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Requirements of publishing in the Journal of University of Human Development:

1. Papers should be fresh and identify current modifications.

2. Papers should not have been published, and has not been sent to any other journals for
publishing.

3. It should be in compliance with technical requirements of the journal, such as; writing
layout, picture, figures, charts, etc.

4. Editing body members can refuse a research paper if: (a) It is not in compliance with
guidelines, (b) It does not meet the journal's strategy and views, (c) It was apparent
after consulting special experts and before sending it over to evaluation experts that
the research is not at a considerable level.

5. Papers will be forwarded to (2 to 3) experts specialized in the research field inside and
outside Kurdistan region for evaluation. After receiving experts' responses, certain
decisions will be made by the editing staff of the journal for further progress.

6. Research papers are published in Kurdish, Arabic, and English language in the journal in
compliance with its layouts.

7. All research papers undergo plagiarism check; therefore, the owner of the research
paper is responsible for the content and results of his/her piece(s). Hence, researchers
should fill out the form that has been prepared for this purpose in the journal website.

8. A soft-copy of the research paper should be submitted to the journal.

9. The research paper with the font size (16) for the title, (14) for the content, and (12) for
footnotes. Researcher's name and address come under the title. Kurdish and Arabic
research papers are written in (Traditional) font, and (IEEE) font is to be applied for the
English ones.

10. Footnotes are written at the bottom of the page, and they will be automatically reset
to (1) in any page (i.e. footnotes start from (1) in any page).

11. Reference list is written as follows:

a) For research papers:

Researcher name(s), "Research paper title", Name of the journal, (Year) in the
parenthesis, Volume (No.) Page.

b) For books:

Author name(s), "Name of the book", Publisher, (Year) in the parenthesis, Page.

12. After research approval, all rights received to the journal, and the research owner has
the right to publish its results in books s/he is publishing only, but s/he is not allowed
to submit it to anyone else because the journal has that right.

13. The research owner should resubmit the final edited version of the research paper to
the journal after receiving research approval.

14. After publishing approval, each researcher will receive a hard-copy of the journal for
free.

15. Research papers will be received at (journal@uhd.edu.iq) by the journal and
published on (http://journals.uhd.edu.iq).

Address:

University of Human Development - Sulaimani - Kurdistan Region/Iraq
009647711529060 - 009647480120630

PO Box: Sulaimani 286
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Abstract

At a time when non-international armed conflicts increase, the importance of studying the application of
international humanitarian law in these disputes increases. Criminal responsibility and the consequent effects of
violations of international humanitarian law are considered a way prescribed by the law to ensure respect in international
armed conflicts and its applicability has been proven.

Jurisprudence and judicial decisions issued by criminal courts confirm possibility of strengthening individual
criminal responsibility for violations of international humanitarian law applicable in non-international armed conflicts
despite the fact that the international humanitarian law applicable to non-international armed conflicts does not contain
mechanisms from which international criminal responsibility of those accused of committing violations arise.
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1 -See J.Doak,(( the therapeutic Dimension of transitional Justice : in International Trials and truth Commissions))
International criminal Law review p263.

2 - See R.Wilson, ((Judging history, the historical Record of the international criminal tribunals for the former
Yugoslavia)) Human rights Quarterly, p908.

3 - See : Nancy Amouri Combs , ((Fact Finding without facts , The uncertain evidentiary foundations of International
criminal convictions)). Cambridge university press , 2010 ,P11.

4 - See : Caroline Buisman , oP.cit . P10.
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1 -See : M. Cherif Bassiouni ,(( crimes against humanity)) op .Cit P26.

2 - Prosecutor v. Baskic.T.ch. Judgment IT-95-14\1-A, 29 July 2004.Para 94.

3 -Prosecutor v. Blagovic and Jakic. cT.ch Judgment IT-02-60-T,17 Jan 2005.Para 544
4- See: Caroline Buisman , op. cit P 66.
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2 -See : Prosecutor v. Tadic .Decision on the defense motion on Jurisdiction ,IT-94- 10, August 1995.

()



[ n0thom o/ ... e b nlys R B e B Gl (O L (F ) adalt/ Byl el By e )

S claadl
&)y Slileal!
Sl gl jawey ¢ Ll dol cllea) oV el 3 Jols e U G s o
el Aol oblesl)
Jo¥t g A
Llowall 451 Y1 Okl
Al gy Lloeiall Olail s adsall AL il oL8) el ut OF dly ) ods 1y (3 L)
5 or ke ST E y ¢ BEAL Bne (3 ) gl AT L ) Lwiall O e 355 01 el g o d
AJgll 2L Slel V1 (3 ALl (3 Ll g 0L G5 13y . Vafed) astd) 2S81 (3 augad 3510
LSS (SO adgll agdl U shles lpiale e Ol o ham U 331 Lol 1) Losdl Lenls JoiSos ol
Oly add) (3 Ogfp el LA Ll 28T OF olahldl cuals 1y U 5SS Sl 2idd 5.0
I Ot e A Sy a8y oladl) oy agie Laall ¢ L) Jpogl) Ay (3 OVt dls OIS
Al 25L25 2T &) 0L Js) 11 Ugey 1ng. ¥ B it (ST 3 o Bt 22,341 OY sl
oEok Wlde W Uzl Fliang jlaeV) oy dotl OF % by ALl 2T &l 5l ¢ Lgs bl 13 ol iy
by ¢ Ul gl Gaad) a5 OF g Bl SN ede 0L pui Lk Blyly Lesle 3 aid- Y
C oSy el el S Ol S 85 O gy ¢ sed) GVl A i) g2 ) s
AL el V1 878 Jlgh dwlidly alad)l wlalld)l |3 e vgnlay

S g A
gold 41 Y DUl
ol sa Mg asly LoV LAY Bais Olesy vl Olal g BaaH oo cudd) Se Y
Sl S (3 mlal S sleaVlg gl Cp 3Ll Adsll) AT e BLALN ) (g L agldl Slel )
SV Sl 06 Jeeedl e 35 ol e s e 056 3RE- e Yy L sl ULy 1Y)
e YO gl pag i) (S ) gl (3 g e asles Biag w gl g Lol sl clesV)
¢ by By Glb I mas OF g ¢ W) Baglate 3 bl 8 e ) B33 B4 wgne Sl oo gLl ta
Gsim ) p2d ¥ O o) Sleatie ag Asle 2512 3 ogl) G s Wl sles¥l e £ll) Syl O
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1 - See : Gideon Boas ,James L.Bischoff, Natalie Redand B. danTaylar , (( International criminal procedurver)),
Cambridge university Press ,1st Publishing, 2011, 226 , 227.

2 - See : Gideon boas and others ,op.cit.p228.

3 - See: Prosecutor v. krstic Case No 1T-98-33-A Judgement ,19 April, 2004

4 - See: Prosecutor V. Brdanin case NO IT- 99-36-A Decision on Appallents Rule 68 at ICTY.

5 - See : Gideon Boas and others P231.
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1 - See : Ralph Henham And Mark Drumbl , (( plea agreement at the international criminal tribunals for Yugoslavia)) ,

criminal law forum , vol 49 ,2005 .p 81-82
2 - See : Alan t Tigger And Milbert Shin ,,(( Plea agreement in the ICTY )) Oxford Journal of international criminal

justice .2005 No 3 .p 908
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A- books and articles :
1- : Alan t Tigger And Milbert Shin ,,(( Plea agreement in the ICTY )) Oxford Journal of international criminal justice
.2005 No 3.

2- Brianne Mc Gonigle leyh (( The right to truth in international criminal Proceeding : An indeterminate concept from
Human rights Law))

3-Caroline Buisman, (( Ascertainment of the truth in International criminal Justice)) P.H.P submission ,Brunel university,
school of law , Jan 2012,

4 - David Shelton ,(( Remedies in international Human rights Law)) oxford university press , oxford ,2005.

5 - Dermot Groome , (( The right to truth in the fight against Impunity)) Berkeley Journal of International Law , Volume 29,
Issue 1.

6- Gideon Boas ,James L.Bischoff, Natalie Redand B. danTaylar , (( International criminal procedures)), Cambridge
university Press ,1st Publishing, 2011,

7-: 1. Bonomy, (( the reality of conducting a war crimes trial)) oxford Journal of International criminal Justice, 2007.

8 -: J.L Llewellyn, (( Restorative Justice in transitional and beyond , the Justice Potential of truth telling mechanisms
for post-peace Accord societies)) in T.Borer ((Telling the truth telling and peace building in post conflict societies
))university of Notre dame press ,2006,

9 - J.Doak,(( the therapeutic Dimension of transitional Justice : in International Trials and truth Commissions))
International criminal Law review

10- Linn BergenFelz, (( on truth and Ideology in International criminal Law)) Thesis , Master of Law Programm in Lund
University ,

11-: M.Cherif Bassiouni , (( International recognition of victim rights)) Human rights Law preview . vol6 , NO2 , 2006 .
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12-: Micheal Scharf and William Schabas ,(( Slobudan Milosevic on trial : A companion ((continuum, 2002))

13- M. Cherif Bassiouni , (( crimes against humanity , Historical Evolution and contemporary application)), Cambridge
university Press ,2011

14-: Nancy Amouri Combs , ((Fact Finding without facts , The uncertain evidentiary foundations of International criminal
convictions)). Cambridge university press , 2010

15-: Ralph Henham And Mark Drumbl , (( plea agreement at the international criminal tribunals for Yugoslavia )) ,
criminal law forum , Vol, 49,2005

16- R.Wilson, ((Judging history, the historical Record of the international criminal tribunals for the former Yugoslavia))
Human rights Quarterly,

17-Raphael Neves , (( Healing the past or Causing More evil ? Amnesty and accountability during Transition)) Doctor-
for social Research of the new school in Partial Fulfillment of the requirement for the degree of doctor of the philosophy .

18- William Schabas (( An Intraduction to the International criminal court)) second Edition, Cambridge, university press,
2004,

19- Yasmin Naqvi, (( The right to truth in international law : Fact or fiction International review of the red cross No
862.2006
B- Cases.

20- ' Prosecutor v.katang and Ngudijolo . P.T Ch .Public urgent decision on the set of Procedural rights Attached to
procedural status of victims at pre- trial stage of the case icc -01104-01107-474.13

21 - Prosecutor v.Deronjic , T.ch. Judgment on sentence,|T-02-61-T 30 march 2004 .Para 133.
22- Prosectutor v. AKaysu . T.CH Judgment ICTR -95 -4-T .2 Se p.1998 . para 131.

23 Situation in the Democratic Republic of the Congo : in the Case of the Prosecutor V. Thomas Lubanga Dyilo C icc-
01104 -0106) Judgment pursuant to article 74 of the statute , ( ICC 14 March 2012).

24- Prosecutor v. Blagovic and Jakic. cT.ch Judgment IT-02-60-T,17 Jan 2005.Para 544

25- Prosecutor V. Akaysu m T.ch | Judgement , ICTR-95-4-T, 2,SEP ,1998 Para 498.

26- Prosecutor V. Seromba ,T,ch . Judgment ICTR -2001-66- T, 14 Dec, 2006 .Para 320.

27-: Prosecutor v. Tadic .Decision on the defense motion on Jurisdiction ,IT-94- 10, August 1995.
28-: Prosecutor v. krstic Case No IT-98-33-A Judgement ,19 April, 2004

29- See: Prosecutor V. Brdanin case NO IT- 99-36-A Decision on Appellants Rule 68 at ICTY.
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Abstract
Importance of financial analysis to predict the fumbling and financial failure of the shareholding companies
(Practical study At the Main Iragi Commercial Banks )

This research aims to identify the financial analysis tools / financial ratios used as indicators to predict the financial
failure of shareholding companies, as well as "all urged companies in general and banks in particular on the interest in
the use of financial analysis / financial ratios to determine the extent stumbled and failed shareholding company or not .

The prediction of fumbling and failures in the early gives indicator to those responsible in company to intervene and
take corrective action before the company fail permanently, has been dependent on advanced ( Altman ) model , and it
was adopted one hypothesis to search that (( There is no relationship between financial Analysis Tools / financial ratios
and predict a stalled and financial failure in shareholding companies)), research found a relationship between the tools of
financial analysis / financial ratios between forecasting and financial failure in shareholding companies .
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Abstract

Received human development of exceptional importance in various economic and social research , as well
as the various reports of local and international to this topic of great importance , reflected directly on the economic
reality and Social any country , became the subject at the forefront with the spins of talk about economic development
and global social and promised the basis of strategies international development of the United Nations.

In Iraq in general and the Kurdistan region of Iraq , especially development depends on what the State by
spending through the general budget, Increased demand for social services pay increase public spending , which is
putting pressure on the state, and will shed light on the reality of human development in Iraq in general and Kurdistan
Region in particular through the Show human Development Reports local issued by the Central Agency for Statistics
and Information Technology Iragi statement if human development in the provinces of Kurdistan , compared with the
provinces of the center, with an indication of the amount of government spending to the Kurdistan region of Iraq on the
indicators making up the human Development Index to identify the social and economic impacts and their implications
for human development in the the province.

Key words: human development, public spending, the Kurdistan region of Iraq .
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Abstract
According to traditional theory of the capital budget, the net present value of future cash flows of the project are

discounted at an appropriate discount reflects the degree of volatility in expected future cash flows. If the net present
value is positive accept the project and vice versa. And also do not show the actions that can be taken after the
acceptance of the project and the commencement of work that could result in an increase or decrease of cash flows, and
here highlights the shortcomings with the current environment variables that are complex, leading to a search for new
methods in line with these new variables and of the theory real options to evaluate investment decisions and that gives a
big role Skilled managers in making capital decisions, which is reflected in the cash flows of investment decisions and
future reduction of risk, hence requiring real options theory enjoy CFOs high skills in order to maximize the company to
which they belong value, so the company's skilled management is an important tributary of the success of companies
that are looking for the competitive advantage that achieve the company's goals and the reduction of risk and the
resulting Allatakd and of cash flows that you get as a result of the decisions of its managers.

Key words: real options theory, the economic feasibility study, financial managers, cash flows
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Abstract

The aim of this study is to reveals the Impact of managerial empowerment in creative thinking at the private sector
banks of Kurdistan Region .the study depends on descriptive and analytical methodize using the practical manner. Study
sample consists of employees in (13) banks of the private sector at Kurdistan Region, its amounted (132). a major study
finding that there is a significant statistical impact and positive statistical significant correlation between managerial
empowerment and creative thinking ,by its factors, Originality ,Flexibility ,Fluency, Sensitivity to the problems and the
ability to analyze .

Key word: managerial empowerment, creative thinking.
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Estimation of Available Bandwidth for High
Capacity Links Over Industrial Applications

Ghassan A. Abed
Ministry of Science and Technology
Al-Jadriya 10070, Baghdad, IRAQ
Email: dr.ghassan@most.gov.iq

Abstract—Transmission Control Protocol (TCP) is built
on the concept of self-clocking technique and this concept
based on several characteristics. The slow-start mechanism
represents the prime technique for usage the operative
network resource. The objective of the slow start
mechanism is to create a TCP connection in an optimal state
- run for network route rapidly without giving a
disproportionate load to the network. Due to the rate of
packet transferred is limited by the bandwidth of the
narrowest bottleneck alongside the connection pipe, then,
the transferring rate cannot exceed this bandwidth and the
maximum rate competitions the permissible bandwidth of
the link that own narrowest bandwidth over end-to-end
connections. In large bandwidth networks, the mechanism
of slow-start does not perform suitably and may cause
considerable degradation in network performance.
Therefore, it's necessary to develop a new slow-start
technique that can increase the packet transferring over
large bandwidth links environments. This article
investigates the behaviour of TCP protocol after applying a
technique based on using available bandwidth estimation to
detect the current level of the network slow-start threshold
(ssthresh) in high capacity links used over industrial
application.

Keywords- TCP; Bandwidth estimation; congestion window;
packet-pair

I INTRODUCTION

In recent days, the large-bandwidth and high-latency
links such as satellite systems and some networks that
used in industrial applications, the rate of packet
transferred is limited by the bandwidth of the narrowest
bottleneck alongside the connection pipe, then, the
transferring rate cannot exceed this bandwidth and the
maximum rate competitions the permissible bandwidth of
the link that own narrowest bandwidth over end-to-end
connections [1].

Some approaches that are used to estimate the
available bandwidth based on deriving an algorithm to
obtain the (joint) distribution of the separation between
the probes at the destination(s) for a given distribution of
the spacing at the input [2]. While some other approaches
went to propose lightweight countermeasures to detect
attacks on bandwidth measurements. This technique

Sawsan N. Abdullah
Ministry of Science and Technology
Al-Jadriya 10070, Baghdad, IRAQ
Email: sawsanabdullah @outlook.com

could detect whether delays were inserted within the
transmission of a packet-pair [3].

The other problem with TCP over a large bandwidth
link that when packets are transmitted, the link enters to
slow link and the packet period is extended. That means,
if TCP source sends a packet of 1024 Byte, this will need
to 0.08 seconds over 1 Mbps bandwidth, while over 100
Kbps it needs to 0.8 second. In other hands, the segment
acknowledgment is used as a trigger for transferring and
the arriving period of the acknowledgment equal to the
period of the source’s segments that was extended with
the bottleneck. So when acknowledgement segments are
used to initiate the transmitting segment, the transmitting
period will equal to the bottleneck bandwidth and will
come to be optimized for connection path.

II.  PACKET-PAIR ALGORITHM

In the evaluation of TCP slow-start behavior over
large bandwidth networks and experimenting the
performance, we used the network topology shown in
Fig.1 and using network simulation 2 (NS-2) [4]. This
figure demonstrates the proposed topology to explain the
performance variation of slow-start mechanism with two
different bandwidths. It consists of node S as a TCP
source which is connected to the corresponding node D
as a TCP destination with 10 Mbps as a bandwidth and 5
msec as a propagation delay. The two nodes, S and D are
connected through bottleneck of 1Mbps bandwidth and
10msec latency.

1 Mbps
10 msec

R1 R2

10 Mbps

10 Mbps -
% msec

£ msec

Fig.1 Network Topology

The TCP used over this simulation is Reno, where
this TCP can perform better than other TCP variants with
stable congestion window. If the bottleneck bandwidth is

(ve1)
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set to 1 Mbps, the cwnd exponentially startup within the
slow - start mechanism with an interval equal to 0.25
msec and when the loss in the packet is happening after
0.7 msec, the sound is entered the congestion avoidance
mode which increased linearly as shown in Fig. 2.

35

N N N A
= === 1Mbps bottleneck

30 ]

3Mbps Bottleneck //

N
w

ewnd,packet
= [
w o
S
Y’
\

N
o

L
)

- 0
2

ime, secon

Fig. 2. Slow-Start comparison with two different bandwidths

Estimation of TCP slow-start performance over 1
Mbps bottleneck based on the window and Round-Trip
Time (RTT) values is shown in Eq. 1:

Throughput(Byte I'sec) = {Wdowz(Byt)}

RTT (sec)

ey

As a result, the optimal window size for definite
bandwidth is estimated using Eq. 2:

Window _ size(Byte) = Bandwidth (Byte / sec) * RTT (sec) (2)

When RTT is 0.14 Sec, then the window size can be
calculated from:

Window _ size = 1Mbps *0.14sec

_ 1024000(bit /sec) 1 o (560
8(bit / byte) '

=17920(Byte)

optimal _window _ size =17.5(Packet)

Then, in slow-start phase, the optimal window size is
17920 Bytes (17.5 packets) and the maximum window
size reaches to 20480 Bytes (20 packets) after 0.3 sec.
When the bandwidth of the bottleneck is changed to be

equal 3 Mbps instead of the previous bandwidth (1
Mbps), the RTT value of the network path is increased
and the optimal window size becomes very large while
the maximum window size of initial slow-start sets to be
equal 20 packet only. That means the difference between
the maximum and optimal window is very far and that
leads to make the congestion avoidance phase to take a
long period and that causes degradation in network
performance.

Generally, the limited performance of TCP slow-start
is because the constant parameters used to set the window
size with network action, and for this reason, the
proposed slow-start algorithm support an adaptive
behavior to rapidly adjust the window size.

Packet-Pair proposed by Melander et al. [5] provide
accurate measurement to the available bandwidth of a
network path by sending many pocket pairs at regularly
increasing rates from the sender to the destination.
Packet-Pair approach is built on the supposition that
when two packets are transmitted with narrowly spaced
back-to-back timing, their inter-arrival time at the
destination straightly reflects the bandwidth of the
bottleneck bandwidth over the network path. Also, if the
path is un-congested, the equivalent ACKs are received at
the TCP source with the same time spacing. Therefore,
the TCP source can estimate the bottleneck bandwidth by
dividing the length of the transmitted packets by the
inter-arrival time between the equivalent ACKs [6]. The
proposed technique aims to estimate the available
network bandwidth as well as the ssthresh value using the
essential data amount per RTT period as shown in Eq. 3:

EBW =RIT,,
MSS (3)

ssthresh =

Here, ssthresh is valued via estimate the available
bandwidth (EBW), minimum RTT (RTTmin), and the
Maximum Segment Size (MSS). The new streets should
be used to achieve an adaptive slow-start algorithm with
updated bandwidth where this technique pushes the
congestion control to send packets over real network
capacity. In Eq. 3, MSS and RTTmin are representing
fixed parameters while EBW values need to estimate
rapidly to find the optimum ssthresh values. Fig. 3
specifies two packets with same size sending from TCP
source to its destination where the wide portion of the
link pipe denotes a large bandwidth link while the thin
portion denotes a small bandwidth link.

(vev)
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Fig. 3 Packet-Pair queuing

The space between these two packets is due to the
queuing at the bottleneck keeps fixed downstream since
there is no extra downstream queuing. In addition, the
two assumed packets should have the same size because
dissimilar size packets have different velocities. So, when
the first packet is greater than the second, then the second
packet transmission delays and continuously less than the
first packet. Correspondingly, if the second packet is
greater, then it will be later than the first packet [7].

The property of Packet-Pair algorithm that it expects
the change in the arrival period of the two packets which
have the same size that sending from the same source to
the same destination:

S
th—t :max[—l 1 —th )

Where tnl and ¢, are the inter-arrival times period of
the first and second packets one by one at the receiver, f,’
and 1)) are the sending times of these packets
respectively, S; is the size of the second packet, and bb,,
is the bandwidth of the bottleneck link [8]. The
instinctive validation for Eq. 4 is when two packets are
transmitted nearby enough together in sending time to
causing the both packets to queue at the bottleneck pipe:

(t(l) _t(()) < Sl/bbnl) 5)

Then, the packets will reach at the receiver with the
same time spacing ?,; - f,0 as when they departed the

bottleneck pipe S/bb,,. The time spacing will keep the
same since the packets are the same size and no
downstream of link of the bottleneck pipe has a lesser
bandwidth than the bottleneck as shown in Fig. 3.

To solve Eq. 4, since Packet-Pair algorithm depend
on the point that if two packets are queued following to
each other at the bottleneck pipe, so they will departure
the link 7 seconds away from each other as follows [9]:

bnl (6)

Supposing the time separation for the bottleneck is
constant, and then the two packets will reach at the
destination with ¢ seconds away from each other. So the
estimation of bottleneck bandwidth where S, is known:

S
by, = 72

@)

The packet - Pair algorithm creates some suppositions
that could not hold in practice. For example, it is
incredible to assure that the two packets are queue each
other at the bottleneck. In other hands, when new packets
queue between the two measured packets, Eq. 7 becomes:

S, +S,

I
bnl t (8)

Also, by using the property of Packet-Pair, Eq. 4 can
solve for bb,, to obtain the received bandwidth:

t,—1t, ©)

The value of bb,; represents the received bandwidth
since it 18 measured at the destination. Furthermore, when
another technique called Filtering used with Packet-Pair,
the bandwidth estimated at the source is:

(ven)
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0ol (10)

III.  RESULTS AND DISCUSSIONS

TCP Reno is used to test the new slow-start technique
due to Reno congestion control mechanism w which
support fast retransmit and fast recovery technique to
cover the packet loss and for that, the effect of the
proposed technique appears clearly with Reno. Fig. 4
illustrates the behavior of congestion window before and
after supporting the proposed mechanism. The period (35
sec) is enough to prove the effect of using the new
approach on the congestion window behavior, where the
gap between standard and new continues to increase with
the simulation session because of the collected time
variation obtained from every slow-start phase.

25 : ‘ ‘
,,,,,,,,, Satndard Reno

—— Improved Reno

N
o

=
(%2}

=
o

cwnd, packet

24 28 32

12, 16 20
Time, second

Fig. 4 Congestion window comparison between standard and improved
TCP Reno

The efficient behavior of congestion window for the
improved Reno in Fig. 4 is clear and the high beam
which appeared in improved Reno was due to the
estimation to the available bandwidth to upgrade the
stress during the simulation period. The usage of the
available bandwidth can push the congestion control
algorithm to inject a suitable amount of packets in
network pipe and avoid exceeding the limits to avoid the
packet dropping.

This operation will clearly affect the throughput of
the network as shown in Fig 5. In this figure, the rational
throughput is calculated to show the real performance of
the proposed technique. The adaptive behavior of the new
slow-start gave high throughput compared with standard
slow-start mechanism and the throughput is duplicated
and kept a stable goodput within network simulation
scenario.

0.9 ‘ \ \ \ \

N SN N S — 2 Standard Reno |H]

0.8 i M

07
~—)
ao.s ;

)
505 1Y
=
E03 he W IPL A b S

=0 o T i QI yuea ey s ===
0.2

Improved Reno ||

WW/ ‘-u.q____\h

LT

0.1

0
0 1 6 8 1 19 21 23_25 27 30 33

0
Time, second

Fig. 5 Congestion window comparison between standard and improved
TCP Reno

In fact, the effect of the proposed technique to
estimate the bandwidth and upgrade the ssthresh is not
showed large difference compared with standard Reno,
but the real effect appeared in throughput showed in Fig.
5. Additionally, the expected packet loss with this
technique expected to be less than the high loss with
standard Reno, due to it know that Reno does not perform
well over high congested networks and with a high loss
rate level.

Actually, the packet-pair technique can serve the
network with large propagation delay and long RTT, but
it suffers from serious problems when it applies over low-
latency networks, due to the packet-pair requires suitable
time difference to detect the bandwidth precisely. Also,
when the RTT becomes short, the estimation error
reaches to unacceptable levels so this technique becomes
insufficient when it applied.

IV. CONCLUSION

In this article, the authors focused on developing a
new slow-start mechanism based on estimation of the
available bandwidth of the network pipe to upgrade
ssthresh value especially in large-bandwidth links such as
industrial application and satellite systems. The proposed
solution used packet-pair technique to estimate the
bandwidth and employing other factors to calculate the
ssthresh. The proposed slow-start algorithm grounded on
the upgraded ssthresh where this threshold reflects the
available capacity of the network pipe during estimation
operation. The evaluation of the proposed technique used
TCP Reno over high congested network topology with
wired-wireless nodes. The experimentation proved that
the improved slow-start performed better than the
standard algorithm and the throughput is duplicated with
the new algorithm compared with the traditional Reno
version.
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Abstract—Recently the Kurdistan Region of Iraq has
experienced an explosion in exposure to new technologies in
different sectors especially in media and telecommunication.
Internet is one of those technologies that have opened a way
for information proliferation amongst a previously censored
region.

Developing web sites to deliver news and other information
is a relatively new phenomenon in Kurdistan; this means
that the design and development of web pages may lack the
quality standard required. In this paper the quality of
webpage interface design and usability in the field of news
journalism in the KRI is examined against a set of web
interface design and usability criterion. For the purpose of
data collection 9 available popular news websites are chosen
and 900 questionnaires are sent to 100 random users. The
result is analyzed and we have found that the majority of
users are satisfied with the interface design and usability of
the news WebPages, however the result points out some
weakness that can be improved. The outcome of this
research can be used to enhance website design and
usability in the field of journalism in the KRI.

Keywords—KRI (Kurddistan Region of Iraq); HCI
(Human Computer Interface)

I. INTRODUCTION

Recently the Kurdistan Region of Iraq has experienced
an explosion in exposure to new technologies in different
sectors especially in media and telecommunication.
Internet is one of those technologies that have opened a
way for information proliferation amongst a previously
censored region.[1] as researched the state of internet
availability and issues related to that in the KIR.
Developing web sites to deliver news and other
information is a relatively new phenomenon in Kurdistan;
this means that the design and development of WebPages
may lack the quality standard required. In this paper the
quality of webpage interface design and usability in the
field of news journalism in the KRI is examined against a
set of web interface design and usability criteria.

The non English-speaking users are growing rapidly with
expansion of internet and World Wide Web, For instance
Chinese speaking users has grown up to 1087.7% [2].
Kurdish language is the second official language in Iraq
and there are growing numbers of Kurdish websites.

Therefore, it is important to study and evaluate the
quality of the interface designs of the websites to improve
and increase user satisfaction.

For the purpose of data collection 9 available popular
news websites are chosen and in total 900 questionnaires
are sent to 100 random users. We have found that the
majority of users are satisfied with the interface design
and usability of the news WebPages, however the result
points out some weaknesses that can future designs. The
outcome of this research can be used to enhance website
design and usability in the field of journalism in the KRI.

II. BACKGROUND RESEARCH

In this section we provide some background information

A. Human Computer Interface (HCI)

HCI has been getting increasing attention by researchers
as the relationship between man and machine is
becoming ever more essential to the way of life. HCI is
described by [3] as “a discipline concerned with the
design, evaluation and implementation of interactive
computing systems for human use and with the study of
major phenomena surrounding them”

It is clear that a machine is deemed useless unless it can
be used by men, this basic concept should be considered
in the design of HCI in terms of functionality and
usability. One other factor that should be considered is
the degree of activity that brings both user and machine
together. [4] Suggests three different levels of user
activity which are physical, cognitive and affective. The
physical level deals with the mechanics of interaction and
the cognitive level deals with “ways user can understand
and interact with the system”.

B. Web Usability

Usability in general is an essential aspect of systems
that can determine the success or failure of a system, [5]
describes usability as “the ability to find one’s way
around the Web, to locate desired information, to know
what to do next and, very importantly, to do so with
minimal effort”. The idea of usability in terms of
functionality in a system can be summarized in system
navigation and search.

(vor)
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The concept of navigation in a web based context is more
commonly known as “browsing” and it can be described
as gathering information while viewing and scanning an
information space without a specific objective whereas
in search there is a specific objective. The two concepts
are very similar since both aims at locating required
information and there are researchers such as [6] that
view browsing and search as an overlapping activity.
Not knowing where they are, not knowing where they
can go and not knowing how they can get to a specific
place are three problems identified by [7] that can be
encountered by users while using a website.
This brings us to an understanding that the challenge of a
web designer is to ensure that the process of navigation
and search are facilitated in three ways:
e Providing clear and intuitive navigation system
to minimize being lost in the web
e Browsing and searching for Information is as
effortless as possible
e  Promoting the
recognition
The user ability to use the system is another factor that
influences the usability of a system i.e. knowing the user
is an important point to be considered during the design
process. Generally speaking users can be classified for
example according to their experience, educational
background, age and amount of prior trading.
The user interface design of a system, and more precisely
in the context of this research news web pages play a
great role in achieving the objective of delivering news to
users.
Depending on how usable the news webpage is users can
get frustrated from time to time, this happens when a
webpage doesn’t work properly or when a webpage
doesn’t provide sufficient information or when users
expectation is not met [8]. [9] Claims that if the user
discovers that the site contain little useful information or
contains a lot of it “bloated graphics” as they call it they
go and are unlikely to return.

concept of information

C. Navigation

Finding your way round a webpage is fundamental to the
concept of usability and it can only be achieved by
having and effective navigation system. [10] States that
“navigation is the map and direction of a website” which
provide users a tool to get deeper into the website. There
are different types of navigation system that are
commonly in use for example:

e Hierarchical Navigation Systems is the primary
navigation system. However, this type of
navigation restricts the user to move within the
site just by levels see figure 1.

e (Global Navigation Systems, this type allows
users to move within the site freely and
complements the information hierarchy.

e Local Navigation Systems, this type is suitable
for complex websites and when the site supports
sub-sites

e Ad Hoc Navigation, this type of navigation
consists of embedded hypertext links of words
and phrases within a sentence

D. Layout

Layout is considered an important design factor that
provides the environment for the content and navigation
system of a webpage. Researchers such as [11] insist that
for a webpage the layout does not have to be complicated
to be useful. One of the layout requirements are the
availability of white space, this requirement is based on
human reaction to stimulus that can encourage or
discourage interest. White color is classed as visually
neutral balance for a successful design, whereas
composition improves the level of attraction of a
webpage

E. Readability

One of the main aims of webpage creation is
information delivery, and the majority of web
information is text based, therefore it is important that the
readability criterion is considered in webpage designs.
Readability is concerned with how easy it is to read and
understand a text. Comprehension is a key factor in
readability, users should be able to look at and
understand lettering of a piece of text.[12] Provides some
visual standards that contribute to readability which are:

e Line length, if it is to short it breaks the
sentences down and make comprehension
difficult, however if the line length is to long it
is awkward for eyes.

e Space and contrast, Space in readability is
concerned with the space between adjacent
works as well as between the lines. The spaces
in a text should be adequate for the words to be
distinguishable. Contrast is concerned with the
color of the text and its background as this plays
an important role in the text readability. In
general dark colors should write on light colored
background and vice versa.

e  Alignments, Means which side of the page the
text is aligned, to the left, to the right or
centered. Mixed alignment in a text should be
kept to minimum as it also can impact
readability.

F. Colors

The colors that used in the development of a webpage
has direct reflection on the attractiveness the webpage,
therefore it is important that the color scheme chosen for
a website is based on a scientific ground. In choosing the
colors webpage designers have to answer questions such

(vov)
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as who are the sites potential visitors?, and what is the
site’s key objective?

On the other hand webpage designers have to be aware of
some of the cultural meanings of colors for example red
could mean passion, romance, fire, violence, and
cowardice depending on the culture. [13] Presents three
commonly accepted color schemes (triadic, compound,
and analogous) that webpage designers can use.

III. RELATED RESEARCH

While some researchers are taking proactive approach
by doing research on ideas and steps that should be
considered at a HCI design stage others are taking an
active approach by evaluating current HCI to identify
strength and weakness to improve future designs.[14] is
one such research that suggests four lenses for evaluating
HCI which are process, invention, relevance and
extensibility. For the purpose of this research we have
taken a reactive approach by evaluating the webpage
interface deigns of news websites in KRI.

Webpage is considered the interface between the internet
and people and allow them to exchange information to
perform a certain task. For example users input some
information into a search engine webpage such as Google
to search for a specific information, the task for the
website is to find and present the required information.

The quality of web interface design has been researched
extensively by [S][15][16][17][18], majority of these
studies in their evaluation consider two or three criteria
for quality web interface and very few uses multiple
criteria. To get a complete view of the quality of the web
interface design of a site it is important to take a holistic
approach and consider all possible web design criteria
and this is what we have implemented in this research.

[19] States that the design of a webpage involves the
consideration of human needs on two levels the first one
is psychological needs and the second is the sense needs.
The sense level involves for example the design of:

e Logical menu
Area mach
The logic of the content
Webpage consistency
Fonts, colors and images

The psychological level involves the design of:
e Emphasis on the feeling of participation
e  Affect the user through multi-sense
e Communicate the information through
multidimensions

IV. RESEARCH METHOD

For the purpose of data collection we used the
questionnaire survey method to evaluate 9 most visited
news websites in Kurdistan. This was carried out in
several stages:

Stage 1: news website selection

We used our knowledge and the internet to create a list of
the known news websites active in Kurdistan region. The
websites included in the list had to fulfill two criterions:

e  Developed and designed by a local company

e Created for news purpose

Stage 2: selecting top visited news websites

In this stage we feed the web addresses for each of the
websites in the list into the Alexa (www.alexa.com)
actionable analytical website to identify the 9 top visited
websites for the purpose of evaluation. Alexa rates
websites by countries and because Kurdistan is a region
in Iraq Alexa does not rate websites in Kurdistan region
only but all websites contained within Iraq. This means
for the purpose of this research a website to be accepted
as high rated we have to accept a wider range, therefore
we decided to accept news sites rated up to 300 by Alexa

Stage 3: designing the questionnaire

To evaluate the web user interface design of the selected
websites we designed a self-completed questionnaire that
contained 13 close ended questions that aimed at
collecting data regarding 11 web interface design
criterions identified by [20] see table 1.The questionnaire
was created in the Kurdish language for the obvious
reason that our subjects are Kurdish native speakers, this
was necessary to ensure that all questions are fully
understood by our subjects.

TABLE 1

Z
3

Criterion
Structure
Usability
Ease of information display

Text style and characteristics
Logo and symbols used
Attraction

Colors

Willingness to read
Promotion of image

N=l [oc) BN [o ) IO,) RN (O8] |\

—_
S

Layout
11 Navigation

Stage 4: Sampling
To collect the most accurate result possible we used
quota sampling [21] technique and decided that the
characteristics of our subject sampling frame target is
follows:

e Aged between 18 and 45

e Literate to high school level or above

e Computer literate

e Have interest in news reading

Stage 5: Data collection and recording

The result of each of the 11 criterions recorded in a
Microsoft Access database and through a number of
different Microsoft Access queries we produced a set of

(vov)
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results. We then used Microsoft Excel to record result of
the queries for later analysis.

Stage 6: Data Analysis

The final stage in the research is to analyze the result for
that we calculated the mean for each criteria for all the 9
news websites and produced charts to show the result see
figures 3, 4, and 5.

Because of the availability of the internet and web
creation technologies one can assume that there are a lot
self-claimed news websites available in KRI some of
which can be viewed on (http://www.akurd.net). We
decided to choose the news websites rated up to top 300
in Iraq. As a result we identified 9 news websites in KRI
that are top rated by Alexa which is one of the most
reliable web analytical website available see table 2 for
the name of the web sites.

TABLE 2

No. | News website URL Alexa rating for
how popular the
website is in Iraq

1 xandan.org 7

2 basnews.com 23

3 rudaw.net 25

4 knnc.net 28

5 pukmedia.com 55

6 kurdiu.org 85

7 Ivinpress.com 94

8 awene.com 233

9 sharpress.net 246

To collect data for a representative analysis we sent 900
questionnaires to 100 individuals with characteristics
stated in step 4 of the research method out of which we
received 666 questionnaires back from 74 individuals
table 3 is a snapshot
of some the results.

TABLE 3

Structure Usability Hayperlink

Name of the Very

Working Not
d| Good | Not
websites |/ 8] © ot Good [t i

Working

Difficult|  Easy Wr.trkingWEIIr~

awene.com 18 45 12 33 36 31 37

basnews.com 9 50 10 39 22 10 50

knnc.net 29 33 13 29 39 29 41

kurdiu.org 11 51 7 41 24 20 44

Ivinpress.com 2 45 11 25 39

pukmedia 19 37 15 34 33 27 35

rudaw.net 32 36 6 21 45 42 27

sharpress.net 7 55 10 45 21 14 53

wlole]ls]lv]slv]e|o
w
&
mlololels]olole |~

xandan.org 40 29 5 20 45 42 30

V. ANALYSIS AND DISCUSSION

After the process of data recording we used Microsoft
Excel to analyze and produce a number of charts for
better visualization and understanding. Through the
analyses we wanted to get answers for four main
questions:

e What are the percentages of very satisfied,
satisfied and not satisfied users generally?

e What is the percentage of very satisfied users
per criteria?

e What is the percentage of satisfied users per
criteria?

e  What is the percentage of not satisfied users per
criteria?

To answer the questions we carried out the following
calculation before visualizing the answers in a number of
charts.

_ Z(CjW1+CjW2+---+CjWn)

1- 5Cj - if j= cons
5= Z(SC1+5C2+.--+5Cn)

= n

2— UCj= Z(c;‘w1+¢:ju;2+.».+¢:jwn) if j= cons
U= T(UC1+UC2+.--+UCn)

n

3—YCj= Z(c)w1+6jn;:2+---+(:jWn) if j = cons

V= T(VC1+VC2+--+VCn)

n

WHETC, «— iviciiiiy 1= 1rvvmin, v— o s s o

U=unsatisfied, V= Very satisfied

Figure 1 is a graphical representation of the result of
question one, which shows the majority of users are
satisfied with the design and usability of the news
websites. It also shows that the more users are very
satisfied than not satisfied see figures 3, 4 and 5 for more
details per criterion. This result is probably good news
for the web design and development companies working
the KRI. However the unsatisfied percentage of users is
quite significant and should not be ignored.

Average User Satisfaction

Mot
Satisfied
17%

Fig.1 (Over All Result)

To analyze the overall result figure 2 shows the per
criteria breakdown for the satisfied users which shows
only 36% of users are satisfied with the functionality of
the hyperlinks available in the news web pages. This may
be due to the fact that also the WebPages may have been
functioning well originally but they lack proper
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administration, which in turn affects the usability of the
sites. This claim is supported the result as 44% of the
users are satisfied with the usability aspect of the web

pages.

Avarage Rating Per Criteria

700% [~

600% | |

500% |

200% [

30.0% [~

200%

100% [

00% [~ P
Criterion
® Structure: Good 59.2%
® Usability: Easy 44.5%
= Hayperlink: Working Well 36.8%
M Ease of Information Display:
62.6%
Good
® TextStyle and Charachtristics:
65.7%
Easy to Read

¥ Logo and Symbols: Suitable 66.9%
® Attraction: Attractive 57.6%
® Use of Colors: Suitable 66.2%
¥ Willingnessto Read: Normal 60.3%
m Use of Images: Suitable 63.5%
= General Layout: Good 65.4%
 Website Navigation: Easy 63.7%

Fig.2 (Average Rating of Criteria)

For a Website to be influential on its users it must be
attractive especially in the field of journalism where the
majority of the information presented is bad news. Figure
4 show that 26% of the users believe that the WebPages
are not attractive. This we believe is because there are
only a few companies working

In the field of web design and development and there is a
great demand for new news websites due to the political
situation in Iraq. For that reason these companies have
turned their priority form quality to quantity.

Average Top Rating Per Criteria

a50% [ '
200%
s50%
300% |
m0%
200%
15.0%
100% [
50%
00% =
Criterion
W Structure: V. Good 27.0%
W Usability: V.Easy 44 5%
u Hayperlink: Working V.well 36.8%
M Ease of Information Display: V.
20.2%
Good
m TextStyle and Charachtristics:
V. Easy to read 2.0%
¥ Logoand Symbols: V. Suitable 17.9%
B Attraction: V. Attractive 17.2%
W Use of Colors: V. Suitable 18.1%
Willingness to Read: increase
24.4%
interset
B Use of Images: V. Suitable 211%
¥ General Layout: V. Good 19 4%
Website Navigation: V. Easy 239%

Fig.3 (Average Top Rating Per Criteria)

Average Negative Rating Per Criteria

300% [~

25.0% [

200% [~

15.0% |~

100% [

s0% |7

0.0%
Criterion
W Structure: Not Good 13.8%
B Usability: V. Difficult 8.1%
B Hayperlink: Not Working 79%
B Ease of Information Display: 17 2%
Not Good
B TextStyle and Charachtristics:
Difficult to read 12.4%
B Logoand Symbols: Not Suitable 15.2%
B Attraction: Not Attractive 26.0%
B Use of Colors: Not Suitable 14.7%
Willingnessto Read: Loses your
15.1%
Intreset

B Use of Images: Mot Suitable 15.4%
B General Layout: Not Good 15.2%
Website Navigation: Difficult 12.1%

Fig.4 (Average Negative rating Per Criteria)

VI. CONCLUSION

The use of internet and WebPages to deliver
information is relatively new in the KRI; in this paper we
have investigated 9 news webpage interfaces that are
popular in KRI. We surveyed a population of 100 users
and asked questions about 11 WebPages design and
usability criterion. Our result show that the 59% of users
are satisfied and 24% are very satisfied with the quality
of design and usability of the web pages but also show
that 17% are not satisfied and there are a number of
weaknesses especially in terms of hyperlink functionality
and attractiveness that need more attention by designer in
KRI.

VII. FUTURE WORK

We plan to further analyze the data collected in this
research to compare the different news websites in order
to identify the strength and weaknesses in each. We also
have a plan to research the effect of culture on users
when making judgments on the websites per criterion.
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Design of Wireless Communication System to Cover Specific

Area by Using HAPS
(SULAYMANIYAH - IRAQ AS A MODEL)

Kanar R. Tariq, Mohammed B. Majed and Zaid A. Hamid
College of Science and Technology
University of Human Development — Sulaymaniyah - Iraq

ABSTRACT-This paper is meeting the principles of
how to design coverage area for Sulaymaniyah city, using a
new technology, which named HAPS. It started with small
introduction for HAPS with its advantages, compare it with
terrestrial and satellite systems, and specify requirements
for design. Such as, specify the center of coverage area to
find the coordinates. Then, supposed the coverage area for
the city, elevation angle, and the location of earth stations
which will connect HAPS with other networks and reduce
the Interference with Fixed Services (FS) and Fixed Satellite
Services (FSS).Mitigation technique of interference is given.
Also, path loss and fading loss has been applied to meet the
geographic of Sulaymaniyah city.

Key words—high-altitude platform (HAP), co-
channel interference, fractional degradation in
performance (FDP), terrestrial microwave link
(TML), frequency sharing criteria.

L INTRODUCTION:

It has always been a dream of communications engineers
to be able to develop a wireless network that, while
covering a wide area, would also have low propagation
delay and little multipath fading. Recently, a new way for
providing wireless communications services emerged.
Based on airships or aircraft positioned in the
stratosphere at altitudes from 17 to 25km [1].The
technology is known as high altitude platforms (HAP) or
stratospheric platforms (SPF) as depicted in Figurel, The
platform position allows the HAPS-based system to
provide better channel conditions than satellite. A Line
Of Sight (LOS) condition is achievable in almost all the
coverage area, thus less shadowing areas than terrestrial
systems. Therefore, HAPs require much less transmission
power for a given Quality of Services (QOS) [1].
Fundamentally, HAPs perform efficiently on tasks that
are currently handled using terrestrial and satellite
systems. Various applications of HAPs include
telecommunication broadcasting services, surveillance,
weather monitoring, remote sensing and so on [3]. HAPS
bear the advantage of both satellite and terrestrial
communication systems such as low cost, large coverage
area, rapid deployment, board band capability, large
system capacity, low propagation delay and clear line of
sight signal paths offered by high elevation angles. The
coverage area of single HAPS depends on the elevation
angle and the altitude. A multi beam antenna is used for

the purpose to cover many subscriber ground stations by
single HAPS with high frequency reuse efficiency [4].
Therefore, calculation of interference between HAPS and
the number gateway station on the ground becomes
essential for the region falling under logic coverage area
of HAPS.

The paper is organized as follows: in section I, we give
an introduction to the HAP concept in wireless
communications with its advantages, compare it with
terrestrial and satellite systems. In section II and III, an
overview of communication applications from HAPs,
coverage zone, frequency allocations, well-known HAP
research activities and trials are given. In section IV and
V, main characteristics of HAP system has been denoted,
specify requirements for design in Sulaymaniyah city.
Finally, conclusion is given in section VI.

IL HAPS COVERAGE GEOMETRY

HAPS

The coverage area of single HAP depends on the
elevation angle and the altitude as shown in Figure 1. A
multi beam antenna is used for the purpose to cover many
subscriber ground stations by single HAPs with high
frequency reuse efficiency [4].

HAPS

234km 90km 43km SPP
Radius RAC Radius SAC  RadiusUAC

Figure 1. Coverage area for a system based on HAPS
Single HAPS is capable of delivering remarkable
coverage measuring 400km radius of ground area which
is equivalent to 258Km ground terrestrial tower. There
are three main zone under HAPS footprint that depend on
the elevation angle of HUTs (HAP User Terminal),
Urban Area Coverage (UAC), Suburban Area Coverage
(SAC), and Rural Area Coverage (RAC) as shown in
Figurel.This exceptional coverage achieved by using
cells that are beamed through from the aircraft’s special
digital beam forming antenna and communication on
board.

(vov)
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III. HAPS SPECTRUM ALLOCATION movement, interference  geometry,  propagation

On the allocation of frequency bands, stringent conditions, and HAPN traffic allocation during day and
y . night [7].

conditions of a non-interference and protection basis are
imposed between the HAPS systems using the same or
adjacent frequency bands. The right frequency must be
chosen to avoid interference with other existing
communication  systems. Interference  mitigation
techniques are required to enable frequency sharing
between the HAPS system and other services as shown in
Figure .3 [2][9].

WRC-2000 held in Istanbul, has decided that the
following frequency bands may be used for the usage of
next generation mobile communication based on SPF
system worldwide on a co-primary basis. In region 1 and
3:

* 1885 — 1980 MHz: 95 MHz bandwidth

* 2010 — 2025 MHz: 15 MHz bandwidth

*2110-2170 MHz: 60 MHz bandwidth

In region 2:

* 1885 — 1980 MHz = 95 MHz bandwidth

*2110 - 2160 MHz = 50 MHz bandwidth

Finally, in the WRC-2000, use of the 31 GHz and 28
GHz bands was permitted for the fixed services (FS) by
using SPF in some countries as follows:

* 27.5 — 28.35 GHz (850 MHz bandwidth for downlink)
Sharing with conventional FS (fixed services), mobile
services (MS), and uplink fixed satellite services (FSS).

* 31.0 — 31.3 GHz (300 MHz bandwidth for uplink)
Sharing with conventional FS and MS. Adjacent with
science services (SS) using passive sensors in the bands
of 31.3 — 31.8 GHz.

F38
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Figure 2.Interference from HAPS into other Communication
systems with frequency used

Iv. METHODOLOGY FOR EVALUATION OF THE

IMPACT OF COCHANNEL INTERFERENCE FROM
HIGH-ALTITUDE PLATFORMS TO TERRESTRIAL
MICROWAVE LINKS

The methodology described in this section provides a
model for the evaluation of the impact of co-channel
interference from the downlink (stratosphere-to-Earth)
emissions of HAPs to the reception of terrestrial point-to
point (P-P) systems. Spectrum sharing between high-
altitude platform networks and terrestrial systems
involves time varying phenomena such as HAP’s

In such cases it is appropriate to model the effects of
interference in terms of fractional degradation in
performance (FFDP) [2]. The outage probability of a
digital system can be written in the following form [9]:

L
DFM TFM o
P, =cC|10 @ + 10 @ +10 = (1]

where C is a constant depending on climate, terrain and
link parameters, DFM is the dispersive fade margin in
dB, TFM is the thermal fade margin in dB, C / I is the
ratio of unfaded signal power to the noise-equivalent
value of interference power in dB, and CNC the value of
carrier-to noise ratio at which the performance criterion is
just met in dB [5][6].

Considering that:

a) Modern digital systems usually have dispersive fade
margins larger than their thermal fade margins; the first
term in equation (1) can be ignored for interference.

b) Since the difference in decibels between the unfaded
carrier-to-noise ratio and the critical carrier-to-noise ratio
(CNC) is the thermal noise fade margin (TFM), the
fractional increase in F; , the probability of exceeding the
performance objective, is equal to the ratio of the
interference power I to the noise power Nr.

We conclude that the fractional increase is equal to I/ Ny,
for a constant interference power I. Such an increase in
F, will be designated as a fractional degradation in
performance (FDP). If an interferer caused an
interference power I; for a fraction of reference period ¢,

and was absent for the remainder of the period, the
incremental FDP due to this interference is given by:

AP, ;= @

The FDP due to a set of events [8][9], where the
I event consists of the fraction of time that the

interference had a power {; is given as:
I; F;

FDP = E AP ; = T 3

’ Ny iy

Where the summation is taken over all interference
events. Considering the interference geometry, depicted
in Figure 3[10], where © is the discrimination angle
between the direction of the main beam of HAP towards
the HAPUT and the direction of the interfered terrestrial
station, @ is the discrimination angle between the azimuth
of the TML (T1-T2) and the direction towards the HAP.
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Figure 3. Geometry of interference between HAP and TML

The interference power from the HAP to the terrestrial
receiver is obtained by the following formula [10]:

Ig1y =Py 1+ Gglep) + Grl@) —FSLiy 1

_Lfeeder - Lﬂtmxpheréc )

V. METHODOLOGY

a) Location: according to Sulaymaniyah Map, and
after studying area. The center of coverage area
location's coordinates of HAPS will be as shown
in Figure 4:

Figure 4. HAPS coverage area in Sulaymaniyah city’s
map

(Lon: 43".26 E, Lat: 33°33 N)
Altitude of HAPS: as known, the range of HAPS
altitude between 17km and 22km. So, we will supposed
to put the station on an altitude of 21km as clarify in
(Figure 4)
b) Foot print: according to whole area of Sulaymaniyah,
the foot prints of coverage area shown in (Google map),
the area of Sulaymaniyah (17023 km?)
By Elevation Angle: we can calculate the distance
(Radius) by equation 5 and 6:
Altitude 21 km
T tan(6;) tan(54)

=15.257km  (5)

_ Altitude 21 km
T tan(B,)  tan(33)
In the proposed scenario of covering Sulaymaniyah city
by HAPS , our design include (FS) and (FSS) and used
same frequency that we want to use in HAPS system to
investigate the interference , by assuming the positions
of fixed services as:

FS 1: Lon: 44.7E  Lat: 35.33N

FS 2: Lon: 44.8E  Lat: 35.2N

FSS: Lon: 44.81E  Lat: 35.5N

So, the proposed scenario is to install the HAPS System
in the Sulaymaniyah city and put the two ground stations
with elevation angles (54 and 33) degree, and the
distance that we have (dl and d2), in term of getting
lowest interference with FS and FSS systems.

Also, the HAPS ground station will be fixed in the
following location:

GS1: Lon: 45.43E Lat: 35.33N (©=54 degree)

GS2: Lon: 44.91E Lat: 35.33N  (©6=33 degree)

So we have enough distance with respect to the total area
of the city then also the enough distance between FS and
FSS. Figure 5 illustrate the whole scenario with expected
system interference.

d2

=32.33Tkm  (6)

Interference —— »>
Communication link ——p

Gon satellite

lord
Earh e!-!" ==

N
Ao

FsiGsz2

FSS/ES: earth station for FSS
HAPS/GS: ground station for HAPS system
FS/GS: ground station for FS

Figure 5. Scenario of Interference situation including
HAPS, FSS, FS.

Thus, general interference mitigation techniques must be
taking in our consideration for the development of a
system using HAPS [11].

1) Increasing minimum operational elevation angle:
Interferences from the FSS earth station to the HAPS
ground station that between FS ground station and HAPS
ground station could be reduced by increasing minimum
operational elevation angle of HAPS ground station so as
to increase antenna separation angle toward ground

(vea)
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stations for other services. As a result,
separation distance could be shortened.

required

2) Improvement of radiation patterns of antennas on
board HAPS and their ground stations Interference from
the HAPS airship to the satellite space segment could be
reduced by pattern shaping of each beam of multibeam
antenna on board HAPS airship, because the pattern
shaping improves main-lobe and side lobe characteristics.
(Figure 6) [4][11]

W £sS el

W FSS sarclic

Figure 6. Improvement of Radiation pattern

Development of radiation pattern (gain suppression in the
elevation angle smaller than the minimum operational
elevation angle in HAPS system) of the antenna in the
HAPS ground station is also effective to reduce
interference between the HAPS ground station and
stations on the ground in other services.

HAPS are supposed to provide a variety of
communication services for different kinds of users and
special antenna requirements need to be addressed,
depending on the application targeted for the system.
Indeed, the antenna characteristics have to match
different, and often opposite, properties/requirements of
the applications. For instance, on-board operating radars
require narrow-beams and broadband antennas, whereas
broadcasting payloads need relatively wide beams and
narrowband antennas.

A typical on-board antenna design would seek low power
consumption, high reliability, and minimum weight and
size. This would lead to an architecture which places
most of the communication sub-system on the ground in
order to limit the station components only to a
multichannel transponder, associated antenna and
interfaces. For communications delivered from HAPS, a
consistent number of spot beams will be required, and
these may be produced either by an ensemble of horn
antennas or some form of phased arrays. Side lobe
performance is an important issue, which will affect
inter-cell interference and system capacity. Different
types of antennas can be used in HAPS system for
example we can use (Argus® DualPol® Antenna, 2300—
2700 MHz, 32° horizontal beam width, variable electrical
tilt) which have pattern shown in figure 7.

Azimuth Pattern

Elevation Pattern

Figure 7. Radiation pattern DualPol .Antenna

3) Shielding effect by HAPS airship envelope: This effect
is given from the metal coating of HAPS airship
envelope. Interference calculation between HAPS airship
and satellite space segment is reduced by taking into
account shielding effect to the side-lobe and back-lobe
beam characteristics of the antenna on board the HAPS
airship.

4) Dynamic channel assignment: DCA is the interference
mitigation scheme, which searches a non-use frequency
or time slot and utilizes it, not so as to give the
interference to other services and not so as to be received
from other services. When communication systems
operate on a demand-assignment basis, DCA using self-
controlled scheme is effective for sharing with other
services.

5) Automatic transmitting power control (ATPC): In the
radio communication system using higher frequency
band, the system design takes into account the rain
attenuation. To compensate the attenuation, the
transmission power is increased by the value of rain. The
ATPC scheme has the function to control the output
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power in monitoring the weather condition or receiving
power. The transmission power is increased under the
rain condition and it is decreased under the clear-sky
condition. Since the ATPC is essentially the scheme to
avoid the unnecessary higher transmission power of
signal, the ATPC is useful from the viewpoint of the
interference reduction [11].

VL CONCLUSION

In this paper, we gave in overview of HAPS and the
beneficial of using HAPS in wireless communication
applications in were large coverage area, high capacity
and cost-effective deployment compared with other
established systems. The scenario of covering
Sulaymaniyah city has been proposed by suggesting
adding two earth stations to connect with HAPS for more
reliability. Also, mitigation technique has been applied
for systems interference, and the appreciate solution to
reduce interference to noise ratio when the FS and FSS
stations is separate away from HAP/GS. The worst
interference exists when elevation angle from HAPS
toward (FSS/GS, FS/GS) station is equal to elevation
angle from HAPS toward HAP/GS; as well as, if the gain
of FSS and FS station is large it will help to reduce the
interference. Furthermore, the path loss and fading loss
has been calculating depend on the geographical area of
Sulaymaniyah city, and the weather of city as well. So
the expected availability will be 99.99%, and this
network will cover whole city area by different
telecommunication services.
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Abstract- Aspect Oriented Programming (AOP) is a
technique used to enhance the separation of concern in
software design and implementation. To implement AOP
developers most commonly use AspectJ, an extension of the
Java language. In order to represent the separation of
concerns a new design technique is needed for modeling of
aspects. Aspect Oriented Design language (ASDL) is a
design notation could build on the existing design language
UML. It is capable of supporting many aspects-oriented
languages. This research aims to investigate where
developers can use aspect-oriented programming in the
software development process. This includes how to identify
Aspects in the design stage, then how they can be applied in
the implementation process in software development .This
will lead to improve modularity and reusability of the
software. The paper will be a position paper abut Aspect
Oriented Software Design, also will investigate several case
studies of the design and implementation of a software
application that shows how we can identify the Aspect in the
process.

Keywords—Aspect Oriented Programming; ASDL (Aspect
Oriented Design language)

1. INTRODUCTION:

In the software development process, Aspects are
difficult to identify because they are usually tangled and
scattered across the entire system. Some aspects are
obvious can be identify but others are more subtle
difficult to identify. This makes it complex to locate all
points of the system where aspects should be applied. To
address these aspects in the software development
lifecycle, developers need more support to find and
analyze aspects in requirements documentation.

AODL (Aspect Oriented design language) is a
notation used to show the interaction between
traditional UML models of base (Object Oriented)
code and Aspect extensions, such as point cuts, join
points and advice. The challenge of this study is to
find the relationship between design patterns and
aspect oriented programming to meet a modular
solution for specific issue in the software engineering
field. Many studies have been done on Aspect

Dr Gary Allen
Department of Informatics
School of Computing and Engineering
University of Huddersfield
Huddersfield, England
g.allen @hud.ac.uk

programming techniques during recent years. One of
the aspect definitions according to [1] defines Aspect,
as “aspects tend not to be the system's functional
decomposition, but rather to be properties that affect
the performance or the semantics of the components
in a systematic way” Kiczales tried to differentiate
between the aspects and components [1]. Another
definition of Aspect Oriented Programming is to
overcome the issues arising from crosscutting
concern. It helps developers to change the Object
Oriented model dynamically, so the crosscutting
enhances code reuse rate and maintainability [2].
Aspect Oriented programming helps developers to
overcome the issues associated with code scattering
and tangling over multiple system units by reducing
the duplication the code. Aspect Oriented
Programming supports several crosscutting concerns
such as join points, point cuts, and advice. A Join
point is one of the several points of the system where
concern crosscut a method or constructor, while a
point cut is a query about selecting required join
points. Consequently, the advice is the construction
that takes an action where the join point matched:
before, after and around in the specific system [3].
This research will investigate to use AODL aspect
Oriented Design Language notation to represent
software in the design phase. These notations are a
new language proposed by Gary Allen and Saqib
Igbal [11] . This language represents the aspects and
usual objects using UML notations and models.
Adding to that if could we identifying the Aspects in
early design it is possible by applying it on Design
patterns. There were several works investigate this
issue using the case study of the Car Crash
management system [11]. According to [5] studies
have shown implemshowions of six GOF design
patterns (Observer, Mediator, Prototype, Strategy,
State and  Abstract Factory) with  aspect
implementations, the results that shows most aspect
oriented programming improves the design of base
object-oriented code.

The remainder of this paper will be structured as
follows. In Section 2 we describe the state of the art
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about AOP technology. In Section 3, we introduce UML
Language AOP Notation. In Section 4, we describe AOP
and its relationship with design patterns. Section 5 we
show the result of our survey. In Section 6 we described
the methodology approach to identify aspects. In Section
7 we present the experimental results, followed by our
conclusion and future work.

II. STATE OF ART

A. History of AOP

Aspect Oriented programming (AOP) was
discovered several years ago, before Demeter team. In
1997, Aspect oriented programming was officially
revealed by Gregor Kiczales, with his colleagues in
conference name ECOOP97 [6]. AOP Aspect Oriented
programming developed methodologies called Subject
Oriented Programming. According to [6] AOP is a
development methodreducesthat improves software
development by capturing the domain related processes
in the system, to better fit real domain problems into
code; therefore it reduce debugging time and increases
readability.

B. Aspect Oriented Modelling AOM

Developers should be aware of, and
understand the software modelling or architecture before
staring implementing AOP. AOM (Aspect Oriented
Modelling) is an approach to produce a logical aspect
oriented architectural model. Early usage of AOM in
development stage will reduce the software development
risk of conflicts and undesirable behavior emerging
during implementation. The cross cutting element is
common in AOP and AOM, but the difference is between
the artifices versus source code, it could rise difference
technique in representing it. For instance, the code can
represent in single functionality, while a model can
represent the system with different diagram views.
Another difference between AOP and AOM in code is
aspect weaving is primarily concerned with inserting
functionality at program execution. AOM module
consists of major components: primary model, aspect
model and composition model Fig.1[7] below shows this

model.

ASPECT-ORIENTED ARCHITECTURE MODEL

(AAM)

I Model
SDEC] o) Composition
Aspect Model 1 Aspect Model 2 P
& & I
Bindings Bindings Composed
AAM
Composition
Primary Model Directives
Model
Analysis

Fig I (component of AOM approach)

Figl shows a primary model such as a UML diagram
to describe a basic architecture class diagram and
interactive diagram. The aspect model describes a logical
architectural solution. An Aspect Oriented Architecture
Model is a logical view of software architecture. Another
definition of Aspect Oriented Programming is
simplifying of the development process by allowing
separation of developmental tasks. In addition, Aspect
Oriented Modelling improves an object-oriented
application by making it more modular. AOP solves the
code scattering problem in OOP. Scattering means the
problem of shared the functionality of an application
spread among many classes, which tends to slow down
the application and make it difficult to maintain.
Therefore, AOP solves this problem by bringing together
the scattered code in the aspect. An aspect is a cross
cutting structure. It implements the functionality such as
security, logging and persistence.

C. Development of Aspect-Oriented

Aspect] used to implement AOP, which is a simple
aspect oriented programming extension for the Java
language. It is an open source programming extension of
Eclipse. =~ Moreover, it will support modular
implementation of a range of crosscutting concerns [9].
An Aspect] program consists of two major parts, the first
part is the base code such as classes and interfaces to
carry out a basic functionality of the program, and the
second part is the aspect code, which includes the aspects
for capturing crosscutting concerns in the program [5].
Aspect supports the main AOP constructs of join points,
point cuts and aspects.A join points is a dynamic
execution point in the program. Point cuts consist of a
collection of join points. An Advice is a somewhat
special method attached to the point cuts. Finally, an
aspect is a modular unit of AOP. Fig. 2 shows the process
of aspect development method [10].

Asprect Refie Jum

Aspect design & implementation

wxpeer plug-out S oddii

o cliieg

T ANpRecTs

werihgg Caspect plig-in
adaing or changing asprpecs

Woven code
Class design & implementation
L r.lm,'u.".'r.'_a:
Executable

Fig. 2 (process of aspect-oriented development)

Recent research shows that there is not a tool to support
an aspect-programming notation such as UML (Unified
Modelling Language) . One of the approaches to design
an aspect notation is to extend the UML notation to
support aspect oriented units called aspect oriented
design model AODM. Therefore, this approach will help
to show the aspect programming weaving mechanism and
represented in UML, which will help developers to
develop aspect programming notation language [11].
AODM might show an aspect as a modular unit of
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crosscutting implementation, which acts as a container of
the given members in the piece of source code [12].

According to Stein “Aspect] is an
implementation for aspect oriented programming in Java
language”, adding that cross cutting is a part of the
aspect that specifies where the crosscutting code has been
woven into base classes. Join Points in Aspect] are
standard points in executable dynamic programs. Join
points present many actions such as calls to constructors
and method execution. In addition, they call classes and
object initialization. In Aspect] Point cuts consist of joint
points. It specifies at which of the join points particular
crosscutting behavior should execute. In terms of a
designator point cuts are 'if,, 'this', 'target', 'urges, or
'flow'. Developers will select Join points depending on
the dynamic context during execution of the base
code[13] .

The designer should specify at what time on the
execution the advice is to execute for instance before,
after, or around specific source code. Another important
unit in Aspect J is introducing an additional member type
of classes such as methods, constructor and another field
for the class.

In addition, it may change the super class type of super
interface by inserting new initialization and
generalization relationship to the class structure.

III. UML LANGUAGE AOP NOTATION:

UML language is object-oriented programming
notation language. UML provides the basic building
blocks to model software systems such as abstraction,
relationships and diagrams. Adding to UML will give
extended UML notation such as tagged values used to
attach arbitrary information to a model element. Besides
that, the extension totally supports new building blocks
that drive from existing ones. This new building called
stereotyping, have the same structure (attributes,
association and operations) as the base system block that
thrive on it.

Therefore, a UML extension is able to represent an
Aspect] basic abstraction such as a Join point, Point cut
and pieces of Advice. Fig.3 illustrates a UML
representation for Join Points only, and shows the
communication links to create or destroy an instance.
Therefore, UML cannot assign or represent the Join
Point. AODM suggests solving this problem by
representing the communication as a pseudo operation
that can only write and read for a specific field. This
makes sure no execution might happen without calling a
constructor or the initialization. Fig.4 shows that UML
could represent a message that pass between two
instances. As it seems that the join points indicate the
special kinds of stereotypes such as <<execute>>,
<<initialize>>, <<set>> and <<get>>.

In AODM, point cuts are represented as special
stereotype operations named as <<Pointcuts>>. As it is

shown in Fig. 5. (Stein, D., Hanenberg, and S. And
Unland R., 2002).

«aspect»

SubjectObserverProtocol
{instannation = perTVM}
{base = undefined}
Attributes {prvileged = false}
Ops
«pomTcut;

pointeut stateChanges(Subject s)

wadvicen advice_id01
after(Subject 5)  {base = stateChanges(s)}

licontams Weavinglnstructionsy | |  (CTOSSCUD) «nterfacen
-7~ BaseType _ {base =Subject}] 7| Subject
/" wntroduction» Y
.. Subject ./
FE&EE&Z\T\EZ&@EEEEEST “erosscuty wnterfaces
A AR ————
.-=="""BaseType _ {base = Observer} <" Observer

o
¢~ cantroduction»

i
‘.. Observer ./

Fig. 3 (Aspect Oriented Design Model)

While in UML notation point cuts have an operational
definition that has an arbitrary number of (output-only)
parameters and their declaration and implementations as
it shows in Fig. 4.
(output-only) parameters
—_——
pointcut staechanges (Subject s):

signature

target(s) && call(void Buttan.click()):

pointeut declaration ("implementation")

Fig. 4(Similarities between points cut in Aspect and Operation in UML)

Similar to Point cuts, Advice can be represented as an
operation, but one semantic difference is that Advice
does not have a unique identifier. Therefore, this might
be a big conflict in Aspect. Therefore, AODM has solved
this issue by defining by pseudo identifier that cannot be
overdriven. As it appears in Fig. 5 .

"pseudo” identifier

p— p— p——,
advice id01 after (Subject s): stateChanges(s) {...}

parameters implementation

signature pointcut declaration

Fig. 5 (Similarities between Advice and Operation)

In [4] the authors propose a new notation of
AODL Aspect Oriented Design Language, this language
helps to model the Aspects with their attributes and
characteristics along with a traditional UML object
diagram. Both aspects and objects can be used within a
design for single framework. This reduces designer
operating cost to work with two different platforms.
Therefore, developers chose UML to extend to contain
aspects for many reasons. One important reason is that
UML is most used tool for modelling. Secondly, it is
easier for developers to use one tool rather two tools
together. Finally, it is easy to use UML extensibility to
design Aspects because it is easy to define a new notation
and use them with the core notation. In AODL uses an
aspect notation similar to class notation in UML to model
other components such as Aspects and point cuts.
However, there is an interaction between these
components . For instance, point cuts contain the join
point which advice directly depends on. As a result, each
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part has its own characteristics; therefore [4] claim that
AODL should represent each notation as unique notation,
as shown below in Fig.6:

Elements Notations

Pointout

Aspect

Cade
Weaving

Fig. 6 (AODL component notations)

In the AODL design notation, join points are
represented as a hook. They connect the other parts of the
program with the point cuts. Point cuts are explained as a
rectangle box with a collection of related join points. The
box symbol is used for Aspects because of them having
similar characteristics to classes in their behavior, as it
shows above. Aspect notation looks like class notation
also it has same similarities of class and the cross circle
shows the cross cutting concern of the aspect. Code
weaving is associated which connects the aspect with
classes where aspect code is woven in. Moreover, there
are two models to design weaving process, aspect static
diagram and aspect dynamic diagram. Aspect
Programming has to show the join points in the
programming. Sequence diagram in UML will show the
join point in early design phase. This diagram called a
join point identification diagram. The behavior of join
points is modeled using an activity diagram, which shows
the place of join point and the system activity. Fig.7
shows them below.

a. sequence diagram b. Activity Diagram

Fig. 7 (Joint point identification and behavior diagram)

The main AODL notation is the Aspect notation, which is
represented as a big rectangle with many attributes and
operations. It has the aspect name at the top and circle
cross to show the cross concern behavior. Fig.8 shows a
typical representation of an Aspect in AODL.

Aspect Name
Alfibatii
Operations
-
Paisteut I
alvar
ein paint “———____-“ [o=====mmm-e
" =]
Peintzul |—
altur

Fig. 8(Aspect Representation in AODL)

Aspects can be identified in the early stages of
development using use case diagrams, as shown by Ivor
Jacobson [10]. However, Ivor argued that aspects could
not be implemented using use case diagram because
tangling problems of the component in the use case
diagram. While Igbal suggests that to redundant the
calling other component of use case and develop use case
component separately. In this way, it is easy to find a
crosscutting concern in use a case study [14]. He has
shown an example of ATM system the withdraw cash use
case needs to add logging aspect to the ATM use case as
appears in Fig.9.

K/

Fig. 9(ATM Use Case)

When Draw this use case diagram of with cash draw with
sequence diagram it show the interaction with all parts of
aspects joint point , point cuts and aspects. It could
identify the aspects and also can show aspect
characteristics such as calling joint point and point cut
(before, after and around)[14] .The aspect identification
and showing properties of it in Fig.10.

prr—— IMI |.k,.,tm._,az |

R

I

Fig. 10 (Sequence diagram showing aspect)
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IV.AOP vS DESIGN PATTERN

[15] stated that Aspect oriented programming
complements the Object oriented programming by giving
powerful constructs to handle composition and
modularity. This will help develop the best modularity of
design patterns of these concerns. The patterns consist of
two parts, part one identified the aspects, classes,
relationships and operations related to the solution.
Second part is concerned with the number of signifying
behaviors and structural relations between components.
For instance, in the adapter design pattern there are two
classes which cannot use the same interface that share
components, while an Aspect oriented, model will allow
that by extending the interface of the Adoptee as is
shown Fig. 11.

Inheritance relationships: The Inheritance relationships
between classes are static when apply the design pattern
because some classes to be concrete cannot be reused in
the system. Pattern overlapping: This has happened when
more than one pattern instance, has one concrete class,
and this leads to cut in pattern traceability and class
reusability. Encapsulation violation: composite and
observer patterns force to the developer to expose
internal objects to another object to handle requested
computations.

The study tries to show the different results when
applying AOP, two implementation ways used to carry
out the case study: A Lazy implementation (L): This
implantation used to move all inter-type declaration to
Aspects such as methods and fields for all patterns then

< < AgpEck = > cxInterfaca>>
Adapter Target
+Declare Parents' Adaptee implements Target |
+Request
+fdaptes,Request() Y 0

. ndaptes Request!) IT

Adaptee { Specifiqus R equest)

+SpecificRequest (i

re-inject them into original places at load time. This will
help to better modularize the scattered code .A Unplug
implementation of AOP, the logical Design pattern code
encapsulation into  aspects. A  reusable AOP
implementation: improving the aspects where two large
aspect use large dynamic properties of AOP to get greater
(UN) plug ability and reusability.

Finally, to prove that AOP in Design patterns is
improving the implementation [16] used metrics to check
the AOP implementation. The metric parameters are
Depth of inheritance (DIT).

Fig. 11 (Adapter Pattern in aspect class diagram)

Another example is Observer pattern, which
defines one to many dependent objects. If one of the
objects is changing all the depended objects should be
notified and updated automatically. While in the Aspect
class diagram some part is common to all potential
initiation of the pattern, and other specific to each

initiation as it shows in Fig. 12 [15].
publc abstract aspect ObserverProtoco| { L
protzctedinterface Subject {
ObserverProtocol protected interface Observer {}
/’\‘
W +attach) pubkc vid Attach{Subject 5, Chserver o}
o e Lo +0ecath) ekkservers(el.al
Observer + poit b Changelsubed 5] eo..__| publc veid Detach{Subnect 5, Observer o}
+adice" after{Subject s): subjectChange(s) e p—
-, e

(’ T 7 ahstract prokected peinteut subectChange(Subject s);
) !

hstract probected woid UpDate(Subject 5, Chserver o)

aftes{Sublect s); subjectChangs(s) { terstor ker = gexDbservers(s)teratorl);
whie { ter aslex) ) { UpDate(s, ({Observerkzr.rextl |

SubjectDbserver
7 cver implements Chserverl)
lemerts Subject

public aspect Subject Ohserver
extends ObserverFrokncol |

- | cedare parents: ConcreteQbserver implements Observer;
detlare parenks: ConcratSubject mplements Subjedt;

[ crotected poinbaut subjectChange(Subject =)
cal(woid Concretesubject. setstate)) ae targen(s);

ConcreteObserver

protexted vod LpDake( Subjext s, Observer 0} {}

Fig. 12 (Observer aspect class diagram)

Another important case study was (AGS)
Antenna Group Server. This system is used to drive the
antenna systems. It consists of 37 classes implemented in
the C/C++ language. It had discovered some design
patterns in implementing the system such as Observer,
command, states, singleton and chain of responsibility.
[16] Show that the drawback of implementing AGS using
objects oriented programming with design pattern are
these points:

Coupling method calls (CMC).
Weighted Operation in Module (WOM).
Coupling between Modules (CBM).
Lack of Cohesion in Operations (LCO).
Response for Module (RFM)

The study confirms that implementation the design
patterns using AOP improve the quality and modularity
of the software. It also helps to avoid cross cutting
concerns cause by implementing the Design pattern with
object oriented code scattering. The AOP solution of
coupling and cohesion are critical issues because of the
interception mechanism at run time [16].

V. PRELIMINARY ANALYSIS

Aspect Oriented Programming is not currently
widely known among developers and researchers. The
previous sections illustrates, there are various attempts to
use AOP for software developer.A survey has been
carried out to investigate the awareness between
developers and other researcher about AOP. 40 responses
have been collected. The result shows that 80% of the
participant did not hear about AOP, as it appears In
Fig.13
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2. Have you previously heard of aspect oriented programming (AOP)?
Yes 7 18%
No 32 80%

Fig. 13 (Using AOP)

Therefore, it is clear that there is a gap for using
AOP in many stages of the development process. Another
important question was do you work with AOP and how
many years do you work with it, 45% do not work with
it or have less than 1 year of experience . As it is shown
in Fig 14.

3. How many years of practical experience in AOP do you have?

Noneor< 1year 18 45%
1-2 2 5%
24 0 0%
>4 0 0%

Noneor< 1 [18]—

Fig 14 (AOP Experience)

Moreover, many developers do not have enough
knowledge about the differences between OOP and AOP.
In Fig 15 shows that participants not sure, whether AOP
is better than OOP on software development, or have
neutral opinion about it.

5-AOP is not an improvement over object criented programming.
Strongly agree 3%
8%
20%
15%

0%

Agree
Neither agree or disagree

Disagree

S o e w o

Strongly disagree

Fig 15 (AOP vs OOP)

VI. SOLUTION APPROACH

This research tries to investigate and find the
best approach to identifying Aspects in the early stage of
software design. The idea is to make a global rule or
regulation to make it systematic across all aspect oriented
components and software design. For instance, in
requirement stage either from the stockholder or business
analysis. These requirements are functional requirements
such as the activities of the business needs. However,
there are other non-Functional requirements such as
logging, security, performance and transaction
management which should be taken into account during
the development stage. AOP can implement these non-
functional requirements separately and can span across
the entire business model. This makes it easier to change
or maintain this part later in the system lifecycle [17].

Another approach to identifying aspects is to define
stakeholder concerns, refine the stakeholder related
concerns, define cross cutting concern, separate cross
cutting concern and finally weave these cross cutting
concern across the system [18]. There are also several
other approaches that we have mentioned in state of art
section, they also show that it is possible to identify
cross cutting in UML design diagrams in the design
stage. However, there is not a unique approach to identify
,where Aspects should be or when they should be
triggered.

VII. CONCLUSION AND FUTURE WORK

In this paper, we presented
investigations into identifying Aspects in
design stage. The research shows that there are
many approaches to identifying AOP in software
design, but not all approaches are applied in all
cases or have specific rules or standards that can
easily found cross cutting concern in any system

initial
software

easily. Adding more we have shown that in
Kurdistan region most software engineering and
academic staff do not have enough knowledge

about this new approach. Therefore, we thought it
was important to start working on how to find a
standard approach to identifying a crosscutting
concern and Aspect in the early stage of the system
on requirement stage.

In future work we will try to find rules in
software requirement and design that automatically
will specify cross cutting of aspect in early stage.
We will develop a new stage of the Aspect
Specification approach in all systems and extract
the possible aspect of the system. We will do that
by applying it to different case studies in the real
world.
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Abstract- Aspect Oriented Programming (AOP) is a
technique used to enhance the separation of concern in
software design and implementation. To implement AOP
developers most commonly use Aspect], an extension of the
Java language. In order to represent the separation of
concerns a new design technique is needed for modeling of
aspects. Aspect Oriented Design language (ASDL) is a
design notation could build on the existing design language
UML. It is capable of supporting many aspects-oriented
languages. This research aims to investigate where
developers can use aspect-oriented programming in the
software development process. This includes how to identify
Aspects in the design stage, then how they can be applied in
the implementation process in software development .This
will lead to improve modularity and reusability of the
software. The paper will be a position paper abut Aspect
Oriented Software Design, also will investigate several case
studies of the design and implementation of a software
application that shows how we can identify the Aspect in the
process.

Keywords—Aspect Oriented Programming; ASDL (Aspect
Oriented Design language)

1. INTRODUCTION:

In the software development process, Aspects are
difficult to identify because they are usually tangled and
scattered across the entire system. Some aspects are
obvious can be identify but others are more subtle
difficult to identify. This makes it complex to locate all
points of the system where aspects should be applied. To
address these aspects in the software development
lifecycle, developers need more support to find and
analyze aspects in requirements documentation.

AODL (Aspect Oriented design language) is a notation
used to show the interaction between traditional UML
models of base (Object Oriented) code and Aspect
extensions, such as point cuts, join points and advice.
The challenge of this study is to find the relationship
between design patterns and aspect oriented
programming to meet a modular solution for specific
issue in the software engineering field. Many studies
have been done on Aspect programming techniques
during recent years. One of the aspect definitions
according to [1] defines Aspect, as “aspects tend not to
be the system's functional decomposition, but rather to
be properties that affect the performance or the

Haysam Al-Radwan Ahmad Ahmad
Department of Communications, Faculty of Information
Tishreen University, Lattakia, Syria Technology
haysamradwan @yahoo.com Al-Baath University, Homs Syria
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semantics of the components in a systematic way”
Kiczales tried to differentiate between the aspects and
components [1]. Another definition of Aspect Oriented
Programming is to overcome the issues arising from
crosscutting concern. It helps developers to change the
Object Oriented model dynamically, so the crosscutting
enhances code reuse rate and maintainability [2]. Aspect
Oriented programming helps developers to overcome
the issues associated with code scattering and tangling
over multiple system units by reducing the duplication
the code. Aspect Oriented Programming supports
several crosscutting concerns such as join points, point
cuts, and advice. A Join point is one of the several
points of the system where concern crosscut a method
or constructor, while a point cut is a query about
selecting required join points. Consequently, the advice
is the construction that takes an action where the join
point matched: before, after and around in the specific
system [3]. This research will investigate to use AODL
aspect Oriented Design Language notation to represent
software in the design phase. These notations are a new
language proposed by Gary Allen and Saqib Igbal [11] .
This language represents the aspects and usual objects
using UML notations and models. Adding to that if
could we identifying the Aspects in early design it is
possible by applying it on Design patterns. There were
several works investigate this issue using the case study
of the Car Crash management system [11]. According to
[5] studies have shown implemshowions of six GOF
design patterns (Observer, Mediator, Prototype,
Strategy, State and Abstract Factory) with aspect
implementations, the results that shows most aspect
oriented programming improves the design of base
object-oriented code.

The remainder of this paper will be structured as
follows. In Section 2 we describe the state of the art about
AOP technology. In Section 3, we introduce UML
Language AOP Notation. In Section 4, we describe AOP
and its relationship with design patterns. Section 5 we
show the result of our survey. In Section 6 we described
the methodology approach to identify aspects. In Section
7 we present the experimental results, followed by our
conclusion and future work.
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II. STATE OF ART

A. History of AOP

Aspect Oriented programming (AOP) was
discovered several years ago, before Demeter team. In
1997, Aspect oriented programming was officially
revealed by Gregor Kiczales, with his colleagues in
conference name ECOOP97 [6]. AOP Aspect Oriented
programming developed methodologies called Subject
Oriented Programming. According to [6] AOP is a
development methodreducesthat improves software
development by capturing the domain related processes
in the system, to better fit real domain problems into
code; therefore it reduce debugging time and increases
readability.

B. Aspect Oriented Modelling AOM

Developers should be aware of, and
understand the software modelling or architecture before
staring implementing AOP. AOM (Aspect Oriented
Modelling) is an approach to produce a logical aspect
oriented architectural model. Early usage of AOM in
development stage will reduce the software development
risk of conflicts and undesirable behavior emerging
during implementation. The cross cutting element is
common in AOP and AOM, but the difference is between
the artifices versus source code, it could rise difference
technique in representing it. For instance, the code can
represent in single functionality, while a model can
represent the system with different diagram views.
Another difference between AOP and AOM in code is
aspect weaving is primarily concerned with inserting
functionality at program execution. AOM module
consists of major components: primary model, aspect
model and composition model Fig.1[7] below shows this

model.

ASPECT-ORIENTED ARCHITECTURE MODEL

(AAM)

_I Model
D] o Composition
Aspect Model 1 Aspect Model 2 "
& & 1
Bindings Bindings Composed
AAM
Composition

Primary Model Directives
< Model
"1 Analysis

Fig I (component of AOM approach)

Figl shows a primary model such as a UML diagram
to describe a basic architecture class diagram and
interactive diagram. The aspect model describes a logical
architectural solution. An Aspect Oriented Architecture
Model is a logical view of software architecture. Another
definition of Aspect Oriented Programming is
simplifying of the development process by allowing
separation of developmental tasks. In addition, Aspect

Oriented Modelling improves an object-oriented
application by making it more modular. AOP solves the
code scattering problem in OOP. Scattering means the
problem of shared the functionality of an application
spread among many classes, which tends to slow down
the application and make it difficult to maintain.
Therefore, AOP solves this problem by bringing together
the scattered code in the aspect. An aspect is a cross
cutting structure. It implements the functionality such as
security, logging and persistence.

C. Development of Aspect-Oriented

Aspect] used to implement AOP, which is a simple
aspect oriented programming extension for the Java
language. It is an open source programming extension of
Eclipse. = Moreover, it will support modular
implementation of a range of crosscutting concerns [9].
An Aspect] program consists of two major parts, the first
part is the base code such as classes and interfaces to
carry out a basic functionality of the program, and the
second part is the aspect code, which includes the aspects
for capturing crosscutting concerns in the program [5].
Aspect supports the main AOP constructs of join points,
point cuts and aspects.A join points is a dynamic
execution point in the program. Point cuts consist of a
collection of join points. An Advice is a somewhat
special method attached to the point cuts. Finally, an
aspect is a modular unit of AOP. Fig. 2 shows the process
of aspect development method [10].

Asprect Refie Jum

Aspect design & implementation

st .l.'lllr.:{'ljn'h' i

oF clanging aspects

werihgg Caspect plug-in
adaing or changing asprpecs

Woven code
Class design & implementation
L r.lm,'u.".'r.'_a:
Executable

Fig. 2 (process of aspect-oriented development)

Recent research shows that there is not a tool to support
an aspect-programming notation such as UML (Unified
Modelling Language) . One of the approaches to design
an aspect notation is to extend the UML notation to
support aspect oriented units called aspect oriented
design model AODM. Therefore, this approach will help
to show the aspect programming weaving mechanism and
represented in UML, which will help developers to
develop aspect programming notation language [11].
AODM might show an aspect as a modular unit of
crosscutting implementation, which acts as a container of
the given members in the piece of source code [12].
According to Stein “Aspect] is an
implementation for aspect oriented programming in Java
language”, adding that cross cutting is a part of the
aspect that specifies where the crosscutting code has been
woven into base classes. Join Points in Aspect] are
standard points in executable dynamic programs. Join
points present many actions such as calls to constructors

(vv)
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and method execution. In addition, they call classes and aspects
object initialization. In Aspect] Point cuts consist of joint SubjectObserverProtocol
. e . .. . . {instantiation = perTVM}
points. It specifies at which of the join points particular {base = undefined}
crosscutting behavior should execute. In terms of a - gzl
designator point cuts are 'if, 'this', 'target, 'urges, or ) @;inrm]h)

'flow'. Developers will select Join points depending on
the dynamic context during execution of the base
code[13] .

The designer should specify at what time on the
execution the advice is to execute for instance before,
after, or around specific source code. Another important
unit in Aspect J is introducing an additional member type
of classes such as methods, constructor and another field
for the class.

In addition, it may change the super class type of super
interface by inserting new initialization and
generalization relationship to the class structure.

III. UML LANGUAGE AOP NOTATION:

UML language is object-oriented programming
notation language. UML provides the basic building
blocks to model software systems such as abstraction,
relationships and diagrams. Adding to UML will give
extended UML notation such as tagged values used to
attach arbitrary information to a model element. Besides
that, the extension totally supports new building blocks
that drive from existing ones. This new building called
stereotyping, have the same structure (attributes,
association and operations) as the base system block that
thrive on it.

Therefore, a UML extension is able to represent an
Aspect] basic abstraction such as a Join point, Point cut
and pieces of Advice. Fig.3 illustrates a UML
representation for Join Points only, and shows the
communication links to create or destroy an instance.
Therefore, UML cannot assign or represent the Join
Point. AODM suggests solving this problem by
representing the communication as a pseudo operation
that can only write and read for a specific field. This
makes sure no execution might happen without calling a
constructor or the initialization. Fig.4 shows that UML
could represent a message that pass between two
instances. As it seems that the join points indicate the
special kinds of stereotypes such as <<execute>>,
<<initialize>>, <<set>> and <<get>>.

In AODM, point cuts are represented as special
stereotype operations named as <<Pointcuts>>. As it is
shown in Fig. 3. (Stein, D., Hanenberg, and S. And
Unland R., 2002).

pointeut stateChanges(Subject s)

wadvicen advice_id01
after(Subject 5)  {base = stateChanges(s)}

lcontams Weavinglnstructionsy | _|  (CTosscum> «nterface»
-7~ BaseType  {base =Subject}| 7| Subject
;* antroduction»
.. Subject ./
355&1?5&5\1@.{&@%&_&35555 T | werossauty «nterfacen
A P ———
.-=="""BaseType _ {base = Observer} <~ Observer

-~
¢~ «antroduction»

i
‘..  Observer _

Fig. 3 (Aspect Oriented Design Model)

While in UML notation point cuts have an operational
definition that has an arbitrary number of (output-only)
parameters and their declaration and implementations as
it shows in Fig. 4.

(output-only) parameters
—_—
pointcut staeChanges (Subject s) :
signafire  target(s) && call (void Button.click());

8

pointcut declaration ("implementation™)

Fig. 4(Similarities between points cut in Aspect and Operation in UML)

Similar to Point cuts, Advice can be represented as an
operation, but one semantic difference is that Advice
does not have a unique identifier. Therefore, this might
be a big conflict in Aspect. Therefore, AODM has solved
this issue by defining by pseudo identifier that cannot be
overdriven. As it appears in Fig. 5 .

"pseudo” identifier

————, ——— e,
advice id01 after (Subject s): stateChanges(s) {...}

parameters implementation

signature pointcut declaration

Fig. 5 (Similarities between Advice and Operation)

In [4] the authors propose a new notation of
AODL Aspect Oriented Design Language, this language
helps to model the Aspects with their attributes and
characteristics along with a traditional UML object
diagram. Both aspects and objects can be used within a
design for single framework. This reduces designer
operating cost to work with two different platforms.
Therefore, developers chose UML to extend to contain
aspects for many reasons. One important reason is that
UML is most used tool for modelling. Secondly, it is
easier for developers to use one tool rather two tools
together. Finally, it is easy to use UML extensibility to
design Aspects because it is easy to define a new notation
and use them with the core notation. In AODL uses an
aspect notation similar to class notation in UML to model
other components such as Aspects and point cuts.
However, there 1is an interaction between these
components . For instance, point cuts contain the join
point which advice directly depends on. As a result, each
part has its own characteristics; therefore [4] claim that

(vw)



Cwo-m@ oo /The Effect of Overlapping Area on Ping-Pong...

(¥) ddall/ Al dunelild) daley Aome )

AODL should represent each notation as unique notation,
as shown below in Fig.6:

Elements Notations

Jain Point @

Pointout

Aspect

Gode
Weaving

Fig. 6 (AODL component notations)

In the AODL design notation, join points are
represented as a hook. They connect the other parts of the
program with the point cuts. Point cuts are explained as a
rectangle box with a collection of related join points. The
box symbol is used for Aspects because of them having
similar characteristics to classes in their behavior, as it
shows above. Aspect notation looks like class notation
also it has same similarities of class and the cross circle
shows the cross cutting concern of the aspect. Code
weaving is associated which connects the aspect with
classes where aspect code is woven in. Moreover, there
are two models to design weaving process, aspect static
diagram and aspect dynamic diagram. Aspect
Programming has to show the join points in the
programming. Sequence diagram in UML will show the
join point in early design phase. This diagram called a
join point identification diagram. The behavior of join
points is modeled using an activity diagram, which shows
the place of join point and the system activity. Fig. 7
shows them below.

&
N | B

& o) mr

a. sequence diagram b. Activity Diagram

Fig. 7 (Joint point identification and behavior diagram)

The main AODL notation is the Aspect notation, which is
represented as a big rectangle with many attributes and
operations. It has the aspect name at the top and circle
cross to show the cross concern behavior. Fig.8 shows a
typical representation of an Aspect in AODL.

Aspect Name
AL ibulad
Operations
-
Poisteut I

.

Peintzu I

Inin s

Fig. 8 (Aspect Representation in AODL)

Aspects can be identified in the early stages of
development using use case diagrams, as shown by Ivor
Jacobson [10]. However, Ivor argued that aspects could
not be implemented using use case diagram because
tangling problems of the component in the use case
diagram. While Igbal suggests that to redundant the
calling other component of use case and develop use case
component separately. In this way, it is easy to find a
crosscutting concern in use a case study [14]. He has
shown an example of ATM system the withdraw cash use
case needs to add logging aspect to the ATM use case as

appears in Fig.9.

K/

Fig. 9 (ATM Use Case)

When Draw this use case diagram of with cash draw with
sequence diagram it show the interaction with all parts of
aspects joint point , point cuts and aspects. It could
identify the aspects and also can show aspect
characteristics such as calling joint point and point cut
(before, after and around)[14] .The aspect identification
and showing properties of it in Fig.10.

prr—— IMI |.k,.,tm._,az |

R

I

Fig. 10 (Sequence diagram showing aspect)
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IV. AOP vs DESIGN PATTERN

[15] stated that Aspect oriented programming
complements the Object oriented programming by giving
powerful constructs to handle composition and
modularity. This will help develop the best modularity of
design patterns of these concerns. The patterns consist of
two parts, part one identified the aspects, classes,
relationships and operations related to the solution.
Second part is concerned with the number of signifying
behaviors and structural relations between components.
For instance, in the adapter design pattern there are two
classes which cannot use the same interface that share
components, while an Aspect oriented, model will allow
that by extending the interface of the Adoptee as is
shown Fig. 11.

L Lhspect= cxlnkerface>>
Adapter Target
+Declare Parents' Adaptee implements Target [ :
+Request()
+Adaptes.Request!)
. Adaptes Request))
Adaptee { SpecifiqueRequest; }
+SpecificRequest ()

Fig. 11 (Adapter Pattern in aspect class diagram)

Another example is Observer pattern, which
defines one to many dependent objects. If one of the
objects is changing all the depended objects should be
notified and updated automatically. While in the Aspect
class diagram some part is common to all potential
initiation of the pattern, and other specific to each
initiation as it shows in Fig. 12 [15].

puble shstract aspert CbservetProtocol {
rotzcted interface Subjedt {

— ObserverProtocol procectedinkstface Obssrver { -
7 \
A Sattahi) puble veid Attach{Sublect <, Cbserver o}
e T +0etach] erhservers(s).add
Dbserver + ot et CangelSityect s} pubc v Ditach{Subect 5,0

" Frerisubec s subedichangelsl [T

getbservers(s).rem

hetract probected printeut subjectChangefSubject s);

abstract probected vokd UpDets(Sibjedt 5, Observer o)y

SubjectDbserver wabibe { iter hashiext) ) 4§ UpDate(s, ((Observerdar.nestOil |

after{Subject <}; subject Change{s) { Iterstor fer = gekOfservers(s) terator()

arents” ConcreteOtserver molements Chserver()y
arents” ConcreteSubiect inglemerts Subje

+paintcut subjectChangedSubject s)
+UpDetel)

puiblic aspect Subject Observer
exttends ObserverPromcnl {

~eo_..| dedare parenis: =Observer implements Observer;
dedlare parenks: Subiect implements Subjedt;
=7 ™
= o peotected pointaut subjectChange{Subject <)
ConcreteObserver ConcreteSubject callvoid ConreteSuibect setSatel]) 46 arpeb(s);
U Drotegted woid UpDate{ Subject s, Observer o) {1

Fig. 12 (Observer aspect class diagram)

Another important case study was (AGS)
Antenna Group Server. This system is used to drive the
antenna systems. It consists of 37 classes implemented in
the C/C++ language. It had discovered some design
patterns in implementing the system such as Observer,
command, states, singleton and chain of responsibility.
[16] Show that the drawback of implementing AGS using
objects oriented programming with design pattern are
these points:

Inheritance relationships: The Inheritance relationships
between classes are static when apply the design pattern
because some classes to be concrete cannot be reused in
the system. Pattern overlapping: This has happened when
more than one pattern instance, has one concrete class,
and this leads to cut in pattern traceability and class
reusability. Encapsulation violation: composite and
observer patterns force to the developer to expose
internal objects to another object to handle requested
computations.

The study tries to show the different results when
applying AOP, two implementation ways used to carry
out the case study: A Lazy implementation (L): This
implantation used to move all inter-type declaration to
Aspects such as methods and fields for all patterns then
re-inject them into original places at load time. This will
help to better modularize the scattered code .A Unplug
implementation of AOP, the logical Design pattern code
encapsulation into aspects. A  reusable AOP
implementation: improving the aspects where two large
aspect use large dynamic properties of AOP to get greater
(UN) plug ability and reusability.

Finally, to prove that AOP in Design patterns is
improving the implementation [16] used metrics to check
the AOP implementation. The metric parameters are
Depth of inheritance (DIT).

Coupling method calls (CMC).

Weighted Operation in Module (WOM).

Coupling between Modules (CBM).

Lack of Cohesion in Operations (LCO).

Response for Module (RFM)

The study confirms that implementation the design
patterns using AOP improve the quality and modularity
of the software. It also helps to avoid cross cutting
concerns cause by implementing the Design pattern with
object oriented code scattering. The AOP solution of
coupling and cohesion are critical issues because of the
interception mechanism at run time [16].

V. PRELIMINARY ANALYSIS

Aspect Oriented Programming is not currently
widely known among developers and researchers. The
previous sections illustrates, there are various attempts to
use AOP for software developer.A survey has been
carried out to investigate the awareness between
developers and other researcher about AOP. 40 responses
have been collected. The result shows that 80% of the
participant did not hear about AOP, as it appears In
Fig.13
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2. Have you previously heard of aspect oriented programming (AOP)?
Yes T 18%
No 32 80%

Fig. 13 (Using AOP)

Therefore, it is clear that there is a gap for using
AOP in many stages of the development process. Another
important question was do you work with AOP and how
many years do you work with it, 45% do not work with
it or have less than 1 year of experience . As it is shown
in Fig 14.

3. How many years of practical experience in AOP do you have?

Noneor< 1year 18 45%
1-2 2 5%
24 0 0%
>4 0 0%

Noneor<1 |

Fig 14 (AOP Experience)

Moreover, many developers do not have enough
knowledge about the differences between OOP and AOP.
In Fig 15 shows that participants not sure, whether AOP
is better than OOP on software development, or have
neutral opinion about it.

5-A0P is not an improvement over object oriented programming.
3%
8%
20%

Strongly agree

— Disagree [§]
Agree
Neither agree or disagree
— Strongly disa [0] Disagree

— Stenoly agre [1
Neither agree [8] — ronply egre 1] Strongly disagree

S o e w o

0%

——— Agree [3]

Fig 15 (AOP vs OOP)

VI. SOLUTION APPROACH

This research tries to investigate and find the
best approach to identifying Aspects in the early stage of
software design. The idea is to make a global rule or
regulation to make it systematic across all aspect oriented
components and software design. For instance, in
requirement stage either from the stockholder or business
analysis. These requirements are functional requirements
such as the activities of the business needs. However,
there are other non-Functional requirements such as
logging, security, performance and transaction
management which should be taken into account during
the development stage. AOP can implement these non-
functional requirements separately and can span across

the entire business model. This makes it easier to change
or maintain this part later in the system lifecycle [17].
Another approach to identifying aspects is to define
stakeholder concerns, refine the stakeholder related
concerns, define cross cutting concern, separate Cross
cutting concern and finally weave these cross cutting
concern across the system [18]. There are also several
other approaches that we have mentioned in state of art
section, they also show that it is possible to identify
cross cutting in UML design diagrams in the design
stage. However, there is not a unique approach to identify
,where Aspects should be or when they should be
triggered.

VII. CONCLUSION AND FUTURE WORK

In this paper, we presented initial
investigations into identifying Aspects in software
design stage. The research shows that there are

many approaches to identifying AOP in software
design, but not all approaches are applied in all
cases or have specific rules or standards that can
easily found cross cutting concern in any system

easily. Adding more we have shown that in
Kurdistan region most software engineering and
academic staff do not have enough knowledge

about this new approach. Therefore, we thought it
was important to start working on how to find a
standard approach to identifying a crosscutting
concern and Aspect in the early stage of the system
on requirement stage.

In future work we will try to find rules in
software requirement and design that automatically
will specify cross cutting of aspect in early stage.
We will develop a new stage of the Aspect
Specification approach in all systems and extract
the possible aspect of the system. We will do that
by applying it to different case studies in the real
world.
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Abstract— Language learning is a set of techniques and
methods used together to teach fundamentals of a language,
including writing, reading, listening and comprehension.
Usually begins by teaching letters. The purpose of this
research was to initiate a scientific approach using serious
games in order to discover a proper way to learn Kurdish
language by writing approach. We studied related fields i.e.
level of using technology with elementary school students,
the method of teaching Kurdish language in the Kurdistan
educational system and the students' enthusiasm for gaming.
The outcome of the field-study shows there is a big gap
between the current state and capacity of technology and
serious game. Serious game is a composition of
entertainment game with learning methods to help learning
easy. We make the hypothesis that the game encourages
pupils to learn rapidly. We aimed to prove a method that
students start language learning by writing. In addition,
there was no any serious game for learning Kurdish which it
has two different alphabets and four main dialects. In this
paper, we worked on Arami' alphabets and south dialect
(Sorani). We created an algorithm and a prototype to test
our hypothesis. Our prototype is simple and easy to use, but
at the same time it is dynamic that a teacher or parent can
generate different game. A user might have a profile and
result saves in a database. It helps supervisors to assess
progress of learning and diagnosis of mistakes.

Keywords—serious game; tutor intelligent; Kurdish
language, Arami alphabets

L INTRODUCTION

A serious game is an act at first glance to have fun and
distraction, but in reality, it pursuits certain goals and
objectives which lay in behind of it, for example
supporting or tutoring a new language.

On the other hand, gaming is seen as a playing for
leisure, while computer games will create a new learning
culture that matches students’ interests and habits [1].
Generally games can provide a basic learning
environment, this will grant engaging learning
environment [2]. But we can say many people do not
allow their children to play, at least during school period.
In a survey we made in 20 primary schools in Sulaimani

' Like Arabic alphabets (see table 1, column example)
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region, many pupils answered “no” to our first question in
the survey (do you play any game?), in order to make the
game more popular it is a good opportunity if the
educational establishments and families let students play
games to support learning. Due to the novelty of these
approaches, there is no_attempt to adapt these aspects yet.
The reason is that, there is no awareness among children
about serious games and their difference with leisure
games. However, there are some electronic games to learn
Kurdish vocabularies in the field, but until now there has
been no serious game for learning Kurdish language in
any system. This term will define and publish in
Kurdistan and Kurdish language must learn easily like all
other languages.

Today’s using of smart devices are very popular by
Kurdish children. Unfortunately, most of them are used
smart devices only for entertainment. We have gotten
these primary results from the survey we took in 20
primary schools in Sulaimani which majority of teachers
agreed on this curriculum.

A. Our Motivations

Nowadays immigration is an international issue and
thousands of immigrant Kurdish family lives in exile.
There is a strong desire among them to teach their mother
language and culture to their kids. Type of life in 21™
century needs more sophisticated tools because of
increasing immigration, and industries. Working mobility
for some kind of personalities is a phenomenon. Who
wants to travel with their families as they look for a
system allowing their children learn easily. Where the
new generation grew up in western countries and they
learn country host languages and Latin alphabets easily,
it’s really hard for them to understand, read and write in
Kurdish. However, there are some printed books, online
websites and e-books are available to this goal, but it
would be boring to children since the Aramaic alphabet is
strange, hard to read to them.

The new generation is expert in using technology. We
can say learning Kurdish by gaming would be one of the
best methods of this group of people. It is interesting,
available anytime and anywhere.

(¥v1)
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In other hand off-school context is an important aspect
to teach concepts through serious games to children.
Beside it, present educational systems have their own
disadvantages like transport, i.e., traffic, get free for
travelling [11], therefore education ministries might
consider distance and eLearning system. From this point
of view we can say that serious game at all provides a
good opportunity for learning and it could be an
alternative for present education in a special situation.

B. Jojo

Jojo is a serious game project developed by our group
to address all issues mentioned above. This scientific
project is a first attempt to make a very fantastic game for
learning the Kurdish language (Arami alphabets). In this
project, we have focused on the curriculum of the primary
classes. Subjects are prepared and organized therefor
children learns letters, words and sentences sequentially.
The main goals behind our game are i) learn children aged
from 4 to 12 (or foreign peoples) principles of Kurdish
language, ii) will analyze user traces to classify them and
make an adapted serious game in the future.

We named our game (Jojo) from Kurdish traditional
game hide and seek. Our scenario is to challeng the player
by hiding a value and encourages him/her to find it.

However, our prototype doesn’t match full gaming
requirements like environment, challenge and interaction,
but it is proof of concept and it should be developed first
version supporting different platforms.

The user begins playing by filling an anonymous form
(User can start the game either by s/he account or
anonymous) (Fig. 1); during the game an intelligent tutor
accompanies the player 2to help him/her to find the
correct solution. The help is either by providing a solved
example, or by giving some hints. After each step, traces
will be saved for sending to our server when the user is
connected.

a, Login

Login User

ser Mame |

Password |

[ Login as Admin?

Login Anonymou Login

Create Account

Forgot Passowrd

Fig. 1. Main interface of Jojo

The game structured on questions which are distributed in
three parts (letters, words, sentences). Each part is also
divided into different categories. The actual version works
on the letters; (Table 1) shows type of words to learn
letters.

Table 1: Word categories

Code Tzvl:)?d()f Explication Example
1 Simple A simple word composed of at most 4 s
word non-accentuated letters °
Simole A composed word no more than 4
2 U I;r letters, including 1 accentuated letter | 3°
PP (upper accent)
Simole A composed word no more than 4
3 Dovfn letters, including 1 accentuated letter | J»)
(down accent)
Composed A word composed of at least 3 letters
4 U eI; including at least 2 accentuated letters | 334
PP (upper accent)
Composed A word composed of at least 3 letters
5 DOWE ) including at least 2 accentuated letters | ose s )
(down accent)
Composed A word composed of at least 3 letters
6 Mixe%‘ including at least 2 accentuated letters | o#lsi)
(mixed accent)

This paper structured in several sections, section 1 is
an introduction to our project named Jojo. Section 2,
provides a state of art and related works. Section 3 is
dedicated to primarily an analysis of our survey. In
section 4 we described the implementation of Jojo Game.
Section 5 describes our algorithm, how the game engine
works. We concluded our paper by discussion about
results and future works.
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II. STATE OF ART Flow Antecedents

Playfulness

Clear goals
A. Taxonomy of serious games o Task Flow e

. . . . Focused attention Experlence -
There are verity uses of serious games in public and sl Time distortion rereases

private sectors, for instance, it has used in education and @*-cna"we J&f‘;ﬂ;‘n“; = ~Changes of
training [7]. This use of the game caused experience *—Chauense—‘ = o ofacton “Explratory
which varies between games and learning. There are a few san Sonprosarce v
censuses on game features to support learning. The result Foodback | Arefact Sense of conirel control
shows the learning achieves during engagement of the Usabilty

user. Therefore, they have developed some features of the
game that might attract young learners [9]. These features
are stated as below:

Rules and goals: setting up the game rules and goals,
improve the performance because they show the player's
performance and the target performance, which is
activated greater attention and more motivations for the
players to success.

Control: the contexts of the game are referring to
control, which learners have ability to choose how to
make decisions on different action that leads to the
ending.

Mystery: information that has hidden from learner
such as complexity, unexpected events and novelty this
will bring to mind, curiosity for the player which is a key
motivator to update existing knowledge with new one.

Fantasy: this is an imagination of a social or physical
world but not really; this may enhance the motivation and
learning of the users.

Challenge: it can describe as level of difficulty; the
goal should be progressively more difficult, this will
enhance learner motivation to reach maximum difficulty
of the game.

On the other hand, during design a game we need to
understand computer mediated flow. Flow is a complete
activity or engage in activity and refers to the optimal
activity [9]. For instance, when a person in psychological
state involves with a goal driven activity, that lead to lose
attention to other factors. It was considered flow
antecedent, flow experience and flow consequences in
designing an educational game [5]. The flow antecedent
focuses on a clear goal, immediate feedback and potential
control [5]. The flow of experience refers to control over
the activity through awareness and concentrations. This is
lead to increase learning, exploratory behavior and
positive effect [6]. (Fig 2) below shows the flows of
computer mediated environments.

Fig. 2. Flow in computer-mediated environments [5]

B. History of serious games

Serious game implies a specific type of activity in
education and learning. The main aim of it lays on
achieving predefined objectives through goal-based game.
As Michael & Chen stated in [15] “games that do not have
entertainment, enjoyment or fun as their primary

purpose”.

However, serious games look like a new phenomenon,
but its market worth reaches 1.5 billion € in 2010 [16].

Serious games have a long term history. As mentioned
in [12] this topic relays to the Renaissance, which for the
first time appears in literature. Later on a Swedish novel
deals with this subject too in a book titled “The serious
game”. There are another similarity appears in the
literature like Mike Harfield in his autobiography as a
Cricket player. [18]. The paper lists many examples that
serious game used for teaching purposes. This meant
using of serious games in daily activities to learn has a
long history.

Later, they classify serious game in the new
generation, e.g. video games and first digital games such
as chess games. History of serious games indicates that
the United Kingdom is birthplace of serious games [17].

Serious games in video versions used for preparing
human against unpredictable events like a nuclear
explosion.

Ancestors of the current serious games can be
categorized in 6 main sub list: Education The Oregon
Trail (MECC, 1971), Healthcare Captain Novolin (Raya
Systems, 1992), Defense Military Battlezone or Army
Battlezone, customized version of Battlezone (Atari,
1980), Art & Culture Versailles 1685 (Cryo, 1997),
Religion Captain Bible in the dome of Darkness
(BridgeStone Multimedia Group, 1994), Corporate
Training and Advertising Pepsi Invaders (Atari, 1983).

The statistics show that maturity of releasing serious
games (65.8%, 953 out of 1256 released) before 2002 is
used for educational purpose, where after 2002 this
number reduces to 25.7% and advertising take first place
where share of it before 2002 was only 10.7%. It indicates

(¥vA)
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that serious games are used more in marketing and
promotion of goods in the market [12].

They highlight the main reasons of delay of new labels
for a serious game. Their reasoning indicates two main
factors were obstacle to clarify this title: targeting
entertainment as a main goal by game productions and
violence of game contents which was the cause of the
Columbine tragedy high school tragedy, that’s why
parents were sensitive about games.

The outcome of the analyses shows that success the
serious games depended on industry success. It means the
success of serious game that welcomed by the public, was
that time that they were able to create a specific title for it
and convincing families that content of serious games
don’t hurt children.

[13] Explains a platform named e- Adventure
including a tool for generating prototype games and
integrating with existing learning system named Learning
Management System (LMS) and Learning Activity
Management System (LAMS).

They address several barriers of existing approaches
which used in both general-purpose and educational-
purpose game development, such cost, bottleneck,
adopting video games in an educational environment,
level of skills of educator in using tools, graphical issues
in game development and so on.

From these challenges, they defend the method as
Rapid Game Development that relies on eAdvanture
framework.

The game architecture designed that the educator can
generate a test version of the game and evaluating it
before taking the full activity with students. Then a clear
hand-drawn version will be scanned and then the game
will be generated upon it. In this way they avoid barriers
they mentioned in the philosophy of their attempt such
cost, bottleneck.

C. Prog&Play a game-based tool to teach programming
language
Prog&Play is another work on serious game, but in
learning programming languages [11].

This serious game used to teach the fundamentals of
programming, i.e. basic syntaxes and semantics of higher
level languages, to undergraduate students. They based on
Real-time strategy games and stated research questions:

1- What features of the game were stressed by
teachers to explain Prog&Play adoption or non-
reuse?

2-  What features of the teaching context promote
learning with Prog&Play?

They used an open source Real-Time, Kernel Panic is
on strategy project on which based Prog&Play. Kernel
Panic has its graphic interface for setting the tanks, while
Prog&Play use any IDE in (C, Ada, Java, Compalgo,
OCaml, and Scratch) to write little programs for setting up
the tanks by the students.

In their literature review they explained that the
serious games are widely used for: 1) motivation effects,
2) learning benefits, 3) entertainment potential. In this
paper they investigate contextual effects that influence
their two assumptions.

1) Video games are exciting for students.

2) Provide good context to embed computer
programming, teaching materials.

The basic idea of Prog&Play is to

1) Anchor learning with game

2) Provide teachers with a tool to choose
a) Teaching strategy and

b) Language and paradigm.

They tested on 260 students and 20 teachers in 7
different settings. They used questionnaires in each
setting, for students and teachers. They analyzed their
feedbacks, it suggest that Prog&Play as a top tech requires
“Prog&Play is better suited to a project setting with time
to discover the game and environment along with an
adapted evaluation process including a reflection phase.
Moreover, we think that Prog&Play is better suited to
imperative and object-oriented programming languages”

[11].

III. PRELIMINARY ANALYSIS

If learning of one language has its difficulty. Learning
of Kurdish language has some extra complications
because of its nature. Language learning to compose of
writing, speaking and comprehension. Kurdish language
has some principle dialects and two different alphabets.
So the basic decision is to decide the dialect and alphabets
used in the learning process. In this project we work on
the South Kirmanji dialect and Arami alphabets®.

Working on such a project requires a large amount of
information. There is no existing data in this field in
Kurdistan; it was hard for our group to step in this
circumstance without any preliminary information.
Because of couples of decisive questions arises in the
beginning; no warranty what is the official alphabet of the
languages? Does this alphabet will change? How users
will interact with this new concept? Who will be the final
real user? Why there is no any serious game to learn
something in Kurdish? How we can control on the first

* http://www.kurdishacademy.org/?q=node/37
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step? How many children use electronic devices? How
these devices used in school and home at free times?

A. The survey

The answer of all of these questions and so many
others was not clear. We decided to make a survey and
analyze results to have an idea about how we can begin
and what we can do.

We have design designed three surveys (school
administration, teachers and pupils) to define the range of
gaming, using new technology, utilities etc. according to
learning language. The first survey dedicated to primary
students from 1% to 6™ stages. We selected different
gender from all stages. The survey consists of 11
questions. It targeted the pupil from age 6 to 12 years old.
The main aim of our survey is to get understand the pupil
feedback about the Kurdish serious game for learning. We
visited different primary schools, public and private. We
have completed 100 surveys. The administration of those
schools gave us permission to carry out our survey in their
school. They welcomed this project and supported us to
fill this gap in developing serious games in education. In
spite of the difference range of using technology among
all pupils, but all have common using of them in their
study or social life. They use computers, laptops, tablets,
and smart phone to play different games.

B. Results

Question 4 in the survey was “do you play electronic
games?” 78% answers yes and 22% answered No. 53%
was male and 47% were female. It is clear that most of the
pupils play electronic games. Types and percentages of
playing games by pupils were video 28%, Action Game
22%, simple Game 28% and other games (non-Action
games) as it is shown in (Fig. 4):

. Action video
Electronic Games Sre ﬁ “S’?J
-l

28% Game

B Play Elctronic Game games Byes HMNo

22%
EMale @ Female

475 Psax

Fig. 3. The types of electronic games used by children

Question 5 in our survey was asked that “do you use
electronic devices and which devices are used to play
these games in the Home?”” The result shows that 78% of
pupils playing electronic games. Among them, 53% using
tablets at home, but only 5% use it in school, 42% they
don’t have a tablet. 31% using mobile at home, 1% use
mobile at school and 68% they don’t use mobile. While
there is a good similarity between using desktop and
laptop computers, 45% using laptop at and 40% use
desktop computers at home. Furthermore, 4% using laptop

at school and 3% use desktops. Although more than half
of them, they don’t use any kind of computer. It is
obvious from these percentages that there is a common
habit of using of devices for playing games among the
pupils as it is shown in (Fig. 4). While in school it is
forbidden to use most of these devices except computer
labs, very few students will play games in school.

Using of electronic devices

Not use
2%

Use of Mobile Use of Laptop

Home

Mobile
31% Home Laptop
Ne 45%
School Laptop

Mobile 51% School
1% Laptop
4%

No Mobile
68%

Use of Computer Use of Tablet

No Tablet

42%
No PC

57%

School
School PC Tablet
3% 5%

Fig. 4. Percentages by using electronic devices

Regarding to our project, Question 10 is another
important question which was “what language you learn
from using electronic games (Kurdish, English, Arabic
and other?)”. (Fig. 5) Shows that most of students will
play games to learn English, Arabic and finally Kurdish
language. The statistics demonstrate 74 pupils use games
to learn writing, speaking and comprehension while this
range in Kurdish language is 24. Although they didn’t
know the name of the game played to learn Kurdish. The
result shows that there must be more attention to serious
game for learning Kurdish language because there are
very few games regarding to this language which is the
official language in the Kurdistan region.
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Using Electronic game to Learn
Language

M Learn Kurdish language B Learn English Language M Learn Arabic Language

Fig. 5. Using electronic games to learn the language

Final Question we have asked pupils “which game
you prefer to learn a language?” 37% of the pupils prefer
using the computer game, though that 30% prefer using
paper game in learning (Fig. 6). Therefore, this shows that
the computer game is more preferable than all other
games for learning languages. We have also collected a
survey for school administration and teachers. All results
of these surveys support our proposal regarding the
importance of serious game for educational systems in
general and especially for language learning.
Consequently, the result approves our hypothesis that in
Kurdistan there are strong needs to start and adopt serious
game for learning language.

Which Type of Game you preferto
learn language

M Theater Game M on Paper Games

W Computer Game B Questions and Answers Games

Fig. 6. Types of games played by children

IV. THE GAME

A. Design

According our hypothesis and challenges in the study
of Kurdish language, and testing the idea of learning a
language by focusing writing approach, we designed a
basic game that implemented in our prototype. The game
includes different levels. In the first level, which designed

for children who is not able to recognize letters, the game
begins by falling a group of related objects and a sound
plays asks to select target object i.e. which contains a
specific letter. In the bottom of the console the player has
to control the character which traverses horizontally to
catch the correct object, then console updates and the
game repeats to the end of the step designed by teacher
(Fig. 7).

Fig. 7. Levell-Stepl

At the second level the game begins by giving a
picture and asking the player to select the correct word,
which contains this letter. These levels are basic, level,
that the answer is either correct or incorrect.

In the second level, the game displaying_an image and
suggests a couple of almost identical words, that only one
of the options is correct and the others are incorrect with
different type of error (Table. 2). The player has to choose
one of them.

Table 2: Answer details

ID Type of answers Comment Points
1 Correct The word ha.s no 10
other meaning
2 One simple letter false The word ha.s 1o 9
other meaning
3 One upper accentuated letter The word has no ]
false other meaning
4 One lower accentuated letter The word has no 3
false other meaning
5 Two upper accentuated letters The word has no 7
false other meaning
6 Two lower accentuated letters The word has no 7
false other meaning
Two mixed (upper and/or The word has no
7 lower) accentuated letters . 7
other meaning
false
3 More than two upper The word has no 4
accentuated letters false other meaning
9 More than two lower The word has no 4
accentuated letters false other meaning
More than two mixed (upper The word has no
10 and/or lower) accentuated K 4
other meaning
letters false
1 Other The word ha‘s no 0
other meaning
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The third level is designed to write object name by the
player in Kurdish. This level requires that player must be
able to write in Kurdish (Fig, 8).

?qll_e d910 a4 v.53|.i

9 Auwgw SaSogl
as, @S

2 TextWriter =) =

Fig. 8. Level3

In another level the game displays a couple of letters
and player will be asked to create a meaningful word with
them. If the answer is correct, then related picture will be
displayed.

In advanced level words will be shown to the player
then s/he has to create sentences with them. This level
focuses on Kurdish grammar and it will be used for higher
student age.

Awarded points cumulated by the player can be used
in next steps or levels to get more specific help and it is
the one of the measures of the challenge between users if
they want to share it between their groups.

Clone of the same type of question can be given to the
same player if the same type of question didn’t answer
before and/or the player has not enough points to go to the
next level.

From teacher’s part, it is possible to customize the
curriculum, i.e., s’/he can define words, upload pictures
and define answers with types and points awarded.

B. Implementation

The current prototype is implemented to the proof of
our concept which we are trying to bring in the serious
educational game. As mentioned in previous sections
there are many methods have been experienced to learn a
new language. Most of them focusing on comprehension
techniques, or starting with complex rules of grammar
language. We aim to test another approach which
emphasizing on writing.

The prototype designed in .NET framework, including
XNA as programming language and SQL server for
storing data for later analysis. The final version will be
used XML instead of SQL server for portability and
adaptability for different OS/devices.

The prototype supports score-based approach. It
means our goal in each step is the range of scores gained
by players. To pass each step the user must score more
than half of the expected sum of points. Earned points will
be accumulated through all steps.

Points will be used to get help or hints when needed
by the user. The challenge is here between players. The
winner is who used less of its points to pass the questions.

Our plan for next versions is time consuming for the
game. It means how much time is used by the user to pass
a step and fulfill whole game. It’s useful where the game
takes place in the group and skilled students are not
ranged only on scores, but they will be evaluated
according to use time. It will make competition and
encourage students to score better and develop their skills.
So the problem becomes multi-criteria. And special
techniques will be used on this face like the model of
Markov [14].

V. THE ALGORITHM

This kind of project needs a dynamic algorithm to
manage all different aspects of the game, compare
players’ answer with the database, gives the points,
suggest new questions and providing suitable help in each
step. In Jojo, we have a dynamic algorithm composed of a
series of simplified algorithms. Each of them executes in a
specific step, because in each level the type of answer will
change. For example, in the first and second levels, the
answers are multiple choices (pictures in level 1 and
words in level 2). Player-Entery-Compare(playerlnfo,
playerAnswer) (Fig. 9) is a simple algorithm which
compare students answer with the correct or suggests
answers in the database.

function Player-Entery-Compare(playerInfo, palyerAnswer) returns
playerProfile
inputs: playerInfo, information of current player

PlayerAnswer, the answer of the player during the game

playerProfile €Initialise(playerInfo, init-state)

Loop do
AllAnswers € Available-Answers(QID)
If playerAnswer contains in AllAnswers then return
questionProfile
playerProfil €questionProfile
else

playerProfil €Make-Question-Profile(playerAnswer)

Fig. 9. Player-Entery-Compare function

At the beginning, the player can choose the type of
his/her profile (anonymous or not). The algorithm takes
this profile with the answer of current question and makes
necessary modifications to the profile. Firstly, it initializes
player’s profile with available information entered by the
player. Then make a loop to search in a database for all
related information for the current question, for example,
predefined answers, awarded points for each type of
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answer, type of question and its clone. After that
compares the answer of the player with this list, if the
player’s answer is in the list all related information for
this answer will be saved in his/her profile. If not, the
players answer will be saved in the profile. The function
Make-Question-Profile creates a profile for non
predefined answers to be analyzed and integrated into the
list in the future.

In level 1 and 2, selected answers are well formed
because they are suggested by the system and the player
just chooses one of them. But in the later levels player
will write the answer so the analyses will be more
complicated. Especially if the user uses one of the old
versions of Kurdish keyboards like those used non
Unicode fonts. Because these fonts does not easily
supported by different systems. All player tracks will be
saved in his/her profile. The current version uses traces
only for providing help. The player can ask a help at any
time on condition s/he has enough points. This is done via
the Request-Help function (Fig. 10).

function Request-Help(playerProfile, playerBalance) returns help
inputs: playerBalance, the current balance of the player
playerProfile, the profile of the currrent player
Loop do
HelpWeight € Help-Weight(QID)
If playerBalance > HelpWieght then return the help of
that question
counter++
playerProfile € Update-Asked-Help-Counter(counter)
else
if(Help-Counter>0) then return empty
else
return a simple hint
counter++

Fig. 10. Request-Help function

If the player needs a help in the first level first step,
the system gives a simple hint to show how to solve a
problem. If the player asks again the system for the
second time, the system does not respond. If the player
asks a help after answering some questions correctly, the
system compares his/her balance with the weight of the
help demanded. If the player has enough points to get the
help, the system gives the appropriate help.

Any time the player asks a help, the counter counts
and puts it inside player’s profile. The competition is
based on several points, number of questions answered
correctly, the number of help asked, time elapsed to
answer each question, and type of errors in questions not
answered correctly. Teachers in the class can use this
competition to award points to those successfully win the
game.

VI. CONCLUSION AND FUTURE WORK

In this paper, we presented our hypothesis about
learning a new language through serious games
concentrating on writing approach. We studied related

fields respected to theory of gaming and serious games,
level of using technology and gaming with children in
Kurdistan, policy and method of teaching language in the
area. The purpose of this publication is to receive
feedbacks from readers. Also, we want to position our
work and register it as a first attempt in this field.

Our group selected Kurdish language / South Kirmanji
and Arami alphabet as a target language and children from
4 to 12 years as a target user. We designed an algorithm
and a game prototype to test our hypothesis. From our
studies, including surveys and interview, it’s obvious that
there is a big demand to adopt technology and serious
game in teaching approaches by authorities. Our survey
was very helpful in designing this first prototype. We are
aware of the difficulties of the project and found the way
we can put through to achieve our goals.

We have plans to test our algorithm and prototype by
real user, i.e. children and develop it to the final version
that support different platforms including app stores.
Likewise a web based version to collect data for test the
robustness of our algorithms. We will develop a complete
version, which will be a video game where a child go to
turn on the fire of Newroz on a mountain and has
difficulties in the way and wait him/her to solve these
problems.
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Abstract— Video on demand (VoD) service in IPTV is a
bandwidth-hungry application. It has been argued that the
distribution of popularity of videos can be well measured
using a Zipf-like distribution in which top 10 % of the videos
account for nearly 90% of requests. In this article, we
propose a neural network based method to predict the
popularity of videos in an IPTV system. The popularity
prediction can be used by service providers for video
placement in content delivery systems or hierarchical
servers and hence it can lead to bandwidth save.
Simulation-based performance evaluation of our proposed
method confirms a significant accuracy in the prediction of
the popularity of the videos.
Keywords: IPTV,Video Neural
Network.

Popularity, Artificial

I. INTRODUCTION

We are currently witnessing a paradigm shift from
push-based media broadcasting to pull-based media
streaming. Services like pay-per-view and video on
demand (VoD) are becoming more and more common
and are changing the way we look at multimedia. The
growth of multimedia applications has been explosive in
the last decade. This rapid growth is partially due to the
advances in media encoding and compression techniques
(e.g., H.264/AVC) and partially because of the enormous
improvement of networking technologies. Internet
Protocol Television (IPTV) describes a mechanism for
transporting streams of video content encapsulated in IP
packets over the network using networking protocols of
the TCP/IP protocol stack. It provides a so called “walled
garden” architecture (closed or exclusive set of services
provided for users) to guarantee necessary QoE for
subscribers [8].

IPTV is one of the fastest growing services, such that,
the number of worldwide IPTV subscribers is expected to
exceed 70 million by 2015 [1]. Commercial deployments
of IPTV services by Telcos around the world continue to
increase [2], [3], [4].

IPTV services can be divided into two broad classes:
live streaming applications and on-demand applications.
Live TV applications are delivered as the data is being
captured and encoded. In this approach, there are strict
timing requirements for the delivery of TV channels. In
contrast to the live TV streaming, in video on demand

applications, stored media files are delivered to the client
at the time when they are requested. On-demand videos
can be delivered using three techniques: download,
progressive download and streaming [8].

In VoD service, the popularity of different videos is
not equal. It has been argued that the distribution of
popularity of videos can be well measured using a Zipf-
like distribution in which top 10% of the videos account
for nearly 90% of viewers (see Fig. 1). Therefore, most of
the videos are unpopular or rarely watched. Service
providers can take advantage of this property to design
and implement a suitable caching or content delivery
systems where popular videos will be available close to
the customer while a rarely watched video may only be
available further up in the hierarchically structured
network.

Prediction of the video popularity can be
accomplished by different methods. Artificial neural
network can be a useful tool for this purpose.

Meanwhile, to increase the performance of IPTV
systems, the higher popularity items can be
recommended to users. In [5] an advanced IPTYV services
personalization model was proposed for context-aware
content recommendation by S. Song et. al. Their work
has high accuracy, because they considered context
information in their recommendation system. M. Krsti¢
et. al in [6] used context information as input of neural
network and clustered videos to like and dislike video
groups. Jun et. al, in [7] used historical information of
one week in a dataset obtained from monitoring the real
VoD system and proposed a neural network for estimate
popularity of videos. They considered equal weights for
all the days of the week.

Popularity
Top favorite
Frequently watched

Rarely watched

]
10 100 >

Rank of Videos

Fig. 1: Popularity distribution of videos
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In this paper, we try to predict the popularity of
videos in an IPTV system using a 3-layer neural network.
To some extent, our work is similar to [7]; but we use
different weights in our method and less neurons, as well.

The rest of the paper is organized as follows. In
Section II, some background information regarding
IPTV, video popularity measurement and neural
networks is presented. Section III introduces our
proposed method as well as required assumptions.
Experimental results and performance evaluation is given
in Section IV. Finally, we conclude the paper in Section
V.

II. BACKGROUND

A. IPTV

IPTV describes a mechanism for transporting TV
streams encapsulated in IP packets using networking
protocols and tries to offer more interactivity and more
control over the content. Fig. 2 depicts a typical IPTV
service network architecture which provides triple play
services (i.e., voice, video and data) via xDSL access
network. An IPTV system mainly consists of five
different parts as shown in the figure [8].

1. IPTV Head-end.:

This part of the IPTV system is responsible for
acquiring, processing, encoding, and managing video
content. Video content is typically compressed using
either MPEG-2 or MPEG-4 codec and then it is sent
using MPEG transport stream (MPEG-TS) packets which
are delivered by means of IP multicast or unicast. A
typical IP packet for transporting MPEG video contains
seven 188-byte MPEG-TS packets. The head-end
manages access to on-demand videos as well.

2. Core Network:

The core network is the central portion of an IPTV
system. It primarily provides interconnection between
several metro networks. In order to reduce latency
between the clients and the streaming servers and
therefore improve the experienced QoS, core networks
use fibre optic links. Meanwhile, multicast enabled
routers are employed to deliver TV channels and Videos
to the distribution network. Traffic engineering
techniques using MPLS can also help the subscribers to
experience a better video quality.

3. Distribution Network (Metro backbone):

The distribution network typically serves a region or a
metropolitan area. It inserts local content such as local
TV channels or commercial advertisements into the IPTV
streams and provides on-demand video services to the
clients located in its region. Typical equipment in this
part consists of the encoders for local TV channels, local
advertisement inserters and video servers to stream on-
demand video services.

o
PTV
Head-end

i s IPMPLS
Video
Souree CORE METRO
NETWORK  BACKBONE
® ®

Customer Network (5}

(4) ACCESS NETWORK

Fig 2: Structure of an IPTV System

4. Access Network:

The access network is an essential part of the IPTV
structure and acts as a border between service provider
and subscriber. It provides last mile access for IPTV
subscribers and can be based on wired technologies (e.g.,
xDSL, FTTx) or wireless technologies. In Fig. 2, an
access network based on xDSL technology is shown.

5. Customer Network:

The customer network provides TV, IP phone and
Internet services to subscribers. It connects the home
computer(s), the IPTV Set-Top Box (STB) and IP phone
device to a broadband service which is provided by the
access network via a home gateway. This network may
also support Voice over IP (VoIP) services.

Compared with other Internet services, e.g., online
surfing, gaming and VoIP, IPTV service not only
consumes higher bandwidth, but also requires a higher
degree of end-to-end Quality of Service (QoS) guarantees
throughout the delivery path. Thus, the user QoE is
sensitive to packet loss, delay and jitter. Techniques such
as Scalable Video Coding (SVC) open opportunities for
adapting streaming of IPTV channels to improve QoS.

In this paper, our focus is on the VoD service and
therefore, popularity modelling and measuring of videos
will be introduced in the following subsection in some
more detail.

B. Video Popularity Definition and Modeling

Popularity is an important factor in estimating the
request probability of an item. Identifying the video
popularity is important for traffic engineering and for
design and evaluation of media distribution systems.
Thus, it is highly desirable to have a clear understanding
of media access patterns for both media system designers
and network administrators. In VoD service, the
popularity can be measured as the number of requests
during a time interval.

In [7] the authors used the following equation to
quantify the popularity of videos in a VoD system:

req' (i), =log(req(i), +1) )]
where, i is number of item and 7 is the day. Then, the
popularity is calculated as follows:

pop(i), =10 @

Zreq'(i),/N

i=l1

(A1)
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Probability distribution of video can be modelled quite
realistically using a Zipf-like distribution with the
following formula (P; is the watching probability of ith-
ranked video):

2 3)
l

P =

where,

Q{i.la)l ,0<as<l ()

Jj=1

Here, a is the shaping parameter, Q is the scaling
parameter, which can be decided by a, and C is the
number of videos.

C. Artificial Neural Network

Neural network (NN) is a mathematical and
computational model that is inspired by the structure of
functional aspects of biological neural network [9]. A
neural network consists of an interconnected group of
artificial neurons, and processes information using a
connectionist approach to computation. Modern neural
networks are usually used as non-linear statistical data
modeling tools. They are usually used to model complex
relationships between inputs and outputs or to find
patterns in data. It widely wused in prediction
environments. At first the network is trained using data
train; then the proper weights between neurons are
calculated. After that function can be estimated.

Fig. 3 shows a typical 3-layer neural network which
consists of input layer, hidden layer and output layer.

Input layer

Hidden layer Output layer

Fig 3: Structure of neural network

III. PROPOSED METHOD

In this section, our proposed popularity prediction is
discussed. The popularity of the video is estimated based
on the historical information of it. By historical
information, we mean the total number of requests by the
users for videos in previous days. The information of the
video requests for one month time interval is derived
from the dataset and the popularities of the videos are

calculated using formula (1). It’s worth noting that all the
previous days are not equally important in calculating the
popularity for the next day. In other words, we use
different weights for each day. A 3-layer neural network
with eight inputs in the first layer according to Fig. 4 is
used for this purpose. We consider the information of 7
last days as 7 inputs of the neural network and the sum of
information of 30 days as the last input. Also, according
to what we discussed previously about the different
importance of the days, we assign different weights to
each input as follows. The weight of yesterday is 0.3 and
the weight of two days ago is 0.2, and accordingly the
value of 0.1 is considered for 3, 4 and 5 day ago, and the
value of 0.066 is assigned to 6, 7 and sum up 30 days
ago. Equation (5) depicts the input vector of neural
network.

Inp = (0.3%* pop(i), , +0.2* pop(i),_, +0.1* pop(i),_; +
0.1%* pop(i),_, +0.1* pop(i), s + 0.066 * pop(i), , +

30
0.066 * pop(i),_, +0.66 * z pop(D),_;)

Jj=1

&)

where Inp is the input vector of the neural network (with
the size of 8).

Fig. 4 illustrates the structure of NN we used. As
mentioned earlier, it has three layers. The first layer
consists of eight neurons to get historical information.
Hidden layer has three neurons and output layer has one
neuron that determines the popularity of video in the
range of [0, 1]. Activation functions in all layers are set
as Sigmoid function in (6).

fy= (6)

1+e™

Estimated popularuty
program iin day t

sum of popt1...poPtao

Fig 4: Structure of proposed neural network

We use Back Propagation (BP) training algorithm, for
training our neural network. The pseudo code of our
proposed method is given in Fig 5. At the first step,
historical information of 1 month ago is read from the
dataset and the popularity of each video is calculated in
the second step. In step 3, input vector of the neural
network is created based on popularities. Then, our
neural network is trained and output from neural network
is given. In the next step, videos sorted by descending
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order of popularity. In the last step, some hot programs
according to their rank and capacity of system are
selected.

Begin

Input logs of 1 month ago

Calculate popularity of videos (pop..1, popya, ..., pop.7)byeq. 1,2
Input to neural network (pop..., pop.a, ..., pop.s, JZol,,ap(,‘)l_J )
Training network and get output, pop of videos

Sort videos by popularity

[« NN T N R G R

Select some highest popular videos on demand

End

Fig 5: Pseudo code of proposed algorithm

IV. EXPERIMENTAL RESULTS

In this section, we present our experimental results
based on prediction of our neural network and compare it
with another NN-based predictor algorithm [7]. Another
strategy that can be used is LRU (Last Recently Used),
which considers data of only one day ago. So we
compare our method with the above two strategies.

Unfortunately, the dataset of [7] is not publicly
accessible (maybe for security reasons). Therefore, we
tried to produce a (so called) artificial dataset. As
mentioned previously, video popularity has a Zipf-like
distribution. Taking advantage of this property, we made
a dataset using equations 3, 4. Our dataset contains
100000 records of about 14000 videos which have been
requested during 1 month time interval.

To evaluate the performance of our method and in
order to compare it with other methods, we use AR
metric which is defined as follows:

AR= Number of videos that estimated correctly

Total number of videos

The number of videos is varied from 3000 to 14000
(with the step of 1000), and we train network with these
videos.

To study the performance of our method we use our
artificial dataset and compare it to other NN-based
predictor methods. The results are listed in Table 1 and
are shown in Fig. 6. The horizontal axis shows amount of
videos, and the vertical axis shows accuracy of different
methods. In this figure blue curve illustrates accuracy of
our methods, red curve illustrate accuracy of NN-based
prediction and green curve depicts accuracy of LRU
method.

It can be deducted from the results that with the
increment of number of videos the accuracy increases
and the curve related to our method remains above the
curves of the similar methods which indicated the better
performance of the proposed method. For example, when
the number of videos is 3000, the accuracy of our
approach is above 0.88. While the AR for LRU and other

NN-based method is 0.79 and 0.80, respectively.
Similarly, for the number of videos raised to 14000, the
accuracy gain is 0.94 while it is 0.85 in LRU and 0.89 in
NN-based prediction.

s Qur method — sl Similar method LRU

0.95

L 2
L J
L
L J
L
4
4

|

o
ca
w”

Accuracy

o
o

0.75

0.7

Number of videos
Fig 6: Accuracy curves of different algorithms

Table 1: Accuracy of different algorithms

3000 0.888391904 0.8072 0.7965
4000 0.902758501 0.8087 0.7968
5000 0.912988597 0.8136 0.8001
6000 0.920662067 0.8214 0.8043
7000 0.926281317 0.8247 0.809
8000 0.930832352 0.8344 0.8165
9000 0.934698103 0.8522 0.8242
10000 0.937771695 0.8578 0.833
11000 0.940524267 0.8692 0.8411
12000 0.943186921 0.8755 0.8476
13000 0.94550896 0.8812 0.8513
14000 0.94738286 0.8938 0.855

In our method, the historical information of one month
is used and the neural network we use has eight inputs,
including 7 past days and sum-up of one month ago. NN
makes decision based on this information. Since we use
more information in the network, our method has more
accuracy than others.

In LRU method, only information of the past day is
used. So our approach is better than LRU in terms of
accuracy. Also, in another NN-Based prediction, the
historical information of all the days of the last week has
same importance with equal weights. It is worth
mentioning that in the method of [7] the authors use 6
neurons in hidden layer to train the network, while we
use only 3 neurons in the hidden layer. The reduction of
hidden neurons causes shorter network training time. In
addition, since different days have different effects on
popularity of videos, assigning different weights seems
quite reasonable and leads to higher accuracy in
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popularity prediction of videos. The output of our method
is fuzzy and is in the range of [0, 1]. While the network
output of NN-based method in [7] has only two values of
0 and 1. Therefore, sorting of videos is not very useful in
that method. But in our method, since the output is in the
range of [0, 1], sorting make sense and is useful.

V. CONCLUSION

In this paper, a method to estimate the popularity of
videos in IPTV systems based on artificial neural
network was proposed. We used historical information
(last 30 days) of requested items. Popularity of videos in
every day, are calculated based on number of requests.
These popularities are considered as input vector of a 3-
layer neural network which is trained by BP algorithm.
Output of the network is the popularity estimation of the
program in the range of [0, 1]. Since all the previous days
are not equally important in calculating the popularity for
the next day, we proposed a weighted sum for the
popularity estimation in which for example, the number
of requests of yesterday is more important than of two
days ago. To evaluate the performance of our method, we
used AR metric and compared our method with LRU and
NN-based predictor. According to experimental result,
our proposed method can achieve about 0.1 more
accuracy.

As a potential future work, in addition of getting
historical information, we can get context information for
videos and requests. Also, when a real dataset is
accessible, the accuracy of the method can be tested
again. In this paper, we focused on VoD services in IPTV
systems. However, one can use this approach in live TV
services.
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Abstract— Production Planning or Master Production
Schedule (MPS) is a key interface between marketing and
manufacturing, since it links customer service directly to
efficient use of production resources. Mismanagement of the
MPS is considered as one of fundamental problem in
operation and it can potentially lead to poor customer
satisfaction. In this paper, an improved Genetic Algorithm
(IGA) is used to solving fuzzy multi-objective master
production schedule (FMOMPS). The main idea is to
integrate GA with local search operator. The FMOMPS was
applied in the Cotton and medical gauzes plant in Mosul city.
The application involves determine the gross requirements by
demand forecasting using artificial neural networks. The IGA
proved its efficiency in solving MPS problems compared with
the genetic algorithm for fuzzy and non-fuzzy model, as the
results clearly showed the ability of IGA to determine
intelligently how much, when, and where the additional
capacities (overtimes) are required such that the inventory can
be reduced without affecting customer service level.

Keywords—Master Production Schedule; Fuzzy Model;
Improved Genetic Algorithm; Multi-Objective
Optimization.

I. INTRODUCTION

Production planning at tactical level, also known as
Master Production Scheduling (MPS), is a philosophy
being used for many years and by many industries. One
of the difficulties involved in creating tactical production
plans is the fact that demand varies over time according
to innumerous unexpected reasons.

However, industry resources are limited and a perfect
demand forecast is impossible. These things make it very
hard for the production planner. One can suggest
expanding capacity during high demand periods, but this
takes time and requires investment, and besides, at times
of low demand, the company will have even more idle
capacity.

A production planning system must find a good,
perhaps optimal, plan to maximize service levels and, at
the same time, minimize inventory levels and resource
utilization in face of these difficulties. However, these are
conflicting objectives and a tradeoff to reach acceptable
values must be made. With this in mind, several
techniques have been proposed to perform optimization
on production planning problems based on, for instance,

linear and non-linear programming, dynamic-lot sizing
and meta-heuristics [5].

In general, master scheduling problems are NP-hard
problems, that is, unlikely there is no an algorithm that
can find an optimal MPS solution in polynomial time. In
practical, this means that the processing time required to
solve such problem will quickly and enormously grow as
the problem size grows. For this reason, truly optimal
solution is quite difficult to be found. Therefore, meta-
heuristic or evolutionary algorithms such as genetic
algorithm, simulated annealing, tabu search, etc. are also
employed to obtain optimum solution [12.]

In this paper, an improved Genetic Algorithm (IGA)
is used to solving fuzzy multi-objective master
production schedule (FMOMPS). The main idea is to
integrate GA with local search operator. The purpose of
this paper is to apply the FMOMPS in the Cotton and
medical gauzes plant. The application involves determine
the gross requirements by demand forecasting using
artificial neural networks.

The paper is organized as follows: Section 2 present a
brief revision of master production scheduling and
genetic algorithms. The improved algorithm to solve
FMOMPS problems has been proffered in Section 3. The
Comparison between IGA and GA is given on Section 4.
In Section 5, a FMOMPS has been created for
the Cotton and medical gauzes plant. The conclusion of
this study has been presented in Section 6.

I1. ABIT FROM PRODUCTION PLANNING
OPTIMIZATION AND GENETIC ALGORITHMS

This section explains some of the fundamental
concepts behind production planning, in particular,
master production scheduling and genetic algorithms.

2.1 Master production scheduling: Basics

According to the American Production and Inventory
Control Society (APICS), a master production plan is a
declaration of what the company expects to manufacture,
which become a series of planning decisions that drives
the material requirements planning (MRP) system. It
represents what the company intends to produce
expressed in configuration, quantities and specific dates.
The master plan is not a sales forecast, which represents a
demand declaration. It should take into consideration the
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demand, pending orders, material availability, projected
ending inventory levels, capacity availability, managerial
policies and goals, among others. The master plan is the
result of the master production scheduling [7].

MPS problems usually involve conflicting
objectives, like minimizing inventory and set-up times,
and maximizing service levels. Because of all this, use of
heuristics and meta-heuristics are suggested for the
resolution of these types of problems. Several artificial
intelligence metaheuristics have been applied to
optimization, among them, genetic algorithms, taboo
search, ant colony, beam search and simulated
annealing [12].

Wu et al. (2002) [19] built a mathematical model of
MPS and developed a genetic algorithm incorporating
several techniques to satisfy constraints for making an
optimized MPS of production lines with both assembly
and processing. Vieira & Ribas (2004) [5] applied
simulated annealing to solve production planning
problem, more specially, master production schedule.
Soares & Vieira (2008) [12] introduced new genetic
algorithm structure for solving MPS problem. This study
formulates the fitness function, which aims to minimize
inventory level, maximize service level, minimize
overtime and minimize inventory level below safety
stock.

2.1.1 Mathematical Model of FMOMPS

The master production schedule problem can be
mathematically modeled as a mixed integer program as
follows [12]:

K Total quantity of different products

R Total quantity of different productive resources

P Total number of planning periods

TH Total planning horizon

O'H; Initial available inventory (on-hand), at the first
scheduling period

GRyn Gross requirement for product k at period ¢
BSip Standard lot size for product & at period p
NRyy Net requirement for product k at period p,

considering infinity capacity
55 Safety inventory level for product k at period g
URy.  Production rate for product k at resource * (units
per hour)
AC, Available capacity, in hours, at resource p at

period p

Decision variable for the MPS are:

ENypy Quantity of standard lot sizes needed for the
production of the product k at  resource *, at
period g (number of lots)

MP5yp, Total quantity to be manufactured of the

product & at resource T, at period ¥

MP5T,, Total quantity to be manufactured of the
product & at period P (considering all available
resources)

El Initial inventory level of the product k at period

kp
P

CUH,, Capacity used from the resource * at period p
CUR,
number of hours consumed from the resource * at
period p, and the available number of hours to the same

resource and period

Percent rate obtained from the relation of the

GRyy Gross requirement for product k at period ¥
RNM,, Requirements not met for product k at period p
SL;l._ﬂ Service level, relation of the requirement met,

and the gross requirements for product k at
period

According to Supriyanto (2011) [16], the equivalent
crisp model for fuzzy multi-objective MPS can be
expressed as following.

max wy Mg () 4+ wops () + wau . (x) +
Wallzg

st

i_
.'I"le{x:l = m

Ii-Z7
Zr — Z,(x)
zi_zt
I 7,(x)
Zr—zP
I} —Z,(x)
upela) =1 & Ta

Mgz () =

gax) =

@
Zlx) — 2}
haa) £ 1=
CUH,p, — ACyp < OLpg,

Wy + Wy + Wy +1-1-'_1 =1

ug e [01]:i= 1234

Xp = 0 and integer (1)
Where
M Eh_ EL
I,(x) = Theltm=l TR (2)
Erf:lfg =1Hﬁrﬂf;m
L) == 3)
5 ¥ X_ B35, ;
a(x) = . TH 4
Z@) =) ) 0C, )
r=1p=1
OH, ifp =1)
Bl = I ) 6
P By if(p > 1) (©)
Ely, = max [0, (MPST,,, +Bli;) - GRy, )] ™)
MPST,, = Z MPSy, (8)
r=1
MP5ypy = BNy * B3y (%)

RNMyp = max [0,(GRyy — (MPSTyy, +Blp))]  (10)
BSSyy, = max[0, (S5, — Ely, )] (11)
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K
(MPS,,,)
CUH,, = Z T:” (12)
k=1
0C,, = max[0, (CUH,, — AC,,)] 13

Where w; denotes the weighting coefficients that
show the relative importance among the fuzzy objectives;
x: The MPS solution is obtained by solving the above
crisp model; ZPand Z}: the value of the objective
function such that the degree of membership function is O
or 1 respectively; a and b: the limit of the admissible

violation of overtime objective, 0Ly, Allowed
maximum overtime.

2.2 Genetic Algorithms

Genetic algorithms (GAs) are a family of

computational models developed by Holland [9], which
is based on the principles of natural biological evolution.
For a specific problem, GA codes a solution candidate as
an individual chromosome. The approach begins with an
initial chromosome population which represents the set of
initial search points in the solution space of the problem.
Then the genetic operators such as selection, crossover
and mutation are applied to obtain a new generation of
chromosomes. Since the operators are under the principle
of “survival of the fittest, extinction of the unfitness”, it is
expected that over all the quality the chromosomes will
be improved with the generation increasing. This process
is executed iteratively until the termination criterion is
met, and the best chromosome of the last generation is
reported as the final solution [2].

Execution steps in a genetic algorithm approach can
be generically represented by the flowchart in Figure 1.
Starting from the use of any, preferably good, heuristic,
an initial population of individuals is created. A fitness
function measures how good (fit) a solution (individual)
is. The process simulating the natural selection starts as
each individual has its fitness factor calculated. At this
phase, individuals with low fitness are extinct and
replaced by individuals with higher fitness, so that the
population always remains with the same size.

Next step consists of a mating among individuals. It is
important to highlight that individuals with higher fitness
will have greater chances for being selected for the
crossover; consequently, there will be a tendency to
propagate their genes for the next generations [2].

[II. IMPROVED GENETIC ALGORITHM TO SOLVE
FMOMPS PROBLEMS

In this section, combines Genetic Algorithm with
local search operator to present an improved genetic
algorithm (IGA). The pseudo-code of the IGA is
presented in follow:

Step 1: Initializing parameters of IGA
algorithm and set Nd=0;

Step 2:

2.1: Define the parameters of FMOMPS
problem;

2.2: Generate initial population;

2.3: Evaluate the fitness value of the
initial population;

Step 3: Decade loop Nd=Nd+1

Step 4:

4.1: Selection;

4.2: Crossover;

4.3: Mutation;

4.4 Apply local search operator;

4.5 Evaluate the fitness value of each

chromosome;

Step 5: Terminating Criterion Control;

Repeat Steps 3-5 until a terminating
criterion is satisfied;

A. Input Information

For the fuzzy multi-objective master scheduling
optimization, the software implemented takes into
consideration as much parameters as possible found in
actual industrial environments:

e agpiration level for every objective function

e number and description of products;

e number and description of productive resources
(production lines, workstations, machines);

e number and description of time periods and
duration for each period (periods with different
durations are allowed);

e initial (on-hand) inventories: product quantities
in the beginning of the planning horizon;

e  gross requirements: needed quantity per product
per period, estimated from forecasting and
customers orders;

e batch sizes: production standard lot sizes per
product per period;

e safety inventory level per product per period;

e production rate: the quantity a resource can
manufacture of a product per time unit;

e setup time per product, non-depended on
operation sequence; and

e available capacity per resource per period;

Initialize Population

Select individuals for
mating

Mate individuals
to produce offspring

Insert offspring into
population

Are stopping
criteria satisfied 7

Finish

Fig. 2. Genetic algorithm flowchart
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B. Chromosome Representation

The data structure created to represent an individual
(an MPS) is composed of several levels of smaller
structures (objects), most of them as singly linked lists
(Figure 2).

The lowest level structure is the gene, which
represents a product quantity to be manufactured. Going
up in the hierarchy, the next level is a chromosome, an
object containing a list of genes. This represents the
quantities of a product that can be manufactured by one
of the resources. A list of chromosomes is used to model
all the products considered in a certain period. Therefore,
a time period object is represented by a list of
chromosomes. An individual is a list of periods and, in
the highest level, the population is represented by a list of
individuals.

This data structure allows for a complete freedom
regardless of the problem size to be modeled. An
individual can grow and adapt its genetic structure
according to the MPS considered. The size-limiting
factor will depend only on the computer power (memory
and speed). This representation, however, can demand

Population
Individnal - MPS Tahle
List of Cromossomes - Period
Product 1| Cromessome [ List of Genes)
| Res. 1 |—P| Fes. 2 |—D| Fes. 3 l—*
¥ ¥ ¥ T
Craamtity Chiantity Chiantity|
Fene Gene Gene
Hext Period
Product 2 Cromossome (List of Genes )
| Fes 1 |—P| Fas 2 |—D| Fas 3 l—*
¥ ¥ v -
|Qu.ant1ty | |Quantity | | Chiantity
Jene Gene Gene
Hext
Individial

Fig. 2. Chromosome representation

longer processing time.

C. The fitness function

The goal of equation 1 is to maximize the weighted
additive of membership function of objectives. Assuming
DM’s preference (w;=w,= w;= w,=0.25), the fitness
function for IGA may be written as below.
function z=f{x)
dhgy () = e
paa () = e
paz () = e
pag ) = e
glx) = v
z=(0.251154 (%) +0.25 pizo (%) +0.25 plon(x) + 02505, (x) )+
glx);
end

D. Initial Population Creation Function

The size of the population (number of countries) and
the way the initial population is created have a significant
influence in the performance of the algorithm and to the
quality of the results. The ideal situation would be to
have the greatest possible diversity of countries to better
through the search space. The pseudo code of population
creation function for multi resources, multi products and
multi periods may be written as follows:

for k=1:K
for r=1:R
if UR(k,r)* 0
for p=1:P

IP=randi ([0, round (GR(k,p)/BS(k,p))]1,nPop,1
)
IP=IP*BS (k,p);

Pop=[Pop IP];
IP=[];
end
else
for p=1:P

IP=zeros (nbPop,1);
Pop=[Pop IP];
IP=[];
end
end
end
end
Where randi([imin,imax],m,n) returns m-by-n
matrix containing integer values drawn from the discrete
uniform distribution on the interval (imin,imax) [10].
This heuristic approach fills up the most possible
diversity, with values always respecting the standard lot
size restriction. Consider a hypothetical situation where
the gross requirement for a given product at a certain
time period (time bucket) is 3,000 units, the standard lot
size is 500 units, and there are four possible productive
resources available to make the product, the genes for the
first country in the population in the first period would be
“{0;500;1,000;1500}” second country would have
“£2,000; 3,000; 2,500; 500}”, and so on, sequentially for
all individuals in the population.
In the initial population, we generate Ny, of the
chromosomes then calculate the fitness function to each
of them.

E. Genetic Operators

Inspired by GA, genetic operators of selection,
crossover, and mutation are exerted on individuals to
diversify population of chromosomes.

1) Roulette wheel selection Operator: In this method, it
states that the probability for an individual to be selected
is equal to its fitness value normalized with respect to the
total fitness of the population. This method takes
advantage of individuals that make large jumps in
improvement by giving them a much greater chance of
reproducing. In other words, roulette decides which
individuals will do crossover, and therefore, generate
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siblings, which will carry their genetic information
forward.

2) Single-point crossover Operator: In single-point
crossover one crossover position (k) is selected uniformly
at random in the interval [1,2, . . . ,Nyzr — 1], and the
variables exchanged between the colonies about this
point, then two new colonies are produced.

By the operation of crossover, better genetic
scheme in a chromosome is inherited from the current
generation to the next generation at the predetermined
crossover probability (p;). When two parent
chromosomes are located at local optimums, crossover
operation provides child country chance of jumping from
local optimum. In this algorithm when crossover between
two colonies make bad results , we back to the old
colonies before crossover.

3) Mutation Operator: In each iteration we select some
genes of the weakest chromosomes and replace them
with new ones, randomly. The Mutation operator can be
modeled as:

wnifrnd (VarM in(k), VarM ax (k) ) )
— J « BS (17)

Where Pop(j.k) represent gene(k) in chromosome
(§), VarMin(k) and VarMax(k} represent lower and
upper bound for gene (k) respectively, and
uni frnd (A, B) returns a random number generated from
the continuous uniform distributions with lower and
upper endpoints specified by A and B, respectively [10].
The chromosomes are selected at the predetermined
mutation probability (fy).In this algorithm when
mutation make bad colony, we back to the old
chromosome before mutation.

Popij.k) = round (

F. Apply Local Search Operator

In the evolutionary progress of (IGA), population
diversity may be lost and premature convergence always
happens. Local Search is very useful in situations
requiring the restoration of population diversity. Include
adding or subtracting one production batch size to a
specific variable in the chromosome. The local search
operator can be modeled as:

MPS;,, = MPS; + BS;,, (18)
Where MP5;_, represent master production schedule
after modification, MP5; is master production schedule
before modification, BS5;,, is Standard lot size for
product k at resource r at period p.

G. Evaluation

The final step concerns the evaluation of the fitness
for the new individuals created.

H. Stopping Criteria

Different conditions may be selected as termination
criteria including reaching a maximum number of
iterations or having negligible improvement in objective
functions.

IV. CREATE FMOMPS FOR COTTON AND MEDICAL
GAUZES PLANT

In this section, we create a fuzzy master production
schedule to Cotton and medical gauzes plant. The plant
was established in 2008, and currently provides a wide
range of products, including different sizes of medical
cotton and different types of gauzes.

A. Determine Input Parameters of MPS

Table 1 shows the details of MPS parameters required to
create MPS problem of towels plant.

TABLE 1. THE INPUT PARAMETERS OF MPS

Paramet Value
ers

K 4 (C500,C400,C100,C50)

R 6 (S1,52,83,54,S5,56)

P 4 weeks (1* contain day off)
BSyy 12 unit for all products and all periods
URp Table 2.

OH; (600, 480, 360, 360)

55, 120 unit for all products and all periods
AC, 40 hours/period for each resource
OLmoy 25 hours/period for each resource

B. Determine Gross Requirements

During the process of formulate MPS, as the most
important input, gross requirements (demand) forecast
has play great role in the final formation of MPS. BP
neural network model has strong fault-tolerant
performance, learning performance, self-adaptive
performance and non-linearity map ability, and it is
adaptive to solve some problems like non-determinacy
inference of complex causal relation, judgment,
recognition, classification and so on [1] .So try to use BP
network algorithm in the MPS gross requirements
forecast model.

TABLE 2. THE PRODUCTION RATES (UNIT/HOUR)

S1 S2 S3 S4 | S5 S6

C500 | 20 | 20 20 20 20 20

C400 | 25 | 25 25 25 25 25

C100 | 100 | 100 | 100 100 | 100 | 100

C50 | 180 | 180 | 180 180 | 180 | 180

We used the weekly demand data for each product.
The sample data covered the time period from 31 January
2009 to 31 December 2013 and contains a total of 202
observations. The data were divided into training,
validation and testing set for conducting the experiment
in order to determine the best neural network structure.

In general, a three layer feed forward neural
network model has been used for this study. The logistic
and identity function have been used as activation
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function for the hidden nodes and output node 1000 — Z(x)

respectively. Since multi-step ahead forecasting will be Bz () = as0

done using iterative procedure, only one output node is pl) <1 — 3 —Z,4(x)

employed. Hence, the model uncertainty is associated — ©%4* —=

only with the number of input nodes (p) which is the Zy(x)—3

number of lagged observations in this case and number of uzala) =1~ 4

hidden layer nodes (g). The number of input nodes and
hidden nodes were determined with the help of Monte
Carlo simulation. We varied the number of input units
from 1 to 12 as it plays a significant role in mapping the
autocorrelation structure. The number of hidden units
varied from 2 to 12.

By using Pletarion Synapse Neural Networks
development environment, we find the best structure and
gross requirements for each product as seen in table 3.

TABLE 3. THE BEST ANN STRUCTURES AND GROSS REQUIREMENTS

Weeks
Prod. Str. IE > 3 o
C500 79,1 3856 5780 4980 5322
C400 6,7,1 2167 1978 2377 2578
C100 54,1 381 369 425 289

C50 9,8,1 468 521 584 596

C. Create Fuzzy Model

For evaluation, the model FMOMPS will be
applied. First of all, the lower and upper bound of
aspiration level for all objectives must be defined. The
values of Zfand Z} are presented in Table 4. It is
important to note that the aspiration level must be
reasonable values to avoid infeasible solution. The
admissible violation parameters for overtime objective

(a and b) are set as 5 and 4 hours respectively.

TABLE 4. THE LOWER AND UPPER BOUND OF ASPIRATION LEVEL

Objective z? z}
Ending Inventory £, 240 3200
Requirement not met Z 0 800
Inventory below safety stock &4 50 1000
Overtime Z 0 3

Having substituted the parameter values into
Equation 1, the fuzzy multi-objective model for the MPS
problem is obtained as follows:

max 0.25u,, () +0.25u,,0x) + 025, (x) +
0.25 u 5, (x)

st

."-"zi{-r:] = 0
800 — Z,(x)

() = —

3200 — Z, (x)

CUHyp —AC, £5
bz € [01]:i=1,2,3,4
Tgp=0ik=1.2r=1.4p=1.6 (20

D. Fuzzy Solution

Solving the above crisp single objective using HPSO
algorithm, the degree satisfaction and achievement level
of objectives for the optimum solution are obtained as
follows.

pz () = 071, 1 () = 0.74, 1,2 () = 0.84, p,,(x) = 0.7
Z,=1093,Z, = 205.5,2, =196 ,Z, = 1.8

The best MPS solution is presented in Table 5.
The value “zero” indicate that there are no products to be
manufactured in the related resource and at the
corresponding time period.

TABLE 5. THE BEST MPS SOLUTION FOUND

Week
Res. ™ 2 31 4™
S1 624 540 | 552 | 684
S2 492 744 | 588 | 384
S3 432 732 | 516 | 684
C500 S4 564 408 384 | 624
S5 612 276 | 504 | 792
S6 696 540 | 588 | 564
Total 3420 | 3240 | 3132 | 3732
S1 204 312 | 264 | 120
S2 348 60 264 | 504
S3 432 60 348 | 120
C400 S4 264 456 | 504 | 204
S5 228 636 | 360 0
S6 108 300 | 240 | 276
Total 1584 | 1824 | 1980 | 1224
S1 60 60 108 0
S2 72 36 0 72
S3 96 0 0 60
C100 S4 0 72 84 60
S5 0 12 36 0
S6 24 108 132 12
Total 252 288 360 | 204
S1 12 0 144 | 180
S2 144 48 24 0
S3 36 180 60 72
C50 S4 228 120 0 48
S5 48 120 24 72
S6 120 0 12 120
Total 588 468 264 | 492
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V. COMPARISON BETWEEN IGA AND GA

Soares et al. (2008) [12] and Supriyanto (2011) [16]
solved the same MPS problem using genetic algorithm.
To provide benchmarking, the result of Soares’s study
will be cited here as non-fuzzy solution, and the result of
Supriyanto’s study will be cited as fuzzy solution.

The parameter settings of IGA algorithm are

described as follow: g, is equal to 0.9, g, is 0.7, the size
of population is equal to 500 and the maximum number
of iterations is equal to 1000 generations.

As a final result, the comparison of performance
measures between IGA and GA for fuzzy model and non-
fuzzy model for the given production scenario is
presented by Table 6.

TABLE 6. THE COMPARISON BETWEEN HPSO AND GA

gl Solution EIl RNM ESS | OC

Fuzzy 4943 842 821 3
N 4.3
A | NonFuzzy | 52285 | 985.7 585.7 3
I Fuzzy 4785.7 | 833.85 450 0
(A} Non Fuzzy | 48285 | 942.8 5285 |23

The non-fuzzy solution of GA yields high levels of
all objectives while the non-fuzzy solution of HPSO
yields lower inventory level, lower requirement not met,
lower inventory below safety stock and lower overtime.

The Fuzzy solution of GA yields highest levels of all
objectives compared with fuzzy solution of HPSO. It
seems that the GA may be not able to assigned properly
overtime (“where and when” question is not addressed
accurately). Theoretically, overtime should be able to
reduce inventory level if it is placed on appropriate
resource and right time. In contrary, the HPSO can
effectively address when the additional capacity must be
substituted, how much it is required and at which
resource should be added.

VI. CONCLUSIONS

This paper proposes an improved genetic algorithm
which integrates GA with local search operator for
solving fuzzy production planning, in particular, fuzzy
multi-objective MPS problems and its performance is
evaluated by create FMOMPS for Cotton and medical
gauzes plant. The IGA can solve efficiently the crisp
single objective model equivalent to the FMOMPS. It has
ability to determine intelligently how much, when, and
where the additional capacities (overtimes) are required
such that the inventory can be reduced without affecting
customer service level. The comparison results show the
efficiency and capabilities of the improved algorithm in
finding the optimum. Its performance has shown to be

better than GA. The performance achieved is quite
satisfactory and promising for solving fuzzy and non-
fuzzy models of MPS.
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Abstract— The Bed Allocation Problem (BAP) is NP-
complete and always high dimensional. In this paper, a bi-
objective decision aiding model based on queuing theory is
introduced for allocation of beds in a hospital. The problem is
modeled as an M/PH/n queue. The objectives include
maximizing the patient admission rate human resources, in
particular, maximization of the nursing work hours. The
proposed model is solved by using Non-dominated Sorting
Genetic Algorithm-11 (NSGA-II), which is a very effective
algorithm for solving multi-objective optimization problems
and finding optimal Pareto front. The paper describes an
application of the model, dealing with a public hospital in
Iraq. The results related that multi-objective model was
presented suitable framework for bed allocation and optimum
use.

Keywords—Bed Allocation Problem; Non-Dominated
Sorting; Genetic Algorithm; Multi-Objective Optimization.

I. INTRODUCTION

Busy hospital systems constantly provide new
challenges to their managers and decision-makers due to
high demands for service, high costs, limited budget and
healthcare resources. As a result, decision-makers are
continuously studying efficacy and efficiency of existing
hospital systems and must be able to evaluate the outcomes
of any changes they make to these systems [6]. Hospitals
today are faced with several pressures such as increasing
equipment costs, a shortage of qualified healthcare
professionals and limited hospital facilities [7]. Bed shortage
or improper bed distribution can be increase waiting times,
patient displacement and distrust of bed management [§].
Hospital bed capacity planning accuracy is important to
satisfy patients’ needs, organize departments and improve
the quality and amount of service provided.

In general, bed allocation problem concerns the
permanent number of beds assigned to the different
medical and surgical specialties in a hospital. An
appropriate bed allocation is important for cost-efficiency
of hospitals. Too few beds assigned to a specialty may
lead to customer assignments to units with inappropriate
equipment and inadequate staff training. This, in turn,
would likely result in lower quality of care. Further, too
many beds increases costs through an underutilization of
resources [5].

Several studies in the literature focus on the problem
of bed allocation across different departments, medical
specialties, or types of patients in a hospital. Esogbue and
Singh [1], for example, develop a mathematical model
useful in devising an admission policy in a ward for
different types of patients and in which the objective
function is made up of shortage and holding costs. Kao
and Tung [5] present an approach for periodically
reallocating beds to services to minimize the expected
overflows. Their demand forecasting system uses an
M/G/>>  queuing model to approximate the patient
population dynamics for each service. Their study
emphasizes that forecasts should form the basis for
analysis and accepts approximation by queuing models
for the sake of procedural simplicity. Lapierre et al. [18]
consider the problem of allocating a number of beds to
different medical and surgical specialties in a hospital,
taking into account that the scheduling of medical
procedures varies over a week and that the demand for
various medical services shows seasonality. A time series
model is developed by using hourly census data to make
good decisions regarding the size of each unit. Similarly,
to determine the frequency distribution associated with a
hospital care units census, Cote [16] present an analytic
approach based on a modified version of the Holt-
Winters multiplicative seasonality forecasting model.

Very few studies, however, consider the bed
allocation problem as a multi-objective problem. Kim et
al. [17] demonstrate with a validated computer-
simulation model that: there is no single dominant
solution to the bed-allocation problem, thus indicating the
multi-objective nature of the problem. Oddoye et al. [12]
detail a GP model to analyze the performance of a
Medical Assessment Unit (MAU) and find solutions for
bed allocation for patients with minimum delay.
However, due to the deterministic nature of the model
built, it is difficult to investigate the systems performance
for optimal work flow. Hence, Oddoye et al. [11] present
a simulation model which consider the factors in length
of stay, number of beds, nurses and doctors in the MAU.
Thereafter a GP model is applied to perform trade-off
analysis, using the results from the simulation model. The
hourly allocation schemes of resources can be deployed
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within the MAU to help minimizing delays and increase
the flow of patients.

In recent years, the bed allocation problem (BAP) has
received increasing attentions. Kinds of mathematical
models for BAP were built in the literature, among which
the uses of queuing theory are very common. In [7] and
[8], the model of M/PH/n queues was proposed, where M
denotes patient arrival subject to Poisson distribution
(Markov arrivals), PH denotes patient lengths of stay
(LoS) subject to Phase-type distribution, and n is the
number of beds.

This paper introduces a bi-objective decision aiding
model based on queuing theory for allocation of beds in a
general hospital. It is assumed that the number of beds
affects the performance of a department in terms of (1)
the acceptance probability when a new patient arrives and
(2) the nursing work hours.

The paper is organized as follows: Section 2 present
the proposed model of bed allocation problem. The multi-
objective genetic algorithm NSGAII to solve BAP has
been proffered in Section 3. The results and discussion
are given on Section 4. The conclusion of this study has
been presented in Section 5.

II. THE PROPSED MODEL OF BAP

In this study, important objectives and constraints of
beds allocation are identified through the review of literature
and interview with experts. The model contains two
objective functions and three constraints. The sets of
objectives and constraints are given below.

According to Gorunescu et al. [7], the model of BAP
is defined as a M/PH/n queue. Suppose that the hospital has
n beds and D departments. For each department i, i=1 ,2, ...
,D, the number of beds is #;, the Poisson arrival rate is 4,
and the mean of length of stay which is calculated by the
Phase-type distribution is 4;, We deduce that the mean
number of arrivals during a length of stay is A;u; Thus,
according to Erlang's loss formula, the probability F that
some arrivals are lost because all #; beds are occupied can
be given by Equation (l)r-'

B = [Q)/nl)/ ). [Gay/i) ()

Where j is defined as the number of phases of the
service time. Therefore, we deduce the admission rate of
patient in department i as
Pa;=1-F @

The total nursing hours in department i, can be
represented by Equation (3):

F‘?‘l[= tS[X i {3:]

Where ts; is nursing hours for each bed in department
i. The model constraint set (4)—(6) is shown below. The
constraint (4) make sure that the total number of beds (N) is
equal to the sum of beds in each department. The second
constraint makes sure that the total nursing hours between H
and L, where H is maximum hour of nursing with most
overtime and L is minimum hour of nursing with the Least
overtime. The last constraint makes sure that there is no
department without beds.

(¥) ddall/ Al dunelild) daley Aome )
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n;=0,i=12...D (6]

III. MULTIOBJECTIVE GENETIC ALGORITM FOR BAP

Multi-objective optimization is a research topic
attracting much attention because many optimization
problems involve multiple and conflicting objectives and
a compromise may have to be made among these
objectives. The most important concept in multi-
objective optimization is Pareto optimality. A solution is
Pareto optimal if it is not dominated by any other solution
in terms of all objectives considered [2]. Since a number
of solutions may be Pareto optimal, the task of multi-
objective optimization is to find as many as possible such
non dominated solutions, and this task is quite complex.
In this section, a simulation-based multi-objective
optimization method that combines simulation evaluation
of performance and meta-heuristic search with multi-
objective genetic algorithms called NSGA-II is adapted
for the optimization of bed allocation. We use a multi-
objective optimization method because there are more
than one objective in bed allocation optimization
especially patient admission rate and human resources.

GA is a search technique based on the mechanism of
natural selection and reproduction introduced by Holland
and is used to search large, non-linear solution spaces
where expert knowledge is lacking or difficult to encode
and where traditional optimization techniques fall short.
It starts with an initial set of randomly generated
solutions called population and each individual in the
population is called chromosome that is representing a
solution. Each chromosome is composed of a set of
elements called genes. At each iteration (generation) of
GA, all newly generated chromosomes are evaluated
using a fitness function to determine their qualities. High
quality chromosomes are selected to produce offspring
chromosomes through genetic operators, namely,
crossover and mutation. After a number of generations,
the GA converges to a chromosome which is very likely
to be an optimal solution or a solution close to the
optimum [3].

3.1 NSGA II Principle

NSGA-II computes successive generations of a
population of solutions belonging to non-dominated
fronts. The non-dominated set is identified and
constitutes the non-dominated front of level 1 or front 1.
In order to find the individuals in the next non-dominated
front, the solutions of front 1 are discounted temporarily
and the above procedure is repeated. This process
continues until all fronts are identified. In order to
maintain diversity in the population, the crowding-
distance is used. The overall structure of the NSGAII is
specified by Algorithm 1 [13].

Algorithm 1: NSGAII overall structure
Create the initial population P of size n
Evaluate the n solutions using simulation
Sort P by non domination
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Compute the crowding distance of each solution _ ZD .
while Stopping Criterion do = LM x Fm; (10)

Create and add = children to P (using genetic operators:
selection, crossover and mutation of two parents)
Sort P by non domination
Compute the crowding distance of each solution
newP =@
i=1
while [newF | + |front(i}] = ndo
Add front(i) to newP
i=i+1
end while
missing =n — |newP |
if missing # 0 then
Sort the solutions by descending order of the crowding

distance

for j =1 to missing do

Add the jth solution of front(i) to newP

end for

P = newP

end if
end while

3.2 GA Components for Bi-objective Bed Allocation

In this study, the BAP has two objectives, namely
patient admission rate and nursing hours, to optimize.
Basic operations that characterize our adapted NSGA-II
are explained as follows.

A. Encoding

For BAP, only one parameter is involved which
represent the number of beds #; in each department i. For
a BAP with D departments, each chromosome is encoded
as [nl,...,n,...,npl

B. Initial Population

The NSGA-II starts the search by generating a
population of candidate solutions. In our implementation,
this population is randomly generated according to the
uniform distributions. First of all, we generate a random
value (Ri) for each department i from uniform
distribution U[0,1]. Then calculating the number of beds
in each department by using equations (7) and (8)
respectively.

o
n; = round ([R[;’Z. Rj-] xﬁf),:' =1,2,...D -1 (7
j=1

o-1
n[=N—Z: mai=D ()
=

C. Chromosomes Evaluation

The admission rate of patient and the nursing hours
are optimized simultaneously. The objective functions are
defined as

ril
K= E w; X Pa; )
i=1

Where Fa; and Fn; are the admission rate and bed
occupancy in department i according to (2) and (3); w; is
the proportion of patients in department i according to the
statistical data in the hospital. In our study, each
chromosome is evaluated through simulation. The
simulation is controlled by two control parameters: the
number of chromosomes and the number of iterations.

D. Selection

Selection is a process in which chromosomes are
chosen according to their fitness function value or their
rank value. In this study, the tournament parent selection
is used. Tournament selection is one of selection methods
in genetic algorithms which runs a fournament among a
few individuals chosen randomly from the population and
selects the winner (the one with the best fitness) for
crossover. The tournament size used in our computational
experiments is 2.

E. Crossover and Mutation

The crossover produces new offspring chromosomes
from parent individuals. Two new chromosomes are
created by exchanging some genes of two parent
chromosomes. We use in our implementation the single-
point crossover. This kind of

crossover creates a pair of offspring by exchanging parts
of the parents after a randomly chosen crossover point.
The mutation includes adding and subtracting one bed to
different random genes in the chromosome. The function
of mutation is to maintain the diversity of the population
in order to prevent too fast convergence of the algorithm.

F. Crowding Distance Calculation

As the overall population size of P is 2n, we cannot
accommodate all fronts in the new parent population
(newP) of size n. The non accommodated fronts are
simply deleted. When the last allowed front is
considered, there may exist more solutions in the last
front than the remaining slots in the new population. In
order to avoid arbitrarily choosing individuals, we choose
the individuals that can assure diversity between the
considered ones; that is what we call a niching strategy.
For this reason, we calculate the crowding distance
measuring the Euclidean distance between the
neighboring individuals in each front (Fig. 1). The
Algorithm 2 describes the crowding distance procedure
[13].

Algorithm 2: Crowding distance calculation
Let £ the number of solutions

for each solution i do

Initialize the distance to O

for each objective m do

Sort the solutions according to the objective
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d; = 0.d; =

fori= 2to({ — 1} do

di =d; + (fi** — fLmt)/(fax — g
end for

end for

end for

Where f. is the value of the objective function m of
the ith solution. Thereafter, those strings with largest
crowding distance values are chosen to become the new
parent population. Once the non-dominated sorting is
over, the new parent population, newPF, is created by
choosing solutions of different non-dominated fronts.

2y

Fig. 1. Crowding distance

G. Stopping Conditions

There are no universal stopping conditions accepted
for multi-objective genetic algorithms. In this study, we
simply stop our algorithm after a given number of
iterations (Ng).

IV. RESULTS AND DISSCUSIONS

In this section, a real life bed allocation problem is
presented. For confidential reason, the name of the
hospital concerned is not mentioned. The hospital has 7
departments and 202 beds. The maximum and minimum
hour of nursing with overtime are 200 hour and 150 hour
respectively. The Poisson arrival rate, the mean of length of
stay and nursing hours for each bed are shown in Table I.
The parameters for NSGA-II after many experiments were a
crossover probability (p.) equal to 0.8; a mutation
probability (p,) equal to 0.3; the number of iterations
N,=500; the number of population is 80.

TABLE I. ARRIVAL RATE, THE MEAN OF LOS AND
NURSING HOURS FOR EACH BED

1 Department A i ts;

(h)
1 General Surgery 1 18.115 | 10.3462 | 1.2
2 General Surgery 2 18.192 | 10.3846 | 1.15
3 General Surgery 3 18.538 | 12.156 | 1.25
4 Urology Surgery 19.153 | 9.8077 | 0.65
5 Fascia Surgery 4461 | 2.1923 | 0.9
6 Orthopedics 7.961 | 3.5385 | 0.55
7 ENT 18 11.1538 | 0.6

As the population size is set as 80, 80 solutions are
generated by the NSGALII for the hospital manager to select.
Due to limitations of the paper length, the results are
presented here only for the one-boundary solutions. We
compare our solution with the previous allocation decision
of their hospital. As shown in Table II, n is the number of
beds allocated for each department, Fa is the admission rate,
and Fn is the nursing hours. Moreover, Fig. 2 shows the
changes in performance of the patient admission rate in each
department, while Fig. 3 shows the changes in performance
of the nursing hours in each department. The advantages of
the allocation decision generated by NSGAII are
summarized as follows.

TABLE II. COMPARISON BETWEEN THE NEW AND
PREVIOUS ALLOCATION DECISIONS

Dept. Previous New

N Pa Fn n Pa Fn

1 32 | 66.34% | 38.40 40 80.6 | 48.00
8%

2 32 | 64.36% | 36.80 40 78.5 | 46.00
7%

3 32 | 54.80% | 40.00 34 58.0 | 42.50
8%

4 32 | 64.68% | 20.80 34 684 | 22.10
0%

5 10 | 99.98% | 9.00 7 99.1 6.30
0%

6 32 100% 17.60 13 100 7.15
%0

7 32 1 60.94% | 19.20 34 64.5 | 20.40
1%

Total | 202 | 73.01% | 181.80 | 202 | 78.4 | 192.45
8%
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Fig. 2. Comparisons of patient admission rates
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Fig. 3. Comparisons of nursing hours
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The NSGAII balances the resource competition among
different departments. The working efficiency and level of
management in the hospital are improved. In the previous
allocation decision, department 6 has the highest admission
rate about 100% and department 3 has the lowest admission
rate about 54.80%. In contrast, in the new allocation the
highest admission rate is 100% in department 6 and the
lowest admission rate is 58.08% in department 7. Therefore,
in the new allocation, decisions, not only the admission rates
are balanced, but also the lowest admission rates are
remarkably improved. Almost, similar results are also
reported in nursing hours. As can be observed, the highest
nursing hours is 40 hour in the previous situation, 48 in the
new situation.

From an overall point of view, the general patient
admission rate and nursing hours are increased from 73.01%
and 181.8 to 78.48% and 192.45 respectively.

V. CONCLUSIONS

This paper proposes a bi-objective decision aiding
model based on queuing theory for BAP in a hospital.
The Non-dominated Sorting Genetic Algorithm-II
(NSGAII) is used to optimize the proposed model.
Solved by NSGAII, the beds in 202-general hospital in
Iraq, is reallocated. Simulation results show that resource
competition among different departments is more
balanced and the general patient admission rate and
nursing hours in the hospital both are increased. Thus, the
service level and the resource usage in the hospital are
improved simultaneously.
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