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Learning Outcomes

At the end of this lecture, students should be able to:
• understand the motive behind information systems analysis and design
• appreciate a system analyst's role in systems development
• describe the phases that take place in the systems development life cycle
• distinguish the suitability of systems development methodologies for systems 

development projects
• identify the basic characteristics that make up an object-oriented system
• recognize the characteristics of object-oriented approaches in systems 

development
• define the phases and workflows that take place in the Unified Process
• explain how UML diagrams are used in systems development projects
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Information Systems Analysis and Design

Information systems analysis and design is the complex, challenging, and 
stimulating organizational process whereby computer-based information systems 
are developed and maintained.
• considered an organizational improvement process

• systems are built and rebuilt for organizational benefits resulting from adding value during 
process of creating, producing, and supporting the organization's products and services

• based on understanding of the organization's objectives, structure, and 
processes, as well as the analyst's knowledge on how to exploit information 
technology for advantage
• an important deliverable: application software

• computer software designed to support organizational functions or processes
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System Analyst

A system analyst is a person who is thoroughly aware of the system and guides the 
system development project by giving proper directions.
• organizational role that is most responsible for analysis and design of information 

systems
• considered as agents of change

• identify ways to improve the organization
• motivate and train others
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System Analyst: Skillset

A system analyst requires a diverse skillset, including the following fields of 
knowledge:
• technical: must understand the technology
• business: must know the business processes
• analytical: must be able to solve problems
• communications: technical & non-technical audience
• interpersonal: leadership and management
• ethics: deal fairly & protect confidential information
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System Analyst: Roles
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Role Focus Responsibilities

Business analyst The business issues surrounding 
the system

• Analyzing the key business aspects of the system
• Identifying how the system will provide business value
• Designing the new business processes and policies

System analyst IS issues surrounding the system • Identifying how technology can improve business processes
• Designing new business processes
• Designing the information system
• Ensuring that the system conforms to information systems 

standards

Requirements analyst Eliciting the requirements from 
the stakeholders associated with 
the new system



System Analyst: Roles (cont'd)
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Role Focus Responsibilities

Infrastructure analyst Technical issues surrounding the 
ways the system will interact 
with the organization's technical 
infrastructure (i.e., hardware, 
software, networks, databases)

• Ensuring the system conforms to infrastructure standards
• Identifying infrastructure changes needed to support the 

system

Change management 
analyst

People and management issues 
surrounding the system 
installation

• Ensures adequate documentation and support are available 
to users

• Developing and executing a change management plan
• Developing and executing a user training plan

Project manager Ensuring project is completed 
on time and within budget and 
that the system delivers 
expected value to the 
organization

• Managing a team of analysts, programmers, technical 
writers, and other specialists

• Developing and monitoring the project plan
• Assigning resources
• Serving as the primary point of contact for the project



System Analyst
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Systems Development Life Cycle (SDLC)

The systems development life cycle (SDLC) is a conceptual framework or process
that considers a structure of the stages involved in application development from 
its initial feasibility study through to its deployment in the field of maintenance.
• a common methodology for systems development in many organizations
• features several phases that mark the progress of the systems analysis and design 

effort

Every textbook author and information systems development organization uses a 
slightly different life cycle model, with anywhere from three to almost 20 
identifiable phases.
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SDLC Phases

• SDLC is a process of gradual refinement
• Deliverables in the analysis phase provide a 

general idea of the shape of the new 
system

• Deliverables are then used as input to the 
design phase, which refines them to 
produce a set of deliverables that details 
exactly how the system will be built

• These deliverables, in turn, are used in the 
implementation phase to produce the 
actual system

• Each phase refines and elaborates on the 
work done previously
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SDLC PHASES

Planning
The planning phase is the fundamental 
process of understanding why an information 
system should be built and determining how
the project team will go about building it.

2 steps:
• Project Initiation

• Develop/receive system request (brief summary 
of business need, and how it creates business 
value)

• Conduct feasibility analysis

• Project Management
• Develop workplan
• Staff the project
• Monitor & control the project
• Deliverable: project plan (describes how the 

project team will go about developing the 
system)
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SDLC PHASES

Analysis
The analysis phase answers the questions of who
will use the system, what the system will do, and 
where and when it will be used.
• project team investigates any current system(s), 

identifies opportunities for improvement, and 
develops a concept for the new system

3 steps:
• Develop analysis strategy

• model current/existing system and its existing 
problems

• formulate a new system that solves the problems

• Requirements Gathering (via interviews, 
questionnaires, etc.)
• develop system concept
• create a business model to represent business data 

and business processes
• consider maintenance overhead

• Develop system proposal
• the initial deliverable that describes what business 

requirements the new system should meet
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SDLC PHASES

Design
The design phase decides how the system will 
operate (in terms of the hardware, software, 
and network infrastructure; the user 
interface, forms, and reports; and the specific 
programs, databases, and files that will be 
needed).

The following deliverables are developed in 
this phase (in order):
• design strategy
• architecture design & interface design
• database & file specification
• program design 
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SDLC PHASES

Design
Deliverables:
• design strategy

• clarifies whether the system will be developed by 
the company's own programmers/ outsourced to 
another firm (usually a consulting firm) or whether 
company will buy and install a pre-written software 
package

• architecture design
• describes the hardware, software & network 

infrastructure that will be used
• (in most cases) system will add to or change 

organization's existing infrastructure

• interface design
• specifies how users will move through the system 

(e.g., by navigation methods such as menus & on-
screen buttons) and the forms and reports that the 
system will use

• database & file specification
• define exactly what data will be stored and where 

they will be stored
• program design 

• specifies what programs to write, what each 
program will do, and maintenance strategy
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SDLC PHASES

Design
Deliverables:
• design strategy
• architecture design & interface design
• database & file specification
• program design 

All these deliverables make up the system 
specification that is handed to the 
programming team for implementation.
At the end of this phase, 
• the feasibility analysis and project plan are 

reexamined and revised, and 
• another decision is made by the project 

sponsor and approval committee about 
whether to terminate the project or 
continue
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SDLC PHASES

Implementation
The implementation phase is when the system is 
built (or purchased, in the case of a packaged 
software design).
• often gets the most attention; for most systems 

it is the longest and most expensive part of the 
development process

3 steps:
• system construction – building the system, 

testing (bugs are costly, very crucial!)
• installation – replacing the old system (is turned 

off) with the newly built one (is turned on), 
training plan for system users (teaches how to 
use the system)

• support plan (for maintenance) – usually 
includes a formal or informal post-
implementation review as well as a systematic 
way for identifying major and minor changes 
needed for the system

16

Planning

Analysis

Design

IMPLEMENTATION



Products of SDLC Phases
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Phase Products, Outputs or Deliverables

Planning • Priorities for systems and projects; an architecture for data, networks, and selection 
hardware, and information systems management are the result of associated systems

• Detailed steps, or work plan, for project
• Specification of system scope and planning and high-level system requirements or 

features
• Assignment of team members and other resources
• System justification or business case

Analysis • Description of current system and where problems or opportunities exist, with a general 
recommendation on how to fix, enhance, or replace current system

• Explanation of alternative systems and justification for chosen alternative

Design • Functional, detailed specifications of all system elements (data, processes, inputs, and 
outputs)

• Technical, detailed specifications of all system elements (programs, files, network, system 
software, etc.)

• Acquisition plan for new technology

Implementation • Code, documentation, training procedures, and support capabilities



Systems Development Methodologies

A methodology is a formalized approach to implementing the SDLC (i.e., it is a list of steps 
and deliverables).
• There are many different systems development methodologies, and each are unique, 

based on the order and focus it places on each SDLC phase.

There are various ways to categorize methodologies; one way is to look on whether they 
focus on business processes or the data that support the business.
• Process-centered methodology emphasizes process models as the core of the system 

concept (focus is on what processes are to be carried out)
• Data-centered methodology emphasizes data models as the core of the system concept. 

(focus is on what type(s) of data is being stored or utilized)
• Object-oriented methodology attempt to balance the focus between process and data by 

incorporating both into one model.
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Classes of Systems Development 
Methodologies
Structured Development
• Waterfall Development
• Parallel Development

Rapid Application Development (RAD)
• Phased (Incremental)
• Prototyping
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Agile Development
• eXtreme Programming (XP)
• Scrum

Interactive & Incremental Development
• The Unified Process

Hybrid of Methodologies



STRUCTURED DEVELOPMENT

Waterfall Methodology
• Forward step by step (linear sequential 

flow)
• Spend enough time for system 

requirements ⇒ Less chance of changes 
back of system requirements

• Spend long time for documentation
• Lengthy delivery; takes long time to get a 

delivered system ⇒ poor communication 
with users

• Hard to identify every detail ahead
• Very difficult to go back to previous steps
• Expensive post changes
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STRUCTURED DEVELOPMENT

Parallel Development-Based Methodology
• Reduces long delay between analysis 

and delivery of system
• Two levels of design phases: general 

overall system, then detailed design 
for each subcomponent
• reduces time to deliver a system

• When Design of each subcomponent is 
not independent, takes significant 
integration efforts at the end
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RAPID APPLICATION DEVELOPMENT (RAD)

Phased Development-Based Methodology
• Fast developing cycle – gets a useful 

system delivered fast
• Only some system requirements 

identified for the first version are to be 
delivered (usually the most important 
and fundamental requirements)
• Problem: easy to bypass to identify 

some most useful and important 
features at the earlier versions that 
often require significant Design 
changes
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RAPID APPLICATION DEVELOPMENT (RAD)

System Prototyping Methodology
• Once basic Analysis and Design phases are 

completed, all three phases start working 
concurrently to get a prototype system with 
quick dirty implementation that provides 
minimum features delivered for users to 
feedback

• Repeat cycle to improve until a prototype 
system has enough functionality to be used in 
the organization

• Fast developing cycle can provide a system 
that users can interact with instead of 
documentation

• Fast-paced system releases bypass careful, 
methodical analysis ⇒ more chances to make 
poor initial Design

• Unable to recognize fundamental issues, 
weaknesses or significant problems until the 
end of the development process
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RAPID APPLICATION DEVELOPMENT (RAD)

Throwaway Prototyping Methodology
• Thorough Analysis phase
• Repeat Analysis, Design and Implementation 

phases for Design Prototype (not working 
system) to understand and resolve each 
complex and challenging technical issue

• Can examine several different phases of design 
prototypes during repeat

• Minimize risk by confirming each complex 
issue understood before the real system is 
built

• Once all the complex issues are resolved, 
finally real Design and Implementation phases 
start; Design prototypes are thrown away

• Well-balanced thorough Analysis and Design 
phases to refine key issues before real system 
is built – less risky
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Agile Development
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Agile development is a group of programming-centric methodologies that focus on 
streamlining the SDLC.
• Includes face-to-face communication
• Popular approaches to agile development:

• Extreme Programming (XP)
• Scrum



Agile Manifesto

We are uncovering better ways of developing software by doing it and helping 
others to do it. Through this work we have come to value:

Individuals and interactions over processes and tools
Working software over comprehensive documentation

Customer collaboration over contract negotiation
Responding to change over following a plan

That is, while there is value in the items on the right, we value the items on the left 
more.
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Agile Manifesto Principles

1. Software is delivered early and continuously through the development process, 
satisfying the customer.

2. Changing requirements are embraced regardless of when they occur in the 
development process.

3. Working software is delivered frequently to the customer.
4. Customers and developers work together to solve the business problem.
5. Motivated individuals create solutions; provide them the tools and 

environment they need, and trust them to deliver.
6. Face-to-face communication within the development team is the most efficient 

and effective method of gathering requirements.
(continued next slide)
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Agile Manifesto Principles

7. The primary measure of progress is working, executing software.
8. Both customers and developers should work at a pace that is sustainable. That 

is, the level of work could be maintained indefinitely without any worker 
burnout.

9. Agility is heightened through attention to both technical excellence and good 
design.

10. Simplicity, the avoidance of unnecessary work, is essential.
11. Self-organizing teams develop the best architectures, requirements, and 

designs.
12. Development teams regularly reflect on how to improve their development 

processes.
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AGILE DEVELOPMENT

Extreme Programming (XP)
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Extreme programming (XP) emphasizes customer satisfaction and teamwork.

Core values:
• communication: developers communicate with customers and fellow 

programmers
• simplicity: designs are kept simple and clean
• feedback: early and frequent testing provides feedback
• courage: developers are able to courageously respond to changing requirements 

and technology



AGILE DEVELOPMENT

Extreme Programming (XP)
• XP project begins with user stories that 

describe what the system needs to do

• Programmers then code in small, simple 
modules and test to meet those needs

• Users are required to be available to clear up 
questions and issues as they arise

• Standards (coding practices as well as common 
set of names and descriptions) are very 
important to minimize confusion
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AGILE DEVELOPMENT

Extreme Programming (XP)
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XP works well in projects with highly motivated, cohesive, stable, and experienced teams.
• However, likelihood of success is reduced if project is not small, or teams are not jelled
• Requires great deal of discipline to prevent projects from being unfocused or chaotic
• Recommended only for small group of developers (≤ 10)
• Not advised for mission-critical applications
• Little analysis and design documentation is produced; maintenance of large systems 

produced with XP may be impossible
• Questionable for mission-critical complex systems (they tend to exist for a long time)

• Also requires considerable on-site user involvement (frequently difficulty to obtain)



AGILE DEVELOPMENT

Scrum
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Scrum has some similarities with XP, including small teams, a series of iterations (called 
sprints), and a focus on building the system one small piece at a time.

Scrum teams 
• obtain requirements at the start of a project or a sprint, 
• then self-organize and form backlogs containing their planned approach to the project.

Scrum master guides team's progress through backlogs with repeated sprints (important 
role)
• most essential features are built and delivered in first sprint; additional features are 

included in subsequent sprints



Criteria for Selecting a Methodology
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• Clarity of User Requirements
• Familiarity with Technology
• System Complexity
• System Reliability
• Short Time Schedules
• Schedule Visibility



Criteria for Selecting a Methodology
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Object-Oriented Analysis and Design (OOAD)

Object-oriented analysis and design (OOAD) (or object-oriented systems analysis and 
design (OOSAD)) involve systems development methodologies and techniques based on 
objects rather than on data and processes.
• Object-oriented (OO) approaches are most associated with a phased development RAD 

or agile methodology, though any of the traditional methodologies can be used.
• Primary difference between traditional approach and OO approach is how the problem is 

decomposed.
• traditional approach: problem-decomposition process is either process-centric or data-centric
• problem: processes and data are very closely related; hard to pick one as the primary focus

• Newer emerging OO methodologies attempt to balance the emphasis between process 
and data by focusing the decomposition of problems on objects that contain both data 
and processes.
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Object-Oriented Systems

Object-oriented (OO) systems focus on capturing the structure and behavior of 
information systems in little modules that encompass both data and process. These 
little modules are known as objects. 
• objects usually correspond to the real things an information system deals with 

(e.g., customers, suppliers, contracts, and rental agreements)
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Basic Characteristics of Object-Oriented 
Systems
Basic characteristics of object-oriented systems include:
• Classes and Objects
• Methods and Messages
• Encapsulation (Information Hiding)
• Inheritance
• Polymorphism (Dynamic Binding)
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BASIC CHARACTERISTICS OF OBJECT-ORIENTED SYSTEMS

Classes and Objects
• A class is the general template used to define and create specific instances or 

objects. Every object is associated with a class.
• An object is an instantiation of a class.
• Objects contain:

• attributes: describe information about the object & represent relationships between objects
• behaviors: specify what the object can do

• Objects also have a state, which is defined by the value of its attributes and its 
relationships between other objects at a particular point in time.
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BASIC CHARACTERISTICS OF OBJECT-ORIENTED SYSTEMS

Classes and Objects
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} attributes

} behaviors
(implemented as methods in OOP)

Patient class:

Jim Maloney, Mary Wilson, and Theresa Marks are object instances of the Patient class.



BASIC CHARACTERISTICS OF OBJECT-ORIENTED SYSTEMS

Methods and Messages
• A method implements an object's behavior.
• Messages are information sent to objects to trigger methods (procedure call).
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BASIC CHARACTERISTICS OF OBJECT-ORIENTED SYSTEMS

Encapsulation and Information Hiding
Encapsulation is simply the combination of process and data into a single entity.

The principle of information hiding suggests that only the information required to 
use a software module be published to the user of the module. 
• Typically, this implies that the information required to be passed to the module 

and the information returned from the module are published. 
• Exactly how the module implements the required functionality is not relevant. 
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BASIC CHARACTERISTICS OF OBJECT-ORIENTED SYSTEMS

Inheritance
Inheritance allows the creation of new classes that share some of the 
characteristics of existing classes.
• Common sets of attributes and methods can be organized into superclasses.
• Subclasses are more specific classes that inherit the appropriate attributes and 

methods from the superclasses above them.
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BASIC CHARACTERISTICS OF OBJECT-ORIENTED SYSTEMS

Polymorphism
• Polymorphism means the same message can be interpreted differently by 

different classes of objects.
• Polymorphism is made possible through dynamic binding.
• Dynamic binding/late binding is a technique that delays typing the object until 

runtime. The specific method that is actually called is not chosen by the OO 
system until the system is running. 
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Characteristics of OO Approaches

According to the creators of the Unified Modeling Language (UML), any modern 
object-oriented approach to developing information systems must be
• Use-Case Driven
• Architecture-Centric
• Iterative and Incremental
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CHARACTERISTICS OF OO APPROACHES

Use-Case Driven
• Means that use cases are the primary modeling tools defining the behavior of the 

system
• A use case describes how the user interacts with the system to perform some 

activity (e.g., placing an order, making reservations, information search)
• Use cases only focus on one business process at a time
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CHARACTERISTICS OF OO APPROACHES

Architecture-Centric
• Underlying software architecture of the evolving system specification drives the 

specification, construction, and documentation of the system
• Modern OOAD approaches should support at least 3 separate but interrelated 

architectural views of a system:
• Functional (external) view – focuses on user's perspective
• Static (structural) view – focuses on attributes, methods, classes and relationships
• Dynamic (behavioral) view – focuses on messages between classes and resulting behaviors
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CHARACTERISTICS OF OO APPROACHES

Iterative and Incremental
• Modern OOAD approaches emphasize iterative and incremental development 

that undergoes continuous testing and refinement throughout the life of the 
project
• System analysts develop their understanding of a user's problem by building up 

the three architectural views little by little
• As the analyst better understands the 

structural and behavioral views, the 
analyst uncovers missing requirements 
or misrepresentations in the functional 
view
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Benefits of OOAD

• Concepts in OO approaches allow for breaking down a complex system into 
smaller and more manageable modules
• Work on modules individually, and easily place the modules back together to 

form an information system
• Provides a realistic view of the system (from a user's perspective)
• By modularizing systems development, the project team creates reusable pieces 

that can be plugged into other systems efforts or used as starting points for other 
projects
• saves time because new projects need not start completely from scratch
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Unified Process

The Unified Process is a specific methodology that maps out when and how to use 
the various Unified Modeling Language (UML) techniques for OOAD.
• A 2-dimensional systems development 

process described by a set of phases and 
workflows
• Phases are time periods in development
• Workflows are the tasks that occur in each 

phase
• Activities in both phases and workflows will 

overlap
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Unified Process Phases

The phases of the Unified Process describe how an information system evolves 
through time.
• support an analyst in developing information systems in an iterative and 

incremental manner

4 Phases:
• Inception Phase
• Elaboration Phase
• Construction Phase
• Transition Phase
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UNIFIED PROCESS PHASES

Inception Phase
• equivalent to planning phase in traditional SDLC approach
• feasibility analysis is carried out

• technical feasibility: Do we have the technical capability to build it?
• economic feasibility: If we build it, will it provide business value?
• organizational feasibility: If we build it, will it be used by the organization?

• workflows vary but focus is on business modeling and requirements gathering
• primary deliverables:

• vision document – sets project scope, identifies primary requirements and constraints, sets 
up an initial project plan, and describes feasibility of & risks associated with the project

• adoption of necessary environment to develop the system
• some aspects of the problem domain classes being implemented and tested
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UNIFIED PROCESS PHASES

Elaboration Phase
• primary focus on analysis and design workflows
• deals with:

• requirements gathering
• building UML structural & behavioral models of problem domain
• detailing how problem domain models fit into the evolving system architecture

• primary deliverables:
• UML structure and behavior diagrams
• an executable of a baseline version of the evolving information system (serves as the 

foundation for all later iterations)
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UNIFIED PROCESS PHASES

Construction Phase
• primarily concerned with implementation workflow, but also involves 

requirements workflow and analysis and design workflow
• missing requirements are identified, and the analysis and design models are 

finally completed
• primary deliverable: an implementation of the system that can be released for 

beta and acceptance testing
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UNIFIED PROCESS PHASES

Transition Phase
• addresses aspects typically associated with the implementation phase of a 

traditional SDLC approach
• primary focus on the testing and deployment workflows
• some of the activities taking place in this phase:

• beta & acceptance testing
• fine-tuning the design & implementation
• user training
• rolling out the final product onto a production platform
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Unified Process Workflows

The workflows describe the tasks or activities that a developer performs to evolve 
an information system over time. 

2 categories: 
• Engineering workflows deal with the activities that produce the technical 

product (i.e., the information system).
• Supporting workflows focus on the managerial aspects of information systems 

development.
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UNIFIED PROCESS WORKFLOWS

Engineering Workflows
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Business Modeling Workflow
• uncovers problems and identifies 

potential projects within a user 
organization

• ensures that both developer and user 
organizations understand where and 
how the to-be-developed information 
system fits into the business processes 
of the user organization

Requirements Workflow
• includes eliciting both functional and 

nonfunctional requirements
• helpful for developing the vision 

document and the use cases used 
throughout the development process

Analysis Workflow
• primarily addresses the creation of an 

analysis model of the problem domain
• ensure that both the developer and 

user organizations understand the 
underlying problem and its domain 
without overanalyzing

Design Workflow
• transitions the analysis model into a 

form that can be used to implement 
the system (the design model)

• enhances the description of the 
evolving system by adding classes that 
address the environment of the system 
to the evolving analysis model

Implementation Workflow
• create an executable solution based on 

the design model (i.e., programming)
• associated primarily with the 

elaboration and construction phases

Testing Workflow
• increase the quality of the evolving 

system
• unit testing, module integration 

testing, user acceptance testing, alpha 
testing



UNIFIED PROCESS WORKFLOWS

Supporting Workflows
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Project Management Workflow

Activities include:
• identifying and managing risks
• managing scope
• estimating the completion time for 

each iteration and the entire project
• estimating the cost of the individual 

iteration and the whole project
• tracking completion progress

Configuration and Change 
Management Workflow

• keeps track of the state of the 
evolving system

Environment Workflow

• addresses any needs to use different 
tools and processes during 
development of information system



The Unified Modeling Language (UML)

The Unified Modeling Language (UML) provides a common vocabulary of OO terms and 
diagramming techniques rich enough to model any systems development project from 
analysis through implementation.

UML 2.5 (current as of June 2015) has 15 diagrams in 2 major groups:
• structure diagrams – provide a way to represent the data and static relationships in an 

information system (e.g., class, object, package)
• behavior diagrams

• provide a way to depict the dynamic relationships among the instances or objects that represent 
the business information system

• also allow modeling of dynamic behavior of individual objects throughout their lifetime
• support the analyst in modeling functional requirements of an evolving information system
• e.g., activity, sequence, communication, behavior state machine, use-case diagrams
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Summary

This lecture has covered the following:
• Introduction to Information Systems Analysis and Design
• System Analyst's Skillset and Roles
• Systems Development Life Cycle
• Systems Development Methodologies
• Basic Characteristics of Object-Oriented Systems
• Object-Oriented Analysis and Design
• Unified Process
• Unified Modeling Language (UML)
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"Three times it drops."
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