Software Requirement Engineering

Introduction to Requirements Engineering:

Requirements engineering is a systematic process used in software engineering to elicit, analyze, document, validate, and
manage requirements for a software system. It's a critical phase in the software development lifecycle as it lays the foundation
for building the right product that meets stakeholders' needs and expectations. Here are the key steps involved in
requirements engineering:

1. Elicitation: This involves gathering requirements from various stakeholders, including users, customers, and other relevant
parties. Techniques such as interviews, surveys, workshops, and observations are commonly used to elicit requirements.

2. Analysis: Once requirements are gathered, they need to be analyzed to ensure they are clear, complete, consistent, and
feasible. This involves prioritizing requirements, resolving conflicts, and understanding the impact of each requirement on
the system.

3. Specification: Requirements are documented in a formal manner using various techniques such as natural language, use
cases, user stories, and diagrams (e.g., UML diagrams). The goal is to create a clear and unambiguous representation of the
system's requirements.

4. Validation: Validation ensures that the documented requirements accurately reflect the needs of the stakeholders and the
intended functionality of the system. Techniques such as reviews, prototyping, and simulations are used to validate
requirements.

5. Management: Requirements must be managed throughout the software development lifecycle to accommodate changes
and ensure traceability. This involves establishing a baseline of requirements, tracking changes, and maintaining version
control.

6. Traceability: It's crucial to establish traceability between requirements and other artifacts such as design documents, test
cases, and code to ensure that each requirement is implemented correctly and tested thoroughly.

7. Communication: Effective communication is essential throughout the requirements engineering process to ensure that all
stakeholders have a clear understanding of the requirements and their implications.

8. Quality Assurance: Quality assurance activities ensure that the requirements meet certain quality criteria, such as
correctness, completeness, consistency, and verifiability.

Classification of requirements

Requirements can be classified into different types based on various criteria such as their origin, nature, and level of detail.
Here's a detailed explanation of some common classifications of requirements along with examples:

1. Functional Requirements vs. NonFunctional Requirements:

e Functional Requirements: These describe what the system should do. They specify the behavior or functions of the
system and are typically expressed as specific tasks, operations, or services that the system must perform. Functional
requirements are often represented using use cases, user stories, or functional specifications.

e Example: In an online banking system, a functional requirement could be "Allow users to transfer funds between their
accounts."

¢ Non-functional Requirements (Quality Attributes): These specify the quality characteristics or constraints that the
system must exhibit. They describe how the system should behave rather than what it should do. Nonfunctional
requirements often include attributes such as performance, reliability, usability, security, and scalability.

e Example: A nonfunctional requirement for the same online banking system could be "The system must ensure that
all user transactions are encrypted using SSL for security."

2. User Requirements vs. System Requirements:

e User Requirements: These are high-level requirements expressed in natural language by end-users or stakeholders.
They describe the desired functionality of the system from the perspective of the users, often without going into
technical details.



Example: "As a customer, | want to be able to view my transaction history."

System Requirements: These are detailed, technical specifications derived from user requirements. They describe
how the system will fulfill the user requirements and are often more formal and precise.

Example: "The system shall provide a transaction history page accessible from the user dashboard, displaying the
date, amount, and type of each transaction."

3. Business Requirements vs. Stakeholder Requirements:

Business Requirements: These are high-level objectives or goals that the system is intended to achieve in order to
address business needs or opportunities. They are typically defined by the organization sponsoring the project.
Example: "Increase customer satisfaction by providing a seamless online banking experience."

Stakeholder Requirements: These are requirements defined by specific stakeholders, such as end-users, customers,
regulators, or other parties with a vested interest in the system. Stakeholder requirements capture their specific needs
and preferences.

Example: "Ensure compliance with banking regulations regarding data security and privacy."

4. Mandatory Requirements vs. Optional Requirements:

Mandatory Requirements: Also known as "must have" requirements, these are essential features or functions that
must be included in the system to meet its objectives or comply with regulations. Failure to meet mandatory
requirements is typically considered a project failure.

Example: "The system must allow users to reset their passwords via email verification."

Optional Requirements: Also known as "nice-to-have" requirements, these are additional features or functions that
are desirable but not strictly necessary for the system's core functionality. Optional requirements are often prioritized
lower than mandatory requirements and may be deferred to future releases.

Example: "The system could include a feature for users to set up recurring bill payments."

Requirements Process

The requirements process is a systematic approach used in software engineering to elicit, analyze, document, validate, and
manage requirements for a software system. It involves a series of steps aimed at understanding and defining what the system
should do, how it should behave, and what constraints it must adhere to. Here's a detailed explanation of the requirements
process along with an example:

1. Elicitation:

Definition: Elicitation involves gathering requirements from various stakeholders including users, customers, domain
experts, and other relevant parties.

Activities: Techniques such as interviews, surveys, workshops, observations, and brainstorming sessions are used to
elicit requirements. These activities aim to uncover the needs, preferences, and expectations of stakeholders
regarding the software system.

Example: Consider the development of a mobile banking application. Elicitation activities may involve conducting
interviews with bank customers to understand their banking habits, preferences for mobile banking features, and any
pain points they experience with existing banking apps.

2. Analysis:

Definition: Analysis involves examining and refining the elicited requirements to ensure they are clear, complete,
consistent, and feasible.

Activities: Requirements are analyzed to identify conflicts, ambiguities, and missing details. Stakeholders collaborate
to prioritize requirements and understand their impact on the system.

Example: In the mobile banking application project, analysis may reveal conflicting requirements such as the desire
for both enhanced security features and a seamless user experience. Analysts work with stakeholders to resolve these
conflicts and prioritize requirements based on business objectives and technical constraints.

3. Specification:



Definition: Specification involves documenting the requirements in a clear and unambiguous manner using
appropriate techniques and formats.

Activities: Requirements are documented using natural language, diagrams (e.g., use cases, UML diagrams), user
stories, and other formal notations. The goal is to create a detailed and comprehensive specification that serves as a
basis for design and development.

Example: The mobile banking application's requirements are documented in a specification document. This
document includes descriptions of features such as account balance checking, fund transfers, bill payments, and
security requirements such as biometric authentication and data encryption.

4, Validation:

Definition: Validation ensures that the documented requirements accurately reflect the needs and expectations of
stakeholders and that they are feasible and verifiable.

Activities: Requirements are reviewed by stakeholders, domain experts, and development team members to identify
any inconsistencies, omissions, or misunderstandings. Prototypes, simulations, and other techniques may be used to
validate requirements.

Example: The specification document for the mobile banking application is reviewed by bank representatives,
software developers, and security experts. They verify that the requirements align with the bank's business goals,
comply with industry regulations, and can be implemented within the project's constraints.

5. Management:

Definition: Requirements management involves organizing, prioritizing, and tracking requirements throughout the
software development lifecycle.

Activities: A requirements management plan is established to define processes for managing changes to
requirements, maintaining version control, and ensuring traceability between requirements and other project
artifacts.

Example: A requirements management tool is used to track changes to the mobile banking application's
requirements, document decisions made during analysis and validation, and link requirements to design documents,
test cases, and code modules.

Levels/Layers of Requirements

In software engineering, requirements can be organized into different levels or layers to facilitate understanding, analysis, and
management. These levels represent varying degrees of abstraction and detail, from high-level business objectives to specific
technical specifications. Here's an explanation of the typical levels or layers of requirements, along with examples:

1. Business Requirements:

Definition: Business requirements represent high-level objectives or goals that the software system is intended to
achieve in order to address business needs or opportunities. They focus on the broader objectives of the organization
sponsoring the project.
Example:

o Objective: Increase customer satisfaction.

o Goal: Provide a user-friendly interface for online banking services.

o Objective: Enhance operational efficiency.

o Goal: Automate the process of account management and transactions.

2. Stakeholder Requirements:

Definition: Stakeholder requirements are derived from business requirements and represent the specific needs and
preferences of stakeholders such as end-users, customers, regulators, or other parties with a vested interest in the system.
They provide more detailed insights into the system's functionality from the perspective of different stakeholders.

Example:
o User Requirement: As a customer, | want to be able to view my account balance.
o Regulatory Requirement: The system must comply with GDPR regulations regarding data privacy.



3. System Requirements:

e Definition: System requirements are detailed, technical specifications derived from stakeholder requirements. They
describe how the system will fulfill the user needs and achieve the business objectives. System requirements provide
the basis for system design and implementation.

e Example:

o Functional Requirement: The system shall provide a user interface for account balance inquiry.

o Nonfunctional Requirement: The system shall ensure a response time of less than 3 seconds for displaying account
balances.

4. Software Requirements:

e Definition: Software requirements are specific to the software system being developed. They detail the features,
functions, and constraints of the software application. Software requirements are used by developers to design,
implement, and test the software system.

e Example:

o Feature Requirement: The application shall support multifactor authentication for user login.
o Constraint Requirement: The application shall be developed using Java programming language.

5. Interface Requirements:

e Definition: Interface requirements specify how the software system interacts with external systems, users, and
hardware components. They detail the inputs, outputs, and protocols for communication between the system and its
external environment.

e Example:

o User Interface Requirement: The system shall provide a web-based interface accessible via modern web
browsers.
o API Requirement: The system shall expose RESTful APIs for integration with third-party applications.

6. Quality Requirements:

e Definition: Quality requirements, also known as nonfunctional requirements or quality attributes, specify the quality
characteristics or constraints that the software system must exhibit. They describe how the system should behave
rather than what it should do.

e Example:

o Performance Requirement: The system shall support a maximum of 1000 concurrent users without performance
degradation.
o Security Requirement: The system shall encrypt sensitive user data using AES256 encryption algorithm.

Requirement Characteristics

Requirement characteristics refer to the attributes or qualities that define what a requirement is and how it should be
documented. These characteristics are essential for understanding, analyzing, and managing requirements throughout the
project lifecycle. Here are some key characteristics of requirements, along with explanations and examples:

1. Clear and Unambiguous: Requirements should be expressed in a way that leaves no room for interpretation. They should
be easily understood by all stakeholders without ambiguity. Ambiguous requirements can lead to misunderstandings and
errors in implementation.

e Example: "The system should be fast" is ambiguous. Instead, a clear requirement would be: "The system response
time for processing a customer query should be less than 2 seconds."

2. Complete: Requirements should capture all necessary functionalities and constraints of the system. They should cover all
aspects relevant to achieving the desired outcome without any gaps.

e Example: In a software project, a complete requirement would specify not only the functional aspects like user
interface elements and processing logic but also nonfunctional aspects like performance, security, and scalability
requirements.



3. Consistent: Requirements should not contradict each other and should align with the project's objectives and constraints.
Inconsistencies can lead to confusion and inefficiencies during implementation.

e Example: If one requirement states that the system must support multilanguage interfaces and another requirement
specifies that the system should be optimized for English-speaking users only, there is a contradiction.

4. Feasible: Requirements should be realistic and achievable within the constraints of the project, including time, budget, and
technology limitations.

e Example: Requiring a system to process a million transactions per second on low-cost hardware might not be feasible
given current technological limitations and budget constraints.

5. Atomic: Requirements should be granular and focused on a single aspect of the system's functionality or constraint.
Breaking down requirements into smaller, atomic units makes them easier to manage and prioritize.

e Example: Instead of having a single requirement like "The system should have good performance," it is better to break
it down into specific performance criteria such as response time, throughput, and resource utilization.

6. Verifiable: Requirements should be testable, allowing stakeholders to confirm whether they have been met. Verifiable
requirements facilitate validation and acceptance testing.

e Example: A verifiable requirement could be "The system should generate a confirmation email to the user within 5
minutes of completing a transaction.” This requirement can be tested by verifying whether the system sends the
email within the specified time frame.

7. Traceable: Requirements should be traceable throughout the project lifecycle, from their origin to implementation and
testing. Traceability helps ensure that all requirements are addressed and maintained as the project evolves.

e Example: A requirement traceability matrix can be used to track each requirement back to its source (e.g., stakeholder
request or business need) and forward to design, implementation, and testing artifacts.

Analyzing Quality Requirements

Quality requirements, also known as nonfunctional requirements or quality attributes, specify the overall quality
characteristics that a system must exhibit. These requirements focus on aspects such as performance, reliability, usability,
security, and maintainability. Analyzing quality requirements involves understanding, specifying, and prioritizing these
attributes to ensure that the final product meets stakeholders' expectations. Here's a detailed explanation with examples:

1. Performance: Performance requirements define how well the system must perform under certain conditions, such as
response time, throughput, and scalability.

e Example: "The system must be able to handle 1000 simultaneous user connections with an average response time of
less than 1 second."”

2. Reliability: Reliability requirements specify the system's ability to perform consistently and reliably over time without
failure.

e Example: "The system should have an uptime of at least 99.99% over a one-year period, allowing for scheduled
maintenance windows."

3. Usability: Usability requirements focus on the user experience and ease of use of the system.

e Example: "The user interface must be intuitive and require minimal training for end-users. It should adhere to
established usability standards such as WCAG 2.0 for accessibility."

4. Security: Security requirements address the protection of data, resources, and functionality from unauthorized access,
modification, or destruction.

e Example: "User authentication must be performed using strong encryption and multifactor authentication to prevent
unauthorized access to sensitive data."

5. Maintainability: Maintainability requirements specify how easily the system can be modified, extended, or repaired over
time.



e Example: "The system's codebase must be well documented, adhere to coding standards, and use modular design
principles to facilitate future maintenance and enhancements."

6. Scalability: Scalability requirements define how well the system can handle increasing loads or scale to accommodate
growth in users or data volume.

e Example: "The system must be able to scale horizontally by adding additional server nodes to handle increased user
traffic during peak periods."

7. Compatibility: Compatibility requirements specify the system's ability to operate with other systems, platforms, or software
components.

e Example: "The system's web interface must be compatible with the latest versions of popular web browsers, including
Chrome, Firefox, Safari, and Edge."

8. Portability: Portability requirements address the ease with which the system can be deployed and run on different
hardware, operating systems, or environments.

e Example: "The system must be compatible with both Windows and Linux operating systems and deployable on both
on-premises servers and cloud platforms like AWS and Azure."

9. Interoperability: Interoperability requirements specify how well the system can communicate and exchange data with
external systems or interfaces.

e Example: "The system must support standard protocols such as RESTful APIs and be able to integrate seamlessly with
third-party payment gateways for processing transactions."

Requirement Evolution

Requirement evolution refers to the process by which requirements change, adapt, or evolve over the course of a project's
lifecycle. It's natural for requirements to undergo modifications due to various factors such as changing business needs,
stakeholder feedback, technological advancements, or new insights gained during project development. Managing
requirement evolution effectively is crucial for ensuring that the final product meets stakeholders' expectations. Here's a
detailed explanation with examples:

1. Changing Business Needs: Business environments are dynamic, and as a result, requirements may need to evolve to align
with shifting priorities or market conditions.

e Example: A retail company initially plans to develop a basic ecommerce website. However, midway through the
project, they observe a trend towards mobile shopping. As a result, they decide to enhance the requirements to
include a mobile responsive design and a dedicated mobile app to cater to their customers' preferences.

2. Stakeholder Feedback: Feedback from stakeholders, including end-users, customers, and project sponsors, can lead to
changes in requirements as they gain a better understanding of their needs and preferences.

e Example: During user acceptance testing (UAT), stakeholders identify usability issues with the system's navigation.
Based on this feedback, the project team revises the requirements to improve the user interface, streamline
navigation, and enhance overall user experience.

3. Technological Advancements: Advancements in technology may necessitate changes to requirements to leverage new
capabilities or address compatibility issues with emerging platforms or tools.

e Example: A software development project originally planned to build a desktop application. However, with the
increasing popularity of mobile devices, the stakeholders decide to modify the requirements to develop a mobile-first
application using cross platform frameworks to reach a wider audience.

4. Regulatory or Legal Requirements: Changes in regulations, compliance standards, or legal frameworks may require
adjustments to the system's requirements to ensure adherence to applicable laws and regulations.



e Example: A financial services company embarks on developing a trading platform. Midway through the project, new
regulations are introduced requiring additional security measures and audit trails for financial transactions.
Consequently, the project team updates the requirements to incorporate these regulatory requirements.

5. Emergent Requirements: As the project progresses and stakeholders gain more insights into the system's capabilities,
emergent requirements may arise, reflecting new opportunities or addressing unforeseen challenges.

e Example: While developing a customer relationship management (CRM) system, stakeholders realize the need to
integrate social media analytics to track customer sentiment and engagement. This emergent requirement is added
to enhance the system's functionality and provide deeper insights into customer interactions.

Managing Requirement Evolution:

1. Documentation and Traceability: Maintain comprehensive documentation of requirements and their evolution over time.
Use tools such as requirement management systems and traceability matrices to track changes and ensure alignment with
project objectives.

2. Change Control Processes: Implement formal change control processes to evaluate, prioritize, and approve proposed
changes to requirements. This helps mitigate the risk of scope creep and ensures that changes are aligned with project goals
and constraints.

3. Stakeholder Collaboration: Foster open communication and collaboration among stakeholders to solicit feedback, address
concerns, and facilitate consensus on requirement changes. Engage stakeholders throughout the project lifecycle to maintain
alignment with evolving needs and expectations.

4. Impact Analysis: Conduct impact analysis to assess the implications of proposed requirement changes on project scope,
schedule, budget, and resources. This helps make informed decisions and manage tradeoffs effectively.

5. Iterative Development: Embrace iterative and incremental development methodologies, such as Agile, that allow for
flexibility and adaptability to changing requirements. Regularly review and prioritize requirements in collaboration with
stakeholders to ensure that the evolving needs are effectively addressed.

Requirement Traceability

Requirement traceability is a practice within software development and project management that ensures alignment and
visibility between various stages of development, from initial requirements gathering through to implementation, testing, and
deployment. It involves systematically documenting and tracking each requirement and its evolution throughout the project
lifecycle, enabling stakeholders to understand how each requirement is implemented, tested, and validated. Here's a detailed
explanation along with an example:

Importance of Requirement Traceability:

1. Alignment: It ensures that each software requirement is linked to its source, such as business objectives, user needs, or
regulatory standards, thus ensuring alignment between the software product and stakeholder needs.

2. Change Management: It facilitates the management of changes by providing a clear understanding of the impact of changes
to requirements on other project artifacts, such as design documents, test cases, and code.

3. Risk Management: It helps in identifying and mitigating risks associated with incomplete, ambiguous, or conflicting
requirements by enabling stakeholders to trace requirements back to their origins and rationale.

4. Verification and Validation: It aids in verification and validation activities by providing a basis for ensuring that each
requirement is implemented correctly and that corresponding tests are developed to verify its functionality.

5. Compliance and Auditing: It supports compliance with regulatory standards and audit requirements by enabling
stakeholders to trace each requirement to the corresponding regulatory requirement or standard.

Components of Requirement Traceability:



1. Requirements Baseline: A set of documented requirements agreed upon by stakeholders, serving as the foundation for
traceability.

2. Traceability Matrix: A matrix or database that links each requirement to its sources, associated design elements, test cases,
and other artifacts.

3. Traceability Links: Relationships established between requirements and other project artifacts, such as design documents,
code modules, test cases, and change requests.

Example of Requirement Traceability:

Let's consider a hypothetical project to develop a mobile banking application. Here's how requirement traceability might work
in this scenario:

1. Requirement Gathering Phase:

e Requirement 1: Users should be able to login securely using their username and password.
e Requirement 2: Users should be able to view their account balance.
e Requirement 3: Users should be able to transfer funds between their accounts.

2. Design Phase:

Design Document: Each requirement is mapped to design components.

Design Component 1: Login Page Ul and Authentication Mechanism (Mapped to Requirement 1).
Design Component 2: Account Balance Display Ul (Mapped to Requirement 2).

Design Component 3: Fund Transfer Interface (Mapped to Requirement 3).

3. Implementation Phase:

e Code Modules: Developers implement code modules corresponding to each design component.
e Code Module 1: Implementing Login Page Logic (Mapped to Design Component 1).

e Code Module 2: Implementing Account Balance Retrieval (Mapped to Design Component 2).

e Code Module 3: Implementing Fund Transfer Logic (Mapped to Design Component 3).

4. Testing Phase:

e Test Cases: Test cases are developed to verify each requirement.

e Test Case 1: Verify User Authentication (Mapped to Requirement 1).

e Test Case 2: Verify Account Balance Display (Mapped to Requirement 2).

e Test Case 3: Verify Fund Transfer Functionality (Mapped to Requirement 3).

5. Deployment Phase:
o Deployment Documentation: Each requirement is traced to deployment tasks.
e Deployment Task 1: Deploy Login Page (Mapped to Requirement 1).

e Deployment Task 2: Deploy Account Balance Feature (Mapped to Requirement 2).
e Deployment Task 3: Deploy Fund Transfer Functionality (Mapped to Requirement 3).

6. Maintenance Phase:

e Change Requests: Any changes requested are traced back to affected requirements.
e If a change is requested to enhance fund transfer functionality, it can be traced back to Requirement 3 and its
associated artifacts.

Requirement Prioritization

Requirement prioritization involves ranking requirements based on their relative importance, urgency, and value to
stakeholders. This ensures that limited resources are allocated to the most critical and impactful requirements first. Here's
how it works:



1. Identify Stakeholder Needs: Gather input from stakeholders to understand their priorities, preferences, and expectations
regarding the project requirements.

2. Define Criteria for Prioritization: Establish criteria for evaluating requirements, such as business value, technical
complexity, risk, dependencies, and time sensitivity.

3. Assign Priority Levels: Assess each requirement against the established criteria and assign priority levels accordingly. This
can be done using techniques like MoSCoW (Must have, should have, could have, Won't have), Kano analysis, or numerical
ranking methods.

4. Iterative Refinement: Prioritization is not a onetime activity. It should be revisited and refined iteratively as new information
becomes available or project priorities change.

Example of Requirement Prioritization:

Consider a software project to develop an ecommerce website. Some example requirements and their prioritization might
look like this:

Requirement 1: User Registration

e  Priority: Must have (Critical for user engagement and functionality)
e Criteria: Business value, Essential functionality

Requirement 2: Product Search and Filtering

e  Priority: Must have
e Criteria: Essential functionality, User experience

Requirement 3: Payment Gateway Integration

e  Priority: Should have (Important for revenue generation but not essential for basic functionality)
e Criteria: Business value, Time sensitivity

Requirement 4: Wishlist Functionality

e Priority: Could have (Enhances user experience but not critical)
e Criteria: User experience, Customer satisfaction

Requirement 5: Social Media Integration

e Priority: Won't have (Nice-to-have but not essential for the core functionality)
e (Criteria: Enhancements, Low business value

Tradeoff Analysis

Tradeoff analysis involves evaluating and comparing different options or solutions to make informed decisions when faced
with conflicting objectives, constraints, or requirements. It helps teams understand the consequences of each decision and
identify the most favorable course of action. Here's how to conduct tradeoff analysis:

1. Identify Alternatives: Identify the available options or solutions to address a particular requirement or decision point.

2. Define Evaluation Criteria: Establish criteria for evaluating each alternative, considering factors such as cost, time, quality,
performance, risks, and stakeholder preferences.

3. Quantify and Assess Tradeoffs: Evaluate each alternative against the defined criteria, considering the tradeoffs involved.
This may involve qualitative assessments or quantitative analysis, depending on the nature of the decision.

4. Make Informed Decisions: Use the results of the tradeoff analysis to make informed decisions, considering the implications
of each option on project objectives, constraints, and stakeholder needs.

Example of Tradeoff Analysis:

Continuing with the ecommerce website example, suppose the project team needs to decide between two alternative
payment gateway providers:



Option 1: Provider A

e Lower transaction fees
e Longer integration time
e Limited support for international currencies

Option 2: Provider B

e Higher transaction fees
e Faster integration
e Support for multiple international currencies

Risk Analysis

Risk analysis involves identifying, assessing, and prioritizing risks that could potentially impact the success of a project. It aims
to anticipate potential problems and develop strategies to address them proactively. The process typically involves the
following steps:

1. Risk Identification: Identifying potential risks that could affect project objectives, such as technical, organizational, or
external risks. This can be done through brainstorming sessions, historical data analysis, expert judgment, or using risk
checklists.

2. Risk Assessment: Evaluating the likelihood and impact of each identified risk. Likelihood refers to the probability of the risk
occurring, while impact refers to the severity of the consequences if the risk materializes. Risks are often categorized based
on their severity and likelihood (e.g., high, medium, low).

3. Risk Prioritization: Prioritizing risks based on their assessed likelihood and impact. Risks with high likelihood and high
impact are typically prioritized for immediate attention, while those with low likelihood and low impact may receive less focus.
4. Risk Response Planning: Developing strategies to manage or mitigate identified risks. This may involve risk avoidance
(eliminating the risk altogether), risk mitigation (reducing the likelihood or impact of the risk), risk transfer (shifting the risk
to another party, such as insurance), or risk acceptance (acknowledging the risk and developing contingency plans).

5. Risk Monitoring and Control: Continuously monitoring identified risks throughout the project lifecycle, updating risk
assessments as needed, and implementing risk response plans. This ensures that risks are effectively managed and new risks
are addressed promptly.

Example of Risk Analysis
Let's consider a software development project to create a new ecommerce platform. Here are some potential risks and how
they might be analyzed:
1. Technical Risk: The project may face technical challenges in integrating payment gateways.
e Likelihood: Medium
e Impact: High (could delay project timeline and affect revenue generation)

e Response: Allocate additional resources for testing and integration, identify alternative payment gateways as
backups.

2. Market Risk: Changes in market trends or consumer preferences may impact the demand for the ecommerce platform.

e Likelihood: Low

e Impact: Medium (could affect adoption rate and revenue)

e Response: Conduct market research to stay updated on trends, maintain flexibility in platform features to adapt to
changing demands.

3. Vendor Risk: Dependence on third-party vendors for essential components (e.g., hosting services) may pose a risk if vendors
experience downtime or fail to meet service-level agreements.

o Likelihood: High
e Impact: Medium (could disrupt platform availability)



e Response: Establish backup plans with alternative vendors, negotiate service level agreements with penalties for
downtime.

Impact Analysis

Impact analysis assesses the potential consequences of a change or an event on a project, system, or organization. It helps
stakeholders understand how changes may affect various aspects of the project and make informed decisions about whether
to proceed with those changes. The process typically involves:

1. Identifying Changes: Identifying proposed changes, whether they are new requirements, modifications to existing features,
or external factors that could impact the project.

2. Analyzing Impact: Assessing the potential effects of the changes on project objectives, scope, schedule, resources, costs,
quality, and stakeholders. This may involve evaluating dependencies between different components of the project and
predicting how changes will propagate through the system.

3. Documenting Impact: Documenting the findings of the impact analysis, including the identified impacts, their severity, and
recommendations for addressing them. This helps stakeholders make informed decisions about whether to proceed with the
proposed changes and plan for any necessary adjustments.

4. Communicating Findings: Communicating the results of the impact analysis to relevant stakeholders, including project
sponsors, team members, and end users. This ensures that everyone involved understands the potential consequences of the
proposed changes and can collaborate on decision making and implementation.

Example of Impact Analysis:

Continuing with the ecommerce platform example, let's consider a proposed change to add a new feature allowing users to
track the delivery status of their orders in real time. Here's how impact analysis might be conducted:

1. Scope: The new feature would expand the scope of the project, requiring additional development efforts and potentially
affecting the project timeline.

2. Schedule: Implementing the new feature may extend the project timeline, especially if it requires significant development
and testing efforts.

3. Resources: Additional resources, such as developers and testers, may be required to implement and validate the new
feature.

4. Costs: The cost of developing and integrating the new feature into the ecommerce platform needs to be considered,
including any potential increases in development or operational costs.

5. Quality: Implementing the new feature should not compromise the overall quality and performance of the ecommerce
platform, so thorough testing and quality assurance measures are necessary.

Requirement Management

Requirement management is a systematic process within software development that involves the gathering, documenting,
analyzing, prioritizing, and tracking of requirements throughout the project lifecycle. It ensures that the final product meets
the needs of stakeholders, aligns with business objectives, and complies with regulatory standards. Here's a detailed
explanation of each aspect of requirement management along with an example:

1. Requirement Elicitation:

Requirement elicitation is the process of gathering requirements from stakeholders. This involves understanding the needs,
goals, and expectations of various stakeholders, including end-users, customers, business analysts, and subject matter
experts. Techniques such as interviews, surveys, workshops, and observations are commonly used for requirement elicitation.

Example:



e In developing a new mobile banking application, the requirement elicitation process might involve interviewing
bank customers to understand their banking needs, conducting workshops with banking experts to identify
industry trends, and analyzing competitor applications to gather feature ideas.

2. Requirement Analysis and Documentation:

Once requirements are gathered, they need to be analyzed to ensure clarity, completeness, consistency, and feasibility. This
analysis helps in identifying any conflicts or ambiguities in requirements. The results of the analysis are then documented in
a structured format, often in a Requirements Specification Document (RSD) or a similar artifact.

Example:

e After gathering requirements for the mobile banking application, the development team analyzes them to identify
any inconsistencies or missing details. They may discover conflicting requirements, such as one requirement
specifying that users must log in with a username and password, while another requirement states that users should
be able to use biometric authentication. Resolving such conflicts and documenting the resolutions is part of the
requirement analysis and documentation process.

3. Requirement Prioritization:

Not all requirements have the same level of importance or urgency. Requirement prioritization involves evaluating and ranking
requirements based on factors such as business value, stakeholder needs, regulatory compliance, technical feasibility, and
project constraints. This helps in guiding development efforts and resource allocation.

Example:

e Inthe mobile banking application project, the development team prioritizes requirements based on their impact on
user experience, security, and compliance. For instance, ensuring that users can securely access their accounts might
be a higher priority than implementing advanced customization features.

4. Requirement Traceability:

Requirement traceability involves establishing and maintaining relationships between requirements and other project
artifacts, such as design documents, test cases, and code. This helps in ensuring that each requirement is adequately
addressed and validated throughout the project lifecycle.

Example:

e For the mobile banking application, traceability links are established between requirements and design components,
such as the user interface screens and backend systems. This ensures that each requirement is implemented in the
design and subsequently tested to verify its functionality.

5. Requirement Change Management:

Requirements are subject to change due to evolving business needs, market trends, or stakeholder feedback. Requirement
change management involves evaluating and managing changes to requirements, assessing their impact on project scope,
schedule, and budget, and communicating changes to relevant stakeholders.

Example:

e During the development of the mobile banking application, stakeholders may request additional features or changes
to existing requirements based on user feedback or emerging market trends. The development team evaluates these
change requests, assesses their impact on the project, and implements necessary adjustments to the requirements
and project plan.

Interaction Between Requirements and Architecture

The interaction between requirements and architecture in software development is fundamental for creating a system that
fulfills the stakeholders' needs while being technically feasible and maintainable. Let's delve into this interaction with
examples:

1. Requirements as Inputs to Architecture:

Example:



e Suppose a requirement states that the system must handle a high volume of concurrent users. This requirement
directly influences the architectural decisions regarding scalability. The architecture might incorporate components
like load balancers, distributed databases, and caching mechanisms to ensure the system can handle the expected
load.

2. Architecture Constraints and Guidelines Influence Requirements:
Example:

e If the architecture follows a microservices pattern, this may influence requirements related to modularity and
independence of system components. Requirements might need to specify clear interfaces between microservices to
ensure interoperability and maintainability.

3. Trade-offs and Design Decisions:
Example:

e A requirement for real-time processing might conflict with a requirement for cost-effectiveness. Architects must
balance these requirements, perhaps by opting for a distributed architecture with specialized components for real-
time processing while using cost-effective solutions for non-real-time components.

4. Architecture Validation against Requirements:
Example:

e Architects validate the proposed architecture against requirements to ensure it adequately supports the desired
functionalities and quality attributes. If a requirement specifies high availability, architects might design redundant
components and failover mechanisms within the architecture to meet this requirement.

5. Evolution of Requirements and Impact on Architecture:
Example:

e Asrequirements evolve, architects assess the impact on the existing architecture. New requirements may necessitate
architectural modifications or extensions to accommodate new functionalities or changes in priorities. For instance,
if a new requirement for mobile support arises, architects might need to extend the existing architecture to include
a mobile-friendly frontend.

6. Traceability for Alignment:
Example:

e Traceability links between requirements and architectural elements ensure alighment between the two. For instance,
a traceability matrix may show that each performance requirement maps to specific architectural components
responsible for optimizing performance, such as caching mechanisms or database sharding.



