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e Course Summary

B This course Is to introduce the fundamental
concepts that modern operating systems
use to manage the physical computer.
Students will understand the core of the
operating system, known as the kernel.
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e Course Requirements
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B Course Schedule:
[1-16)/8] J&8—(1-2) #V4-103, 08:00~09:35 (Fif)
Ji =(3-4) #ZI4-103, 09:50~12:15 (FiL+5L56)

B Office Hours:
Tuesday: 12:00~13:00; Thursday:12:00~13:00
(E-mail discussions are welcome:
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edk Course Outline (2/3)
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ed‘m Course Outline (3/3)
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e,_dL_‘Chapter 1: Introduction (Outline)

B What Operating Systems Do

B Computer-System Organization (Hardware)
B Computer-System Architecture (Hardware)
B Operating-System Structure

B Operating-System Operations

B Process Management

B Memory Management

B Storage Management

B Protection and Security

M Distributed Systems

B Special-Purpose Systems

B Computing Environments
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e,dt_«, Question about OS

An operating system must manage system
hardware resources. Which of the following
do you think is an OS? (multiple choices)

Firefox by Mozilla
Mac OS by Apple Inc.

Windows by Microsoft

Android by Google

Linux by open source community \PW(Q
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Q:: The Powerful Concept of
£ “Abstraction”

B Abstraction is a well-understood interface that
hides all the details within a subsystem

B With a good abstraction, we can treat a
subsystem as a “black box”. We don’t have to
understand the inner details within the box

M Later we shall explain how the operating
system works as a layer of abstraction within
a computer system architecture
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?»dif‘x Question about Abstraction

Which of the following is NOT an abstraction
that hides all the details? (multiple choices)
Door knob
Instruction set architecture
Exact number of pins coming out of a chip
And logic gates
Transistor
INT data type in a programming language, e.g., C
Specific location of base pads in a baseball field
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: t:: Question: Name as many abstractions
- between the two extremes

ses  Directions

4 Google Earth

dddddddddd

A

Applications

System Software (OS, compiler, etc.)

Instruction set architecture (SW/HW separation)
Series of

Computer organization (data path + control) Abstractions

Sequential + Comb. Logic elements

Logic gates (and, or, not, ...)

Transistors

® O )@® ) () @ cElectrons + Holes 4}#@
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G&{,What is an Operating System?

B OS, in a nutshell, provides
¥ Protected access to hardware resources
¥ Arbitrate among competing request

APP Code

Well-defined Get Services
APIs for OS —request response «—From OS
Services via APlIs
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?A‘QL_.,What is an Operating System?

B A program that acts as an intermediary
between the application programs and the
computer hardware.

Execute user programs and make solving user
problems easier

Make the computer system convenient to use
Use the computer hardware in an efficient way

B From the computer’s point of view:

A resource allocator, a control program, or
more concisely, a “kernel”
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Qeﬁ Why Learn Linux?

lﬁﬁégi—‘l Linuxfl =

OiITWERRBREXR: WA FERBIERSE. WM
5. BB Ak 2 N R R A2 &L T Linux R E R4t

G AT HR: RABYE

i, frdLE, RIE

Iﬂﬁﬂ%mr E-F

o R = Y L Ly N ﬁU&)ﬂZﬂE’JPaaS—

&R A Linux 5 =+ B 4 %‘ﬁ?ﬁiﬂiﬁﬁ%/ﬁ 4o

ﬂiﬂ%ﬂ”ééﬁj\_éﬁ_

REHE. AL

I Linuxmi I B s <Ak EJ

mitHER TG
IERARTEG

L%U\Lmuxljﬁ?ﬁﬁﬁ%ﬁffééﬁﬁ_‘

I

__.ﬁ)fﬁﬁ/\ Kﬁ/ﬁﬁ%éﬂélﬁ

C AR B E

LB BGEEH N

\

SR N A B2 Linux Al =i 5

Operating System Concepts

1.17

=
wx )
‘ @E.

21 )
Ty

57 A 20

-
A 4
T ey A ( ,
Southeast UniV , g “d g g
B



https://edu.sdnlab.com/linux-cloud-train
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e,muestion about OS functionalities

Please select the choices that apply to the
functionalities provided by an OS

OS is a resource manager

OS provides a consistent interface to the
hardware resource (CPU, memory, 1/0O, ...)

OS schedules applications on the CPU

OS stores personal information such as credit
card numbers, social security number, email
addresses, and so on
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ed\ﬂgat does an Operating System Do?
B An OS takes over physical resources, such

as a CPU, memory, or disk, and virtualizes
them. It handles tough and tricky issues
related to concurrency. And it stores files
persistently, thus making them safe over

the long-term. U.W
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QGQ([ because there are multi-programs
T running in a computer.
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How does an operating system support
the “simultaneous” running of multiple

applications on a single device?

We fix to a positive value and examine what happens in the th bucket tg g
receives elements. The random variable is, we recall, the maximum of S
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1o 4 Virtualization

B Many programs are run concurrently in a
computer.

Virtualization

B \What is virtualization?

The OS takes a physical resource (such as
the processor, or memory, or a disk) and
transforms it into a more general, powerful,
and easy-to-use virtual form of itself.

It creates an illusion that each program
exclusively owns the physical resource.
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Virtualizing the CPU

1 #include <stdio.h>

2 #include <stdlib.h>

3 #include <sys/time.h>
4 #include <assert.h>

5 #include "common.h"

6

7 int

8 main(int argc, char *argv[])

9 {

10 if (argc !=2) {

11 fprintf(stderr, "usage: cpu <string>\n");
12 exit(1);

13 }

14 char *str = argv[1];
15 while (1) {

16 Spin(1); /* busy waiting for one second */
17 printf("%s\n", str);
18 }

19 return 0;
Operatingmsl}am Concepts 1.26 Southeast University




Virtualizing the CPU

prompt> gcc -0 cpu cpu.c -Wall
prompt> /cpu A

: O[c [«

A WhatsApp Spotify SoundCloud Dropbox Wike
"C
prompt>

\/ \/ \/
CPU Memory| |Devices
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prompt> /cpu A & ./cpu B & ./cpu C

& ./cpu D
[1] 7353
[2] 7354
[3] 7355
[4] 7356
A

WO>»O0O0W>O0T

O

Operating System Concepts

Virtualizing the CPU

It may appear that each program is running
with one dedicated processor core.
Reason: multi-processor? Not really.

WhatsApp Spotify SoungCloud Drgb

S

Y ' N
CPU Memory| |Devices
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sc®._  Virtualizing the Memory

1 #include <unistd.h>

2 #include <stdio.h>

3 #include <stdlib.h>

4 #include "common.h"

5

6 int

7 main(int argc, char *argv[])

8 {

9 int *p = malloc(sizeof(int)); / al

10 assert(p = NULL);

11 printf("(%d) memory address of p: %08x\n", getpid(), (unsigned) p); // a2
12 *p =atoi(argv[1]); // assign value to addr stored in p
13  while (1) {

14 Spin(1);

15 *P="p+1;

16 printf("(%d) p: %d\n", getpid(), *p); // a4

17 }

18 return O;

19) S\
Operating System Concepts 1.29 Southeast University “ g O




eﬁﬁq Virtualizing the Memory

prompt> ./mem 0

(2134) memory address of p: 00200000
(2134) p: 1

(2134) p: 2

(2134) p: 3

(2134) p: 4

(2134) p: 5

"C
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&€ % Virtualizing the Memory
prompt> ./mem 0 & ./mem 1
[1] 21846
[2] 21847

(pid:21846) addr of p: 71ff5fbffab8
(pid:21846) addr stored in p: 100100350
(pid:21847) addr of p: 7fff5fbffab8
(pid:21847) addr stored in p: 100100350
(pid:21847) value of p: 2

(pid:21846) value of p: 1

(pid:21847) value of p: 3

(pid:21846) value of p:
(pid:21847) value of p:
(pid:21846) value of p:
(pid:21846) value of p:
(pid:21847) value of p:
(pid:21846) value of p:
(pid:21847) value of p:
(pid:21846) value of p:

(pid:21847) value of p: M(&?
Operating System Concepts 1.31 Southeast University “d g n
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@ti'/- Program Concurrency

B Computer seemingly runs several program
in parallel: emalil, browser, music player,

B One machine can have multiple CPUs, and
one CPU can have multiple cores.

CPU1 CPUO  DRAM
" 7 S T g SR R e | oo

r~‘vwor' | —— CEp—— — ‘E ; _—y
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U =
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Yo 4 Program Concurrency
B Suppose there is only one CPU chip. How is

it possible?

ina CPU | Core Core2 | " Coren|

Only one program at a time. When one program
finishes, start the next one.

Concurrent running of multiple applications

Operating System Concepts 1.33 Southeast University EA{Q




2c®._  Example of Concurrency

1 #include <stdio.h> 16 int
2 #include <stdlib.h> 17 main(int argc, char *argv([])
3 #include "common.h" 18 {
4 19 if (argc !=2) {
5 volatile int counter = 0; 20 fprintf(stderr, "usage: threads <value>\n");
6 int loops; 21 exit(1);
7 22 }
8 void *worker(void *arg) { 23 loops = atoi(argv[1]);
9 inti; 24 pthread_t p1, p2;
10 for (i =0;i<loops; i++) { 25 printf("Initial value : %d\n", counter);
11 counter++; 26
12} 27 Pthread_create(&p1, NULL, worker, NULL);
13 return NULL,; 28 Pthread_create(&p2, NULL, worker, NULL);
14} 29 Pthread_join(p1, NULL);
15 30 Pthread_join(p2, NULL);
31 printf("Final value : %d\n", counter);
32 return 0;

) B
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Example of Concurrency

prompt> gcc -o thread thread.c -Wall - prompt> ./thread 100000
pthread Initial value : 0

prompt> ./thread 1000 Final value : 143012 // huh??
Initial value : 0 prompt> ./thread 100000
Final value : 2000 Initial value : 0

Final value : 137298 // what the??

Operating System Concepts 1.35 Southeast University




e Persistence

B How to store data (e.g., outputs of various
programs) persistently in a computer.

B Persistence

In system memory, data can be easily lost, as
devices such as DRAM store values in a
volatile manner; when power goes away or the
system crashes, any data in memory is lost.

Hardware: hard drive, solid-state drives
(SSDs), etc.

Software in the operating system: the file

system \rW/ g
Operating System Concepts 1.36 Southeast Unive




Example of Persistence

1 #include <stdio.h>

2 #include <unistd.h>

3 #include <assert.h>

4 #include <fcntl.h>

5 #include <sys/types.h>

6

7 int

8 main(int argc, char *argv[])

9{

10 int fd = open("/tmp/file", O_WRONLY | O_CREAT | O_TRUNC, S_IRWXU);
11 assert(fd > -1);

12 int rc = write(fd, "hello world\n", 13);

13 assert(rc == 13);

14 close(fd);

15 return 0;

16} )

Operating System Concepts 1.37 Southeast University H{Q




N &gfported Platforms and Operating

Environments

Various types of operating systems can be designhec
to function on different computing platforms

Real-Time Systems — Embedded devices, automotive
systems, industrial control systems, medical devices.

Handheld Systems — Smartphones, tablets, PDAs.
Desktop Systems — Personal computers, laptops.

Multiprocessor Systems — High-performance
computing (HPC), scientific computing.

Mainframe Systems — Enterprise servers.

Clustered System — Data centers, parallel processing

Distributed Systems — Cloud computing. l
sGomputing Environments — traditional. &S, P23
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ﬁ_lar Computer Hardware Organization
ardware Continuum

Smart Phone Tablet Desktop Server  Cloud
Embedded System Laptop Mainframe

M Internal organization: Largely the same

@ Bus
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| DVIA
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e&{gomputer System Components (1)

1.Hardware — provides basic computing
resources (CPU, memory, I/O devices).

ser user user L. user
1 2 3 n

‘ | I ‘ l I

compiler assembler text editor S database

system and application programs

operating system
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e,t%;’;omputer System Components (2)

2.0perating system — controls and coordinates
the use of the hardware among the various
application programs for the various users.

S
1

|

user
2

ser
3

|

|
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compiler

assembler text editor

system and application programs

operating system

computer hardware




e&i(;omputer System Components (3)

3.Applications programs — (compilers,
database systems, video games, business
programs) are used to solve user problems.

ser user user L. user
1 2 3 n
compiler assembler text editor e database

system

system and application programs

operating system

computer hardware
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e&éomputer System Components (4)

4.Users (people, machines, other computers).

user
1 2 3
| 7'y A A L A
A 4
compiler assembler text editor S database

system

system and application programs

operating system

T | [— :
computer hardware ( ,
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e,dt_«, OS from User View

B PC Users: an operating system is a program
that provides an easy-to-use interface for
using the hardware

B Mainframe/Minicomputer Users: an
operating system is a program that helps
maximize the system resource utilization

B Workstation Users: an operating system is a
program designed to compromise between
individual usability and resource utilizatiqQn
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sc®._  0S from System View
B A Resource allocator. the operating system

allocates and reclaims the system hardware
resources to and from user programs

B A Control Program: the operating system
controls execution of user programs to
prevent errors and improper use of computer

B No universal definition of what is operating
system. But a common definition is that the
operating system is the one program running
at all times on the computer (i.e., the kernel).

N t,gb\syltlmgtger programs are appllca?tmlotp progra Q




2c®._Goals of an Operating System

B Primary Goal of Operating System
Efficient operation of the computer system
In some systems, it is convenience

M In the past, efficiency is far more important
than convenience, due to the scarcity of
hardware resources
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e,di_arief History of Operating System

B Simple Batch System (H.iE # 4k #H)

Its major task was to transfer the control
automatically from one job to the next.

B Multiprogrammed Batch System (£ i& fit 4b#H)
Several jobs are available on disk, OS can select

which job to run.

B Time-sharing or Multi-tasking Systems (77-H¥)
Multiple jobs are executed by the CPU, but the

switching is so frequent that the user may interact
with the program while it is running

] Parallel Systems and Dlstrlbuted Syster%m@j
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eﬁ{q Simple Batch Systems

B Execute a list of scientific computation jobs

%ﬁ I I R
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le An Example of Batch Systems

Tape System

drive Input tape Output
Card [\
reader S o|l¢-)}| Printer
N = 5
1 [E O JOTE=
° (A (O
1401 7094 1401

(a) (b) (c) (d) (e) (f)
control card tells what the job is supposed to do,
e.g. a PASCAL program or a Fortran program etc.

bring cards to 1401
read cards to tape
put tape on 7094 which does computing

put tape on 1401 which prints output \r%) .
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e,_d'E,eatures of Simple Batch Systems

B Automatic job sequencing — automatically

transfers control from one job to another.
M First rudimentary operating system:

AR S 1
- B WS ERE)

... Alsod

Resident monitor (4

Initial control in monitor

control transfers to |

ob

when job completes control

transfers back to monitor

%) reside

operating
alled system
nt monitor

Memory Layq

user program
area

ut for a

Simple Batch

System

B To speed up processing, the operator will

group all the jobs with similar needs, and

run them together.
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;dlﬂ Multiprogramming Systems

lts idea is to ensure that CPU is always busy. A single job
may not be able to be keep CPU busy. Multiprogramming
allows to keep the CPU busier as follows:

HKeeps serval
jobs in memory
simultaneously

HPicks and
begins to
execute one

mif that job
needs to wait,
CPU is switched
to another one

Operating System Concepts
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operating system

job 1

job 2

job 3

job 4
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the operating
system must
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c% OS Features Needed for
¢CT Multiprogramming

M I/O routine must be supplied by OS.

B \Memory management — the system must
allocate the memory to several jobs.

B CPU scheduling — the system must
choose among several jobs ready to run.

H Allocation of devices.

B Job scheduling — the system must choose
among jobs ready to be brought into

Operating System Concepts 1.52 Southeast University M, : q




ot

Advantages and disadvantages of multiprogramming:
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Tipge-Sharing Systems-Interactive Computing

t"II teractive computer system provides direct
communication between user and the system

The user gives instructions to the system
directly, waits for immediately results. Response
time should be short.

When the operating system finishes the
execution of one command, it seeks the next
“control statement” from the user’s keyboard.

B Time-sharing operating system allows many

users to share the computer simultaneously

Switches rapidly from one user to the next

Gives users the impression: the entire compl.
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¥ Time-Sharing Systems-Interactive
e Computing (cont.)
B The CPU is multiplexed among several jobs
that are kept in memory and on disk

Bl o obtain a reasonable response time, a job
needs to be swapped in and out of memory
to the disk (virtual memory).

Bl Disk management must be provided

B Sophisticated CPU-scheduling schemes are
required for concurrent execution

B Job synchronization mechanisms are needed

M It may ensure that jobs do not get stuck |% )
Operatid@aﬁup@Ck 158 Southeast University RRL Q

]



1o o

TV MRS RERI AL, e Z 2Rt ab 2 &
gt ZIERFF RGN RGH4 H X
AREFE.  (FEZBRH I AR R G AFAE
?ﬁ%l‘tﬂ%ﬁ, LB WA i PR IX L8 ] el

Operating System Concepts 1.59 Southeast University




