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“** Me m ouyxpparoséTnon e EAA6Sac kal e Eupwnaixiic Evwonc



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
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O OKOTIOC TNC EVOTNTOLC

H katavonon tTwv onuatwyv ota AZ.

H nopouciaocn Twv TEXVIKWV TNC
SLadLEPYOOLAKNC ETILKOWVWVLALC.

H avaAuon twv ocuvOnkKwv cuvaywviouoU.

To mpoBAna TOU apPAYwWYOU-KATAVAAWTN.
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>nuata (signals) o diepyaoiec

QD
% MavemoTAuio AuTikiAg Makedoviag



nuata oto Unix (Unix Signals)

e Eva onpa aviutpoowrneveL pa eLbomoinon mpog pia
OUYKEKPLUEVN Slepyaoia yla KATTOLO YEYOVOC TTOU CUVEPN.

 Toa onuota ovopalovtal kat software interrupts.

 To onuota ivat acuyypova (n dnuioupylo Kol AmooTtoAn
TOUC YLVETOL XWPLC VO UTIAPXEL TTPONYOUEVN CUVEVVONON UE
™ Slepyacia yla Tnv omotia ntpoopilovradl).

 To onuoto oTEAVOVTOL:
— Amo Lo dtepyaocia otnv aAAn.
— Amo tov tupnva otn dlepyaocia.
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Evvolec ouvOedEUEVEC
LLE TQL oNnpuaTa

* Anuloupyla TOU CrMOTOC.

* Metadoon tov onuatoc.

e XELPLOMOC TOU 2NUATOC.

A9 )
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Anulovpytla 2NUATOC
(Sighal Generation)

* AmO tov Xpnotn (LEow eVtoAwv):
— H evtoAn kill tou shell xpnolwuomoteitot yia va oté€AveL onpoata.

— Ewbkol xapaKktipeg amo to MANKTPOAOYLO SnuLoupyouv cApata

(rt.x. Ctrl-C, n Delete, mou énuiovpyouvv to onpa SIGINT).
* Ano diepyaociec/Kwdka:

— KAnon cvotnpuotoc kill().

— Kataotdoelc Tou VALKOU Snpoupyolv cApoTa, TTou OTEAVOVTOLL
oo Tov upnva otn dtepyaocia (m.x. avadopa oe dtevBbuvon
EKTOC TOU Ywpou dlevBuvoewv tnc dlepyaoioc SnULoupyel to
onuo SIGSEGV).

— Kataotaoelc Aoylopikol dnuiovpyouv onpata (r.x. adién
dedopevwy ektoc (wvncg (out-of-band data) oe eva otopLo).
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XELPLOUOC ZNUATWVY
(Signal Handling)

e TLumopel va KAVEL pLa Slepyocio PE Eva ONpa;

— Mrmopel va TopEXEL LLa CUVAPTNON TTOU KOAE(TalL
OTIOTEONTIOTE OTEAVETOL EVOAC OUYKEKPLUEVOC TUTTOC
onuotoc otnv dlepyaoia.

— Mmopel va atyvonoeL 1o onpa (kamotlot TUMOoL ONUATWY
«TILAVOVTOLY auTopaTa o€ KABe epimtwon oo to A2) .

— Mmnopel va emtttpeP el va cUBEL N tpokaBopLlopevn
Aeltoupyla yla kaBe onua.

* JTILC MPWTEC EKOOOELC TOU Unix Ta ofpatol Lmopouooy va
xaBouv (unreliable), ow veotepec ekdoaeLg Tou Unix OpwC,
vrtootnpilovv alomioto (reliable) unyaviopo cnpatwv.
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Ermtikowvwvia peTtasy tTwv SlEpyaoLwv

G
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Atadlepyaolokn smkowwvia (1/2)

* oAU ouxva pa Slepyaoia TIPETIEL VAL ETILKOLVWVOEL
LLE (Lot AAAN.

e To TIlo YVWOTO apadelypa eivat n dStoocwAnvwaon
(rt.x. Is -la | grep root | grep Mar ).

* H InterProcess Communication (IPC) pumopel va yivel
LLEe TtoAAOUC TPOTIOUC.
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Eva mapadeyua
Kownc tpoofaonc

 ‘Eotw duo Slepyaoiec A kaL B
B€Aouv va TonoBeTrioouv Eva
apxeio oto print spooler. Eotw

’ ' . Spooler
glval KOWEC oL out,in. directory
 H B SlapfadleL tnv emopevn
geA\eVBOepN TN KoL Bplokel 7, TNV
' . 4 abc out=4
amoBOnkKeVEL O€ LA TOTILKN
, b rog.c
netaBAntn. P
) ) ' 6 prog.n
e Tote yivetal interrupt. - —

* EkteAeitaln A, opolwc Kal ypadel
otn B€on 7 to apyelo mou BEAEL.

e JuvexileLn B kat ypadel otn B€on
7 To 81KO TNC apyxelo. Xavetal n
gyypadn e A.
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TL elvoll ol cUVONKEC
OLVTOY WVLOUOU;

e OLouvOnkec kata tLg omolec SV0 N MEPLOCOTEPEC
dlepyaoiec Stapolpalovtal Tnv LoLa EPLOXN KMVAMNG
KOLL TO TEALKO QTTOTEAECHA EOPTATAL ATTO TN CELPA
aAAQ KOl TO XPOVO eKTEAEONC.

e Av umapyouv race conditions tote to opaApa
nopouactaleTol Tuxaio Kot Lovo Kata tn OlevepyeLa
noPAAANAWY EAEYXWV.
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Atadlepyaotokn Enkowvwvia (2/2)

* Tpla Baoika {nTrpata:

— Nwc¢ pa dtepyaoctia Ba petafiBacel mAnpodoplec
O€ pLa AAAN;

— Nw¢ Ba e€aodpallotel OTL 2 N TEPLOCOTEPEC
dlepyaoiec 6ev epnmodilouv n pia TNV aAAn, otav
EKTEAOUV KPLOLUEC EVEPVELEC;

— Mowa eivat N katdAAnAn aAAnAouyia evepyeLlwy,
OTAV UTTAPXOUV EEQPTNOELC;
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Baowkec Evvolec
2UYXPOVIOUOU ALEPYQACLWV

* Tavtoypovn nmpoocPaocn oe dtapotpalopeva dedopeva
LLTTOPEL VAL £XEL WC OTTOTEAECUOL TNV ALOUVETIELO TWV
dedopeEvwv.

* H dlatpnon ouvemeLac Twv SES00UEVWY aTALTEL TNV
UTtoPEN HNXAVIOUWV Ttou va dtaodaAilouv tTnv dtadoxLkn
EKTEAEON TWV OUVEPYALOUEVWY SLEPYACLWV.

 HAUon tnc StapolpalOMEVEC UVANG OTO TIPOBANUO TOU
TEPLOPLOLLEVOU EVOLAUEOOU ammoBnKeLTIKOU xwpou (buffer),
ETUTPETIEL TNV TAUTOXPOVN UTapén To TTOAU n-1
QVTLKELMEVWV o€ eva buffer.
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>uvepPYalOUEVEC AlEpyAOLEG

* OLavegaptntec (Independent) diepyaciec bev emnpealouv
aAAec Slepyaoiec oute Kal emnpealovtal amo TNV EKTEAECN
aAAwV SLEpyaoLwV.

* OLovuvepyalopevec (Cooperating) dlepyaciec pmopouv va
ETINPEACOUV N VA EMNPEACTOVUV ATIO TNV EKTEAECN AAAWV
SlepyaoiLwv.

e Kuplot Adoyol yia tn dnuouvpylo cuvepyalopevwyY SLEPYACLWV:
— Awaxeiplon kownc mAnpodoplac.
— Emtayuvon umoAoyLopwy.
— ALOXYWPLOMOC KWOLKOL O€ EEXWPLOTA TN LLOTAL.
— EukoAia.
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MpoAnua NMapaywyou -
KatavoAwtn

* MNMapadelypa ocuvepyalOUEVWVY SLEPYOOLWV :

H Sdlepyacia mapaywyocg napayeL tnv nAnpodopia mou
KatavaAwvel n Slepyaoia KatavaAwTnc.

e 2 YEVIKEC TIEPUTTWOELC :

— Mn MEPLOPLOUEVOC EVOLAUETOC XWPOC
(unbounded buffer).

— MNeploplopevocg evdlapeooc xwpoc (bounded
buffer).
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Awaporpalopeva 6edopeva oto
nPOoAnua mapaywyou KatavaAwTth

repeat

produce an item in nextp

while counter=n do no-op;

buffer[in] := nextp;
in := in+1l mod n;
counter := counter+l;

until false;

out

type item = ..;

var buffer : array[0..n-1]
of i1tem;

in, out : 0..n-1;

counter : 0..n; in := 0;
:= 0; counter :=0;

repeat

while counter=0 do no-op;
nextc := buffer|out];

out := out+l mod n;
counter := counter-1;

consume 1item 1n nextc;
until false;

OL eVIOAEC:

counter := counter+l;
counter:=counter-1;

TIPETIEL VO €KTeAeOoTOUV
ATOU LKA




To mpoBAnua
TOU KPLOLWOU TUNUOTOC

n dlepyaoiec avtaywvidovtal ylo Th Xprnon Kamowwy
Stapolpalopevwy SedopEvwy.

KaBe Slepyaoia £xel Eva KOUMATL KWOLKA, TTOU KAAELTOL
KPLlOlO TUAMO, LECW TOU Omolou yivetal n mpooBacn ota
Stapolpalopeva deOOUEVAL. repeat

[MPOBAHMA: SLQBEBGIL(DOT] OTL |_ellt_r_y_s_e_c_tjm]

Kapio aAAn ditepyacia dev critical section

ETILTPETIETOL VAL EKTEAECEL TO exit section
KPLOLO TR TNG, KOTA TN remainder section
until false;

SLApKELA EKTEAECNC TOU
Kplolpou Tunpatoc piag diepyaoiac.
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2>UVONKEC TTOU aolLTOUVTOL YO TV
amoduyn ocuvonkwv avtaywviopou (1/3)

* AUo Slepyaoiec Oev BplokovTal TTOTE TAUTOXPOVA OTLG
Kploluec meploxec touc (mutual exclusion).

e Aev eTuITPEMOVTOL UTTOBEDELC O€ O,TL adopa TNV TaxUTNTO
N to nANBoc¢ twv enefepyaoctwy (no assumptions).

* Alepyaoia mou dev Bploketal o€ Kplolpo TN Sev
ETUTPETETOL VO UTTAOKAPEL AANEC Slepyaoieg (progress).

e Aev eTUTPEMETOL pLla OLEpYOCLA VAL AVAULEVEL ETT
Q0PLOTOV VA UTEL O0TNV Kploun teptoxn tne (bounded
waiting).
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2UVONKEC TTOU ATTALTOUVTOLL VLo TNV
aroduyn cuvonkwv avtaywviopou (2/3)

* Mutual exclusion:

Eav n ditepyacia Pi ekteAel To KpLOLO TUAMO TNE, KOULAL
aAAn Slepyaoia 6ev pumopel va eKTEAECEL TO KPLOLUO TUN MO
nc.

* Progress:

Eav kapia diepyacia dev ekteAeltal 0TO KPLOLUO TUNMO TNG
KOlL UTTAPXOUV KATtOLEC Slepyaciec mou BEAouy va
TPOXWPNOOUV OTNV EKTEAECN TOU KPLOLMOU TUHLOTOC TOUG,
TOTE N emAoyn tn¢ dlepyaoiac mou Ba mpoxwprnoeL oTo
Kplolpo Tunpa tng dev pmopetl va avapParietal emnt’
QOPLOTOV.
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2UVONKeC mov armoatouvIal ylo TNV
amoduyn ocuvonkwv avtaywviopou (3/3)

* No assumptions:

Aev uTtapxeL UTTOBEON aVADOPLKA LE TN OXETIKN
ToXUTNTA TWV N SLEPYACLWV.

* Bounded waiting:

[pETEL VO UTTAPXEL OPLO OTO TIOCEC POPEC ETILTPETETOLL
ol AAAec OLEpyAOLEC VO TPOXWPNOOUV OTO KPLOLLLO
TUNMO TOUC, LETA OO TO altnpa ELoaywyng oTo
KPLOLWO TUNMA piag SLlepyaoiac Kol tpLv armo TV
LkaLvoTtoilnon Tou outriMoatoc.
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MNapadetyua....

* O bLlepyaoiec peTeL va SLopoLpAlovTal KOTTOLEC
KOLWVEC METAPANTEC yLa vaL cUYXPOVIIOUV TLC EVEPYELEC
TOUC.

repeat

critical section

exit section

remainder section
until false;
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Eotw XpNOLUOTIOLOULE Lol KOLWVN
HETABANTA YLOL TO CUYXPOVLOUO

e varturn:(0..1); (apxika turn = 0).
e turn=i, onpoaivel OtL n Pi pumopel va UmeL oto KpLloLpo
TUAKA TNG.

repeat
while turn =1 do no-op;

critical section

turn := |,

remainder section
until false;

* Ikavormolei tov apotpaio anokAeLGHO, aAAd OXL TNV NPO0dOo
Siepyaciwv.
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Eotw XpNOLUOTIOLOU LE TTIOAAQTTAEC
KOWEC LETABANTEC yLO TO CUYXPOVIOLLO

» var flag : array[0..1] of boolean;

* apyxka flag[0] = flag[1] = false;

* flag[i] =true onuaiveL otL n Pi pumopel va pmeL oto Kpioluo
TUAKA TNG.

repeat
flag[i] :=true;
while flag[j] do no-op;

critical section

Qaolil = falsc: I

remainder section
until false:

e AEgV LKOVOTIOLEL TNV TPO0SO SLepyacLwv.
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Eotw ocuvbualoupe TLC

duo nponyoUpEVEC AUOELC

repeat

flag|i] :=true;
turn :=j;
while (flag|j| and turn=j) do no-op;

critical section

Diagiil = falsc

remainder section
until false:

* |kawvortolel OAEG TIC TpoUMOBETELC.

* Emu\UeL o mpoBANUa TOU KpLoLWOU TUAMOTOC yia 2 Slepyaolec.
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Baowkec Evvolec
2UYXPOVLOUOU ALEPYOCLWV..

e Tpormomolnon Ttou KwdLka Tou POoBANUATOC
NOPAYWYOU-KATOVOAWTN UE TPOoOnNKN HLog
netoBANTNC counter mou eKKLVEL e TNV TN O Ko
avéavetal kabe popa OV Eva VEO QVTIKELMEVO
npootiBetal otov buffer.
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Ertukovwvia petaév Alepyaciwy

e OudbLepyaoieg emkowvwvouv petaéy (Interprocess
Communiation, IPC) toug yLa va emtteuyOeL:

— AvtaAAayn 6edopevwvy.
— JUYXPOVLOUOC eTteéepyaoioc.
* Yrapxouv U0 BOCGLKEC MPOOCEYYLOELG EMLKOLVWVIOLC:
— Xpnon KOwng uvAung.
Kown puvAun (shared memory): ot diepyaciec xpnotpomolovv

KOWEC LETAPANTEC TWV OTIOLWV TLG TLUES aAAAlouV
KaTAAANAQL.

— AvtaAAayn HNVURATWV.

AvtoAAayn pnvupatwy (message passing): ot Slepyaoiec
ETILKOWVWVOUV oTEAVoVTAC Kol Aapfavovtoc pnvopata.
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Kowvn pvnun

* H o ypnyopn pneBodoc yia IPC.

e Ae SlapeocoAafel o MupAVOC Yo AUTO TO £L60C TNC
eTIkovwviac (6ev umtapyouv KANOELC CUOTAMOTOC).

e Amouteiltol eva EL60C oUYXPOVIoUOU.

* H pvnun elvall Kown o€ Lo 1] TIEPLOCOTEPEC
dlepyaoiec.
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Kowvn pvnun - xpnon

* O gfunnpeTnNTNC £XEL TPOCPACN OE EVA AVTLKELULEVO KOLVAC
LLVA NG XPNOLLLOTIOLWVTOC Eva onpadopo.

O etuninpetntng StaBalel amo to apyeio elcodou.

* JTO QVTLKELYEVO KOLVNC LvANG. To SEVUTEPO OPLOLLA TIPOC

avayvwon, n 6tevBuvon tou buffer 6edopevwy, deiyvel oto
OVTLIKELWLEVO KOLVNC LVALNG.

e Otav oAokAnpwOei n avayvwaon, o EumnpeTNTNC ELOOTOLEL
TOV TTEAQTN XPNOLUOTIOLWVTOC EVA onNUadOpo.

e O nehatnc ypadel ta Sedopeva amo To AVIIKELMEVO KOLWVNC
LVALNC oTto apXeio e€odov.
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ApolBailoc amokAELOUOC
LLE XPNON KPLOWWYV TIEPLOYXWV

A enters critical region

/ A leaves critical region

Process A | |
I I I I
I I I I
| | B attempts to | B enters I B leaves
| : enter critical | critical region : critical region
region
I I I |
I I
Process B ....................................
| | - /
| | Al | |
I [ B blocked I l
T, T, T, T,

G
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ApoBaioc ATTOKAELOMOC UE
«Avapovn pe AtacyoAnon»

e Amnevepyonoinon Stokonwv:

«Mn eAkuoTikn» OLOTL pOVOoV To cuotnua (Ko oyt ot
XPNOTEG) TIPETIEL VAL EXOUV TETOLA TIPOVOLLLAL.

* MetaBAntéc KAeWbwpATOC:

H ba n petaPAntn KAsWbwpatog pmopetl va mecstl Bupa
TwV ouvOnKwv cuvaywviopoU.

* Auotnpn evaAiayn.
* H AUon tou Peterson.
* H gvtoAn TSL/XCHG.
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ApoBaioc AlOKAELGUOC
LLE auoTnPEn Evallayn

* «Avapovn pe AmaocxoAnon»

while (TRUE) { while (TRUE) {
while (turn = 0) /* loop */ ; while (turn !=1) /* loop */ ;
critical _region(); critical _region();
turn = 1; turn = 0;
noncritical _region( ); noncritical _region( );

} }
(a) (b)

A proposed solution to the critical region problem.
(a) Process 0. (b) Process 1.

e MpoBAnua: Aev emitpemnel o pa Slepyaoia va eKTeEAELTOL
taxutepa (mapafiaon tng 3ng ouvoNkng).




ApuoBaioc ATTOKAELGHOC
LLE TN AUon tou Peterson

#define FALSE 0
#define TRUE 1

#define N 2 /* number of processes */

int turn; /* whose turn is it? */

int interested[N]; /* all values initially 0 (FALSE) */

void enter_region(int process); /* process is 0 or 1 */

{
int other; /* number of the other process */
other = 1 — process; /* the opposite of process */
interested[process] = TRUE; /* show that you are interested */
turn = process; /* set flag */

while (turn == process && interested[other] == TRUE) /* null statement */ ;

}

void leave _region(int process) /* process: who is leaving */

{
}

interested[process] = FALSE; /* indicate departure from critical region */
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ApoBatoc AtOKAELGMOC
ue tnv ISA evtoAn TSL

enter_region:

TSL REGISTER,LOCK | copy lock to register and set lock to 1
CMP REGISTER,#0 | was lock zero?

JNE enter_region | if it was nonzero, lock was set, so loop
RET | return to caller; critical region entered

leave _region:
MOVE LOCK,#0 | store a 0 in lock
RET | return to caller

* H evtoAn eival hardware atoutkn EVToAn Kol OEVEPYOTIOLEL
Ta interrupt oco ekteAeital (mBavov pelwvel tTnv anodoon).
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ApuolBaioc ATTOKAELGHOC
pe tnv ISA evtoAn XCHG

enter_region:
MOVE REGISTER,#1
XCHG REGISTER,LOCK
CMP REGISTER,#0
JNE enter_region
RET

leave _region:
MOVE LOCK,#0
RET

| put a 1 in the register

| swap the contents of the register and lock variable
| was lock zero?

| if it was non zero, lock was set, so loop

| return to caller; critical region entered

| store a 0 in lock
| return to caller

G
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Mapadeypa xpnong tng TSL

repeat

while Test-and-Set(lock) do no-op;

critical section

lock := false;

remainder section
until false;

G
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ApoBaioc ATOKAELOHOC
e hardware evioAn

* Eldkec oOnylec pnxavnuortoc (hardware):

— [paypatonoLlouvTal O€ EVOL LOVO KUKAO
EVTOAWV.

— Aev uTtOoKeLTolL o€ TOPEUPOAEC ATtO AAAEC
odnylec.

— Avayvwon Kat gyypaodn.
— Avayvwon kat SoKLun.
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Weudokwodikac tng TSL

boolean testset (int 1) ({
if (1 == 0) {

i=1;

return true;}

else {return false;}
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ApolBotloc ATtOKAELOUOC LE
hardware svtoAn (mpoBAnuota)

Amtevepyomoinon SLakomwy:

* H dladkaolo ekTeAelTal LEXPL VO KOAEDEL ULOL UTTNPECLA TOU
AELTOUPYLKOU OUCTAUATOC N MLEXPL VO SLOKOTIEL.

* H amevepyomnoinon twv SLakomwy gyyvatal apolfoio
QTIOKAELOUO.

e O enetepyaotnc MepLOPLlETAL OTNV LKAVOTNTA TOU VA
EVOAANAOOEL TTPOYPALLLOTAL.

* [loAvemnetepyaoia: amevepyomnoinon SLAKOTIWY OE Evav
enetepyaotn Oev eyyvatal apolpaio amokAELGUO.
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AnBapyoc kat adunvion

* H avapovn pe anaoxoAnon (busy waiting)
darava ackoma KUKAoUC poAoyLlou.

* Emiong, o€ MEPLTTWOELC XPONC AVOTNPWV
NPOTEPALOTNTWYV LUTTOPEL VO 0ONYNOEL O€
adle€oda.

e Eloayovtol ol KANOELC cuoTnUaToc sleep kal
wakeup.
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To mpoPBAnua tNC
QVTLOTPOPNC MPOTEPALOTNTWY

 Eotw X ditepyaoia pe vPnAn npotepatotnta KoY e
XOUNAR.

* Eotw nY eivatl ndn peoa otnv KpLloLpn mePLOXN Ko
gevepyoroleital n X yia va ekteAeotel. O
xpovodpopoloyntng 6€ Ba exkteAEoel TTOTE TNV Y Kol
etoL tote 6€ Ba pmopeoel va pUYEL Ao TO KPLOLLLO
TUNMA, EVW N X TTOTE O€ Bl UITOPEDCEL VAL UTTEL.
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To mpoBANnua TNC avTloTPOoPNC
NPOTEPALOTNTWY O0TO OLACTNAL..

* 4nc louAiov 1997, Mars Pathfinder.

* Kowoc AlauvAog pvAung .

* Awdikaoia dStaxeipiong StavAou pe vPnAn npotepatotnta ( Kat apotBaio
QTTOKAELOLLO).

* Metewpoloylkn dtadikaoia pe xapnAr npotepatotnta.

* Awdikaoia emikowvwviog He peocaia mpotepaloOTNTA.

e Imavia, N uPnAn mpotepaloTNTA £LXE ATMOKAELOTEL A0 TN XAUNAR TTPOTEPALOTNTA
kat &ev ATav duvatr n enkovwvia.

* To Watchdog ntav evepyomolnUEVO Kol ETMOVEKKIVOUOE TO cUOTNHA (TTOAAEG
$opEg).

* To véo firmware doptwOnke yLa to VxWorks mou emetpemne tnv KANPOVOULKOTNTA
apolBaiac mpotepaloTNTAC Ao UTAoKopLopeEVn Stadikaotia.

* Kata tnv dtdpkela tng SOKLUNAG 0TN YN, £ixe oupBel emavekkivnon oAl voulov
NW¢ ATav GUCLOAOYLKO.
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To mpoBAnua opaywyou

katavaAwtn ue sleep/wakeup

#define N 100
int count = 0;

void producer{void)

{

int item;

while (TRUE) {
item = produce_item( );
it (count == N) sleep(};
insert_item(item);
count = count + 1;
if (count == 1) wakeup(consumer);

void consumer(void)

{

int item;

while (TRUE) {
if (count == 0) sleep();
item = remove_item();
count = count — 1;
if (count == N — 1) wakeup(producery);
consume _item(item};

/* number of slots in the buffer =/
/* number of items in the bufter */

/* repeat forever =/

/* generate next item */

/= if buffer is full, go to sleep */

/* put item in buffer =/

/* increment count of items in bufter */
/* was buffer empty? */

Odnyetl og poBAnua yarti
yivetat npooBaon otn count
xwpic kKAeidbwpa. Mrmopel va
yivel interrupt evw ekteAeital.

/* repeat forever */

/* if buffer is empty, got to sleep */

/* take item out of buffer */

/* decrement count of items in buffer */
/% was buffer full? */

/% print item */

G
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>nuatodopol N Znuodopol
(Semaphores), 1965 Dijkstra

* [lpotelvovtal oL evtoAec down Kkalt up, yLa va
avtikataotabouv ol sleep kat wakeup.

e XpnolpomoloUvTal ylo va pn XovovToll cnuoto
adunvionc.
* OEWPOUVTOL OTOULKEC EVEPYELEC (adLOLPETEC).

e Otav eKTeEAEOTEL pLa EVTOAN up, To cUoTNUA
anodaoilel mowa dtepyacia o AnBapyo Oa
adUTVLOTEL.
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>nuotodopoL n
2nuadopol (Semaphores) (1/3)

Mo elOLkn pLeTaBANTH TTOL XPNOLUOTIOLELTOL VLAl
onupatodotnon (signaling).

* Eav pia dlepyoaoio avapevel yia eva onua (signal),
avaoteAAetal (suspended) pexpL va amooTtaAel auto
To signal.

e O Wait kat signal evepyeleg 6gv pmopouv va
Sdlakormovuv (interrupted).

e XpNOLUOTIOLELTOL OUPA VLA VOL KPATA TLC OLEPYAOLEC
TTOU QVOLLLEVOUV O0ToV onpadopo.
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>nuotodopoL n
2nuadopol (Semaphores) (2/3)

Semaphore : akepata petafAntn .
* Mmopel va apylkomolnBel pe evav pn apvnTLko
aplOpo.

* H Wait (1 down) pewwveL Tnv TLUn tou
onuadopou. Av to S<0 tote HIMAOKAPETOL.

e H Signal (4 up) avéavel tTnv TuN TOLU CNUAdOPOU.
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Xpnon twv ocnuadopwv

Atapotpalopevn petapAntn:
- var mutex : semaphore.
- apxka mutex = 1.

repeat

wait (mutex);

critical section

signal(mutex);

remainder section
until talse:

Q20
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>nuotodopol n
2nuadopot (Semaphores) (3/3)

#define N 100 /* number of slots in the buffer */
typedef int semaphore; /* semaphores are a special kind of int */ 1
semaphore mutex = 1; /* controls access to critical region */ ® O Gn IJ,aTOd)Opoq m uteX
semaphore empty = N; /* counts empty buffer slots */
semaphore full = 0; /* counts full buffer slots */ Y Y
glvalt SuadLKOC Kot
void producer(void) r p
| B
. XPNOLUEVEL OTOV apoLpato
14
while (TRUE) { /+ TRUE is the constant 1 */ aT1to K}\E LO uo
item = produce_item(); /* generate something to put in buffer */
down(&empty); /* decrement empty count */ Y
down(&mutex); /* enter critical region */ ¢ O l. Gr] HGTOd)OpOl e m pty
insert_item(item); /* put new item in buffer */ ,
up(&mutex); /* leave critical region */
up(&full); /* increment count of full slots */ Kal’ fu | | Xp n O-lue U O U V 0“[0
} ’
) OUYXPOVLIOUO
14
void consumer(void) i ET[le(ITI’] O-E O-tn
{
int item; { {
BiBAloypadia n ovopaoia
while (TRUE) { /% infinite loop */ 5
down(&dull); J+ decrement full count + TwV OUAd LKWV
down(&mutex); /* enter critical region */
item = remove_item( ); /* take item from buffer */ 1
up(&mutex); /* leave critical region */ 0) n HCXTO CI)O p wvVv W q mu teX .
up(&empty); /* increment count of empty slots */
consume_item(item); /* do something with the item */

QD
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mutex

e JYeveotepa A umtapyxouv Ko evioAeg mutex_trylock.

mutex_lock:
TSL REGISTER,MUTEX | copy mutex to register and set mutex to 1
CMP REGISTER,#0 | was mutex zero?
JZE ok | if it was zero, mutex was unlocked, so return
CALL thread_yield | mutex is busy; schedule another thread
JMP mutex_lock | try again

ok: RET | return to caller; critical region entered

mutex_unlock:
MOVE MUTEX,#0 | store a 0 in mutex
RET | return to caller
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Mutexes in Pthreads (1/3)

Thread call

Description

Pthread_mutex_init

Create a mutex

Pthread _mutex_destroy

Destroy an existing mutex

Pthread_mutex_lock

Acquire a lock or block

Pthread _mutex_trylock

Acquire a lock or falil

Pthread_mutex_unlock

Release a lock

 Some of the Pthreads calls relating to mutexes.
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Mutexes in Pthreads (2/3)

Thread call

Description

Pthread_cond_init

Create a condition variable

Pthread_cond_destroy

Destroy a condition variable

Pthread_cond_wait

Block waiting for a signal

Pthread_cond_signal

Signal another thread and wake it up

Pthread_cond_broadcast

Signal multiple threads and wake all of them

 Some of the Pthreads calls relating to condition variables.
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Mutexes in Pthreads (3/3)

Using threads
to solve

the producer-
consumer

problem.

#include =stdic. h=

#includs <pthraad. =

#dafine MAX 1 0D0000000 ST hoaw many numbers to produce =/
pthread_mutex_t the _mute:

pthread _cond _1 conde, condp;

nt buffer = 0; A7 oouffer used betwesn producer and consumer ¢
woid *produceriwaid Tpir) AT ooroduce data 7S
I inti:
lor fi= 10 <= MAX; i++) {
pthread rmulex  locki&the molex); A7 gel exclusive aceess o balfler 7
while [ouffer 1= O) pthread cord walt{&oondp, Sthe mob=x);
buffer = i; £ opat itern in buffer 7
pthread cond signallfconde); STowdaks up consurnmar CF

pthread mutax unlocki{&the muex)’” release access to baffer *f
1
pthread exit(o);
b

woid “consumarieod “ptr} £ conswmea data s
1 inti;

for {i="1;i <= MAX; i++]} |
pthread_mutex_lock(&thae _mutex): 77 get exclusiva acocess to buffar ~F
whila [(ouffer =0 ) pthraad _cond _wait{&condc, &the_muiex);
buffar = 0; £ taka item out of buffer *F
pthread_cond_signal{&condp); AT owaka up producer Y
pthread _mutex_unlock]&the _muiex}; " release access 1o buffar *7

}

pthrzad _exit{);

1

nt mainf{int argc, char “*argw)

1
phiread L pro, corn;
phiresad  ormotest init{Ethe  rmotex, O);
pthresad cond  ingl&corndoc, 30
pthr=ad _cond _int&condp, O);
pthread create(Zcon, O, consumer, O);
pthrsad creatal(&pro, O, producer, )
pthread joinfpro, O
pthrsad  join(ocon, O);
pthread cond destroy{&condc);
pthread _cond_destroyv{&condp);
pthraad_mutex_destroyw( S&ihe _mubex];
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Semaphores & busy waiting

 OLsemaphores sival epyaleilo cuyxpovioHoU
rniou 6&v amattel evepyo avapovn (busy waiting).
* Busy Waiting.
— H Slepyacia eAeyxeLl ouveXwC val SEL €AV UTTOPEL
VOl UTTEL OTO KPLOLUO TUAHA TNC.
— H Slepyacia v Umopeil va KaveL timota to
TIOLPOYWYLKO MEXPL VA TIAPEL «AOELO» YL VAL UTTEL
OTO KPLOLLO TUAMA TNC.
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Mnvupuata - KavaAia Emkowvwviog

e Anuovupyeitat eva (Aoyiko) kavaAl (channel) emwkowwviag
HeTaéL Twv Slepyaoiwy, LECW TOU Omoiou avtaAAdocoovTtol T
unvopota.

* To AZ mapexeL Tic €€NC BaoLKEC MPALELC:
— open(channel) — dnuwovpyia/davolypo kovailou.
— send(channel, message) — amootoAn pnvUpaTOC.
— receive(channel, message) — mopaAafni unvopatoc.
— close(channel) — kAeiouo kavaAlou.
e JuvnOwc KABe KavAAL £XEL Eva AKpo (tapaAnmtn).
e Eva kavaAl pmopet va gival povng  SutAng katevBuvonc.
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Mnvupuata - Apeon Enkowwvia

* O mapaAnmTng Kol amootoAEac mpoodlopiloviol codwc
KOTAL TNV ArtooTtoAn/mapoaAafr) Tou unvupoToc.

* To AZ mapeXeL TIC €€NC BAOIKEC MPALELC:
— send (P, message) — oteile uvupua otn dtepyaocia P.

— receive(Q, message) — Adfe €va unvupa ano tn dtepyoaocia Q.
 Ta pnvupota pmopel (aAAa dev pemnel) va mapadidovtal
OTOV TIAPOAANTITN LLE TNV CELPA TTOU OTEAVOVTAL OTTO TOV

QTTOCTOAEQ.
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Mnvuouota - Eppeon Emkowvwvia

e To pnvopata oTEAVOVTOL O€ Kol apaAapfavovtal amno (ypoupato)
Bupidec (mailboxes iy ports).
* To AZ mapeXeL TS €€NC BAOLKEC TIPAEELC:
— open(mailbox) — énuovpyio/avolypa Bupidac.
— send(mailbox, message) — amootoAn nnvUpATOC.
— receive(mailbox, message) — mapaAafn pnvupaToc.
— close(mailbox) — kAeiolpo Bupidac.
M Bupida pmopet va eivat pooBaoiun oo noAAEC dlepyaoiec.
e JuvnOwc to unvupa rou Bploketol o plo Bupida to AapPavel n
Slepyaoia ToU «mpwTnN» EMIXELPEL va TtapaAaBeL Eva pAvuua.

* OUuOLOOTLKA ETILTPETETAL 0TO cuotnua vo Slade€el auBaipeta tov
rnapaAnmtn. O amootoAeag ELOOMOLETAL YL TOV TTAPAANTTTN.

! MavemoTAuio AuTikng Makedoviag



Metafipaon pnvupatwy oto linux

msgget()  Request message queue id

msgsnd() relay a message to a particular
mailbox

msgrcv()  get a message from a mailbox
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Ermikolvwvio pecw Sktuou

* Emwkowwvia avapeoa oe SLaPoPETIKOUC UTTOAOYLOTEC YivVETaLL
ouvNOwc pe ta mpwtokoAAa dtadiktuou (Internet protocols,
IP).

e Kabe akpo piac ouvdeonc mpoodLloplleTal LECW TNG
SdlevBuvonc tou vntoAoylotn (Internet address) kat tnc Bupac
(port) mou €xeL avoitel o dtepyaota.

— o mapadeypa to akpo 83.212.19.243:1625, avadepetal
otn Bupa 1625 otov kopPo pe tn dtevBuvon
83.212.19.243.

* To o dtodedopeEvo MPWTOKOAANO ETILKOLVWVLOC TOU
Stadiktuou, to TCP/IP, umootnpilel Tn Snpovpyila cuvdEcEwV
netadopac Sedopevwy HeETAEU SUO AKPWV.
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Ertikowvwvio peow TCP/IP

host X
(146.86.5.20)

socket
(146.86.5.2/1625)

web server
(161.25.19.8)

socket
(161.25.19.8/80)
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YAornoinon Mnyoviopwv
Ertikovwviac mavw amno Aiktvo pe TCP/IP

* To TCP/IP gival n Bdon mavw otnv omoia pUnopel va XTLotouv
ntoAAotL StapopEeTIKOL UNYAVIOUOL ETILKOWVWVLAC HLEPYACLWV.

 Me Baon to TCP/IP purmopouv va vAomotnBouv Kot OAoL oL
T(PONYOULLEVOL LLNXOWVLOMOL AVTOAAQYN G UNVULATWV.

* OLavtiotolec SLaOUVOEDELC HETAEL TWV OLEPYACLWV
vAormotlouvtal e ouvdeoelc TCP/IP avti va xpnotpomnoleital
LLVA LN TOU ToTitkou AZ.

e H tayxutnta aviaAAayng LNVUHATWY HETOED TwV SLlEpyaoLwV
géoptatol TAEOV amo tnv taxvtnta petadoonc SedouEvwy
TIAVW oo To HlkTuo (Kot TNV armodoTKOTNTA TOU
nPwTtokoAAou TCP/IP) kal 0xL TOo0 amo tnv Taxvutnta
avilypadnc dedopevwy otnv pvnpn tou AZ.
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Turuika Epwtnuota YAomoinonc

* YMAPXEL KLOVLUNY» CUVOEDN ETKOWVWVLAC LETOELY OTTOOTOAED
KoL TToPaANTTN;

* Me nola AoyLkn dnovpyouvTal Kol Kataotpedovtal
oUVOEDELC eTtLKOVWVLOC (0€ XaunAO €Ttimedo, OTWC TT.X. LEOW
LLVALNC TOU CUOTAMATOC 1 OLKTUAKWY CUVOECEWV) HETAEY
SleEpyaocLwV TTOU aVTIAAAACCOUV NVULOTOL;

e Eilval to pNKog TWV LNVUHATWY oTABEPO Kol YVWOTO €K TWV
MPOTEPWV, 1N UTTOPEL va elval LETABANTO (MWC avakaAUTITETOL
T0 pEYEDOC peTABANTWY UNVULATWY TNV WP TNG EKTEAEONC);

e TuLyivetou pe Aabn, otav dnAadn pia amo Tt Svo dlepyaoiec
teppatiotel; Mwc to avtthapBavetal auto n aAAn LEPLA;
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2UYXPOVIOMOC

e JUYXPOVN ETILKOLVWVLO: O OTTOCTOAEQC TIEPLUEVEL LEXPL VAL
AaBeL to punvupa o tapaAnmneng (blocking send), o
MOPOAANTITNG TIEPLLEVEL LEXPL VO UTIAPXEL SlaBEaLO
unvupa ntpoc mapaAafn (blocking receive).

e AoUyxpovn €TLKOLVWVIO: O AITOOTOAENC ouveXL(EL TNV
eKTEAEON aveéaptnta Ao TNV mapaAafn Tou KNVUUOTOC
(non-blocking send), o mapaAnmtng Sev MEPLUEVEL LEXPL VOL
dtaoeL kamotlo pnvuuad (non-blocking receive).

* Yuvduaopuot cuyxpovnc/oaocuyxpovng
amooTtoAng/mapalaPnic.
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EvOlapeon AntoBnkevon (buffering)

e [ooca pnvupaTo Uopouv va armodnkeutouv mMpoowpLva,
HLEXPL va Ta {NTNOEL O TIAPAANTITNG;
* Houpd twv pnvupatwy pag cuvdeonc unopet va vAomotnBet
LLE EVOLV ATIO TOUC alkOAouBouc Tpomouc:
— Mndevikn xwpntikotnta — 0 pnvupota.
O amOOTOAEQC TIPETIEL VOL TIEPLUEVEL TOV TTOPAANRTTITN
(rendezvous).
— Neploplopévn xwpntwkotnta — N pnvoparta.
O amooTtoA£QC EPLUEVEL AV O OUVOECHOC Elval YEUATOC.
— AMEPLOPLOTN XWPNTLKOTNTA — ANEPLOPLOTO UNKOC.
O amootoA£ac deV TEPLLLEVEL TIOTE.
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Noapadeypa - Producer/Consumer

* Eotw pa dtepyaoia (mapoaywyoc) mou embBupet va
OTEAVEL «TTOKETA Epyaciac» o€ pla OeUTEPN
dlepyaoia (katavaAwng).

* Eotw nmwc n emikowvwvia Twv SLEpyACLWV TIPETEL VAl
vAomotnBel pe:

(o) Apeon avtaAlayn HNVUUATWV.
(B) Aouyxpovo send.
(v) ZUyxpovo receive
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MNapadeypa - Consumer

typedef struct msg {..} msg;

void consumerCode () ({
msg m;

while (1) {

receive (producerID, &m) ;
processItem(&m) ;}

}
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MNapadeypa - Producer

typedef struct msg {..} msg;

void producerCode () ({
msg m;

while (1) ({
produceItem(&m) ;

send (consumerID, &m) ;

}
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MNapadeypa

 Eotw nwc emBupoupe va eplopioovpe tov aplBuo (Eotw N) twv
«TIOKETWV €pyaciacy mou Bpilokovtal oe avapovn (€xouv otalel
QO TOV TOPAYWYO XWPLC va Ta £XEL TToPAAABEL O KATAVOAWTAC),
aAAQ Sev purtopoupe va TPpocSLoPLloOULE TNV XWPNTLKOTNTA TOU
KavVOoALOU ETLKOLVWVIOC HETOEL Twv SUo Slepyacilwy.

* O ouyxpoVvIopOC Umopel va yivel Balovtac tov KatavaAwthn va
OTEAVEL Aitnon OTOV MAPAYWYO yLa KAOE «TTOKETO Epyacioc» Tou
ETUTPETETOAL VO artoOnKevTeL evOlapeoa (0To KAVAAL ETILKOWVWVLAC).

e TNV apxn npemeL va otadouv N altnoelg, evw kabe ¢popa mou o
KatavaAwtng AaBAvVEL Eva «TIOKETO EPyAOLOCY» TIPETEL VAL OTEAVEL
KoL VEa altnon.




MNapadeypo — Consumer

#define N 100

typedef struct msg {..} msg;
typedef int req;

void consumerCode () {

msg m; req ok; int i;

for (i=0; i<N; i++) {send(producerlID, &req) ;}

while (1) {

receive (producerlID, &m) ;
send (producerID, &req) ;
processItem(&m) ;}
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Napadewypa — Producer

typedef struct msg {..} msg;
typedef int req;

void producerCode () ({

msg m; req ok;

while (1) {
produceItem(&m) ;

receive (consumerlID, &req) ;
send (consumerlID, &m) ;
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MetaBiBaocn Mnvupatwyv
(Message Passing)

* Eva povtelo IPC, oto omolo yivovtal 6EKTEC LOVOV Ol
EVTOAEC:

— Send(destination,&message).
— Receive(source,&message).

* Bplokouv epappoyr o€ KATAVEUNLLEVO KOl OF
SLKTLOKA AZ KOl ELOAYOUV TNV EVVOLOL TWV
unvupatwy enpeBaiwonc.

* Eva amo ta no yvwota cvotnpata eivat to MPI
(Message Passing Interface).
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MetaBiBaon
Mnvupoatwyv (producer)

#define N 100

void producer({void)
{
int item:;
message m;

while (TRUE) {
item = produce_item();
receive(consumer, &m);
build _message(&m, item);
send(consumer, &m);

/* number of slots in the buffer */

/* message buffer */

/* generate something to put in buffer */
/* walit for an empty to arrive */

/* construct a message to send */

/* send item to consumer */

% MavemoTAuio AuTikiAg Makedoviag

72



MetaBiBaon
Mnvupotwyv (consumer)

void consumer(void)

int item, I;
message m;

for (i = 0; 1 < N; i1++) send(producer, &m); /* send N empties */
while (TRUE) {

receive(producer, &m); /* get message containing item */
item = extract _item(&m); /* extract item from message */
send(producer, &m); /* send back empty reply */
consume _item(item); /* do something with the item */
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To mpOoBANuA TWV
avayvwotwVv/ouyypadewv (1/2)

* OmnoloocdnNmnote aplBUOC AVoyVWOTWV UTOPEL va
StaBalel mapaAAnAa to apyeio.

 Movo evac ocuyypadeac kKabe dopa pmopeL va
ypadeL 0TO apyeLo.

* Eav evac ovyypadeac ypadeL 0TO aPXELO, KAVEVOLC
avayvwotng 6ev punopet va to Stapfalel.

* Otav o cuyypadeac evnuepWOEL yLa Tn Anén tTng
ouyypadnc Tou, EMAEYETAL EVOC VEOC AVOLYVWOTNG N
ouvyypadeac LEow evoc scheduler.
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To npoAnua Twv
avayvwotwv/cuyypoadewv (2/2)

e Awapotpalopeva dedopeva -

var mutex, wrt : semaphore (=1);
readcount : integer (=0);

Aepyaoia ZuyypadeEa. Aiepyaoia Avayvwotn.

wait(mutex);

readcount := readcount+1;
wait(wrt): li. readcount=1 then wait(wrt);

signal(mutex);

writing is pertormed; reading is performed;

signal(wrt); wait(mutex);
readcount := readcount-1;
if readcount=0 then signal(wrt);
signal(mutex);




Aoknon

* To noapakatw {evyoc dlepyaoctwyv dSlapolpaleTal UL Kown
uetaPAntn X e apxtkn tun 5. OL evtoAeg evtog kKabe
dlepyaoiog ekteAouvtal oeLpLlokd, AAAA OL EVTIOAEC TNC
Sdlepyaoioc A sival Suvatov va ekteAecBouv pe omoladnmote
OELPA WC TIPOC TLG EVTOAEC TNC Slepyaoiac B.

[Agpyagia A] [Algpyaoia B]
int Y, int £,

Al Y = 27X; B1. 72 = X+1;
AZ: X =Y, B2: X=2;

* [ooec SLaPOPETIKEC TLUEC TNCG METABANTAC X pmopolv va
npokuPouv otav oAokAnNpwOel n ektEAeon Kot Twv dUO
SlepyaoLwv.
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Aoknon - Altavtnon

Yriapyouv 4 duvatec TpEC vy to X. [dou oAot ot
duvartol cuvduaopol TNC OEPAC EKTEAEONC TWV
evioAwv Twv dlepyactwv A kat B:

— A1 A2B1B2: X=11.
—A1B1A2B2: X=6.
—A1B1B2A2: X=10.
—B1A1B2A2: X=10.
—B1A1A2B2: X=6.
—B1B2A1A2: X=12.
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