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FROM CHAPTER 1 TO CHAPTER 2

One step deeper

CHAPTER 1 - INTRODUCTION CHAPTER 2 -+ STRUCTURES

What is an OS, why do we need it, How does it provide its services,
and what does it do? how do programs access them, and
how is it built internally?

IN ONE SENTENCE

Chapter 1 explains WHAT the OS does; Chapter 2 explains HOW its services are
accessed, delivered, and organized internally.
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THE MAIN QUESTION OF CHAPTER 2

01 How does the OS provide its services to users and applications?
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02 How do applications communicate with the OS to request these
services?
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03 How are its internal components designed and organized to deliver
them efficiently, reliably, and securely?
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CHAPTER 2 ROADMAP

Six fundamental questions

01
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03
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Prof.

WHAT services does the OS provide? Operating-System Services
How do users interact with the OS? GUI, CLI, Shell

How do applications request OS services? APls and System Calls

HOW are programs prepared and executed? Compilers, Linkers, Loaders

nHow is the OS organized internally? Monolithic, Layered, Microkernel, Modular,

Hybrid

How does the OS start, and how can we examine Booting, Debugging, Monitoring
it?
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Operating-System Services
Jaeddl) alat cileas

The environment the operating system provides for executing programs
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OPERATING-SYSTEM SERVICES

A view of operating-system services
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2.1 OPERATING-SYSTEM SERVICES

Services that help the user

® User interface — GUI, touch screen, or command-line interface (CLI)

®" Program execution — load a program, run it, end normally or abnormally

" |/O operations — the OS mediates device access for efficiency and protection

" File-system manipulation — create, delete, read, write, search, manage permissions

" Communications — shared memory or message passing, same host or across a network

" Error detection — constant detection and correction in CPU, memory, I/O, and user programs
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2.1 OPERATING-SYSTEM SERVICES

Services that keep the system efficient

= Resource allocation — CPU cycles, main memory, file storage, and I/O devices are distributed among
concurrent processes; CPU-scheduling routines weigh core count, process needs, and CPU speed

= Logging — record which programs use which resources, for accounting or for usage statistics that guide
reconfiguration

= Protection and security — protection controls all access to system resources; security authenticates users
and defends external I/O devices from invalid access

“A chain is only as strong as its weakest link.”
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CHAPTER 2 - SECTION 2.2.1

Command Interpreters and
Shells

Shell J15 ¥ i

How a typed command becomes a running program
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THE CENTRAL QUESTION

Does the Shell execute every command itself —
or does it sometimes launch another program?
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WHAT IS A SHELL?Y

A program that interprets your commands

User

A Shell receives commands, interprets
Types 1s

them, and either executes them directly
or launches another program.

Shell — command interpreter

Interprets it, locates the program
|

S 1s

External program 1s
Asks the OS for directory information

Sty 43) 5 ) 5 Blal— 4wy dala JS 2y b 58 (eShell |

) ; Result
il iyl iy Y
GanSh g Files and directories displayed
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ANALOGY

Ordermg at a restaurant

Terminal Shell TERMINAL SHELL
the counter AL The employee Gl Window for typing Interprets and executes
' commands them
Command Operating System Displays text and results Parses syntax, launches
Your order The kitchen & programs

R resources |
| 3 el gerlaal e.g. GNOME Terminal e.g. Bash

Gl agin I Cabasdl saShell Jis il saTerminal -
anatocy Some orders the employee answers

alone; others go to the kitchen.
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TYPES OF SHELLS

Many shells — one kernel

csh bash ksh Zsh

C Shell Bourne-Again Shell Korn Shell Z Shell

Scripting syntax Most widely used in Interactive features, Widely used on macOS
influenced by C Linux advanced scripting

Changing the Shell # changing the OS

Different shells can run on the same Linux system — the kernel stays the same.

Kernel . J) Jixile e (e (il ol uss e Shell (e 5iS) aadiud (Sas
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BUILT-IN COMMANDS

Cbmmands that live inside the Shell

. . COMMAND FUNCTION
Implemented inside the Shell — executed

with no external program cd Change directory

pwd Show current directory
S cd Documents echo Display text

export Set environment variables
Why must cd be built in?

history Show previous commands

It changes the Shell’'s own directory — a separate

process could only change its own.
anatocy Asking the receptionist for your table

number — answered on the spot.

AuiiShell Jl iy wIBuilt-in :
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EXTERNAL COMMANDS

Separate programs the Shell launches

User
rm file.txt

S rm file.txt

1 Shell recognizes rm as an external program Shell
Locates and launches rm
2 Finds the executable — often /usr/bin/rm |

External program
Requests removal via a system call
I

3 Launches rm, passing file.txt as an argument

4 rm requests deletion via a system call
Kernel

5 Kernel checks permissions — performs it or returns Checks permissions, performs it
an error

zalill g orm el Jadin— Gl Caday W) 8 (iShell 2
Kernel . ) (el
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COMPARISON

Bullt -1n vs external commands

BUILT-IN COMMANDS EXTERNAL COMMANDS
Implemented inside the Shell Stored as separate executables
Executed directly by the Shell Launched by the Shell
No external program needed Another program must start
Example: cd Examples: rm, 1s, cat
Built-in : 4wy Qllal) My Cals gall External : jasll 7 5 50 Qllall
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6 - EXTENSIBILITY

“New commands are just new files”

* You can add new commands without modifying the Shell or Kernel.

FILE: welcome

Place it in a directory on the PATH — then
#!/bin/bash just type welcome

echo "Welcome to Operating Systems!"

®" No change to the Shell

S chmod +x welcome ®" No change to the Kernel

S ./welcome " This is extensibility
Welcome to Operating Systems!

anady Joandiil) aUas yiaile e (pe Al ggun Baa el ol Clpzal s

Extensibility . ixe 25—
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/- THE TERMINAL SCREENSHOT

Connecting programs with a pipe

The | pipe sends one program’s output into the
¢/> Bash next program’s input

ps aux | sort -nrk 3,3 | head -n 5 ps aux
List process information

sort -nrk 3,3

Sort by CPU usage, descending
|

head -n 5
Show the top five

(3 eyl MR L85 mali py s i J5uPipe I
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FINAL TAKEAWAY

Four concepts — and one lesson

Terminal Shell Built-in External
Where you type and Interprets and arranges Run by the Shell itself A separate program the
see output execution Shell launches

The Shell is not the Kernel.

It is a user-level program between users and operating-system services.

(i) sl Cledd aa padivsal) Jeli Jeun el 2 pKernel — ) 52 JisShell -
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2 .2 .

2 GRAPHICAL USER INTERFACE

The desktop metaphor

DSSD HIGH PERFORMANCE
PARALLEL FILE SYSTEMS

CLICK TO EDIT MASTER SUBTITLE STYLE

Prof.

Mostafa Elhosseini — Professor of Smart

Systems Engineering

Mouse-based window-and-menu system:
pointer, icons, files, and folders on a desktop

First GUI on the Xerox Alto, 1973;
widespread with the Apple Macintosh in the
1980s

Open-source desktops KDE and GNOME
bring GUIs to Linux and UNIX systems
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.3 TOUCH-SCREEN INTERFACE

Gestures instead of mouse and keyboard

= A CLI or a mouse-and-keyboard system is impractical for most mobile
devices

= Users press and swipe fingers across the screen; the keyboard itself is
simulated on screen

" Both iPad and iPhone use the Springboard touch-screen interface
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.4 CHOICE OF INTERFACE

Mostly a matter of preference

Command line GUI and touch

Preferred by system administrators and power Most Windows users never open a shell; macOS
users: faster access, some functions available offers both Aqua and a command line; on iOS
only there, and repetitive tasks become shell and Android, nearly all interaction is through the
scripts interpreted by the shell touch screen

The user interface is substantially removed from the actual system structure — designing it is not a direct
function of the operating system. From the OS point of view, user programs and system programs are not
distinguished.
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System Calls
alail) Cilele vt

The interface to the services made available by an operating system
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