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Agenda

e Main textbook



Main textbook

Modern Operating Systems by Andrew S. Tanenbaum (fourth
edition)
ISBN: 9781292061429 e 55 &

Modern Operating
Systems

T LDIMION

Andrew $.Tanenbaum * Merbert Bos
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Agenda

 Why study Operating Systems?



Why study Operating Systems?

* Where there are computers, there are operating
systems...
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Why study Operating Systems?

* Provides services to system users

Application programs

Operating system

B, =

« “Shields” the user from the
hardware

-—— Beautiful interface

* Resource manager:

-—— Ugly interface

Hardware
_ CPU(s)
Picture source: Modern OS, by A. Tanenbaum
— memory
— 1/O devices
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Why study Operating Systems?

* To learn about system functionality and design '/
— performance vs. simplicity, HW vs. SW, etc. |

* To learn how to manage complexity through
appropriate abstractions

* again: Because computers and OSs are
everywhere!
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Agenda

e What is this course about?
— What is this course NOT about?



What is this course not about?



* Learn
* Learn
* Learn

* Learn

What is this course not about?

now to use Windows
NowW to use Linux
now to use OS X

now to program in C

Operating Systems - Course Introduction
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What is this course about, then?



Introduction / System
Structures Need to decouple Applications/Users from Hardware

Processes / Threads Application programs

Multithreaded
Programming

-— Beautiful interface

Process Operating system

scheduling @
Synchronization A%

Deadlocks Hardware

Memory Management

-<— Ugly interface

Virtual Memory ... need to build upon a basic instruction cycle
F|Ie Systems Fetch Cycle Execute Cycle

|/O Systems

. o START y J Felcl:lcNext Ex:l:m ———
Security / Protection E— mstructon (Lwr )

Figure 1.2 Basic Instruction Cycle
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Need to maintain information about Need to switch between processes...
Introduction / processes running in the OS process P, operating syster process P,

interrupt or system call

Syste m St ru Ct u res max [ executing J—L
tack S
Processes / N 5 }

Threads e

. | ridle interrupt or system call executin
Multithreaded o g

res {
Programming d—tp }
Process e - 11
scheduling _ _

Synchronization Nee?uefgegergamze B!B?Cesses arlgzdewces

Deadlocks o regiers g |

Memory =2 :\—/ '

Management |

Virtual Memory vt L e P s

File Systems st ht—ld/

|/O Systems [P

Security / o [ '

Protection
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Introduction / Need mechanisms to improve processes
System Structures performance / take advantage of hardware

singlecore | Ty | T2 | Tg | Tga | Ty | T2 | T3 | Tg | Ty

Processes / (2) create new

(1) request thread to service time
Th reads client >  server the request > thread
Multithreaded U oot | Tl 7 n T
Programming
(3) resume listening
Process dhantaqueds N L O
time

scheduling

Synchronization
Need to maintain more information...

Deadlocks
M emo ry code data files code data files
M ana ge me nt registers stack registers ||| registers ||| registers .
...and synchronize threads and processes
stack stack stack

Virtual Memory L
parent resumes

' o .
Flle SYSte ms thread ——> ; ; ; ;4—— thread <fork() ;( ]
|/O Systems T e /exe@_.(e}n}\

A p

-

—_ ~—. —

Security /
Protection single-threaded process multithreaded process
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Introduction /

System Structures

Processes /
Threads

Multithreaded
Programming

Process
scheduling

Synchronization
Deadlocks

Memory
Management

Virtual Memory
File Systems
|/O Systems

Security /
Protection

Vincenzo Gulisano

Need scheduling at different granularities

( New

Ll — -
Exit
s‘l”“d Piediun- M( ' S lerml\( (

\
aneduung“ stl*dullng,

\— -7

(anend ‘h_b(llocked

Tedium-term

%an

Figure 9.1 Scheduling and Process State Transitions

Operating Systems - Course Introduction

Need scheduling criteria
CPU utilization

Throughput
Turnaround/Response time
Fairness

Overhead
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Introduction /

B attempts to

enter critical critical region

System Structures Need to prevent overlapping execution of critical sections
Processes / Areriiers exlical regicn T ——
Threads Process A .’/ i
Multithreaded i
.

! |

| |

| |

| B enters | B leaves
| 1

| |

I

:
|
. : critical region
Programming : / Y /
|
Process Process B : : :—:
scheduling L T, .
o Need to synchronize threads
Synchronization Time ———> communjgatign ——
D e a d I O C kS :I"gtitﬁ?ﬁﬂer ‘:llgtitel::;f;r
Memor
y Ioc}c\biuffer b £ lock buffer
Management b A
Virtual Memory X
File Systems LG!o».;l:/b)/i:;v \\\\ 7 unlock buffer
|/O Systems / e
_ ©
Security /
Protection

Vincenzo Gulisano Operating Systems - Course Introduction



Introduction /
System Structures

Processes /
Threads

Multithreaded
Programming

Process
scheduling

Synchronization
Deadlocks

Memory
Management

Virtual Memory
File Systems
|/O Systems

Security /
Protection

Vincenzo Gulisano

Need to avoid deadlocks

Operating Systems - Course Introduction

... which can be challenging
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Introduction /
System Structures

Processes / Need to manage information (read / write)

Threads based on the available hierarchy
MUItlth readed registersﬂ Q
H il
Programming e )
Process e — Q E.g., by swapping processes...
scheduling —1
. . solid-state disk /w/-f e ‘\\

Synchronization ] - G
Deadlocks hard disk RUsen
Memory i = (D) swap out p;ocess P,
M a nage m e nt optical disk e
V. t I M ﬁ—%f — @swap in 2

Ir ua emory magnetic tapes ha K l—’ ~
File Systems - b;;ngm;/
I/O SyStemS main memory
Security /
Protection

Vincenzo Gulisano
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Need to provide more (virtual) memory than available
Introduction /

System Structures
o T P Need extra overhead to provide that...
Processes / | R (——
h dS 2 (o} ol 4 : 4 A _""*m*"ﬁ (3), Pageison
T re a 5 = " i > | | ‘ \Z/ backing store <
. 4| E 2E \Il 6| C [ ] [&] [B] =
Multithreaded S B B e B
H 6 G ] \II | 8 ‘ i : reference (@
Programming [ h T of F E @ [ | @ |
iogica page table 10 f=} - ‘

Process ooy ) ] OO ( z

. — \‘-——ﬁ = IS re\ét;rt page table
SChEdU“ng 12 instruction /) m [\\7“7 iy
Synchronization g m— g | kL
Dea d IOC kS Phx;Sica' ey physical
Memory Sometimes (hidden?) complexity leads
Management to unexpected behavior...
Virtual Memory
File Systems 5 thrashing
|/O Systems E
Security / °
Protection ,

degree of multiprogramming
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Need to keep track of where files are
Introduction /

Fig. Tanenbaum, Modern Operating Systems

S t St t Fio A Fie C Filo € File G File A
yS em ructures (& blocks) (60cks) (12 bocks) (3tiocks) Physical -
> N . . . . 4| 0 block File Attributes
T T T T T T T T T T T T File File File File File 0
g block block block block block Address of disk block 0 [
Processes LT = o i e O B A 1
@ Physical 4 7 2 10 12 2 10 Address of disk block 1 >
plocs 3 1 Address of disk block 2~ |——>
T h re a d S Tl ) ) (Fle) i) Flle B 4 7 ~— File A starts here ' l
—_— J— —_— w 2 m I 5 Address of disk block 3 E——
. ’ File File File File i Address of disk block 4 —_—
M u | t It h re a d e d FloB S Froe blocks 6 Freo blocks block block block block 6 3 < File B starts here
L 0 1 2 3 7 2 Address of disk block 5 |
Physical 6 3 1" 14 8 :
Programming block 9 Address of disk block 6
10 12 Address of disk block 7 —
1 14 Address of block of pointers
Process e[ Disk sk
13 containing
. B additional
SC h ed u | I n 14 1 disk addresses
15 ~— Unused block

Synchronization Need to keep track of free space

1001101101101100
Deadlocks
OTTOTTONTTTOM T Need to decide how to use secondary storage
2 | A w0 | [ e 1010110110110110
Memory 136 162 234 "
210 612 w07 0110110110111011 60 — 100%
Management =
oy p” = 1110111011101111 = 50| a0 S
H 63 160 223 0] =
Virtual Memory - o = 1101101010001111 2 4ol g
0, -
4 216 160 0000111011010111 =3 60% 5
1 262 320 126 o 30+ 9
File Systems | e B | 1011101101101111 © dost, B
] 7]
510 180 12 1100100011101111 5 S
|/O Systems w Y eV [ > 20% O
A 1-KB disk block can hold 256 e ~ 10—
. 32-bit disk block numbers _r | |
bl alisape
0 )
SeCUFItY/ 0111011101110111 TKB 4KB 16KB 64KB 256 KB 1MB "
: 1101111101110111
Protection
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Need to communicate / exchange information with devices
disk

Processes / e e sk Need good design to increase performance

Threads | [ ] (=)
system call packet

typed 2
SCSI controller \ completes received

Introduction /
System Structures

206

. graphics bridge/memory -
M u Itlt h rea d ed controller controller E § % g E ~§
ol @

Programming ! Felbus ) L handies Sl

: i 8|3 g8
Process IDE disk controller e"pi:{'ei"‘;geb“s keyboard 3 @ i @ |
interrupt interrupt interrupt
. [ handled generated generated
scheduling ™) @ [ remansionbus—f ) (e g2
. . @ @ parallel serial z . ;
Synchronization port port s ol ne
DeadIOCkS d I' 1 ’ d h d ’ I 1 device network
Need to separate applications” and hardware’s logic s Wrrocicd
%|5 %|s %15
Memory HE HE s]_
sl3 5|2 HE
kernel .:se‘:r Ghbbedel] (1| n;\)v:}k context| ;&,:
Management pr0cess | e daemon o
Vi rt u a I M e m O ry § O e et sending system receiving system
o
w
SCsSI keyboard mouse PCI bus floppy ATAPI
- device device device device device device
F I I e Syste m S driver driver driver driver driver driver
SCSI keyboard ;nouse I:CI bus floppy ATAPI
devi devi i e i devi devi
I/O Systems | comter | comover | compater comoter | comgte | comperer
- R S A T A
. =)
Security / g
scsl floppy- | | devices
. devices keyboard mouse oo PCI bus dd_isk (disks,
rives t: '
Protection lapes,
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Introduction /

System Structures We need mechanisms to protect and share data...

Processes / ... from programs’ vulnerabilities
Threads - (e.g., buffer overflows)
Multithreaded = ' '

Programming

Confidentiality

Process S € ;
scheduling 204 | return result
P =

- 203
Synchronization @ Integrity 5
Deadlocks % 201
Memory - 200
Management Availability

g D J J J
Virtual Memory \
104

File Systems o3
|/O Systems W 102| call getURL
Security / 101
Protection 100|
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New material this year:

e New lecture about Virtualization

(about software-based memory compression technologies) ZeroPoint

TECHNOLOGIES

* |nvited lecture from Yiannis Nikolakopoulos, from



Agenda

* Course organization



Course organization

* Lectures, Tutorials, Exercises sessions

— ”"Lectures and Schedule” @ web page

— Programming assignments

— “Labl, Lab2, Lab3” @ web page; (more about this in the following)
* Exam

— 24t October 2020, 4t January 2020.



About this year’s arrangements because of COVID-
19

e All activities will be performed remotely, using Zoom
* This applies to students’ collaboration for labs too

— Meet periodically via Zoom (or any other tool you want to use)
— Avoid physical meetings!



About the labs



About the labs

e Students are divided in groups of 2. Students can form groups themselves, but students that are not in groups of
2 will be grouped by the examiner before the first lab is officially introduced

 There will be 3 labs, about developing a simple shell, Pintos and batch scheduling. For each lab:

The material is made available in Canvas and presented in a specific session by TAs. To access the material,
each group needs to pass a preparation test.

Groups must complete each lab using the remotell or remotel2 servers (links will be given). Groups can
practice of course with other computers, but the TAs’ final evaluation is carried out only for code that is
compiled / run at those servers

a script will be provided for each lab to check (@ remotel11/12) whether the lab compiles / runs / passes a
certain set of tests

Successfully running the script does not imply the group has passed the lab. There will be manual inspection
and groups might be asked to explain some of the decisions they took and/or modify their code in order to
pass the lab. Passing the script is only an indication that the group is most likely ready to complete the lab



About the labs

... There will be 3 labs, about developing a simple shell, Pintos and batch scheduling. For each lab:

Once the script for each lab runs successfully, groups are expected to upload to Canvas their source files,
the message generated by the script and a report.

Each lab has an internal deadline (2 weeks after the presentation, approximately).

Each group must book at least one slot during the lab sessions (via Zoom), a doodle will be shared for each
session to book.

Each group books exactly 1 slot using the group id

You can ask stuff to the TAs even if you do not book (if they are not booked when you want to ask) but if you
just want to join the lab session and ask, then the best is to book

If you have questions about previous labs, do not use booking, only enter and wait for a TA (priority is
always given to the current lab)

If a group fails the lab, the resubmission will be at the next re-exam (for that specific lab)



About the labs

Groups can sometimes have problems. There is no “retroactive” handling of problems. If a group passes a lab,
then there cannot be later discussions as “Student A did all the job for lab i, but we agreed student B was going

to do all the job for lab i+1, and then (s)he did not...” All students are expected to participate equally in all labs.
If a group has problems, it must share them before uploading any module.

— Once you create a group, meet (virtually) and plan how you intend to proceed (how each student in the
group is going to collaborate and be active in all labs).

There are a lot of groups, so...
— Come with a concrete question / doubt. Do not come with a piece of code and ask ”"why does it not work?”
— Check if the FAQ already contains an answer for you!
For each lab session, we will share zoom link
— There will be several rooms (one for TA).
— Groups enter the respective room (depending on the booking)

— Groups that do not book TAs can anyhow join a session by simply entering a room. TAs will nonetheless give
priority to groups that have booked a slot



Agenda

* Best practices



1.

4,

7.

1.
2.
3.

1.

2.

1.
2.

Best Practices

Participate to lectures, exercise sessions and labs

Come to classes

Ask when something is not clear

Ask when you have some doubt about what is being discussed

Study at pace with classes, do the labs in time
Use the book and other material

Read the book

Try the exercises in the book

Be nice to future generations

Provide feedback

Evaluate the course!!!

Check the updates in the Canvas page

Look at messages in Canvas

SPECIAL RULE: PLAY WITH UNIX

¢éit's afunny
thing, themore
| practice the

luckier | get.
- Arnold Palmer y

Sunday thoughts

12 Jan 2014 8:10 pm




Best Practices

* Do you know what this is?
— |s
— mv filenamel filename2
— chmod options filename
— man commandname
—Is -l | grep "Aug" | sort -n
* Install a virtual machine (e.g., Virtual Box) =2 Install Unix OS
(e.g., Ubuntu) - start playing with commands and system calls



Agenda

e Student representatives



Student representatives

Can be found on the Canvas page

TASK: responsible for discussing about the course together with the examiner/course responsible
and the program board of the program that gives the course, as follows:

1. The student representatives and the course responsible have two informal meetings during the
course: one in the second study week (get acquainted) and one after approximately half the course
(give feedback to the teacher on the progress of the course).

2. After the course, an evaluation questionnaire is sent out. The examiner will get an opportunity to
add extra questions to the standard questionnaire.

3. In the middle of the next study period, there will be an evaluation meeting: the student
representatives and the examiner/course responsible meet the board of the program who gives the
course, discussing the course’s advantages and potential for improvement.

The student representatives participating in the final meeting get a gift certificate valid at Cremona.

Vincenzo Gulisano Operating Systems - Course Introduction
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Academic integrity and honesty

'\ Hans Hjelmgren, Head of program EE,
“ Associate Prof at MC2



CHALMERS Studies Contactand service  Student Life  Careersand Jobs Search course, person, £t &5 Pasvensks
The Student Portal

Joint rules and directives for the
und

ncoming student 2016

rgraduate p

rogrammes

Policy documents at Chalmers




Version 2009-09-20

Academic Honesty and Integrity at Chalmers —

What Are the Rules of the Game?




Academic integrity and honesty

* The document in the previous slide will give you examples of how to use and refer
to the knowledge of others.

* We expect you to read the document on Academic integrity and honesty and hand it
out today!

In addition to this, we will give you some examples from the document in the
following slides



Academic integrity and honesty

To study is to turn the knowledge of others into one’s
own knowledge.

® An important motivating force behind academic work is
“getting the credit” for one’s advances

® There are rules for how recognition is paid to the
contributions of colleagues and predecessors

® Cheating can be collaborating on a certain assignment
beyond the rules of the game, omitting trial experiments
that do not “fit in”, using aids for an examination
assignment that have not been approved, plagiarism



Definition of Plagiarism

J. Carroll and C.-M. Zetterling,
Guiding students away from plagiarism, KTH, 2009.



Examples of plagiarism

® Hand in someone else’s work as your own

® Copy words or ideas from someone else without referring to the
source

® Not use quotation marks for words that are cited.

® Excessive borrowing of the structure of a text may also result in
plagiarism. Even if you cite your source, do not produce a text that
is identical to the original text.



Important

® As the writer you are responsible that your papers do not
plagiarize the works of others

® Itis customary to be able to discuss an assignment with
one’s classmates; however, every student must submit his
or her answers individually

® For larger project assignments, it is customary that students
divide the tasks and then assemble their separately written
sections into one larger team report. However, every author
is responsi[ole for the entire report, i.e. the mistake of or}e of

hors affects everyone on the team.




URKUND

® Reports are checked for plagiarism in URKUND.

® You submit the report to the teacher’s account at
URKUND.

® The teacher gets a report on sections of text that
resembles text on the internet and other sources.



You are here to learn!

You don’t need to know everything from the start
Always ask your teacher if you are not certain

You must be able to discuss your draft reports and hand-ins without running the risk
of being accused of plagiarism and cheating.



Rules of Discipline



Rules of Discipline

 The purpose of the Rules of Discipline is to promote equality between
students, good conduct, a good study and social environment and
adherence to the rules and directives at Chalmers.

 The Rules of Discipline stipulate the type of conduct and actions that can
lead to disciplinary action. In addition, they stipulate the grounds on which
disciplinary action may be taken at Chalmers and the procedure for such
action.

* You can find the Rules of Discipline and other rules and directives in the
Student Portal
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The Disciplinary Committee

The Disciplinary Committee makes decisions regarding disciplinary
action.

The Disciplinary Committee at Chalmers consists of:
 two members learned in the law, at least one of whom is a judge

* the Vice-President for undergraduate and master programs
* two faculty members

e two students



Disciplinary action
A student may be warned or suspended if he or she

e attempts to mislead in connection with an examination (=cheating)
* disturbs teaching or an examination

* insults the integrity of other student or employee at Chalmers
 otherwise breaches the Chalmers rules

The Disciplinary Committee can decide on expulsion in very

serious case for example if the student is guilty of serious criminal
activity



The Disciplinary Committee and its work

e Students, faculty members and other employees are jointly responsible for
reporting the matter to the President without delay if there are grounds
for suspecting an infringement or other misconduct.

* Once the report has been received by the President, the person to whom
the report pertains shall be informed promptly in writing at his or her last
known address.

 The student shall be given a copy of the report and have an opportunity to
present his or her account of the matter. The student ombudsman shall be
provided with a copy of the report and the material from the investigation.



The Disciplinary Committee and its work

If the student wishes to present a verbal account of the case to the Disciplinary
Committee, he or she shall be able to do so.

The student shall also have the opportunity to be represented by a person whom
he or she trusts. The student ombudsman should contact the student to inform
him or her about the procedure and the assistance available to the student.

The Disciplinary Committee should give reasons for any decision.

The student may appeal to the Chalmers Board against a Disciplinary Committee
decision regarding a warning, suspension or expulsion.



Thank you for your attention!

Questions?



