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System Software as an Interface

• Hides from the user the messy details of the underlying hardware
• Hides the complex and unimportant (to the user) details of the internal
structure of the Von Neumann architecture

• Presents information about what is happening in a way that does not 
require in-depth knowledge of the internal structure of the system

• Allows easy user access to the resources available on this computer
• Prevents accidental or intentional damage to hardware, programs, and 
data

• Provides a secure and safe environment in which to operate 
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System Software

•System software is a collection of 
computer programs that manage 
the resources of a computer and 
facilitates access to those 
resources. 

•This contrasts with application 
software that allows a user to 
address some specialized task of 
interest to that user, for example, 
write a document, create an image, 
browse the web, or solve a system 
of equations. 
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Types of System Softwares

•User interface: 
• graphical user interface (GUI) giving intuitive visual overview as well 
as graphical control of the capabilities and services of the computer

• controlled by keystrokes, mouse clicks, finger taps, voice activation, or 
biometric scans such as fingerprints.

•Language services:
• called assemblers, compilers, and interpreters
• allow writing programs in a high-level, user-oriented language rather 
than the machine language

• often include components such as text editors and debuggers. 
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Types of System Softwares

•Memory managers:
• allocate memory space for programs and data
• retrieve space when no longer needed. 

•Information managers:
• handle the organization, storage, and retrieval of information on 
storage devices such as
the hard drives, DVDs, flash drives, and tapes, remotely in data 
centers (cloud storage). 

• organize information in an efficient hierarchical manner, using 
directories, folders, and files

• keep data safe from accidental or intentional misuse.
•I/O systems: allow easy and efficient using the many different 
types of input and output devices
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Types of System Softwares

•Scheduler
• keeps a list of programs ready to run on the processor
• selects the one that will execute next
• allows having several different programs active at a single time, e.g. 
surfing the web while waiting finish printing

•Utilities: 
• collections of library routines
• provide a wide range of useful services to a user or to other system 
routines.

• e.g. text editors, online help routines, image and sound applications, 
and control panels

• sometimes called program libraries. 
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Assembly vs. Machine Language

•  
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Continuum of Programming Languages

• Assembly languages:
• low-level programming languages
• Second generation programming languages
• Each symbolic assembly language instruction is translated into exactly one 

binary machine language instruction
• Assembly vs. Machine Language

• Use of symbolic operation codes rather than numeric (binary) ones
• Use of symbolic memory addresses rather than numeric (binary) ones
• Pseudo-operations providing useful user-oriented services such as data 

generation
• High-level programming languages:

• Pascal, C++, Java, Python, …
• User oriented,  not machine specific
• Use both natural language and mathematical notation
• A single high-level language instruction is typically translated into many 

machine language instructions
• Virtual environment created by a high-level language is far more powerful
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Continuum of Programming Languages
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Translation, Loading, and Execution Processes
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Assembly Examples
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Assembly Examples
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Assembly Examples
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Assembly Examples
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Assembler

1. Convert symbolic op codes to binary.
2. Convert symbolic addresses to binary.
3. Perform the assembler services requested by the pseudo-ops.
4. Put the translated instructions into a file for future use. 
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Op Code Table
Binary Search

Symbol Table 
Generation

Pass: the process of examining and processing 
every assembly language instruction in the 
program, one instruction at a time. Binding: associate symbolic 

name with a physical memory 
address
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Translation
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Object Program Example
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Compiler Structure

•Lexical analysis—The compiler examines the individual
characters in the source program and groups them into 
syntactical
units, called tokens

•Parsing—The sequence of tokens is checked if it is 
syntactically correct according to the rules of the 
programming language
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Compiler Structure

•Semantic analysis and code generation—the compiler 
analyzes
statements’ meaning and generates the proper sequence of 
machine language instructions to carry out the intended 
actions

•Code optimization—The compiler takes the generated code
and sees whether it can be made more efficient, either by 
making it run faster, having it occupy less memory, or 
possibly both 
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Operating System

•An operating system (OS) is system software that 
manages computer hardware and software resources, and 
provides common services for computer programs.
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Operating Systems Functions

•User interface management (a receptionist)
•Control of access to the system and to data files (a security 
guard)

•Program scheduling and activation (a dispatcher)
•Efficient resource allocation (an efficiency expert)
•Deadlock detection and error detection (a traffic officer) 
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Operating Systems Components
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Operating Systems Command Examples

• Load a program into memory
• Run a program
• Save information in a file or a directory
• Retrieve a file previously stored on the local machine 
or in the cloud

• List all the files for the user
• Delete or rename a file
• Display a file on a specified device
• Copy a file from one device to another
• Establish a network connection
• Let the user set or change one of the current 
machine settings

• Tell how much memory or data storage is currently in 
use

• Put the device to sleep or turn it off 
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User Interface Response
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Timeline of Operating Systems
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Types of Operating System
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Batch Computer System (2nd Generation)
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A Batch Job Example
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Time-sharing Operating System (3rd Generation Operating System)

• Time-sharing operating systems schedule tasks for efficient use of the 
system and may also include accounting software for cost allocation 
of processor time, mass storage, peripherals, and other resources.
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Distributed Operating System

•A distributed operating system is system 
software over a collection of independent 
software, networked, communicating, and 
physically separate computational nodes 
handling jobs serviced by multiple CPUs.

•Each individual node holds a specific software 
subset of the global aggregate operating system.

•Each subset is a composite of two distinct 
service provisioners.

• Microkernel directly controls the node's hardware.
• A higher-level collection of system management 
components coordinating the node's individual and 
collaborative activities. 

• These components abstract microkernel functions and 
support user applications.
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Distributed Operating System Architecture

33



34

Virtual Environment of Distributed System
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Network Operating System (4th Generation Operating System)

•A network operating system manages not only the resources 
of a single computer but also the capabilities of a 
telecommunications system called a local area network 
(LAN). 

•A user can access local resources any one of the shared 
network resources just as though it were local. 
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Virtual Environment
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Evolution of Operation System
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Transition of High-level Language Program
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High Level Language Program Examples
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Ada
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C++
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C#
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Java
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Python
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Features

•The programmer need not manage the details of the 
movement of data items within memory or pay any attention 
to exactly where those items are stored.

•The programmer can take a macroscopic view of tasks, 
thinking at a higher level of problem solving.

•Programs written in a high-level language will be portable 
rather than machine specific. 

•Programming statements in a high-level language will be 
closer to natural language and will use standard 
mathematical notation. 
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Scale Up
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Software Development Life Cycle
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Feasible Study

• The feasibility study evaluates a proposed project and compares the 
costs and benefits of various solutions. 

• Buying a new computer system and writing or buying software
• Writing new software for an existing computer system
• Purchasing the needed resources from a “cloud computing” provider

48

• Outsourcing the work to a 
contractor

• Revising the current manual 
process for solving this problem

• Cutting back the scope of the 
project to better align it with 
existing
resources

• Cancelling the project entirely and 
doing without the information that 
would be generated 

→ feasibility document
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Feasible Study
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Problem Specification and Requirement Analysis

•Problem specification involves developing a clear, concise, 
and unambiguous statement of the exact problem the 
software is to
solve.

→ problem specification 
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•Requirement 
Analysis: the process 
of determining user 
expectations for a new 
or modified product

→ specific requirement 
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System Analysis
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Program Design

•Program design— plan how the project is to be done.
• Divide-and-conquer strategy (top-down decomposition): Tasks 
are broken down into subtasks, into sub-subtasks, and so on, until
each piece is small enough to code comfortably.

• Object-oriented programming approach: the appropriate objects 
are identified, together with their data and the subtasks they must 
perform. This allows classes to be designed with variables to store 
the data, and functions (also called methods) to carry out these 
subtasks. Objects from these classes cooperate to accomplish the 
total job.

→ program design document 
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System Design
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Algorithm

•Algorithm selection or development, and analysis 
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Problem Implementation

•Coding
•Debugging

• Syntax Error
• Runtime Error
• Logic Error
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Testing, Verification, and Benchmarking

• Empirical testing: design a special set of test cases, test suite

• Unit testing takes place on each module (subtask code) as it is completed

• Integration testing: the modules communicate the necessary data between 
and among themselves and that all modules work together smoothly

• Regression testing: done on changed modules to be sure that this change 
hasn’t introduced a new error into code that was previously correct

• Program verification: prove that if the input data to a program satisfies 
certain conditions, then the output data
satisfies certain other conditions. This process is a formal proof, much like 
the proof of a mathematical theorem that condition B follows from 
condition A.

• Benchmarking: running the program on many data sets to be sure its 
performance falls within those required limits. 
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System Testing
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V-Model
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Software Verification and Validation
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Documentation: Make the program understandable

•Internal documentation: part of the program code
• meaningful names for identifiers (constant, variable, procedure, 
function, …)

• comments to explain the code,
• Separation of the program into short modules

•External documentation: clarify the program’s design and 
implementation

•Technical documentation: enables the code understandable
• problem specification documents
• design documents
• structure charts or class diagrams
• descriptions of algorithms
• program listings
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Documentation: Make the program understandable

•User documentation: helps users run the program
• online tutorials
• answers to frequently asked questions (FAQs)
• help systems 
• written users’ manuals 
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Maintenance
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Integrated Development Environment
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Version Control System
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Version Control System
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Version Control System
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Version Control System
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Waterfall Model
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Spiral Model
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Rapid Prototyping Model

70



71

Rapid Prototyping Lifecycle
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Agile Methodology
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Agile Methodology
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Scrum Methodology
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Scrum Methodology
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