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ProcessieThread

•Concettodiprocesso

•Operazionisuiprocessi

•Statideiprocessi

•Threads

•Schedulazionedeiprocessi
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IlConcettodiProcesso

•Unsistemaoperativoeseguediversiprogrammi

–neisistemibatch–“jobs”

–neisistemitime-shared–“programmiutente”o“task”

•Ilibriusanoiterminijobeprocessoquasicomesinonimi

•Processo:programmainesecuzione.L’esecuzioneèsequenziale.

•Unprocessocomprendeanchetuttelerisorsedicuinecessita,tracui:

–programma

–programcounter

–stack

–sezionedati

–dispositivi
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Multiprogrammazione

Multiprogrammazione:piùprocessiinmemoria,pertenereoccupateleCPU.

Time-sharing:leCPUvengono“multiplexate”trapiùprocessi
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Process
switch

One program counter
Four program counters

P
rocess

Time

BCD A

(a)(b)(c)

Switchcausatodaterminazione,prelazione,system-callbloccante.
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Switchdicontesto

process P0operating systemprocess P1

interrupt or system call

interrupt or system call

. . 

.

. . 

.

executing

idle

executing

executing

idle

idle

reload state from PCB1

save state into PCB0

save state into PCB1

reload state from PCB0

87

SwitchdiContesto

•QuandolaCPUpassaadunaltroprocesso,ilsistemadevesalvarelostato

delvecchioprocessoecaricarequellodelnuovoprocesso.

•Iltempodicontext-switchportauncertooverhead;ilsistemanonfaun

lavoroutilementrepassadicontesto

•Puòessereuncollodibottigliapersistemioperativiadaltoparallelismo

(migliaia-decinedimigliaiadithread).

•Iltempoimpiegatoperloswitchdipendedalsupportohardware
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Creazionedeiprocessi

•Quandovienecreatounprocesso

–Albootdelsistema(intrinseci,daemon)

–Suesecuzionediunasystemcallapposita(es.,fork())

–Surichiestadapartedell’utente

–Iniziodiunjobbatch

Lagenerazionedeiprocessiindicaunanaturalegerarchia,dettaalberodi

processi.

•Esecuzione:alternative

–Padreefiglisonoinesecuzioneconcorrente

–Ilpadreattendecheifiglitermininoperriprenderel’esecuzione

89

•Condivisionedellerisorse:

–Padreefiglicondividonolestesserisorse

–Ifiglicondividonounsottoinsiemedellerisorsedelpadre

–Padreefiglinoncondividononessunarisorsa

•Spazioindirizzi:alternative

–Ifigliduplicanoquellodelpadre(es:fork())

–Ifiglicaricanosempreunprogramma(es:CreateProcess())



TerminazionedeiProcessi

•Terminazionevolontaria—normaleoconerrore(exit).Idatidioutput

vengonoricevutidalprocessopadre(cheliattendevaconunwait).

•Terminazioneinvolontaria:errorefatale(superamentolimiti,operazioni

illegali,...)

•Terminazionedapartediunaltroprocesso(uccisione)

•Terminazionedapartedelkernel(es.:ilpadretermina,equindivengono

terminatituttiidiscendenti:terminazioneacascata)

Lerisorsedelprocessosonodeallocatedalsistemaoperativo.
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Gerarchiadeiprocessi

•Inalcunisistemi,iprocessigenerati(figli)rimangonocollegatialprocesso

generatore(parent,genitore).

•Siformano“famiglie”diprocessi(gruppi)

•Utiliperlacomunicazionetraprocessi(p.e.,segnalipossonoesseremandati

soloall’internodiungruppo,oaduninterogruppo).

•InUNIX:tuttiiprocessidiscendonodainit(PID=1).Seunparentmuore,

ilfigliovieneereditatodainit.Unprocessononpuòdiseredareilfiglio.

•InWindowsnonc’ègerarchiadiprocessi;iltaskcreatorehaunahandledel

figlio,checomunquepuòesserepassata.
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Process 0

Process 1Process 2 Page
daemon

Terminal 0Terminal 1Terminal 2

Login:Password:% cp f1 f2 loginsh

cp

getty

init

Statodelprocesso

Durantel’esecuzione,unprocessocambiastato.

Ingeneralesipossonoindividuareiseguentistati:

new:ilprocessoèappenacreato

running:istruzionidelprogrammavengonoeseguitedaunaCPU.

waiting:ilprocessoattendequalcheevento

ready:ilprocessoattendediessereassegnatoadunprocessore

terminated:ilprocessohacompletatolasuaesecuzione

Ilpassaggiodaunostatoall’altroavvieneinseguitoainterruzioni,richiestedi

risorsenondisponibili,selezionedapartedelloscheduler,...
0≤n.processiinrunning≤n.diprocessorinelsistema
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Diagrammadeglistati

exit admittedinterrupt

scheduler dispatch
I/O or event wait I/O or event completion

waiting

readyrunning

newterminated
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ProcessControlBlock(PCB)

Contieneleinformazioniassociateadunprocesso

•Statodelprocesso

•Datiidentificativi(delprocesso,dell’utente)

•Programcounter

•RegistridellaCPU

•InformazioniperloschedulingdellaCPU

•Informazioniperlagestionedellamemoria

•Informazionidiutilizzorisorse

–tempodiCPU,memoria,file...

–eventualilimiti(quota)

•Statodeisegnali
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�����������������������������������������������������������������������

ProcessmanagementMemorymanagementFilemanagement
RegistersPointertotextsegmentRootdirectory
ProgramcounterPointertodatasegmentWorkingdirectory
ProgramstatuswordPointertostacksegmentFiledescriptors
StackpointerUserID
ProcessstateGroupID
Priority
Schedulingparameters
ProcessID
Parentprocess
Processgroup
Signals
Timewhenprocessstarted
CPUtimeused
Children’sCPUtime
Timeofnextalarm ����������������������������������������������������������������������� ��
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Gestionediunainterruzionehardware

������������������������������������������������������������

1.Hardwarestacksprogramcounter,etc.
2.Hardwareloadsnewprogramcounterfrominterruptvector.
3.Assemblylanguageproceduresavesregisters.
4.Assemblylanguageproceduresetsupnewstack.
5.Cinterruptserviceruns(typicallyreadsandbuffersinput).
6.Schedulerdecideswhichprocessistorunnext.
7.Cprocedurereturnstotheassemblycode.
8.Assemblylanguageprocedurestartsupnewcurrentprocess. ������������������������������������������������������������
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Codedischedulingdeiprocessi

•Codadeiprocessi(Job

queue)–insiemedituttii

processinelsistema

•Readyqueue–processiresi-

dentiinmemoriaprincipale,

prontieinattesadiessere

messiinesecuzione

•Codedeidispositivi–pro-

cessiinattesadiundispo-

sitivodiI/O.

. . 

.

PCB7 queue header

head

tail

ready

queue

head

tail

mag  
tape 

unit 0

head

tail

mag  
tape 

unit 1

head

tail

disk

unit 0

head

tail

terminal

unit 0
. . 
.

registers
. . 
.

PCB2

registers

PCB6 PCB14 PCB3

PCB5
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Migrazionedeiprocessitralecode

Iprocessi,durantel’esecuzione,migranodaunacodaall’altra

CPU ready queue

I/OI/O queueI/O request

time slice
expired

fork a 
child

wait for an
interrupt

child 
executes

interrupt 
occurs

Glischedulerscelgonoqualiprocessipassanodaunacodaall’altra.
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GliScheduler

•Loschedulerdilungotermine(ojobscheduler)selezionaiprocessida

portarenellareadyqueue.

•Loschedulerdibrevetermine(oCPUscheduler)selezionaqualiprocessi

readydevonoessereeseguiti,equindiassegnalaCPU.

end
long term short term

I/O waiting
queue(s) I/O

ready queueCPU
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GliScheduler(Cont.)

•Loschedulerdibrevetermineèinvocatomoltofrequentemente(decinedi

voltealsecondo)⇒deveessereveloce

•Loschedulerdilungotermineèinvocatoraramente(secondi,minuti)⇒

puòesserelentoesofisticato

•Iprocessipossonoesseredescritticome

–I/O-bound:lunghiperiodidiI/O,breviperiodidicalcolo.

–CPU-bound:lunghiperiodidiintensivacomputazione,pochi(possibil-

mentelunghi)ciclidiI/O.

•Loschedulerdilungoterminecontrollailgradodimultiprogrammazionee

iljobmix:ungiustoequilibriotraprocessiI/OeCPUbound.
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GliSchedulers(Cont.)

Alcunisistemihannoancheloschedulerdimediotermine(oswapscheduler)

sospendetemporaneamenteiprocessiperabbassareillivellodimultiprogram-

mazione

ready queue

I/O waiting
queues

CPU

I/O

partially executed
swapped-out processes

swap in

end

swap out
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Modellidiesecuzionedeiprocessi

P1P2P3Pn P4

a)

Kernel

supervisor
user m

ode

P1P2P3Pn P4 user m
ode

supervisor m
ode b)

Scheduling, drivers, interrupt handlers

P1P2

user m
ode

c)

OS1OS2OS3

microkernel

supervisor

Esecuzionekernelseparatadaiprocessi

utente.

Esecuzionekernelall’internodeiprocessi

Strettonecessarioall’internodelkernel;

ledecisionivengonopresedaprocessidi

sistema.
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Esempioesteso:ProcessiinUNIXtradizionale

•Unprocessoèunprogrammainesecuzione+lesuerisorse

•Identificatodalprocessidentifier(PID),unnumeroassegnatodalsistema.

•OgniprocessoUNIXhaunospazioindirizziseparato.Nonvedelezonedi

memoriadedicatiaglialtriprocessi.

UnprocessoUNIXhatresegmenti:

–Stack:Stackdiattivazionedelle

subroutine.Cambiadinamicamente.

–Data:Contieneloheapeidati

inizializzatialcaricamentodelpro-

gramma.Cambiadinamicamente

surichiestaesplicitadelprogramma

(es.,conlamalloc).

–Text:codiceeseguibile.Non

modificabile,protettoinscrittura.

Address (hex)
FFFF

0000

Stack

Data

Text

Gap
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Creazionediunprocesso:lachiamatafork(3)

pid=fork();

if(pid<0){

/*forkfallito*/

}elseif(pid>0){

/*codiceeseguitosolodalpadre*/

}else{

/*codiceeseguitosolodalfiglio*/

}

/*codiceeseguitodaentrambi*/
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Esempio:ciclofork/waitdiunashell

while(1){

read_command(commands,parameters);

if(fork()!=0){/*parentcode*/

waitpid(-1,&status,0);

}else{/*childcode*/

execve(command,parameters,NULL);

}

}

shell processparent processshell process

child processzombie process

execve 
program

program executes
exit

wait fork
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Alcunechiamatedisistemapergestionedeiprocessi

���������������������������������������������������������������������������������

SystemcallDescription ���������������������������������������������������������������������������������

pid=fork()Createachildprocessidenticaltotheparent ���������������������������������������������������������������������������������

pid=waitpid(pid,&statloc,opts)Waitforachildtoterminate ���������������������������������������������������������������������������������

s=execve(name,argv,envp)Replaceaprocess’coreimage ���������������������������������������������������������������������������������

exit(status)Terminateprocessexecutionandreturnstatus ���������������������������������������������������������������������������������

s=sigaction(sig,&act,&oldact)Defineactiontotakeonsignals ���������������������������������������������������������������������������������

s=sigreturn(&context)Returnfromasignal ���������������������������������������������������������������������������������

s=sigprocmask(how,&set,&old)Examineorchangethesignalmask ���������������������������������������������������������������������������������

s=sigpending(set)Getthesetofblockedsignals ���������������������������������������������������������������������������������

s=sigsuspend(sigmask)Replacethesignalmaskandsuspendtheprocess ���������������������������������������������������������������������������������

s=kill(pid,sig)Sendasignaltoaprocess ���������������������������������������������������������������������������������

residual=alarm(seconds)Setthealarmclock ���������������������������������������������������������������������������������

s=pause()Suspendthecalleruntilthenextsignal ��������������������������������������������������������������������������������� ��
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IsegnaliPOSIX

�����������������������������������������������������������������

SignalCause �����������������������������������������������������������������

SIGABRTSenttoabortaprocessandforceacoredump �����������������������������������������������������������������
SIGALRMThealarmclockhasgoneoff �����������������������������������������������������������������

SIGFPEAfloating-pointerrorhasoccurred(e.g.,divisionby0) �����������������������������������������������������������������

SIGHUPThephonelinetheprocesswasusinghasbeenhungup �����������������������������������������������������������������

SIGILLTheuserhashittheDELkeytointerrupttheprocess �����������������������������������������������������������������

SIGQUITTheuserhashitthekeyrequestingacoredump �����������������������������������������������������������������

SIGKILLSenttokillaprocess(cannotbecaughtorignored) �����������������������������������������������������������������

SIGPIPETheprocesshaswrittentoapipewhichhasnoreaders �����������������������������������������������������������������

SIGSEGVTheprocesshasreferencedaninvalidmemoryaddress �����������������������������������������������������������������

SIGTERMUsedtorequestthataprocessterminategracefully �����������������������������������������������������������������

SIGUSR1Availableforapplication-definedpurposes �����������������������������������������������������������������

SIGUSR2Availableforapplication-definedpurposes ����������������������������������������������������������������� �
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GestioneeimplementazionedeiprocessiinUNIX

•InUNIX,l’utentepuòcreareemanipolaredirettamentepiùprocessi

•Iprocessisonorappresentatidaprocesscontrolblock

–IlPCBdiogniprocessoèmemorizzatoinpartenelkernel(processstruc-

ture,textstructure),inpartenellospaziodimemoriadelprocesso(user

structure)

–L’informazioneinquestiblocchidicontrolloèusatadalkernelperil

controllodeiprocessieperloscheduling.

107



ProcessControlBlocks

•Lastrutturabasepiùimportanteèlaprocessstructure:contiene

–statodelprocesso

–puntatoriallamemoria(segmenti,u-structure,textstructure)

–identificatoridelprocesso:PID,PPID

–identificatoridell’utente:realUID,effectiveUID

–informazionidischeduling(e.g.,priorità)

–segnalinongestiti

•Latextstructure

–èsempreresidenteinmemoria

–memorizzaquantiprocessistannousandoilsegmentotext

–contienedatirelativiallagestionedellamemoriavirtualeperiltext
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ProcessControlBlock(Cont.)

•Leinformazionisulprocessochesonorichiestesoloquandoilprocessoè

residentesonomantenutenellauserstructure(oustructure).

Fapartedellospazioindirizzimodouser,read-only(mascrivibiledalkernel)

econtiene(tral’altro)

–realUID,effectiveUID,realGID,effectiveGID

–gestionediognisegnali(exit,ignore,esecuzionediunafunzione)

–terminaledicontrollo

–risultati/erroridellesystemcall

–tabelladeifileaperti

–limitidelprocesso

–modemask(umask)
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Segmentideidatidisistema

•Lamaggiorpartedellacomputazionevieneeseguitainusermode;lesystem

callvengonoeseguiteinmododisistema(osupervisore).

•Leduefasidiunprocessononsisovrappongonomai:unprocessositrova

sempreinunaol’altrafase.

•Perl’esecuzioneinmodokernel,ilprocessousaunostackseparato(kernel

stack),invecediquellodelmodoutente.

•Kernelstack+ustructure=systemdatasegmentdelprocesso

110

Partiestrutturediunprocesso

resident tables

swappable process image

user space

system data structure

process  
structure

text  
structure

user  
structure

stack

data

text

kernel 
stack
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Creazionediunprocesso

•Laforkallocaunanuovaprocessstructureperilprocessofiglio

–nuovetabelleperlagestionedellamemoriavirtuale

–nuovamemoriavieneallocataperisegmentidatiestack

–isegmentidatiestackelauserstructurevengonocopiati⇒vengono

preservatiifileaperti,UIDeGID,gestionesegnali,etc.

–iltextsegmentvienecondiviso,puntandoallastessatextstructure

•Laexecvenoncreanessunnuovoprocesso:semplicemente,isegmentdati

estackvengonorimpiazzati
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Creazionediunprocesso(Cont.)

•Lavforknoncopiaisegmentidataestack;vengonocondivisi

–ilsystemdatasegmentelaprocessstructurevengonocreati

–ilprocessopadrerimanesospesofinchéilfigliononterminaoesegue

unaexecve

–ilprocessopadreusavforkperprodurreilfiglio,cheusaexecveper

cambiareimmediatamentelospaziodiindirizzamentovirtuale—nonè

necessariocopiaredataestacksegmentsdelpadre

–comunementeusatadaunashellpereseguireuncomandoeattendere

ilsuocompletamento:

–efficienteperprocessigrandi(risparmioditempodiCPU),mapoten-

zialmentepericolosadelicata(lemodifichefattedalprocessofiglioprima

dellaexecvesiriflettonosullospazioindirizzidelpadre)
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DiagrammadeglistatidiunprocessoinUNIX

Created

Sleep,
Swapped

Ready to Run
In Memory

Ready to Run
Swapped

Asleep in
Memory Zombie

Kernel
Running

User
Running

Preempted

fork

not enough memory
(swapping system only)

enough
memory

swap in

swap out

swap out

wakeup wakeup sleep

return

preempt

return
to user

system call,
interrupt

exit

reschedule
process

interrupt,
interrupt return
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StatidiunprocessoinUNIX(Cont.)

•Userrunning:esecuzioneinmodoutente

•Kernelrunning:esecuzioneinmodokernel

•Readytorun,inmemory:prontoperandareinesecuzione

•Asleepinmemory:inattesadiunevento;processoinmemoria

•Readytorun,swapped:eseguibile,maswappatosudisco

•Sleeping,swapped:inattesadiunevento;processoswappato

•Preempted:ilkernellobloccapermandareunaltroprocesso

•Zombie:ilprocessononesistepiù,siattendecheilpadrericeval’informa-

zionedellostatodiritorno
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Daiprocessi...

Iprocessifinorastudiatiincorporanoduecaratteristiche:

•Unitàdiallocazionerisorse:codiceeseguibile,datiallocatistaticamente

(variabiliglobali)edesplicitamente(heap),risorsemantenutedalkernel

(file,I/O,workinddir),controllidiaccesso(UID,GID)...

•Unitàdiesecuzione:unpercorsodiesecuzioneattraversounoopiùpro-

grammi:stackdiattivazione(variabililocali),stato(running,ready,wai-

ting,...),priorità,parametridischeduling,...

Questeduecomponentisonoinrealtàindipendenti
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...aithread

•Unthread(oprocessoleggero,lightweight

process)èunaunitàdiesecuzione:

–programcounter,insiemeregistri

–stackdelprocessore

–statodiesecuzione

•Unthreadcondivideconithreadsuoipari

unaunitàdiallocazionerisorse:

–ilcodiceeseguibile

–idati

–lerisorserichiestealsistemaoperativo

•untask=unaunitàdirisorse+ithread

cheviaccedono

task

data segment

text segment

threads

program 
counter
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Esempidithread

ThreadThread

KernelKernel

Process 1Process 1Process 1Process

User
space

Kernel
space

(a)(b)
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ProcessieThread:quattropossibiliscenari

one process
one thread

one process
multiple threads

multiple processes
one thread per process

multiple processes
multiple threads per process
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Modellomultithreaddeiprocessi

Single-Threaded
Process Model

Process
Control
Block

User
Address

Space

User
Stack

Kernel
Stack

Multithreaded
Process Model

Process
Control
Block

User
Address

Space

User
Stack

Kernel
Stack

User
Stack

Kernel
Stack

User
Stack

Kernel
Stack

Thread
Control
Block

ThreadThreadThread

Thread
Control
Block

Thread
Control
Block
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Risorsecondiviseeprivatedeithread

Tuttiithreaddiunprocessoaccedonoallestesserisorsecondivise

����������������������������������������������������������������������������

PerprocessitemsPerthreaditems
AddressspaceProgramcounter
GlobalvariablesRegisters
OpenfilesStack
ChildprocessesState
Pendingalarms
Signalsandsignalhandlers
Accountinginformation ���������������������������������������������������������������������������� ��
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Condivisionedirisorsetraithread

•Vantaggi:maggioreefficienza

–Creareecancellarethreadèpiùveloce(100–1000volte):menoinfor-

mazionedaduplicare/creare/cancellare(eavoltenonservelasystem

call)

–Loschedulingtrathreaddellostessoprocessoèmoltopiùveloceche

traprocessi

–Cooperazionedipiùthreadnellostessotaskportamaggiorethroughput

eperformance

(es:inunfileservermultithread,mentreunthreadèbloccatoinattesadiI/O,un

secondothreadpuòessereinesecuzioneeservireunaltroclient)
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Condivisionedirisorsetrathread(Cont.)

•Svantaggi:

–Maggiorecomplessitàdiprogettazioneeprogrammazione

∗iprocessidevonoessere“pensati”paralleli

∗minoreinformationhiding

∗sincronizzazionetraithread

∗gestionedelloschedulingtraithreadpuòesseredemandatoall’utente

–Inadattopersituazioniincuiidatidevonoessereprotetti

•Ottimiperprocessicooperantichedevonocondividerestrutturedatio

comunicare(e.g.,produttore–consumatore,server,...):lacomunicazione

noncoinvolgeilkernel

123



Esempidiapplicazionimultithread

Lavoroforeground/background:mentreunthreadgestiscel’I/Oconl’u-

tente,altrithreadoperanosuidatiinbackground.Spreadsheets(ricalcolo

automatico),wordprocessor(reimpaginazione,controlloortografico,...)

Elaborazioneasincrona:operazioniasincronepossonoessereimplementate

comethread.Es:salvataggioautomatico.

Kernel
KeyboardDisk

	Four score and seven 
years ago, our fathers 
brought forth upon this 
continent a new nation: 
conceived in liberty, 
and dedicated to the 
proposition that all 
men are created equal. 
  Now we are engaged 
in a great civil war 
testing whether that 

nation, or any nation 
so conceived and so 
dedicated, can long 
endure. We are met on 
a great battlefield of 
that war.
  We have come to 
dedicate a portion of 
that field as a final 
resting place for those 
who here gave their 

lives that this nation 
might live. It is 
altogether fitting and 
proper that we should 
do this. 
  But, in a larger sense, 
we cannot dedicate, we 
cannot consecrate we 
cannot hallow this 
ground. The brave 
men, living and dead, 

who struggled here 
have consecrated it, far 
above our poor power 
to add or detract. The 
world will little note, 
nor long remember, 
what we say here, but 
it can never forget 
what they did here.
   It is for us the living, 
rather, to be dedicated 

here to the unfinished 
work which they who 
fought here have thus 
far so nobly advanced. 
It is rather for us to be 
here dedicated to the 
great task remaining 
before us, that from 
these honored dead we 
take increased devotion 
to that cause for which 

they gave the last full 
measure of devotion, 
that we here highly 
resolve that these dead 
shall not have died in 
vain that this nation, 
under God, shall have 
a new birth of freedom 
and that government of 
the people by the 
people, for the people 

124

Esempidiapplicazionimultithread(cont.)

Taskintrinsecamenteparalleli:vengonoimplementatiedeseguitipiùeffi-

cientementeconithread.Es:file/http/dbms/ftpserver,...

Dispatcher thread

Worker thread

Web page cache

Kernel

Network
connection

Web server process

User
space

Kernel
space
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Statieoperazionisuithread

•Stati:running,ready,blocked.Nonhasenso“swapped”o“suspended”

•Operazionisuithread:

creazione(spawn):unnuovothreadvienecreatoall’internodiunproces-

so(thread_create),conunpropriopuntod’inizio,stack,...

blocco:unthreadsiferma,el’esecuzionepassaadunaltrothread/processo.

Puòesserevolontario(thread_yield)osurichiestadiunevento;

sblocco:quandoavvienel’evento,ilthreadpassadallostato“blocked”al

“ready”

cancellazione:ilthreadchiedediesserecancellato(thread_exit);ilsuo

stackelecopiedeiregistrivengonodeallocati.

•Meccanismiperlasincronizzazionetraithread(semafori,thread_wait):

indispensabiliperl’accessoconcorrenteaidatiincomune
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Implementazionideithread:LivelloutentevsLivelloKernel

ProcessProcess ThreadThread

Process
table

Process
table

Thread
table

Thread
table

Run-time
system

Kernel
space

User
space

Kernel Kernel
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UserLevelThread

User-levelthread(ULT):stack,programcounter,eoperazionisuthread

sonoimplementatiinlibreriealivelloutente.

Vantaggi:

•efficiente:nonc’èilcostodellasystemcall

•semplicidaimplementaresusistemipreesistenti

•portabile:possonosoddisfarelostandardPOSIX1003.1c(pthread)

•loschedulingpuòesserestudiatospecificatamenteperl’applicazione
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UserLevelThread(Cont.)

Svantaggi:

•nonc’èschedulingautomaticotraithread

–nonc’èprelazionedeithread:seunthreadnonpassailcontrolloespli-

citamentemonopolizzalaCPU(all’internodelprocesso)

–systemcallbloccantibloccanotuttiithreaddelprocesso:devonoessere

sostituitecondelleroutinedilibreria,cheblocchinosoloilthreadsei
datinonsonopronti(jacketing).

•L’accessoalkernelèsequenziale

•Nonsfruttasistemimultiprocessore

•PocoutileperprocessiI/Obound,comefileserver

Esempi:threadCMU,MacOS≤9,alcuneimplementazionideithreadPOSIX
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KernelLevelThread

Kernel-levelthread(KLT):ilkernelgestiscedirettamenteithread.Le

operazionisonoottenuteattraversosystemcall.Vantaggi:

•loschedulingdelkernelèperthread,nonperprocesso⇒unthreadchesi

bloccanonbloccal’interoprocesso

•UtileperiprocessiI/Oboundesistemimultiprocessor

Svantaggi:

•menoefficiente:costodellasystemcallperognioperazionesuithread

•necessital’aggiuntaelariscritturadisystemcalldeikernelpreesistenti

•menoportabile

•lapoliticadischedulingèfissatadalkernelenonpuòesseremodificata

Esempi:moltiUnixmoderni,OS/2,Mach.
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ImplementazioniibrideULT/KLT

Sistemiibridi:permettonosiathreadlivelloutentechekernel.

PP

User
Space

Threads
Library

Kernel
Space

P

P

User
Space

Kernel
Space

P

User
Space

Threads
Library

Kernel
Space

(c) Combined (b) Pure kernel-level (a) Pure user-level

User-level threadKernel-level threadProcessor
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Implementazioniibride(cont.)

Vantaggi:

•tuttiquellideiULTeKLT

•altaflessibilità:ilprogrammatorepuòsceglieredivoltainvoltailtipodi

threadchemegliosiadatta

Svantaggio:portabilità

Es:Solaris2(thread/pthreadeLWP),Linux(pthreadecloni),MacOSX,

WindowsNT,...
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Threadpop-up

•Ithreadpop-upsonothreadcreatiinmodoasincronodaeventiesterni.

Network

Incoming message

Pop-up thread
created to handle

incoming message
Existing thread

Process

(a)(b)

(a)prima;(b)dopoaverricevutounmessaggioesternodagestire
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•Moltoutiliincontestidistribuiti,eperservizioaeventiesterni

•Bassitempidilatenza(creazionerapida)

•Complicazioni:doveeseguirli?

–inuserspace:safe,mainqualeprocesso?unonuovo?crearlocosta...

–inkernelspace:veloce,semplice,madelicato(threadbacatipossono

faregrossidanni)

•ImplementatoinSolaris

Esempio:IThreaddiSolaris

User

Kernel

Hardware

Threads
Library

Process 5 Process 4 Process 3 Process 2 Process 1

User-level threadKernel-level threadLight-weight ProcessProcessor

LLL

L

L L LL L L

P P

P

P P P
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IthreaddiSolaris(cont.)

NelgergoSolaris:

Processo:ilnormaleprocessoUNIX(spazioindirizziutente,stack,PCB,...)

User-levelthread:implementatodaunalibreriaalivelloutente.Invisibilial

kernel.

Lightweightprocess:assegnamentodiULTadunthreadinkernel.Ogni

LWPsupportaunoopiùULT,edègestitodalkernel.

Kernelthread:leentitàgestitedalloscheduler.
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IthreadinSolaris(Cont.)

Èpossibilespecificareilgradodiparallelismologicoefisicodeltask

•taskconparallelismologicohannopiùULTsuunsoloLWP

⇒comoditàdiprogetto,efficienzadiswitch

•taskconparallelismofisicohannopiùULTsupiùLWP

⇒efficienzadiesecuzione

•taskconnecessitàreal-timepossonofissareunULTadunLWP(pinning)

(eventualmente,soggettoapoliticaSCHED_RT)

Itaskdisistema(swapper,gestioneinterrupt,...)vengonoimplementati

comekernelthread(anchepop-up)nonassociatiaLWP.
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StruttureperprocessieLWPinSolaris

Process ID

UNIX Process Structure

User IDs

Signal Dispatch Table

File Descriptors

Memory Map

Priority
Signal Mask

Registers
STACK

• • •

Priority
LWP ID

Signal Mask
Registers
STACK

• • •

Processor State

Process ID

Solaris 2.x Process Structure

User IDs

Signal Dispatch Table

File Descriptors

LWP 1

Priority
LWP ID

Signal Mask
Registers
STACK

• • •

LWP 1

Memory Map
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StatidiULTeLWPdiSolaris

•Sleep:unULTesecueunapri-

mitivadisincronizzazioneesi

sospende

•Wakeup:lacondizioneviene

soddisfatta

•Dispatch:unLWPèlibero,il

threadvieneselezionato

•Preempt:sisbloccaunULTa

prioritàmaggiore

•Yielding:unULTrilasciail

controlloeseguendothryield

Stopped

User-Level Threads
Runnable

Active

Continue

Sleep

Stop

Wakeup

Stop

Stop

Dispatch

Preempt

Sleeping

Runnable

Lightweight Processes

Running

Blocked

Dispatch

Stop

Continue

Timeslice
or PreemptStop

Wakeup

Wakeup

Blocking
System

Call

Stopped
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ProcessieThreaddiLinux

Linuxfornisceunapeculiaresystemcallchegeneralizzalafork():

pid=clone(function,stack_ptr,sharing_flags,arg);

Iflagdescrivonocosailthread/processofigliodevecondividereconilparent

���������������������������������������������������������������������������������

FlagMeaningwhensetMeaningwhencleared ���������������������������������������������������������������������������������

CLONE_VMCreateanewthreadCreateanewprocess ���������������������������������������������������������������������������������

CLONE_FSShareumask,root,andworkingdirsDonotsharethem ���������������������������������������������������������������������������������

CLONE_FILESSharethefiledescriptorsCopythefiledescriptors ���������������������������������������������������������������������������������

CLONE_SIGHANDSharethesignalhandlertableCopythetable ���������������������������������������������������������������������������������

CLONE_PIDNewthreadgetsoldPIDNewthreadgetsownPID ��������������������������������������������������������������������������������� �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

Asecondadeiflag,permettedicreareunnuovothreadnelprocessocorrente,

ounprocessodeltuttonuovo.P.e.:setuttoa0,corrispondeafork().

Permettediimplementareithreadalivellokernel.
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Statideiprocessi/threaddiLinux

Ininclude/linux/sched.h:

•Ready:prontoperessereschedulato

•Running:inesecuzione

•Waiting:inattesadiunevento.Duesottocasi:interrompibile(segnalinon

mascherati),noninterrompibile(segnalimascherati).

•Stopped:Esecuzionesospesa(p.e.,daSIGSTOP)

•Zombie:terminato,manonancoracancellabile
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ProcessieThreaddiWindows2000

NelgergoWindows:

Job:collezionediprocessichecondividonoquotaelimiti

Processo:Dominiodiallocazionerisorse(IDdiprocesso,tokendiaccesso,

handleperglioggetticheusa).CreatoconCreateProcessconunthread,

poinepuòallocarealtri.

Thread:entitàschedulatadalkernel.Alternailmodouseremodokernel.

Doppiostack.CreatoconCreateThread.

Fibra(threadleggero):threadalivelloutente.Invisibilialkernel.
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StrutturadiunprocessoinWindows2000

Process

Access
token

Virtual address space description

Threadx

Filey

Sectionz

•
•
•

Handle1

Handle2

Handle3

Available
objects

Figure 4.11   NT Process and Its Resources [CUST93]

Object Table
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Job,processiethreadinWindows2000

Address
space

Thread

Process

User
stack

Kernel mode thread stack

Access token

Process
handle
tablePTTTTP

Job
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OggettiprocessoethreadinWindows2K

Process ID
Security Descriptor
Base priority
Default processor affinity
Quota limits
Execution time
I/O counters
VM operation counters
Exception/debugging ports
Exit status

Create process
Open process
Query process information
Set process information
Current process
Terminate process
Allocate/free virtual memory
Read/write virtual memory
Protect virtual memory
Lock/unlock virtual memory
Query virtual memory
Flush virtual memory

Process Object Type

Object Body
Attributes

Services

Thread ID
Thread context
Dynamic priority
Base priority
Thread processor affinity
Thread execution time
Alert status
Suspension count
Impersonation token
Termination port
Thread exit status

Create thread
Open thread
Query thread information
Set thread information
Current thread
Terminate thread
Get context
Set context
Suspend
Resume
Alert thread
Test thread alert
Register termination port

Thread Object Type

Object Body
Attributes

Services

(a) Process object

(b) Thread object

Figure 4.12   Windows NT Process and Thread Objects
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StatideithreaddiWindows

•Ready:prontoperessereschedulato

•Standby:selezionatoperessereeseguito

•Running:inesecuzione

•Waiting:inattesadiunevento

•Transition:eseguibile,mainattesadiunarisorsa(analogodi“swapped,

ready”)

•Terminated:terminato,manonancoracancellabile(oriattivabile)
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Figure 4.13   NT Thread States [PHAM96]
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Waiting

Runnable
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Standby Pick to
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