applications that deal with off-line 
medical image data. A large number of Java APIs exist; 
these deal with a broad range of applications ranging from 
communicating with the serial and parallel ports to 
advanced image processing. The set of classes 
representing the API is deployed in some type of library. 
Java provides a packaging tool that can be used to 
package a set of class files and associated resources into a 
Java archive or JAR file. In order to be useful, an API 
must be well documented. Java provides a documentation 
tool called Javadoc that allows an API developer to 
document software as it is being written. The resulting 
documentation provides detailed information about each 
class, method, and variable that is defined in the 
associated API. The structure of Javadoc documentation 
is more or less the same for every API. This makes it very 
easy for programmers to familiarize themselves with a 
new API once they are comfortable with the basic 
Javadoc documentation structure. The API documentation 
is generated in HTML and can be viewed using any 
standard Web browser. Java has a wide range of benefits 
associated with it; however, there are also some 
limitations. One example is performance: Java is a 
multiplatform programming language; the byte code (ie, 
binary form) that represents a Java program is interpreted 
and not executed directly. This reduces the performance 
of a Java program compared to a natively executed 
program. Overall, however, the benefits associated with 
Java (listed previously) far outweigh the drawbacks, 
hence its selection for the development of NeatMed.. In  

Fig 2, Client Programming structure show flexibility, and 
ease of use of the  NeatMed API in java Environment 

 
 

Figure 2: Client Programming structure. 
 
The central class in the API is the DICOMImage class. A 
DICOMImage object can be instantiated by specifying a 
reference to a suitable data source in the constructor. The 
constructor will accept data from a number of sources (eg, 
local file, data stream, and remote uniform resource 
locator (URL)). Once constructed, a DICOMImage object 
provides direct access to all of the data elements stored 
within the specified DICOM source. Other classes in the 
API are used to represent individual components within a 
DICOM RadioGraphics.  
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Here is the example : 
 
DICOMImagePlus image = new DICOMImagePlus(ss); 
 JLabel label = new JLabel(new 
ImageIcon(image.getAsBufferedImage(0))); 

JFrame frame = new JFrame("Patient NO : " 
+Patient_info2.id +"  NAME : " + 
Patient_info2.name + "  Image File :"+ 
Patient_info2.file_id); 
frame.getContentPane().setLayout(new 

BorderLayout()); 
 frame.getContentPane().add(label); 
 frame.setVisible(true); 
 frame.pack();} 
 
The choice of Java for implementing the NeatMed API 
was also influenced by a number of its key features: 
 

 Ease of use: Java is a modern programming language 
that was designed with simplicity in mind. Many of 
the complexities that are associated with other 
programming languages have been omitted, whereas 
much of the power and flexibility has been retained. 
This makes Java very easy to learn and use, 
particularly in the case of novice programmers. 

 Level of support: Although Java is a relatively new 
programming language, there is a significant amount 
of support material available. Numerous texts have 
been written dealing with all aspects of the language. 
In addition, tutorials, sample source code, API 
documentation, and freely available integrated 
development environments (IDEs) can all be 
accessed via the Internet. 

 Portability: Java is a multiplatform programming 
language. This means that a Java  

 
5. Distributed Medical informatics Architecture. 
 
The distributed medical informatics architecture design 
includes client applications at the 1st tier that access 
remote medical imaging data query server and database at 
3rd tier via Java ORB as a middle agent at 2nd tier,  

The client’s implementations comprised of a Java 
application . All the user interfaces were created using 
Java APIs while NeatMed API for presenting and 
displaying  the medical image files in DICOM format.  
The server is comprised of the some logical algorithms 
that responsible for executing an input query statement 
from the client and returning the query results back to the 
client.   The connection between the servers and the IBM 
DB2 Database is accomplished via its native JDBC 
driver. This server is placed on the local area network 
(LAN) with Java ORB acting as the middleware. The 
ORB using octet-streaming services is utilized to transfer 
multimedia data such as medical images, It also can be 
used for audio and video in a 3-tiers heterogeneous 
environment. 

 
 
Figure3: Distributed Object Medical Imaging  Model 
(DOMIM) Architecture 
 
The back-end tier of the architecture involves the storage 
and retrieval of multimedia data on the database server.  
 In this paper, the Object Relational database management 
system (ORDBMS) is used for the development of 
medical imaging and multimedia database as it allows 
queries to be performed on complex data, e.g. 
images,video, audio, etc.    The following components are 
utilised in the development of the server application: 

• IBM DB2 v 8.1 PE database. 
• Server application (ProjectServer.class) for 

receiving object and sending back the object 
from/to client application. 

• Server application logic (ProjectImpl.class) for 
executing as input query 

IBM DB2 has been chosen as the implementation 
database. Due to IBM DB2 ability to support the binary 
large object blocks (BLOBs) data. All the image data are 
stored in their native binary format in a particular column 
of the database table. 
The following features are provided by the client's 
implementations(ProjectClient.class) via a Graphical User 
Interface (GUI): 

• Binding to the servers’ implementations.  
• Invoking the servers’ implementation with 

the appropriate commands.  
• Displaying and presenting the query results(text 

and images) to the user.  
 The design depicts that ORB can be an integral part of 
deploying Java applets/applications, including those that 
access database. The diagram also shows that the client 
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application does not directly connect to the databases. 
Instead, Java ORB facilitates database connectivity by 
allowing client-side objects to communicate with server-
side objects that assume responsibility for performing 
database access. That is, server-side objects is written to  
handle database access on behalf of a client object(s) that 
instantiated it. The client main function is to display 
multiple media data to the user in the specified format. 
Such architecture can provide adequate database support 
for medical applications demanding interactive medical 
imaging presentations .the modules involved are:- 
 

• GUI Object Class 
  
The Graphical User Interface (GUI) class represents the 
tools used for human-to-computer interaction . The GUI 
may include menus, buttons, graphics, textual and visual 
information, image annotation, full-duplex audio, and 
video information. The GUI class is responsible for 
collecting relevant information to be passed onto the user. 
The GUI class also distributes user input to objects whose 
states depend on the user. The objects in the class are 
linked with other objects in the system , e.g., management 
and control objects.  
 

• Audio Object Class 
 
The audio object class handles real-time and playback of 
audio sequences at the user workstation. Digital audio is 
encoded to sequences of 8-bit or 16-bit samples using 
standard telephone Coder/Decoder (CODEC) conversion. 
The audio sequences are two-way conversations between  
physicians or audio notes to be stored with a patient 
record. 
 

• Video Object Class 
 
The video object class handles real-time and playback 
video sequences. The video sequences are digital format 
using MPEG compression frames. Video sequences can 
be generated from digital camera or pre-recorded video on 
CD disk formats. Video sequences can be stored as video 
object classes in the multimedia database archive system.  
 

• Buffer Object Class 
 
The buffer object class controls jitter by queuing data 
until it is synchronized and ready for use. Buffering takes 
place on all data traversing the network stack to abstract 
the application from network timing idiosyncrasies and 
dependencies. 
 

• File Stream Object Class 
 
The file stream objects include files, e.g., images, which 
must be transferred between nodes over networks. These 

nodes can be workstations or the Database Archive 
System. The objects represent a flow of packets, and the 
objects inherent the format of their types, i.e., audio, 
video, annotation commands, etc. 
 

• Communication Object Class 
The communication object class represents a group of 
connectivity mechanism. For example, objects conduct 
communication via middleware APIs or TCP/IP sockets. 
These objects provide the communication paradigm to the 
data objects described above, i.e., annotation commands, 
file streams, etc. and link the multimedia information 
exchanging over the distributed computing environment. 
 
 
6.  Implemantation 
 
In this application, client patient’s detail screen and 
medical image in DICOM format screen are displyed in 
separated windows.  

i. The client request patient data by providing patient 
case retrieving procedures such as patient id and  
notifies the server(services Perovider) via corba event 
service . 

ii. The Server retrieve a patient demographic data  and 
image(s) from client and send the DBA via JDBC 
Server using JDBC connectivity to the DBMS, e.g., 
IBM DB2 database. As in figure 5 

 

 
Fig 6:Server response screen shot 

 
iii. The Server passes  the patient demographic data and  

image file identification (where those files resid ein 
remote storage)  to the client via ORB. 

iv. The remote  Client fetches the  demographic data 
 and display then details  on client GUI screen as 

depict in figure 6 . Then it point the patient image(s) 
based on the given file identification. then, the 
system pop-up the medical image  as illustrated 
figure 7 below  
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Fig 7. Screenshot of GUI patient’s data 

 
 

Fig 8. Screenshot of  patient’s Medical Image 
 
7. Conclusion  
 
The three-tier distributed medical imagine application 
allow the application interoperability and independence of 
platform, operating system, programming language and 
even of network and protocolThe application architecture 
or framework  is an important and common stage in the 
development of any medical imaging application in 
distributed environment.  
 

NeatMed removes the need to deal directly with encoded 
medical image data, thus increasing productivity and 
allowing the developer to concentrate on other aspects of 
application development. NeatMed is written in Java, a 
multiplatform programming language with a large amount 
of freely available support material that is straightforward 
to learn and use.These and other features of Java make 
NeatMed accessible to a large group of potential users. 
Most important, NeatMed is a freely available research 
tool whose ongoing development is driven by the needs 
and requirements of its users. 
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