Basrah Journal of Science

Volume 31, No.2,20+3

Editor — In Chief
Prof. Dr. Kadhim Saleh Hassan

Editorial Secretary
Prof. Dr. Karima Majed Zaidan

Publish By
College of Science, University of Basrah
Ministry of Higher Education and Scientific Research



Basrah Journal of Science

Editor — In Chief
Prof. Dr. Kadhim Saleh Hassan

Editorial Secretary
Prof. Dr. Kareema Majed Zaidan

Editorial Committee
1 — Prof. Dr. Badir N. Albadran
2 — Prof. Dr. Hadi S. Al-Lami
3 — Prof. Dr. Nasir Abd-Ali Halify
4 — Prof.Ass.Dr.Saeed Abdul — ameer Taban
5— Prof.Ass.Dr. Abdul hussein Mohsin Abdullah

Publish By
College of Science, University of Basrah
Ministry of Higher Education and Scientific Research



Basrah Journal of Scienec Vol. 31(2), 2013

Subject Index page
Measuring full and partial geometrical similarity of Map objects
1-5
Mahdi JASIM and Tawfiqg Al ASADI
Estimating MPEG-4 Video Transmission over Gilbert Wireless
Channels 6-19
Ghaida. A. AL-Suhail and Sarah A. Subber
Computer Network Routing Using Fuzzy Neural Networks
Khloud Ahmad Nasar ; Turki Y. Abdalla  Abdulkareem Y. Abdalla 20-35
M OUT OF N ERROR CORRECTING CODE USING
DIGITAL FILTERS
36 -43

Rawnaq A. Habeeb
Currency exchange rate prediction using wavelet network
Adalla Mehdi 44-53
Satellite image enhancement using histogram hyperbolization
Hussain Zaydan Ali 54 - 63
Financial Prediction using Inductive Models
Turki Y. Abdalla; Abdulkareem. Y. Abdalla; Lamya A. Dexon 64-72
New Three Methods for Improving Initialization of A-Means
Clusteri

ustering 73 -85
Abbas H. Hassin Alasadi, Moslem Mohsinn Khudhair
A Field Bus Network With CAN Protocol And a Fuzzy Neural
Petri Net Controller 86-102

Ali A. Abed, AbdulAdhem A. Ali, Ali F. Marhoon, Nauman Aslam




Basrah Journal of Scienec Vol. 31(2), 2013

Subject Index page

The Predator-Prey Model Simulation
Taleb A. S. Obaid 103-109
Classification of GIS Image using GLCM and Neural Network
Tawfiqg A. Alasadi;  Wadhah R. Baiee HO-119
Enhancing Intrusion Detection System Using Distributed
Environment 120- 131
Safaa O. Almamory, Wesam S. Bhaya,Anees M. Hadi

o gaal) anaall A LT o Lacd Ayl clacd) 3 jdd 4 g

132- 143

daids lila 5t | qll 18 dgaan il 13 185 ]




Basrah Journal of Scienec Vol. 31(2), 2013

auther Index page
Abbas H. Hassin Alasadi, Moslem Mohsinn Khudhair 73 - 85
Adalla Mehdi 44 - 53
Ali A. Abed, AbdulAdhem A. Ali, Ali F. Marhoon, Nauman Aslam 86-102
Ghaida. A. AL-Suhail and Sarah A. Subber 6-19
Hussain Zaydan Ali 54 - 63
Khloud Ahmad Nasar ; Turki Y. Abdalla  Abdulkareem Y. Abdalla | 20 - 35
Mahdi JASIM and Tawfig Al ASADI 1-5
Rawnaq A. Habeeb 36 -43
Safaa O. Almamory, Wesam S. Bhaya,Anees M. Hadi 120- 131
Taleb A. S. Obaid 103-109
Tawfiq A. Alasadi ;Wadhah R. Baiee 110- 119
Turki Y. Abdalla;, Abdulkareem. Y. Abdalla; Lamya A. Dexon 64-72




Basrah Journal of Science (A)

Vol.31(2),1-5, 2013

Measuring full and partial geometrical similarity

of Map objects

Mahdi JASIM

College of Computer Technologies
Univ. of Babylon-Iraq
mnjisd@yahoo.com

cell. 009647813184069

Tawfig Al ASADI

College of Computer technologies
Univ. of Babylon-lraq
tawfigasadi63@yahoo.com

cell. 009647801463183

Abstract:

Geographic Information System(GIS) are usually classified into raster, vector, and raster —
vector systems. The research deals with proposing new algorithm called GIS-Span to measure the
partial and full geometrical similarity between map objects. The algorithm is used for clustering the
vector features of GIS. The vector data are usually stored in data files called shape files. These
files contains the (point, lines, polygons,...,etc). The extracted data is then stored in a dataset to be
processed by the proposed algorithm to discover the full and partial similarities among map objects

to assist the clustering and analysis of map data. It deals with clustering the polylines and polygonal

data according to their geometrical similarity.

Keywords :

Graph clustering algorithms, Graph mining, GIS data analysis,

data mining, geometrical similarity.

Introduction

During the study of related researches to Spatial
clustering which deals with spatial data that is
generally organized in the form of a set of
points or polygons[Deep et.al 04] we have
found that mining of GIS spatial data is fertile
for more research to be more convenient to GIS

applications especially the vector data that

Mining GIS data ,Spatial

deals with GIS Graph data which deals with

vector map elements like points, lines,
polygons,..., etc , and the huge amount of GIS-
based applications make it essential to improve
graph mining techniques to extract the spatial
knowledge embedded in that data to support
GIS applications to be installed in new data

analysis fields to support geographers and GIS
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users to investigate the similarity among the
spaghetti of map objects, and therefore can
cluster them

The proposed algorithm is intended to
extract spatial knowledge based on the
similarity among map objects to cluster them
accordingly .The research is consisting from the
following main steps. Extracting the graph
features included in GIS-Shape files, design
and implement dataset to store the extracted
data, propose a new algorithm called GI1S-Span
to discover the fully and partially similar vector
map objects, cluster the resultants similar graph
features, re-visualize the discovered object on

the real map giving them a distancing effects.

1.Ralated works
Recently the GIS

techniques attracts more researching efforts in

graph  mining
both raster and vector data mining, but we are
interested in the mining of graph data which
concerned with knowledge discovery in GIS-
vector data, the extracted data are intended to
enhance the GIS-query system to be more
responding to user queries.

In 2009 Paul VVan Dooren Catherine Fraikin [C.
FRA 02] studied the Similarity matrices for
coloured graphs but only between nodes of two
graphs, to the case of coloured graphs, where
the colouring is either on the nodes or on the
edges of both graphs. The proposed method
tries to find the optimal matching between the
nodes or edges of both graphs but only
performs the comparison when their colours are

the same.

In 2010 Akshara Pande et. al.
designed an information system to work with
data referenced by spatial geographical
coordinates. They are detecting design patterns
so that it can be used as a conceptual tool to
cope with recurrent problems appearing in the
GIS domain [aksh 01].

In 2011[Deep 04] used districting which
is the process of dividing a geographic space or
region of spatial units often represented as
polygons into smaller sub-regions or districts.
As such, it can be viewed as a set partitioning
problem, i.e. the problem is to cluster the entire
set of spatial polygons into groups according to
the spatial properties involved, redistricting is
like to spatial clustering which can be done
using spatially-flavoured constraints such as
spatial contiguity and compactness which are
spatial features in GIS data.

In 2010

algorithms of area geographical entities based

a study of  clustering
on geometric shape similarity was made and the
researchers presented a similarity criterion of
line segments shape and a criterion of area
geographical entities comprehensively utilizing
distance and geometric shape similarity.
Clustering algorithms based on these criterions
are more suitable for clustering analysis of area
et. al 03]. The

extracted knowledge can be used to explore

geographical entities[Chen

deeper level knowledge combined with other
data mining methods and to improve the

efficiency and quality of data mining [ Ilar et.al
06]. We studied clustering algorithms of area
entities

geographical based on geometry
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similarity. They also presented a similarity
criterion of line segments shape and a criterion
of area entities similarity comprehensive
utilizing distance and geometry similarity.
Clustering algorithms based on these criterions
are more suitable for clustering analysis of area

geographical entities[Chen et. al 03] .

2.Graph Mining Algorithms

Graph mining algorithms deals with
discovering the knowledge embedded GIS
vector data which are mostly stored in GIS
shape files. These GIS data structures are stored
as one geographic feature per shape file like
point feature layer, multipoint feature layer, and
polygon feature layer [Kang 07] [saya 08].

We used the ESRI shape file technical
report to implement a software module to
extract the polyline and polygon features of
ESRI-Based maps and designed a dataset to
contain the extracted data[ESRI 05] .Fig.2.1
ESRI shape file,it

each feature

shows the structure of
consists of three files for
layer(*.shp,*.shx, and *.dbf) the first one
containing the geographical coordinates ,the
second is an index between each feature and it’s
description in the database file, and the last
containing a description on each polygon

feature.

05
Parls:
[T
| 1
001 2 3 4 5 & 7 8 9

Points: |VT‘\Q|V3|\'4|V1‘V5|\'3‘V?|VB‘V5|

Table 1
Palyzon Record Contents

Byte

Position Field Value Tupe Number Order
Byte 0 Shape Type 5 Integer 1 Little
Byte 4 Box Box Double 4 Little
Byte 36 NumParts NumParts Integer 1 Litile
Byte 40 NumPoints NumPoints ~ Infeger 1 Little
Byte 44 Parts Parts Integer ~ MumParts  Little
Byte X Pomis Points Point NumPoints ~ Little

Note: X =44 + 4 + NumParts

Fig.1 the shape file structure for Polygon

feature.

Select graph feature
Select input constraints

Call Exract-vector-feature to extract
map objects
Create database for vector features

Foreach object in shape file
Insert record in database

Set graph mining parameters
Set Minimum support value
Remove infrequent vertices and edges
foreach frequent object in database
Call ComputeSimilarity procedure to find the
similarity degree for each frequent objects
Cluster each object according similarity value

Fig2. The block diagram of the main steps of

the proposal.
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Fig.3. The dataset extracted from the shape file

Fig.3 shows part of the dataset which is built to
hold the spatial-vector data that extracted from
the GIS shape file by our module Exract-
vector-feature. This data will be passed to the
data mining algorithm GIS-span to extract the
similarities between polygons and polylines
map-objects.

Fig.4 shows part of the output of our
Graph-mining algorithm GIS-span which is
applied on ESRI map layer for the selected map
objects features.

When we applied the proposed algorithm on the
map depicted in Fig.4 we have found that it
consists of 1674 objects and the is clustered to
74 clusters after excluding the objects that are

not respond to the preprocessing constraints.

Fig.4 The dataset with similarity degrees

Conclusions

In this paper we present a new algorithm for
mining the GIS vector data(polylines, polygons,
and ,etc).The algorithm clusters map objects
based on the degree of geometrical similarity
among map objects. The results of applying this
algorithm on actual map data gives good
clustering results with less computing costs
because of the simple geometrical similarity
measure.

The algorithm may need some
enhancement to deal with mining all vector
types of map objects. The algorithm is also
capable to deal with vector data stored in shape
files and not related to GIS system like auto
CAD and other drowning tools to cluster their
map objects as a type of knowledge discovery

to help designers analysing their maps.
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Abstract

In this paper, the aim is to propose an analytical packet loss models to estimate the video quality for

MPEG-4 video transmission over error-prone correlated wireless channels. Two packet loss models are

considered at the packet level in the network layer using TCP-Friendly protocol: (i) Gilbert-Elliott
Model (GEM) and (ii) Extended Gilbert Model (EGM). The resultant video quality in terms of playable

frame rate (PFR) is estimated at the end client over wireless cellular network. The obtained results

point out the effect of packet correlation factor on the perceived video quality under different

conditions of packet loss probability. It is found that the proposed EGM model outperforms in

estimating the perceived video quality.

Keywords— Gilbert-Elliott, Extended Gilbert, MPEG-4 Video, TCP-Friendly, Wireless Network

Introduction

The IP packet-based wireless cellular systems,
like Universal Mobile Telecommunications
Systems (UMTS) and High-Speed Uplink/
Downlink Packet Access (HSUPA/HSDPA)
technologies are recently developed for high
data rate transmission [1][2][3]. However, a
packet-loss process in such networks is still a

crucial issue in estimating the probability of

correctly received video packets at the clients.
The real-time video transmission over the
internet and wireless channel in heterogeneous
packet networks is subject to various errors
types. In wired networks (such as the Internet),
packets are lost mainly due to buffer overflows
(congestion) at the routers, meanwhile in the
wireless hop, packets are often lost due to

random bit errors caused by channel variations
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like noise, co-channel interference, mobility,
and multi-path fading effects. Thus maintaining
video quality in wireless environment is very
challenging and it requires more strategic
planning and robust video transmission which
is adaptable to the network and channel
conditions [4][5].

More specifically, understanding the packet-
loss process in IP-based packet networks and
providing an accurate mathematical model to
describe it are of great importance for the
design and performance analysis of network
applications (real-time applications). One way
of describing the packet-loss process is to
concentrate on the observed packet loss by
itself without considering explicitly the causes
that lead to such process [5] [6]. Thus, Markov
process (chain) based models are classified in
this category. In k-th order Markov chain model
characterizing a loss process, the loss of every
packet is assumed to be dependent only on the
loss status of the previous k packet
transmissions. The simplest Markov chain
model is the case k=0, known as the Bernoulli
model. In this model, the packet loss
probabilities are independent of each other
[7]1[8]. Another simple Markov chain model is
the case k-1, known as the Gilbert model [9],
which has been widely used to model end-to-
end packet loss processes for real-time
applications [6]- [8]. The former model has also
been extended to Gilbert-Elliott model [10].

Although these low-complexity Markov chain
models have been frequently used to model
such processes [7][8], the accuracy of these
Markovian models in capturing the correlation
characteristics of real-world  packet-loss
processes needs to be investigated. Sanneck et
al. [11] develop a different Markov chain
model, called the extended Gilbert model.
There are two categories of extended Gilbert
models; those which describe reception run-
lengths (RRL) and those which describe loss
run-lengths (LRL). In our approach, we
concentrate on RRL extended Gilbert models
which is derived by Wu and Radha [12] to be
applied for MPEG-4 video packet loss process
over wireless channel.

On the other hand, many researches [13]-[18]
have devoted on video streaming based on
TCP/UDP protocols in different wired/wireless
IP-packet networks. Specifically, TCP has
become popular protocol because of its easy
handling and deployment. TCP features in
order delivery and reliable end-to-end transport,
which makes additional tools like error
concealment, unnecessary at the clients. In low-
latency networks, TCP introduces good
throughput performance and low end-to-end
delays, which makes TCP-based interactive
services possible. In [18], for example, they
propose a client-driven video transmission
scheme by utilizing multiple HTTP/TCP

streams. In [3], they evaluate video streaming
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based on TCP-Friendly Rate Control (TFRC)
using Bernoulli packet loss model for a single
and Multiple TFRC flows over a 1xRTT
CDMA in UMTS network.

In this paper, we focus on video traffic
controlled by TCP-Friendly protocol over
cellular

network for the advantages of this protocol: (i)
it does not cause network instability and avoid
congestion collapse. (ii) it is fair to TCP flows,
which is the dominant source of traffic on the
internet, and finally (iii) this protocol has lower
fluctuation compared to TCP. That makes TCP
more appropriate for Real time applications,
which requires a constant video quality [3]. To
our best knowledge, the studies [13]-[18] did
not investigate the extended Gilbert model for
TCP video transmission over wireless channel.
Therefore, we propose an approach to introduce
the two packets loss models: Gilbert-Elliot
Model (GEM) [7]-[10] and Extended Gilbert
Model (EGM) [12]. The models employ TCP-
Friendly Rate Control for MPEG-4 video

/<
y/
| B B P B B P

transmission, and then estimate the resultant
video quality in terms of playable frame rate at
the client end.

Network Preliminaries

MPEG Standard

In the last years, several video standards have
been developed for 3G mobile multimedia
communications like H.263, MPEG-4, and
H.264/AVC [8]. MPEG video is one of the
most commonly used video compression
standard which is encoded into three different
types of frames- | (Intra-coded), P (Predictive-
coded), and B (Bi-directional Predictive coded)
frames.

In this standard, I-frame is independently
coded, while P-frame is coded based on the
prediction of object movement of the previous |
or P frame. The B-frame is coded based on the
differences between the previous | or P frame
and the next | or P frame. Thus, there is a
certain dependency relationship between I, P, B
frames as shown in Fig. 1 [13][17].

SRR

BB P BB I

Figurel. Frame dependency
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TCP-Friendly Throughput

We consider a video flow in a point-to-point
network which is simply composed of one base
station (access point) in UMTS and a single
user end. This last wireless link is connected to
a wired Internet via this base station [3][14]. By
adjusting the sending rate to the desirable rate
determined by an underlying TCP-Friendly
Rate Control (TFRC), one can achieve the
required quality of service (QoS) of video
applications over a wireless link. Thus the
normalised available bandwidth of a TFRC
video session with respect to TCP packet size

can be expressed as,

T=

2P : 3P @
tRTT \/?HRTO (3\/Z)P(1+32)

S is the TCP packet size [byte], P stands for the
average packet loss probability, i.e., loss event
rate due to only the channel bit errors and there
is no buffer overflow effect at the base station.
The tgtT Iis the round-trip time [sec], and is
the trTro TCP retransmit time out value [sec].
GOP Rate

Since (1) provides an expression for T as TFRC

throughput, then GOP rate can be written as;

G T/S )

(S1 +SIF)+Np(Sp +SpF)+NB(SB +SBF)

where is the size of I-frame, is the size of P-

frame, is the size of B-frame, represents the

number of P-frame in a GOP, represent the

number of B-frame ina GOP [13].

Playable Frame Rate

The total PFR by Wu et al.’s, technique is given

by [13,14];

PFR = G.Pg) (L+ - I_Pi:pNP 2, Ngp Peg. (TP I_PSP::P”
@)

Where Pg|,Pspand Psg are the probabilities of

success transmission of |, P, or B frame. The

detail of the derivation of this equation is

outlined in.

The Proposed Approach

GEM-TFRC Video Model

Recently many studies used the measurements

of burst error over a wireless channel by the

well  known Gilbert-Elliot model (GEM)

[7][10]. In the present work, we further assume

GEM as virtual channel with two nodes, to

improve the video quality by estimating the

playable frame rate. The state diagram

of the model is shown in Figure 2, the model

represents two states; the good state (good

packet Py ) and the bad state (bad packetP;).

POl

HCOMOM

PlO

+Pgp.PspNNP))
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Figure 2. Gilbert Elliot state diagram for
packet level
The pPyp is the state probability for the

transition from good to bad, and Py is the state

probability from the transition from bad to good

.The = and rgstudy state probability being in

state and Py and P
1 0 = BoL+ P

Po1
Pos + Po1
packet loss rate product by the GE model is [7]-
[10];

respectively The average

o =

Pav

g = P07Z'0 + Plﬂ-l

(4)
The GEM is memory less model, where Packet
error is produced by a sequence of independent

trial. Each packet has Payg being flipped and
1-Payg being successfully transmitted, Payg is

then the packet loss probability for the wireless
channel. The network throughput becomes;

_ S

- 2Pav 3Pav 5
tRTT\/ 39 +RTO@B 39 )Payg (1+32) ®)

Giving N packet being transmitted over a
Gilbert Elliott channel, with K packet received,
the probability of successful transmission is;

N . i
Psuc = XN ¢ (i J(l— Pavg)' Pavg N (6)

With a specific I, P, and B frame sizes,
Equation (5) can be used to compute the
probabilities of successful transmission for each

frame type as following;

s, [S in S i

GEMPg =371 i (1-Pavg ) Pavg ™" (7
S . r

GEMPs | =ZiS:PK[i Pj(l— Pavg)IPangP ! 8
S . i

GEMPs, =ZiS=BK(i B)(l— Pavg)IPangB ! 9

The total PFR using GEM-TFRC is expressed

as

GEMPgp - GEMPgp Ne +1
1-GEMPgp

PFRGEM -TFRC =G*GEMPg .(1+

GEMPgp —GEMPgp Ne +1

+Npgp *GEMPgR.( 1-GEMPgp

(10)

+GEMPg| *GEMPgp N»))
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EGM-TFRC Video Model authors extends the two-state Gilbert model
The Second proposed model for packet loss using the number of correctly received packets
probability is a model which was derived by as a indexes for Gilbert states.

Wu and Radha [12] have been used, where the

Figure 3. The state transition diagram of Extended Gilbert Model (EGM) [12].

The Extended Gilbert model is build on the probability of receiving correctly K packets
among N packets transmitted over Gilbert is giving by [12];

#(N,K) = 70(¢G,G, (N)+¢G,B, (N)+71(4B,G, (N)+¢B B, (N)) (11)
Where
9G,G, (N) =
KYN-K-1 Kt N—K—
zn}gzl(mj[m—l jpmm"lompoo Mpy g Mo<K<N 12
0 K=0
Poo™ K=N
9G,B, (N) =
KYN-K-1
Zmzo(mIm_l JP01m+1P10mP00K_mP11N_K_m_10 <K<N (13)
0 K=N
#B,G, (N) =
Zﬁ;ﬁ 4}(:: ) Kj"Olm P Lpgo K ~M=1p N=K-M=1g < k < N (14)
0 K=0

11
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#B,G, (N)=
K-1(N-K

K-1 m+lp m+lp K-m-1p N-K-m-1
Zn=0 (m J[m 1 ]F’m Plo™ " "Poo P11 0<K<N (15)
Py K=
0 K=
The state probability Py; and  Pyp(or p, to give another perception to the state
Poo =1-Po1 and Pjq =1-PRyg) are the effective transition  probabilities,  where  packet

parameters on the evaluation of 4(N,K). More correlation is the correlation between two errors

. . symbols g and P, which can be expressed
useful parameters can be involved to improve y 00 A1 P

the performance. In [12], the author used the as,

average loss rate P, and the packet correlation

Po1 =P@-p) (16)
R0 =1-P)(1-p) (7)

The computation of the successful transmission probabilities for a specific I, P, and B frame sizes can

be written as;

EGMPg, =¢(S| K) (18)
EGMPs | =¢(Sp.,K) (19)
EGMPs = ¢(SB.K) (20)

Then the total PFR using EGM-TFRC can be written as;

EGMPgp — EGMPgp Ne +1

PFREGM —TERC = G.EGMPg) .(L+ + Ngp.EGMPgp.

1- EGMPgp
_ N, +1
(ECMPsp —EGMPsp " 77 | e ampg; EGMPSp NP )
1- EGMPgp (21)
Simulation Results Based on the above assumption, we develop the
Methodology following illustrative steps to find the optimal

12
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playable frame rate based on the given models which we used in our simulation. Encoded
GEM-TFRC video model, and EGM-TFRC

video model) mentioned in Section II.

video is transmitted as a repeating sequence

of GOP (Np,Npgp) pattern, where Np=3

1. Giving a specified state probability one
can determine the from equation 3.For
each set of other system variables,
compute the PFR using equations 4 and
12.For EGM-TFRC,

average loss rate p,

assign specific
and packet
correlation, determine PFR using (4)
and (21).We characterize the variation
of the PFR in both Models in term of
two dimensions; Packet loss Probability
and PFR dimension, to fined the optimal
PFR.
2. Used

transmitted and received packet with a

the four different cases of
certain probability of packet loss, to
found the optimal PFR.

3. Giving a combination of packet
correlation, and a set of an average loss
probability, compute the PFR using
(21). Characterize the variation of the
PFR in term of two dimensions: packet
correlation and PFR. To investigate the
effect of packet correlation on the PFR,
in four different cases transmitted and
received packet.

System Settings

Table 1 describes network characteristic of

many typical network connection.[2] in

13

and Ngp=2. The Pyg,P1 and Py are set at
0.96, 0.94 and 0.001 respectively. The
packet error rate is set between 0.001 to 0.1
with 0.001
correlation is set between 0.1 to 0.9 with 0.1
intervals.[13][12][17]

intervals. Also, the packet

Table 1: Network Settings [3][13][12]

tRTT 168ms
tRTO tRTT x4
S| 24.64KB ~ 25 packet
Sp 7.25KB ~ 8 packet
SB 2.45KB ~ 3 packet

Table 2 MPEG Sending, Receiving Frames

Size
1 (25,8,3) (25,8,3)
2 (25,8,3) (20,6,1)
3 (25,8,3) (25,6,1)
4 (25,8,3) (24,6,1)

Performance Evaluation

This section describe the PFR of an MPEG4
Video streaming over wireless channel
using two packets lost models; the GEM-
TFRC video model and EGM-TFRC video
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model. The performance evaluation is
carried out by considering the parameters in
Tables 1, 2 and 3 for the fact that maximum
frame rate allowed over internet is 30fps.
Result was conducted using Matlab

programming.

Figure 4 shows the PFR over the effect of

packet error rate, using proposed models.

The PFR clearly indicates better
performance in the range from 0.02 to 0.1
packet loss probability. Meanwhile, the
GEM-TFRC becomes closer to the EGM-
TFRC at packet loss probabilities below
0.02. However, the special case of the
GEM-TFRC for which the correlation
parameter had been added, gives us a poor

performance in comparison with the other.

30 T T T T T : : .
—— GEM w/o p
- —&—EGM with p
I —+—GEMwithp | |

]
[en)
]

[N
o
1

Playable Frame Rate [fps]
3

0

Packet correlation p=0.9
| frame size=25
P frame size=8
B frame size=3

-

F= =

0 001 002 0.03 0.04 0.65 006 007 008 009 0.1

Packet Loss Propapilty

Figure 4 The Playable Frame Rate comparison using GEM-TFRC without memory, GEM-TFRC
with memory, and EGM-TFRC models

Tab

le 3 summaries different sending and

receiving packets that are applied in the two

models for video streaming. It is clearly noticed

that

there are two effects as follows:

dependency relationship between frames in
GOP, and packet correlation factor. The PFR
achieves the highest value at P=1% and in

contrary there is a clear degradation in video
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quality when packet loss increases to 5%.
EGM-TFRC  model

nonzero values of PFR when sending (25,8,3)

However, introduces
and receiving (20,6,1); and this result obtained

is caused due to the packet correlation factor.

Figure 5 shows the PFR over the effect of
correlation factor in EGM-TFRC, when sending
(NI=25, NP=8, NB=3) and receiving (KI=25,
KP=8, KB=3) packets,
correlation is low, it will produce low PFR; but

when the packet

this is not always the case when the “correlation

increase. In Fig. 5 we consider a case where a
packet loss occur, where sending packet sizes
are (NI=25, NP=8, NB=3), receiving packets
(K1=20, KP=6, KB=1), as shown in Fig. 6 it is
clearly shown that when P set t01% we have
got higher PFR at p =0. The fluctuation in PFR
values is also clearly noticed when p increases
to 0.9. The PFR has approximately constant
value over a combination of P; as the
correlation p is strong. Once the process
initially starts in bad or good state, it has the

inertia to stay at that state.

Table 3: The MPEG4 sending and receiving Frame sizes and PFR for P=1% and P=5%.

GEM-TFRC
Sending Receiving
PFR P=1% PFR P=5%
(N| !Np !NB) (K| ,Kp !KB)
(25,8,3) (25,8,3) 10.5119 1.37873
(25,8,3) (20,6,1) 0.00 0.0005
(25,8,3) (25,6,1) 1.4404 0.3022
(25,8,3) (24,6,1) 0.0044 0.0062
EGM-TFRC
Sending Receiving PFR PFR
(Ni,Np ,Ng) (Ki ,K; ,Kg) P=1% P=5%
(25,8,3) (25,8,3) 10.0929 1.3787
(25,8,3) (20,6,1) 0.0028 0.0042
(25,8,3) (25,6,1) 1.2677 0.3022
(25,8,3) (24,6,1) 0.2366 0.2416
10 T |5 |5 T T L
——P=0.01
—6—P=0.03
8- —0—P=0.05}
g —6—P=0.1
5' | frame size=25
B 6 P frame size=8 -
é; g B frame size=3
—_— [
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Figure 5. The playable frame rate over the effect of correlation factor in EGM-TFRC video
model when sending (N1=25, NP=8, NB=3) and receiving (KI1=25, KP=8, KB=3)

0025 L L L [ L [ [ T
——P=0.01
W | frame Size N=25 &K=20 —+—P=0.02
0.02 *DDD P ;rame Size N_=8 &K_=6 + P=0.05 ||
. B frame size N=3 &K=1 S p=01
m g
S : g
Q =
© 0.015- a. .
= g
g A +
= 001
[
>
o
o
0.005
[ L

T ¥ r [ r [
0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9
Packet Correlation factor( p)

Figure 4.b The playable frame rate over the effect of correlation factor in EGM-TFRC video
model when sending (N1=25, NP=8, NB=3) and receiving (K1=20 ,KP=6 ,KB=1)

Conclusion using TFRC protocol for MPEG-4 streaming.
In this paper, we have proposed analytic packet The models are based on Gilbert Elliot and
loss models to estimate video quality over Extended Gilbert model of packet loss
wireless channels with highly correlated errors probability. The results of GEM-TFRC video

16
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model show good performance in high packet
loss probability; meanwhile GEM and EGM
both show reasonable performance as well but
in the range of average packet loss rate below
2%. As a result, we conclude that these
proposed models can be helpful to predict the
video quality using packet loss models over
wireless channels. The Future work can be
extended to involve the FEC techniques the two
to improve the performance of video quality

under different conditions of wireless channels.
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Abstract

Fuzzy neural networks can be used efficiently as a solution technique for routing problem in

computer networks, to improve the performance. In this paper, two methods are proposed to solve

this problem. The fuzzy neural networks are used to make routing decision, and to mange the

congestion with solving of the routing problem. The proposed methods are applied for typical

examples of computer networks. The fuzzy neural networks are trained. Results of the testing

assert their high achievement.

1. Introduction

In a communication  network
information is transferred from one node to
another as data packets. Packet routing is a
process of sending  a packet from its source
node (s) to its destination node (d). On its
way, the packet spends some time waiting in
the queues of intermediate nodes while they
are busy processing the packets that came
earlier. Thus the delivery time of the packet,
defined as the time it takes for the packet to
reach its destination, depends mainly on the
total time it has to spend in the queues of the
intermediate nodes. Normally, there are
multiple routes that packet could take, which

means that the choice of the route is crucial to

20

the delivery time of the packet for any
(source, destination) pair [1].
data

Successful ~ operation  of

communication  network is  critically
dependent on the provision of an adequate
routing algorithm. Routing algorithms are
methods for finding the best way from a node
s to another node d. This may be via a large
number of other nodes or it may be in the next
subnetwork. On a small, simple network the
problem is almost trivial, statically allocating
routes and defining them by hand, but when
dealing with a huge internetwork such as the
Internet this is not possible. It heavily
interconnected network has many routes from
one node to another, and these routes span

many different types of link with different
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bandwidth
Calculating the best route through such a

and latency  characteristics.

complex  system IS computationally
intractable and impossible to do by hand [2 ,
3,4].

If part of network becomes over_
filled with packets it can become impossible
for packets to move. The queues into which
they should be accepted are always full. This
is called congestion. Routing algorithms
strongly interact with congestion [2, 5].

Considerable  research  has been
devoted toward solving the routing problem
in the computer networks. Paper of J. Zuo, S.
Ng and L. Hanzo [6] propose fuzzy logic
based method to specific route having the
highest route stability is finally selected for
data transmission. L. Lertsuwanakul [7]

compare the shortest path routing and
probability functions using deterministic or
adaptive approach. M. Dehyadegari and S.
Mohammadi [8] propose routing method
using two multimedia applications and a
A. Haboush [9]

investigates three metrics, the mean link

random traffic profile.

bandwidth, queue utilization and the mean
link delay to solve routing problem. A. Dana
and N. Salehi [10] propose routing algorithm
is choosing channel that has more free-slots
input buffer beyond adjacent routers and the
less number of active requester for a given
output port. M. Chelliah and  B. Sivaselvan
[11] provide an efficient routing method is a
fuzzy multi-constraint AODV routing for

wireless mesh networks.

21

2. Routing Using Neural
Networks and Fuzzy Logic
In  computer networks, adaptive
routing methods are recommended in order to
efficiently select the transmission path of the
packets without causing network congestion.
Routing algorithms must be adapted to the
traffic and topology changes. The information
regarding these changes have inherent
uncertainty because it is at least as old as the

propagation delay between nodes [12, 13].
The

algorithms have not attempted to deal with

traditional network  routing
this uncertainty in the information available at
a node. Consequently, these algorithms often
make poorer decisions when trying to route to
distant nodes. Also, they have incapability to
take into account possible node or link
failures. Furthermore, their implementation
requires complex and lengthy calculations [4,
13].

The parallel, distributed processing
structure of the neural networks and their
ability to learn are justified to use it as
available structure for solving the routing
problem [4].

Uncertain notions are described and
implemented by fuzzy set theory. Therefore,
in fuzzy logic an element can reside in more
than one set to different degrees of similarity,
and a formalism for implementing expert or
heuristic rules is provided as fuzzy systems
Then,

systems can be integrated in complete routing

which are transparent. the fuzzy

systems [ 13].
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The main idea of fuzzy neural
networks is to combine the advantages of
fuzzy systems which are interpretability and
use of prior knowledge for initialization with
the learning capabilities of neural networks
[14]. Therefore, the fuzzy neural networks
provide a high level of the performance to
make routing decision.
3. Proposed Methods

This paper presents two proposed
methods to use fuzzy neural networks for
solving the routing problem in the computer
networks. Fuzzy neural network is located at
each node of the computer network to make a

local routing decision. In other method, the

congestion control is combined with solving
of the routing problem.

The computer networks which are
considered in this paper modeled as graphs.
Two examples, the first is a 9- node mesh
computer network (CN1) shown in Figure (1).
While the
network (CN2) shown in

second is a random computer
Figure (2). The
imposing values of cost of the links (packet
delay) and queue length of the nodes for these
two computer networks are shown in Tables
(1) and (2), respectively. The values of the
queue lengths in these Tables are located
under changing continuously, when the nodes

send or receive the packets.

N

('8

L O

()
-/

O

()
N

O

Figure (1) computer network (CN1)
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Figure (2) computer network (CN2)

Table (1) link costs and queue lengths of the computer network (CN1)

Links Nodes

link cost (packet delay) node queue length
(in second) (in packet)

1-2 10 1 6
1-4 2 2 5
2—3 3 3 8
2—5 15 4 4
3—6 8 5 7
4—5 2 6 7
4—7 1.6 7 4
5—6 1.2 8 6
5—8 2.1 9 6
6—9 1.5
7—8 3
8—9 1
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Table (2) link costs and queue lengths of the computer network (CN2)

Links Nodes
link cost (packet delay) node queue length
(in second) (in packet)
1—2 6.312 1 5
1-3 6.312 2 5
2—4 1.544 3 7
2—5 6.312 4 7
3-8 6.312 5 4
4—5 3.352 6 8
4—7 6.312 7 8
4—8 3.352 8 5
5-6 12.624 9 6
6— 10 3.352 10 5
6— 12 6.312 11 4
7—9 3.152 12 6
7— 10 3.152 13 3
8—9 6.312 14 4
9—-14 12.624 15 6
10—11 3.152
10—13 3.152
11— 14 3.152
11— 15 3.152
12— 13 6.312
13— 15 6.312
14— 15 6.312

3.1. Routing Decision

A fuzzy neural network (FN1)

is

designed as a part of system which also

consists of central monitor, to solve the

routing problem locally. It has three inputs,

24

they are link time cost, queue time cost and
neighbor_ destination path length, and two
outputs, they are neighbor time cost and
destination path level. Where link time cost is

the packet delay on link to the one neighbor
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nodes, queue time cost is the waiting time of
packet in queue of the one neighbor nodes,
neighbor_ destination path length is the
distance (number of the nodes) between the
neighbor node of the router and the
destination, neighbor time cost is the cost of

sending packet by one neighbor node and

destination path level is level of evaluating
the suitability of the path from the router to
the destination by the neighbor node. With h
units of product and normalization layers
where h = 48 is the number of rules, as shown
in Figure (3).

link time cost

queue time cost

neighbor_

destination path length

()= neighbor
time cost
.— destination

path level

Central monitor

Figure (3) the fuzzy neural network (FN1)

The computer network contains the
fuzzy neural network (FN1) at each node.
When,

given destination node, the fuzzy neural

node (j) has packet to send to a

network receives time cost of link and time
cost of queue of the one neighbor nodes, and
also receives length of the path from this
neighbor node to the destination node from
the central monitor. It decides the time cost of
this neighbor node for sending packet by it
and level of the path to the destination node.

In rj_ steps, the node (j) determines the best

25

neighbor node, where rjis a number that
represents the number of neighbor nodes to
node (j). For example, in the computer
network (CN1), if node 7 has packet to send
to node 5. The fuzzy neural network in
node 7 receives time cost of link, time cost of
queue of the one neighbor nodes (4, 8) and
path length from this neighbor node to
destination 5, and determines the time cost of
this neighbor node and level of the path to
destination 5 by this neighbor node. Then, the

routing system of node 7 determines its best
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neighbor node to reach destination 5 quickly.
The same process is repeated at each node
successively till the destination node.
3.2. Routing and Congestion
Control

For solving the routing problem with
congestion control, the system is designed as
a combination of two fuzzy neural networks.

The first, fuzzy neural network (FN2) has two

inputs, packet average level and packet
variance level, and one output, the congestion
prediction level. Where packet average level
is level of estimating the average number of
packets of a node, packet variance level is
level of estimating the variance of packets of
a node and congestion prediction level is level
of determining the degree of congestion of a

node, as shown in Figure (4) (where h = 16).

packet average

level

packet variance

level

congestion
prediction

level

Figure (4) the fuzzy neural network (FN2)

The second, fuzzy neural network (FN3) has
two inputs, link time cost and congestion
prediction level which is the output of the first

part (FN2), and one output, the neighbor

selection level. Where neighbor selection
level is level of evaluating the suitability of
the selected neighbor node, as shown in

Figure (5) (where h = 16).

link time cost

congestion

prediction level

neighbor

selection level

Fuzzy neural network (FN2)

Figure (5) the fuzzy

26

neural network (FN3)
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The routing system, that consists of
two fuzzy neural networks is included at each
node of the computer network. In order for,
node (j) to
destination node, the congestion predictor

send packet to a given
(FN2) receives statistics data (average number
of packets and variance of packets) of the one
neighbor nodes and gives its output about the
congestion state of this neighbor node to the
other part (FN3) to determine the selection
level of this neighbor node. In  r;_ steps, the
system determines the best neighbor node to
node (j). For example, in the computer
network (CN2), if node 7 has packet to send
to node 15, its congestion predictor (FN2)
reports the congestion state of the one
neighbor nodes (4, 9, 10) to the fuzzy neural
network (FN3) which decides the selection
level of this neighbor node. So, the selection
level of each neighbor node can be
determinem the routing system at node
7 selects best neighbor node. Which has less
value of congestion prediction with less cost
of link. The same process is repeated at
each node till the destination node.
3.3. Simulation Result

The simulation has been realized using
C++ programming language, in order to test
the proposed methods, which use fuzzy neural
networks to solve the routing problem.
Through that, they are applied for the two
computer networks (CN1, CN2).

The proposed fuzzy neural networks
have numbers of inputs, outputs, and units of

product and normalization layers as described

27

in Table (3). For setting the parameters
(weight, center and width) of these fuzzy
neural networks the following method of
initialization is used [15].

Stepl_ For k=1, .., h-2, the
sets (x1(K), ..., Xm(K), y1(K), ..., Yp(K)) which
are inputs and desired outputs are presented,

training

where h is the number of rules, m is the

number of inputs, p is the number of
outputs.

Step2_ For k=1, .., h-2,i=1, ..., m, j=
1, ..., p, the center ¢y = xj(k) and the weight
wyj = Yj(K). For k = h-1, the center ¢y = a; and
the weight w; =1, and for k =h,
the center ¢y = b; and the weight

wyj = 1, where a; is the lower bound and bjis
the upper bound of the universe of discourse
[ai, bi] of the input X;.
Step3_ For k =1, ..., h,

width ok = max ( |cki -

i=1, .. m, the
cil) /v

Ai |, where ¢ is the center of membership

Cril, |Cxi -

function at right side for input variable X;, Cj;
is the center of membership function at left
side for input variable x;, andA; is a factor,
O<Ai<l

The membership function used to
perform a fuzzification operation of the
proposed fuzzy neural networks is Gaussian
function as in equation:
A= ¢ G e 1)
where X; is the input variable, for (j =1, ...,
m) inputs, ¢;; and oj; denote the mean (center)
and variance (width) with respect to Aj.

These fuzzy neural networks are

trained by backpropagation algorithm, when
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the parameters (weight, center and width) are
adjusted to minimize the error function. For
every one of the computer networks (CN1,
CN2), 30 training sets are taken. The training
operation is continue, until the minimum
value of mean squared error is obtained. For
that, some values of learning rates (nw, Ne, No)
and momentum rates (ow, O¢ 0g) are
employed to get best convergence which are
selected by trial and error, they are exposed in
Table (4). Results obtained at this stage proof
decreasing of the mean squared error with
increasing of number of epochs, as shown in
Figures (6)_ (11).

The testing is performed on the trained

sets, and on other test sets for each of the

computer networks (CN1, CN2). Some of the
results of testing are exposed in Tables (5)_
¢9). Results are summarized in Tables (10)
and (11) which show the efficiency of the
performance of the fuzzy neural networks
through the testing. These Tables describe the
success rates to test trained sets and test sets.

From  the simulation results, the
following points are noticed.

The structure of each proposed fuzzy
neural network is not related to the size
of the computer network.  The inputs and
the outputs of each proposed fuzzy neural
network are information about the one

neighbor nodes in the computer network.

Table (3) the number of input, output and units of product and

normalization layers of the proposed fuzzy neural networks

Fuzzy neural
network

Number of inputs

Number of outputs

Number of units

of product and
normalization layers

FN1 3 2 48
FN2 2 1 16
FN3 2 1 16

Table (4) learning rates and momentum rates of the proposed

fuzzy neural networks

Fuzzy neural Learning rate (1 ) Momentum rate (a )
network
MNw Mc No Olyy Oc Og
FN1 0.9 0.9 0.9 not used
FN2 0.9 0.9 0.9 0.6 0.6 0.6
FN3 0.9 0.9 0.9 0.6 0.6 0.6
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Figure (6) error versus number of epochs
of the fuzzy neural network (FN1) for
the computer network (CN1)

Figure (7) error versus number of epochs
of the fuzzy neural network (FN1) for
the computer network (CN2)
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Figure (8) error versus number of epochs
of the fuzzy neural network (FN2) for
the computer network (CN1)

Figure (9) error versus number of epochs
of the fuzzy neural network (FN2) for
the computer network (CN2)
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Figure (10) error versus number of epochs
of the fuzzy neural network (FN3) for
the computer network (CN1)

Figure (11) error versus number of epochs
of the fuzzy neural network (FN3) for
the computer network (CN2)
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Table (5) some of the test results of the fuzzy neural network (FN1) for the

computer network (CN1)

Inputs of FN1 Desired outputs outputs of FN1
Link Queue time cost Neighbor_ | Neighbor | Destination | Neighbor | Destination
time cost | (rq=Lq/p, 1et P=2) destination | time cost path level | time cost path level
path length

10 2.5 4 11.8825 18.3784 11.8821 18.3787

8 4 2 13 20 13.0035 19.9965

10 2.5 8 11.8825 23.3784 11.8821 23.3787

8 4 6 13 22.1441 13.0004 22.1444

1.6 4 2 5.6043 11.8626 5.6041 11.8629

15 5 5 23.9035 30.9035 23.8244 30.8244

Table (6) some of the test results of the fuzzy neural network (FN1) for the

computer network (CN2)

Inputs of FN1 Desired outputs outputs of FN1
Link Queue time cost | Neighbor_ | Neighbor | Destination | Neighbor | Destination
time (Tq=Lq /P, let P=2) destination | time cost path level | time cost path level
cost path
3.352 2.5 3 6.3277 12.4482 6.3277 12.4482
3.352 2.5 6 6.3545 14.6233 6.3512 14.6206
2.624 4 5 16.7822 23.7822 16.7864 23.7805
2.624 4 8 16.7822 33.7822 16.7864 33.7805
6.312 2.5 2 9.7045 15.6941 9.7042 15.6935
3.152 4 4 8.6055 14.533 8.3482 14.465

30




Khloud Ahmad et.al. Computer Network Routing ...

Table (7) some of the test results of the fuzzy neural network (FN2) for the computer
networks (CN1, CN2)

Inputs of FN2 Desired output | Output of FN2

Packet Packet Congestion Congestion
average variance level prediction prediction
3 0.1 146316 146316

9 0.4 5.13696 5.13696

12 0.6 9.19229 9.1923

6 0.5 4.73698 4.73699

8.5 0.4 4.84137 4.84134

5.5 0.5 4.4763 4.7369

Table (8) some of the test results of the fuzzy neural network (FN3)

for the computer network (CN1)

Inputs of FN3 Desired output Output of FN3

Link time | Congestion Neighbor Neighbor
cost prediction selection level selection level

2 1.46316 7.0755 7.0755

2.1 5.13696 18.3602 18.3602

2 9.19229 35.1393 35.1393

8 4.73698 28.8917 28.8917

2.1 1.46316 7.4201 7.4206

1.6 11.2359 41.8882 42.0732
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Table (9) some of the test results of the fuzzy neural network (FN3) for the

computer network (CN2)
Inputs of FN3 Desired output Output of FN3
Link time | Congestion Neighbor Neighbor
cost prediction selection level selection level
3.352 1.46316 9.0804 9.0804
6.312 5.13696 26.8333 26.8333
12.624 9.19229 65.8843 65.8844
3.352 4.73698 19.5252 19.5253
3.152 10.4559 38.6157 38.6152
6.312 8.367 34.5458 34.8242

Table (10) the success rates of testing the proposed fuzzy neural etworks for the

computer network (CN1)

Fuzzy neural Success rate of Success rate of
network test on trained sets test on other sets
FN1 100 % 92 %
FN2 100 % 94 %
FN3 100 % 95 %

Table (11) the success rates of testing the proposed fuzzy neural

networks for the computer network (CN2)

Fuzzy neural Success rate of Success rate of
network test on trained sets test on other sets
FN1 100 % 88 %
FN2 100 % 94 %
FN3 100 % 93 %
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4. Conclusions

The proposed methods which used
fuzzy neural networks to solve the routing
problem of the computer networks are
described in this paper. These fuzzy neural
networks can be included as a part of a
routing system that contains a monitor for
providing them with necessary information.
The congestion control with solving of
routing problem is realized at one of these
proposed methods as a combination of two
networks. For

fuzzy neural making the

routing decision, system contains central
monitor and the fuzzy neural network (FN1)
at each node, to determine the best neighbor
node depending on two primary criteria that
are link time cost and queue time cost. The
(FN2, FN3) as

congestion predictor and routing decision

fuzzy neural networks
maker are inculded at each node to manage
routing with congestion control. Results of
the training and the testing of the fuzzy neural
networks proof on their good performance for
both computer networks (CN1, CN2).
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Abstract:

In this work, forward and reversed digital filters are used with (m out of n) error correcting

code in the form [xxxx000] i.e.(4 out of 7code). The hardware circuit is constructed using flip flops

that constitute the digital filters. Practical results are applied for correcting a deliberately inserted

error in the message.

1- Introduction
There are several known methods of

detecting an error in digital message, namely:

Exact  Count

Redundancy,  Echoplex,

Encoding, Parity, Checksum, Vertical-
Horizontal Redundancy Checking, and finally
Cyclic Redundancy Checking (CRC).

Most methods use codes which are
"systematic™: the transmitter sends a fixed
number of original data bits, followed by fixed
number of check bits (usually referred to as
redundancy) which are derived from the data
bits by some deterministic algorithm. The
receiver applies the same algorithm to the
received data bits and compares its output to

the received check bits; if the values do not

36

match, an error has occurred at some point
during the transmission. A block code converts
affixed length of K data bits to a codeword of
fixed length N, where N>K. The block of
encoded message consists of K message bits in
addition to N-K error check bits. The rate of
the code is the ratio N/K, and the redundancy
of the code is (1-K/N)™>!

In this study a correcting code of seven bits
is used. The message constitutes the most
significant four bits while the rest are zeroes
(the added redundancy bits), so the codeword

is in the form [xxxx000].

In case of error correction few methods are

used namely: Symbol Substitution,
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Retransmission, and Forward Error Correction
(FEC). Nowadays the plausible method FEC
is versatile and applied almost universally. It
involves applications of Reed-Soloman coding
as indicated in the block diagram of Fig.1,
where the first three blocks are common parts
for cables, satellites, and terrestrials; while, the
last block is used for satellites, and terrestrials
only.

In Fig.1, the numbers (204,188,8) stands for
Transport Packets of 188 bytes long, it uses 16
parity bytes, when added to 188 yields 204.
The 8 means that this method can correct up to
8 bytes of errors. The energy dispersal uses
Pseudo Random Binary Sequence (PRBS) of
1503 bytes. Forney interleaving is vital in the
sense that it increases the efficiency of Reed-
Soloman coding by spreading the burst error in
the channel. Convolutional coding (inner
coding) is the complement of RS and forney
interleaving because it corrects other kinds of
errors. It lowers redundancies by the method
of puncturing the output of the convolutional

encoder.

The technique used in this research is
another method of correcting an erroneous
byte in a message by the method of “search
and compare" the system searches for the
correct code in the sense of scanning and then
compares the scanned result to a standard
(xxxx000) byte. If the scanned result matches
this standard code, then the byte involved is

the correct message byte.

37

A hypothetical communication system with
artificial erroneous message is considered and
a correcting circuit is designed so as to correct
the received message.

2- Theoretical Circuit:

2.1- Block Diagram of the system

The theoretical circuit can be represented as
shown in Fig.2. The message (x) is passed
through a forward digital filter of transfer
function f(D)at the sending end. During the
path of the message towards the receiving end,
an error is deliberately inserted in the message
using shift and add method (Pseudo Noise
[PN] generator)’®™ . At the receiving end, a

reverse digital filter of transfer function TlD)is
used in addition to m out of n facility to detect

the error and correct it simultaneously .
2.2-Related Algebra of Digital Filters

The forward digital filter at the sending end
is shown at Fig.3 for 3-bits.

Assuming the input and output are (x)and
(y)respectively, and the delay "by one bit
period" to be(D), then®!

y = x @ Dx@®D3x-------------- (1)
from which we get
f(0) =% =1&D®D?

Fig.4 shows the reverse digital filter at the
receiving end, from which

yr — XI®D3y’®Dy'

Using transposition property, the following
result is obtained:

x' =y'®Dy'®D3y" -------mmmmm-- (4)
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Therefore:

where (x") and (y’) are the input and output
respectively and (D) is the delay by one bit
period.

3- Circuit Analysis

Fig.5 shows the practical circuit of the
detector and corrector system (the scanner) at
the receiving end.lt is consisted of three
registers. The received message is stored in the
second register, while the third register is the
storage of the corrected message.

The first stage of the system (3-bit shift
register) generates the codes due to probability

of errors as follows:

Denoting the output of the first register by

Y4

i. If the first register of Fig.5 is loaded
initially with the logic [100],and the register is
drove by clock pulses, the output "z" becomes

asin Table_1.

Table_1: The status of initially loaded shift
register of Fig.5 driven by clock pulses

After n" Z Contents of
clock pulse shift register

Initially 1 100

1 1 110

2 1 111

3 0 011

4 1 101

5 0 010

6 0 001

7 1 100

38

It is clear from tabl_1 that the final state is
the same as the first one, the cycle isthen
repeats in such a way that "z" (the output) will
have the following recurrence cycles

.....1110100 1110100 1110100.....

ii. Consider the register loaded initially with
the logic [110].

If the work in (i) above is repeated, the
possible outputs of (z) become

....0111010 0111010 0111010....

iii. If the register is loaded with logic [110]
then the possible outputs of (z) are

z =0011101, and so on.

The above functions of [z] are termed @E,
for which it is clear that the result is shifted
one bit to the right each time, so initially the
shift register can be loaded by any code, hence
the possible outputs of [z] are tabulated as
follows:

Table_2 Possible outputs of the first register

of Fig.5
Function of [z] Binary value of [z]
¢ E1 1110100
¢ E; 0111010
¢ Es 0011101
¢ Ey 1001110
¢ Es 0100111
¢ Es 1010011
¢ E; 1101001
Referring to Fig.2;, x =y®E

represents an input to the reverse filter denoted

by % where E is an error bit inserted to the

transmitted message for example the third bit
i.e. E = E;.So the output y’ of this feedback
filter is given by
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Y = (o) (6)
= ¢[yDE;]
= ¢lyl®olE;]

= ¢f (x)DP[Es]
= ¢[D]®x’
= f(lD) Ox’ P (7

y'can also be expressed as

where x is the input.

From the final results (equations 7&8),
it is noticed that the input x is the original
message while ¢ [E3] is the response of the
filter the
(0010000),hence the output x is expressed as

reverse to impulsive error

X = YO [Es] e ©)

practically the position of the error is
not known, hence all of the responses should
be examined, namely ¢[Ei], ¢[E],
D[Es],....., p[E7], Fig.6) which

correspond to impulse function that may be at

(as in

the 1%2" 39 ... 7™ position respectively.
Therefore, the general form of equation 9 will
be

x=y @¢[E]
Where ¢ [E;j] is the output generated from the
first register of the system.
After achieving all examinations, the XoR
operation (according to equation 10) continues
until a code with three zeroes at the right hand

side (in the form xxxx000) is obtained in the

39

third register, where the correct message is

XXXX.

4-Practical Results

The electronic circuit of the detector and
corrector system (the scanner) as shown in
Figs.2 and 6 has been built practically. An
erroneous messagey'=0011011 was chosen as
an examplewhich is supposed to be belonging
to the seven bit code [xxxx000], then y’ is
examined according to equation (10), by
considering all possible ¢ E; (from Table_2)
until a code of the form xxxx000 is reached as
in Table_3:

Table_3: TheXoR results for correcting the
erroneous message.

I | pE y' @ ¢E; | Result

1 |1110100 | 1101111 | Incorrect
2 | 0111010 | 0100001 | Incorrect
3 (0011101 | 0000110 | Incorrect
4 11001110 | 1010101 | Incorrect
5 |0100111 | 0111100 | Incorrect
6 | 1010011 | 1001000 | Correct
7 | 1101001 | 1110010 | Incorrect

Hence, the error is at the 6™ position of the
message and the message is corrected.

5-Conclusions:

This research work claims juniority and
originality, whereas in the existed literature the
standard methodof  error detection and
correction (as mentioned above), the plausible
of which is the FEC that utilizes either
Hamming code or Reed-Soloman code, none
“SCAN and

COMPARE” method as in this work.

of such methods includes
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A standard (N,K) code, in this research, i.e.
(xxxx000 code) was applied as a stem or a
reference to all received messages. Such
received messages are either correct or faulty.
If erroneous message is received it is corrected

S0 as to match the reference (xxxx000) code..

A final
comprehend the literature of this research the

word can be added that to

reader may concentrate on sequential
technique given in the tables throughout this
work, the picture then will be elaborated and
the be

consequently the practicality of the circuit will

ambiguousness  will cleared,

be realized and hence anticipated.

This piece of work can be an integral part

of a system that involves digital
communication based on this (N,K) code, or
else may be developed to further usage and
extensions yielding same trend or same

principles.
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FEC system
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Fig.6 Theoretical circuit of the receiving end
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Abstract

Currency exchange rates prediction is one of the most important applications of modern time
series prediction. The currency rates are inherently noisy, and chaotic. There is no complete
information that could be obtained from the history of the past behavior of currency exchange rate
markets to fully capture the dependency between the future exchange rates and that of the past. In
this paper , the currency exchange rate prediction problem is studied and a new proposed
currency exchange rate prediction scheme based on using wavelet network is presented. The

proposed scheme is tested and results are compared with other known methods. Different cases are

considered.

1- Introduction prediction techniques provide predictions, for

Exchange rates prediction is one of the many stable forecasting systems, of
challenging applications of modern time acceptable quality, these techniques seem
series prediction. The rates are inherently inappropriate for non-stationary and chaotic
noisy, non-stationary and chaotic [1, 2]. These system such as currency exchange rates,
characteristics suggest that there is no interest rates and share prices. The purpose of
complete information that could be obtained this paper is to investigate the use of wavelet
from the past behavior of such markets to networks based techniques for prediction of
fully capture the dependency between the currency exchange rate. Auto-Regressive
future exchange rates and that of the past. One Integrated Moving Average (ARIMA)
general assumption is made in such cases is technique [3,4] has been widely used for time
that the historical data incorporate all those series prediction . However, ARIMA is
behavior. As a result, the historical data is the developed based on the assumption that the
major player in the prediction process. time series being forecasted are linear and
Although the well-known conventional stationary [4]. The Artificial Neural
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Networks, have been used for prediction and
system modeling, with great applicability in
time-series analysis and prediction [5-8].
In this paper, we develop a method based on
using wavelet network for predicting currency
exchange rates. Wavelet neural networks
combine the theory of wavelets and neural
networks into one. A wavelet neural network
generally consists of a feed-forward neural
network, with one hidden layer, whose
activation functions are drawn from an
orthonormal wavelet family.

One applications of wavelet neural
networks is that of function estimation. Given

a series of observed values of a function, a

wavelet network can be trained to learn the
composition of that function, and hence

calculate an expected value for a given input.

2- Wavelet Network

The structure of a wavelet neural network
is very similar to that of a feed-forward neural
network, taking one or more inputs, with one
hidden layer and whose output layer consists
of one or more linear combiners or
summers(see Figure 1). The hidden layer
consists of neurons, whose activation
functions are drawn from a wavelet basis.
These wavelet neurons are usually referred to

as wavelons.

i

WK

Figure (1): Structure of a Wavelet Neural Network

There are two main approaches to creating
wavelet neural networks. In the first the
wavelet and the neural network processing are
performed separately. The input signal is first

decomposed using some wavelet basis by the

45

neurons in the hidden layer. The wavelet
coefficients are then output to one or more
summers whose input weights are modified in
accordance with some learning algorithm.

The second type combines the two theories.
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In this case the translation and dilation of the
wavelets along with the weights are modified
in accordance with some learning algorithm.
In general, the first approach is known as a
wave net while the second type is known as
a wavelet network[8]. The architecture of a

M
y(u) = ZiWi\Ifx, t(U)+y

The output of a wavelon is given by:

v, (U) =w(“T‘t)

The addition of the bias 3_/ is for functions

whose mean is non zero ( since the

single input single output wavelet network is
shown in Figure 2. The hidden layer consists
of M wavelons. The output neuron is a
summer. It output a weighted sum of the

wavelon

@

wavelet function y(u) is zero mean ) . In a
wavelet network all parameters y, w;, tj and /;

are adjustable by some learning procedure .

Figure (2): Wavelet Neural Network

3- Multidimensional Wavelet Network
The input in this case is a multidimensional

vector and the wavelons consist of

multidimensional wavelet activation
functions. They will produce a non - zero

output when the input vector lies within a

46

small area of the multidimensional input
space. The output of the wavelet network is
one or more linear combinations of these
multidimensional wavelets. Figure 3 shows
of a wavelon .

the form The output is

expressed as:
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Yj=2 Wi jWi(Up...uy) +y; for j=1...k ... (2)
i=1

where 3_/ j Is needed to deal with functions of non zero mean

Uy

Upn

Uiy, ug. ..., 1wy )

Figure (3): A Wavelet Neuron with a Multidimensional Wavelet Activation Function

The input - output mapping of the network is defined as:

M
yviu) = E wil;(u) =¥ where
i=l1

One application of wavelet networks is
function approximation . In[8] an algorithm
for adjusting the network parameters for the
one- dimensional case. Learning is per formed
from a random sample of observed input -

output pairs

wi = (. Wi )
{1y, ..., uy)
NI Uk )
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using of gradient type algorithm for the
learning.

The parameters )_/ w;’s, ti’s and Ai’s should
be formed into one vector 6. Now ye(u) refers

to the wavelet network, expressed in ( 4) with

parameter vector 0.
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Yo(U) =Zwiw(“%i) +y G

The objective function to be minimized is then
. | . o
Clg? = §E{[yﬁu|:?i} — fl'lu” }

The minimization is performed using a gradient algorithm. This recursively modifies 0, after each

sample pair {uy,, f(uk)}, in the opposite direction of the gradient of
: R o
clf. ux. flur)) = S (yelur) — fluw))”

The gradient for each parameter of 6 can be found by calculating the partial derivatives of ¢(6, U,,

f(uk) ) as follows:

de

97 = €

de .

R = ert( Zri)

de L, .

E = —E;_.u.'I-EL: (2Zpi)

dc up — £ b

E3Y = —ERW; (T) U 2k )

where ep = yalug) — flug). 2 = Uk — 4 and ¢'(z) = rfr_;{_z_]‘

_ ‘ A . dz

To implement this algorithm , a learning rate training data should be fed through the
value and the number of learning iterations learning process.
need to be chosen . The learning rate y € (
0,1] determines how fast the algorithm 4- proposed scheme
attempts to converge. The gradients for each
parameter are multiplied by y before being Time series analysis is used as a method
used to modify that parameter . The learning for currency exchange rate prediction. A time
iterations determine how many times the series x(1), ... , x(k) are used to predict the
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value x(k+1) . The inputs to the network are
chosen as the previous k values x(1), x(2), ...,
x(k) and the output will be the predicted value
X(k+1).

In this section we present the proposed
wavelet network scheme for solving the

prediction problem . The network has k
input unit and one output as shown in
figure(4). The k past currency rate values are
used as input to the network to predict the
next (the k+1) currency rate value.

Figure (4): proposed wavelet network

5- Simulation result

The data set contains weekly averaged
exchange rates between two main currencies -
the British pound and US dollar — in the
period from 31 December 1979 to 26
December 1983. The first 110 data points are
considered [9]. The data are normalized to
values in the range between 0 and 1 using the
formula. The proposed wavelet network
scheme shown in Figure (4 ) is used for
currency exchange rate prediction . two cases
are considered.

1- A wavelet network with three

input(k=3) and one output as shown

in figure(4 ). It has three input units

(each  time three  consecutive
exchange rates are used as inputs to
the network to produce a prediction
for the fourth exchange rate).

2- A wavelet network with four
input(k=4) and one output as shown
in figure(4).1t has four input neurons
(each time four consecutive exchange
rates are used as inputs to the network
to produce a prediction for the fifth
exchange rate).

The data set is divided into two groups:

training group and testing group. The gradient

algorithm is used as a learning algorithm. For
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the 110 data items, the first 100 data are used
as training group. The remaining 10 data are
used for testing the trained network to
unseen data.

The wavelet network in both cases are
trained for 500 epochs with 0.4 learning rate.

Three Rasp2 wavelet functions are used (

1C0s(t) where 1v_:u—t )
A
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f(t) = . The

trained network is tested with the overall 110
data. The results of the testing( the prediction)
are given in Figure (5) and Figure (6) for the
two cases respectively.

To compare the performance with that of

perceptron network is also used for prediction
.The neural network is used in two different
cases . In the first case three input network is
used while in the second case four input
network is used. The neural network in both
cases are trained for 500 epochs with 0.4
learning rate .The activation function is a
sigmoid function. The results of testing( the
prediction) for the cases of three input and
four input  are shown in Figure (7). and
Figure (8) respectively. The mean square
errors in testing for the four cases is shown in

table(1).

using neural network the multilayer
Table(1)Mean square error in testing.
Wavelet Network | Wavelet Network Neural Network Neural Network
(3-Input) (4-Input) (3-Input) (4-Input)
0.0054 0.0012 0.0145 0.0043
3
2.5
2
EXCHANGE RATE 1.5
1
e ACTUAL
----- PREDICTION 0.5
0 .
TSRO ATINREBRRIDIIS S
— o
WEEK

Figure(5): Exchange rate prediction using wavelet network [Three Input]
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Figure(6): Exchange rate prediction using wavelet network [Four Input]
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Figure(7): Exchange rate prediction using Neural network [Three Input]
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Figure(8): Exchange rate prediction using Neural network [Four Input]

6- Conclusion
Wavelet

presented and used for

network  prediction

scheme is

currency exchange

rate prediction. The method is applied for
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data set contains weekly averaged exchange
rates between two currencies - the British
pound and US dollar .Simulation results show

good performance for the proposed wavelet
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network scheme. Results of using wave let
network is better than that of using neural

network.
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Abstract

One of the most important quality factors in satellite images comes from its contrast. Contrast

enhancement is frequently referred to as one of the most important issues in image processing. Image

histogram is a powerful engineering tool to portray information of an image. In this paper a Landsat

ETM+ image was analyzed to find out the power of histogram hyperbolization in detecting and

delimiting different features in the scene. A visual basic program is designed and implemented on the

spectral bands of the satellite image. The results were combined in color composites using ERDAS

Imagine Ver. 9.2. Most conventional contrast enhancement algorithms usually fail to provide detailed

contrast information in the dark and bright areas of remotely sensed images. The test results indicate

that the proposed method provide better contrast image than the conventional enhancement methods.

I. Introduction

Image enhancement is the improvement
of digital image quality (wanted e.g. for visual
inspection or for machine analysis), without
knowledge about the source of degradation. If
the source of degradation is known, one calls
the process image restoration[1]. Image
Enhancement techniques are instigated for
making satellite imageries more informative
and helping to achieve the goal of image

interpretation. The term enhancement is used to
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mean the alteration of the appearance of an
image in such a way that the information
contained in that image is more readily
interpreted visually in terms of a particular
need. The image enhancement techniques are
applied either to

single-band images or

separately to the individual bands of a
multiband image set. This operation seeks to
improve the appearance of image data as a way
of assisting in visual interpretation and analysis.

Image enhancement techniques improve the
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subjective quality of the picture, by intensifying
image characteristics. The goal is to emphasize

certain image features for analysis, image
display, or to increase their usefulness.
Examples include contrast and edge
enhancement, noise filtering, and

sharpening[2]. Image enhancement seeks to
make the image look better and be more easily
interpreted, and can either be radiometric or
geometric. Radiometric  enhancement s
designed to improve the contrast and colour
balance in an image while geometric
enhancement seeks to make spatial features
such as edges more apparent[3]. Radiometric
enhancements include contrast stretching,
histogram matching, band ratio, band arithmetic
and principal component analysis. Radiometric
enhancement makes extensive use of the image
histograms so it is important to understand what
the image histogram is and how it is used. An
image histogram is a bar graph of DNs against
pixel frequency (number of times that particular
grey scale value occurs in the image) is termed
an image histogram. The histogram represents a
probability distribution function that tells us the
chance of finding a pixel with a certain DNs in
an image[1]. The histogram has many uses in
radiometric correction but can also give clues as
to the nature of the image we are analyzing.
Each image band has its own unique histogram
although the converse is not necessarily true.

Histograms do not give any indication of the
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spatial distribution of the DNs but merely give
an indication of their spectral distribution.
Image histograms are very useful for
determining the spectral distribution of the DNs
in an image.

The

techniques is to process the image so that the

principal objective of enhancement
result is more suitable than its original[1].
Image enhancement are algorithms which were
applied to remotely sensed data to improve the
appearnce of an image for human visual
analysis, or occasionally for subsequent
machine analysis[4]. Image enhancement is
useful in feature extraction, image analysis, and
visual information . The enhancement process
itself does not increase the inherent information
content in the data but it simply emphasizes
cretain characteristics.

specified  image

Enhancement  algorithms are,
dependent[5].

techniques,

generally,

interactive and application-

Image enhancement such as
contrast streching which maps each gray level
into another gray level by a perdetermined
transformation.An example is the histogram
equalization method, is which the input gray
levels are mapped so that the output gray level

distributionis uniform. This has method been

found to be a powerfull technique for
improving low contrast images[6]. Other
enhancement  techniques  perform  local

neighborhood operations as in convolution,

transform operation as in the discrete fourier
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transform, and other operation as in pseudo-
coloring where a gray — level image is mapped
into a color image by assigning different colors
to different features[7].
Il. The Histogram Hyperbolization

It consists of a memoryless nonlinear,
space-invariant transformation of the pixel
brightness values. This transformation is based
upon the histogram of the picture to be
processed and the nature of human brightness
perception. Contrast is generally defined as the
relative difference between light and dark areas

p(3) == [ p(1A(1)

where
1(J) is inverse of J (1).
The above equation represents the continues
case, which is discussed first for simplicity.
Also and without loss of generality, it is
assumed that | is normalized to the range 0
<=l<=1
The basic idea underling histogram
hyperbolization is to seek a function J (1) such
that all perceived brightness levels of the
processed image are equiprobable because the
perception of brightness is a nonlinear function
of light intensity, this goal is not achieved by
histogram equalization. In order to specify an
appropriate  transformation, we need an
expression for the perception of brightness for

which about half a dozen formulas have been
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of a picture because the visibility by such
relative differences, it is often possible to
enhance the intelligibility of pictures by an
appropriate transformation J(I) of the pixel
brightness values 1(X,Y). This is especially true
when images occupy a small portion of the
available dynamic range. when the pixel
brightness values of an image are subjected to a
memory less, space — invariant transformation J
(), the empirical probability density function

P(I) is modified as follows|[8]:

(1)
proposed . The difficulty is that brightness
perception depends upon viewing conditions
such as target size, background illumination,
etc.Which are unpredictable in pictures, and has
been arbitrarily chosen here to express the

perceived brightness Bas:

B =log(Jd +c)

And the constant c¢ is the adjusted
experimentally ( normalization is not necessary
here ) .

Letting

B,. =log@+c)
B,.,.. = logc,

And requiring that B be equally distributed,

a
- Bmin

pP(B) — —

rnmas<

To find that the desired density function
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1
~ (3 +c)log(1+1/c) (2)

B(J) 1
p( )__ Bmin B _BdB

min

Has a hyperbolic from. Because the effect of the parameter ¢ is some
what obscure a more convenient parameter is defined, namely, the slope s of P (J) at the origin J =0

_d _ —1 (3)
dJ e’ log(1+1/c)?

The desired function J (1) can now be determined by observing that ( see equations(1)and (2)).

L )

P(3) = (J +c)log(l+1/c) dJ

J=0

Integrating both sides with respect to J, to obtain

log(1l+ J /c)

1(J)=F, . 5
3 ' log(1+1/c) (%)
where F ! is the inverse of the cumulative distribution

(6)
F = [ p()dd)
J(l):c(exp[logl+1/cjo' p(1)dI1—1) (7)

S7
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start

Get Image Data

v

Calculate the Histogram for Original Image data

v

Enter Brightness Value (c)

v

Calculate the Accumulative Histogram

v

Fori=0 to Height-1 <

For j= 0 to Width-1

Use Equation (7))

v
=)

Pixel =255
[

«
i

Save output image

Figure (1) Histogram Hyperbolization Flowchart
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I11. Results and discussion:

Figure (1) represent the flowchart of the visual
basic program. Different values of the
parameter ¢ have been used , and applied to
satellite images. Its effects are shown in the
following figures.

The histogram hyperbolization depends on the
value of a special variable of the light intensity
levels. It gave the satellite image details that is
more clear and accurate than the original image.

We analyzed a Landsat image shown in
figure(2), and its subset shown in figure (3), to
find out which methods of digital image
processing give the most useful results for

Figure( 2 ): Landsat Image.

detecting and delimiting different features, by
using different values of the controlling
parameter c, shown in figures
(7),(8),(9),(10),(11), and (12) . The best results
were obtained with enhanced colour composites
shown in figures (13) and (14), especially when
histogram hyperbolization was applied: the
features types that were known from the area
were clearly visible in the image products, and
also previously unknown regional patterns were
found Most  conventional  contrast
enhancement algorithms usually fail to provide
detailed contrast information in the dark and
bright areas of remotely sensed images.

Figure( 3):

o

Subset of image.

Figure (4): Band one.
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Figure( 5): Band two.
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Figure( 6 ): Band three. Figure( 7 ): Band one , c=4.5.

Figure(8): Band one, c=5.5. Figure (9): Band two, c=4.5.

Figure( 10 ): Band two , ¢c=5.5. Figure( 11 ): Band three, c=4.5.
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Figure( 15): Band one, c=3.5.

Figure( 16 ): Band one , c=4.
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The effects of changing the values of the

parameter c are also clear in figures (15) and

(16). Therefore a special attention is necessary

to avoid negative effects when applying the

algorithm on satellite images. Distortion on

image in these two figures is evident.
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Abstract

Financial prediction is an example of a prediction problem which is challenging due to small
sample sizes, high noise, non-stationary, and non-linearity. Neural networks have been frequently
used in financial prediction because of their ability to deal with uncertain, fuzzy, or insufficient
data. Despite that, neural networks(NN) have limitations; they still require a significant amount of a
priori information about the model structure. Group Method of Data Handling (GMDH) is an
inductive approach which attempts to overcome the subjectiveness of neural networks based on the
principle of self-organization. We have developed an algorithm inspired from the evolutionary
manner of conventional GMDH to generate an inductive model based on using multilayer
perceptron that can avoid some of GMDH problems like the exhaustive computations on candidate

Adalines and the increasing number of Adalines in the following layers.

1. Inductive and deductive modeling process of induction to construct models of

studied systems [1].
The capability of induction s

fundamental for human thinking. It is the next The inductive methods have a similar
human ability that can be utilized in soft- concept to that of evolution introduced by
computing, besides that of learning and Holland where a number of solutions are
generalization. The induction means gathering created and an external criterion plays the role
small pieces of information, combining it, of finding the fittest [2].

using already collected information in the Inductive methods are objective, they can

higher abstraction level to get complex produce a self organization models On the

overview of the studied object or process. other hand, Deductive methods are subjective

Inductive modeling methods utilize the
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since they are totally based on detailed
instructions from the person performing the
modeling as well as his/her idea about the
object behavior [3].

2. Neural Networks in Financial Prediction

Many attempts have been made to predict
the behavior of bonds, currencies, stocks,
stock markets, or other economic markets .
These attempts were encouraged by various
evidences that economic markets do not
behave randomly, but rather perform in a
chaotic manner [4-8].

Neural networks (NNs) have become

very important method for finance and
investing applications because of their ability
to deal with uncertain, fuzzy, or insufficient
data which fluctuate rapidly in very short

periods of time [9-11].

NNs differ from conventional techniques
in that the analyst is not required to specify
the nature of the relationships involved; the
analyst simply identifies the inputs and the
outputs. In addition, the NNs’ main strength
lies in its ability to vary in complexity, from a
simple parametric model to a highly flexible,

nonparametric model [11,12].

Despite the small number of assumptions

in NNs in comparison to statistical methods,
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they still require a significant amount of a

priori  information about the model’s
structure. Experts should decide on the quality
and quantity of input arguments, the number
of hidden layers and neurons as well as the

form of their activation function [11].
3. GMDH Neural Networks

GMDH neural network is an inductive
approach which attempts to overcome the
subjectiveness of neural networks based on
the An

principle of self-organization.

inductive approach is similar to neural
networks but is unbounded in nature, where
the independent variables of the system are
shifted in a random way and activated so that
the best match to the dependent variables is

ultimately selected [12].

An idea behind GMDH algorithms which
developed by Ivakhnenko (1966) is based on
an evolution principle introduced by Holland
which implies the generation and selection of
the candidate neurons and an external
criterion plays the role of finding the fittest
[13].

The GMDH network is a kind of
multilayered networks composed by a suitable
combination of an Adalines which is

illustrated in Figure 1.
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Figure 1: structure of Adaline with a bi-quadratic polynomial function

The output variable y(t) is expressed as

follows:

y(t) = Wo + Wy Xa(t) + Wa X2%(t) + Ws Xy (t) Xo(t)

+ Wy X2%(1) + Ws Xo(t) ..(1)

Where w; are weights, and are
determined by the least squares method and

X1, X are the inputs to the unit.

Let W = [wo W1 W W3 Wy ws] ' and X = [1

2 29T
X1 X1 X1X2 X2° Xo]

The Widrow — Hoff delta rule adopted for
training W is as follows [9, 10 ]:

Wier = Wi+ B ( Xic/ Xl )Y — Wi Xi) ..(2)

Where vy is the desired output at time k,
B is the learning rate with the range (0,1) and
|Xk| is the square of length of input vector.
The application of equation (2) causes W to
be modified so the difference between the

desired and actual outputs will reduce. The
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network structure is determined by the

following steps [13-16]:

Step |: separate the experimental data set into

a training data set and a selection data set;

Step 2: create a layer of N Adalines based on
the number of inputs. Every pair of inputs
produces an Adaline. A combination C,'
Adalines are created if there are i input

variables;

Steps 3: use the training data to train all
Adalines in the created layer and estimate the
weighing coefficients for each Adaline with

the least squares method,;

Step 4: input the selection data set to the
network and obtain the error of all trained
Adalines in the layer. Assign a threshold;
keep the Adalines whose errors are below the
threshold and use them to make the next

layer;
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Step 5: If the smallest error of the current
layer is larger than that of the previous layer
or the current layer has only one Adaline, stop
the training and trim the network.

Step 6: test the performance of the trained

network with evaluation data set. The

evaluation data could be a combination of the
training and selection data sets or a

completely new data set.

The schematic diagram of a GMDH
network with selection factor F=0.5 is shown
in Figure 2.

layerd

Figure 2 : The structure of neural network grown by GMDH algorithm

The Adalines that were selected after
trimming process at the layers are depicted in
Figure 2 as the gray boxes. A resulting
network is the three-layer network consisting

of six Adalines and four input nodes.
4. The Proposed Inductive Model

An idea behind our algorithm is to select
the neurons one-by-one and then add them to

a binary network according to an external
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criterion . Only the neuron with the best

selection error is added to an inductive
network where the independent variables of
the system are shifted in a random way and
activated so that the best match to the
dependent variable is ultimately selected.
Following such a procedure there is a gradual
increase of complexity and the optimum
model is found which has a binary tree

structure that is shown in Figure 3.
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Figure 3: A binary tree with four terminals

In Figure 3, the binary tree takes four

terminals or inputs {x;, X;, X« X} to produce a

predicted \? Where, i, j, k, | are in an
arbitrary order. Each non-terminal node is
performed a transfer function to estimate the
output which is re-entered as an input in the
following non-terminal node. The network is
growing in an evolutionary principle; each
time one input is added to the network until

some a specific condition is verified.

Collected data are distributed between
training and selection sets. Training set is
used during training stage to estimate weight
coefficients while the selection set is used to
measure the generalization ability of the

trained network to unseen data.

Deductive Neural Networks have the
design problem. Also, these neural networks
cannot provide an automated selection of
these

variables and all

by
experiments. Our idea is to exploit the good

essential  input

omissions  solved trial and error
training ability of these deductive neural
networks in building an inductive model
(shown in Figure 3) where each non terminal
node is a Multi-Layer Perceptron (MLP). The

algorithm can be summarized as follows:

Stepl: initialization:

individuals

a population of N
(chromosomes) is  randomly
created. Each chromosome represents a
proposed binary network. The chromosome
has the form and the features as explained in

Figure 4.

Figure 4: The form of the networks chromosome
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Where:

The integer i=1,2 ....,z : means the i " input
variable . The i" input is not active if the
corresponding gene contains zero, otherwise

it is active.

Step2: N

corresponding to N chromosomes then trained

networks are  constructed
using training data set and a suitable training

algorithm.

Step3: evaluation:

performed by testing the generalization ability

a selection stage is

of all trained network to unseen data

(selection data).

Step4: Reproduction:
Rank

Genetic Algorithm

operators  of selection,  Uniform
crossover, One-point mutation, evaluation and
Replacement is repeatedly executed until a

stopping condition is satisfied.

Figure 5 displays the network structure of
this proposed inductive model. Each building
unit in the proposed model is MLP trained
using Back- Propagation learning algorithm;
it has two inputs; hidden layer with one or
more hidden neuron and one output neuron

represents the predicted output.

Xi—

2
|

X —

Figure 5: MLP inductive model network

5. Application of the proposed models for stock

market Prediction

The value of a stock market price is
established by analyzing the fundamental
information associated with the market and
affected it. The fundamental information
consists of several input parameters which are
used as input/output for

our proposed

prediction models. The input variables are:

1. Listed companies: number of listed

companies in the market within a time period.
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2. Exchange rates: the average of exchange
rates between the local currency and US

dollar within a period.

3. Market capitalization. Sum of the
capitalizations of all listed companies in the

market within a time period.

4. Value traded: the overall value of stocks

that traded in the market within a time period.

5. Shares traded: sum of the shares (stocks)

that traded in the market within a time period.
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6. Days traded: number of the traded days in
the stock market within a time period.

7. Turnover (TOR): is the result of division
the value traded on the market capitalization
in a time period multiplied by 100.

TOR = (value traded / capitalization) * 100

8. Capitalization average: is the result of the
division of the Gross Domestic Product
Average (GDPA) of the country to its market
capitalization.

Capitalization ~ average GDPA /

capitalization

The output variable is the price of the

market's stock and it is computed as:
Stock price = value traded / shares traded.

A Saudi stock market is taken as a case
study. The application data consist of the
monthly averaged for the input parameters

described above. There are 141 trading

value traded(k-I)

¥ 1

months within the period from January 1996
to September 2007 taken from the website

www.amf.org [17].

The input and the output data sets to the
networks are preconditioned by normalizing
the data. The purpose of normalizing the data
iIs to modify the variable levels to a
reasonable value. Normalizing data entails
manipulating it to be in the range between 0
and 1. The networks are trained utilizing the
normalized data sets. In our work data are
first preprocessed by log function then
normalization is done by dividing each data

item on the greatest input value.

A Genetic Algorithm population of 7
binary individuals (proposed networks) is
randomly initialized. The algorithm that is
described in earlier is executed with Genetic
parameters of 0.9 for crossover and 0.1
for mutation. The network that is shown in
Figure 6 is the final result of the algorithm

execution.

shares traded(k-1)

cap

average{lk-I)

ri&)

Figure 6: Trained MLP based inductive network

Trained MLP inductive model consists of
two MLP networks; each one of them consists
of 2 input units, 1 hidden and 1 output

neurons. The first and the second MLP

70

networks are trained by 8000 and 6000
training cycles respectively. The adopted
learning rate was 0.45 and the momentum

was 0.5. The prediction ability of the trained
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MLP inductive model for stock market

application was tested by applying it with the

overall data and the test results for the
prediction are shown in Figure 7.

0.3

0.25

02 e M
s =N M\MWM‘A W \\
o Tisag

price

0.1

AV N —

0.05
O+

1 8 15 22 29 36 43 50 57 64 71 78 85 92 99 106 113 120 127 134

month

Real

Prediction |

Figure 7: MLP based inductive model prediction results

6. Conclusion

MLP

prediction results For comparison, the SE

inductive model gives good
errors at the evaluation stage are computed for
the proposed model and some other types of

NNs as shown in Table 1.

SE = Yk (yi( K) - y(k) )?

Where: yi(k) is the desired output and y (K) is
the network output at time Kk

Table 1: SE of the proposed model for stock market prediction application

No proposed method SE

1 Bilinear GMDH NN 0.211835
2 Biquadratic GMDH NN 0.069382
3 Modified Biquadratic GMDH NN 0.174637
4 MLP network 0.112403
5 MLP inductive model 0.02435
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Abstract

The traditional k-means algorithm is a classical clustering method which widely used in variant
application such as image processing, computer vision, pattern recognition and machine learning. It is
known that, the final result depends on the initial starting points. Generally, initial cluster centers are
selected randomly, so the algorithm could not lead to the unique result. In this paper, we present a new
algorithm which includes three methods to compute initial centers for k-means clustering. First one is
called geometric method which depends on equal areas of distribution. The second is called block
method which segments the image into uniform areas. The last method called hybrid which combined

between first and second methods. The experimental results appeared quite satisfactory.

Keywords: clustering; k-means algorithm; color Image; Image segmentation

1. Introduction The process of image segmentation is

Image segmentation is the first step of the defined as: “the search of homogenous regions

most critical tasks of image analysis, as shown in an image and later the classification of these

in Figure (1). It is used either to distinguish regions”. It also means the partitioning of an

objects from their background or to partition an image into meaningful regions based on

image onto the related regions [1, 2]. homogeneity or heterogeneity criteria. Image

segmentation techniques can be differentiated
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into the following basic concepts: pixel

oriented, Contour-oriented, region-oriented,
model oriented, color oriented and hybrid.
Color segmentation of image is a crucial
operation in image analysis and in many
computer vision, image interpretation, and
pattern recognition system, with applications in
industrial

scientific and field(s) such as

medicine, Remote Sensing, Microscopy,

content based image and video retrieval,
document analysis, industrial automation and
quality control. The performance of color
segmentation may significantly affect the

quality of an image understanding system. The

Image

most common features wused in image
segmentation include texture, shape, grey level

intensity, and color [3].

Partitional clustering algorithms such as

k-means and Exception Maximize (EM)
clustering are widely used in many applications
such as data mining, compression, image

segmentation, and machine learning.

Therefore, the advantage of clustering
algorithms is that the classification is simple
and easy to implement. Similarly, the
drawbacks are of how to determine the number
of clusters and decrease the numbers of

iteration.

\: Feature Data

Understanding|

[

. | J

Image
Engineering

Middle | Image
Layer | Analysi

A

s

' Low | _ Image
Layer

Processing

A0 ]

Measurement Qut

Object
Representation
1

Image
= w ||Seomentation

Image

Figure (1): Image Engineering and Image Segmentation [1].

2. Related Works

Several attempts were made by researchers
to improve the effectiveness and efficiency of
the k-means algorithm. There are many
researchers suggest initialized method of
centroids of k-means algorithm.

Bradley and Fayyad [4] present a

for the  K-means

technique initializing

algorithm. They begin by randomly breaking
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the data into 10, or so, subsets. Then they
perform a K-means clustering on each of the 10
subsets, all starting at the same set of initial
seeds, which are chosen using Forgy’s method.
The result of the 10 runs is 10k centre points.
These 10k points are then used as inputs of K-
means algorithm and the algorithm run 10
times, each of the 10 runs initialized using the

k-final center locations (known as centroid)
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from one of the 10 subset runs. The resulting K-
center locations are used to initialize the K-
means algorithm for the entire datasets.

Douglas and Michael [5] proposed a
method to select a good initial solution by
partitioning dataset into blocks and applying k-
means to each block. But the time complexity is
slightly more. Though the above algorithms
can help finding good initial centers for some
extent, they are quite complex and some use the
k-means algorithm as part of their algorithms,
which still need to use the random method for
cluster center initialization.

3. Clustering Analysis

Clustering analysis is one of the major
data analysis methods widely used in many
practical applications of emerging areas.
Clustering is the process of finding groups of
objects such that the objects in a group will be
similar to one another and different from the
objects in other groups. A good clustering
method will produce high quality clusters with
high intra-cluster similarity and low inter-
cluster similarity. The quality of a clustering
result depends on both the similarity measure
used by the method and its implementation and
also by its ability to discover some or all of the
hidden patterns [6,7].

There

clustering: (1) hierarchical and (2) partitional

are two main branches of

[8]. In this paper, we concentrate on partitional

clustering. Particularly, a popular partitional
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clustering method called k-means clustering.
The problem of clustering is to partition a data
set consisting of n points embedded in m-
dimensional space into K distinct set of clusters
such that the data points within a cluster are
more similar among them than to data points in
other clusters. There are a number of proximity
indices that have been used as similarity
measures  [9].  Unfortunately, = K-means
algorithm is extremely sensitive to the initial
choice of cluster centers, and a poor choice of
centers may lead to a local optimum that is
quite inferior to the global optimum [10,11].
4. K-means Clustering Algorithm

Let X={x1 xo, ..

in d-dimensional points to be clustered into a

., Xn} be the set of n data

set of k clusters, C={cy, Cp, ... , C}; K-means
algorithm finds a partition such that the squared
error between the empirical mean of a cluster
and the points in the cluster is minimized [12,

13]. Let z, be the mean of cluster cx. The sum
squared error (SSE) between g, and the points

in cluster c is defined as:

SSE = lexi —ﬂk||2

Xjecy

(2-9)

The goal of K-means is to minimize the
sum of the squared error over all k clusters,

K 2
SSE =2 > |Xi -]

k=1 X;ecy

(2-6)

The centroid (mean) of the i" cluster is
defined by Equation (2) [14]:
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1 in the number of clusters k (with SSE= 0 when
4=—3Xx (2-7) _ . _

Mm; xec k= n), it can be minimized only for a fixed
where m;the number of objects in the i cluster number of clusters [15]. A pseudo-code for the

K-means starts with an initial partition K-means algorithm1 is shown in Figure (3).
with k clusters and assign patterns to clusters so
as to reduce the squared error. Since the

squared error always decrease with an increase

1. Input data /I Image of size (length x width)
2. Input k // Number of clusters

3. MSE = Large number ;

4. CALL Initialization ;

5. Do

6. Old-MSE = MSE ;

7. MSE1=0;

8. Forj=1to

9. M= 0;

10. nj=0;

11. end for |

12. Fori=1ton

13. Forj=1tok

14. Compute squared Euclidean distance d*(x;, m;) ;
15. end for j

16. Find the closest centroid m; to x; ;

17. W= Wj+Xi ;

18. n=n +1;

19. MSE1 = MSE1 + d?(xi, 1) ;

20. end for i

21. Forj=1tok

22. n; = max(n;, 1) ;

23. Hi=H5 Ny ; /I Re-calculation centroids
24, end for j

25. MSE = MSE1 ;

26. WHILE (MSE - MSE1< T)

Figure (3): A pseudo-code for the K-means algorithm1.

The specification of the points of cluster centroids is done by call initialization which is
depicted in Figure (4).

CALL Initialization

Select initial cluster centroids { x4 } (=1, 2, ..., k) randomly
from input image that has bounded with size (length x width) ;

Return

Figure (4): Call algorithm for initializing cluster centroids.
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5. Proposed Methods and Experimental
Results
We proposed an efficient algorithm which
consists of three methods to compute initial
centers for k-means clustering. First one is
called geometric method which depends on
equal areas of distribution. The second is called
block method which segments the image into
uniform areas. The last method called hybrid
which combined between first and second
methods.
CALL Initialization
r = Integer (VK ) ;
g = Integer (K/r);
pl = Integer (width / r) ;
p2 = Integer (height / q)
xx= Integer (p1/2);
yy= Integer (p2/2) ;

Fori=1tor
Forj=1toq

y(1.j)=1i

x(1,i)=xx}

XX = XX + pl

Next j
yy =yy +p2

xX=Int (pl/2)

5.1. Geometric K-means Algorithm

A propose algorithm is presented and
includes a method to compute initial center
clusters for K-means clustering. It is called
geometric method which depends on equal
areas of distribution. The geometric algorithm?2
has the same algorithml in Figure (3) but it is
different in the method of generation of initial
centroid of clusters. Figure (5) depicts an
algorithm of initialized points of cluster

centroids.

point centroid cluster

Figure (5): geometric Algorithm2 distribution for initializing cluster centroids.

In this method, the algorithm scans the
dataset block by block. The same calculations
and experiments in previous the algorithm have
been implemented. Although this algorithm is
more expensive in calculation than the previous
algorithm but it is regarded more accurate for

images that have regular distribution intensity.
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This matter is very considered to be very
important in later section to implemented
hybrid algorithm.

Figure (6) shows experimental results
obtained by implementing geometric K-means
algorithm including different operations on four

images.
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5.2. Block K-means Algorithm

The proposed algorithm is compresses the
data into smaller dataset by producing K-means
from each block, if the dataset contains m
blocks, then the compressed data will contains
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(k x m) objects. Our algorithm scans the
original dataset only one times and produces
better clusters. Figure (7) summarizes the steps
of the block K-means algorithm2.
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Dataset

M-Block

K-means algorithm

M-Solution

Compressed dataset
contain solution

The final clusters

Figure (7): An overview of the Block K-means.
first phase. In the second phase we apply the k-

means on the compressed dataset. Figure (8)
exhibits the block algorithm.

The main idea of this algorithm is to
compress the dataset into finite number of
representatives. Each representative indicates
the mean value of some data points form a
small cluster. This process has been done at the

1. Set the size of the block to s length;

2. row = width/s ;

3. col = height/s ;

4. Fori=1torow

5 For j=1to col

6. read block(i, j);

7. Call algorithm1 ; // With Random Initialization
8. save the result ;

9. end for i

10. end for j

Figure (8): Block K-means algorithm3.
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Note that, in Figure (8), the method
determines the size of each block and the user
should determine the required number of
partitions in each block. It is clear that in line 7,
it is required to call implementing standard K-
means algorithm for each block as same as

algorithm1. From experimental results it will

be better to use a small value of k (2-9) for each
block and depends on size of image.

Figure (9) shows experimental results
obtained by implementing block K-means
algorithm including different operations on four

images.
Original Images | Segment Result Smooth& K
Laplacian
5
12
15
24

Figure (9): Result of execution Block K-means algorithm.
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5.3. Hybrid K-means Algorithm
Hybrid K-means algorithm combined of
the block K-means algorithm and the geometric

K-means algorithm. It’s the same block method

but it has used the geometric initialized method
cluster
hybrid

instead of randomly distributed
centroids. Figure (10) exhibits the

algorithm4.

2. row = width/s ;

3. col = height/s ;

4. Fori=1torow

5. For j =1 to col

6. read block(i, j);

9. save the result ;
10. end for i
11. end for j

1. Set the size of the block to s length ;

7. Call algorithm1 ; // With Geometric Initialization

Figure (10): Hybrid K-means algorithm4.

Note that, in Figure (10), the method
determines the size of each block. It is clear that
in line 7, It is demanded to call implementing
geometric K-means algorithm for each block as

same as algorithm2.
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Figure (11) shows experimental results
obtained by implementing hybrid K-means
algorithm including different operations on four

images.
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6. Conclusion

K-means algorithm is a popular clustering
algorithm applied widely, but do not always
guarantee good results as the accuracy of the
final clusters depend on the selection of initial
centroids. Experimental results show that
selecting centroids by our methods can lead to a
better clustering. Moreover, the computational
complexity of the standard algorithm is

objectionably high owing to need reassign the

Figure (11): Result of execution hybrid K-means algorithm.
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data points a number of times for each iteration

in the loop.

We have evaluated our methods on
several different standard images. So, we have
compared our results with that of k-means
algorithm in terms of the total execution time
and quality of clusters. Our experimental results
are executed on PC 2.0GMHz CPU, 2.0GB
RAM, 512 KB Cache.
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Finally, we have compared the CPU time
of the proposed methods (geometric, block &
hybrid) with the standard K-means methods.
The execution time of proposed methods is
much lesser than the average execution time of

K-means as shown in Figure (12).

Figure (13) demonstrates that the

proposed methods (geometric, block, and

hybrid) provide better cluster accuracy than the
existing methods. It shows that proposed
method performs much better than the random
initialization algorithm. This is due to the initial
cluster centers generated by proposed method
which are quite closed to the optimum solution.
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Figure (12) Execution Time (Lena Image).
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Abstract

In field bus systems different smart sensors are functionally interconnected, requiring exchange of
information accurately with a specified communication latency and sample time. This paper describes
implementation methodologies of efficient distributed real time controllers for monitoring and
actuation. Software for these controllers with CAN communication protocol are written. CAN-Based
embedded microcontrollers and transceivers are used for the practical implementation. Temperature
control by a robust neural fuzzy Petri net (RNFPN) controller based on an indirect forward control
structure is also proposed. After offline learning to get the initial weights, the RNFPN is online
constructed by concurrent structure/parameter learning. The RNFPN has many advantages when
applied to temperature control plants such as: high learning ability which reduces the controller training
time, no a priori knowledge of the plant is required which simplifies the design task, and lastly the high
control performance. As a case study, the field bus system is tested with a water bath temperature
control system. The RNFPN control of the plant is implemented in the host computer connected to the
master controller via the RS232 port. Implementation results provide a good indication that the CAN
protocol is a high reliable and can be potentially adopted in numerous industrial applications. Also, the
RNFPN intelligent controller has a reasonable robustness against disturbance, rapidity and good

dynamic performance.

I.  INTRODUCTION controllers (e.g. PLC’s, CNC’s,...) with a digital
The origin of field bus was to replace the point-  single link on which all data is transmitted
to-point 4-20mA analog links between the field  serially and multiplexed in time. The serial

devices (sensors and actuators) and their  transmission reduces the number of data lines

86


mailto:aaad_bah@yahoo.com
mailto:abduladem1@yahoo.com
mailto:ali_marhoon2003@yahoo.com
mailto:naslam@dal.ca

Ali A. Abed et.al.

A Field Bus Network With ...

and increases distance. There are many benefits
of using field bus instead of the point-to-point
communications such as:

Flexibility: network extension is easy.

Larger distance can be satisfied.

Physical wiring reduction.

Reduced cost.

Simple installation,

maintenance.

e Interoperability: connecting of units from
different manufacturers.

e High reliability.

operation  and

The field bus played a major role in the modern
industry automation development. It is used for
interconnecting real-time distributed controllers
of the DCS (Distributed Control Systems). It
gives the user the freedom in choosing the
suitable protocol that best matches his needs
without changing the whole automation system
architecture. Since the field bus is a network,
there is a relation with the famous 7-layers OSI
model. However, for real time applications layers
3,4, 5, and 6 are not considered since they deal
with the data transfer among networks. So, the
field bus is a 3-layers architecture with physical,
data link, and application layers.

The communication protocol is responsible of
two main rules in the field bus: medium access
control (MAC) and synchronization among the
different slaves. Choosing a MAC protocol is a
crucial issue in the design of a DCS system.
There is a need to know how the field bus works
in order to choose the suitable communication
protocol for the application. There are many
types of field bus such as: BACnet, ISP, CAN,
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CEBus, WorldFIP, etc [1]. Profibus and
WorldFIP are used widely in industrial control
applications e.g. [2] [3]. So, in this paper we
adopt the CAN (Controller Area Network)
protocol for this reason and due to the high
specifications of the CAN. The field bus network
may then be used in the design of a DCS. There
are three main issues that must be considered in
the design of a DCS systems:

e The adopted communication protocol.
e The adopted network topology.
e The Interoperability: Using components
from different manufacturers.
The design of a DCS should satisfy many

requirements such as: QoS (Quality of Service)
of the communication protocol, system
throughput, system performance, fast response
time, and some real time requirements such as
sample time.

Soft computing techniques like fuzzy logic,
neural networks, and fuzzy neural networks have
been used widely in the identification and control
of dynamic systems [4]. The merging of fuzzy
and Back propagation neural network (BPNN)
has inspired new resources for the design of
efficient controllers [5]. These types of computing
techniques have many advantages, such as: it is
used for nonlinear systems, model-free systems,
and good self learning abilities. In [6] the BPNN
has been applied to temperature control system
but the convergence speed is slow, which makes
it unsuitable for real time applications. In [7] a

neural fuzzy inference network is proposed for
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temperature control and proved good learning
ability but the inclusion of too many input and
output variables increases the network size and
decreases the learning speed. In [8], a recurrent
neural fuzzy network controller is presented. In
[,

introduced.

a dynamic fuzzy neural network is

In these recurrent neural fuzzy
networks i.e. in [8,9], one common characteristic
is that the recurrence is achieved by including
external feedback. To apply these networks to
temperature control problems, they still need to
know the order of both control input and network
output to participate in the recurrent model. In [5],
a TSK-type (Tagagi-Suggeno) recurrent fuzzy
neural network is proposed. It proved a good
performance but with inverse control structure
and it is still need at least 8 input nodes and 10’
iterations of training to get a sum of square error
(SSE) of 3.1. Therefore, in spite of that the fuzzy
neural (FNN) has been proved to be a powerful
technique in system control but its real time
applications may be difficult due to heavy
computations especially if huge parameters are to
be tuned. In order to overcome this problem, the
concept of a Petri net (PN) is included into the
FNN to reduce the redundant or inefficient
computations and hence improves the control
reliability. The PN consists of “places” and
“transitions” with the input and output functions
[10]. The basic concept of PN is incorporated into
the conventional FNN to get what is called NFPN

controller.
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The rest of the paper is organized as follows:
1 the CAN
communication protocol with its main features
1l

principles and requirements for the DCS system

Section is concerned to

and benefits. Section deals with main

design. Section IV describes the hardware
components needed for our field bus network. In
section V, the complete description of the
RNFPN controller is presented. Section VI
concerns to the identification model. In section
VII, the detailed design procedures of our
proposed online controller are presented. Section
VIl

RNFPN controller that proves its performance.

presents the simulation results of the

Section IX presents the overall field bus system
setup and test. The last section is specialized with
some conclusions, comments and future work.
Il.  CAN COMMUNICATION PROTOCOL

The CAN bus is a 2 wires serial bus with multi-
master capability i.e. multiple nodes (slaves)
connecting to a single 2-wires bus can
communicate with each other. CAN implements
a priority-based bus with a carrier sense multiple
access with collision avoidance (CSMA/CA) as a
medium access algorithm which is appropriate
for sending and receiving real-time messages at
baud rates up to 1Mb/s [11]. The arbitration
mechanism ensures that one node will have
access to the medium at any given time hence
reducing collisions. In Ethernet, a device trying
to transmit a frame will monitor the line and wait

until the line is available then start transmitting.
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If 2 or more transmitters start, a collision will
occur so all transmitters will stop. This explains
why in most Ethernet LAN applications, nodes
are connected point-to-point to a bridge or router.
Errors in CAN protocol are detected using a CRC
check. Therefore, the CAN bus provides a 100%
data integrity. All nodes are synchronized on the
same bit time period. The group delay cannot
exceed a fraction of the bit time period which
lead to the maximum throughput to be a function
of the bus length e.g. 1 Mb/s is satisfied with 40
m bus length while 50Kb/s with up to 1km length
[12].

Each message starts with an address field which
IS unique. So the arbitration will be completed at
the end of address transmission and only one
device will carry on with the message
transmission. CAN protocol has two addressing
schemes: CAN2.0A with 11 bit address and
CAN2.0B with 29 bit address. CAN2.0A is used
for small networks with 2048 different 1Ds but
actually the number of nodes is limited by the
type of the CAN transceiver used. The data field
(DLC) in CAN2.0A is 8 bytes. The receiver
drives the ACK bit. Bit stuffing provides a
minimum density of edges to help devices remain
synchronized. The CAN physical medium is a 2-
wires bus (one can use UTP cable) terminated
with a resistor. Differential signal is used for

good immunity against noise.
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A typical CAN field bus systems with master-
slave mode suitable for industrial applications is
shown in Figure 1[3].

I11. DISTRIBUTED CONTROL AND NETWORKS
A DCS is a control system in which several
controllers are operating simultaneously and
cooperatively to perform the desired task. They
are divided into two types: tightly-coupled
multiprocessor systems sharing a common bus;
and loosely-coupled systems where processor-
based controllers are located at the points of
control and exchange information via a network.
There are many physical arrangements for field
bus network some of them are: Daisy-chain
directly connects the field device to the
communication cable as shown in Figure 2; and
Multi-drop which use a T-tab (stub) for device
connection to the cable as shown in Figure 3. In
our work, we used the daisy-chain configuration

because it is the simplest.

\/

Node

\/

Node

\

Node

Node

Figure 2. Daisy-Chain Field Bus System

Splitters or Taps
T

Node

Terminator
I_l_l

Node

? i

Node

?

Node

Figure 3. Multi-drop Field Bus System

V. HARDWARE COMPONENTS
Before describing the complete implementation

of our system, the hardware components used in
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the design should be explained in a little bit
detail.

A. The CAN microcontroller (T89C51CCO01)
The T89C51CCO1 is the first member of the
CANary family of 8-bit
dedicated to CAN networking. It can reach to 20

microcontrollers

MHz external clock rate. It is available in many
different pin configurations: PLCC44, PLCC52,
VQFP, etc. The detailed specification of this
hardware is available in its data sheet [12]. It
contains about 99 special function registers
(SFR) including 34 CAN SFRs. The bit timing
and baud rate for the CAN controller should be
calculated and the corresponding registers should
be downloaded with the calculated values. This is
done through the software that the
microcontroller should be programmed with.
This software should also contain all the required
functions to be performed by the slave controller.
B. The High Speed CAN Transceiver
(MCP2551) [13]

The MCP2551 is a high speed CAN, fault-
tolerant device that works as an interface
between a CAN controller and the physical bus.
It provides a differential transmit and receive
capability for CAN controllers. Each node in a
CAN system must have a device to convert the
digital signals (Tx and Rx) generated by the CAN
controller to differential output (CANH and
CANL). It also works as a buffer between the
CAN controller and the high voltage spikes that

can be generated on the CAN bus by outside
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The CAN bus

“Dominant”, which occurs when the differential

sources. has two states:

voltage is greater than a defined voltage;

“Recessive”,- occurs when the differential
voltage is less than a defined voltage (typically
0). The two states correspond to the low and high
state of the TXD input respectively. The low and
high states of the RXD output correspond to the
dominant and recessive states of the CAN bus
respectively.

The MCP2551 output drives a minimum load of
45 ohms allowing a maximum number of nodes
equal to 112 nodes. The termination resistor used
here is 120 ohms. The high speed mode is
selected by connecting the RS pin of the
transceiver chip to Vss.

C. The Water

System

Bath Temperature Control

The experiment is done on a real water bath to
control its temperature. The water bath is an
example of an important component in a batch-
reactor process. It can be described by the
following model [14]:

ke —tgs
G =
(s) s+ 1

Where k is magnification, 7 is the time constant,

w1

and tqy is the delay time. In this paper, the water
bath is chosen as the controlled object to study the
temperature control system . In order to get the
parameters of the plant, a step signal is applied to
the input of the plant and the S-shape (process

reaction) curve is obtained. From this curve we
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got the values of k to be 1, t4 is 60 seconds, and t
is 180 seconds. The difference equation derived
for this plant is found to be:

y(k) = To 1 Ty(k -1)
kT ty
+TS +Tu<k—T—S> 2

Where Ts is the sampling time that should be
chosen accurately. In this paper, Ts is equal to 15
Sec.
VI. STRUCTURE AND LEARNING OF RNFPN
A. Structure Of RNFPN

The newly presented RNFPN controller for
temperature control system is shown in Figure 4.
The difference between this framework and that
of the FNN s the transition layer. The operation
of each layer of this RNFPN framework is

introduced as follows:

Input  Membership  Petri Output
Layer Layer Layer Layer

Figure 4: Framework of the RNFPN
1. Input Layer
Each node in this layer transmits the input
crisp variable x; (i=1,2,3,...n) to the next
layer.

2. Membership Layer
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This layer represents the fuzzification stage
for the RNFPN in which the crisp inputs X;
are transformed to fuzzy inputs via the
adopted Gaussian membership function

which is given by:

2
Hij = exp <_%_(x,-—c,-,-) > 3

Where cjj and s;; are the center and width of
the membership function.

Petri Net Layer
This layer is used to produce tokens that
make use of competition laws for node

firing as follows:

_— 1if pij = dyp,
Y0 gy < dg

Where tj is the transition and di, is the

4

dynamic threshold that varies with error
and can be tuned by the following equation
[15]:

a exp(—pE)

th =711 exp(—pBE) -5

Where o and B are positive constants that
can be chosen randomly. It is clear that the
larger the error is, the smaller the threshold
is. If the error becomes large, the threshold
values will be decreased to fire more rules
for the current situation. Of course one can
use a constant value for the threshold. It is
important to mention that if the threshold
value is chosen to be 0, then the RNFPN

system will transformed to FNN system.

4. Rule layer
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The output of each node is the product of

its inputs and it is given by:

n
0, = H”ij; ift; =1
0; ift; =0
Where @; is the output of the j™ node of the

rule layer;

n is the number of crisp inputs.
5. Output Layer

The output node calculates the total output
y as a summation of the input signals as

follows:

ni
y=zwi¢i
j

Where the connection weights w; is the output
action strength associated with the j™ rule; ni is
the number of rules.
B. Learning Algorithm Of RNFPN

The task of constructing the RNFPN is divided
into two subtasks: structure learning and
parameter learning. In the structure learning, the
number of fuzzy rules, initial location of
membership functions, and initial consequent
parameters are chosen. The parameter learning is
used to tune the free parameters of the constructed
network to its optimal values. To explain the
learning algorithm of RNFPN using the
supervised back propagation method, the error

function is defined as:

1 2
E=E(y—yp)
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Where y is the output of RNFPN network and y,
Is the output of the plant.
The update laws for wj, cjj, and s;; are[15]:

0E

(i)
cij(k+1) = cy(k) - ﬂcﬁii

sij(k+1) = s;;(k) — ﬂsaaTEi'j
Where n,, is the learning rate for the weights of
rule layer,
1. .M are the learning rates for the center and
width of the Gaussian membership function
respectively. Choosing suitable values for these
learning rates is very important during training
process. The three partial derivatives in the above

three equations are derived and given by:
OE

awl_ (y - yp)q)]'

w , if t; =1

(y yp) ](D] 12] f Yy .10

0 , lf tl] =0
OE
asi]'

(xi - Cij)z ,

_)-yp)wit————, ift;=1

O , if tl] = 0
VII. IDENTIFICATION MODEL

For single input single output (SISO), linear, and

time invariant plants with unknown parameters,
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the identification model may be similar to the
following [16]:

n-1

2.

i=0

yp(k+1) = «; y,(k — Q)

m-1

+ Z puk—j) .11
=0

Where ;i and B are unknown parameters, u is the
input to the plant, and y, is the output. Two
representations for the identification models are
model and Series-Parallel

available: Parallel

model. In this paper, the second model is
adopted.

Series-Parallel Identification Model

This model is obtained by feeding back the past
values of the plant output as shown in Figure 5.
The identification method depends on the control
strategy. The forward control (indirect) strategy
requires forward identification and the inverse

control (direct) requires inverse identification.

u(k) | yp(k +1)
ﬁ Plant |T
» 7 °| RNFPN Identifier Yple+ 1)

Figure 5: Series-Parallel Identification
In this paper, the forward control with forward
identification is used because it is simpler and
The

forward (offline) identification system for our

more accurate than the inverse control.

plant is shown in Figure 6.
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u( > Plant yp() >

RNFPN

Identifier
Vp(K)

Figure 6: Forward Offline Identification (ts/Ts=3)

In Figure 6, the value of (t/Ts) of the difference
equation is 3 i.e. there is only u(k), u(k-1), u(k-2),
and u(k-3) inputted to the identifier. Of course the
number of delays (z') depends on the transport
lag of the plant.

VIII. CONTROL SYSTEM DESIGN

The PID controllers were used to control
industrial temperature systems and some of these
systems are still usable today. These systems
were used as PID or PI controllers. Today PID
controllers are modified to be fuzzy PID
controllers. In general, PID controller is a direct
controller placed in the feed forward path of the
system, it receives the error signal and produces
control command according to the value of the
error signal, its derivative and its integral.
Adaptive control is introduced to deal with
complex systems that could not be controlled by
conventional methods such as ill-defined plants
or time varying parameters plants. In this type of
control systems, plant response should follow the
response of a defined system. Adaptive
controllers could take many forms like Variable

Structural Systems (VSS), Self Tuning Systems
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(STS) and Model Reference Adaptive Control
systems (MRAC). Any of these types of adaptive
control systems may be used in the field of
temperature control. In this work, the basic
concept of PN is used with the FNN to create the
presented RNFPN controller for any type of
temperature control system. The proposed
RNFPN forward (online) control system is shown
in Figure 7. This control system, which is based
MRAC,

identification and control. The initial values for

on performs two tasks: system
w;, Cij, and s of the identifier should be taken
from offline learning that is achieved according
to Figure 6. The purpose of the identification
process is to overcome the changes that may
occur in the system parameters due to
disturbance. Also, the control process requires
the sensitivity parameter (S) of the plant to be
introduced by the identifier. The reference model
specifies the desired output performance of the
control system i.e. the system will track the
desired output of the reference model. Therefore,
it is designed as a PID closed loop system with
the same plant to be controlled but with different
parameters. The RNFPN for the controller and
the identifier have the same structure with a small
difference in the number and type of the inputs
and outputs. The update training laws for the
RNFPN is the same as the previously mentioned

equations but the error function is given by:

1
Ec=—=ec? =

w12
2

1 2
E(yr - yp)
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It is clear that y, is the output of the reference

model. Now, the partial derivatives :;C,

cj
OEe and 2 of the updating laws should be
9Cjj 0Scij

derived according to the chain rule as follows:
0E. OE 0de dy, dm

oW, de.dy,dm oW, - 13

Where u is the plant input or the controller output.

The term S=% represents the system

sensitivity that should be computed because the
convergence of the RNFPN controller cannot be
if S is unknown. Since the RNFPN
identifier of Figure 7 is used to provide the S

insured

function and since it has the same plant input and

output i.e.:
aamL(’”k) = aamL(”k) then:
W __ o 0900 0Ky 4,
aom(k) 00; ou;; am(k)
Hence, the S function is derived to be:
S
c k) — Cy ,

0, if t;j=0
Therefore, we can summarize the updating laws
for RNFPN controller by:

JOE,
ow =ecS0q
JE,
acC.;;
_ O (Xci — Ccij)wz.Tfjec ift; =1 47
0 ift;=0
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dE.
asci]‘
W_Sec
B {(ch(xci - CZ%)) 2‘3 ift;=1
- cij

In practice, the simple form of the PID algorithm,
which depends on error, its derivative, and its
integral, is not satisfactory and has to be modified
to overcome its limitations [17]. The required
modifications are: Bumpless transfer, and
saturation (integral windup).

A. Bumpless Transfer

In the steady state with zero error, the controlled
variable is zero. In many practical applications
this is not suitable e.g. the case of temperature
control system which requires a non zero voltage
to be applied to the heater input to provide heat

output. The availability of the integral term may

lead to avoidance of the zero value for the
controller output, but there will be difficulties in
changing smoothly, without disturbance to the
plant, from manual to automatic control. There
will also be the danger that a large change will
occur on changeover. Plant  operating
requirements demanded that manual/automatic
changeover is done in the so-called “bumpless”
manner [17]. Bumpless transfer can be satisfied
by several methods. One of the most widely used
methods is the velocity algorithm, which gives
the change in the value of the manipulated
variable Am for each sample rather than the
absolute value of the variable m. The difference

equation for Am is derived to be:

Reference Model

Online Learning

Algorithm

RNFPN

AAm

Controller

RNFPN

Identifier

Figure 7: The proposed RNFPN forward (online) control
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Am(k) =klxe(k) + k2xe(k— 1)+ k3
xe(k—2)

Where e(k) = q,.(k) — y, (k) is the error signal,
q, (k) is the set commands, and k1, k2, k3 are
constants to be tuned by the RNFPN controller.
Hence, the inputs to the RNFPN controller are
e(k),e(k—1),e(k —2) as shown in Figure 7.
Since it outputs only the change in the controller
position, this

algorithm automatically satisfies “bumpless
transfer”. Also, it is easy to program and safer in
that large changes will not occur.

B. Saturation (Integral Windup)

The second major reason for using the velocity
algorithm in our control system design is to
overcome the problem of integral windup. In any
practical application the value of the manipulated
variable m is limited by physical constraints. An
electric heater can supply only a given maximum
heat and cannot supply a negative heat. If the
value of the manipulated variable exceeds the
maximum output of the actuator, effective
feedback control is lost. Under some conditions, a
large standing error in temperature will exist. If a
PID controller is used, the integral term will
continue to grow because there is a standing error.
This effect is called integral windup which may
lead to a poor response. The integral windup can
be avoided by using the velocity algorithm since
the integral action is obtained by a summation of
the increments in the controller output (plant

input). Therefore, there is an inherent integral
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limit which prevents a buildup of error leading to
avoiding the saturation problem.
IX. SIMULATION RESULTS FOR THE RNFPN

A. Offline Identification

The software written for the simulation results of
the offline As
mentioned before the results of the offline is
taken to be the

identification is an m-file.
initial values for the online
identification and control. The initial values will
speed up the training process of the online
control very much. The offline itself needs an
initial values for the weights which are taken to
be 0.002 and the center and width of the
Gaussian membership functions which can be
calculated from the following two equations
respectively [18]:

(i _ 1) Xnmax - Xnmin

..19
ni—1

Cij = Xnmax —

Xnmax - Xnmin
ni—1

Sij =

Where X, max, Xn min are the pre-specified
maximum and minimum values for the universe
of discourse for each input to the controller
network; ni is the number of membership
functions for each input variable. The model to
be identified is a type 0 system which represents
a small water bath temperature control system. A
velocity PID controller is designed to generate
the appropriate voltage inputs u(k) to the plant
and the identifier as shown in Figure 6.

B. Online Identification and Control

The online forward control of Figure 7 s

implemented by another m-file. The forward
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identifier, which is used to estimate the plant
sensitivity, will take its initial parameters from
the final values of the offline identification
system. All initial values for parameters such as:
learning rates, number of rules, number of
membership functions, constants of the dynamic
threshold, etc. are chosen by trial and error for
the online and offline identification. Figure 8
shows the trained response after few epochs
while Figure 9 shows the result after 8000
epochs. The sum of square error (SSE) during the
8000 training epochs is drawn in Figure 10. It
shows an average value for error of nearly 0.1,
which is very good and acceptable in industrial
applications. Of course, the value of SSE may be
improved if the number of epochs is increased
beyond 8000. In fact, we reach to 0.05 after about
16000 epochs then the SSE became fixed to this
value. It is clear that these values (0.05 error in
16000 iterations) are much more better than the
values obtained in [5] (3.1 error in 107 iterations).
The value of error may change if some
parameters are changed such as plant time
constant, plant time delay, plant gain, learning
rate, etc. If the values of weights and center and
width of the membership functions become fixed
during training i.e. there is no large change in
their values then this is a good criterion for
accuracy and convergence of the training
process. Hence, Figures 11,12,13 show the norm
for weight, center, and width. They show a very

small change in their norm values, which means

that the training process is in the right direction
and convergence is reached. Now, the proposed
controller is ready to be used in real time water
bath temperature control system.

X.  PRACTICAL IMPLEMENTATION
The schematic diagram of our setup is shown in
Figure 14.

Master
UART]| [CAN | I
lcan | CAN
RDC P1
PT100 l
PT100
Trancmitter SC

Sensor

4_ _,
Heater
Water outlet

Figure 14: Water Bath Temperature Control System
Based On Field Bus

One can use only one slave for inputting the
sensor value and outputting the control signal to
one of the ports of the microcontroller. This will
reduce the cost and implementation effort. Note
that the T89C51CCO1 has an internal ADC
components and some SFRs for doing that
function.

The implementation process starts with the
building of the master and slave controllers

shown in Figure 15 and 16 respectively.

-
Nene MCP2551 CANH

T89C51CCO1 CAN
Transceiver
CAN

IXDC CANL

RS232 MAx232  [X@
female I line

port driver
Crystal

Controller

Reset
Circuit

Figure 15. Master Controller Schematic Diagram
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120
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CAN
Transceiver

T89C51CCO1
CAN Controller

Signal
I Conditioning

Figure 16. Slave Controller Schematic Diagram

D/A+ Signal
Conditioning

Reset Circuit

The output signal from the sensing element
(PT100) is fed to the A/D converter input of the
CAN controller via a signal conditioning circuit
used for converting the current signal to 0~3V
signal suitable for the A/D converter. The set
point generation is done in the software driver
(control program). The error signal is then
transferred to the RNFPN controller and an
output control signal is generated in accordance
and sent via the master through the CAN bus to
the slave. The signal is received by the CAN
controller and output it to port 1. Then the data
on port 1 is converted to analog by DAC0808
converter [19] then to the signal conditioning
circuit that is responsible for producing a 4-20
mA actuation signal that should be fed to the
SCR. This control signal is used to control the
phase angle of the SCR leading to a variable
incident driving voltage to the heater and hence
a temperature control is satisfied. The max power
of the heater used in this setup is 2000 W. The

obtained response is shown in Figure 17 which
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proves the performance of the implemented
setup.
We clearly observe from Figure 17 that the
steady state is achieved after approximately 2
minutes. This value is normal and accepted in
such temperature control systems since these
systems have a large inertia and time delay.

X1.  CONCLUSIONS AND FUTURE WORK

In this paper, a general design methodology of a
DCS system based on field Bus network protocol
with CAN is presented. The design proved that
the CAN protocol is a high reliable protocol and
be

recommended in industrial applications. As a

therefore  can adopted and  highly
case study, a temperature control system is

designed and implemented. Because the
temperature control system has characteristics of
large time delay and large inertia, we need a high
speed communication system to satisfy the real
time requirements of the system. The overall
system is implemented and controlled with a
newly designed RNFPN controller designed with
a velocity algorithm to satisfy the bumbless
transfer and to avoid integral windup that may
occur in real time. The response curve obtained is
acceptable. There may be a development to this
work which is the use of wireless sensor network
(WSN) for data collection and monitoring. This
may reduce the congestion on the field bus
network i.e. the field bus will be used only for
actuation leading to what is called wireless

sensor/actuator networks (WSAN). WSAN may
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be considered as a first gradual step towards
building a wireless control system.
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The Predator-Prey Model Simulation

Taleb A. S. Obaid
Department of Computer Science,University of Basra,Basra, IRAQ.
e-mail: tasobaid@gmail.com

Abstract

Many of the most interesting dynamics in nature have to do with interactions between
organisms. These interactions are often subtle , indirect and difficult to detect. Interactions in which
one organism consumes all or part of another. This includes predator-prey, herbivore-plant, and
parasite-host interactions. These linkages are the prime movers of energy through food chains. They
are an important factor in the ecology of populations, determining mortality of prey and birth of
new predators.

Mathematical models and logic suggests that a coupled system of predator and prey should
cycle: predators increase when prey are abundant, prey are driven to low numbers by predation, the
predators decline, and the prey recover, ad infinitum. One of such models that simulates predator-

prey interactions is the Lotka-Volterra Model.

Keywords: Lotka-Volterra Model, Predator-prey interaction, Numerical solution, MATLAB

Introduction and the predator dies if it does not get food, so

A predator is an organism that eats it evolves whatever is necessary in order to
another organism. The prey is the organism eat the prey: speed, stealth, camouflage (to
which the predator eats. Some examples of hide while approaching the prey), a good
predator and prey are lion and zebra, bear and sense of smell, sight, or hearing (to find the
fish, and fox and rabbit. The words "predator" prey), immunity to the prey's poison, poison
and "prey" are almost always used to mean (to kill the prey) the right kind of mouth parts
only animals that eat animals, but the same or digestive system, etc. Likewise, the
concept also applies to plants: Bear and berry, predator is part of the prey's environment, and
rabbit and lettuce, grasshopper and leaf. the prey dies if it is eaten by the predator, so it

Predator and prey evolve together. evolves whatever is necessary to avoid being
The prey is part of the predator's environment, eaten: speed, camouflage (to hide from the
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predator), a good sense of smell, sight, or
hearing (to detect the predator), thorns, poison
(to spray when approached or bitten), etc..
Predation is an important evolutionary
force: natural selection favors more effective
predators and more evasive prey. "Arms

races" have been recorded in some snails,

Mathematical models of predation are
amongst the oldest in ecology. The Italian
mathematician Volterra is said to have
developed his ideas about predation from
watching the rise and fall of Adriatic fishing
fleets. When fishing was good, the number of
fishermen increased, drawn by the success of
others. After a time, the fish declined, perhaps
due to over-harvest, and then the number of
fishermen also declined. After some time, the
cycle repeated. A main purpose of modeling
population interactions is to understand what
causes such fluctuations. Indeed, the very first
Lotka-Volterra system is the result of such an
effort.

Predator Prey Model

The Lotka-Volterra equations describe

an ecological predator-prey (or parasite-host)

which over time become more heavily
armored prey, and their predators, crabs,
which over time develop more massive claws
with greater crushing power. Predation is
widespread and easy to observe. Neither its

existence nor its importance is in doubt.

model which assumes that, for a set of fixed
positive constants a (the growth rate of prey),
b (the rate at which predators destroy prey), r
(the death rate of predators), and c (the rate at
which predators increase by consuming prey).
The following conditions will be hold for our
computer simulation model.

Let the prey population at time t be
given by yi(t), and the predator population by
yo(t). Assume that, in the absence of
predators, the prey will grow exponentially
according to y; = ay; for a certain a > 0. We
also assume that the death rate of the prey due
to interaction is proportional to yi(t) ya(t),

with a positive proportionality constant. So:

y1 (t) = ayi(t) — b yi(t) ya(t) (1)
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Without prey, predators will die

exponentially according to y,(t) = — ry, dt for

a certain r>0. Their birth strongly depends on

both population sizes, so we finally find for a

certain c>0:

y2 (1) = -r ya(t) + ¢ ya(t) ya(t) )
These equations (1) and (2), lead to

the following system differential equations:

y1 (0] =ayi® —b yi(0) y2(t)
y2 (1) (= -1 ya(t) + ¢ ya(t) y2(t)

We see that both (e*, 0) and (0, &™)
are solutions of (yi(t), ya(t)). From this
system we find that for every solution we
must have
y1 (-0 + y; (2-b)=0
Integrating both sides gives us, for more
details see [1].

r log yi(t) — cyi(t) + a log y,(t) — by,(t) = constant (3)

The Lotka-Volterra equations are a
pair of first order, non-linear, differential
equations that describe the dynamics of
biological systems in which two species
interact. Earliest predator-prey model based
on sound mathematical principles forms the
basis of many models used today in the
analysis of population dynamics original form
has problems.
Numerical ~ Methods  for
Differential Equation (ODE) in MATLAB

MATLAB is a technical computing

Ordinary

environment for high-performance numeric
(and not typically symbolic) computation and

visualization. It is a proprietary software used
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by researchers, educators, and students in
industry and academia. GNU Octave” is an
open source high-level language, primarily
intended for numerical computations that is
mostly compatible with MATLAB. For the
purpose of these examples, all of the code and
commands can be used in MATLAB or
Octave and nearly identical results would be
produced.

In addition to writing script files, we
can create user-defined functions using m-
files (also text files with the .m extension).
MATLAB and Octave have an extensive
library of mathematical functions built in, but
there is often a need for a user to create their
own functions. New functions may be added
to the software "vocabulary™ as function files.

MATLAB has a number of tools for
numerically solving ordinary differential
equations. ODE23 and ODE45 are functions
for the numerical solution of ordinary
differential equations provided in MATLAB.
They employ variable step size Runge-Kutta
integration methods. ode23 uses a simple 2nd
and 3rd order pair of formulas for medium
accuracy and ode45 uses a 4th and 5th order
pair for higher accuracy. We will focus on
one of its most rudimentary solvers, ode45,
which implements a version of the Runge—

Kutta 4th order algorithm.

* Qctave is a high-level interactive language,
primarily intended for numerical
computations that is mostly compatible with
Matlab. Octave uses the GNU readline library
to handle reading and editing input.
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In this study we will use the Matlab
command ode45 to solve our systems of
differential equation. This command is a
robust implementation for systems of
differential equations, which uses a variable
step size method and the fourth and fifth order

Runge-Kutta method.

Simulation of Predator-Prey in MATLAB

Continuous simulation concerns the
modeling over time of a system by a
representation in which state variables change
continuously with respect to time. Typically,
we use differential equations, that give
relationships for the rates of change of the
state variables with time.

In biological differential equations
models, it is more common to have multiple
dependent variables, and hence a system of
two or more interrelated differential
equations.

Solving a system of ODE in
MATLAB is quite similar to solving a single
equation, though since a system of equations
cannot be defined as an inline function, we
must define it as an M-file. We implemented
this technique to solve the Lotka—Volterra

predator—prey system:

dy: _

w —ayL —byiy; y1 (0) =
1
Sty YOV Ve Yz (0) =

with a = .5471, b = .0281, r = .8439, ¢ =
0266, and y? = 30, yJ = 4. (These values
correspond with data collected by the Hudson
Bay Company [1] between 1900 and 1920.)

The M-file lv.m:

function yprime = Iv(t,y)
%LV: Contains Lotka-Volterra equations

a=.5471;b =.0281;c = .0266;r = .8439;

yprime = [a*y(1)-b*y(1)*y(2);-r*y(2)+c*y(1)*y(2)];

We can now solve the equations as follows:
>>[t,y]=0ded5(@Iv,[0 20],[30;4])

The output from this command
consists of a column of times and a matrix of
populations. The first column of the matrix
corresponds with yl1 (prey in this case) and
the second corresponds with y2 (predators).
Suppose we would like to plot the prey
population as a function of time. In general,
y(n,m) corresponds with the entry of y at the
intersection of
row n and column m, so we can refer to the
entire first column of y with y(:, 1), where the
colon means all entries. In this way, Figure 2
can be created with the command

>>plot(t,y(:,1), red't,y(:,2),".");
xlabel('Time, t;
ylabel('Population Sizes");
title('Our Predator Prey Example,
Solutions Over Time'");
legend('Prey’,'Predator")
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Figure 1: Plot of predator and prey populations for the Lotka—Volterra model

The functions y1 and y2 measure the
sizes of the prey and predator populations
respectively. The quadratic cross term
accounts for the interactions between the
species. Note that the prey population
increases when there are no predators, but the
predator population decreases when there are
no prey.

To simulate a system, create a
function that returns a column vector of state
derivatives, given state and time values. For
this example, we've created a file called

LOTKA.M.

File Edit View Insert Tools Desktop Window Help
DAY L RRXTDE L - ||‘E.|IZIE »

o Mote new toolbar buttons: data brushing & linked plots jf @ X

Figure 2, we can plot an integral curve in

the phase plane with>>plot(y(:,1),y(:,2))
which creates Figure 4. In this case, the

integral curve is closed, and we see that the
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populations are cyclic. (Such an integral curve

is called a cycle.)

Number of Predators (cheetahs)

i i i 1 i i i
0 20 40 21} -1} 100 120 140 160 180 200
Numnber of Prey (baboons)

Figure 3, Prey-Predator dynamics as
described by the level curves of a conserved

guantity.

>>r=13;s=5u=.7,v=16;a=1, K=3;
h=.01,

>>P=.7,Q=3;yl =[P Q]; for t = 1:10000;
dP = (r*(1-P/K)-(s*Q)/(a+P))*P*h;

dQ = (-u+(v*P)/(a+P))*Q*h; P = P+dP; Q =
Q+dQ; y1 = [y1; P QJ; end;
>>P=2;Q=6;y2=[P Q] fort = 1:10000;
dP = (r*(1-P/K)-(s*Q)/(a+P))*P*h;

dQ = (-u+(v*P)/(a+P))*Q*h; P = P+dP; Q =
Q+dQ; y2 = [y2; P QJ; end;

>> P = 0:.1:3; nullP = (r/s)*(1-P/K).*(a+P);
>>
plot(y1(:,1),y1(:,2),y2(:,1),y2(:,2),P,nullP,[a*
u/(v-u), a*u/(v-u)],[0 8])

>> 9 phase diagram with two trajectories

Discussion

We have discussed continuous
systems whose process of evolution depends
on differential equations given as a nonlinear
differential equations system. Such a system
contains a number of parameters that must be

estimated accordingly to some exist studies.

In this field, (for instance, the a, b, ¢, d >0 in
the predator-prey model). Usually point
estimates are calculated and used in the
model. These estimates typically have
uncertainty associated with them.

Solutions of which are plotted figure 1
where prey are shown in red (sold), and
predators in blue (dashed). In this sort of
model, the prey curve always lead the
predator curve. Figure 1 shows a periodic
activity generated by the Predator-Prey
model.

The level curves of the figure 2, are
closed so that the solution is periodic. It is
desirable that the numerical solution of (3) is
also periodic, but this is not always the case.
Note that the prey population increases when
there are no predators, but the predator
population decreases when there are no prey
Conclusion and Further Work

Consider an environment consisting of
two populations, predators and prey. We are
interested in both the predator and prey
population size. However, these populations
interact. The Lotka-Volterra equations
describe an ecological predator-prey (or
parasite-host) model. The Lotka—\Volterra
model is sensitive to modifications in the
differential equations that describe the
dynamics of the nonlinear system.

We can incorporate uncertainty in our
differential equations. This is done by using
fuzzy numbers as estimates of the unknown
parameters. Finite-difference algorithms for

studying the dynamics of spatially extended
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predator—prey interactions would be very
excited and effective.
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Abstract:

GIS can hold agricultural regions data like forest, fruit covered lands and/or cultivate lands,
these lands have been managed inside GIS by receiving a selected region remotely sensed image, so
GIS users must have an appropriate digital map that represents theses lands each one according to
its owner, status, and some other data. Normally, in such system, these lands will be classified by
the users according to agricultural status depending on human vision. So, hardly to the users to
classify these lands manually, and this become a great problem which take a long time depending
on human efforts, especially if there is a huge number of lands. The suggested study creates a new
ArcMap GIS tool which classifies these given lands automatically. Thus, this tool runs the
developed system application; it will gather required information for each one of selected land, by
sampling sub-images from their centers depending on the digital map, and gathers related status
information from attribute database. On the next stage, the system will extract a vector of textural
features for each one of the selected lands from their image samples using second order statistics
Gray Level Co-occurrence Matrix (GLCM) and calculate eight textural features for each one of
three visible bands (RGB) for each land sample. That vector of features will become the input to
supervised multi-layer perceptron with backpropagation neural network classifier which be learned
depending on recommended GIS user training data set. As a result the system has accuracy near to
75%; these results were achieved by comparing the classification results from system test trials with

desired user classification data.

Introduction: observation or entity and attribute or variable.
Geospatial data has both spatial and thematic GIS have to be able to manage both elements.
components. Conceptually, geographic data Spatial component, the observations have two
can be broken up in two elements: aspects in its localization, absolute
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localization based in a coordinates system and
topological relationship referred. A GIS is
able to manage both while computer assisted
cartography packages only manage the
absolute one. The aim of classification is to
link each object or pixel in the study area to
one or more elements of a user-defined label
so that the information

set, radiometric

contained in the image is converted to
thematic information, The process can be
regarded as a mapping function that
constructs a linkage between the raw data and
the user-defined label set. Two types of
classification are commonly performed.
Supervised classification methods which are
based upon prior knowledge of the number
and certain aspects of the statistical nature of
the spectral classes with which the pixels
making up an image are to be identified, and
unsupervised classification methods which
are performed by running a classification
of

spectral classes of interest. Texture is also an

algorithm without any predefinition

innate property of objects. It contains
important information about the structural
arrangement of surfaces. The use of texture in
addition to spectral features for image
classification might be expected to result in
some level of accuracy improvement,
depending on the spatial resolution of the
sensor and the size of the homogeneous area
[38]

using

being classified. R. Methre et al.

investigated the texture retrieval

combination of local features of Haralick

111

derived from one level discrete wavelet
transform coefficients and global statistical
features computed from three level wavelet
transformed images. Y. Zhang et al. [44]
proposed a hybrid classifier for polarimetric
SAR images, the feature sets consist of span
image, the H/A/o decomposition algorithm,
and the GLCM-based texture features. Then,
a probabilistic neural network (PNN) was
adopted for classification. E. S. Flores et al
[11] used GIS techniques to improve the
of a feature

classification capabilities

extraction algorithm for land use/cover
change detection in a deciduous forest
environment.

Proposed System Environment:

For programming issues, the proposed system
application was programmed using C#.NET.
The agricultural lands classification tool
which is the proposed system application tool,
it was added to ArcMap GIS as a new GIS dll
this file contains the application classes code
for the proposed system and also, the
application interface windows codes to be run
into ArcMap GIS software, it become a
portable application; it can be used by any
machine which has installed ArcMap GIS
software.

The agricultural lands had been covered by
polygons vector layer previously. These lands
represented now by real world satellite image
in the raster layer. The user entered only 20
lands information to the database according to
his be the

classification decisions to
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recommended data set for learning purpose,
and the remaining lands without information;
the system will classified them later.

Information Gathering from GIS database:
The system will clip a colored image with
three bands from underneath the polygon to
be the raster image sample of that polygon
(region) and will go to the textural feature
extraction stage, we proposed in this research
to clip an image window of size equal to (100
* 100) pixels for each studied lands. The

sample is clipped from the center of the

The
database is required for the classification

related polygon. information from
learning reason, so this information is located
in attribute database table. Collected values
represent the agriculture status for each land,
this value will become the classifier learning
desired output for each related extracted land
object. Now we have gathered information for
each studied land represented by (Land ID,
Image Sample, and Current Status). Figure (1)
illustrates the block diagram of the proposed

system .

Stage 1 : GIS system
construction (raster, vector,
database).

/ Stage 2: Engine linkage \
between ArcMap GIS and
Microsoft Visual Studio
(C#.NET).

o /

l

Stage 3 : Information
gathering from GIS Data
(Raster Samples, Vector map
, Database).

it

Stage 4: Textural Features
Extraction for each sample.

|

Stage 5: Artificial Neural
Network classifier.

l

Stage 6: GIS database update for
each land with new data.

Figure (1) : Block diagram of the proposed system.
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GLCM and Textural Features:

Texture feature extraction technique based on
the gray-level co-occurrence matrix (GLCM),
sometimes called the gray-tone spatial-
dependency matrix. The principal concept of
GLCM is that the texture information
contained in an image is defined by the
adjacency relationships that the gray tones in
an image have to one another. The matrix
element P (i, j | d,0) contains the second order

statistical probability wvalues for changes

between gray levels i and j at a particular
displacement distance d and at a particular
angle 4. Instead of using the frequency values
in a GLCM directly, it is common practice to
normalize them to the range [0, 1] to avoid
scaling effects.

Eight textural features was extracted in
proposed system for each visible band from
each land sample to be the vector of features
which represented the entire land sample.

Mathematically, those features can be represented as follows:

Angular Second Moment

ASM = Y RSP () e (Eq.1)
Contrast
CONTRAST = ¥$in? {X X3 PG D}, li—jl=n ... (Eq.2)
Inverse Difference Moment
— VG- 1 G-
IDM = 370 X9 1+(L o P(i,j) vroenn (Eq.3)
Entropy
ENTROPY = — Y 20-1P(i,j) x 1og(P(i,)) v e .. (Eq.4)
Correlation
G—-1
CORRELATION = 20 2= = (; ISl A (Eq.5)
j
Cluster Shade :
SHADE = Y6d S0 2i+j — py — ;) X P(pj) oo (Eq.6)
Cluster Prominence :
PROMINENCE = X3 Meii +j — —u,-}4 X P, J) oo (Eq.7)

Haralick Correlation

HARRALICK = Zi=0 2/ (DPGD—uxky

Ox0y
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ANN Classifier:

Each land object has its own vector of textural
features that describes the properties of
object. These features become the input to the
ANN classifier. The neural network which be
used in the system is multilayer perceptron
with supervised backpropagation algorithm.
ANN classifier consists of three main layers
(Input layer, one Hidden layer, and Output
layer), it can be shown as 24|52|2 completely
Test and Results:

The system collects lands information from
GIS. The collected data are saved in system
database buffer for 240 lands which covered
by polygons in GIS pre-built user system.
These lands data are also sampled, and the
system calculated their textural features and
save them in system database buffer and they
were ready to test by the classifier. Here we
describe the practical way which be used to
choose the appropriate parameters to be

applied on system classifier raising the

connected net. Input layer has 24 input
nodes each node take one feature of the
textural features contained in input vector.
Hidden Layer has 52 hidden nodes (This
number is practically chosen by made many
training trials on system classifier even to
reach to highest system accuracy). Output
nodes have 2 nodes (Selected lands has 4
classes (types)). 20 recommended samples
were chosen to learn the classifier.

accuracy of classification. All trials have been
applied on the system classifier using
different parameters with each trial will be
list, these parameters are the ANN parameters
such as : momentum , learning rate, sigmoid
alpha value , error limit , number of hidden
layer's nodes, threshold value, and the angel
of the GLCM of

features..Table (1) lists the extracted texture

related textural

features from one land, and table (2) lists all

trials and their specifications.

Table (1): Example of 24 features extraction for one selected land sample.

Features /
Bands(Angle)

Entropy

Correlation
Haralick
IDM
Cluster Shade
Cluster Prominence
ASM

Contrast

Red 90

0.5604390
0.9642070
0.0227320
0.4424280
0.0001710
0.0004850
0.0005730
0.0006370
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Green 90

0.5069230
0.9657530
0.0147750
0.5288610
0.0001110
0.0005730
0.0003210
0.0010780

Blue 90

0.5701910
0.9599290
0.0159920
0.4242930
0.0001130
0.0003210
0.0006050
0.0005210
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Table (2): Training-Test trials for ANN classifier.

Iteration

1 [0 0.1 0.1 1128 0.5 12 90 [62.10045662
2 0 0.1 0.1 1189 0.5 6 90  [65.75342466
3 0 0.1 0.1 1117 0.5 20 90 [65.29680365
4 0 0.1 0.1 1117 09 20 90 [69.8630137

5 0.1 0.1 0.01 4334 09 12 90 [68.03652968
6 0.1 0.01 0.01 38754 0.9 12 90 [73.05936073
7 0.1 0.01 0.01 [38754 0.5 12 |90 [70.77625571
8 0.1 0.01 0.01 40212 0.9 [20 90 [72.60273973

0.01 38094 09 20 0 66.21004566
0.01 40028 0.9 20 45 [66.66666667
0.01 40321 0.9 20 135 [63.47031963
0.01 40321 0.5 [20 135 [57.99086758
0.01 42066 0.9 30 |90 [71.68949772
0.01 149432 0.9 (30 90 [72.60273973
0.01 86323 0.9 (30 |90 [73.05936073
0.001 424922 0.9 20 90 [73.05936073
0.01 6530 0.9 12 |90 [70.77625571
0.01 41190 09 12 90 [71.689497/2
0.01 36299 0.9 (100 |90 [72.60273973
0.01 17928 09 12 90 [71.68949772
0.01 35815 09 12 90 [70.3196347

0.01 [7/8009 09 (12 90 [69.40639269
0.01 37887 09 12 90 |[73.05936073
0.01 41724 09 10 90 [70.77625571
0.01 41593 09 P9 90 169.8630137

001 38362 09 15 90 [72.60273973
0.01 38963 09 (13 90 ([73.51598174
0.01 19982 109 13 90 [71.23287671
0.01 [75138 09 |13 90 [72.14611872
001 85791 09 15 90 69.8630137

0.01 37677 09 50 90 [71.68949772
0.01 37677 109 50 90 [71.68949772
0.01 37677 0.8 |50 90 [74.42922374
0.01 37677 0.7 |50 90 [72.14611872
0.01 37677 10.81 |50 90 [74.42922374
0.01 37677 0.82 |50 90 [73.97260274
0.01 18447 0.8 |50 90 [73.97260274
0.01 37091 0.8 [52 90 [74.93771732

—

©

o

[EEN

©

o
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The test with following data was chosen and

produced system accuracy = 75%

Momentum = 0.1, learning rate = 0.01 ,
sigmoid alpha value = 2, error limit = 0.01 ,
number of hidden layer's nodes = 52 ,

threshold value = 0.8 , and the angel of the
GLCM =90°, learned with 37091 iterations.

These values with heist accuracy and low
iteration of ANN learning is taken from table
(1) above. Table (3) illustrates a comparison
details between the classified types and shows
the identical accuracy of each land type with

user classification decisions.

Table (3): Results accuracy for each land type.

Proposed System Classification

Land Typenot used jhouses

used

trees |[total Accuracy%o

not used 45 6

10

houses 5 36

0

used 12 1

66

trees 0 6

3

total 62 49

C
8
®
(&)
=
7]
7]
<
O
-
(b}
7]
)

System accuracy is 74.94% compared with
user classification data, these ratios were
recommended by the test trials table, it is a
higher accuracy test ratio among the others
and depend it as a recommended results. And
the details of each type are shown in table (3)
above, the system has a higher accuracy
83.72%
76.44% with used lands , and 71.43% with

with houses covered lands ,and

79
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74.9377

not used lands , finally, 67.86% with trees
lands. Figure (2) illustrates a compression
between system classification on studied
lands and the user classification, where figure
(2.a) shows classified lands after apply the
proposed system on the test lands and picture
(2.b) shows manually user classification on

same selected lands.
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(a)

(b)

Figure (2): (a) System Classification , (b) User Classification.

Conclusions:

The classification method that used in
the proposed system doesn't depend on the
pixel color values for classification reasons,
GIS data (raster, and

instead; vector,

database) is appointed all together to

complete the classification requirements.
Using textural features that extracted from
grey level co-occurrence matrix for each land
samples as the input to the supervised neural
network classifier is more efficient than using
classical way depending on individual pixel
color values only. GLCM with angel 90° is
the best among GLCMs with other angels (0°,
45° 135°) for extraction features to be used
later in supervised classification with
multilayer perceptron with backpropagation

classifier.
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Abstract:

The study of Intrusion Detection System (IDS) has become an important aspect of network

security. As soon as the IDS detects a set of attacks it will generate many alerts referring to as

security breaches. Snort IDS is an open source IDS which is suffer from flooding vulnerability

if it will be used with fast network. To solve this problem, we suggest using several Snort

sensors with one packet classifier. Each one of these sensors contains a part of the overall

signatures. A packet classifier is built to distribute the flow over these Snort sensors, and to avoid

spread of the same attack over more than one sensor and then avoid detection. The experimental

results, on DARPA 1999 data set, have shown that the efficiency of Snort is enhanced by about

30%.

1. Introduction

An intrusion is an active sequence of related

events that deliberately try to cause harm, such

as rendering system unusable, accessing

unauthorized information, or manipulating such

information. There are two types of intrusion
systems:

Intrusion Detection System (IDS), and

120

IDS is

simply trying to detect the unauthorized

Intrusion Prevention System (IPS).

penetration by the intruder in the network. The
basic process for the IDS is to passively
collects data, Preprocesses and classifies them.
There are two IDS types Host-based Intrusion-
System (HIDS),
Intrusion-Detection System (NIDS). IPS sits

Detection Network-based
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inline on the network and monitors it. It takes
action based on prescribed rules when an
event occurs.

IPS has different functionalities and strengths
from the IDS. Also, IPS is considered as a
blocking product (proactive) while the IDS, is
considered as an alerting product (reactive) [1].
There
softwares (or

are some of IDS open source
called network sensors); like
Advanced Intrusion Detection Environment
(AIDE) [2], Open Source Host-based Intrusion
Detection System (OSSEC) [3], Suricata which
is the Host-based intrusion-detection and
prevention system. [4], Prelude Hybrid IDS
which is host-based and network-based IDS [5],
Bro NIDS [6], and Snort is the network-based
(IPS/IDS). Snort is combining the benefits of
signature, protocol, and it is the most widely
deployed IDS/IPS technology worldwide [7].

The main aim of this paper is to improve the
Snort

IDS sensor work by finding new

methodology that will permit to process
more packets than Snort in normal case.
We will build sniff

packets and classify them according to its

classifier able to
protocols using suitable packet classification
algorithm.

refer to different TCP/IP
After

according to its protocols, the packets will

These protocols

layers  protocols. packet classifying
forwarding to different Snort sensor nodes for

processing.
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This paper is organized as follows. Section 2
surveys the related works.

Section 3 provides preliminaries about the
proposed system like Snort IDS and packet
classification. Section 4 proposes our system.
The results and experiments are presented in
section 5. Finally, Section 6 concludes this
paper.

2. Related Work

Several researchers tried to enhance the work of
Snort which includes Snort rules, Snort
components, content matching, compilation,
distributed systems, parallel systems, and other
fields. Wheeler P. et al. [8] approach proposes
to use a distributed system where in which each
node has the same rules. The packets are sent
to each node using load balancer. Thus, each
node will receive 1/N from original load, where
N is the number of nodes.

Kopek C. et al. [9] approach proposed that
the packets are divided into fragments and
forwarded to the array of processors. Each
fragment could process independently from
other fragments. Match-bit field is assigned
to each packet, which allows one processor to
quickly indicate to other processors that a

match-bit field has been found for a given

packet.
When a notification is received, the
remaining  processors can start inspecting

another packet.

Sanz-Bobi M. A. et al. [10] approach
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proposes an intelligent system for automatic
detection of intrusions in computer networks
(Intrusion Detection System based on Artificial
Intelligence IDSAI). Its architecture is based
on multi-agent system in which several types of
agents cooperate together to perform a fast and
reliable detection of intrusions.

Schuff D. L. et al. [11] approach bases on Snort
2.6 version. It only executes multiple instance
of original Snort in parallel and use load
balancer that distributes task queues to
dispatch traffic. After distributing tasks by
load balancer, each processing thread does a
job, such as decode, preprocess, and detect.
Yoshioka A. et al. [12] Approach generates
a hash value using five protocol fields for
each rule. The five protocol fields are source IP,
destination IP, protocol type, source port, and
destination port. Each hash value is stored in a
single hash table. When a packet arrives, the
same hash function is applied to the incoming
packet and the hash value generated from the
packet is used to search in the hash table for the
matching rules. This approach searches for the
matching rules multiple times against each
packet to cover all possibilities.

3. Preliminaries

This section provides an introduction about
snort NIDS (Subsection 3.1)

and packet classification which appears in
Subsection 3.2.

3.1 Snort as Intrusion Detection System

122

Snort logically consists of five components.
These components work together to detect
particular attacks and to generate output in a
required format from the detection system
[13].
decoder which takes packets from network
the

The first component is the packet

interface  via libpcap library, and
determines which protocol is in use for a given
packet. As a preprocessors plug-ins component,
this component can be used with Snort to
arrange or to modify data packets before the
detection engine does some operation to find
out if the packet is used by an intruder.

The third component is the detection engine.
The packets are sent to detection engine by
the decoder and

preprocessor  plug-ins

components. These packets are compared

against the Snort rules; if a packet matches any

rule, the output plug-ins will activate,
otherwise, the packet will be dropped. The
detection plug-ins, as the fourth
component, provides additional detection

functions on the packets. Finally, there are
many outputs plug-ins used by Snort to save

generated output (logs/alerts) from the

previouscomponents.

Several reasons encouraged us to select Snort
NIDS. First, Snort is one of the more mature
open source packages, which is free of
charge. Second, there is an ability to program
and reconfigure this software. Third, bugs for
Snort nonexistent due to

are virtually
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periodic industry maintains and support.
Fourth, the preprocessors arrange or modify
the network data flow in real time to
increase the chances of a signature noticing
Fifth, Snort

flexible in the ways it can be used with

a malicious packet. IS very
network as a packet sniffer, packet logger, or as
IDS. Finally, industry support where the Snort
open source community keeps Snort signatures
up to date in order to identify the new attacks.

The NIDS can be evaded by flooding it
using noise or dummy traffic. The flooding
technique requires the NIDS to utilize valuable
CPU and memory resources to analyze the
dummy traffic.
NIDS is not sufficient to handle the traffic

If the performance of the

generated by flooding, the actual intrusive
activity performed by the intruder may be
missed, due to the excessive dummy traffic
generated. Even if the real attack is detected,
the NIDS response may be significantly delayed
due to the exhaustion of CPU and memory
resources on the NIDS [14]. In this paper, we
will increase the efficiency of Snort IDS to
avoid the flooding problem.

3.2 Packet Classification

Packet of

classification is the

the

process
categorizing packets according to its
header fields. This process is applied in the
forwarding machine (like router) to identify the
context of the packets and to perform important

actions.
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The criteria for classifying packet is called
rule R, and the set of finite rules R1, R2, ...
Rn contained in forwarding machine is called
rule database or a classifier [15]. The fields of
rule and packet header are related; for example,
the rules that implement IPv4 consist of 5
fields

address,

IP address, destination IP

type,
destination port). The

(source

protocol source port, and
incoming packet to
router matches specific rule if the distinct
fields in the packet match the corresponding
filed in that rule [16].

In this paper, we have used a packet
classification algorithm which uses hash tables.
The reason for choosing hash table based
algorithm is that we have a small number of
rules; in addition, it has time complexity O(1).
4. Proposed System

As we said above, the main idea of this

paper is to use packet classification
algorithm to enhance processing speed of Snort
IDS. This is done by distribute the packet
flow over a set of Snort sensors. Figure 1
depicts the main components of the proposed
system. The packet classifier online receives
the packet flow and distributes the flow over
snort sensors. These sensors monitor the flow
for any suspicious activity and trigger an
alert for every detected attack. The triggered
alerts by these sensors will go to a central
database which is monitored by the security

analyst.
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Figure 1: main components of the proposed system. The packet classifier online receives the

packets and distributes the flow over snort sensors.

One critical point about the classifier is how to
classify packets and guarantee that the packets
of the same attack go to the same sensor. For
this reason, we clustered the signatures by
the type of protocol and distribute these
signatures over Snort sensors. Every Snort
sensor has to monitor partial set of the whole
rules.

Algorithm 1 demonstrates the main steps of

the proposed system. It receives a real-time

packet flow and produces a set of alerts. It
composed of two parts. The first part (Lines
2-6) is related to packet classifier. The
classifier decodes every packet to extract
protocol type. According to protocol type, the
classifier forwards the packet to the suitable
Snort sensor. The second part of the
algorithm (Lines 7-10) demonstrates the

work of every Snort sensor.

Algorithm 1: Classification for detection Input: a real-time sequence of packets

Output: a sequence of alerts

Begin

1. duplicate network traffic and forward it to the packet classifier;

// Packet classifier

2. foreach packet PKT received do{

3. P=protocol type extracted from PKT header;

4, using hash table to find IP address of snort sensori monitoring P;
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5. modify PKT header with new destination IP address;

6. forward PKT to snort sensori;}

// Snort sensori; 1t works in parallel with packet classifier

7. foreach PKT received do{

8. foreach S [ partial signature seti
o. it PKT contains S then

10. report alert;}}

End

5. Results

The experiments were implemented in

academic CISCO lab at the University of
Babylon under Linux operating system. Snort
IDS software version 2.8.5.1 had been used in
the experiments. The number of rules that we
use are 3306 rules. In addition, we used
DARPA datasets [17] to evaluate our system in
real-time. We used this dataset to measure the
load on CPU, RAM, and disk swapping for the
Snort in a normal case and for the classifier that
we built.

The proposed system is divided into two stages,
the first stage is concerned with how to
distribute Snort rules over some nodes, and
the second stage is concerned with how to test
that system; these two stages are stated in the
following two subsections, respectively.

5.1 Snort Rules’ Distribution

The DARPA 1999 [17] is an off-line dataset to
evaluate the intrusions detection system. These
dataset includes data for five weeks. Three

weeks of
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do {

training data with background traffic and
labeled attacks and two weeks of test data with
background traffic and unlabeled attacks. A rich
variety of background traffic that looks as if it
were initiated by hundreds of users on
thousands of hosts is generated in the test bed.

Instead of using one Snort IDS sensor with
complete rules, we used five Snort sensor
nodes with partial rule-set. In this case, we
have to distribute Snort rules in order to
process the network traffic in parallel fashion.
Table 1 shows the protocols distribution over
the five sensor nodes, whereas Figure 2 show as
the Snort rules distribution according to its

protocols for system to sensor nodes.
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Table 1: Rules distribution according to its protocols.

Sensor nodej

Monitored protocol(s)

1 IP,UDP,ICMP
2 HTTP
3 SMTP, ORACLE
4 FTP, NETBIOS, SQL, MYSQL, EPMAP,
MICROSOFT DS, SSH
TELNET, POP, TIME, IRC(CHAT),
5 IDENT, FINGER, SNMP, IMAP, DNS,
NNTP, Others Prot.
1400
1200
1000
800
Snort rules 600
400
200
) NODE1 NODE2 NODE3 NODE4 NODES

Figure 2: The suggested Snort rules’ distribution.

In Figure 2, we show that the Node2 has the
largest amount of Snort rules because of its
protocol distribution in DARPA 1999 dataset.
In spite of the fact that node2 has the most
of

placed in one sensor for detection purposes.

number rules, these rules should be
5.2 Resources Consumption Experiments

We wuse the TCPREPLAY program for
replaying the DARPA 1999 dataset. Because of
the large size of inside.tcpdump file, it takes
very long time in replaying. Thus, we replayed
it with 10MB/Sec because this speed is

considered as a suitable speed since it is not
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lost in packets or slowly in packets read, and
the time required to replay inside.tcpdump
file is about from 240 to 250 second.

At same time we replayed the dataset, we had
computed the load on the PC resources using
ATOP benchmark software. We use ATOP
program to calculate the consumption on the
CPU, memory, and disk swapping on a Linux
system. By applying ATOP command line
with —C option, we computed the average
CPU consumption for the Snort in normal

case, and the classifier as shown in Figure 3.
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CPU Usage
70

== 5nort with Complete Rules
—i— Classifier

60

CPU Load

1 3 5 T 9 11 13 15 A7 19 21 23 25 27 29

Duration * 10 Sec

Figure 3: CPU usage for the classifiers compared with the Snort in normal case.

In the Figure 3, we note that the classifier has flooding in the 290 second and became out of
less CPU consumption than the Snort IDS in service.

normal case (Snort sensor that have the Figure 4 explains the CPU consumption on
complete rule- set). It should be noted that sensor nodes which belong to our system.

Snort IDS in normal case suffered from

CPU Usage

—+— Snort on node 1
—=— Snort on node 2
Snort on node 3
Snart on node 4

CPU Load

—s— Snort on node &
DIIIIIIIIIIIIIIIIIIIIIIIIIIIII

13 5 7T 9 11 13151719 21 23 256 271 29

Duration * 10 Sec

Figure 4: CPU consumption for the sensor nodes associated with our system.

By ATOP command line with —M option, we for the Snort in normal case, and the

computed the average memory consumption classifier as shown in Figure 5.
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Memory Usage

== Snort with Complete Rules
== Classifier

Memory Load
L R T S T A o ) B = B = = R = R

—
%)
s
=

9 1 13 15 17 19 20 23 25 27T 29

Duration * 10 Sec

Figure 5: Memory usage for the classifier compared with the Snort in normal case

By applying the ATOP command line with -D consumption for the Snort in normal case, and
option, we computed the average disk swapping the classifier as shown in Figure 6.

DISK USAGE

—
o
<

st Sl with Complete Rulkes
Bo

—— Classifies

—————— e

Performance of total disk svrapping
T ————_—_ -

-
w
-y

9 11 11 15 17 19 294 23 25 21 2%
Duration * 10 Sec

Figure 6: Disk usage for the classifiers compared with Snort In normal case
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Table 2 explains the packets throughput by the Snort IDS in normal case compared with the

classifier with different dataset replay speed as shown in Table 2.

Table 2: Average number of packets processed by the classifiers compared with Snort in

normal case
No. Software Dataset file replaying Average number of
speed packet processed
Snort in 10Mbps 418
1 normal case 92Mbps 373l
10Mbps 4370
3 Classifier ~ |22MPPS 9832
6. Conclusions 2011.
Several researchers have worked on enhancing [3] Ossec IDS, www.ossec.net, 2011.
Snort IDS using different techniques. However, [4] Suricata Intrusion Detection
that process is a trade off between speed and and Prevention  Engine, redmine.

detection accuracy. The aim of this paper is
IDS by

distributing Snort rule-set over five Snort

to improve efficiency of Snort
sensors and a classifier. We have concluded
that the efficiency of the Snort IDS has been
increased by about 30% after applying our
system on DARPA 1999 dataset. A little

increasing in efficiency is expected when

applying the proposed system with real
packet flow.

References

[1] Endorf C., Schultz E., and
Mellander J., “Intrusion  Detection &
Prevention”, McGraw-Hill, 2004.

[2] Advanced Intrusion  Detection

Environment (AIDE), [aide. sourceforge. net],

129

openinfosecfoundation.org/projects/show/surica
ta, 2011.

[5]
System, prelude-ids.org, 2011.
[6]
www.bro-ids.org, 2011.
[7] M.,
intrusion  detection
Proceeding of USENIX LISA Conference, pp.
229-238 (1999)

[8] Wheeler P.,, and Fulp E. W. “A
taxonomy of parallel techniques for intrusion
of the 4b5th
Annual Southeast ACM Regional Conference,
USA, P.P

Prelude  Hybrid Intrusion Detection

The Bro Network Security Monitor,
Roesch,

“Snort-lightweight

for  networks,” In

detection”, In Proceedings
Winston-Salem, North Carolina,
278-282,2007.

[9] Kopek C. V, Fulp E. W, and Wheeler


http://www.ossec.net/
http://www.bro-ids.org/

Basrah Journal of Science (A)

Vol.31(2),120-131, 2013

P. S., "Distributed Data Parallel Techniques for
Intrusion Detection
of MILCOM 2007

Communications

Content-Matching
Systems"”, In Proceeding
IEEE Military
Conference (2007), PP 1-7, 2007.

[10] Sanz-Bobi M. A., Castro M.,
Santos J., "IDSAIl: A Distributed System or

and

Intrusion Detection Based on Intelligent

the  Fifth

Internet

Agents,” In Proceedings of

International Conference on
Monitoring and Protection, pp.1-6, 2010.

[11]  Schuff D. L., Choe Y. R., and Pai V.
S., “Conservative vs. optimistic parallelization
of stateful network intrusion detection,” in

h ACM SIGPLAN

symposium on Principals and Practice of

proceeding of the 12t

parallel programming, 2007
[12]  Yoshioka A., Shaikot S. H.,
Kim M. S,

Packet Classification

and
“Rule Hashing for Efficient
Intrusion
the

in  Network

Detection,” In Proceeding  of

130

[13]
and Brian Caswell

Beale J., Foster J. C., Jeffrey Posluns,
2.0
Detection ", Syngress Publishing , 2003.

[14] MengaJ., and Timm C., "CCSP Secure
Intrusion Detection and SAFE Implementation
Study Guide ", SYBEX, 2004.

[15] Madhi D.,

"Network routing algorithms, protocols, and

,"Snort Intrusion

and Ramasamy K.,
architectures”, Morgan Kaufmann, USA, pp. 1-
957, 2007.

[16]
An Interdisciplinary Approach to Designing

Varghese G., "Network Algorithmics

Fast Networked Devices ", Morgan Kaufmann,
USA. pp. 1-491, 2005.

[17]
D. J., Korba J., and Das K., "Analysis and
the 1999 DARPA Off-Line
Intrusion Detection  Evaluation”, Proceedings
of the Third Workshop

Recent Advances in Intrusion Detection, p.162-

1Rfer RN 02 Yo ifnce

Lippmann R., Haines J. W., Fried
of

Results

International on

on

Computer Commt



Safaa O. Almamory et.al. Enhancing Intrusion Detection...

de j gall Al aladiialy cila gagd) CALAIS) Aalai] Cppas

b uara s L o ple g g4 e plia
Cliull o glef) Luls sl L o o7 4ulS Clslat] Lin ) 4S7 4ul§
bl deals bl deala by deala

Casaa gl clEl Ay Al (i Lalla | Sl Al b dagall ol S (e B AN Gl dakail Al Ciagal
Lokl aa) 4 Haad) & siall SNOrt el L ASuEl) el BoA dsa sy (i ) Ol sl (e de sane 25 a8 4l
C o ¢ ASEA sda dal | Ay yud) CASAN ae deladia) & Le 130 L el Al e Al 43S0 5 dlaall G AN LK)

Clesaell SN de sanall (4o o (o (5 gind el 138 Ge A3 JS | 2 Ja CRiias ae SNOTE el 2 e Gl B30 aladial
poad) J ) e Glaal G 5 SNOTE el (s Aediiasall Geasill o 3all )55 56 p 3all s 550 Ll Ll po 2 yall
DARPA 1999 by ae dleal) i) | LS cuind il 5 Snort gl (e At (0 JSI ) aaly o sagn duslal

- %30 Ay Gt 38 SNOIT gl 3o US ()

131



2013¢143- 132(2)22ll ¢(31)laal (1) pstall s puad) dlas

o gaal) anaal) A LT placSid AdYal) cland) 3 a8 A g

ed e oyt gﬁw/.!’.@d}mwlw
Cilbailad] 4 gl awidifs plal] LulS/ 5 sl deala

paliial)

(8 Aeiall Jgall b A 5 Apaled) Cilillaiall Al L STy o salall Dl ale Vs abl (e aoeal) Lo g 23
O RS Gladl 8 A8l de jull e aclus a8 de gt A €I Apgula aales cllia M pualeall alladl
G (e OY el 32 a5l o G A8 Y dadaily ana s B Mlas dege oaall aamal) L s 3 G e Cilidail)
e "L Al dadlee ol aal e 850 Y A Leaal e A pp s and @l el alladl b 5olig Ul aea) olaY)
eanall Lo s e Lty a5l ) shatll g g salll Jlaxin¥) 5 2o gill aUaisle ) ye
A G ez Rl gaalall VAl aadl 235l
aia JS ) jaa s A pal) Ball Ay 1 OIS Ciliaal dlaie)
ABle JS O e daadl s il iall (s 0¥l i) £ 53l alaie
L Aaladl LY s e cuae b A0 38y yhay Jladl) ol dlaie|
sland L o€ (e ae ) e e lanl1 il e e Ll e 40LE5 aaed cliiall Caa g a5 Cala s 53 jaall il jiall aea
ol G jae 4l Lopus Caia JS Jial de giie Al JSLa dlaie
33 ke IS Aalall il slaall g anall Gl jie aaen o g it i) 0 3al SRS @ilily 3ac oLl
ey iy Jil Jaaadl ) Jsea sl Gleal il IS JS A e 401 oy
255 o Jstaall dgall dai Lpen) A saall aalaall JSLEe JSI (e yiad 301 A0V AN Cilanad) Al Ja el Canil) 4l
Jr il il jaall AVall cilewdl 28Me Al (pad aadiiiid) O 3 4302 jha (ge 82 e JSI e glaall piany anaadl Glily 3ol
aganne il jie JAal 8 agaal s fiall jaa & Adadil) oda et 35 Hlalll Asdlae 8 cpialdl Jee Jgan Lo 138 5 LT i
LAYl Lgilass Jlaal e 3kl g <l jall aae i (L ¢ elia ¢ ab ) Juaall aaad ) o slaly 13gd
LA (e Al ol sl AT e AVl ClBMall (e dala g1 o aainall o i) e edl elan) U8 5 el Hlally
el anaall il e (g0 aga B e (o 5 e ganl) olaily 5 shad el Galaias L elanSU LIV el e Juas
VAl Ay laillcanaallecilalll Aallas:dpaliaa) cilaSl)

el B Agsadl sl il oalsh 8 palaa sdadiall
Lllae sl 43Ke Cimpal 1] deladiuly 4fas e S8 Jr Gl jie Al jae Gl aaeall

Al agd dxe dedy el G Ae sy el

132

-1



lla (g put g A gara ol

YAl cilacd) 3_dd ad gl

ooooo

all aaza g WAl S5 Gl ) (e Al
e ast sy (Greek New Testament ) sl
Aty liias day )

Entries <l g gall -1

.Events ¢ilaa¥) -2

Abstracts < aall -3

.Relations <&l -4

L3S 5 g Al Ao i aludl el and JS cans

s 53l anmall ()2
Go 2wl o ol sl aasall (55
oo Lty L Gl Jailly Al Lie Gl
o3 e i JS ¢ (1)JSE) (8 mnge LS giliaY)

i S Ay ae Aalall alBe 5 (alal) aliias CiluaY)

o L) L afanty dadatiy aneall dala a5 Ll
[1,2,3]. il sha (b Bpaa

Op i G BBl (e At A aamall Of Lag
gilons s VAl Lelgin s il ilash (g 4313 5
e Aulyn b Gl I els 13l o Alaad)
anna JSab el b LDUinY YAl Jgiall & cilidlal
[4,5].clestl USa e 58 55 i pma Y

[6,7,8,9]: 4Vl Jgaall & Hlas
IS (e e gana ly VA Jia) ine a5 (S
(lgaany ole Ladl Cinisile angiy LYY Lag 5 )
Le Alaiall LS Ao ganne agdi () oy Al ina agils
Jaall Jals cla jiall Ca clEadl Al 5o cany 13 LIVS
dane o Al ine (8 138 Gay o il g sunsall
pda 8 anall Jiall Jaly 8 gAY S Lalidle
ny ela G Catadl) VAl Jgiall anna jela 4y kil

Ll 5,8l

) v

Al 5 Al anmall Jala 4 gall) s jiall A ) Cilial) (1)Jsd)

el g JWiiYI 48 o

el Nade o

@il A8e o

Al de o
o Alen o Jpmnl) Biay i jpall o A (e
& anY) S eliyg asanal (8 Cragd Al Cilaliiia)
(o2 7 allaaxall

_;mwsﬁgu\w@m@gg\@)@\d;@ -1
Cua ¢ &l gl allaty enale Loal Al gl Al aalial)
aldll o seiall ) ac W) o gedall Ciliia anen )5 &4

133

: ?—“&‘

sland) Ciia Gaed [12,11,10]4% eda el
i gl paaall Jala eday 3 ) & jae de ganan

¢ anaall Jalo Lies Laon Gaos S sle) e
135 5 dpa see Ji aanlie Y daa gae D aalia (ga fass
(2) JAl B Aaia pa S Apanaddl) gad

JSell e Badas Ae siie lEBay aaaldall sda Loy 5
:lEal) 028 aal 5 o0 gl

[13,15,16,17,18,19]



2013¢143- 132(2)222d) ¢(31)laall

(1) psiall 3 o) Alaa

sl (B agudis aaliall ( day i () Apd )l A8l ()2

A Ly cppanaill y Jaidl) A8 A eedl S

Wim Ao b sl (e e el b aend ) 5 AY)

Al

a3 2800 jial) elawl) pan G Liaels Cadl Ul ABDe -4
Glajdall ¢ Siad ¢ Jalaal Jl ol Lee o)
L}A’yﬁgh\}&ﬁA&&:ﬁ;ﬁ"@Ji‘)&t\‘oui"aﬂ}d\
U sy Jsasl) de o Ganzay 138 5 ¢ Jalae Bae aladial
An i s LS JlaxinaY)

I Glha S eloa e paldl s ey g
aaaall Jaly Cajas "l 4y salll 53 el Slied 33 jie
S Sy il ¢ el e s L e
Gl e g A s Y ¢ lien Lo
&5 A bl g cllall gl gl e g 5 oa il il
oyl 5 J e duad i gl) b ey g ¢ dgal) S (g
e aalidl i SIS (e JuEl clil
aalidl i JS G oelly Ja ) sye 8 ¢ L

eamall (8 el peaill 53 g e Y diaall

= (H]
V ' ¥
— = 22
I
¥ ¥ +
g ol dapdl
I
b } ] i v
lses ol Bed  dpad e 58 s
i T ! — I } ¥
L dmge gph Clde Bph et A da il =
dali dwpk Bla Al TE
¥ + + " " ¥ ¥
s i L s e o 1321 s g
| |
e R T
i e et dpEiobess BB &b ale dasl s ok ek Jhaa pla)
e S e A N B
e gl oy cdey L Bl 40 W 1m |

.f-Lu.a‘Y\ “alal @Jﬂ‘ ‘éJ.AAﬂ\

Jalaadl clily JS AT OsSi g galll aaadll Adaials
Jalaal ) Gl 008 Wil 1A ase e Tl
Ja 8 4 galll caly paall 4 iy Jiad Al g sl
408 AlaSi g et ol et ¢ UL Bacl8 ga Q310 3 3RS
OSay g oad IS b dallad) ol 8 Jalad) by
dapb gy @l aamdl 8 clend) Caia Jia
AlalSi s )il ey leda i Al VAl il
e Jolaillad sgus ol s Aallaadl JBA Jaladl) il
Aallaal ol 8 Leia gl ) Jgeasl de s Jalaal
134

JS¢ e 50 (2) S8

Al Jasal 7 sihal) JSugd)

Jiias ) 58Y Gl 138 8 salaie a3 A Gl Tasdl)
Aldm G AU clewd) Giial Culia S
Slhtall Spel) Jiiall 2ty Ay gmaay 5 salll anadl
o JS I gliai deilaey LeilBle aaaiy 4yl
dga oo Aallrall ey 00 paa G )1 G
Jiaill (€ay 3 Jalaadl ) Jsem sl Ao pus s Al sgas g
REBENEVENGPRIE I\ D PR N P




lla (g put g A gara ol

YAl cilacd) 3_dd ad gl

ooooo

(2 L g adl) JSaedl b 3aiall aud f) Jaadd) au
32 kel Jiaadl a5 dps N AWKY ce 3 jle s
Al

saiall o dlaidiall 3a8al) and (e 3 e 585 Y o
Al

dm&g‘i\)ugﬁw\t;hiuc@gc St Bl & o
A sl Ly i s (el 5 U S el
Alciiial QYY) sadally

coal y
i)
saiell ol Baliadll LS apeny A ;AL

Baiall anY Aaal el Gl apeny Al

gl

L) Baial) e L el Sl Adal) Jiad s 2 5 jpaall ddiall
Bl o 7 i e s le g il

(1) sl (B e ge LS

U Jalaall s and ol dalles ) dalall o
Ao pu ey pupgde le pe ol (Sl by
dsasl)
Sitad) Al yiall Al JSLeN (1o e gana Lol ¢ s A
Do sland) Chia

bl 3ac 18
Lol el
s seh il

JSLell 538 e IS JS @l Sl L Al ol

L Lol )Y 4

i) sacld

Jias Al Jsiall o bl saeld Jsaa (g siag
raaaall 8 and Jane (Y AEN dullY) clld)

slacl) Joaa O 55 (1) doad)

el daddf bl e dlal N o awit
dag  ugada G
N road guad AL A
g Ma  pgdod el GlS =
date  gpadd - &0 ga
Pai  dak b Guad! i il
fo b ol ddga gea
ol Js Gul) e Sud
A ke Ll guall ea At
I Adpa Gl Jea Adagls

Gl (5 a0 Jsia aa il (gl (Sed) ) il
polial b e g LS g dallaall 5 dudsill oL b

135

G Jsgl |

dagadal 3 jeeall AN J giadl cill) sacE J gia Jids
;Uﬁgaﬁﬁg axall Jasall of 4 salll 50 jaall &) jaaa g

|

2

@



2013¢143- 132(2)222d) ¢(31)laall

(1) psiall 3 o) Alaa

528211 Adlal) agal) day ) AR (e Qi | V) BaEe () sic
=Y
Adlal) 328210 ddayi yal) 232l) oae Jiay | JlakaY) die 2ac

QY Baially Juilay) aie Loy i | JlalaY) sie oy slic

(’gJ}BM‘@ﬁ)M\?Ede}M\EM‘(&J
bM‘Maﬂ)CJ@J&-}AdM\ cJ&:d\d.mLu
(38D 8 m e LS A1) 3iall () B8l 8

il Gk g8,

el giwai3101 (---)

VAN

41111(-)

Jo¥) ssienal) Jial) 3aae11( ----

PZAN
EVANN

. 3111 (---)3112 (---)

4111n (--)

S gsiwali211 (---). . .21n (---)

311n (--)

Baiall Luludtl B 1) (3) JS)

o) Ao senll s sl AoV ) @ i) Cuiaa Gy
dpa geadlisai ol JauY) gad & jadlly (JSU /Juasy)
(s 2/ (el

dsially bl s2eld e Agiidl Jaall ()5
b eaanall Jaadll e il S 2ull oL 8 4 guunall
U z el (ol JSell Saaly o) JSid)
LAY Jeal ¢ ol il Jie s Al Jsia dil)
salall Gulaill g g1y Gall Glllaie sy ¢ L e
S 0S5 8 ) Jaealidl) Qs A gladd U cileal
ol cd gl (8 el Gall slllial 4 ) 5 e
Celoa e i )die il e e Y elend i)

‘_gu,m.aln (,,@AS slaw¥) 3 ‘_J\(_”‘L'):\MA‘ dasna

ond JS5 slend) Ciia JS B Y] 1 ey
(ool Bac 3 audl) IS el b Uaade]  JkY) aaie

- g«z
Cigan aial (L3 ) 3aal @l st Jib saie <
NEITIE ) AN

LA 5 daals (0588 O g el ol Sl da
- gasarll (e

A e AVl BN aaY () e el o g
abll & (esally IS Opaazaill 5 Juaiill)
o))

dlee e ¢ QY1 YY) Sdie o S day ) clla
¢ slaw¥) sond o Aol A< Al sda Sl Loyl



lla (g put g A gara ol

YAl cilacd) 3_dd ad gl

ooooo

8aal s ddia Lol Cilimy s ClBlay agre Jasi yall (il
AL e jaad JBY) e

@l b Danll o tan A5 e andU VAN dand) a3
a4 Ogialll Sy a8 il Laplall Gl dalles
aldai gl b anl S ae VAN el JS Jlanly Jlaall
Ao Alee L 2y Dleal) o385 cdaraal o dallas
3,8 axe ) AdlaYlh Ay laga Wy alll s
1A candl dagaiall clawdl ellacly aaad o agaan
Ol 4 sallay A Jlaall aaas 1) (o iall (6l L Lile
el il @l ye i
G Jlaal) ellyy alal) Ay salll il jiall de sana jan
ISV AVl dend) Ji dnae dad QAT ¢ Al )
S i o sy soadl JSe DA e W sl
(4)JSEN i ge LS5 padiadl)

41}5\.’\;@ 41&\3‘ j:mh: U}S:‘

Claansa) 5 il o sedall (A il Hlaaria) 8 Gl o seia
e e LSH e Jpanll A gladd 83 Gy (4,83
Y S oAl A sthaall caldlal) dae Jlil g analiall
aaral Jalae e Jieill Cadally ddliaY) cillee o3
CObaed gl el ¢ ol JSied) A (e il
bl 3aelE e jalie g A IS8 3 i) e Jass
ond S el (e lggle doad ) il jpeal) ool (10
rot slandl Chia il

@@ Sl e claall &l A dan ]
Alagd 8 el 4090 o3 5 el (e a1 G gl
Ao gane oo Bole (A Gl elandU LUYOI Cilewd/
b2 pdad 3 dlpany oo Gl s S Glaal
Al e Wl Gob e bl Al clial

1S
21

(dat) cliga

' l 21
(Sl Y) bl

'

1 2 | 1 2 3
I
(dﬁb)L bl (Jite %e's) Olgsa (uéui»)e»m LJM ngi
1 2 | 1 | N |
O ERTNK) v i Ry EOvy VY v PP S (4.)“,.«)93@ ..... ]
1 2| n 1

BSadl) 0 (B plandl LAl cilad) S A4S (4) &)

137



2013¢143- 132(2)222d) ¢(31)laall

(1) psiall 3 o) Alaa

LS g 5 Y ol aall die LialS)) Gl ol&) Ak
sl

Falad) il A e ganlls deay ;s gl g dua gand 3

(548 A padl) Lol 483l (32 ska (e Lehn 5 o sedall
SO e Al e o S il
ey da M akY) et AdEl dleadl (8 D Lgal 58
ALY any o Sy Ja € LT LIS dleadl s3a daia apaa
Ol Cagne o LS € paill Riay Sl Ml L LlS
Of cSar b o e s 3a a o ba TS (ud ALY
A ol alad (e L ¢ LY Ahala dlaal) sda el

Ll o daa il aphi akay)
YR YR
— «—

A) (oial yiall el laaie exi AdVall Clawl) udn
A8 e Gle gene b A8 jid) slend) Gammr Gl
) alaail Sy g A0Vl il L ke
SV sl b sanl gl de gendd) e slen¥) oda (e
dalaall sxe il ) e sanally paldll canaall Jandll
O B eland) Caiia 53 sa sall i) jall dac laiay
Jie 8 Qslalall 4 any Cingdl Mas pnnall paa
) Aanaall Jalaadl 2e LIS o8 5 dpesaal) dcliall
birall g aanall aaa ) 3) Adlead) Gdadl (Sae 2a

(e glaiy)

Sl Gl cagal s Al JSUEA) (e - G YLy inall S

Y Db ¢ pilae (cre Led Gl (A ClLalSl (e 3220l 05
Jbae anae (B Mt ASDILe Gee
18]zl

sl o2 e o Jsandl (Ko il JSiedl e
ol LSy el i JBIA (10

(4) I8 e Jlay ) a5 Sy g

e 121212 A S A VA dad)
(Rl (Jile e o ad ¢ saig)iland]
ey 122111 & Jiig A A deudl e
(e saidlile j2 o )iy ¢ pati)iland]

el onell dadll aebud ¢ clawd/ L/ da 0 cilus 2
i ) slan¥) A8 sl 8 elenDU AV delll
Giob oo dly ¢ Lo (e (Ledn AS il cliall
¢ gl o v ally Gl aa (gl die 5 L8l 43 jaa
Glaal) Qi)

AVl dandls ¢ 121212 (oa I AT AVl dadd)
4 ey st Naie Sy ¢ 122111 A Ja Al A

e s ) a (R e T
Glall ¢ i Al PR BHAY

138

AN

o S
«— —

Sy o ¢ Ml it dleal) S 5 Al OV 4
AR and) ol alagl 5wty oo | ansds o sl ¢ Ll
Lol Allall oda Jia 39 Y A LIYa dleall daa il
e onS 5l L Al G G e 5 () A8 o
LYs dapaie e Aleall o Sl S5 il sad) o il
A Bl a2 e gt WDl s oY
o oS Al Ll Alfie JGY) el Gua Mg
05 "oe sl ABle o maagl e ¢ Al
daal) @lly 32l L) BV Al sl Ligh Ledalsf
Aspna g "ARY) Cae Aleall (5585 1Y Al 3 el
G5 LIV dapaca "Ll i dleall ass Laiy
Geg s Ol Mﬁ‘i Ol s g s Lt
> OIS e Sl

Sl e sty dleall daua aaad of ) ALY 13
- Jelall Yl dad) 2asy (3 IVl Jadl

e oo daned) Jihll s LliTy pllel Jsa sl 4

Ol Gl fET ey ¢ el ima adldn sl caal il



lla (g put g A gara ol

YAl cilacd) 3_dd ad gl

ooooo

(4 g9

JUEIRCRER N (RPN SVEN g ENEW [ R DV RPEVER
O sie Jasd laal el o Lale ccald) b dliiie Jalae
Al e slawdl assall Jaoall andi (ud ) s
(s AV e2a il e

Gk Ge eaaall Jaadl LaLdl Jsealll Al
i Jsnay e (slng 138 5 43 e

sl A il a1 55k e Jaaall I sea sl Al
REER VRN

Sl 4 daadl ey i man (5) Jsallg
ol

(g8

GAER 4, UGBS 5

«— «—
(e s

k) Gl

Ayl dile

Gondll Ul 8 Jane sl sdie Y Jsasll o
¢ Baic Cada clgaae B Baie dayy ()5S O s Y
L Uy llay & i claglea Lo Jseanl)
Go ESH Dlginl W as dpsthall 338l N Jgeasll
ey Adai ya 5l e ()5S @y dallaally (e
sdiall ag odall e Gl Cagien las lpan aa
Landl 4 e e siall elaad (f Lasns¥ 5 2 sllaal
Lgd A A8 W8 il Gl pissbue e Caliill
il anl e gging Aujgh Gle A edls
T sy gl gie gl B yaill A Leadse ) Al

Node = "nod
nod = Record
Name :

Syn:

Featuer:

Mean:

Fath_nam :
Level :
Aton :

Serialno :

Relation:

Father_Add : pointer to nod

Child : Array of pointer to nodes
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Algorithm Build _ Tree

Getdat (from Table _name );
Search for father _name inindex_file
If found Then

Search for name in index_file

If notfound Then

Create new node

Insert to tree (Algorithm Joined_Nod_Tree)
Insert Address node to index_file
Else

Error (old entry)

End If

Else

Error ( father name is not found )
End If

End Algorithm Build_Tree

slacdll Al Ciaiuatl] 3 el (1)) 55

Algorithm Joined_Nod_Tree
Get Address Of Father Name

Put Address of father node in father address of node
End Joined_Nod Tree

Put Address of node in Array Children Address To father node and give index of node

Bl B dhal) Loy g ddLa) (2)4a ) 55
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Generating automatically for semantic features code

in computation lexicon

Salma M. Abd Al-B Yusra M. Dummad

Basra University / Sciences College / Computer Sciences Dept.

Abstract

The computational lexicon is one of the most important fields in the computational
languages science and is the most compliance to the scientific and cultural needs in the developed
countries of the modern world; there are different computational and electrical lexicons in the west
helps in speeding up and the accuracy in accomplishing of many applications. The computational
Arabic lexicon is very important in its creation and organization but its wants who studied it,
because the researches in the lexicon direction are few and infrequent in the Arabic world, that is
because of the substantial reasons such that the mechanism language with the consideration of the
grammar system, the language use and the historical development, which irritate the lexicon
computations.

The suggested computational semantic lexicon model is built up upon the following basics:-

1. Using the main speech categories in the Arabic language and the properties of every category.

2. Using the semantic relations kinds between the vocabulary and the work with the properties of
every relation.

3. Using the semantic way in classifying verbs which helps us to put the general frames to it.

4. To bring together the mere vocabulary under one category named the propertiescategory because
the unlike of its properties with the noun properties in spite of it is also nouns.

5. Using different data structures to represent every category dependingon the properties of the
category.

6. Building a data base as a place to the fixed storage consisting all of the lexicon vocabularies with

the information related with every vocabulary.
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7. Building an indexing mechanism to every data structure to insure the access to the entrance with a
shortest time and less efforts.
This study solve the problem of semantic features which consider most difficult problem in the
computation lexicons field because of hardly accommodation database of lexicon to all
information for any particular from vocabulary and quality uses.
For facility researcher work in natural languages processing field which consider this point the
misstep stone with them in input their lexicon vocabulary so they go to the domain limitation
(medical, manufacture,.....) for redundancy number vocabulary and for their semantic features
inputs control.

Regarded to the hierarchal property of the noun structure depends on a special

semantic relation, the inheritance mechanism appears by which we acquire the semantic features to

the nouns automatically recording by that a success step towards the generality.
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