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What is an Operating System?
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<¢»/  What Operating Systems Do
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e Operating System Definition
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“§ 57 Computer Startup
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~$»/ Computer System Organization
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~$»7  Computer-System Operation
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Device controller
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) Interrupt
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Hardware Interrupt
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«¢%>  Common Functions of Interrupts
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g Interrupt Handling
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Programmable Interrupt Controller
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New systems Interrupt handler per CPU
Advanced Programmable Interrupt
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¥ o /O Structure
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g T Interrupt Timeline
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Figure 1.3 Interrupt timeline for a single program doing output.
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( vector number description
) « 0 divide error
— 1 debug exception —
2 null interrupt
3 breakpoint
4 INTO-detected overflow
5 bound range exception
6 invalid opcode
7 device not available
8 double fault
9 coprocessor segment overrun (reserved)
10 invalid task state segment
11 segment not present
12 stack fault
13 general protection
14 page fault
15 (Intel reserved, do not use)
16 floating-point error
17 alignment check
18 machine check
19-31 (Intel reserved, do not use)
32-255 maskable interrupts
~

Opera Figure 1.5 Intel processor event-vector table. Taghinezhad




*”’ Storage Definitions and Notation Review
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§57 Storage Structure
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S5 Storage Structure
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7 Storage Hierarchy
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7 Storage-Device Hierarchy
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o v/ How a Modern Computer Works
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a =4 memory

device
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A von Neumann architecture
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<4»7 Direct Memory Access Structure
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Disk read-write without a DMA

CPU Controller 91ffer Memory

I —

\

Bus

4 Con o Jbyw Dygon 1) Soly e Sens oauss S
B Seb JS a5 Sley b ailes o glyo 5l s
g 0 yd 0disS 2SS

als 1, (Checksum) v Jlade G porns
slas g a5 05 Jol> Glinebl b asS o

ol 0olad F, Sules

sl aady G eariS ;S daosls ol 5l e

BU 5, Seb wlgn Jole g b osS oo

aolS S5 b cul G & jgo) Wil oausS J S
il G sl b (A e e 0

Sl I Seb 5l isu e ailes 5l e
|, o) Jelepina waisS J S oSws(register)
S o 0 S Lol alasl> o

1.37



Ly Sawsd 3l 0ols yailes wul 9 DMA

1.CPU
programs DMA
CPU DMA Controller
controller
>
al>
‘ r° Address
Count
Control

Controller Buffer Memory

%\Bu S

) 4\.19).0

ax &ilos B oS o 00,50 ol slols odas b |, DMA gouss J 08 ol sasslo

2o sl xS w |y g

3¢z JA3lo 3L jo g wilgdu |y eoolo b ams o S (gouisS oS 4 Jloyd e o

oS oPé

1.38



<+ Drive
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Modes of Bus operation
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%’  Operating-System Operations
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<457 Q Multiprogramming (Batch system)
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(e *,,;li * Multitasking (Timesharing)
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o Dual-mode Operation

Szl gl g 095 51 aS das s ojl| ulepiuaws 4 (DUal-Mode) adl>gs s Shee
By Il 4 (User Mode) p,5 edls 5l o jle 39290 <l g8 ©
(Kernel Mode).
3 ! awis el b ogd o0 a8l)] l8lecen wgs (Mode Bit) cdl> cos
gl ol [50SS5
ol )8 Sl cws, Cal izl s e )5 G K o
el BT s cws, Sl s e BS oS &S K o
fanai yid " S 1) Gl Gy (gwd jsbay )5 45 (0 el 4555z ©
ol 5l eiSih g ams o s S @ 1, < (System Call)  cosuwams Slgs143
S oo ek )8 Sl s lsasme ) Sl
o (Privileged Instructions) o g ol yguws olgieas &ljgws 51 S 0
s Il BB LS cdls o Lags 4 wiloas

Operating System Concepts-Silberschatz 1.46 Taghinezhad




Y .
~$»/ Transition from User to Kernel Mode

user process
user mode
user process executing —> calls system call return from system call (mode bit = 1)
\ z
\ VA
\ 7
kernel trap return
erne mode bit=0 mode bit = 1
kernel mode
execute system call (mode bit = 0)

g, By Cdls o sl  (BOOt TIME) e (s5lasloly oyles o

)LC]).?)U &./Jl’ )».) ‘) ).:)Lf Lgl.&a‘\.ol.:).: 6‘)9-‘90;&.“ Lg)d.f).: JALCWQ.\M

B[N \': “._“
P e =N

Operating System Concepts-Silberschatz 1.47 Taghinezhad




.o Timer

&bo &5 (aloojlo p b) coled o ail> 5l (g S gl g1y b o

s asein Hlojae 51 e aibly jo asdg oloul gl sl O
D950
b o mals Sopd celu b as o)l 0g2g 00 Lol SO

(Interrupt) assy < o p oo @ 0 lods Hlade a5 i ©
gl o Sl

) o J 55 B 09 oo pebats o3l gapley 51 RS el cnl o
Sl a8, 318 a8l plais] by slasT Ty Gloslon b 0,8 sl
A2 Aol

Operating System Concepts-Silberschatz 1.48 Taghinezhad




BN

( g

57 Process Management
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57 Process Management
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$57 File-system Management
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<§57 Mass-Storage Management
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L{;ﬁ Characteristics of Various Types of Storage
Level 1 2 3 4 5
Name registers cache main memory solid-state disk | magnetic disk
Typical size <1KB < 16MB < 64GB =116 <10TB
Implementation custom memory | on-chip or CMOS SRAM flash memory magnetic disk
technology with multiple off-chip

ports CMOS CMOS SRAM

Access time (ns) 0.25-05 0525 80-250 25,000-50,000 5,000,000
Bandwidth (MB/sec) |20,000-100,000 |5,000-10,000 | 1,000-5,000 500 20-150
Managed by compiler hardware operating system | operating system |operating system
Backed by cache main memory | disk disk disk or tape

Movement between levels of storage hierarchy can be explicit or implicit
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o Protection and Security
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‘fﬂ’f} Computing Environments - Virtualization

processes
processes
processes processes
programming/ R R R
~ interface kernel kernel kernel
kernel VM1 VM2 VM3
virtual machine
manager
hardware
hardware
(a) (b)

Operating System Concepts-Silberschatz 1.66 Taghinezhad




r & Distributed Systems

(Distributed ooz 395 il !y O
Computing)
r@.@c\.gc\.iﬁ.w JJO‘JJ&*MGLQW)‘G‘“M
loads hate

ol LS, g, o pml, TCPIP JSS gy
sl SUL (Network OS) slasiuds Jole povmamw

S oo ol 8 bt G Jolss
Wt (a3 ol Jobd Sl
U Gl 4z LSS i S R Slm|

Operating System Concepts-Silberschatz 1.67 Taghinezhad




Network Operating System VS Distributed Systems
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Computer-System Architecture
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¥/ Computer-System Architecture
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‘%fy/ Symmetric Multiprocessing Architecture

(

processor processor;
CPU, CPU,
registers registers
cache cache
main memory
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0 Multi-chip and multicore
0 Systems containing all chips

0 Chassis containing multiple separate systems

processor,
CPU coreg
registers
L1 cache
L2 cache

main memory
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=$»” Non-Uniform Memory Access System
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Clustered Systems
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g PC Motherboard

Consider the desktop PC motherboard with a processor socket shown below:

processor socket

DRAM slots

T— PCI bus slots

- v
-
-

Various I/O and power
connectors

This board is a fully-functioning computer, once its slots are populated.
It consists of a processor socket containing a CPU, DRAM sockets, PCle bus
slots, and I/O connectors of various types. Even the lowest-cost general-
purpose CPU contains multiple cores. Some motherboards contain multiple
processor sockets. More advanced computers allow more than one system
board, creating NUMA systems.




Computer System Environments
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V—x Client Server Computing
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i”‘w Cloud Computing — Many Types
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Cloud Computing (cont.)
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w—f Real-Time Embedded Systems
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" v-' Free and Open-Source Operating Systems
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“$»’ Free and Open-Source Operating Systems
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End of Chapter 1
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