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Abstract. Learning activities in PGRI Foundation schools, especially in SMA PGRI Kudus still
use the conventional model that is directly face to face, so it is necessary to develop online
learning media or what is now often referred to as e-learning to help teachers and students take
material and do assignments by online. With online learning, teachers are expected to be able to
update learning material and students can access it without constraints on place and time, besides
assignments to students can be well controlled. In general, all PGRI Foundation schools in Kudus
district have the same business process as well as the information system and technology
requirements. But in reality, each school develops its architecture and information system
separately. On the other hand, the majority of schools do not have enough budget to procure
infrastructure to support the information systems needed specifically for learning activities such
as e-learning. Cloud computing is often referred to as a new paradigm in the world of information
technology related to resource efficiency. Cloud Computing has a service layer known as
Software as a Service (SaaS). SaaS has several advantages and conveniences offered, including
those related to resource efficiency and speed in developing an application. With SaaS, an
application can be used at the same time by many tenants, with each tenant still being protected,
so that application development costs can be further reduced. This research uses object-oriented
system development methods with UML tools. This research aims to help schools in the Kudus
Regency PGRI foundation improve the quality of learning by utilizing e-learning media without
the need to think about the process of procurement, installation and configuration of hardware
or software.

1. Introduction

Technology and information systems are currently constantly evolving to provide convenience for its
users. This development was followed by increasingly fierce competition between organizations,
including in the world of education. In the world of education today, the need for information systems
is mandatory to be fulfilled. Information systems help process data better which can later be used for
more accurate and faster decision making.

The world of education has received a positive impact from the rapid development of technology and
science. Learning media that were originally in the form of tape recorders, modules or television are
now developing by utilizing internet media and smart devices such as computers, laptops or
smartphones, which are now often referred to as e-leaming. Basically e-leaming is changing the form
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to digital format from conventional leaming by utilizing internet technology and smart devices so that
it can be used anywhere without limited space and time.

The PGRI Foundation has an important role in educating the nation's life, through improving facilities
or learning media. At present the PGRI education foundation in Kudus Regency houses several schools,
both junior high schools, senior high schools and vocational schools.

Learning activities at PGRI Foundation schools, one of which at SMA PGRI Kudus still uses
conventional models, namely by directly face to face, so it is necessary, the development of online
learning media or what is now often referred to as e-learning to help teachers and students in accessing
material and assignments online. With online learning, teachers are expected to be able to update
learning material and students can access it without constraints on place and time, besides assignments
to students can be well controlled.

With the e-learning media in the schools of the Kudus Regency PGRI foundation, especially in the SMA
PGRI Kudus, it will facilitate students in accessing or taking learning material so that it can improve the
process of implementing education. With the availability of e-learning, it will make it easier for teachers
to deliver material and conduct assessments or evaluations of learning.

In general, all PGRI foundation schools in Kudus district have the same business process as well as the
information system and technology requirements. But in reality, each school develops its architecture
and information system separately. On the other hand, the majority of schools do not have enough budget
to procure infrastructure to support the information systems needed, especially for learning activities
such as e-leaming. Based on these problems schools at the Kudus Regency PGRI foundation need an
information system that can help the implementation of the teaching and learning process.

Cloud computing is often referred to as a new paradigm in the world of information technology related
to resource efficiency. Cloud computing has a service layer known as Software as a Service (SaaS).
Software as a Service has several advantages and conveniences offered, including those related to
resource efficiency and speed in developing an application. With SaaS, an application can be used at the
same time by many tenants, with each tenant still maintaining privacy, so that application development
costs become more efficient.

The development of e-learning applications that apply the SaaS cloud computing concept can be utilized
by the PGRI foundation in Kudus district to overcome existing problems. The e-learning application
developed will have more advantages compared to conventional e-leaming applications, one of which
is an e-learning application that can be used by all schools in the PGRI Kudus foundation while still
maintaining data privacy in each school.

2. Methodology

System design for cloud computing-based e-learning applications, using the OODEJDbject Oriented
Design) method, with Unified Modeling Language (UML) as the standard notation. OOD is a method
that brings us to object-oriented decomposition. By implementing an object-oriented design.

Software can be made more resilient by minimizing the w§lling of expressions while reducing the
inherent risk in developing complex software systems [1]. UML is a family of graphical notations,
supported by a single Meta-model, which helps in describing and designing software systems, especially
software systems that are built using object-oriented (OO) styles [2]. Design diagram models included
in UML are usecase diagrams, class diagrams, sequence diagrams, activity diagrams, state diagrams and
collaboration diagrams.
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Figure 1. Stages of the implementation of activities.

Figure 1 shows the stages of the activities §liried out. In the first step, the required data is collected. The
activities carried out in the first stage are observation and study of literature. These observations were
made of PGRI foundation schools in Kudus Regency. Observations were made, accompanied by
interviews with principals and teachers of the PGRI Kudus foundation school which vffire sampled,
namely the SMA PGRI Kudus district. The study was conducted by finding sources of literature and
journals relating to the use of e-learning applications and the concept of Saaflin cloud computing.

In the second stage, based on data previously obtained in the first stage, an analysis and identification
of needs is carried out. The activities carried out in the second stage consisted of the analysis of needs
and problems. From the results of oblivations and interviews, summarized the problems that existed at
the PGRI Kudus foundation school. Once the main problem is found, then identify what is needed in
ERder to find a solution or solution to the problem.

Based on the solutions that have been produced in the second stage, in the third stage, the solution is
implemented in the system design. The activities carried out in the third stage consist of analyzing
system requirements, then pouring the results of the analysis into UML notation. The final activity of
the third stage is applying the results of system design to the software.

The implementation of the system that had been produced in the third stage was done in the fourth stage.
The activities carried out in the fourt!ffjhase began by implementing cloud computing infrastructure at
the Kudus Regency PGRI foundation which acts as a provider of cloud computing services. Then apply
the resulting software to service providers in this case the PGRI Kudus foundation and service users in
this case the PGRI foundation schools in Kudus district.

3. Methodology

Saa8 cloud computing technology will be implemented in e-learning applications. In the application of
this technology, the Kudus Regency PGRI foundation invites service providers (service providers) who
are responsible for managing services, managing and maintaining cloud servers, and software
applications that will be delivered to the PGRI foundation in Kudus district. PGRI foundation schools
in Kudus regency can directly utilize e-learning application software services without the need to install
and manage these applications. Every e-learning application software is used simultaneously by all
schools of the Kudus Regency PGRI foundation, the data privacy of each school can still be comfortable.
Figure 2 shows the distribution of cloud computing technology services.
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Figure 2. Distribution of cloud computing services.

This is due to the use of multi-tenant architecture in SaaS cloud computing. Multi-tenant architecture
provides applications on the infrastructure provided by the provider, and some tenants are then allowed
to use the same application with the agreement [3]. In a multi-tenant architecture, an application will be
accessed by many tenants or application users, but each tenant will automatically have a different
database with other tenants. Multi-tenants meet with many companies to share applications where each
tenant can only provide his own data [4]. Figure 3 discusses multi-tenant architecture.

Each school in the PGRI foundation in Kudus district is a tenant. Each tenant can run e-learning
applications exclusively. Every PGRI Kudus district school can apply e-learning applications freely,
starting from determining the e-learning application application in their respective schools, respectively,
clicking on the application and managing others.
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Figure 3. Multi-tenant architecture [5].
The e-learning application based on SaaS cloud computing that was developed consists of four actors,
namely Admin cloud (Cloud Provider in this case is the PGRI Kudus foundation), Admin e-smart,
teachers and students. Cloud Admin is an IT staff in the Kudus Regency PGRI foundation appointed as
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the manager of the e-learning SaaS application. Admin e-smart is (manager or person in charge of e-
learning in every school), teachers are educators who use e-learning as learning media in their respective
schools and students are students who use e-learning to get learning material in school.

detailed explanation of who acts as the user of the system and what will be done is explained by the
usecase diagram. Usecase is a specification of a series of actions carried out by the system [6]. Figure 4
shows the usecase diagram for an e-learning application based on SaaS.
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Figure 4. Usecase diagram of SaaS cloud computing based e-learning applications.
2
In developing !learning applications bafd on SaaS cloud computing, the database used is MySQL.
There are at least two databases used in e-learning applications based on SaaS cloud computing. The
first database consisting of 2 tables is used to store data providers as shown in Figure 6 while the second
database is used as a SaaS database template used to store service user data. The database used by service
users consists of 13 tables, as shown in Figure 5.
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Figure 5. Tables in the tenant database.
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Figure 6. Tables in the cloud database.

SaaS e-learning application software has been developed. Some examples of display screens from the
prototype of the SaaS e-learning application are shown in Figure 7 which shows the initial appearance
or the homepage of the application. In figure 8 shows the homepage display of the admin-esmart page
(e-learning manager in each school). Whereas in Figure 9 shows the homepage display e-learning
applications for students or students.
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Figure 8. esmart administrator home page.
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Figure 9. E-learning home page for students.
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4. Conclusion

Information technology resource constraints faced by schools at the PGRI foundation in Kudus district
can be overcome by using cloud computing serfflces in the form of SaaS. This service can be accessed
by schools at the PGRI foundation through the internet using various tools. By using cloud computing
services in the form of e-learning application software, schools at the PGRI foundation can improve the
quality of the learning process through the use of e-learning leaming media without the need to think
about the process of procurement, installation and configuration of hardware or software.
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