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AOMH TOY H/Y (PC compatibles)

CPU

RAM

I 1

PCI Bridge
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PCI Bridges

CPU

i

RAM

1L

PCI Bridge

PCI2ISA
Bridge




Aopun Tnc CPU

Register file

——————————————————————————————————

IP
CPU
SP
PS ALU

-——

RAM

Address bus :>

Data bus ‘<,:>



[deatn pvnun (Virtual memory)

___________________ 0xC6470BC3
v |
Register file i:> TLB § i >
| o ||
gl RAM
IP <§: @ :>>
CPU |
SP - MMU
PS ALU

JMP Ox3A750C87




Stack frames

int factorial (int n) {

int 1i;
if(n < 2)
I return 1;
$ret: .. else {
$factorial: 1 i = factorial(n-1);
A return n*i;
_ factorial (1) }
i )
$ret: ..
$factorial: 2
n: 2 . NN
3 factorial (2) inti
Sret. struct ctx $ret
$factorial: 6 int $factorial
n: 3 intn

= foctorial (3)




Kernel mode

O O ene&epyaoTnc BpiokeTal o€ Yia ano TIC OUo
KATAOTAOEIC:
O Kernel mode:
0 'OAec ol evTOAEC YAWOOAC PNXAavng ival VOUIMEC.

O Movo o nupnvac Tou AX NpPENEl va EKTEAEITAl O AuTn TNV
KaTaoTaon.

O User mode:
0 Kanolec (o1 npovouiouxec-privileged) evToAeC pnxavnc v
gival VOUIUEC.
0  Tuyxov anoneipa eKTEAEoONC dNUIOUPYEI KaTaoTaon
opaAuaTtoc (8a avaAuBei apyoTepa).

0 H kataoTtaon anobnkeusTal o€ eva bit Tou PSW
register.

O O kwdikac Twv Olepyaciwv Ba NPEeEMEl va EKTEAEITAL
uovo o€ User mode, note o€ Kernel mode (Aoyol
aocpaAeiac).



O

O

>uyxpovn AsiToupyia
(synchronous operation):

=  AUTOC NOU TNV EVEPYONOIEI,
TNV MEPIPEVEI VA TEAEIWOE]

= [Ix. avayvwon piac 8€onc
uvnunc RAM ano tn CPU

Aouyxpovn AsiIToupyia

(asynchronous operation):

=  AUTOC NMOuU TNV EVEPYOMOIEI
ouvexilel xwpic va Tnv
NEPIPEVEI VA TEAEIWOEI

=  [lx. avayvwon Hiac oeAidag
ano To okAnpo dioko

Nwc yiveTar avTiAnnTn n

oAOKANpwON HIAc

acuyxpovnc AsiToupyiac?

> UYXPOVEC KAl ACOUYXPOVEC
AEITOUPYIEC

CPU

RAM

I 1

PCI Bridge




Polling and Interrupts

O Polling: To AZ gAeyxel nepiodika yia va Ol av €xel
oAOKANPpwOEI kanoia AsiToupyia.

O Interrupts: otav oAokAnpwb6ei n Asitoupyia, n CPU
dexeTal eva onua diakonnc (interrupt signal).

O [MapadeiyuaTa:
= AiaBaopa piac oeAidac ano To okAnpo dioko.
"=  Avayvwon ano To NANKTPOAOYIO.



Interrupt handling (xeipiouoC
O1aKOMnNc)

O
O

KaBe diakonn xapaktnpileTal ano gvav apidbuo.
Interrupt vector: eva array nou os kaBe diakonn
avTIOTOIXEl hia OlEuBuvon PvNUNG, oTNV onoid

BpiokeTal n pouTiva xeipiopgou diakonnc (interrupt
handler).

EkTeAouvTal Ta €&€nc Bnuara:

1. 2wlovTal oTo oWPO ol kataxwpnTec IP kal PS.

2. H CPU pnaivel og kernel mode.

3. H ekTeAeon nnda oTtov avTioToixo interrupt handler.

Maoka diakonwyv (interrupt mask): sva bit vector
nou 6[])\(1)V€I via kaBe diakonn av CIUTI’] gival
evepyn (enabled), n anevepyonoinuevn (disabled).



Trapping

O [a va Jnel n eKTeEAeEon oTov nupnva, 6a npenel
®= Na oupBei kanoio interrupt, n

= Kanoia diepyaocia va kaAeoel eva system call (kAnon
ouUOoTNUATOC).
= Na oupBei kanolo opaAipa

O Eviaioc ynxaviopoc: KANon ouoTnuartocg =
(software) interrupt

O Ovopadleral trapping.



Trapping (ouvexeia)

O  XeIpIouoC EOPAAUEVWYV KATAOTAOEWYV

O MNapadeiyuaTa
= Anonelpa ekteAeonc privileged evtoAnc o€ user mode
= Anoneipa npooBaonc o€ anayopsupevn 6€on uvnuNng
" Floating-point error (nx. division-by-zero, log(0) ...)
= EkteAleon evroAnc HALT
= .. K.C.



Context switching

O  Context: n nAnpogopia nou xpeialetal va owoOei
WOTE VA CUVEXIOTEI apyoTepa pia dlakoneioa
dlepyaaia.
= KataxwpnTec

O [MepiAayBavovTai: IP, SP, ...
=  Ansikovion 10edTNC NVNHNG

O MNwc yiveTal
O Multitasking:
" Preemptive (e interrupts)
= Non-preemptive (kAnon yield)



Pre-emptive multitasking

O  Interrupt-driven.

O H kabe diepyaoia OpOUOAOYEITAl YyIa EvA HEYIOTO
XpOVvo, nou Aeyeral guantum (n timeslice).

O  AegrTtoupyia Tou scheduler:

= ‘'EoTw OTI ekTeAEiTAl N dlepyaoia A.

= ‘'EpyeTal interrupt ano To xpovOUETPO, NMOU EVEPYOMNOIEI
Tov scheduler.

"  EmAeyeTal n enopevn diepyaocia Nnou Oa eKTEAEOTEI
(nwc?), eoTw B.

= ApxIKonoleiTal NaAl ToO XpOVOUETPO YId VA UETPOEI
diapkela 1 quantum.

® Context switch (A, B)



Preemptive multitasking

O

H ekTeAeon piac diepyaaciac nou POAIC
dpopoAoynbnke kpaTtael To NoAU 1 quantum.

AOYOI MOU PJNOPEI va KpATNOElI AlYOTEPO:

H diepyaocia {nTnoe Tnv €kteAeon 1/0.

H diepyacia {nTnoe aneubeiac (pe system call) va
oTapartnoel n dpopoAoynon TnNC.

Ailapkela 1 quantum:

Linux: 1 msec - 10 msec

Windows NT: 20 - 120 msec

MIKpOTEPO quantum: KaAUTEPO interactiveness
MeyaAuTepo quantum: kaAuTepo locality



Non-preemptive multitasking.

O

Xpnoiyonoindnke eupewc oTo NApeABOV, onuepa
uovo o€ €I0IKEC NepINTWOEIC (embedded systems).
Mia diepyaoia nou ekTeAEITal dev OIAKOMTETAI,
napda JOvVov av:

= H diepyaocia {nTnoel TNV ekteAeon I/0.

= H diepyaoia {nTnoel aneubeiac (pe system call) va

orapaTtnoel n dpouoAoynon Tnc.
AnA. ynopoupue va BewpPrnOOUUE OTI
quantum = ©o



APICs

O  Advanced Programmable Interrupt Controllers

O XpnolgonoiouvTal yia:
" [lpoxwpnuevo eAeyxo I/0 kai

= fkupiwc* YnoAoyioTec pe noAAanAa CPU (SMP =
Symmetric Multiprocessors)

O EVTOAEC:
" [IpoTeEPAIOTNTEC: EUEAIKTEC MOAITIKEC.
= KaTteuBuvon Tou kaBe interrupt oe ouykekpipevo CPU.
" FEowTtepika poAoyia (timers).



Aopun Tou nupnva

1. MovoAiBikn (monolithic): Linux
2. Mikponupnvac (microkernel): Windows NT, Solaris
3. Ideatec pnxavec (Virtual machines): IBM VM/390

YNo €peuva onuepa:
" Exokernels



MovoAIBIKN

Aka. The big mess
O O K(bﬁlKCIC TOU nupr']VCI Process

-
xwpileTal os: — Il’ﬁ

"  Scheduler Process

"= Memory management Process

" Resource managers
(filesystem, network interrupts
protocols) system

"= Device drivers ﬁ calls

O  Eigodoc oTov nupnva He:

= Interrupts Scheduler Drivers
" System calls

Kernel

MM ResMgrs




Microkernel

O

O

O nupnvac xwpileTal oc

= Mikponupnva

=  AlEpyaciec oUOTAUATOC
(system processes)

O1 dlepyaaciec XpnoTn

(nTouv unnpeoiec I/0

(diokou, OIKTUOU KAN) ano

TIC OIEPYACIEC CUCTNUATOC

HECW UNXAVIOUWV

gnikoivwviac dlEpyaciwyv.

Process

Process

Process

interrupts

A system

calls

ResMgrs | | Drivers

System Processes

system
calls

MM

Microkernel Scheduler




Virtual Machines (VMs)

O

Kabe VM opoialel ye evav
nAnpn H/Y.

A€ xpnolJonolgiTal ongepa
WC TO KUpiwg A.Z.
YAonoigiTal ouyxva o€
embedded nepiBaAiAlovTa
= Java VM

"  VMware

iy
mifi]

VM P

Process =
Process l
Process
system
= interrupts
]
VM
VM
VM
ResMgrs Drivers
Kernel
MM Scheduler




Virtualization

O YnUEPQa, EXOUNE EvA VEO UOVTEAO OpYyavwoNC:
® Cluster: cuAAoyn ano (ocuvnBwc OPOoIoUC) UNMOAOYIOTEC-
servers, ouvnOwc oc kanolo data cetner

= >e kaBe unoAoyioTn, €vac apibuoc ano VMs.

Applications Applications

Operating System Operating System

Virtual Machine Virtual Machine

..........
= §

Virtual Machine Monitor

Physical Machine

computer

data center



Virtualization techniques

O Full: nAnpn¢ npooopoiwaon Tou hardware
"= EkTeAel guest OS xwpic aAAayec

O  Partial: pepikn npooopoiwon Tou hardware
= EkTeAei guest OS pe €1dikouc drivers

O  Paravirtualization: koivo hardware
"= Guest kernel ye aAAayeg, yia cuvepyaoia

Application Application Application

Guest OS Guest OS Guest OS

Virtual Hardware Virtual Hardware Virtual Hardware
Hypervisor - (Hyper-V, Xen, ESX Server)

Hardware - (CPU, Memory, NIC, Disk)




Hypervisors (n VM Monitors)

O Typel (bare metal)

L] Type2 (hOSted) Containers are isolated,
O Container but share OS and, where
appropriate, bins/libraries

result is signiticantly taster deployment,
much less overhead, easier migration,
faster restart

F

Type 1 Hypervisor Type 2 Hypervisor
el = Container —

Hypervisor

Host O5

Hypervisor

Host 05

Hardware

Hardware

Server

s secured than VM but more efficient




Cloud computing

[aaS: Infrastructure as a
Service
= Evoikiaon VMs

PaaS: Platform as a
Service

= [lepiBaAAov ekTEAEONC
epapuoywv (web server,
database, KAn)

= FEvoikiaon app hosting

SaaS: Software as a
Service

= Applications ue cuvdpopun

Cloud Computing as Gartner Sees It

Google Apps, Salesforce.com, Netsuite,
Lotus, WebFilings, Zoho, Yahoo!Mail,
Hotmail, ...

SaaS

Google App Engine, Force.com,
Windows Azure, LongJump,
PaaS Rollbase, Amazon Elastic Beanstalk,
VMware CloudFoundry, ..

Amazon EC2, Rackspace,
Iaas VMware, Joyent, Google
Cloud Storage, ....

Source : Gartner AADI Summit Dec 2009
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