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Abstract

Object Oriented Software metrics play very
important role in Object Oriented sofiware development
to improve the quality of software design. Various metrics
are available to measure the different attributes of object
oriented software. Different metrics are available which
can be applied at different levels. In this paper thirty
object oriented metrics are studied and described.

Key Words: Object Oriented Metrics, Class,
Method, Attribute, Inheritance, Polymorphism,
Information Hiding, Exception, Coupling and Cohesion.

I. Introduction

Developing high quality software is always an aim
of any software engineering approach. Object Oriented
Software Engineering provides new dimensions to
software development and captures almost all of the areas
of software development. OOSE provides new approach
to software development that opens new windows to
increase the quality of the software. OOSE makes the
software more maintainable and reusable. Metrics are units
of measurement. The term "metrics" is also frequently used
to mean specific measurements taken on a particular item
or process. Software engineering metrics are units of
measurement that are used to measure different attributes
of software product, process and people. Metrics plays a
very important role in software development. Now almost
all software development is done in object oriented
environment. As traditional metrics are not suitable to
evaluate object oriented software therefore new metrics
are developed by various researchers to measure various
attributes of Object Oriented software. Object Oriented
software metrics are used to measure various attributes
such as size, complexity, coupling, cohesion, inheritance
and polymorphism.

Volume 2 No. 4

2. TERMS USED IN OBJECT ORIENTED
METRICS

Following are some key terms of object oriented
software metrics.
Class

A class is a template that is used to create a set of
similar objects.
Attribute

An attribute is a unique data member of class that
is available to all the objects of that class.
Method

A method is a member function of class that is
available to all the objects of that class. It need not be
unique.
Object

An object is an instantiation of some class that
stores the values of attributes defined by class and use
methods to manipulate attributes. An object is identified
by its existence.
Coupling

It is defined as the degree of interrelationships
between two classes. Two classes are coupled when
method declared in one class use methods or instance
variables defined by the other class.
Cohesion

It is defined as degree to which methods within a
class are related of each other. Cohesion of a class is its
tightness.
Message

Message is defined as a request that an object
makes to another object to perform an operation.
Encapsulation

It is wrapping of collection of items into a single
unit. A class encapsulates data and function into a single
unit.
Information Hiding

It the hiding of detail of one object from another
object.
Inheritance
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1 which
relationship between classes throug
At 4 s, It is used for

one class can derive features of other clas

reusability.

Polymorphism ;
Polymorphism allows the imple

operation to be dependent on the object that con
operation.

Method Overriding
Ifthe derived class has method that has same name

and signature as method of base class have then method
of derived class overrides the method of base class.

3. LIST OF METRICS STUDIED

mentation of a given
tains the

Following thirty object-oriented metrics are studied in this

paper.

S.NO. | Metric Level Type

2 _TANS System Size

B o DEBA Class Size/Complexity
4 [ANOM System Size/Complexity
k) WMC Class Complexity

6 |RFC&RIC’ Class Size/Complexity
Z L.y Class Inheritance

= NOC Class Inheritance

’ e System Inheritance

0 Al System Inhemame

ol Lol System Inheritance
o | System Inheritance

i Gas Polymorphism
e oy Polymorphism
16| cBo = P
s Class Coupling

Eilcws : Couplu]g

Object Diagram
I

follows (in C++ language)
class Degree

{ PR
private:
~ char code[lO}

int duration;

float fee;

public:

void getdataQ;h
void fﬁsp

\ » H ”){Jiﬂ
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5. DESCRIPTION OF OBJECT ORIENTED METRICS

In this section various object oriented metrics are described
using an example given in section 4.

1. Number of Attributes per Class (NOA) [1]
It is a size metric that defines size of a class in terms of

number of attributes defined in the class.
NOA = Total number of attributes defined in the class

Example

NOA of Degree class =3

NOA of IT_Degree class =2

NOA of Mng_Degree class =2

Interpretation

As total size of an object in terms of memory is sum of

memory consumed by all the attributes of class therefore
larger number of attributes increased the object size.

2, Average Number of Attributes per Class (NOA)

ANOA-= total number of attributes defined in all classes in the software
total number of classes in the software

Example
ANOA = (3+2+2)/3 =2.33 attributes

3. Number of Methods per Class (NOM) [1]

It is a size metric which defines size of a class in
terms of number of methods defined in the class. Method
includes Function, Procedure, Property accessor (each
property accessor is counted separately), Constructor,
destructor and event handler.

NOM = total number of methods defined in the class
Example

NOM of Degree, IT Degree and Mng_Degree class is 2, 2
and 3 respectively.

High value of NOM is also indicator of difficulty in
extensibility.

As a positive factor

A large number of methods also indicate that the derived
class can inherit large number of methods,

4. Average Number of Methods per Class (ANOM) [8]

It counts the average number of methods defined in a
class.

ANOM = total number of methods defined in all classes/
total number of classes

Example
In Object Diagram-1
ANOM = (242+3)/3 = 2.33 methods

D Weighted Methods per Class (WMC) [1,4,6]

WMC = sum of complexity of all'methods of class
If complexity of each method =1 then WMC=NOM.

The complexity of method can be measured using
traditional Cyclomatic Complexity metric.

WMC includes only those methods that are defined in
class not inherited.

Example

WMC of Degree, IT Degree and Mng_Degree class is 2,
2 and 3 respectively.

(by considering complexity of each method is 1)

Interpretation

High value of WMC is not desirable because complex
methods are more difficult to maintain and test.

WMC can be used, as predictor of time and effort is
required to develop and maintain the class.

A study of 30 C++ projects suggests that an increase in
the average WMC increases the density of bugs and
decreases quality. [Misra & Bhavsar :Relationships
Between Selected Software Measures and Latent Bug-
Density: Guidelines For Improving Quality. Springer-

Interpretation
As a negative factor

High value of NOM complicates testing due to the

increased object size and complexity and it also indicate ;. 2003
that methods may be more application Specific therefore e
reducing the possibility of reuse. 6. Response For a class (RFC and RFC') [1,4,6]

Volume 2 No. 4 3
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14. Number of Methods Overridden by a

Subelass (NMO) [1]
gli%%!ﬂ&nﬁ&ﬁ%ﬂl&%%
of base class

Example

For IT_Degree and Mng_Degree class NMO=2 as both
églggaaro% of Degree
class.

15. Polymorphism Factor (PF) [1,7]
This metric is a polymorphism metric used to

‘measure polymorphism by measuring the degree of method
overriding in the class inheritance tree.

53%%& aclass =number
&i‘%i?i *descendent count of the class

class use a«s&ﬁ%é. e
other class.

Lh
of _sa%s&anv
Coupling due o inheritance are not

CBO = E:g
%_B..wnwo

Example
CBO forall classes is 0.

Interpretation :
High value of CBO is E&E&S ‘

modular design and prevents reuse.
17. Data Abstraction Cov

DAC= number of ADT's defin

ADT is a user defined data type which ¢
having the knowledge of how it is creal
occurs when attribute of one class is o
class.

Example
DAC of all classes is 0. i
Interpretation : ; o
High value of DAC is undesirable.

18. Message Passing Coupling
1 i OFF I |
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I
MethodVisiblity = Sum of V(M) of all methods of 3

class / (total no. of classes-1) AHF= | :
total number of methods Because all attributes are private so there
hiding.

MHF=|- MethodVisiblity
Interpretation

Example

MHF=0

It means there is no method hiding. Because all methods
A If AHF=0 it indicates no attribute hidin
are visible to other classes it means al

.

Scanned w

Interpretation |
26. Operation Hiding Effecti

IFMHF=1 (100%) it indicates full method hiding that is no
method is visible outside its class it means all methods are (OHEF) [7]

private. ,
OHEF measures how good is the sci P
High value of MHF indicates low functionality of class operations or methods It s calculated

and it also indicates that less number of methods that are
- available for reuse therefore reduces reusability. OHEF = number of classes that access
number of classes that can ace

IFMHF=0 it indicates no method hiding that is all methods
are visible to other classes it means all methods are public. Example a2

A study of 30 C++ projects by Mishra and Bhavsar show OHREF of Degree::getdata() method

that increased MHF decreases bug-density and increase OHREF of Degree::displaydata() methot
quality. [Misra & Bhavsar :Relationships Between Selected greesdispiaytaiaCiis
Software Measures and Latent Bug-Density: Guidelines ti 4
For Improving Quality. Springer-Verlag 2003] Inteypeetation .
OHEF is similar to MHF. MHF mea

>ﬁ=&o;u3m=n++9.&3w by Abreu and Melo shows method hiding whereas OHEF meas

that increased MHF decreases defect density and rework P
effort to find and correct defects. method fiding, :

. ol When OHEF = | then scope set )
25. Attribute Hiding Factor (AHF) [1,7] When OHEF approaches to 0 th

i 5 "

AHF is information hiding metric that measures the S e et oo N
attribute encapsulation. It count average amount of : idi
attribute hiding among all classes in the system. It is a 27 Attribute E..—Ew HR
system level metric. In computation of AHF inheriteq  (AHEF) [7] 2
attributes are not included. n
, AHEF measures how good is the

attributes. It is calculated as

AHEF = number of classes
number of classes that can acce
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Resource File
plan of Execution

BACK-END

Figure I: Fundamental Structure of ERP

i i __mu”

This structure indicates many important _m.énw E“: i
ERP should always start from nﬁw.ovwww_
5 objectives should drive .

oy defined methods of

ERP should have well ! )
desegregation of vision and strategic plans into

more specific tactical plans and detailed execution
plans.

ERP should support execution of plans and have 2
strong feedback mechanism.

BPR and EERP

"BPR is the fundamental rethinking and radical
redesign of processes to achieve dramatic improvement
in critical. contemporary measures of performance such
as cost, quality, service and speed.”

BPR focuses more on the transformation aspect of
the business processes using innovative business
concepts, ERP focuses on the automation aspect of the
business processes using ICT to achieve the same
objective. As per one of the experts in the corporate world,
the following benefits may be listed towards customer's
major five expectations.

Table I: Capability of BPR and ERP Towards Customer

2

od of as Materials Re q
e 7 nable m.n.oq.w. sup
materials and semi finished prod
anufacturing process, batch or
vears Manufacturing Resource
m.o:_. Now the concept has e
manufacturing activities t0o, lik
finance and human resources:
Enterprise Resource Plannin

a tool to €

tile,
L

Now, anew term Extended ERP
Group which enables 85@»53
and planning in terms of an inf
external value network model.

to improve three areas:

] Cost

° Speed

e  Quality

which can ultimately provid
advantage. )

4. ERP Experimentati

ERP solutions include many
management modules, supp!

data management, electronic dz
change management, multi-cur
plants facilities, which is allo
transformed business pro

The principal difference b
been outlined along with the li
to each of the two. Expectati
have also been explored.
productivity and quality tk
have also been thrashed out.
realities have also been di
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TOUR OF NEURAL NETWORK WITH
ITS UNIQUE PARAMETERS & APPLICATIONS

Ms Priti Puri, Maitrei Kohli
Lingaya's Institute of Management & Technology

Abstract

With the ever-increasing demand of hi-tech systems
that are capable of performing otherwise extremely
exhaustive tasks involving computations of high
complexity, the popularity of Artificial Neural Networks
is growing ten folds per day because of its ability to
emulate human beings & perform such tedious tasks with
utmost ease & efficiency. In this paper we study the basics
of neural networks & then venture into its wide
application domain that touches all spheres of life. We
present an overview of the various ANN applications
with examples. From the aforementioned study we've
concluded that the input parameters & the corresponding
weights chosen plat the most important role in designing
any ANN application, they're the key players in the game.
We present here the ANN introduction, its applications
along with their key points & conclusions.

(I) INTRODUCTION

For many centuries, one of the goals of human kind has
been to develop machines. We envisioned these machines
as performing all cumbersome & tedious tasks so that we
might enjoy a more fruitful life. Artificial neural networks
are present day examples of such machines that have a
great potential to further improve the quality of our life.

Aneural networks ability to perform computation is based
on hope that we can reproduce some of the flexibility and
power of human brain by artificial means. Basically a neural
network is machine that is designed to model the way in
‘which the brain performs a particular task or function of
interest. The network is usually implemented by using
electronic components or is simulated in software on a
digital computer.

‘We may also define neural network as " a massively parallel
distributed processor made up of simple processing units
called neurons which have a natural propensity to store
experiential knowledge & making it available for use. It
resembles brain in 2 respects:

Yelume 2. No. 4

Figure 1- model of a neuron

1) Knowledge is acquired by network from its
environment through a learning process, called
learning algorithm.

2) Inter neuron connection strengths, called synaptic
weights, are used to store the acquired knowledge.

Now a neuron is an information-processing unit that is
fundamental to the operation of a neural network. The
figure below shows the model of the neuron, which forms
the basis for designing artificial neural networks.

xugggmgﬁogssﬁugﬁo_gga
of the neuronal model:

1) Asetof SYNAPSES or CONNECTING LINKS, each
of which is characterized by a weight of its own.

2) An ADDER for summing the input signals,
weighted by respective synapses of the neuron.

3)  An ACTIVATION FUNCTION for limiting the
amplitude of the output of a neuron.

The model also contains an externally applied BIAS, which

has the net effect of increasing or lowering the net input
of the activation function.

The property of neural network that is of primary
significance is the ability of network to learn from its
environment, & to improve its performance through

15

.

G Scanned with OKEN Scanner



arnine. A neural network leams about its environment
-.ocm::wn interactive process of adjustments uvn:aa fo
s synaptic weights & bias level. After completing the
arning process successfully the network is ready to be

eployed for independent functioning.

) the foregoing paragraphs we discussed briefly the
E,oa_._n:o%om neural networks. Due to the fact that neural
etworks offer numerous distinguished advantages &
enefits it is being currently used in all vistas of life. It has
£t no sphere of life untouched, thus we shall now proceed
y discuss some of the most common applications of the
eural networks. For details refer [1].

[1) Neural Network Applications

leural Networks can be applied to a wide variety of
roblems. It touches almost every sphere of life. The
pplications have been divided into some broad application
omains. These are discussed below:

AEDICAL APPLICATIONS :-

) Locate common characteristics in large amounts
of data.:

ocating common characteristics in large amounts of data
atype of classification problem. Neural networks can be
sed to solve classification problems, typically through
fulti-Layer Perceptron (MLP) and Support Vector
fachines (SVM) type networks. Examples of classification
pplications in medicine include dividing research
opulations or data into groups for further study. For
cample, data from studies of body movement could be
assified into different patterns to aid with physical
erapy.

n example: Classification of Hand Movements:
ey points: EEGs of 6 normal subjects were recorded during
quences of periodic left or right hand movement. Left or
ght was indicated by a visual cue. The question posed
as: 'Is it possible to move a cursor on a monitor to the
ght or left side using the EEG signals for cursor control?'
or this purpose the EEG during performance of hand
ovement was analyzed and classified on-line. A neural
etwork in form of a learning vector quantizertion (LVQ)
ith an input dimension of 16 was trained to classify EEG
atterns from two electrodes and two time windows.

.‘ clusion: After two training sessions on 2 different
5, 4 subjects showed a classification accuracy of 89-

100%. For two subjects classification was not .vomm?—o.
These results show that in general Bo<n3mm= specific EEG-
patterns can be found, classified in real time and used to
move a cursor on a monitor to the left or right.

Conclusion: On-line EEG n_mummmﬁn.on W:ongirn-
the EEG is used as input signal toa brain 8395* interface
(BCI). Such a BCI can be help for handicapped people.

2) Better-forecast results based on existing data.

Forecasting results based on existing data is a type of
function approximation problem. Neural networks can be i
used to solve function approximation problems, typically
through Multi-Layer Perceptron (MLP), Radial Basis
Function (RBF) and CANFIS (Co-Active Neuro-Fuzzy
Inference System) type networks. Examples of fun
approximation applications in medicine include
prediction of patient recovery and automated changes
device settings. For example, data from studies of p
recovery level of patients can provide realistic esf
to patients while helping facilities cut costs by b

allocating resources.

An example: Functional recovery of stroke su i
Objective is to predict the place of discharge or di
Functional Independence Measure (FIM) score ft
survivors with moderate disability using neural ne
modeling.
Key points: One hundred forty-seven consecutive
survivors admitted for rehabilitation with admissio
scores between 37 and 96 were used as the trai
internal test set. Seventeen other randomly selected stre
survivors were used as the external test set. A |
network model was developed using a small set of
variables and the admission FIM score. A wo
accurate model was developed to predict the d
FIM score. k
Conclusion: The model was able to predict the 17 exte
test cases with an accuracy = 88%, sensitivity = 8
specificity = 91%, positive predictive value = 8

negative predictive value = 91%. Neural netwo
is useful in the prediction of functional recovery

in discharge planning and allocation of
resources.

3) Predict the progression of medical dz
e L
Predicting the progression of
type of time-series i

can be used to solve time-series problems, typically
through Time-Lagged Recurrent (TLRNN) type network.
Examples of time-series predictions in medicine include
the prediction of cell growth and disease dispersion. For
example, data from studies of muscle stimulation patterns
of arm movements can be used to control mouse
movements On a COmputer screen.

An example: Control of Arm Movements Application: A
new approach to the control of point-to-point, single joint
arm movements by an artificial neural network (ANN)
controller is presented.

Key points: The ANN controller was used to learn and
store the optimal patterns of muscle stimulation for a range
of single joint movements. These stimulation patterns were
obtained from an optimal control strategy that minimizes
muscle activation or muscular effort. Feed forward,
recurrent feedback, and time delay topologies of neural
networks were considered for this application.

Conclusion: A comparison showed that the feedforwarc
network combined with recurrent feedback and input time
delays can most effectively capture the optimal temporal
profiles of muscle stimulation. This neural network
controller further demonstrated remarkable ability to
generalize the learned optimal control to a class of scaled
promising as an open-loop pattern generator for muscle
stimulation signals in movement restoration by functional
electrical stimulation. Refer [2]. :

BUSINESS APPLICATIONS :

1)  Detect common characteristics in large amounts
of data : Detecting common characteristics in large
amounts of business data is a type of classificatios
ggzsiggvogés_ﬁ
classification problems, ty) through Multi-

Key points : With generalized models, the new data sets
were classified at 84.75% on average correctly. An
approach for searching and pre-selecting WWW offers
to be considered for the Internet Database (IDB) was
presented. First aim was to classify WWW offers into
categories "interesting” and "not interesting”. For this

networks performed quite well. The winner, an MLP with 3
hidden layers and 50 PE's per hidden layer, exhibited
reasonable generalization capability as well. When exposed
to new data sets it classified 84.75 % on average correctly.

gnfasglﬂogga
intend to use larger data sets to train the network.

2) Determine relationship between business factors to
forecast effects of changes

Forecasting the relationship between multiple factors in
business data is a type of function approximation problem.
Zoaﬂ.. networks can be used to solve function
approximation problems, typically through Multi-Layer
Perceptron (MLP), Radial Basis Function (RBF) and
CANFIS (Co-Active Neuro-Fuzzy Inference System) type
networks. Examples of function approximation in business
include predicting changes to prices and costs. For
example, data from studies can potentially help predict
bankruptcy predictions for credit risk or sales forecast.

An example: Bankruptcy Prediction for Credit Risk: This
sample study highlights important and widely studied topic
since it can have a significant impact on bank lending
decisions and profitability.

Key points: Inspired by one of the traditional credit risk

models, the neural network approach provides a significant
G 0 ;

(from 81.46% 0 85.5% for a three-year-ahead- forecast).

H%& orporate bankruptcies is an important
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accuracy (from 81.46% to 85.5% for a three-year-&
forecast)

3) Forecast trends based on previous data

Forecasting the relationship between mu
business data is a type of time-series predict
Neural networks can be used to solve time-series pro-
typically through Time-Lagged w%::n.a.qﬁ W/,/‘J,?wn,
network. Examples of time-series predictions in business
include forecasting revenue and expense cost. For example,
data from business studies can predict labor, cost, material,
utilities, or other cost over time.

on problem.
problems,

An example: Predicting Expense Cost: This study is :.n,n.a
to predict the total contingency cost allowance for
variations on a construction project is described. By
determining cost factors for engineering and business
decisions you could provide better estimations towards
the manufacturing process.

GENERAL SCIENCE :
1) Identify characteristics in images or video feeds

Identifying characters in images or video feeds in general
science is a type of image processing problem. Neural
networks can be used to solve image-processing
problems, typically through Principal Component Analysis
(PCA) type network. Examples of image processing in
general science include identifying agents in images. For
example, image data from general science studies can model
the detection of lethal agents using Terahertz images.

An example: Detecting Lethal Agents from Images: Using
NeuroSolutions, the study used non-invasive means to
detect and characterize lethal agents using spatial imaging
of their characteristic transmission or reflection
wavelength spectrum in the Terahertz (THz) electro-
magnetic range.

Key points: The application was put to use in two forms
in this study: Lethal Agent detection in an Envelope and
Suicide Bomber. A non-invasive means to detect and
characterize concealed lethal agents employs spatial
imaging of their characteristic transmission or reflection
wavelength spectrum in the Terahertz (THz) electro-
. ‘m.‘..ngwn.goiggiﬁzzvgwﬁm
._.Ea.n._.mng gﬂ§§50m£§~
detection at reduced false alarm rates. Both multilayer

erceptron and radial basis function NN architectures are

sed to analyze these spectral images. Positive
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Ns generally yielding superio!

2) Group scientific data based on key ch: ar
srouping of general science mFS b
wsw_.“nmﬂ tics is a type of o_sman_bm pro!
networks can be used to wo_,.\n.o :wM ,
typically through mm_m.o_.m.ws_.n___m aj
network. Examples of clustering In genera
the detection of key characteristics in rol
and forestry separation. For example, d
concerning machine learning can co appli
improve their operational capabilities.

An example: Neural Networks in Zo.cm—m
This study deals with a path planning

control of a autonomous robot which sho
in partially structured environment.

Key points: The study is based on two n
Determine "free" space using ultrasound
and 2) "Finds" a safe direction for the ne;
of the path in the workspace while avoid
obstacle. It deals with a path planning
control of an autonomous robot, which sho
in partially structured environment. This en
involve any number of obstacles of arb;
size; some of them are allowed to move.
technique can be implemented for safe
experimental mobile vehicle in indoor col

Conclusion: This algorithm can be used not

robot motion in known environment but fo
as well. This technique will be suitable a

of mobile devices in complex environment
mobile obstacles. i

3) Predict the progression of scientific

Forecasting the relationship between mu
general science data is a type of time:
problem. Neural networks can be used t
problems, typically through Time-
md(wzzv type network. Examples of i

In general science include forecasting
For example, data from general science

the river flow to provide real-time
downstream.

An example : Real-time River Flood
Neural Networks (ANNs) are being

ally made, with
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Learning Driving Patterns to Support

An example: .
gsource of

Navigatjon: Experience is a significant
knowledge for any human activity. Knnwlcd.gc. :\hm‘n past
failures may help to avoid similar failures in lh{c .hnu‘rc,
while repeating or even improving succusw\.l)rlvmg. isa
complex and dy namic activity, and the extensive previous
experience provides great help when some important
decision has to be made quickly.

Key pcints : Driving patterns are sequences of events in
the traffic system repeating over time. We developed a
framework of the driving warning system based on the
Jearned driving patterns. The learning part of the proposed
system builds and maintains the model of the traffic system.
_ The system also predicts the most likely future events.

he predicted event is compared with the actual event
.d iffwhen driver's behavior becomes significantly

rent from "usual”, appropriate warnings may be
od. We developed a hardware system for data
n from navigation sensors. We used off-the-
and a standard software development
create an inexpensive but reliable platform
ents. We tested prediction capabilities of

v

erceptrons, recurrent and time-delay neural

ision : This system was able to successfully predict
| events for previously used routes and to detect
‘when an unexpected event has been experienced. An
~ 2 interesting avenue for further research would be to
B integrate short-term and long-term predictions into a
composite system. Such a system may use generated long-

 term predictions to create a context in which short-term
redictions would be made. This may improve the quality

e short-term predictions, and provide a basis for
nce estimation required for warning generation.
hod may ensure the short response time with a
diction performance and a reliable warning

mon characteristics between available

1 characteristics in large amounts of
1 type of classification problem. Neural
solve classification problems,
er Perceptron (MLP) and

J:i’

For example, data can be extracted from databases to
determine whether a stock is on the verge of a breakout.

An example Classifying level of return on stock market
index: This sample study highlights the usage of neural
networks in classifying the "level of return” on a stock
index. The forecasting performance of a group of
classification models is superior to that of a group of level

estimation models.

Key points : The classification models included in the

study are aimed at forecasting the sign (direction) of index

return whereas the level estimation models take the

conventional approach to estimate the value of the return.

The classification models perform better than their level
estimation counterparts in terms of hit rate (number of
times the predicted direction is correct). More
interestingly, the classification models are able to generate
higher trading profits than the level estimation models.
The classification models included in the study are aimed
at forecasting the sign (direction) of index return whereas
the level estimation models take the conventional
approach to estimate the value of the return.

Conclusion : The classification models perform better
than their level estimation counterparts in terms of hit rate
(number of times the predicted direction is correct). More
interestingly, the classification models are able to generate
higher trading profits than the level estimation models.
This is a clear message for financial forecasters and traders.

2) Forecast effects of changes to portfolio or trading
approach ;

Forecasting the relationship between multiple factors in
financial data is a type of function approximation problem.
Neural networks can be used to solve function
approximation problems, typically through Multi-Layer
Perceptron (MLP), Radial Basis Function (RBF) and
CANFIS (Co-Active Neuro-Fuzzy Inference System) type
networks. Examples of function approximation in financial
include predicting changes to prices and costs. For
example, data from studies can potentially predict the next
day's closing price for stocks, Forex or even futures data.
Detailed study can be done with reference to [3].

An example: Next Day's closing price & Sensitivity
Analysis: This study using "Sensitivity about the Mean"
to determine the key indicators to be used in the neural
network model in Trading Solutions. The study was able
to reduce the number of indicators in the model thus
making it more efficient and more accurate.

Volume 2 No. 4
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Key points: This paper focuses on the data input selection
based on the relative contribution of elected technical
indicators while observing the strength of prediction and
thereafter selecting a final set of inputs. Three different
ANN architectures are compared along with relative
weights of key technical indicators, Both the ability of
each ANN model to predict stock market trends and a
comparison of the contribution of indicators is determined.
It was much easier to determine which of the inputs
contributed most to the required output by performing
the Sensitivity Analysis on all the inputs. In this case, the
smaller model was the most efficient and the most accurate.

Conclusion: It was observed that the neural network model
built with the best contributing indicators performed well,
but more research is required to compare it to other NN
architecture variations and other time series forecasting
models. One of the future endeavors could also be to
implement other inputs like seasonality and effect of

political uncertainty to get a more realistic snapshot of the
market behavior,

3) Predict prices or best trading actions based on previous
performance

Forecasting the relationship between multiple factors in
financial data is a type of time-series prediction problem.
Neural networks can be used to solve time-series problems,
typically through Time-Lagged Recurrent (TLRNN) type
network. Examples of time-series predictions in finance
include forecasting revenue and expense cost. For example,
data from financial studies can forecast the Forex (currency)
markets with a higher return.

An example: Forecasting the Forex Market: This sample
study highlights that a neural network model is applicable
to the prediction of foreign exchange rates. The neural
network model in this study outperformed all other models
by having the highest Annualized Return of 29.68% in

Volume 2 No. 4

comparison to the other models averaging 15.65%. In
addition, the neural network model had the highest percent
of winning trades with 57.24% and the other models having
an average of 47.75%.

Conclusion: In this paper we've discussed the various

application areas of ANN keeping in mind their key points

and limitations & conclusions. We noticed that though

many areas of ANN applications are common but they all

have one differentiating parameter - inputs given. The
inputs & their weights assigned are responsible for
widening the scope of ANN & thus making them applicable
in any area of general day-to-day life. But the selection of
both these parameters is the most challenging task for the
parameters needs to be representative of entire problem
domain. They should be unique for each problem, reliable,
& most important should be able to generate output ie
their numerical conversion must be possible.
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Abstract
Bluetooth use low power and generally do not
uire a license for spectrum use. Bluetooth systems are
narily intended to provide its users with access to
* sensitive personal data. The communication me-
being free airspace, possibility of interference and
pping are quite high. Security thus attains core
e for all Bluetooth systems. Today's wireless
means that data is being sent invisibly from device
person to person. Bluetooth wireless tech-
inception put an emphasis on secu-
ns among devices. There has
formation surrounding
technology.
study various security
1 able to find the
fidential data. The
used in Bluetooth

h is a wireless LAN technology designed to con-
; aeyices of different functions such as telephones,
otebooks, computers (desktop and laptop), cameras,
~ printers, coffee makers, and so on. A Bluetooth LAN is an
ad hoc network, which means that the network called
piconet. A Bluetooth LAN can even be connected to the
nternet if one of the gadgets has this capability. A
oth LAN by nature cannot be large. If there are

that try to connect, there is chaos.

y has several applications. Periph-
communicate with the com-

3. Deptt of ECE, SBMN Engg College, Asthal Bohar, Rohtak

Security features in Bluetooth :

Security begins when a user decides how 2 Bluetooth
device will implement it's connect ability and
discoverability options. The different combinations of
connect ability and discoverability capabilities can be di-
vided into three security levels.

Security within Bluetooth has three major areas namely:
authentication, authorization and encryption.

Authentication is used for proving the identity of one
piconet member to another. The results of authentication
are used for determining the client's authorization level.
Encryption is used for encoding the information being
exchanged between Bluetooth devices. Usually a PIN is
provided for providing trust between two devices.

An initialization key is generated when Bluetooth devices
meet for the first time and is used for securing the genera-
tion of other more secure 256-bit keys which are gener-
ated during next phases of the security chain of events.
We can also add unique word in the initialization phass
for unique identity of the devices. An initialization key is
derived from an unencrypted 128-bit random number
IN_RAND, an L-byte PIN code and 2 Bluetooth device
address. A combination key is always dependent on two
devices and therefore derived from information of both
devices. It is used in the next phase for challenge response
authentication in which a claimant's knowledge of a secret
link key is checked. During each authentication a new 128
bit unencrypted random number is exchanged. The claim-
ant returns a 32-bit result (SRES, signed response) to the
verifier. The verifier also calculates the same SRES value
and compares it to the received SRES.if the SRES value
match, the authentication is completed successfully. The
SRES value can be continuously varied in case informa-
tion is more critical for providing higher level of security.
Usually this type of variation demands extra bandwidth
and adds time delays on the cost of high level of security.
Bluetooth security can be enhanced by using some stand-
ard third party certificate based encryption methods at
software level as extra security in addition to Bluetooth

Volume 2 No. 4

(3 Scanned with OKEN Scanner

Ly [T




built in security. Devices may use digital signatures to
4dd extra level of authorization security.,

Bluetooth security

luctooth S1G claims that Bluetooth offers better security
(han its competitors such as IrDA, WLAN etc. security
features like authentication and encryption are built into
(he protocol stack. This enables a negotiation as to the
level of security to be used before actual data packets are
ransmitted, Apart from security offered by protocol stack,
applications are further free to decide and implement upon

(heir own security requirements independently and
(hereby enhance security.

I'he Bluetooth's Generic Access Protocol (GAP) has de-

fined the following three different security modes for a
Bluetooth device:

Mode 1- Non secure
Mode 2- Service level enforced security
Mode 3- Link level enforced security

In security mode 1 a Bluetooth enabled device does not

initiate any security procedures. This mode is used in
devices with no critical applications.

In security mode 2, the channel has to be established at
I.2CAP level, otherwise the device will not be able to initi-
ate any security procedures. This mode is suitable for

running applications that require different security require-
ments in parallel.

Mode 3 requires device to initiate security procedures
before link set up at the link Manager Protocol (LMP)
level. This mode of security enforces a common security
level for all applications.

Device Trust Level

Devices could also be classified into the following two
nodes, based on their behavior:

: Trusted Mode
S Untrusted Mode

A device operating in a trusted mode has a clearly defined
relationship. It goes through a set of strict procedures of
authentication, upon completion of which, it is provided
with unrestricted access to all the services.

A device operating in an untrusted mode has access to

Volume 2 No. 4

'Only a limited number of services, and there i no need for

such a device to go through strict security procedures, A
device in untusted mode may have a relationship with its
respective connections only, however it is not reliable,

Key Management

Varieties of keys are used in the Bluetooth system to en-
sure transmission security. Important among these are
the link key and encryption key. Link key is used in gener-
ating an encryption key and also in authentication proc-
ess. Encryption key is used to encrypt the data packets to
be transmitted. The same encryption key is used to de-
crypt it at the receiving end.

Link Key

The link key, a 128-bit random number, is used in authen-
tication process and in deriving encryption key.

A link key could be used as temporary key or as a semi
permanent key. Such usage defines its life span. A tempo-
rary link key is specific to only one session while the semi
permanent link could be used for more then one session,
i.e. they can be reused. Also temporary keys are usually
applied for point to multipoint connections in a scenario
where a master is broadcasting the same information to
several slaves.

Master Key (K master)

Master key is a temporary key used if the master device
needs to transmit several slave devices simultaneously. If
use of master key is decided, link key for the respective
connection is overridden. Master key is generated using
key generating algorithm E22 with two 128-bit random
numbers. As with all other link keys, output of E22 algo-
rithm too is 128 bits. The reason for using key-generating
algorithm in the first place is just to make sure that the
resulting random number is random enough. A third ran-
dom number is then transmitted to slave. With the key
generating algorithm and current link key, both master
and slave cooperatively compute on overlay. The new
link key (master key) is then sent to slave, bitwise XORed
with overlay. With this, the slave can calculate master
key. This procedure must be performed with each slave
the master wants to use master key.

Initialization Key (Kinit)

Initialization key is a result of pairing. This key is used in
the initialization process to protect the initialization pa-
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rameters during transmission. Initialization key is needed

when two devices with no prior engagements and secu-
rity negotiations need to communicate. During initializa-
tion process, the PIN code is entered on both devices.
The initialization key itselfis generated by E22 algorithm,
which uses the PIN code, Bluetooth device address of the
claimant device and a 128-bit random number generated
by the verifier device as inputs. The resulting 128-bit ini-
tialization key is used for key exchange during generation
of a link key. After the link key is exchanged, initialization

key is discarded.

Unit Key (Ka)

ey -d using key generating algorithm E21
device is in operation for the first time.
d, it will be stored in the non-volatile
e and is rarely changed. Unit key
< key between two devices. During
ss, application decides which party
unit key as the link key. If one of the
ricted memory capabilities (i.e. cannot re-
extra keys), it uses unit key as link key.

uation key (Kab)

This key is generated from a pair of Bluetooth devices for
which a link has to be setup. This is useful when a higher
security level is required. Combination key is generated
ring initialization process if the devices have decided

s one. However use of combination key requires more
I rce than unit key. Both devices generate it
. First, both the units generate a random
he key generating algorithm E21, both de-
ining the random number and
esses. After that, the devices

om numbers and calculate

y is generated from the current link key, a
offset number (COF) and a 128-bit ran-
COF is based on the Authenticated
ACO), which is generated during the
s. When the link manager (LM) acti-
ion key is generated. It is

used in Bluetooth devices can vary between 1 and 16
octets. This is how it works.

The regular 4-digit code is sufficient for most applica-
tions, but higher security applications may need longer
codes. This number could be fixed one or selected by the
user. User can change if he wishes to and this adds more
security to the system. PIN code could be entered into
one device, but it is safer to enter it in both units.

Bluetooth Protocol Stack

Following the lines of popular OSI reference model, the
architecture of Bluetooth device has been segmented into
different protocols, the collection of which is termed as
protocol stack. Based on the functionality of the protocols,
they have been classified into the following:

i Bluetooth Core Protocols- the Base band ,LMP
7 Telephony Control Protocol-TCS Binary

¥ Cable Replacement Protocol-RFCOMM

" Adopted Protocol-PPP,UDP/TCP/IP

Implementation of Protocols in Bluetooth

Link ManagerProtocol (LMP)

LMP messages are used for link setup, link configuration,
link control and security mechanisms like authentication,
encryption and other procedures. It discovers remote LMs
and communicates with them via Link Manager Protocol
(LMP). To provide this service, LM uses services of the
underlying Link Controller (LC).

Logical Link Control Adaptation Protocol

The Bluetooth logical link control and adaptation proto-
col (L2CAP), is situated above base band layer and be-
side link manager protocol in the Bluetooth protocol
stack. L2CAP provides connection oriented and
connectionless data services to upper layers. it is applica-
ble only to ACL links as SCO links run directly through
base band. L2CAP performs Multiplexing, Segmentation,
reassembly and groupings.

Service Discovery Protocol

Service Discovery Protocol (SDP) defines how a Bluetooth
client's application shall discover available Bluetooth serv-
er's services and their characteristics. The protocol de-
fines how a client can search for a service, based on spe-
cific attributes without client knowing anything of the

time the Bluetooth device

1
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SIX SIGMA - A QUALITY PRODUCT
DEVELOPMENT SYSTEM

Arvind Kumar’', Anish kumar?, Naveen Malik?
1. Deptt. of Mechanical Engg. Haryana College of 7:echnology & Management Kaithal
2. Deptt. of Mechanical Engg. M.M.Engg. College, Mullana Ambala
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ABSTRACT

p In today's fast paced global economy, time to

market constraints are demanding that companies
- produce their products more quickly and with higher
quality. Developers need to create innovative products
in less time; even through the product may be very
complex. Organizations worldwide are under continuing
pressures to control costs, maintain high levels of safety
and quality, and meet customer's expectations. A six-
sigma approach can directly affect the needs, if it is
conducted wisely. Organizations need to give smarter
six sigma solutions assessments that are linked to bottom
line benefits. Six- sigma is a powerful breakthrough
improvement business strategy that enables companies
10 use simple and powerful statistical methods to define,
measure, analyze, improve and control processes for
achieving and sustaining operational excellence. This
paper will show how the goals for six sigma can be
. achieved and surpassed through the complimentary
sage of six sigma.

EY WORDS : SIX SIGMA, DMAIC, DPMO, MBB,

on the product development, manufacturing and
¢ organization to become more productive and
~ efficient. The marching trend of the new economic order
has generated a new capsule of six sigma is a unified
- approach to process excellence. The roots of six- sigma as

- measurement standard can be traced back to Carl Frederick
1777-1885) who introduced the concept of the
ve. Six sigma as a measurement standard in
tion can be traced back to the 1920's when
rt showed that three sigma from the mean
¢ a process requires correction [1]. Six
developed by Motorola in the 1980's
plemented by a number of world

class organization such as GE, Honeywell, ABB, Sony,
Ford, etc. with the purpose of reducing variability in
processes, reducing quality costs, improving process
capability and enhancing process throughput yield [2].
Six sigma born when Motorola published its six sigma
quality program in 1987.in the early end mid 1980's with
chairman Bob Galvin at the helm, Motorola engineers
decided that the traditional quality levels measuring
defects in thousands of opportunities didn't provide
enough granularity. Instead, they wanted to measure the
defects per million opportunities. Motorola developed this
new standard and created the methodology and needed
cultural change associated with it. Six sigma helped
Motorola realize powerful bottom line results in their
organization-in fact; they documented more than $16 billion
in savings as a result of our six-sigma efforts [3]. Mike
J.Harry developed six-sigma the program gained publicity
when Motorola won the Malcolm Baldrige quality prize

13].
CONCEPT OF SIX-SIGMA

Sigma () is character of the Greek alphabet, which is used,
in mathematical statistics to define standard deviation.
The standard deviation indicates how tightly all the
various examples are clustered around the mean in a set of
data. Six-sigma is a business method for improving defects
and their causes in business process activities. It
concentrates on those outputs, which are important to
customers. The method uses various statistical tools to
measure business processes. In technical terms, six sigma
means that there are 3.4 Defects per million events or
opportunities (DMPO). The main goal is continuous
quality improvement.

SIX SIGMA PRINCIPLES

For effective introduction, development and
implementation of six sigma program in any organization,
one should consider the following key ingredients which
will drive the application of six sigma principles successful.
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Six Sigma
business
al results.
zation's

knowledge at all levels of the organization.
projects are conducted to improve
performance linked to measurable financi .
This requires knowledge of the organi

constraints. -
6. Six Sigma projects are conducted by individual

employees and teams led by Green Belts and
assisted by Black Belts.

SIX SIGMA APPROACH

_ The six-sigma approach for projects is 'DMAIC' (Define,

- Measure, Analyze, Improve and Control). These steps are
he most common six-sigma approach to project work. The
ents of the DMAIC cycle are explained below.

efine Phase
phase involves

are the customers and what are their needs
Xpectations?
rstand the customer CTQ (critical to quality)
transform them into project CTQ'S.
K Develop a project team charter (who is doing what,
- determine project goals, what are the key
deliverables, benefits of going the project, costs
~ issues etc.)
Gather data from customers to understand what
exactly they want from us (customer surveys,
benchmarking data, quality function deployment,
etc.)
X  What is the process? Use tool such as high-level
process mapping to map out core processes.

»
B i d

b)  Measure phase
This phase involves

%  How is the process measured and how is it

- performing?
%  Decide what to measure and how do we measure

urrent performance of the process

1d, DPMO, capability, etc.)

capable measurement system?

variability contributed by the
- the total variation?

iple statistical tools

such as histogram, scatter plgt, etc.) ; 3
* Use of simple tools regression analysis, contro]
charts, etc. to analyze the data. " 3
%  Select the ' vital few' causes from the trivial many

for improvement phase. 4

Improve phase
This phase involves

S

How can the causes of defects or failures removed?
Identify the key variables, which causes probler
Document solution statements.
Test solutions and measure results.

¥* H K X

Control phase

This phase involves . v
How can the improvements be maintained or

=

sustained?
Document the new methods.
Select and establish standard measures to mo

performance.

* ¥ X

Figure 2- DMAIC Cycle

o =

T
DMAIC .

<9
R

ORGANISATIONAL INFRASTRUCTUR

1
In addition to top management support, there also n
to be an effective organization infrastructure to suf
fhe §ix-sigrna undertaking. Teams do a great deal of
in six sigma. The various roles played and positions
by the team members are explained under the belt sys

CHAMPIONS AND SPONSORS

i
Six Sigma champions are high-level individuals
understand Six Sigma and are committed to its succ
la.rger organizations Six Sigma will be led by a full
high-level champion, such as an Executive Vice-Pre
In all organizations, champions also include in

Volume 2
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leaders who use Six Sigma in their day to-day work and
communicate the Six Sigma message at every opportunity,
Sponsors are owners of processes and systems that help
initiate and coordinate Six Sigma improvement activities
in their areas of responsibilities.

MASTER BLACK BELT

I'his is the highest level of technical and organizational
proficiency. Master Black Belts provide technical
leadership of the Six Sigma program. Thus, they must
know everything the Black Belts know, as well as
understand the mathematical theory on which the statistical
methods are based. Master Black Belts must be able to
assist Black Belts in applying the methods correctly in
unusual situations. Whenever possible, only Master Black
Belts should conduct statistical training. For example,
Black Belts may be asked to provide assistance to the
Master during class discussions and exercises.

BLACK BELT

Candidates for Black Belt status are technically oriented
individuals held in high regard by their peers. They should
be actively involved in the process of organizational
change and development. Candidates may come from a
wide range of disciplines and need not be formally trained
statisticians or engineers. However, because they are
expected to master a wide variety of technical tools in a
relatively short period of time, Black Belt candidates will
probably possess a background including college-level
mathematics and the basic tool of quantitative analysis.
Coursework in statistical methods may be considered a
strong plus or even a prerequisite. As part of their training,
Black Belts receive 160 hours of classroom instruction,
plus one-on-one project coaching from Master Black Belts

or consultants.

GREEN BELT

Green Belts are Six Sigma project leaders capable of forming
and facilitating Six Sigma teams and managing Six Sigma
projects from concept to completion. Green Belt training
consists of five days of classroom training and is
conducted in conjunction with Six Sigma projects. Training
covers project management, quality management tools,
quality control tools, problem solving, and descriptive
data analysis. Six Sigma champions should attend Green
Belt training, Usually, Six Sigma Black Belts help Green
Belts define their projects prior to the training, attend
training with their Green Belts, and assist them with their
Projects after the training.

Volume 2 No. 4

SLIDING SCALES FOR SIX SIGMA
TABLE -1

Sigma Performance Levels one to Six-Sigma

SIGMA | YIELD | pPMO
lo | 31.0% |690,000
20 69.2% | 308,000
3o 933% | 66,800
46 99.4% | 6,210
50 99.97% 230
6c |99.99966% | 3.4

As the Sigma scale describes defects in parts per
million, the desire to achieve six sigma either side of the
nominal target inside the specification relates to very tight
production characteristics or equivalently a very low
incidence of cares outside the specification 'defect’. In
fact, under the consumption of normality, a product or
process operating at six sigma quality would have a
99.999998% yield, or defects at 0.002 parts per million (
two parts per million). At more typical three-sigma quality
level, the yield will be 99.73% or 2700 defects per million
opportunities (DPMO) for most of their processes and a
four or five sigma level in some of the mission- critical
process. Consumptions of sigma level, yields and the
corresponding defect rates are shown in Table 1.

The higher the number of sigma's, the more
consistent the process of delivering a good product or
services to the customers. A six-sigma level of performance
means that we can fit in six standard deviation or sigmas
between the process center and the nearest specification
limit.

LINKING SIX SIGMA TO CUSTOMERS

Six-Sigma should begin and end with the customers.
Projects should begin with determination of customer
requirements. The process of linking six sigma to the
customers can be divided in two main steps:

a. Identifying the core processes, defining the key
outputs, and defining the key customers that they
serve.

b. Defining the customers' requirements.

29
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LINKING SIX SIGMA TO HUMAN

RESOURCES

Human resources based action need to be put into effect
to promote desired behavior and results. Some studies
show that above 60% of the top performing companics
practicing six sigma link their rewards to their business
strategies. At GE, for instance for any manager to be
considered for promotion, they have to be six sigma trained,
| ikewise, up to 40% of top management bonuses are tied

to their specific six sigma success.
INKI NG SIXSIGMA TO SUPPLIERS

implement six- sigma find it
ication of six sigma principles
supply chain. For successful
1d seamless chain of supply
s alignment of the business
le foals of six sigma.
 have many suppliers in
:’hﬂ ﬂ'eﬂdnow is to
in-win relationships with
vement in their product

er to the customer.

s. It has system for

revolutionary ap
improvement throug
methods, This paper

e

proach to product and proc“i

h the effective use of statistical
illustrates the key ingredients one

should considered before a six-sigma program is initiated

in their organizati

on., All these ingredients are en entail for

the successful application of six sigma principles to any
business process, If any of these ingredients were missing

during t
program,
successful imp

he introduction and development of six-sigma
it would be then the difference between

lementation and a waste of resources,

energy money and time.
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SYSTEM-ON-CLIP
OPPORTUNITIES AND CHALLENGES
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Abstract

As integrated circuits have become more and more
complex, the ability to make post-fabrication changes
will become more and more attractive. This ability can
be realized using programmable logic cores. Currently,
such cores are available from vendors in the form of a
"hard" layout. An alternative approach is to use a "soft”,
or synthesizable programmable logic core that can be
synthesized using standard library cells. One such
emerging technique is the System-on-a-Chip (SoC)
design methodology. In this methodology, pre-designed
and pre-verified blocks, often called cores or intellectual
property (IP.), are obtained from internal sources or third-
parties, and combined onto a single chip. These cores
may include embedded Processors, menéory blocks, or
circuits that handle specific processing functions. The
increasing demand to provide more and more
functionality in faster embedded devices requires bus
protocols to implement complex methods for component
interaction, in order to deal with high-level constraints
commonly found in most SoC systems. This paper outlines
ways in which programmable logic cores can simplify
SoC design, and describes some of the challenges like
thermal management issues and energy and power

consumption reduction technologies.

Introduction

The drivers for the technology improvements are the
applications that are very heterogeneous in nature. They
range from high-performance multicomputer clusters to
portable appliances for wireless communication and
embedded applications. The applications complexity will
further increase which sets ever-increasing demands on
the systems on which they are executed :

' Video and audio applications in personal portable
communication devices

Entertainment applications in game, music, and
video players

Volume 2 No. 4

Computer networking applications with high data
rate requirements

Television production and broadcasting
applications to process (e.q. compress, encrypt,

decrypt, and decompress) high-definition video in
real-time.

In order to fulfill the requirements for performance, size,
energy consumption, and reliability, the complete system
must be more often implemented in a single chip, also
called System-on-Chip (SoC).Leading-edge systems-on-
chip (SoC) being designed today could reach 20 Million
gates and 0.5 to 1 GHz operating frequency. In order to
implement such systems, designers are increasingly relying
onreuse of intellectual property (IP) blocks. Since IP blocks
are pre-designed and pre-verified, the designer can
concentrate on the complete system without having to

worry about the correctness or performance of the
individual components.

Programmable Logic IP Cores in SoC Design

No matter how seamless the SoC design flow is made,
and no matter how careful an SoC designer is, there will
always be some chips that are designed, manufactured,
and then deemed unsuitable. This may be due to design
errors not detected by simulation or it may be due to a
change in requirements. This problem is not unique to
chips designed using the SoC methodology. However,
the SoC methodology provides an elegant solution to the
problem: one or more programmable logic cores can be
incorporated into the SoC. The programmable logic core
is a flexible logic fabric that can be customized to implement
any digital circuit after fabrication. Before fabrication, the
designer embeds a programmable fabric (consisting of
many uncommitted gates and programmable interconnects
between the gates). After the fabrication, the designer

can then program these gates and the connections
between them.

3
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Datapath width is 32

P -
‘?

main() A 32 bits x 2 words = 64 bits
{ p , Datapathwidth1s26
Ap——
M6 vy vt
1
!
9 bits x § words = 45 bits
Conclusion

System On Chip (SoC) describes an evolving paradigm
. for the timely design of integrated circuits (ICs) that
in tens to hundreds of millions of transistors
ementing a large variety of different functions.
ammable logic adds another dimension that
st come to grips with before the full potential
res can be realized. The innovative temperature
ng provides amechanism for system-onchip
to monitor the temperature offset across the

m stability. With proper handling of
nation, the system not only prevents failure but
\ances performance by controlling each
ponent's oparation speed with feedback from
n. With minimum overhead in chip area
! mmes, this design provides intricate
d optimal thermal management on chip, upon
plete dynamic thermal management system
puter designs can be implemented.
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ABSTRACT

In the era "faster, cheaper and better”, companies
wre focusing on improvement the product Development
process. New Business strategies, new organizational
approaches, New Business Process and new enabling
rechnology Approaches that "striving to be the best of
hest" This mistake significantly reduces or eliminates
any potential profit the product may have and greatly
increases the sales development time.

The Benchmarking process gave us objective
information that was used in decision-making processes,
and it removed a lot of the opinion and related emotion
that comes from not having substantiated information.
Identifving and implementing world best practices, the
key things that are done to deliver customer satisfaction.
The importance of follow up strategy can be understood
from the areas creating trouble can be detected.

. Many new insights can be obtained.
. The Benchmarking process can be made more
efficient.

Spread of Benchmarking Culture Quality, speed
and innovation are some of the deciding factors of
competitive advantage. While innovation demands
originally, speed and quality can be achieved by more
efficient and effective use of existing resources.

KEYWORD : Continuous improvement, Customer
satisfaction, Strategy, Collecting data, Evaluating
progress.

INTRODUCTION

There are many benefits of benchmarking. The following
list summarizes the main

benefits:
®  Provides realistic and achievable targets

Prevents companies from being industry led

Volume 2 No. 4

-

@ Challenges operational complacency
@ (Creates an atmosphere conducive to continuous
improvement

Allows employees to visualize the improvement
which can be a strong motivator for change

Creates a sense of urgency for improvement

Helps to identify weak areas and indicates what
needs to be done to improve.

-
-
Objectives of Benchmarking

Following are the main objectives of the benchmarking:

I Achieving competitive strength

2. Understanding customer requirements developing
abilities to meet them
3 Designing , developing and implementing realistic

measure of productivity
Establishment of the ambitious performance goals.

Continuous awareness and exploitation of business
best practice

Pre- Requisites of successful Benchmarking

«* A management keenly aware and committed to
Benchmarking.

#  Willingness to improve and change as per finding
of Benchmarking.

oo

X A realization of fact that the state of competition is
ever changing and disregard of this fact endangers
you survival.

Willingness and honesty in sharing information
with benchmarking partners.

&  Dedicated adherence to the Benchmarking process.

35
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AN ENVIRONMENT FRIENDLY FUEL

’ Thal?
Amit Kumar', Umesh Pehal

1. Deptt. of Mechanical Engineering, S B.MN. I']il;{inr'('r{rlg ( :ul/l';{u ;
2. Depit. of Mechanical Engineering, S.B.M.N.Engineering College

ABSTRACT

As per latest scenario the pollution is increasing everyday
resulting in global warming. The larger part of this is
contributed by our transport system, as they are emitting
harmfull gasses like CO,Nitrozen & Sulpher. So ,this is
the time to change our vehicles to be run on latest
technologies of fuel combustion system like LPG,
hydrozen gas. This paper deals with how we can convert
our vehicle from petrol to LPG System.? How much it is
economical & at what percentage it reduces the amount
of harmful gasses during emission.

INTRODUCTION
How Engine Works On petrol

Petrol or diesel which we are getting from earth having
hydrocarbons. So when we ignite these hydrocarbons in
the presence of air it gives the chemical energy & that
chemical energy is being converted into the mechanical
energy by using piston & cylinder assembly. The type of
engines used in vehicles are of I C Engine i.e internal
combustion engines. It is basically of two types.one is 2-
stroke & other is 4-stroke.

N !

Rohtak, India
Rohtak, India

Two Stroke Engine
Conversion

The process of converting a car to run on propane is fairly
demanding and requires a good knowledge of automotive
systems in general to accomplish.* Several companies
offer kits that include all the needed parts to perform the
conversion. Those without the necessary know-how
should try to find a local mechanic with experience in LP-
gas conversions to get the job done. Although propane is
very safe as an automotive fuel, if the system is not
installed correctly, there can be safety problems.

Photo courtesy WTV-UK
Example dual-fuel conversion system

Volume 2 No. 4
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[he first step is c‘h(msing a tank. Most conversions
Jual-fuel conversions, meaning you won't be repl
vour old fuel system, you'll simply be adding a second
As a result, the propane tank will take up some of the
storage space in your car, usually in the trunk.

are
acing

Photo courtesy WTV-UK
Donut tank (left) and torpedo tank
ranks come in "torpedo” or "donut" form. Torpedo tanks
generally have more capacity, but will take up more space
in your car. Donut tanks are designed to fit in the spare
tire well of your car. They are smaller tanks, and you'll
have to sacrifice your spare tire. In larger vehicles, you
could mount multiple tanks for increased capacity.

Once the tank is bolted in, a fill point must be drilled into
the car's body, usually near the gasoline fill point or at the
back of the trunk. The ideal location is one that requires
minimal piping to connect to the tank. The fuel lines
themselves are copper tubes, which offer a certain amount
of flexibility when the lines are routed. The tank must be
connected to the fill point, and lines also have to run
along the underside of the car up to the engine.

A solenoid valve (LPG valve in the above diagram) must
be installed on the fuel line in between the tank and the
engine. This valve cuts the flow of LP gas when the car is
running on gasoline and when the engine is shut off. It
also has a filter built in that removes any dirt that may be
in the fuel.

The next major component is called a regulator, also
referred to as a vaporizer. This device performs one ofthe
functions that a carburetor handles in a gasoline engine -
- it uses heat from the car's cooling fluids to vaporize the
propane into gas form. Another safety check occurs at
the regulator, as well. It includes an electronic circuit that
cuts the flow of gas if the engine stops or stalls. The
regulator is usually smaller than a regular carburetor, so
finding space for it in the engine compartment shouldn't
be a problem.

The other part of a carburetor's function is handled by a
mixer mounted in the intake manifold. The mixer takes
information from the car's sensors or ECU, and then it

Volume 2 No. 4

controls the - :
trols the amount of gas that flows into the cylinders.

:;L‘t‘cz”‘tj's)\yllst then be wired into the car's electrical
’ ing for a functioning fuel gauge, as well as
proper automatic switching between propane and gasoline
(along with a dashboard-mounted manual switch), There
must be connections to the car's FCUJ 50 that the engine
controller can adjust for different fuel settings. 1

Cars with an electronic injection system will probably need
an electronic emulator, When the car is operating on LP
gas, the fuel injectors will not be sending any information
to the other sensors in the car -- this will light up the
"check engine" light and give incorrect diagnostic
readings. The emulator fakes the proper signals so the
ECU can operate properly.

What Are Diesel Emissions?

Diesel engines convert the chemical energy contained in
the fuel into mechanical power. Diesel fuel is injected under
pressure into the engine cylinder where it mixes with air
and where the combustion occurs. The exhaust gases
which are discharged from the engine contain several
constituents that are harmful to human health and to the
environment. Table 1 lists typical output ranges of the
basic toxic material in diesel fumes. The lower values can
be found in new, clean diesel engines, while the higher
values are characteristic for older equipment.

Table 1. Emissions from Diesel Engine
CO HC DPM NOx SO
vppm vppm g/m’  vppm  vppm
5-1,500 20-400 0.1-0.25 50-2,500 10-150

Carbon monoxide (CO), hydrocarbons (HC), and aldehydes
are generated in the exhaust as the result of incomplete
combustion of fuel. A significant portion of exhaust
hydrocarbons is also derived from the engine lube oil.
When engines operate in enclosed spaces, such as
underground mines, buildings under construction, tunnels
or warehouses, carbon monoxide can accumulate in the
ambient atmosphere and cause headaches, dizziness and
lethargy. Under the same conditions, hy(?rocarbons. and
aldehydes cause eye irritation and cl.mokmg sensations.
Hydrocarbons and aldehydes are major contributors to
the characteristic diesel smell. Hydroc'arbons glso have a
negative environmental effect, being an important

component of smog.

Nitrogen oxides (NOx) are generated from nitrogen and
39
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Also the environmental impact of LPG hydrocarb
emissions (0zone reactivity contributing to sSmog) is muoir:
smaller than that of gasoline. However, hydrocarbc
derivatives are responsible for the characteristic smzll}
which is often a nuisance when LPG engines operate

indoors.

Nitrogen oxides are generated from nitrogen and oxygen
under the high temperature and pressure conditions in
the engine cylinder. NOx consists mostly of nitric oxide
(NO) and some nitrogen dioxide (NO2). Nitrogen dioxide
is a reactive gas, very toxic for humans. Accumulation of
NOx in a warehouse atmosphere may be also detrimental
for the stored goods. For example, only a few ppm of NOx
in the ambient air can change the color of paper stock from
white to yellowish. NOx emissions are also a serious
environmental concern because of their ozone reactivity
and important role in smog formation.

How Clean Are LPG Engines?

LPG was introduced to the market as a "clean-burning"
fuel. Is it still clean today, many years down the road? LPG
definitely had the potential to become a clean fuel. The
reasons for the superior emissions performance were the
following:

%  Reduced emissions of carbon monoxide compared
to gasoline engines (but not as low as in diesel
engines).

% No heavy hydrocarbon emissions. HC which are
emitted, are of short carbon chain and low ozone-
forming reactivity.

Low emission of toxic air contaminants such as

benzene and 1,3-butadiene.

Low cold-start emissions.

Likely better emissions durability than that of

gasoline engines. LPG emissions should not
increase as dramatically with the engine wear and

deposit build-up.

% Zero evaporative and running losses due to the

sealed fuel system.

x* %

For a variety of reasons LPG is not considered the
alternative fuel of the future any more. Its place has been
taken by natural gas competing with diesel and biodiesc?l.
Consequently, there has been little development In
dedicated LPG engine technology. On the other hand,
gasoline engines and their emissions improved
tremendously over the last decade. As a result of that
development, some of the used-to-be advantages of LPG
fuel, especially the low CO emissions, are now less

pronounced.

Volume 2 No. 4

c;:::l:izglr:z c/l\lslslul":n engines are gn.wlim: engine
advamage o-r e lotv,.lhfsly._arc not Cl.lp_lnc!;rcd to take
engine/fuel contool .t;r)ms:smn potc.nlml of l(.l’(i. Their
ihe hagr +dy ys‘L-m 1S not f)plunally gahhr:ncd for
ity emissi(;ns T.;»]a(.rl icing performance, fuel economy,

. ¢ performance and emissions vary

:;t‘ge:g:‘:g;esrizr:]t ir:tgsincs and conversion kils.‘l‘,lc(‘,tr()nic

: are available now which should

p.rowde the lowest emissions and best fuel economy, but

little data exists so far to verify that statement. Many of
the mechanical conversions produce engines not even
rel_‘notetly resembling the ideal, low-emission LPG picture.
It is Wwise to request emission data from the vendor when
buying an LPG vehicle for indoor application.
Unfortunately, brand new LPG conversions emitting CO
levels of 2 to 4% are not uncommon. As a generous
guideline, an acceptable LPG engine should have exhaust
CO concentration of less than 1% under any steady-state
condition.

Emissions from LPG engines depend also heavily on
engine tune-up. An example plot illustrating the CO levels
for different air to fuel ratios is shown in Figure 4. Carbon
monoxide emissions skyrocket when the mixture becomes
rich. The importance of proper engine tune-up and
maintenance for low emissions can not be overestimated.

A

085 0.9 0.9%6 | 1.05
Air to Fuel Equivalence Ratio (A)

CO Concentration (%)
O =0 K BAARC N

Figure 4. Sensitivity of LPG Emissions to A/F Ratio

Comparison Chart

Sr. No. CNG LPG Petrol

1 Rate 19.20/KG||27.00/Litre||44.00/Litre
16.80

litrel|12 km/litre
2. Average km/kg 10 km/litre A

3Running —ipc 414 |IRs. 2.70  ||Rs. 3.66
ccost/km

4Save/100KM||Rs. 252 |[Rs. 96 Nill

41
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Safety and Storage :-

LP gases are actually quite safe in comparison with other
fuels. Propane has a high ignition temperature, about 850-
950 F (450-510 C), compared to about 495 F (257 C) for
gasoline. This makes it less likely to ignite spontaneously.

Ignition Temperature

el asor-

?50°
I A

1004°

:

800° |~

600° -

400° -

Fuel Temperature (°F)

200° -

ae S . Tl d

Also, the tanks used to store propane are stronger than

gasoline tanks because of the pressure needed to keep

the propane in liquid form. This makes on-board propane

storage safer than a typical gas tank -- it is more resistant

~ to rupturing in the event of a collision. Special safety
 valves and cut-offs increase the safety factor.

s

safely, there are some guidelines. It's
mber that a propane tank is never really

nk is filled, most of the propane is
that it is in liquid form. But at safe
[ the propane is liquefied -- a small

filling up the rest of the space in the
e is used, the pressure decreases,
quefied form and more propane
ing space.

to roughly 80 percent capacity.
change the pressure inside
tank to 100 percent on a
your car out in the sun

ature would cause in
that could cause it to
oom.

gas are actually safer
al fuels such as Petrol.

n managers choose gas

,

aItion

in compliance with strict regulations, and have withstogd

severe abuse testing under conditions far more stringent

than tanks designed for storing petrol. Bonfire and

dynamite tests push cylinders t_o gemperature and

pressures exceeding specified limits showing that
compressed gas cylinders are durable and safe. Of course,

as with all fuel systems, these cylinders are poy
indestructible and should be inspected periodically tq
ensure that no surface damage has occurred.

There needs to be three requirements before there is the
potential for a fire or an explosion. First the leakage of the
fuel, second a situation where a mixing of the fuel with ajr
gives a mixture in the flammable range and third a source
of ignition. Most gases have an o'derant _aqd;d so that
leakage can be detected by people in the vicinity.

Once a leakage occurs and a source of ignition is present
- say a spark or a naked flame of sufficient energy - there
must still be a mixture of the gas in the flammable range.
The safety measures include a strict adherence to the
regulations for installation and operation of the equipment
and the use of care and common sense.

L.P.G. Kit :

ofe Pressure Valve: In the unlikely event of excessive
pressure, the pressure relief valve releases the pressure
there by maintaining safe pressures at all times.

L Fusible plug: In the event of any excess heat in
and around the tank, the fusible plug mealts and
cuts off the gas supply.

< 80% fill limiter: It permits the tank to be filled only
up to 80% of its capacity. This ensures that internal
pressure is always within safe limits.

% Remote Controlled Valve: The electro-valve ensures
that whenever the engine is switched off, the gas
supply is automatically cut off.

¢  ExcessFlow: In the unlikely event of any breakage

of the coper pipe that supplies gas to the engine,
the flow is automatically stopped.

CONCLUSION

Eventually I would like to say that it is the time to change
our transport system from traditional methods to new
kind of fuel technologies to reduce the pollution.
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Abstract.

Laper reporls on an investigation into the various
L1s of bar forging between two open flat dies solid
jor preforms, which have been compacted and
ored from atomized powder. The deformation pattern

\ ot with each other in a complex manner. The relative
Iocine between the work piece material and the die
 ace together with high interfacial pressure and/or
rmation modes will create the conditions essential
. wdhesion in addition to sliding. The decisive factors
- the interfacial conditions, initial relative density of
- preform and the geometry of the preform. An attempt
.« heen made for the determination of the die pressures
cveloped during the bar forging of sintered powder
eform by using an upper bound approach. The results
Jhiained are discussed critically to illustrate the
reraction of various process parameters involved and
e presented graphically.

Keywords. Preform, Sintering, Bar Forging,
terfacial Friction Law.

1. Introduction

During the last few years' metal-powder components have
wssumed an important position in industry, as they are
being used successfully in a wide range of applications.
Both the mechanical and the metallurgical properties of
the metal powder components compare favorably with
those of wrought materials[1]. Bulk processing of metal
powder preforms is a convenient method of reducing or
¢liminating the porosity from the conventional powder
Metallurgy products. Process is attractive because it avoids
large number of operations, high scrap losses and high-
energy consumption associated with the conventional
manufacturing processes such as casting, machining etc.
In this new technology sintered porous powder preforms
are used as starting materials in metal forming processes.
Metal powder products manufactured by this new

Volume 2 No. 4
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t ;
sechn.ology are comparable and in some cases even
uperior to those of cast and wrought products.

Although a considerable amount of work has been reported
fecently as the various technological aspects of the
industrial processing of metal-powder preforms[2-4], no
systematic attempt has been made so far to study the
processing load and deformation characteristics of bar

gc?rging of solid powder preforms between two flat open
ies.

Baraya and Johnson[5] have made an analysis of bar
forging with the help of triangular velocity field. In their
solution it is assumed, besides the discontinuity in
velocity field, that straight boundaries remain straight
after compression. Also the non-uniformity of flow, which
results in barreling and bulging of specimen have not
been taken into account. In the forging of bars the material
of which is plastically deformed by two rigid (non-
deforming) end regions, which move outwards but the
material that is getting deformed does not move across
these two end portions. However, the material spreads
freely normal to the other two non-contacting surfaces.
This spread is externally visible on these two non-
contacting surfaces. When the reductions are large cracks
appear on the boundary of the specimen. This mechanism
of failure due to high reductions has been studied by
Razestiev[6]. He found that formation of cracks could be
prevented if the bars were forged under conditions of

plane strain, thus preventing the spread that causes the
cracks.

It is expected that the present work will be of great
importance for the assessment of die load during the

forging of metal powder preforms.
2.  Interfacial Friction Law and Plastic
Deformation of Sintered Preform

f the plastic deformation of
t is evident that with the
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i f metal-
In an investigation of the plastic deformation O ‘

powder preforms, it is evident that with the dpph(}dll(n:'(]::
compressive h)dmsl.llln stress the pores will close i

the relative density will increase, whereas the application

of tensile hydrostatic stress the pores will grow and the

on
relative density will decrease, The density distributi

also does not seem to be uniform throughout, being high
in the central region and low at the edges. The density

distribution will be more uniform for smaller coefficient of
friction and for a greater initial density[7].

Friction condition between deforming tool and work pi(lsce
in metal forming are of the greatest importance concerning
a number of factors such as force and mode of deformation,
properties of the finished specimen and resulting surface
Nuhness During the sinter forging process it is very
rtant to keep special consideration on the interfacial

on, as this will determine the success or failure of the
on. The relative velocity between the work piece
the die surface, together with high interfacial
or deformation modes, create a condition of
which is due to adhesion and sliding|[8].

| becomes:
+Po¢o] )

ding and second term 0
arises from change of
uring the process.

rmation of sintered
preforms it is clear
 to porosity. A preform
at a relative high stress
preform yields at a relatively
tress can cause the sintered
ield, as the yield surface is
ic stress axis. The density
seem to be uniform throughout,
tral region and low at the edges. The
ution will be more uniform for a smaller
» ﬁoﬁm\ and for a higher initial-density

n=0.55(1- p)’® for andk=2 |
The competibility equation for plane strain conditiop j
given by
2n\/’5(1 n2J —-(l + 2712)
— e} t
e =" A 2> 0ge ~=
* ( 1 ~4n } 4

(Appendix A)

3. Velocity Field Strain Rate
The velocity field in the triangular region BOF (Fig ﬂ
expressed in the cylindrical co-ordinate system wnh“a

at O can be written as

12
(—/ﬁl[ztr—Brcos%] 3)

T 2(1+m)
(= 2n )t 58
U 2(1 i n) rsin (4)
Uz
Liz= FeIT ©)

Where r is the radial distance of a generic point P and the
angular position of point P inside the rectangular po
ABCD. The angle is positive when the rotation about
vertical axis is counter-clockwise.
Velocity in XX direction

Ux =Urcos6-Ugsin®

(1-2n)(U
OR Ux—2(1+n)('t——B)rCOSG
At =0,r=x=L
_(1-2n)(u
”X‘z(un)(“t“"’)’“ ©

Hence, velocity in XX direction is uniform. Similarly, it
be shown that velocity in YY direction is also uni

The velocity discontinuities on the die metal can be
as,

1
o =fu?+UZ2 (0 +ugl

2Ur UB

Ur Ue)z
1
2UrU9 2 %

Since, :l -
(Ur +Ug)

B TS
S R AR
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Ug<Ury
o |av=(Ur+Ug) o

Velocity discontinuities on surface 1, 2 are given by U
y
and U .

4. Strain Rate

Let €5, €pand €, denote the strain rates in radial,

aneular and vertical directions respectively.

_ouUr_(1-2n)[U
= T—Bcose] ®)

T a  2ien)
_Ur,19Ug_(1-2q)[U

€0 1 +r 5.8} _2(1+n) T-*-BCOSO] &)
_0Uz U

€2 oz A (10)

The normal-strain components must satisfy the following
compressibility equation for porous materials[10] :

1
Er+EQ+——=E7 = 11
r+€o 21 +7) Z (11
The shear component of strain rate is given by

1{1 U 9y %J__(l—zﬂ)[Bshm] s

‘0 2ra® a r | A+

5. DieLoad
For plastic deformation of a metal powder the external

power 3 supplied by the platens is given as-

*

J=W, +Ws +Wg+Wt

The first term on the right hand side denotes the rate
of internal energy dissipation Wi, the second term denotes
the frictional shear energy losses Wwf, the third term
denotes the energy dissipation due to inertia forces 'Wa,
and the last term covers power supplied by predetermgnc.d
body tractions Wt. In this case forces due to ine‘rtla fs
negligibly small and no external surface traction 1s
stipulated. Therefore, Wa= Wt=0.

(13)

Now the external power 3 supplied by the top and bottom

dies is given by -
*

3 2pm(2LX2 w)U = Wit W+W 14W 2;
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(14)

w P
here W I and W 2 are the rate of energy dissipation due
to velocity discontinuity,

6, Rate of Dissipation of Deformation Energy (Wi)

|
2 \
Wi= EGB{[;L;?H%H/%4Z%)FW (15)

and dv = 8wl .t

ngpliﬁcaﬁon of yield criterion for axisymmetric condition
gives:

* k
0g =290
(1-2n)
After putting the value of strain rates from equations (%),
(9),(10) and (12), we can get,

1

+(1-2n)2 g Zr- 16
2(]441)2(l K) :

_8awu p¥op
b (n-m)[‘

Frictional Energy Dissipation (Wf)

Wf=é11 Av |ds e

Where ; T= H[pm + Po¢0]
|av]= (Ur » UG)

ﬁ(U,+U9)rdrd9+
00

Wf=8;‘[Pm +p0¢0 anl?2
[ U, +Ugrdrad
0 r

On integration,

(1-2nU 4 ot gl
Wf=4'3—(ljn7;yf‘{pm po¢0]L \:K{F&a)'FFda)}}

(18)
Where
FA(e)= %[tan auseca + log(tan o + sec )]
tan & seca
2seca —2+ 5
FB(x) =
oy log(tan & + sec a)
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| S— « yawiu a0, , 02 (1»;(2)J '
(@) [ 1 { q{““‘ reosecd | L S ) ATt
FC(ax tan @y« oe — cota
loglcos eca — cole ‘
4 el 200 0 ooaol 3FAG) PG+ KiFRG) s b
(R
cosec
2 coseca —2—cota - AUw P "0[(‘ 2‘3;(1+K)w+tJ
LC08ecax 2 ﬁ ( ——2—6) 2(|+T]

/"/((I) = |;m‘( _
;log{coseca—cota) The arbitrary parameter K is chosen so that the aboy,

- i 3 ]

. (.19) expression for J is minimum.

8. Energy Dissipation due to Velocity Discontinuity

(W 1and W2) .
aJ K= —Bl
Consider the rectangle FOSB on face 1. The rate of energy O, i Whete 25 U
dissipation due to velocity discontinuity is given by oK
*
w t 2
o) U 1-2n
=— dy + [—wzdz 2+
v ﬁé(uy}y L (Hn)
K=+
(20) SO, (1 £ znj _4— 4
U:sin9+ Ugcos6 1+ )\ g2

Where

N, [ZLE ulpm +pgdoJFB(e)+ FD(a)_}f

3wt

One of the two values of K satisfies the condition t!
three terms on the right hand side of equatlon
separately positive.

s
Now putting the value of j = 8WLU from equati

into equation (22), we get

[ (1+x)(1 ~2p)L L {FA(a)mqé)*&

6(1+q) w t |K(FB(a)+ FD
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there is curving along height called barreling. In the bar
having t'L equal to one, there is uniform deformation and
the die loads were calculated theoretically for this type of
deformation. In the bars having t/L less than or{e, the
curving of lateral sides is more prominent and this is called
building.

The right side of equation (24) contains terms, which
depend for their values on the geometrical parameters that
is. length of the die, width of the bar and thickness of the
bar and on the conditions of lubrication between the
contacting surfaces. The result is presented in the
dimensionless parameters, namely, L/t, w/L, L/w, t/L etc.

Fig. 2 and Fig. 3 show the variation of relative average
pressure at different value of percentage reduction in the
height of the preform. Initially, the average forging pressure
yaries slowly. It is due to the fact that at early stage
compaction dominates. After getting sufficient
densification deformation of preform dominates and the
relative average forging pressure increases more and more.
Fig. 4 shows the effect of coefficient of friction on relative
average forging pressure at different value of percentage
reduction in the height of the preform. Relative average
forging pressure increases with increasing value of
coefficient of friction. The relative average pressure
increases with increase in the value of L/t ratio, Fig. 5. Fig.
6 shows the effect of adhesion constant (x) on relative
average forging pressure. The relative average forging
pressure increases with increasing the value of x.

10. Conclusion

During forging of powder preforms, the mode of
deformation is quite different from wrought materials and
it is function of both density and hydrostatic stress. In
powder forging, mass constancy is to be assumed. During
forging of metal powder preforms through closed dies, it
is seen that compaction and compression both take place
simultaneously. Initially the closing of pores dominates
the compression process. The larger amount of applied
load is utilized in densification and lesser amount is
consumed for compression.

A composite interfacial friction law has been taken for
studying the deformation characteristics of the sintered
porous materials. The relative average forging pressure
increases with increasing percentage reduction of height
of the preform, coefficient of friction and L/t ratio.

The work will found to be effective for the determination
of die loads during the forging of porous metal bars by
using Upper Bound approach.

Volume 2 No. 4
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Appendix A
According to Tabata and Masaki [9], the principal strain
increments are given as

3(0.—0 )
de, =dA —'———'—"—1—¢n (i=1, 2, 3)

243J72

(1A)
Where

1
=
d)»=——v32 [(dsl -dsz)2 +(d62 —ds3)2 +(de3 —da])z]

(2A)
= a positive constant

The volumetric strain increment de y Isgivenas

dev -—-dsl +d82 +ds3 =+3ndA
1

=¢~/ET{(C‘€1 e, P o, -5 ey “dsl)zf

(3A)
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Abstract

MANETs Enabling high performance, persistent
mobile computing has recently become a very active
research area. The widespread popularity of mobile
computing devices, such as laptops, handheld devices
and cell phones, as well as the recent advances in wireless
communication technologies are the principal motivators
of this research area. However, battery energy limitation
is the main challenge towards enabling persistent mobile

omputing.
Keywords: Energy, Risks, Challenges.

bile ad hoc networks have recently been the topic of
extensive research. The interest in such networks stems
from their ability to provide temporary and instant wireless
networking solutions in situations where cellular
are lacking and are expensive or infeasible
heir inherently distributed nature,
than their cellular counterparts
ailures, and have the flexibility to
gested nodes [1]. A MANET is a
rganized network, which involves a set of
mobile computing devices equipped with
communication and networking facilities [2]. Most
ireless ad hoc networks consist of mobile devices which
- operate on batteries. Power consumption in this type of

network therefore is paramount important. To maximize
the lifetime of an adhoc network, it is essential to prolong
each individual node (mobile) life through minimizing the
total transmission energy consumption for each
communication request. The power-aware routing
algorithms which find routing paths that maximize the
lifetime of individual nodes and minimize the total
transmission energy consumption, thereby prolong the
%oﬂh@m network . This paper is organized as fol%ows.
In n I, we analysis previous work. Section I, we
the energy challenges. Section I11 describing

; W wcnbes Finally, the brief conclusion

Section I Analysis of Previous Work

WeifaLiang, YangYuansheng [3] stated Ad hoc wireless
networks usually consist of mobile battery operated
computing devices that communicate over the wireless
medium. These devices are battery operated and therefore
need to be energy conserving so that the battery life of
each individual node can be prolonged. Hence there is a
need for designing minimum energy consumption routing
protocols that ensure a longer battery life. Chih-
ChengTseng,Kwang-ChengChen [4] stated the power
source is mainly supplied by batteries.To prolong the
communication duration of the nodes, the transmission
power must be minimized so as to conserve the limited
battery life. Unfortunately, it is contradiction between
power conservation (shorter transmission range is
preferred) and network connectivity (longer transmission
range is preferred) in designing wireless ad hoc network .
Kwon Dong-HoCho[5] said ad-hoc networks consist of a
set of wireless terminals without any centralized
infrastructure. Each mobile terminal which has an
autonomous algorithm communicates with the others. They
can communicate with another node through single hop
or multi-hop connections if a mobile is within the radio
coverage of sender or intermediate mobiles. Intermediate
nodes are used to relay or forward the packet from the
sender toward the receiver. The necessity of the ad-hoc
netvyorks is shown in many commerc ial, military, and urgent
environments. There are several methods to reduce the
power consumption in the wireless networks, One of
methods to reduce power consumption in wireless
networks is to use the LOW-Power Mode (LPM). In other
words, if the terminal neither transmits nor receives the
packet during the certain period, the terminal is allowed to
change to LPM which can't transmit and receive. LPM
uses three modes: sleep, listen, active. to use the LPM in
wireless ad-hoc networks. o no clock synchronization 0
no state information of neighbor terminal

Kawadia,V.Kumar,P.R. [6] said POWER control problem
in wireless ad hoc networks is that of choosing the transmit
power for each packet in a distributed fashion at each
node. The problem is complex since the choice of the power
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jevel fundamentally z‘iffects many aspects of the operation
oftheﬂetwork. 1) The tr.ansmll power level determines th
quality of the signal rf.tCC.lVCd at the receiver.2) It dctcm;im.i
the range ofa n‘ansmlzﬂsmn..?) Itdetermines the m“g"itl,d;
of the interference it creates for the other receijvers
pecause of these factors: 4) Power control affects lI;L:
physical layer.5) It :}ﬁccts the network layer since the
transmission range affects routing 6) It affects the transport
Jayer because mtcrrfercncc causes congestion .7) Power
control has a multidimensional effect on the performance
of the whole system: 8) The power levels determine the
performance of medium access control since the
contention for the medium depends on the number of other
i nodes within range. 9) The choices of power levels affect
the connectivity of the network, and consequently, the
‘ ability to deliver a packet to its destination. 10) The power
level affects the throughput capacity of the network
‘RazaNaqvi,S.H.Patnaik,L.M.[7] Considered power as one
of the critical resources in the network, the policies for
distributed allocation of power are classified as incremental
or global. A power allocation policy is called incremental
if it allocates the power to the incoming links without
adjusting the power of the existing links. Whereas, in the
global power allocation policy, the power to the incoming
link is allocated by adjusting the power of the existing
links and, thus, the admissibility of the incoming link is
decided globally. The global power allocation policy
outperforms the incremental power allocation policy,
increasing the capacity of the network. They proposed a
dist ed channel access scheme in which an incoming
link does not make use of the data channel for the
mion of its admissibility into the network; rather,
two out-of-band tone channels are used for this
rpose.The proposed protocol employs channel
, ion as well as a power control scheme; thus, it
ves the dual purpose of eliminating the problems of
nd direct-interference and hidden-terminals, as well
reising the power control scheme for balancing the
SIR. Since the designed channel access protocol
fits into the dual busy tone multiple access
A) framework for ad hoc networks. Most of the
1g protocols for ad hoc networks employ incremental
r control. This paper introduces a global power-
lled protocol called FPC-DBTMA in adhoc networks

easing the capacity of the networks.

on Il Energy Challenges
routing path may take more risks

e mobile nodes in an ad hoc network need to relay their

through the other mobile nodes toward the
d destinations, a decrease in the number of

2 No. 4

participatin

: £ mobile node v , el
disconnecte s may lead to the network

nmw()rk.T()(:;r:::i;c,h?’h?‘!flf.cct’!ng the pcrformagce of Ihe
L wclEI) |th .ifcflr:ric of cach. mobile node in
routing should mkc(li:;:?)".c,n‘mwmk itself, an ad hoc

' ¢ account both the energy
?""Sumpllfm at each mobile node and the total energy
L()ns?'um.pllon for each connection request carefully,
dCSl‘matl()n node v that has a distance eu,v far away from
u. Then, the minimum transmission energy Pu.v at u is
Pu,v r k €au,v, where k and a are conatanh‘l’,m p(u) be the
rémaining energy capacity of a node u at time t. Assume
that u and v are the neighboring nodes in a routing path
Then, the ratio of remaining energy capacity at u between
after and before realizing the routing is defined as 7(u)
=p(u) - keau,vC(u) .Here ?(u) indicates how much
proportional energy in u is left after realizing the routing.
In order to minimize the energy consumption for 2
connection request, a routing path with more hops than
another path is favored This means that a longer routing
path may take more risks [8].

Transmission power control risk

This problem arises when a node, say A, is transmitting a
packet to another node, say B. In the meantime, a third
node, say C, that is outside the range of A but in the range
of B starts transmitting, causing a collisioin at B.

.............

-
oo

LT s~
CEE T L

-
e

-~ -
- - - =
L T e

Fig. 1: Nodes A and B are allowed to communicate, but
nodes C and D are not allowed to communicate

This situation is shown in Fig. 1, where node A uses its
maximum transmission power to send its packets to nod.e
B. The second drawback of the fixed-power approach is
that the received power may be far more than necessary o
achieve the required signal-to-interference- and-noise ratio
(SINR), thus wasting the node's energy and shortening

its lifetime. [9] -
51
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Section 111 Transmission power solution

(1) Power-Aware Routing Protocols Several recent routing
protocols propose energy-efficient schemes. Power
awareness issue in ad hoc routing, which include the
energy consumed per packet, network connectivity
duration, node power variance, cost per packet, and
maximum node cost.2) Interference-Aware MAC Protocols
MAC protocols , in which information about an ongoing
transmission is made known to all possible interferers. 3)
The energy consumption models[10] can be generally
classified into the following three categories:First, Total
Transmission Power Model: This model simply sums up
the transmission power of the data packet at each link.
With this model, a minimum energy routing protocol can
use the transmission power as the link cost and select the
route that minimizes the total transmission power along
the path. Second, Total TransCeiving Power Model: As
the intermediate nodes consume energy not only when

arding packets but also when receiving packets, this
ums up both the transmission power and the
for transmitting the data packet at each
ble Transmission Power Model: Ifa
t during transmission over one link, such
‘ smited, which will consume some
re, this mode includes the energy
‘the new data packet and the
er control is an efficient approach
f service requirement in ad hoc
- existing work has largely relied
fferent nodes/links or a pricing
athird-party involvement [11].

have been proposed;
cient systems. Nevertheless,
d there is a consensus that
the potential to reduce

(3]

4]

3]

(6]

(71

(8]

1
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Abstract

IPTV is basically a fusion of voice, video, and data

service. It is not a new idea or, rather, development, but
it is a result of high bandwidth and high speed Internet
access. In earlier days, the speed of the Internet did not
suit the concept and, as a result, it affected the voice and
video services. In recent times, the speed of Internet and
bandwidth has increased considerably, making IPTV
prevail and become reasonably successful. Also, first
generation Set Top Boxes were prohibitively expensive.
Technology costs now permit a viable business model.

Introduction

[PTV is a system used to deliver digital television services
to the consumers who are registered subscribers for this
system. This delivery of digital television is made possible
by using Internet Protocol over a broadband connection,
usually in a managed network rather than the public Internet
to preserve quality of service guarantees. Often, this
service is provided together with Video facility on demand.
In addition to this, there is provision to include Internet
services such as web access and Voice over Internet
Protocol (VoIP). In cases when internet service is also
provided, it may be called Triple Play.

Today, IPTV is creating headlines all over the world. This
mass publicity is the result of numerous instances and
stories depicting its humble deployments and its future.
IPTV is a very useful system, through which you can
receive both TV and video signals along with other
multimedia services by means of your Internet connection.
In a nutshell, it is nothing but a broadband connection
and a system to deliver various programs of television
using the Internet protocol (i.e., language) over computer
networks.

IPTV Architecture

Telephone companies will most likely be the first ones to
offer IPTV service. Later on, this facility will be extended
to other current television carriers. IPTV is not a costly
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affair, anq it is even both operator and consumer friendly.

Because it uses the Internet and sends less information

comp.ared to standard analog or digital television, IPTV

promises both lower costs for operators and lower prices

for consumers. The use of set-top boxes through road
b?nd or DSL Internet is very helpful to transfer video
signals. Therefore, video can be streamed to households
more efficiently compared to signaling by coaxial cable. In
addition to its higher speed, it can record multiple
programs at once by use of digital video recorders (DVR).
In ROI terms, the copper was already paid for by the phone
service and the fiber/DSL by the broadband service.
Therefore, IPTV only has incremental costs.

Let us have a look at the architecture of IPTV through
Figure 1:

CUSTOMER
PREMISE
EQUIPMENT &
HOME
NETWORKING

IPTV Client

«—— Savice Management & Operations >

IPTV
SERVICE
NODES

CONTENT
SOURCES

VOD source

& Encoders
Customer

Access

VoD
Server

Broadcast
source &
Encoders

Broadcast
Server

A

Figure 1: Generic IPTV System Architecture

The IPTV architecture consists of the following functional
components:

Content Sources: The 'Content Source' is defined as a
functionality which receives video content from producers
and other sources. Afterwards, these contents are
encoded and store in an acquisition database for video-

on-demand (VoD)

s: The 'Service Node' is defined as a
receives video streams in different
o streams in different formats then
ulate it for transmission with
service (QoS) indications to the

Service Node
functionality which
formats. These vide
reformat and encaps
appropriate quality of
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The control and distribution of mixed me dia, such as dig |
pictures and digital videos, can be done through a gwc{s()l);l
television channel for the service ol friends and family

television customer can be
|. Then, the user
and

members. In this regard, an IP
assigned a personal television channe
can upload media to their personal media chmmgls
can thus allow friends and family to access their pictures

and videos. This is done via their IP televisions.

Addressable Advertising

The well-knit communication of a particular message or
media content between a specific device and the customer
based on their address is called addressable advertising.
Here, the said address of the customer may be obtained
by scrutinizing the profile of the viewer. This is done in
order to determine whether the advertising message is
appropriate for the recipient or not. Therefore, addressable
advertising allows for speedy and straight measurement
of the efficiency of advertising campaigns.

The cooperation of the viewer is the key aspect of
addressable advertising. As soon the IP television is turned
on, the IP television systems may ask or prompt the viewer
to pick their name from a list of registered users. As a
reply, viewers will typically want to select their
programming name. Here, the programming name has a
profile (or, preferences) and the advertising messages can
be selected, which are the best match to the concerned
viewer profile. Because of the advanced features offered
by IP television, such as incoming calls and e-mails and
programming guides that remember favorite channels, the

viewers can actually do so here.

The generated revenue for addressable advertising
messages sent to viewers with specific profiles can be 10
to 100 times higher than the revenue for broadcasting an
advertisement to a general audience. The ability to send
commercial advertisements to a specific number of viewers
allows the advertisers to fix a precise budget for
addressable advertising. It also allows the advertiser to
experiment a number of different commercial

advertisements in the same geographic area at the same

By using the IP multicast feature in providing an IPTV
service, a service provider can conserve bandwidth in
their core and access networks. When more than one user
is viewing the same channel in a home network, the service
provider may only deliver a single video stream. But, at

56

the same time, the home network technology must be

competent Lo distribute this towards multiple users on the

home network.

Imagine the core rcquirerpents fo.r banqwidth if all
customers are watching a different tlmg-shlﬁed channe]
to when they wanted to watch. Both Multicast and Unicagy
are needed in the IPTV world, but the former is quicker
and easier to deploy in terms of core network capacity
than the latter which mostly requires a dedicated one-to-
one relationship from customer to server.

Privacy and Secu rity

Let us look at the important aspect of privacy and security
of the subscribers. In this regard, the home network must
be a closed one. Where is the user’s security in this regard?
It should be a secure network where access is limited only
to users and concerned devices within the home. This is
an important factor for the home networks as it uses
wireless technologies or shared media technologies such
as power line networking. Further, the user data on the
home network is protected and no outsiders or intruders
have the power to intercept. Unauthorized users do not

have the capacity to view it.

Protocols

As already discussed, IPTV covers both Live TV, i.e.,

multicasting, as well as stored video or VoD. The

requirements for playback of IPTV are either a personal

computer or a "set-top box" connected to a TV. Typically,

the video content is a moving pictures expert group

(MPEG) 2-transport stream (TS) delivered via IP multicast.

This is a method in which information can be sent to
multiple computers at the same time, with the newly
released H.264 format predesigned to replace the older
MPEG-2. In standard-based IPTV systems, the primary
underlying protocols used for IPTV are Internet group
management protocol (IGMP) and real time streaming
protocol (RTSP). Here, IGMP is the version 2 for channel
change signaling for Live TV and RTSP for VoD. Currently,
only one alternative exists to IPTV which is the traditional
TV distribution technology covering terestial, satellite and
cable TV. However, when there is a possibility for the
cable TV, it can be upgraded to two-way capability system
and thus also carry IPTV. Another alternative available is
VoD which is usually delivered in the US over cable TV
through the digital video broadcasting (DVB) protocol,
but it is not labeled as IPTV services.

Advantages of IPTV
Volume 2 No. 4
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ave a look at the various advantages of IPTV.
ready been established that IPTV system
dwidth. But there are many more advantages

NOW, et us h

It has ‘ﬂ
ryes ban

bc\ond this.

conse€

o IPTV. 3 new level of il}teractivit}' among Internet, voice,
nd video can be establls.hed. This enfibles new types of
cervices W hich were preylously }xnavallable over stacked
qetworks. For example, in traditional cable TV networks,
video fransmission is beameq over MPEG streams on an
explicit portion of the bandwidth. On the other hand, high
speed data products, such as cable- and modem-based
nternet service, are delivered over an IP based network. It
is separate from the broadcast TV network that uses MPEG
gransmission. In this case, both services were delivered
via an 1P network then, in such a situation, overlapping
products are possible. Interactive TV is a good example
which often relies on data-centric applications. Today,
the delivery of such applications is quite complex due to
the separation of IP packets from MPEG streams. These
would be missing if such IP packets delivered all video

and data.

[PTV can be very helpful in providing web-based training
1o courses. If we take a case of large size courses, they
contain many sections and instructors that can easily share
video materials. Therefore, if you own an instructional
video which needs to cover ten sections of a course, IPTV
can greatly extend its service. The video can be put on
IPTV and then all the ten sections could be viewed at one
time. or each instructor will have the freedom to schedule
a broadcast time for their concerned section. As a result,
this removes the scheduling conflicts, if any. Moreover,
appearances of any valuable guest lecturers can be
recorded and kept for future use. The recording can be
used for multiple courses and can be viewed semester
after semester. In addition, different orientations, which
are given to a large group of people on a regular basis, can
be recorded and stored. The recording can be viewed
through IPTV, which is possible as long as you have rights
from the publishing company to do so.

IPTV can report detailed levels of usage and viewer ship
which can allow the operator to report statistics of
Programs/channels/adverts watched as well as be able to
bill using various methods of bundled or a-la-carte

ffiﬁmem_ ..billed by the second, minute, month or par per
Ew,

Conclusion

Among the diverse areas within an IPTV solution, which

v0|ume2 No. 4

are to be iti i
ca) r:ﬁ:;zstsg(:{ :; Is 9bv10us that the standarQimtion
Ay oiw In its early stages. In the different
Howe vt 0 ehsystem, many gntitics are working.
coordinat’ion aar, the observatl(?n is that there is little
Naiey mong them. After issuing a standard offer,
an be observed that one component of a system is a
good step_forward, but too little. Now for IPTV the need of
the .hour IS to gain mass acceptance and to reach to the
optimum technical and commercial success as per
everyone's expectation. In order to achieve this, the IPTV
market must make itself free from closed solutions, which
may hamper the following three goals: innovation,
development, and competition.

In regards to the future of IPTV, it can only follow one
path, which is close to what the market has witnessed in
the traditional broadcast world. Moreover, it is important
to note that this market has built an open system, which is
well defined and relies on open standards. To make IPTV
successful and perfect as per expectations, it has to
guarantee the interoperability between all the building
blocks. But, the conformance program related to it is critical.
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ative options. This principle of Euler operators for
objects is then applied to create similar topolog
for gold sheet metal parts, L

altern
manifold
ope]'ators

ical

ection 2 of the manuscript discus:scd about modeling
<chema of a gold st}eet metal object and establishes

jationship between its fundamental elements. Section 3
reresents the equivalent Eglcr operators for gold sheet
metal parts: while concluding remarks are presented in

Section 4-

5. MODELING GOLD SHEET METAL
OBJECTS

A Gold sheet metal part consists of one or more pieces of
gold sheet that are bent and welded. Hence, the product is
composed of facets joint along bend lines or weld lines.
The term weld is used in a general context to denote any
kind of physical bonding. The part also contains free
edges. All line types meet at vertices of the product. These
terms are illustrated in Fig. 1. ;

Fig. 1. Basic elements of a gold sheet metal ornaments.

The following subsections establish the existence
of a constant relationship among these elements of the
gold sheet metal parts composed of one or mor‘e
components. The relationship between these parts 18
developed on the basis of the following steps:

A relationship based on Euler-Poincare formula is
derived for an unbent part.

The concepts of non-manifold genus, weld lines
and volumes are defined. Corresponding term§ a.re
added to the relationship, which retains its validity
for the flat pattern.

~ Volume 2 No. 4

This relationship is show
any P?cndmg and welding
considerations of the pos;s

N 10 remain valid during
tst,cps through systematic
ible topological changes.
2.1 The Flat Pattern

}N.e. start by examinin
Initial unbent form, i.
2. The flat pattern is

ga gold sheet metal ornament in its
€., Its flat pattern, as illustrated in Fig.
; a special case of a Gold sheet metal
product in which all the bends are at zero degrees. We

proceed to analyze the schematic drawing of a flat pattern
as a topological graph consisting of edges (corresponding
to bend lines and free edges), vertices, and faces
(corresponding to the unbent facets).

Since, by definition, bend lines and free edges intersect
only at' vertices and facet borders consist of free edges or
bend lines, it can be concluded that the graph is planar

and that each face of the graph corresponds to a facet of
the product.

Euler-Poincare's formula for a single component planar
graph asserts that

f+v-e=2 €))
where f represents the number of faces of the graph
(including the exterior faces), v the number of vertices,
and e the number of edges.
In a flat pattern of a sheet metal product, the exterior face
does not represent a facet. The corresponding formula for
a graph representing a flat pattern of a gold part would
therefore take the form

FACET

BEND

VERTEX

FREE EDGE

Fig. 2. Flat pattern (planer graph) of a gold
sheet metal ornament.

f+v-e=1 2)
A more general version of Euler-Poincare's formula for a

multiple component planar graph state that
f+v-e=2s 3)

g 3
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said to have several components if it consists 'uf
disconnected sub-graphs. Since each component contains
an exterior face which is to be ignored for sheet metal
products, we arrive at the corresponding relationship for
sheet metal parts:
f+v-e=s 4)

where s represents the number of disconnected flat
patterns, f represents the number of facets in the flat
patterns, v the number of vertices, and e the number of
edges (including bend lines and free edges). For example
for the object shown in Fig. 2, f=4,v=9, e=12ands=1.
This validates the relation shown by Eq. (4).

So far, the term e has denoted the number of all the
lines in the flat pattern, both free edges and bend lines. To
proceed, we must distinguish between the two types. The
symbol b will denote the number of bend lines, and e will
therefore now represent only the number of remaining
free edges. The term free edge relates to any edge that is
not a bend line (and, later on, not a weld line). Accordingly,
modifying and reordering Eq. (4) results in:

f=s+(+e)-v 5)

A flat pattern can also contain two types of interior loops,
as illustrated in Fig, 3.

The first type is a ring: an edge loop interior to a facet
disconnected from the external boundary of the facet.
Traditionally, rings are considered as special topological
elements and are counted explicitly in a modified Euler-
Poincare's formula for manifold objects. However, since a
ring is local to its facet and is disconnected from the main
component topology, it can either be ignored and modeled
as a separate component or "artificially" connected to the
external boundary using a pair of free edges; thus rings
can be ignored in the present analysis. The second type
of opening, one that crosses or touches one or more of
the components bend lines, is termed a hole. An interior
free edge circuit in the graph represents a hole. The number
of such holes is the

HO

o m A F%u?mem with a Ring and a Hole.
iy

genus of the flat pattern. The original Euler-Poincare
formula uses a definition for genus suitable for manifolq
objects and is often denoted by symbol g. To make the
following discussion more clear, we label the non-manifoq
genus with gnm. Later on, we will encounter other holes
formed as the product is bent and the free edges join: they
will also be counted in gnm.

For a multi-component part, the genus is the sum of the
genuses of the individual components. Note for the
purpose of this definition, a surface is considered two-
sided, and the sides meet at free edges. For example, a flat
plate has one surface that spans both sides of the plate,
since the two sides are connected along the free edges. If
it has no holes, then no closed curve may be drawn on it
without partitioning the surface into two surfaces, internal
and external, which are separate because they have no
common edge. By the above definition the genus of an
object corresponds to the connectivity of its surface, where
connectivity is a topological quality which measures the
number of topologically different paths connecting any
two regions on a surface. It is easy to verify, using this
criterion, that gnm = 1 in the flat pattern shown in F ig. 4(a),
(ignoring the local rings). In Fig. 4(b), gnm=1 as well, but
in the flat pattern in Fig. 4(c),gnm = 0. Similarly, for a torus,
gnm would be 2, because one closed curve could be drawn
on the external surface and another on the internal surface

and still no previously connected surface points would
be partitioned.

Any hole is a face of the graph but does not represent a

facet in the unbent part; therefore, it is not counted as a
facet, and hence

f=s+(b+e)-v-gnm 6)
Non-
Parttioning
closed curve /)
() ©

@

Fig. 4. Determination of the Genus of a sheet metal part.

2.2 Bending and Welding

The analysis so far has applied to a flat layout. We now
proceed to bend the flat pattern into a full product, showing
that Eq. (6) can be modified to include terms for weld lines
and volumes and still hold true. As the bend lines are
folded, some free edges and vertices may join together to
form so-called weld lines. The number of weld lines is

Volume 2 No. 4
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denoted by w. According to this definition, a bend line is
interchangeable with a weld line. This is true both from a
manufacturing point of view and from a mathematical
standpoint, as will become apparent below. Additional
loops (holes) may be created and some volumes may be
sealed off when bend lines are bent.

Volumes are counted using the term m. Initially, in the flat
pattern, there are no weld lines, i.e. w = 0, and no volumes
i.e. m = 0. Hence Eq.(6) can be modified to include weld
lines and volumes. Since m = 0 and w = 0 for the flat
pattern, Eq.(7) holds true for a flat pattern
f=s+bte+w-v-gnm+m (7)

We will now show that this relationship also holds true
for bent and welded parts. During the bending and welding
ofa flat pattern into a final product, free edges join together
in various ways. The bending operation itself does not
change the topology or the count of the fundamental
elements. The welding operations, however, join the free
edges, vertices and bend lines, causing the topology to
change. We denote the changes in f, s, b, e, w, v, gnm and
mby f, s, b, e, w, v, gnm and m, respectively.

1. During the weld operations, two lines merge into
one. Each of the two lines may be a free edge, a
weld line or a bend line. The overall joining effect is
thatb+ e + w=-1 always.

The two joining lines may originally have no
common vertices, may have one vertex, or may share
both vertices. We shall consider each of these cases
separately.

]

2.2.1 No Common Vertices

If the lines share no common vertices, then merging the
two lines cause two vertices to vanish, thus v =-2. The
two original lines may have belonged either to one
component or to two separate components.

(i)  Ifthe two lines belong to two separate component
(Fig. 5(a)), then the merge united them so that s = -
1. Any partitioning curve across the joint will
partition the component back into two parts, and
therefore cannot contribute to the genus.
Thus gnm = 0.

(i)  Ifthe two belong to the same component (Fig. 5(b)),
then s = 0 but the genus is increased because,
according to the definition of gnm, a single closed
partitioning curve can now be traced round the
two sided merged line without partitioning the

Volume 2 No. 4

component; thus gnm = +1. The number of
volumes is left unmodified in this case, because
any ray cast out between the two original lines can
still be cast out

Jowang two sntilies Tvo COmBON Yertices
<>
Ons vertex |
W common
Diffiwnt
- i [«]
m
(%) Sume 0]
0o L]
ots

Fig. 5. Alternatives in joining two lines.

between their adjacent continuations; thus m = 0.
Collectively,
S-v-gnm+m=+1.

2.2.2 One Common Vertex

If the lines share one common vertex (Fig.5(c)), then
merging the two lines causes one vertex to vanish; thus v
=-1. The two original lines must have originated from the
same component because they shared a vertex; therefore

= 0. Also the genus does not change because
connectivity is not modified, i.e. no existing paths removed
or new paths formed; therefore gnm = 0. The number of
volume is also left unmodified in this case because any
ray cast out between the two original lines can still be cast
out between their adjacent continuations on the side of
the vanishing vertex; thus m = 0. Collectively:

- gnm + m=+I,
2.2.3 Two Common Vertices

Ifthe lines share two common vertices, then they originally
formed a hole. Merging the two lines causes no vertex to
vanish; thus v = 0. The two original lines must have
originated from the same component because they shared
vertices; therefore s = 0. Any partitioning curves on the
surface can be arranged so that not more that one passes
through the hole created by the two lines. Two cases
must be distinguished.

(i) If a closed curve on the surface passed between the
lines once (Fig.5 (d)), then joining the lines would eliminate
the curve; therefore by the definition of non-manifold

61
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genus, gnm = -1. In this case, the number of volumes does
not change because if a ray is cast through, it can still be
cast by following the curve continuation and hence m 0.

(i) If, on the other hand, no closed curve on the surface

could pass once between the lines (Fig.5 (¢)) then the two

lines must have formed a single entry into a volume.

Therefore, joining the lines did not change the genus,

gnm = 0, but did create a volume, m=+1. Collectively,
s- v- gnm+ m=+1.

The number of facets does not change by joining the
lines, therefore ?f=0.

Combining ?f=0 with ?b+ ?e+ ?w= -1 and ?s-?v-? gnm+
?m=1 yields no overall change in the value of Eq.(7).

It can therefore, be concluded that Eq.(7) holds true both
for final products and products at intermediate bending
stages. Moreover, from the preceding analysis it is evident
that a collection of objects composed of facets, bends,
welds, free edges, vertices and volumes can form a valid
schematic model of a gold part if and only if the number of
these elements satisfying Eq.(7) can be considered as a
necessary integrity criterion for such schematic models.
An additional constraint requires that the minimum number
of bends or weld required to keep the 'f' facets of a
component together is (f-1). Consequently, the number of
bends/welds require to construct 's' components is at least
(f-3). Hence,
b+w= f-s (8)
Combining Eq.(7) & Eq.(8) yields difference d between the
actual number of bend/weld lines in a product Eq. (7) and
the required number of bend/weld lines for construction
(holding the component together).
d=v-e+gnm-m 9)

The topology of gold products can be manipulated in a
gold modeler by adding and removing facets, bends, welds,
edges, vertices, etc. to design any meaningful ornament.
In the original Euler-Pioncare equation for manifold solids,
the basic topological manipulations complying with the
equation are termed Euler operators. They were originally
introduced by (Masuda et al., 1990 and Shah & Mantyla,
1995). The same notion can be carried over to analyze
gold ornaments using Eq. (7).

By historical convention, the operators are denoted by
mnemonic names, as follows:

M=Make V=Vertex
G=Genus (Non-Manifold) K=Kill
E=free Edge W=Weld
62

F=Facet 3 Bend

C=Component U=Volume
For example, the operator MEV is translated as "Make
Edge and Vertex". These operators can be implemented

on top of a data structure describing a schematic gold
part. Numerous valid operators can be established
However, only a few of them are essential in that they are
sufficient to enable any manipulation or creation leading
to construction of a gold part. A fundamental set of
operators provides the basic tools in an implementation
of a gold modeling system in the same way that the original
manifold operators provides the basis for solid modeling,

There are many possible sets of operators: the following
is a description of one such set. The most basic operation
is skeletal primitive creation. The operation MCV creates
a new component comprised of one vertex. The next two
operators are MEV and MEF.

These operators correspond exactly to polygon and vertex
splitting operations for plane models. In essence, MEV
"splits" a vertex into two vertices joined with an edge.
The MEF operator joins two vertices while creating an
additional facet.

The next operator, MGB (KGB), provides a means for
manipulating the non-manifold genus of a product and for
joining and merging circuits. A single component
composed of a face with a local ring is transformed to a
single component with a genus. This operator provides
the mechanism for handling local rings and incorporating
them into the main topology.

The MUKE (KUME) operator allows sealing off volumes
by merging edges. The remaining edge can be changed to
a weld or bend using the next operators.

Finally, two operators allow interchanging between bend
lines, weld lines and free edges. Note that free edges,
bend lines and weld lines are interchangeable both
mathematically and during manufacture, as a bend can be
replaced by a welding or a unification of two free edges.
These operators are the consequence of this
interchangeability.

4. CONCLUSIONS

This paper proposes topological invariant as adapted to a
general non-manifold gold sheet metal ornaments,

This paper has proposed a topological invariant for all
schematic gold parts. The proposed invariant was then

Volume 2 No. 4
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generalized to support general manifold and non-manifold
gold models. The validity of the proposed invariant
constitutes a necessary condition for the validity of a
schematic representation of a gold product from a
topological point of view. Based on this invariant, a basis
of Euler operators for gold products has been defined
which can serve as the fundamental tool set required in
managing the topological representation of a product in a
gold modeling system. In particular, these operations can
be used as the basis for developing improved CAD/CAM
systems for the gold ornaments based on schematic
representation. The derived relationship has been
simplified to support general non-manifold surface models,
without rings. This relationship can be employed to
analyze various manufacturing aspects of a gold product
based on its topology alone, without the need for accurate
information. This, in turn, implies that the proposed
tools can be used for preliminary planning in the
conceptual design stage when accurate dimensions are
not yet available. We intend to pursue this concept in
analyzing freehand sketches of gold products. Since these
sketches convey the topology of a product, such an
interpretation system can furnish useful insight into the
manufacturing process of a product based on a sketch
alone and thus provide assistance at the very early stages
of conceptual design and process planning.

Overall, the work introduces two concepts that may lead
to overall development of a gold modeling system. These
concepts include:

(i). A topological invariant for all gold sheet metal
ormaments and thin walled objects that may be used as a
necessary condition for proving topological validity and
reasoning as well as topological configurations.

(ii). A set of topological operators that can be used as

basic building blocks for a model representation of gold
sheet metal ornaments in a sheet modeling paradigm.

Volume 2 No. 4
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Abstract

As the computer undergo transformations there always
arises, greatly increasing the need for high capacity data
storage and data access. A new high capacity form of
data storage must be developed to handle these large
files quickly and efficiently.

Introduction

Although when we need to increase the speed of the com-
puter we thought of increasing the speed of processors
and buses but it increases the data requirement by the
processor for further processing Which roughly double
their data capacity every three years (Moore's Law) and
data storage has struggled to close the gap. CPU's can
perform an instruction execution every nanosecond, which
is six orders of magnitude faster than a single magnetic
disk access. Much research had tried to fill the gap be-
tween CPUs and data storage. Some of these advances
include cache, pipelining, optimising compilers, and RAM.

As the computer undergo transformations there always
arises, greatly increasing the need for high capacity data
storage and data access. A new high capacity form of
data storage must be developed to handle these large files
quickly and efficiently.

From last two decades Optics the backbones of data store
and read data. Compact disc with a diameter of a mere 12
centimeters and a thickness of about 1.2 millimeters can
hold 783 megabytes of data. In 1997, an improved version
of the CD, called a Digital Versatile Disc (DVD), was re-
leased, which enabled the storage of full-length movies
on a single disc. A double-sided, double-layer DVD can
hold 15.9 GB of data, which is about eight hours of mov-
ies. These conventional storage mediums meet today's
storage needs, but storage technologies have to evolve
to keep pace with increasing consumer demand. Scien-
tists are now working on a new optical storage method

64

called holographic memory that will go beneath the sur-
face and use the volume of the recording medium for stor-
age, instead of only the surface area. Three-dimensional
data storage will be able to store more information in a
smaller space and offer faster data transfer times. It can
store data upto 1 Tb in a sugar cube sized crystal. Data
from more than 1000 CDs can fit into a holographic memory
System. Most of the computer hard drives available today
can hold only 10 to 80 GB of data, a small fraction of what
holographic memory system can hold. It is based on the
principle of holography.

Holographic image (hologram) is coded in one big data
block which is recorded at one access. And while reading
this block is entirely extracted out of the memory. For
reading and recording of the blocks kept holographically
on the light-sensitive material (LiNbO3 is taken as the
basic material) they use lasers.

The idea of holographic (three-dimensional) storage was
first given by Scientist Pieter J. van Heerden in the early
1960s. After a decade, few scientists at RCA Laboratories
demonstrated the technology by recording 500 holograms
in an iron-doped lithium-niobate crystal and 550 holograms
of high-resolution images in a light-sensitive polymer
material. The lack of cheap parts and the advancement of
magnetic and semiconductor memories placed the devel-
opment of holographic data storage on hold.

Properties of Holograms

A hologram is a block or sheet of photosensitive material
which records the diffraction of two light sources. To cre-
ate a hologram, laser light is first split into two beams, a
source beam and a reference beam. The source beam is
then manipulated and sent into the photosensitive mate-
rial. Once inside this material, it intersects the reference
beam and the resulting diffraction of laser light is recorded
on the photosensitive material, resulting in a hologram.
Once a hologram is recorded, it can be viewed with only
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the reference beam. The reference beam is projected into
the hologram at the exact angle it was projected during
recording. When this light hits the recorded diffrac Iu»yn
pattern, the source beam is regenerated out of the refracted
light. An exact copy of the source beam is sent out of the
hologram and can be read by optical sensors. For exam
ple, a hologram that can be obtained from a toy store
illustrates this idea. Precise laser equipment is used at the
factory to create the hologram. A recording material which
can recreate recorded images out of natural light is used
so the consumer does not need high-tech equipment to
view the information stored in the hologram. Natural light
becomes the reference beam and human eyes become the
optical sensors.

Technology Comparison Collinear Holograph

ic System

o o ¢

Table: Comparison of features of different types of

memories
; Feature Magnetic | Flash Holographic
Non-volatile | Yes Yes Yes
Data > 10 yrs > 10 yrs > 10 yrs
Retention
Endurance 10s 106 Unlimited
(Erase/write (commercial)
Cycles)
Data 10 160 Mb/sec > 1 Gb/sec
Transfer rate | Mb/sec
Power 1Gb/Watt | 10 Gb/watt 100 Gb/watt
Consumption
Current 6 x 3.5-in | 256 Mb & 100 Gb/em’
Package disk < 512 Mb (per | cube. 1
100 GB die) 100’s Tb/card
Gb (MCM)
Benefits :
. The main advantage is that mechanical components

are practically absent (those that typical for cur-
rent storage devices).

3 A fast data access.

3 Such system(Holography) doesn't have any mov-
ing parts

4. Pages are accessed parallel.

2 Less probability of failures.

6. Lower power consumption, since today a hard disc
is one of the greatest power-consuming elements
of a computer.

Volume 2 No. 4

10,

(‘onventional memories (CDs, DVDs and magnetic

storage) all store bits of information on the surface
of a recording medium while the holographic memo-
ries store data in the volumetric form
I'hree-dimensional data storage will he able to store
more information in a smaller space and offer fa

data transfer times

Data transfer rate is 1 Gb/Sec that is about 40 time
faster then the DVD

Data density to be | TBytes per cubic cir
cm3) which is rather impressive when comparing
with the current magnetic method which allows
around several MBytes/cm?2.

Drawbacks :

Main drawback has to do with incompatibilit;
current storage media: Traditionally, holographic
storage systems contained no servo data, because
the beam carrying it could interfere with the holog-
raphy process. Also, previous holographic memory
discs have been notably thicker than CDs and
DVDs.

Once the hologram is recorded it cannot be erased.
which is why the medium is intended for write-once,
read-many-times applications.

Discussion :

L

o

First proposed the idea of holographic storage was
in the early 1960s but to date not much work has
been done in this regard.

Utilisation of the existing production infrastruc-
ture has not been considered. This means that the
production of holographic memories requires in-
vestments in new equipment.

This system utilizes the technique similar to the
natural process in the human mind as the god had
gifted the way of collecting the information and
then storing the information in the human brain in
the intelligent way.

Data transfer rates must be improved, hologram
decay must become negligible, and hologram re-
cording time must be reduced. This will make holo-
graphic memories economical to be produced for
mass

Conclusion :

Holographic memory will most likely be used in next gen-
eration as most prevalent storage medium for the simple
desktop to super computers like the magnetic memories in
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the current era. But as per the cost issue as described in
the drawbacks, cost is not as much of an issue as it pro-
vides the lot of benefits like data reliability and the stor-
age capability. Current magnetic storage devices remain
far more cost effective than any other medium on the mar-
ket. As computer systems evolve, it is not unreasonable
to believe that magnetic storage will continue to do so
forever ‘n the computer world. The parallel nature of holo-
graphic memory has many potential gains on serial stor-
age methods. However, many advances in optical tech-
nology and photosensitive materials need to be made be-
fore we find holograms in computer systems.
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Abstract

Since their introduction in 1993, in a seminal
o by Berrot, Glavieux, and Thitimajshima, Turbo
" 1os have changed the way we look at high-performance
control coding. After some initial skepticism from
the coding community, Turbo coding gained rapid
acceptance as the original results (Berrou et al. claimed
., Bt Error Rate of 10-5 within 0.7 dB of the Shannon
limit) were replicated by a number of independent
researchers. A flexible software Turbo codec and
simulation environment is designed and tested.

ol
(,‘y"r\‘-

Using this tool, the Turbo code interleaver design
problem is considered for large block sizes, where the
effect or trellis termination is less marked. The
performances of various interleavers with a similar block
size are compared, including and implementation of the
uniform interleaver. An optimized interleaver design
technique based on simulated annealing is proposed -
the results obtained show that the error performance
may be significantly improved without increasing the
delay. Finally, interleaver design for small Turbo codes
is considered. In this case it is shown that while correct
termination improves the performance for an average
interleaver, its effect on Turbo codes with optimized
interleavers is negligible.

Using our simulated annealing design technique
it is easier to include restrictions which make the
interleaver correctly-terminating or odd-even. While the
S-random algorithm serves well for specifying interleaver
spread, we believe that our algorithm is better suited for

more sophisticated design criteria.

Keywords: - Turbo, Interleaver, Uniform, Random,

I Introduction

Interleaver Design for Large Frames

L1 Introduction
Volume 2 No. 4

In thi i :

forﬂl]:- ;:Zﬁ::{( we consider the interleaver design problem
' sizes, where the effect of trellis termination
is less {narked. This is done by comparing the performance
gf various interleavers with a similar block size; nove!
interleaver schemes are also used, from which we’ gather
some further insight into the problem. Finally, the
performance of an optimized interleaver design technique
based on simulated annealing is considered.

1.2 Performance Reference

We restrict ourselves to unpunctured rate- 1/3 symmetric
Turbo codes with encoder memory v=2 and generator (1;
5/7). In order to avoid the effects of trellis termination, we
also choose a relatively large block size t = 1024.

The effect of interleaver choice for Turbo codes with this
component code and block size are indicative of what can
be expected with other good component codes and larger
block sizes. The design problem of choosing the best
component codes has been tackled by the JPL team
[Divsalar & Pollara,1995b].

e
Unifem (JPL Pistarmes
.':" e ==
i
i
07 e -
o = = =
3 -
¢ B
.0-.’ S= ‘:—#L
'0" ~ 0 : 3
-5 60 y
EbNo (33! ) =
1 1: Turbo code BER simulstion (large block size) = Uniform
L interleaver

As a reference for performance, 1 ot & & nm,)rm
interleaver by using a different rand°",‘ o QNS5 #vory
block simulated. To confirm the vahdlt.y °,f the sta;}e‘mefn
that trellis termination does not have a significant effect at
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simulate the uniform interleaver

the chosen block size, we e
I'o terminate the uniform

with and without termination.
interleaver we use the scheme proposed by the JPL team.
The Bit Error Rate (BER) and Frame Error Rate (F1 -'.R).I'L‘Sll“?*
for these two Turbo codes, All simulations were performed
using 10 iterations, with a target tolerance of + 10% ata
confidence of 95% - these tolerance limits are also shown
in the graphs. As expected, trellis termination does nlol
significantly affect the performance of Turbo codes with
encoder memory v = 2 at this block size. 1.3 Regular

allows the same tail to be used with both the
interleaved and non-interleaved sequences. In gy
implementation, we us¢ the Tail Not Interleayeq
scheme proposed in [Barbulescu, 1996], which wag
shown to give better results.

Additionally, C is even, 0O that the interleaver i
odd-even. This allows the same interleaver to he
fairly compared with other such interleavers in study
of punctured Turbo codes.

It is interesting to note that the BER performance

Interleavers .
improvement of the Helical interleaver over the

Square and Rectangular interleavers is minimal, and
can probably be attributed mostly to the
termination. Its FER performance, however, is
significantly better, though still far from the uniform

It has mostly been argued that interleavers with a high
regularity perform poorly in Turbo codes. This is confirmed
in figure where we simulate Turbo codes with Square,
Rectangular, and Helical interleavers. For comparison, the

performance of a uniform interleaver is also shown in the interleaver.
graphs. Note that the Rectangular and Helical interleavers
satisfy all the restrictions detailed in [Ramsey, 1970] and 4 s '3
[Barbulescu & Pietrobon, 1995] respectively:
. - ..‘— —'\
Rectangular: for the interleaver with R =21 rows and C =49 MNEES
columns, ii AN
1 R+l and C are relatively prime and R+1 <C. Y At \
i The interleaver spread is greater than 5v. ; \- —
S e =t
e . \ 5
Additionally, R and C are both odd, so that the interleaver ] =
is odd- even. 3 A
This allows the same interleaver to be fairly compared re— "
with other such interleavers in a study of punctured Turbo = z:“:.':'i;‘:",? gt -
codes 3 g v g NG
Y SE[ ppe T
P 08 20 0.5 0 s
5 e 3 ELNG (25
2, Figure 1.4: Turbo code FER simulation (large block size) - Regular
y interleavers
o'
1.4 Randomised Interleavers
The interleaver originally used by Berrou. , described in
W L L L E 2 [Berrou& Glavieux, 1996], is essentially a Square interleaver

o 1351 with some pseudo-random perturbations. However, ifs
performance is significantly better than a regular Square
interleaver with the same dimensions. A comparison
between the Berrou-Glavieux interleaver and the Square
interleaver is shown in Fig. For comparison, the
performance of a uniform interleaver is also shown in the
graphs,

2 Interleaver Desiin for Small Frames

Figure 1.3: Turbo code BER simulation (large block size) — Regular
interleavers

s Helical: for the interleaver with R =29 ro
i = ws and C =
| 36

2.1 Introduction
In this chapter we consider the interleaver design problem
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for small block sizes. The effect of various trellis

m‘n\\imninn sx:hcmc-s‘ ‘is analysed by comparing the L. (X)) = [jc (X2) ;4_5 ‘l,. (Xr,z)

performance of the uniform interleaver with and without 1 0.1 | 1.25

termination. We also analyse the performance of different : = P = |1 (Xa)=

termination schemes when used with an optimized L (Xa) = Lc (X4) = \ L“ (X34) =

interleaver. 0.2 0.3 l_l TR
Lc(13)= |Lc(24)=

2.2 Performance Reference 3.0 0.5 :

We restrict ourselves to unpunctured rate - 1/3 symmetric  Leh(d1)=-0.1 (new)
Turbo codes with encoder memory v = 2 and generator (1; Leh(d2)=-0.5 (new)
5/7). In contrast, though, we choose a very small block ~ Leh(d3)=-0.3 (new)
size { = 64 to analyse the effect of termination where it~ Leh(d4)=-0.2 (new)
should be most pronounced. The effect of interleaver

choice for Turbo codes with this component code and ~ Lev(d1)=0.1 (new)
block size are indicative of what can be expected with  Lev(d2)=-0.1 (new)
other good component codes and similarly small block ~ Lev(d3)=-1.4 (new)
sizes. We simulate the uniform interleaver with and without ~ Lev(d4)=1.0 (new)
termination. To terminate the uniform interleaver we use

the scheme proposed by the JPL team. The Bit Error Rate  Original Le(xk)

(BER) and Frame Error Rate (FER) results for these two 15 0.1

Turbo codes are shown respectively in Figs.all simulations r i ‘

were performed using 10 iterations, with a target tolerance 0.2 0.3 l
|

of + 10% at a confidence of 95%. While at low SNR the
performance of the two codes is almost identical, at high  First Iteration (first horizontal decoding)

SNR trellis termination improves the performance of Turbo

codes with encoder memory v = 2 at this block size. In D;=-0.1 D, =-135 J
particular, the F ER_perforr.nance'ls markedly better and the D; =-0.3 Dy =-0.2 J
BER performance is marginally improved.

Low confidence in D3 & D4
2.3 Two Dimensional single parity code
First vertical decoding
Message Bit 1001
D;=0.1 D, =-0.1 }
D1=1 D2=0 P12=1
D;=-1.4 Ds=1.0 5
= = P34=1
DA DL High confidence in D3 & D4
P13=1 P24=1
4 Improved LLR due to Lch(d)

D,=14 D,=-14

Transmitted bit sequence

D1 | D2 | D3| D4 | P12 P34| P13| P24 D;=-0.1 D;=0.1
ki@ i@t 1 1 1 1
roe B e TR I T T+ [+ |+ 1 Improved LLR dueto Leh(d) + Lev(d)

D] =1.5 Dz =-1.5
D3 =-1.5 D4 =1.1

Assume Received sequence:
0.75,0.05,0.10,0.15,1.25,1.0,3.0,0.5,=
X1, X2, X3, X4, X12, X34, X13,X24

\

Leh(d1)=0 (new)
Leh(d2)=-1.6 (new)

Le(X), Le(Xij) = Leh(d3)=-1.3 (new)
(1501,12 03,2.5,2,6,1) Leh(d4)= 1.2 (new)
Volume 2 No. 4 : 69
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