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Economic changes and their role in the spread of organized crime
in the state of Khartoum 2017 -2022AD
Ahmed Abdelmukram Ali Mohamed
Asia Mohamed Shareef Himmat
Abstract:

The research dealt with the organized crime in the light of the
economic changes that played a role in the spread of organized crime,
and its relationship to the reality of Sudanese society represented in
the economic transformations in its aspects, family problems, need,
deprivation, poverty, high cost of living, unemployment, lack of job
opportunities and others. The aim of the research is to identify the economic
changes that led to the spread of organized crime, and to reveal the impact
of migration factors, wars, political conflicts and security disturbances
on the spread of organized crime, and to know the relationship of the
spread of organized crime to weak social control, and to identify the
relationship of the spread of organized crime to the spread of the use of
contemporary technologies in Sudanese society.The researcher followed
the descriptive analytical approach to monitor the facts of the research
and understand the causes and social and economic changes that led to
the spread of organized crime, using data collection tools (observation -
interview - questionnaire). Some organized crime groups.The researcher
reached the most important results, the most important of which are: that
the economic changes that most affect the spread of crime are the lack of
capital and the need for welfare and economic deprivation, and the spread
of poverty has a negative role in the spread of organized crime, corruption
of material morals, acceptance of illicit earnings and weak social control,
which resulted from the increase in poverty and contributed negatively
in the spread of organized crime.Unemployment is one of the biggest
reasons that led to the spread of organized crime to a large extent, and it
is one of the indicators of crime measurement in societies according to
previous studies and theoretical frameworks. And the high cost of living
played a major role in the spread of organized crime, especially after
the exacerbation of poverty and the treatment of crime problems linked
to addressing the cost of living eradicating poverty and improving the
standard of living together.

Key word:economic changes—crime-organized crime-family problems-role
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The Extent to which Hotels Depend on the Profitability Sensitivity
Analysis Method in Determining the Factors Controlling Hotel Profits
(A field Study on Sample of Hotels in Khartoum)
Dr. Mohammed Musa Aldoud Awadallh. - Associate Professor of
Accounting and Finance, Department of Accounting and Finance,
College of Development, University of Dilling,.
Dr. Yahia Mugadam Ahmed Marin - Associate Professor of Accounting
and Finance, Department of Accounting and Finance, Faculty of
Economics and Commercial Studies .University of kordofan
Abstract:
The study aimed to show the importance of profitability sensitivity
analysis in determining the factors controlling net hotel profits, and the
impact of each factor on the other. The study problem is represented
in that the process of measuring the impact of changes in the factors
controlling net profit was not subjected to a scientific accounting
approach to determine the effect of each factor on the other. The study
followed the descriptive-analytical approach to analyze and test the
hypotheses. The study reached results including: The hotel management
monitors the changes in the number of guests to know their impact on the
net profit, and recommended the necessity of classifying and arranging
the revenue and cost factors according to their impact on the net profit.
Keywords: sensitivity analysis, profitability, controlling factors..
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Environmental care in terms of the considered interest in the Islamic
Sharia for sustainable development
(A comparative study between Islamic law and Sudanese law)
Abbas Abdel Wahab Yousha Zakaria Muhammad .Assistant prof at the
Department of Public Law - Faculty of Law, University of Kassala - Sudan
Abstract
The study investigates the issue of the environment, which is
one of the largest and most important issues in which Islam has taken
great care, and it took the lead in laying the foundations and rules that
guarantee the safety, protection and stability of the environment, and the
preservation of its resources. The problem of the study lies in the fact
that environmental pollution is dangerous for life in general including
human being for violating the rules and principles that protect this
environment, attention to environmental issues has taken a wide space at
all local, national, international, and official and puplic levels in general.
The study adopts various approaches as the analytical descriptive. The
study aims to investigate the legal and legislative face that exists in the
country of Sudan and its impact on sustainable development. The study
reached out several results, as the laws of protecting environment, without
forgetting international law, are full of negatives, and the weakness of the
formulation of legal legislation that the legislator committed.
Keywords: Environmental care, [slam, Sudanese law, comparative Study.
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The impact of social adjustment on the treatment of drug
addiction phenomenon from a social service perspective
(a case study of the Hayat Addiction Treatment Center from
2018-2022)
Rehab khedir Ahmed Alamin

Abstract:

The research dealt with the impact of social adjustment on
the treatment of drug addiction phenomenon from a social service
perspective. The research problem was to answer the main question:
What is the cause of drug addiction? Does the psychological and
social compatibility of cities play a role in addiction? Does the role of
rehabilitation have a role in the processes of psychological and social
reconciliation of the addict? The aim of the research is to identify the
causes that lead to the social incompatibility of drug addicts, as well
as the social compatibility of the family and its impact on the addict,
and the social, economic and environmental factors that create and
lead to their incompatibility, the spread of the phenomenon of drug
addiction. The research questions were what are the causes that lead
to social incompatibility? To what extent does the social adjustment
of the family affect the addict? And what are the social, economic and
environmental factors that arise and lead to their incompatibility? The
researcher relied on the descriptive analytical approach in order to
identify the impact of social variables on the treatment of drug addiction
through a field study on the Cubs Breeding House in Gref, and used
the comprehensive survey method because the research community is
homogeneous. The research reached a number of results, including:It
became clear through the results of the field study that the cohesion of
the structure of the family community contributes to limiting the spread
of the phenomenon of drug addiction through the presence of parents in
the life of the addict, as well as good social relations between families
and their surroundings creates an atmosphere of renewal. The family in
treating the phenomenon of drugs through their discovery of their son’s
drug abuse and standing with him in getting rid of addiction, through
the family atmosphere and medical, psychological and social treatment.
Because of its great role in limiting the spread of the phenomenon of
drug abuse, the need to provide a good family atmosphere through
compatibility between fathers and mothers and not to create problems
and family disputes that contribute to the alienation of young adolescents
from home and resorting to the street., The need to provide productive
alternatives for young students in a period of time Vacations to take
advantage of free time.

Keywords: social adjustment - social service - addiction
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Geospatial Information Systems on Cloud
Computing Environment: A Systematic Review

Mohammed Mahmoud Ibrahim Musa

Abstract:

Geographicallnformation Systems (GIS) is a collection of
tools to collect, store, analyze, manage and display data that linked
to geographic locations. GIS plays a vital role in wide range of
disciplines and domains. Cloud Computing has become popular
technology in recent years, it can described as technology to pro-
vide IT resources, services and products on demands. Cloud Com-
puting can be used to store large spatial data, perform complex
spatial analysis and Geocomputation on cloud. This paper aims to
provides a systematic review on Cloud GIS applications to intro-
duce anorganized viewof the current state of the field of GIS appli-
cations based on cloud computing environment by looking for an-
swers for two main question. How to design and develop a Cloud
based platform for Geospatial Information and Geospatial Analy-
sis, What are the GIS solutions, functions and services provided in
Cloud Computing.The search for articles conducted in IEEE, El-
sevier Science Direct, ACM Digital Library and Google Scholar.
Retried articles are analyzed according to inclusion and exclusion
criteria, finally articles selected for review.Forty-one articles were
selected on GIS in cloud computingwith different applications,
methodsand techniques. The selected articles are classified based
on the articles topic, articles are classified to four classes, these
classes are Cloud GIS approaches, Cloud GIS Architecture, Solu-
tions and Cloud GIS functions.

Keywords:Cloud Computing, GIS, Geospatial Web Services,
Cloud GIS Architecture, Cloud GIS Solutions.
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1. Introduction

Cloud computing technology increasingly become an import-
ant solution for organizations that looking to drive their business
forward. The NIST defined Cloud computing a model for enabling
ubiquitous, convenient, on-demand network access to a shared-
pool of configurable computing resources (e.g., networks, servers,
storage, applications, and services) thatcan be rapidly provisioned
and released with minimal management effort or service provid-
er interaction (1). In Cloud Computing, computing resources are
provided as on-demand services over the internet, these services
delivered in three models, Infrastructure as a Service (I1aaS), Plat-
form as a Service (PaaS) and Software as a Service (SaaS), Google
Doc is an example of SaaS, Firebase Database is an example of
PaaS while the Amazon EC2 is an example of [aaS. Organizations
using cloud computing technology to consume cloud-computing
services according to their needs. According to the NIST, there
are four-deployment model for cloud computing private cloud,
community cloud, public cloud and hybrid cloud. Recently, Geo-
spatial Technology are increasingly providedon cloud computing,
which provides dynamically scalable GIS technology, GIS Data
and GIS functions as a web service. In this, approach no need to
intensive investment in Hardware, software and Spatial Data in an
enterprise GIS implementation (2). ESRI created ArcGIS Online
as cloud GIS platform, ArcGIS Online is SaaS based platform,
which, provides hundreds of analytical functions, and visualiza-
tion capabilities delivered in easy to use applications with tens of
thousands of ready to use datasets and maps that users can employ
in their applications. Earth Observing System (EOS) created EOS
platform, which is a cloud-based platform for image processing,
analysis and visualization. Cloud GIS provides dynamically and
scalable GIS technology, GIS Data and GIS functions as a web
service. In this, approach no need to intensive investment in Hard-
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ware, software and Spatial Data in an enterprise GIS implementa-
tion. This paper intended to conduct a systematic review forCloud
based GIS solutions in order to understand Cloud GIS architec-
tures and approaches. The review consists of three phases based
on Kitchenham and Charters 2007 guidelines(3).
2. Methodology

A systematic review is a method of evaluating and interpret-
ing all available research relevant to a particular research question,
topic area, or phenomenon of interest. Systematic reviews aim to
present a fair evaluation of a research topic by using a trustworthy,
rigorous, and auditable methodology. Guidelines for performing
systematic literature review in software engineering report ap-
proach, which introduced by Kitchenham and Charter(3)was used
to conduct a comprehensive search for this interdisciplinary topic.
The guideline flow three phases to perform a systematic review.
Phase one, is a planning phase, during this phase review objec-
tives identified, need for review, research questions, keywords,
review protocol, inclusion criteria and exclusioncriteria are spec-
ified. Phase two, is conducting review phase in this phase search
for literature in digital libraries related to the research topic. Phase
three reporting the review in this phase review results concluded
and analyzed to respond to the research questions. Figure 1 shows
the general systematic review methodology guideline and Figure 2
shows the exact review process that used in this study.
2.1. Phase One: Planning the Review
Increasing number of articles in GIS applications on Cloud Com-
puting is ample evidence that applying Cloud Computing is an
ideal solution for Geospatial Data management, and the absence
of comprehensive review on GIS applications on cloud computing
makes this review necessary for researches interested to work on
Cloud GIS solutions. The review aims to conduct a comprehensive
review for articles that respond to the following questions:
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- RQI: How to design and develop a Cloud based platform
for Geospatial Information and Geospatial Analysis?

- RQ2: What are the GIS solutions, functions and services
provided in Cloud Computing?

The main reason of this systematic review is to summarize
the approaches and architectures for designing and developing
Cloud GIS solutions and to find a good approach and architecture
for Cloud GIS solutions. Four digital libraries used to search for
articles that may respond to the research questions, IEE explorer,
ACM digital library, Elsevier ScienceDirect and Google Scholar.
Following keywords and terms (Cloud Computing, Geographic
Information Systems and Cloud GIS)selected to search for articles
in the title, abstract and keywords. All papers published in English
between January 1, 2007 and January 1, 2021 are included in the
review process.

) 4

Phase 2: Conducting the Review
Search for Keywords in Data Sources and references

(4700
Applying Inclusion and Exclusion Criteria (41)

. 4

Figure 1: General systematic review methodology guideline.
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2.1.1. Inclusion Criteria
Identified articles screened with a set of inclusion criteria, an el-
igible article should be available as full-text, discussing subjects
relevant to Architectures and Approaches of Cloud platforms for
GIS solutions and Cloud based GIS solutions for essential GIS
functions and services such as GIS data storing, collection, pro-
cessing, analysis and presentation.
2.1.2. Exclusion Criteria
The exclusion criteria of identified articles include, articles that
discussing cloud GIS solutions form security and performance
perspective, and articles that discussing Cloud GIS solutions from
Remote Sensing and digital image processing perspective. Articles
in form of books and report also excluded from the review.
2.2. Phase Two: Conducting the Review
Search for keywords and terms applied on specified data
sources and digital libraries, Search conducted on title, abstract
and keywords for articles that published between 2007 and 2021,
the total number of articles retrieved from digital libraries are 197,
37, 125 and 90 articles from IEEE explore, Elsevier ScienceDi-
rect, ACM digital library and Google Scholar respectively.
Retrieved articles analyzed according to inclusion and ex-
clusion criteria. First, title and abstract reviewed according to the
research questions to determine which articles cloud give answers
for research questions. Then, full article reviewed according to
the research questions specifically conclusion part. After remov-
ing duplicates and applying inclusion and exclusion, criteria thir-
ty-seven papers selected.
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IEEE Explorer ‘ ‘ACM DigitalLibrarv‘ | Science Direct ‘ | Google Scholar ‘ } Search for

Kaywords in
Data Sources
187 T 126 80
. - y Select Relevant Articles
b Inclusi d
| 449 Arficles Retrived ]—, 36 Relevant Articles | e xolusion Criteria.
Referances Search in References of
Selected Articles

[ ) Select References Amicles
21 Relevant References 2 Articles Selected base on Inclusion and

Exclusion Criteria

Figure 2: Shows Review Process
2.3. Reporting the Review

Thirty-nine articles selected for review; it is conference and
journal articles published between 2010 and 2020. The major part
of selected articles are conference articles, andmost articles came
for IEEE Explorer.

Figure 3: Shows the distribution of selected articles through
the digital library, out of 41 articles, 21articles (51 %) selected
from IEEE Explorer. 5 articles (12 %) selected from Elsevier Sci-
enceDirect. 4 articles (10 %) selected from ACM Digital Library.
7 Articles (22 %) selected from Google Scholar search, and there
are 2 articles (5 %) select from the references of reviewed articles.

DISTRIBEUTION OF SELECTED ARTICLES
THROUGH DATA SOURCES

mACM Digital Library mReference mGoogle Scholar
wIEEE Explorer mE lsevier Sciencellirect

Figure 3: Distribution of Articles through Data Sources
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Figure 4 shows types of publication for selected articles, 27 arti-
cles (66 %) from selected articles are conferences articles and 14
articles (34 %) are Journal Articles.

TYPE OF PUBLICATIONS

m Condffar - Fo 1

Figure 4: Types of Publications

Figure 5shows the distribution of articles across the countries,
most of articles from china, 13 articles (32 %) published by Chi-
nese institutes or researchers. four articles (10 %) published by
USA institutes and the same percentage are published by Indian
Institutes. Three articles (7 %) published by Egyptian institutes,
two articles (5 %) are published by Germany Institutes, and same
percentage are published by Zambian institutes, one articles (2 %)
published by Italian institutes and same percentage published by
Greece, Ireland, Japan, Jordan, Morocco, Spine, Taiwan, Thailand,
Trinidad, Turkey, UK and Ukraine.

DISTRIBUTION OF ARTICLES BY COUNTRY
14 13

12
10

4 4

3
I —— I + 31 3 ¥+ ¥ 1 3+ ¥+ 31+ 1+ 3 1} I =
I [ | H B B B B B B EE B EEm l
- - s .
@@Qﬁg’d. 4?‘_-;\65‘ %\ﬁéﬁ\‘f@#ﬁ o it P &
o

(= L. T -]

Figure 5: Distribution of Articles By Country
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Figure 6 shows the distribution of articles through years, most of
articles are published in 2010 and 2014. There are 7 articles (17
%) published in 2010 and the same percentage published in 2014.
5 articles (12 %) published in 2013 and the same percentage pub-
lished in 2016. 4 articles (10 %) published in 2017 and the same
percentage published in 2018. 3 articles (7 %) published in 2012.
Two articles (5 %) published in 2011 and the same percentage
published in 2015. One article (2 %) published in 2019 and the
same percentage published in 2020.

DISTRIBUTION OF ARTICLES BY YEARS

1
Il 4]

Fele Fold Fol¥ K0 Kolh Fold KoY Fol¥ Folh Yold Kol.

Bk R e RN R

o

Figure 6. Distribution of Articles by years
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Table 1: Shows Selected articles and Publishers

Publisher Frequency Type Articles
Computers & 1 Journal (4)
Electrical Engi-
neering
Computers & 1 Journal (5)
Geosciences
Earth Science 1 Journal (6)
Informatics
Environmental 2 Journal (8)-(7)
Modelling &
Software
FIG Congress 1 Confer- 9)
2014 Engaging ence
the Challenges
At Kuala Lum-
pur Malaysia
Future Genera- 2 Journal (11) - (10)
tion Computer
Systems
Geospatial 1 Journal (12)
thinking
International | Confer- (13)
Computer Sci- ence
ence and Engi-
neering Confer-
ence
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Publisher Frequency Type Articles
International 1 Confer- (14)
Conference - ence
Cloud System
and Big Data
Engineering
International 1 Confer- (15)
Conference on ence
Advanced In-
formation Net-
working and
Applications
International 1 Confer- (16)
Conference on ence
Advances in
Computing,
Communica-
tions and Infor-
matics
International 1 Confer- (17)
Conference on ence
Audio, Lan-
guage and Im-
age Processing
International 1 Confer- (18)
Conference on ence
Cloud Com-
puting and Big
Data Analysis
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Publisher Frequency Type Articles

International 1 Confer- (19)
Conference on ence
Computational
Intelligence and
Communication
Networks
International 1 Confer- (20)
Conference on ence
Computer Mod-
elling and Simu-
lation
International | Confer- (21)
Conference on ence

Computer Sci-
ence and Artifi-
cial Intelligence
International 1 Confer- (22)
Conference on ence
Computer, In-
formation and
Telecommunica-
tion Systems
International 1 Confer- (23)
Conference on ence
Computing for
Geospatial Re-
search and Ap-
plication
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Publisher Frequency Type Articles

International 1 Confer- (24)
Conference on ence
Dependable Sys-

tems, Services
and Technolo-

gies
International 1 Confer- (25)
Conference on ence
Educational and
Information
Technology
International 2 Confer- (27) - (26)
Conference on ence
Geoinformatics
International 1 Confer- (28)
Conference on ence

Geoscience and
Remote Sensing
International 1 Confer- (2)
Conference on ence
Information Sci-
ence and Engi-

neering
International 1 Confer- (29)
Conference on ence
Information So-
ciety
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Publisher Frequency Type Articles

International 1 Confer- (30)
Conference on ence
Internet Tech-
nology and
Applications
International 1 Confer- 31)
Conference on ence
Power System
Technology
International 1 Confer- (32)
Conference on ence

Software En-
gineering and
Service Science
International 1 Journal (33)
Journal of Ad-
vanced Comput-
er Science and
Applications
International 1 Journal (34)
Journal of Ad-
vanced Research
in Computer and
Communication
Engineering
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Publisher Frequency Type Articles
International 1 Journal (35)
Journal of Ad-
vanced Trends
in Computer
Science and En-
gineering
International 1 Journal (36)
Journal of Com-
puter Science
and Mobile Ap-
plications
International 1 Journal (37)
Journal of Earth
Sciences and
Engineering
International 1 Journal (38)
Journal of Re-
search in Com-
puter Science
Internation- 1 Confer- (39)
al Workshop ence
on High Per-
formance and
Distributed
Geographic In-
formation Sys-
tems
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Publisher Frequency Type Articles
International 1 Confer- (40)
Workshop on ence
Mobile Geo-
graphic Infor-
mation Systems
Mediterranean 1 Confer- (41)
Symposium on ence
Smart City Ap-
plication
The Interna- 1 Confer- (42)
tional Confer- ence
ence in ICT
(ICICT2019)
Lusaka, Zambia
Third Pacif- 1 Confer- (43)
ic-Asia Con- ence
ference on
Circuits, Com-
munications
and System
((PACCS

Selected articles are classified based on the articles topic, articles
are classified to four classes, these classes are Cloud GIS approach-
es, Cloud GIS Architecture, Solutions and Cloud GIS functions,
the cloud GIS function class are classified into four classes Store,
Capture, Display and Analysis. Figure 7 illustrates the classifica-
tion of articles in the study area.
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Classification of Articles

X
{ { y )

Classification by Cloud Classification by Cloud Classification by GIS
Computing Approaches Computing Architecture Functions

Classification by Solutions

—>| Store

——| Capture

—> Analysis

—| Display

Figure 7: Classification of Articles
3. Results

3.1. Cloud GIS Approaches
Cloud Computing Approach:

Processing of Geospatial data require a massive processing
capabilities, in the past, processing of Geospatial data was per-
formed in a desktop computers and mainframes. cloud computing
is considered a new approach for geospatial information in which
geospatial storage and processing no longer performed in a single
computer, but distributed across multiple machines provided by a
third party provider as a services on demand. Cloud Computing
term is overlapped with distributed computing and grid comput-
ing. the key features of cloud computing are scalability, Efficiency
and resources on-demand, in addition to Services level agreement
(SLA) which considered as a contract that guarantees the quality of
services (4).The key technology in Cloud computing infrastructure
is virtualization, which abstracts the physical computing resources
to virtualized resources, hardware, software, networks, memory

n 02022 g1lgi- £1443 a3all ga ~(ald) g pirellg Nilill 222l - Gygium g1) Gobao drolc dlao



Geospatial Information Systems on Cloud Computing Environment: A Systematic Review

and data can be virtualized. The architecture of cloud computing
consists of four key components which are resources allocation
users, SLA, Virtual Machines and Physical Machines, the archi-
tecture of cloud computing is based on service oriented architec-
ture approach which introduce everything as a service (XaaS). The
most common types of services in cloud computing are Infrastruc-
ture as a Service (IaaS), Platform as a Service (PaaS) and Software
as a Service (SaaS), Cloud Computing services can be deployed
as public, private or hybrid (partially public and partially private).
Now a day various GIS organizations depend on cloud computing
technologies to provide GIS solutions to different kind of users(5).
Geospatial Web Services approach in Cloud Computing:

The applications of GIS and data sources are diverse and the
processing of Geospatial data is complex. Web Service technology
invented to help us to face this challenges, which is an interface
that accessible through networks and describes a set of data and
operations using standardized XML messaging(17). A Web GIS
Service approach used to provide GIS data and GIS functionality
through networks. Web Service architecture consists of three com-
ponents including Services Provider, Services Consumer and Bro-
ker (30). The web Services uses different protocols and standards
including, Simple Object Access Protocol (SOAP ) is standard-
ized way to enable Web services to communicates with the clients
and enable various programs and platforms to communicate, Web
Services Description Language (WSDL) is standard that describe
the Web Services and the operations performed by the web ser-
vices, Universal Description, Discovery and Integration (UDDI)
is standardized way for publishing and finding the web services
and Web Services Inspection Language (WSIL) is an alternative
services discovery mechanism 6().The Open Geospatial Consor-
tium (OGC) described web services standards for geospatial infor-
mation including Web Map Service (WMS) to provide the maps
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as images (png or jpg), Web Feature Service (WFS) for vector
data, Web Coverage Service (WCS) for raster data, Sensor Col-
lection Service (SCS) for sensors real time observations, Geogra-
phy Markup Language (GML) XML standard for georeferenced
data (7) Clients communicate with services through WSDL inter-
face, the clients requests may be SELECT, UPDATE, DELETE
and INSERT queries, web GIS service receive the request and ex-
tracts the query from the request, Web GIS services creates GML
geospatial datasets and return the result to the user according to
the service type(8).The OGC standards is interfaces for software
developer to follow in creating their services and products, these
standards not only for spatial database it is also cover map repre-
sentation(9).

Cloud GIS is a service oriented platform for geospatial in-
formation, the main features of Cloud GIS including Extendable,
Elasticity, On-demand service, Measurable, Transparency and Di-
versification of access. ArcGIS Server used to publish geospatial
resources as services, these services are accessible through Desktop
software, web browsers and mobile applications. The architecture
of ArcGIS Cloud consists of three tiers ArcGIS Cloud Infrastruc-
ture for hardware integration which implemented through virtual-
ization, ArcGIS Cloud platform is GIS software which is provided
as services and accessible for users through networks and clients
who can access the services of Cloud GIS through Web browser,
Desktop applications or mobile applications (10). ArcGIS online
is a Cloud GIS platform that enable users to store and publish and
manage spatial data, tools and services, ArcGIS Online support
various types of standards for Geosaptial data and services such
as CSV, GPX, KML, WMS, etc(11). Generally, Figure 8 provides
the main approaches of providing Geospatial Services on Cloud.
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Figure 8: Approach to Providing Web GIS Services on Cloud (26)
Integrating Spatial Data Infrastructure with Cloud Comput-
ing:Spatial Data infrastructure (SDI) is legal, organizational and
technical frameworks for geospatial resources. Geospatial data,
metadata, Geospatial services and standards are considered the
building blocks for SDI, Clearinghouses platform is used to search
for distributed geospatial data uniformly, the SDI allows the par-
ticipating society and organizations to reduce the cost of geospa-
tial data production and data redundancy. SDI can be integrated
with Cloud Computing through one of two options according to
(12) the first option is adoption of Cloud computing principles and
standards to SDI and the second option is migration of SDI ser-
vices on top of Cloud Computing.Cloud Computing can be used
to build reliable and scalable SDI, which is composed of people,
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spatial data, metadata, standards, frameworks, clearinghouse, net-
works and policies. Huge amount of spatial data provided by SDI
through web applications. Some SDI allow volunteer to create and
share geospatial data, this systems called Volunteered Geographic
Information (VGI), SDI should be scalable to include the large
amount of geospatial data that are produced by VGI, numerous us-
ers should be able to access the SDI concurrently and a large num-
ber of computing resources required for Geospatial data storing
and processing, all these issues can be solved by integrating Cloud
Computing with SDI. ESRI deployed ArcGIS Server on Amazon
EC2 as cost effective SDI platform to enable the organizations to
publish geospatial data and geoprocessing tools to extract useful
information and could be used in different applications (13).

Integrating Geospatial workflow with Cloud Computing:

Geospatial workflow is a set of geoprocessing tasks that exe-
cuted in a certain logical order. Cloud based geospatial workflow
implemented by using workflow management system, the execu-
tion starts by scheduling tasks to worker nodes by workflow man-
agement system. To execute task each worker node downloads re-
quired data for task execution from storage server, after execution
completed, the worker node upload the result to the storage server
to be available for other tasks in the workflow, the execution con-
tinue until all tasks complete (14).

Software Engineering approaches for Developing Cloud GIS
Applications:

The nature of Cloud GIS architecture is fully distributed and
integrates software from client, server, development, test and man-
agement sides. the common software engineering approaches in
cloud computing are spiral and concurrent pattern, instead of pur-
chasing software license, Organizations renting license from cloud
providers in software development life cycle which, reduce the
cost of software, the cloud computing make the process of software
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development, management and maintenance more flexible(15).
3.2. Cloud GIS Architecture

Cloud GIS architecture can be divided into two components
including Cloud GIS interface and Cloud GIS server. Cloud GIS
Interface provides flexible and effective web interface for users.
Cloud GIS server hosts computing resources, the Cloud GIS serv-
er consists of five layers which are communication layer, reposi-
tory layer, utilities layer, logic layer and configuration layer(16).

The Architecture of Cloud GIS for flood monitoring cyber infra-
structure proposed by (17), it is consists of four components, which
are the Global Flood Inventory (GFI), web server, cloud services, and
user interface. Preprocessed GFI will stored in cyber infrastructure,
the user interface is designed by HTML and JavaScript to enable the
users to interact with Cloud GIS cyber infrastructure, the web server
1s receiving users requests and sending responses to the users, the
cloud services handles queries, analysis and visualization of data(18).

The General Architecture of Cloud based oil spill detection us-
ing Open Source components proposed by (19)as shown in Figure 9.
The general architecture consists of three key components, which are
Spatial Database, Web Server and Spatial framework. PostGIS used
as Spatial Database, Tomcat used as Web Server and Geoserver and

HADOOP used as spatial framework for Spatial Data processing and

Geocomputation (20).
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Figure 9: General Architecture for Cloud Based oil spill detection
using Open Source Components (10)

Hybrid Cloud GIS Infrastructure divided into seven segments
(21) by(22)including client segment or user interface which allows
users to interact with Cloud GIS platform. Hybrid management
segment (portal) to connect users with contents based on their
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privileges. Application segment which provide Cloud GIS ser-
vices and applications to the end users. GIS segment this segment
provides geospatial services such as map services, geoprocessing
services, spatial analysis and hosts geospatial resources. Data
management segment handles the movement of spatial data be-
tween GIS segment and storage segment. Storage segment to store
various types of data in database management system, in hybrid
cloud environment the private data stored in private cloud while
the public data stored in public cloud. Infrastructure segment to
control data centers and uses virtualization to create virtual ma-
chines. these segments are distributed in two environments (2E)
public cloud and private cloud (23).

Architecture of Geospatial Services in Cloud Computing is a cli-
ent server architecture customized to achieve the openness and
interoperability between various components. The Architecture
consists of three layers, client, application and Data as shown in
Figure 10. The client layer is the end user software that enable the
users to visualize the geospatial data and perform geospatial op-
erations as well as discover and share the geospatial data through
cataloging services. The application layer consists of the core geo-
spatial services, application services uses OGC standards and con-
tains Catalog Server to store metadata information, Data Server to
provide the geospatial data to the clients using the common OGC
standards including WMS, WFS and WCS, Processing Server to
provide a set of geoprocessing services through WPS standard.
The data layer to hold and store the geospatial data (24).
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Figure 10: Architecture of Geospatial Services in the Cloud
According to (25), The Architecture of Cloud GIS is divided into
five layers including Client layer to enable the users to manipulate
and manage the geospatial data, Application layer which enable
the users to organize their geospatial data to form Information Sys-
tem for making decision. GIS Platform layer contains GIS utili-
ties such as mapping, geocoding, routing and navigation, Storage
layer to handle geospatial data storing in Database system and In-
frastructure layer to build the computing infrastructure using vir-
tual machines and physical machines.

Tripathi, Agrawal, and Gupta divided the architecture of Cloud
SDI into three layers including client layer to provide a mean for
accessing, processing, retrieving and visualizing the geospatial
data through client’s applications. The middleware layer handles
various types of geospatial services such as data services, cata-
log services and geoprocessing services, as well as users authen-
tication and privileges and cloud services infrastructure for cloud
resources management and control. Cloud based SDI is based
Service Oriented Architecture which allows the service creation,
discovery, orchestration and monitoring to be performed at the
endof cloud provider (26).

Aly and Labib divided the Cloud GIS architecture to six layers,
Client Layer, Cloud GIS Application layer, Data Management lay-
er, Storage layer, Platform layer and Infrastructure layer(27).
The architecture of Mobile Cloud GIS follows the client server
architecture which composed of the following modules user inter-
face, business logic, GIS functions, data storage and access, these
modules are developed as independent modules, this architecture
is a multi-tier architecture which composed of client tier, commu-
nication tier, application tier, GIS server tier and Data tier. in this
architecture client tier refers to the mobile application that enable
the users to interact with geospatial data and geospatial analysis
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tools (28).

The structure Cloud GIS platform divided by (29) to the followe
ing layers The Data layer for Grid geospatial data extraction and
analysis using ArcGIS server. Data Access layer for data screening
and analysis. Cloud services platform layer for system integration,
And Presentation layer for clients (Desktop, Web or Mobile) to
access the Cloud GIS services by using Rich Internet Application
(RIA).

The Cloud GIS architecture for meteorological hazards in pow-
er system consists of four layers including, Implementation layer
which refers to cloud GIS infrastructure such as hardware, operat-
ing systems, networks, storage and other infrastructure resources
that delivered as a services on demand. Architecture layer refers to
the mechanisms for managing the geospatial data, meteorological
and power grid data, Service layer provides meteorological haz-
ards evaluation and power system assessment tools as services to
the end users applications, Application layer provides user inter-
face to meteorological hazards assessment (30).

The architecture of Cloud GIS for real time macroeconomic im-
pact decision support system composed of Enterprise Geodata-
base, which contains all data required for macroeconomic impact
decision support system, Administrator who manage the web GIS
application for macroeconomic impact decision support system.
Cloud platform to provide computing resources as services on de-
mand for example Amazon AWS and Microsoft Azure, GIS server
enable the users to share their Geospatial data and tools as Geo-
spatial Web Services, GIS Web Services which is standard or pro-
tocol to share Geospatial resources across applications using Web
standards such as REST API and SOAP. Autonomous Software to
extract and collect information from distributed web data, macro-
economic loss assessment on the county level and edit and update
the geodatabase(31).
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3.3.  Cloud GIS Solutions

Cyber flood infrastructure 1s a cloud based platform that en-
able authorities and public to collects, organizes, visualizes, and
manages flood data from various global flood databases in re-
al-time, the cyber flood infrastructure provide visualization, statis-
tical analysis and graphics capabilities which aims to update the
existing flood inventory. the platform is based on crowdsourcing
data collection methodology which enable the public to report new
flood events by using their smartphones and engage the citizen sci-
entists to be cultured about the hydrological modeling and satellite
remote sensing(32).

Cloud based integrated framework for marine spills detection
using GIS, Remote sensing and Cloud Computing technologies.
The framework isolate the dark areas in Synthetic aperture radar
(SAR) images using segmentation algorithms and fuzzy clustering
(33).

Cloud based embedded GIS application has been developed
to provide GIS functionalities in embedded devices (Mobile)such
GPS positioning and mapping. The mobile application in this sys-
tem is developed by using Java Micro Edition (J2ME). The sys-
tem’s server is a virtual server based on Cloud Computing tech-
nology, the processing and analysis of data are executed in the
server part, Geospatial data are hosted and updated in centralized
server, while the embedded terminals can obtain geographic infor-
mation updates from the server without maintenance (34).

GIS framework for Geological information based on Cloud
Computing constructed for data organization, sharing and services,
a 3D map for China a Geological Survey Information carried out,
Users can use 2D and 3D data discovery mechanism. The GIS
framework of geological information service platform based on
cloud computing is used to publish the three-dimensional spatial
information of integrated organization and management by form
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of service, the data directory service consists of two main func-
tional modules: search module and update module (35).

Global Earth Observation System of Systems (GEOSS)
clearinghouse deployed on Amazon Elastic Cloud Computing
(EC2) platform to utilize cloud-computing technology in Geosci-
ence applications. GEOSS clearinghouse is a web-based platform
for metadata cataloging to manage metadata of Global Earth Ob-
servations geospatial resources. GEOSS clearinghouse based on
GeoNetwork Web Based catalog application to manage Geospatial
resources. (36).

A Framework for Marine Navigation Alerts has been devel-
oped based on Cloud computing technology to identify the of ma-
rine incidents, visualize the heatmap, generate alerts through the
Cloud based Marine Navigation framework (37).

Integrated Enterprise GIS for Transportation Planning and
Modeling has been developed on Cloud Computing to integrate
Geospatial Data with Cloud enabled viewing and editing appli-
cations. This integration enable Durham Chapel Hill Carrboro
Metropolitan Planning Organization (DCHC MPO) to efficiently
house the data related to transportation planning process, distrib-
ute it among the partners and collaboratively edit, manage and
maintain that data in the cloud computing environment (38).

Vehicular traffic management system developed on GIS
Cloud Computing to enable the users to access, collect and ana-
lyze geospatial data related to vehicle (longitude, latitude, speed,
date and time) through their smartphones or tablets while they are
working in the field. The Geospatial data captured by GPS equip-
ment sent to the server to store the data in database system and
process it real-time through Traccar application (39).

Cloud based Decision Support System (DSS) for soil fertility
management developed to provide recommendations for fertiliza-
tion, Soil Test Crop Response (STCR) equations used for targeted
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yield approach for different crops. the system enable the farmers
to select the crop, variety, soil type and season and then the system
calculate the precise recommendations for fertilization(40).

Real time macroeconomic impact decision support system
developed based on Web GIS and Cloud Computing platform in-
tegrated with real time situational awareness software outage stat-
ue and economic loss in power and electric utilities, the system
enables the emergency managers to assess hazard driven regional
economic loss(41).

Cloud based decision support system for the Solutions of
Domestic Wastewater Treatment Modelling in Wexford, Ireland
developed to assists the local authorities to make better decision
about domestic wastewater treatment in low permeability zones.
Determination of low permeability area depends on four criteria
including the distance from existing sewerage network, density of
existing septic tank, the T value (how long it takes effluent to per-
colate through the subsoil); and the bedrock’s depth (42).

3.4. Cloud GIS Functions
3.4.1. Data Collection

Mobile GIS application for Property has been developed
based on Cloud Computing to help the local authorities to solve
some problems related to identification of property and capturing,
the trial map was created by integrating OpenStreetMap and em-
bedded GPS devices on Mobile. The location information, attri-
bute information and images are captured in real time from the
ground by residents through their mobile phone(43).

Mobile Health (mHealth) Application for public health infor-
mation collection using GIS and private cloud computing devel-
oped as a mobile application for health information management.
GPS service that available on common mobile devices has been
employedfor the geospatial data collection. The Mobile Health ap-
plication provides several GIS functions such as geospatial data
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store, modify, update, search, manage, analyze, and report findings (44).
GIS application for managing the assets of power utility has
been developed based on Distributed cloud computing to provide
effective information and disseminate it at low costs, assisting in
assets planning, operations, maintenance and expansion. The es-
sential part in this application is geospatial data collection, which
done by using embedded GPS device on Android Mobile (45).

Cloud based framework for health shocks data analysis and
visualization has been developed based on large health informatics
datasets, The framework has been developed on Amazon web ser-
vices (AWS) integrated with GIS to facilitate the process of geo-
spatial data collection, storage, visualization and indexing through
the smartphones of the stakeholders. The prediction model has
been developed based on datasets collected from 1000 households
in rural area in Pakistan, with focus on the following factors in-
cluding health, economic, environment, social and accessibility to
healthcare facilities. The collected data has been used to generate
the prediction model of health shock based on fuzzy summariza-
tion technique, which provide causal factors of health shocks for
stakeholders in interpretable way(46).

Cloud GIS application for AL-Kamaliah region has been cre-
ated based on GIS Cloud Computing platform, which is easy to
use platform for non-GIS professionals. The GIS Cloud Platform
consists of GIS portal, Map Viewer, Map Editor and Mobile Data
Collection (47).

Participatory GIS system for property damage certification
due to Tsunami was developed based on Web GIS and Cloud Com-
puting technologies to build a system that enable users from Japan
to participate building damage survey due to Tsunami (48).

Mobile GIS for Patrol system has been developed based on
Cloud computing technology to enable the field staff to collect crit-
ical data in an effective way and to increase the productivity and
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security, The system consists of Mobile Application, Application
server, repository and GIS Server(49). Figure 11 shows general
enabling cloud based data collection using mobile devices.
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Figure 11: Cloud Based Data Collection using Mobile Devices
3.4.2. Data Storage

Various types of storage devices are assembled to build the cloud
storage, which is a complex system consists of a several parts such
as storage equipment which is a core components, servers, net-
work devices, applications, interfaces and client programs. These
storage devices work together by using software with functionality
of grid, distributed files and clustering (50).

A model for Spatial and Temporal data storage suitable for Cloud
Computing was proposed to describe the geospatial data from dif-
ferent aspects and dimensions including space, time and attribute
dimensions and the temporal and topological relationships. The
proposed model is based on NoSQL Spatial and temporal data to
solve the massive spatial and temporal GIS data storing, to achieve
high performance and high availability and efficient management,
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query and process of Spatial and Temporal Data (51).

3.4.3. Spatial Analysis

Turkey Spatial Datasets has been gathered on a Cloud based ge-
odatabase to build a Cloud based platform for Geospatial queries
and analysis. All datasets has been uploaded to ArcGIS online
platform, ArcGIS online cloud platform provide a Web interface
with ready to use tools such as Basemap, Add data tool, data shar-
ing tool, measure tool and the most common GIS analysis tools
like Overlay, Hotspot, Intersect, Buffer and some networks anal-
ysis functionalities (52).

Cloud based decision making tool for agriculture production man-
agement has been developed based on ArcGIS online platform to
increase the efficiency of decision making in agriculture produc-
tion management, which enable agronomist and enterprise manag-
er apply image indices to determine the current situation of crops
(53).

Cloud based GIS model for emergency management has been de-
veloped to overcome the problems related to large scale geospatial
data and to find a solutions for big geospatial data in emergency
management(54).

Cloud based model for earthquakes prediction has been developed
to give early warning about potential earthquakes damages for
quick response to the disaster, this application enable the govern-
ment to minimize losses of people life and their property, Cloud
Computing, GIS technology and Historical earthquakes data have
been used to estimate the potential future earthquakes(55).
Cloud computing and spatial analysis has been combined to en-
hance the efficiency of geoprocessing, spatial analysis and decision
support tools. By applying cloud computing with high comput-
ing capabilities data processing, buffer analysis, overlay analysis,
statistical analysis, networks analysis and terrain analysis will be
enhanced, and also the knowledge acquisition and extraction for
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decision making will be more efficient (56).
3.4.4. Data Display

Cloud based decision support system for soil fertility man-
agement has been developed to manage geospatial data related
to agriculture such as crop type, soil type, season, seed varieties
and etc. The system includes maps that shows the distributions
of soil nutrients and recommendations for soil fertilization based
on STCR equations to achieve the targeted yield for for different
crops (57).

Cloud based decision support system for crime mapping has
been developed as a cost effective decision support system to help
the police department to analyze and mapping the crime. Crime
news are gathered daily from RSS feeds in Google docs spread-
sheet by using ImportFeed function, Crime news are extracted in
suitable format with the desired attributed like location, crime type,
crime details and news link, by using visualize as a map option in
Google fusion tables the crimes data are displayed as maps(58).

Cloud based model for crime mapping has been developed
to automate the process of crime mapping, the proposed system
contains spatial data visualization tool to visualize the crime data
on google maps (59).

4. Recent trends and Open Issus

Currently Internet of Thinks (IoT) is promising research
area, [oT is a network of objects (things) that are embedded with
sensors and other technologies to exchange data with others de-
vices and system over the Internet (60). Traditionally, Geospatial
technology includes mapping, spatial databases, spatial analysis
and image processing. One of the most important requirement
in IOT is the ability to link sensors location with the other sen-
sor parameters.Sensors are spatially distributed devices that are
connected together to form sensors network, which is accessible
through computer to monitor situation at different places, such as
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temperature, pressure, noise or pollutions, sensor networks that
are accessible through the web are called Sensor Web. Sensor data
can be archived, discovered and accessed through standard proto-
cols and APIs.OGC has introduced standard for sensor networks
data called Sensor Web Enablement (SWE), to exploit all types of
sensor systems and Web connected sensors such as air pollution
monitors, flood gauges, stress gauges on bridges, Webcams, mo-
bile heart monitors, airborne imaging devices and other sensors,
SWE provides opportunities to add real tine sensors data, Cloud
GIS and IoT is open issues and it is very important in disaster man-
agement, transportation management, environmental monitoring,
public safety, science, facilities management and other domains of
activity.IoT devices generate huge amount of data in various for-
mat, this may take time to be transferred to the cloud platform for
processing or analysis, it might loss it is value. IoT data requires
fast processing and analysis to take action in real time, a new com-
puting model invented to minimize latency and Conserve network
bandwidth this computing model called Fog Computing, which
extends the concept of cloud computing to be closer to the IoT
devices that produce the data, these computing devices are called
fog nodes, any device with computing, network connectivity and
storage can be a fog node and can be deployed anywhere in a ve-
hicle, on a factory floor and etc.(61). Examples include embedded
servers, switches, routers, Integration of Fog Computing and GIS
considered a promising research area.
5. Conclusion

In this paper, a systematic review conducted to summa-
rize the application of GIS in Cloud Computing Environment
from Approach, Architecture, Solutions and Functions perspec-
tives. Cloud computing is new IT approach in which computing
resources are provided as a services over the internet, in cloud
computing resources are scalable and provided on demand. Cloud
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Computing adopts services oriented architecture and facilitates
everythingas a services. Now a day Cloud Computing introduced
as a new framework to enhance the traditional GIS through Web
Services approach, a web service is an interface that describe a
set of operations accessible through networks using standardized
XML messaging. Open Geospatial Consortium (OGC) described
web services specifications and standards for Geospatial data and
applications, these standards include Web Map Services (WMS),
Web Coverage Services (WCS), Web Feature Services (WFS),
Web Processing Services (WPS), Sensor Web Enablement (SWE)
and Geographical Markup language (GML) to encode the georet-
erenced data for transfer. The main characteristics of GIS applica-
tions in Cloud Computing are Extendable, Elasticity, On-demand
service, Measurable, Transparency and Diversification of access.

The Architecture of Cloud GIS is a multi-tier architecture like
Web GIS Architecture, which can be broadly divided into three
tiers, Client Tier, GIS Server Tier and GIS database tier. This ar-
chitecture may vary from platform to platform. The client layer is
flexible and robust interface to the users, in this layers users could
interacts with Cloud GIS data and tools through Web Browser,
Mobile Applications or Desktop GIS Software. The GIS Server
tier used to manage GIS resources such asgeospatial databases,
GIS Server include Catalog server to keep records of metadata.
Data server provide geospatial data to the clients as services, cat-
egorized in standardformats. The GIS Database tier to handle GIS
data storage and management. The architecture of Cloud GIS may
be different when we look the Architecture from Infrastructure as
a Services (IaaS) perspective in this case, infrastructure tier added
to the architecture.

Different Cloud GIS solutions developed in different domains
such as Marine, Natural Resources, Hazard and Disaster Manage-
ment, Navigation and Transportation, Health and economics for
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decision making. These solutions uses different GIS functions,
these functions including Data Collection, Data Storing, Spatial
Analysis and Query and Data Visualization.

Recently IoT become a promising research area and it is
important to link IoT sensors location with the other sensor pa-
rameters. Mostly, sensors are spatially distributed and connected
together to form sensors network, which is accessible through
computer to monitor situation at different places, such as tempera-
ture, pressure, noise or pollutions, sensor networks can be accessi-
ble through Web Services on Cloud computing environment.

02022 g1lgs- 01443 aaall g3 -(pla) ggpirallg ilill 222l - digiuw g1y G040 drolc dlao




Geospatial Information Systems on Cloud Computing Environment: A Systematic Review

References

(1)Mell P, Grance T. The NIST definition of cloud computing.
2011;

(2)Lu X. Service and cloud computing oriented web GIS for labor
and social security applications. In: The 2nd International
Conference on Information Science and Engineering. IEEE;
2010. p. 4014-7.

(3)Kitchenham B, Charters S. Guidelines for performing systematic
literature reviews in software engineering. 2007,

(4)Helmi AM, Farhan MS, Nasr MM. A framework for integrating
geospatial information systems and hybrid cloud computing.
Computers & Electrical Engineering. 2018;67:145-58.

(5)Evangelidis K, Ntouros K, Makridis S, Papatheodorou C.
Geospatial services in the Cloud. Computers & Geosciences.
2014;63:116-22.

(6)Tripathi AK, Agrawal S, Gupta RD. Cloud enabled SDI
architecture: a review. Earth Science Informatics. 2020;1-21.

(7)Wan Z, Hong Y, Khan S, Gourley J, Flamig Z, Kirschbaum D,
et al. A cloud-based global flood disaster community cyber-
infrastructure: Development and demonstration. Environmental
modelling & software. 2014;58:86-94.

(8)Rosatti G, Zorzi N, Zugliani D, Piffer S, Rizzi A. A Web
Service ecosystem for high-quality, cost-effective debris-flow

hazard assessment. Environmental modelling & software.
2018;100:33-47.

(9)Bediroglu S, Yildirim V, Erbas S. Application of GIS analyzes
with cloud computing. In: FIG congress. 2014.

b2022 gulgu--1443 daall g3 -(ald) ygpirellg pilill 222l - &igiw g1) Gosao drolc dlao m




Mohammed Mahmoud Ibrahim Musa

(10)Fustes D, Cantorna D, Dafonte C, Arcay B, Iglesias A, Manteiga
M. A cloud-integrated web platform for marine monitoring
using GIS and remote sensing. Application to oil spill detection
through SAR images. Future Generation Computer Systems.
2014;34:155-60.

(11)Mahmud S, Igbal R, Doctor F. Cloud enabled data analytics
and visualization framework for health-shocks prediction.
Future Generation Computer Systems. 2016;65:169-81.

(12)Schiffer B, Baranski B, Foerster T. Towards spatial data
infrastructures in the clouds. In: Geospatial thinking. Springer;
2010. p. 399-418.

(13)Boonchieng E, Boonchieng W, Senaratana W, Singkaew
J. Development of mHealth for public health information
collection, with GIS, using private cloud: A case study of
Saraphi district, Chiang Mai, Thailand. In: 2014 International
Computer Science and Engineering Conference (ICSEC).
IEEE; 2014. p. 350-3.

(14)Ponnambalam L, Xiuju F, Zhe X, Goh RSM, Sarawgi D,
Shubham K. GIS based modeling of marine incident hotspots:
A cloud-based framework for navigational alerts. In: 2016
6th International Conference-Cloud System and Big Data
Engineering (Confluence). IEEE; 2016. p. 125-9.

(15)Lin FC, Chung LK, Ku WY, Chu LR, Chou TY. Service
component architecture for geographic information system
in cloud computing infrastructure. In: 2013 IEEE 27th
International Conference on Advanced Information Networking
and Applications (AINA). IEEE; 2013. p. 368-73.

n 02022 g1lgi- £1443 a3all ga ~(ald) g pirellg Nilill 222l - Gygium g1) Gobao drolc dlao




Geospatial Information Systems on Cloud Computing Environment: A Systematic Review

(16)Leena HU, Premasudha BG, Basavaraja PK. Sensible
approach for soil fertility management using GIS cloud. In:
2016 International Conference on Advances in Computing,
Communications and Informatics (ICACCI). IEEE; 2016. p.
2776-81.

(17)Wu B, Wu X, Huang J. Geospatial data services within cloud
computing environment. In: 2010 International Conference on
Audio, Language and Image Processing. IEEE; 2010. p. 1577-84.

(18)Wu K, Sun D, Li X, Jiang Z, Niu X, Yang J. Study of GIS-
oriented graphical management system for power grid planning
based on cloud service. In: 2017 IEEE 2nd International
Conference on Cloud Computing and Big Data Analysis
(ICCCBDA). IEEE; 2017. p. 504-8.

(19)Sastry MK, Sahadeo A. Distributed cloud computing based
gis solution for electrical power utility asset management. In:
2015 International Conference on Computational Intelligence
and Communication Networks (CICN). IEEE; 2015. p. 832-8.

(20)Qazi N, Smyth D, McCarthy T. Towards a GIS-based decision
support system on the amazon cloud for the modelling of
domestic wastewater treatment solutions in Wexford, Ireland.
In: 2013 Uksim 15Th international conference on computer
modelling and simulation. IEEE; 2013. p. 23640.

(21)Yu B, Zhang C, Sun J, Zhang Y. Massive GIS Spatio-temporal

Data Storage Method in Cloud Environment. In: Proceedings

of the 2018 2nd International Conference on Computer Science
and Artificial Intelligence. 2018. p. 105-9.

b2022 gulgu--1443 daall g3 -(ald) ygpirellg pilill 222l - &igiw g1) Gosao drolc dlao m




Mohammed Mahmoud Ibrahim Musa

(22)Al-Bayari O. GIS Cloud Computing Methodology. In: 2018
International Conference on Computer, Information and
Telecommunication Systems (CITS). IEEE; 2018. p. 1-5.

(23)Cesur D, Malhotra R, Klepper A, Henry A, Ulak K, Nwoko
F. Integrating Enterprise GIS with Cloud Computing for
Transportation Planning and Modeling. In: 2014 Fifth
International Conference on Computing for Geospatial
Research and Application. IEEE; 2014. p. 108-9.

(24)Mariushko MV, Pashchenko RE, Nechausov AS. Cloud
system ArcGIS online as a managerial decision-making tool
in agricultural production. In: 2018 IEEE 9th International
Conference on Dependable Systems, Services and Technologies
(DESSERT). IEEE; 2018. p. 534-8.

(25)Peng Z, Mei L, Fei W, Fei Y. The analisis of Gis software
engineering pattern under the cloud computing environment. In:
2010 International Conference on Educational and Information
Technology. IEEE; 2010. p. V2-450.

(26)Fan X, Wu S, Ren Y, Deng F. An approach to providing cloud
GIS services based on scalable cluster. In: 2013 21st International
Conference on Geoinformatics. IEEE; 2013. p. 1-4.

(27)J1 X, Chen B, Huang Z, Sui Z, Fang Y. On the use of cloud
computing for geospatial workflow applications. In: 2012 20th
International Conference on Geoinformatics. IEEE; 2012. p. 1-6.

(28)Yang J, Wu S. Studies on application of cloud computing
techniques in GIS. In: 2010 Second IITA International

Conference on Geoscience and Remote Sensing. [EEE; 2010.
p. 492-5.

n 02022 g1lgi- £1443 a3all ga ~(ald) g pirellg Nilill 222l - Gygium g1) Gobao drolc dlao




Geospatial Information Systems on Cloud Computing Environment: A Systematic Review

(29)Kimura R, Inoguchi M, Tamura K, Nawa Y, Hayashi H.
Implementation of a web-based and cloud-based participatory
GIS system to certify property damage due to Tsunami. In:
International Conference on Information Society (i-Society
2012). IEEE; 2012. p. 310-4.

(30)Lu X. An Approach to Service and Cloud Computing Oriented
Web GIS Application. In: 2010 International Conference on
Internet Technology and Applications. IEEE; 2010. p. 1-4.

(31)Li L, Feng C, Wei-Ning S, Yao-Qiang X, Xing-Zhi W. Study
on evaluation system of meteorological hazards for power grid
based on Cloud GIS. In: 2014 International Conference on
Power System Technology. IEEE; 2014. p. 1848-52.

(32)Liu Z. Typical characteristics of cloud GIS and several key
issues of cloud spatial decision support system. In: 2013 IEEE
4th International Conference on Software Engineering and
Service Science. IEEE; 2013. p. 668—71.

(33)Neene V, Kabemba M. Development of a mobile GIS
property mapping application using mobile cloud computing.
Development.  2017;8(10):57-68.

(34)Elwakil MM, Ibrahim RF, Hefny HA. New architecture for
mobile GIS Cloud computing. New Architecture. 2015;4(10).

(35)Bhat MA, Shah RM, Ahmad B. Cloud Computing: A solution to

Geographical Information Systems(GIS). International Journal

on Computer Science and Engineering. 2011;3(2):594—-600.

(36)Aly AG, Labib NM. Proposed model of gis-based cloud
computing architecture for emergency system. International
Journal Of Computer Science. 2013;1(4):17-28.

b2022 gulgu--1443 daall g3 -(ald) ygpirellg pilill 222l - &igiw g1) Gosao drolc dlao m




Mohammed Mahmoud Ibrahim Musa

(37)JIAN H, WEI Z. Analysis of Spatial Information Service
Technology of GIS Framework Based on Cloud Computing.

(38)Singh H, Kumar R, Singh A, Litoria PK. Cloud GIS for
crime mapping. International Journal of Research in Computer
Science. 2012;2(3):57-60.

(39)Huang Q, Yang C, Nebert D, Liu K, Wu H. Cloud computing
for geosciences: deployment of GEOSS clearinghouse on
Amazon’s EC2. In: Proceedings of the ACM SIGSPATIAL
international workshop on high performance and distributed
geographic information systems. 2010. p. 35-8.

(40)Nourjou R, Thomas J. System architecture of cloud-based web
GIS forreal-time macroeconomic loss estimation. In: Proceedings
of the 5th ACM SIGSPATIAL International Workshop on Mobile
Geographic Information Systems. 2016. p. 56—63.

(41)ZianiA, SadouqZA,MedouriA. Integration of cloud computing
and GIS on vehicle traffic management. In: Proceedings of the
Mediterranean Symposium on Smart City Application. 2017.
p. 1-5.

(42)Phiri J, Phiri J. CRIME MAPPING MODEL BASED ON
CLOUD AND SPATIAL DATA. 2019;

(43)LuY, YuK, LiuY. An implementation of embedded geographic
information system based on cloud computing. In: 2011 Third
Pacific-Asia Conference on Circuits, Communications and
System (PACCS). IEEE; 2011. p. 1-4.

(44)Union IT. Internet of Things Global Standards Initiative. ITU;
2012.

n 02022 g1lgi- £1443 a3all ga ~(ald) g pirellg Nilill 222l - Gygium g1) Gobao drolc dlao




Geospatial Information Systems on Cloud Computing Environment: A Systematic Review

(45)Bonomi F, Milito R, Zhu J, Addepalli S. Fog computing and
its role in the internet of things. In: Proceedings of the first

edition of the MCC workshop on Mobile cloud computing.
2012. p. 13-6.

b2022 gulgu--1443 daall g3 -(ald) ygpirellg pilill 222l - &igiw g1) Gosao drolc dlao




Effect of Geographical Location on some
Physicochemical Properties and Emulsion Sta-
bility of A.seyal Gum

AdamA. Farah Ibrahim Musa » Pepartment of Chemistry, Faculty of

Education, University of Kordofan

Gawahel' S. Idries Gum Arabic Instiute Research and
Desert Studies —University of Kordofan
Elhaj J . M Department of Chemistry, Faculty of

Science, University of Dalanj, Sudan,

Abstract:

The objectives of present study were to investigate the
effect of geographical locations on physicochemical properties
and emulsion stability of gum from A.seyal. Gum samples were
collected from areas of Heglieg, Abeyei, Nama and Elfula West
Kordofan State, Sudan during (2018-2019). The samples were
carefully, cleaned, milled then packed and stored in polyethylene
bags. Spectrophotometer, ICPE-9000 Spectrometer methods used.
Different gum parameters such as: solubility, moisture, protein,
minerals, pH, tannin, M.wt, viscosities and emulsions stability
were measured. Emulsion stability of Acacia seyal gum tested
with oil types (groundnut, sesame and sunflower) under effect
of temperature, stirring time, concentration and gum grade. Data
were analyzed using SPSS. The results found that Gum from Elfula
contained highest emulsion stability (1.53), Nama (1.15) compared
to gum from Heglieg and Abeyei locations. The statistical analysis
showed that no significant differences (P<0.05) between four
different locations sources of the solubility, moisture, ash, nitrogen,
protein contents, pH, optical rotation and intrinsic viscosity, while
there were significant differences (P<0.05) found between above
locations in absolute viscosity, reduced viscosity, molecular weight
and Emulsion stability. Elfula contain higher N (0.69%), protein
(4.53%), Nama (0.59%) N, (3.86%) protein compared to gum from
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Heglieg and Abeyei location. In addition 4. seyal gum shows +ve
results for tannin tested for all samples, intrinsic viscosity (15.09,
11.87,13.49 and 15.06 mL/g) for gum from Heglieg, Abeyei, Nama
and Elfula location, respectively. Mineral contents, gum samples
had higher values of S (200, 160, 120 and 110 ppm) followed
by Mg (180, 130, 110 and 80 ppm), Ca (160, 150, 130 and 110
ppm). Sesame oil showed most stable emulsion, while groundnuts
of Abeyei (0.50), Elfula (0.97) and sunflower Abeyei (0.39) and
Nama (0.85) showed the lowest emulsion stability. In concluded
remarks emulsion stability was significantly influenced by the type
of oil, stirring time, concentration, gum grade and temperature.
Keywords: Physicochemical, Emulsion, Stability, Acacia Seyal,
Gum Arabic.
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Introduction
Gum Arabic (GA) or Acacia gum is an edible biopolymer
obtained as exudates of mature trees of Acacia senegal and Acacia
seyal which grow principally in the African region of Sahel in
Sudan. The exudate is a non-viscous liquid, rich in soluble fibers,
and its emanation from the stems and branches usually occurs
under stress conditions such as drought, poor soil fertility, and
injury (1). GA is a product of the genus Acacia; namely Acacia
senegal and Acacia seyal locally known in Sudan as Hashab
and Talha respectively. The two acacias are found in Sub-Saharan
Africa in a belt widely known as the gum belt. Sudan is the world’s
largest producer of GA, followed by Chad and Nigeria (2). The
composition of GA is effected mainly by the location, tree age,
season of exudation, storage type and the genetic factor (3, 4). GA
or Acacia gum 1is a soluble dietary fiber obtained from the stems
and branches of the Acacia senegal and Acacia seyal plants, which
grow mainly in the African region of Sahe in Sudan (5). Acacia
Gum is a natural complex mixture of hydrophilic carbohydrate
and hydrophobic protein component emulsifier which adsorbs
onto surface of oil droplets while the hydrophilic carbohydrate
component inhibits flocculation and coalescence of molecules
through electrostatic and steric repulsions in food additives (6).
However, the composition of GA may change depending on the
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source, climate, and soil (7). Because of the physical properties
of GA, it has been widely used in various industries including
cosmetics, textiles, ceramics, pharmaceuticals and foods (2), and
food production as an emulsifier, a stabilizer, and a thickener due
to its non-digestibility, low-solution viscosity, and safety (8).
The physical properties of Acacia Gum, established as quality
parameters include solubility, moisture, viscosity, optical rotation,
pH, total ash, acid soluble in ash. The ability of A. senegal gum to
form highly concentrated solutions is responsible for the excellent
ability and emulsifying properties of A. semegal gum when
incorporated with large amount of insoluble materials compared
to A. seyal gum (6).

Materials and Method

Study areas:

Dried gum samples were collected from Acacia seyal trees
in areas of Heglieg (longitudes 27° 52" 59.99” E, and latitudes 11°
58 59.99” N), Abeyei (longitudes 28° 26" 9.60” E and latitudes
9° 35 42” N), Nama (longitudes 31° 2" 0” E and latitudes 12°
35 417 N), El Fula (longitudes 28° 20 46” E and latitudes 11° 42’
43” N) in West Kordofan State during the season of 2018- 2019.
The areas had a varying climate, ranging from desert and semi-
desert in the north, to rich savanna in the south. Arid and semi-arid
zones cover the largest part of this region. The soil in the region
ranges from sandy in the north to heavy cracking clay in the south.
In between, there are the so-called “gardud” soils, the sandy soils
cover about 60%of the cultivated land, with organic matter, N
and P comprising less than 1%, the clay soils were dark, cracking
vertisols, low in N and P and gardud soils were compacted soils
found on the high ridges of undulating plains, developed in- situ
from the local igneous and metamorphic rocks, (9).

Gum sampling and perpetration:

The gum samples used in this work were collected and cleaned
by hand to be sure it were free from sand, dust and bark impurities,
and then were milled in Agriculture Research Station (EI Obeid)
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mill, then kept in labeled (polyethylene) bags.

Sample A Sample B Sample  Sample D El
Heglieg Area  Abeyei Area ~ C Nama fula Area
Area
Figure (3.1) Hands pick raw gum samples from four areas;
Solubility

Solubility was obtained by dissolving 1g of formulation
(W) in 100 ml of each of the following solvents, distilled water
and ethanol in 250ml conical flask, then stirred for 30 minutes
by magnetic stirrer and the solution filtered through filter paper
No.42, which was weighted before filtration (W ). The filter paper
and contents were then dried at 105°C for 30 minutes, cooled and

weighted (W2W?2), (10).The solubility was calculated as percent
according to the following equation:

W- (W2-W1)
S%h = W
S = Solubility
WW =Weight of formulation
W1W1 =Weight of empty filter paper

W2W?2 = Weight of filter paper + insoluble formulation.
Moisture content

The determination was conducted on accurately weighted, 2 g of
previously will mixed gum powder. An empty crucible was dried
in an oven at 105°C for 30 minutes, cooled in a desiccators and

weighted (W1W1), about 2 g of formulation were placed in the
crucible weighted accurately (W2W?2) and heated for 5 hours at

105°C, cooled in a desiccators and weighted again (W3)W3),
(10). The loss on drying was calculated as follows:
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(W2 —-W3)
(W2—- W1)
W1W1 = Weight of the empty crucible

W2W2 = Weight of the crucible + formulation

W3W3 = Weight of the crucible + formulation after drying.
Nitrogen and protein contents

Nitrogen and crude protein were determined using a semi-micro
Kejeldal digestion and distillation method, 1g of the formulation
was weighed into 100 ml Kejeldal flask, 2 tablets of catalyst mixture
(potassium sulfate + copper sulfate) and 12.5 ml concentrated
sulfuric acid were added. The flask containing all these mixtures
was heated on an electric heater for digestion for two hours, then
was cooled and placed in the distillation unit. The ammonia evolved
was received in 25 ml of boric acid solution containing 3 drops
of mixed indicator (bromocresol, green and methyl red) (11). The
trapped ammonia was titrated against 0.1N HCI; hence the protein
percentage was determined according to (12), by multiplying

nitrogen percentage N% by the factor 6.6.
VX NxX14x100

Moisture content % = % 100

N% =
’ S
A% = Volume of HCI
14 = Atomic mass of nitrogen
N = Normality of HCI (mol /dm3*dm?)
S = Weight of sample.

Protein % = N% x 6.6 Where: 6.6 = the nitrogen factor for gum
Arabic (12).

Total ash contents

The ash percentage was determined as an empty crucible was
heated at 105°C for 30 minutes, cooled in a desiccators and
weighted (W), about 2g of formulation were accurately weighted
in a crucible (W), and ignited in an electronic mufile furnace at
550°C until free from carbon, cooled in a desiccators and weighted
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(W), then the total ash percentage was calculated as follows (10).
w2 -w1

Total ash content % = —— x 100

otal ash content % W2 —_W3

W1l = Weight of the empty crucible

w2 = Weight of the crucible + the
f lati

w3 = Weight O?I{Hleuc%gll%)le + ash

Specific optical rotation:

The specific optical rotation was determined for 1.0 % aqueous
solution on dry weight basis using an optical activity Bellingham
and Stanley Itd. AD 220 polar meter fitted with sodium lamp
and with a cell path length of 20 decimeter at room temperature
(25°C) after filtration of the gum solution through filter paper No.
42 Readings were taken three times and averaged. The specific
optical rotation was calculated according to using the following

equation:
Z X 100
[x =
CxL

oo = Specific optical rotation

LI = observed optical rotation

CC = concentration of solution

LL = Length of polar meter cell in decimeter
pH value

pH was determined in 10% aqueous solution using two standard
buftfer solutions of pH 4.00 and 7.00 were used for the calibration
of the pH meter. The temperature was kept at 25°C and the pH was
left to stabilize for one minute and then the pH of gum formulations
was read directly.

2.7. Molecular weight

The molecular weight was calculated using Mark-Houwink
equation.

ni = K x Mwt
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MwtMwt= Molecular weight
ni = Intrinsic viscosity
Kanda= Mark -Houwink constants

Based on (Anderson and Rahman, 1967), the values of K and a,
were determined for Acacia seyal gum as follows: K = 1.3 x 1072

K=13x10"% a=0.54a=0.54

Tannin contents

0.1 ml Ferric chloride was added to 10 ml 1% aqueous gum
solution. Presence of blackish coloration or precipitate indicates
the presence of tannin (13).

Determination of Mineral contents

Mineral content were determined using Shimadzu’s ICPE-
9000 multi type spectrometer. One gram of dried gum was
weighted and placed in a porcelain crucible, then placed in a
cool muffle furnace and ashed at 550°c overnight. The ash was
cooled and 0.1ml of it was dissolved in 5 ml 0f 20% hydrochloric
acid. The solution was warmed in a sand bath, to dissolve the
ash, and then filtered through an acid washed filter paper. The
filter paper was washed and the solution was diluted with 10ml
distilled water and well mixed, then put in the Spectrometer cell
to determine the absorption of the element and the observed
reading was taken.
Absolute viscosity

A digital Brookfield viscometer was used for this study. It
measured the torque required to rotate an immersed spindle in a
fluid. The gum mucilage sample of concentration (25% w/v) was
prepared in a 250 ml beaker. Appropriate enough to immerse the
spindle groove in the fluid. Then, the viscosity was determined
using the instrument with spindle No. 2 speed of rotation 60 rpm
and then for each sample triplicate measurements were made.
Intrinsic viscosity (1)

The intrinsic viscosity was obtained by extrapolation of
reduced viscosity against concentrations back to zero concentration.
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The interception on Y — axis gives (1).
Measurement of stability of emulsions
Three types of refined oil (sesame, groundnut and sunflower) and
20% aqueous gum solution were used to prepare stock emulsions.
Emulsions were prepared by blending a measured amount of the
gum solution (20%) and the oil (2:1 v/v) for one minute at 1800
rpm using homogenizer (triplicate preparations were made for each
study). Aliquot 1 ml of the stock emulsion was diluted in distilled
water to give final dilution of 1ppm. The absorbance was then
read at 520 nm in spectrophotometer (CECIL, CE 2041). Another
reading of absorbance was recorded after an hour following the
same procedure as before (14).

Firstreading
Reading after 1 hour

Tests for stability of emulsion under influence of some factors:

These tests were done with the objective of studying effect of
emulsification factors of stirring time, temperature, concentration,
gum grade and quality, on emulsion stability. The tests for stability
were performed in emulsions prepared by mixing the sesame
oil (Selected as giving the highest emulsion stability) with 20%
aqueous gum solution, (14).

Stirring time: This test was done to study effect of the length
of stirring on emulsion stability. One ml of the stock emulsion
was diluted with distilled water to a concentration of 1ppm and
then stirred for different times (1 and 2 minutes) using magnetic
stirrer. Emulsion stability was determined following the previous
procedure (14).

Concentration: Distilled water diluted concentrations of
stock emulsion solution of 1ppm and 2ppm were prepared and
examined for emulsion stability under a fixed stirring time of one
minute at room temperature. Emulsion stability was measured as
before (14).

Temperature regime: Emulsions of 1ppm concentration were

Emulsion stability (E.S) =
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subjected to four temperature regimes; 30, 50 and 70°C=C; for 30
minutes and then emulsion stability was measured as before (14).
Gum grade: Emulsions were prepared by blending 20% aqueous
gum solutions and sesame oil in a ratio of 2:1 Determination of
emulsion stability was done following the method described by
(14).
Statistical analysis:
Each sample was analyzed chemically in triplicate then averaged.
Data was assessed by analysis: SPSS+ Excel using ANOVA.
(Analysis of variance), the mean difference is significant at the
0.05 level.
Results and Discussion
General physicochemical properties of GA

Results of analytical data of 4 .seyal gums collected
from four locations namely Heglieg, Abeyei, Elfula and Nama
from west Kordofan State, Sudan. There were no significant
differences (P<0.05) between the four locations in an average
of solubility table (1), moisture content, ash content, tannin,
pH, optical rotation, intrinsic viscosity, molecular weight and
significant differences (P<0.05) between the four locations for
nitrogen content, protein content, absolute viscosity, reduced
viscosity and Emulsion stability. Tables (3) and table (4) showed
physicochemical properties of the four samples, analysis of the
samples was carried out in triplicate and then an average.
3.1 Solubility

Table (1) showed an average of solubility of Acacia seyal
gum in distilled water were (98.83, 99.83, 99.17 and 99.83%)
from Heglieg, Abeyei, Elfula and Nama respectively, thus insoluble
percentage were within the range 0.2 - 1.6% for A. senegal gum
determined (15). But it was insoluble in ethanol thus agree with
(16).
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Table (1): Solubility of Acacia seyal gum in distilled water and
ethanol (at room Temperature)

Locations Solvent Average of solubility%

Hegleig water 99.83
ethanol 00.00

Elfula

Moisture content

An average of moisture content of Heglieg, Abeyei, Elfula and
Nama samples were found to be (10.82, 12.15, 10.48 and 11.32%)
respectively table (2). Results of Nama and Abeyei were within the
range from 11% to 16.1% of A. seyal var. seyal gum but Heglieg
and Elfula results less than these values (16) reported for 4. seyal
var. seyal gum. Also results for the four samples were higher than
the range from 7.4% to 8.3% for moisture content of A. seyal var.
seyal gum which Hassan et al., (2005) reported and less than the
value of 12.6% for the moisture content of 4. seyal var. seyal gum
(17). Results table (2) were conforming to the Sudanese Standards
moisture content (not more than 15%) (18).
Table (2): Chemical properties of Acacia seyal gum from
deferentlocations in West Kordofan State. Protein% = nitrogen

% X 6.6% X 6.6. Anderson (1986).

.| Total I I
Locations | moisture% | nitrogen% pr(());)eln ash | pH Mwx10°g/mol
00
Heglieg 10.82 0.26 1.72 2.50 | 4.20 6.37
Abeyei 12.15 0.29 1.91 2.87 | 3.98 4.06
El Fula 10.48 0.69 4.55 2.79 | 4.10 6.1
Nama 11.32 0.59 3.89 296 | 4.20 4.96
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Ash content

For ash content the results showed in table (2) were agree
with the range from 1.94% to 3.55% for A. seyal var. seyal gum
(18), and it were less than 3.1% (19), 3.9% (20) and less than that
values for samples on heavy soil 3.5% and 3.3% Anderson et al.
(1968) found for A.senegal gum. Findings in table (2) within the
range of standard specification (2 - 4%) (10). the maximum limit
of total ash for food and pharmaceutical quality of Gum Arabic is
4% w/w (18, 15).
Nitrogen and Protein content

Table (2)showed (0.26,0.29,0.69,and 0.59%) values of nitrogen
content and (1.72, 1.91, 4.55, 3.89%) values of protein content using
the 6.6 standard Nitrogen Conversion Factor NCF (21) for 4.seyal
gum from Heglieg, Abeyei, Elfula and Nama respectively. Values of
nitrogen content table (2) for Heglieg (0.26%) and Abeyei (0.29%)
were within the range compared to the international standard of
(0.26-0.39%) table (3) and nitrogen content of Elfula (0.69%) and
Nama (0.59%) relatively were found to be higher than that value
in table (3), with corresponding this was an encouraging result
considering the significance of nitrogen in the application properties
of Gum Arabic. It was important to study the nitrogen content of
gum because it forms an important component which absorb
onto the surface of oil droplet for the purpose of emulsion
stability, (22) reported that the protein moiety of Gum Arabic affect
its emulsification ability and that the best emulsion stability was

found in gums with highest amount of nitrogen.
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Table (3): International specifications of quality parameters of

Gum Arabic (10).
Parameter Acacia senegal
Moisture content (%) 13-15
Ash content (%) 24

Internal energy (%) 30-39

Volatile matter (%) 51-65
Optical rotation (degrees) -26 —-34
Nitrogen content (%) 0.26-0.39

Cationic composition of total ash at 550 °C

Copper (ppm) 52-66
Iron (ppm) 730-2490
Manganese (ppm) 69—117
Zinc (ppm) 111-45
pH values

Table (2) illustrated pH of samples for Heglieg, Abeyei,
Elfula and Nama (4.20, 3.98, 4.10 and 4.20) respectively, these
values were less than the value of 4.30 for pH of Acacia senegal
gum recorded and 4.66 pH values for Acacia senegal reported, but
similar to 4.20 for Acacia seyal gum reported by (15). The Gum
Arabic of the four samples was slightly acidic, and these values
were in agreement with standard international specification of
quality parameter of Gum Arabic (10). This acidity was due to
major component and cations of Gum Arabic.

Molecular weight
As illustrated in table (2), the molecular weights for Heglieg,
Abeyei, Elfula and Nama were found to be (6.37, 4.06, 6.1 and

4.96x 10°x 10°) g/mol g/mol respectively, analysis of variance
revealed significant differences (P<0.05) between the four
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locations. The present findings tables (2) were higher than 3.0 x
103, and lower than 1.0x10°10° @, also lower than 4.0 x 10°
4,0 Xx10°-2.2x10°2.2 X 10°, (24, 25), found to be 5.4 X 10°

5.4 X 10° 4. senegal gum. Molecular weight variation in values
maybe due to gum heterogeneity as well as variation in techniques
used to separate.
Specific optical rotation

Aqueous solutions of the four samples were found to be
optically active (dextrogyrate). An average of specific rotation of
Heglieg, Abeyei, Elfula and Nama samples were: (+47.03°,+48.47°,
+57.43° and +50.53°) respectively table (4), these findings were
within the range +39° to +63.9° for A. seyal gum (23). Analysis
of variance showed no significant differences (P<0.05) between
the samples within each location. Relevant to specific rotation, the
four locations proved to be insignificantly (P<0.05) different.
Tannin content

Test for Tannins with FeCl, showed a dark blue color of the
Acacia seyal gum, a positive test table (4). The presence of Tannins
in A. seyal gum does not make it suitable for use in the food and
pharmaceutical industries.
Viscosity

The increase in viscosity of the gum is a result of raising the
pH and the reduction in viscosity is due to increasing temperature.
In addition, it can be clearly noticed from Table (4) that each study
reported a different value for pH of studied gum solution (range:
3.9-5.54). Absolute viscosity were measured using Brookfield
viscometer, concentration of gum 25% showed in table (4) , the
viscosity for A. seyal gum, from Helieg, Abeyei, Elfula and Nama
which were found to be (52.65, 43.00, 53.61 and 48.35) cps/s
respectively, there were significant deference (P<0.05) between the
four location. Variation in viscosity among samples from deferent
locations confirmed the fact that there was an inherited variation in
the molecular weight of natural gum.
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Table (4): Physical properties of Acacia seyal gum from
different locations from west Kordofan State

Specific Intrinsic Absolute
Locations peet viscosity viscosity | tannin%
rotation
(ml/g) cp/s
Heglieg | +47.03° 15.09 52.65 +ve
Abeyei +48.47° 11.87 43.00 +ve
El Fula +57.43° 15.06 53.61 +ve
Nama +50.53° 13.49 48.35 +ve

Intrinsic viscosity
Table (4) report the results of the four samples (15.09

,11.87 ,15.06 and 13.49 ml/g) for Heglieg, Abeyei, Elfula and
Nama respectively of Acacia seyal gum there were no significant
differences (P<0.05) between them, results were within the range
10.4 -19.8cm?* g~ of A. senegal var. senegal, (26) studied. Results
obtain from A4 .seyal gum table (4) were less than that value 16.6
cm? g~ for A.senegal var.senegal, and higher than 11.0 cm?® g~ for
A. seyal var. seyal. Results in table (4) agree with (27, 28), whom
reported an intrinsic viscosity of A. seyal var. seyal in the ranges
between 11.9-17.6 em®*g~tand 11.6 - 17.7 cm®g™* respectively.
Reduced viscosity

As illustrated in Figure (1), (2) reduced viscosity inversely
decreased with an increase of concentration; may be due to cleavage
of molecular bonds which leads to molecular break down and low
viscosity. Solutions containing less than 10% of Gum Arabic have
a low viscosity and respond to Newtonian behavior (29).
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Figure (1): Relations between reduced viscosity
and concentration (g/ml) for Heglieg location.
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Figure (2): Relation between reduced viscosity and
concentration (g/ml) for Heglieg, Abeyei, Nama and Elfula
locations.
Cations composition

Cationic composition studied using ICP Emission
Spectroscopy-9000 technique. Table (5) show that Sulphur had
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the major values (200,160 ,120 and 110ppm) among the cations
study for Heglieg, Abeyei, Nama and Elfula locations respectively,
followed by Mg, Ca, K, I, P, Na, Cu and the lowest was Ho, for
Heglieg location. For Abeyei location Sulphur followed by Ca, Mg,
Pt, P, I, Na, K and the lowest was Si. Nama location the highest
Sulphur followed by Ca, Mg, P, I, K and the lowest was Ho. But
for Elfula location the highest Sulphur followed by Ca, Mg, I, Na,
Cu, K and the lowest one were Si and Ba. From observation table
(5) Elfula Seyal gum had the lowest value of S and minerals than
the others samples and that is may be due to rain fall and types of
soil.

Table (5): The cationic composition of acacia seyal gum from
Heglieg, Abeyei, Elfula and Nama locations.

Heglieg ppm | Abeyei | ppm | Elfula | ppm | Nama | ppm
S 200 S 160 S 110 S 120
Mg 180 Mg 130 Mg 80 Mg 110
Ca 160 Ca 150 Ca 110 Ca 130
K 33 K 13 K 7.3 K 13
I 30 I 16 I 12 | 15
P 29 P 19 P - P 15
Na 17 Na 14 Na 10 Na 9.8
Cu 10 Cu 9.9 Cu 8.5 Cu 8.8
Ba 4.4 Ba 3.0 Ba 2.5 Ba 2.8
Ta 4 Th 9.7 Si 2.5 Bi 4.8
Mo 3.8 Pt 23 Fe 3.5 Si 2.3
Fe 2.2 Fe 2.1 - - Ee 2.8
Si 1.7 Si 1.5 Zn 0.26 Ho 1.1
Sr 1.5 Sr 2.7 Sc 0.22 Sr 0.90
Ho 1.2 Zn 0.66 Mn 0.17 Zn 0.39
Cd 0.58 Sc 0.35 Li 0.04 Sc 0.26
Sc 0.40 Lu 0.18 - - - -
Zn 0.34 Li 0.03 - - - -
Mn 0.19 - - - -

Effect of emulsification factors on stability of emulsion

Effect of types of oils, temperature, stirring time, concentration
and gum grade on emulsion stability were present in table (6) to
(10) and figure (3) to figure (7). Oil types: table (6) Figure (3)
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show that emulsions prepared by mixing pure oils (groundnut,
sesame and sunflower), with aqueous solutions of gums had
varies stabilities (1.25, 1.08, 1.07), (0.50, 1.13, 0.39), (0.97, 1.53,
1.16) and (1.09, 1.15, 0.85) for Hegleig, Abeyei, Elfula and Nama
respectively. Table (6) figure (3) indicated that using different types
of oil results significant (p < 0.05) differences in emulsion stability
(E.S) for the four samples of gum. Emulsion stability (E.S) when
using sunflower oil was the lowest for Abeyei and Nama gums
(0.39 and 0.85) respectively), also groundnut oil was the lowest
for Abeyei and Elfula gums (0.50 and 0.97) respectively. While
that the sesame oil was more stable (1.08, 1.13, 1.53 and 1.15) for
Heglieg, Abeyei, Elfula and Nama respectively and Elfula gum
gave the highest emulsion stability (E.S) in sesame o1l compared to
Hegleig, Abeyei and Nama gums. Differences in emulsion stability
(E.S) may be ascribed to difference in protein content (Table 2).
Protein was the fraction that provides the functionality of the Gum
Arabic as emulsion stabilizer, therefore, the best emulsion capacity
and emulsion stability in regard to coalescence and flocculation
were records in gum with highest nitrogen content (30).

Table (6): Emulsions Stability of Heglieg, Abeyei, Elfula and
Nama Seyal gum as affected by different oil types. (At room

Temperature)

locations o1l Average of E.S

Groundnut 1.25

Heglieg Sesame 1.08

Sunflower 1.07

Groundnut 0.50

Abeyei Sesame 1.13

Sunflower 0.39

Groundnut 0.97

El Fula Sesame 1.53

Sunflower 1.16

Groundnut 1.09

Nama Sesame 1.15

Sunflower 0.85
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Sesame
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Sunflower
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Figure (3): Emulsions Stability of Heglieg, Abeyei, Elfula and
Nama Seyal gum as affected by different oil types.

Effect of Stirring of time (minutes)

Table (7) Figure. (4) [llustrates the variation of emulsifying stability
for A. seyal gum, the emulsifying stability for Abeyei and Nama
increased with an increasing time of stirring, when the Heglieg
and FElfula decreased with an increasing times of stirring. This
decreasing in emulsifying stability may be due to the formation of
homogenous emulsion, which shows an incomplete adsorption for
protein at the surface of the oil.

Table (7): Emulsions Stability of Heglieg, Abeyei, Elfula and
Nama seyal gum under different stirring times (minute). (At
room Temperature)

location | @irring (minute) | Average of E.S
Heglieg 7m 0.57
' 1 m 0.86
Abeyei ’m 1.10
El Fula 2m 0.96
1 m 1.04
Nama 2m 1.45
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Figure (4): Emulsions Stability of Heglieg, Abeyei, Elfula and
Nama seyal gum under different stirring times (minutes).
Effect of Concentration

Table (7) Figure (5), illustrates stability of emulsions with
concentrations of 1ppm and 2ppm for Acacia seyal gum samples.
Heglieg and Abeyei gums reveals an increased with an increasing
of concentration, but for Elfula and Nama (highest protein)
gums stability of emulsions were decreased with an increase of
concentration ,this may be due to cleavage of molecular bonds
which leads to molecular break down and decreased on stability
of emulsions.
Table (8): Effectofvaried concentrations (ppm)on measurement
of emulsions stability of Heglieg, Abeyei, Elfula and Nama seyal
gum. (Atroom Temperature)

locations concentration (ppm) | Average of E.S
Ippm 1.1449
Heglieg 2ppm 1.1525
Ippm 0.8655
Abeyei 2ppm 1.2977
lppm 1.4421
El Fula 2ppm 0.9682
lppm 1.2447
Nama 2ppm 1.0487
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Figure (5): Effect of varied concentrations (ppm) on

measurement of emulsions stability of Effect of Temperature
regime (°C)

Table (9) Figure (6), illustrated stability of emulsions for
A.seyal gum from Heglieg, Abeyei, Elfula and Nama at 30°C, 50°C
and 70°C, respectively. Emulsions stability increased for Heglieg,
Abeyei and Nama with an increase of temperature, those findings
agree with those reported by (31), but for Elfula gum it was an
adverse effect on the emulsifying stability; because the emulsifying
stability depends on the protein in the gum, which may be affected
by temperature, and may leads to denaturalize of the component
of protein.

Table (9): Emulsions Stability for Heglieg, Abeyei, Elfula and
Nama seyal gum under different heating of temperature (°C)

locations temperature (°C) Average of E.S
30 0.962
50 1.096

Hegli

cetes 70 1.137
30 0.976
: 50 1.106
Abeyer 70 1.229
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locations temperature (°C) Average of E.S
30 1.117
50 1.080
El Fula 70 0.942
30 0.897
N 50 0.981
ama 70 1.340

Temperature(°C )and Location

Figure (6): Emulsions Stability of Heglieg, Abeyei, El fula and
Nama seyal gum under different heating of temperature (°C).

Gum grade:

Table (10) Figure (7) study effect of Stability of sesame oil-in-
water emulsion of Acacia seyal gums, for Elfula was significantly
(p <0.05) higher than stability of emulsions from Heglieg, Abeyei,
and Nama. There for Elfula gum was the best one than the others
locations; due to higher nitrogen and protein content.

Table (10): Effect of gum grade on Emulsions stability of
Heglieg, Abeyei, Elfula and Nama seyal gum.

locations | Average of Emulsions stability
Heglieo 1.078
Abeyei 1.132
El Fula 1.534
Nama 1.155
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Figure (7): Effect of gum grade on Emulsions stability of
Heglieg, Abeyei, Elfula and Nama seyal gum.
Conclusion:

From this study it can be concluded that Gum Arabic (Acacia
seyal) samples from the study areas were within the range of the
specifications given by the ‘Joint Expert Committee, FAO for
Food Additives for Gum Arabic. There was significant difference
in physicochemical characteristics analyzed for the Gum Arabic
samples brought from Heglieg, Abeyei, Elfula and Nama locations.
Reduced viscosity measurements at different concentrations
indicate that the reduced viscosity decreased with an increasing
concentration of the samples. Locations and factors as such oil
type, stirring time, concentration and temperature could
influence the quality and emulsion stability of gum produced
which in turn reflected in emulsification properties of the Gum
Arabic. This study concludes that 4. seyal gum containing tannins
which limits it used in food and nonfood industry applications.
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Recommendations

Study recommends to removing the Tannins and color from
A. seyal gum so as to upgrade its quality and to be used in food
and nonfood industry applications further study was needs to
determine the factors influencing the emulsion stability and the
soil characteristics for Acacia seyal and different Acacias of Gum
Arabic in Heglieg, Abeyei, Nama and Elfula locations.
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Abstract:

Taboo wordsare “unthinkable” actions. Even the thought of vi-
olating taboostriggersa punishment. It is considered a simple model
in which taboos are part of the definition of one’s identity. Pondering
over breaking the taboos changes the individual’s choice set and pro-
vides information on possible private benefits but is costly because
it contradicts one’s identity. In every society, there are believed to be
inappropriate words if spoken on public occasions. Many words are
therefore taken as silly, vulgar, or obscene when used in communica-
tion. These words are “taboos”. So, the aim of this paper is to identify
and define the concept of taboo words, to investigate all the major
varieties of English taboos, i.e., bodily excretions, death and disease,
sex, four-letter words, privacy, and discriminatory language, and to
show and explain the concepts of discriminatory words. Euphemistic
and roundabout ways of avoiding using taboo words are offered to
deal withsuchsituations. Some of the results show that: some words
are hardly ever used because they are too emotional or offensive, a lin-
guistic universal is that no social group uses language quite at random,
and English and Americans believe that avoiding linguistic taboo is
the symbol of their civilization.

Keywords: taboos, euphemisms.
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Introduction
In this modern era, when everything in the world is
subjected to change with the spread of technology, followed by
advancement in the fields of education, agriculture, medicine,
and many more, changing the mindset of people living in the 21st
century over the globe. Culture is changing leading to the change
in people and their dealings enough to stimulate language change.
(5) claims that language’s response to social change is interlinked
to development, for language is a social product and every society
composes itself through language. Taboo subjects include body
functions about sex and excretion, private parts of the body, ill-
ness, and death; words believed to be blasphemy; income, salary,
age of ladies, and so on.(27) explains that the mostinterestingway-
inwhichsocietyimpactsitslanguageisthrough “taboo™ cases.
It 1s vital to state that the English language 1s full of taboo
words, like many other societies around the world. Taboo subjects
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include bodily functions about sex and excretion, the private parts,
illnesses and death, words believed to be blasphemy, income, sala-
ry, age of ladies, and so on,(7). These taboos are usually applicable
in spoken interactions between relations, strangers, and the public.
According to(7), most people who speak English know the rules
of taboos and observe the rules. Breaking the rules may rouse con-
siderable dissatisfaction. Societies in different countries share this
point of view, especially in English-speaking countries. Therefore,
studies on English taboos have been an important topic fordis-
cussion. However, systematic, and comprehensive studies on this
especially in the fields of intercultural communication and socio-
linguistics have not been easily seen yet. This paper is to explore
various forms of English taboo, and euphemisms are introduced
torelieve the harshness of taboo words. Attempts to study a sub-
ject that is regarded as a ““silent” or taboo in any society is not an
easy task. A taboo for(7) is any subject that is prohibited or evokes
avoidance by society as it is perceived as harmful to its members.
The harm is viewed relatively as arising from its potential to cause
anxiety, embarrassment, or shame to individuals. (7) went on to
argue that most societies construct taboos around subjects such as
body functions, sex, erections, and income among a host of other
subjects regarded as sensitive, and that euphemisms can be used to
negotiate the presentation of these taboos. In explaining why sex
is such a big taboo in most societies, (10) argued that sex reminds
us of our animal nature and raises debates about the challenges of
morality. According to (11), taboo words in a language are archa-
ic which include profanity i.e., irreverent speech, and blasphemy
1.e., attacks on religion, that are prescribed by religious authorities
since biblical times while. (7) discussed various taboos including
body excretions, death, and disease, sex, four-letter words, priva-
cy, discriminatory language, for example, sexist language and rac-
1st language. (23) classifies taboo words with respect to purpose,
into four categories including expletives, humorous, abusive, and
auxiliary taboos.
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Statement of the Problem
The problem of the study is to investigate taboo words in the
English language discourse.
Objectives of the Study
The aims of this study are:
To identify anddefine the concept of taboo words.
To identify and evaluate thevarieties of Englishtaboo words.
, and to show and explain the concepts of discriminatory words
and euphemisms.
Questions of the Study
The questions of the study are:
1. What are taboo words?
2. What are the varieties of English taboo words?
3. What are the concepts of discriminatory words?
4. What are euphemisms?
Significance of the Study
Taboo words in the English language have been a contro-
versial topic among sociolinguists since its inception and taboo
wordsare often part of people’s everyday speech. Therefore, the
study will help to avoid usingtaboo words and better understand
euphemisms.
Delimits
This study is limited to the investigation of taboo words in the
English language discourse.
Methods
An introduction and a brief review of literature on the studies of
taboo words in English were conducted and an analytical and de-
scriptive approach is adopted. Results are summarized and recom-
mendations are made.
1. Literature Review
a. Origin of Taboo words
Language is considered to contain special powers to be
able to cure sickness, keep away evils, and bring good to one-
self and harm to an enemy. This belief that words control objects,
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people, and spirits influences human activities throughout human
history since ancient times. “The word faboo was first introduced
into European languages by Captain Cook in his description of his
third voyage around the world when he visited Polynesia. Here, he
witnessed the ways in which the word taboo was used for certain
avoidance customs ranging across widely different things.(26)Such
language usually must be used with great care, and meticulous atten-
tion is paid to pronunciation and wording. People even tend to avoid
mentioning them. When people must talk about those things, they
are talked about in very roundabout ways. Then we have instances
of linguistic taboo and euphemism. The word taboo is borrowed
from Tongan, a language spoken by Polynesians in the Pacific archi-
pelago, where any sacred or humble things are forbidden to touch
or even to talk about. (9) “Taboo” does refer to this phenomenon
and means “holy” or “untouchable”. For a long time, English and
American believe that avoiding linguistic taboo is the symbol of
their civilization. They refuse to talk about certain objects or actions
and refuse to use the language referring to them. ©
b.Definition of the word taboo

According to(29), a taboo is a prohibition or avoidance in any
society of behavior believed to be harmful to its members in that it
would cause them anxiety, embarrassment, or shame. Consequent-
ly, so far as language is concerned, certain things are not to be said
for certain objects can be referred to only in certain circumstances,
for example, only by certain people, or through deliberate circum-
locution, i.e., euphemistically.Tabooed subjects can vary widely:
sex, death, illness, excretion, bodily functions, religious matters,
and the supernatural. But quite often they extend to other aspects
of social life. (25)says taboo (also tabu) is a social or religious cus-
tom prohibiting or restricting a particular practice or forbidding
association with a particular person, place, or thing. (12) explains
it like this, a taboo is a cultural or religious custom that does not
allow people to do, use or talk about a particular thing as people
find it offensive or embarrassing; taboo words are words that many

n 02022 g4lgs- 01443 a2all 93 -(al) ygpinallg (pilill 222l - Gigivw g1 d0ba0 drale dlao




nvestigating Taboo Words in English Language

people consider offensive or shocking, for example, because they
refer to sex, the body or people’s race. In(21), a taboo word is a
term that is avoided for religious, political, or sexual reasons and
is usually replaced by a euphemism, e.g., restroom or bathroom for
the toilet. In these dictionaries, the definitions of “taboo” seeming-
ly vary but basically, they are the same.
2.Varieties of English Taboo Words
2.1Bodily Excretions

(7)writes that:in any language, there are certain things that
must be avoided mentioning. It applies to the words with such con-
notations as well. In English, the first of these that occur to people
are words dealing with excretions. In fact, except for tears, all the
words concerning bodily excretions are believed taboo. The earli-
est sayings of “move the bowels” and “pass water” are considered
inelegant. And “defecate” and “urinate” seem to be the words used
in hospitals.Thus, some euphemisms find themselves replacing
them, such as answering the call of nature and doing one’s needs.
We ask where the “restroom” is, although we have no intention of
having a rest. “Powder room™ “loo”, and “john” are other ways to
say “toilet”. Indeed, it is impossible to explain what a “restroom”
1s for without the use of roundabout ways or baby talk. It’s “where
you wash your hands” or “where you pee or poo”, which are al-
ready euphemisms. Here we see a semantic change involved as the
expressions used often have little to do with the referents.
2.2Death and Disease

The fear of death carries into fear of words having to do with
death and certain diseases. Manypeople believe words have great
relations with what they symbolize, therefore “If anything should
happen to me” means “when I die”. Instead of saying “die”, they

99 €6

use substitute expressions such as “pass away”, “go to his reward”,
“answer the call of God”, “go home”, “to have a better place”, and
“depart” and “go west”. Similar words are so many. Some serious
diseases are also taboo topics. Cancer is said in a roundabout way

as “Big C” or “terminally ill”. So, is it with the disease of mental
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disorder and intelligence deficiency? Their euphemistic sayings-
may be “He is not all there.” Or “She is a little eccentric / a little
confused.”
2.3Sex

According to (4), words having to do with anatomy and sex,
and words even vaguely suggesting anatomical or sexual mat-
ters, have remarkable connotations, especially in American cul-
ture. Ladies of the nineteenth century could not bring themselves
to say “breast” or “leg”, not even of chicken so the terms “white
meat” and “dark meat” were substituted. It was thought inelegant
to speak of “going to bed”, and “to retire” was used instead. In the
United States, the sexual revolution of the 1960s began to make a
great change. English-speaking countries tend to be freer and more
tolerant of this in recent years. People, particularly younger ones,
feel freer than they once did to take about sex-related subjects,
masturbation, impotence, sexual activities of various kinds, and
human sex organs are more likely to be talked about or written
about than they were 15 or 20 years ago. Thus, to make love, to
have sex with, etc., which are slightly “dressed-up” terms, are not
all uncommon in writing now. ¥
2.4Four-letter Words

People are more tolerant of such words as fuck, tits, damn, the
so-called “four-letter words”. For instance, on the streets in Lon-
don, we could see the eye-catching shop name “FCUK”, which in
fact is the abbreviation of “French Connection United Kingdom”.
Despite the sexual revolution, these words are still considered im-
proper in most conversations, even in written form. In 1963, Eric
Partridge included fuck in his Dictionary of Slang and Unconven-
tional English. Despite his use of an asterisk for the vowel “u”,
the result was a storm of complaints to schools, libraries, and the
police. Even today, the book is not always available on the open
shelves of public libraries. Later, the word quickly appeared in
the daily press, and it has become widespread in literary works.
Despite the development of liberal attitudes, there is still a strong
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antagonism to the use of four-letter words in public speaking; and
they are still not always to be found in dictionaries. (7) concurred
that these words are still considered unacceptable in conversation
and writing.
3.Swear Words

(14) give just the opposite picture when they claim that
swearing is not always impolite since they are used considering
the socio-cultural orientation of one’s relationship with the in-
terlocutor. They also go far as claiming that some swear words
are neither impolite nor polite but ratherneutralorpoliticintheirim-
pacts. Moreover, itisargueda general formulaforimpolitenesso-
rinappropriatenesscannotbeconstructed because it depends on the
relationship of the interlocutors and the speech practicestheynego-
tiate. Swearingindicatesinformalityandeuphemism demonstrates-
formalpoliteness. Thespeakersmaintaintheirallegiance, and co-
vert prestige, with a certain group through taboo language despite
the benefitstheymayhavebystickingtotheaccepted code (1). Thus,
thetaboolanguageconsistsofa littleparadox. A personswearsto-
show intimacy in one place and uses it to show the distance. At
the same time, there are many daily examples of taboo language
that express such emotions as hatred, frustration, and surprise. The
most common speech comprises single words or short phrases,
conveying different levels of intensity and attracting different de-
grees of social approval. English examples range from the mild
such as heck and dash, to the harshest one, fuck. In these social
contexts, swearing can become a dominant linguistic feature, with
sentences often containing taboo words. Sex, excretion, and super-
natural power are the main sources of swear words. Half of them
relate to words referring to body parts and functions that societies
considered taboo, such as merd, ball, and other four-letter words.
Another half deals with the names of gods, devils, etc. like God,
Dear Lord, By the holy sacrament, Heavens, and Hell.(1), “swear-
ing is a type of language use in which the expression: a.refers to
something that is taboo and/or stigmatized in the culture should not

b2022 gulgu--1443 daall g3 -(ald) ygpirellg pilill 222l - &igiw g1) Gosao drolc dlao m




Dr. Mohammed ALHassan ALMadani ALfaki

be interpreted literally c.it can be used to express strong emotions
and attitudes.(7) considered cursing and swearing as linguistic
forms. He explained that a set of swearwords and phrases can be
found in legal, religious, and other formal contexts, i.e., ‘heck’ and
‘dash’ (mild forms) and ‘fuck’ and ‘shit’ (strong forms). According
to (24),”’children usually avoid swearing in front of adults, so as
not to shock or annoy them, and adults avoid swearing in front of
children for similar reasons.”
4.Privacy

One of the reasons behind the taboo on questions about per-
sonal matters is that English-speaking people put a high value on
privacy. The English have a saying “A man’s home is his castle”,
meaning a man’s home is sacred to him; no one should come in
without permission. So, is it also with his life, personal affairs, and
private concerns? To ask questions concerning one’s age, weight,
income, marital status, politics, religion, etc. would be considered
prying into an individual’s personal life, which is another form
of invading a person’s “castle”. (4)“It’s none of your business”
may also reflect their value on privacy. Basically, you should not
ask the following questions to an English or an American. How
old are you? What’s your income? What’s your religion? Are you
married? Where are you going? How much did you pay for that?
Close contact and a certain amount of mutual dependence and mu-
tual concern mean that one person’s affairs are also very much the
affairs of one family, one’s neighbors, and even the larger commu-
nity to which one belongs.
S5.Discriminatory words

In recent times, many people have a growing tendency to be
sensitive to what is called sexist words and racist words:

5.1Sexist words

In its present-day means language that is prejudiced against
the female. Studies of sexism in the English language began with
American women concerned with the effects of language on peo-
ple’s attitudes towards women, which prejudice against women
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and in favor of men. In speech and writing, for example, a person
or a baby of unknown sex is referred to as he rather than she; the
person (even a woman) presiding over a meeting is the chairman.
The history of our world is the history of mankind, not woman-
kind. (4) Those words that are “unmarked” usually refer to the
males. If referring to females, additional marks will be put before
or after it, for example, waiter—waitress, hero—heroine, doctor—
woman doctor. There is a distinction between Mrs. and Miss in
English, which is not paralleled by a pair of titles showing whether
a man is married. This implies unfairly that it is more important
for a woman than for a man to show whether they are married, de-
spite the introduction of Ms. In English, there is a tendency which
involves words that are clearly restricted to one sex or the oth-
er, with female words tending to have less favorable meanings.
A class pair is a master and mistress, where the male meaning is
“g00d”, and the female meaning is “bad”; specifically, a mistress
is a partner for extramarital sex, (13). It reflects greater tolerance
towards men in sexual liberties.Scholars, linguists, and researchers
reason that sexist language preserves the existing patriarchy. They
argue that the adoption of non-sexist language advances equality
of the sexes. Further, sexist language deconstructs unequal power
relationships, as posited by, (22) as it gives superiority to one sex
over the other. Linguists who ventured on sexist and non-sexist
language usage revealed that although sexist language could also
be used to diminish, trivialize, or exclude men, it i1s women who
predominantly bear the brunt of its effects. While there have been
several research validating the fact that sexist language is said to
be decreasing in English academic writing, sexist language is still
widely used in the popular press and other media, and empirical
observations reveal that even in classroom settings, the use of sex-
ist language is still prevalent. To note, empirical data shows that
junior pre-service English teachers in their written discourses pre-
dominantly use masculine generics to describe people in general.
It 1s widely agreed that “men curse more often than women; men
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use a larger vocabulary of curse words than do women, and men
use more offensive curse words than do women” (14). In (16)the-
ory, one feature of women’s language is that “super polite forms,
e.g., indirect requests, euphemisms; and avoidance of strong swear
words” (16). However,(3) mentions (8)in her book, which shows
that “both men and womenswear more in the company of their
own sex;” and “male usage of swear words in particular drops dra-
matically in mixed-sex conversations”(3)
4.2Racist words

Racism is the belief that some human races are inherently in-
ferior to others. Racist language is that which shows a bias against
certain racial or ethnic groups; it is the language that degrades or
belittles them. (4).In the English language, much of the discrimi-
nation is against “black”, whether black people or black color. The
color white generally stands for innocence, purity, cleanliness, and
chastity—all words with positive, pleasant connotations. On the
other hand, the color black is associated with wickedness, evil,
and filth, e.g., blackguard, blacklist, and black mark. A member of
a family that others are ashamed of is called a black sheep, not a
white sheep. Even a lie, if it is a white lie, 1s not so bad as an ordi-
nary lie, or a black lie. However, it is not just blacks who are called
degrading names in the U.S. There are names for other racial or
ethnic groups as well: Italians are called dagos; Jews—kikes;
Poles—Polacks; Chinese—chinks; Japanese—japs; and so on. All
of these are insulting names, reflecting strong racial prejudice. (4)
Sometimes, one will hear racial remarks or “ethnic jokes”—jokes
about the supposed stupidity or ignorance of certain groups. Such
jokes may appear funny, but they are offensive, nevertheless.
6.The use of enuphemisms

The main subject of sex, being a major concern in human
life and one that is likely to elicit embarrassment, is the main
source of euphemism for all people of most ages and walks of life.
Euphemisms are powerful linguistic tools embedded so deeply in
our language that few of us even those who pride themselves on
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being plainspoken, ever get through a day without using them,”
(19). They are used mainly insensitive texts to preserve courte-
ousness. People tend to use euphemism to mitigate discourteous
discourses, to hide unmannered ideas, to camouflage unpleasant
thoughts, or to use any figure of speech such as metonymy, pun,
and metaphor for replacing taboo words. Euphemism, in almost
all sensitive issues, is widely used especially in the cases of sexual
taboos. (17) indicates that euphemism is social and emotional and
allows ‘discussions of “touchy” or taboo subjects (such as sex,
personal appearances, or religion) without enraging, outraging, or
upsetting other people, and acts as a pressure valve whilst main-
taining the appearance of civility’. (7) argues that euphemism was
made by individuals to stifle forbidden words, that is, words that
are considered ‘too unpleasant’. He further expresses that euphe-
mism is a language that sounds pleasant in upsetting circumstanc-
es. To erase the harshness of taboo words, people have created eu-
phemisms, words supplanted language considered too unpleasant.
(2), once observed that “a language without euphemisms would
be a defective instrument of communication.” So is taboo without
euphemisms. It appears that among all the people of the world
there is a feeling that the names of the gods are too holy, and the
names of evil spirits too terrifying, and they are not supposed to be
treated as other common words. Therefore, they are purposefully
avoided in a roundabout way. Gee, gosh almighty and gosh darn
are ways to say, Jesus, God Almighty and God damn. They are the
use of euphemisms. Euphemistic words and expressions allow us
to talk about unpleasant things and neutralize the unpleasantness.
They find dozens of expressions, especially in the words of differ-
ent jobs. Euphemisms make unpleasant jobs more attractive, even
the word job itself is called profession. For example, a janitor be-
comes a custodian; a sanitation engineer replaces a garbage collec-
tor; a gardener is changed into a landscape architect. Euphemistic
terms are found used in every aspect of society, and one of them
is the group of words describing “poor” or “poor condition”. In
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English, except for poor, poverty-stricken, broke, there are in an
awkward financial situation, badly off, and so on. During the last
twenty years or so, several other words have been trying to take
their place, at least among educated circles. (28) had a humorous
sentence “I used to think I was poor. Then they told me I wasn’t
poor, I was needy, I was deprived. Then they told me unprivileged
was overused. | was disadvantaged. I still don’t have a dime. But
I have a great vocabulary.” Very often euphemisms can be used to
avoid an embarrassing situation and thus protect an individual’s
feelings. It becomes obvious in international relations. In 1983,
after the U.S. sent its armed forces into Grenada, Regan showed
his irritation with reporters at their “frequent use of the word in-
vasion.” “This”, he said, “was a rescue mission”. Grenada is a
Third World country. Most such countries are poor. The terms for
these countries are first underdeveloped nations; later developing
nations and emerging nations took their place. The United Nations
calls them less-developed countries.(4)However, the excessive
use of euphemisms is not appropriate either. Suppose an occasion
where there is such a line “The departed rests in his casket in a
slumber room where friends may visit with him before the grief
therapist assists the dear one to his plot in a memorial garden”. (9).
Too many euphemisms in one sentence made it the opposite just
to what is wished.
7. Results
1. Taboo and euphemism affect us all.
2. Weall probably have a few things we refuse to talk aboutdirectly.
3. Some words are hardly ever used because they are too emotional
oroffensive.
4. Eachsocial group is different from every other in how it behaves
in this way or that way.
5. The use of language is the basis of friendly mutual
communication.
6. A linguistic universal is that no social group uses language
quite at random.
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7. English and American believe that avoiding linguistic taboo is
the symbol of their civilization.

8.Recommendations

It is recommended that more attention should be paid to the
functions of taboo words which do not always mean to hurt oth-
ers’ feelings. There is still much for researchers to investigate and
disclose detailed work on taboo words and the roundabout ways of
avoiding using them.The door is still left open to further research
on taboo. Future research can, for instance, focus on the reasons
behind using different strategies for different taboo words or on
exploring new areas of tabooin other cultures. Also,research can
lead to the clarification of the role of metaphorical language in
using euphemisms. Further, since taboos are not limited to verbal
communication and include the non-verbal realm of communica-
tion, it is recommended that future research focus on this aspect
too.
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We exhibit and describe optimal target spaces in orbitrary-
order Sobolev type embeddings for traces of nn-dimensional
functions on lower dimensional subspaces, this method is very
efficient to give various characterizations of optimal Sobolev trace
embeddings, we used the descriptive-deductive method, Results
:we found that any trace embedding can be reduced to a one-
dimensional inequality for a Hardy type operator depending only
on nn and on the dimension of the relevant subspace.
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1. Introduction and main results
Let AA be an open set in R™ R", with n = 2n = 2and let
d €Nd €N such that 1 =d =n.1 =d < n. We denote by A,
A; the (non empty) intersection of AA with a dd-dimensional
affine subspace of R"IR". Moreover, given any m € Nm € N

and 0 < € < 00 < € < oo, we call WErel+e) () Ww@tet+a ()
the standard Sobolev space of those functions which belong to

La+e OL+e (3) together with all their weak derivatives up to

the order mm. If AA is bounded and satisfies the cone condition,

and
d=n—m, (1.1)

then a linear trace operator
Tr:WmU Q) - L1(Ay) (1.2)

is customarily well defined at any function in W %2 ()W ) ()
via approximation by smooth functions. Here, L* (A ;)L* (A ;) stands
for a Lebesgue space on A;A,; with respect to the dd-dimensional

Hausdorff measure H ¢H €, and the arrow” —— denotes a
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bounded operator. Of course, ifd = n,d =n,thenA; = A, A; = A,

and TrTr is the identity operator.
An even sharper version of the trace embedding (1.2) is available

for the space W1 +€) Q)W ™ +€)(3) for every m € Nm € N
and € = 0, = 0, and reads

/ (1+e.d) -1 1 1
[r-mU+eI ()) if € < ) and -3 < <e< 7
Tr:Wmi+e (3) | —3 (1.3)
exan—m G’Ld] if E{? and e= U'UI‘E=7,
L L*(2;) otherwise,

where exp Ln-m (A )exp Ln-m (A;) denotes an Orlicz space of
exponentially integrable functionson ;. A;. Equation(1.3)collects

classical embedding theorems due to [20] (—% <e< %—% <€ <§or
e=>0,e> _TEE} 0,e> _TE' ) ([27] Nirenberg,1959](e =0,d =n
e=0,d=n), [33] (d =n,d=n,and(—%f:: E{%—%"{E"{%

or € = UGI‘E}_—EE}UUI‘E}_—B ), [32] (d =1—k, E=U‘01‘E=_—3
d=1-—k¢, E—U'OI'E—T) [1] (E—UDI‘E——E—UUI‘E—_E
). In order to explain the aims of the present section, which deals
with a general class of Sobolev type trace embeddings, let us
focus for a moment on the specific instance (1.3), and recall that,

in the case when d = 1 — €,d = 1 — ¢, the target space in all such
embeddings is optimal in the class of Lebesgue spaces — 1 =e< }

—;-ie-':: ore> Uure::»—e::» DurE}—) andalsoOrhcz
spaces

(¢ = 0e = 0) [10], but can be improved (for € < 0,e = _73
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=0, E‘:—) on replacing the Lebesgue space L( }G’J
L( 2 )G’J and the Orlicz space exp L( 3 )(.T'L)exp L( 3 )(}J

1—g%

with the $irictly smaller Lorentz space L(1—5—2+E'i1+5}’1+f) (A)

L(1—5—2+Ef1+5}’1+f) (A) [28] [30] and Lorentz-Zygmund space

L( erria) ), L ( Tae1) (A),[5] , [24], respectively.These
latter spaces turn out to be optimal (smalleé’[ possible) in the class of

allrearrangement-invariant spaces on A,A, namely, loosely speaking,
the Banach spaces of measurable functions on AA endowed with a
norm which only depends on integrability properties of functions.
A question which thus naturally arises in this regard is whether the
target spaces in (1.3) can be enhanced, in a similar spirit, also when
genuine trace embeddings are in question, that is whend = n — 1.
d =n— 1. This question can be affirmatively answered from
an application of one of the main results of this section, which
characterizes the optimal rearrangement-invariant target space in
the trace embedding for given Sobolev type domain space built
upon any rearrangement-invariant space.Indeed, a specialization
of this result tells us that, if m < n,m < n, then

i) —teecl
d e~ o
Ty W(m,1+f} () - 2 _32 (14)

1
( T+2e” )G’Ld] if E=U‘,E=?.

Thetraceembeddingsin(1.4)are,inturn,aspecialinstanceof Theorem
(5.1),whereapplicationsofourapproachtooptimaltraceembeddings
for Lorentz-Sobolev and Orlicz-Sobolev spaces are exhibited. Note
that the trace embeddings in (1.4) actually improve the first two

(1+edd

(ld) C L(n—m(1+s}) (ld)

b2022 gulgu--1443 daall g3 -(ald) ygpirellg pilill 222l - &igiw g1) Gosao drolc dlao m

( (1+e)d
embeddings in (1.3), since L‘n-mii+e)

1 +E)




Isam Eldin Ishag Idris - Fadool Abass Fadool

(1+edd

(Az) €L “—m'iiﬂ}'][ld] (unless e=0
e=0 and d=n—m,d =n—m, in which case the two

( (1+eld
I in—miitel

1+E)

spaces  coincide), and S :_lj(}td) < exp Ln-m (A,4).

(=) (A;) S exp Lo (Az). Moreover, the target spaces in
(1.4) are optimal among all rearrangement-invariant spaces.Our
general version of the optimal Sobolev trace embedding is stated
in Theorem 1.1below, and requires a few preliminaries.Given any

rearrangement-invariant function norms ||-|[xc. 1)/l ll %01 and
IIIlyo, 13, 11" llyo.1), We denote by X(A)X(A) the rearrangement-
invariantspace on AAassociated with ||-[| x 0. 1) |- Il 0,1y and by ¥ (A4)
Y (A,) the rearrangement-invariant space on A4,A4, with respect to
the dd-dimensional Hausdorff measure H %H @ restricted to A4, 24,
associated with ||*[lyco,13-1l* ly(o,1)- We then call W™ X QOW™X (1)
the Sobolev type Banach space of all functions which belong to X (1)
X(A) together with all their weak derivatives up to the order mm
. Hence, W™X(0) = W+ X QOW™X (D) = W9 X(Q) if
X)) = L9 Q). X () = L% (3). We also denote by WX (L)
WX (A) the subspace of those functions from W™ X (A)W™X (A)
whose mean value over ({} is 00, together with the mean value
of all their weak derivatives up to the order (m — 1).(m — 1).
Let us briefly comment on assumption (1.1). Since X(4) = L*(3)
X() = L*(}) for any rearrangement-invariant space provided
that AA has finite measure, one has that W™X () — W™1X(A)
WmX() - W™iX() for any m € Nm € N and any such
space X(A).X(2). Thus, by (1.2), under assumption (1.1) the trace
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operator TrTr is certainly well defined from W™X(Q)W™X ()
into L*X (A ) L*X(A,) (at least), whatever m € Nim € N and X(2)
X () are.On the other hand, dropping this assumption (in the case
whenm < nm < n) would exclude Sobolev type spaces built
upon rearrangement-invariant spaces X(A)X(2) endowed with a

too weak norm,for instance L'(A).L*(A). Since we are not going
to impose any restriction on the rearrangement-invariant space

X()X(A) in the main results of the section, we shall keep (1.1)
in force throughout. Now, given n,m,d € Mn,m,d € N such
that l=d<=nl<=d<nand d=2n—m,d =n—m, we call

-l X .l X7 (0,1) the rearrangement-invariant function norm
whose associate function norm is given by

[}
(1+2eln

ij = [+ 25)—1+—TJ Z £ @ar (1.5)
il ° j

x2) (0.0) x'(0,2)

for every nonnegative measurable function f; f; on (0,1).(0,1).
Theorem1.1. [Optimal target spaces for trace embeddings] Let

AA be a bounded open set with the cone property in R",n = 2.
R"™,n = 2. Assume that m € MNm € N and d € Md € N are such
that 1=d=nl<d<=nand d =2n—m,d =n—m, and let
I'llx0.0ll-llx0,1) be a rearrangement-invariant function norm.

Let ||-|I xT, ol X7 (0,1) be the rearrangement-invariant function

norm obeying (1.5).Then
Tr:-WmX(2) — X:E’fn[hd). (1.6)

Moreover, the space X7, (A) X7, (A,)is optimal in (1.6) among
all rearrangement-invariant spaces. An important special case of
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Theorem 1.1 i1s enucleated in Corollary 1.2, which provides us
with a characterization of the a Sobolev spaces W™X Q)W ™X (A)
which are mapped into L= (A;)L=(A;) be the trace operator [19].
Corollary 1.2. [Trace embedding into L*L*] Let n,d,m,2,

n,d,m,A, and |||, 0)ll-llxc0,1) be as in Theorem 1.1. Then the

following facts are equivalent:
Tr:WmX() —= L=(A,) (1.7)

X7 0) = L2 () (18)
|+ 2071+ <ow  (1.9)

x'(0,1)
In particular,(1.7) and (1.8) hold for any rearrangement-invariant

function norm |||l 5,10l xc0,1), provided thatm =n.m =n.
The proof of Theorem 1.1 relies upon a reduction principle for
trace embeddings, and corresponding Poincaré trace inequalities,
ensuring that any such embedding is equivalent to a one-
dimensional inequality for suitable Hardy type operator.This is the
content of the main result of this section.

Theorem 1.3. [Reduction principle for trace embeddings] Let

n,d,m,An,d,mA, be as in Theorem 1.1.Let |||lxc0. )" |50 1)

and |||y, 0)ll-llyo,1) be rearrangement-invariant function norms.
Then the following facts are equivalent.

(1)  The Sobolev trace embedding

Tr:-WmX(Q) — ¥Y(3,) (1.10)

holds.
(11)  The Poincaré trace inequality
|7 u"r[:l.ﬂ} = GlIVTullygy  (1.11)

holds for some constant C;,C;, and for every u € W™X(3).

ue WrxQ).
(111) The inequality
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J Zf, (1+2e)(1+2¢) *nd(1 + 2¢)
(1-26)d
r(0.1)

< CEZ" fj||m1} (1.12)
J

holds for some constant C,,C,, and for every nonnegative
f; €X(0,1)f € X(0,1).

Theorem 1.4. [Sharp iteration principle for trace embeddings] Let
Adbe an open set with the cone property in[R"™, n = 2. R", n = 2.Let
k,h,d€eNkhd{eNbesuchthatl=d<=f<nf=n—k
l=d=f=nf=n—-k and d=f—hd ={—h. Assume

that A; € A,.0; € A Let ||-llxco.13ll-llx0,1) be rearrangement-
invariant function norm.Then

(XE)" () = XEZR ). (1.13)

The validity of the iteration principle of Theorem1.4 in such a full
generality is quite striking. In fact, although iteration of Sobolev
and or trace embeddings,with optimal targets in subclasses of
rearrangement-invariant spaces, may Yyield sharp higher-order
results in customary settings (see e.g. ([22], [37]), this is not
always the case, especially when borderline situations are in
question.To verify this assertion, consider, for instance, the third

embedding in (1.3), with m = nm = n and € = 0e = 0, namely
Tr:W™(Q) = L= (,). Tr-W™L(A) — L= (A,).

If2 =d =< n,2 =< d < n, this trace embedding cannot be recovered
from a subsequent application of the first embedding in (1.3) with

m=n— 1m=n— 1 and of the second embedding in (1.3) with

m=1m=1 and d = nd = n, since this argument only yields
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the weaker conclusion
rr
W) — WHEQ,) — exp Lt (Ay).  (1.14)
Notice that both the trace and the Sobolev embedding in (1.14)
are optimal within the class of Orlicz spaces.The following

example is even more enlightening, in that it illustrates a variety
of situations which can occur after iteration of Sobolev trace

embeddings. Assume that n=3 m=2n=3,m=2, and
max{2,n— 2} = d < nmax{2,n — 2} = d = n. By the second
trace embedding in (1.3), with 1+e=7,1+e=73,
TrW?T() — exp Iz 0,).  (1.15)

Appropriate choices of mm and dd in the firsttwo trace embeddings
in(1.3)yield

W22() S Wie@Q,) - exp Lt (1), (1.16)
and

W2Z() - WX (L) = exp Lisi (Ay). (1.17)
Observe that

exp Li—z (A) € exp La (A,) € exp La=1 (&), (1.18)

where the fir§t inclusion is strict whenever (n,d) # (4,2),
(n,d) # (4,2), and the second inclusion is $trict if d < nd <n

. Thus, for these values of nn and d d, equations (1.15), (1.16)
and (1.17) yield different results, although all of them are obtained
from compositions of trace embeddings with optimal Orlicz
targets. Futhermore, only the first one has a resulting optimal

Orlicz target. On the other hand, in the special case when n = 4

n=4 and d = 2d = 2, the first inclusion in (1.18) is in fact an
identity, and hence the composition in (1.16) does yield a trace
embedding with optimal eventual Orlicz target.
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R. Function spaces
2.1. Spaces of measurable functions we shall now briefly recall
some basic facts from the theory of rearrangement-invariant spaces

(see [4]).

Let (R v)(R,v) be a finite positive measure space.We

denote by M(R,v)M(R,v) be the set of all vv-measurable
functions on RR taking values in [—oo,c0].[—o0,00].

We also defined M. (Rv)={ue MR v):u= 0}

M, (Rv)={ue M(R,v):u= 0} and
My(R,v) ={u € M(R,v): uisfinitev — a.e.on R}.
My(Rv)={u€ M(R,v):uisfinitev—a.eonR}. If R

R is a subset of R"R" equipped with the Lebesgue measure,

then (R,v)(R,v) will be simply denoted by R.R.Given

any function u € M(R,v)u € M(R,v), its non-increasing
rearrangement u”: [0,00) — [0, e0]u’:[0,90) — [0, 0] is defined as
w(l+2e)=sup{l —2e e Rev({x € R: lulx)| > 1—2€}) > 1+ 2¢}
w(l+2e)=sup{l —2ee Rev({x€R: |lulx)| >1—2€}) > 1+ 2¢}

for _?1 <e< m_?l < € < 00.We also define u**: (0,00) — [0, 0]

u”?:(0,0) = [0,00] as w1+ 2¢)= %f:”fu* (r)dr

+2e
o 1 1+2e __1
w(l+2e)=— | T wadr for — <e<oo
_?1 < e< oo, Note that u""u*"is also non-increasing, and
w(1l+2e) =u™(1+2eu"(1+26) = u™(1 + 2¢) for
_?1 < £ < m_?l < € < oo, Moreover,
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f o) (14 29d(1 4 26)
< f (142041420

+ J (201420 @)

for iE € > miz € >c0, for every uv€EM,(R V).
u, v € M, (R, v).Two measurable functions uu and vv on SS are
said to be equimeasurable (or equidistributed) if u* = v .u* = v°.
A basic property of rearrangements is the Hardy-Littlewood
inequality,which tell us that, if u,v € M(R,v)u,v € M(R,v),

then
v(R)

J (w0 d(x) < J w (14260 (1 + 29)d(1+26).  (22)
R

0
We say that a functional |[|-||g.1): M, (0,1) — [0,c0]
Il 0,1): M+ (0,1) — [0,e0] is a function norm, if for all f;, g;

fi,g; and {f,},en € M, (0,1){f, },en € M, (0,1) and every
0<a<o0<a<ow, the following properties hold :

POIZ. £l .. . =olX,All. .=0 if and only if
f=0leE gl = IIEf,II oo I+ 80 < leﬂll oot
Ef”Hj”X(M}

f=0ilos gl =alg gl 15 g 4ol <S il +
Zj||9;'||m1} :
(P2) f; =g,f; =g; ae implies ||fo}"x[u,1} < Ej"'gj"}f[l],l}
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"EPG"X[GJ} = E_l"”gj"ﬂm};
®3) £ 7 f  fu 7 f aeimplies|fllxo.n 7 ||Z; 5l

I £l 50,17 7 "Ejfr'"x(u,ﬂ;

(P4)  lllxe,1) < oll1llxco,1) < oo
(P5) a constant CC exists such that

ful i dv) = |7l

x(0,1)

x(0.1)
L2 f@av@=c|f].. ..
IE inja:idition, 7 xl0.1)
(P6) "ij}"}f[ﬂ_.l} - "E-jgj”X(u,l}"Ef’G”X(ml} = "ngjllx[u}l}

wheneverf,” = g..f" = g;,

we say that ||| x0.1) |l [l x(0,1) 1S @ rearrangement-invariant function
norm. Given a function norm||-||lge 1)l llxc,1), We introduce
another functional on M, (0,1),M,(0,1), denoted by |l-|lx" 0.1

Il +7¢n 43 and defined as

1
Z}j = sulp J Z}j—(x)gj(1+26]d(l+26].
F ngM+(D,1}I EJ' ‘gj“}s'(n,i} 0

x'(0,1) i

Then ||l 0,1y Il (0.1) is also a function norm on M, (0,1).

M, (0,1).We shall call it the associate norm of |||l xco.1) "l x0.1)
. Note that

"'"(x’}’[u,l} = ”'";f[u,ﬂ -(2-3]

Let ||-ll xc0.0 /1"l x0.1) be a rearrangement-invariant function norm.
Then the space X(R, v)X(R,v) is defined as the collection of all
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functions u € M (R, vu € M (R, v) such that the quantity
lullxz = v (v@Q+20)] ., (2.4)

is finite. The space X(R,v)X(R,v) is a Banach space, endowed
with the norm given by (2.4). With abuse of notation, if R = (0,1)
R = (0,1) and vv is the Lebesgue measure, we denote X(R,v)
X(R,v) simply by X(0,1).X(0,1). The space X(0,1)X(0,1) is
called the representation space of X(R,v).X(R,v). Given a
rearrangement-invariant space X,X,the rearrangement-invariant
space X'(R,v)X'(R,v) built upon the function norm||-|[x¢o 1)
Il % o,1) is called the associate space of X(R,v).X(R,v). It
turns out that X" (R,v) = X(R,v):X"(R,v) = X(R,v); hence,
any rearrangement-invariant space X(R,v)X(R,v) is always the
associate space of another rearrangement-invariant space X' (R, v).
X'(R,v). Futhermore, the Holder inequality

113, (1= 26)g,(1 —26)d(1—2) <%, |If |

1
fu Z‘J’G‘ (1- ZE)QI(I —2e)d(1 - 2e) iEJ’"’G"X[u’l}"g_f”f[u}ﬂ
holds for every f,g;€ M,(0,1)f;,g; € M,(0,1), and

z[u,l}"‘gf"x’ (0.1)

henc e uimfilu(xjv(x)ldv(x)ﬂIIullxm,p}Ilvllx*mm}

%mfﬂlu[xjv(x)l dv(x) < |lull gz lvIlx )

for every uu and vv in M(R,v).M(R,v). Let X(R,v)X(R,v)
and Y (R, v) Y (R, v) be rearrangement-invariant spaces. We write
X(R,v)=Y(RVv)X(R,v) =Y(R,v) to denote that X(R,v)
X(R,v) is continuously embedded into Y(R,v)Y(R,v). One
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has that X(R,v) c Y(R,v)X(R,v) c ¥(R,v) if and only if
X(R,v) V(R Vv)X(R,v)—=Y(Rv).

Note that the embedding X(R,v) — Y(R,v)X(R,v) = Y(R,v)
holds if and only if there exists a constant CC such that

IZ;9;ll < CZjllg;ll IZ; 9l < CZyllg;ll

¥io.a) — x(0,1) rio.1) —

for every g; € M,(01)g; € M,(0,1).

Moreover, for any rearrangement-invariant spaces X(R, v)X(R, v)

x(o,1)

andV (R, v)Y(R,v),
X(R,v) = Y(R v)X(R,v) = Y(R,v)if and only if
Y (R v)—=X(R,v), (2.5)

with the same embedding constants.Given any € = _?1,1’:' > _?1,

the dilation operator E(;,,.),E(142¢), defined at f; € M(0,1)
f; e M(0,1) by

(Eqs2af;)(1—26) =

is bounded on any rearrangement-invariant space X(0,1),X(0,1),

= } max{l, = }Hardy’s

1+2e 1+2e)’

Lemma tells us that if f;. ,f;. € M, (0,1),f..,f.. € M,(0,1), and

1+2¢

jlﬂfz,ﬁi (r)driZj f;, (r)dr for _?1«::: €<0,
0 7 I 0

t “h¥e n fulﬁj,:}i (rg;(rdr < Ejfulsz (r)g;(r)dr
ful 2if,@g;rdr=3; ful fi, (Ng;(r)drfor  every  non-
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increasing function g;:(0,1) - [0,00].g;:(0,1) > [0,00]. A
consequence of this result is the Hardy-Littlewood-Polya principle

which asserts that if the functions u, v € M(0,1)u, v € M(0,1)

satisfy
1+2¢

1+2¢ _1
j u*(r)d’r-c_ij v*(r)dr for ?{iE{U,
1]

0

then |[ullxz.) = IVllxzn lllxzy = IVIxw, for every
rearrangement-invariant  space  X(R,v)X(R,v).
Since v(R) < o0, v(R) < oo, for every rearrangement-invariant

space X(R,v)X(R,v)one has that
LZ(R,v) = X(R,v) = L*(R,v). (2.6)

Throughout, we use the convention that Z=02=0.
A basic example of a function norm is the Lebesgue norm

lI-ll ¢1+ea-e1¢g 1 )oll- |l 2 4€1-e1q 1), defined as usual for 0 < € < oo,
0=e=<oAssume that —-1<ge=—w—-1<¢ge=—omo.

We defined the functional ||-|| Lu:1+s,1—s}-.[m}||'||L(1+s,1—s}(m} by

15| rensorg = |0~ 20F 5, 0~ 20)

t'1+e(p,1)

||EIJG||L(1+E,1+E}{HJ]J = ” (1 o ZE)(m_—;) Ef’f_}* (1 - ZE) (140 11
for f; € M, (0,1).f; € M, (0,1)If either 0 < e < o0 <e <o
and 0 —e=m»0<-—-e<om, or e=0e=0, or €= oo,

e = oo, then |||l c+erseg yll-ll 1se100¢, ) 15 equivalent to a
rearrangement-invariant function norm, and

(L[1+E,1—E})’(U.!lj — L[1+E};’[1_E}; (0,11 (27}
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We further define the functional ||-|| c+e1-e1(p Il 2 +ea-e1g 1) @S

128 we-eiy = 1= 20T -2

12,5, cveno, o = ||@ — 2075, £ (1 - 20
for f; € M, (U,l].f} e M, (0,1).
If either —1<e<ow—1<e<owand 0 =2 €= o,0 =€ = oo,

L-i —E [u.-ﬂ

or £ = COf = 00, - then"-||L(1+E’1+E}(D,1}"-llL(1+E’1+E}[G,1} 1S
a rearrangement-invariant function norm (see e.g. [31]

Theorem 9.7.5). The norm |||l ci+e1-e1g Il ;2 +61-e1y ;) and
-l Lclﬂ,i_s}mﬂll-ll L(1+e1-6)q ;) are called Lorentz function norms,
and the corresponding spaces LU+e1-€) (R, y)L1+e1-€)(R 1)
and LA+e1-€)(R y)L(1+€1-€)(R ) are called Lorentz spaces.

Suppose now that —1 < ge=m—-1<ege=o and o €R

a € R. We define the functional "-"L(1+E’1_E}=H(ﬂ,1}"-"L(1+E’1_E}=H(D,1}

by
)
il

1+51—Ehﬂ(u1}

_lla _g.;)(ﬁﬁhugﬂ( )Z fr(1-2¢) (28)

]
1-2¢

for £, € M, (0,1).f, € M, (0,1).
For suitable choices of (1 +€,1 —€),(1 —€),a, ||| ja+ea-eraq 1

(1+€,1-¢€),(1—6)alllla+er-eragy, is equivalent to a
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function norm. If this is the case, ||| L+er—eha(g 1) [I-11 pli+ei—ea(g 1)

is called a Lorentz-Zygmund function norm, and the corresponding
space LO+el-eka(R v)L'[”E*l_E}“" (R, v} is called a Lorentz-

Zygmundspace. The space L™T#zeé n' (A )L" 0= n *(Ay)

mentioned in Example 5.6 is the so-called generalized Lorentz-
Zygmund space corresponding to the function norm given by

Zf;

E_.
Lm

_m
n'

= [|(1-2¢)T10g™ ( ) (10g(1+10g (= _lzf (1

- 2¢)
L%(u,ﬂ
for 3; f; € M, (0,1)%; f; € M, (0,1) (see [29],[20],[31],Chapter

9).The following inclusion relations between Lorentz spaces hold:
L[1+E,1—E} (U‘, 1) — L1+E (0] 1) (2 9)

for0 = e <o0;0 <€ < oo
[ a+e1-e) (0,1) - [(+er) (0,1) (2.10)

fls=sl—-e<r=omlsl—€e=<r<oo
L[1+E,1—E}(U,1:}_}L[1+E,1—E}(U,1:} (2.11)
for0=se=mlzecz—mwl=e<o,0=2e= —o;

if either 0 < e <l <e<omw and 1 =e<0w,1 <e<o, or
€ = oo, (2.12)e = oo, (2.12)
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then [ Q+e1-e) (0,1) = [a+e1-e) (0,1)
LO+e1-€)(0,1) = LU*e1-9(0,1) up to equivalent norms;
(L=1-=-1)"(0,1) — [ Q+eli-e) }(0,1] (2.13)

for e << 0,6 < 0,up to equivalent norms. For the last property, (see
e.g. [33)).

A function A: [0,00) — [0, 0] 4: [0,00) — [0, 0] is called a Young
function if it is convex (non trivial), left-continuous and vanishes

at 00. Thus, any such function takes the form
A(1-2¢) ful_zfa(ﬂd'r Al —2e) ful_zfa(ﬂd'r for

€=, (214)e=1 (214
for some non-decreasing, left-continuous function

a:[0,00) — [0,00].a: [0,90) — [0,00]. The Luxemburg function
norm |||l e yll-ll;4,1) 1s defined by

: ifi(1-2e)
5 Al = 0> 0 ACEE2) a0 20 1)

IZ; 5l agy o, = {2 > 0: [} 4(RL222) a1 - 20 < 1},
for f; € M, (0,1).f; € M, (0,1).

The corresponding rearrangement-invariant space L4(R,v)
LA(R,v)iscalledaOrliczspace. In particular, L4(0,1) = L**<(0,1)
L4(0,1) = L*<(0,1) if A(1—2e) =(1—-2e)
A(1—2e)=(1—-2e)'*" for some 0 =e< o0 =<e<om,
and L[4(0,1) = L*=(0,1)L#(0,1) = L=(0,1) if A(1—2e)=0

A(1—2€e)=0 for iieiﬂ%ieiﬂ, and A(1—2e)=oo
A(l—2e)=o for €= 0.e>0.
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Given two Young functions A 4 and BB, the function norms

Nl 2o, 13l l 4o 1y and [l-ll 20,1311l 0.1y are equivalent if and
only if AA and BE are equivalent near infinity, in the sense that
there existconstantsc = 1c = land (1 — 2€), = 0(1 — 2€), = 0
such that

4(=%) =B -20) = A(c(1 - 26))

4(=%) = B(1-26) = A(c(1 - 26)) for

(1—-2e)=(1—-2€),.(1—-2€) =(1—2¢),.
A common extension of Orlicz and Lorentz spaces is provided by a

family of Orlicz-Lorentz spaces. Given 0 << € < 00,0 = € > —o0o

0 < e < o0,0 = € > —oo and a Young function DD such that

“© D(1— 2€)
2 d(1-26) <
A—zomd1-2<e

we denote by ||l z1+e1-e.0000.0) 1" l14e1-.0)(0,1) the Orlicz-
Lorentz rearrangement-invariant function norm defined as

)y
i Li+e1-€e0)(0,1)

for f; € M, (0,1).f; € M, (0,1).The fact that (2.2.15) actually

defines a function norm follows from simple variants in the proof

“lla+ 2.;)1—1:2 (1 +20%) (2.15)
i

1P(p,1)

of ([10], Proposition 2.1). Given a measure space (R, v)(R, v),we
denote by L(1+¢€,1—¢,D)(RVIL(1+¢1—¢€,D)(R V) the
Orlicz-Lorentz space associated with the rearrangement-invariant
functionnorm |||l ;1 +,1-e.03(0,1)- 'l 2¢1+ €. 1-€.0(0,1)- Note that this

class of Orlicz-Lorentz spaces includes (up to equivalent norms)
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the Orlicz spaces and various instances of Lorentz and Lorentz-
Zygmund spaces.

2.2 Sobolev spaces. An open set AA in R"[R" is said to have the
cone property if there exists a finite cone AA such that each point
in AA is the vertex of finite cone contained in AA and congruent to
AA. An open set AA is called a Lipschitz domain if it is bounded
and each point of dAdA has a neighborhood UU such that
ANUANTU 1s the subgraph of a Lipschitz continuous function
of (n—1)(n—1) variables. Unless otherwise stated, in the
remaining part of the section AA will denote a bounded open set
in R"R™ with the cone property. Let m € Nm € N and let X(2)
X(2) be a rearrangement-invariant space.We define the mim-th
order Sobolev type space WX (Q)W™X(A) as W™X(A) = {u:u
W™X(A) = {u:u is mm-times weakly differentiable in A,4, and

|VFu| € XD |VFu| e X() for k=0,..,m}k =0,..,m},
equipped with the norm [[ullymxpy = ';:":ﬂ"?ku"}fm.

lullymxon = 'ELD"?“H”XW .Here, V™ uV™u denotes the vector
of all mm-th order weak derivatives of uu. In particular, VOuV°u
stands for uu, and V2*uV*u will also be simply denoted by VuVa.
The subspace WX (WX (A) of WX (R)W™X(A) is defined
as

WrX@Q) = [uE WmX(l]:j?ku dx=0, for0=k=m-— 1}.
A

The notation V™X(A)V™X(A) will be employed to denote the
space

VX (A) = {u:uV™X(Q) = {uzu is  mm-times  weakly
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differentiable inA,, and |V¥u| € XV}, |V*u| € X(W)}, equipped
with the norm  ||lullymypy = EE;}"?*‘H"EW + IV™ull 5 0 -

laellym ey = E"';:":}l||‘?ku||bim +IV™ullg i -

Notethat,ifu € V™X(A)u € V"X (), then|V™u| € X(A) < L1 (Q),
[V™u| € X(A) < L*(A), by property (P5) of rearrangement-
invariant spaces. Hence, one actually has that |[V¥u| € L*(})
|V¥u| € L*(Q) for every k =0,...,m—1k=0,..,m—1,by a
standard Sobolev embedding on open sets with the cone property.
The subspace WX (A) WX (A) of V"X(Q)V™X(A) is defined
analogously to WmX(Q)W™X ().

The spaces W™X(W)W™X(A) and VmX(WV™X(A) are easily

verified to be Banach spaces. In fact, they agree, up to equivalent
norms.

Proposition 2.1. Let A4 be a bounded open set with the cone
property in
R',n=2R*"n=2, let meNmeN, and let |[|lx0n

I'llx0,17 be a rearrangement-invariant function norm.
Then WmX(A) = V™(A)W™mX(A) = V™(1). Hence,

WrX(A) = VXWX (4) = VX(4) as well.

Proposition 2.1 is a straightforward consequence of ([17],
Proposition 4.5) and of the fact that the isoperimetric function of
any bounded connected open set with the cone property behaves

like (1426 w(1+26e)'n as (1+2¢€) - 0+(1+2¢€) — 0%
([26], Corollary 5.2.1/3).

The next result deals with the equivalence of Sobolev and Poincaré
trace inequalities.
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Proposition 2.2. Let A4 be a bounded connected open set with
the cone property in R",n = 2.R",n = 2. Let m € Nm € N and
d€ENdeNbesuchthatl =d<nl<d<nandd =n—m.

d=n—m.Let|llxo) I'llx0n and  [I-llyc,1) IIlly,1) be

rearrangement-invariant function norms.
Then the Sobolev trace embedding

Tr:WmX(1) — Y(4,) (2.16)
holds if and only if Poincaré trace inequality
ITrullycay = CNV™ullxn (2.17)

holds for some constant CC,andeveryu € WX (A)u € W X(1).
An ingredient in the proof of Proposition 2.2 is a (first-order)

Poincaré type inequality which ensures that, if A4 is a bounded
connected open set with the cone property, then there exists a

constant € = C(A)C = C(A) such that
[l xcay = ClIVullxea (2.18)

foranyr.i. functionnorm ||-|[ ¢ ||| ¢z and foreveryu € W™ X(2).
u € W™ X(4).Inequality (2.182.18) is established in ([8], Lemma

4.1) in the special case when A4 is a ball. It proof makes use of

a rearrangement type inequality for the norm ||Vul| x| Vullxcx)
which holds, in fact, for Sobolev functions uu (with unrestricted

boundary values) on any bounded connected open set A4 with the
cone property ([15], Lemma 4.1 and inequality (3.5)).The proof in
the general case is completely analogous, provided that balls are
replaced with an arbitrary bounded connected open set with the
cone property ([19].

Proof. Assume that (2.12.1) is in force.Given k € M,k € N, denote

by P*P¥ the space of polynomials whose degree does not exceed k
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k. Given any u € W™ X(A), u € W™X(3), there exists a (unique)
polynomial P, € P™~1P, € P™ 1 such that u — P, € WX (2).
u— P, € W"™X(R). Moreover, the coefficients of P, P, are linear
combinations of the components of

Jgn VFudx, [, V¥udx, for k=0,..,m—-1k=0,..,m—1,
with coefficients depending on nn and mm. Thus, given any

ueWmXMWu e Wwmx@,
ITrullyoy < 1Tru=Pillvog + 1B lvag = 1Tr w=F)llroy + IRllvoy

< ClIV™ull gy
m-1
£y f Véu]dx ; st .l
ko heNU{OTEL =k
m-1
< C[[V™ullyg) + Z ¢ J|‘?*"u|dx
k=0 A
m-1
<Pl + ). € o] Pl < " lullymgy,
k=0

where C Cis the constant appearing in (2.2.17), and C’,C"

C',C" and C"'C"" are suitable constants depending on n, mn, m,

Agll-llyco.13: C- Agll-lly 0,1y, €. Embedding (2.16) is thus established.
Conversely, assume that (2.16) holds. An iterated use of the
Poincaré inequality (2.18) tells us that there exists a constant

C=C(m,A)C =C(m,A) such that
"u"x[;i.} = C"vu"x{;k} = Czllvzu"xm == Cm"?mu"x[).} (2.19)

for u € WmX()u € W™X(A). Inequality (2.17) follows from
(2.16) and (2.19).
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3. Preliminary technical results we say that an operator
T:M,(0,1) - M, (0,DT: M,(0,1) - M,(0,1)

is bounded between two rearrangement-invariant spaces X (0,1)

X(0,1)and ¥(0,1),Y(0,1), and we write

T-X(0,1) - ¥(0,1), (3.1)

if the quantity
Il = sup{ITZ, £l ,:f; €XOD N2 O, [Z5], . =<1
Il = sup{[ITZ, £, i/ €XODAMOD,[Z, 5] o =<1]

is finite. Such a quantlty w111 be called the norm of TT. The space
Y (0,1)Y(0,1)will be called optimal, within a certain class, in (3.1)
if, whenever Z(0,1)Z(0,1) is another rearrangement-invariant
space, from the same class, such that T:X(0,1) — Z(0,1)
T:X(0,1) - Z(0,1), we have that Y(0,1)— Z(0,1).
¥(0,1) — Z(0,1). Equivalently, the corresponding function
norm |[|-|lye 1)ll-llyo,1y Will be said to be optimal in (3.1) in
the relevant class.Assume that T,T':M,(0,1)— M, (0,1)
T,T': M, (0,1) = M, (0,1)

are operators such that

[ TE,f (1+2€)g;(1+26)d(1+26) = [ L, (1+26)T'g,(1+26)d(1 +2e)

[ TL,f (1+26)g,(1+26)d(1 +2€) = [ T, f, (1+26)T'g,(1+ 2€)d(1+ 2€)
for every f;, g; € M, (0,1) f;, g; € M, (0,1).

Let X(0,1)X(0,1) and Y(0,1)Y(0,1) be rearrangement-invariant
spaces. A simple argument involving Fubini’s theorem and the
definition of the associate norm shows that

T-X(0,1) - Y(0,DT:X(0,1) - ¥(0,1) if and
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only if T'-X'(0,1) = Y'(0,1) (3.2)
T':X'(0,1) - Y'(0,1) (3.2)

and ||T|| = (IT'NITI| = IT"|l (see e.g. [17], Lemma &.1).

Let w:(0,1) = (0,00)w:(0,1) = (0,00) be a measurable
function, and let 0 >¢e > —o0 >¢>—oo be such that

|w(1—26)(1 —28)49| < o, (3.3)

L*(0.1)
(1 =201 =280 | o, ,, < o (3.3)
We define the operators Ji, 1_a/(wi1—e) a0d Jiy 1—afiwi—e) at

every g, € M, (D 1)g, e M,(0,1) by
Jiwi-09;(1-2€) = J 1+2€]ZgJ (1+2e)d(1+2e),

(1- 25}1 -c

Jto1-00,(1-26) = w(1- 251(3.4)

For - «=:: e<0.> —<€e< 0.Assume that ||-|lxc0 103l llx01) 1S @
rearrangement Linvariant function norm.

We then define the functional ||||.r . 3l & 50.1) by

Z*gf - Em,l—f}zg; (3.5)
J

X{pa1_e(0.1) J x'(0.1)

for g; € M, (0,1)g; € M, (0,1), where |||l x(0,0)Illx0,1) is the
associate norm ||-|| 4. 1)- -/l xco,1)-

Proposition 3.1. Let w:(0,1) — (0,00)w:(0,1) — (0,) be a
measurable function, and let

1> €> —o0l > e > —oco. Assume that (3.3) holds. Let |||l 40,1}

I-llx.1) be a rearrangement-invariant function norm. Then the
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functional |- "z( 501 B "-’f(m (0.1 defined by (3.5),

rearrangement-invariant function norm. Moreover, on denoting by
-l X(m_s}mﬂll-ll X(wa-e0,1) the rearrangement-invariant function
norm whose associate norm is ||-|| XE@,J.—E}[H’I}]"-" Xl 101
one  has that  Jiu1-0:X(0,1) = X, 1_0(0,1)  (3.6)

}I[m,l—f}:X(Ufl) - X{m,l—f} (011} (3.6)
with norm not exceeding 1, namely,

1
J( m(1+ZE)ZgJ (1+2e)d(1+2¢) 52”91"3(9’1}

1- th -€ -
X(wa-¢)(0.1) !

for g; € X (D,l].gj € X(0,1).The function norm ||| X(ore)(0.1)

I-ll %, 0.0)is optimal in (3.6) among all rearrangement-invariant
function norms.

Proof. We begin by showing that the functionalll-|| Xl y1—o©0.1)

-l Xl 1-0(0.1) satisfies axioms (P1)-(P6) of the definition of
rearrangement-invariant function norm. Letf;, g; € M, (0,1).
fi,g; € M,(0,1). Then, by (2.1),

(1—2e)17¢
J Z (f; +gj)*(1+2f:']d(1+2€j£ (1+2¢)
] i

+ f;l_zf}l_
+ fﬂ[l—EE}i

3, 9; (1+26)d(1+ 26)
2;9; (L+2e)d(1+ 2¢) for E{E{U <e<0.

Hence, owning to the Hardy-Littlewood-Pdlya pr1n01ple
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D 5+g, <Dl oot 2oy o
] i

Xl{;m,i—s}[u*ﬂ g
This proves the triangle inequality. The remaining properties in
axiom (P1), as well as axioms (P2),(P3) and (P6), are trivially

satisfied. By (3.3) and (2.6), there exists a positive constant CC
such that

||X(u’1}||3(,m,1—s}(u,1} = llo(1 - 2€)(1 - 26}y o)
< Cllo(1 - 2€)(1 ~ 26)* |,y <

whence (P4) holds. To verify (P5), first note that there exists a
positive constant ¢, depending only on (1 — €)(1 — €), such that

L
Iy
—(1—€)

2y (1 +200d(1+28) = ¢ [M3. g7 (14 26)d(1 + 2¢)
0 Jg} 1] J'gJ

for every

g; € M, (0,1) g; € M, (0,1) Thus, by (P5) for the function norm

Nl ea 101l 57 ca 17, there exists a positive constant ¢’¢’ such that

(1-2e)t7¢

}Ejg} (1+28)d(1+2€)= c [ 3, g; (1+2€)d(1 + 2¢)

w(l— 26][

0

) g+ 20)d(1+2)
I

x'(o1)

1 (1-2e)*7¢
> "’f m(l—ZE]J ) g1+ 20)d(1+ 26) d(1- 26
0 0 "
b]

1 g—l1-e
> ¢ J ol - 26)d(1 - 2¢) f
i 0

ral

)
Z g (1 +26)d(1+2¢)
i

1
CHJ Zg; (1+2€Jd(1+2lﬂ
°
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where ¢ =c' [, w1 —2e)d(1 - 2¢),

¢"=c'[; w(1—2€)d(1—2¢e), whence (P5) follows [19].
We shall "now show (3.7). By (3.2) and (3.4), this is equivalent

to establishing that Ji, ,_ oJi 1 ot X1 0(0,1) = X(0,1)
X, ,_(0,1) = X'(0,1) with constant not exceeding one, that is,

(1-2e)7¢
w(l- ZEJJ Z g; (1 +26)d(1 + 2¢) < Z||gj||x(,m)1_s}m} (3.8)

oy
for g; € M,(0,1),g; € M,(0,1). By the very definition of the

norm ""Y An ﬂ:"'"srf NGRAT

o1~ 26) fﬁ EE”ZQJ a+20d0+29|  =[) g,

x'(0.1) U N (%
for g; € M, (0,1)g JEM, (0,1). Moreover, by the Hardy-
Littlewood inequality (2.2) and property (P2) of the norm ||| 4 (0,13,

"'"x’fn.ﬂ:

ZElE

m(l—ZEJJ ZgJ (142e)d(1+2¢)
x'(0,1)

(1-2¢)t7¢
< [lot-2¢) f ZgJ (1+2)d(1+ 26)
x'(0.1)

for g; € M, (D,l).gj € M., (0,1). Hence, (3.8) follows.

It remains to prove that [ llx, ool llx,, 500 18
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the optimal rearrangement-invariant function norm that
renders (3.6) true. In order to verify this fact, assume that

Iy 0,03 Il (0,1 18 another rearrangement-invariant
function norm such that [, ;_o:(0,1)X(0,1) — ¥(0,1).
Jiw.1-:(0,1)X(0,1) — ¥(0,1). Then, by &)
Jtwi-0: V(0,1 = X'(0,1) ], ,_o:Y'(0,1) - X'(0,1),

namely "L[m 1-e) 2aj HJ"X o) = Cx; "91”

v'(0.1)

|U{m 1—5}2 QJ" %' (0, ﬂ cCx ||g1|| for some positive

¥ (0.1)
constant CC and every g; € M, (0,1).g; € M, (0,1). Hence, by
the rearrangement-invariant of the space

¥'(0,1), |Ufm,1_._=} 2;9; " ) "g; " "EJ 9j "

Y’ (U‘,])!"]Em,l—f} Ejg_: "X (0. 1} E "cg_: ¥’ (0, 1} "E gJ'"Y (0.1)
for every g; € M, (0,1).g; € M, (0,1). Coupling this inequality
with (3.5) shows that

1%, 95l xl,, 0D~ CEllgsll
llzj‘gjllﬂfm 00D < sz"'gf"r’[u,ﬂ for some positive constant

x' (o, 1} ¥’ (0, 1} ¥ (0.1)

¥ (0.1)

CC and every

g, € M. (0,1),g, € M, (0,1),namely, ¥'(0,1) - X(,,,_,(0,1).
¥'(0,1) = XL, ,_,(0,1). Thus, by (2.5), X¢,, ;_» (0,1) = ¥(0,1).
X(w1-9(0,1) > ¥(0,1). This proves that [Illx,, .0

I-llx,,-o(0.0) is the optimal rearrangement-invariant function
norm such that (3.6) holds. The proof is complete.The next two
lemmas contain auxiliary results of technical nature.
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Lemma 3.2. Let p € M, (0,1).0 € M_(0,1). Suppose that there

exists a positive constant CC such
1-2¢

Q(l—ZE]_—j o(1+2e)d(1+2¢) (3.9)

for i-::e«::(}%-::e::(}.

Then, sup  g;(1+26)o(1+26) < C(g}g)“(l—ZE)

1-2e=14+2e=1

sup g}(l+2€)g(1+2£} < C(g}g)“(l—ZE) for

1—2f=14+2#=1

}: €< 0% <e<0, for every g, €M(0,1)g; € M(0,1).
Proof. By (3.9) and the monotonicity of g;,g;,

f(1'+'ZEJ 1+2¢
sup  gi(1+2e)o(1+2)<C  sup J f o(r)dr
0

1-2ez1+2e21 1-2e=1+2e21 1 2

1+2¢
<(C s J Z (ro(r) dr
1- zf=:1EzE~<1 1+2e gj °

for % <e< U.% < € < 0.0wing to the Hardy-Littlewood

inequality (2.2),
2i9; (Me(dr = }; _f Ej(g}g)*(r)dr
IUHEE 2 g; (o (r)dr < 2 f Z;(g}g)*(ﬂdr for

_?lﬁifﬁi(}.?{::ffi(}. Hence,

1+2¢ 1+2¢
Jo

1+2¢
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1 1+2¢ .
sup g}(l+2£)g(1+26}£€ sup —J Z(g;g) (r)dr
0

1-2e142e1 1-2es142ec1 L+ 2€ :

C 1-2¢ \ "
ZEJ Z(g}g) (r)dr=C(g;0) (1-2¢)

I

for><e<0-<e<0.
Lemma 3.3 (i) Let 8 = —1.8 = —1. Then there exists a constant
C=C(8)C = C(A) such that

1+2esrsl-2¢

1-2e
J sup rEZg} (r) |d(1+2¢)
0 .
1

<C f ) E(1+zEJHZ g (1+29d(1+290  (310)
0 i

for every g; € M,(0,1)g; € M,(0,1) and everyi <e<0.

lee<.
2

(1) Let0 <8 <1.0<8 < 1. Then there exists a constant
C=C(@)C=C(0) such that
1-2¢
f (1+2e)%  sup (ng;_ [T])d(l +2¢)
0 1+2ezr=1-2¢

1-2¢
st g;(1+26)d(1+ 2¢) (3.11)
0

for every g; € M,(0,1)g; € M, (0,1) and every if-‘: e < 0.

lee<o.
2
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Proof. (i) Fix % <e< D.i < € < 0.Inequality (3.10) can be
rewritten as

J A01-2¢) (1+2e) sup (Tg;f(m—zf} (T)g} (Tj)d(l +2¢)
0

14+2esr<m

<C J (1426 101+ 20)g;(1 + 200
0
+2e). (3.12)

By ([23],Theorem 3.2), applied with
e=0, ul)= TBX(U,I—ZE} (r), w(1+2€)=x1-20)
v(1+26) = (1+26)°y(0 1-20(1+ 26),

a necessary and sufficient condition for (3.12) is the validity of the
inequality

JT( sup u(‘r])m(l+2€)d(l+2€)£C’Jrv(l+26]d(1+26] (3.13)

142e2rsT

for0<t<1l0<t<1,

for some positive constant C'.C". A close inspection of the proof
of ([23], Theorem 3.2) reveals that CC is just an absolute constant
multiple of C'.C". It is easily verified that (3.13) holds with C'C’

depending only on &,8, and hence CC as well.
(11) The same argument as 1n the case (1) can be used, but now with
e=0, ul)=r%01000), ©(1+26) =y 1001+ 26)(1+2€)°,

v(1+26) = Yg1-00 (1 + 26).

We now state and prove two key one-dimensional inequalities to
be used in the proofs of our main results.

Theorem 3.4. Assume that @, ;7,6 € (0,%0)a, 5;v,8 € (0,0)
are such that
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y+éd=1 a+pf=1 y+é6=1 a+f=1 and
@+ By <1. (3.14)a + By < 1. (3.14)
Then there exists a positive constant € = Cla,pB,y,d),
C = C(a, B,y,6), such that, for every rearrangement-invariant
function  norm ||-llxco 1 ll"llxca 1),

(I—EE}'B

(1-2e)*! J

0

vl J: Zg} (r)dr| (1+2e)d(1+2¢)
J

x(0,1)

o
<C (1—26]“+5Y‘1J Zg} (r)dr (3.15)
v x(0,1)
for g; € M, (0,1).g; € M, (0,1).
Proof. We begin by defining the operators J] and J']’ by
Jg;(1—2€) = f{l AL +207 71T, g,(1+ 26)d(1 + 2€)
1-2e

Jg;(1-28) =1 1(1+2)°*Fr~1F g.(1+28)d(1 + 2¢)

(1—2£)88
1 1
for E‘fiE{iUE‘fiE{iU, and

]’gj(l —2€)

_ (1 2e)whr-t J

0

(1-2¢)B8

1
Zgj(1+26)d(l +2¢) for i«: e<0
j

for g; € M, (0,1).g; € M, (0,1). Denote by [Illx , o.)ll"llx (0.2
the functional given by

||Ej-gf"1fp[u,1} - "f Ef‘g;"z'[u,ﬂ
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||E;.9;"X';[M} =7 E;g}"xmﬂ for  g; € M,(0,1).

g; € M, (0,1).
Then the first two inequalities in (3.14) guarantee that (3.3) holds
with

1 — (1 —2e)tBy-1
m(z{E{:[}) (1—2¢)
w(i<e<0)=(1-20#* and 1—€=p51—€=ps.

Therefore, by proposition 3.1, the functional ||-|| 'y o.nllllx 10.1)
1S a rearrangement-invariant  function norm, and
2.7
i

for g; € M, (D,l].gj € M,(0,1). Set =1

<D Milleey 316
J

I
X (0,1}

_ 1-(a+py)
88

61— 1—(a+By) v
B 5

Assumption (3.14) ensures that 0 <n <=6 <10<=<n<6 < 1.

Therefore,
(1-2e)™ sup (1+2€)7g;(1+ 2e)

1-2e=1+2e=1

=(1-26)7" sup (1+26)"°(1+26)g;(1+2¢)

1-2e=z1+2e=1

=(1-26)% sup (1+26)g;(1+26) (3.17)

1-2e=1+2e=1

and n=1—1%:.r}=1—

for =< e < 0 for i <e<Oand g; € M,(0,1)g; € M,(0,1).
We c;iaim that there exists a constant

C=C(a,pB,y,6)C =C(a,f,v,5) such that

b2022 gulgu--1443 daall g3 -(ald) ygpirellg pilill 222l - &igiw g1) Gosao drolc dlao m




Isam Eldin Ishag Idris - Fadool Abass Fadool

(1-26)°  sup (1+26]BZg} (1+2¢)
1-Zez1+2esl -
! xy01)

<) lol, o, 61
I

for g; € M, (D,l).gj € M, (0,1). To verify this claim, fix any
such function g, and begin by observing that, by the definition of

the norm ||-|lx_co.1y.ll-llx (017 we have that

(1-2e)%  sup (l-l-ZE)BZg}(l-I-ZEJ
I

1-2e=1+2¢21

x0.1)
=1l(1
(1-2¢)P8
— ZE]MM_lf (14+26)° sup rHZg} (r) |d(1
0 1+2ezr=1 .
j
+2¢) (3.19)

x(0,1)

Next,
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(1-2¢)P8
-8 2] %
L 14207 swp (1) g0 1420

142e2r=1

(1-2¢)F6

EL (1+2e)°  sup THZg} (r) |d(1+ 2¢)

1+2esr<(1-2¢)80

(I—EE}'BS

+  sup rgg}(r)J (1+42¢)

(1—2.5}3551‘51 0

142ezrz(1-2€)86

(1—26}'6'5
_ L (20 s |17} i) |l1+29
i

+—(1 26)F80-0)  gpp r’g;(r)
1-6 (1-2¢)fdzra1

for :: e < 0. 1 < € < 0.By inequality (3.11),
f(l 2 (1+2¢)%  sup (raﬂjg} (‘r])d(1+2£] <
1+2esrs(1-2¢)88

c[*g, g (14 200d(1+ 26

(1-2¢)88
f,

(1+2e)%  sup (Taﬁjg;. (T])d(l+2£] <

142ezrz(1-26)88

c[*"g g (14 2001+ 26

forifr:eﬁﬂ%«c::eﬁﬂ,
for some constant C = C(a,B,y,6).C = C(a, B,y,5). Thus, by

the definition of &,8,
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(1-2¢)P8
J (1+26)% sup (rf)d(1+2e)
0

1+2ezrsl

(1-2¢)f
<c f ) g1+ 26)d(1+2)
0 .
]

+(1-2e)@ ) qyp r’g;()
(1-26)f02ra1

for loec< II],1 < € < 0,where C' = max {C —}
2 2 g

C' = max {C , %H} On making use of this inequality in (3.19), we
obtain that

(1-2e)%  sup (1+2£)BZg}(1+26]

1-2e21426e21
X (0,1)

(1-2¢)F8
< 0'|[(1-2e)0r-1 f Y g+ 29d01+20)

0 -
]

+ sup 10g;(0)
(1-26)fb2ra1
x(0.1)

=C'||(1- ZEJHESng* ((1-20f)+  swp  19g;(r)
(1-26)h8<r=1
x(0,1)

<2C"|| sup TH'ESZQ“ (%) . (3.20)
1-2ezrzl

x(0,1)
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By inequality (3.10), with 88 replaced by 858,686, and (2.2),
there exists a constant
C=Cla, B,y 6)C =C(a pB,y,J) such that

1-2e
J sup 798 Z g7 (1#)d(1+2¢)
0 j

14+2e27=1

1—2
< CJ (1+26]9352g“ (sP8)d(1+2e)
0

< cf N (1+2£]95529}*((1+25]55) (rdr (3.21)
° j

for % <e< U% < € < 0. On the other hand, by the monotonicity
of the function T = g**(7#%)t ~ g**(7F%) and (2.2) again,
1 T
(1-2¢) sup raﬁag}*(r“) =(8B6+1)(1-2e) sup g“(rlga)TJ r#dr
0

1-2ez1=1 1-2ez1=1

<(0p5+1)(1-2¢) sup —J 93529** (r#8)dr

1-2e721 T

< (8p5+1)(1

¥

-2€) sup —J (1+2£]95529“ (1+ZE]55) (r)dr

1-2ez721 T

— (8p6

#

+1Jf N (1+25J95529;* (1+20)F%) ar  (3.22)
0 j

forif::e«c:ﬂ%{::e{ﬂ.
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Owing to (3.21) and (3. 22)
IOHE[ sup 7% % g7 ( Iﬁa] (Ndr=["" sup 9Py g7 (P )d(1+
1+2ez7=1 1+2ez1=1

Ze)ifu_zf sup  1°F0 ) g**(r“)d(l+26]+(1—

1+2e=z121-2¢

2€) sup rgﬁag}*(‘rﬁa)i Cf [(1+26]9552 g/ [(1+26]55)] (r)dr

1-2ez1=1

F7 s #5507 ()] Or= [ s 9507 (50)ac1+

1+2ez1=1 1+2ez1=1

ZE}EL_EE sup  THEY. g“(r“)d(1+26]+(1—

1+2e=1=1-2¢
26)1_2525119559}*(155) < Cf [(1 +26)%0 % g ((1+ 26)P)| (ndr
for><e<0-<e<0.

for some constant C = C(«, B,y,6).C = C(a,B,y,8). Hence, by
the Hardy-Littlewood-Polya principle,

sup  (1+ 26)95529}* ((1+2¢)%%)

1-2ez1+2¢e=1
x(0.1)

<C||1- 25)95529** (1-20F)|| =c¢ ZgJ ,
1{0,

x(0,1) 1)

and (3.18) follows from (3.20).

Now, fix any nonnegative function g; € X;(0,1).g; € X, (0,1).
By the definition of associate space, (2.3), and Fubini’s theorem,
we get that
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(1-26)f

#

¥l f Zg}* (r)dr| (1+2e)d(1+2¢)

x(0,1)

(1-2e)*! f

0

= sup J Z f:,
f}EM+ 0 1}||E_Jf_r"

(I—EE}'E

*

- 2e)(1-2¢)* -1 ’ g:(rdr| (1+2e)d(1
(L3

0

+2€)d(1-2¢)

1 18
_ sup J -1 J Zg}* (ndr| (1
fiEM"'(O’ﬂ"Efff"X’(u,i}ﬁi 0 ¢

+ ZE]J%Z)@ (1-26)(1-2e)*2d(1-2e)d(1+2¢) <
T

1
sup J r?"lJ r7 sup p’fZgrJ (p) |dr

F1E @ OIZ; £l g1 e, 70 repsl

+2.§]Ji (1 26)(1-2¢)*1d(1-2¢) ds. (3.23)
Sﬁ

. & IiJ. ;r;}ﬁ' 1— (1—:;}6 11—y
Since f; rdr = — : f "1y = = j_ )
the function 1 1 1

T'E
0,3t 1Vt j ™" sup | p" ZQ} (p) |dr
0 r=p=l i

is non-increasing on (0,1)(0,1), inasmuch as it is a constant
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multiple of the intergral mean over (U,IE)(U,IE) of the non-

increasing functionr = sup p"g;(p)r — sup p"g;(p) with

r=p=1l r=p=1l
respect to measure r~dr.r~dr.
Consequently, ) by (3.23)
|- 205 (727 [0 (75, 950ar] @+ 200a1+ 20)

=

x(0,1)

sup [+ 26*’*([;26}%2}.1; (1-26)(1—26)*td(1 —

ijM+(u*1}"fj"xl(0J_}<l

26)d(1 + 2¢ ))j(“” 71 sup (o735, 9;(p))drd(1 + 26) =

rEps=

sup I =7 sup p”*‘E HJ(P]I (14 2e)Y 1[ _ij}-(l—

f_:'EM+(9»1}||E;'f_:'“xrml}ﬂ repsl
2e)(1—-2e)*1d(1—-2e)d(1+

= sup (p"X;9;(0))

rEp=1

2e)dr = su

p .(3.24)
£ @ONfl g 11y

Xy (0.1}

<

a-1 [1‘2!‘5}'& -1 TE $ '
(1-26 [ [t [ 3, g00dr] (1+20)d(1+ 26 o
Xo01

sup jﬂl(1+25)r-1(fl 3 f (1-26)(1- 20" 1d(1 -

fJEM+ 0, ﬂ“fj“X; [1+2£}|3

(01)%1

28
2€) d(1+26))ful+z} ™7 sup (P”E;g} d(14+2¢) =

rapsl

(L+2t [0 1L f (L~

1
§ [1+Ef}ﬁ

1 _
sup J,r" sup p" ;g (p f
fjEM+(HJ1}||E;'f;“xrm}ﬂ repsl r

2€)(1-2€)*d(1-2€) d(1+
™ sup (pL;9;(0))

repsl

e)dr< sup

(324)
fj EM+(HJ1}“fj "X’(u,i}ii

X J:(u,ﬂ
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By (3.17) and (3.18),

1 sup p”Zg}(oJ <|[r? sup p*‘zg}-(p)
I i

ripsl repsl

xp0.1) xp0.1)
< .
< CZ"gJ"Xﬁ 0y G2
J
On the other hand, by (3.16),
[t LY f (- 20— 26)°d(1 - 26) dr =
ré (1+2e)F X;;[D,ﬂ
BT tP[7Ef (1-2e)(1—26)*1d(1 - 2¢) dr =
(1+2)5 xp(0.1)
1 1-2e
A Y f((1-2e))(1—2e)*t 1 P 1drd(1 — 2¢€) <
k '[(1+z£}5521f; ( ) f(1+2.s)3'5 x'(0,1)
1100,
1 1 1
- 2 (1—2e)fr-1% £ (1—2€)d(1— 2¢) == f: <
L5l (3.26)
y W (g,1) '

[ L3, (1= 26)(1- 26 d(1 - 2¢) dr

ré (142¢) ©(01)
0

BT Lot [IE,f (1201 - 20 1d(1 - 2€)

(1 +ZE:]"6*ts X;; (qu)
BT X f ((-20)1-20) [T LoPrtad(1-20)|| <
(1429088 11 (1426)88 Froy
XJ;(D,I}
1|1 1
- 1 (1=2e)r 1T f (1= 26)d(1-2¢) =2zl <
V1| (142e)86 ZJ)G X;;(u,ﬂ }’"jz}ﬂllxﬁ[ﬂ,ﬂ
1
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for every nonnegative function f; € X'(0,1)f; € X'(0,1). Tt
follows from (3.24) ,(3.25) and (3.26) that

26 o4 '
-200 [ [ [ g0 1+ 201+

g}—llzjgj"p

2¢)

c
E —
x(01) Y

_2¢)f i :
)yt If ) [rr-l [, Z;g;dr| (1+2e)d(1+

gjz “E_JQ_JHP

2¢)

<t
x01) Y
Hence, inequality (3.15) follows from the definition of the norm

"'"z’[u,l}-"'"z’[u,l}-
Let n € Nn € N and let ||-||z0,13lI"llz(0,1) be a rearrangement-
invariant function norm. For j =0, ...,n,j =0, ..., n, defined the

functional ||-| z ool 2.1 inductively as ||-|| 0,1y = Il (0,13,

-1l 2 v = 1I-ll 7 011, and |
=L
n-j (1-2e)n-JHL
ZQJ =|[(1-2¢) n—j+1f Zg}* (1+2e)d(1+ 2¢) J
0 "
z;(01) J 2,00
=1..n (3.27)

for g; € M, (0,1),g; € M, (0,1). Proposition 3.1, applied with

- n—j
l—e=—"L1—-¢e= andm(l 2e)=(1—2¢) (—iﬂ),

n—j
w(l—2e)=(1-2¢) (—IHJ, guarantees that, for each
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j=0,..,nj=0,..,nthe functional |- ||z .l ||z (01) 1S a
rearrangement 1nvar1ant function norm.

Theorem 3.5. Let n € Nn € N and let ||-||z¢0,0)ll-|lz00,1) be a
rearrangement-invariant function norm.Then for everyj = 0, ..., n,

j =0, ...,n, there exists a positiveconstant (;,(;, depending only

on j j and nn, such that

29|
I]l

(1-2¢)'n n
<G ||(1- 25)‘“’J Zgj(1+26)d(1+26] (3.28)
Z'(01)

)

for g; € M,(0,1),g; € M, (0,1), where "'"z}[u,ﬂ"'"z’-[u,l} is a
rearrangement-invariant function norm defined by (3.27).

Proof. We argue by finite induction. The assertion for j = 0j =0
holdswith C; = 1, C, = 1, thankstothefactthatZ,(0,1) = Z(0,1)
Zy(0,1) = Z(0,1) and that g; < g;*.g; < g;". Assume next that
the claim is true for some j=0,1,..,n—2,j=0,1,...,.n— 2.
Then, by Theorem 3.4 applied with

i J 1 J J 1
a == =1—=,y=—a==* =1—=,y=— and
n”B n’y n—j 1-1”8 ﬂ.]}, n—j

=1 —L_= 1 —i_ , we get that
n—j n—j
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“_.L

n-j-1 (1-2¢) ©
Y| =|la-20T J Zgj (1+26)d(1+ 2¢)
- 0

z;,,001) z;(01)

o nojt
(1-2¢)""n n—j-1

j (—ZE}HJ
sgla-2m[ | Ygoala
]

0

i

+2€)d(1+ 2¢)

Z'(01)

J+1 (1 EE}
<ccl|a-2075 f Zgj (1+26)d(1+2€)
Z'(0.1)

for every g; € M,(0,1)g; € M,(0,1), where CC is the
constant apprearing in (3.15). This establishes (3.28) for
j=1,..,n—1j=1.,n—1 It remains to consider the

case when j=n.j=n. In this case, equation (3.27) yields

||Ejgj||

1 *
1Z595ll ; 0.0) = 110z c00 fy 2y g5 (L +2€)d (1 + 2€)
for g; € M, (0,1)g; € M, (0,1). On the other hand, forj = n,
j =n, we have

1
=11l _ 00 J, Z;9; (1 +2€)d(1+2¢)

zZp(0.1)
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i 115
(1- 25)5‘1J Z g; (1+2€)d(1+ 2¢)
v Z'(01)

1
Ml [ Y 6501+ 20u(1+20
0 -
]

for g; € M, (D,l)gj € M,(0,1), whence (3.28) follows.The
proof is complete.

4 . Proofs of the main results

Our approach makes use of reduction principles for Sobolev

embeddings on the whole of AA, and for trace embeddings on

A,_1A,_;. They are stated in Theorem 4.land in Theorem 4.2,
respectively, below.

Theorem 4.1. Let AA be a bounded open set with the cone
property in R",n = 2R",n = 2, and let m € N.m € N.Assume

that ||*llxc0,1)lIllxt0,020d [[-lly0,1)l*lly0,1) are rearrangement-
invariant function norms. Then the Sobolev embedding
wmxX@) - YQ) (4.1)

holds if and only if the Hardy type inequality

f Z,@(l+z.;)(1+zf)—1+’fd(1+ze) ch||;;.||ml} (4.2)
l—EEJ. - !

r(0,1)

holds for some constant CC and for every nonnegative function
f; € X(0,1).f; € X(0,1).

Theorem 4.1 follows from a special case of ([17] Theorem 6.1, via
([26] Corollary 5.2.1/3). In the case when AA is a Lipschitz domain
andm = n— 1m < n— 1itwas proved in [25].

Theorem 4.2. Let AA be a bounded open set with the cone
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property in R",n = 2R",n = 2, and let m € M.m € M. Assume

that ||llx(0,1)lIlxt0,1720d -l 1)l llyo,1) are rearrangement-

invariant function norms.Then the Sobolev trace embedding
Tr-WiX(Q) - Y(A,_,) (4.3)

holds if and only if the Hardy type inequality

1 1
(14 26)(1+ 26) ™ nd(1 + 2¢)
n ]
(1—‘2.-*5}ﬁ .

v(0,1)

]
< CZ" f ||mﬂ (4.4)
I

holds for some constant CC and for every nonnegative function
f; €X(0,1)f € X(0,1).
A version of Theorem 4.2, where A,,_,A,,_, is replaced with dA,d2,

can be found ([14] Theorem 3.1), and is based on an interpolation
argument which makes use of Peetre’s K-functional. The proof
of the fact that (4.4) implies (4.3) is completely analogous. One
has just to replace the endpoint inequalities exploited in the
interpolation argument of [ 14] which the following inequalities for

the trace operator TrTr on A, _1:|ITr ullprg, )= Cllullyrrg
A1 ITr ull 2,y < Cll wllyyragyfor every u € WH1(d),
ue wti(), a n d |Trullgep, )= Cllullprmag
IT7 wll o,y = Cll wllyprr gz ay for every u € WLL™(3),
u€ WL (3), where C=CQA,_,).C=CA,_;). Note
that the former inequality is just a special case of (1.2), whereas
the latter holds owing to the embedding W1L™(A) — C(})
WiL™t(A) — C(Q), the space of continuous bounded functions
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in AA (see for instance ([15] Remark 3.10).The fact that (4.3)

implies (4.4) will not be used in the proof of Theorem 1.3. In fact,
it follows on specializing a more general argument in the proof of
the theorem.

Proof Theorem1.3.The equivalence of (i) and (ii) is the content of
Proposition 2.2. Thus, only The equivalence of (1) and (i1) has to be
established. Let us first show that (ii1) implies (1). We preliminarily

observe that it suffices to prove such implication in the case when AA

1s a ball B B. Indeed, any bounded open set with the cone property
can be decomposed into the finite union of Lipschitz domains ([2]

Theorem 4.8). It is then easily seen that we may assume that AA is
a Lipschitz domain .Next, any Lipschitz domain is an extension

domain, both for W™ (QA)W™1(A) and forW ™= Q)W ™= (A)
([35] Theorem 5). By ([18] Theorem 4.1), given any ball B > A

B > A, there exists a linear bounded extension operator €€ such
that e W™X(A) - WmX(BleW™X() — W™X(B)for any
rearrangement-invariant function norm||-||x 1) ll*llx0,1), With

norm independent of ||-||xc.1)-ll-llx(0,1)- Namely, eu = ueu=u

in A2,

and there exists a constant € = C(A, B,m)C = C(A, B, m) such
that

I exellymzimy = Cllaellyyrm iy (4.5)

for every u € W™X(A). u € W™X(2).Given any dd-dimensional
hyperplane such that A; # ©,A; # 0, let us denote by TrgTrg the

trace operator on B, B, acting on functions in W™ (B) W™ (B),

and by Tr, Tr; the trace operator on A A; acting on functions in
Wwm™1(). W™1(Q). One has that A; < B,, A; < B, and
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Trgeu=Tr,u H%—a e (4.6)

in A;.A4.Now, assume that ||-|| xo.1) 1"l 50,17 and [I-llyco, 23l llyco.1)
are rearrangement-invariant function norm such that (i) holds in B
‘B, namely

ITravllyz, < Cllvliymxm (4.7)

for some constant CC and for every v € W™X(B).r € WX (B).
Thus, by (4.6) (coupled with the boundedness of the dilation
operator on rearrangement-invariant spaces), (4.7) and (4.5), there

exist constants C,C',C"'C,C’",C" such that

ITrullyg,) < CliTrseully@, < C'lleullymym < € lullymxay
for every u € WmX(A)u € W™X(A).This proves that (i) also
holds in A.A.

We may thus assume,without loss of generality, that AA is a
ball, and that 0 € A,;.0 € A;. Suppose, for the time being, that
m<nm<n We set k=n—dk=n—d and assume first
that k < m.k < m.There exists a finite sequence of affine
(n — j)(n — j)-dimensional  subspaces of R",j=1,..,k,
R",j=1,..,k,suchthat0 €A, =&, 1 CTAy_po1 - T Ay_y.
O€A; =X C Ay i1 © C A

Observe that, since A4 is a ball, then A,,_;A,,_; isan (n — j) (n — j)
-dimensional ball forj =1, ..., k,j = 1, ..., k,and hence an (n — j)

(n — j)-dimensional Lipschitz domain. Define the functional

"'"z‘fnj‘}"'"z’fnj‘} by

Y| = (1= 2yt J _EZg}(1+ZE}d(1+ZE] (49)
j 0o 5

Z'(0.1) x'(01)
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for every g; € M,(0,1)g; € M,(0,1). By Proposition 3.1,
applied with € = 0e = 0and
m—k m—k
w(l-26)=(1-26)""n ,0(1-28)=(1—-268)""n ,

the functional ||-|[;'¢o.1)ll*llz(0,1)is @ rearrangement-invariant
function norm, and

-k

[L,55 (1+2e](1+2e]‘1+de(1+2e)” ( }5zj||,:;.||

x(0,1)

m—k
[ 5 A+ 200+ 207 da+ 20| <3l
forevery f, € M, (0,1)f, € M, (0,1). a0
Note that assumption (3.3) is fulfilled, since << m<. m . By Theorem

4.1, this implies that W™ % X(}) — ZOW™*X(2) — Z(), and
hence
WmX) - W*ZQ). (4.9)

x(o,1)

For each j=0,1,....kj=0,1,...,k, let ||'||z}[u,1}"'||z’-[u,1} be
the rearrangement-invariant function norm defined by (3'J 27). By
Proposition 3.1,

_ : n—j-1
appliedwithq = "2—g = " andw(1 — 2€) = (1 — 2¢) ™ -

n—i n—j
n—j—1

w(l—2e)=(1—2¢e) n-ifor each j=01,.., k-1,
i=0,1,..,k—1, we have

fn-; Z f; (1+25)(1+zej%d(1+25) EZ"E"Z; op 410

J

L Zj4,(01)

for every f; € M, (0,1)f; € M, (0,1). By Theorem 4.2, applied
with nn replaced with n —jn —j and AA replaced with A,,_;

b2022 gulgu--1443 daall g3 -(ald) ygpirellg pilill 222l - &igiw g1) Gosao drolc dlao m




Isam Eldin Ishag Idris - Fadool Abass Fadool

An_; inequalities (4.10) ensure that, for each j =0,1,...,k — 1,
i=01,.. k-1,

Tr:W'Z(A,_;) = Zjoa (A oy ). (4.11)

Also, one classically has that Tr:W™(Q) - W™ 1(3,)
Tr:Wmi(Q) - WmRi(},)

provided that f 2n—h > 0 (f =Zn—h > 0 ([2] Theorem 5.4),
and hence, in particular, the trace on AzA; of an mm-times weakly
differentiable function in AA is an (sn — h)(m — h)-times weakly
differentiable function if n, h, £n, h, € fufil the above inequality.
Thus, iterating embedding 4. 11) kk times yields

W"Z(}U Swk-1z (?Lﬂ_lj—a» —>W Zy_ l(ldﬂ)—a»zk(ld) (4.12)
Coupling (4.9) with (4.12) g1ves

Tr:-WmX@Q) — Z,(A,). (4.13)
We now defined the functional "-"YF:[HJI:}"-"FF;[H’]'} on M, (0,1)
M, (0,1).
ZE} n
Z of  =la-z207 J ZgJ 1+20d1+20|| (414
e x'(01)

for g; € M,(0,1)g; € M, (0,1). Since, by our assumptions,

R B T

n n n n n n

=0,

condition (3.3) is satisfied for 1— €= fl —e=2 and

n

w(l—26) = (1—26) " w(l—26) = (1—2e)

Therefore, Proposition 3.1 implies that ||'||F{r|[u,1}"'||r{r[n,1} is a
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rearrangement-invariant function norm and

(1+26)(1+2 Jn'ld(1+2 ) < . 415
J':l 26)n= kzﬂ : : : Z"’G ""f(”*l} (413

¥ (0.1) i

for every f; €M, (U,l)}j— e M, (0,1). Moreover,||-|ly, (0,1)
lI-Ily, c0,1)1s the optimal rearrangement-invariant function norm for

which (4.15) holds. Since, by (1.12), ||-|ly, )]l lly,1) 1s also a
rearrangement-invariant function norm for which (4.15) holds, the

optimality of [||ly.ca11ll-llv.0.17 implies

Y, (0,1) = Y(0,1). (4.16)
We now claim that
Z,.(0,1) = ¥, (0,1). (4.17)

By Theorem 3.5, applied to j = kj = k (observe that k < nk <n

(1-2¢)'™n
Zgj =C, ||(1-2¢) 1+_J ZgJ (14 2e)d(1+2e)

z(0.1) z'(0.1)

for every g; € M, (0,1).g; € M, (0,1). Therefore, by property
(3.2) applied to the identity operator, in order to established (4.17),

we just need to show that there exists a positive constant C'C’ such
that

—Zf}l
(1-2¢) ™ f Z g; (1+26)d(1+2e)

EC’Z"gj"F;rmﬂ (4.18)
i

Z(0.1)
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for every g; € M,(0,1)g; € M,(0,1). By the definition of

-1l 22 o, )l ll 7 (0,1) and "'"r{r[u,ﬂ"'"y;r(m}(see (4.8) and (4.14)),
inequality (4.18) will in turn follow if we prove that there exists a

positive constant C''C" such that

*

m-k 1-2¢ k Tl_n
(1- zeJT‘lf ra‘lf Z g; ()dr| (1+2e)d(1+ 2)
0 0 .
]

x'(02)

m (1-2e)'n n
<" (1—ZEJ¥‘1J Zgj (14 2€)d(1 4 2¢)

x'(01)

for every g; € M, (0,1).g; € M, (0,1). This is a consequence of
Theorem 3.4, applied with

¢=""pg=1y=S¢=""F=1y="and 6=1-".

0= 1—%. This establishes (4.18), and hence also (4.17).
Combining (4.13),( 4.17) and (4.16) yields

Tr
WmXG"J _’Zk (}Ld) — Y;{ (;’Ldj — Y(;"»dj,

Tr
wWmxX) -2, - V. (d,) = Y(,), and (1.10) follows.
Consider next the case when k = m < nk = m < n. We define
the functionals [|-| E;r(ﬂ,l}"-" z(0,1) TOr
j=01,..,kj=0,1,...,k as above, save that now we set

-1z, 0,00 = I-llxc0,00- 11l z, 0,00 = I ll%0,1)-  The  proof  of

embeddings (4.13) and (4.16) is the same, and even simpler, since
(4.9) holds as an equality. It only remains to prove (4.17). By (3.2),

it suffices to verify that there exists a positive constant CC such
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15,0, <clla-2er [*72 T8, g (1 + 200d(1 + 20

7.(0, 1} (o0

IZ,0,l,1,, = cf|t-2e5% [0, g (1 + 2601 + 26)
for every g;€ M,(0,1)g; € M,(0,1). This follows 8
Theorem 3.5, applied with j =mj =m and Z(0,1) = X(0,1).
Z(0,1) = X(0,1). Finally, suppose that m =nm =n. Then
WmLi(A) - CQOW™LI(A) - C(A) (see e.g.[26] Theorem
1.4.5]).Therefore, by (2.6)
WX ) —» WL Q) — L2 () — Y(Ay),
WmX(Q) - WT L) — L (Ag) = Y(,), and (i) follows.
Let us now show that (i) implies (iii). Suppose that
(1.10) holds. Assume first that m < nm < n.Without
loss of generality, we may assume that 0 €A;0 €A,
and  that Ag =An{x=('0):x" € R4 0€ R}
Ag =An{x =(x',0):x' € R4, 0 € R4},
Let RR be a positive number such that B, (0) € A,B,(0) < A, and
let f:[0,00) = [0,0)f:[0,00) — [0,00) be any locally integrable
function. Define the mm-times weakly differentiable function
w: A — [0,00)u: A — [0,00) as

wnR"Y rwpR wnR" m
ulx) = J J J f ), ™ dr,, ...dr, in x € B;(0)

wplxl™ 1y Tm-1
0 otherwise.

We now estimate the quantity Eﬂ":uwku(x) IZ}?ZGW*‘H[X) |, along
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the lines of ([25] Proof of Theorem A]). Let g;: [0,00) — [0,00)
g;:[0,0) — [0,0) be such that u(x) = g;(|xDulx) = g;(|x]).
An induction argument shows that, for every ¢ € NuU {0},

£eNuU{0}, any ¢#*fthorder derivative of uu is a linear

. @ g D (1xDx% g ;P (1x])
combination of terms of the form - g;’ T e gi’ & il , where
X X
lal=ik+j—i=flal=ik+j—i=4¢ and 0<ij<®.

0=ij=+{.

Here we denote x® =x;*.x,"x% =x;*..x," for x € R"

x € R" and aa being a multi-index. Hence, the absolute value

of any £*"#*"order derivative of uu is domained by a constant

g; 9 D)
lxl€-7

constant CC such that

gj D (Ll
lxl €7

multiple of Zj;u o . Thus, there is a positive

(4]
. lg; 90D
reo|VFu()| = CXP

(D
m [VFu()| < ¢ z;}?;uhg;‘l%m for x € By(0)x € B4(0).

The function gjm (IxDg jm(lxlj is a linear combination of the
expressions

wp R wy RT
lef“‘*’f f f Z,G((l 20),)(1-20),, ™" d(1
mnlxln (I_ZE}J-I-J_ ( ZE}m -1 .

—26) . d(1-2€);,,

forl=f=m—11 = £ = m — 1 and of the expressions
n-m [@nR" rwpR" wpR" —mal
e [ ek Jitse =k  f((1-26),)(1-2€), " md(1-

—2e) gy, (126

26) - d(1-26) .,
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o e ey iy F(1=26),) (1 =200, "R (1 -

wplxl™(1-26) iy, "1 26

2€) .. d(1-26) 44

and f; (w,|x|") f;(w,|x[*)  when £=mdf=m, where

ji=12,..m—-1j=12,..,m—1.
As a consequence, subsequenct applications of Fubini’s theorem

and obvious estimates tellusthat, l = f=m—-11=f=m— 1,
then

£ n
iy R .om
g, 20D < € Y et f fA+29(1+2e)n7d(1+26)
j=1

wnplx|™

for x € B,(0)x € B,(0). Whereas for £ = mf = m we get

g™ () = | f@lxI™)

m-1 mnR" m

+ Z|x|fﬂ-mf Z fi(1+20)(1+ 2075 d(1 + 2¢)
- gy | |11 e
j=1 L

for some constant C = 0.C = 0.
Moreover,

lg,(xD|=C f““ﬂn X +200(1+ 26)nd(1 + 26).

g ||
lg,(1xD| < C f:’n"lilnz;j,g. (1+26) (1 +2e)nd(1 + 26).
Altogether, there exist a constant £ = C(m,n)C = C(m, n) such

that
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m-1

ZW“ ()] = €| f(w,lx[™) lel*m '“J lenz,ﬁ(r]r nid

k=0
L MnZﬂ Glo. (419

fora.e. x € B5(0),x € B,(0),
whereas XM |[VFu()| = 0ZI, [V¥uC)| =0 if x & BR(0).
x & BR(0). 1t is easily verified that, for each

k=1,..,mk=1,..,m,the operators

f}(l-I-ZEJ (1+25Jk’f Zg(rJr Uy and £ (1+2€)

1+2¢

LZEZ f; (‘r]rn

are bounded both in L*(0,1)L*(0,1) and in L*=(0,1),L=(0,1), with

norm depending only on n n and mm. Hence, by an interpolation
theorem by Calder6én ([4] Theorem 2.12, Chapter 3), they are
bounded in any rearrangement-invariant space, with norms

depending only on its norms in L*(0,1)L*(0,1) and in L=(0,1).

L*(0,1). Therefore, owing to boundedness of the dilation operator
in rearrangement-invariant space, we infer from (4.19) that

Z"v‘m"xm =C Z f; (w,R™r) (4.20)
k=0 j

xlo,1)

for some positive constant C = C(m,n, R, |A]).C = C(Gm, n, R, |A]).
On the other hand, one has that
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(Tru)(x") = yo.n(x']) JMT;J J Z,ﬂ () ™

= X(o, R}[|x |:] J‘mnR _[r g J.mnR E )G (T :}T *n Ty oer d'_rl

k(ewglx'19)

= X(o, R}[|x |:] J‘mnR _[r g J.mnR E )G (T :}T *n Ty oer d'_rl

!..IJ'[I%
forx" € A,;,x" €A,

F-'I.I.‘-'S

where k = —Zxk = —2% .Via this formula, one can deduce, via
an argumen(t“b@din thé“pijgof of ([14] Inequality 3.41) , that there

exists a constant € = C(A)C = C(A) such that

(4.21)

1 -1+—
12 2 fj (@RI dr

v(0.1)

(4.21)

1 n.y.—1+—
ITr ullyy) =€ ”f(uzf}ngff (W, R™r)r™ " dr

¥(0.1)
Inequality (1.12) follows from (4.20) and (4.21), owing to the

arbitrariness of f;f;. In the case when m = n,m = n, inequality
(1.12) holds for every pair of rearrangement-invariant spaces

X(0,1) X(0,1) and ¥(0,1) ¥(0,1). Indeed,

1 m 1 m
J EZ’G (r)r o dr = J Z,ﬁ () mdr< Z"ff":}(u,ﬂ’
(1+2e)d 7 0 & 7

®(0,1)

for every f; € M, (0,1),f; € M, (0,1), and hence the assertion
follows from (2.6).

Proof of Theorem 1.1 Since —1 + Z+2 =0-1+2+ g =0,
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condition (3.3) holds for €= —f +le= —f +1 and

w(l—2e)=(1- ZE]_”_m[l 2¢)=(1— ZE)_H_. Thus,
by Proposition 3.1,

the functional || ||( m ), 1}ll || is a rearrangement-

™) (0.1)
invariant function norm ,an

J Zf (1+26](1+26]_1+_d(1+25)
(1+2e)d
xgn(02)

< Z||fj||m} (4.22)
J

for every f; € M,(0,1).f; € M,(0,1). Moreover,llllxm co,1)

-l x (o,1)is the optimal rearrangement-invariant function norm
which renders (4.22) true. Hence, in particular, by Theorem 3.1,
the trace embedding (1.6) holds [19].

In order to prove the optimality of the target norm, suppose that

II-lyco, 001" lyo,1) 1s any rearrangement-invariant function norm
such that
Tr:-WmX(Q) - Y(A,).

Then, by Theorem 3.1, inequality (1.12) holds for some positive
constant C, C, and forall f; € M, (0,1).f; € M, (0,1).Thus, by the
optimality of the rearrangement-invariant function norm||-|| X (0,1)

IIll52, (0,1)in (4.22), we necessarily have that X7, (0,1) — Y(0,1).

x7.(0,1) - v(0,1).
This proves the optimality of the same rearrangement-invariant
function norm in (1.6). The proof is complete.
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Proof of Corollary 1.2. The equivalence of (1.7) and (1.8) is a
straightforward consequence of the optimality of the function

norm ||-|| XM, .l XM (0.1)and of the first embedding in (2.6). As
for the equivalence of (1.7) and (1.9), observe that, by Theorem
1.3, embedding (1.7) holds if and only if

sup [} aXf (14261420 v d(1+2€)
I fihd, oty i

< o,
®{0,1)

sup fulzj}j- (1+26)0+2e) " d(1 + 2¢) < oo,
fi EM+[UJ1}||E;'I}||X(M}51

sup [13,f (14201 + 20 d(1 +26) < oo.
fj EM+[U,1}"E_; fi "X(u,i}sl

m
Since the latter supremum agrees with || (142e)

x'(0,1),

(1+2e)™ ™ || . the equivalence of (1.7) and (1.9) follows.
Proof of Theoreri 24 We have that

2.9
i

[a—

(6E") 00

Lk (1—2.«5)%5
~fa-z0=F [ Y garaadaae
0 n
J

(xk,) (0.0

LK (1—25}% Lk 5
= (1—25J‘+£J o *?f > g 0ar| 1+ 20d01
o 1] ™
J

+2€) (4.23)

x'(0,1)
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for g; € M, (0,1).g; € M, (0,1). Suppose first that k + h = n.

k + h = n. Then, by Coroallary 1.2,
XER(0,1) = L=(0,1). (4.24)

On the other hand,

L
j

()" ) 0

L (1-2¢)n LA s

— +— —_ —

<Vl |1-207 | [ Ta®] 12040
i

+ 2¢)

x'(0.1)

for — every g;€M,(01)g; €M, (0,1). If h<l,
h * h
h<l,  then [-::‘“F x[u,ﬂ(ﬂ] (1+2e)=(1+2e)*7,

h * h
r_”F;.;fm_ﬂ(ﬂ] ‘,(1 +2€) = (1+2e)7™%, and, consequently,

g l1-2e)n .
(1- 27" J [{“‘?X(M}(ﬂ] (1+20)d(1 4 2€)
’ x'(0.1)
h {
(1-26)" 1 <-
H X1 N "Xm}”)r'(u,ﬂ,

since k+h=nk+h=n If h<lh<l, then

[ " X(o.1) (ﬂ] =1 [ f Xio.1) (ﬂ] and hence
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¢
(1 B ZE]_1+£J(1_2E}H [

0

+?;t,‘(u,l}(ﬂ] (1+2e)d(1+ 2e)
¥'(01)

E £
< [I(1=2¢e) 7"

= "X (0,1}" x'(0,1),

since k + £ = nk + £ = n by our assumptions. Consequently,

£
Dol =max{t Y ol
I I

(EE AU NCEY
for g; € M,(0,1)g; € M, (0,1), whence

10,0 = ((xk,)" (0,1, (0,1) = ((xx)" 2 (0,1), up to
equlvalent norms.Thus, by (2.3) and 7),

(X;fﬂ)M(U,l) =L1=(0,1). (4.25)
Coupling (4.25) with (4.24), implies that
(%£)" (0,0 =xE(0,1(XE,)" (0,1) = XE:*(0,1).

Suppose next that k + h < nk + h < n. Then the assumption

k+f{=nk++f=n entails thath<{fh < {.
We have that

L
I ) .

—ZE}H

=|[(1-2¢) “‘_J

ZgJ (1+2e)d(1+ 2¢) . (4.26)
x'(01)
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On setting a:—— ﬁ——,}’—iﬂi—— ,8—— =% and

d = ;,6 = E , all the requirements in (3.14) are satisfied,
since k+h<nk+h<n entails that a+ Sy <1, k+f{=n
a+py<lk+f=n 1implies thata+pf =1 a+p =1,

and f{—d<hf—d<h implies that y+d=1y+46= 1.
Therefore, by (4.23),(4.26) and Theorem 3.4 there exists a positive

constant CC such that
"Ej.gj"( . ]:J)’[ﬂ’ﬂ = CE;IIgJII[XHh]r,:M}

"E g}" . ! =CX J'"gJ " X for g; € M, (0,1),
((xk V" ) (x5t (0.1

(0.1)
g.€ M. (01), namely,

(x¥+1)'(0,1) - ((X;fﬂ)ﬂ) (0,1). (427

Conversely, by (2.2) and the monotonicity of the functio

d
1+ 2em g7 ((1 + 25}?)1 +2em g7’ ((1 + ZE)T")
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Lo
j

((x5);,) 00
I d *
k (l—EE}ﬁ h e
a2 [ e Y o] a+aoda
0 0 j
4 2¢)
0,1
il
k (1 E.E:}ﬂ h st
- get J R J Zgj (r)drds
¥'(0,1)
(1 ZE}H d h+d
~lla- z.s)“’f Z (3) T ds
x'(01)

I

1+_ . (1- zf}n e
(1-2e)° g (1- Ze]n s ¢ ds

x'(01)

=—||(1- ZE)_H—ZQ“(U Ze)ﬂ)

(1)
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for g, € M, (0,1) g, € M, (0,1)whence

((X;fﬂ)z’f); (0,1 - (xF¥)'(0,).  (428)

Coupling  (427)  and  (428)  tells  us
that ((xE)", ) (0,0 = (x2) (),
((Xéfﬂ);)’ (0,1) = (x*+%) (0,1), -
equivalently, ((x£)",) 0D = (x2:4)0O,1)

g(xjf )01 = (X5:4)(0,1)  whence (1.13) follows.
’[‘:'ace embeddings for Lorentz-Sobolev and Orlicz-

Sobolev spaces

we collect some new trace embeddings,with optimal targets, for
custoumary Sobolev type spaces built upon Lorentz or Orlicz
spaces.They follow from an application of our general results, via
suitable Hardy type inequalities. We begin with Lorentz-Sobolev
spaces.

Theorem 5.1.[Optimal trace embeddings in Lorentz-Sobolev

spaces.] Let n,d, mn, d, m, and A4 be as in Theorem 1.1. Assume
that either 0 < € < @00 < € < o and

0=ez=—o0=e=—w,ore=0e=0o0re = o0e= oo Then
1+ed 1

e 1
[r-m+ () if m < nand —5 €<y,
T :WmL[1+E,1+E} ) -3 51

’ W~ [=He=1(),) ifm-'-‘:n,f=7 ore >0, G-

L= (Ay) otherwise.
Moreover, the target spaces in (5.1) are optimal among all
rearrangement-invariant spaces on A .A,4.
Proof. Set X(0,1) = L1*1+<(0,1)X(0,1) = LU+=1+<(0,1).
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Then, by (5.1), the denfinition of Lorentz spaces and (2.7),

m+d-n d
9l :1—27.*_*(5) =‘1—
"ZJ'gJ”X 1) ( €) ZJg} f 1049 (140 (0,1) (
o
eMuse (e [T Y. g™ |1
i Lt (g.1)
il
120" 5,7 (1) = Ja-
"E g}" an ( } ( EJ E 'g L(1+E}';J(1+E}J(3J1:} (

(i) [ eten 2\
ZE) 14el’ (1+e) [T 1 ng}s (Tﬂ)]

b

everyg; € M, (0,1).g; € M, (0,1). Assume first that m <n

L(1+E}'J (0.1)

. 1 1 1 1 -3
m<n, and either —JSe< S =e<  or E=U,E=?

e=u,e=§and e>0e>0. Fix any g;€M,(01)

g; € M, (0,1).
T r 1 V 1 a 1 | y ,

m+d-n

B0 o <[ 1205757 s 420 g (04

1-2e21+2e=1
26]5)

L(HE};(D,I}I

m+d-n

120 ]:Mg”(l—zg(me ap (142070 307 (0

1-2e=142e=1
d
Zf)n)

L(1+s}’(mjl

Now, there exists a positive constant C = C(1+ ¢, 1 — €,m,d, n)
C=C(1+¢1—¢€,m,d,n) such that
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(1- ZEJ(Il_:E?_ﬁF) sup  (1+ Ze]md_n Z g; ((1 - ZE]n)

1-2ez1+2¢e=1 ;
L1 (0,1)

<(C||(1

( 1 m+d—n
_ ZE] (1+e) 1+E}’ Zg“ ((1 Zf)n) } (52]
L(1+E};(HJ1}

If € > 0e = 0 (and hence necessarily € > 0e = (), then (5.2)
follows from

([23] Theorem 3.2).When € = 0,e = 0, inequality (5.2) is a
consequence of equality

sup (l—Zn_f]h_:'-‘Tr sup (1+2€) _ﬂZg**((HZE])

1 1-es142es1
S<es

= sup (I+ ZE]erd_ang** ((1 +2¢e)n )

0<1+2e=1

We have therefore shown that

L
j

(x7, );(u,ﬂ

<C||(1- ze)(m}’ 1+1f}‘ mnzg**((l 25}11) (5.3)

L(1+E}’m 1)

for g; € M, (0,1).g i EM, (0,1). Conversely, one trivially has
that
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1 m+d -n
(1- 25]((1+E}' 1+f}‘ Zg**((l 25}11)

fis! 1) (0,1)

< ||(1

— ZE](ﬁ?dﬁ?) sup (1

1-2e21+2e21

m+d-n

d
+2e) ) g ((1 + 25)5) (5.4)
i L(1+E};(HJ1:}

for every g; € M, (0,1). g s | € M, (0,1). Observe that the function

m+d-n

o(1—2e)=(1— 26} Q(l 2¢) = (1—2e) n satisfies
(3.9). Hence, by Lemma 3.2,

( 1 1 ) m+d-n d
(1-2e)\ W T+dd)  qup  (142€) n Zg}* ((1 + Ze)n)

1-2e2142e21 ,
L(1+E} (0.1)

(5.5)

L(l +e) (0.1),

<Cl[(1- ZEJ(IFIETT&E?) [’rw (rg)r (1-2¢)

for some constant CC, and for every g;€ M,(0,1)

g; € M, (0,1). We next claim that there exists a positive constant

C=C(1+¢1—emdn)C=C(1l+¢1—¢,m,d,n), such
that
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a-2emr=a) [y (r%)r(l—k)

::C”(l—

L(1+s (0,1),

25)( ) [rmnd - %0 (rd)] (1-2¢)

L(1+E}‘ (0.1),

”(1 ZE (1te)f l+sJ[Tm+:nEg (r%)]**(l_gf) “:CH(I—

L(1+s (0,1),

25)( ) [rmnd - %0 (rd)] (1-2¢)

(5.6)
for g; € M, (0,1].gj € M, (0,1).If € > 0,6 > 0,inequality (5.6)
follows from ([3] Theorem 1.7). If e = 0,e = 0, for eache = 0
e=0and h e M_(0,1),h € M_(0,1), one has that

1
sup (1 - 2€)0 (1 - 2¢)

i
E{EEH

L(l +e) (0.1),

1 1-2¢ 1
= sp (1-25)ﬁ_+ff“lf (1+20 TR (1426 (1
0

1
E{EEG

1
+26)0e (14 2¢)

1
< sup (1-2€)0+ p (1

1
E{EEH

1 1-2¢ i
~2¢) sup (1 —ZE)W_IJ (142e) T 4(1+26),
0

1
E{EEG
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whence

sup (1- ZE](HE}’h“*(l 2e)=(1+¢€) Sup (1- 26]'1“5}’.&*(1 2¢€).

—{E*-'CH —{E‘:U

sup (1-— ZE]EHE}"h‘*[l 2e)<(1+¢)sup (1— Ze)ﬂﬂ}’h*[l 2€).
s consequence, (5.6) holds also in fiiss€ase. Combining (5.4) ,
(5.5) and (5.6) tells us that

1 m+d—n
(1- z.sJi1+f)’ e’ Zg”((l z.s}n)

et e (0.1)

f:cZuan fon 6

for some constant C=C1+¢1+e,m,d,n)
C=C{1+¢l1+€md,n), and for every g;€ M,(0,1).
g, € M, (0,0).

d d
Set = — T = — , and observe that

1 m+d—n
(1- z.sJi1+f)’ '™ Zg‘*((l z.s}n)

et e (0.1)

_ G)m Z‘gj (58)
i

L(r’(iﬂm(ﬂ,l}

for every g; € M,(0,1)g; € M,(0,1). From (5.3), (5.7) and
(5.8) we infer that

(x7,) (0,1) = L&+ (0,1),(x7:,) (0,1) = L&+ (0, 1),
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up to equivalent  norms. Now, ife =0e< _?3 ,
e=0,e< _?3 , then r=> 17> 1, and therefore, by (2.12),
(x7,) (0D = L' (0,1). (x7,) (0,1) = L7+ (0,).
Hence, by (2.7),
1+ed 1te 1+ed 1te

X:!{lﬂ (l:]-,]] = [n-mii1+ef (Ull)X:E?:Ln ({],1) = [ n-mi1+elf (U,]]
If e= U‘GI‘E=_?3,E= [}urfz_f, ande > 0,e = 0, then
r=1r=1, and, by (2.13), X7, (0,1) = L=1*~1(0,1).
X7.(0,1) = L*=**<~1(0,1)It remains to consider the cases

. -3 -3
when either m=nm=n or E}D,E}?E}U,E:}?

,or €= _?3 €= _?Eand e=0e=0. In each of these

EO!

m
cases,one  has  that ||[1—2£)_1+F|

L(1+E}",( 1+e) 0.1)

m
_1+,_
—_— [0 o]
" (1—-2e) " ™n s are (g 1) : whence

X7, (0,1)=L1*(0,1),X7,(0,1) = L=(0,1), by Corollary 1.2.The
proof is complete. Let us now focus on trace embedding for

Orlicz-Sobolev spaces. Let n,m,d € lln,m,d € N be as in the
statement of Theorem1.1.Given a Young function A4 A4, denote by

LA(A)L4(A)the corresponding Orlicz space. Let m < nm < n. We
may assume, without loss of generality, that

1—2¢ m
j(.qﬂ—z 5)  di-29<e (5.9)

Indeed, AA can be replaced, if necessary, by a Young function
equivalent near infinity, which renders (5.9) true, such replacement
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leaving the Orlicz-Sobolev space W™LA(A) W™L4(A) unchanged
(up to equivalent norms). If m < n,m < n, and the integral
“¢ 1—2e \yn-m
_— d(l— 2 5.10
J (A(I—ZE]) (1-26) (5.10)

diverges, define the function H,.:[0,00) - [0,00)
H,_.:[0,00) - [0,00) as

II/ 1+2¢ 1-2 P ;
H,(1+2¢) = l\fu A1 - 26)
H [:1+2)_|(J-1+EE 1-2¢ )%id(l_z:] "
mn €= \ o (1—2¢) €
fore = _?1, €= _?1, and the Young function 4,,, 44,, 4 by
d—m
m(1-2¢ e)\n-m d-m
Apa(1—26) = [T (AL2D Ty (1 4 2€)wm d(1+ 2¢)
d—m

Am,d(l —26) = IH,;' (1-2¢) (A[1+z..=}

1] 1+2¢

pr— d-m
)" B (14 26)nom d(1 + 26€)
fore > 2¢ > %
The folfowing result provides us with an optimal Orlicz target in
Orlicz-Sobolev trace embeddings. It follows from Theorem 1.3,

via ([11] Theorem 3.5).
Theorem 5.2. [Orlicz-Sobolev trace embeddings with an optimal

Orlicz target] Let n,d, m n, d,m and AA be as in Theorem 1.1. Let

AA be a Young function fulfilling (5.9).
Then (5.11)
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Tr:WmIA()
[*md(4,) if m < n,and the integral (5.10) diverges,

e (A;)if either m > n,orm < nand the integral (5.10) converges. )

Moreover, the target spaces in (5.11) are optimal among all Orlicz
spaces.

In the exambles below, we present applications of Theorem 5.2
to couple of customary instances of Orlicz-Sobolev spaces. In

what follows, the notation @ (L) ()@ (L)(A) is used to denote the
Orlicz space on AA built upon a Young function equivalent to the
function @ @ near infinity. The notations ®(L)(A,) ®(L)(A,) and
Wma(L)(Q)W™D(L)(A) are used accordingly.

Example 5.3. Assume that either € > 0e > 0 and @ € R € R,

or e =0e =0 and @ = 0. = 0. An application of Theorem 5.2
yields

Tr: WmL99(log L)*(})

7 (1+e)d ad 1 1

L=+ (0g L)1) if ~5se<s
n , -3 n—-m

exp Ln-m-am(};) if e=0ore= 7 anda < ——

=

_n _ -3 -m
expexpln-m(};) if e=0ore= el and a = —

L*(2,) if either € = 0 or € = — anda}—,orebt}orﬁ}_—
2 m 2

ifeithere=0ore=—anda>——,ore>0ore>—
2 m 2
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all the range spaces being optimal in the class of Orlicz spaces.

Example 5.4. Assume that (1+€)(1+¢€) and aa are as in

Example 5.3.Then, one can obtain from Theorem 5.2 that
s 1+ed wd 1 1
Ln-m{i+e) (oglog L)n-mli+e) if —5ex

q !

_n_ am_ -3
Tr: W™ L*(loglogL)* (M) - exp (Ln—m(logL]ﬂ—m) () if e=0ore= K

_ -3
L*(;) if E}UOI'E}? :

Moreover, the range spaces are sharp in the framework of Orlicz

spaces on Az.A;.

Although the target space in the first embedding in Theorem 5.2 is
optimal in the framework of Orlicz spaces, it can be improved if the
class of admissible target is enlarged to include all rearrangement-
invariant spaces. It turns out that the optimal rearrangement-
invariant target space isn the first case of (5.11) 1s an Orlicz-Lorentz

space. Assume that m << nm < n and AA is a Young function that
makes the integral in (5.10) diverge. Let aa be the left-continuous
derivative of AA, so that aa and AA are related as in (2.14). Define
the Young function E,, E,, as

En((1-20)) = [ “e,(1+26)d(1+2¢)
En((1-20) =, e (1+2e)d(1+2¢) fore=Ze==,

where e,,, e,, is the non-decreasing, left-continuous function in
[0,00)[0,00) obeying

m

L n—m

m 1+2¢
_ w® T 1 n-m dr
e (1+26) = L—imze}(fﬂ () a0 ZEJ) :

alr)n-m
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m 1432€ =
_1 T -m ar
(1+2€)= (I -*mm(f (a(l 2 }) d(1- ZEJ) P
fore = _—1.1’_—' = _?1
Finally,let L —,—, (A )L — (2.,) be the Orlicz-
1+2e d d d
Lorentz space asEs001ate with the %llIlCthIl norm defined as in

(2.15).
Theorem 5.5. [Orlicz-Sobolev trace embeddings with optimal

rearrangement-invariant target] Let n, d, mn, d, m and AA be as in
Theorem 1.1. Let A4 be a Young function fulfilling (5.9). Assume
that m < nm < n, and the integral in (5.10) diverges.Then

TrWrAQ) ~ L (o 12 0D, (G12)

and the target space in (5.12) is optimal among all rearrangement-
invariant spaces.Embedding (5.12) follows from Theorem 1.3, via
an analogous argument as in the proof of [11].

Example 5.6. Let (1 + €)(1+ €)and aa be as in Example 5.3.

From Theorem 5.5 one can deduce that
Tr:W™L**¢(logL)*(2)

1 (1+eld el 1 1
Lﬂ—’mI1+E]-' 1+E (ld) if _i <e< E

o LIE -3 n—-m

- m'n i = =— —_—
L () if e=0¢ 3 and  a< —

o L-—E—l . -3 n—m

P1#2¢™n " (4,) if e=0e=— and a=——
: 2 m

up to equivalent norms.Furthermore, all the range spaces are
optimal among rearrangement-invariant spaces [19].
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Conclusion:
Finally optimal target spaces are exhibited in arbitrary-

order Sobolev type embeddings for traces of nn-dimensional
functions on lower dimensional subspaces. Sobolev spaces built
upon any rearrangement-invariant norm are allowed. A key step
in our approach consists in showing that any trace embedding
can be reduced to a one-dimensional inequality for a Hardy type

operator depending only on nn and on the dimension of the
relevant subspace. This can be regarded as an analogue for trace
embeddings of a well-known symmetrization principle for first-
order Sobolev embeddings for compactly supported functions. The
stability of the optimal target space under iterations of Sobolev
trace embeddings is also established, and is part of the proof of
our reduction principle. A a consequence, we derive new trace
embeddings, with improved (optimal) target spaces, for classical
Sobolev, Lorentz-Sobolev and Orlicz-Sobolev spaces.
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Investigating Using Smart Phone in Improving
English Language Learning

Magdi Abdelmoati Kamil Mohamed Ali

Abstract :

This study aims to investigate a newly approach in foreign
language learning both in theory and in practice. Studies about
mobile learning in English language do not have a place in Su-
danese libraries, and they aren’t addressed by the investigators
and researchers. The research used the descriptive and analytical
method and a questionnaire as a data collection tool . The results
showed that the majority of the students’ participants of the study
have a mobile phone, and the most of them said that they use it for
educational purposes. Finally, the researcher recommends the Uni-
versities should have a clear strategy for implementing mobile -
learning.

Keywords: smart, mobilephone, address, strategy.
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Introduction
1.2 Background of the Study

Today the Information and Com munication Technology (ICT)
hasbeen increasing rapidly. The result of this growth can berealized in
almosteverysinglephaseoflearningarea: presentationofinformation,
tasks, assessment, interaction and performance oflearners. Moreover,
these new technologies have constantly increased the opportunity for
interaction and flexibility amongst students around the world, over-
coming the time and space and individual differences obstructions.
At present, mobile phones are the most widespread revolution, and
they have a significant place mainly in young people‘s lives. All
over the world, mobile phones are more than personal computers.
1.2 Statement of the Research Problem
Smartphonestechnologieshavebeenincreasinglycombinedintolearning.
The wide use of ~ mobileandanotherportableandwirelessdeviceshas
been expressively changing the ways of learning in many contexts,
including language learning .Though mobile devices have come into
every aspect of our lives and has used in supporting a wide range
of learning events, there is insufficient understanding of the factors
that impact the distribution of mobile -learning in higher education.
In addition, there are many English learners are behind or do not
cope with these changes and their usage of mobile still does not suffice
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and are not well used

1.3 Objectives of the Study

1. Todeterminethelearners’attitudestowardsusingmobilein English

language learning.

2.Todemonstratethebenefitsof mobilein Englishlanguagelearning.

3.ToidentifythebarriersthatobstructEnglishlanguagelearners from

the using of mobile.

1.4 Research Questions

This study attempts to answer the following research questions:

1. What are the barriers obstruct English language learners from
using mobile devices in their learning process?

2. TowhatextendsteachersarereadytousemobileinEnglishLanguage
teaching?

3. What are the benefits of mobile in English language learning?

1.5 Research Hypotheses

1. There are various barriers that could obstruct learners to use the
mobile device in English language learning.

2. EnglishLanguageteachershavenegativeattitudestowardstheuseof
mobile in English Language learning

3. There is a significant association between using a mobile phone as
learning tool integrated into the classroom and the benefits that the
student acquired.

1.6 Significance of the Study

This study addresses a newly approach in foreign language

learning both in theory and in practice. Studies about mobile learn-

ing and English language do not have a place in Sudanese libraries,

and they aren’t addressed by the investigators and researchers. Fur-

thermore, growths and improvements in mobile technologies and

innovations in EFL/ESL learning have been on the progression

and moreresearch will always be required in such growing field.

Theresultsofthisresearchwillbeofinteresttoeducatorsanduniversity

managers concerned with the use of mobile devices in higher ed-
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ucation. It also offers possible contributions to applied linguistics.
It improve teaching practice by introduction mobile devices in
English language field, through enlightening the policy makers of
the role mobile learning and evaluating the present situation of
the English language learners towards mobile learning;, it helps in
spreading the awareness of mobile learning and its role in learning
among English language learner, it helps in identifying the prac-
tice which 1s necessary for effectively consider mobile as an effec-
tive tool for language learning resources. And it offers instruction
and guideline for the learners to realize and understand the signifi-
cance of using mobile devices in their learning process ..

1.7 Research Methodology

In this study, both quantitative and qualitative methods were
used to collect data from the selected candidates.

The researcher used a well-structured questionnaire to elicit
responses from the students while interviews of nine participants
were conducted in order to provide more understanding of teach-
ers’ perceptions of mobile learning.

The Questionnaires were administered within 70 undergraduates’
learners from three Sudanese public universities, English college of
education, Department of English language, fourth-year students’,
where the systematic random sample method was applied. The infor-
mation gained from the questionnaires was analyzed using the soft-
ware Statistical Package for Social Sciences (SPSS). After interpre-
tationofthe results, then conclusion and recommendation are drawn.
1.8 Delimitations of the Study

The number of contributors was small (N = 70), from only
two public universities so, their response may not be equally
applicable to all English learners perceptions. Time of study:2020.
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Literature Review
2.1 Introduction

This chapter provides a review of relevant literature in the
field of mobile learning, it consists of many parts. The first part
of the literature review focuses on the concept of mobile learning.
The second partseeks to identify the existing learning theories in
relation to mobile learning such as: behaviorist (Naismith et al.,
2004), constructivism learning theory,

2.2 The Definition of Mobile

According to Traxlor, (2005), mobile learning is, ‘any educational provi-
sionwherethesoleordominanttechnologiesarehandheldsorpalmtopdevices™.
This definition may mean that mobile learning could include mobile phones,
smart phones, personal digital assistants (PDAs) and their peripherals, per-
haps tablet PCs and perhaps laptop PCs, but not desktops in carts and other
similar solutions.

Traxler, (2005) identified three categories of mobile learning
been used in past literature. He identified that early approach to
defining mobile learning focus on the nature of mobile devices,
referring particularly to handheld or palmtop electronic devices.
The next generation of definitions exhibited a greater focus on
mobility but, was largely still directed towards the mobility of
the technology. The third category moved away from consider-
ations ofthe technology to emphasize the mobility of the learn-
er and the learning process. Many researchers and educational-
ists considered mobile learning as theimmediate descendant of
e-learning. Both (Quinn, 2000) and (Pinkwart, et al, 2003) defined
m-learning as ‘“e-learning that uses mobile devices”. Mostakh-
demin and Tuimala, (2005) views mobile learning simply as th-
eexpected development of e-learning, which completes a miss-
ing component of the solution (i.e. adding the wireless feature).

Mobile learning refers to any learning that takes place when the
location of the learner is not fixed, or the process of learning is
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enhanced by using mobile devices and technologies (O‘Malley et
al., 2003). (Quinn, 2000) considered mobile learning as the over-
lap of using e-learning (learning by using information technolo-
gies and devices) and mobile computing, which includes mobile
applications in the small, wireless, and portable devices such as
smartphones and PDAs (Quinn, 2000). However, as the mobile
technologies are developing rapidly, the shift to mobility is occur-
ring day by day, and the mobile devices are now becoming more
portable than ever.

The mobile activities of students once consisted of carrying
textbooks, pencils, and paper from classroom to classroom. At
present, mobile learning has been reconsidered as the activities
of using capable electronic information communication technol-
ogies and devices to support students to access meaningful learn-
ing materials both inside and outside classes (Messinger, 2011).
With time, the perspectives and understanding of mobile learn-
ing are becoming broader and deeper, since many researchers and
communities have defined mobile learning differently, based on
their own backgrounds and experiences. This has made the char-
acteristics and properties of mobile learning even harder to define.
Currently, the concept of mobile learning is somehow mistaken. As
Sharples,(2007)said—itseemstobeallthingstoallpeoplel(Sharples,
2007).

2.3 Learning Theories in Relation to Mobile Learning

Naismithetal,(2004)havebrieflyidentifiedmaintheoriesandareasof
learning related to learning with mobile technologies. They
are a behaviorist, constructivist, situated, collaborative, in-
formal and lifelong learning, and learning and teaching sup-
port. Currently, theoretical underpinnings of mobile learn-
ing research are mostly based on the work of (Naismith et al,
2004), who compared new mobile learning practices against
existing learning theories, which are a behaviorist, construc-
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tivist, situated, collaborated, informal and lifelong learning.
2.3.1 Behaviorist learning theory

Behaviorist learning emphasizes learning experiences
gained as a change in “observable actions with proper stimulus
and response. This approa ch is predetermined, constrained,
sequential and criterion-based “(Juhary, 2007, pp. 378).
With the advance of mobile technologies, mobile learning makes
it possible to form a drill and feedback mechanism complied with
the behaviorist learning theory. Specifically, mobile learning can
give learners content specific questions, then gather their respons-
es in a rapid manner and provide instant feedback by such as using
wireless network or SMS, which fits with the behaviorist learning
paradigm (Naismith et al., 2004)
2.3.2 Constructivist learning Theory

The constructivist theory highlights gaining learning experi-
ence in a way that learners actively build new ideas or perceptions
based on both their earlier and existing knowledge (Naismith et
al., 2004). With a mobile phone, a learner can build his/her own
knowledge and share it easily and freely with peers regardless of
time and place. Specifically, an easy way for mobile learning to
facilitate an immersive constructivist learning experience is to of-
fer edutainment (e.g. handheld games) (Corbeil and Valdes-Cor-
beil,2007).
2.3.3 Learning and Teaching Support

Lastly, the use of mobile technology provides learning and
teaching support for coordinating learners and learning activi-
ty resources and for assisting with administration duties more
generally. Examples include helping teachers for attendance re-
porting, reviewing student marks, or effective personal orga-
nization (Naismith et al., 2004). These functions lead to posi-
tive rewards and could support learning activities as a whole.
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2.4 Technology Acceptance Model (TAM)
2.4.1 Perceived ease of use

Several researchers have followed Da vis‘s original study (Da-
vis, 1989) to provide empiricalevidence on the relationships that ex-
1st betweenusefulness, ease of use and system use. Davis defined
Perceived ease of use as “the degree to which a personbelieves that
using a particular system would be free from effort”(Davis,1989).
According to Sathya,1999; Rogers, and Shoemaker (1999),
consumers gothrough—aprocess ofknowledge, persuasion, decision
and confirmationl before they are ready to adopt a product or service.
Theadoptionorrejectionofaninnovationbeginswhen—theconsumer
becomes aware of the productl (Sathye, 1999; Rogers and Shoemaker,
1971). As mentioned by Cooper, and Zmud, (1997) ease of use of an
innovation is one the mostimportant characteristics for the adoption of
aninnovation. Adoptionofmobilelearningismorelikely tooccurifthe
process of usage is easy for customers.
2.4.2 Perceived usefulness

Perceived Usefulness was defined as __the degree to which

a person believes that using a particular system would enhance
his/her job performance‘‘(Davis, 1989, p. 82). People can assess
the results of their behavior in terms of perceived usefulness and
build their choice of behavior on the desirability of the perceived
usefulness. Consequently, perceived usefulness will affect their in-
tention to accept and adopt mobile learning, through direct or in-
direct ways. Many studies have offer support for the proposal that
perceived usefulness is the main predictor of information technol-
ogy usage (Davis, 1989; Davis et al., 1992; Venkatesh and Davis,
2000; Gefen, 2003; Hsu and Lu, 2004).
2.4.3 Perceived risk

PerceivedriskasdefinedbyPavlou,(2001), “Itistheuser ““ssubjective
expectation of suffering a loss in pursuit of the desired outcome”.
The term perceived risk (PR) in this study can be looked at from
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the learner’s perception of the uncertainty and unsafely results of
learning English language using mobile technologies. However,
introducing a new technology may bring both benefits and risks to
the user, and beforedeciding to adopt the technology, the learner
may want to weigh risks and benefits. Mobile learning services
will not be an exception to this general rule. A larger perception
of risk may decrease the perceived advantage of the technology
(Horst, Kuttschreuter, and Gutteling, 2007).
2.5.1 Dimensions and Characteristics of Mobile Learning

Forquitesometimenow,universitiesacrossthecountryhaveused
educational technologies to enhance their curriculums (Ba-
kia et al., 2007). When used appropriately, mobile technol-
ogies have been shown to —enrich learning environments
and enhance students‘ conceptual understanding (Bakia et al.,
2007, p. 9). Mobile learning can add value and enrich exist-
ing learning models; however, the probability that learning
on mobile devices will replace classroom or other electron-
ic learning approaches is rather farfetched (Mottiwalla, 2007).
Over time, learning and technology has advanced, which has set
the stagefor the successful merging of learn ing and technology in
a mobile format

(Sharples, 2000). But to maximize learning chances as a rsult
of this convergence of learning and technology, teachers must be-
come familiar and aware of a new digital language possessed by
their students (Corbeil & Valdes-Corbeil, 2007). While teachers
are trying to come to grips with the technical skills of their stu-
dents, students must also learn to craft their own learning and ed-
ucational experiences outside the classroom environment with the
assistance of the Internet and/or mobile technologies to develop
the necessary 21st-century skills required to survive in today‘s and
upcoming society. Ozdemir, (2010) describes mobile devices as
technologies that are with us whenever and wherever we are. Peo-
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ple cannot be expected to carry distancelearning items, such as a
radio, television, or computer, with them at alltimes. Furthermore,
the radio and the television only allow for one-waycommunication,
which hinders the interactions that are inherent in a typical learn-
ing environment between the teacher and student. Characteristics
that make mobile learning unique and effective are the personal-
ization of learning and the capability of these devices to extend
beyond the traditional modes of education. As a result, mobile de-
vices have the potential to change the way in which students con-
duct themselves and interact with one another (Motiwalla, 2005).

Mobile learning does not necessarily take place in a fixed lo-
cation, such as a classroom, over a scheduled amount of time;
instead, learning runs across locations, topics, and technologies
(Sharples et al., 2008). The use of mobile or handheld devices for
learning offers a learner with global access to information and re-
mote resources (Liaw, Hatala, & Huang, 2010).

This ubiquitous access to information and resources has
some compelling implications for informal learning due to the fact
that students can use mobile devices to peruse the information in
substantially less time with greater efficiency than ever before.
The opportunity for unintentional learning (i.e., learning that was
not planned ahead of time) is also much more likely with a pow-
erful handheld tool that can retrieve information from the Internet,
through applications, and through collaboration and communica-
tion among classmates, friends, family, or even social networks
(i.e., Facebook). When removed from the context of a formal,
externally imposed learning environment, informal learners pre-
dominantly take advantage of technologies, resources, or tools that
best suit their learning needs and personal preferences (Clough et
al., 2008).

In the palm of her hand, a cell phone user, an iPad user, or
even a net book user has instant access to the Internet and other
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educational resources. Learning opportunities continue to present
themselves just about anywhere one goes. With this in mind, the
mobility of the learner and the use of a mobile device by the learn-
er should not take away from the fact that actual learning may be
taking place. Liaw, Hatala, and Huang (2010) suggest that learn-
ing as a mobile activity should not be portrayed separately from
other forms of education. Mobile learning can be characterized
by the personal and public processes of the acquisition of knowl-
edge through exploration and conversation with the assistance of
various interactive technologies (Sharples et al., 2008). To make
meaning of concepts, students predominantly use the process-
es of conversation (Pask, 1976) and exploration (Dewey, 1916).
Mobile learning provides an opportunity that allows students to
communicate with each other to further improve their educational
experiences inside and outside the classroom. In addition to com-
munication, Sharples et al. (2008) contend that mobile learning
draws upon the conception that knowledge is constructed through
activity. Therefore, through conversation and exploration, people
are able to learn where they want, when they want, and what they
want. The informal learning opportunities that are created when
using mobile devices allow learners to negotiate with content and
subject matter they never may have planned or envisioned. The
practice of mobile learning is composed of a tripartite system in
which the learner, the technology, and the learning process itself
operate in an “uninterrupted continuum within the social context
of education” (ElHussein & Cronje, 2010, p. 17) In this sense,
Hussein and Cronje believe that the mobile learningenvironment
is based on the mobility of learners, the mobility of technology,
and the mobility of learning that broadens the scope of the educa-
tional landscape. As technology becomes more embedded in the
daily lives of people, learners become more dependent on creating
educational opportunities through social exchanges with the assis-
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tance of mobile devices. Moreover, the blending of the learner,
the technology, and the learning process helps blur the definitive
lines that once isolated these three events. Technology is being
used ubiquitously by learners who have learned to create learning
opportunities and to access information because of the mobility of
the technology itself, the mobility of the learner, and the mobility
of the learning process. The actual mobile devices that are being
used by learners share a set of common characteristics: (a) porta-
bility, (b) social interactivity, (c) context sensitivity, (d) connectiv-
ity, and (e) individuality (Klopfer & Squire, 2008).

The devices are powerful and easily transportable. Commu-
nication and collaboration are facilitated with the use of mobile
devices. Mobile devices are sensitive to the context in which they
are used in the sense that the devices can take advantage of GPS,
data networks, or even audio or video capture to collect and re-
spond to data in a particular area. Connectivity provides the de-
vices with the ability to connect to a network. Lastly, individuality
paves the way for the users of the devices to tailor the devices to
meet their specific needs. Handheld mobile devices are becoming
more relevant technologies to help support collaborative learning
scenarios.

Because of their potential for enhancing learning, mobile de-
vices have undergone a number of studies by not only researchers
but academic and industrial practitioners as well (Hoppe et al.,
2003). Mobile learning will now be referred to as a process of ed-
ucation for alearner positioned in any random location with the as-
sistance of a handheld, portable device that can connect wirelessly
to the Internet in an effort to support or extend classroom learning
or create new, intentional or unintentional learning opportunities.
2.5.2 The Impact of mobile phones in Education
As mention by (Ellen D, (2005 ), Although tablets and laptops have
providedthemeansandthemethodsfordemonstratingthatlearningno
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longer needs to be classroom- or course-bound, the anticipat-
ed rush toward mobile learning will be sparked by the obvious
draw of short, stand-alone programs. Current trends suggest that
the following three areas are likely to lead the mobile movement:
educational games, language instruction, and performance-sup-
port and decision-support tools. In particular, gaming has taken
the wireless world by storm, and there is every reason to believe
that educational gaming will provide mobile learning with its
first big —win,| in terms of adoption. In a March 8, 2005, talk
given at the Game DevelopersConference (GDC) held in San
Francisco, Robert Tercek, co-chairman ofGDC Mobile, said
that 6 million people download games to their mobiledevices
each month and that 18 million Americans play wireless games..
2.6.1 Using Mobile Devices in the Classroom

According to Kukulska-Hulme (2007), the three main mo-
tivations for the use of mobile technology in education are im-
proved accessibility toinformation, the potential for future changes
in teaching and learning, and the goals and aims of businesses and
institutions. When examining the changes in teaching and learning,
—Researchers are interested incollaborative learning, students® ap-
preciation of their own learning process, consolidation of learning,
and ways of helping learners to see a subject differently than they
would have without the use of mobile devicesl (p. 4). When mul-
timedia content is well-designed, a learner‘s cognition can be
activated even if the content being studied is mundane or the learner is
disinterested in that which is being taught. When efficiently designed,
theresultof multimediaonlearningisamoremeaningful, deeperlevel of
understandingexhibitedbythestudent(Ozdemir,2010).Mobilelearning
systems and applications have consistently garnered positive praise
among learners who contend that using handheld devices for learning
increases the overall satisfaction and motivation of its users. Like-
wise, mobile learning has the potential to alter student behaviors,
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interactions, and overall attitudes toward learning (Homan &
Wood, 2003). The significance of using mobile devices to create
learning opportunities can be advantageous to students ofall ages
and academic achievement levels, especially as these students
move on to tackle the imminent changes in the consistently evolv-
ing 21st century.
“Studentsneedtoleave schoolwithadeeperunderstanding ofschool
subjects, particularly science, mathematics, and technology, and
with theskills needed to respond to an unbounded but uncertain
215t century skills to use their knowledge to think critically, to
collaborate, to communicate, to solve problems, to create, and to
continue to learn”. (Kozma, 2005.p 1).
2.6.2 Mobile learning, Currently and in the Future
Regardless of current disadvantages, the mobile learning

will become increasingly popular with the progress of mobile
devices. Its common usewithin the traditional education will
accord to the needs of educational quality improvement. The
educational process will become more versatile and will sat-
isfy the demands of lifelong learning (Georgiev et al., 2004).

Mobile learning is absolutely obtaining momentum (Pollara et
al., 2011).The vast majority of research studies relating to mobile
learning have yielded positive results in both achievement and at-
titudes (Pollara et al., 2011). Moreover, according to Pollara et
al. (2011, p. 8), “the need for ubiquitous learning opportunities
is immediate.” The implications of mobile learning are far reach-
ing, and its potential influence on education are profound (Group,
2004). The following years will witness a period of swift growth
for mobile learning, with evolutionary rather than revolutionary
alterations (Librarian, 2007). The Commission of the European
Communities announced that it was planning Europe‘s —digital
futurel via the identification of strategic challenges for competi-
tiveness and ICT take-up in Europe (Kukulska-Hulme, Sharples,
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Milrad, Arnedillo & Vavoula, 2011). It is crucial that education
embraces this new technology and develops pedagogies to foster
and enrich learning with the use of mobile devices. Since smart-
phones become increasingly ubiquitous and capabilities rise up,
the need for real-time communication and access to learning ma-
terials will ascend and modern education must meet the challenge
(Pollara et al., 2011). Researchers in mobile learning will be keen
to address the current challenges ascending from the technical ad-
vancements and from learner

2.6.3 Mobile Today

According to Ellen, (2005), a rich mobile Internet experience

includes the following attributes:

» Ubiquity:Howwidelyavailableisthemediaplayerthatwillbere-
quiredfortheviewertoseetheapplicationonthedevicedisplay?
- Access: How widely available is the wireless network that
will distribute the mobile content? - Richness: Do pages load
quickly? Do animations play in a smooth andseamless man-
ner? Does the streaming media (media that is consumed—
read, heard, viewed—while it is being delivered) flow at a
sufficiently rapid rate?

» Efficiency: How large is the client that will be required to
make use of a particular media player? How fast will the ap-
plication load and play?

» Flexibility: Will the application be viewable on a variety
of devices? Can content designed for use with one kind of
device or operating system be played on other devices with
some expectation of comparable quality?

* Security: Is the interactive mobile device protected from
worms and viruses? Is the shared content protected from be-
ing intercepted by unintended recipients?

Reliability: Will content be displayed in a consistent man-

ner, regardless of the browser, device, and screen size? - Inter-
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activity: Does the application allow users to interact freely with
thedisplay and the content? Third, people want —anytime, any-
wherel connections more than ever before. Demands for infor-
mation, performance support, instruction, training, and education
are being shaped by people who want access to resources, as-
sets, program, and people when and where they need those con-
nections most. As more people gain greater comfort with simple
mobile applications like SMS text-messaging and mobile Web-
surfing, the greater will be the demand for broadband service.
And as bandwidth increases and media players like Flash con-
tinue to improve users‘ experiences, the more rapidly will mo-
bile applications continue to increase in number (Ellen, 2005).
2.7 The Benefits and Drawbacks of Mobile Learning

2.7.1 The Advantages of Mobile Learning

The information and communication technology tools such
as smart phones, laptops PCs with the connection to wireless net-
works facilitate M-Learning. M-Learning can assist the instructors
and learner and to extend beyond the traditional schoolrooms lev-
els. Mobile devices offer instructors and learners and support them
with new opportunities to interact with each other and offer them
access to relevant information (Elias, 2011).

2.7.2 Critical Success Factors for Mobile Learning

NaismithandCorlett,(2006)identifiedfivecritical successfactorsfor
mobile learning These are: Firstly, Access to technology: The successful
projects make mobile technology available where and when it is needed,
either by developing for users® own devices such as phones and media
players, or by providing learners with devices that they can use at home
and on the move.

Secondly, Ownership: It is important that learners are able to either
own the technology or to treat it as if they own it. Using the technology for
entertainmentandsocializingdoesnotappeartoreduce its value as atool
forlearning,butratherhelpstobridgethe gapbetweeninstitutionaland
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personal learning. Thirdly, Connectivity: Many successful mobile
learning projects have been based on wireless or mobile phone
connectivity, to provide access to learning resources, to link peo-
ple across contexts, and to allow students to capture material that
can be sent to a personal media space and then shared or presented.
Fourthly, Integration: Successful mobile learning projects are
integrated into the curriculum, the student experience, or to dai-
ly life, or a combination of all of these. One way to achieve this
integration is to extend a successful form of learning onto mo-
bile devices, such as Frequently Asked Questions, or audio/
Powerpoint recordings of lectures. Another approach is to pro-
vide mobile technology that augments the student experience,
for example by mobile tools such as _moblogs‘ (mobile we-
blogs) to maintain an electronic portfolio or record of learning.
Fifthly, Institutional support: Although a major benefit of mo-
bile technology is —the ability to put control in the hands of the
learnerl (Naismith and Corlett, 2006) successful projects also
need strong institutional support, including the design of relevant
resources in mobile format, staff training,and technical support.
2.8 Barriers Obstruct Adoption of Mobile Learning
2.8.1 Lack of A generalizable Theory of Mobile Learning.
Asignificantamountofliteraturepertainingtomobilelearningcurrent-
ly exists; however, most of the research is technocentric and overlooks the
pedagogical issues associated with integrating mobile technology into
the classroom (Ozdemir, 2010). Schools continue to remain hesitant
aboutadopting mobile learning as a form of classroom instruction.
Instead, amobile learning theory needs to be established that em-
braces learning that occur outside classrooms and lecture halls by
people performing basic learning activities (Liaw et al., 2010).
This mobile learning theory should investigate the ubiquitous
nature of these personal and knowledge sharing devices. More-
over, further research is needed to elucidate the advantages, chal-
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lenges, and limitations of using mobile devices as learning tools
and tocreate appropriate learning pedagogies (Ozdemir, 2010).
2.8.2 Lack of Effective Design of Mobile Learning Tools
Sharples et al. (2008) feel that the design of mobile learn-
ing activities should be driven by specific learning objectives. The
technology should be used as a means to further engage students
and promote activities that would not have been possible without
the use of the technology. Schwabe and Goth (2005) investigated
the motivational values of mobile learning as a result ofthe use of
mobile games. In their experiment using the MobileGame system,
Schwabe and Goth discovered four technical design issues that
need to be addressed to create an effective learning game: accura-
cy of positioning, playon the move, offline area and response time,
and interface design. As the demands for mobile technologies that
support learning continue toincrease, the need for the creation of
quality applications and tools formobile learning devices must
also be acknowledged. Well-designed mobile learning games and
other applications can be used outside of the classroom in an effort
to spark discussions when the students return to class (Klopfer,
Osterweil, & Salen, 2009).
2.8.3 Mobile Technology Access
Asmentionedby(Fox&Rainie,2014),inthepast,accesstotechnology
has been a barrier to technology integration. However, as we pro-
gressfurther into the 21st Century, access seems to be less of a
problem. Teachers and students have more access to technology
than previously thought. In response to the 25th anniversary of the
Internet, Pew Research measured the rapid adoption of the Inter-
net. In 1995, only 14% of adults polled were users of the Internet.
In 2014, that number grew to 87%. Even more staggering is that
97% of young adults (ages 18-29) utilize the Internet today (Fox
&Rainie, 2014).
AccordingtoastudyreleasedbyNielsen,(2013),70%ofteens(ages
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13-17)ownasmartphone. Foraframeofreferenceontherapidincreaseof
smartphone adoption amongst this age group, 58% of American teens
owned a smartphone in 2012, and 36% in 2011 (Kerr, 2012). Students
are accessing the Internet at home and on the go, utilizing various
mobile devices for entertainment and communication purposes. Ed-
ucators must leverage technology that is already in the hands of our
students in order to engage learners. This can be accomplished
through building teacher selfefficacy with technology.
2.8.4 Teacher Self-Efficacy
In order for technology to be utilized in the classroom, dis-

trict leaders need to ensure that teachers® attitudes and beliefs
towards technology are positive. Pajares (1992) emphasizes the
importance of this second-order barrier by identifying a strong
relationship between teachers® educational beliefs and their plan-
ning, instructional decisions, and classroom practices. Teacher
beliefs influence professional practice, which is why confronting
these beliefs is an integral step in integrating new technologies in
the classroom.Bandura (1997) defines self-efficacy as the belief
about one‘s capability tolearn or perform actions at certain levels.
Bandura emphasizes that self 65efficacy is not based solely on an
individual‘s skill level, but on the belief that one can complete a
task. This makes self-efficacy a predicament for technology inte-
gration in that if a teacher believes he/she can accomplish technol-
ogy integration then he/she will attempt it. But, if the teacher does
not have the skills to do so, then he/she will not even try it.

Science, Technology, Engineering, and Mathematics report to
the President captures this predicament of technology integration,
“Someteachers who are early technology adopters do this routinely,
and selecting materials they feel fit their students " needs and their
own instructional goals and preferences. But most teachers lack
the time, confidence, content knowledge, and inclination to do so”
(President‘s Council of Advisors on Science and Technology, p. 80).
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Increasingteacherself-efficacywithtechnologycanbeaccomplished
invariousways. Vicariouslearning,orlearningthroughwatchingoth-
erssuccessfullycompleteatask, withtechnologycanincreaseefficacy
(Bandura, 1997; Wang, Ertmer, & Newby, 2004).
Utilizingearlyadoptersorteacherleaderstodemonstrateexamplesof
effective technology integration will create this learning environ-
ment, which could also lead to Professional Learning Communi-
ties (PLCs). These learning communities can lead to collaborative
discussions and networking that can grow and build self-effica-
cy with and amongst teacher colleagues. Another way to increase
self-efficacy with technology is to differentiate technology train-
ing based on teachers® levels of skill and confidence—just as one
would differentiate instruction in a K-12 classroom.

Technology professional learning should meet and challenge
teachers at their current level of skill and comfort, so not to in-
timidate or frustrate them. Sheingold (1991) suggests this type of
technology training- through —iterative interventions|l would be
responsive and flexible in order to meet the needs of the learn-
ers (in this case, teachers) in order to respond to individual levels
of use. Educators utilize differentiation in the classroom to meet
P-12 students needs, this also needs to be done during technolo-
gy professional learning in order to meet and respect individual
teachers‘ needs. This is just good teaching practice. Technology
professional learning must address teachers* beliefs and concerns
about technology in order to increase the likelihood of technology
adoption in individual classrooms.

2.8.5 Technology Support

Other effective teaching practices that support students in the
classroom, and will do the same for teachers as technology learn-
ers, are follow-up and support. When students learn a new concept
or skill, they have to work independently to practice their new
learning, and the teacher provides feedback and guidance through-
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out the student‘s learning process.

Technology professional learning for teachers does not always fol-
low this effective teaching practice. Massive, large-group, stand-
alone technology training are not an effective use of professional
learning funds if teachers are not expected to follow-through and
do not have an identified support system. Support can be provided
through the establishment of PLCs, the awareness of technology
teacher leaders in the building, identified personnel that provides
technology support, online tutorials, and examples, books, etc.
Having a variety of support access points that accommodates the
variety ofteacher learners and their stages of concern will provide
a return oninvestment in these support systems in that teachers will
accommodate the variety of teacher-learners in a district. “Teach-
ers' abilities to identify the human and digital resources, within
and outside their school, that can provide the help they need, can-
have a dramatic impact on the success of technology integration”
(Groff & Mouza, 2008, p. 31).

Having a support plan in place that is clearly communicated to
teachers in a variety of different formats will indicate that tech-
nology integration is a priority and expectation and respect the
individual teachers® learning styles (Groff & Mouza, 2008).2.8.6
Technical limitation or Restriction of Mobile Devices
Despite the many advantages of M-learning as a new technology
to enhance learning and teaching in all education institutes, it does
have some limitations that need to be considered as issues facing
its implementation.

According to previous studies, the limitations of implementing
M-learning are as follows:

Many studies (Seppala, etal , 2002; Corlettt et al., 2005; Wang, Wu and
Wang, 2009; Hashemi et al., 2011; Park, 2011) indicated that mobile de-
vices have some limitations due to small screen, memory size,
slow network speed, battery life and small and limit-
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ed keyboard. Furthermore, the devices being used in M-learn-
ing may not give the same resolution or design of contents as
a computer (Barker et al., 2005). In addition, mobile devices
are limited in processing power and resources and they have a
variety of different input possibilities and operating systems.
2.8.7 Mobile size

Many other characteristics that have led to the ubiquity of
mobile devices are also viewed as by some researchers as poten-
tial barriers. For example, the small size of mobile devices is what
allows for mobility and portability, enabling anytime, anywhere
learning. However, researchers are concerned that the screen size
of mobile devices may influence learning.

Research analyzing screen size and learning is limited; how-
ever, Manair (2007) found that students learned significantly more
when the screen size is more than 58mm (2.28 in.) diagonal.

2.8.8 Personal Nature of Mobile Devices

Other major barriers, according to researchers, relate to the
personal nature of mobile devices. Many foresee challenges as-
sociated with creating content for various independent operating
systems of student mobile devices (Kadirire, 2009). Others believe
the personal nature of mobile devices may hinder collaboration by
isolating users from meaningful social interactions (Dieterle et al.
2007; Mandryk et al. 2001).
2.8.9Teacher-Student Gaps

As mentioned by Pamela, P.(2011) another gap in the literature,
however, has the potential to hinder the integration of mobile learning in
theclassroom, perhaps more than any other. Teacher-student gaps seem
tobe amassivebarrier to incorporating mobile devices in the classroom.
Although teacher fears of disruption and cheating may be valid on some
level, research is needed to understand how to appropriately teach
—mobile etiquette.l Since the mobile devices can be used for both
social and educational purposes, students must be taught how to
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appropriately use and navigate the mobile world within an educa-
tional context.

2.9Previous studies

2.9.1 Ahmad, A. (2014)

Towards Mobile learning Deployment in HigherEducation in
Brunel University London. Published Ph.D. Thesis. The aims of
this research work are to study students* readiness for M learning,
investigate the factors that affect students* acceptance and analyze
M-learning literature in order to propose and evaluate amodel which
can be used to foster the sustainable deployment of M-learning with-
in teaching and learning strategies in higher education institutions.
The  research  was  conducted at  Brunel  Uni-

versity, West London. Data were
collected from Students from differ-
ent undergraduate levels. Data were

reported from 174 participants (125 males, 49 females students us-
ing three surveys. The outcome of this research leads to a concep-
tual model that gives a wide overview of all elements that need to
be addressed in the mobile -learning the environment and bridges
the gap between the pre- and post-implementation phases in or-
der to ensure sustainability. Furthermore, the model provides uni-
versity educators with a planned approach to incorporate Mobile
-learning in higher education curriculums with the aim of improv-
ing teaching and learning.

2.9.2 Mohammed, M. (2012)

Mobile learning in the English vocabulary acquisition: To-
ward the implementation in Malaysian secondary schools.
Unpublished Ph.D. Thesis This thesis explores the use of
mobile phones to support English vocabulary learning in Ma-
laysian schools with the interview as the main research tool.

The methodology consists of rigorous steps in developing, eval-
uating and disseminating the implementation strategy as well as
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exploring other issues associated with mobile learning implemen-
tation in Malaysian schools. It has been established that the imple-
mentation strategy developed in this study would have the poten-
tial to provide guidance in the implementation of mobile learning
in Malaysian schools. The findings revealed the opportunities and
the challenges in embracing mobile phones as a learning tool.
2.9.30sman, M. (2013)

Evaluation of mobile and communication technologies for
language learning. Unpublished Master Thesis.

Thismastersthesis explorestheuse of mobile and communica-
tion technologiesinEnglishLanguagelearning. Specifically,theuseof
mobilephoneandwikiinlanguagelearningisinvestigatedamongthe
undergraduate student in a higher education institution. By apply-
ing both quantitative and qualitative methods, three themes are
derived in the study; accessing, communication and usability. This
finding suggests that although the use of mobile phone and wiki
in language learning is feasible, further studies are needed to en-
hance the possibility. This study is important in providing alterna-
tive learning tools in the area of English Language learning.
2.9.4Baharom, S.S. (2012)

DesigningmobilelearningactivitiesintheMalaysian Higher Educa-
tionContext: ASocial ConstructivistApproach. UnpublishedPh.D. Thesis
Thisthesisexploreshowmobilelearningactivities, developedusing
socialconstructivistlearningprincipleshavethepotentialtosupportan
undergraduate in English Language learning. The methodol-
ogy applied in the study is a design-based research with two
stages of data collection. The research tools include question-
naires, students‘ blog posts, and online interviews. The findings
indicate that students have a positive attitude toward the use
of mobile learning in their learning activities. The study also
highlighted several types of mobile learning activities which
should be introduced; contextual, reflective, and collabora-
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tive, multiple media, communication and learning management.
2.9.5 Maria B. Cruz (2012)

Studentand TeacherPerceptionsofaMobile-Based Biology Vocab-
ulary Study Tool for English Language Learners publishedPh.D. Thesis.

This study investigated biology students‘ perceptions of their expe-
rience independently using an iPod Touch-based mobile study tool to
complement classroom learning. Interviews with the students* biology
teacher, an educator with a strong background in language acquisition
teaching and learning, were also used to supplement student testimony.
2.9.6 Muhanna and Abu-Al-Sha*“r (2009)

in a study based on graduate and undergraduate students at a
Jordanian university, investigated the university students™ attitudes
towards the usability of cell phones in a learning environment
wherein cell phones are used as learning tools in the classroom.
In addition, the study aimed to explore any differences in students”
attitude based on their gender and level of study. The researchers
conducted a survey consisting of two questionnaires among two
groups of two different levels of university students. The question-
naires were distributed to 50 student’s university levels (graduate,
undergraduate) and gender (male, female).

The findings indicated that students appreciate using cell phones
in the learning environment. Undergraduate students are more in-
terested in using cell phones than graduate students, and female
students are less ambitious in this regard than males. These results
were in agreement with previous research done in the same area.
Thirteen students chose to participate in the study. All 13 students
were between ages 14 and 18.

Methodology of the Study
3.1Introduction

The aim of this chapter is to describe the design and meth-
odology used in conducting this study. It provides de-
tails about research population, participants, data col-
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lection procedures, and instruments used in this study.
The questionnaire is the tools of data collection in this study.
The reliability and validity of these tools are presented compre-
hensively. It concludes by explaining the type of data analysis and
ethical concerns.
3.2 Research Method
This study adopted a used a descriptive and analytical meth-
ods. Thesemethods assisted in building a base on a complete un-
derstanding of the research problem. Questionnaire is used as a
data collection tool.
3.3 Population and Sampling
In this study, the population was 163 Sudanese En-

glish language University students. The sample was 70 learn-
ers divided into subgroups from two universities. These Uni-
versities were Bahari University and Omdurman University.
Accordingly, 35 male and female students represented each University.
Theresearch sample similarly included seven English language lecturers,
representing English Language teachers from these Universities, sam-
ples of two teachers were randomly drawn from each subgroup. These
divisions permitted the comparison of subgroup results.
3.4 Data Collection Techniques

The main instruments used in this study the mixed method research
consists of closed-ended questionnaires.. The quantitative data are
obtainedthroughclosed-ended questionnairesandthequalitativedata
through an interview. The items of the questionnaires are mainly
developed based on the research objectives and research questions.
3.4.1 Questionnaires

The aim of the questionnaire was to elicit direct judgments; ob-
tain uniform, straightforward; data for analysis. Questionnaire en-
compasses a variety of instruments in which the subject response
to written questions to elicit reactions, belief, and attitudes. In
this study, the questionnaire was designed to gather either qual-
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itative or quantitative data and to elicit information from the 70
English language learners on their attitude towards using mobile
phones in learning The English language. The questionnaires were
distributed to the research sample. The questionnaire which was
developed to elicit the data on students‘perceptions about using
mobile devices in language learning consisted ofthree parts. Part
1 contained 10 items asking about learners’ attitudes towards us-
ing mobile in English language learning. Part 2 consisted of eight
items asking about benefits of using mobile in English language
learning and Part 3 consisted of nine items asking about barriers
that hinder the learners from using mobile in English language
learning, and The Questions measured by a 5-point Likert scale (
I=strongly disagree; 5= strongly agree) 3.5 Research Procedures
3.5.1 Students’ questionnaire
Aquestionnairewasdesignedinthesecondsemesteroftheacadem-
icyear2019to collectthe data for this study. The questionnaire was sent
through a whatsApp group to all students in the depart-
ment. The whatsApp contained the link to the questionnaire
and the expected time for completing the survey was 10 min-
utes. In the first page of the questionnaire, a brief explanation
of the research project and the aims of the study were provided.
In addition, students were informed that all the data and par-
ticipants details would be kept anonymous and that they
could withdraw from the study at any time. Participants were
also provided with the contact information of the researcher.
3.6 Validity and Reliability
Thequestionnairewasvalidatedintermsofreliabilityandvalidity.
Reliability is the degree to which a test consistently measures what-
ever it is measuring (Hayes, 1998). Initial internal consistency re-
liability was assessed on the data collected in the pilot test using
reliability coefficient of Cronbach‘s alpha (Lattin et al., 2003).
Validityisthebestavailableapproximationtothetruthofagiven
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proposition,inference,orconclusion. Validityisanessentialcriterionfor
quantitative and qualitative paradigms in terms of credibility, neutrali-
ty or Confirmability, consistency or dependability and applicability or
transferability LincolnandGuba1985;Cohenetal2000; Trochim,2001;
Patton (2002).

The researcher also did analysis to ensure that individual-
teachers receive data that are reliable. Generalization analyses were
alsoperformed to ensure that individual students received reliable
data. In thisstudy, different data collection techniques were used
(i.e. interviews, andquestionnaire) also meant to ensure validity.
Additionally, triangulation was used to search for any convergence
among multiple and different sources of information and form
themes or categories in the study Creswell and Miller (2000). Al-
though the size of participants in this research was small com-
pared to the target population, it is expected that the data collected
will be sufficient to give an overview of all target populations.
3.7. Data Analysis and Discussion

To achieve the research objectives data needed to be col-
lected through using a questionnaire method,. Data collected are
enteredand treated by using the Statistical Package for Social Sci-
ences (SPSS) version 20. Descriptive statistics techniques such as
frequencies, percentages, average means, standard deviations have
been used to analyze and interpret the sample perceptions, and de-
mographic characteristics.

In addition to that the questionnaire reliability and validity
was examined by using Cronbach’s Alpha coefficient, moreover,
analysis of variances techniques such as (T-Test) was used to find
if there are significant variations in learners attitudes towards us-
ing mobile devices in English language learning by gender and
age. While descriptive and interpretive analyses will be used to
analyze qualitative data gathered through interviews.
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Data Analysis, and Discussion
4.1Introduction
Inthischapter,datacollectedusingdifferentresearchinstruments, are
discussed and triangulated with each other, in order to pick up the re-
search findings. The main objectives of this study are to determine
learners® attitudes towards using mobile devices in the English Lan-
guage from the perception of learners and teachers in the Departments
of English within the Colleges of Education of three Sudanese Govern-
mental Universities. It also aims to demonstrate the benefits of mobile
learning in English language learning and identify the barriers obstruct
English language learners from the use of mobile in English Language.
In addition to that, the study will investigate teachers’ attitudes towards
using mobile in English language teaching. To achieve the research ob-
jectives data needed to be collected through
4.2 Sample of the study demographic characteristics:
Thefirstsampleofthestudyis(70)studentssegmentedaccordingtothe
following demographic characteristics include (age, gender, and
specialization) as shown in the below table:
Table: 4 .1 Demographic characteristics of the sample (n=94) .

Demographic Fre- Percentages
characteristics quency %
The distribution

according to gender

Male 40 41.1

Female 30 58.9

Total 70 100.0%

The distribution

according to age
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to less 20 15- 31 456
years

to 25 years 20- S 54.4
Total 70 100.0%

Table4.2shows the sample of the study perceptions regarding using a
mobile phone for educational purposes and its requirements.

Frequency Peroc ent
%

Have a mobile.1
phone
Yes 80 88.9
No 10 11.1
Total 90 100.0%
Use a mobile.2
phone for educa-
tional purposes
Yes 77 85.6
No 13 14.4
Total 90 100.0%
Net at home.3
Yes 79 87.8

4.3 Research Questions and Hypotheses:
hispartofdataanalysisismainlyspecifiedtoprovideanswerstothe
researchquestionsandhypothesesthroughtheanalysisofperceptionsin
concern with using a mobile phone for educational purposes.
The students® answers are rated in frequencies & percentag-
es (%) as well as means presented in tables (3-4-5), the mean
(M) was calculated according to the five- scale (1 strongly dis-
agree, 2 disagree, 3 uncertain, 4 agree, and 5 strongly agree).
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Table 4.3 scale of the average mean value

I-to 1.79 Strongly disagree
to 2.59 1.8- Disagree
to 3.39 2.60- Not sure
to 4.19 3.40- Agree
to 5 4.20- Strongly agree
4.3.1 Research Question one: What are the barriers that
obstruct English language learners
from using mobile in their

learning process?:
Table (4.6) showed students’ perceptions® regarding the

barriers that obstruct

Strongly
agree

. . Strongly Rankin
agree uncertain | disagree disacrood M
Lack of internet
coverage in
some classrooms

19 deprives F ] 36 11 0 0|+ 3
me of using mobile
devices
in the learning
Process

% 47. 40. 12. 00 00

My E%lghsh
Language
teacher prevents 46
20 me from F 60 24 6 0 0 ' 2
using a mobile
inthe
c asgroom
% 76 ’ %. 6.7 0.0 0.0
The high cost ofa
mobile 40
21 hinders me from F 33 34 14 9 0 : 8
using it in

h
o sy 37, 15 0,
7

% 0.0

110

02022 g1lgs- 01443 aaall g3 -(pla) ggpirallg ilill 222l - digiuw g1y G040 drolc dlao




Investigating Using Smart Phone in Improving English Language Learning

The major and rapid
development of
mobile
devices hinder my 4.6

chances 0
from using updated
ones in
the classroom
% & D133 00 | 00
Inadequate of
teacher
knowledge about
technology and 41
23 experience F 52 14 14 5 5 ) 5
with it limits my
mobile
usage in the
classroom

57. 15. 15.

% ] 6 6 5.6 5.6

Small screen and

memory

size hinder my 4.3
mobile 0

usage in the
classroom

% 522' 33 78 | 5.6 1.1

The unrestricted
use of
mobiles (by not

being 19
25 timetabled) in the F 1 9 13 31 36 : 9
classroom, hinders
me from
using one in the
classroom

% 1.1 ' ; | 400

5

24

Short battery life and

small and limited 41

26 keyboard hinder my F 34 41 9 3 3 ; 6

mobile usage in the
classroom

37. 45 10

N . .
% Q 6 0 33 33
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Being easy to lose,
misuse and get damage 4.0
20 are some obstacles to I8 38 30 12 7 3 i 7
using mobiles in the

classroom

42. 33. 13.
V)
% 5 3 3 7.8 | 3.3
Overall 4.0

mean 1

Theresultsintable(4.6)illustratesresponsesofthesampleofthestudy
regarding the students perceptions concern with the barriers that obstruct
English language learners from using mobile in their learning process , it
was obvious from the statistics in the table, that the overall mean value
was reaching (4.01), which indicated that the majority of the students
sample of the study perceptions tend to agree that there are problems
obstruct learners to use a mobile devices in their learning process .

Theresultsintable6,showedthatoneofthemostimportantbarriersthat
obstruct Englishlanguagelearnerstouseamobilephoneintheirlearning
process is the majorand rapid development of mobile devices hinder my
chances from using updated ones in the classroom, as the mean
value of the sample responses is reaching (4.60) supported by that
there are 63.3% of the participants strongly agreed, while 33.3% do
agree, whereas only 3.3% were not sure. furthermore, the results
in table 6, showed that the second barrier that obstruct English
language learners to use a mobile phone to learn English language,
is that —My English Language teacher prevents me from using a
mobile in the classroom” as the results revealed that there are 66.7%
of the participants strongly agree, while 26.7% agree, whereas 6.7%
were not sure.

Therefore,itcouldbeconcludedthatthemajorityoftheparticipantswith
(93.4%) do confirm that English language teacher is one of the most
important barriers to use a mobile phone to learn English; this high
response was supported by the overall mean value equal to (4.60).
in addition to that the third barrier that obstructs learners of English
language to uset amobile device to learn English, 1s the —Lack of internet
coverage in some classrooms deprives me from using mobile devices
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in the learning process| as there are about 47.8% of the participants
strongly agree, whereas 40.0% agreed, while 12.2% of the learners
were not sure. Hence, it could be concluded that the majority of
learners of English participated in this study do strongly believe that
lack of internet coverage in some classrooms deprive some students of
using mobile devices in the learning process. These high and positive
responses are supported by the mean value (4.36).

the fourth most effective barrier that obstruct learners from
using a mobile devices in learning English is the —Small screen and
memory size hinder my mobile usage in the classrooml this high
response 1s supported by the sample responses as there are 52.2%
strongly agree, while 33.3% were agreed, whereas 7.8% were not
sure, where those with negative attitudes comprised 6.7% of the total
sample of the current study. The sample responses regarding the
effect of the small screen and memory size is a major obstacle that
faces learners when using a mobile device in learning English, was
supported by the mean value of the sample responses equal to (4.30).
this indicated that majority of participants strongly agree that the 113
small screen and memory size are regarded as one of the most hindering
barriers of using a mobile phone in English language learning process.
Furthermore, when participants of the current study were being asked to
express their thought regarding —The high cost of a mobile hinder