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What is software Architecture?

• If a project has not achieved a system architecture, including its 
rationale, the project should not proceed to full-scale system 
development. Specifying the architecture as a deliverable enables its 
use throughout the development and maintenance process.—Barry 
Boehm [Boehm 95].

• The architecture of a system consists of the structure(s) of its parts
including: design-time, test-time, and run-time hardware and software 
parts

• The externally visible properties of those parts-modules, hardware 
units

• The relationships and constraints between them
• Architecture is the fundamental organization of a system, embodied 

in its components, their relationships to each other and the 
environment, and the principles governing its design and evolution”. 
[ANSI/IEEE 1471- 400]
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• Architecture is:

• All about communication

• What ‘parts’ are there?

• How do the ‘parts’ fit together?

• Architecture is not about:

• Development

• Algorithms

• Data structures



…Other definitions of Software 
Architecture

• Architecture is high-level design.
• Architecture is the overall structure of the system.
• Architecture is a set of principal design decisions 

about a software system
• Architecture is the structure of the components of a 

program or system, their interrelationships, and the 
principles and guidelines governing their design and 
evolution over time.

• Architecture is components and connectors
• Note: Almost all of the above definitions focus on 

reasoning about the structural system issues.



Fundamental Concepts of Architecture

• Three fundamental understandings of 
software architecture:

• Every application has an architecture.

• Every application has at least one architect.

• Architecture is not a phase of development.

• Note: Architecture is a design, but every 
design is not an architecture.
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• A software architecture defines:
• The components of the software system
• How the components use each other’s 

functionality and data
• How control is managed between the 

components
• Software architecture is the blueprint for a 

software system’s construction and evolution
• Architecture = {components, connectors, 

constraints}



Components
• A software component is an architectural 

entity that encapsulates a subset of the 
system’s functionality and/or data  restricts 
access to that subset via an explicitly defined 
interface  has explicitly defined dependencies 
on its required execution context

• Components typically provide application-
specific services.

• Types of components
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• Computational: does a computation of some 
sort. E.g. function, filter .

• Memory: maintains a collection of persistent 
data. E.g. data base, file system, symbol table.

• Manager: contains state + operations. State is 
retained between invocations of operations. 
E.g. server.

• Controller: governs time sequence of events. 
E.g. control module, scheduler .



Connectors
• A software connector is an architectural building block 

,regulating interactions among components.
• In many software systems, connectors are usually simple 

procedure calls or shared data accesses
• Much more sophisticated and complex connectors are 

possible!
• Connectors typically provide application-independent 

interaction facilities.
• Types of connectors:
• Procedure call connectors
• Shared memory connectors
• Message passing connectors
• Streaming connectors
• Distribution connectors
• Wrapper/adaptor connectors



Configuration/Topology

• Components and connectors are 
composed in a specific way in a given 
system’s architecture to accomplish that 
system’s objective.

• An architectural configuration/topology, 
is a set of specific associations between 
the components and connectors of a 
software system’s architecture



Why Software Architecture is Important?
1)Communication among stakeholders

• Each stakeholder (customer, user, project 
manager, coder, tester and so on) of a system is 
concerned about different characteristics of the 
system that will be affected by the architecture.

• A user is concerned that the system is reliable 
and available when needed;

• The customer is concerned that the architecture 
can be implemented on schedule and within 
budget;
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• The manager is worried (as well as about cost 

and schedule) that the architecture will allow 
teams to work largely independently, 
interacting in disciplined and controlled ways.

• The software architect is worried about 
strategies to achieve all of those goals.

• Architecture provides a common language in 
which different concerns can be expressed, 
negotiated, and resolved at a highly 
intellectually manageable level.
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2) It helps to make early design decisions 
• Software architecture manifests the earliest design 

decisions about a system, which influence the system's 
remaining development, its deployment, and its 
maintenance life.

• The architecture defines constraints on implementation
• The architecture dictates organizational structure
• The architecture inhibits or enables a system's quality 

attributes
• e.g. If your system requires high performance, you need to 

manage the time-based behavior of elements and the 
frequency and volume of inter-element communication

• Predicting system qualities by studying the architecture
• The architecture enables more accurate cost and schedule 

estimates
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3)It provides a transferable, re-usable model

• Software architecture constitutes a relatively small, 
intellectually graspable model for how a system is 
structured and how its elements work together, and 
this model is transferable across systems.

• In particular, it can be applied to other systems 
exhibiting similar quality attribute and functional 
requirements and can promote large-scale reuse.

• Systems can be built using large, externally developed 
elements

• An architecture permits template-based development

• An architecture can be the basis for training



Role of Software Architect
• Convert customer requirements into a technical design

• Lead the problem domain analysis team

• Ensure that the technical design meets quality requirement

• Perform continuous risk assessment, develop risk mitigation 
strategies

• Perform early prototyping aimed at mitigating major risks

• Communicate with stakeholders through detailed technical 
presentations

• Listen to stakeholders and build consensus

• Review developer code and ensure conformance to the 
architecture and good coding practices

• Serve as a mentor for analysts, designers, and developers



Architectural Design Process

• System structuring and partitioning

• Decomposition of software system into sub-systems 
and communications between sub-systems

• Sub-system is an independent system from other sub-
systems.

• Decomposition of sub-system into modules or 
components

– Component (module) provides services to other 
component.

– Reuse component



Sub-systems, Modules and 
Components

• A sub-system is a system in its own right whose 
operation is independent of the services 
provided by other sub-systems.

• A module is a system component that provides 
services to other components but would not
normally be considered as a separate system.

• A component is an independently deliverable 
unit of software that encapsulates its design and 
implementation and offers interfaces to the out-
side, by which it may be composed with other 
components to form a larger whole.



Architecture Styles

• Set of rules, constraints, or patterns of how to 
structure a system into a set of components and 
connectors.

• An architectural style defines a family of systems 
in terms of a pattern of structural organization.

• More specifically, an architectural style defines a 
vocabulary of components and connector types, 
and a set of constraints on how they can be 
combined. — Shaw and Garlan



Types of Architecture Styles

• Pipes-and-Filter

• Client-Server

• Peer-to-Peer

• Event Based

• Layering

• MVC

• SOA (Service Oriented Architecture)



Pipe and Filter
• The system has– Streams of data (pipe) for 

input and output– Transformation of the data 
(filter)

• "The Pipes and Filters architectural pattern 
provides a structure for systems that process 
a stream of data. Each processing step is 
encapsulated in a filter component. Data [are] 
passed through pipes between adjacent 
filters. Recombining filters allows you to build 
families of related filters."
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• P&F architecture consist of producer/consumer 
subsystems each subsystem may produce, 
consume, or consume/produce data and 
connectors (pipes) to forward the data from one 
filter to another involving transformation on 
streams of data.

• Unix command : who | sort | Lp

• sort is a filter using a pipe to connect stdout of 
who to input interface of another pipe to connect 
its stdout to stdin of input of next command lp.
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• Implementation steps:

• Divide the functionality of the problem into a 
sequence of processing steps.

• Define the type and format of the data to be 
passed along each pipe.

• Determine how to implement each pipe 
connection.

• Design and implement the filters.

• Note: The design of a filter is based on the nature 
of the task to be performed and the natures of 
the pipes to which it can be connected.
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Several important properties
• – The designer can understand the entire 

system's effect on input and output as the 
composition of the filters 

• – The filters can be reused easily on other 
systems 

• – System evolution is simple
Drawbacks
• – Encourages batch processing
• – Not good for handling interactive application
• – Duplication in filters functions



Client-Server
• A client-server architecture distributes application logic 

and services respectively to a number of client and 
server subsystems, each potentially running on a 
different machine and communicating through the 
network (e.g, by RPC).

• Two types of components:

• – Server components offer services(Response/Reply)

• – Clients sends request and receive response from 
server.

• Client may send the server a request and server reply a 
response to the request. 

• It is a kind of request and response/reply mechanism.
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Advantages:

• Distribution of data is straightforward

• Makes effective use of networked systems.

• May require cheaper hardware

• Easy to add new servers or upgrade existing servers

Disadvantages:

• Redundant management in each server

• May require a central registry of names and services —
it may be hard to find out what servers and services 
are available



Peer-to-Peer(P2P)
• Each component acts as its own process and acts as both a 

client and a server to other peer components.
• Any component can initiate a request to any other peer 

component.
Characteristics :
• – Scale up well
• – Increased system capabilities
• – Peers are distributed in a network, can be heterogeneous, 

and mutually independent.
• – Robust in face of independent failures. 
• – Highly scalable
• – This differs from client/server architectures, in which 

some computers are dedicated to serving the others.
• – Components do not offer the same performance under 

heavy loads.



Event-based Architecture
• Components interact by broadcasting and reacting to events:
• – Component expresses interest in an event by subscribing to 

it
• – When another component announces (publishes) that event 

has taken place, subscribing components are notified
• – Implicit invocation is a common form of publish-subscribe 

architecture; Registering: subscribing component associates 
one of its procedures with each event of interest (called the 
procedure)

Characteristics:
• – Strong support for evolution and customization
• – Easy to reuse components in other event-driven systems
• – Difficult to test
• In broadcast models an event is broadcast to all sub-systems.
• Any sub-system which can handle the event may do so.
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Layering

• Layers are hierarchical – Each layer provides 
service to the one outside it and acts as a 
client to the layer inside it

• Layer bridging: allowing a layer to access the 
services of layers below its lower neighbor

• – Each layer has two interfaces – Upper 
interface provides services and Lower 
interface requires services.

• The design includes protocols– Explain how 
each pair of layers will interact
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Advantages:

• – High levels of abstraction

• – Relatively easy to add and modify a layer

Disadvantages:

• – Not always easy to structure system layers

• – System performance may suffer from the 
extra coordination among layers
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MVC (Model-View-Controller)
• In the MVC paradigm, the user input, the modeling of 

the external world, and the visual feedback to the user 
are explicitly separated and handled by three types of 
objects, each specialized for its task.

• – The view manages the graphical and/or textual 
output to the portion of the bitmapped display that is 
allocated to its application.

• – The controller interprets the mouse and keyboard 
inputs from the user, commanding the model and/or 
the view to change as appropriate.

• – The model manages the behavior and data of the 
application domain, responds to requests for 
information about its state (usually from the view), and 
responds to instructions to change state (usually from 
the controller).



…Cont’d

• The MVC paradigm is a way of breaking 
an application,

• or even just a piece of an application's 
interface, into three parts: the model, 
the view, and the controller.

• MVC was originally developed to map 
the traditional input, processing, output 
roles into the GUI realm:



…Cont’d



…Cont’d



MVC Benefits

• Clarity of design

– easier to implement and maintain

• Modularity

– changes to one don't affect the others

– can develop in parallel once you have the 
interfaces
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MVC(Summary)

• The intent of MVC is to keep neatly separate 
objects into one of three categories

• Model: The data, the business logic, rules, 
strategies, and so on

• View: Displays the model and usually has 
components that allows user to edit change the 
model

• Controller: Allows data to flow between the 
view and the model

• The controller mediates between the view and 
model



Combining Architectural styles
• Actual software architectures rarely based on purely 

one style

• Architectural styles can be combined in several ways

• – Use different styles at different layers (e.g., overall 
client-server architecture with server component 
decomposed into layers)

• – Use mixture of styles to model different 
components or types of interaction (e.g., client 
components interact with one another using publish-
subscribe communications

• If architecture is expressed as collection of models, 
documentation must be created to show relation 
between models



Combination of Event-based, Client-Server, and Repository 
Architecture Styles



Four-Tier Architectures



Architectural view models

What is the architecture view?

• The author’s defined the view as a representation 
of a coherent set of architectural elements , as 
written by and read by system stakeholders.

• The basic principle of documenting software 
architecture:

“Documenting an architecture is a matter of 
documenting the relevant views and then adding 
a documentation that applies to more than one 
view.”( Bass, Clements and Kazman) 



Problems

• Architecture documents do not address the
concerns of all stakeholders .

• Different Stakeholders : end-user, system
engineers, developers and project managers.

• Architecture documents contained complex
diagrams some times they are hard to be
represented on the documentation.



Purpose of Viewpoint modeling

• Different stakeholders see a system from different 
perspectives

– Managers, developers, maintainers, users, owner

• Many concerns that need to be addressed

– Functionality, security, distribution, heterogeneity

• Viewpoint modeling is commonly used in other 
(more mature) engineering disciplines

– Different maps for a building (floor plants, 
electricity, water conductions, heating system, 
etc.) 

– Different maps for a city (physical, metro, buses, 
etc.)



Solution

• Using different notations for several Views
each one addressing one specific set for 
concerns.

• Use“4+1” view model.

48



4+1 view model of architecture
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Logical View 

• (Object-oriented Decomposition)

• The logical view, which is the object model of the design
(when an object-oriented design method is used)

• Concerned with the functionality that the system provides
to end-users.

• Viewer: End-user

• considers: Functional requirements- What are the services
must be provided by the system to the users.

• UML Diagrams used to represent the logical view include
Class diagram, Sequence diagram.

• Classes and the Relationships (inheritance, composition,
etc.) among Classes

51

http://en.wikipedia.org/wiki/Class_diagram
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Process View 
• (The process decomposition)

• The process view deals with the dynamic aspects of
the system, explains the system processes and how
they communicate, and focuses on the runtime
behavior of the system.

• UML Diagrams to represent process view include the
Activity diagram.

• It captures the Message (unidirectional and
bidirectional); Remote Procedure Call

• viewer: Integrators

• It considers Non - functional requirements (scalability
and performance)
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http://en.wikipedia.org/wiki/Activity_diagram
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Development View 
• (Subsystem decomposition)
• The development view, which describes the static

organization of the software in its development
environment.

• It focuses on the software module organization as they are
packaged into small units of subsystems or libraries that
can be developed by a small unit of developers.

• Viewer: Programmers and Software Managers
• It uses the UML Component diagram to describe system

components.
• UML Diagrams used to represent the development view

include the Package diagram
• considers: software module organization. (Hierarchy of

layers, software management, reuse, constraints of tools).
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http://en.wikipedia.org/wiki/Component_diagram
http://en.wikipedia.org/wiki/Component_diagram
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Scenarios

• (Putting all “4 views” together)

• The description of an architecture is illustrated using a small
set of use cases, or scenarios which become a fifth view.

• The scenarios describe sequences of interactions between
objects, and between processes.

• They are used to identify architectural elements and to
illustrate and validate the architecture design.

• They also serve as a starting point for tests of an
architecture prototype.

• This view is also known as use case view.

• Viewer: All users and Evaluators.

• Considers: System consistency and validity
56

http://en.wikipedia.org/wiki/Use_case
http://en.wikipedia.org/wiki/Use_case
http://en.wikipedia.org/wiki/Use_case
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RM-ODP(Reference Model for Open 
Distributed Processing )

• The International Organization for Standardization (ISO)
Reference Model for Open Distributed Processing (RM-
ODP) specifies a set of viewpoints for partitioning the
design of a distributed software/hardware system.

• Since most integration problems arise in the design of
such systems or in very analogous situations, these
viewpoints may prove useful in separating integration
concerns.

http://en.wikipedia.org/wiki/RM-ODP
http://en.wikipedia.org/wiki/RM-ODP
http://en.wikipedia.org/wiki/RM-ODP
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Five Viewpoints
• Enterprise

• Purpose, scope, and policies (not necessarily means “real
enterprise”)

• Could be considered as requirements specification

• Information

• Meaning and processing of information

• Information model and schema

• Computational

• Functional decomposition (close to application objects)

• Could be considered as object model or component models

• Engineering

• Infrastructure to enable interaction between computational
objects

• Could be considered as infrastructure/middleware for distributed
processing systems

• Technology

• Choice of hardware and software
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Enterprise

• In Enterprise viewpoint, social and organizational policies can be defined in
terms of:

objects — both “active” objects, e.g. bank managers, tellers, customers,

and “passive” objects, e.g. bank accounts, money

• Communities — groupings of objects intended to achieve some purpose,

e.g. a bank branch consists of a bank manager, some tellers, and some bank
accounts;

• The branch provides banking services to a geographical area

• Roles of the objects within communities, expressed in terms of policies:

• permission — what can be done, e.g. money can be deposited into an open 
account

• prohibition — what must not be done, e.g. customers must not withdraw 
more than $500 per day

• obligations — what must be done, e.g. the bank manager must advise 
customers when the interest rate changes
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Information
• The information viewpoint is used to describe the information required by an

ODP application through the use of schemas, which describe the state and
structure of an object; e.g., a bank account consists of a balance and the
“amount withdrawn today”.

• A static schema captures the state and structure of an object at some
particular instance; e.g., at midnight, the amount-withdrawn-today is $0.

• An invariant schema restricts the state and structure of an object at all times;
e.g., the amount withdrawn-today is less than or equal to $500.

• A dynamic schema defines a permitted change in the state and structure of an
object; e.g. a withdrawal of $X from an account decreases the balance by $X
and increases the amount-withdrawn- today by $X.

• A dynamic schema is always constrained by the invariant schemas.

• Thus, $400 could be withdrawn in the morning but an additional $200 could
not be withdrawn in the afternoon as the amount-withdrawn-today cannot
exceed $500.
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Computational
• RM-ODP provides different forms of interaction between objects like:

operational, stream-oriented.

• Operational interfaces provide a client-server model for distributed
computing—client objects invoke operations at the interfaces of server
objects (i.e. the remote procedure call paradigm).

• Operational interfaces consist of named operations with parameters,
terminations, and results.

• Operations in RM-ODP can be either interrogations (which return a
termination) or announcements (which do not return a termination).

• Stream interfaces provide (logically) continuous streams of information
flowing between producer and consumer objects.

• Consumer objects connect to the stream interfaces of producer objects or
vice-versa, and several streams can be grouped in a single interface, e.g., an
audio stream and a video stream.
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Engineering

• The engineering viewpoint is used to describe the design of distribution-oriented
aspects of an ODP system; it defines a model for distributed systems infrastructure.

• The fundamental entities described in the engineering viewpoint are objects
and channels like stubs or skeletons.

• Objects in the engineering viewpoint can be divided into two categories—

• basic engineering objects (corresponding to objects in the computational 
specification) 

• infrastructure objects (e.g., a protocol object). 
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App Server

Technology

• It describes the technologies chosen to provide the processing, functionality
and presentation of information.

• Related to the mapping between application standard and technology.

Intra-net

Web Server
(Windows)

Web App

Firewall

Client

Internet

Service Functions
（Legacy App）

WSDL Wrapper

Intra-net

Firewall

Web Services
Trader on Unix

Firewall

Stand-By

Front
End

TP
Monitor

Web Services User Web Services Provider

RDB
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