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Important before the exam

Click on the header to change sortorder

Course code Course name Department EMT_JUMNDM Begins Location Length FIrSt.day Last d ay
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EDA093 gpera“r‘g systems COMPUTER SCIENCE AND ENGINEERING 24 Oct 2020 8.30 am Johanneberg 4 hours 17 Aug 2020 11 Oct 2020 &
ourse element: 0117
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done using Canvas

most likely done via Canvas |
time will tell. ..
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Important before the exam

* accompany your summary study with the notes received, exercises (those solved in class and others,
incl. those in the hard-copy notes) and summary questions at the end of each book chapter

* keep a critical eye in your overview study:
* why 1s this so? how does it work?

* How do the puzzle pieces fit together?

* later: check OS web-page for news



Important before the exam

* Check reading instructions in Canvas page



How do we address a challenger

-

Like this!

@

Like this!

Or this!

Or this!

Maybe also like this...

Why not like this... mmm...
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Need to decouple Applications/Users from Hardware

Application programs

Hardware

-— Beautiful interface

-— Ugly interface

... need to build upon a basic instruction cycle

Fetch Cycle

Execute Cycle

START 2
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o Fetch Next
"] Instruction

Execute
Instruction

Figure 1.2 Basic Instruction Cycle

HALT



Need to maintain information about Need to switch between processes...

Introduction /

prOCCS SCS fU.IlIllﬂg lﬁ the OS process P, operating system process P,
System Structures interrupt or system call
max executing J—L
rocesses / l ; e
Threads |
Muluthreaded T ridle interrupt or system call executing
. h A4
Programming —
data : idle
Process =
scheduling ° e §
Synchronization Need to organize processes and devices
queue header PCB, PCB,
d head > —
D ealeCkS qrsgug tail N registers registers
MCmOIY mag head _X/ )
tape =
Management unito [ tal 1=
Virtual Memory i o -
unit 1 tail = 1, 1 B

File Systems
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. . terminal head —
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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 / Threads (2) create new
(1) request thread to service time

. the request
Multithreaded client > server > thread
Programming

core 1 T4 Ts T4 Ty T4

Process

. (3) resume listening
scheduhng for additional core2 | To | Tg | T2 | Tg | T2
client requests

. . time
Synchronization
Deadlocks
Need to maintain more information...

Memory

Management code data files code data files

Virtual Memor registers stack registers ||| registers ||| registers .

y ...and synchronize threads and processes

stack stack stack

File Systems

I/ O Systems thread—»? ; ; ;4—— thread @
Security / Protection (om0 ) (o )

Virtualization

parent resumes

wait

single-threaded process multithreaded process
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Need scheduling at different granularities
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Figure 9.1 ' Scheduling and Process State Transitions
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Need scheduling criteria
CPU utilization

Throughput
Turnaround/Response time

Fairness

Overhead
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Introduction /

System Structures Need to prevent overlapping execution of critical sections
PrOCCSSGS / Threads /A eelrs oritial region A leaves critical region
Multithreaded Process A ———]

Programming

B leaves
critical region

B enters
critical region

B attempts to

|
|
|
- |
enter critical |
|
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|
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SCthUhﬂg Process B : : P
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| | | |
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Need to synchronize threads communication
Deadlocks T e
producer consumer
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Management
. Ioc}c\biuffer b £ lock buffer
Virtual Memory e %
\\ //
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File Systems Y
P i
I O S lil’.!()tjk?))w/i:ﬂ' \\\ unlock buffer
/O Systems y |
\
7/
Security / Protection neh oty ot
Virtualization
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Need to avoid deadlocks
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... which can be challenging
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Need to manage information (read / write)
based on the available hierarchy

’ registers

/

i Il
[ \Z
‘ cache \j

A i
[l v

‘ main memory
Y I
i v

solid-state disk
N i
|l Vv
hard disk
2 |
i \Va
optical disk
ft
i ) 4

magnetic tapes
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E.g., by swapping processes...

main memory

operating o
system
P
@ swap out PrOSESs
process P,
@ swap in
ha— B
user v
SRl backing store
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Need to provide more (virtual) memory than available
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frame
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page table
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physical memory
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Need extra overhead to provide that...

load M

Sometimes (hidden?) complexity leads to
unexpected behavior... |

CPU utilization

@ page is on
backing store /\
operating
system @
reference
@ trap
L [i
restart page table
instruction
free frame
reset page bring in
table missing page
physical
memory
thrashing

degree of multiprogramming
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Need to keep track of where files are

Fig. Tanenbaum, Modern Operating Systems

(4':::;5 ) (G@chks) (1 2FL:E:cE|q) (32::35; File A
_— g se ; . ‘ o R “+— “— +— 4 0
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block
Need to keep track of free space
1001101101101100
Free disk blocks: 16, 17, 18 01101 10111110111
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v 212 170 1110111011101111
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516 L/ .2 | 141
A1-KB disk block can hold 256 T ~
32-bit disk block numbers
0111011101110111
1101111101110111
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Physical

~— File A starts here

«— File B starts here

block
0
1
2 10
3 1
4 7
5
6 3
7 2
8
9
10 12
1 14
12 -1
13
14 -1
15

~— Unused block

Need

60
50
40
30

20

Data rate (MB/sec)

10

File Attributes

Address of disk block 0 E——
Address of disk block 1 E——
Address of disk block 2 E——
Address of disk block 3 >
Address of disk block 4 —
Address of disk block 5 —>
Address of disk block 6

Address of disk block 7 —

Address of block of pointers

Disk block

containing

additional
disk addresses

to decide how to use secondary storage

J U S Yy L

1 KB 4KB 16 KB

l
64 KB 256 KB 1MB

100%

80%

60%

40%

20%

0%

Disk space utilization
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Introduction / Need to communicate / exchange information with devices

System Structures

Processes / Threads

monitor processor

Need good design to increase performance

2000
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kernel . . —
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Vlrtual Memory process T kernel R T kernel
% sending system receiving system
F 1 S % kernel I/0O subsystem
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ScCsl keyboard mouse PCI bus floppy ATAPI
device device device e device device device
driver driver driver driver driver driver
I/O Systems
SCsI keyboard mouse PCI bus floppy ATAPI
. . device device device eoe device device device
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=
: : : £ ATAPI
Virtualization e floppy- | | devices
i keyboard mouse eee PCI bus disk (disks,
drives tapes,
drives)
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Processes / Threads

We need mechanisms to protect and share data...
... from programs’ vulnerabilities (e.g,

Multithreaded o buffer overflows)
Programming ( Data ) Confidentiality i i
Process
scheduling @ =
Synchronization 204 return result

@ Integrity 203
Deadlocks g. 202
Management 200
Virtual Memor Availability

y __Daa J J
File Systems
104

I/O Systems 103
Security / W 102| call getURL
Protection 101
Virtualization 100
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Email server
Web server
FTP server

E-commerce service

Priviledged

Sensitive
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Hypervisor /
Virtual Machine Monitor (VMM)

Guest OS process

Excel Word Mplayer Emacs Host OS
O O O process
Guest OS
(e.g., Windows)
Windows Type 2 hypervisor
Type 1 hypervisor . : S
Hardware! Hardware

(CPU, disk, network, interrupts, etc.) (CPU, disk, network, interrupts, etc.)

(a) (b)
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Thank you for your attention!

...and good luck!



