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110 Chapter 4

Software Architecture

Table 4.7 iLearn architectural design principles

Principle

Explanation

Replaceability

It should be possible for users to replace applications in

the system with alternatives and to add new applications.
Consequently, the list of applications included should not be hard-
wired into the system.

Extensibility It should be possible for users or system administrators to create

their own versions of the system, which may extend or limit the
“standard” system.

Age-appropriate Alternative user interfaces should be supported so that age-
appropriate interfaces for students at different levels can be
created.

Programmability It should be easy for users to create their own applications by

linking existing applications in the system.

Minimum work Users who do not wish to change the system should not have to

do extra work so that other users can make changes.

The discussion about system decomposition may be driven by fundamental
principles that should apply to the design of your application system. These
set out goals that you wish to achieve. You can then evaluate architectural
design decisions against these goals. For example, Table 4.7 shows the prin-
ciples that we thought were most important when designing the iL.earn system
architecture.

Our goal in designing the iLearn system was to create an adaptable, univer-
sal system that could be updated easily as new learning tools became avail-
able. This means it must be possible to change and replace components and
services in the system (principles 1 and 2). Because the potential system users
ranged in age from 3 to 18, we needed to provide age-appropriate user inter-
faces and make it easy to choose an interface (principle 3). Principle 4 also
contributes to system adaptability, and principle 5 was included to ensure that
this adaptability did not adversely affect users who did not require it.

Unfortunately, principle 1 may sometimes conflict with principle 4. If
you allow users to create new functionality by combining applications, then
these combined applications may not work if one or more of the constituent
applications are replaced. You often have to address this kind of conflict in
architectural design.

These principles led us to an architectural design decision that the iLearn
system should be service-oriented. Every component in the system is a ser-
vice. Any service is potentially replaceable, and new services can be created
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by combining existing services. Different services that deliver comparable
functionality can be provided for students of different ages.

Using services means that the potential conflict I identified above is mostly
avoidable. If a new service is created by using an existing service and, sub-
sequently, other users want to introduce an alternative, they may do so. The
older service can be retained in the system, so that users of that service don’t
have to do more work because a newer service has been introduced.

We assumed that only a minority of users would be interested in program-
ming their own system versions. Therefore, we decided to provide a standard
set of application services that had some degree of integration with other ser-
vices. We anticipated that most users would rely on these and would not wish
to replace them. Integrated application services, such as blogging and wiki
services, could be designed to share information and make use of common
shared services. Some users may wish to introduce other services into their
environment, so we also allowed for services that were not tightly integrated
with other system services.

We decided to support three types of application service integration:

1. Full integration Services are aware of and can communicate with other
services through their APIs. Services may share system services and one
or more databases. An example of a fully integrated service is a specially
written authentication service that checks the credentials of system users.

2. Partial integration Services may share service components and databases,
but they are not aware of and cannot communicate directly with other appli-
cation services. An example of a partially integrated service is a Wordpress
service in which the Wordpress system was changed to use the standard
authentication and storage services in the system. Office 365, which can
be integrated with local authentication systems, is another example of a
partially integrated service that we included in the iLearn system.

3. Independent These services do not use any shared system services or data-
bases, and they are unaware of any other services in the system. They can
be replaced by any other comparable service. An example of an indepen-
dent service is a photo management system that maintains its own data.

The layered model for the iLearn system that we designed is shown in
Figure 4.11. To support application “replaceability”, we did not base the sys-
tem around a shared database. However, we assumed that fully-integrated
applications would use shared services such as storage and authentication.
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Figure 4.11 A layered architectural model of the iLearn system

User interface

Web browser iLearn app

User interface management

Interface creation Forms management Interface delivery Login

Configuration services

Group Application Security User interface Setup
configuration configuration configuration configuration service

Application services

Archive access Word processor  Video conf. Email and User-installed
messaging applications
Blog Wiki Spreadsheet Presentation Drawing

Integrated services

Virtual learning  Authentication and
Resource discovery User analytics environment authorization

Shared infrastructure services

Authentication Logging and monitoring Application interfacing

User storage Application storage Search

To support the requirement that users should be able to configure their own
version of an iLearn system, we introduced an additional layer into the sys-
tem, above the application layer. This layer includes several components that
incorporate knowledge of the installed applications and provide configuration
functionality to end-users.

The system has a set of pre-installed application services. Additional
application services can be added or existing services replaced by using the
application configuration facilities. Most of these application services are
independent and manage their own data. Some services are partially inte-
grated, however, which simplifies information sharing and allows more
detailed user information to be collected.

The fully integrated services have to be specially written or adapted from
open-source software. They require knowledge of how the system is used


https://www.pearson.de/9781292376356

4.4 Distribution architecture 113

and access to user data in the storage system. They may make use of other
services at the same level. For example, the user analytics service provides
information about how individual students use the system and can highlight
problems to teachers. It needs to be able to access both log information and
student records from the virtual learning environment.

System decomposition has to be done in conjunction with choosing tech-
nologies for your system (see Section 4.5). The reason for this is that the
choice of technology used in a particular layer affects the components in the
layers above. For example, you may decide to use a relational database tech-
nology as the lowest layer in your system. This makes sense if you are dealing
with well-structured data. However, your decision affects the components to
be included in the services layer because you need to be able to communicate
with the database. You may have to include components to adapt the data
passed to and from the database.

Another important technology-related decision is the interface technolo-
gies that you will use. This choice depends on whether you will be supporting
browser interfaces only (often the case with business systems) or you also
want to provide interfaces on mobile devices. If you are supporting mobile
devices, you need to include components to interface with the relevant iOS
and Android UI development toolkits.

4.4 Distribution architecture

The majority of software products are now web-based products, so they have
a client—server architecture. In this architecture, the user interface is imple-
mented on the user’s own computer or mobile device. Functionality is dis-
tributed between the client and one or more server computers. During the
architectural design process, you have to decide on the “distribution architec-
ture” of the system. This defines the servers in the system and the allocation
of components to these servers.

Client—server architectures are a type of distribution architecture that is
suited to applications in which clients access a shared database and business
logic operations on those data. Figure 4.12 shows a logical view of a client—
server architecture that is widely used in web-based and mobile software
products. These applications include several servers, such as web servers and
database servers. Access to the server set is usually mediated by a load bal-
ancer, which distributes requests to servers. It is designed to ensure that the
computing load is evenly shared by the set of servers.
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Figure 4.12 Client-server architecture
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The client is responsible for user interaction, based on data passed to and
from the server. When this architecture was originally devised, clients were
character terminals with hardly any local processing capability. The server
was a mainframe computer. All processing was carried out on the server, with
the client handling only user interaction. Now clients are computers or mobile
devices with lots of processing power, so most applications are designed to
include significant client-side processing.

Client—server interaction is usually organized using what is called the Model-
View-Controller (MVC) pattern. This architectural pattern is used so that client
interfaces can be updated when data on the server change (Figure 4.13).

The term “model” is used to mean the system data and the associated busi-
ness logic. The model is always shared and maintained on the server. Each client
has its own view of the data, with views responsible for HTML page generation
and forms management. There may be several views on each client in which
the data are presented in different ways. Each view registers with the model so
that when the model changes, all views are updated. Changing the information
in one view leads to all other views of the same information being updated.

User inputs that change the model are handled by the controller. The con-
troller sends update requests to the model on the server. It may also be respon-
sible for local input processing, such as data validation.

The MVC pattern has many variants. In some, all communication between
the view and the model goes through the controller. In others, views can also
handle user inputs. However, the essence of all of these variants is that the
model is decoupled from its presentation. It can, therefore, be presented in
different ways and each presentation can be independently updated when
changes to the data are made.
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Figure 4.13 The Model-View-Controller pattern
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For web-based products, Javascript is mostly used for client-side program-
ming. Mobile apps are mostly developed in Java (Android) and Swift 10S). 1
don’t have experience in mobile app development, so I focus here on web-based
products. However, the underlying principles of interaction are the same.

Client—server communication normally uses the HTTP protocol, which is
a text-based request/response protocol. The client sends a message to the
server that includes an instruction such as GET or POST along with the identi-
fier of a resource (usually a URL) on which that instruction should operate.
The message may also include additional information, such as information
collected from a form. So, a database update may be encoded as a POST
instruction, an identifier for the information to be updated plus the changed
information input by the user. Servers do not send requests to clients, and
clients always wait for a response from the server.?

HTTP is a text-only protocol, so structured data must be represented as text.
Two ways of representing these data are widely used—namely, XML and JSON.
XML is a markup language with tags used to identify each data item. JSON is

’This is not strictly true if a technology such as Node.js is used to build server-side applications.
This allows both clients and servers to generate requests and responses. However, the general
client—server model still applies.
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