Chapter 4 — Requirements Engineering

Functional & Non-Functional Requirements

1. Core Concept

Every software system is built around two key questions:

Question Requirement Type
What does the system do? — Functional Requirements
How well does the system perform? — Non-Functional Requirements

A complete requirement often combines both aspects into a single measurable
statement.

2. Functional Requirements (FR)

Definition:
Statements describing the services, behaviors, and actions of the system.

Standard Format:
The system shall + action + object + condition
Example:

The system shall allow a user to log in using email and password.

3. Non-Functional Requirements (NFR)

Definition:
Constraints that define performance, security, usability, reliability, etc.

Example:

The system shall respond to login requests within 2 seconds.
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4. Integrated Requirements (FR + NFR Together)

Instead of separating requirements, modern SRS writing often merges them into one:

Function + Measurable Constraint
Formula:

The system shall [Function] + [Condition (if any)] + [Measurable Constraint / Quality
Attribute ]

Example 1. Payment System

Weak (Separated) Strong (Integrated)

The system shall process | The system shall process a payment transaction within 3 seconds
payments. (FR) after user confirmation under normal network conditions.

The system shall be

fast. (NFR)

Analysis:

Component Value

Function Process payment transaction

Condition after user confirmation

Constraint / Quality Attribute within 3 seconds (Performance)

Example 2: E-Commerce Search

Integrated Requirement:

The system shall allow users to search for products using keywords and filters, and
display results within 2 seconds for up to 10,000 concurrent users.

Analysis:
Component Value
Function 1 Search for products
Function 2 Display results
Condition (none explicitly stated)
Constraint 1/ Quality Attribute | within 2 seconds (Response time)
Constraint 2/ Quality Attribute for up to 10,000 concurrent users (Load)
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Example 3: Healthcare System

Integrated Requirement:

The system shall retrieve a patient’s medical record and display it within I second for
authorized medical staff.

Analysis:

Component Value

Function 1 Retrieve medical record
Function 2 Display medical record
Condition/ Quality Attribute for authorized medical staff
Constraint within 1 second

Example 4: University Registration
Integrated Requirement:

The system shall allow students to register for courses only if prerequisites are
satisfied, and confirm registration within 2 seconds.

Analysis:
Component Value
Function 1 Register for courses
Function 2 Confirm registration
Condition only if prerequisites are satisfied
Constraint/ Quality Attribute within 2 seconds

Example 5: Autonomous System

The system shall detect obstacles and trigger braking within 100 milliseconds of
detection.

Analysis:
Component Value
Function 1 Detect obstacles
Function 2 Trigger braking
Condition of detection

Constraint within 100 milliseconds (latency)




Chapter 4 — Requirements Engineering

Example 6: Security + Function Combined

Integrated Requirement:

The system shall authenticate users using email and password, and encrypt all

credentials using AES-256 encryption.

Analysis:
Component Value
Function 1 Authenticate users
Function 2 Encrypt credentials
Condition (none explicitly stated)
Constraint / Quality Attribute using AES-256 encryption (Security standard)

Example 7: Mobile App Notification

Integrated Requirement:

The system shall send a push notification to the user after order confirmation within 5

seconds.

Analysis:
Component Value
Function Send push notification
Condition after order confirmation
Constraint / Quality Attribute within 5 seconds
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5. Why Integrated Requirements Are Important

Benefit

Explanation

Reduce ambiguity

No separate interpretation of "fast" or "secure”

Improve testability

Testers have clear pass/fail criteria

Align developers and testers Everyone agrees on the same requirement

Match real-world expectations Users want both what and how well

6. Practical Transformation Exercise

Convert Weak — Strong Integrated Requirements

Weak

Integrated

The system shall be
secure.

The system shall encrypt all user data using TLS 1.3 during
transmission and store passwords using bcrypt hashing.

The system shall be
user-friendly.

A new user shall complete the checkout process in less than 3
minutes without prior training.

The system shall

handle many users.

The system shall support 50,000 concurrent users while
maintaining a response time below 2 seconds.

7. Case Study (Integrated SRS Style)

Food Delivery System

Integrated Requirements:

ID Integrated Requirement

IR-01 | The system shall allow users to place food orders and process payments
within 3 seconds.

IR-02 | The system shall notify the restaurant of a new order within 2 seconds after

payment confirmation.

IR-03 | The system shall hide the customer’s address from the driver until the order

status becomes "Accepted".
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IR-04 | The system shall remain available 99.9% of the time excluding planned

maintenance.

8. Student Exercises

Exercise 1: Identify Components

For each requirement below, identify:

e Function (what the system does)
o Specification (measurable constraint)

Requirement (Function) | (Condition) | (Constraint/
Quality Attribute)

The system shall log out the user
automatically after 10 minutes of
inactivity.

The system shall back up all data
every 24 hours.

The system shall block access for
1 hour after 5 wrong PIN entries.

The system shall refresh the
homepage within 3 seconds after
user clicks refresh.

The system shall notify the admin
within 30 seconds after a system
crash.
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Requirement

(Function)

(Condition)

(Constraint /
Quality Attribute)

The system shall log out the

Log out user

after 10 minutes

Automatically -

user automatically after 10 of inactivity Security
minutes of inactivity.

The system shall back up all | Back up all | (none) every 24 hours -
data every 24 hours. data Reliability

The system shall block
access for 1 hour after 5
wrong PIN entries.

Block access

after 5 wrong
PIN entries

for 1 hour- Security

after a system crash.

The system shall refresh the | Refresh after user clicks | within 3 seconds -
homepage within 3 seconds | homepage refresh Performance

after user clicks refresh.

The system shall notify the Notify after a system | within 30 seconds -
admin within 30 seconds admin crash Performance




