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Adelec Xpnonc

* To mapov eKMOULOEUTIKO UALKO UTTIOKELTOL OE AOELEG
xpnong Creative Commons.

e [a eKTIALOEVUTIKO UALKO, OTIWC ELKOVEC, TTOU UTIOKELTOL

o€ aAAou tumou adeloc xpnone, n adela xpnong
avadEPETAL PNTWC.
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Xpnuatodotnon

e To mopoVv eKTMALOEVUTLKO UALKO €XEL avamtuxOel ota mAalola
Tou ekmatdevtikol £pyou tou dtdaokovta.

* To €pyo «Avoikta Wndraka Madnpata oto Naveniotquo
Avtikng Makedoviac» £xeL xpnUatodoTnOEL HOVO TN
avadlapopPpwaon tou ekmatdeutikol VALKOU.

e To €pyo uhomoleital oto mAaiolo Tov Emxelpnolakou
Mpoypappatoc «Eknaidbevon kot Ata Blov MaBnon» ko
ocuyxpnuotodoteitol amo tnv Evpwnaikn Evwon
(Evpwrnaiko Kowwwviko Tapelo) ko amo €Bvikou ¢ mopouc.

EPSLAIAEYZH kAI AIA éIO‘Y ll\/‘1AgHZH — EZ”A
TLEVOYON JTNY UoVWYIa TNe YVWene ¢ @ o

cpérpopa ro
YNOYPFEIO MAIAEIAL KAl OPHIEKEYMATAQN
EvpwnaikEvwon  EIATKH YITHE IA AIAXEIPIZHE
Evpwnaixé Kovwvixé Tapeio

Me tn ouyxpnuarodérnon tng EAAadag kat ¢ Evpwnaikrig Evwong

QD
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2 KOTTOC EVOTNTOC

* H katavonon tng evvolac tnc dlepyoaoioc.

* Hnopouolaon Twv KATAOTACEWY TWV
SlEpyaocLwV.

* H onMavVTIKOTNTA TWV VNULATWV.
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TL elval n dtepyaoia; (1/2)

* Alepyaoia (Process) eivol o pnxaviopoc eKTEAEONC EVOC
TIPOYPALLUATOC.

* H dadikaoia eival pLa evepyn ovtotnta (mepLEXEL Eva CUVOAO ATTO
OUOXETIOUEVOUC LE QLUTH) TIOPOUC TIPOKELUEVOU va ekTeAeOTEL). To
POypappa Eival madnTikn ovtotnta.

*  INUOVTLKO: Eva TIPOYPOUHA ATtO LOVO Tou Hev amoteAel Slepyaoia.

e KaBe diepyaoia ektelel eva povadiko poypappa. To idto
TPOYPALLUO UTTOPEL va ekteAeital armo MoAAEC Siepyaoiec (pe
OLaPOPETIKEC TAXVUTNTEC KOl AKOAOUOLEC EKTEAEONC TWV EVTOAWV).

* H ektéAeon pac depyaciog yivetal ostplokd. To AELITOUPYLKO
UTTOPEL OPUWG Vo EKTEAEL TTOAAEC Olepyaoieg «mtapaAAnAa» peTaly
TOUC.
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TL elval n diepyaoia; (2/2)

* O nupnvoc tou AZ.

* O ¢pAowoc tou AZ.

* O petadpaotnc (compiler).

* BonOntika mpoypappota.
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/A\ELTOVUPYLEC TOU
AZ yLa T OLEPYOOLEC

* Mapoxwpnon mMopwv.
e XpovobpopoAoynon.

e AladlepyaoLaKkn EMLKOLVWVLA (CUYXPOVLOUOC,
adle€oda,..).

8’ 72))
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To povtelo tne dlepyaaotac.
H evvola tou YevdomapaAAnAlopou

(a) MoAumpoypappaTIOpMOC 4 poypopupatTwy, (b)
EvvoloAoyilko Movteo 4 aveéaptNTWV OELPLOKWV
Atepyaowwy, (c) Eva mpoypappa evepyo kabe otiyun!

One program counter

S, Four program counters
A Process
E switch o D —_— —_—
Y B 2
q e — —
o
G A # B Y C } DY B| =— —
(= AT —
\V D Time —=
(a) (b) (c)

QD
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Anpoupyla tng Olepyoaoioc

e Ap)lKOTiolnon 2uoTNnMaTOoC.

e KANon cvotnuatoc amo pa aAAn diepyaoia.

e Altnon xpnotn.

e Zeklvnuo pac epyaoctioc deounc (a batch job).

A9 )
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TeEpUATIOMOC pLaC OLepyaoiag

* Kavovikn E€odoc (okeloBeAnq).

e «Kavoviko» opaApoa (oitkeloBeAnc).

o «Motpaio» opaApa (avolkeloBeAwc).

o «2kotwpuay (Kill) amo po aAAn diepyoacia
(avolkeloBeAwc).

A9 )
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lepopylec AlepyaocLwv

* H untpwkn dnpoupyel BuyatplkeC, Ol OTIOLEC
LItopouV va SnuLoupynocouv SLKEC TOUC
BuyatplKec.

* Anuloupyla lepapyloc.

— 2to UNIX amokaAeital «opada SLepyaotwvy»

(process group).

— 2t Windows &&ev umtapyet tetola evvola: OAec oL
dlepyaoiec «yevviouvtol LOECY.
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OL 2 katootaoelc dlepyaoclwv

Di=patch

Pause

(b) Queulng dlagram
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Ot 3 KATOOTACELC TwV OLEPYACLWV

1. Process blocks for input

2. Scheduler picks another process
3. Scheduler picks this process

4. Input becomes available

Mpoooxn ot EYKUPEC petafaoerc!

QD
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O 5 kataotaoelc dltepyaoctlwv

* new: H OLepyaoia dnuoupyeital.

* running: H dlepyaocia ekteAeltal o€ KATTOLOV
emetepyaoTn.

* waiting: H diepyacia avapevel (amevepyomotnpevn)
KATIOLo cupfBav.

* ready: H diepyacia avapevel va tic 600l (oo to A2)

O€ KATIOLOV €TEEEPYOOTN YL TNV CUVEXLON TNG
EKTEAEONC TNC.

* terminated: H diepyaoia €xel oAokAnpwoeL TNV
EKTEAEOH TNC.
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AAN\ayec Kataotaonc Alepyaolog

* running -> waiting -> ready: Mia ditepyaocia aAAAleL TNV KATAOTOON
NG amo running o€ waiting cuvnBwc¢ otav MepLUEVEL va TNG 600OEL
KATtOLOC TTOPOC 1 EMLBUUEL VA XPNOLULOTIOLNOEL KATIOLOV TTOPO TIOU
dev eival Slabeooc kot pemnel va eAeuBepwbel. Ev ouveyeia, n
dlepyaoia aAAdleL og kataotaon ready otav Ti¢ 60Beil o MoOpo¢ nou
(NTtRBNKE.

* running -> ready: Mwa Stepyacio aAAAleL TNV KATAOTOON TNG ATIO
running o€ ready cuvnBwc otav n eKTEAEON TNC SLAKOTITETAL ATIO
Sdtakomn UAlkov (hardware interrupt) n KAon cUOTAMATOC
(software trap).

* ready -> running: Mua diepyacio aAAAlEL TNV KATAOTOON TNE OO
ready o€ running otav tn¢ 600el emeéepyaoTnC yLoL va. CUVEXLOEL TNV
EKTEAEON TNC.
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O eyKUpEC peTOPBAOELC
OTLC 5 KOTOOTAOELC SLEPYAOLWV

admitted interrupt

scheduler dispatch

/0O or event completion /O or event wait
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O diepyaoiec blocked

tonoBsTouvTal o€ pLa oupa

r Dispatch -
Admit — L Release
PNe v R Ready Running —— Exit
- . Timeout - -

Ready Queune Release
Admit Dispatch . L
‘ - F* ro0e ssaor

Timeout

EBlocked Queune

Event Evenl Wall

Ocours

-

{a) Single blocked queune
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MoAAartAec Oupec

Ready Que e

Auvcimlt 1 I¥ispatch
1 - I P iroessor I
T lmeout
il
Event 1 Queue e, .
Event 1 i Event 1 vWwalt
Docus I
Event 2 Quene
Evenl =2 Evenl 2 YWalt
—m}
Oocurs I
¥
¥
B
Event » Queus
Event n i Event m Walt
Docurs I

BEelease

oS o -a W
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To HOVTEAO TWV 6 KATALOTACEWV

* Av n Olepyaocia tomoBetnOet oto swap-file (dnAadn
yivel swapped) tote uTtapXEL N 6 KATALOTAON.

Dispaich

4 Release
: ' ‘um 1ing 4>( Exit

Timeout

Event
oOccurs

g
L
=
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To HOVTEAO TWV 7 KOTALOTOOEWV

Release
Ing —P(Exlt

2 , , ,
(;/5 MNavemoTtApio AuTikrig Makedoviag
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[Mote pnopetl va yivel suspend;

AvtaAAayn

AAAoI Aoyol AZ

AladpaOoTIKN
aitnon xpnoTn

XPOVIOPOG

Aitnon diepyaaciag

To AeIToupyIKO oUOCTNHA TTPETTEI VO ATTEAEUBEPLWOEI APKETH
MVAHN Yia va S1axeIpIoTEl Jia digpyaoia Trou gival €Toiun va

TPESE!

To AZ utmopei va avaoTeilel TNV eKTEAEON PIag BondnTiKNG diEpyaoiag
N dlEpyaadiag TTou TPEXEI OTO TTAPACKAVIO I dIEPYATiAg TTou
EVOEXOUEVWG TTPOKAAET TTpOBARuaTa TTX adIEE000

‘Evag xpnoTng UTTOPEi va avaoTEiAEl TNV EKTEAECN EVOG

TIPOYPAPMATOG YIa AOYOUG ATTOO@AANATWONG ) O€ OUVOUQONO UE TOV
TIOPO TTOU XPNOILOTIOIEITAI

Mia diepyacia ptropei va eKTEAEITAI TTEPIOBIKA KAl UTTOPEI va
AVOOTAAET KABWG TTEPIPEVEI TNV AQPIEN TNG ETTOPEVNG XPOVOBUPIdAG

Mia digpyacia utropei va avaoTeilel pia digpyaoia Traidiou yia va TV
€EETAOEI KAl VO TNV TPOTTOTTOICEI A YIO VO OUVTOVIOEI TNV
OpaoTNPIOTNTA TNG ME TIGC AAAEC DdiEpyaaiag TTaIdIwV

7
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To povtelo Twv 9
kataotacewv (UNIX)

fork
I Created
' \
& Preempted \
return \\_: '~ X enough not enough memory
to user A %s. memory (swapping system only)
\\
pe -~
V4 .
{ User S
. Running e 8 .
“v. 7 swap out 4
- hedule  [REady to Run > to Run
< An Memory <« . Swapped
process A swap in
system call, N .
interrupt . Kernel S A
» Running
%
interrupt sleep wakeup wakeup
interrupt return exit
r i Asleep in swap out [ Skep,
\ e Memory ’\ Swapped
A\ : ]
S .
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Avamapaotaon Ekteleonc
Atepyaolwv (pot KME)
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Aoyka Tpnuota
Mvnunc AlepyaoLwv

* Tunpa Kwdka (code section): mepLEXEL TLG EVTOAEG TOU
TIPOYPAMLLATOC TIOU EKTEAELTAL.

* TuApa kaBoAwkwv dedopevwy (static / global data
section): mepLEXEL TA LOVLIHA OE60UEVA TOU
TPOYPAULLATOC TTIOU EKTEAELTAL.

e Tunpa duvapikwv dedopevwyv (dynamic data section n
heap): meplexet ta Suvapka dedopeva TN EKTEAEONC .

e Jtoifa (stack): meplEXEL TIC MPOOWPLVEC TOTILKEC
HeTAPANTEC TNC EKTEAEONC TTOU dnULOUpyoUVTOL AOYW
KANOEWV CUVOPTNCEWV.
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Anpovpyia Neac Atepyaotioc

* Ol matplkec dlepyaoiec (Parent process) dnuovpyouv dlepyaoiec
rntadLa (children processes), ol omolec pe tn ogpad Touc,
dnuloupyouv AAAeC dlepyaoiec, SnULoupywvtoc £Tol eva 6€vdpo
Slepyoaolwv.

*  ALOUOLPOCHOC TIOPWV.

— O «yoveic kat ta radLa» potpalovtol OAoUC TOUC TTOPOUC.
— To madLa maipvouv UTTOGUVOAO TWV TTIOPWV.
— OL MATPLKEC Kol ol Buyatplkec dev polpalovtal KavEVAY TIOPO.

e ExteAeonN.

— OLmaTpLKEC Kat oL Buyatplkec dlepyaoiec ekteAovvtal
TOLUTOXPOVAL.

— OLmatpLkeC OLEPYOOLEC TIEPLUEVOUV TOV TEPHATIOUO TWV
TasLwv.
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Teppatiopoc Altepyaolog

H Siepyaoia ektelel tnv teAeutaia evtoAn kol KaAetl to AZ (exit).
 Metadopad dedouevwy Ttpoc tov matepa (LEow wait).

* OuLmopol tnc dtepyaoiac emavepyovtal otn dtabeon tou AZ.

* H natpkn diepyaoia pmopet va dStakoet tn Buyatpikn (abort).
* H Buyatpikn €xeL umtepPel TouC MOPOUC TIOU TNG lyav avatebeL.
* H epyaoia mouv avatedBnke oto natdt dev xpelaletal.

* H dlepyaoia mMaTEpAC TEPUATLIEL TNV EKTEAEDN TNC.

 To AZ Oev emutpEmeL 0To TTALOL VOL CUVEXLOEL EPOCOV O TIATEPOLS
TEPUOTLOEL.

* Awadoyikol Tepuatiopot.
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OL 4 neployYEC
uvrung pag diepyaoiog

V0

Q/é MavemoTtiuio Autikig Makedoviag
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YAomoinon twv dtepyaociwv (1/2)

Processes

Scheduler

* O XPOVOTIPOYPOUMOATIOTAC BpLOKETAL OTO KATWTATO £TtiNMESO
evoc «dlepyaolaka» Sopnpevou (process-structured) A2
{6lakoTEC, XPOVOTIPOYPOLUUATIOUOC }.

QD
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oUVOEETOL Eva UTTAOK TTANpodopLOC

Madi pe kaBe diepyaoia

* Tuxpelaletal pa diepyaoia yia

v EKTEAEOTEL (ELKOVAL
Sdiepyaoiog):

Mpoypappa.
Aebopéva.
YtoiBa.

Mok Stadikaoiag eAéyxou
(mAaiolo, yLa
TLOAUTIPOYPOAUUOTIOMOU ).

* To AZ mpéEMeL va KPATNOEL:

MAnpodopleg oOXETIKA UE TN
TpEYOUOQ KaTtdotaon tne kabe
Slepyaoioc KoL Twv mopwv.

OL ivoKeG £XOUV KATOLOKEU AOTEL

yla KABg ovtoTnTO TTIOU
Staxepiletat to AL.

Process
ldentification

Processor Stabe
Information

Process Control
DAL

Lser Stack

Private User
Addres Space
(Programs, Data)

Shared Address
Space

Process 2

Process
ldentification

Processor Slate
Information

Process Control
LI FINRE LIS

Lser Stack

Frivate User
Address Space
(Programs, Data)

Shared Address
Space

Process i

Progess
omirad
Block

QD
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[Mivakoc EAgyyou Alepyaoioc
- Process Control Block (PCB)

* Baolkec mMAnpodopiec mou cuoxetTi(ovtal e TNV KABEe
Sdlepyaoia:
— Kataotoon dtepyaoiac (process state).
— MeTpntN¢ evioAwv npoypappatoc (program counter).
— Kataywpntec tng KME (CPU registers).

— MAnpodoplec yia to xpovornpoypappatiopo the KME (CPU
scheduling information).

— MAnpodopiec dlaxeipong pvnpng (memory-management
information).

— JUA\oyn otoweiwv dlaxeiplonc (accounting information).

— NAnpodopliec katdotaonc elcodou/e€odou (/0 status
information).

MavemoTAuio AuTikng Makedoviag



[Mivakoc EAEyyou Atepyaoioc

process
state

pointer

process number

program counter

registers

memory limits

list of open files

G
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To PCB (Process Control Block)
Alaxeipion digpyaciwv Alaxeipion pvApng

v KataxwpnTég v A€ikTNG OTIG v Katdhoyog pilag

v/ MeTpnTrG TTPOYPAUUATOS TTAnpo@opieg TuAPaTog v KatdAoyog epyaaciag
v \éEN katdoTaong TTpoypduuatog (PSW) KEINEVOU v TMeplypageic apyeiwv
v' AgikTng aToifag v A€iKTNG OTIG v ID xpnoTwv

v Kardotaon digpyaaiag TTANPOPOPIEC TOU v ID opddag

v [potepaidoTnTa TMAMATOG OEDOPEVWV

v Mapdpetpol xpovodiaypauuaTog v A€iKTNG OTIG

v ID digpyaaiag TTANPOYOpPIES TOU

v Aigpyacia TaTépa TUAPATOG OTOIROC

v Ouada diepyaciag

v ZAuaTta

v Qpa ekkivnong diepyaaciag

v Xpévog xprong CPU

v Xpovog xpnong CPU atrd Tnv digpyacia
TTaidi

v XpOvog eTTOuEVOU auvayePPoU

% MavemoTAuio AuTikiAg Makedoviag 32



O mtivakac dltepyaoclwv
KoL AAAOL TTiVaKEC TOU A2

e Anapoaitnta )(OLpOLKTI’]pLG‘CLKOL yLo
TNV dLaxeiplon tng ovrotNTac:
— ID Siepyaoiac.
— Katdotaon diepyaociac.
— Neploxn otn pvAun.
— AN\ prmAok eAeyyou Slepyaoiog
(PCB).

e AM\oLtivakeg dlatnpouv
NMANPODOPLEC CUYKEKPLLLEVEC UE
TOPOUC:

— Nuwcg eivatl dtatetaypevn n
KUpla/Sevutepelovoa UVAUN.

— Katdotaon cuokevwv E/E,
uvAun buffer.

— Katdaotaon apxeiwv.

Memory

Memory Tables

Devices

Flles

VO Tables

Processes

>

Flle Tables

T

s

/ Primary Process T.\blc\\

e

Process
Image

Process |

Process 2

Process 3

\ 4

Process

G
% MavemoTAuio AuTikiAg Makedoviag



TL yLVETOL KOTA TN
dnuoupyia pac dtepyaoioc; (1/2)

e Exywpeltol evac povadikog aplOpuoc avoyvwpLoTLKoU
(process id).

* Mapaywpeltal Xwpog oTn UVNMN.

* Apywkomoteital to PCB.

* TomoBeteital n Olepyacia o SLAPOPEC OUPEC
(ermopevo slide).
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TL yLVETOL KOTA TN

TTTTTT

Mlemm WV Reglsiers
Process imdex [T
- S ——
u
Process ol
It Y — O
[ e——
tttttt :
isbers e
===
Conlext
™ 45 Data
Frrgranm
foode)
b .
Context
Prociss Data
| ] h
Operating System
e Call service — g
TOEsS Call _—_
Haneller {ooide) I
rupl Long-  Shorl- i
eSS Interrupl Term  Term  Queves
ropt || Mandler fcode) Queue  Quene
vo Shorl-Term
Schecluler
(code)
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YAomoinon twv ditepyaociwv (2/2)

Bripata mou ekteAouvtal, otav cuppaivel kamolo ALaKomN
(interrupt):
1. To UAKO TomtoBEeTElL 0TN oTOiBA TO LETPNTA MPOYPAUUATOC.
2. To UALKO POPTWVEL TOV VEO LETPNTH MTPOYPAHHOTOC OO TO GO
SLoKomAG.
3. H diepyacia tnc yAwooag Assembly armoOnkeleL Toug KoToXwPNTECS
4. H diepyaoia tng yY\wooog Assembly dnpovpyet véa otoifa.
5. Tpéxew n duadikaoia drakomng tng C.
6. O xpovonpoypappotiotic anodpacilel pa diepyacia ival n
EMOMEVN PO EKTEAEDN.
7. H duadikacia tng C emotpédel otov KWK Assembly.
8. H diepyaoia tnc yAwooocg Assembly ekkivei tn véa tpExovoa
diepyaoia.

MavemoTAuio AuTikng Makedoviag



MovteAomolnon

)
[ToAUTTPOYPAUULOTLOUOU
. 20% 1/0O wait
+ 100 —
S
= 50% |/O wait
g 80 |-
L
c 60 80% /O wait
S
= 40
5
z 20
O

G
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H Aettoupyta tnc Ztolfoc

* H otolfa xpnoluormoleital ylo. TNV IPocwpLvr) amoBnKeuon TOTUKWY
LETAPANTWY KATA TNV KANON UTTIOTIPOYPAUUATWY (CUVAPTACEWV)
KOBwWCE KoL yLot TNV LETAO0O0N TIOPALLETPWVY KOl ATTOTEAECUATWY
QVAUECO OTO UTIOTIPOYPALLLLOTAL.

e KaBe véa kAnon deopelel Ywpo otnv otoifa yla tnv anobnkevon
TWV OVTIOTOLYWV TOTILKWV HMETABANTWY TOU UTIOTIPOYPAUOTOC
AUTOC 0 YWPOC amodeopeVETOL OTAV ETILOTPEPEL TO UTIOTIPOYPOLLLAL.

* AANUOLOWTEC KANOELC UTIOTIPOYPAUUATWY, N UL LECQ ATTO TNV AAAN,
£XOUV OOV QTTOTEAECMA TNV EMEKTOON TNG oToLBOC.

e Avyivouv napa oAAEC aAVOLOWTEC KANOELG, N oToilfa pmopel va
veuloel (stack overflow) pe amotéAeca va teppatiotel n dtepyaoia.

* KAoolko mapadelypa eivat n ateppovn avadpoun.

! MavemoTAuio AuTikng Makedoviag



NAuoata (Threads) (1/2)

* Mapadelyua: Emeéepyaotnc KELLEVOU UE 3 VIHLOTAL.

Four score and seven | [nation, o any nation | [Tives that this nation| [wha stroggled here| [heie 1o the unfinihed | [they gave the last full
vears ago, omr fathers [|so conceived and o [|might live. 1t is|| have consecmated it far| | workc which they who | |meastre of devotion,
brought farth upon this || dedicated, can  long || attagether fiming and| | above our poor power| |fought here have thrs | [that we here highiy
continert a new nation: || endmre. We aw met on || proper that we should| | to add or detract. The | |far 50 nobly advanced. | |resalve that thess dead

conceived in liberty, [|a great banlefield of || dothis warld will little note, | |1t is mther for s 1o be | [shall not have died in
and dedicated 1o the || that war. But, ina largersense, | | nor long remember, [ | here dedicated 1o the | [vain that this nation
proposition that all || We have come to || wecannot dedicate, we | | what we say here, but | great sk remaining | [under God, shall have

men are created equal. || dedicate a portion of || cannt consecrate we||it can never forget| |before w, that fom | |a new birth of fieedom
Tow we aw engaged || that field as a final|| cannot hallow this | | what they did here these honered dead we | [and that government of
in a great eivil wa || resting place for those || gmond.  The bmve|| Ltis for us the living, [ | toke increased devotion | [the  peaple by the
testing whether that [| who here gave their || men, living and dead, || mther, o be dedicated | |10 that cawse for which | |peaple, for the peaple

~"

Kernel
Keyboard Disk
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NAuoata (Threads) (2/2)

* Mapadeyua : web browser.

Web server process

Dispatcher thread

- yzm } Worker thread

Web page cache

Kernel

Network
connection

User
> space

Kernel
space

G
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H evvola
NG vnuatwonc (threading)

* Eva vAua (thread) eivat pua antAn pon 6edopévwv dtapgocou tou
eneéepyaotn Tovu cvotipatoc. Kabe ebappoyn mapayeL to SIko
NG N Ta SLKA TNC VAMOTA EEAPTWUEVO OTTO TOV TPOTIO TIOU QLUTH
eKteAeital. 2ta TOAUSLEPYOOLOKA CUCTAMATO EVOC EMEEEPYAOTNC
Urtopel va Staxelplotel Eva vapa kaBe otyun. Etol, to cvotnua
evoAAAoosTal TaxUTATO LETOED TWV VNUATWY YLOL Vol EMEEEpYAOTEL
ta Sedopéva divovtac tnv aloBnon tTNE ocuveEEALENC TWV VNUATWV.

e NApo: pLa povada epyaocioc mou SLEKTIEPALWVETOL KOl UTTOPEL va
Stakomtetol. MeplthapBavet:
— TO METPNTA TPOYPAUHATOG,
— 10 d¢eiktn otoifag,
— 1N 6K TtNC Ieploxn SeSoUEVWV.
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To vijoTaL EVIOXUOUV
TOV NTOAUTIPOYPOLUUOTIOUO

* 'Eva vApa ekteAeitol oELpLAKA KoL ElVOL SLOLKOTTTOUEVO, WOTE O
eTeEPYAOTNC VA UITOPEL VO ETILOTPEDEL 0 AAAO VrlLQL.

* ‘Eva TPpOYPOULO UTTOPEL VOL TIEPLEXEL OPKETA OTOLXELOL TTOU
Stapotlpalovral dedopeva Kal umopoulv va ekteAouvtal
ouyxpovwc. MN.x. évac Web browser pmopei va meplexet
SLapOPETLKA CUOTATLKA YLOL TNV AVAYVWON LOTOCEALS WV o€
nopdn HTML, tTnv avaktnon Twv CUCTATIKWY TOUC (ELKOVE,
video KATt) kat tnv epdavion twv oeAidbwv oto mapabupo tou
browser. AUTA TOL GUOTATLKA TOU TTPOYPAHHOTOC TIOU
ekteAoUvtan aveéaptnta, aAAd uAomtoloUvToll WC AELTOUPYLEC
O€ La Kown meploxn pvaung, ovopalovron vaporta (threads).
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TL elvall moAnvupatwon;

e Alepyaoia: pio cuUAAOYN VNUATWY Holl LE OUOXETL{OMEVOUC TTOPOUC
TOU CUOTHUOTOC.

* H diaomaon pac ebopuoync o€ TTOAAA VALOTA EXEL WC ATIOTEAECUOL
TO XPOVIOMO TWV YEYOVOTWV TNG EPOPUOYNC.

 Ta vApata npoodEPOUV Evav eVAANXKTIKO TPOTIO AELTOUpYLaC OF
OX€on UE TO HovTtEAo tnC Slepyaoioc.

* Yrndpyel SuokoAia Kot TTOAUTTAOKOTNTA OTAV XPNOLUOTIOLELTAL TO
LovteAo diepyaoiag, mou erumAgov Hev eival apkeTa
QTTOTEAEGLOTLKO.

 HmoAvvnuatwon (multi-threading) eivat xpnowun os edpoppoyEC
TIOU EKTEAOUV TTOAAEC ave€apTNTEC LETAEL TOUC Slepyaoieg ou Oev
XpELaleTalL va lval o€ oeLpa, T.X. Evac web server.
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Ta vApata XpnoLLomoLouvToL
EUPEWC OE OLOKOULOTEC

Clients Web Server
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Mapadeypa KWOLKO VILATWV

while (TRUE) { while (TRUE) {
get_next_request(&buf); wait_for_work(&buf)
handoff_work(&buf); look_for_page_in_cache(&buf, &page);
} if (page_not_in_cache(&page))

read_page_from_disk(&buf, &page);
return_page(&page);
}
(a) (b)

G
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To POVTEAO TwV vuatwy (1/2)

Process 1 Process 1 Process 1 Process
\\ | | i
User )
space
Thread Thread
Kernel
space Kernel Kernel

(a) (b)

* (a) Tpelc Olepyaoiec n kKABe pla pe eva vaua.
* (b) Mwa Olepyacia pe Tpla vApata.

QD
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To HOVTEAO VIMOTOC

To povtéAo auto diaipel tn diepyaoia og VO THANOTA:

H dlepyaoia: mepLEXEL TOUC TOPOUC TTOU XPNOLUOTIOLOUVTAL
o€ OAN TN OLAPKELA TOU TIPOYPOUUOTOC OTIWC:

— KabBoAwkec (global) evtoA&c.

— KaBoAwa (global) 6edopéva.

To vipa: teplexel mAnpodopleg tou oxetilovtal UE TNV
KOTAOTOON EKTEAEONC OTIWC:

— Program counter.

— Stack.
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Aladopec Atepyaoiec kot Nnpota

Aepyaoiec:
e Elvol ovtotntec nov SeCPEVOUV OTIOLOVONATIOTE TTOPO TLC APOPA OTIWC TOV
Xwpo SlevBuvoewy, Ta dedopEva, Tov KwdLKa Kal Ta apyeia.

* Oewpolvrtol we¢ heavyweight og ox€on pe tn SnULovUpyLa, TOV TEPUATIONO
Kol TNV evoAAayn mAatoiou.

NAuora:
e Alaporpalovtol tov xwpo dlteuBuvoeswy, Ta dedopéva, Tov KwdLka Kal T
apxeia edooov avkouv otnv idla dlepyaoia.

* Oewpovvral w¢ lightweight o oxéon pe tn dnuiloupyla, ToV TEPUATIOUO
Kall TNV evoAAayn mAatoiou.

Code Data Files Code Data Files

Thread ;3 3 3 3 - Thread

Single-threaded Multi-threaded




To HOVTEAO TwV vuatwy (2/2)

* Hmpwtn otAAN TIEPLEXEL KATIOLO OVTLIKELUEVA TIOU ELVOIL KOWVAL
armo oAa ta vhpota o€ pa dtepyaoia evw n Sevtepn oTAAN
TIEPLEXEL KATIOLOL OVTLKELLEVA TIOU E1vVOlL LOLWTLKA O0€ KAOE

VO

Xwpog dietbuvong Metpnm¢ Trpoypdpuartog (PC)
KaBoAIkéG peTaBAnTEG KataxwpnTég

Avolyua apxeiwv 2T0iBa

Algpyaacieg Taidiwv KaraoTtaon

Ekkpeung ouvayepuoi

2AuaTa Kal SIaxXEIPIOTEG oNUATWY

lMAnpogopieg
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KaBe vpo €xeL to 61KO TOU cwPoO

Thread 2
|

Thread 1 Thread 3
\

_—~Process

Thread 1's ,._H E H - Thread 3's stack
stack v

G
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MovteAa AZ we TPoC Ta vpLaTo

Process-oriented computing Multithreaded computing

code || files || data code || files || data code || files || data

thread
-t
% % l% § % code || files || data

. rocess
code || files || data P process § % %
§ >

Operating System

Operating System
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Threads (Lightweight Processes)

* Baowkn povada

Xpﬁonq an CPU Process
* KOLTé)(EL: A B C Program
> '/ Counter
— <
program counter. } J \étf.-—ﬁeads)
— register set. )1

text segment

— stack space.

* Awapolpadetad: 513 (3
v o i
— code section. < ||a |0
. "Multithreaded \ AR
— data section. Program' >

data segment

— OS resources.

Q20
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Kowva kat AtodopeTika
2TOLXELQL OE vuaTOL

Heavyweight process

Information global Address space
to all threads Other global process data

in a process

[ Registers Reqisters Registers

: Stack Stack Stack
Information local <
to each thread Mask VA Mask
TSD TSD TSD
\
Sy o o
Threads

G
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Napadeypa tpoypappotoc o€ C

void do_one_thing(int *);
void do_another_thing(int *);
void do_wrap_up(int int);

int r1=0, r2=0;

main()

{
do_one_thing(&r1);
do_another_thing(&r2):
do_wrap_up(rl, r2);

}

void do_one_thing(int *pnum_times)

{

inti, j, x:
for(i=0;1<4; i++)

printf(“deing one thing\n");
for (j = O0; j < 10000; j++)

X T X+ }
(“prum_times)++;

)

void do_another_thing(int *pnum_timess)

{

inti, |, x;

for (i =0; i< 4; i++)

{
printf(“doing another thing \n");
for(j) = 0; ) < 10000; j++)
{

X=X +i
}

(*pnum_times)++;
}
}

void do_wrap_up(int one_times, int another_times)
int total;
total = one_times + another_times:

printf(“wrap up: one thing %d, another %d, total %d\n"
one_times, another_times, total);

¥
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To mpoypoppa we pa dtepyaoia

Virtual Address Space

Lowsst Address
do_one_thing() [ Stack
- SP |
Registers
9 PC “
GP0 i
i maing)
----- Text(Instructions)
maing}
Identity PID do_one_thing()
UIC >
&I0 do_another_thing()
- Data
r2
Resources Open Files
Locks
Sockets Heap
Highest Address

(8 79)
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To mpoypoppa
wc dlepyaoia pe eva vaua (1/2)

void do_one_thing(int *);
void do_another_thing(int *);
void do_wrap_up(int, int);

int r1=0, r2=0;

main()

{
/* create and execute thread */
CreateThread( do_one_thing );

/* execute do_another_thing in main process */
do_another_thing(&r2);

/* wait for thread to complete */
wait_for_thread();

do_wrap_up(rl, r2);
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To mpoypoppa
wc dlepyaoia pe eva vaua (2/2)

e OLKATAXWPNTEC €lval TULAMA TOU VAMATOC:
— Program counter.
— Stack pointer.
— General purpose registers.
e Otdnmote aAAo avnkelL otn dtepyaoia:
— MopoLtou A.Z.
— Open files.
— Locks.
— Sockets, KA.
— MAnpodopiec yia tn diepyaoia.
— PID, UID, GID.
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Metatpomnn os vAapota (1/2)

Registers

[dentity

Resources

Thread 1

Virtual Address Space

.....

do_one_thing()

maing)

Dpen Files
Locks
Sockets

¥

main{)
do_one_thing()

do_another_thingf)

r
rl

Lowes! Address

Stack

Text(instruciions)

Cata

Heap

Highest Addrass

(8 79)
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Metatpomnn og vapota (2/2)

Virtual Address Space

i L owsesi Address
Registers == R
P ‘—>
(ElEtD do_anocther_thing() i Stack
GP1 i
Thread 2 [ ke
- do_one_thing() i Stack
Registers =] Jk
PC
E GPO main{}
; GP1
; Thread 1 |... | | | oo
. - Text{instructions)
[ S main()
» do_one_thing()
Identity FID - do_another_thingi)
Ui
GID
...... 1 Data
12
Resources Open Files
Locks Heap
Sockets
Highest Address

(8 79)
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Movtela (emimeda) vnuuatwonc

. User Level Thread
Process A Process B
O Thread

. Kernel Thread

2 , , ,
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YAortotnon twv POSIX vnuatwv

Thread call

Description

Pthread_create

Create a new thread

Pthread_exit

Terminate the calling thread

Pthread_join

Wait for a specific thread to exit

Pthread_yield

Release the CPU to let another thread run

Pthread_attr_init

Create and initialize a thread’s attribute structure

Pthread_attr_destroy

Remove a thread’s attribute structure
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Napadewypa pthreds

#include <pthread.h>
#include <stdio.h>
#include <stdlib.h>

#define NUMBER_OF_THREADS 10
void *print_hello _world(void *tid)

/* This function prints the thread’s identifier and then exits. */
printf("Hello World. Greetings from thread %d0, tid);
pthread_exit(NULL);

}

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

/* The main program creates 10 threads and then exits. */
pthread_t threadsiNUMBER_OF_THREADS];
int status, i;

for(i=0; i < NUMBER_OF _THREADS; i++) {
printf("Main here. Creating thread %d0, i);
status = pthread_create(&threads]i], NULL, print_hello_world, (void *)i);

if (status !=0) {

printf("Oops. pthread_create returned error code %d0, status);
exit(-1);

}
}
exit(NULL);
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NApato xpnotn Kol mupnva

NApata xpnotn
H Siaxeiplon twv vnuatwy yivetat amno tn BLBALOOAKN TwV VUATWY XpRoTn.
Mapadeiyuara:

- POSIX Pthreads.

- Win32 threads.

- Solaris threads.

O upnvag dev evdladEpetal yio to MANO0C TwV VNUATWY XPHOoTh.
NAuota nupiva:

Yrootnpilovtal amo Tov mupnRva.

MNapadeiyuara:

- Linux.
- Windows XP/2000.
- Solaris lightweight processes.
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YAomoinon vnuAatwyv oTo
(a) xwpo tou xpnotn (B) mupnva

Process Thread Process Thread

\_/ \_/

X X

- (4

=

-

Kernel { e gor E
space erne erne
X / A

/ \ /|
Run-time Thread Process Process Thread
system table table table table

G
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YBpLowkn YAomoinon

Multiple user threads
on a kernel thread

\ !

User
> space

Kernel
Kernel <— Kernel thread space

% MavemoTAuio AuTikiAg Makedoviag



Nnpuato pop-up

Process

\ Existing thread

\

Pop-up thread
created to handle
incoming message

Incoming message y

Network
(a)
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Nrpata xpnotn
KOLL TTUpAVA: CUYKPLON

NAuota nupnva:

Elvo yvwotda oto A.L.

H evaAlayn petal vnpatwy tupnva otnv idla dtepyacia dev sival
darmavnpn.

OL TIHEC TWV KaToxwpntwy, Tou PC, kal twv stack pointers petaaiAovtadl.
Ol Anpodopliec mou adopouv tn dtaxeipton pvnpng 6ev aAlalouv.

O mupnrvag xpnotlpornolel alyopiBuouc SpopoAdynong Slepyaolwy yia th
Slaxeiplon Twv vuAaTwWy.

NAupota xpnotn:

To A.Z. 6ev yvwpllel ya Ta vijpota XpnoTn, Elvol EVUEPWHIEVO HOVO VLA TN
Slepyaoia Omou nmepLEXovTaL.
To A.Z. SpopoAoyel tic Slepyaciec kat OxL Ta VijpoTal.

O MpoypAUMATIOTAC XpNOoLoTmoLlel Tn BLBALOOAKN VNUATWY yLa va Ta
Sltaxelplotel (dnulovpyia, dtaypadr, cuyxpoviopog kat SpopoAdynon).
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Opadec vnUATWVY

e Anuloupyla evoc aplBpoU VNUATWY OE ULa TiLoilva
(pool) mou avapEvouv val EKTEAECTOUV.

— MAeovekTnuata:

* JuvnNOwc eAadpwc ypnyopotepn e€umnNPEINON
altnong oo Eva UTTOPXWV VIO TTOLP A LLE TNV
dnuloupyia veou.

* ErttpemneLl o aplOpoc Twv VNUATWY KOTA TV
epappoyn(c) va deopevetal e To HEYEBOC TNC
nolvac.
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MpoPAnuata pe tn Snuioupyila
TTOAUVNUATIKWY OLEPYOLOLWV

* JUYKPOUOELC LETOEL VNUATWY TTOU XPNOLUOTIOLOUV
Vv ibla kaBoAkn petaPAntn.

Thread 1 Thread 2

é

Access (errno set)

%

-— Time

1

Open (errno overwritten)

S

;

Errno inspected

QD
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Yriapxel evoexopueEVWCE TtpoBANLLAL
OTLC LETAPANTEC TWV VNULATWV

* Ta vpata pmopouv
VOl EXOUV LOLWTLKEC il

netoBAntec. Thread 2's

code

Thread 1's

stack ~—

Thread 2's
/ stack

Thread 1's
globals

Thread 2's
globals

G
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[MpoBAnpata ya
npocfBocn o€ KON LUvnun

e AUO Olepyaoiec emBupoLy
VO TTPOCTIEAQLCOUV KOLVH
LV N TouToXpOovwc!

Spooler

directory
4 abc out=4
6 prog.n
73 in=7

QD
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Moapadeilypoto VIUOTWVY

* Posix Pthreads: (IEEE) standard:
— Exouv ka®oplopevn dteradn.

— H vAomoinon (xpnotpomnotwwvtac user/kernel level
threads) s€aptatal ano 0coug T VarTtUoOo0UV.

— Eivat rtito cuvnBlopeva o cuotnuata UNIX.

* Java threads:
— Ynootnpilovtal amno tnv JVM.

— H vAormnoinon eéaptatal amo 0ocoug ta
QVATITUCOOUV.
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Hyper-threading

* H Intel uhomotel tnv texvoloyia hyper-threading nou
HOLA{EL LE TNV TTIOAUVNLATWON, VAOTIOLELTAL OF
CUOTNMOTO LE EVOLV TIUPAVA KOL TOL KAVEL VOl
eudavitovral oav va dStaBetouv oANatAoug
eneéepyaoteC. Ekelvo To omolo emituyxaveToL €lval n
avénon tou puBpov e TOV OMoLo To CUCTNUO UTOPEL VAL
evaAlaooetal HeTaél MOAAWY vnuatwy. Etol evioyvetol
0 TTOAUSLEPYAOLAKOC XOPOKTHPOC TWV TIPOCWTTILKWVY
UTTOAOYLOTWV.
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[MA€oveKTAHATO TWV
VNUATWY WC TIPOC TLC OLEPYOOLEC

* Hénuloupyla pag veag dlepyaoiog Umopel va eival meplocotepPo
darmavnpn.
e Amnouwtel xpovo: xpelaletal kKAfjon otov ntupnva tou A.2.

*  Mrmopei va mpokaAéoel emavadpopoAoynon onote Ba npokUPeL evailayn
nAatloiov pe avtikatdotaon oAOKANPNCG tng dlepyaoiog

* H emkowwvia Kal 0 cUYXPOVLOHOG KooTilouv SLOTL armaltteital KAfjon otov
nupnva.

* Ta vApata pmopouv va dnuoupynboulv xwpic va avtlkataotabel
oAOKANnpnN n dlepyaocia.

* To mepPLOOOTEPO £pPYO yLa TN SnuLloupyla TOU VAMATOC YIVETAL OTO XWPO
SleuBuvoewv Tou XpNoTN MapA oToV upnva tou A.2.

* Ta vApata cuyxpovilovtal Pe Tnv apokoAouBnon pag petaBAntnc, os
avtiBeon pe tic Stepyaoiec mou armattolv KArjon upnva.
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Nnuato & Alepyaolec: cuyKpLon

NAuata

Eva vijua dev SlaBetel data segment
N heap.

Eva vijpa dev pmopet va umtapéet
LOVO TOU, TIPETIEL VAL UTIAPXEL OTAL
nmAaiola plag dtepyaocioc.

Yrtapxouv TIEPLOCOTEPQ ATIO EVAl

vr] HoTa o8 puo 5L€pVOLGLOL To mpwTto
VAU €ival To KUPLO KOl KATEXEL TN
otoifa tng Slepyaoiac.

H dnuwoupylia tou kaBwc Kal n
gevaAlayn mAatciov dev eival
darmavnpn.

Av €va vipa ekAeidel n otoiBa tou
ETLOTPEPETAL OTOUC TTIOPOUC TOU
OUOTAMATOC.

Arlepyaoiec

Mua Siepyaoia €xeL code/data/heap
KaOwc kat dAAa segments.

YTidpxeL €va TOUAAXLOTOV VIO OE
uLa Stepyaoia.

Ta vipoata o€ pla Sltepyaoia
Swapotpalovtal code/data/heap kot
1/O, oaAAQ TO KaBEva €xeL tn SLKN TOU
otoifa kot toug SLKoug Tou
KOTOXWPNTEG.

H dnuoupyia toug kaBwg Kal ot
evaAlayec mAatciou eival
darmavnpEc.

Av uLa Slepyaoia ekAeiPel oL topot
NG ENLOTPEDOVTAL OTO CUCTNHA KOl
OAa TNG Ta vApaTa EKAELTTOUV.
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Nuato kot A2

Ta A2 xopaktnpl{oviol w¢ mPOoC TN OXECN TTIOU £XOUV T
VLLOTOL LE TLC AVEEAPTNTEC OVTIOTNTEC
Xpovodpopoloynong wg e¢ne:

e 1:1 (vapota rmupnva) KaBe vrpa avilotolxel o€ pa
ovToTNnTA.

* N:1 (vhpoata xprnotn) NMoAAamAd viipaTta Tou oVKouv
o€ pLa Sltepyacio avtiotoyoUVv HOVO O€ Lol OVTOTNTO
(tn ouvykekpLpevn dtepyaoia).

* N:M (uBpLdikn vAormoinon) ZuvoéuaouoC TWV
TOPATIAVW.
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Mo npoxwpnueva Bgpata (1/2)

EKTOC o ta vrjpata U pxXouV:
* ‘lveg (fibers)

o eAadpld ovtotnta amo vapata. H kabe iva mapaywpel tov
enetepyaotn og AAAN tva. Ae yivetoal xpovodpopoAoynon aAANG
lvag, av 6ev yivel olkeloBeAnc mapadoon amo TNV apxLkn va.

* Mpdowa vipata (green threads)

vhpata tou dpopoAoyouvtal oxt oo to A2 aAAa amo pwa VM
(onwc python n java) {user level}.
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Mo npoxwpnueEva Bgpata (2/2)

*  Napadeiypata vAomoinong oe emninedo «  MNoapadsiyporo uBPLEIKAC

nupnva: ,

— Light Weight Kernel Threads (LWKT) oe vAomoinaong:
dladopa BSDs. — Scheduler activations.

—  M:N vAipata. .

— Native POSIX Thread Library (NPTL) ywa — Marcel from the PM2 project.
Linux, (Mo UAomoinon Tou TMPOTUTOU — The OS from the Tera/Cray MTA.
Posix Threaqs)' . L, — Microsoft Windows 7.

— Apple Multiprocessing Services €kéoon
2.0. * NMoapadeiypata vAonoinong ivag:

— Microsoft Windows amo Windows 95

, — Ot lvec pmopouv va vAormotnBouv
Kol VEOTEpPAQL.

* Napadeiypata vlomoinong ot eninedo XwpLG TNV umtootrpLén tou Az av
Xpfiotn: KoL KATToLa. .
— GNU Portable Threads. , . .
— FSU Pthreads. — Az n BLPALOBNKeG Mapexouy
— Appleinc’s Thread Manager. oadn vrootAPLEN.
— REALbasic. : ; : ;
— Netscape Portable Runtime. - UinE mepey ave Al Ll

— State threads. — Ruby as Green Threads.
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