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Verification of Real Time Systems:
The extension of COSPAN in dense time

Panagiotis N. Tzounakis™

Abstract

The often enormous complexity of concurrent real-time systems makes their
correct design a very difficult issue to deal without some form of computer assis-
tance. We present an extension of the well known selection/resolution or simply
S/R model to include timing constrains. Our extension consists of the integration
of an existing model of dense time based on timing assumptions and its correspond-
ing algorithms within the S/R model. We describe the use and the implementation
of our model in a new automatic verification program for real-time systems based on
COSPAN, a well-known verification tool for concurrent systems over discrete time.
COSPAN is extended by adding an on-the-fly automatically-generated “monitor”
process which keeps track of timing constraints so as to exclude system behaviors
that are inconsistent with the timing information. We discuss the S/R model and
COSPAN in order to provide some background needed, describe the dense time
model, and the theory and implementation of the extensions made in order to han-
dle real-time information. The results of applying the verifier to several examples
with real time are discussed.

*Institute of Computer Science, F.O.R.T.H., Crete, Greece
E-mail pj@ics.forth.gr



[TANEIIIXTHMIO KPHTHX
LXOAH OETIKQN EITYXTHMQN
TMHMA EIIXTHMHY YITOAOT'TYTQN

EITAAHOEYXH LYXTHMATON ITPATTMATIKOY XPONOY:
H EIIEKTAXH TOY COSPAN XE XYNEXH XPONO

Mavaywing N. TCovvaxng

Metamtoxiakn Epyaoia

HPAKAEIO, KPHTH
YentenPproc 1992



EITAAHOEYXH LYXTHMATON ITPATTMATIKOY XPONOY:
H EIIEKTAXH TOY COSPAN XE XYNEXH XPONO

Metantoxiaxn epyaoia
mov vroBAndnke oTnY emMTPOINI| PETAITUXIAK®OV CILOVO®V
TOD TPNATOC EMOTIANC VIOAOYIOTOV
¢ 0X0ANC Betk@v emoTnI@V
TOV MAVEMOTNIIOD KPNTNC
OC PEPIKI] AMAITION YiC TNV AMOKTIOT] TOV
ATITAOMATOY METAIITYXIAKHY. EZEIAIKEYXHX
Yemtepfproc 1992

Yoyypageac:

Mavaywing N. TCovvaxng
Tunpa Emotipne Ynokoyotev

Etronynukn Emtponn:

Kwootac Kovpxovpnete Avaninpotic xabnyntc
(Enommc)

[Tawvoe Kovotavionovioc Avarinpotc xadnynuic
(Méloc)

Mavoine KateBaivne Avaninpmt|c kadnynu|c
(Méloc)

Aex:

Yrehoc Opgavovdaxne Kabnynuic, mpoebpoc tpanpatoc
[Ipodebpoc Emrtpomc Metantxiakov Xnovbov



IIpoAoyoc

H ovxvd tepdotia moAvmAoKOTTA TAPAAAA®Y ODOTNIATOV MPAYHATIKOD XPOVOD KAVEL TOAD
6ok oA T owoti oxebiaon Tove Xmpic kamolac poperc Porbeia péom vmoroyrotiy. Iapov-
oplovpe Pa ENEKTAOY TOV YVOOTOD POVIEAOV «mAoyn/andgaon ey (selection/resolution
10 anid S/ R) 1 onola ovpmepriapfaver xpovikode nepropopove. H enéxraon pac ovviota-
TAL 0TIV €VOIOIN0T] £VOC DIAPXOVIOC HOVIEAOD Y1a XPOViKeC pIoBEoeic Kal Tov aviioToXmv
adyopifpmv e 1o S/ R povigdo. Ileprypagovpe ) xp1jon KAt v vAOIOINOY TOV POVIEAOD
pag oe £va véo mpoypappa avtopatg enainbevong (verification) yia ovotjpata npaypan-
Kob xpovov, 1o onoio Paoiletar oto COSPAN, éva modd yvwoto mpoypappa enainbevonc
v mapdiinia ovotpata oe Sraxpitd xpovo. Emexteivoupe to COSPAN npoofétoviac
ma Giepyaoia «edeyktp 1 onoia Snjuovpyeitar Svvajkd Kl avtopata Kar mapakoiovdel
TOVC XPOVIKODG IIEPIOPIOILONE, MOTE VA AMOKAEIEl OVPIEPIPOPEC TOD GUOTIIATOC MOV £ival
xpovikd aovveneig. TapovopiCovpe to S/ R povieho kar 1o COSPAN w¢ anapaitym vo-
obop1], T0 JLOVIEAO GLVEXODC XpOvov, Kal v fempiad Kal vAOMON0] TOV EMEKTACEDV JLAC
1£0m TV onoimv Xe1p1lOpaoTe MANPOPOPia MPAYRATIKOD XpOvov. XTI ovvexela ov{nrdape ta

AMOTEALOPATA TNC XPIOTC TOV MPOYPARIATOC J1AC Vi T AVOT| IEPIK®V MpoPANIAT®OV.
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Evxapiotieg

Oa 1feia va evxXaploTom IpeOTa and OAove Tov enomty kadnyn) pov x. Koota Kovpxovpn-
£t mov Jie T gpmvevor] Kal v kafobiynorn tov eyve Svvaty 1 Ipaypatonoinol avtic g
epyaoiac. Tn ovvepyat pov xka. Mapia Mapaadxn mov pe Borfnoe ovopotikd otic npw-
TeC POV gpevVTIKEC Mpoondfeiec oTov Tojga ¢ enainfevone Kal ota mpeta otadia g
Sovherac pov. To ovpgortnt pov Evpuridy [etpaxn yua Siagopeg xprjomec ovnuoeig og
aiyopbpong Kataxeppatiopon, Kal tove ovpgotrnrec pov Mayda XatCaxn, Niko Aapmpo-
ywwpyo kat I'dvvyy MooCdaxn yia v vmopovi) mov gixav va tpefovv ¢ mpotec eK600£1¢ Tov
AOYI0p1KOD pov Kar va Smoovv modvtijec minpogopiec yu Sopbwoeic. To @ido kar ovp-
@OUTNT1] OTIC MPOMTVXIAKEC pov onovdec Keoota ITanadda mov pe tov tpomo tov Borfnoe moiv
XpOvo mp1v apxioet va @uiaxverat avt) 1 epyaoia. To Ivotitovto ITanpogopikic tov I.T.E.
Yl TV DAKOTEXVIKI] DIOOOT] Kl TNV OIKOVOLIKI] 0T Moy Mapeixe Katd 11 HS1apKeia 1ov
PETANTUXIAK®V 10D 0MovdS®V, Kat £161KA ToV epevviTl] LTéA10 LaptCetdk mov pov £6woe v
gukapia va mapapeive xkovia oto [Havemotnmo Kpnine npv axopa apxion petantvxiaxec

omovbec.

v



Ileprexopeva

IIporoyoc

Evxapiotieg

1 Ewayoyn

2 To poviédro emdroyrg/andgaoyg (S/ R model)

2.1
2.2

2.3

Ewayoyikec evvolec xat opopot . . .
Awpyaotec E/A .. ..o
2.2.1 XbvBeon Sepyaomv E/A L.

Ynpaojproyia Siepyaommv kot emainfevon ... ... L L L L

2.3.1 Xopnepwopec Siepyaommv . . .

2.3.2  Ynnaowioyia Siepyaomv: Ixvy kar akvoibee . . . . ...

2.3.3  Ixvy tov L-Gepyaopmv kat ovvnkee CotkdéTrag .. ... ...

2.3.4  Awepyaoiec eheyktec kan enainfevon opbrc hettovpylac . ... ..

3 To gpyareio COSPAN

3.1
3.2

H yioooa neprypagrc tov COSPAN .
Aopnp too COSPAN .. .. ... ...

4 IIpooB1kn W6r0TTeV IPpaAYPATIKOD XpOVOU

4.1
4.2

4.3
4.4

[Teprypagn e npooeyyone . . . . .
To povieho Siepyaomv pe Xpovo . . .
4.2.1 Aoywot Metpnieg . . . . . . .
4.2.2  Awpyaoiec pe xpovo . . . . .
Y Lomnoinon Siepyaomv E/A pe xpdvo

[leproxéc petpniov xat o eheyke TR

iii

iv

10
12
13
13
15
16
18

22
22
25

27
27
30
30
32
35
38



5 To epyaieio RTCOSPAN
5.1 Awobvbeon XpRotepyaieion . . . ... ..o .
52 YROHOUOI . . . v v v v et i e e e e e
5.2.1 Aopéc 6ebopevov . . ... Lo
5.2.2 FEowtepwi Sopurp xar opyaveorn . . . ... ...
5.2.3 TveotdmpoPAnpata . . . . . . . . ...
6 Ilapabeiypata
6.1 To mpmtoxoAhro evaAhACOPEVOL-—PNPIOD . . . . . . . . . ... ..
6.2 Avo nmapaiinia xavaia pe xabvotepnon .. .. ... ... L L
7 Xvpnepaocpata
A Anoondaopata ano to apxeio Sndowoewv crank.h
B Y2onoinon tov npafemv oe neploxeg petpniov
C Mia neprypaepn oe COSPAN yw to npowtokorio ABP
D AXlayeg oty 6evtepn €xkboon tov RTCOSPAN
BiBAwoypagia

vi

42
42
46
47
49
55

58
58
61

66

68

73

77

96

97



KataAoyo¢ XXnuatov

2.1

2.2

2.3

2.4

3.1

4.1

4.2

4.3

4.4

Eva mapaberypa apofaiov amoxieiopon, onmce mapovopilletatl og £va amiod
POVIEAO €VOC KAVAAIOD EMKOW®VIAC MOAAAmANC Ipoofaone jie avixvevorn
ODYKPODOEMV KAl INXAVIORO OMOYOX@PNONC. « « « v v v v v v e o o e e v .
Eva mapaberypa xavaiiov pe xabvotepnon. H Siepyaoia xavai xabvotepei
TO VDA EMAEYOVIAC TADOI]. &« v v v e e e e e e e e e e e e e e
O1 ovvbnkec CotkomTag ya mv meptypa@r) tov kavaiion kabvotépnone. To
Mppe anobéxetar 6hec Tic aivoidec ot1¢ onoiec 6gv 10X Ve OTL TEAMKA TAVTOTE
RECH# = pause. To Mrp anobéxetar dhec ¢ aivoibec otic omoiec o
EKIMOPIOC TEAMKA 0TEAVEL £va Ivopia Kat et otapatd. To Mpe amobéxetan
ohec Tic aivoibec otic onoiec to prvopa moteé 6ev mapaiapfavetal amo Tov
OEKTI. . . . o e e
To ovpninpopa xkabikovioc yia to mpofAinpa tov apofaiov AWIoKAeiopov.
H Mype, amobéxetanr ddec i akvoibec mov tedkd napafidCoov n ovvlnxy
apoBaiov amoxieopov. H Mre, amobexetar ohec tig ahvoibeg omov pua

Siepyaoia (nrast Tov IOPo XmPIc MOTE va TOV MAIPVEL. . . . . . . o . . . . .
Eva mkpo S/R mpdypappa. . . ..o

[Teprypaen pe xpovo tov xavaiiov pe xkabvotépnon. O Kxataotaoeig tov
Mr7r mapéxovv mv minpogopia ya myv mpotn gopa mov 11 T'R Bploketat
ot xataotdosic DELAY xar DELIVER. ITapopoiec 1610t1ec 10x000v yia
e Mre xan Mpee. - o o o 0 o e
[Teprypaen pe xpovo tov ovpninponatoc xadnkovioc. O Mpe Swwheyer pn
armokpanikda eva Cenydpt amootoitc Kxat Afyne pnvopatoc, kar o Tre Swa-
BePaimver o1 avtd cvpfaivel oe Xpovo meproodTepo arnd ds povadec Xpovoo.
Apyaoiec eheykiée mov meprypdgouvv (a) petpnreg xa (B) petpniée mov
pmopovv va emavateBovv. ... oL L. L L L
Aepyaoiec €heyktég mov neprypagovv (a) Awepyaoia ereyxtg Mra yua tov
petpn ) «xpovikc mpoobom xat (B) Eleyktg nepoxiic petpnrov TR. . . .

vil

14

18

20

23

34

35

36



5.1
5.2
5.3
5.4
5.5
5.6
5.7

5.8

6.1
6.2

6.3

6.4

6.5

Tpipa tov apxeiov Snkeooewv RT.h mov mepiexel tov S/ R opopd yua tov
wmo Siepyaciag R_.TIMER o omoioc avtiotowxei otov eheykt) W F.

YovBetor tomot 6ebopevov too RTCOSPAN. . . . . . . . . ... ... ...
Ydomnoinon oe C tov 1eheoty) + yia Cedyn Axkpov. . . . . ... ... ...
Fevixay Sopry evoe Somkov ABov yia v crank(). . . . . . . . . .. .. ..
Iepapxia tov Giepyaomv oto RTCOSPAN. . . . . . ... ... .. ....
Aopn ¢ crank() oto RTCOSPAN. . .. .. ... ... ... ......
Wevbokmbikac wobvvajoc pe 1o tunpa C kobika yia 1ov o 6epyaoiag
E/A R_TIMER oto apxeio SndmoewvRT.h . . . . . . .. .. .. ... ...
Wevbokmbikag 1006bvapog pe 1o mjpa C xodwka yu myv Siepyaoia E/A

Timer Region Check oto apxeio Snhwoewv trcheck.c . . . . . . . . . ..

Aop1) og vy Ao emine6o 1oV NPO@TOKOAAOD EMKOIVOVIAC EVAAAAOGO IEVOD—PT|QIOD.
H &iepyaoia eknopnmoc. Araréyel pn aitiokpatikd va oTeiAel 10 £161KO pjvoja
msg® (Oha ta dAha PRVORATA AVTIOTOIXOUV 08 MSE). .« « v o v o v v o . .
Ta kavaia. To xavdht 1 éxet mpotepaidTTa £Vavtl ToD Kavailon 2, Kal eva
Kavaitl mapadibel £va prvopa povo otav epoTatal. . . . . . . . ow .. .. . .
O 6¢kme xat 1o ovpmAnpopa xkabikovioc. O 6éxtne potdel ta 6vo Kavaiia
pe Kok Ao t1pomo. O eAeyKTic prvdpatog anofnkenet 1o Ovopa 100 Kavaiion
mov £hafe to msg . ... L.

Aepyaoia eAeyKTHC yia TV IEpTypa@l) pe Xpovo oto mapadeiyja 2.

Viil

43
47
48
50
50
52

54

56

62

62

63
64



ITepiAnyy

Yy gpyaoia avt) napovoilCovjie jia eNEKTAON TOV YVOOTOD OVIEAOD MAOYNG/ andga-
one» (selection/resolution 1 anhd S/ R) 1 onoia cvpnepthapfdaverl Xpovikode IEPIOPIOROE.
To S/R poviédo eivan eva pabnpankd povieho yu ovvlpopkéc (concurrent) Sepyaoiec,
OIOD £Va MOADIAOKO ODOTIA PIOPEl va MEPTYypa@el 0av o0 voAo and ovCenypeves pnxXavec
nenepaopevev xataotdenv. Mia hidmta mov kaver 1o S/ R povidho efapetikd eAKDOTIKO
glvar 0T, 11 o0Cevln TOV PNXAvEOY Deplypd@etal H£0a and KAT)yopiata Iave oTd o1jata
EMKOWOVIAC. 1€ MOAAEC MEPUTTMOELC avtO Ponfdel oty mapaywyl oOVION®Y, MePIEKTIKOV
Ka1 KATAVONT®OV MEPTYPAPmY.

To S/R poviého eivar éva povieho Sraxpitod ypappixod Xpdvov pe «onpaoproyia
ixvouer (trace semantics). OpiCetar évac hoyopdc ndve otig Siepyaoieg, ol onoieq -
opovV va ovVHETOVIA XpNOIIONOIOVTAC TNV NPAf TOV GUYXPOVOD 1] AODYXPOVOD YIVOREVOD.
To povieho mepiexel ovvliKec amoboxI|c 1£0m TOV OMOIOV pHopel va ek@paotel Kabe w-
kavovikl) (w-regular) iomra tov ovotpatog. H enadnBevorn ovviotatar otnv anodeln e
EYKAE101C IXVOV.

H enéxtaon pac ovviotatal 6Ty €VOIoino1 £€vO¢ DIAPXOVTOC HOVIEAOD GDVEXODC XPOVOD
ne 1o S/ R povigdo, i onota PaoiCetar oto COSPAN, éva yvwotd nmpoypappa enaiibevong
yii mapdrinka ovompata og Siaxpitd xpovo. To COSPAN [HKS89, JK86, ZHI0] eivar
£va epydAeio AOYIORNIKOD yla TV meptypa@l) Kal enainfevon ovotqpdiov mov anoteAovvial
and ovvioviCopevee ovviotwoec. To COSPAN pmopet va xprnomonowmfet yia v avantoln
HEPTYPAPOV DPTA0D emmEbon, Yo TNV avAAvol] ¢ AOYIKIC KAl OTOXAOTIKI|C OV IEPIPOPAC
OVOTNIATOV, KAl IPOUIPETIKA Y€ TNV HAPAYy@YI] TOAD anoboTK®OV vAonoujoemv og C Katev-
Beiav and v meprypagn vgnion emuebov. To epyaieio Xpnoponotel jiia K, 1€paApXIKI),
avaivtiki pgfobo avdamtvénc.

H Loy avaavon oto COSPAN emmvyxavetal péom ovjifoAikod eAeyXov T¢ mepty-
PAPIIC TOV OVOTIHATOC WG Mpo¢ TNV embvpTr ovpneprpopd mov Kabopiler o xprotne. To
ovotnpa 6ev IPOOoOPOIMVETAL ODTE DAOMOEiTAl, aAAd Kataokevaletal ja pabnpanki) amod-
bl mov emPefarwver (1 Sragedber) myv dnapfn me vno efetaon ovpnepigopdc. LTovg
aiyopipovc avdaivone tov COSPAN xpnopionotodvial tomkee TeXviKee avayoyie Mo
pnopovv va aviane£eABovv oto ovvifwc tepdotio mAnhoc Kataotdoemv Twv ovvioviCopevmv
OVOTILATOV.

Ye aot) v epyaoia 1o S/ R povigdo enavfdvetar mote va ovpnepiangbodv nepropropot
npaypatkod xpovov. Ileprypagovpe my £vvola v «hoyikov petpniov xpovow (logical
timers) [Dil89] mov eival MTAQORATIKEG OVVIOTMOEC KA1 XPNOPHOLOODVIAL Y1 TV IAPUKO-
AovBnorn T@v XpOvemY Katd Toue omoiove ovjifaivovy yeyovota peoa oto ovotpa. Me avto

oV TpoOMo gival HVVATOV VA AOKAE10TODY DIIOAOYIOTIKEG akohovbice mov mapafialovv tic



xpovikee napaboxéc. Etopéva ovotnpa mov pmopetl va mapafiale xamoee mpodbiaypagéc
ODPIEPIPOPAC 0€ €va PoviEAo mov Hev Aajfdvel vmoyn T¢ OXETKEC TAXDINTEC TOV ODVI-
OT®OMV, PIOPEl VA TIC MANPEL KAT® A0 OPIOJLEVEC XPOVIKEC MAPAOOXEC.

To COSPAN enexteivetar mpooftoviac pia Siepyaoia «eheyktip 1 omoia Snjovpyeitat
AvTOPATA Kl MApaKoAiovdel TOVC XPOVIKODC MEPIOPIGIOVC, MOTE V(A AMOKAEIEL OV JLIEPIPOPEC
TOD OVOTIRATOC IOV £ival XPovika aovveneic. IapovopiCovpe dAec TIC AEMTOPEPEIEC OXETIKA
e v vAomoinon tov poviehov «Grabikaomny pe xpovor (timed processes) mov KataoKevd-
Covpe xpnomonowviac 1o COSPAN. To véo gpyaieio RTCOSPAN éxer vhonowfei xmpic
tpononou|oetg ¢ eontepkng doprg tov COSPAN 1) m¢ ypappatxic tov S/ R, Seixvo-
VIAC €10 OT1 eMEKTAOEIC KaAd oxeblaopevev epyaieiov enainbevonc sivar Sovatéc. To
RTCOSPAN egivar ovpfatd pe to COSPAN.

apovopiCovpe 1o rpa mce Swwovvdeone xprnot-epyaieiov (user-interface) mov eop-
yer ta vea xapaxtpiotika tov RTCOSPAN, ) grhoco@ia oxebiaonc 1eom ¢ omoiac 1o
RTCOSPAN avtansefepxetar 1o peydio mindoc Kataotdoemv mov amaitovv o1 IETPITEC
XpOvoD, Kat H1vonjie ApKeTEC AEMTOPEPEIEC TOV E0MTEPIKGOY Oopmv Hebopévev xal aiyopid-
pov 1o gpyaieiov. Téhoc avagépovpe pepikd mpoPfAnpata Kal Ieplopiojlons ¢ TOPIVIG
VAOIOINON G J1AC.

H péBoboc pac xpnopponoeitan yua myv meprypagn kar enainfevon 6vo ovotmmpdtmv.
To npmto pac napdberypa amoteAei Pid eNEKTACI TOV YVOOTOD NP@TOKOAAOD EMKOIVOVIAC
alternating—bit, n omoia mepiexer minpogopia ovvexove xpovov. To Sevrepo mapaderypa
XpNoonoiel 600 mapdAinia Kavaila emroveviac pe axadopiotn arid nenepaopev Kkabv-
otepnon petaboonc. I'a my gukoAia TOV AvayvmOTI Ol MePTYPAPEC Hac Hivovial jie pop@n
yphgov avtl yua ) yhoooa neprypagnc tov RTCOSPAN, ma xat i) petagpaot eivat aariy.

Exovpe 6eifer o1t to COSPAN pmopet va enextabel mote va xepiCetanl meploplopoic
nenepaopevev Kkabvotepnoemv jie euopKO Tpomo, Kat 0Tl To véo ovotnua sivatr og Béon va
enainfevoet evhagepovia mapadeiypata ovompatov. H Baopkn) 16¢a tov Siaxwpiopov g
HEPLYPAPI|C O€ TRIJLATA AVAAOYQ J1e TV e£APTIOT Ao TOV XpOvo, Kal 1] XPI|01] TOV HEPIOXMY
TIOV PETPTOV Y14 TO KOPPATL IOV ££apTdTtal amo 1o Xpovo, prnopovv mbava va e@aprootovv

Kal og ahhec texvikée enainfevong emionc.



KepaAaw 1
Ewoayoyrn

Eivar yevikd mapabextd o1 11 0xe61001 Np@dTOKOAA®Y Kl TAPAAATA®V GUOTIIATOY KAl AA-
yopifpov amotehel mePooOTEPO TEXVI MAPA e@APOOp &V Texviki). Louvifoc eivar Svokoro
yua tov avlpono va mpofiéyer ohec tic Svvarée aiiniembpdoeic petald ovVIoTOONV EVOC
ODOTIIATOC O1 OIOIEC E£VEPYOUV mapdAiinia. Q¢ amotéAeopa, MOAAAG av OX1 Ta NEPIOOOTEPA
IPOTOKOAAC Kal aiyopifpot mepiéxovv eAdatopata 0xXeblaonc, Iov oQeihovial 08 AMApaTI|-
pntec aiiniembpdoeic avijieca oTic opVoTmoe: Tove. Tétowa Adbn otnv Kataoxkevn) eival
efapenikd 6V0K0AO va avixvevtovv kKar va Hopdmbodv pe mpocopoiworn 1 akdépa Kar pe
HAPATIPNON TG AETOVPYIAC €VOC Mp@TOTLIIOV Tov ovotnjatoc. O AOyo¢ eival 0Tt MOAAEC
@opec T mapdiinia ovotipata eivar prn wrtokpankd (nondeterministic), onote mbavd
npofAnpata pmopel va gival toxaia Kat pu1y enavaiapfavopeva.

Mia pepikn Avorn 010 mapanave mpofAnpa eival 1 Xp1jon Ipoypappdtov auTORaTC eI-
ainfevonc, ta onoia eyyvovvial v opdr oxebiaon tov ovotpatoc. Tétow mpoypappata
EKJETAAEDOVTAL TO YEYOVOC OT1 MOAAN Ao T evH1a@EpovTa GLOTIIATA KAl IPOTOKOAAN £1val
HENEPAOPEVOY KATAOTAOEMV. Amapifpodv 1i¢ 0Aec TIC KATAOTAOEIC TOD OVOTIHATOC, PAXVO-
viag napdiinia yia mapafraoeic jac meprypa@ic cuRIepipopac mov mapeXel 0 Xpiotic.
Otav 6amotebel pua 1etowa napafiaorn, 1o npoéypappa eivar oe 8¢on va 6moet v GV YKeK-
PUIEVI] 10TOPIA TG GV RIEPIPOPAC TOV GVOTIIATOC, 1) OIOiA MPOKAAeoe TNV mapafiaor).

YApepa DIHAPXOVY APKETA POVIEAN KAl MPOYPAPRPATA Yid TNV HEPTYPA@PL] KAl EIAAL-
Bevon ahyopifpmv 11 ovoTIATEV Pn@aKkeOv KuKAopdtov. Eva 1€t010 povigdo eivar xat
10 S/R [BG80], énov ovotjpata meptyp@ovial oav o0voio amd PNXAvEC MENepUoievev
KATaoTAogmv mov ovyxpoviCovial péom evoe Pnxaviojpod emKoweviac pe peydiec dSvvatod-
mreg. dve oto S/R poviero BaoiCetan to COSPAN [HKS89, JK86, ZH90|, éva amod ta
Mo MOADIAOKA Kl 10X vpd mpoypdappata yia v opa. To COSPAN avamtoxfnke ano tov
R. Kurshan xat dihove ota AT&T Bell Laboratories, kal éxe1 xpnojponowmfet yia v em-

aAnfevon apket®v NpeTOKOALOV Kt 0xeblov gnerakev kukiopdatov. To S/ R povieho éxet



KEQPAAAIO 1. EINAI'QI'H 4

apxetl] eK@paotiki 10x0, wote oto COSPAN va pmopei va exkgpaotet katr va enainfevtel
onowdnnote @—xavoviky (o-regular) rdomra.

Yt YEVIKI] MEPIIT®OT), Ta TOVIEAC MOV XPNOPHONo00VTAl 08 Mpoypdjipata enaindevonc
HEPIEXODY TO XPOVO 0aV a@npniévi) povaxa gvvola. [a mapdderyjia povieAomolovv v
xpovikn] Hrataln tov Suaeopmv yeyovotov, aiid 6x1 katr tov akpifi xpovo mov £va yeyo-
voc ovpfaivel. Opoc aotn) 11 aviiAnyn tov xpovov Gev elvan emapkie yia myv enainbevon
IPOTOKOAADV KAl ahyopiumv tov omoiov 11 omoty Aettovpyia e£aptdral amd XpoviKong
IEPIOPICIOVC, 1] TA OMOiC IPEMEL VA IKAVOIOUWooUV Xpovikee mpobeopiec mov emfPaioviar
and eEmtepikove mapayoviec. Kaboc vmoioyiotéc xar Sixtoa arinhembpovv 6Ao Kail me-
P00 OTEPO JIE MPAYRATIKEC OVOKEDEC 1] UOTKEC Hepyaoiec, yiveTtal OA0 Kal GV0KOAOTEPO VA
Kpo@touv 1) va ayvonfovv 1ot tec oxetikee ie xpovo. Axkopa, 1 0xebiaon omotov ovoTad-
TOV IPpAyRaTikon Xpovov eival e€aipetikd 600K oA, ene1b] 01 XpoviKol meplop1ojLol avfavovv
oe peyaro Padpd my moAvmAokOTTA TV aAiniemOpdoemv mov pmopovv va cvpfovv. Eivar
20OV @avepd OTL MPOYPAPRPATA Yl apTtOpaTy eXainfenon GVOTRATOV IPAYRATIKOD XPOVOD
Ba 1rav e£apenikd xproma.

Eva Baoxd Crimmpua mov mpenet va efgtaotet oe kabe odoTpa OMOD DIAPXOVY XPOVIKEC
16101 1EC £lvan 11 ve1) Tov Xpovov. Exovv mpotabel apxketd miaiom yia enainfevorn iGrotutov
OXETIKOV J1& XpOvo, Ta omoia Ba xatatdfovpe oe Tpeic KUPEC KATYOPIEC, avaioya pe 1o
povigdo tov xpovov omov PaociCoviar. H mpomty xamyopia BaoiCetar og povicha Siaxpitod
XpOVOV, OOV 01 TIHEC TOV XPOVoD (OTIYJEC) elval 6DVOLO 100 POPPIKO e TOvG axepaiove 1|
tovg @oopkone apipong [JM86, HPOG89]. Tétow povieha powCovv apketd pe ta mapa-
Soopmkda poviéha maparAniiac xar ovyxpoviopov. [a mapdberypa, oty ypappiki Xpoviki
2oywiy| (linear temporal logic), meprypagéc mov mepExovv XpOvo HIOPODV VA EKPPAOTOLY
€ EMAVAANITIKI] XPIOL TOD TeAE0TH «eNOEVY OTIypIp (next time).

Katd myv meprypagi ovotquatov mov 6gv gival apiymc odyXpova jie Xp1jo1 HovieA@v
Slaxprtod xpovov, £vac MePoPoROC ival OTL AIATTAl €K TOV MPOTEP@Y HEOJLEVOT] Yl eI
oyl pag otabepnc povabag xpovov (time quantum). Ardnlembpdoeig mov anatovv
Aentotepo Haieplopd Tov Xpovov amod my KAipaka povadac mov £xel 161 emaieyel mepvovv
anapampnrec. (II.x. éva yeyovoe mov ovpfaiver povo otav 1 Siepyaoia A extedel nave and
PEIC PopEC [ Aettovpyia avapeoa oe 6bo hettovpyiec ¢ Siepyaoiac B). Mia dvoy oe
avto 1o mpofinpa fa frav 1 emAoyi ac «apketd mKpHc» povadac Xpovon, aAid jiia tetoln
IPAKTIKI Propei va odbnynoet og e€apenikd pn anobotikove aryopipove emainbevornc.

Mia aAdn xkatpyopia povieAov Xpovon profétel 0Tl o XpoOvoc eival ovvexnc, aiid 1610-

mieg e Xpovo ex@pdlovtal onyKpivoviac yeyovota mov ovfaivovy o £va odvotpa pe mv

YrevbopiCovpe 6T1 01 0-Kavovikéc eK@PAOELC £lval ) EMEKTAOY TV KAVOVIK®V KQplosmV yia Aéfelc
AIEIPOV PNKOVCG HAV® O £va MeHEpUOREvo aleafnro.
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i €vO¢ @aviaoTikod poroylov. To pokor eival opatd 6e OAO TO GDOTNIA, KAl KTUIA O€
K010 yvwoto npoxadopiopévo ppbpo [AK83, AHI0, Bur89, Ost90]. Eém évag nepropopog
glvan OTL 1 AvaIIapaotact) ¢ XPOovikIC nAnpogopiac 6ev gival akpiprc. Av vmofecovpe o1t
10 pohol Ktond kabe Hevtepoiento, eival abvvato va ek@pacovpe akpipoc 1o yeyovoe «To
yeyovoce f ovpfaivel 1o modv 6vo Segvteporenta petd 1o yeyovoe an. Av emxeiprjoovjie va
novjie «Agv DIAPXOVY MAV® AMO 7 XTOIOL TOV POAOYIOD avapeoa ota a xat Pr 1ote : Eite
n = 1 omote mapafienovpe v mepimtoo1n mov 10 a ovpPaivel oe xpovo 1.9 xar 1o P oe
xpovo 3.1, omov a kar ff anéxovv povo 1.2 Sevtepodhenta, eite n = 2 OMOTE EMITPEMOVIIE TNV
HEPIT®O1 MOV To a ovjifaivetl oe xpovo 1.1 xat 1o f og xpovo 3.9, oémov a xat it B anéxovv
2.8 beviepohenta.

H tpit xamyopia nepraapfdver poviéia ota omoia o xpovoc Bempeitar ovvexeg Sraotnpa
pe axpa axepaiove appone, Xopic OPOC va IAPXEL £va poAol yia OA0 TO GO TO OIOI0
va naipver Staxprtee tipec. To poviého avtd mAnopiletl mo MoAD TV IPpaypankOTTa and
VT TOV MPONYODIEVOY HDO KATYOPIOV, I1a KAl 0TV IPpAYHATIKOTITA O XPOVOC @AiveETal va
glvan ovvexn|c moootta. Exer xpnomonomfel Aydtepo ovxva and avtd, eneidi) 1 e@apjioyn
pefodmv avtopatne avaivone givar 6vokorotepn ebm. To kbplo mpofinpa eivar 1 evow-
PATOOT] TNC MANPOPOPIAC TOD XPOVOD MOV MEPVA AVAJIEON 0T H1APOPU YEYOVOTA, OC PEPOC
TMC GVVOAKIC KATAOTAONC Tov ovothpatoc. Oumce enedi vrdpxovv Ameipec S1a@opeTiKec
XPOVIKEC OTTYPEC AKOPA KAl 08 MOAD mKpda Swwotipata, xperdCetal apket) efonvada yid va
HETUXOD]IE £10AY@DYI] AVTHC TG XPOVIKIC HANPOQOPIAC 0& MEMEPAOHIEVI] AVANAPAOTAOL] TOD
OVOTILATOC,.

Oldec 01 yvwotéc yevikee pefobot yia avaivon cuotpatov Ipaypankond Xpovov e Iel-
gpaopévec Kataotaosic PaoiCoviar oty 16¢a ¢ avanapdotaonce evoe anegipov minbovc
KATAOTAOEMV IOV IEPIEXOVY XPOVvo, Ao £va Menepacpevo apifjod xidoewmv 1oobvvapiac.
H npotw npoondbeia and tove Berthomieu xar Menasche éyive nave oe 6iktoa Petri pe
xpovo [BM83], démov otabepd ave kat xdto gpaypata kabopiotnrav oe kabe petafaon yu
mv kaBootépnon amod mv opa mov 1 PeTafact) EMIPEIETAL YA MP@TY QOPC, JEXPL TV @P
nov npaypatonoeital. E6m vmdpxer ma npaypankn petafint yia kabe perafaorn, n on-
ola mapaxoiovfel to Hrotnpa avijieca oty TPEXOVOA T TOV XPOVOD KAl TNV ®PA MO
npénel va yiver 1 petafaon. O akyopiBpoc avaivone Xprnopionotei ovotiata ypappikeov
AVICOTTOV MOV AVAIAPIOTODY GUVOAN eKX®P10e®v oT1¢ tetafintéc. O Kataokevn tov ai-
yopifpov givan Svvati, yrati yia ao@ain dixkta Petri o apiBpoc tetowwv ovompatov eivar
MEMEPUOPEVOC,.

Apyotepa o Dill meprieypage évav ahydopifpo yia avdivon jac xKatnyopiac memepa-
OPEVOY ADTORATOV MoV anobéxovial dnepec Aeferc ta Biichi avtopata, pali pe xpovikong

neploplopove mov PaoiCovial og mapdpola OVOTRATA AVIOOTTOV Je AVTA IOV XPOIONOotET
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o akiyopipoc v Swktiov Petri [Dil89]. O xpovikoi nepropropot ovoxetiCoviar e ta avto-
pata opiCoviag ewbikd yeyovota «Béoner (set event) xat «exmvoron (expire event ), xkaboc xa
otabepd Avm Kal KATO AKPa TOV XPOVIKOV S1a0TILATov avapeoa og yeyovota Béonc ka exmn-
vorc. O adyopiBpoc sivar xprnomoc ywa mv enainbevorn 6romiov avefdpttov and xpovo
0e OVOTJIATA JIe XpoviKoUC mepropiopone. Ilepimov v 16w emoxi), o Lewis mapovoiaoe eva
napopolo arid ebikotepo aiyopifpo, yia BpaxvkvkAo®pata og achyXpova KUKAQPATA &
XPOVIKODC IEPIOPIOJLODCE.

Apxetd mpoogata ot Alur xar Dill [AD90, Alu91] aoxodinfnkav pe mpofinpata am-
0QAOEMV ODVAPY] € KAVOVIKEC YAMOOEC J1& XpOVOo, Kal MEMEPACHEVA ADTOATA J1& XPOVO.
Emniong ov Alur, Kovpxovpnémg kar Dill [ACD90, ACD91a, ACD91b| aoxodinfnkav pe
HpOoPANpATA AMOPAOEMY GUVAPI] PE EMEKTAOSIC YU MPAYIIATIKO XPOVO XPOVIKOV AOYIK®OV,
KAl autopatov pe xpovo. Ympéav apketd eviiagépovia amotedéopara, ONOC m.X. amode-
IXTNKE OTL 1] £YKAL101] YAOOO®V £1val 1] AMOPACIGHIN Y1a |1 (TIOKPATIKA AvTOpata, aAid
AMOPAOTONI] Y1t ATIOKPATIKA avtopata. To amotéAsopa avtd gival 16raitepa XpHojpo -
€161 11 eykAe10n yhAwooov eival Baopk) vvola otnv enainfevon xpovikmv Gottov. H i61a
yevik] 16éa tov mponyovpevov pebobov—Onik. 1 xpron nenepacpévov apipond xAdoewv
wobvvapiac yia avanapdotaot] KataoTAoemv 1€ XpOvo—EAvoe apKetd mpofAnpata axdpa.
O apBpdc 1oV Kataotdoemv eival ovvaptmon e akpifove oxéone wodvvapiac mov xpi-
omonoieital. H ovykexpipevy oxéon wobvvapiac mov xpnomonouifnke Snpovpynoe moiv
MYOTEPEC KATAOTAOEIC Ao 0Tl 011 Bempia yra v Xe1potepn nepimtowor) féPaia eivar mBavo
ot o1 mponyovpevee pedodor Ba Snpovpyovoav moAd Ayotepec Kataotdosic otic ovvifiops-
VEC MEPUITOOELG.

Y ovvexeiwa napovoiCeta i) enéxtaon v S/ R poviehov onov Paoiletar to COSPAN
(6ec [CDTI2]) pe v onoia yivetar Svvat i enanfevon ovompatev e Tepopopodc mpay-
patikov xpovov. O1 mepropiojiol eivanl ayvmotee ahhd nenepaopevec kabvotepnosic. H pé-
Bobo¢ mov xpnoponoteitar eivarl ovopotikd avty nov npoteivel o Dill [Dil89], mov Bewpeitar
n nAéov xatdAinin ma kar to COSPAN emionc BaoiCetar og nenepaopéva avtopata nave
oe anepec Aefeic. To povigdo Tov XpoOvoy gival ovvexsc: ameploplotoc apipoc yeyovotmv
pmopet va ovpfel avapeoa oe 6vd Sragopetkéc xpovikee ottypec. H Pao) mpoos yyion oto
npofAnpa eivar 1 emavinon ¢ DePTypa@iic Tov OVOTRATOC P& Pid avtdopata Kataokevalo-
pevy Sepyaoia ewdkon wnov (eheyktc—inonitor), i onoia amoxieiel axorovbiec yeyovo-
Tov acvpfifactec e éva 6ebopévo ohvoro Xpovikov meploplopmv. O eheyktc Asttovpyet
efetdCoviac ovotpuata ypappxkov avicottov. H enainfevon npaypatonoeital Svvajxd
(on-the-fly), 6ni. 1 minpogopia mov agopd to xpdvo Snpovpyeitar Svvapkd, Avoy anapai-
m yu va avianeEeABovpe 1o peydho nanfoc Kataotaoemy Mov 101 YEL O GV VEXTC XPOVOC.

Emionc éxer vhomomfei pia mpooektikd oxebraopeviy otpatnyiki 61axeipione pvijinc, mote
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va ano@vyovpe eAdttoon ¢ anoboonc e£atiac TV ovXvev avialAaymv oe AoV Pvijung
(page swaps). Ebwd xapaxmpiotika ton COSPAN dnoc o teppaniopoc ga&ipatog (search
truncation) xpnomonowovVI eMUIAEoV yla v AdTtoon v apifpod v KataoTasemy Kt
MV EMTAXVYOT TC avaAivor g Tov ovotipatoc. H pehoboc éxer viomowmbel e€ oroxAnpov oav
ma avefapm evotta kmoka xopic va anatnfoov arhayec otov kmdbika tov COSPAN,
Ipayja Moy onpaviko xabdme deixver on 11 peboboc pac Ba pmopovoe apketd ebKoAa va
£QapRooTel Kal ylua aria epyaieia emaindevornc.

H napovoiaon opyavovetar oc e€11¢: Lta emopeva 600 ke@dhaia IApEXovjie apKeT] vII-
obop1 01OV avayveotn mote va katavoroetl 1 dovield pac. To xepdhao 2 meprypaget
TO LOVIEA0 PNXAvOVY Ienepaopevev kataotdoeov E/A (S/R) ka m xpiion tov o¢ pébobo
enainbevonc. To gpyadreio COSPAN napovopiCetar oto kKe@dhato 3, Omov meptypdgovial
o1 Baopkec Kataokevee ¢ yhAmooac tov xat 11 Sopn) tov o vynid eminebo. X1 ovvexela
péoa oto Ke@dhaio 4 efnyeital 10 JOVIEAO GVVEXODC XPOVOD KAl O TPOIOC 1€ TOV OIOI0
vAomodVTAL 01 Xpovikoil mepropopol peoa oto povicho E/A. Yo xepdhao 5 efnyovpe
1 61aovvdeon xpriotn-—epyaieiov mov mapexel 10 veo gpyaieio pac RTCOSPAN, kar ov-
Cnuape o Baboc my eomtepkn) Sopn kar opyaveoon tov. Téhoc oto xegdiaio 6 Givoope
6vo pn tetpgva napadeiypata enainfevonc ovoTNPATOV 1€ XPOVIKODC MEPIOPIORODC XPI)-
omonowvtac to RTCOSPAN, xar mapovopilCovje ta ovprepdopata e £pyaoiac 1ac oto
Ke@adiaw 7. Avayvootec mov embBopodv va £££1A00VV MPooe KTIKOTEPA TNV €06 TEPIKT] OO
tov RTCOSPAN 6a mpener va Swafdacovv ta svpetiipia A xar B, eve o1 xprjotec tov RT-
COSPAN 6a Bpoiv 10 gupetpro C apxetd evbiagepov.



KepaAawo 2

To povtedo emAoyng/anogaong (S/R
model)

To povieho emoyne/andgaonc (selection/resolution model) 1 anid povieho E/A (S/R
model) [SA83, AC85, BG80, Kur90, SA86] eivar éva pabnpatiko povie Ao ovyxpoviopon yia
ovvbpopikée (concurrent) Siepyaociec, Omov éva NOADIAOKO ODOTIA LIOPEL va MeEPypa@el
01 ODVOAO QIO PNXAVEC MEMEPUOIIEVMOV KATAOTACEMV Ol OMOIEC EMKOIVOVODV J1eTalh TovC.
M 61omta mov kaver 1o povieho E/A efapetikd edkvotiko eivar o 11 ovvbéon twv
PNXaveV yivetal pEom ovvinKov mave oTa Ofata eMmKOWVOVIAG. X MOAAEC MEPUITMOELC

avto Ponbdel oty mapayoyl ovVIOR®V, IEPIEKTIKMOY KAl KATAVOITOV HEPTYPAPDV.

2.1 Eiway®oyKeg £vvoleg Katl opiopotl

Eva ovotpa 1o onoto meprypdgetar pe xprion tov povieiov E/A anaptiCetar anod éva nen-
EPAOPEVO 0DVOAO AMA®Y 0DVI0T®OoKV mov ovopdaloviar biepyaoiec. Kdabe Siepyaoia pmopet
va napaotafel and éva Katevfovopevo ypa@o pe eNKETTEC MAVD OTIC AKPEC TOD, ONMC OTO
oxnNua 2.1. O1 karaordoeic ¢ Siepyaoiac mapiotavovial ard T Kopugeac Tov ypagon Kat
anotehovv 10 ovvoro V Svvatov ipev e petafinujc karaoraonc m; Siepyaoiac. Mia xa-
TAOTAON MEPIEXEL KOOIKOMOUPEVT] MANPOPOPIa TIC 10Topiac ¢ Olepyaciac, Kal 0Tl YEVIKI
nepimtmon 6ev vndpxel npoofaoy oe avtv ano diiec hiepyaoiec. To Sivvopa pe cvviote-
08¢ TIC KATAOTAOELS OAOV TOV Slepyaomy £vOC ovoTijatoc ovopdletal 11 oAk Kardotaor
TOV OVOTILATOC.

KdaBe 6iepyaoia pmopel va éxel jua petaPAinty emdoyic 1 amAd €mAoyl e Menepa-
opévo mavia nebio tipov S. Tote, oe kabe xatdotaon 1 Hiepyaoia Siadeyer pia péoa amd
éva ovvolo Svvatev emioyov (Avtd 1o obvolko eivar vmoovvolro tov S). 1o yplgo tov

oxtpatoc 2.1 ta ovvodra avta spgpaviCoviar péoa oe ayxkiotpa Simha og kdbe xopver. H
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IDLE{idle, get} IDLE{idle, get}

else /\OO else

‘ ~(P2#=using)+(P2#=go) . (P1#=using)+(P1#=go)

TRY {go
ST T e N e
\;—M({(\/)v:\it, try_again} K IT {wait, try_again}

(P1t=done) " (P#=try_again) " (P2#=try_again)

(P2#3done)
~(PR2#=using)* ~(P2#=go)

dse@ e'se@

USE {using, done} USE {using, done}

#=using)* ~(P1#=go)

Process P1 Process P2

Yxnua 2.1: Eva napdberypa aporfaiov amoxieiopod, ono¢ mapovopiCetal og £va ammdo
POVTIEAO £VOC KAVAAIOD EMKOWOVIAC MOAAAIANC IPOOGPAOTC 1€ AVIXVEDOT] OV YKPODOEDY K
pnxaviopd omofoxmpnorc.

€MAOYI YIVETAL JIE [1-CUTIOKPATIKO TPOIO, KAl 01 TIEC ¢ pmopovv va fempnfovv onpata
e£obov ¢ Siepyaoiac 1 tpipa xowre (shared) pvipng tov ovotipatoc mov xproponoEit
yia 10 ovyxpoviopo twv Siepyaomv. Kdabe Sepyaoia pmopei va Swufaler tic npéc ddov
TOV PeTafANTOV eMAOYIC TOV DIOAOUMI®OV Siepyaoimv, eve pmopel va petafdiiel tv Ty
povo ¢ 6wkne me petafinuic emaoync. To Hwavoopa pe ovvVoTMOoEC TIC EMAOYEC OADY
OV H1epyaomy £vOC 0VOTRATOC OVORACeTal 0AIKI] EMAOYI} TOD ODOTIJIATOC, KU1 OVOJIOTIK(
€1val 1] KO1VI] V1[I PE€0K TNC OMOIAC EMTUYXAVETAL 1] OV YXPOVIONOC TOD OVOTIRATOC.

KdaBe xatevBovopevn axpi) tov ypa@ov aviiotoxel oe pia petafaot Kataotaonc e Hiep-
yaoiac, 1 onoia mpaypatonomtal 6 £va vmoAoylotiko Pripa. Oia ta vmoroyotikd Prjpata
amoteAovvial ard 6vo empepove @aoeic. Iponyeitan ma @aon emaoyic, émov kabe Siepya-
ola avabetel ma T oty peTafAnT emMAOYNC TG, ®OTE VA OXIIATIOTEL TO TPEXOV H1AvuopQ
¢ oAk1c emAoync. AxohovBel 1 @don ¢ anodgaorc, omov kdbe fiepyaoia e€etaler ok
and ¢ Svvatée petafdoeic amd MY KATAoTA0N 0TV omoid Ppioketat eival cupfatec jie T
emioyéc Ohov t@v Oiepyaommv. H Swabkaoia eivan o¢ €1c: Xe xdbe 6vvaty petdfaon
avtiotowxel pia Aoyik) ov vk ndve otnv oAk emhoyn tov ovotnjatoc. Otav n ovvhnky
gwar ainfie, n petafaon emipénetar va npaypatonowfei. XLto ypdago tov oxnpatog 2.1
ot ovvlnkec petafaonc avaypagovial 6imha oty aviiotowxy axpl. [a amiomoinon oto
ovpfoiiopd otav HimAa oe a akp avaypagetat 1 Seopevpevny A¢En else n ovvONKY 100 HTA
pe my apvnon ¢ nialevfne v ovvinkeov nave otic vmolouec £epXOpevec aKpec. LI

ovvexela 0Aec ot Oepyaociec petafaivovv og mia dmd TC EMIPENTEC EMOPEVEC KATAOTAOELC.
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Yy nepintoon mov pa Siepyacia pmopel va mpaypatonouoel mave amd jua petafdoeic,
Sahéyel xAmowa j1e PI-aimoxpatiko Tpomo.

And ta napanave napatnpovpe on, kabe Siepyacia (6nd. kdabe ma and ng ovvictwoec
TOV OVOTIRATOC) EIVAL OVOPUOTIK( ¢ pyxavi] nenepacpévev kataotdemv. Mnopovpe va
Bemprioovpe 6Tl kAbe TETOI PnXAvI] Mapdyel pia yAmooa mov amaptiCetal and angipov pij-
Kov¢ akodrovbiec tov tipev ¢ petafinuic emaioyic e Swepyaoiac. H mapampnon avtyg
glvan ovopwdnc ene1dn) onwoc Ba Sovpe ot oVVEXEIR, MAPOPOIA MEPTYPAPOVTAL Kl O1 OTITEC
nov B&hovpe va eheyxBobdv oto vuod e&taon ovotnpa kar o heyxoc Paoiletar og ovvbiKeC

amobox1|c, 6NA. OVOIIOTIKA XPNOPIOMO0UVTAl MENEPAOIEVA AVTOPRATA MAVE 08 (IMEIPEC Aé-

Eerc.

2.2 Awpyaoieg E/A

Ac ovopdoovpe Xy, Xs, ... Xy nic menepaopévee 1o minboc petafintéc mov amaptiCovv
mv Kowi pvijpn tov ovotipatoc. KdabBe X, maipver mipée and éva memepaojiévo ovvoio.
OpiCovpe L va eivar ua dhyefpa Bool pe otoxeia ta xamyopnpata (ovvlixeg ) ndve otic
petafantée Xq, Xo, ... Xar, xat ot onoia 1 npd€n KAT (ywopevo) ovpforiCetar pe -, 1
npaén H (aBpowpa) ovpPoriCetar pe + xar i mpdfn OXI (dpvnon) pe —. Q¢ L-Eepyaoia
P (1 anid Siepyaocia) opiCetar 1 7-aba

P = (V,S, o, M, I,CY, RE)
OTov
(1) V eivan 10 00voko TOV Kataotaoeov mg P.
(2) S eivar 1o ovvolko TV emroyev me P xar S C L.
(3) o eivar n ovvapmon emaoyrg (selector function) mg P xaro : V. — 25,
(4) M eivan o mivaxag petaBdoewv (transition matrix) mg P xaa M : V x V. — L.
(5) I eivar 1 apxxn xatdotaon me P xan [ € V.

(6) CY = CYq,...,CY,, CY;, C V, i =1,...,m, eivan éva o60voko amd ochvolra ena-
vaiapfavopevev kataotdoemv ta onoia ovopdloviat cysets. H ovopaoia mpogpxetat

amnod tov ayyiko opo «cycling setsy.

(7) RE CV XV, givan éva obvoro and enavarapfavopevee axkpée (recurring edges).
(Ankabn axpée mov i P 6raoxiCer anepa ovxvd aidd Xt anapaitnta pe va meplodikd

TPoI0).
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H ovvdapmon petafaong o kabopiCer yua kdbe xatdotaon v 1o o0vVoro 10V SvVATOV £II-
woyov o(v) mov pnopodv va yivovv otav 1 P Bpioketar otnv xatdotaon v. O mivaxac
petaBdoswv M pnopel va Bewpnfei mivaxac yerronde (adjacency matrix) evoe xatevfuvo-
pevov ypagov pe ovvoro kopvgomv V. Ta pn pndevikd otoixeia tov €1val o1 ENKETIEG MOV
neptypdgovv tic ovvlnkec mov kpivovv av jua petdfaon eivar emipenty). [a mapaderypa
av 1 EKETTA TNC AKPIC anod myv Katdotaon v oty w eivar £ = M (v, w) xar 1 emoyn mg
Siepyaoiac oty Kataotaon v eival §, 10T€ 11 petafaot oTnv KATAOTAOL W €1val eMTPENTL
avv s - # 0. Ta ovvodra enavahapfavopevoy KataoTAoEmv Kal AKIOV 0Tove optopode (6)
kat (7) ta onoia XpHomonoovvTal yia myv £10ayoy1 oo vinKev (OTKOTNTAC 0TO LOVIEAO TOV
L-6epyaomv, kar yu myv enainfevorn opbrc Aettovpylag 1ov ovoTIATOC, TEPTYPAPOVTAL
napakdte pali pe 1¢ aviioToXeC £VVoleC.

H diyefpa £ Spuovpyeitar amd 10 00VOAO TOV ATOPK®OV KATYOPNIATOV HAVG OTIC
petafinrec Xy, ..., Xy, Extoc amd tic enkéttec mave otic akKpec, Kal ol eMAOYEC TOV
Sepyaomv pmopovv va Bempovviar katnyopnpata g aiyefpac L. Ac¢ ovpfoiricovpe o¢
P;# m petafinu emaoync me Siepyaoiac P mov avtiotowxei o xamowa petafintm) X;.
Otav 1 &epyaoia P; emdeyer my tpn ¢ 1o kamyopnpa (P# = a) etvar aknféc. On
emhoyeg 6ev pmopovv va elvar omowabnmote otowxeia e aiyefpac L, mapd povo atomxda
kamyopipata nave oty perafin emioyne P;# e popene (P# = a) émov a xdmow
Svvatn) ) emioync me F;. Apa 10 o0voro t@v emAoymv pac depyaoiac P, avtiotoixet
ota atopa ¢ voaiyefpac g £ mov Snuovpyeitar ano m perafinm P#. Tha napaberypa
1o xamyopnpa (Pi# = a) + (P;# = b) 6ev pnopel va eivan emboyl) kar emiong otnv L
(Pi# = a)+ (P4 = b) = 0 yua xdBe a, b, 5nhabi bev eivar Sovatov ma petafinu) emioyic
va naipvel 6o (1) neproootepec) Sragopetikég Tipeg tavtoxpova. Aot 1 brdmta ovopdleta
«atopkOmTan (atomicity property). Axopy woxvel o1 yia u¢ Sepyaoiec P, ..., P, xat e
avtiotowec petafintéc emdoyne (P# = s;), ndviote [[ (P# = s;) # 0. Avtd onpaiver
on Sagopenikee Hiepyaoiec Srareyovv T1¢ TipéC TV petafANTOV emAOYIC Tove avelaptnia.
Avt 11 EdmTa ovopdletar »aveapmoian (independence property). Eva xamyopnpa mg
popeiic [TV, (X: = a;) ovopdletar odwkj smioys. Eotw Sg 10 00voko dhov Tov Suvatov
OMK®MV EMAOYDV.

Yt yeviki DEpUT®ol], 01 ENKETTEC aKIoOv pag depyaoiac P eival xatyopipata mov
HEPIEXODY Kl PETafAnTéc emAoyie aAiov Sepyaoimy extoc and v F;#, eneibn ovvifoc
o1 petafaoeic e€apt@vtal Kat amnod 1o T KAvouv Kat o1 vndrouec Hiepyaoiec. Mia Siepyaoia
¢ OMOIAC TA KATNYOPIRATA OTIC ETKETTEC AKPOV ££apTOVIAL JOVO Ao T TEC TC S1KIG
¢ petafinuic emloyic ovopaletat «odka opopévip(completely defined) Siepyaoia. Mia
ol Hepyaoia mapovomiCer ovpmepipopd avefdptntn and T vnoiouwec Hepyaoiec Tov

OVOTILATOC,.
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Yto COSPAN 10 mapamndve HovieAo eNEKTEIVETAL MOTE VA EMTPEHETAL EVAC MO YEVIKOC
opopoc g aryefpac L. Ot gnketteg mov aviotoxovv otig petafdaoet tov Sepyaomy
EMTIPENMETAL VA £1VAL KATYOPILATA IAVE KAl OTIC TYEC TNC KATAOTAONC TV Hlepydopmv
EKTOC amo T emaoyec tove. [ kdbe Gepyaoia P vndpxelr ma petaBinm) xardoraonc
P;$ mov nmaipver mpég and 1o obvoko xataotdosmv g Siepyaoiac. Me avtd tov tpodmo
EMTPENETAL 08 i Hlepyaoia va «fe» TV KATAoTAoI] ToV AAA®V Hiepyaopmv:avtd yivetal mote
Va MapAyovTal amAODOTEPEC MEPTYPAPEC, AAMKOC 1] mANpogopia T1¢ Katdotaonc Ba énpene
va keodwomombei otic emhoyec e Gepyaoiac otnv ovykekpipev kataotaorn. Ilaviec
pmopet va 6e1xtel 0Tl avtd 10 XApaxTPloTiKO Hev mpood&tet mapanave ek@paotikn Svvaun

0TO APXIKO JIOVIEAO.

2.2.1 Xovleon Swepyaciov E/A

Eva and ta onpaviikd xapaxmpiotikd tov povieiov E/A elvan 61t etvar Suvato va oprotet
&vac Aoyopoc nave otic Hiepyaoiec, TORMOTE TO yivouevo Hiepyaomy va eival mail 6ep-
yaoia. Avtd 10 ywvopevo Hiepyaomv aviumpoomIenel v KO €KTEAE0T TOG, Kal Kadog
10X VoDV 01 WBOTTEG TC ATOKOTTAC KAl ¢ avefaptnoiac, o oxXnuatnopog me Siepya-
010¢ YIVOIEVOD €1Vl OVOINOTIKA TO 1610 pe o va Bempobpe OAec T1C OVVIOTOOEC OlEPYAOiaC
pali oav pia oviomra. H Sepyaoia yvopevo gival 1o yivopevo v yplgov v Eexmpi-
otov hiepyaommv. H mpdfn tov yvopévon teAkd ival 10 TavooTIKO YIVOREVO TOV MVAK®OV
petafaoemv 1ov EeXmplotov H1epyaoimy.

Eoto @ 10 ovvybopévo taveotikéd ywopevo mvaxev, Snhabi (A @ B)i i),k = Agr)
B(;,1y omov - givan o teheotiig ywopevo otnv ahyefpa Bool L. Me Sebopéveg tig L Siepyaoieg
P Py, towe P = (Vi Si, 00, My, I, CYi, RE;) xan CY; = CYq,...,CY,,.. Opi-
Covpe to ywopevo tovg P = @7, P, vaeivary £ 6epyaoia P = (V, S, 0, M, I, CY, RE)

OIIoOV
(1) V. = x, V;.

(2) S = M=, S;,. II ovpPoriCer 10 ywopevo tov ovvokov amd karnpyopipata (1)
ovvaptioel ndve os Katyopipata) o¢ ovvifoc, dniabn av C, D € 2’6, 1018
C-D = {c-dlceC,de D}
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(6) CY ={CY/},i=1,...,n,5 =1,...,my, onov 10 'Y/ mepiéxe1 6AeG TG KATAOTAOEIG
oto V' o1 omotec mpofdalovial Katd v 2-00T1] ODVIOTOOA 08 [l KATAOTAOL PE0A OTO

ovvoro CY;.

(7) To RE nmepiéxer 6lec tig petafdaoeic oto V' x V' o1 onoteg mpofdloviar katd xdmow

ovvwotmoa ¢ og ma petafaon oto RE;, ywa kanow ¢ = 1,...,n.

2.3 Ynpaowlroyia Siepyaopov Katl enaArdevon

2.3.1 Xvpnepupopeg Siepyaciov

To povieho E/A elvan éva poviedo Swaxpirov xpovov, pe dhdra Aoy, 1o mebio opopod
Kal Tov 600 petafAnTov Katdotaone Kal emAoynic pac Hiepyaoiac ival ot p-apvyukol
akepator. Mia axorovBia and Cevyn xatdotaonc-emMAOYNC lval apKet) yia va nepry piupet
ma ovpnepwpopa bepyaotac. Ac vnobBsoovpe 611 1 Sigpyaoia xkatd T Xpoviky otvypn k
Bpioketar otyv xatdotaon v = v(k), xar Swwdréyer ma emdoyn s = s(k) omov s € o(v).
Tote, otnv enopevy xpovikn ottypr k + 1, n xatdotaon v = v(k + 1) xar 1 emdoyn
s = s(k+1) pmopovv va Bpehovv ¢ ef11c. YnoroyiCovpe 1o s- M (v, w) yua dha ta w € V.
Eote 10 0bvoko wv Svvatov endpevov xataotaceov N(v,s) = {wls - M(v,w) # 0,w €
V}. Awdéyovpe xamow otowxeio v’ € N(v,s) oav enopevy xatdotaon. Eav vndpxovv
napandve and pa endpevee xkataotaoel; oto N(v, s), Swwdréyovpe ma onowbinote. Eav
10 N(v,s) eivan xevo, Bewpodpe ) ovykekppevy avabeon enkétrac Aavlaopevy. Le avr
MV Hepintoon £xovpe pia Kardotaon yvworl o¢ prloxdpopa (lockup), omov Sev opiCetat
Kapia emopevny Katdotaon Katl Kajpia pehloviik ovpnepipopd Sev eivar Svvaty. 1 Aot Sev
glval vouun ovpnepipopd yia ma Siepyaoia E/A agod dheg or ovpmepipopéc Siepyaommv
E/A eivar dmepeg. Ano avtd ovpnepaivoope 6t oto poviero E/A 11 S1illenfn tov enkettov
nave otic Svvatég petafdoel mov Eexvony anod e xatdotaoy eivar mavia aindne (true).
Metd tov kaBoplopo mag enopevnc kataotaonc, 11 tiepyaoia xabopiCer pia véa emioyn
s € o(v'). Hapdpowa, av vrdpxovy napandve amd pia Suvateg emAoyec o0& P Kataotaor
v/, IPAYPATONOEiTan e 1] ATIOKPATIKI] EKAOYT] EMAOYT|C.

Exovtac 0AoxAnpmoet TOUC 0p1oj1onE IAve 0TI ODPIEPIPOPd Jiac povadhiknc Sepyaoiac
P, wopa efetaCovpe my and xowod ovpneprpopd nodiov Siepyaojmv. Oswpoviac tic Sigp-
yaoiec Py, ..., P,, opioope v amd Kowvob ovpmepigopd antov Tov 6lepyaoimy o¢ £1g:

KataoxkevaCoope mv P = @7, P, xau petd naipvoope npofoiréc yia va xabopicovpe mg

LAev mpéner va ovyxéetatl 1o pmrokdpopa pe 1o abitfobo (deadlock). To abiéfobo oto poviého E/A
IPOKDITEL 0€ 0 KATAOTAON ¥ OTav yua Oke¢ Ti¢ 6vuvateg emAoyeg Si,...,S, OF QDT TV KATACTAOL),
N(v,s;) ={v}i=1,...,n.
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DELAY {pause deliver}

TRANSMIT msg'} else (CH#=deliver)

\Qtrue
=msg?)

WAIT {pause, msg?}

DELIVER {msg'}

(CH#A=mMsg?)
(TR#=Ynsg!)
(TR#=¢tart)

IDLE {pausestart} EMPTY {msg?}

Transmitter (TR) Channel  (CH) Receiver (REC)

Yxnpa 2.2: Eva napaberypa kavaaon pe kabvotrepnon. H Siepyaoia kavair xabvotepei 1o
PIVOpQ eMAEYOVTAC MAvOT).

ODIEPIPOPEC OlEPYAOIAC TOV OVVIOTOOOV. AUTEC 01 AmO KOWOD OVJIEPIPOPEC Eival JO-
voramna Selypata me amd Kowvod ovprepipopdc 0Aov tov Hiepyaomv. Avtec ot mpafeig
opiCovv 10 ovyxpovo ywvopevo tov Pi, ..., P,. Opoc vndpxovv nepurtoosic onov B&dovpe
Va IOVIEAOMOU|COVIE ODOKEDEC MOV £XOVV «Apood10p1oTy ££060 yia ja xpoviki mepiodo.
Aobyxpovec 6VOKEVEC ADTOD TOV TUIOV PIOPODV va povieiomofovv mpoodEtoviac ja em-
Aoy mov ovopdletal arabony Katl mapexovrac Kataiinin avabeon enkettov oxnpatiCoviac
pe avtd tov 1podmo Eva acvyxpovo yvopevo. Oempriote 10 napdberypa tov oxinpatog 2.2,
OIIOD EXOVJIE TO JIOVIEAO £VOC EKIOMIOD, £VvOC OEKTI KAl £va KavAAl emKowvmviac jpe akafopr-
oty kaBvotépnon petaboornc. Av Swaréfovpe ma emaoyn mavonc, ovpfaiver evac «Bpdyxoc
oty 61 kardotaory (self-loop) 11 adhwg «petdBaon mavone» (pause transition). Tétoweg
petafaosic mavornc pmopovv va mpaypatomowfovv pnbév 1 neproootepec gopec. Mia Gep-
yaoia pnopet va mpaypatonoujost £va onoovommote apifpd petafdoev pi-mavonc, tmy opa
nov pa arin Sepyaocia Bpioketar oe navon (Aot eivar Kar 1 ovoia G ACHYXPOVIC OV~
ep1gopc). L1o napandve mapdberypa prnopei va mepaoet 000 061IOTE XPOVOC AVARESH OTIC
OTIYJEC OV yevVIoUvTal 6vd cvvexdpeva pnvopata. [a 6A0KANPo avtd 10 XpoviKo Hidotnjia
n Siepyaoia eknopnoc Ppioketar oe mavon. To xavdait pmopel va Snpovpynoet ooodnmote
peydiec xabvotepnoeic petaboonc emagyoviac manor), Kat 0 SEKTNEC PHOPel va KATAVAADOET
KAIIO10 Xpoviko Sidotnpa omov enefepyaletar éva prvopa mov napabmbnke amd 1o xavdaht.

Evag evaldaxnkdc 1ponoc ya my neptypa@n v «aivoibows (chain) evoe ywopévou
Stepyaomv 1o omoio meptypa@etl va OAOKANP®IEVO obotnia eival o akoiovfoc: Eotw s =
s(k) = s1(k) - s2(k) -+ s,(k) 1 ohway emdoyn n Siepyaomv, omov 11 Siepyacia P; eivar
oty kataotaon v;(k) xatd my xpoviky otiypn k. Tote pma Svvan endpevn katdotaon
vi(k+1) mg Sepyaoiac P xaBopiCetar Sradkeéyoviac éva otowxeio v) € N;, dnmov N;(v;, s) =

{w;|s- M;(v;,w;) # 0,w; € V;}. Avto eivar 1o 1610 pe 10 va modlamhaopoovpe kabe enketta
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akpne ¢ efepxopevic amd v KATAotaon v; jie TV OAKI] emAoyl $ Kat va si&yfovpe
av s - £ # 0. M Svvar ohiki) enopevy xatdotaon eivar tote 1 (vy, vy, ..., v),) OIOV
vl € Ni(vg, 8).

2.3.2 Xnpaociodroyia Siepyaciov: Ixvny kar advoibec

H onpaoployia mag Sepyaciag E/A Sivetar péoa anod ta ixvy (traces), ta omoila eivat
HAPATIPIOPIEC OV LIEPIPOPEC TOV GVOTHRATOC. IXvoc givat ja dmelpn axkorovbia amd OMKEC

embhoyég, 6nk. eivarl éva otoixeio tov Sg. 2

Eva tpé&yo (run) pag Sepyaoiac P mov
avtiotowxel og £va ixvog $(0)s(1) ... etvar a aneipov prxovg axoiovdia amd Kataotdoeg

v;(0)v;(1) ..., o1 @ote :
(a) v;(0) = I; (H apxwn xatdotaon mg Sepyaociag F;),

(b) Av s;(k) elvar 1 mpoBoii) tov s(k) nave oty petafint) emioyng xar Pi# (s;(k) etvan
n emoyn e P; otyv ok emdoyn, 1te s;(k) € o(vi(k)),

(c¢) vi(k+1) € N(vi(k),s(k)) for k > 0.

Eva ixvoc eivat ixvoc e Siepyaoiac P eav vmdapxer eéva avriotowxo tpefyo me P
Ao nuikd, ta ixvy e Siepyaoiac P eival 10 0DvoA0 e 0TOIXEIN AMEIPOV PIKOVC AKOAOD-
Biec Kowic pvnune mov pmopel va p@gaviotovv oto ovotnua, debopgvon om 1 hiepyaoia P
glvan pia ano 1t ovvioviCopevee Siepyaoiec, Snhadi) 10 6VVOAO pe OTOIXEIN 10TOPIEC KOWI|C
pvnpne (mapatnpnomin ovpnepupopd) ot omoieg eival ovveneic pe my P.

Ynpavtxy napatjpnoy: Lto COSPAN avtifeta pe 10 «wabapon povieho E/A, emt-
PENMETAL O1 ETIKETTEC OT1C JleTafdoeic 1ov fiepyaomy va e£aptovial Kal ano T petafintec
KATAOTAONC eKTOC amnd Tic petafintéc emaoync. Avto 10 X1 LIopel va PETAPPUOTEL OTO
napadoouxo povieio opiCoviac Eavda v emioyn ¢ Siepyaoiag £Topmote va ovpneptddfet
TIC TIPEC TNC KATAOTAONC TC. 2€ avTo T0 10060vapo ovotnia, 1 véa PetaBAnt emAOYIC TG
P eivany (P8, P;#), xa1 i xowi pvipn mepiéxet g petafinteg xatdotaone v Siepyaomv
(0X1 K1 TV EAEYKTOV).

Y10 vnolouo avtic g epyaciac Ba ovpPoriCovpe pe e advoiba (chain) (avtd yw
ixvoc) ma dmepn akorovbia amd oMKEC KATaoTAoelc Kal ohkee emioyéc. Etopot aivoi-
bec eivar ixvn og aotd to ovoTpa enaPENPEVHC PVIINC, OOV Ol EMAOYEC TOV Hlepyaojmv
opiCovtatr £ava mote va ovpneptAdfouv Tic TIIEC T@V KATaoToemv Tov Siepyaojmwv. M on-
PAVTIKI] DApatnpnorn eival 0Tt o1 aAvoidec X0V «OAOKANPOREVY] MANPOPOPIc» OO0V APOPd

MV ODPIEPIPOPC TOD OVOTNIATOC, EVE T 1XVI] OTI] YEVIKI] Iepiltool] £ival IPOoPOAEC TOV

2y opBoriCovpe e w TV AIEPT ELAVAL 10 W-KAVOVIKEC EKQPUOELC.
n ne p n P nm 'y G EKPp S



KE®AAAIO 2. TO MONTEAO EIIIAOTHY/AIIO®AXHY (S/R MODEL) 16

aAvoibov IAve OTNV GVVIOTOOW EMAOYI], KAl HApandve aid jua aivoiba Ba pmopovos va
AvTIoTOIXEl 0TO 1610 1XVOC. LTa MapaKdato OAol o1 opiopoi pac Ba Xpnojponoovv onpacio-
Aoyia jie advoibec avii yia onpaocipiroyia pe ixvi, pa Kar aoxoiovpaote pe 1o COSPAN.
Enpewwote 0Tt 10 00voho v akvoibwv e P opiCetat mapopola pe v mepiltmon oV IXvmv.
O povoc mpoobfetoc nepropiopdc eivar o6t 1o 1pefpo e P nave og pla aivoiba mpenet va

ODJUIIITEL PE TNV T TNEC OVVIOTOOAC KATAOTAONC TI¢ Katd v Sidpkeia tov tpefipartoc.

2.3.3 Ixvn tov L-6iepyaociodv kKal ovvOnkeg Cotikotntag

Ac efetdoovpe v mepimtmon Omov £va Kavdil emxowvoviag kadvotepel yia KAIOWO al-
p00610p10TO AAhd HEMePAOEVO XPoviKO Hidotna npiv 1o petabmoest. Eivar gavepd ot ma
Sepyaoia mov opifetar pe xpnon povo v opopav (1)-(5) e evomrag 2.2 6ev pmopet
va poviedomou|oet ma tetowa Hidraln enaxkpifoc. O Aoyoc eivat 0Tt a@ol To IOVIEAO TOD
KAVAAIOD EMTIPEHETAN VA KPATHOEL TO PVDIA Yid ALpOoH10pIoTo XPoviKo Hidotnua, prnopet
va Kpatnoetl 1o puvopa Kar yua mavia. Ilpogavec ot akvoibec e Giepyaciag Kavaiion
010 MApAberya Tov OXNPAToC 2.2 MEPEX0oVV avto To giboc ovpmeprgopdc. Mia mapopoia
HAPATIPNON 10X DEL Yia To Iapadetyjia tov oxnpatoc 2.1, oto omoio 6gv pmopovje va jo-
vigdonooovjie v 1ot Ta 6Tt pa Hiepyaocia mAvia TeAKd anmobeopenel TOV MOPO QoD
TOV XPNOPIonomoet (yia KAmoo anpoobioptoto adid nenepaopevo xpoviko Swdotnpa). Ei-
vatr Suvvatd va ekgpdoovpe tétotee K10t Tec (OTKOTHTAC POVO £AV TO POVIEAO JacC yivel
neP0061EPO Suvatod npoodEtaviac ovvbijkes amoboxijc (acceptance conditions) oty Baoyki)
Siepyaoia. I6wmiee Conkdmrac pmopovv va exkgpaoctovv oto COSPAN xpnomponowmvtac
1 noootniec C'Y xan RE., mov swonyxfnoav aria Sev eEnyndnkav pe Aemtopepeteg otny
gvoua 2.2. H Gamnmwon 1Groujtov Cotkomrtag oxetiCetar e ) fempia tov avtopdiov
ndve oe anepec Aeerg, Prene [Buc62, McN66, Rab72]. H 16éa eivar 6t pnopovpe va Hrax-
pivovjie KataAAnAa 10 6UVOAO TOV AAVOIGOV IOV MEPTYPAPODY J1ia HlEPYAsia AMATOVTAC VA
10x Vet 1] axkorovdn ovvOnkn anoboxiic:

Mia aavoiba ¢ e P eival amobexti} avv 11 00vioTooa KATAOTAONC T¢ IOV AVTIOTOIXE]

otnv P wavonolel ¢ mapaxatm ovvinkec:
(a) Aev péver tehkd péoa o kamow cyset CY;, ¢ =1,...,m, xu
(b) Aev mpaypatonoet dneipa ovxva petafdoeic mov avikovv oto obvoro RE.

OpiCovpe o¢ Lp 10 00VOA0 10V alvoibov ¢ P nov eivar anobextée ano my P. And toug
MAPAIAve OPloovs edKoAa ovvendyetat 0Tt Lpgg = Lp N Lg.
O1 ovvinxkec amoboxiic oto COSPAN mnapéxovv oe ma L-Giepyaoia my 161a ek@paotiky

Svvapn pe ta w-xavovikd ovvola kat myv Sevpopevy xpoviky oy (Extended Temporal
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Logic, ETL), BAéne [Kur90, Wol83]. Avtd vmovoei ot kbe w-xavoviki romta pnopet va
neprypagel o¢ a L-6epyaoia. Exetl emion ¢ anobeixtei oto [Kur90] 6t or artoxpanixég L-
Sepyaoiec elvan e£1000 EKQPPAOTIKEC 18 TIC a1 ATokpatikee. Atagopetikol tomot ovvinkov
anobox1¢ pnopodv emiong va xpnomonowmbovv, Brene [ACWIO].

Muopodpe va meprypdgoope v Katdhinin 6romra Conkdmrac oto mapdberypa tov
oxnpatoc 2.2 npoobétwviag o cyset {DELAY} oty Giepyaoia xavddt. Avtd 1o kavdh

navta tehkd petabiber ta pnvopata mov Séxetar. Ov amobextéc aivoibec eivar e poperc
((a]b)*bc"de™)"(a]b)* | ((a|b)*bc™de™)"(a|b)*(alb)"be*de™ | ((a|b) be™de™)”

,omova = (EMPTY, pause), b = (EMPTY, msg?), ¢ = (DELAY, pause),d = (DELAY,
deliver), e = (DELIVER, msg!). apampriote én xwpic m ovvBixy anoboxiic, tinota Sev
Ba epnotile mv Siepyaoia anod 1o va peiver ya navia otnv karaotaon DELAY. ITapopowa,
oto napdaberypa tov apofaiov amoxieiopon ot 6vo ovvlnkec 611 1 Hiepyaoia mavia TeAkd
gevyer ano tic kataotdaoelc WAIT kar USE pnopei va poviehomowfel mpoodétmviac ta
cyset {WAIT USE} oe xdbe Hepyaoia.

Onoc kar oto napdberypa tov Kavaiion, akorovfovpe 11 ovvOnky va e€aisigovpe eva
Cevydpt dykotpa otav 1o C'Y mepiéxetl éva povo ovvolro. Etopypagovpe CY = {DELAY}
avti yua CY = {{DELAY}}. Emiong, av CY = §, tote eivar pavepd om 1 L-Eepyaoia
anobexetat Ohec Tic advoibec ¢ € C. X této1e¢ neputenoetc 1o ovvoiro C'Y bev epgaviCetat
kabodov.

To ox1pa 2.3 mapovomiCer éva mapaderypa tov neo¢ epappoletar 1 peboboc pac yua my
enaAnbevon xanowv wWottov (eonkdémrac ya 1o napaderypa tov kavaiiov xabvotepn-
on¢ oto oxfpa 2.2. Ot mpobaypagéc tov ovotrpatog viobetovy om (a) o Séxme navrote
ek eAéyxel yua ewoepxopeva pyvopata, (B) o eKmopnoc maviote teAkd eKmeépmetl £va
povabkd prvopa, xa (y) 1o kavad 6ev xaBvotepet £va privopa yia navia. Avtég ot ovvhi-
KEC MEPIYPAPOVIAL PEow TV eheyKtov Mppo, Mrgr oto oxnua 2.3, xar npoofetoviac to
cyset {DELAY} oty Siepyaoia xavid CH. To «abnxow (task) mov mpémer va amober-
Xtel ovviotaratr oto va 6gifovpe 6T 10 prvopa tekda Ba mapainegbei ano 1o ekt Avto
KoOIKOMoEitan 1e0m Tov €AeyKTI| Yl 10 ovpnAfpopa tov xadnkovioc Mye.

Mmnopovpe gvxoha va mapayovpe Ti¢ ovvlnkee amoboxie yia va yivopevo Hiepyaomv
pEow 1V ovvinkov amoboxne v ovviotwomv hiepyaomv. Mia aivoiba me Sepyaoiac
ywopevo eivar amobext) avv 11 mpofoin e nave oe kabe pepovepsvy Siepyaoia eivar
anodex T ano exeivy ) Siepyaoia. Tha mapaderyna, coto 6t np P; éxer xataotdaosic V; xat

ovvOrxec anoboxtic C'Y; = {CY!, CY?}, xav n Py éxer xataotdoeig Vo xan CYy = CY

3X pnomomnolodye To 00AP0LO % yia va SNAMCOD]IE TEMEPAONEVT EMAVALNPT), KAl TO W yid va SnAdoon]e
AIEPT] ENAVAANPT), Y10 KAVOVIKEG EKQPPUOELC KAl W-KAVOVIKEC EKPPAOELC AVTIOTOLXA.
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true

true

(TR#=start)

else é (CH#=msg!) (RECH#=msg?)
ese Q

Task Complement Monitor (TC)

(TRé#=start)
=G
(S

Receiver Monitor (M
Cy={0
cy={1 Transmitter Monitor (M __ ) {0}

CY={0,2}

REC)

Yxnua 2.3: Ovovvinxkee Cotxomrac yua myv meprypa@l) tov Kavaiiod kabvotépnone. To
Mppe anobéxetar 6hec tic ahvoibeg otic omoieg Hev wxvel Ot tTedka naviote RECH# =
pause. To Mrr amobéxetar 0hec 11¢ ahvoibec 0T1C ONMOIEC O EKMOPMOC TEAKA OTEAVEL £Va
prvopa kat petd otapatd. To Mpe amobexetar dhec mic akvoibec otic omoiec 10 privopa
note 6ev mapahapfaverar amd tov Hext.

Tote 1 ook anoboxiic CY mg P = PL@ Py eivar CY = {CY]! x V5, OYZ x Vo, Vix CY} ).
Hapopowa, RE = (RE; x V2) U (V2 X RE,).

2.3.4 Aiwepyaoieg eAeyKtéc Kal enairfevon opbng Asitovpyiag

[Ma my enaanBevon me opbc Aertovpyiac evoc ocvotpatoc Kal yua va anodbeifovpe 611 ov-
YKEKPULEVEC AIALTI0E1G 1IKAVOIo1ovvTal, Xpe1alojaots pia Tk neprypa@r] tov emvpntov
Hroujtmv tov ovotpatoc. 1o povieho E/A. onwe kat oe dhAa povtéha ovpnepipopdc Pa-
oppeva o onuacpioyia xvev, ma fiepyaoia wavomnotel pa 16 10tta av dAec o1 aivoidec
¢ wavonowvv my Wiomra. Ly oporoyia tov COSPAN (tov epyaleiov pag xatw ano
1o poviero E/A), avtée o1 6woneg ovopaoviar 1o kabijkov (task) mov mpémel va emte-
Agoet avtny ) Hepyaoia. Evac tpomoc va xabopiotel 1o xabnkov eivar va Symovpynfet ma
Siepyaoia 1 omola mapatnpei, aiid 6gv cvppeTEXel otV eKTeA£01 TOV ovotnjatoc. Mia
gto1a Higpyaoia xprnopponoeitan yia va tebel ja epotmon 60ov agopd 1o ovotnia, Kat da
mv ovopdoovpe edeyxt) (monitor). Me my agnpnpévy évvola, évag eleykig eivar va
HNEMEPAOJEVO ADTOIATO MAVK 0g dmelpec Ae€elc tov omoiov 10 ai@dfnro amoteheital amod
oAa ta Svvatd Cedyn Kataotaonc-emaioyie me Siepyaoiac 1 tov Hiepyaopmy mov sA&yxet.
Y10 COSPAN égvag gheyktg etvar akpifoc onoe ma L-6epyaoia, pe v e€aipeon on ev
éxel emAoyée (1) exel ma tetppevy emioyn mov 6ev xpnoponoteitat ano diiec Siepyaoiec),
kaboc povaxa mapampei. Beéfara éva avtopato xpeidletar emone Kal KAIOW £Vvola al-

oboxnc. Ta ovvora enavaiapfavopevov Kataotaoemy Kal o1 enavahajiPavOopeves aKpec
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(ywa ovvropia Ba ta avagépovpe wg cysets kai recur edges avitiotoxa) xpnopronotodvratl
yia 10V opiopd ovvinkemv anoboxic.

Axopa jma xp1jon TOV EAEYKTOV PIHOPEl va £1val O IEPIOPIGROC TIC OVRIEPIPOPAC AAADV
biepyaomv. Av o ghreykuc M 6ev amobéxetar odec ¢ aivoibec mac Sepyaoiac P, n
P @ M Ba nepiexet povo ¢ aivoidec mov mepiexoviar kar otnv P xat otnv M. Avto 1o xa-
PAKTNPIOTIKO PAC MAPEXEL EMIONC VA TPOMO VA EVOOPATOOOD]E KA1 XPOVIKODC MEPIOPIOTLONE
peoa og ma Giepyaocia, onme Ha bovpe oty avtiotoxy evotnta.

Otav xpnomomnowovpe 1o COSPAN yia my enainfevon evoc ovotpatoc, apxiCovpe
€ o TmMKL DEPypa@l] Tov cLoTHpatoc P mov amoteisital and £va oDVOAO GUVIOTOOMV
bepyaomwov Py, ..., P,, omov xabe P; eivan ma L-Gepyaoia, 1 pua Sigpyaoia eAeyKIC 10D
avTioToxet o kamowvg embvpntovg nepropopove. Etop 1o ovompa pag eivar P = @7 F;.
H enainfevorn mpayjpatomoteital mapeéXoviac £va A€YKt IOV MEPIYyPAPEl TO GUVOAO TV
avembopnrov alvoibov. Tovifoc ovopdlovpe £va eheyktn avtod tov &ibovg T'C (amd 1o
Task Complement 1j ovpninpopa tov xadixovioc). Emewta, avii va €héyxovpe on xabe
aivoiba e P eivar emBopnuy, elvar apketd va eAéyxovje eav vHapxel pua avemBountn
aivoiba e dAda Adyla va €AEYXOUpE KATd MOOOV T0 6UVOAO TV aAvoibmv mov amobéxetal
n P ®TC eivar kevd. H xevome mag L-Gepyaoiag P pmopet va e€etaotel pe xpron pag
aminc ypagobempnuikic ovvlnxnc: *

H P éxer pua aivoiba amoboxnc avy nIdpxet fiia 10Xvpd 00 veKTIKI] 0D VIOTOHOW 0TO YPAPO TG
Sepyaoiac mpoof domn amd 1 apxiki Katdotaol), 1] Onoid IePIEXel KAMO10 10X0Pa 0D VEKTIKO

VIOOV VOAO KATAOTAOE®MV S TETO10 MOTE:

(a) To S mapapéver w0XVPA OVVEKTIKO av Sraypdgovje Ohec T1g peTafdoelc mov avioTor-

XODV 0& enavahajifavopevec akpec, Kat
(B) To S bev mepitxetar oe Koo 6HVOL0 ENAVALAPRPAVOREVOY AKAMV.

O gleyxoc¢ ¢ Daparave ovvONKIC IIopel va yivel 0& XpOvo YPaIiiKo o¢ mpoc 1o peyefoc
TOV MPOO AoV PEPOVE TOV YPAPOD TIC Hlepyaoiac, 1€ pia Aril] Tpomonoinon £voc ovvndi-
opEvoL akyopifpon yia my €hpeot) TOV 10X VPQ OV VEKTIKGOV OVVIOTOOOV £vOC ypagov (Bléne
[AHUT74]).

Yovifoc, eivar mo Porkd va exepdletar éva kabnxov T oa yivOpevo apKetov piKpote-
pov xabnkoviov, T' =T, @ T @ -+ @ Tk. Xe avtl] my Depimtmor], PHOPOVIE v eAEYXOD]IE

avefapmra eav P @ T'C; eivar kevo yua ¢ = 1,..., k yua kadBe ovpninpopa xabnkoviog

*To COSPAN pmopei emion¢ va xeipiCetal xadnxovia mov 8ev eival oe [op@1 oL IMANP®IATOC. Te DTl
MV IEPUITRON Ila 6V pIePIPopd elvar anobext edv () Ov emavarapfavopeves axpég Sraoxifovia dmepeg
gopéc, 1 (B) n xatdotaorn tov(ev) eheyk(Ov) TEAKA TEPIEXETAL 08 KATIOW0 6UVOLO0 ENAVALARBAVOREVOY KA~
taotacemv. Mia Kal mavia Xpnoponolovje ovpninpopata Kadnkoviov otnv Ipoceyylon tov npofinpatov,
bev Ba ovlnnoovpe TAPATAVEH ADTO TO XAPAKTPLOTIKO.
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true

dse (P2$=TRY)

(P1$=USE)* (P2$=USE)

4 4 (P2$=USE)
Cy={0} @ - true
true

Monitor for Safety (MT ) Monitor for Liveness (M Cy={0,3}

)
Cq TC>

Yxnpa 2.4: To cvpminpeopa xabnxovioc yia to npofinpa tov apoifaiov anoxkisiopov. H
Mre, anobéxetar 6hec 1ic advoibec mov tedikd napafuaCovv ) ovvlnkn apoPaiov amo-
kagwopod. H Mre, anobéxetar dhec tic advoibec omov pa Siepyaocia (nudet 1ov mopo xopic
MOTE v TOV HMAIPVEL.

TC;. Avt) 1 mpaktikn eival nepoc OTEPO AnoboTIKI amd 10 va eAEYXOUE TNV KEVOTITA TIG
P ®TC, ma kar ehatovel 10 peyedog 1@v 00 vOAOV OMK®OV KATAOTAOE®V TA OMOIA IMPEMEL
va kataokevaotovv. Emmiéov 1 xataokevn kabe T'C etvar mohd evkohOTeEpn QIO TV KA-
taoxevt] ov T'C. Avtd glvar éva modd onpavukd Cimpa, kadoe o oplopdc voc «kahomm
kaBiixovtoc (1j Tov AVTIOTOIXOV CURIANP@RATOC) PIOPET PEPIKEC POPEC va elvan prepdepevy
Sovieid. Kamowo¢ mov avamntbooet £va ovotna fa mpémel va oxe@tel apKetd Iptv aro@aoi-
og1 0Tt To KaB1Kov mov £xe1 vmoynv Tov £ival KATAAANAO yia v armatovpeviy aloidynon
TOV OVOTILATOC.

Yto ox1pa 2.4 napovomilCovpe tove 600 £AEYKTEC MOV AMOTEAODV TO OVPIMATNPORA TOD
kafnkovioc yia 1o mpofinpa apofaiov amoxieiopov oto oxnua 2.1. Kataotdogic mov
avIKovV 0g KAmoto cyset nmepikAeiovtal anod eva yrpiCo xvkAko 6ioko. O mpotoc eAeyKTg
HEPLYPAPEL TO OVPIANPORQ NG W610TNTAC aogdieac yia tov apoifaio amoxkieiopd, Sni.
oTl povo ma Gepyacia éxel mpocfaoct otov Kowoxpnoto mopo kabe xpoviki otwypr. O
SebTepoc eheyKT|C Meptypd@el To ov pIAfpopa ¢ akdrovdne ovvlnkne «Cotkomracy: «Av
ma Siepyaoia xperdletar tov mopo, tehikd Ha amoxtiost mpoofaon o’ avtovw. Xovenog 1
Mre, anobexetar xabe ovpnepipopd xatd v omoia xamow Siepyaoia vofdaier pa aitnon
mov moté Hev wavomoeitan. Eival apketd evkoio va bovpe o611 1) meprypagr] oto oxnpua 2.1
Kavomotel v 1homta aogpdisiac ahdd 6ev wavonoel v Gr10tta Conkomrac, akopa
k1 av mpooféoovpe 1o cyset {WAIT USE} otnv neprypagr xdbe Siepyaoiag. Oa Eeifovpe

apyotepa Xpnoponowmvrac éva mapdberypa ot gival Svvatov avty i oo vOnkn Cotkomtag
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va kavonow el eav ovvbeoovpe Kamowa Xpovikiy mAnpogopia jie ¢ Siepyaoiec.



KepaAawo 3

To epyaieio COSPAN

To COSPAN [HK89, JK86, ZH90] eivar éva gpyadeio A0yopikod yla myv meptypa@l) Ka
enaAnBevon ovvioviCopevov ovomquatov. To COSPAN pnopei va xpnomonownfet yia mv
avamtoén neprypa@mv og VPNAO eminedo, yia v avaAvor ¢ AOYIKNG KAl OTOXAOTIKIC
OVPIEPIPOPAE £VOC 0D VTOVICOPEVOD GDOTHIATOC KAl MPOAPETIKA Yo TV IApAy®yl] MOAD
AMoS0TIK®OV DAOIOM0E®Y 0T1] YA®ooa C o1 onoiec napdyovral Katevdeiav amo v meptypa@n
vynlov emmngbov. To epyaleio xpnomonotel pa mxkiy, wpapXxiky, avaivuxi (top/down)
Swubikaoia avaméngc.

H Aoy avaivon oto COSPAN emmoyxdavetal peowm ovfoAkod eA&yXon Tov meptypa-
@OJIEVOD ODOTIJIATOC AMEVAVTL 08 Jia ovpnepipopd mov kabopier o xprotne. To obommua
OUTE IPOCOPOIMVETAL, ODTE eKTedeital, adhd mapayetat e padnpanky anodeln (1) 6w
pevon) ¢ ev A0ym ovpnepipopdc. Tomxeg pefobor avaywylc Xpnomonoovviat 6toug
aryopipove avaivone tov COSPAN, ewote va aviane£eiboope 10 ovviifoe 1epdotio Xmpo

KATAOTAOEMV IOV 0V VAVIATAL 08 0V VTOVICOpEVA ovoTIpaTa.

3.1 H yAeocoa neprypagrc tov COSPAN

H yimooa meprypagnc tov COSPAN mapéxel 10 anmapaitnro onviakTiko yia v Ieptypa@n)
v Siepyaomv E/A xat tov edeyktov. [Tohdéc xataoxkeveg avtig m¢ yAmooac etvar mapo-
HO1EC pE £Kelvec OTIC YA®OOeC mpoypappatiopod C kar PASCAL. ITapovopiCovpe tic faopkec
KATAOKEVEC TIC YADOO UG MOTE O AVAYVOOTIC va pIopel va Kataidafel ta napabeiypata me-
PIYPAP®OV IOV MEPIEXoVTIal 0To Ke@dhato 6. Eva tetpipévo mapdberypa oto oxnpa 3.1 deixver
nm¢ powaCoov ta mpoypappata tov COSPAN. O nminpng opopdc ¢ yA®ooag pmopet va
Bpebei oto [JIK86].

Ta oxola nepiAeioviar avapeoa 0Tone Xapaktpec /* xat */ ka1 onwe oty C Sev pmopet

va gival goitaopsva. Mmoopovv emione va mepieXovial OAEC o1 VIoAEC mov avayvepilel o

22
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proc COUNTER /* Two state switch */

selvar # :(off, on)

stvar $ :(0..1)

init 0

trans

0 {off, on}
->1 : # = on
->0 else;

1 {off, on}
->0 : # = off
->1 else;

end /* COUNTER */

Yxfua 3.1: Eva pikpo S/ R npdypappa.

C-preprocessor, onoc o1 #define ka1 #include.

H Baom oviotta m¢ yAooo ac neptypagrc eivar 1) Siepyaoia (process). Ot biepyaoiec
apxiCovv pe ) Seopevpevy 2£€n proc (1) monitor npoxeipévon yia Siepyacia eheykty), Kal
tedeimvooy pe 1) beopevpévny A€ end akoiovBodpevy mpoapenKa amo 10 Ovoja ¢ Hiep-
yaoiac. O opiopoc tov eheyktr] oto COSPAN gnexteivel 10 povi¢Ao mMov MAapovoioTnKe OTIv
eVOTTA 2.2 EMIPENOVIAC £VA YEVIKOTEPO oplono ¢ dhyefpac L. M Siepyaoia eheyxing
EMTPEMETAL VA £XET KATYOPIPATA HAVE OTIC TIPEC TOV KATAOTACEDV TOV H1EPYAOIHV EKTOC
and TV eMAOYOV TOUC OTIC ETKETIEC TV petafacenv. Etopja Siepyacia eheyk|c éxet
) Suvatotra va «PALIEW MO C TIC KATAOTAOEIE TOV AAAOV H1EpYACIHY AVTO £1val XP1OPHO
Yl V@ AIIAOMOI0DVIAL Ol MEPTYPAPEC, AAAMDC 1| MANpO@opia TNC Katdotaonc da pmopovos
va xodwonombel peoa oty emioyn e hiepyaoiac oe exeivyy v katdotaorn. Mmopei va
be1xtet o611 avtod 1o xapaxplotikd tov COSPAN 6ev mpoob etet kabohov exgpaoctikn Svvaun
oto apxwkd povieho E/A. O Sepyaoieg pmopovv emiong va eival poAAOREVEC, TAPEXOVTAC
£T011€va TPOMOo Yia TV KATAOKEDT] SOPNPEVOV MEPTYPaP®V.

Ot 6eopevpevec Ae€erc selvar kar stvar xpnoponolovvial yia va neptypponv 1o Ovoja
Kal 10 nebio oplopton tov petafANTOV emAOYIC KAl KATAOTAONG lac H1epyaoiac aviioToixda.
Mua xow) mpaxtiki avapeoa otovc xprjotec tov COSPAN eivat va ovopaletan i petafintg
emAoyne # xat 1 perafinm) xataotraong $. e avt) myv nepintwon P.# (P.$) ovpforiCer
mv emboyl) (kardotaon) mg Sepyaoiag P. Ta amhomra, oty neprypagn mg Siepyaoiac
P xpnomonoobdpe 1o ovpfolo # ($) yia va avagepfovpe oty Swid m¢ petafinui emioyng
(xkatdotaonc). H eopevpévn 2681 import xpnomonoeitar yua va Sniomoet pia Aota anod

efotepikec emioyec (Ka/1 Kataotdoelc Npokepévoy yia eheykty)) mov 1 Siepyaoia Ha
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xpnomponoogt ¢ ioobo. Mia Siepyaoia npémel va Xpnopionoujoet £va «Ovopa JOVOIATIon»
(pathname) ¢ poperg process_name.variable_name yia va éxel npoofaon oty petafinm
mac didng Sepyaoiag. (ILx. av Pp xav Py givar 6vo py-goiaopévee Siepyaoiec, n Py
npenet va mepiexel pua 6nimon “import Po.#” yia va Swufaler ) petafint) emioyne mce
P).

H Scopevpévn 2¢€n init Snhover 10 apxikd 0DVOAO KATAOTAOE®V TI¢ AVTIOTOXT|C Hepya-
otac. H Sopn trans eivar 1 evotra pe tic petafaoeic kar anotedeitan ano xoppdtia (blocks)
nov meptypdgovy ¢ petafdosic and pa xatdaotaoy otig endpeveg me. (H mapovoa xatd-
0TAON PIOpel va €lval KAl emione £va 6UVOAO KATAOTAOE®V av OAec Ol petafaocsic eival

navopowdwneg). To oxnpa evog xoppaton eivar og e€n¢:

current state {selection list}

- > next state : condition

- > next state : condition;

[Ipooe e 611 11 mapovoa KATdoTaot), AMota emAOYy®mv, MOPEVI] KATAOTAOT], Kal ovvOnKy
pmopet va gival ex@paoceic. O1 ek@pdoeic amoteAodvial amd petafAntec emAoye Kar Ka-
taotaornc, 1 deopevpevee Aéfeic true xar false, xar tove ovvnbopevove apiBpnukong
Kat Aoyikove tedeotéc. To + xpnopmponoitan yia mpoobeon akepaiov 1) Aoyikn 61lenfy,
T0 * XPNOPOMOEITAl Yo MOAAAIAQOIONO akepainv 1) Aoyik ovCevfn kar 1o ~ ywa Ao-
yikn apvnor. Ot oxeojukol t€heotéc elval o1 <=, <, >=, >, =, = yla PKpOTeEPO 1| 100,
MKPOTEPO, NEYAADTEPO 1] 100, NeyaADTEPO, 100 Kar Hidpopo avtiotowxa. To ovpforo — >
ovpPoriCer ) petdPfaon xataotdoeme. Emione n Seopevpevn Aeln else pmopei va xpnop
pomoteital yia va 6giXvel v dpvior o0 AOYIKOD 1} T®V MpONyouIEVeOV ovvinKeov og &va
KOJJLATL.

Eva xapaxmpiotiko too COSPAN xpiiopgio otov npoxepnpevo npoypappanoti tov S/ R
glvan 1 wavotnta napepforrc xkabapod kmbika C péoa otov oplopo plag Higpyaoiac petd
m Sopny petdfaonc. Aotd to mpoapetikd xoppdat C xodika apxiCer pe 1 Seopevpevy Aeln
code axohovbovpevny and npoapetikéc Snimoeic xodika. O xapaxtipac $ xpnomonoeitar
®¢ HlIAXEPIOTIKO MoV VIOSNAGVEL TV apX1] Kal 10 TeAo¢ tov eviolov oe C. Ta xoppdana
ko6wa (code blocks) Ba ovnmbovv extetapéva otyv evotra 5.2.

Mmopovpe va mpoofécovpe ovvinkec amoboxiic oe pa Higpyaoia Xpnopmponoimdviac g
nimoeic “cyset state list” xai/1y “recur edge list”, omov state list elvar e popeig
stateq,...,state,, Kar edge list eivar ¢ popenc statey — > states, ..., state,_4— >

state,,.
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Téhoc évac mapapetpikde no¢ Hiepyaoiac prnopel va oprotel pe pia S1jAmon e poperc:

proctype typename(formal parameters list)

end

Mia mapapetpiki Siepyaoia pnopei va oprotel o¢ e£1¢:
proc proc_name : type name(actual parameters list)
KAl €Va¢ MVAaKac Tapapetpikmv S1epyaomy o¢ eE1c:

proc proc_namelindex range] : type_name(actual parameters list)

3.2 Aopn tovo COSPAN

To COSPAN oty mpaypatkomra amoteieital and eva apxeio pe eviodéc Bourne shell
nov ovopdletatl cospan, eva petayionoty) S/ R, apxeia Sndomoewv (header files) xa1 ma
Bifhobnkn and povtivec oe yrmooa pnxavic. Ot xprotec kahodv 10 mpoOypappa cospan
bivoviag Sidpopec exhoyec (options) xatr éva ovopa apxeiov oav tehevtaio opopa. Kabe

gpyaoiaton COSPAN pmopet va mepiéxel pexpt tpia 10 moAd exmprotd Prpata. Avtd eivan:

1. Enefepyaoia tov obnyimv tov cpp ka petdgpaon pac S/ R neprypagrc mov nepiéxe-
Tat o8 éva apxelo pe ovopa m.X. foo.sr to omoio Hivetar oav 1o tedgvtaio dplopa, yia
va Snmovpynfet éva apxeio pe C xodbika mov ovopdletat foo.c. To cospan kadei 1o

cpp ka1 tov S/ R petagpaoti) st (1 st D av Sobfnke xat 1 exhoyn —v).

2. Metagpaon tov C-kmbika mov mepiexetal oto apxeio foo.c mov Snpovpynfnke oto
nponyobvpevo Pripa xar ovvéveor (linking) pe w Bfiobixn ano povtiveg oe yAmooa
pnxavic, ywa va Snuovpynfet £va extedeomo apxeio mov ovopdletat foo.an. Ye avty
mv nepintoon 1o cospan Kaiei éva petagpaoty e C (to CC av Sev éxer kabopiotet
&A1 exdoyn) o omolo¢ xprnopponotet ta apxeia éniooeov crank.h 1) crunch.h xa

mv Pifiobnkn libsr. a.

3. Avddvon e meprypagic pe eKkteieon tov apxeiov foo.an mov Symovpyndnke oto
Brna 2. Av xatd v extéheon Ppebeil pa mapaPfiaon tov xabopiopevov kabnxkovioc,
éva anotvnopa (track) e vievbovvyc oV PIEPIPOPAC TOD CVOTIRATOC KATAXMPEITAL 0TO

apxeio foo.T
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Avdldoya pe 1o av 1o emifepa Tov apxeion MOV £Xel MC OPOJLA €1val ST, .C 1) .an, T0 cospan
apxiCer mv axohovBia extédeonc and 1o Prpa 1,2 11 3 aviiotoxa.

To mo onpavtiko Prpa eivar npogavec 1o fpa 3. H xvpiog Spactnpiotnta tov tjpatoc
tov COSPAN nov xaver v avddvor (1o omoio mepiexetar oty 1libsr.a) eival o ¢heyxog
av 1 Hiepyaoia ywopevo P, mov opiCetar otnv S/ R meprypagr) xat m¢ onolag 1 enefep-
yaoia yivetar oto Pripa 1, eivatr xevi). [a v Beitotonoinon e anoboonc avtod yivetal
«waf’obovn(on-the-fly), 6nhabn 1 Siepyaoia ywopevo kataokevdetar and 1¢ OVVIOTOOEC
Sepyaoiec eve gpeuvdtal 0 X®OPOC TOV OAMK®OV KATAOTAOEMV. Y IAPXOVV MOAAG Ipayd-
Tk napabelypata and mpeOTOKOAAN EMKOVOVIAC KAl PHPIAKA KVKA@IATA TA OIOia £XOUV
avaivbel xpnomonowwviac my napandve pédodo, Préne [Kurdl]. O xpovog mov Eobevet
10 Aoyopiko tov COSPAN yu va xavelr v avaivon pmopei va ££aptatal amd moAAong
HAPAYOVTEC TG MEPIYPAPIC OI®MC Tov apidnd tov H1a@opeTik®v oVVICTwomV, Tov aplfpo
TV 0V VoLV eNavVALAPPAVOREVOY KATAOTAOE®Y, T1] LOp@1| TOD Ypd@ov (aptBpoc axpov avd
kopfo). Tomxd, pnopet va avalvoet mepinov £va EKATORRUPIO KATAOTAOEIC TV @PA 08 £va
otabnod epyaoiac e ogpac SUN 3.

Onwc Ba eEnynoovpe apyotepa e Aemtopepelec oty evotnta 5.2, 6Aa ta Prjpata tov
COSPAN éxovv tpononomfei yia va gwoaxfovv o1 xpovikol meplopiopol Kar va viomondet
10 RTCOSPAN. To cospan exet petafinfet, véa apxeia oe yhoooa st éxovv Spovpynfet,
10 apxeio 6nAwoemv crank.h exel adidafer kar emione xpnoponoteital pua vea Pifirodnxn
pe ovopa 1ibRT.a. ITapoia avtd to tpnpa tov COSPAN mov xaver v avaivon Xpnojjion-

OlElTa OIOC elval.



KepaAaw 4

IIpocOnkn 16rotN®v Npaypatikon

XPOVOD

Meéxpt topa éxovpe ovnujost £va pabnpankd poviédo Kal £va epyadeio AOYIONIKOD Ka-
1aAAnio yu enainfevon avefdaptnt amod v TAXDTTA GUOTHIAT®Y HOV AWIOTEAODVIAL QIO
ovvtoviopevee ovviotwoee. Topa enavfdvovpe 1o poviedo E/A wote va ovpnepradfer me-
POPIORODE MPAYRATIKOD XPOVOD, KAl MEPTYPAQODIE TV £Vvold TV petpntov (timers) ot
omoiot eival 16eatéC oVVIOTMOEC MoV MapaxoAiovfovv Tove bvvatove XpOHVoONC KATA TOVC OIll-

L' Me avtd tov 1pomo eivar Svvatdv va efarpeboiv

olove pmopovv va ovpfodv yeyovota.
axohovbiec vmoroyopov nov napafiaovv tic xpovikee vmobéosic. Etopéva ovotnpa mov
Ba napafiale kanoee npobaypagéc oe eva povicho xabapd avefdptnro anod my taxvnta,

AIMOpel VA TIC IKAVOMOU|0E1 KAT® IO ODYKEKPUIEVEC XpOVIKEC viobeoetc.

4.1 TIIeprypa@i] tn¢ IPOcEYYIONG

H npooeyyion mov xpnomonou|fnke yia va evoopatofel Xpoviki mAnpogopia j1&oa 0t1o
povieho E/A eival 1 petdppaon t@v XpoviKe@v IEPOPOI@V 08 £va 0DVoro Ao Hepyaoieg
€AEYKTEC MOV AMOOEXOVTIAl IOVO aAvoidec o1 omoiec eival ovveneic pe tovg Kabopiopevoue
Xpovikon¢ mepropiopovc. Me avtd tov tpomo 1 enainfevon e opbic Asttovpyiac pag
HEPLYPAPIIC OVOTIATOC avayetal oto va eieyxfel eav 11 yAwooa mov amodexetal avtd 1o
Kawvovpylo peyahvtepo ovvoko amd L-6epyaocieg eival xkevy. Aotod eivar éva kabnkov mov

pmopet va emtevyxfei xpnopronoimvrac 1i¢ ovvnbiopevec evkoiiec mov napexer to COSPAN.

LAev Ba 'mpeme va Snpuovpyeital oDYXION J1€ TODC PNETPNTEC TIOD XPNGJHIOTOIONVIAL 08 TIPOTOKOLAN EMKOL-
VOVIOV 1) Pn@aka kokiopata. Omote 1 Sidkpion Hev eivar xabapny anod ta cvpepalopeva, Ba Xpnoonolode
tov Opo royikog perpnrc (logical timer).

27
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Ta otoweia tov véov avtod ovvoriov and L-61epyacieg MOv MEPEXOVY XPOVIKI] MANPO-
gopia Ba ovopdlovia Giepyaoiec pe xpovo (timed processes). Mia meprypagr Siepyaoiac
pe xpdvo 010 povieio pac amoteireitan and Svo pépn: To xpovikda-aveldapinro pepoc xat 1o
xpovikda-eEapmpévo pepoc. To xpovikd-avefapro peépoc (IOv NAPOVOIIOTIKE 0TO KeP(L-
Ao 2 xar v evotna 3.1) xabopiCer £va vnepohvoro tov Suvatdv advoibey mov pHopovv va
EJPAVIOTODY 0TO MPAYIATIKO GUOTIJIA, TO ONO10 MeP1EXel Kamotee ahnoibeg mov 6ev eival ov-
VEMELC 1€ TOVC XPOVIKODC mepropiopove. ['a mapaberypa, ac e€etdoonjie v nepinto1) £voc
IPOTOKOLAOD EMKOWOVIAC Jle eMAEKTIKY enavainyy (selective-repeat). Tnv meprypagn
TOV MP@OTOKOALOD XOPIC XPOVO Ol PETPITEC IOV O JLATOO0TODY Ta YEYOVOTA MOV Ol Civovv
«@épac xpdvovn (timeout) PHOPOLV VA EKMVEDCODY O€ OMOOVONIOTE XPOVO a@oD £x0vv Tebet.
Y10 Hpaypanko ovotjia moAAEc amd avtec Ti¢ emraivygelc 6ev eivar Svvatee e€artiag v
oplov oT1c KaBvoTeploelc TOV PVIIATOV KAl TOV THIOV Omov Tifevial o1 petpniec.

To xpovikd-e£aptpévo PepOC oTNY MPpAypanKOTTa anaptietal and va oV voho MEPLO-
PORGOV IPAYRATIKOD Xpdvov. Avtoi o1 meproptopol eivar ¢ pop@nc «Av 1o ¢(7) avonoet
mv WWomta A xat 10 ¢(7) wavonowt my Wiomra B, pe ¢ < g, wte | < () — 1() < uy,
omov ¢(1) xat ¢(j) aviikovv otnv aivoiba e xpovika-aveEdpnne Siepyaoiag, [ ka u eivan
axepatec otabepée kar £(2), 1(7) elvar o1 Xpdvor Katd ToU¢ 0noitove o1 Kataotdoetc ¢(7) Ka
¢(7) eppaviCoviar oto ixvoc mg Siepyaoiag. Eva nieovekmpa avtic me pop@rg Xpovikav
IEPIOPICI MV €1val OTL TA YEYOVOTA 0TO ODOTNA KAl 01 Xpovikeée Kabvotepnoeic pmopovv va
ovvbedovv j1e moAD evehiktove Tpomove. [Ma mapdberypa eivar mpo@avee e@Ktd va Kata-
0KEVAOTEL eva 1ovigAo ya v nepintoon «To yeyovoc B ovpfaivel 0x1 mepocdtepo amod
600 Gevtepohenta peta 1o yeyovoc a» mov avagepdnke oto xegdhato 1. Ta mapaderypa ac
Bemprioovpe 0T KataokevdCovje £va POVIEAO £vO¢ ONpatodoty yia Tov omoio E&povpe 61
Sldpkera tov mpdowov onpatog eivar petalv 2 kar 3 Sgvteporéntov. Tote av 1o A oprotei ¢
«wtr ¢(2) 1o go¢ yivetar mpaowon kar 10 B opotel o «H ¢(7) elvan 1 mpoty xatdotaon e
advoibac petd myv ¢(4) oty omoia 10 PEC elval KOKKIVO», MUPVOULE VA XPOVIKO IEPIOPIORO
¢ mapanave popenc pe [ = 2, u = 3.

Evac Aoywoc perpnujc T' xpnomonoteitanl yua va kodikonooet kabe xpovikd mepilopt-
opd. Awna xdbe petpnuic 1 éxel ua ovvbijxny Héonc (set condition) 1 onoia eivar 1 v TR
A, ma ovvbixy exnvorjc (expire condition) 1 omoia eivar 1 Womra B, ma ovvbijxy axo-
pwon¢ (cancel condition) 1 omoia Ba efnynfel napaxdte, xar ma neprypagl Swaotpatoc
xpovou (time interval specification) 1 onoia (010 napandve napdderypa) aviiotoixel oto
Sotnpa [2,3]. Eva t€too Swotqua gival mave otovg mpaypatkone apldpove kar exet
akpa axepaiovc. H eppnveia eivar ont otav 1 A eivar ainfic o T tifetar, xar otav 1 B
yivetar aindic exknveel. H axpiPic tin tov xpdvon mov £xet mepdoet avapeoa ota yeyovota

Beon ¢ xar exmvorig Hev kabBopiCetar axpifog, aldd aviketr oto Sitotnua [2,3]. Ta yeyovota
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RETPNTOV (OVORaoTIKA Ta yeyovota Béong, eKnvoric xal akdpeoonc) mipéxovy ) Saodvbeon
AVAPEOQ OTO XPOVIKA-e£ApTPEVO KAl TO XPOVIKA-AVEEAPTNTO TPIIA TNC HEPIYPAPIC EVOC
ovotfuatoc. M tomxki neprypagn e Swaovvbeonc Ba mapovojnotei oty evotnta 4.3.

To xpovikd-e£aptpévo Tanpa ¢ meprypa@rc peta@pdletal antopata péom ¢ enEKTa-
o1¢ pac oto apxikod Aoyopiko tov COSPAN oe pua Siepyaoia edeykt) My xpnomponoimviac
mv npoogyywor oto [Dil89] (1 omoia mapovopilCetar neprdnuuika oty evotra 4.4). Avtog o
gheykTc 6ev amobexetal Tic aAvoibec Tov XPoviKa-avedpTToy PEPOVC ¢ MEPTYPAPC O
napafiraCoov Tov¢ MEPIOPIOONE MPAYIATIKOD XpOvon, kat emPdaier mepropopove Siatalne
ota yeyovota petpniov. Ilpogavoc ol meplopiopot Hdtalne eivar enaxkoiovfo tov mepropi-
OR®OV IPAYRATIKOD XpOvov. Xpnojponoviag ta anoteiéopara and to [Dil89] etvar Svvatdv
va anobeixtel 0Tt 10 00VoA0 OA®V TV aAvoibmv MOV &lval OVVENElC J1e TO XPOvo gival 1|
TONI] TOV XPOVIKA-aveEApTTOV Jie TIc Xpovikda-e£aptnuévec Oepyaoiec, pe aiia Adyla, ot
aivoibec me P @ Mp. Mia Siepyaoia pe xpovo Hev £xel ovpmepigopd e Xxpovo v omoia
va anobexetat (10Topia 08 MPAYRATIKO XpOvo) avy 6ev vrapxetl akvoiba ovvemc e 1o Xpdvo
otnv P @ My, pe dihia hoyrwa avy 11 yhwooa mov amobexetat 11 iepyaoia P @ My sivar xevi).

O gheyk|¢ A1TOVPYEL CUPIEPATVOVTIAC IANPOPOPIA XPOVOD Y1 TNV 10TOPIA TOV YEYOVO-
TOV PETPNTOV 0T1¢ advoibec. Amofnkevel v mAnpo@opia XpOvov 0T1C KATAOTACELE TOD Kl
MV XPNOIOMOIEL Y1 VA AMOQAOIOEL MO YEYOVOTA XPOVoD €MITPEMETAL VA IPAYIATONOU)-
Boov oty ovvexewa. Av ma petafaocy mov ovvhEeTal pe £va GV YKEKPIIEVO ODVOAO YEYOVOT®Y
XpOVOD EMTPEHETAL, O EAEYKTIC EVIIEPHOVEL TNV KATAGTAOT TOD MOTE VA AVIAVAKAL TIC ahAd-
YEC TIC KATAOTAONC TV Petpntov. Av ta yeyovota 6gv emipenetal va npaypatononfonv,
0 eheyKT|C petafaivel Kal mapapével oe pia Kataotaol) «Aafove» otnv omoia 1 aivoidba 6ev
etvar anmobext (£va cyset).

IMa napaberypa, otnv nepintmon tov onpatodoty mov avagépdnke mponyovuevmc, 000
1A OTUYPIOTUIA TOV GUOTIIATOC TKAVOMOODY TNV 1610T)Ta OTL T Qavdpt gival Ipacivo, o
xpovoc bev umopel va mpoxmproel maparndve amd tpia 6evteporenta. Avto sfaipel v
IPAYJLATONMOIN 0T KAMOIOV AAADY YEYOVOTOV IPV TO @AVAPt Yivel KOKKIVO, AV 1] ILApO@Opia
XpOvon Mov e£AYETal MC MOPIORA TNE IPAYRATONOUOIC AVT®V TOV YEYOVOT®Y &£pXetal O
AvTiQaAoT] P& TV Tapandve mAnpogopia. O1 AeNTOPEPEIEC TC KATAOKEDIC TETOIMV EAEYKT®VY
pmopovv va Bpebovv oty evotnta 4.4..

Awepyaoiec pe xpovo pmopovv va ovvBeBoov exktedoviac my ocvvnbopévy npdén @ ota
xpovika-aveEdptnra tpnpata (oote va napaxfel éva véo xpovikd-avefapro ) Kt
HAIPVOVTAC TNV VO] TOV PETPNTOV, MOTE VA KATAOKEDAOTEL TO GUVOAO PETPIT®V TOV Y1VO-
peEvo.

Otav n M7 éxel xataokevaotel Kat mpootedel oty neprypa@ij Tov GUOTIATOC, XPOVIKA-

avefapmreg 16r101TEC, 01 omoiec KabopiCovv povo H1atdfelc Twv yeyovotmv ToL GLOTHIATOC
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aAAd OX1 KAl TOV XpOVo Mpaypatonoinonc, pnopovv va enainfevdovv apéonc Xpnopionoim-
vtac 10 COSPAN pe tov 1pomo mov meptypdape otnv mponyoujievl] Vot Td.

[To evbiagepovoa mepimtmwon amotedel 11 enainbevon xpovikov 161010V, yia mapd-
berypa, «o xpovoc petaln omolovdnmote 600 CVVEXOPEVOV APV £VOC PIVDILATOC QIO TOV
¢kt elvan mavta mxpodtepoc amd 6vo Gevtepohenmta.n, 1) «bev otéhvovtar bvo Slaxonec peoa
oe lmsecy.

Yt yeviki mepimtemon 1) enaAnfevon 1€1010v Xpovikov 1010THTOV eival 1] ano@acion
(undecidable) — vndpxovv kanow kabixovia pe xpovo tov onoiwv Hev pnopet va Ppebei 1
ovpninpopatxi ovpnepipopd [ADI0], 6nhabiy to ovpnifpopa tove Sev pmopel va ex@pa-
otel oav Siepyaoia pe xpovo. Q¢ tExvaopa og avto 1o Cinpa MapéXovje 10 o PIANpORa
tov Kabnkovioc xatevfsiav mepryphgoviac avembopntn ovpnepipopd j1e XpOvo PEO® A
Siepyaoiac pe xpovo, kat 1etd eheyxoviac av 1 ovvleon ¢ Giepyaoiag e Xpdvo mov avi-
OTOIXEL 0TIV MEPTYPAPT] TOV CVOTIRATOC KAl TOD OV IIANPOPATOC Tov KafKovtoc eival Kev).
Aot 1 mpoogyyio elvatl £YKopr 1id Kol av DIAPXel KAMOW «KAKIp OV IEPIPOPA 1€ XPOVO,
MPENMEl VA IKAVOIOIEl KAl TNV IEPIYPa@I] J1& XpOvo TOD ODOTNIATOC KAl TNV IEPTYpa@I] Jie
XpOvO TOV OLIIANPOPATOC Tov Kabnkovioc. Quopkd 11 mpoosyyion pac eival e@appoopun
povo Otav to ovpmAnpopa tov kabikovioc pmopel va ekgpaotei oa fiepyaoia pe Xpovo.

Y1¢ meploootepec NEPUITMOEC 1| MApaymyl] evoc ovpnAnpopatoc Kabnkovioc pe xpovo
glvan amil). Xto mponyodjevo napdbetypa, ot avemBountec aivoibec pe Xpovo elval EKEIVEC
oT1¢ omoiec o 6extne AapPdaver 6vo ovvexopeva pNVOPATA e XPOVIKI] AMOOTAOT PEYAADTEPT)

and 6vo Gevtepohenta.

4.2 To poviedo Siepyacpv pe Xpovo

Ye avt) v evotnta Ha opioovpe 1o povigio e Siepyaoiac pe xpovo. I'a to oxomnd avtd
xpe1aCOpaote IP@MTA va OPloO VIE TUIMKA TV £VVold TOV AOYIK®V PEeTPIT®V IOV £10AyAYApE

ATVIIA OTNV MPOIYODPEVT] EVOTNTA.

4.2.1 Aoywoi Metpnieg

OpiCovpe éva doyiko petpyuy 1 o¢ ma tetpdba (set, expire, cancel, [) dnov set, expire,
cancel € L xar [ givar éva Sidotpa pe dxpa ano to ovvodro {0,1,...,00}. Evag petpyuic
nov &xet tefel xat bev £xer exnmvedoet ovte éxel akvpmbel ovopdletar evepyodc (active) pet-
pnuic. Otav xar 1o set xkat 1o expire gival ahndn v 16 Xxpoviki] otiypn) 1 eppnveia mov

emAeyovpe va 6moovjie elval OTL 0 PETPTC IPOTA eKMVEET Kal Katomy tifetan otvypiada.
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Ye avtn v nepimtmorn o petpnuc fempeitar ovvexewa evepyoc. Ommc Ba Govpe gival xa-
TAAANAO Y1A TODGC OKOMOUC PaAC va oplioovpe T0 [ XpNOIonoimvIac Ta ave Kal KAT® aKpd
(bounds) tov. Tha va xepopacte opordpopea Anelpa Kal NENepacpéva axpa, xaboe xat
QUOTIPEC KAt [ anotypec aviodtniec, opiCovpe (evyy dxpov (bound pairs), ta omoia eivat
Satetaypeva Cevyn ano Z x {<, <} U {(o00, <), (=00, <)} (Z elvar 1o 00volo tov axepa-
iov). Ta obpfora < xar < etvar odhwd Swretaypeva: To < Beopeitar avotnpd pkpdtepo
tov <. M pepn Sitaly opiCetan ¢ (2, r) < (2/,r) av e < 2’ o = ' xar r < v
(Aefioypagixn Sataly).

IMa napaderypa av npoofeoovpe oto mapdberypa tov oxnatoc 2.2 va AOYKO petpity
pe neprypagn set = (TR# = msg!) - (CH# = msg?), expire = (CH# = deliver),
cancel = false, I = (6,11], xobikonmoovpe tov meptopopd d6m éva prvopa anaitel 6 < ¢ <
11 povabec xpovov amo T oty IOV mapaiapfavetal amod 10 Kavail pEXpt va eival £1o1j10
va yiver Siabéomo otov éxty. Eém 10 xdte axpo [ tov [ givar (6, <) kat 10 ave AKpo u
etvan (11, <).

H npot ovviotwoa evoe Cebyove axpov 0To 00O LAC MPEIEL VA £1val £Va aKEPA1o
noAAAAGOID Kamowae povadac xpovov. Avto 6ev ahddaler v ovvexi) Xpoviki] v@1p TOv
poviehov ja katr ot petafdogic oto ovotnpa prnopovv va cvpfovv oe onmowadnmote onjeia
0t0 ovvext xpovo. H emhoyn m¢ KatdAAnine povadac Xxpodvov eival KOPpAtt ¢ 0moTIC
HEPLYPAPIC TOD GLOTIATOC. LNpewwote ot fa pmopodoaje va Xpnoponocovie prTong
apipove avii yia akepaiove. Mia Kar vmapxovv menepacpévol tov aplfjio meplopiopot,
Ba pmopovoape va Hwaheovpe Tov pEYIOTO KOWO Hranpetn tov mapanave otabepov oav
povaba xpovov. Aot eivarl pua onpavuki) vaofeon yia my avaymyl] Tov IpoPANIATOC TG
enainfevonc oe nenepaojévo npofinpa.

Topa opiCovpe &va ovotgua petpyrov (timer system) va etvar i tetpada (T, 1, u, Ag),
omov 1' givar éva memepaocpevo ovvoro amd petpniec, [ 01T — B xav v : T — B givan
AIMEIKOVIOE1C MOV AVTUIPOOMMEVOVY 0TAdepd KATH KAl Ave AKpa avIioTOIXA OTIC TIPEC TV
petpniov. Otav u; = (o0, <) Sev vmapxer memepacpévo dve dkpo ya to Swotnpa tov
petpnt 2. To Ag elvar éva 6O voho petpniov o1 onoiol £xovv tefei apxikd. Mmopel va beixtel
ot 10 Ag 6ev mpooféter exppaotiki 6vvapn oto povieho pac, ondte ovvidoc Ba Bewpodpe o
Ag va glvar 1o xevd ovvoro (Ag = ). Toxver ndvrote o (0, <) < I; < w; < (00, <), Vie T.

O1 napaxato tpeic ovvinkec xabopiCovv mote pia akorovbia yeyovotmv oe &va ovotpa

petpIev etvat «xaldda opopévip (well formed).

1. O1 evepyol petpnrec tibevial povo eav exnveonv 610 1610 ODVOAO YEYOVOTOV.
2. Ot petpniec exnveovy 1OvVo OTav €ival evepyoi.

3. KdabBe evepyoc petpniic KAmote exmveel.
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Y& pepikec mepurtooetc Beopodje Xpromo va Xaiapmoovpe tov meploplopd 1, opiCoviac
£TOp &va veéo TOmo petpnty mov ovopdletat «emavatifépevoc petpnujor (resetable timer).
Evac tétowoc petpnuic powdlel neproodtepo pe Eomvnuipt mov pmopel va 1o Eavabéoovpe

PV XTOMOEL.

4.2.2 Awpyaciec pe xpovo

Eivar miéov xapog va opioovpe tomxkda myv evvowa e Swepyaoiag pe xpovo. M L-

bepyaoia pe xpovo eivar ua v-aba (P, 1), onov
(1) P eivan ma L-6epyaoia,
(2) T =A{T1,...,T1} etvar éva 6Dvoko And LOYIKODC PETPITEC.

H onpaoployia mac L-6epyaoiag pe xpovo (P, T) Sivetar peow evdc ovvdhov amd
alvoibsc pe xpovo. Mia advoiba pe xpdvo givar ma axorovbia amd Swutetaypsva Cevyn

(c(7),t(2)) oe Sraxpitd xpovo

omov ¢(7) etvar £va Cedyog OMKIG KATAoTaonc—emAoyic Tov ovotpatoc kat (i) etvar évac
an apvnukoe npaypankoc apipoc. H axoiovbia Swaxpitod xpovov 1,2, ... opiCetar o¢ o
Aoyiko¢ xpovoe ¢ ahvotbac, eve £(7) elvar 1 akokovbia TOV TGOV TOD IPAYRATIKOD XPOVOD
(ovvexée mebio) mov avtiotowxovv otnv axorovbia v Aoyikav xpovev. Awmohnuxd, o
A0YIKOC XpOvoc ovvdsetat pe v akoiovbia Tov H1AKPIT®Y YEYOVOT®Y IOV AVIIGTOIXOUV 08
petafaoeic tov ovotatoc, Kai 1 akoiovfia mpaypankond Xpovov ovvdEel £va AIOTDIONRA
(timestamp) mpaypatikod xpovov oe Kaféva and avtd ta yeyovota.

[Ma mapaberypa, 1 mAnpogopia miac aivoibac pe Xpovo ovverdyetal 6T yia kafe Aoyiko
Xpovo pEoa oto Sotnpa npaypatikod xpovov [H(i — 1),%(¢)) 1 ) ¢ Kowre RvIpng
(o1 katdotaon—emioyn) eivar ¢(z — 1), xar ot 1 perdfaon (i — 1) — ¢(7) ovpPaiver
oe xpovo t(i). Lnpeiwote 06Tt avtoe o oplopdc amatet va woxvet £(z) > t(¢ — 1). Onoc Ba
AVAQEPOVIIE APYOTEP, NIOPODHE VA XAAAPHOOVIE avTl] TV vrobheon Kal va amaitjoovje va
oxver t(2) > (¢ — 1) avu) 1 onpacplroyia oo venayetal 6T LIOPOVRE va EXOvpe eva appd
and petafdaoeic o1 omoiec ovpfaivovv oe pnbev xpovo. Mia aivoiba pe xpovo e P npénet

Va 1KAVOIIOIEl TIC MApaxat® ovvinkec ovvengiac.
(1) ¢(0) ¢(1) ... eivar pa advoiba oty Lp,

(2) t(: — 1) < t(i),i =0,1,... (o xpdvog avfdvetar avotnpd), 2

2@a pnopovoape emong va xproponotoovpe ) onpaoproyia 61 t(i—1) < ¢(i). Te avty) my nepintoon
10 HrdoTnRA TOL PETPYTY «XPOVIKNG TPodSov» ot evotta 4.3 Ba eival 1o [0, 00).
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OpiCovpe 0¢ EEP,T) 10 00Voko TV akvoibev pe xpovo mg (P, T). Eote 77(¢) xat 7£(2),
¢ = 1,2,..., ot akoiovbieg TOV AOYIKOV XpOV@V KATA TOVG omoiovg ot ovvinkeg set; xat
expire; tov petpnt 1} wavonowbviar oty c(i). Av 77(z) (75(2)) Sev opiCeran ywa 7 > k,

Betovpe 77(i) = oo (75(1) = o0) ywa i > k. Tote yia xabe perpnm T

(3) 77(2) < o0 ovvemdyetan 77(2) < o0,
(4) 77() < 75(1) <704 1),0 = 1,2,..., 6tav 77(2), 75(2) < o0,

(5) Ui (1)) = Ui (1)) € 1.

H ovvbixy (3) eivar ua ovvinxn Cotwomrac: Evac petpruic nov tifetar npénet xdmote
va exnvevoet. H ovvBixn (4) anayopever oto petpnuy va tefel xar va gkmvedoet oty i
Kataotaon m¢ aivoibac. Otav KAt 1€1010 ovjfaiver, onpaivel OTL 1 EKMVOI] AVIIOTOIXEL 08
ma mponyovuevy Beon tov petpnt Kat o petpnuc tifetar Eavda apéowe. Avtn 1 ovvOnkn
6ev pmopet va exminpobel av 77(1) = 77(1) xan mov anayopevetar ano myv (4). H ovvhixy
(5) eivar o xpovikog mepropropodg mov emPdietar anod tov petpnuy. To obvoro Lip 1) T@v
avoibev pe xpovo ac Sepyaociac pe xpovo (P, T') eivar 1o 00V0L0 TV 10TOPIOVY TG KOWVIG
PVING O1 omoieC eival OV VENeiC Jie TV mAnpogopia tov xpovov. H ovvbeorn tov Siepyaopmv
pe xpodvo eivar wpa gavept). O akvoibec e obvlBeone e (P, T1) pe my (P, 1) eivan
ot advoibec e Siepyaoiac pe xpovo (Pp @ Po,Ti U T). Inpewote 6Tt 610 JOVIEAO Pac
vrofetovjie OTL Ta OVORATA TOV PETPNT®VY eival povabikd, Kal 6T o i61o¢ petpnuc Hev propet
va ovvoebel j1e mapanave and ma Siepyaoia.

Xpovikoi neplopiopol pmopodv va mpootefdovv oe £va oDOT A GV VANTOVTAC £VA EASYKTI
pe xpovo, 6mAadi), &va eAeyKt pe Toue H1KODC TOv 1H10TIKODC XPOvIKOUC MEPIOPIGILONC.
Oewpnote 10 mapdberypa oto oxnpa 2.2 e tovg axoiovfove xpovikove neplopopovg: (a)
H &iepyaoia exnopndce 6ev emaeyel v Ty pause yla napanave anod d; povabec xpovov,
(B) otav 1 Erepyaoia kavart hapfaver éva privopa to Srabéter oto Aty oe xpdvo ¢ 1ET010
wote dy < t < ds, (y) 1 Sepyaoia Amne mpénel va €AEyXel yua €10 pXOpeva prvbpata
tovAdaxiotov kabe dy povadec xpovov.

[Ma mv k@6ikomoinon Tov IPpOTOL HEPIOPICHODL Mmpemel va mpooféoovpe &va petpnty
Trr o omoiloc tifletar v mpoty @opa mov 1 Siepyaoia exmopmoc TR eivar otnv kata-
otaon IDLE, exmvéer otav n Siepyaoia arraler xatdotaon, Kar £Xel pa neprypagr oS-
otqpatoc m¢ popene (0,dq]. Ilapopoor petpniee Tey kv Trr mpéner va npootebobdv
yia va kobionomfodv o1 mEPIoPopol TNV OV IIEPIPOPU TOV HlEPYAOIDY TOD KAVAAIOD Kt
tov 6éxtn. Tha va ex@pdoovpe tove mapandve mepropopovce Béone kataoxkevalovpe TiC
biepyaoiec eheyktec Mrr, Mcoy, Mppo ol onoiec meprypagovial oto oxnpa 4.1. Iapte

v mapadbetypa mv Mrg. Kdabe gopd mov avtoc o eheykuc eivar otnv xataotaon 0,
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ese ese else

~(CH$=DELAY)

(TR$#IDLE)
(RECH+#pause)

else else

else

Transmitter Monitor (M 1) Channel Monitor (M cH ) Receiver Monitor (M REC)

Yxnpa 4.1: Ieprypagn pe xpdvo tov Kavaiiov pe kabvotépnorn. O xataotdoeic tov Mrp
HapéXouV v mAnpogopia yia v npotn gopa nov 11 1R Bpioketarotig kataotaosic DELAY
kar DELIVER. ITapopoec ibriottec woxvovv yia i Mro xav Mpge.

Il KATAOTAOT TC avTioToXne sdeyxopevie Siepyaoiac sivar Swagopetiky and mv IDLE,
I avtd AvToTOXel oTnY mp®ty @opd mov 11 Siepyaoia eivar otnv katdotaon IDLE. Ila-
POPOEC MapATNPIOEIC 10X DODY Y1 Tove Ardove 6vo eheyktec. Mia xar 11 ovvOnxn Oe-
ong tov Trg eivan set = (Mpr$ = 0) - (TR$ = IDLFE), xa n ovvnky exmvor¢ eiva
expire = (TR$ = TRANSMIT)+x(M7r$ = 1).® Inuewote 6t avtog o petpnuig npémet va
EKIVEDOET IOVO TNV Ip®@TY @opd mov 1 Hepyaoia T'R eivar ot véa katdotaon SiagopeTikd
pmopet va exnveet og Hraboxika Prpata xopic va éxel tebei, mov oiyovpa dev eivar 1o €ibog
¢ ovpmepipopdc mov Béhovpe va poviehomoujoovpe. Avtd ovpfaiver otav Mrr$ = 1.
Ot opojol tov Tegxar Trg eivar mapopoior pe tov Trr. H Sepyaoia pe xpovo yia to
ohoxAnpopevo ovompa eivar (TR @ CH @ REC @ Mrr @ Mpece,{Trr, Tcn, Trec}).

Katainyovpe Seixvoviac mv mpooeyyion pac yra enainbevon. Ac vmobeécovpe o611 10
kafnkov mpoc enainfevon oto napandave napdderypa ivarl to axdrovdo: «a Oha ta pnvo-
pata, 1 61agopd Tov XpOVoy KATA TOV OMOI0 £Va VDA OTEAVETAL KAl AUTOD KATA TOV OIOI0
napahapfaveral, eivar mrpotepn ano ds povadec xpovovn. Avtod 10 ovpmAnpopa xabixko-
vioc meprypagetal amo tov eheykty Mypo oto oxnpa 4.2. O Mype 6waiéyel pr aitiokpanikd
gva Cevydpt amooToANC Kat AIPnC RNvORATOC Yid TO ONOI0 0 MEPIOPIOJLOC XPOvoD mapafid-
Cetar. Avtd kebwonoujtar anod to petpnuy Tre pe neprypagn set = (Mpe$ = 1) - (TR# =
msg!) - (CH# = msg?), expire = (Mrc$ = 2) - (CH# = msg!) - (RECH# = msg?),
I =[ds, ).

Me napopoto tpomo Ha pnopovoaije va kobikomowoovpe 10 xadnkov «O xpovoc petalv
Swaboxkec ANyeic pnvopdteov sivatl avia mKpotepoc ano dg povadec xpovown. Oa ov -

OOVJE MEPIOCOTEPO ADTA T MAPAdelypaTa 0To Ke@ahiaio 6.

301av 8ev vmépxel oL VONKN AKDPOONC OTNV MEPLYPAPT) EVOC PETPNTI], EVVOeEiTal 6T elval mavTa Pendic.
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rue (TR#=msg!)*(CH#=msg?)  (CH#=msg!)* (REC#=msg?)

N EISE \
\

\

true N

true

true

Cy={0,1,2,4}

Task Complement Monitor (M TC:)

Yxnpa 4.2: Ileprypagn je xpovo tov cvpminpopatoc xabnxovioc. O Mype Swadréyer ny
Aok patikda £va Ceuydpt amootoAnc Kal ANyne pnvopatoc, kat o T twafefarovel 61 avto
ovpfaivetl oe Xpdvo meploooOTEPO Ao dz PovAbec XpOvov.

4.3 Y2lonoinoy Siepyaocmv E/A pe xpovo

Q¢ topa £xXovjE MAPOVOIIoEL TV AKP1fI] DPI] TOV XPOVIKOV IEPIOPIORAOV KAl TV £VVold T@V
L-6epyaomv pe xpovo. H mpooeyyion mov éxovpe axohovbnoer yia enainfevon eivar va
HEPLYPAPOVE £va oDOTIA o¢ a Siepyaoia ywopevo P = P @ Py ... ® P,, 1o obvoio
OV avemBoupntov ovpnepipopmv o¢ a Siepyaoia ovprinpopatoc kabnkovioe T'C, tovg
xpovikovg nepropopove {11, Ty, ..., T} (tov ovotipatog xar tov ovpnAnpopatoc xabiko-
v10¢) o¢ i Sepyaocia My, xar peta va ehéyxovpe eav ) P @ T'C @ My eivan xkevij. Topa
ov(nrodpe VY PETAPPAOT] TOV MEPIOPIOREOV IPAYIATIKOD XpOvoy og kataokevsc E/A mov
avuotowxovv oty Siepyaoia eheykt Mr,xkar e€etaloope v Sopn e . Mr.

Q¢ mpoto Pripa, 1 ovvodro {11, Ty, ..., T, } enavdvetar pe myv npoobnky tov petpn)
«xpoviknc mpodboww T'A. Avtdc o petpnu)c k@biKomotel 10 yeyovoe OTt IMepvAgt Xpovoc
avapeoa oe 61aboxiKee petafaoeic Tov GUOTIPATOC, AKORA Kl av avte¢ 68V aviioTolXouv
oe ovyKekpieva yeyovota petpniov. Ot ovvlnkec Beone xar exnvonc tov 1T'A wwavomolov-
VIOl IAVIOTE €KTOC A0 TOV AoyiKO xpovo 0, omov povo 1 ovvOinkn Béone wavomoteitan.
Avtd emvyxdavetar npoofétoviac tov eheykuy My tov oxnpatog 4.4(a) xar opiCoviag
setra =true, expirers = (Mra$ = 2). To &wdotnpa tov T'A givar gite (0, 00) av Saké-
Eovpe 1) onpaoipioyia 6T HAVIA Depvaet |1 PNoevIKOC XpOvoc avapeoa oTic petapaosc, i
[0,00) av pmopet va nepdoet pndév xpdvoe avapeoa ot petafaceit;. Onoc Ba avagépovpe
otnv Aemtojept) meprypa@r ¢ viomnoinong tov RTCOSPAN, 6ev eivatl avaykaio va vion-

oujoovpe tov T'A oav ovvnbopévo petpnu). Xpewaletar va Adfovpe vmognv v emibpaon
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el el
é 5/ é é/ expire_cond
1 1

expire_cond

set_cond set_cond

true
~(set_cond)
*expire_con
+kill_cond

~(set_cond)
*expire_con
+kill_cond

true ~(set_cond)
*expire_cond

+kill_cond

set_cond *
~(éxpire_cond)
*~(kill_cond)

set_cond QO

@ (b)

ese
ese

Yxnpa 4.3: Awrpyaoieg eheykteg nov neprypdgovv (a) petpnreg kat (B) petpnré mov pmo-
povv va enavatefovuv.

TOV POvo av 6gv vIapxel AAAO yeEyovoc PETpIT]. L& ia TETol MEPUTT®MOT], AV DIIAPXEL P
akorovbia petafdoemv mov OAeC AVTIOTOIXODV 08 YEYOVOTA MOV HEV £XOUV 0XE01| 1€ PNeTP1)-
8¢, xperaletar va AdBovpe vnoynv povo v MpmTl eKIVOL] TOD, Il KAl OAEC O1 EKIIVOEC IO
akorovboov bev mapéxovv mapanave xpoviki minpogopia. O My xedikonoel tovg mepio-
popovc wv {11, Ty, ..., T, Trat, xar eivar o i61o¢ ma obvbety Hiepyaoia nov anaptietan

and 1 akorovfec amrovotepec Hiepyaoiec:
Mr=WFHQWF, ... WF, @ WFrs® Mrq @ TR,

omov m eivatr o apoc TV AoYIKoV Petpniov otnv neprypagr. [a xabe Aoyiko petpnin
7, anarteitan ma Siepyaoia edeykmc WE,. H W EF; eyyvatar é1t n axkorovbia tov yeyovo-
TOV IOV AVTIOTOIXET 0TOV Petpnt) ¢ sival wkala¢ opopévip. H Sopt) tov mapovopilCetat ota
oxnpata 4.3(a) xar 4.3(B) ya éva andod petpnu) xat £va petpniy mov pnopel va enavarebet
avtiotowxa. H xatdotaon 1 etvar 11 apXiki] Kataotaot), Omov o petpntic fempeitar avevepyoc.
H xatdotaon 2 (ka1 1 katdotaon 3 yia petpniy nov propet va enavatehei) eivar 1 «evepyocy
KATAOTAO0T) TOV PeTpnT], evm 1) Kataotaorn 0 elval pia Katdotaon o@dipatoc. I'a tov petpntyg
oto ox1pa 4.3(a) o1 ovvlnkec 1 xar 2 ¢ evomrag 4.2.1 eivar eyyonpéveg ovpnepriapfa-
voviac v Kataotaon 0 og gva 60VOAO eNAvAAAIPAvOREVOV KATAOTAOE®V, £Ve) 1 oV VONKY
3 glvar eyyonpevny ovpneprhapfavoviac my Kataotaon 2 610 1610 ovvoro enavaiapfavope-
vov Kataotdoeov. [a tov petpnu) nov pnopet va enavatebel oto oxnpa 4.3(B) 1 ovvhixy 2
glvan eyyonpeévn ammd Tov opiopo ToL GUVOAOD eNAVAAAIPAVOPEVOY KATAOTAOE®V TIC KATA-
otaong 0 ka1 ovvOnky 3 eivar eyyonuévy amd tov 0piopd Tov GV VOAOD eNAVAAARPAVOREVOVY
KATAOTAOEDV TG KATAOTAONC 3.

H &epyaoia E/A eheyktic T'R mov napovopiletar oto oxnpa 4.4(B) éxer xataotdoeic
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true

true

2 true

(@ (b)

Yxnpa 4.4: Awepyaoiec eheykiée mov neprypagovv (a) Aepyaoia eheyktg Mra yia tov
petpn) «xpovikic mpoobown xat (B) Eleyktic meproxne petpniov T'R.

MOV AVIIOTOIXODY 0TA ODVOAA TPV TV PeTpntov. Tétolee Kataotdoslg ovopdloviat me-
PIOXEC PETPHTOV, KAl 1] ovvapTnon petafaong tove eival 1 vAomoino1 tov aiyopipov tov
Dill [Dil89] mov meprypdgetar otnv evomra 4.4. H apxwi) katdotaoy too T'R eivat 1 ne-
POXI] PETPRTOVY OMOL 6Aotl o1 petpniée (extog tov petpnuy 0) eivar avevepyol. Agbopévic
pac meploxnc petpntov R; Kat KAmolag mAnpo@opiac OXeTKIG € TOUG NETPNTEC, O AAYO-
pBpog vnodroyiCer v emopevy neploxy ;. H minpogopia amotedeitar ano to obvoro F;;
TOV PeTPT®V IOV e£EMVEDOUY KA1 TO ODVOLO TV PETPNTOV S5;; o1 omoiot tebnkav otnv Tpé-
xovoa Katdotaon m¢ aivoibag. Ly opoloyia tov povieiov E/A pnopodpe va Bempovpe
g petafaoeic avapeoa otig Kkataotaoel; B; xar R; va éxovv o¢ enketa /;;, mv ovlevfn
TV oV VONK®OV KNVOLG TV PeTpntov 010 L;; Kat tov ovvinkev 8éong tov petpntov oto S;;.

Onoc Ba Sodpe otic Aemtopépeiec ¢ vAOIOINOTC, O£V £1val AIAPUITTO VA KATAOKED(L-
oovpe 0A0kAnpo tov T' R oav ja Siepyaoia E/A gheykt. Avtifeta Ba to xataokevdCovpe
Svvapika avakoya pe i avaykec kata myv avaivon. H TR etvar mpaypatikd ja Siepyacia
HNENEPAOPEVAOY KATAOTAOE®V Pic KAl 0 aplBpoc v mpoof ooy meploXmy elval NEMepaojie-
voc. Axopa jua mapatipnon eivar 1 akoiovdn: otav yeyovota PeTpniov mapdyovv i
MEPIOXT] PETPITOV AOVVEII) € TOUC MEPIOPIORODE MPAYIATIKOD XpOVOD MOV emPAiovial 610
ovotnpa, 6ev givar onpavniko va yvopiCovpe 10 axpiféc yeyovoe mov MpoKAAL0E TV Aov-
vénelwa. Etop yia tove oxomone j1ac eival apKeto va ovIMUKVOOOVIE OAEC TIC (OVVEIEIC
KATaoTAog1c petpntov og pia povadiki xatdotaon mov Ha ovopdlovpe KATAOTAOT] «O@ AAJI0«

Kal va ovpnepradafonjie avti v KAataotaol] 08 £va oD VvoA0 enavaiapfavoevmy Kataotd-

oewv (Bréne oxipa 4.4(B)).
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rnpewwote 6nt o hoyikée ovvBikeg (ovopaotikd ot set, expire, cancel) oe dhec ¢ ov-
viotwoee e Mr etvar 6hec xamyopnpata mov avikovv otnv L, xar np My etvar ma L-

Sepyaoia gvaiodnin povo ota yeyovota Tov ovoTtijatoc mov oxetiCoviat 1e PeTpITec.

4.4 TIeproxeg petpniov Kail o eAeykeng TR

Meprypdgovpe tpa m pebodo [Dil89] mov xpnomonoteitar and tov ereykty TRy va
KoOKonoel mAnpogopia Xpovov péoa otic Kataotdoeic tov. Avt 11 peboboc Paoiletar oto
Saieplopd TOV POV TOV PETPNIOV 08 £va MENEPUCIEVO ODVOAO almd KAdoeic. Aviéc ot
KAGOE1C MEP1EXoDY MANPoYopia 11 omoia ovvoyilel v 10Topia Tov mapehBovioc tov cvoTt)-
JATOC 08 OXE0I e TO XpOvo, KAl elval KUPTEC YPARMKEC Meploxec oto fetikd m-Graotato
opBoxavovikd vIoOXmpPo, 01 omoiee eival edKoAo va viomowfovuv.

Mia «amotipgjon petpnup opiCetar va lval pia aneikovion amd £va 60voro evepy®v (mov
éxovv tefel adhd Sev Exovv exnvenoet 1) akvpobel) AOYIKOV PETPNTOV 0TOVE NPAYRATIKODC
apifpovc. Aot 11 ATEKOVION KATAYPAPEL TV MOCOTITA TOV XpOvoy Jexpl Kabe evepyoc
petpnuic va exnvevost. OpiCovpe ma WIgploxi) pETpnTO@™ va £1val I AMeKOVon and £va
ODVOAO EVEPYMV PETPNT®V O€ £VA ODVOAO A0 AMOTIPNoe1G Petpniov. O1 MEPIOXEC PNETPTOV
elvan kataotaoerg tov T'R.

[TapoTdvovjie MEPIOXEC PETPNTOV OAV £Va ODVOAO Ao ypapkec aviootniec. * Avtol
exovv TN popen 1; —t; < d;; omov d;; eivar akepaiog, 1) 0o. Lnpewote ot t; — ¢ < d;; etvan
wobvvapo pe —d;; < 1; — 15,70 onolo onpaivel OTL TETOEG AVIOOTLTEG LIIOPOLV EMONG VA
HAPEXOVY KAT® @paypata og Owagopec. Evac miaopatnkoc Aoywkoe petpnuc 1y o omnoiog
navrote exel v T 0 Xpnomonoteitatl yia va avanapaotnost aviootiec onoc n t; < 10.
Ye avtl myv nepintoon ot t; — tg < dijg ka1 tg — t; < do; mapéxovv otabepd Ave Kal KAT®
@PAYILATA AVTIOTOIXA.

Evac xataiinhoc tpomoc yia 1o Xe1plopd evoc ovoTHAToC avico THTOV AVTIC TG HOPEIG
£lval va 10 avamapaoTtoove pe £va TeTpayovikd mvaka D, mov ovopaletal mivaxac gpay-
patov Gagopov 1) IIOA yia ovvropia (difference bounds matrix or DBM). Xnpewwote ot
JIOpEl va DIAPXOVY DIIOVOODIEVOL IIEPIOPIOJLOT O £VA ODOTNIA AVIOOTITOV, ETOPJILA TEPIOXT)
petpntov pmopel va avarapaotabel and morhove IIOA. Ta mapdberypa Bempeiote ta Gvo

OVOTILATA AVIOO TITOV:

thh—ty < 1 t1—1, < 1
gy —t3 < 1 to—13 < 1
t1 —13 < 100 ti—13 < 2

*Evaliaxtizd fa pmopodoaje va femprioovyie il TeploXT) NETPNTOV 00V £va moADTONO 610V k4 1-6146Tato
X®Po, 0mov k eivar 0 apBpog v petpneov (Xpovikol meploplopol).
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Eivar gavepo 611 xat ta 6vo avamapiotovv v i61a meplox), pia Kal ot pmTtec 600 avicO TTEC
VIOVOOUV Ol Ty — t3 < 2. LIV IpaypanikOTTa aviiKATAoTaon ¢ TEAEDTAIAC AvioOTTAG
t1 —t3 < e yua kabe ¢ > 2 6ev Ba arraer v meproxi) MOV APIOTAVOVY AVTEC Ol AVICOTITEG.

Evwxog vnapxer pua npdén ndve oe £va IIPA mov ovopdletar xavovixonoinor (canoni-
calization), n onoia avayer kafe IIPA nov avanapiotd my ibra neproxiy oe £va xar povadbikd
IIQA. ZopfoiriCovpe v xavovikonoinoy tov IIOA D ec¢ cf (D). H xavovikonoinon na-
pPEXEL £va €UKOAO Tpomo va eheyxovpe av 1 mepoxi) evoc IIPA eivan xevi), 11 av vo TIOA
neprypdgovy v ibla meploxij.

H npd€n m¢ xavovikomoinong PaciCetar otyv axorovdn napatmpnon: Ot tipég tov d;;
pmopovv va eiaxiotonomnbovv xmpic va arridfer n neproxi) tov IIOA, av xepiotodpe tov
IIOA D oavtov mivaxa AKpov evog ypagov, OIov o1 TIIEG ToV d;; elval PK1 aKpov, Kal peta
Aboovpe 10 mpOPAnpa «wvvtopdtepnc 6abponnc yia oia ta Cevyapiw. Evac ovvnbhopsvoc
aiyopiipoc onwc o Floyd-Warshall pnopet va xpnojponowmdei.

Ta otowxeia tov D givar Cevyn axpov. Av i > j, d;; eivar €va ave gpaypa tov t; — ¢
Kt —dj; eivar gva xate gpaypa tov {; — 1. Ta otowxela g xvpiag Swayoviov eivat
navia ioa pe (0, <). O eowtepikoc Bpoyxog tov aryopipov Floyd-Warshall nepiéxer v
exxopnon d;; = min(d;; + di;, d;;). Mia xkar d;; eivar Cedyoc Akpov Kat 06Xt aképaioc, eivat

AIMApPAitnToC £vac oplopoc v Mpafemv min xal + ndave og Cedyn AKpov:

(z,7)+ (2',r") = (x4 2", min(r,r"))
win((z,r), («/,1)) = {W) if (2,7) < (2,1)

(z',r") otherwise

Av D avumpoomnebel éva emAbomo ovvoiro amd avieotniec, o aiyopibpoc Floyd-
Warshall Ha napayer eéva povabiko IIOA pe ehdxioteg tipeg oe 6ha ta otowxeia d;;. Aw-
@opeTiKd, éva otowxeio m¢ Swywviov d;; Ba mapet ma tpn pkpotepn ano (0, <) xdmow
ottyp). Otav Bpebel evac 11010¢ KDKAOC e apvnTIKO KOOTOC, 0 ahyopifpoc Ba émpene va
teppatioet (avil va méoet og £va anepo Bpoyxo).

Kabe xataotaon tov T'R eivar évac IIPA, o onmoiog avanapiotd éva ovvoiro and Svvateg
anotyunoeic petpniov. Me kdbe [IPA ovvbéovpe éva ovvoro Serxtmv mov mepiexet tov 1o
KAl TO avTioTOIX0 0DVOAO evepy®mv petpntov. To oDvoldo HeKt®v 0TV apXiKi] KAtaotaol
etvar {0}.

Oa neprypayoovpe twpa ) ovvaptnon petafaonc tov T'R. Kdabe kataotaon e aivoibag
(tipéc g oAkne Katdotaonc—oAxkic emioyrc) xabopiCovv povabikd 10 60VoAo TOV ye-
YOvOTmv mov oxeTiCovial ie PETPTEC KAl TOV OOV TA KATYOPIATA TKAVOIO0DVIAL A

mv g tov ¢ Ano xabe ebopévy katdotaon tov TR pe IIOPA D xar yua kabe ovvoro
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yeyovotmv nmov oxetiCoviar pe petpniec B (ta omoia 6ia ovpfaivovv tavtoxpova), opiCo-
vial pa povadiki) endpevy Katdotaon xai o avtiotowxog IIOA D', H enkéta e petdfaong
D — D' givar 11 00Cenfn tov xatyopnpatov v yeyovotov oto B. Ewpav D xav D’
avTIoTOIXOUV 0T1¢ Kataotdoelg R; xav [; oto ypago tov T'R oto oxnua 4.4, n napandve
enikétta etvar [;;. Eotw A 1o obvolo tov evepyov petpniov oto D (xopic va ovpneptiapfa-
vetar 0 0), F = {i | expire; € B} xan S = {7 | set; € B}. O D' avuunpooonedet 10 60volo
OL®V TOV HUVATOV AMOTIPIOEMY PETPNTOV KATA T1] 0TIV IOV £X0VV ovJfel Ta yeyovota 0To
B. Ilpota yivetar 1 enefepyaoia tov yeyovotov Frpire, axoiovdovpevy amnd ta yeyovota
cancel kat set. Ynobeote ot ovpPaiver €va povo yeyovog expire;. Tote vnobetovpe ot exet
nepAoet €va Ayvmoto xpovikd Swaotnua 6 > 0 mpw avtd to yeyovoce exmvonc. H tun tov 6
neplopiCetar avapeoa ota otabepd dve kar kAo epaypata me tprg tov 1; [—dy;, dio] oty
MEPLOXT] TNC IPOIYODPEVIC KATAOTAONC.

H xataoxkevn tov D' anotedeitar and ta akorovda Prpata. Ipota mpémer va opioovpe
AKPIPOC TV DIOMEPIOXT] TOV ANOTIN0E®V PETP IOV 0To D dmov yeyovota and 1o B giva
bvvard. M ovvapnon rte(D, B) (ano 1o «iepoptopdg ovvolov yeyovotmws, restrict to
event set) xpnomonoujtat yia va petaoxnpatioer to D og éva véo mivaka D! mov avanapotd
akpipoc avty v vmonepioxi). 'a va ovpfeito B, 6Aot o1 eKnveovieg petpntec oto B npénet
va exovv v b ity (agod exmveéovy Tavtoxpova) xat Kafe peTpnui¢ MOv eKMVEEl MpEmet
va exel TI JuKpoteprn amd avtl] kabe petpnuy mov Hev exmvest. Lnpewwote onl 1) rte Oev

ennpealetar ano petpnréc mov tifeviatl twpa. H ovvaptnon rte opiCetar oc axorovboc:

dzlj = min(dy;, (0, <)) otave,) € I
dzlj = min(d,, (0, <)) otavi€ Fxanj e A—E°®
d}j = d; arAMec.

O D' Sev elval amapaitnta oe KAVOViKI| op@l], £TOp1 rte Impémel petd va e@appo-
oe1 mv cf oe avtov. H xavovikomoinon pmopei va mapdyetl €va 1 LKAvomow|oj10 MvaKd,
MOV ONRAIVEL OTL TO 0DVOAO yeyovOtemv B 6ev pmopel va ep@aviotel og avtod 1o onpeio oe
OMOOONIOTE 1XVOC MOV €1Vl GVVEIEC J1& TOVC Xpovikove meploprojtove. H epgdvion pn wa-
VOIIOUOJP®OV MVAK®V £1val T0 Kpiopo onjieio oty pedobo pac, omov ovykekpipévec aivoidec
MC XPOVIKA-ave APTITNC MEPTYPAPIIC TOV ODOTHATOC WIOPIITOVTAl. Av 10 6DVOAO YEYOVO-
v B nmapayet éva 1 IKavomoujoio mvaxa, t1o1e 1 enopevy kataotaon tov 'R mpénet va
etvat 1) kataotaoy error. Etopoto ypago tov T'R, n enkéta [ (omov R; avtotowxei oto D)
glvar 11 61aCevfn—yra Oda ta Svvatd yeyovota B ta omoia mapdyovv i1 1KAvomouojonc
mivakec—tmv ovledfemy IOV Katyopnidtov 1oV yeyovotmv oto B.

Av 1 rte mapdayel éva Kavomouopo mvaka, 1o endpevo Prpa gival 11 eAAAT®O TIC

Tpng KaBe petpnt) mov H6ev eKIvest KATA TV Tyl 1oV Petpntev mov exknveoov. Ovopdlovpe
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avtn ) ovvaptnoy elapse(D, B), xa opiCetan ¢ e€1c:

dy=djNdy, =d;; whenie€ A—FxajeFE
di; = dij  addhg

omov D' elvar 1o anotéheopa mg elapse(D, B). Avtdg o petaoxnpationdg Kaver my T
TV PeTpnIeOV mov eknveovy ion pe 0 petovopdloviag tov petpnt) ¢ oe petpnm 0 (o omoiog
etvar mavta pndev), eve Srapel 1ig Suagopéc avipeoa oTovg peTprTéc.

Yav emopevo Prjpa ov petpniec mov exmveovv Swaypagoviar amo tov A. H mapaxdate
1610mTa v kavovikov IIOA anobswkvdetar modvd xprjomn. Av D' givar o D agov Siaypa-
@ODV 1| YPAPRI Kat 1) OTHAT ¢, 1| MeP1OXT| Iov mapotdavetatl and tov D' givar 1 mpoPoin] ¢
HePOXIC tov D mave 0 OAEC TIC OVVIETAYREVEC EKTOC TNC . Avto eival w0obvvapo pe
Slaypaet] TV HeTpNTOV IOV EKMVEODV.

Téhoc npénel va aoxoinfovpe pe tove peTpIec mov axvpemvovtal 1) tifevial topa. Eva
yeyovog cancel; amhd mpoxaldel 1 Swwypagn me ypappnc xar otRAnG ¢ (avny eivar pa
axodpa npafn npofoir).

lMa éva yeyovog set; mx., av ¢ € S, Bétovpe 10 dip 010 Ave dxpo tov [;, 10 dy; otV
apVITIKY TYI} 10V KATte axpov tov [;, xa d;; = dj; = (00,<) ya xibe j € A — E, xa
petd epappoCovpe m cf. Enpewote o 1 epappoyn me cf sivar 10 610 pe 1o va Béoovpe
dij = dio + do; omote 7 1 j avixel oto 5.

YovoyiCovtac 1 péhobo pac mpéner va movpe om, ma xar ov IIOA givan tpnpa tov
kataotaoenv tov TR, Ba énpene va vmjpxe nemepaopévoc apljioc amo avteg mov va eival
IPOOP Aopec amd MV apXiKI KATdoTaon Tov ovotjpatoc. Avtd amobewvoetatl oto [Dilg9).
Mia onpavuki napatipnon eivatl 6t o napandve aiyopifpoc pnopei va xpnopmonowdel yia
va Snpovpynoetto T'R Suvapikd, eve Paxvel 1o ypago ToL YIVOREVOD TV AAAOY ODVIOTOOMY

TOV OVOTILATOC.



KegpaAaw 5

To epyaieio RTCOSPAN

Ye avto 10 kepaiao Ba 6eifovpe nowc to COSPAN enexteivetar mpood etovrac ma Svva-
mxa Snovpyodpevyy Siepyaoia «eAeyKtpn omoia mapakoAiovdel Tove Xpovikove Ieplopl-
OJLODC MOTE va ££A1Pel OV PIEPIPOPEC TOV CVOTIIATOC MOV E1VAL ACVVENEIC 1€ TNV ILAPOPOPiQ
tov xpovov. Ilapovopilovpe OAec TIC ASNTOPEPEIEC TIC VAONOINONC TOV H1a61KA0IHY eMAAT|-
Bevonc yia Hiepyaoiec pe Xpovo ONOC AVTEC MAPOVOIIOTNKAY 0T PO YOUPEVA Ke@Ahaid.
To véo gpyareio RTCOSPAN mov mpoxkvmter éxel vhonomfel xmpic va vndpfer avayxn
va petafinfoiv i eootepkt) Sopr tov COSPAN 1y 11 S/ R ypappatiki, Seixvovrag on en-
EKTAOE1C 08 oVeEXT] XpOvo Kahd oxebaopévaov epyadeiov emainbevonc eivar egiktec. To
RTCOSPAN egivar ovpfatd pe to COSPAN.

apovopiCovpe 1o rpa mce Swwovvdeone xprnot-epyaieiov (user-interface) mov eop-
yer ta vea xapaxtpiotika tov RTCOSPAN, ) grhoco@ia oxebiaonc 1eom ¢ omoiac 1o
RTCOSPAN avranefepxetal 1o peydio mAH0¢ KataoTAoemv MOV AIAITODY O1 PETPNTEC XPO-
voU, Kal 61voupe apKeTEC AEMTONEPEIEC TOV £0MTEPIK®MY OOpev Oebopévev kar aiyopifpov
tov gpyaieion. H enefepyaocia e minpogopiac tov xpovov yivetal amd eva avefdptito
ppa xooka € anod tov kodika tov COSPAN, ka1 xpromonotovviar eibikec Svvatdon-
te¢ tov COSPAN onog o teppaniopdc ga&ipatoc (search truncation) yia va peidoovv tov
X®PO TOV MPOPANJIATOC MOV MPAYHATIKG PAXVOD]E KAl v EMTAXDVOUY AKOPA HEPIOOOTEPO
MV AvaAvor tov ovotpatoc. TEAoc avagépovpe pepKd MPoPANRATA KAl MEPIOPIOROVC TG

TOPIVI|C DAOIOUOT|C HAC.

5.1 Awaocvvbeon xprjotn—epyaAeiov

[Ipoonabnoape va kpatioovpe ) Sraovvbeon xprotn-—epyaieiov tov RTCOSPAN 6oo 10
vvato mo xovia og avty tov COSPAN, ma nmov kdn t¢too fa nrav e€apetikd fohikod

yua tove xprotec tov COSPAN. To RTCOSPAN kaieitan axpifoc onoc to COSPAN. Oq

42
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proctype R_.TIMER(tid, lr, L, U, ur : integer; set_cond, expire_cond, kill cond:

boolean)
import tid, Ir, L, U, ur, set_cond, expire_cond, kill_ cond
selvar # : (inactive, active, error)
stvar tstate @ (0..2)
cyset 2 /* Timers should always eventually expire */
init 1
trans
1 {inactive}
—>0 : expire_cond
—>2 : else * set_cond
—>1 : else;
2 {active}
—>2 : expire_cond * set_cond
—>1 : else * expire_cond
—>1 : else * kill_cond
—>0 : else * set_cond
—>2 : else;
0 {error}
—>0 : true;

end /* R.TIMER()

Yxfua 5.1: Tpfua tov apxeiov 6nkeosov RT.h nov nepiéxer tov S/ R oplopd yia tov thmo
bepyaoiac R_-TIMER o onoio¢ avuiotowxei otov eheykt W E.

exhoyec (options) mov anmobéxetar 1o RTCOSPAN eivat o1 ibieg, av xat o xp1jotng exetedet
mv £vioAn “rtcospan [ option | ... file” avtl yia mv “cospan”. KaBapi COSPAN nepry-
PAPEC YIVOVTAL AOOEKTEC KAl TPEXOVY 0MOTA (JLOAOVOTL DIAPXEL £VA MOAD PKPO emUIAEOV
kooto¢ otav xpnomonoujtat 1o RTCOSPAN).

Ye ma S/R neprypagr too RTCOSPAN 1 xprion m¢ eviodnc “#include <RT.h>”
npwv Snimbovv omowmbimote petpniec eival vnoxpeotikil. To apxeio Snhwosmv RT.h mepi-
exer mv S/ R meprypagl tov tnov Siepyaociag (proctype) R_-TIMER xat R_.CLOCK. O
R_TIMER opiCe1 tov tmo tov ovvnbopévov doywon petpnt, evo o R_CLOCK givat o
no¢ tov petpnu mov pmopel va enavatefei. Metpntéc tnov R_.CLOCK amobeivioviat
X100 0 OPIoEVEC NEPUTTMOELC ONMWC Ba Sovpe oty evotnra 6.1. Mepikec @opéc pmopet
va AMOKAAODPE £va Petpnt mov pmopel va enavatedel «podowm.

To oxipa 5.1 napovopilet éva xoppan oe neprypagr] COSPAN mag Swepyaoiag E/A

and 10 apxeio RT.h 1 omoia viomoetl eheyktec WF oav avtdv mov mapovopiotnke oto
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oxnpa4.3(a). O opwopoc tov wnov Siepyaciac R.CLOCK éwat mokd napdpotog y'avtd xa
Sev tov Geixvovpe ebw. Ilpomta ovCnrape tic mapapétpove tov wnov Siepyaoiac R_TIMER
kar R_.CLOCK. Avtéc o1 mapdapetpot givat o1 ibie¢ xat yua tove 6vo tomove diepyaoiac xa

ovpnepthapfavoov:

1. Tnv mapdapetpo tid mov xabopiCer v tavtotra kabe petpnu). aipver npéc ano 1
@¢ Tov apifpd v petpniov mov £xovv Snimbel. H npaypaniki) ty e tid ywa xabe
petpn) eaptdtar povo amo My oepd epgdviong tov petpy oty S/ R meprypagr).
H tid eivar np vmoyeypappev tov petpnr otov mvaka [IIPA e evomrac 4.4. Eivan
pavepd 0T av SragopeTikol petpniec £xovv povabikee tec me tid, n osipd epgd-
VIO1|C TOV Petpniov 6ev eival onpavukl. Avty n napapetpoc underlinebev 6ibetan
and 1o xprotn oto COSPAN mpoypajijia otav o xpniiotng 6nAovel éva petpnr], aAid
gopyetal avtopata ano tov otoixeimon petagpaoti) tov RTCOSPAN mpw xAnfet o

S/ R petagpaotiic.

2. Ov mapdapetpor 2 ew¢ 5 kabopiCovv 10 Hrdotnpa mNpaypankov, 1o OMOI0 AVTIOTOIXE

oT1¢ TIpeC Omov mavta tifetal o peTpTIC.

e H 1r eivan eite «\(» 1} «\[» xaBopiCoviac av 1o xdtm dxpo tov S raotipatog etvat

AVOIKTO 1] KAE10TO.
e H L sivan évag axéparoc mov xkabopiCetl 10 xatm dxpo tov Sraotnpatoc.

o H U civar évac axépatoc mbaveoe xat dnepo b mov xabopiCetl 10 dve dxpo Tov

Swwotnpnatoc.

e ur eivar gite «\)» 1} «\]» xaBopiCoviag av 10 ave dxpo tov Hraotipatoc eival

AVOIKTO 1] KAE10TO.

IMa napaberypa eva Seiypa meprypagnc Swwotnpatoc eivar xame etop «\ (,5,14,\1»

(600v agopd Ti¢ mapapeTpovg 6vo em¢ MEVIE).

3. H set_cond givan éva A0y1KO Katnyoppa Dave oTic petaBANTeC OMKIC eMAOYNG Kt
ohxkic katdotaong tov poviehov E/A. Avtod to xamyopnna kabopiCer 1 ovvlnxeg
IOV EMTPEMOVV 0TO yeyovoc Beonc evoce petpnt va ovpfei. [a eva petpnty mov pnopei
va enavatefei avto sivar emionc 1 ovvOnkn mov emtpénet v enavabeorn. Ymobeote yia
napaderypa on onwce npw P # ovpforiCer v petafint) emioyic e Siepyaoiac P,
Kal €01® ot Oepyaoiec machinel, machine2 ka1 assemblyline. Tote jua cvvlnxn

Beonc yua éva petpnu) €0tm assemblyidle Ba pmopovoe va eivar 1 e€ngc:

Lamelpo o1ny mpaypaTiEdINTa onpaivel ico pie a otadepd mov eaptdtal amd ) pnxavi) Kal ovopdletat

infty.
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(machinel.#=jammed)*(machine2.#” =idle)+(assemblyline.#=reset)

4. H expire_cond eivat £va hoyiko Katyopipa napdpoto pe 1o set_cond nov xafopiCer

mv ovvOnKy exnvorg evoe petpnuy (mov propet va éxet Svvatotra enavdbeon 1 o6xt).

5. H kill_cond (cancel _condition) eivan enion¢ £va 2oykod xamyopnpa oe petafintec
KATAOTAONC KAt EMAOYT|C, To onoio KabopiCet pia ovvONKn axdpmonc yia éva petpnti).
Otav évac petpnuic akvpovetal Bempeitar avevepyoc kar Sev ennpedlel Tov £heyxo
ODVENEIAC TOV MEPIOXMV PETPITOV, EKTOC eav Tebel ex véov 1 petafel otnv Katdotaon

0@ AAJLATOC OOV O XMPOC KATAOTACEMY MEPIKOMTETAL.
O xpnotnc Sniovel £va AoyiKO JeTpnT PE TIC 8VIOAEC
1. proc nameR_-TIMER(1r, L, U, ur, set_cond, expire_cond, cancel_cond)
2. proc name:R_CLOCK(1r, L, U, ur, set_cond, expire.cond, cancel_cond)

omov name gival £va eykovpo ovoja Siepyaoiac oto COSPAN kar dAec o1 entd mapdpetpot
£lval OIMC OPIOTNKAY MAPANAVE. LTV IEPIITOOL] IOV £Vac PETPNTHC OEV AKVP®VETAL MOTE,
n cancel _cond Ba mpéner va eivar ion pe 0 11 false. H ovvBixec yeyovotov mov éxovv oxéon
pe petpnréc Ba eivar mavia ainfeic eav ol avtiotoxec mapdpetpotl £xoov v tpn 1 1) true.

Mehetovrac ) ovvdapmorn petafaocnc otov opiopd tov twmov hepyaoiac R_-TIMER
(oxnpa 5.1), mapampodpe 6T pePKeg pepkes ovvlhKee X0VV MPOTEPAIOTNTA EVAVTL (LA-
rov. H 1woxvpotepny eivan 1 ovvBnkn exmvonc petpnu). Av woxvel 11 expire_cond Kai o
petpnUic eivan avevepyog (katdotaon 1), i endpevy xkatdotaon fa eivar 11 katdotaon o@ -
pavoc (xatdotaon 0) avefapmra av woxvel 1 set_cond. Av évac petpnu|c eival evepyoc, 1
expire_cond fa givan 1 mpotn ovvlnkn mov Ba efetaoteil, 1 kill cond Ba e€etaotel petd,
Kat 1 tedevtaia mov Ba efetaotet Ba eivan 1 set_cond.

To RTCOSPAN 6ev mapéxetl 1pomno yia va opiotel £va oDVOAO dld PETPNTEC Ol OIMOIO
apxikd va éxovv tebel onmmwe 1o ovvoro Ag oty evotnra 4.2.1. O Adyoc eivar o1 £top
PTIAXVETA Pia Mo amoboTIKI] VAOIOINOTY, Ve To povieho Hev xaver Kabohov eK@QpaoTIK
Svvann. An o xpnotn¢ mpemnel va Xpnopronow|oel eva ovvoio Ag, mpémer va Snpovpynoet
ma véa apxiki Katdotaor ovotipatog £otm S’ Tote dhor o1 petpntéc mov avijkovv oto Ag
Ba enpene va tehovv Otav 1o ovotpa petafaiver and my S’ o dGhec TIC KATAOTAGEL OV
NTav DPONYOUPEVA APXIKEC.

H oot kataokevn] povieAmv yia ovoTata Ipaypatikon XpOovoy Xp1oonoi@vTac IeT-
pntec 6ev etvar kaborov tetpipevy vmobeorn. Or xpriotec Ha mpénet va eival MoAD IPooEKTIKOL
pe ta xkatyopnpata f¢onc, eknvorc kar akvpmonc. O Aoyoc eivar 611, otav yu napadsiypa

1 oV VOIKT EKIIVOTC €VOC €VEPYOD PETPITI] 10X VEL 08 MOAAEC H1ab0XIKEC OAMKEC KATAOTAOELC
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Katd 1o palyo xkatd Baboc tov ypdgov e Siepyaociac mov meprypa@el 10 GHUOTIA, PIOPE
va mpoxvyel 1o akdiovbo oevaplo. Tnv mpmtn gopd mov 11 Hiepyaocia Pploketal 6& ATEC TIG
KATAOTAOEIC O PETPITC e1val evepyOC Kal 10X Ve 1] 6V VONKI EKIIVOLC TOD, £TOILOTIV EMOJEVT)
petdfaor o petpnuic maet oty avevepyn kardotaon (1). Mia kat 011 enOpeveC KATAOTAOEC
TOV oVOTHpAToC ¢ Hlepyaoiac 1 ovvBNKI KIVONC TOV PETPN T AKOPA 10XDEL, O PETPNTIG
Ba exmvevoet Eava. H exmvor) evoc jiny evepyod petpnu odnyel o1nv KAtdotaon o@ Ahpatoc
(0), mepwodntoviac 0Xo T0 XMPO KATAoTdoe®v. Avto bev eivar mavia ot embiorel o Xpij-
otne. Evtoxme eival apKetd eDKOAO va KATaokKendoovpe mia amil) Siepyaoia eAeyKT 0ote
n ovvOnKY eKIVOINC Va 10XDEL LOVO [ia Qopd TV IpmTl @opd mov 1) Hlepyaocia pHaivetl oe
avTO TO OVVOAO KATAOTAUOEDV.

Av o xprjotnc xperaletal Tapandve TANPOPopia OXeTKA j1e TV enefepyaoia ¢ MAPO-
@OPIAC MPAYIATIKOD XpOVOD Kat TNV axpifi] pop@r] 1oV IEPIOXOV PETPNTOV, MAPEXOVTAL KO-
otec xpropec emhoyec yua 610pwon. Extehoviag my eviorn rtcospan -DDEBUG file.sr
apxetéc Pondnuikéc manpogopiec Ha epgaviotovv oto apxeio stderr, evo ovvevmon tov apxe-
iov file.o pe ) PifAiobnkn 1ibrt D.a avi yia v 1ibrt . a fa tonmoet OAec TIC NEPIOXEC

PETPNTOV HOD OV VAVIOVTAL KATA TV AVAADOI] TOV ODOTHRATOC.

5.2 Y2lomoinon

Onmc avagépape Mponyovpevme, 1 meEpLypa@l] e Xpovo petagpdletal og éva odvoho amo
L-Gepyaoiee (1 eheykteg) My, xar xamoeg and avtée (ovopaotikd ov WF; xav n TR)
nepiexovv npoofeto kobka oe C (tprpata (code) o onoiog vionotel tov akydpipo mov xa-
BopiCer Tic petafdosic avapeoa oe MEPOXEC PETPNTOV ONMC MEPTYPAPAje oTNVY evotTa 4.4.
O xpnotnc mapéxel 1i¢ 6nAmoeic v petpnIov ot1o epyaieio xal 1o RTCOSPAN avtopata
napayel tov edeykty TR, v opa mov eAéyxel av 10 ywopevo 0Aov v Siepyaomv eltvat
kevo. Omoc éxovpe 1161 ava@eépel oe IMPOIYOVREVEC EVOTTEC, Yia AOyove emiboonc Hiahie-
Eape va viomoujoovpe v xataokev tov TR Svvamkd, v opa mov gpenvATAl O XOPOG
KATaotdoemv tov ywopévon (Bupnbite 6 o adyopipoc avdivone ovviotatat Baokd oty
KATAOKEDT] TOV 10XVPA 0D VEKTIK®Y OV VIOTOOMY TOD ypagov ¢ Sepyaoiag ywopevo). Evac
ONIAVTIKOC AOYOC Yia avtod gival ot 1) My pmopel va £xel moAd 1eyaio appo Kxataotaoemv,
o1 omoiec H6ev elval OAec MPooPACHIEC 0TO YIVOREVO JIE TIC AAAEC OV VIOTMOEC TOV GLOTILATOC.
Etopn petagpaon tov M oe jna 6iepyaoia ereyktn kat ot ovvexeia tpefipo ton COSPAN
Ba 1rav eviedhoc pn anobotiko.

Eva onpavnkd xapaxmpiotiko mg vionoinon ¢ tov aiyopifpov avaivonc oto COSPAN
gtvan 11 Suvatotra nepikonnc. Otav kata ) S idpkela Tov Pa&ipato amaviaTal pia Katd-

otaon ywa mv omoia £gpovpe o 1 b Kar 6hec o1 H1a6oxor Kataotaoelc avikovv og £va
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/* Lists are always sorted in increasing order */

typedef struct list { /* Active timers */
struct list *next ;
int timer_id;

} list;

typedef struct timer_state { /* Timers’ state */
list *active_timers;
int *%D ;

} timer_state;

typedef struct bucket /* Hash table entries */
{

struct bucket *next ;

timer_state *b_data;
} bucket;

Yxnpa 5.2: Lovletor tonor bebopevov tov RTCOSPAN.

obvodo enavaiapfavopevov xkataotaosov, tiletar 1 petafinu) tov COSPAN «runcater
kat 1o gpafyo oe Baboc teppatiCetar o avt my katdaotaorn. Eivar gavepod ot avtog o
YPAPOC IOV EXOVPE MEPIKOPEL £1val 1000DVAOC 1€ TOV APXIKO 08 0X£0N pe To IMpoPAnpa

EYKAE101C YA®OO®V, KAl 0T1] YEVIKI] HEPITT®OT] £1val JKPOTEPOC.

5.2.1 Aopgg 6ebopgvov

Topa gwopyovpe tove tomove katl Ti¢ Sopeéc 6ebopevomv mov xpnoppomnoovvial yia v
VAOIOINOY TV PETPNTOV KAl TOV HEPIOXOV Petpntov. To oxipa 5.2 mapovomifel Ohec TiC
bnimoeic oe C 1ov ovvletov nev Sebopevov mov xpnomonoei to RTCOSPAN.

KdaBe petpnu)c 6uakpiveran eomtepikad oto RTCOSPAN amd éva mebio axképaiov tmov
nov ovopdletar timer_id. Xe kdbe mepimtoon oe avtd eKXmpeital 1 T} ¢ aviiototl-
X1¢ mapapetpov tov petpni) tid 1 omoia avagépbnke otnv evornra 5.1. Tpeic Alotec
petpntev (timers_to_set, timers_to_expire, timers_to_kill) opiCoviar oty ypapp 136 tov
apxeiov crank.h (Bléne mapdpmpa A). Avtég o1 Motec mepéXony Toug RETPHTEC 01 OO0
npénel va 1ehovv, exmvevoovv 1) npénet va axkvpmboov oe kabe Prpa petafaonc. Av ma anod
¢ Aloteg elvat Kevi), avtd onpaivel 6T 6gv vIdpxel yeyovoce mov va oxetiCetal 1e PeTpntec
(tov avtiotoixov nov) 10 onoio va ovpfaiver oe ekeivo To Pripa.

Ot meploxec PetpnIOv vAOMOODYTAL oav bopéc Tov Tmov timer_state. Kdabe tétowa
Sopn mepiExel pla AMota amo evepyodc PETPNTEC KAl £va TeTpaymviKo mivaka [ pe otoixeia

axépatovg (mebio #*D). O D eivar Sraotdoewv (ntimers +2) X (ntimers +2), onov ntimers
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w_star (a, b) /* actually + (or mult) operator */
int a, b;
{

register int na, nb, nr;
if ((a == infinity) || (b == infinity))

return(infinity);
na = a & ~“(int)1;
nb = b & “(int)1;
nr = (a & b) % 2;
return( (na + nb) | ( nr >= 0 ? nr : -nr) );

Yxnua 5.3: Yhonoinon og C tov teheott) + yu (edyn dxkpov.

glval ma axépara petafinuy n onoia opiCetar oty ypappt 134 tov crank.h xat aviotoixet
otov apijo v petpniov mov Snieovel o xpnotne. [a Adyove amoboone Sraréfape va
vionomoovpe v 1T'A npooBeétmviac tov KatdAinio kodKa, X@pIC va XpelaoTtel va Tov
ava@epovjie prta ot Alota v petpniov. Etopo AT sival évac petpnu|¢ «evompatopevocy
otov KoO1Ka ¢ vdomoinonc. Agod ta otoixeia tov D mpémel va viomowonv (evyn AKpov,
xpnomonotal 1o akorovbo oxnpa kmwbikonoinonc: To Ayotepo onpavtikd Svabiko yneio
avanapotd ta ovpfora <, < (To 0 ovpPoriCer 1o < kar 10 1 ovpfolriCer o <), eve ta
vnoiouna SVAGIKA PPl TOV AKEPAIOD IMAPICTAVODY TV IP@OTI GVVIOCTOOA TOV AKpov. Etop
av (5, <) elvar éva Cedyoc axpov, 1 €00 TePIKY TOV avanapdotaon eivar 10 (10 = 5 << 1|0,
omov 10 << onpaivel oiiofnon apotepd katd Eva kat | eivar o tedeotic g npdng «@p
nave oe Svabikd grneia). Linv viomoinon pag oo onpaiver pa otabepd mov efapratm
ano6 1) pnxavip kar ovopdCetat infinity. infinity = MAXINTdiv2, dmov MAXINT eivail o
PEYI0TOC AKEPAIOC IOV PLIOPET Va MapaoTtioet 1] pnxaviy. Avto eivat éva e£apenikd anobotko
OXNJ10 K@OIKOMOOT ¢ J1 KA, 1] AKEPALA AVAILApaoTaot) Tov axkpmv Siatnpet 1 6idtaln toog
OMOTA'ETOPAIO TIC MPAElC MAVD 08 AKPA MOV OploTnKav oTnv evotta 4.4 povo 1 + mpémet
va viomomfel pe e161ko 1pémo. H viomoinon eivar amii énee @aivetal oto oxnpa 5.3
Eivar gavepo on 1 pvrjun mov xperaletan yia v anobnxevon xabe avamapdotaonc me-
ploxiig petpniov eivar O(m?), émov m eivar o apindg v petpnuov. Eivar emiong oiyovpo
on kabe meproxi) petpniov Ba MV AnAvIioovjie 08 MAPANAVE ATO P10 OAKEC KATAOTAOELC.
Ye a modvmhoxn S/ R meprypagr pnopet va eival mpoofdoog évag peydio¢ apinog me-
proxov petpniov. Otav o1 anaitoetg og PvipI @Tavovy (1 akopa £enepvovv) v Mooo TTA
TMC QUOPKIG PVIIANC TOV DIOAOYIOTI], MAPATPEITAl e OPAPATIKI] TT®oT] ¢ anmoboonc Tov
gpyadeiov, Aoy ¢ ovxvIG avaykne yu avipetabeon oehibov (page swaps). Onote, eivan

@avept) 11 avaykn yla jma amobotiki moArniki Sraxeipione pvipng. H npoogyyion pac eivar
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1 axoiovfn: Xpnomonowita évag mivaxac kataxeppatiopon (hash table) o onoiog ovopd-
Cetan State_Table yia va amofnkedel OAEC TIC MEPIOXEC PETPITOV IOV OLVAVIOD]E KATA TO
palpo xata Baboc tov ypdagov tov yvopevon. Kdabe otoixeio tov State Table sivarl ma
Awta wnov bucket (Biéne oxnpa 5.2). Kdabe otoxeio m¢ Aiotac mepiexer éva deixty oe
ma Sopny timer_state. To peyeBoc tov mivaxa Kataxepjaniopov eival évac mpmtoc apib-
po¢ mov e€aptatal amod to HANHoC TOV PETPNT®V MOV XPNOPOMOIODVIAL 0TIV MEPTYPAPT] K
kabopiCetar Svvamkd og XpOVo eKTEAE0NC KATA TNV apX1Kl] @aon ektédeonc. Evac povobia-
OTATOC MIVAKAC IOV MEPIEXEL MPMTOVC apifpode xpnopmonoteital yia avtd to oxond. Avt 1
oty 1o peyaivtepo péyeboc mivaxa xatakeppatiopon sivar 32771, O1 mipéc e ovvaptn-
O1¢ KATAKEPPIATIOROD MOV XPIOPIOMOEITal ££ApTOVIAL Ao TIC TIEC EKEIVOV TOV OTOXEIOV
Tov D oD AvVTIOTOIXOUV 0& PETPNTEC EVEPYODC 0€ €Kelvn v Kataotaor. Otav anxvevstal
1a 0D YKPOUOoT KATAKEPRATIOROD, 1) véa Hopir) TOIOL timer_state €101 yeTal 0TV KEPAAT] TIG
AMotag tnov bucket. H Siepyaoia E/A eheyxt)c Timer Region Check 1 onoia viomotet
tov gheykty TR mov avagépbnke otnv evotra 4.3 éxer eva Seiktn oe ma timer state
Sopn yra petaBinu) xatdotaone. Avtdc o Seixtne elvar otV Npaypatikot|ta avtdc Mo
@LAGOETAL OTO AVTIOTOIXO OTOIXEI0 TOIOV bucket 0TOV MVAKA KATAKEPPATIGHOD.

Téhoc xpnoponotovjie 600 POVOHIAOTATOVC MVAKEC akepaimv pe peyefoc ntimers mov
ovopdCovtar UTLIM xat LTLIM yw v anofnxevon tov adve Kal KATo Akpov kabe petpit)
avtiotowxa. Avtoil o1 mivaxec Sndovoviar oty ypappi 137 tov apxeiov crank.h. Otav o
petpntc 1 tifetar, o1 péc tov LTLIM[i] kot UTLIM[1] exxmpovvtal ota otowxeia D[0] [1]
katr D[1] [0] tov mivaxa mepoxeov petpniov aviiotowxa (Gupnbne on Dy, eivan 10 dve

epaypa yia m Swagopd o — t; kar —Djp eivar 1o kAo @paypa yu 1 Swagopd t; — o).

5.2.2 Eoowtepikn dopun kar opyavoon

To RTCOSPAN tedika xpnoponotei okec 1ic apxikec ovviotwoee tov COSPAN ovv pept-
K&¢ Kawvovpylec. Mepwee and tic ovwviotwoec tov COSPAN éxovv petafinfet omov avto
vnpée avaykaio. Kabe epyaoia too RTCOSPAN negpiexer ta i tpia Pripata mov ava-

eepBnkav oty evotna 3.2 addd 1o apxeio rtcospan éxel petafinbet mote:

(a) Na petagpdler tovg opiopove oto Bripa 1, xar va mpooféter kanow Ponfdnuko sr

K®OOKA 010 TEA0¢ ¢ Meptypa@i|c TOv Xproty Ipw xkakéoel tov S/ R petagpaoti).

(b) Na petagpalet kat va ovvevover Tov KoSwka oe C IOV mapdyet 1o mponyovpevo Prjpa
emuAeov pe ma véa Piiodnkn librt.a n omoia mepiexel OAEC TIC PODTIVEC IOV

vAonolodv Tov aiyopiBjo mov enefepydetal TIC NEPIOXEC PETPITOV.
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switch(f){
case BEG_INIT:

case CONT_INIT:
break;
case BEG_SELECT:
case CONT_SELECT:
break;
case BEG_RESOLVE:

case CONT_RESOLVE:

Yxnpa 5.4: Tevikiy Sopr evoe Sopkond AiBov yia v crank ().

Adjustment_Timer
1: Timer_Region_Check

user_timer_one
n+1: user_timer_n

n+2: system_process_one

n+k+2: Hash_Init

Yxnpa 5.5: Iepapxia tov 6epyaomv oto RTCOSPAN.

50
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Ot poutiveg ¢ librt.a xalovviar oto code tpnpa xodwka (code) g Siepyaociac
Timer Region Check 1 omoia Sndovetar avtopata and my TpONOnOmpeEvy pag k6001 tov
apxeiov Snimoewv crank.h. O xdpro¢ oxomde Tov apxeiov crank.h elval va mapéxel ¢
SNAmoeic yia 1o apxiKO Katl To TeAKO Tpnja e ovvaptnong crank (). Aot 11 ovvaptmon
Kaieitan og kabe Prpa emioyne anogaonc ano tm Ppaodnkn tov COSPAN libsr.a xatd
MV eKTEAE0 TOv apxeiov og yawooa punxavic mov 1o COSPAN napdyel oto Pripa 2. Agbo-
PEVIIC QG OV YKEKPIIEVIIC OAKIC KaTAoTaonc, 11 crank () mapdyet pia emojpevi] Kataotaot)
kafe @opd mov xareitar. Otav e€avianfodv Ohec o1 emoOJEVEC KATAOTAGELS, WAL AVAKOIV®-
Vel TO yeyovoce péom ¢ tipn¢ nov emotpeégetl (NOMORE). H ovvapmon crank () amotele-
it and e oepd and tpnpata (blocks) anod eviodéc switch oav avty mov napovopiCetan
oto oxnpa 5.4. Ymapxet £va tetoto Tpnpa avd Sigpyaoia m¢ neptypa@nc. Av vmdapxet
éva tpipa C xobwka otnv meprypaen mag Swepyaoiag E/A; avtd ponaiver o ma Sevtepn
evioAl switch e 61ac Soprc 1 omoia axorovbei v eviodn switch mov avtiotoixei oty
Sop1) petafaonc e hiepyaoiac. XvpPoriCovpe pe TR_.BLOCK xar CODE_BLOCK ta mapandve
pata v eviorov switch (Biéne oxnpa 5.6). H petafinm) £ eivar e petafinu) tov
COSPAN mnov apxikd tifetar oty tipr) BEG_INIT, petd otnv CONT_INIT (apxikij @don tov
OVOTNRATOC ), Kal 0TY 0V VEXeW evarhdoeTal avipeoa otic tpéc BEG_SELECT, CONT_SELECT
11 BEG_RESOLVE, CONT_RESOLVE. Av 1 £ eivat o1 pe BEG_SELECT 1] CONT_SELECT o kbt
Kac otic eviodéc switch xdfe Siepyaoiac 6waiéyel pra emioyn), Kar OTAv eKTEAEOTOUV OAEC
ol eviohéc switch éxel xataoxkevaotei 11 odkn emhoyn. Ilapopowa otav 1 £ wovtw pe
BEG_RESOLVE 11 CONT_RESOLVE, mapdyetat 1) enojievy) oAk xatdotaol. H mpotn xat i te-
Aevtaia evtodrn) switch mov opiCoviat otig ypappéc 156 xar 193 tov apxeiov ferank . h (Bréne
gopetpro A) eivar mavia ot e, eveo o1 vnolowee mapayovial and tov S/ R petagpaoti,
ma ywa kibe Siepyaoia E/A mov opifer o xpriotnc.

H epapxia tov Siepyaommv péoa oto . c apxeio mov napayet 1o RTCOSPAN (6na. 1
oe1pd ep@avionc otov C kodika) eival Atyo mo norvmioxy ano 6t oto COSPAN, xat napov-
omiCetan oto ox1pa 5.5. ESo vmobétovpe ot o xprotne Snhover n Sigpyaoiec petpniov Kai
OTL TO KOPPATL TI¢C MEPIYPAPI|C XOpi¢ Xpovo amoteieital amo k Swepyaoiec. H Hash_Init
glvan ma ewkoviky Gepyaoia 1 omoia mepiExel pOvo £va TPNIA KOO Iov 6ivel apXiKe
npeg otig opge Gebopevov tov mivaka kataxkeppatopov. H Sepyaoia Adjustment Timer
avtiotowxet otov edeykt) Mr4 g evomrac 4.3 xar  Siepyaoia Timer Region_Check otov
eheykt) T'R. Av ka1 ot Adjustment Timer xar Timer Region_Check gpgaviCovial mpmieg
0g autl TV 1Epapxia, Ta KOPpATa xodika tove ektehovvtar perd myv Hash Init (Bléne
ypappeg 191 kar 192 tov apxeiov crank.h oto evpetjpio A). Avto eivar vnoxpeonxd pa

Kat avtee o1 6vo Siepyaoiec npémet va elvar o1 tTehevtaiec mov fa amo@acicovy v enopuevy
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TR_BLOCK
TR_BLOCK
TR_BLOCK
CODE_BLOCK
TR_BLOCK
CODE_BLOCK
TR_BLOCK
CODE_BLOCK
CODE_BLOCK
CODE_BLOCK
CODE_BLOCK

Yxnpa 5.6: Aopn e crank() oto RTCOSPAN.

of
of
of
of

of
of

of
of

of
of
of

Adjustment_Timer
Timer_Region_Check
user_timer_one
user_timer_one

user_timer_n
user_timer_n

system_process_one
system_process_one

Hash_Init
Adjustment_Timer
Timer_Region_Check

52
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KATAOTAOT] TOVG Katd 1o fipa ano@aotc, eneibn OAa ta yeyovota mov €Xovv 0XE01) e Pet-
pntec mpenet va anotpnfovv mpiv vIOAOYIOTEL 1] €MOJIEVY] MEPIOXT] PETPITOV Kal eAeyxPel 1)
ovvengia . Ov&iepyaoiec tomov R_TIMER ka1 R_CLOCK mpémet va eivat ol Ip@TEC MOV EKTE-
200V kobika, Aoye ¢ napovoiag eviodmv goto otov C xodika nov napayer 1o COSPAN o
omoie¢ pmopel va efmobico vy TV 6MOTI| AMOTIPNOY TOV YEYOVOTMV OXETIKA 1€ TODE IETPITEC
1a omoia ovpfaivovv.

Feyovota oXeTKd jie PETPNTEC MOV IPOKEITAL VA OVJLPODY AMOTIPODVIAL IE0A 6TOV KOOIKA
m¢ avtiotoxne Siepyaoiac tomov R_TIMER. To ox1pa 5.7 mapovopiCer ) poper) avtod tov
Tppatoc Kmoika. Xpnomlonoovpe Penbokmdika agob o1 GUVIAKTIKEC AeMTopepelec Hev eival
ONIAVIIKEC Yia TNV Katavonon e oxediaonc pac. Katd v apxiki @don tov ovotiatoc
IPAYILATOMOIEITAL £VAC OTOIXEIMONG EAEYXOC TG EYKVPOTNTAC TOV AKPOV TOV O1A0TRATOV
TOV PETPNTOV Kot vIoAoyi(eTal 0 0AMKOC apiBjiog T@v Petpni®v otV Meplypa@r]. LTI OVVE-
xela, vmodoyiCetal 1 e0MTEPIKI] AVAIAPAOTAOT TOV AKP®Y KAl alofnkedetal 0Toue mvakec
LTLIM ka1 UTLIM. Aev xperaletar va yivel Kavévac nImoAoy1opoc Katd 1o Bijpa g emioyrg.

Yto Prjpa amogaonc, mpota eAéyxovjpe av avti 11 Siepyaoia petpni) Ppioketar otnv
kardotaon ogdipatog (tstate eivar n petafinu) xardotaong tov eleykty). e avr
mv nepintoon tifevial 1 eomtepikl) perafint) oo COSPAN truncate xar n petafint
bad_timer _region. Otav tifetar i petafinmy truncate, 1o COSPAN nepwonter v ava-
Avor og avtod 1o onpeio, eve 1) bad_timer region xpnoponoeitatl apyodtepa ano 10V KoK
Timer Region Check. Av 1 petafinu katdotaong tstate Sev eivan 0, 11 faopkn 16¢a eivan
oT, o1 oVVBNKeC MOV EMTIPEMOVY TNV MPAYHRATOIOU0T] YEYOVOTOV OXETIKOV JE TO OVYKEK-
puyevo petpt xperdletal va e££1a0TobV IOVO 0TO ODYKEKPIREVO KOPPATL Kmbika. Av &va
YEYOVOC 0XETIKO p€ TO PETPI|TL IpoKettal va ov pfel apeoa, 1 aviiotowx Ty ¢ tid ewopye-
Tal 0TV KataAAnAn Alota petpnrov. H tipn e petafinuic tid exkxmpeital avtopata amnd 1o
RTCOSPAN onwc avagepape otnv evotnra 5.1. H ogpd pe v onoia efgtaloviar o1 ovvoi)-
Ke¢ elvan ovvenn|c pe v ovvaptnon petafaonc me R_TIMER oto oxnjpa 5.1. Avtéc o1 Alotec
etvat Srabeomec otov kwbwa ¢ Siepyaoiag Timer Region Check, mote 6ev vmapxet ava-
YK va vioAoy1otel 11 ovvOnk tov yeyovotoc Eava. H povn Swagopd j1e tov xmbika tov tomov
bepyaoiac R_.CLOCK givatl 6T otnv 1eAevtaia nepintoon 1 ovvOnkn oty ypappus 24 tov ox1)-

patoc 5.7 Ba émpene va avikataotabei pe «if ( tstate = 2 or tstate = 3 ) thenn.

Topa eival kapdc va oTpeyonjie TV IpocoX1] pac oto tnpa C xodika e Sepyaoiac
Timer Region Check mov mapovopmiCetar oto oxnjpa 5.8. Katd myv apxkn @don avtm 3
Siepyaoia amofnkever pa apxiki opn timer_state Xmpic evepyonc PETPNTEC OTNV APXIKI)
¢ Katdotaon (petafinm) trst). Ly apxn xdbe Pripatoc emdoyig avaxtata 1 Sopn

timer_state mov aviioTolXei 0TV mapovod OAlKI] Kataotaon tov ovotipatog. O mpafeic
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1 case ( £ ) in :

2 BEG_INIT:

3 if ( U< L ) then { Invalid bounds interval }

4 Error ;

5 abort ;

6 endif

8 ntimers <- ntimers + 1 ;

9 break;

10 CONT_INIT:

11 LTLIM[tid] <- ( - L << 1 | 1r ) ; { Lower_bound }
12 UTLIM[C_tid] <- ( U << 1 | ur ) ; { Upper_bound }
13 break;

14 BEG_RESOLVE:

15 if ( tstate = 0) then { Error state }

16 truncate <- 1 ;

17 bad_timer_region <- true ;

18 break;

19 endif

20 CONT_RESOLVE:

21 if ( (tstate = 1) and set_cond ) then { Idle state }
22 insert (timers_to_set, tid) ;

23 endif

24 if ( tstate = 2 ) then { Active state }
25 if ( expire_cond ) then

26 insert(timers_to_expire, tid) ;
27 if ( set_cond ) then

28 insert (timers_to_set, tid) ;
29 endif

30 else

31 if ( kill_cond ) then

32 insert(timers_to_kill, tid);

33 endif

34 endif

35 endcase

Yxnua 5.7: Wenbokmbikag w0obvvapoc pe 1o pijpa C xodika ya tov wno Siepyaoiag E/A
R_TIMER oto apxeio 6nimoemv RT.h



KEQPAAAIO 5. TO EPITAAEIO RTCOSPAN 35

amofNKEVONC KAl EMAVAKTNONC DAOIOIODVIA E0® TOV XANAOD eMIEGOD PAKPOEVIOADY O€
C PACK() xar unpkse() tov COSPAN, o1 onoiec opiCovtar otic ypappéc 98 xar 105 tov
apxeiov 6nAwoemv crank. h.

Ye xabe Pripa amogaong mpota ereyxovpe eav 11 Timer Region_Check etvat 161 oty
katdotaon ogdipatoc 0, onote tifletar 1 truncate (ypappn 176) xar o £Aeyxog 00 MPOY-
pappatog petageépetar otny ypapt 199 omov xabapiCoviat 0Aec o1 MOTEC T@V PETPNTOV OOTE
va etval etopec va xpropponomfovv oto endpevo Prjpa anogaonc. AAlmce av 1 petafintyg
bad_timer_region &xetl 1ebel mponyovpeveg and xamowa aidn Siepyaoia tomov R_TIMER,
n trst Seixvel og pua Hop1| MEPIOXIC PETPNTOV OTOV MIVAKA KATAKEPPATIOROD KAl YivovTal
1a akorovfa Prpata. Ipota ehéyxovpe av kamoec ardec Siepyaoiec tomov R_TIMER 1y
R_CLOCK Ba £Xovv v Katdotaon o@aApatoc o¢ v enopevy Kxatdotaorn toue efetaloviac
v petafint bad_timer region, KAl av DIAPXOVV KAMOW YEYOVOTA OXETIKA € TOVE JET-
pntéc efetaloviac tic Moteg timers to kill, timers to_set, timers to_expire. llpota
enefepyalONaote 1a yeyovota eKnvorc, KaAmviac ) ovvapmol expire timer (). Avw) 1
ovvaptnon mepiexetal otnv Piaodnkn tov RTCOSPAN 1ibRT.a, kai 1 meptypa@i) g
oe Pevbokwbika mepiexetar oto napaptnpa B. Ta opiopata mg eivarl éva avitypag@o g
TPEXOVOAC KATAOTAONC PETPNT®V Kl 1] AOTA T®V PETPNTOV IOV €KIMVEODV, KAl 1| TI1] MO
emoTpegel puopet va Beoer v bad_timer_region av 1 véa mePloX1) PETPNTOVY MOV MPOKVITEL
givar aovvenc. H kill timers () vAiomotel ta yeyovota akVpmon ¢ anid ofvvoviac ta otot-
xela ¢ timers_to kill amd ) Alota active timers ¢ tmp_state. Av péxpr otiyprg
bev éxovv Bpebel aovvéneiee, 11 ovvapoy reset_timers (n onoia emiong neprypdetal 0To
gopetpro B) aoxoleitar pe tove petpniée mov tifevian twpa. L1 ovveXewn 10 yovpe
véQ MEPLOXT] PETPNTOV tmp_state oTov mivaka Katakeppatiopov pag pe tov t1 va Seixver
otn véa meploxt) petpniev, kabapiCovpe tic Aotec petpniov kar anodnkebovpe tov t1 oav
) véa xataotaor g Siepyaotac. Tedwkd 1 bad_timer_region yivetat yevdig, kat elpaote

£TOI01 Y1a TO enopevo Pripa emioyng/anogaongc.

5.2.3 T'voota npofAnpata

2 H mhateoppa mov anartitat yua va tpéfet 1o RTCOSPAN eivar axdpa apxetd exbixr. To
RTCOSPAN gyyonpéva tpéxet oe pnxavec sund mov 1pexonv Aettovpyiko ovotnpa SunOS
Release 4.1.1 pe v éxboon tov COSPAN 6.4.4 (4/2/90). To RTCOSPAN 6a npéner va
pexel oe pyxavee sund pe my exkboor tov COSPAN 6.4.4 (av xar Sev éxer Soxipaotet),

aiid mapayel AavBaopeva anotedéopata av xpnopmonowmfei 1 exboon tov COSPAN 7.1.

2MMol2d anmd ta mapaxdio mpofiipata avaipodviar otny Sedtepn éxboon oo RTCOSPAN (Baéme ev-
petnpro D)
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163 case ( £ ) in :
164 BEG_INIT:
165 CONT_INIT:

166 store initial trst ;
167 break;

168 BEG_SELECT:

169 retrieve current trst ;
170 break;

171 BEG_RESOLVE:
172 CONT_RESOLVE:

173 { Default if no timer events }

174 t1l <- trst ;

175 if ( trst = 0 ) then

176 truncate <- 1 ;

177 goto clean ;

178 endif

179 if ( not bad_timer_region and (timers_to_kill <> NIL or
180 timers_to_set <> NIL or timers_to_expire <> NIL)) then
180 tmp_state <- copy_timer_state( trst ) ;

181 if ( timers_to_expire <> NIL ) then

182 bad_timer_region <- expire_timer(tmp_state,timers_to_expire)
183 if ( bad_timer_region ) then

184 free( tmp_state ) ;

185 endif

186 endif

187 if ( timers_to_kill <> NIL ) then

188 kill_timers(tmp_state, timers_to_kill) ;

189 endif

190 if ( timers_to_set <> NIL ) then

191 if ( not bad_timer_region ) then

192 reset_timers(tmp_state, timers_to_set) ;
193 endif

194 endif

195 if ( not bad_timer_region ) then

196 t1 = hash_install(tmp_state,hash_timer_state(tmp_state)) ;
197 endif

198 endif

199 clean: { Cleanup all lists here }

202 free_list( timers_to_set ) ;

202 free_list( timers_to_expire ) ;

202 free_list( timers_to_kill ) ;

217 store t1 as next state ;

218 bad_timer_region <- false ;

219 endcase

Yxnua 5.8: Wevboxmbikag wobdvapog pe to tpipa C xobwa yua mv &epyaoia E/A
Timer Region _Check oto apxeio Sniwoewv trcheck. c
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O C xobwac mov napayer 1o COSPAN xprnoponotel £va ompo evioAeg goto, Kat Kavet
Stagopec Behniotonoujosic Kmbika. Agod £xovje vAOIOM0E1 OA0 ToV K@O1Ka mov oxeTiletat
JE TODG PETPNTEC KAl TOV AAyopifpo Tov DEPOX®mY PETPNIOV VIEAOC £ Amd v povTiva
avddvone tov COSPAN (analyze()), eyyvopaote 011 0 KoSwag pac Aettovpyel omotd
novo dtav o1 hiepyaoieg E/A tov petpniov kal tov petpniov pe enavabeon eivar o1 mpoteg
Sepyaoiec E/A otnv meprypagi).

Eva muipa tov otowxeuobove petagpaotn) pag (Kt ovyKekpipéva 1o apxeio evioiov awk
RT.awk) 6ev xepiCetar omotd Snhmoeic petpniov péoa oe kataokeveg #ifdef. To Adboc
glvan ot 1) mapapetpoc tid Ba avfnbel AavBaopéva oe avty v nepintoorn. Mia omot Avoy
og avto 1o npofinpa Ba frav n Kataokev:) evoc petagpaoti pe yacce. Mia mpoom pivi) Avon

glval 1] Xp1j01] KATAOKEVOV TIC MAPAKATE JLOPPIC.

proc
#ifdef DELAYS
DELIV_TIME

#endif DELAYS
#ifdef DUPLICATE
ZERORECDELAY
#endif DUPLICATE
:R_TIMER(
#ifdef DELAYS
\[,1,DEL_TIME,\], (S.# = 2)*(DELIVERY_TIME.$ = 1),
(R.# = 2)*(DELIVERY_TIME.$ = 2), 0)
#endif DELAYS
#ifdef DUPLICATE
\[,0,0,\], M.# > 0, RB.# "= 0, 0 )
#endif DUPLICATE



KepaAawo 6

ITapabeiypata

Y& avto 1o Kegaiao Geixvovpe moc va xpnopmonowfel n peboboc pac yia my meprypagn
kar enainfevon 6vo ovomquatov. To mpmto mapaderypa eival jia €MEKTAOI TOV YV®OTOD
npOTOKOLA0D «evaiiacopevou—gneiow (alternating—bit) ya emxowovia, 1 omoia mepié-
XE1 DANPO@OPIa MPAYRATIKOD XpOvoD, Kal To 6g0tepo mapdbetypa emeKTeivel T0 KAvAaAl pe
kaBvotepnon e evotqrac 2.3.1. Ta my gvkoiia tov avayvootn ol meptypa@ec pag da
6wBobv vo popery ypdgov avtl yia ) yaowooa neprypa@rc too RTCOSPAN, ma xatr 0in
1 mporyobuevy ovCitmon Kablotd v petd@paot) ).

6.1 To HDPp®TOKOAAO £VAAAACOPEVOD—NPIOD

To povieho pac yia 10 mpetoxoiro emrowoviag evaiiacdopevov—ygneiov (alternating—bit
protocol 11 ABP) ovopotikd BaoiCetar oe exeivo mov napovopiletat oto [ACWIO]. T 26-
YOUC MANPOTTAC MEPTYPAPOD]IE GUVIONA TO MPOTOKOALO. Av 0 eknopnoc embojet va oteihet
£va pvupa, amid 10 Dapdyel Kal 10 IPpOTOKOAAO ETa@opdc To maipvel. To pnvovpa amo-
otehetar pali pe eva Svadiko gngio 0 1 1 xar tifetan &vag petpnuic. Metd, 1o np@TtOKOAALO
anmootolAlic meppevet yu e emPefaioon (acknowledgment) ot to prvopa napaiiednke
omotd. Av gpber ma owotr emPefaimon, otéhver to endpevo prvopa. Toxov havBaopé-
vec emPefaimosic ayvoobvial. Av o petpniic ekmvevoet, 1o 1610 prvopa avaotéiverar.
To npwtoékorro Afync emPePaimvel To Pn@io Tov TeALVTaiov pnvopatoc mov iafe omoTdA.
Eva povabikd avtitono napadibetar otov 6ext kxan omotabnmote Sumdd pnvdpata neTovvia.
Xpromonoovpe ) onpaciproyia Katd myv omoia o xpovoc petald Swwboxikov petafdoswov
nnopet va givar pndevikog (Oétoviac tov xatdiinio roywd perpnuy AT).

Apxetec mapariayéc avtod tov poviciov xpnoponoudnkav yia va eieyxfoov Sidpopec
6womrec. H Sopry tov mpowtokoiiov oe vynho eminebo mapovomiletar oto oxnpa 6.1. H

oxebiaon Tov mpeTokOALOD eyyvdtal mapaiiaf) pnvopdt®v amd Tov MOPIO 0To HEKT pe

58
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Lower Layer

! | | )
1 I | 1
i . PN
| i Sequence Num. ! 1
1 I 1
i | ('sending Buffer \ SN | !
Producer \ SB ; ! RB !
PROD ! : > :
1 1 1
| @||®[|__7
: SSN : M : :
! | | \
Sender % Transmitter i i Exp. Seq. Num. i
S \ TR | PR E |
! : : :
: : : :
Ext. Buffer ! !
" e 1)
| | ' i Upper Layer
i E Receive Num. \ MA ! Ppertay
i ! RN ! !
Upper Layer | Sending Protocol P | Receivind Protocol |
! | | \
! | | \

Yxnpa 6.1: Aopn og vgnid eminebo 100 NPO@TOKOAAOD EMKOIVOVIAC EVAAAAGOPEVOD—PTQIOD.

M 0®OTI 081pd, PE0A A0 KAVAAI EMKOIVOVIAC TG OMOiC HIOPel va XACOUV IEPIKA QIO
Ta pnvopata mov petagepovv. Ta Ave oTp@IATA AvToD TOV HPO@TOKOAAOD HOVIEAOIOIOD-
viar and 6vo Siepyaoiec mov ovopdloviar S xar R, xar mapdayovv kar Aapfdavovv pnvopata
AVIOTOIXA. X€ A amo TC IMapariayéc evae eEmtepikoc napaymyoc pnvopdtov PROD
kar gvac e€mtepikoc eviajuentrc BUF éxovv ovpnepiingfel 610 ave o1 popad 100 IpoToKOA-
Aov amootoAng. Avo opdbec Hlepyaomy HOVIEAOMOODY TA TRNIATA AMOOTOANC KAl ANPTG
TOV MP@TOKOAAOD 0¢ eminebo petagopdc. To TaNpEa peta@opdc mMeEPIEXel £va evIAmELTH
pnvopatov SB, éva exmopnd TR, éva petpnmy enavexmopnnc TI, ma Seyaoia SSN mov
napaxkoiovbel tov apipd axorovbiac mov oréhvetan pali pe 1o £1OPEVO PNHVLRA KAl TEMKA
ma Sepyaoia avaivty emPefaimone AA. To tupa AQyne amoteAsital amo £va eviamevty
anune RB, 1 6iepyacia E mov mapakorovbei tov apipd axkorovbiac mov avapévetat pe 1o
endpevo prvopa, katr tov avaivn) ppvopdatov MA. Tedkd ta kato emineba amotehovviar
and 6vo povobpopa (half-duplex) xavdia emxoweviag ta onola petagepovy (Kat pLopet
KAl va xavouv) pnvopata kar emPefaiwoerg avtiotowxa. Kdabe kavdd poviehonoujtar ano
bvo Gepyaoiec. To kavddi mov petageper prvdpata (ag 1o ovopdoovpe 10 «efepxopevo
Kavddw) anotereitar and ma Siepyaoia prvopa M xar éva apipo akorovbiag SN. Ot en-
1PBeParmwoeic emMoOTpe@oOVY 1E0A WO £VA «E10€PXOJEVO KAVAA TO OIOI0 POVIEAOMOU|TAL (IO
ma Siepyaoia empPePaionon ACK xar éva AapPavopevo apipo axkorovdiac RN. M nanprng
neprypagt) o RTCOSPAN napovopiCetat oto gvpetipro C.

Exovpe e1op1yet apketone petpniec yia va mpoofEoovpe Xpovikong meplopopons. Avtot

nepriapfavoov:

1. Tov petpny pe enavdbeon TICLK. Avtdc o Aoyikde petpnuic Xpnopono|al yia
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va MAapeXel TV DANPO@Opia IPAYRATIKOD XpOovoy otov petpnt enaveknopmnnc T1 tov
npotokorion. H ovvlnkn Bcone tov eivar i ibwa e ovvlnky Beone tov TI, xat
ovvBiky exnvong tov eivar 1 exnvory tov TI, 6nd. (TL# = to). H meprypaer tov
Srwotipatoc tov etvan [T IM E, T IM E], mov vnovoei 6t 11 exnvor) ovpfaivel akpifoc
TIME povabec xpovov petd 10 yeyovoe Beone. Tehwkd, av Anebel n omot empPe-
Baiwon npwv o TI exmvevoet (ka1 o¢ ex tovtov o TICLK exnvebdoet), tote o TICLK

AKVPOVETAL.

2. Tov hoyiko petpnu] CHO_TIMER. Avtdc o Aoyikoc petpniic poviehonoei my xKa-
Buotepnon petaboonc tov e€epxopevon Kavailov omov otéAvovial ta pnvopata. O
CHO_TIMER rtifetan omote éva pnpvopa mapadibetar oto e££pxopevo Kavail Kal eKi-

véel omote 10 efepxoOpevo Kkavaht mapabiber 1 xavel 1o prvopa.

3. Tov roywo petpnu)] CHI.TIMER. Avtoc o Aoyikoc petpni)¢ povieAonotel myv Ka-
Buotepnon petdboonc Tov €108 pXOPEVOL Kavaiiod Omov otéivovial o1 emfPefaimosic.
TiBetan omote a emPefaionon mapabibetar 0To £10€pXOPEVO KAVAAL KA EKIMIVEEL OTIOTE

n emPePainon mapabibetan 1 xAveTa.

Avtot o1 1peic petpniEc apkovv yia va amobeixtel 11 opfotnta Tov mpoToKOAAov, O1A.
n napaboon OV INVORATOV pe T 0ot ogipd. To cvpminpopa kabikovioc mov Xpnopk
pomoeital oe avt My nepimteon eivar 1o TC onwc eivar oto [ACWI0]. Opog yua va
anodeifovpe oM £va prvopa napabibetan péoa oe Kaopiopéva Xpovikd opia, MPemnet va Xpi-
omonooovpe dhro éva hoyko petpnt DELIV_TIME, xat éva véo eAeykti) ov pmAnpopa-
to¢ kafnxkovioc DELIVERY _TIME. Avtoc o petpnuig tibetar otav o mopnde amogaoilet
va otethetl £va onpadbepévo Pvopa, Kal eKnveel Otav 10 privopa @tavel otov 6¢ktn. AAdn
ma W6omTTa yia ¢heyxo elval av oTEAvovial mote Surhd aviitnma evoe pnvojpatoc 6e6o-
pEvoy O 1o €108 pXOREvo Kavail 6ev xavel emPefaimosic. Exovpe 6eifer o1 11 mapovoia
Sumdov aviitwneov efaptatar anod ) oxéon e e exnvorc TIME pe to abpowopa tov
kaBvotepnoenv 1oV Kavahiov emxovoviag. 'a va 1o amobeifovpe avtd mpooféoape eva
veo hoywko petpni ZERORECDELAY o omoioc kavel oiyovpo 611 01 Hiepyaociec tov mpw-
tokOALov ANy enefepydCovian ta pnvdpata og pndevikd Xpovo, Kal XpNoplonou|oas Tov
egheykt] DUPLICATES w¢ ovpninpopa xadnkovioc. Avtdc o ereyktc petafaivetl og ma
KATAOTAOT 0@ GAPATOC OTAV £Va AVIITDIIO PVDIATOC QTAVEL OTOV IPOTOKOAAO ANPIC.

Ensita xpnomonoujoape pa enéxtaon tov ABP mov ovpnepihapfaver ta mave emin-
eba Tov MP@®TOKOAAOD, Y1 VA JEAETNOOD]E TNV HANPOTITA TOV evIAmELTI 0T H1aodvdeon
nave anod 1o ABP. Ilpooféoape éva e€otepikod napaymyo pnvopdtov PROD, éva e€mtepiko

eviamevt) prvopatov BUF, xat adddEaje tov mopnd S va otéAhvel privhpata mov mapdyet
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o PROD (avt) eivar 11 €xboon e Sepyaoiag mopnon oto evpeujpo C). Xe avtod 1o po-
viedo éva pvopa npoepxouevo ano tov PROD eite anofnkevetar npoowpiva oto BUF av
1A KAvAAQ EMKOWEVIAC £1val anaoXoinpéva, eite mapadibetar katevdeiav 610 np@TOKOALO
QIIOGTOALC XPNOPONOOVTAC &va pnxaviopd napepfoliic (cut-through). Evac hoywoc pet-
pnuic PROD_TIMER eiéyxer 1o pufpo pe tov onoio o PROD mapdyet ppvopata xkat éva
véo ovpnAnpona kabikovioc BUFTHRESHOLD ghéyxer av 11 mAnpotta T00 eviapmenty
£emepvdet MOTE £€va OV YKEKPIEVO Op1o Kavoviac v vmobeon ot 6gv XAvovial pnvopata 1
emPefavoeic (avty eivar 11 koo ToV Kavalev emxoweviag oto evpetiplo C). Pavepd,
avto e€aptatal amo 1o pdod pe tov omoio 1 Hiepyaoia mapaymyoc Snpovpyel pnvopata xat
amd Ta Xapaxmplotika kafvotépnone v kavaimv. Exovpe edéyer v mAnpomta tov

EVIAIIEDTI] YA £VA PEYAAO EDPOC MAPAJIETPOV TOV OVOTHRATOC.

6.2 Avo napaiinia kavaiia pe kabvotepnon

Avtd 1o mapdberypa enexteivel 1o Kavait e xabvotepnon oto oxnua 2.2. To ovompa amo-
tedeitar and £va exknopno (T'R), 6vo napdiinia xavaiia pe xabvotépnon (CH1, C H2), xa
gva bexty (REC). H neprypagrn pe xpovo Tov eKIOPIon eival HapOpowd e avti e Lpol|-
yoopevic evotnrac. Otav o eKMOPIoOC eival TOo¢ va eKnepyet, napadibel 1o prvvpa oto
npmto Hrabéomo xavail. Av kar ta 6vo xavahia eivar Swabeomia, o1 T0 VLA OTEAVETAL
oto xavait CH1 (mpotepardtta tov C H1 ndve oto CH2). O 6éxmg potdet ta kavddia
pe £va xukAkod tpono (round-robin polling), xat vIdpXer NEPIOPICROC GTO XPOVO AVARESU
otic hraboxikee epotiosic. Kabe kavait eivar mapopolo pe 10 xavail pe xabvotépnon otnv
egvomra 2.3.1, Kai o1 meplopiopol otnv KabvotEpnon 1ov Kavaimv eival yevika Siagopent-
Koi. Oa Behape va enainfevoovpe 1r1ottec yua v kabootépnon and axpd oe AKPO TOV
PNVORATOV, yia OAa ta pnvopata oto ovotnpa. [Ma napdberypa viobéote 611 Behovpe va en-
1BeParmwoovpe 611 yia OAa ta prvdpata mov 6TEAVOVIAL, 0 XpOvoc Petalh ¢ OTIYHIC IOV TO
PIVORA £lval TOo yia PeTadoot) amo Tov EKIMOPNO KAl ¢ OTIYANC IOV avTd TO IVOja ma-
pakapfavetar anod tov Gk, eivar kpotepoc (peyalvtepoc) ano xamowa npoxabopiopevy
otabepa.

IMa va emadnfedoovpe ma této1a 1610 TA XPNOPHOMOI0D]IE £va TéXvaoja mov Saveopa-
ote ano T¢ 1exvikeg mov napovoloviar oto [ACWIO0]. Mia xar xperaCetar va anobeifovpe
ma homta mov oxetiCetar pe dha ta pnvopata, sivar apketod va amodbeifovpe avt v
16101 yia £va o yKekppévo prjvopa mov 6iwaigyovpe toxaia. I'a 10 0komd avtd ovpfoii-
Covpe 6ha ta pnvopata pe msg0 exto¢ amo &va £191ko pivopa mov ovjforiCovpe pe msg .
O exnmopndc anogaoilel i witokpanikd note va oteiret msgx (To msg* navia otéhvera

KAIote), Kar 1o xabnkov pag opiCetar péow tov wontov me xabvotépnong and dxprn oe
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msg0'} TRANSM(I)'@ng!} 1
else else

else (CH1#msg?)+ (TR#=msg*!)
(CH2#=msg?)
(TRH=$ (TR#Estart)
~(TR#emsg*!)
(CH1#=msg?)+

R S . L

IDLE1{ pauise,start} IDLE2{ pauise,start} 0

CYSET={IDLEL,TRANSMIT1}

Transmitter (TR) Msg* Monitor (M*TR)

Yxnpa 6.2: H Gepyaoia exmopndc. AraA&yel 1 aitiokpatika va oTeiAel To e161K0 Jjvoja
msg® (oha ta dAla PRVdRATA AVTIIOTOIXOUV 08 mSg).

DELAY {pause,deliver} DELIVER{msg'} DELAY {pausedeliver} DELIVER{ msg!}

dse(j,o (CH1#=deliver) O s dse()o (CH2#=deliver) Odse

(RECH#=mgg?)* (REC$=1) (REC#=msg?)* (REC$=2)
(TR#=msgON+(TR#=msg*!)

(

EMPTY {msg?} EMPTY {msg?}

Channell (CH1) Channel2 (CH2)

Yxnpa 6.3: Ta xavaiia. To xavail 1 £xel mpotepaiotra £vavtl Ton KAvaion 2, Katl eva
Kavaitl mapadibel £va prvopa povo 6tav epeatal.



KEQPAAAIO 6. IIAPAAEII'MATA 63

else S IV (M * (REC#=msg?)* ((CH1#=msg!)* (R$=1)+
TR#= *(M*TR$=0
O ( e $_ ) | (CH2#=msg!)* (R$=2))

{ pause, msg?} else S, dse \
) : :
“(TRi#=msg* 1)* (CHi1#=msg?) 0 1 o e
(TR#=mSg*1)* ~(CH1#=msg?)*
= \_| (CH2#=msg?)
1 2
{ pause, msg?} O
true true
Receiver (REC) Message Monitor (R) Task Complement Monitor (M . )

Yxnpa 6.4: O 6eéxtne ka1 10 ovpnanpopa xadnkovioc. O Gexme potdet ta Svo kavaiia

pe KukMko tpomo. O eheyKTic pnvopatoc anofnkevel 10 Ovoja Tov Kavaiion mov ¢iafe 1o

msg*.
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else ese

~(CH1$=PELAY) ~(CH2$=pELAY)

(CH2$4DELAY)

ese else

1 else
~(REC$=1)
(REC$#1)
0 ese

Receiver Monitor for State 1 (M1 ) Receiver Monitor for State 2 (M2

REC REC )

Yxnpa 6.5: Atepyaoia eAeyKT|¢ yia v Deprypagr pe xpovo oto napadsiypa 2.

axpn tov msgk. Aniadbiy av avtd 1o xabikov ikavomoutal, avtec ot W10 TEC IPENEl va
1wxvovy yia kabe prpvopa. H meprypaer) tov exnmopmod napovopiCetar oto oxnpua 6.2, xat ta
Kavaha pe kabvotépnon napovomiCovial oto oxnpa 6.3.

To oxnpua 6.4 nmepthapfaver tov 6extn kan 1o xabnkov. Otav o 6k elvar ot Katd-
otaon ¢ petdel 1o Kavddi i. Yodpxetl jua ovpninpopatky Siepyaocia (1 Siepyaoia eheykc
pnvopatoc R) v omoila €0j1yovpe yid va KOSIKOMOUGOVHE TO OVOIA TOV KAvVAAOD IOV
petagepel 10 msgk. Etop R = ¢ ovpPoliCer dm 1o msgx elvan wpa oto kavddi 2. O
€AeYKTIC TOV oVPIANpOpatoc Kadnkovioc onpeimvel ta 6vo evbagepovia yeyovota, 6naadn
MV IAPOVOiIa TOV MSY* OTOV EKIONMO, KAl TNV ANPI] TOD MSG* Ao Tov H&KTI).

IMa va meprypdpovpe To0¢ AOYIKODC PETPNTEC IOV MEPTYPAPOVY TOVEC XPOVIKODC IIEP10-
pwopovg npoobetovpe tTovg €heYKTEG 0TO oxnpa 6.5 kar 1o oxnpa 6.2. O eleykug M,
xpeldCetal yuu va Kataypdyel my Ipety) Qopd Mo To msg* eival Stabéopio otov exnopmo.
On petpniéc opiCovian pe mapopolo tpono onwc xat npiv. O petpniee Trr, Tom, Toms eivan
HAPOPO101 JIE TOVE PETPITEC OTO MAPAOETYIA TG IPOIYOVREVIC EVOTITAC, KAl MPEMEL VA MPO-
ofleoovpe £va emmAieov petpntn yu tov Skt kabe petpntg 1 ppc PETPA TO XpOVO MOV Ie-

pvan REC oty xataotaor ¢ xpnomonowviag tov eheykt M; rpe. Lnpeiwote 611 o exg
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pmopel va arAdfer Katdotaon povo peITOvIAc to avriotolxo kavait. O petpnuc T mov
ovvbeetan e 1o ovpnAnpopa kabnkoviog éxet ovvlnky 8éone (T R# = msgx!)x(M7p$ = 0)
kar ovvOnxy exnvonic (RECH# = msg?) « (CH1# = msgl) « (RS = 1) + (CH2# =
msg!) * (R$ = 2)) x (Mrc$ =1).

Otav 10 peyaivrepo Axpo tov Srotnpatoc petpnt og antod to napaderypa dev Eenépaoe
10 10 10 gpyaieio pac extédeos 10 Prpa e enainfevonc oe 596 Sevtepdhenta oe eva
otafnd epyaoiac SUN 3/60 pe 8 Mbytes RAM, 15587 xataotdosic epevviinkav, 80882
akpec Swwoxiomkav, katr nepimov 10 Mbytes pvijpn xpnomponou|fnkav.
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Yvurepaocpata

Agifape 61t to COSPAN pmopei va enextabel mote va xepiCetan mepropropone kabvotept)-
0E®V JI€ QUOJKO TPOMO, KAl HOC TO GLOTNA MOV IposkKuye pmopei va enainbevoest evira-
pepovia mapadeiypata. H mpooéyyion pac eivan svéhiktn @ote va xeipiletal Sa@opetikéc
ONIACIDAOYIEC ODVEXODC XPOVOD ONMKOC OTAV O XPOVOC MOV IEPVA AVAPEsd oTiC fetafdoetc
TOV OVOTIPATOC pmopel 1) mpémel va givatl avotnpd Betikoc. H Baopki) npoosyyion tov Hua-
XOPIOPOD TOV XPOoviKA avefdpTnTov amod To XpoviKa ££aptnevo TR TC TEPTYPAPTC Kt
1 XP101] TC KATAOKEVIC TOV MEPIOXOV PETPNTOV propel mYavee va e@apootel Kat og (k-
Aec peBobove enainfevone pe my 16w emroxia. [a mapdberypa, ma napdpoia 16&a £xel
xpnomponomei yia myv avdhvon Swtev Petri pe xpdvo [BM83).

H peyadvtepn npoéxinon mov anopevel eival 1o npofinpa me extivalne tov apipov tov
KATaoTdoemv: AKOIA Kal 08 ODOTNRATA XOPIC XPOVo, 0 XOPOC KATAOTACEMV T@V MPOoPin-
PATOV propel va peyahmoel moAb ypiyopa oto péyeboc e meprypagrc tov mpofAnpartoc.
Otav AapBavoviatl vnognv eaptioeic amo 10 Xxpdvo, 1o npofinpa embevoverar ot Xeipo-
TEPI] MEPUITMOOT, O aplBpoC TOV HEPIOX®Y 0T Hiepyaoia eAeyK T mov e£aptdtal amd 1o Xpovo
RIopet va eival O(c”2 ), OIOD ¢ ival TO PEYIOTO €DPOC OLWV TV MEMEPAOREVOY SIAOTRATOY
nmov £p@aviCovtal 0Tove XpOviKovC MEPIOPIORONC KAl N gival o aplBjioc v Meploplopmy.
Emtoxape oto va anogoyovpe v Kataokevi] AXpnotov IEpoXmv SIRIonpymvTac Ti¢ Iepto-
xé¢ Svvamkda. Opoc meplooodtepa pétpa mpenel va mapfovv yia 10 Xeiplojlo IeyaAdvtepmnv
HPOoLANPAT®Y, yia 1] XPNOJROIOIN0T] LOVO EKEIVOV TOV XPOVIKOV MEPIOPICHOV IOV £1VAL QUII-
apaitnrotl yia va enainfentel éva onyKeKpIEvo oOOTIA KAl TPy pa@l], Kal va ayvoovpe
AOXETODC MEPIOPIOODE MOV propel va avénoovv tov aplpod tov meploxov. Avtd fa amar-
tovoe ovvbiaono pe tic Wéec and o [AIKY92].

[Ma mv opa PeAtiwvovpe v VAOIOINOY HAC MOTE VA EMITPENOVIE OTO XPNOTY VA IIe-
prypagel xatevbeiav oe COSPAN ovvBnkec g poperic «to xatnyopnua ) eivar aanbec

010 nap®v Prpa xa frav gevdée oto mporyovpevo Piijtar 0Tov 0popod TV PeTpnIeOv (I.X.
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£exmpioe TV DPpOTI Popd mov 10XVeEL T0 )). Kdm 161010 O anionoujoet v NoAVIAOKOTITA
mM¢ Meprypa@ric mia Kal 01o Paoiko poviedo xpetdletan va gwaxbel évac sheykm|c yua va
AdBer vmognv pa TETod 11O TTA MoV £Xe1 VA KAVEL g TV IPp®TI QOpd MO yivetal KAT.
Emion¢ nepapanCopaote pe ) povigdonoinon Kal my enainbevon peyaidiepov ovotpd-
TV Onemc o1 aiyopifpor tov FDDI, katr mv anobeifn gpaypdtov otic kabvotepnosic oe eva

ohokAnpouévo xukAopa 6wakomty yia ATM 6iktoa.



ITapaptnpa A

Arnoonaopata amno to apxeilo

6nAwoewv crank.h

Avtd 10 gupetp1o MEPIEXEL OV YKEKPIPEVA TRILATA TOV apXeiov 6ndmoe®v crank . h ta omoia
XpelaoTnrav ariayéc nov arnaitovoe 1 vionoinon tov RTCOSPAN. IMa my 6ievkoivvor tov
AvayvmoTI| PIpootd ano kabe ypappr) vidpxel o aptBoc me Kat o1 veee Ypappes mepiExouy

10 0XOA10 /* rtsr */.

1 /*x0(#)crank.h 6.4 (AT&T-BL) 3/3/90 13:54:17*/
89 #include"types.h" /* rtsr */
90 /%

91 * bit manipulation routines

96 #define mask(size) ((1<<(size))-1)/*works for size<BITS only*/

97 #define gmask(size) (size>=BITS7BIG:mask(size))

98 #define PACK(x,size){*wd= *wd&~ (gmask(size)<<bit) | ((unsigned) (x)
&gmask(size))<<bit;\

99 1if((bit+=(size))>=BITS&& (++wd,bit-=BITS))*wd= *wd& mask(bit) |\

100  ((unsigned) (x)>>(size)-bit)&mask(bit);}

101 /% unpack without sign extension */

102 #define unpk(size) (acc= (unsigned)*wd>>bit&gmask(size), (bit+=(si
ze) ) >=BITS&&\

103 (++wd,bit-=BITS)?acc| ((*wd&mask(bit))<<(size)-bit) :acc)

104 /* unpack with sign extension */
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105 #define unpkse(size) ((acc=unpk(size))&1<<(size)-17acc| "gmask(siz
e):acc)

106 /x*

107 * crank header

108 */

109 #ifdef PAUSE

110 # define CLEARC c1=0;c2=0;c3=0;

111  #else

112 # define CLEARC

113 #endif

114 #if defined (HOMVERIFY)&&defined (PAUSE)

115 # define CLEARH c1h=0;c2h=0;c1f=0;c2f=0;

116 #else

117 # define CLEARH

118 #endif

119 #ifdef MERGING

120 # define LINEDEF char *Cline;

121 # define SEQDEF int seqgbit;

122 # define LINESET Cline=mtrans;

123 # define SEQSET seqbit=0;

124  #else

125 # define LINEDEF

126 # define SEQDEF

127 # define LINESET

128 # define SEQSET

129 #endif

130 #define ERROR(loc,err) {errloc=loc;errline=__LINE

131

132 #define BEGIN \

133 1int *oldstate,newstate[STATESIZE],statesize=STATESIZE;\

134 /* rtsr */ int ntimers=0;\

135 /% rtsr */ int badtr=0;\

;return err;}

136 /* rtsr */ list *timers_to_set, *timers_to_expire, *timers_to_kill;\
137 /* rtsr */ extern int *UTLIM, *LTLIM;\
138 /* rtsr */ extern timer_state *null_timer_state, *hash_install(),\

139 /* rtsr */ *reset_timers(), *expire_timer(), *copy_timer_state();\
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140

int c¢1, ¢2, c3, clh, c2h, cif, c2f, plus, truncate, errloc=(-1),

errline;\

141
142
143
144
145
146
147
148
149
150
151
152
1563
154
1556
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174

char *errfile=__FILE__;\
Action f;\
Retcode \
crank O){\
LINEDEF SEQDEF\
extern Cyset cyset[];\
static Cyset *cy=cyset;\
static skip,more,loop,eof;\
register bit,*wd,acc;\
int 1;\
if(eof){\
eof=0;\
return NO_MORE;\
N\
begin:\
switch(£f){\
case BEG_RESOLVE:\
plus=0;truncate=0;CLEARC CLEARH LINESET\
case CONT_RESOLVE:\
SEQSET\
case BEG_INIT:\
case CONT_INIT:\
bit=0;wd=newstate;break;\
case BEG_SELECT:\
bit=0;wd=oldstate;break;\

by
/*
* crank trailer
*/

#ifdef PAUSE

# ifdef HOMVERIFY

# define CHECKC c1&&c2||c3&&'c2||c1£&&(c2f|[c2h)
# else

# define CHECKC c1&&c2||c3&&!c2
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175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
1956
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210

# endif

#telse

# define CHECKC O

#tendif
#tifdef B

IGM

# define ENDOOO break
# define ENDOO1

#telse

# define ENDOOO goto begin
# define ENDOO1 }

#tendif

#include

#define END \

end:\

"trcheck.c"

Adjustment_Timer_Code\

Timer_Region_Check_Code\

switch(£f){\

case

case

case

case

case

case

BEG_INIT:\
f=CONT_INIT;\
return NO_ERR;\

CONT_INIT:\
if ('skip){\

f=BEG_SELECT;\
return NO_MORE;\

N\

skip=0;\

return NO_ERR;\
BEG_SELECT: \
CONT_SELECT:\

£=BEG_RESOLVE; \

skip=0;\

ENDOO0O;\
BEG_RESOLVE:\
CONT_RESOLVE:\
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211
212
213
214
215
216
217
218
219
220
221 ENDOO1

N

if (loop)f=CONT_RESOLVE;\

else if(more)f=CONT_SELECT;\

else {\
£f=BEG_SELECT;\
1f (CHECKC)return NO_MORE;\
eof=1;\

N\

if (CHECKC)goto begin;\

return NO_ERR;\
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YAormoinon tov mnpaemv oe IMEPLOXEC

HETPNTOV

Avtd 1o gopenplo MmapEXel TV DAOMOUO] TOV TPIOV KUPOVv Hpafemv MAVe 0 MEPIOXEC
RETPNTOV (OVORAOTIKA expire, reset, canonicalize) ot omoiec mepiExoviat otnv Bfiobixy

1ibRT.a.

expire_timer (ts, E)
ts : timer_state ;
E : list ;
begin
1, J : integer;
al, ell, el2 : list;
{ rte(D, B) }
for ( ell <- E ; ell <> NIL ; ell <- ell.next ) do
1 <- ell.timer_id ;
for ( el2 <- E ; el2 <> NIL ; el2 <- el2.next ) do
J <- el2.timer_id ;
ts.D[i][j] <- w_plus( ts.D[i][j], bound(0, LESSEQU) );
endfor
for( al <- ts.active_timers ; al <> NIL ; al <- al.next ) do
j <- al.timer_id;
if( member( E, j) ) then
continue ;
endif

ts.D[i][j] <- w_plus( ts.D[i][j], bound(0, LESSEQU) );
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endfor
endfor
if ( canonicalize( ts ) ) then
return( -1 );
endif
{ elapse(D, B) }
for ( al <- ts.active_timers ; al <> NIL ; al <- al.next ) do
1 <- al.timer_id ;
if ( member( E, i) ) then
continue;
endif
for ( el2 <- E ; el2 <> NIL ; el2 <- el2.next ) do
J <- el2.timer_id ;
ts.D[i][0] <- ts.D[il[j] ;
ts.D[0][i] <- ts.D[j1[i] ;
endfor
endfor
/* delete expired timers from active timer list */
for ( ell <- E ; ell <> NIL ; ell <- ell.next ) do
if ( delete( ts.active_timers, ell.timer_id ) ) then
return( -1 );
endif
endfor
return( 0 ) ;

end

reset_timers (ts, S)

ts : timer_state ;

S : list ;
{
1, J : integer ;

sl, al, prev : list ;
{ insert elements of S in active timers list, while keeping it sorted }
for ( s1 <- S ; sl <> NIL ; sl <- sl.next ) do
if ( member( ts.active_timers, sl.timer_id ) ) then

continue ; { Handle clock reset }
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endif

if ( ts.active_timers = NIL ) then { First time }
insert( ts.active_timers, sl.timer_id ) ;
continue ;

endif

prev <- al <- ts.active_timers ;

while ( (al <> NIL) and ( al.timer_id < sl.timer_id ) ) do
prev <- al ;
al <- al.next ;

endwhile

if ( prev = al ) then

insert( ts.active_timers), sl.timer_id ) ;

else
prev.next <- new_list_element() ;
prev.next.timer_id <- sl.timer_id ;
prev.next.next <- al ;

endif

endfor
{ initialize 1, u vectors }
for ( s1 <- S ; sl <> NIL ; sl <- sl.next ) do
1 <- sl.timer_id ;
ts.D[0] [i] <- LTLIM[i] ;
ts.D[1][0] <- UTLIM[i] ;
endfor
{ init d_{ij} where i or j reset. Same as appling canonicalize }
for ( s1 <- S ; sl <> NIL ; sl <- sl.next ) do
1 <- sl.timer_id ;
for ( al <- ts.active_timers ; al <> NIL ; al <- al.next ) do
j <- al.timer_id ;
ts.D[i]1[j] <- w_star( ts.D[i][0], ts.D[0][3] ) ;
ts.D[j]1[i] <- w_star( ts.D[j][0], ts.D[0][i] ) ;
endfor
endfor

end

canonicalize (ts) { Compute shortest paths in ts.D. Destructive. }
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ts : timer_state ;
begin
1,j,k : integer ;
t11, t12, t13 : list ;
null_timer.next <- ts.active_timers ;
for ( t11 <- null_timer ; t11 <> NIL ; t11 <- tlil.next ) do
i <- tll.timer_id ;
ts.D[i][i] <- 2; { store 1’s on diagonal }
endfor
{ shortest paths algorithm }
for ( t11 <- null_timer ; t11 <> NIL ; t11 <- tlil.next ) do
k <- tll.timer_id ;
for ( t12 <- null_timer ; t12 <> NIL ; t12 <- tl2.next ) do
i <= tl2->timer_id ;
for ( t13 <- null_timer ; t13 <> NIL ; t13 <- t13.next ) do
J <- tl3.timer_id ;
ts.D[i][j] <- w_plus( ts.D[i][j], w_star( ts.D[i] [k],
ts.DIk][31));

if ( (1 =3 ) and ( w_le( ts.D[i][i], bound(0, LESS))) ) then

return( -1 );
endif
endfor
endfor
endfor
return( 0 ) ;

end
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M neprypaen oe COSPAN yuwa to
IIPwTtOKoAAo ABP

Avt) eivan pua meprypagr) o COSPAN tov npotoxoiriov ABP e éva napayoyo pnvopdtov

KAl evav e£@Teptiko eVIAIEDTI] PIVORATOV EMUTAEOV.

/*********************************************************************/

/% General Definitions */

/*********************************************************************/

macro N =3

macro BUFSIZE := 5

macro TIME := 50

#ifdef OVERFLOW

macro PITIME =1

#else

macro PITIME 1= 41

#endif OVERFLOW
type message : (0..N)
type bit : (0..1)

#include<RT.h>

/*********************************************************************/

/* REAL TIME INFORMATION: SPECIFICATION OF LOGICAL TIMERS */

/*********************************************************************/
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/*
Resetable logical timer of transmission protocol. Set when transmitter
puts a message to the outgoing channel. Expires when actual ABP timer
times out. Canceled when the message has been delivered.
*/
proc TICLK:R_CLOCK( \[,TIME, TIME , \I,
(TR.# = sent)*(TI.# = off)+(TI.$ = TO)*(AA.# = nok)*(TR.# = sent),
(AA.# = nok) * (TI.# = to) * (TI.$ = ON), AA.#=o0k )
/*
Logical timer of outgoing channel. Set when channel is handed a
message by the transmitter. Expires when channel delivers or
looses the message. Channel transmission delay is chosen to be
between 19 and 20 time units.
*/
proc CHO_TIMER:R_TIMER( \[,19,20,\]1, ( TR.# = sent ), M.# > 0, 0 )
/*
Logical timer to model that message passes from transmitter to
outgoing channel in zero time.
*/
proc ZEROTCHO:R_TIMER( \[,0,0,\],
(s.# "=0 )x(( BUF.# > 0 )+( BUF.# = 0 )*x( PROD.# = newmsg )),
( TR.# = sent ), 0)
/*
Logical timer of incoming channel. Set when channel is handed an
acknowledgement by the receiving protocol. Expires when channel
delivers or looses the acknowledgement. Channel transmission
delay is chosen to be between 19 and 20 time units.
*/
proc CHI_TIMER:R_TIMER( \[,19,20,\], RB.# "= 0, ACK.# "= pause, 0 )
/*
Logical timer to model that acknowledgement passes from receiving
protocol to incoming channel in zero time.
*/
proc ZEROTCHI:R_TIMER( \[,0,0,\], (ACK.# “= pause),
(SMON.$ = 0) * ( S.# "= 0 ) * (INIT.$ = 1),0)
/*
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Logical timer to model that producer stays idle for PITIME time
units after generating a message.
*/
proc PROD_TIMER:R_TIMER( \[,PITIME,PITIME,\],
(PROD.$ = OFF) * ( PRODMON.$ = 0 ), PROD.$ = ON, 0 )
/*
Logical timer to model that producer transition from ON state to
OFF state takes zero time.
*/
proc ZEROTPROD:R_TIMER( \[,0,0,\], PROD.$ = ON,
(PROD.$ = OFF) * ( PRODMON.$ = 0 ) * (INIT.$ = 1), 0 )
/*
Logical timer to model that receiving protocol processes messages
in zero time.
*/
proc ZERORECDELAY:R_TIMER( \[,0,0,\], M.# > 0, RB.# "= 0, 0 )

/*********************************************************************/

/* UNTIMED PART OF THE PROTOCOL SPECIFICATION */
/] sk sk ok sk sk ok sk ok ok sk ok sk sk s ok ok ok ok ok K 3 ok sk K 3 ok sk sk ok ok K ok ok sk K ok ok sk s ok ok sk s ok sk ok ok ok sk ok ok ke ok Kk ok sk ok sk ok ok sk ok
proc INIT
stvar $ : (0..1)
init 0
trans
0
->1 : true;
1
->1 : true;
end INIT

/* Producer process. */

proc PROD
selvar # : ( idle, newmsg )
stvar $ : ( OFF, ON )
init OFF
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trans
OFF { idle }
->0N : true
->$ : true;
ON { newmsg }
->0FF : true;
end PROD

/%
Needed so that set condition (PROD.$ = OFF)*( PRODMON.$ = 0 ) of
logical timer PROD_TIMER is met only the first time PROD is in
state OFF.

*/
monitor PRODMON
import PROD
stvar $ : (0..1)
init O
trans
0
->1 : PROD.$ = OFF
->$ : else;
1
->0 : PROD.$ = ON
->$ : else;
end PRODMON
/*

Models a buffer of size BUFSIZE that stores messages whenever the
producer generates a message and the sender is busy transmitting a
previous message (e.g. S.# = 0).
*/
proc BUF
selvar # : ( 0..BUFSIZE )
stvar $ : ( 0..BUFSIZE )

init O
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trans

0{ ¢}

->($+1) : ( PROD.# = newmsg ) * ( S.# =0 )
->$ : else;

($>0)*($<BUFSIZE) { ¢

->($+1) : ( PROD.# = newmsg ) * ( S.# =0 )

->($-1) : ( PROD.#

->$ : else;

idle ) * ( S.# "= 0 )

BUFSIZE { ¢ }
->($-1) : ( PROD.#
->$ : else;
end BUF

idle ) * ( S.# "= 0 )

/* Sender process. UPPER PROTOCOL LAYER. (See details in ACW[90]) */

proc S
import TR.#
selvar # : message
stvar $ : ( OFF12, ON12, ON2, OFF13, ON13, ON3, OFF1, ON1 )
cyset {0FF12, ON12, ON2, OFF13, ON13, ON3, OFF1}
init OFF12

trans

OFF12 { 1..2 }
->0N12 : (# =1 ) * (( BUF.# > 0 ) +
( BUF.# = 0 ) * ( PROD.#
->0N2 : (#=2) % ((BUF.# >0 ) +
( BUF.# = 0 ) * ( PROD.#

->$ : else;

newmsg ))

newmsg ))

oNi2 { 0 }
->0FF12 : TR.# = ready

->$ : else;
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on2 { 0 }
->0FF13 : TR.# = ready

->$ : else;

0FF13 { 1,3 }
->0N13 : (#=1) = (( BUF.# >0 ) +

( BUF.# = 0 ) * ( PROD.# = newmsg ))
->0N3 : (#=3) % ((BUF.# >0 ) +
( BUF.# = 0 ) * ( PROD.# = newmsg ))
->$ : else;
oN13 { 0
->0FF13 : TR.# = ready
->$ : else;
oN3 { 0 }
->0FF1 : TR.# = ready
->$ : else;
OFF1 { 1 }

->0N1 : ( BUF.# > 0 ) +
( BUF.# = 0 ) * ( PROD.# = newmsg )

->$ : else;
oNt { 0}
->0FF1 : TR.# = ready
->$ : else;
end S
/*

Needed so that expire condition (SMON.$ = 0)*( S.# "= 0 )*(INIT.$ = 1)
of logical timer ZEROTCHI is met only the first time S selects to
pause.
*/

monitor SMON

import S
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stvar $ : (0..1)

init O

trans

0

->1 : S.# "= 0
->$ : else;

1

->0 : S.# =20
->$ : else;

end SMON

/********************************************************************/

/* SENDING PROTOCOL x/

/] KoKk ok sk sk ok sk o ok sk s ok sk ok s ok ok sk ok ok sk ok ok sk ok sk ok sk s ok ok sk ok ok sk sk ok sk ok sk ok ok sk sk ok sk sk ok sk ok ok ok ok s ok ok sk ke ok sk ok ok sk ok skok ok /
/%

Sending buffer process

*/
proc SB
import S.#, TR.#
selvar # : message
stvar $ : message
init 0
trans
o{o0}
>S.#: (S.#>0) % ((BUF.#>0 ) +
( BUF.# = 0 ) * ( PROD.# = newmsg ))
->$ : else;
$>0 { ¢ }
->0 : TR.# = ready
->$ : else;
end SB
/*

Transmitter process

*/
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proc TR
import S.#, AA.#, TI.#
selvar # : ( pause, ready, sent )
stvar $ : ( READY, TRANS, WAIT )
cyset {TRANS}
init READY

trans

READY { ready }
->TRANS : ( S.# >0 ) * (( BUF.# > 0 ) +
( BUF.# = 0 ) * ( PROD.# = newmsg ))

->$ : else;

TRANS { pause, sent }
->READY : AA.# = ok
->WAIT : else * ( # = sent )

->$ : else;

WAIT { pause }
->READY : AA.# = ok
->TRANS : else * ( TI.# = to )
->$ : else;
end TR
/%
Transmission timer process
*/
proc TI
import TR.#, AA.#
selvar # : ( off, on, to )
stvar $ : ( OFF, ON, TO )
cyset {0N}
init OFF

trans

OFF { off }
->0N : TR.# = sent
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->$ : else;

ON { on, to }
->0FF : AA.# = ok
->T0 : else x ( # = to )

->$ : else;

TO { to }
->0FF : AA.# = ok
->0N : else * ( TR.# = sent )
->$ : else;
end TI
/%
Sending sequence number process
*/
proc SSN
import AA.#
selvar # : bit
stvar $ : bit
init O

trans

${ ¢}
->($+1) mod 2 : AA.# = ok
->$ : else;

end SSN

/%

Acknowledgement analyzer process
*/

proc AA
import RN.#, SSN.#, ACK.#
selvar # : ( ok, nok )
stvar $§ : ( OK, NOK )
init NOK

trans
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end AA

NOK { nok }
->0K : ( RN.# = SSN.# ) * ( ACK.# = deliver )
->$ : else;

0K { ok }
->NOK : true;

/********************************************************************/

/%

OUTGOING CHANNEL */

/********************************************************************/

/%

Outgoing message process

*/
proc M

end M
/%

import SB.#, TR.#, AA.#
selvar # : (0..(N+1))
stvar $ : message
init 0

trans

0 { 03} /* pause */

->SB.# : ( SB.# =0 ) * ( TR.# = sent ) * ( AA.# = nok )
->$ : else;

$>0 { 0, $t /%, (N+1) } /* pause, message, no loss */

->$ . #=0

->0 : else;

Outgoing channel sequence number process

*/
proc SN

import SB.#, TR.#, AA.#, SSN.#, M. #
selvar # : (0..2)

stvar $ : (0..2)

init 2

trans
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2 { 2} /* pause */
->3SN.# : ( SB.# =0 ) * ( TR.# = sent ) * ( AA.# = nok )

->$ : else;
$<2 { $ }
->$ . M.# =0
->2 : else;
end SN
/*

Liveness condition monitor process for outgoing channel.
*/
proc CHOLC
import SB.#, TR.#, AA.#, M.#
stvar $ : ( NORMAL, GETM, LOSTMNOK, IDLE, ERROR )
cyset  {GETM, LOSTMNOK, ERROR }
init NORMAL

trans

NORMAL
->GETM : ( SB.# "= 0 ) * ( TR.# = sent ) * ( AA.# = nok )
->$ : else;

GETM

->LOSTMNOK : M.# = (N+1)
->NORMAL : (M.# >0) * (M.# <(N+1))

->$ : M.# = 0;

LOSTMNOK
->GETM : ( SB.# "= 0 ) * ( TR.# = sent ) * ( AA.# = nok )
->$ : "((SB.# =0 ) x ( TR.# = sent ) * ( AA.# = nok))
->IDLE : “(( SB.# "= 0 ) * ( TR.# = sent ) * ( AA.# = nok));
IDLE

->ERROR : ( SB.# "=0 ) * ( TR.# = sent ) * ( AA.# = nok )
->$ : else;

ERROR

->ERROR :true;

end CHOLC

/********************************************************************/

/* INCOMING CHANNEL x/
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/] KoKk ok sk sk ok sk o ok sk s ok sk ok s ok ok sk ok ok sk ok ok sk ok sk ok sk s ok ok sk ok ok sk sk ok sk ok sk ok ok sk sk ok sk sk ok sk ok ok ok ok s ok ok sk ke ok sk ok ok sk ok skok ok /
/%

Incoming acknowledgement process

*/
proc ACK
import RB.#
selvar # : ( pause, loss, deliver )
stvar $§ : bit
init O
trans
0 { pause }
->1 : RB.# "= 0
->$ : else;
1 { pause, deliver} /* no loss */
->$ : # = pause
->0 : else;
end ACK
/%
Incoming channel sequence number process
*/
proc RN

import RB.#, MA.#, E.#, ACK.#
selvar # : (0..3)

stvar $ : (0..2)

init 2

trans

2 { 2} /* pause */
>E.# : (RB.# "= 0 ) *x ( MA.# = ok )
>(E.#+ 1) mod 2 : ( RB.# "= 0 ) x ( MA.# = nok )

->$ : else;

$<2 { $ }
->$ : ACK.# = pause
->2 : else;

end RN
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/*
Liveness condition monitor process for incoming channel.
*/

proc CHILC
import RB.#, MA.#, ACK.#
stvar $ : ( NORMAL, GETM, LOSTMNOK, LOSTMOK, ERROR )
cyset { GETM, LOSTMNOK, ERROR }
init NORMAL

trans
NORMAL
->GETM : RB.# "= 0
->$ : else;
GETM

->LOSTMNOK : ACK.# = loss
->LOSTMOK : ACK.# = loss
->NORMAL : ACK.# = deliver
->$ : ACK.# = pause;

LOSTMNOK
->GETM : RB.# "= 0
->$ : else;
LOSTMOK
->ERROR : RB.# "= 0
->$ : else;
ERROR
->ERROR :true;
end CHILC
/********************************************************************/
/* RECEIVING PROTOCOL */

[ KoKk sk sk sk sk sk skeok ok sk o ok ok ok ke ok sk skok sk sk ok o ok ok kb sk sk ok s ok ok oksk sk sk ok s s sk ok ok ksk sk sk sk ok ko ok ok ok ok /
/*
Receiving buffer process
*/
proc RB
import M.#, TR.#

selvar # : message
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stvar $ : message

init O
trans
o{o0}
>$: (M#t=0)+ (M#t=N+1)
->M.# : else;
$>0 { ¢ }
->0 : true;
end RB
/%
Expected sequence number process
*/
proc E
import MA.#, RB.#
selvar # : bit
stvar $ : bit
init O
trans
${ ¢}
->($+1) mod 2 : ( MA.# = ok ) * ( RB.# "= 0 )
->$ : else;
end E
/%
Message analyzer process
*/
proc MA

import M.#, SN.#, E. #
selvar # : ( ok, nok )
stvar $ : ( DK, NOK )
init NOK

trans

NOK { nok }
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-=>0K : (E.#=SN.#) *« (M.# "=0) * (M.#t "=N+ 1)

->$ : else;
OK { ok }
->NOK : true;
end MA
/*
Receiver process. UPPER PROTOCOL LAYER
*/
proc R
import MA.#, RB.#
selvar # : message
stvar $ : message
init 0
trans
o{o0}
->RB.# : ( MA.# = ok ) * ( RB.# "= 0 )
->$ : else;
$>0 { ¢ }
->0 : true;
end R
#ifdef UTILIZATION
/*

Task complement to check whether buffer utilization exceeds a
certain point (BUFSIZE-2 in this case), depending on the
producer message generation rate.
*/
monitor BUFTHRESHOLD
import BUF
stvar $ : (0..1)
cyset {0}
init 0

trans
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0
->1 : BUF.$ = BUFSIZE - 2
->$ : else;
1
->$ : true;
end BUFTHRESHOLD
#endif UTILIZATION

#ifdef CORRECTNESS

/* Task complement to check in-order message delivery */

monitor TC
import R
stvar $ : (A, B, C, D, DEAD, ERROR)
cyset {C, DEAD}

init A

trans
A

->B : (R: 2)

->ERROR : (R: 3)

->$ : else;

B

->C : (R: 3)

->ERROR : (R: 2)

->$ : else;
C

->ERROR : (R.# = 2)+(R.# = 3)
->$ : R.#=1+R.#=0)
->D : (R.# = 0);

->$ : (R.# = 0)
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->DEAD : else;

DEAD

->$ : true;
ERROR

->$ : true;

end TC
#endif CORRECTNESS

[ F kKR kokokkkkkokokkkkk END OF SPECIFICATION skskokokskskskokskok ook skok sk ok kok k% /

[Mapovopilovpe opa ¢ S/ R Siepyaoieg eAeyKTéc Kat TOVE AOYIKODC PETPNTEC MOV XPET-
aCovtat yia v enainfevon me mapdboonc pryvopatov JEoa 08 0V YKEKPUIEVA XpOVIKA Opia,
KAl yla v avixveoor ¢ Iapovoidc SmAov pnvopatov. Ly IpoT Iepiltool] ival
AvayKaia 1 TPOMoNoinon TMv Kavailmv eMKOv@VIAC moTe va pnv Xavovial pnvopata 1 Pe-
Bawwoeic prvopdtev, evo oty Sedtepn nepimtwon xpewdletar va petafdiovpe avdioya povo
10 g10epxoyevo kavail. Ilapakieimovpe v vmdiourn meprypa@n agov eival 11 il Onee

MPOTYOVPEVRC.

proc DELIV_TIME :R_TIMER( \[,1,DEL_TIME,\],
(S.# = 2)*(DELIVERY_TIME.$ = 1),
(R.# = 2)*(DELIVERY_TIME.$ = 2), 0)

/*
Task complement to check whether a message (e.g. 2)
is delivered within DELIV_TIME time units.
*/
monitor DELIVERY_TIME
import S,R
stvar $ : (1..3)
cyset {1, 2}
init 1

trans

->2 S # 2

->$ : else;
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2
->3 : R.# =2
->$ : else;

3
->$ : true;

end DELIVERY_TIME

/*
Assume that receiving protocol processes messages in zero time.
*
proc ZERORECDELAY:R_TIMER( \[,0,0,\], M.# > 0, RB.# "= 0, 0 )
/*
Task complement to check whether duplicate
messages are ever send, supposing that no
acknowledgements are lost.
*/
monitor DUPLICATES
import RB
stvar $ : (0OK1, 0OK2, NOK)
cyset  {0K1, OK2}

init 0K1

trans

0K1
->0K2 : (RB.$=2)
-> ¢ : else;

0K2
-> NOK : ( RB.$ =2)
-> ¢ : else;

NOK

-> ¢ : true;
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end DUPLICATES



ITapaptnpa D

AAAayec otn 6eotepn €kboon tov
RTCOSPAN

Y& avtod To eVPETPIO MEPTYPAPOVIE PE GV VIONIA TIC AAAAYEC MOV £yvav Tov ADyovoto Tov
1992 katd mv xataoxeon e Sevtepnce ékboonc tov RTCOSPAN. To RTCOSPAN migov
glvan mo aveEApTnTo Ao 1) 0D YKEKPUIEVI] APXITEKTOVIKI] TI|C PNXAVIC, AAAG Kat amo 1o 1610
10 COSPAN. Exe1 6oxipaotei oe prxavee sund kai SGI j1e Aettovpyixo ovotnua SunOS 4.1.2
kai TRIX avtiotowxa, adid 6ev mepiievovpe va £€xel mpofAnjiata o omotodnIote pnxavipa
kar ¢xboon tov UNIX. To i610 to RTCOSPAN aiid xar o C x@6ikac mov mapdyetat
pmopet va petagpaotel kal ano ANSI C petagpaoteg extoc and tove napaboojnkove R&EK
C petagpaotéc. H éxboon tov COSPAN nov xpnopronowitar eivar 1y 7.9.1 (11) 7/27/92 xan
bev avapévetar va vmapxovv mpPanpata ovpfatdomrac ovte jie peAAoviikec £K60081C TOD
COSPAN.

Emionc éxovv agaipebel 1o apxeio eviohov awk dmd 10 0TOXe1mO1] PETAPPAOTI], Kl
I TapApetpoc tid mov ava@epovial oTo Ke@didio 5, Xopic opm¢ va ahirdfel xaboiov 1
Sraovvbeon xprotn-gpyaieiov, pe anoteheopa 1 véa £kboor tov RTCOSPAN va givan mar)-
p@¢ ovpfaty pe my mponyovjevi). AemTopepeic Meptypa@ec TV aAhaymv aAvap&veTal va

EJPAVIOTODY 08 PNeAAOVTIKI] TEXVIKI] AvAQOpd.
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