ijecs

"aees Www.ijecs.in
International Journal Of Engineering And Computer Science ISSN: 2319-7242

Volume 5 Issue 1 Januarx 2016, Page No. 15474-15481

Evaluate The Asphalt Pavement Performance Of Rut Depth Based
On Intelligent Method

Raed Ibraheem Hamed , "Zana Azeez Kakarash

2PDepartment of IT, College of Science and Technology University of Human Development
Qaradagh, Sulaymaniyah, Kurdistan Region, Iraq
raed.alfalahy@uhd.edu.ig , zana.azeez@uhd.edu.iq

Abstract - The development of highway at Kurdistan in Irag, requirement of road users is increasing. The key
problem is to design the asphalt pavement construction to ensure pavement performance. Evaluation of asphalt
pavement performance is very important method it concerned with quantitative and uncertain information. Fuzzy
Petri net (FPN), as one type of high level Petri net, has shown a lot of attention recently due to its sufficiency, for
knowledge representation and logic reasoning. In this paper we present an intuitive approach of FPN model for
asphalt pavement performance evaluation. The model is based on the theory of FPNs is used to describe a formal
model of knowledge representation for vague information of asphalt pavement (i.e. rut depth).The proposed approach
is to bring asphalt pavement performance evaluation within the powerful modeling method of FPN tools. The input
values in our model the surface thickness (ST), traffic count (TC) and age (A) can be formulated as uncertain fuzzy
tokens to determine the rut depth values at time instance (t+1). The FPN components and functions consist of some

types of fuzzy operators AND operator (MIN) and OR operator (MAX) of If-parts and Then-parts in fuzzy rules.

Index Terms— Asphalt Pavement Performance; Fuzzy Petri net; fuzzy reasoning; Rut Depth.

Introduction

In asphalt pavement construction permanent
deformation is one of the major harasses that
influence asphalt pavement performance. Asphalt
pavement scientists tend to agree that predictive
model is a critical element in determining restoration
strategies to reducing expends. However, the cause
of rutting is complicated and is a function of
molding variables, which results in the poor
performance of many of the existing models [l, 2, 3].
PNs and fuzzy logic exhibit a graphical and
mathematical method to model, and simulate
different systems. It is used for representing fuzzy
rules (FRs) in the knowledge base, and executing
fuzzy reasoning to evaluate the truth degrees of goal
propositions. Straight with the speedy advance of the
expert system, the characterizations of FRs are more
and more complex. Thus, researchers conducted
their researches with extended FPN theory and
developed many improved FPN models, which
include FPNs reasoning system generalized FPNs
and more ever reversed FPNSs, incorporating the
fuzzy logic with Fuzzy Petri Nets it has been widely
used to deal with these types of problems [4, 5, 6].

The explanation of how to reach conclusions is
expressed through the movements of tokens in FPNs

[7]. The field of fuzzy Petri nets may have an
important impact in understanding how the systems
work, giving at the same time a way to describe,
manipulate, and analyse them. The application of
modeling the asphalt pavement performance
evaluation [8, 9], FPNs as a new tool for predicting
the asphalt pavement values at time instance (t+1)
for each input variables surface thickness (ST),
traffic count (TC) and age (A) at time instance t are
investigated in this paper.

The method presented in this paper develops a fuzzy
model that can predict the values for each input
variables.

We compare our method to the fuzzy logic of
MATLAB to validate our model. The comparison is
made in terms of the asphalt pavement value
measure of the input variables.

The similarity that we have discovered is that they
both have the same conclusions.

The organization of this paper is as follows: In
section 2, fuzzy Petri nets concept are described. In
Section 3, fuzzy inference systems are presented. In
section 4, asphalt pavement with example and
simulation are presented. In section 5 we explained
the details of methods of modeling asphalt pavement
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and describes experimental and simulation results.
Finally, we presented the conclusions of model in
Section 6.

Il. FUZZY PETRINET CONSEPTS

Chen et al. [5] develop an FPN model to represent
knowledge rules of a decision support system and
gave an efficient algorithm for knowledge reasoning.
The classical FPN structure can be defined as an 8-
tuple [5]:

The tuple FPN = (P, T, D, I, O, F, a, P) is called a
fuzzy Petri net if:

1. P={p, p2, .-, Pn} is a finite set of places,

corresponding to the propositions of FPRs;

2. T={t, t2, .., ta} is a finite set of transitions, P
NT = @ , corresponding to the execution of
FPRs;

3. D={dy, d;, ..., dp} is a finite set of propositions
of FPRs.PNTND=0Q, [P |=|D |, di(i=12,.,
n) denotes the proposition that interprets fuzzy
linguistic variables.

4. 1 : PxT — {0, 1} is an nxm input incidence
matrix defining the directed arcs from
propositions (P) to rules (T).

5. 0 : PXT — {0, 1} is an nxm is an output
incidence matrix defining the directed arcs from
rules to propositions.

6. F = {M1, M2 ,..., Um} Where p; denotes the
certainty factor (CF =p;) of R; , which indicates
the reliability of the rule R; , and ;i € [0,1];

7. a: P — [0,1] is the function which assigns a
token value between zero and one to each place;

8. f: P — D is an association function, a bijective
mapping from a set of places to a set of
propositions.

Moreover, this model can be enhanced by including
a function Th: T —[0, 1] which assigns a threshold
value Th(tj) = A; [0, 1] to each transition tj, where
J= 1,..., m. Further more, a transition is enabled and
can be fired in FPN models when values of tokens in
all input places of the transition are greater than its
threshold.

I11. FUZZY INFERENCE SYSTEM MODEL

This paper proposes a linguistic reasoning of fuzzy
Petri net model with respect to the linguistic

reasoning algorithm for knowledge representation
and reasoning. The linguistic production fuzzy rules
in the knowledge base system of a decision support
system are modeled by FPN, where the truth degrees
of the propositions in the linguistic production rules
and the certainty factors of the rules are represented
in the paper.

The mechanism described in this paper is Mamdani
approach [10] that is able to overcome the
drawbacks specific to ordinary Petri nets.

The model describing the concept of dynamic
processes compute the states, at a time instant of
asphalt pavement performance, from the information
of the inputs surface thickness (ST), traffic count
(TC) and age (A), at time instant t:

X(t+1)="f(st tc,a) 1)

As shown in function (2), no more processing is
done in this layer

O® =st,tc,a 2)

Where st, tc, a are the variable value of the i"
asphalt pavement inputs surface thickness (ST),
traffic count (TC) and age (A), at time instant t,

and O is the i output of layer 1.

These values of the three inputs variables, can be
assigned linguistic labels, e.g., "low-expressed' (L),
‘medium-expressed' (M), and “high expressed' (H).
By using the center of gravity method as the
defuzzification using function (3) we can find the
crisp value of input variables surface thickness (ST),
traffic count (TC) and age (A).

> (low, medium, high)i x y,

app == 3)
> (low, medium, high)i
i=1

where: app is the asphalt pavement performance of
output layer from the i-th rule, y; is the gravity’s
horizontal of output area from the i-th rule.

To get the results of the model we apply the max
function to all the resulting implications performs
the aggregation approach.

The proposed model reasoning algorithm can
perform ordered linguistic inference automatically,
which allows the rule-based decision making
systems based on the fuzzy model to carry out
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linguistic reasoning in a more flexible and intelligent
manner.

To explain our algorithm, we use a fuzzy model
shown in Fig. 1. The net contains twenty seven
production rules of the asphalt pavement
performance rut depths transitions Ty, To,...,T27 with
appropriate input and output places representing the
propositions forming the surface thickness (ST),
traffic count (TC) and age (A) rules. To keep the
model working with the same weight for all rules the
certainty factor value with be one for all rules (i.e.
CF=1).

From Table I, we can see that the rule-based system
of the goal places become impotent to get the values
of goal places of asphalt pavement performance rut
depths and applying the traditional Min-Max
operation. In extant the fuzzy model, the truth values
of input places are restricted to be fuzzy values
between 0 and 1, which are usually determined by
multiple decision makers according to the data
gathered from the considered system.

We consider the three cases of lower medium and
high values of the given intervals to arrange
elements of the initial marking vector 8 = 64, 6,,....
Om , Where 6; € [0,1] means the truth degree of the
input place p; = (i = 1,2,..., m).in our mode the
values of initial marking vector will be 6 = (1, 1, 1,
1,1,1,1,1,1,0,0,0).

So, for any input place pi, all the factors are to be
evaluated by fuzzy model by means of set of
expressions over a three-point linguistic term set
VST, V TC, and VA as shown below:

V ST = [tiow_ ST, ptmedium_ ST, tnign_ ST]', 4)
Similarly, TC and A is defined as:

V TC = [ttiow_ TC, ptmedium_ TC, ttnign_ TC]',

VA = [puiow_ A, timedium_ A, tinigh_ A,

In this case a 3-d membership vector for the fuzzy
sets low, medium, and high corresponding to fuzzy
value of the asphalt pavement performance
evaluation is asphalt pavement rated and is given.

Table 1. Fuzzy production rules for Rut depths

IF THEN
Surface Th. Traffic Count Age Rut
depths

ITIIIIIIIIZIZIZIZIZIZIZIZIZIrrrrrrrrr
IITIIZIZIZIrrTIIIZIZIZIrrrIIIZIZIZIrrr
IIIZIZIZIZIrgEIIIZIZIrrrrggIIrrrrrr

Using the concepts of fuzzy operator “AND” or
“OR” we can check the firing strength of each rule in
our model. To perform MIN or MAX composition
operation [6, 11] the model Fig. 1 shown the
following MIN rules:

FR1 : MIN(iow (ST), Hiow (TC), Hiow (A))

FRZ : MIN(IJ-IOW (ST), Miow (TC), HMmedium (A))

FR3 - MIN(Miow (ST), Hiow (TC), Hnigh (A))

I:R4 : MIN(UIOW (ST), HMmedium (TC)1 Hiow (A))

FRs : MIN(Miow (ST), Mmedium (TC), Hmedium (A))

FRG : MIN(UIOW (ST), HMmedium (TC)1 lJ-high (A))

FR7 : MIN(tiow (ST), Hnigh (TC), Hiow (A))

FRB : MIN(UIOW (ST), I-lhigh (TC), HMmedium (A))

FRo : MIN(Riow (ST), Hnigh (TC), Hnigh (A))

FRlO : I\/”N(l-lmedium (ST), Miow (TC)1 Hiow (A))

FRll : I\/”N(l-lmedium (ST), Miow (TC)1 HMmedium (A))

FR12 : I\/”N(l-lmedium (ST), Miow (TC)1 I-lhigh (A))

FR13 : I\/”N(I-J-medium (ST), HMmedium (TC)1 Hiow (A))

FR14 : I\/”N(I-J-medium (ST), HMmedium (TC)1 Mmedium (A))
FRlS : I\/”N(I-J-medium (ST), HMmedium (TC)1 lJ-high (A))
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FR16 :
FR1i7:
FR1s:
FR1g :
FRo :
FR :
FR2 :
FRos :
FRy, :
FRos :
FRo :
FRy7:

MIN (pmedium (ST), Hnigh (TC), Hiow (A))
MIN(l-lmedium (ST), I-J-high (TC), Mmedium (A))
MIN (Hmedium (ST), Hnigh (TC), Hnigh (A))
MIN(Hnigh (ST), Hiow (TC), Hiow (A))
MIN(Hnigh (ST), iow (TC), Hmedium (A))
MIN (Hhigh (ST), Hiow (TC), Hnigh (A))
MIN(Hnigh (ST), Hmedium (TC), Hiow (A))
MIN(Uhigh (ST), Mmedium (TC), Mmedium (A))
MIN(Hhigh (ST), Hmedium (TC), Hnigh (A))
MIN(Hhigh (ST), Hnigh (TC), Hiow (A))
MIN(Hnigh (ST), Hnigh (TC), Hmedium (A))
MIN(tnigh (ST), Hnigh (TC), Hnigh (A))

From other side we have the max composition
operation rules as following:

Low: MAX(FRL FRy, FRs, FR4, FRs, FRg, FRi1,
FR12, FR13, FR2o),

Medium: MAX(FR7, FRg, FR14, FR15, FR1s, FRyg,
FR21, FR22, FR23, FR24),

ngh MAX(FR17, Fng, FR25, FR26, FR27),

According to the result of min and max composition
operations the next step will be the defuzzification
operation as shown in function 3, the output is used
to make a final decision.

Membership Degree  AND Operation  OR Operation

rut depths

Fig.1. Fuzzy model of mamdani method with surface
thickness (ST), traffic count (TC) and age (A) and rut
depths output.

V. MODELING OF ASPHALT
PERFORMANCE EVALUATION

PAVEMENT

Referring to highway maintenance technical
specifications in Irag, high-grade asphalt pavement

performance evaluation indicators are divided into
three variables: surface thickness (ST), traffic count
(TC) and age (A). Using the IF-THEN statements,
the estimation procedure for the FPN model can be
described by the following two step process.
Evaluate the consequent proposition: The "fired"
consequents (THEN) are aggregated into predictions
for the outputs. Before the above steps can be
discussed in detail, the fuzzy membership function is
discussed.

The fuzzy terms and membership function for our
FPN model are included in the fuzzy rule Fig. 2.
Any input value can be described through a
combination of membership values in the linguistic
fuzzy sets. In order to measure these input and
output metadata universally, we normalize them into
the same standard scale of [0, 1]. The values of
linguistic variables are fuzzified to obtain the
membership degree by membership function. For
example, tow_St =(0.35) = 0.5, and ftmedium_ St
=(0.35) = 0.5, means the value, 0.35 belongs to
medium with truth value of 50% while 50% belongs
to low.

The membership degrees of these input data are
calculated by membership functions. These
membership function value can be used as the
degree of truth of each antecedent proposition in our
FRBPN model. However, the degree of truth of all
input propositions listed as:

TS =0.375
UTS_LOW(0-375) =05
Mrs_medium(0.375) = 0.5
UTS_High(O-375) =0.0

TC =0.125
uTA_LOW(O-125) =1
MTA_Medium(0.125) = 0.0
UTA_High(0-125) =0.0

A=05

Ma_1ow(0.5) =0.0
MA_Medium(0.5) = 1
UA_High(O-5) =0.0

Since we are dealing with rules that have the AND
connector, we get an output that is a minimum of the
n inputs, i.e. the output set S for Rulel is cut at the
membership value of the following :
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MIN (urs_iow (0.375) = 0.5, prc_iow(0.125) = 1,
MA_|0w(0.109) = 1).

The reasoning for all rules is similar. For example,
with TS input data the firing strength of each
activated rule is calculated by the MIN and MAX
composition operator, respectively. It yields

FR,=0.5, FRys = 0.0,
FR, =0.0, FRys = 0.0,
FR; =0.0, FR;7 = 0.0,
FR,=0.0, FRyg = 0.0,
FRs = 0.0, FRy9 = 0.0,
FRs = 0.0, FRy, = 0.0,
FR;=0.0, FR,; = 0.0,
FRg = 0.0, FR,, = 0.0,
FRy =0.0, FR,3 = 0.0,
FRy0 = 0.5, FR,4 = 0.0,
FRy;= 0.0, FR,5 = 0.0,
FRy, = 0.0, FRys = 0.0,
FR13 = 0.0, FR,7 = 0.0,
FR14 = 00,

However, our main goal here is to construct
semantically meaningful fuzzy model, allowing us to
attach intuitive linguistic fuzzy sets such as low,
medium, and high, and each describing a different
level of asphalt pavement performance evaluation in
asphalt pavement. For this purpose the fuzzy
membership functions with overlap % are plotted in
Fig. 2 with respect to the biological concept
(concentration).

low medium high

1

Fuzzy sets (membership {
functions)

Universes of discourse 0
jve iscou { 0.5 1

Fig.2. fuzzy membership functions of inputs and
outputs

The applications of FPN are ideal to describe some
scientific idea and provide good tools. We develop a
FPN algorithm that can predict the values for each
input variables. In particular we refer to the
processes known as fuzzy logic methods to model
asphalt pavement performance evaluation.

Fig. 1 shows an overview of the fuzzy modeling
process. This schematic indicates the components
that have to be defined for our application, including
inputs considered in the model value can be inferred

in terms of three degrees low (L), medium (M), and
high (H).

Procedure FPN presented below to predict asphalt

pavement performance value of the tow fuzzy
inputs. After the construction of the FPN model is
over, we initialize the beliefs of the propositions
rules mapped at the appropriate places.
Depending on the rule is demonstrated as part of the
fuzzy model, it is discarded from the set of rules.
However, the processing system described above is
repeated for each rule. A set of decision-maker
model based on the linguistic variable term sets to
obtain the initial truth values vector 6= (1,1,1, 1, 1,
1, 1, 1, 1, 0, 0, 0) based on domain experts’
knowledge and experience. Based on the concepts of
FPN we presented the concepts of each one in the
fuzzy Petri net for computation of the inference
engine system of Fig. 1. We have variables surface
thickness (ST), traffic count (TC) and age (A) for
the rules in the model. Then calculate the
membership degree of the proposition of variables.
Also calculate the enabling transitions by the AND
operator (MIN). To explain the max firing of each
enabling transitions an OR operator (MAX) is used
for this case. Through all these steps the calculation
of a conclusion of the output for each subsystem by
defuzzyfication method to get the results of asphalt
pavement performance ruts depths.

In this paper, the implication relationship of the
antecedent and consequent proposition in fuzzy Petri
net models is used to establish the elements for
fuzzy rules follow the Mamdani model [7].

As illustrated in Fig. 1, the model of FPN is used to
describe the fuzzy inference reasoning system. The
properties of the proposition set of places and the
firing transitions for FPN model are described in
details.

The model can avoid information distortion and loss
which occur formerly in the linguistic information
low, Medium, and High: represents the value of
places. Each place with a token represents the value
of a consequent proposition of a fuzzy rule. Multiple
factors can be considered in evaluating the truth
degrees of input places, which makes the model
more realistic and more flexible. The value of a
proposition of the winning fuzzy rule from the fuzzy
rules in each model is calculated by the centroid
method.
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V. EXPERIMENTAL AND SIMULATION
RESULTS

We use an asphalt pavement construction to ensure
pavement performance example from to illustrate
the model presented in this study. Asphalt pavement
is one of the types of problems has been widely
shown in high way systems, as example Fig. 3
illustrate the model presented in this study. As
shown in Fig. 1, the fuzzy rule base of the reasoning
process as a part in the main system to determine the
value of x(t+1) (i.e. the predicted value of asphalt
pavement performance ) is constructed of FPN
model. The fuzzy membership functions of input
variables surface thickness (ST), traffic count (TC)
and age (A) 0.5 are described in section 3. We input
a crisp data into this corresponding membership
functions, and get the membership degree for all
variables.

To explain our method a value of each input variable
is presented. For example, the normalized value for
each input data as follows: the surface thickness (ST)
= 0.375, traffic count (TC) 0.125 and age (A). The
membership function value can be used as the truth
degree of each antecedent proposition in our FPN
models. For each input data the firing strength of
each activated rule is calculated by the MIN and
MAX composition operator, respectively. It yields rut
depth values:

When we are dealing with two or more rules, we
have an OR operation between all the rules.
Therefore we “maximize” all the fired rules to a
single set. It yields

Low: MAX(FRL FR,, FR3, FR4, FR5, FRG, FRlo,
FR11, FR12, FR13, FR19, FR20) = MAX(0.5, 0, 0, 0, O,
0,0.5,0,0,0,0)=0.5,

Medium: MAX(FR7, FRg, FRg, FR14, FR15, FR15,
FR21, FR22, FR23, FR24) = MAX(0,0,0,0,0,0,0, 0,
0, 0) =0.0,

ngh MAX(FR17, Fng, FR25, FRZG, FR27) = MAX(O,
0,0,0,0)=0.0,

According to the result of max operation the
defuzzification of output is used to make a final
decision. We adopt the “center of gravity” method in
to solve this problem. Then, the defuzzification of
rut depths is calculated as rut depths = 0.2, by the
centroid of the aggregate output membership
function in the each FPNs model. Following the
steps of the reasoning process, the final winning rule
in the FPN model is FRyo (IF TS is Medium and TC
is Low and A is Low THEN the rut depths is Low),

The fuzzy model of the MATLAB tools is also used
to compare the inference results under the same
conditions with the value of rut depths = 0.213. The
predicted values of the outputs rut depths are shown
in Fig. 4, x-axis

Represents the time points of observations of
different inputs and y-axis represents predicted
values. The results prove the accuracy and efficiency
of our method.

LT
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Fig.4. profile of variables, low, medium and high

V1. CONCLUSION

The key problem is to design the asphalt pavement
construction to ensure pavement performance.
Evaluation of Asphalt pavement Performance is very
important method it concerned with quantitative and
uncertain information.

This paper, introduced an intelligent model for FRs
based reasoning system to asphalt pavement
performance evaluation and reasoning. FPNs are a
very important knowledge representation and
inference tool which have been widely used in many
areas and industries.
The fuzzy set method is used to establish the fuzzy
rules to prediction of the asphalt pavement
performance evaluation. FPNs are a very important
knowledge representation and inference tool which
have been widely used in many areas and industries.
The motivation for using FPNs models is the ability
to translate vague information into linguistic
constructs that can then be easily converted into
testable hypotheses. It is also worth remarking that
the quality values assigned by FPN to determine
asphalt pavement values at time instance (t+1) of the
input variables are much more informative. We have
shown here, that the FPN model is appropriate and
can reach the same accuracy performance of
available software.
The validation of our model was achieved by
comparing the results obtained with fuzzy logic
using the MATLAB Toolbox both methods have the
same reasoning outcomes.
VII. REFERENCES
i1 (AASHTO), Guide for Design of Pavement
Struchlres. Washington, D.C., 1993.

21 Asphalt Institute, Thick  design-Asphalt
Pavements for Highways andstrects. Manual
Series No. 1. Lcxinglon,Ky. 1991.

@1 K., Hyung Bae, Nccraj Bueh, and Dong-Yeob
Park, "Mechanistic-empirical rut prcdiction
model for in-service pavements,” Transportation
Research Record 1730, TRB, National Research
Council, Washingtan, D.C., 2000, pp. 99-109.

4] R. 1. Hamed, “Esophageal cancer prediction
based on qualitative features using adaptive

fuzzy reasoning method,” Journal of King Saud
Univ.-Comput. Infor. Sci., vol. 27, no. 2, pp.
129-139, Apr. 2015.

51 S.M. Chen, J.S. Ke, J.F. Chang Knowledge
Representation Using Fuzzy Petri Nets, IEEE
Transactions on Knowledge and Data
Engineering, vol.2, no.3, September 1990, pp.
311-319.

6] B. Bostan-Korpeoglu and A. Yazici. A fuzzy
Petri net model for intelligent databases. Data &
Knowledge Engineering 62, 219-247, August,
2007.

i1 M. Chaves, R. Albert, E.D. Sontag. Robustness
and fragility of Boolean models for asphalt
pavement tic regulatory networks. Journal of
Theoretical Biology, Vol. 235(3), pp. 431449,
2005.

©] H. jianfu, Asphalt Pavement Deflection and
Main Diseases of The Gray Relation Analysis [J]
Technique Forum .2008.7:56-58.

o1 Z. Yongqging, J. Shangying. Evaluation Method
for  Asphalt Pavement Performance of
Freeway[J]. Journal of Chang an University,
Natural Science Edition, 2005, 25, pp.11-15.

0] E.H. Mamdani, and S. Assilian. An experiment
in linguistic synthesis with a fuzzy logic
controller. International Journal of Man-Machine
Studies 7 (1), 1-13. 1975.

1] H. Liu, Q. Lin, and L. Ren. Fault diagnosis and
cause analysis using fuzzy evidential reasoning
approach and dynamic adaptive fuzzy Petri nets.
Com. Ind. Eng., vol. 66, no. 4, pp. 899-908,
2013.

Authors Profile :

1|

1)Dr. Raed Ibraheem Hamed is an associate
professor (faculty staff member) of Computer
Science at College of Science and Technology,
University of Human Development Sulaimani, Iraq,
since December 2015. He obtained his M.Sc. in
Information  Technology from  University of
Technology, Baghdad Iraq in 2004 and his Ph.D. in
Computer Science from the University of Jamia
Millia Islamia, New-Delhi-110025, India, in 2011.
He carried out Doctoral Degree on Computer
Science at the University of JMI. From October
2005 he was Assistant Professor in the Department
of Computer Science, College of Computer,

’Raed Ibraheem Hamed ,1JECS Volume 05 Issue 1 January 2016 Page No.15474-15481

Page 15480



DOI: 10.18535/ljecs/v5i1.13

University of Anbar, where he taught in the B.Sc.
(Computer Science) course. His personal research
interests include Bioinformatics and computational
technology, Petri nets modeling and simulating,
databases and data mining, and fuzzy logic
applications to predictive modeling. Dr. Raed has
authored over 46 - 2 - publications including 14
journal papers, 22 refereed international conference
papers and 8 national conference papers. He has
nvited talks in conferences in India and China. He is
a member of the IEEE Computer Society. Dr. Raed
was the winner of the 2010 Science Day Award from
ministry of higher education and scientific research,
Creativity Research.

-
£

2)Zana Azeez Kakarash is an assistant lecturer
(faculty staff member) at Human Development
University since 2011. He obtained his M.Sc. in
Computer Science from Bharati Vidyapeeth
University, Pune -30, India, 2011. His research
interests are Databases and data mining, and Web
programming.

Academic Appointments :
From 2011 - Lecturer at University

e Teaching computer subjects at UHD
University in Kurdistan of Iraq.Teaching
Java programming,O0OP and lab
training.

e Head of Information Technology
department

Member of principals committee till now.

e Teaching computer subjects at Sulaimany
University in Kurdistan of Iraq
Teaching Database Management System
and lab training.

e Teaching computer subjects at Haiabja
University in  Kurdistan of Irag
Teaching Fundamental of computer and
lab training.

2007 — 2008 : assistant Teacher and Lab
Management, Department of Computer and
Statistics, College of Commerce ,University of
Sulaimany , Sulaimany City, Irag.

2006-2008 : at Ministry of Peshmarga for about
two years like a Database administrator.

’Raed Ibraheem Hamed ,1JECS Volume 05 Issue 1 January 2016 Page No.15474-15481 Page 15481



