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Partial Differential Equations by Adomian Decomposition

Introduction

Partial differential equations are often used to construct models

of the most basic theories underlying physics and engineering.

For example, the system of partial differential equations known

as Maxwell’s equations can be written on the back of a post card,
yet from these equations one can derive the entire theory of
electricity and magnetism including light. In recent years, nonlinear
phenomena play a crucial role in applied mathematics and physics
Directly searching for exact solutions of nonlinear partial
differential equations has become more and more attractive

partly due to the availability of computer symbolic systems Like
mathematica or maple that allow us to perform some complicated
and tedious algebraic calculation on a computer as well as helping
us to find exact solutions of partial differential equations .Since the
beginning of the 1980s, Adomian has presented and developed the
so-called decomposition method for solving linear or nonlinear
problems such as ordinary differential equations and partial
differential equations, Adomian’s decomposition method consists
of splitting the given equation into linear and nonlinear parts,
inverting the highest-order derivative operator contained in the
linear operator on both sides, identifying the initial and the terms
involving the independent variable alone as initial approximation,
decomposing the unknown function into a series whose
components are to be determined, decomposing the nonlinear
function in terms of special polynomials
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called Adomians polynomials and finding the successive terms
of the series solution by recurrent relation using Adomian’s
polynomials. Some applications of the method show its advantages
in dealing with nonlinear differential equation.

Principle of Adomian Decomposition Method (ADM) for Solving
Partial Differential Equations

Consider the inhomogeneous Partial Differential Equation:

In an operator form equation (1) can be written as

Lot + Lott =f (X ,1 )eeeienninis 2

Applying to both sides of (2) and using the initial conditions, we
obtained.

u(x,y)= g()+ L7 (f (x.¥ ]]-L;l (LJ,” ] cenresnsrenninnnnes (3)

Substituting the series assumption ,, (x.y)= Zx: u, (x.y) into (3) yields
B ?=0 n B

i
( I 5y

i”n (x.v)=g(» }+L;1(f (x.» }}—L;l L, iu” (x.v) l ; (4)
n=0 . =0 vy

Following the decomposition method we obtain the following

ug(x .y )=g (¥ )+ L7 f (x.y) . (5)

(.T,}')=—L;1I.}. (a‘rk] k=20
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In view of (5) the solution u(x,y) is given immediately
Application of Adomian Decomposition Method on Linear Partial
Differential Equations

In the following Example we clarify the efficiency of ADM for
solving Partial differential equations

Example.

Consider the initial value problem

Xu, +u, =3u,u (x,O):x2 .u(0,y ):0 -------- (6)

Applying the inverse operator L;l to both sides of (8) and using

the given condition u (x , O) =x? yields,
af , 2 , 3 ) —
u(x.y)=ug+ug+....=x*|{1+y +7 %+ Yy 4+...|= x ‘e’

Example2.
Consider the following initial value problem

Uy = Upe —3u+3 ,u(0,1) =1, u(m,t) =1,u(x,0) =1+ sinx....... (7)
Applying L, ! to both sides of (7) and using the initial condition
u(x,t)=1+ (sin x )+ 3t + L7 (L_.l. u —3u )

Using the recursive algorithm to get,

u(x.t)=1 +e 4 sinx
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"Book review of Middleton's "Changeling

Scott, M. (1989). Middleton>s «Changeling» (critical studies).
London: The Penguin Group.

Middleton’s Changeling (Critical Studies) was written by Michael
Scott and published in 1989. The book is divided into seven

parts, including the two writers’ lives, a commentary about the

play, exploration of the title’s meaning, a critical study of the play,
performances, and some concluding thoughts and further readings.
Scott (1989) believes that The Changeling is one of the greatest plays
outside of Shakespeare, which was his reason for writing this book.
He believes that reading the book will help provide knowledge about
the play.

The play was written by Thomas Middleton and William Rowley in
1622. Middleton wrote the main plot and Rowley wrote the subplot,
the closing, and the opening of the play. Scott (1989) gives brief
details about the two writers» lives. He provides information about
the number of the plays they wrote, the names of other authors

they wrote plays with, the company they worked with, and the

type of their other literary works—tragedy or comedy. He claims
that Middleton got more attention from scholars than Rowley
because many dramatists and critics are more passionate about The
Changeling’s tragic main plot than about the comic subplot.

The book’s writer tries to identify different synonyms for the word
changeling in order to find a suitable meaning and link it to the play.
He depends on other scholars> opinions—such as Bryan Loughery,
Neil Taylor, and Peter Morrison—to identify the more appropriate
meaning of the play’s title and link it to the play’s characters. He
concludes that particular chapter with his own views. He believes
that word changeling describes how the play’s incidents and
characters’ behavior change from sanity to insanity, from virginity to
experience, and from life to death.



He argues that although there are deaths in the play, society’s
concepts and manners wonrt change, which adds an ironical aspect to
the title.

Most of the book involves commentaries on the play. Scott (1989)
provides a very specific textual commentary on each scene. He
describes the play’s incidents and analyzes the characters” behaviors.
He also adds other dramatists> views, such as those of Helen Gardner,
to enrich the textual analysis. He also links this play to other
Shakespearean plays such as Macbeth and Othello and compares
between characters in The Changeling and other Shakespearean play
characters in order to expand his ideas.

The book includes various critical studies from the twentieth century.
The main topic for these critical studies is how to link the subplot and
main plot. Scott (1989) believes that although many critics reduce the
value of the subplot and try to ignore it, the main plot and subplot

are both necessary to deliver the play’s theme. Critical studies also
include identifying the tragic and comic techniques in the play as well
as applying the psychological naturalism theory to understand the
characters’ behaviors. Other critics go beyond that, by studying some
key words of the play, such as” change,” “judgment,” and “will” in
order to learn more about the play’s theme.

Due to the creativity and uniqueness of the play, it has been
performed many times since 1622. The Changeling play has been
performed in theaters and on radio stations and television. Scott
(1989) gives details about companies that have produced the play,
the names of some actors who have played Beatrice and De Flores,
and the names of directors. He provides an additional critique of the
performance and shows how some directors have changed some of
the play’s elements.In the final chapters of the book, Scott (1989) links
The Changeling and society’s beliefs and manners, showing that the
theme of the play is completely linked to seventeenth century society,
which was different from today.
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The final pages of the book are about further readings for those
interested in The Changeling.
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ORTHOGONAL MATRICES TO REPRESENT A GENERAL
CURVE FITTING

An orthogonal Matrix Q has the properties Q*Q7 = I' . Where any
matrix A can be defined to A=0Q*FE (A 15 not singular), B 1z an Upper
triangular Matnix. Numerically, it described to mtroduce a column
pivoting which produces:

omar =[7]

Where P iz a permutation matrix.

A house holder matrix is used to find an orthogonal matrix Q) where H=I-
2uun' , (u'u=(yl=1),

Thus H.H,. ... . H:H,A=RE

Q '=HH,,....H

We Can use these Factors for solving an over determined systems to find
the best straight line through a given set of points which 2 rise | zay , an
experimental data For example in the tabla:

i]-1 0 1 2

v 1 |3 |7 11

Can be obtamned to v=o-7 iz a straight line fit the points.
The system Ax=bwhereb=(-1,3, 7, 11} ", z= (2, 8) " and

r 11 T
‘qz(—ln:i}

Since we can minimizing ||Ax-bl|, over all x we can see this as a problem
of finding:

[lAz-bil =Q (Az-B):" = |Fe-Q'b|" = [Rx-d]." 2=Q'b
So 1t 1z easily to solve the system of an Upper tnangular matrix.

The General Curve Fitting for y; = ¢ f1(x;) + cofa(x;) + -+
Enfn': Ii:'

10



Jd=1to m
2

min ||| filez)  falan) o fulag)
1) folxm) o falt)
ALGORITHM (Orthogonal Matrices)

€z

filt)  falx) o falxy) [51

n
W%
Vim

Step l: given A eR™, m=nbeR™ ¢ =1(/4] 2 0)
Step 1: obtammg 1 usmg QR-factors to compute :
R=H,H,_, .. H A

QT = HyHy - H 51 Q70 =1

Ly

d=0QTh

Step 3: solve

Rx=d

end.

For the table above:
-2 -1 -10

o -22381| .r, _|-B9443

a 0 0

}rZﬂ"‘ﬁf; ﬂ:al,ﬁ::l. =} }r:3+4t
For example: Find ¢ = (¢}, ¢4, ¢5)for the pomnts of x and v,

}r = Cl + IFE.I + ng-l:"

1 =1 1]pgq[0
. 1 0 0 2
. - . . Cn F
if we have the S}stem.[l 11 L_.”tal,
12 4

Thus dc = y=Rr= {EIT:F
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—0.5 0.6708 0.5 0.2236
50 = -0.3 02236 -05 -0.5708
-0.5 -02236 -05 0.6708 |

-0.5 -—-0.6708 0.5 -0.2236

QTy = =6 =(231)

%]

~10 -2 -1 -3
—8.59443| _| 0 -—-2.2361 -2.2381
I [ 0 0 2
0 0 0
Thus the polynomial y=¢,+c:x+cix’, y=2+3x+x’ Finally an orthogonal
matrices are use full and accurate to represent the curve fittng. There are
some software packages finding () and B and solve the linear systems
Ax=h.
In MATLAE:
[QRI=ar(4)
d=0'"*b
x=R\d
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Agile Methodology

The Agile methodology is based on this simple principle: planning
your entire project in detail before developing it is counterproductive.
Indeed, organizing all aspects of your project is a waste of time
because it is rare that everything goes exactly as planned.

The so-called agile project management methodologies all have

one thing in common: they are directly inspired by the Agile
Manifesto published in 2001 by software developers determined to
improve their process and reduce their failure rate. From there were
therefore gradually born various methods united by a new way of
approaching product development by replacing, in particular, the
customer at the heart of the action and advocating the adaptation of
creative processes as the project evolves They have since established
themselves as standards in the field of application development.

Any agile methodology provides for the splitting of software
development stages. Unlike the traditional method, which provides
for the total planning of the project even before its development, the
Agile Manifesto rather advocates the setting of short-term objectives.
The project is thus fragmented into several sub-parts that the team
responsible for it must progressively achieve by readjusting the
objectives if necessary to meet the client>s expectations as much

as possible Agile methods make it a point of honor to strengthen
relationships between members of the project team, but also between
the team and the client It is for this reason that flexibility in the
organization is a fundamental pillar of agile methods [1].

Scrum and Safe are the most widely used agile methods. According to
the Versio One benchmark dated 2019
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, Scrum has a %54 market share in single-team agility, and Safe %30
in multi-team agility. In terms of single-team management, Scrum is
challenged by Kanban. While Scrum is suited to the management of
a single project, Kanban is better suited to the management of several
projects or even to TMA (third party application maintenance) and
MCO (maintenance in operational condition). Combining the two
approaches,the Scrumban responds to more complex configurations.
Example:

the case of a team invested in the migration of an application to

the cloud, but which will at the same time have to maintain the old
versions of the software for the duration of the work.

«The Scrumban board combines on the same control board a Scrum
timeline to manage the sprints of a project and a matrix of Kanban
boards to supervise the resolution of bugs», indicates Denis Delwail,
agile coach of the agility practice within the French ESN Umanis
which published a benchmark on agile methods[2].

Extreme
Criteria Scrum Kanban Scrumban Programming
[XF)
- At the startof each Kanban board, mbaf-' baard, .
Flanning eprint Continuons Ao Continuous Flanning games
Ao
Estimatio At the start of each Optional, Idem Kanban Practices XP
n of effort sprint predicabilin:
dl:;gneeuf Must \\.’a;;:‘:ii::tthe next As needed As As needed As As needed As
Scrum master [SM ],/
Roles product owner Team Team Team+ client
[PO)/ developer(Dew)
Ecards / Product backlog, Scrum Kanban board, Prioritization by
Artifacts beoard, burndown Cumulative flow Idem Kanban the customer, XP
burnup diagram practices
[Improvement of
rorki th lity of
When to Team 100% dedicated teafn wur}ul?g on experienced the qua lt‘v_ﬂ
choose 0 the proisct several projects tearn in amili critical software,
praj simultaneoushy iy immediate raking
into account of
changes
. 1. Kanban board, 1. Adaptability, | 1. Code quality.
main L L?‘f‘;lnf:;ﬂ’ud" 2. Visual piloting, 2. Transition, 2. Craftsmanship.
Features 3 Burr;l.[lp:‘ '\'e]'oci 3. Indicarors / 3. Service 3. Tools.
. ’ - cyele time. center.
Quick
implementation Advantages of
ith 1 i Scrum +anban, High 4 litd
- Productivity without changing Adapted to igher code uali
- existing . N - Responsiveness,
- Sealabiliy, mixed V-cycle N
Top 3 - Team enEasement. processes, and asile - Level of expertise
benefits B35 Visual CFD pl.uje;t' of the teams.
piloting, folios
- Floawr gqueue po '
manasement.
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Another single-team management method, Extreme programming
(XP) pushes good agile practices to the extreme: refactoring, test-
driven-development, collective code ownership ... With XP, sprints are
over. The customer or the functional manager is always available to the
developer. He must answer his questions within the hour.[3].

Whether Scrum, Kanban, Scrumban or XP, these approaches quickly
reach their limit beyond a team of 5 to 9 people. To scale up to a larger
number of developers, other methods, first and foremost Safe, are
recommended. Safe introduces the concepts of program and portfolio.

The goal is to pace the work of several teams, each focused on a
software brick, with a view to aligning them with a coherent product

policy [5] ,[4].
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The importance of intercultural communicative sKills for Saudi
EFL learners

Nowadays, international communication has become an increasingly
widespread practice in almost all important domains, including
social cross-cultural interactions as well as academic, economic, and
administrative transactions.

The pressure for intercultural communicative skills has intensified
under the influence of globalization. Under the impact of
globalization, economic, cultural, political, and social ties have been
intensified (Fairclough, 2006).

Knight and de-Wit (6 :1997) define globalization, as ‘the flow of
technology, economy, knowledge, people, values, [and] ideas . . .
across borders” Globalization has increased the spread of English as
an international language. For example, , English is increasingly used
as the medium of instruction in most countries all over the world,
especially at advanced levels. English nowadays has become the
main language of globalization through which people from different
countries and cultures interact for a variety of transactions (Ryan,
2006).

In this respect, mastering the skill to use English appropriately

in intercultural situations has become an increasingly important
target in most educational institutions in order to prepare their
students for international communication challenges. This process,
which is closely related to globalization has been referred to as
internationalization. More specifically, this process has been defined
by Kalvermark and Wende (19 :1997) as <any systematic sustained
effort aimed at making higher education more responsive to the
requirements and challenges related to the globalization of societies

18



, economy and labor markets. Intercultural communicative
competence has been defined in diverse ways by scholars and
researchers. In fact, intercultural communicative competence has
generally been used to refer to the knowledge, skills, and attitudes of
speakers (Deardorft, 2006). Intercultural attitudes and worldviews
refer to an individual>s perception and evaluation of other cultures
while intercultural skills refer to <anything that a person can do,
think, or know that will allow him or her to interact successfully

in an intercultural situation> (02 ,2016). Some other definitions

have focused on the components and the process of a successful
intercultural communication (Fantini, 1995; kupka, 2008). The
increasing rate of intercultural communication has in turn increased
the risk of intercultural misunderstanding, which might harm one’s
social relations or professional career. Intercultural conflict is defined
by Ting-Toomey(2012:279) as ‘the perceived or actual incompatibility
of cultural values, situational norms, goals, face orientations, scarce
resources, styles/processes, and/or outcomes in a face-to-face (or
mediated) context’

In this respect, van Meurs and Spencer-Oatey (59 :2010) claim that
‘conflict cannot be managed effectively without simultaneously
considering both culture and communication. Consequently,
international speakers today face the need to master effective
intercultural communication skills. Among these communities for
whom intercultural communication skills might be crucial are Saudi
EFL learners In fact, students hoping to secure rewarding careers in
the future need to demonstrate effective intercultural communicative
skills which are viewed by most employers as the most important
skill that they look for in their candidates (Lucas, 2015; Bikson,
Treverton, Moini, & Lindstrom, 2003). In addition, postgraduate
Saudi EFL learners intending to continue their tertiary studies in

an English speaking country need to develop effective intercultural
communicative skills, both for their daily social life in the host
countries as well as for academic interactions with their peers,
supervisors, and the university administrative staff as a whole.
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Despite the importance of intercultural communicative skills in
nowadays globalized world, the teaching and learning practices

in which EFL learners are involved do not seem to contribute
sufficiently to the building of their intercultural competence Gonan
and Saglam (2012) claim that « teachers and in different classrooms
in different parts of the world still ignore the importance of teaching
culture as a part of language study» (P.26). Indeed, most EFL
teaching practices are basically concerned with the mastery of

the language system itself but show no systematic approach to the
teaching of cultural information.

A number of researchers have underlined the necessity of addressing
intercultural communicative skills in a more systematic way

(Mao, 2009; Ho, 2009; Zhao; 2010). For example, (Mao, 2009)

has emphasised the importance of cultural factors in the EFL
classroom and the inclusion of cultural education in the teaching

of English. Ho (2009) focused on the role of cultural content in an
advanced-level EFL teaching program in Vietnam and its impact on
learners’ EFL learning. Zhao (2010) was concerned with reinforcing
students’ inter-cultural awareness in EFL teaching. According to
him, EFL language teaching should aim to introduce EFL learners
to communication norms in diverse situations of native English
speaking communities, such as their customs and habits, life-styles
and worldviews He concluded that a rich cultural content should

be included in EFL textbooks. Karbinar and Guler (2012) argued
that EFL teachers should gain awareness of the importance of
intercultural communication skills for their learners and to consider
the inclusion of a cultural component alongside the language
content.

They also argued that further training provided to EFL teachers

concerning the teaching of culture would lead to stronger attitudes
and more systematic approaches to the teaching of culture.
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On the basis of the research evidence provided so far, the following
pedagogical recommendations could be considered by EFL teachers to
enhance their learners> communicative skills:

1-Teachers should make a greater effort to raise their learners
awareness of the concept of cultural diversity and to promote an open-
minded and tolerant attitude towards other cultures.

2-Learners should understand the close relationship between language
and culture and the cultural norms underlying appropriate language
use. In this regard, teachers can expose their learners to real situations
illustrating culture-specific ways of communication in different
spoken and written genres. Teachers can also provide real examples

of breakdowns in communication in intercultural situations resulting
from divergent communicative norms between the speakers.

resulting from divergent communicative norms between the speakers.

3-Learners should be encouraged to make use of authentic English-
medium materials, such as newspapers, magazines, movies,
documentaries, and news reports. These could be useful resources not
only for the promotion of language skills but also for the acquisition of
cultural knowledge.

4- Learners should look for auditory and video sequences involving
conversations between native English speakers. These could range
from ordinary real-life conversations to more formal dialogues relating
to a wide range of situations, fields and topics. These could help them
learn a lot about conversational patterns and norms typical of English
speakers. These could range from ordinary real-life conversations to
more formal dialogues relating to a wide range of situations, fields and
topics. These could help them learn a lot about conversational patterns
and norms typical of English conversations.
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5-Learners should take advantage of internet social networks to
interact with native speakers of English. In these interactions,
learners could exchange information with their partners regarding
their respective cultural communicative norms, which can enhance
learners> intercultural communicative competence alongside their
language skills.
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