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1. dojHjkdj

[isotow yjt st jtoydstts hdhsid" hshssds o ks, Ussar EOLH_jeds! o rydidds ji bzt hdhsjkk &ixHE Bhscddd
HlescE0BiOnRd, o Fifstavs P dkd Gt iHISOLZ jd T j LOtEEhT GO tifzehr. 4z0oks | atdkond,] tOLEOBESYGLO YAtk HESEMGS
BT GOeOat it GO Okestedist o' H_ ik jidW & jiktshse (JOkdEso0ndw) HEW & jikzthse tOLEquE™R odHEs (SY_j0kdotow Jodkws,
fOkWs+ &0 d3Ochdlstz = BOOBOGOR, BOhkdsk j & jdlsr, Sdiysdd d s.H.). YissBT Ziteshisdls+ hotts LOHOYLE, 5t Bsyjls sttesBsa0ls
Cstiystokdietso0t SHjE G j fz0tdese dsd HEW COMHEHS SEOMMO to_jikztsh0. SOMHT2 fkotdiesoPdS BEHjis fishisswst ¢ jSElstEses
Cstzafu jiiso0 SOz G 0ot jtyjiSs? duWstkoydd, adins i diSssstrdad fesyiHzeokd f WegSydwad, Celsster

v LT 90w HftescteORdi0dkd, MJk0=Pdhid tisdizydis+ d shetsesH tejhizteh . uOSsj hisBteOhkd | howLOkd: = HOGE Y ~ d tistsy jHizte
dLo.jflstts COC dshdlssts: d hsske_jlshso=how jht hdhs k0 SBELEOYjid? syl BTl Shtse0E0 GO dssoydd Skomio wLreo
SIMULAG7 [6].

monitorname: monitor

begin ... tBIWaljhkdj HOGGZY =, &SSOZAGY = © Ghkdlstts];
procedure procname ( WitehO&&rj tfOtcO®jlster . ..);
begin ... Isjus ffiesyjHizte ... end;

. sBIWowz jkdwW Hickzedm tesyjHizte, ¢sSOkAGrm o dGsddlstste];
- - - didydozdLoydw esSOzAdG - HOGG - Bishkdlsttd - . -

end;
N0dBlsAIs g, Usts © s jdzj tetsyjHizte™ d3selzls B ls+ &SSOz J HOGGY §, AUsts sBYyd 2 tied jd.
YiBBY or LY o0k~ tftetsyjHiztelz d3sddlststcO, G jsBrtsHAMRE LOHOK di3w disddststeO d ddw ste jBlz jdis? HistyjHizter, teOLHJ&WW dn SsySs2:
monitorname.procname(. .. WOSIsdujnSdj tfotLOdjlster ...);

A st jteOydshis? hdhisjdid diseHO X jizok jidgs seIwWadls ¢ jhSae4CE diskdktese f) SHAROCEoR2 fistelzCsiztes? d tfise jHdkdjds,
GOttedzJte HEZW HzOddteso0kdW Holzr fisHisBG Y - te jMiztehse. Jd 5OSdR fizyown, sBiwelz jkdts, fsCOLOGGS®REZ o, BzH jis
e o jhlsotsoOls+ fizsets class, d BHjizAGr j dskdister BzREZS sBIWodz j& " fiediOHE MO diid ¢ stz CdzOmfiz:

monitor 1, monitor 2: classname;

alstelzClsizteO CazOmnO d3shdiststetso dHJdsdyi0 sdn0dkdks2 HEZW tteJHiisOok jkdw HOGR Y - © [13], LO dhSdEsy jedjd HSBOOW jadw
Czsyjotsets iistdiksto fkziso0 class. Brinch-Hansen dhtfisiztLiEz jls H&ZW B2 Mg yjkd hizses shared [3].

ety jHEET BEhdlsEE0 sBPdj HEW ofjjn o r iskdgwes PdRhw fiesce0dds, o ssd kit Yss 25OV fiect0hki0 Gk o ZSBE.j
oteJiBW s IsOls+iw o LY o0+ SOCZE HtetsyjHiztslz. JHBOCS, 00X 6, YSEB Y SEEz4CE SHEO Hieset0i®0 8 COMHY 2 Bstdls ot jdsjid
Hj2fsadls ikt oshE0 o tiesy jHEEr Gttt 0 #=BE?2 fikjHzEsPd LOtEsh HEYjb BYSH LOHjex0d HE 5jn st ss0

tfiejH T HEP 2 LOtesh) dj LOSERydsiw. I fiesisdotsd iizkyd, jitd BrHES SHissts B jiks o T stk iw HoO s jk0 sy jHiztsT,

to jL1Iscftelzts P L0 oo dsSOwAdT R Ujte ik jdas T dststaafststeO ditselzls B isH ROskdyjiSddsd. Ly jHlztsT, ¢ECOZGY j o
BsGAlsste, G HEEXGT SBEONOKIfW ¢ Z=B T K G iSOG T 6 it jkithrd, Seshkj EsCOE G R o IssB MJ dstdsst], d Usd

it Ji3jhdr J B3skdlkted Hsd & BY s+ & jHishiszYk dLodd dGstkdisste0. hdkd ¢odsM ik 50SdJ tete0ddydddw, st By bt
¢OEOHisdtesa0 LOPISE Sls ST R shdBtsS, LOadiwh R s ot jo jth = fisskzsh jid?, SsHAtese0Gd tisskde o ji jhkses
slsshdls jzA s Bz sjdhrn Wisteds djzihisozsadeh j2iw fisetsjndshisd; o 4sO co0sdw By jls BT+ isHise jtexH b0 odLzOEGY ¢
Hieshdsstesds kSO Hesas0dd, SElsss T2 disyjis Ookskokdujisd o sdiwvis i SskidEwisstssds.

JEBOW Hfiesete0d330, HAEORAY NS o HJEwEshOwW g jhzteh, diseHO HBEMEO LOH jisXdo0k+ HfieseteOdidlz, Y jizo0shizes tfisdizydls-

e JMizteh), Clsster 2 o GOMsEWh jj ots ji3W GJHEMSZY b, d oSLEBhRSoRWS* Aslz Hiesete0dll tishd] s, COS G JSElssteOW HiskzeOw
tftetscteORRO shotBHS HOGGR 2 te hizteh. T islstilkz GzyHO jdhw o st jteOydd "wait”, orLro0jis? dLbizsted tftetsyjHizte ™
Bskdste0, CisstOw LOMs0adls oL a0EshizE fistetcOddklz B Is+4 LOH e 0kks2; d o st jteOydd "signal”, K0Sy j o LY 90 jiis2
dLbizlsted tftetsyjHzte ™ isets > dskdisstc0, SolstsicOW LOMsOads Istsiz4Sts SHGEZ dL s JHOB PR tftescteOdds &jd jHE jkdks osLsBhRSodS W,
ched & jls sydHoshdR tfieseteOdd, MdekOd & dasjls GdSoStsets AWW jSIsO. YistsBT™ HO90I osLBsMdGshis? Hiszedd tisteteOddk0d%
shetsBsHL t6 jhizteh ™ o s jujddj sdHOGdY, B jteOydw wa it IGO0 shisOadis+ oL EEhs tis jie ™ o0ddw, di0yj st

tftc JHisksoteOlsdizts BY ontsH o tftetsy jHiztelz ShotsBisyHGAW. JHEOS &3 EZiisOk0odo0 o3 ysts LO st jieOydj?2 signal HiswEs

G JBJHE jhbs Itz jHEo0 osLsBEBaL jhd ] tYJHOEM §2 HfietseteOkd T, BjL osLBsMGEhisd odsjh 0l jiz1ise0 o Lo ey jHizicr fsis
Iste Jis+ j2 tieiseteOdi3diz . Gl - jHABGMse jhd 2 Mfshse cOtOdisdteso0ls+ HizW tdHOEBM j2 Hfiesete0dd T, st 5E0 M dis Hisdizydis-

to jlztef, Issdz1Cts yists shotsBsMH bk ™2 Ndek0kdLdiskzs 2 fiescte0idis? BJL tedhSo, st ki jis4w fiescte0Rk0 oShdhdishv o dstkdlktts d
LOR80Iss te jMmizteh o jMhist & j .

1 BEsER EzUOws, BEYs qhisH i Bk SHES tedudi™ HEW S31dHOGTY, o Ak G isBREHBERS HtziHEjls 8OLEdyds* d o
SHjs0ydd SqHOGAY d o dekok G2 SYjoydd. 7+ fUstdl sosHA® Gso T2 bdif "Lt ik iths2", HOLra0 kT2 "khtsedjdk" d ks,
Sl g jls dststeflststs, HEst| jos tsed Wadls U_jts s jddizs sqto kidsod™ HEW SOMHE? tiedudi], s Sulstes? Hieset0dt i, oELBEES,
fleqH ST SHOK. useHO BY_jeOydd wait d signal Hsty BT tis jHoOEwWs W dds jd jd fssse jshsoktP j2 4.jt_jds jtis2 Fhdsedw,

SlsHjE itk & s SYjE0ydd ssyss?:

condvariable.wait;
condvariable.signal;

00 jisds, ists "tjte joB jlkOW"-dtsodj tj Wodzw jisiw o] ofisqts, G s t; 5GO GO NOdE® Hjk G dBjdls Gdsosses

NSREOGY jhtses LEOY jhdw, Hishstises HEW fesc0dkd ™. M0y ifntd, it jdittow thtsed™ BEH_jis tis jHs00t jt0 BYjiejH
ey fise (Jjostoy0tds tiiss), SsksEr j o GOfsswh jj ot jdk™ sdHOSES G0 Ehtsedd; ¢ 0 Sy jEjH- GjodHdd0 dbd HEw
sHOS PR, Gd HEw fdetokdLdes PR, s0SE odH Y.t jBjuts? Zitsedw i jHEOM i jits NSne0tw jisiv GOfssECt
tleddscflsdots ™ ds of Adz_jcs jdisOtet ™ i HONSHEASE oBLAEES, HEW ke, YSSBT BE0 dEeds Bl AWW jChdots 6 jokdLsa0t0 d ¢dsss
st Lse0G0 d tsLostwk0 HEhsdut PdiesSses fiSkE0 b jLdkokts. R&jjshW BEEPEj ditzh jkdj, soifisd BSEjj

St iSHt2 tedddsde fdinestdLOydd, ST syl BYls! BSEZij ¢ jeSdd HEW ditfstLso0kdW ot diisedn LOHOYOR. S &F
BEZH_ &5 G iSEistets j ots jdiw fistisssdods+iw Assdl diiskh jkdes.

sO¢ tteshis jJ2Md?2 fteddz jte dsddiststsO, d3 fftsts jSisdtelz jd3 Odzetstedisdy zOdkdtetso0hkdw HEZW jHdGMse jhdsets te hizteh0, Siststs ™2
HAZOBAuNSd o HJEZWIsA W d BhotsBESMHOL W HistsdLatsizAd &3 ydhdsd fesydhnse fsiLse0k jkv gizs jd sete0P jadw ¢
sy JHizteOa:

procedure acquire;
procedure release;

A JteBinrow (1)
busy: Boolean

Stfte jHJEW.jls, dhtfsd Ll jshw tifizteh did G, rhid Hjdo jishw dsirisco fistiyds! o jhkzish, SseHO st LOGMS, fiesas0dkd0, fiHjEohow
SOSks 5SSl HESEYGO Bl LOH_ji53106G0 o 5xdHOG GO U.jts jds jkhs2:

nonbusy:condition

CslststeOW fdekOkdLdtelz jis 5B sy jte JHAGSH shotBsYHjdkdd tjhizteh0. 3 Oudk disj LiOyjhdj busy - False. Mets jllsbsj te g jdbd
tftedosHdls € Mz jHEzE M jdikz CeHE disddlssi0:

single resource:monitor
begin busy:Boolean;
nonbusy:condition;
procedure acquire;
begin 1f busy then nonbusy.wait;
busy := true
end;
procedure release;
begin busy := false;
nonbusy.signal
end;
busy := false;
comment &OyOwzAdsy L&ZOUJRd];
end single resource;

105 JyoEd™

1. J e Ssdso0ndd Bstdlssteo, tejHhisOadw jishw jhisdhisodks &3 st jSsdietsoOls+ LOsSEEacd tiesydHizs, HOGRY 4, Zhdsodw d
sJd0 tfistsyjHlzte oz jdds o SO fisteWwHS j. dfd tishzjHzshdj tedd jter BzHEZS 6OLEEOBOIS ™ 901w dd3 jddbts sOSds Hizls jds.

2. ey jHizteO, fisdzizyoshow g jhizteh, &j HEEMGO tfsolkteds fietse jtewis1, ysts busy dijls L&Oyjkdj False, SseHO B5E0
otsLBGSoRW jishw tfishizj s> HOGIY, 50 COS tistyjHizieO shatBEYMHjkdW ¢OtOdisdislz jis Asts; d, COS kWit o j, ddtocow
HtslzeOW fietseteORMBO G j B s o0 iwW &g HE Mdek0dsds d ftesHisty jedjd iz S SHES2 tYqHOoN j2 tisscteOdd3r.

3. Mk BBEZjJ SHEE2 tfietete0ddz™ sHIHOSE GO Ehdesedd, BT tishiskzddiel jd3 yst, s jteOydy signal eshisOdsods tisscteOddstz,
Y dHOEBhEZE Hisiz4h j of jn. Glsts HO s tftetshiskzes & j2ste0dzA bzt Hdipydtfdzddlz sehdizydooddw sy jte jHd, tied Colstste ™2 COMHOW
sHJHOEOW fistscteORRO o Cod judsds iyl tsdizyudls sBhdizydo0dkd .

4. H]Ghse dddk 2 Bskdiste te hiztehO dsHjddtelk jis Bzdz jo fddsoWsts [7] i) sYjeOydwizd acquire d release, dhtfisezALiz jiz ¥ did
COC P d V fystsise jishiso jhbts. Clsts - ftetsh)ists j HSCOLOL jazAfisots, Istsets ylsts Sty jtydd dsshdistste® / Zhdzsodw o tfiedbydyj &
Bt BsHh & yjd HjkoWster, d HEW yst thkd diseizls dhtfsdz L0k W o yjn MJ yjdva.

5. sOC d o PASCAL [15], sBIWadz jidj tfjtc jdi3jhbts2 ddijls odH: <dHJdIsdWdSOIstste tf jte jBjhds2>: <Isdtf>;
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2. Rils jtetfic jlsOydw

Chdzd d3r HEBCOLOMd, ysts i jdsOWss " d3selzls BY s+ t6 jOdzdLiso0k T yjisjL dsdkdlktier, ik jrizEshow LOHOYO HBEM %O tSOLOL, yists d
Btdlste ™ dgiselzls BY s 6 jOzdLEa0n Y yjtejL iik0wster.

JujodHdss, yists &0ds tftsists jBlz jishw HEZW COMHISe disddiststcO Bzdz jo fljiz0Wiste "mutex”, YstB Y ¢O0dGsdiso0ks-, Yyt s jiz0 dsCOdzdr -
tftetsyJHizte dnCaz=sy0ls Hislze HigkzcO. w Ji30Wste dizdydOdzdLdtsa0d LEOyjedjd 1; stfjeOydw P(mutex) HEEXGEO o fisdzdawis+hw ¢O
OnSHJ 8 COMHEE &sCOzA Gz tfietsyjHiztelz, d stfjteOydw V(mutex) - &0 oV asHj dL &jJ.

StseHO tftetsy i dekOkdLdtez jis 5B Ehdsadd, #0 Stksstetsds Hiskzes? ftetsy i sMHO s, fidek0ddLdiez=Md2? tistsyjhh Hist j& MHOK,
tftsCO otsiylsOhsolz jhd 2 ticsyjih teOLte jhdls J&iz ftesHisiydisiiw. fr tiststshlz ootsHAl HEZW COMHEES dishkdissts0 alststets? ) jdiz0Wists
"urgent” (dikdydokdLdictsa0ki 2 L&OYjhdjd 0), &0 Crlistesds fidek0dzdLdtelzsPd2 tfiesyjhh LOHjtexdo0 jishw stf jieOydj2 P
(urgent). 3 jisjH teOLts jH jhd jds tfic_jtemo0ddw SOMH Y2 tfistsy i Hisdy jb& tietse jiedlsH, &ls dd Hiekzeses Htetsyjiino, sydHOB jits &0
urgent, d, Jhed SOS, HistYJ& shotsBSHSA J6s ozt o  fistzd jedW s jteOydd V(urgent). fv tfsssizz HsE G fisHipydls o0l
yddzts ftetsydise, sydHOERJR 0 urgent, 9 yjis? fjttjijads? "urgentcount” (i) OOk o LEOYIGdJd - 0). vOS o
BSBieOLB®, COMHY 2 o atsH dL tiesy jHizis™ dshdlstic0 HsdkY ji StHteso0IsAw IsOC:

iIT urgentcount > 0 then V(urgent) else V(mutex)

WOCBH Y, HEZW COMHESEE Zhdsadw, EsCOkAkses o Gstkdisstsj, i3 aotsHAR I jB0Wsts "condsem” (qedydokdLdteso0he 2 L&Oyjdkd jd
0), %0 Sblstetsdy Htetsydnf, MJeoEshd2 MHOK, LOHjieXdo0dkhw s jte0ydi? P(condsem). v0¢ COS tftetsyinf, hdedkodzdLdez=hd? B
Astse Ziztsodd HSdZY jd LGOI, SHAHOJ &2d %0 djd3 Slsts-dzdBts, %03 S0 J. tizxdts fsHijydls o0k ydhds MHEdR tietsydnhse, o
YJazs? g te s jhws? "condcount” (Hf jteotskzOy0dAdGs - 0). JYjieOydw "cond .wait" dsyjls sjtfjte? B s t5jOdkzdLiso0%0 iz jHEzE P dds
sBieOLBN (oftfsdkdlsd, Ykt sHJHOEBEMOW HistscteOdsc0 HisEMEO teOLs jhdis+ tis jieo0dkdj titejH tedshsOksots?):

condocunt :-= condcount + 1;

iIT urgentcount > 0 then V(urgent) else V(mutex);
P(condsem);

comment HJM* ofmjceHO BEzHJls tYdHOG] ;

condcount := condcount - 1

JYJteOydw signal sy jls BY s g jHisOakz j&0 SO SsHiS:

urgentcount := urgentcount + 1;

1T condcount > O then {V(condsem); P(urgent) };
urgentcount := urgentcount - 1;

A Usts? to jOkzdLOYdd, o0H jhdj Bstdiststesds tie jHis0ad jus COS tedaddz jedw, ClststeOW Wodts tf jts jHO jishW tsls SHEGSES tftstsy jiino
Htelzetsdslz. utsizACts, SseHO ddChts Bsdz g &g ~sydls tiejls jiHEz jis GO Askz tfiedaddz jedts, - mutex ¢0Sthkjy shotsBsyHO jishw,

Clsts t6,jP_itdj & e jlsitHlz_jls GO hisske_jlshisod] to Stk itHE iBshkE "sdts=" o dhfst-Lso0Gdd fikoWstsss. stwisd.j 1.jt.jds jdbks2-
Efzsodw 0o jHjdts COC LOG G0 M idk0WstEss, d qb.l sahse ikt fisdi difszLse0Gdw, KOS ¥J, SO ydSer ) khtsed.id did
nsesce0hd T i jHEOLGEOY G COC LOGjhr fjkjrtHss. I Busedn Ntzyown o kide_jhOkdgshisd Asses tih jtd™ bk

t jSBRSHAMENS, d oELBE G jet LEOyds jt1Gr j Hhse_jih jkhsote0dd™ o fids it AW jSsdotssd.

1. st6HO IsJizs fiesyJHizte™ d3stdlststcO &J fsHtexdls wait dizd signal, v asH dL ffietsyjHizie™ dsyjls B s+ LOSSHAteso0d
tesiiss? s jeOydj? V(mutex), 50 COSC urgentcount dzJ sy Jls Lz dddisAw o atsHJ o stz jdW tftetsyHizer.

2. hid cond.signal - ffishzjHewW stfjeOydw o Isjizj tesyjHizter, 5&O dGsy s BY s+ tBI jHRj%0 f) o ¥ AsHISH dL BskdlststsO
iz jnizsh oz sBeOLSS:

1T condcount > 0 then V(condsem)
else 1T urgentcount > 0 then V(urgent)
else V(nutex)

3. hid & dBjishv Hekedn wait did signal o kst j sy jHisT, olssisow fisesto o Hiedo jH ks 07N j CoH_j, K08 Bl
BV s+ stflzh jiz0.

4. hid SOMHT? fdetOk Wobw jisiv tishtiHb 2 sYjtoydi? o kit tesyjHieT, §jtid ikt j urgentcount d urgent dsels
Brist sz jar, ok il fis ofjad Hi2Msodwhd GOH Gdhd. Tt JsHEBMGS LiftesP jhdts, Sttt tie jHEz00 jis O-J. Dahl, -
WssB" signal ofjcHO BY & i jHij? sYjtoyd.j? fesyiHier Gebdsss0; Woskdyjnsd, Ast sets0tkdy,jtd - Sy ik
s jilse jts j, Bhis t otk ks NEBEESHOESN o o jn fedd.jt0n Ass2 fis0lsAd.

1EOuds ik BT j Eise jeh jthsosa0kdw o AWW jCsdodshisd ditsetzls K0S BT sty it diSh=\itdid ditfst- Lse0ndw
njkOWsttse, d tjOkdLOyd]? Ehtsed™ tewdts G0 000kt R fisjHise0R, did GO MOdksd GALSsE d Gttt o0 jks Lesot,
fletscte0hdtses SBMYIuitd™ (5.J., o LiXdh hHzyjeodLss0). A Assd itky0j osLksyGr fizjH=Pd]j sysdBdLoydd.

1. urgentcount d condcount dselzls BYls+ Slsagjiz ez, 1SOS COS Istsls WOCK, ylsts Sists-Ists sdHO IS, i3sM Jis BY s+ EisOksodz jb
fletso jtets2 LzOyJhdw fJBOWSEEKO, Ciststets GJ B3y ls dLaidedishw ¢jLogdises o e jHJjz0n Gitfte e 90 a6t o g di30.

2. Jsedj Bkt syjh- CotesisSd d ¢j hisHjieX 0l o Lisote Hislzedr dGskdlktitse. s0Sd ] dstkdlstte ™ dGiselzls BY s+ o v tftsdzd jd
fskzdshis s o ¢t jie™o0 jitd teg>dizd, i) ditfsiz2Liso0dkd jd, COS d 0k, s Jes B3jr0kdLi0 Hie jte™o0kd2,
tsB Mt judoo jdses OtftfOts0lst © did hie jHso0dkd. Ats ddsedn fdizyowa Asts BEZHjIs LOGJd30 3+ j ot jo3 jid ©
& Jtfte jte o0 joisd3 te o dizd, ujds ZhsOksod jhkdj BlsH k2 dBets dinCd sy jadw HiwW COMHEES dskdssts0.

C B&ZOsBHOL jiz J. Bezivin, J. Horning, d R.M. McKeag HizW szt d o &0RsYHddd Astes Odzetstedlsdz0.
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3. 2c0odEO HESOLOIS jzfso0

¢BOEsEdW B> HE dBstkdsstesd o fie jHhsOad jedjd HOGG Y = BT 0 s jy 0 o 99 jHjhkdd. ALOddbs] diShsy jedj &0 StHj
Bskdisted c0tOdsdtelz jls, Ysts o Lo tistsy jHizte iz jHEzEk Higkze LO Higkzetsds ofs ot jd3 jdd, COS o tftshdz jHEo0Is jdz s
tfteseteORBdteso0kdd, s X BeteORdyidd™ GOdEY jir %O Hishiskz ¢ &JjdtCod1h & HOGGR Y 3. IsUsshiz ¢ Bstkdisste0d Bisekzls
tfeddz jaawis+w Is j M J tfte0Oodiz0 HiSSOLOI jiz+iso0, yists d $ tiejHmis0adk jadwds HOGE: .

s0¢ d o tftc jHmisOaz jidd HOGE Y, HisscteOdsddhls sy s fowL o0+ die0tdOdls g f) dzsCOkzAdk Y did HOGG ™ i3d Bk, YstsB©
sYdnok+ & jStlstesj Zhzsad, Sisstesj BzHjIs dhlsdid - d3 HEZW Asda HOGER - HES d fishdzj COMHEER oV Lo tfissyjHizie™. g HSd &
SO BY Is* disddadz o sz dledydOzdLOydd HOGGY =, d HjtejH COMHB2 CakOEHE2 wa i t; 0y hejHzshd2 orLse tissyjHiztsr
(zJ BEzH s ZORBHA dZsSOZAGY j HOGE Y J 8 5 dHO a3 MishisswWadd.

t COMHB2 tjio jd3 jbhs2 Zhksadw b fiescteOdsdzdhis B3y jis owL re0ls+ Ese jiexH jkdJ B, sfdhreosh j j Zhased ], tied Slsttssds
tftetscteORwRO, tYJHOEBSHOW (0 b, > jiz0 jls BV s+ tfietHBd J&dE2. B0S SO Hislzed tftescte0kdi ™ diselzls o LT o0k Bstdlste o ote jdi3w
Y HOGAW, tYdHOEMOW HfieseieORMi0 HEEXHZO ¢OtOdsdtesa0ks+, Ykt dio0tedOtls g HiZW dBistdissted L0k dhlsdejé. Glsts HO s,
feOodizts Hzw wai t:

g {b.wait} g&B

u0S COS MdedOwz dsHJls tedotsHdlsH € GJBjHEZjhkEMgE otLsBRBoZjhdE SHAHOE j2 Histcte0dd ™, hksadw g&B, St
S HOBIMW s HisseteORwms2, HSEM BT MisOls dhisdid ™ Bd Hs Hdek0k0; d HishSsiz1Cz B dGisy jis Nkso0 BY s+ fijHjkOd%: ™ o3 dsy|6% d3
tlotsHisiY jhds? tiescte0dds?, kskz2Cl g disy jis e jHtsiz0c0kA W dhisddd d3 otfishiz jHnsodd. HeOodtzs HEZW signal sOSE j:

g&B{b.signal}g

YHJN eswodw jishw tedWisiow hdisddistedW f) HteOodwzisds HEZW wait.

Ao jH jad] it jdjthkra thdsodw Hjto jis, osLdsyhr & GOdhondj Bstassttss, fsHe jex jdtr s tdiiSk kkydSse [7]. RLBXOGA]
Uststs 16O, COS df HiskedR sHORLShkI2 EOhtdso0Gdw (s jh, BiNSshjudsj SsSEOHT 90Gd] d k.H. [11]) - Bko_jshise_jddshs
fletscte0BdidMS0. Hs0adt0, ttod jubkdieso0thr j 0 o jesH kg™, tj Bisells HESOLOK Sihishisod,j 50SAR taiSiso; LB, HEW
SOSHR HECOLOK jzTise dzyh j fiytfstLiso0st 3t j WistekOZAGY j tijistsHT . 4 OSstjy, ofs disedR fitzyows distdiststs S jtOydistuns?
fofsjds ™ fSLHOjis diSslsiste ™2 "adeskOt G 2" to jfizteh, Sl dijfstLEjisiw ods jilsts 6 j0z G R & jiktehse fesee0dkodd

stz LE00k jiw. Gl odelszOz G2 6 jheh - OBfsEOSyYd™ GOBSE0 EESOE G T it jBjik " = dEskdstE0. utsk, Css HESOLT0_jis
flcOndE Gishls HeseOdd T, HEd ji, it jHso0k jE dgs, St jH_jkds sk 0BfEOSYdE o 5 jthdt0n Suhlt_ jktses o jHis0ot jadw, d
LOIs jds o sOLls Y jEO T2 AWW Sl COMHE2 diL by jHizisr o b jledsd0n 0BRse0Sydd. St feOadizs HECOLOK jEfso0 YsHiEBES
soioss o [13].
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SOSOwZtse  RaH S 6OLH jizO

0 1 T M W



http://khpi-iip.mipk.kharkiv.edu/library/index.html
http://khpi-iip.mipk.kharkiv.edu/library/extent/index.html
http://khpi-iip.mipk.kharkiv.edu/library/index.html
http://khpi-iip.mipk.kharkiv.edu/library/extent/index.html

00000

sOOdzse  RAGHJSH teOLH O

2 OLOH [czOodzjldl It jtejH

4. Medizjte: S6teOBdUjdkdk 2 BRZW jto

Jete0kdyjhd 2 BEW jits - ShCts jlsdis e JHMisOowz jdd J OBMisteOSskE?2 dHI] tfishiz jHSo0ks jzAdshisd tisttyd?. Ishdz jHiso0ls jiz- dishis
HESMSZY%O HEZW Hokzr YOteOdd jiz+d o isdkdwshdrhw tietseteOdids: Y jeoOw dL tdn (YiesdLotHdls jdz4) BsHIWydtelz jis

sz jHEBS00Is iz ditshys4, HEBOaRWW G0 LO9 jteh0sh j2 fsOHd] Gsalzts tisteydt x; O olssteOW (YfisisteBdlsjdz4) GsHAWydtelzdls jJ,
ZHOWW {f jicolzts tfsteydt. I JleotzOyOEs HishizjHSo0ls Jiz-dishis+ HizhlsO. 3 0, s0Sdds sBieOLE®, Glzydks HOO HJ2nisodW:

(1) append(x: portion);
Cslststets . HSZMBS BY IS+ 1Sado0z jdists 0BfsteOSsks? st jeOydd
sequence := sequence Il <x>;
GHJ <x>; - sz jHtso0ls jdz dishis+ dL jHABhise jhbsets Az jd jdiso - x, 0 M sBiL&OYOjis SshCols jkoydes Helkzn fishdzjHsa0ls jd- dishis j2.
(2) remove(result x:portion);
Cslststets g HSEYtts B Is4 1Cado0kz jdistuts OBMisteOCst o3 sy JteOydwas
x = First(sequence); sequence := rest(sequence);

¢HJ First oredicOjls f_jtcor2 Az jhjhls ishdz jHso0l jiz2dshisd, 0 rest sBiLEOYO s fishizjHiso0k jdzAdishis+ f) ZHOM jhdk &3 fjicor
Az jdi3 jdilstsds. JudodHes, Jhdkd tshizjHso0ks jirdishis1 fizhiso, st jteoydw First & st jHjk jk0; d o stsds fizlzy0j dz* nislsddz B s+
zo jto jdz -, yists fisiste jBdls joz4 syHOJls, fisCO tfetsdLotsHdls jdz+ dj fHjdz0 s tishdz jHso0ls jhzAdishist d&jtizhss?2.

I e rtfisizsydds, yists ote jozw, Iste jBlz jditsj HEZW tetsdLotHniso0 dizd tisiste jBdzjddw tisteydd, B+ j ots jd3 jdd, stejBlz jd3tsets HizW
Istsets, ystsB Y HEBOOd dizd ZHOEZdIS* jJ dL tfishdz jHiso0k jezAdshisd. 7 HEdYE " fisAssdlz fsLHOL Hies jSls, o Crlsttesdy
tftesdLatsHdls jiz-, d fisiste jBdls jiz4 5BO dtseizls dssHIWdydtetsa0ls+ ishdz jHso0lk jizAGshis, ¢S &J tHEEote ji3 jhdks.

Vsh jHso0k jeAdgshs i jHis0ot jt0 Gohhdotsds:

buffer -array 0. .N - 1 of portion;

d Halz&B™ Y Jts Jo3 Jiats " d3d:

(1) Ilastpointer: O0..N - 1;

CslststeOw ZCOLT 90 jls G0 fisLdydt o BEW jio ], o Slsstelzes fiz jHizE=Pow stf jieOydw HeBOow jddW, tisdjhisdls ¢ r2 dz jdijdls, d
(2) count:0.. N;

CslststeOW off JeHO rtcOhdls Hizddlz Yishdz jHiso0k ji2dishisd (Y iteotstoyod1¢s 0).

I stednjavjd WzgStyds

seq (b,1,c) =df if c = 0 then empty
else seq(b,121,c - 1) N <b[l® 1]>

6H_j SYjOydW StebisySo BBSLEOYO.S Hidjhdj U disHizas N. 106k, ysts Jfiid f) dj tOads O,

first(seq(b,l,c)) = b[l#ec]

rest(seq(b,l1,c)) = seq(b,l,c - 1)

Ut Jte+ sy b HOK stfts jHJdz jidJ 0BMsteOCis? Hishiz jHiso0k je2dishisd o s jtedzdz0n HOGGSES tte jHisOadz jddw:
sequence =df seq(buffer, lastpointer, count)

Lt jJ WistesOzA ks, Asts d3tsy jls BY s+ LOYMOES SOS:

sequence = df <buffer[lastpointer®count],
buffer[lastpointer®count®1],

buffer[lastpointerel]>

Ielzedds Mshsesdy fsHOYJ Uss? deWistedzOydd ditse BY BY Is+ fisdizte d tedilzdzse, Clstste™2 BYdz BY HOMJ B3 b J WistedzOdz2dz .
RZo0tedOdls HEZW d3sddlstste0:

O <= count <= N & 0 <= lastpointer <= N - 1

RAG3 B Ho j tiedydl™ HEZW sYdHOGGW, SEistster j Hsd@ & BY 152 tfte jHMisOodz jd* i jte o3 jdd ™ d3d mdztsodw:

nonempty:condition;

BSLEOYO s, yists iy dlydS tisteyd? Bsz21hj 0, d

nonfullzcondition;

BLGEOYOjis, st i ilydS gstyd? djdhj N.
& 5OCHds CalistelCsdot ™ ds YSHRBHEM § et jShlz, slkshds ikt ¢ jis LOSEHEE00k dshdssts B jL 5P JBES.

bounded buffer:monitor
begin buffer:array O0..N - 1 of portion;
lastpointer: O..N - 1;
count: O..N;
nonempty,nonfull :condition;
procedure append(x:portion);
begin i1f count = N then nonfull._wait;
note 0O <= count < Nj
buffer[lastpointer] := X;
lastpointer :-= lastpointer © 1;
count :-= count + 1;
nonempty.signal
end append;
procedure remove(result x: portion);
begin 1f count = 0 then nonempty.wait;
note O < count < N;
X = buffer[lastpointer © count];
nonfull.signal
end remove;
count := 0; lastpointer := O;
end bounded buffer;

ABEBOEAGSE | HECOLOK j ot fisOadi-dishisd Usses dsGdissE0 sihshosit b Zhjsonsat ikl R 0Bfse0tyd? d die0tdosd B

tfied > jOhdd o fistzidlst 63 jlssHORM, SYoiOGGT dd & [13]. JHEOSS Usef B jlssHT tis jHisOatweslsiw ¢ tedifshsai jahkrdd ¢
fishiz_jHE00s j1 dshiswad, Celssirj tonid0stdo0=khw o COvjfise] e jiese o ks fisols j.

dotH d o otH f) SHEA®R BEW jesh ks>l tonhkoktde0k1iw $08 iftesh jahr2 fitzkzyd? seeotdy jitses BeW jt0 i N = 1. 1 Ussd
ztftes P jddsdy Mdzizy0j dzommde dssyjls B s+ LOGjdjd jHAENse jhdks2 e jiz jhbs?, Yjejdkjeaow lastpointer duLBYistsydo, d d3*
tfisdzlzy0 jds:

1ostream: monitor
begin buffer: portion;
count 0..1;
nonmepty,nonfull:condition;
procedure append(x:portion);
begin 1f count = 1 then nonfull._wait;
buffer = x;
count == 1;
nonempty.signal
end append;
procedure remove(result Xx:portion);
begin 1f count = 0 then nonempty.wait;
X = buffer;
count: = O;
nonfull _.signal
end remove;
count == O;
end i1ostream;

rhdzd WdLdudhSd? avetsH o ffisazdW jlshw BlsHdz4d 3 itf JydOiz- & o SOBOwS, S e Jte ¥ o0hd ] Bls CORO®O i dks dBisHjedtesa0ks-
ariLisots 1ostream. remove(X); d 0&Ozsedulks HEZW WdLdudnhitses 99BHO - 1ostream.append(X).

2 OLOH [czOodz jdl I JjtsjH
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5. I0tdl jdej s3dHOG.

I's e giste &5+ s jHYsEOOhd, s, jhkd BSEij ujd SHEO Yiesae0hd0 BxdHOJS GO SHESE d 5B S Ehtsedd, st fdekod o7 s_jts s
HEW osLEBhREOE jBdW Jlesas0dkdl, EIHOEPES HEEh j offja. Gkt - RsEsPOW  Hishisow fiistok jédv JE0tdEsa0td™, SElssEow

ttc jfwishisolz jls & jtstfte JHjkz jhbsdlz SisCzOH ro0dkdt MHEzb jots ety jino.

JHEGOSS ted ttsts jCsdeso0tdd S js0ydsths? fidhsikT, Yomss efstju0skiw fizydd, SseHO s0Sj fieshiss i fzotdeso0nd] G0
shise j "Yjeord tedh ji - Ujeord Bty do0 s ¢j OHjSo0kts. YiseT SB it juds st Ceistist! GOH fist0k jod,j2
fz0tdes00kdw, & posHAE HEBOBYGS j os2Msots ZhEsatses SXqHOGAW, Clssis | HO_jls oL st LOHOKA o SOV jfo
000 50 SqHOGAW G jCElss T2 diHdCoksts Hedstedls k0 BxdqHOSP j2 Hiese0kd T, Gotedd it:

busy.wait (p);

stseHO HiesdhnisHls idekOkdLOydw B EZhdsadd, st otLEBERadRW jishw HisteteOd3d0, HEZW Cisstes? LOHOGS MO®S ) GdLSs] L&Oyjkd] p.
Ated ditfisiz- Lso0ddd Astsets M jHMiso0 tists jsdteso M S dssddlstie0 Hisd jb NsBRZEHOKA thisstesydishis+, ystBT LB X0+ t6dho

. jtstfte JH j&z jhdisets slsChzOH X o0dkdw; o yomikst > jdols jizAdks Hjizok+ tedtedisjis & jlzd jothosh j2hw Widydj? ot jkjkd &0y0dzo

s JHOGGW.

Clsts 90 jH jld.j "0t jdisets s3qHOBAW" Ziszt0 jis qiiskzh jhdts hHjtok tstwisdj Enksodw Bt NEsyGrd. Jhisetr j
Se0oHOGGY AshY fitzjHE=SPd.j:

1. fiis Gj SSOLT90_jls GACOCEts oddwhdy GO ¢sedSt Hesce0kd T did GO fe0adi WrkdkOk kst HESOLO ji fso0. f=B0w
Hlesce0kB0, SElsEow t0BEE0 s B jL z0kdErjdises sYIHOGAY, BEH_jis 6OBSSOL d i) ddds, G, osLdE @S, f) dzyNddd
ots B it 5] RO0Sk jtedfisdCOdd.

2. dolsshOqyiNss LsewHEWjGd]j Syt jHd YHEPJR Ty jiise - feshsow d BrijstOw dsjssHACO JE0kdiso0kdw, Csdj 5 jn
Mzizy0_jo, SSEHO Yt jH Walw jisiw g P Ssds HEzdhis2, 0 HOMJ jiitd st d 5O, ks ats it Y jdiseOd-tisets ety ifistd b

wadW jishw fiezd Csds Stedfisdudfedas tehlzteftsds.

3. JOChkOd G2 5B jd st jBL jds2 JOBMsd - SHES ke GO SOMHT2 Yesyjhf). 4L SOSEes ofjstes jhises B jssHO
fOhdeso0nGd™, SOMHERE Btdsstl, o jeswishts, fedH W o Hjiws §okws! fiesttydstot1ags yditk st Lsa0k jij2;
Otz1ls jis0kdo0 OOy NSEEs o' H_jd jkdw Hodwsd kOt dd Jeydrad ¢ itdot S0l je1¢0 G0 GdLSEd kisat
SHjeOydtts? s ik, ¢HJ GOREHWSTW dsGdsEET .

C YsHROGNW JP j sHEBGE dinSizh jads d 99 jHE BREzjokz WizdSydy Zhdsadw:
condname.queue

CslststeOW oY HO JIs LizOyJkdd true, jhdd Chts-tzdsts sdHOJIs 20 condname d False - o ffieslsdodisdz hdzizyoj. JujodHes, yst k0
sy dis BYls4 tz jelts te jOkzdLiso0%0 Otes? CsdzOhkH, d tftejHishisOadw jis yjhklzt dewsteoydss, Stistste0w di0y j dsedz0 BT B s
fsizizy %0 lstsiz4Ss LO fydls Hstsazddls jiz+ &2 godwisd, otejisJhd d ~tzstisls.

stedadOdzAdis tftetshsts?2 ttedd jie - dsshkdstste alarmclock, Siststs ™2 HO jls oLy dGshis+ o7 Lra0sh 2 Hfistscte0dsdzj LOH jiex Ol iw 4O
LOHOG®  Ssdzdyhisets - n - "IsdSse”. Ji dkdls HOO onsSHO:

procedure wakeme(n:inleger);
procodure tick;

At o GAR 7L a0jshw Oftotoks T dd fis jHse0dd (GOtEdd:jt, i it o0kd.ids) it L 6jczdVet T j disjto0tr ot ik jdkd,
MCO>jds, HjfWis* 16OL o fjCkbHE. FECOZGr j it it itk j

now: integer;
ColssteOW tfsHipydls o0 jis s jSkzh jJ ote jd3 jiw (fjtcotkoy0dds - 0) d
wakeup :condition

%O Cwlststetsdy MHEs "mfwhd " tisseteOddi . & LEOYjkdj alarmsetting - ote J&3 jid, o Clsites j Asd tfiesetcOzd3 ™ BlzHEZS 6OLBEZY J& T,
dLe st tted fisOtels j sHORIY; d b B3y jls ditfsiz L0l W HizW tstte jHJdk jkdW tie0adi k2 tfishikz jHsa0ls jd-dshisd
fiesBzYH J&dW.

alarmclock:monitor
begin now:integer;
wakeup:condition;
procedure wakeme(n:integer);
begin alarmsetting:integer;
alarmsetting = now + n;
while now < alarmsetting do wakeup.wait(alarmsetting);
wakeup.signal ;

comment J Makzy0j, Jmied mejHkzshd? tsyghin Hsdje tsBizHdlsAMw o Ists 34 MO&s] otejiw;
end;

procedure tick;
begin now = now + 1;
wakeup.signal
end;
now = 0O;
end alarmclock;

1 tfescts0Bd., fledo jHjbks2 orhj, itjnzsPd? SoGHAHO GO tiesalyHjkdi WOSkdujnSd tiesalyHOihY GO COMHEM 5 yons.
Qlsts tzj BlzH_jls dd3 jis+ LoV e, e YOm0 soSse HishisObsytis LSO o GOSEOHGT j OMREHT tsdkisdj fidctowo b fidhSsd
o risSd.

C BzOesHOt jiz A. Ballard d J. Horning LO tftsfhsOdzsallz Asts? fissBlz joz .
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6. retsudkdsjaz-e"J Jreddsle

1 e jHis> jidWr Gsor R fos2fse HEW WL TGO o fisCsets issonw sy ji tekzHbs fedejiisd 2B jHdSjz G HESOLOL jizfisots stsets, yists
hots2fsets BzH jis d &z jcCdds & AWW jSsdotzsdy diftfsdz- Liso0kdd, d &zjeSdds & AWW jSsdadks? te jOdzdLOydd. sOydhkets t jokzdLoydd
Bl BY s+ HECOLOGS jHAENse jhd of ristesNdd3 tiedBjtetsd, ¢ dzjelshis+ o AWW iSsdodshis+ diftstz- Lso0kdw kst jBE jis BisEz2 M ises
Ydindo tejodz e = tfieddz jietse; dhOyj dBsxdls YsCOLOA W, yists Gt hats2ihisets teOLOBSISOG%S Iitf jydOd-dks HEW Usdn tftedjstse, O ¢
GOsBBstesl. GlsO fjSydw fisH e dls eWH Histfskzddls jz4dr - tiedkdtese tejh jadw dLehlstr = LOHOY. [telzédj tfiedd e dtselzis B Is+
GO2HJGY o [14].

6.1 Av Hjkzjkdj BEW jietso

Jot0kdy jdkd 2 BEW jis, stfdhode 2 o idSydd 4, ftedhtishsed ji 1St HEW sz jHso0ls kA dGshisJ2 f) g0z dd tsteydwad,
GOtted jte, HEZW sy jte JHJ2 MssB jhd2. hdd BEW jier fisH_jted 0l qaWisteds0ydts Bisdz M isets 5B ji30 (GOttedd jts, WO2d T
BSWWEZ02EEos6s 995HO d 9 oBHO), SeteOddy b ™2 BEW jie tfis-tfie X @jik GisM s ditfsizALso0s W HEW LOYsdRdRORdW ORts e

BEW jteso, Cslsister j dintfisiz LizEslsiw HEzW rteOk jddW dewWstedz0ydd. s0Sdd sBieOLSH, fesdLotHdls jdz! BBy s LOtBhdWs! SHA®% BEW s,
o Ists ate jd3W COC tfisists jBdls jdz+ tOLGtezH 0 jls Hiszets? BEW jio Ists2 > j MOks2 tfishdz jHso0ls jaz- dkishisd. s st ste jBlz jis HietseteOdsds -
teOntfteJHJdzdls J&zw H&W HABOBdYJNEEEs sty jedw d shosBYHJadW BEW jiek - OHte jhSe.

Ji&d dstselzls Brls+ sBI Wz jd&:* COC Istf

type bufferaddress = 1..B;

6HJ B - ydiizts BEW jisise, Hishisztfdk = HiZW teOntfts JHJdz jdw. tomtteJHjhdlsjd+ BEW jteso ddjjls HOO ontsHO:
procedure acquire (result b:bufferaddress);

Cslstste ™2 9V HO JIs OHtg iy b - hotsBBHEEES BEZW ji60; d

procedure release(b: bufferaddress);

Colstste 2 otsLoteOMOJls o ffzz buFFeraddress; CseHO 56 Bisz21M§ & j ISt Bz jlshw. YissB Y o jfisd zyjls OHte jhse hotBsHE -
BEW Jteso, dGshditstelz tfisists Bz jlshw

freepool :powerset bufferaddress;

Cslstste 2 dintftsdz2 Lz jls fits jHsots powerset WL €O Idpusd 2, UssB Y tstftcjHjddis+ tf jtejksjddklz, LaOyjhdw Ctlstes? snollsr a0l
ofJ Bl hlsots BEW jiot '~ OHts o BIs fizhistsets dhsy jhiso0 HES ddksy jhise0, hisH e 0P jets ofj BEW jtek ™ j OHte jn0. B B jis
BY st jOtzdLs00EE COS BAkta0W COtlsO dL B sz jHso0k jzA% = Bdkt9, ¢HJ 1-2 Bl 609k 1, IstseHO d Istsiz2<ts Ists6HO, SSEHO i
onsHdl ofs d3dsy jhisos. W zXd0 sz ¢ SHEO tf jio jo&i jbkow Zhdsodw:

nonempty:condition
CilststeOW sLEOYOJlS, ysts Freepool < > tfizfists. stsH YisiseteOddz ™ -teOntfte jH Jdzdls jozw:

buffer allocator: monitor
begin freepool:powerset bufferaddress;
nonempty:condition;
procedure acquire (result b:bufferaddress);
begin 1f freepool = empty then nonempty.wait;
b = first(freepool);
comment JjdOjlshw ylsts ZGtHEGS;
freepool := freepool - { b };
comment ArydisOdj dL ®wsyJmlse0;
end acquire;
procedure release(b:bufferaddress);
begin freepool := freepool + { b };
nonempty.signal
end release;
freepool := all buffer addresses
end buffer allocator

I i2hsodv fissdLosHds jkv d fsist jedls jd" ¢jijE0ksE0 d ks jads ik dseks B fo jHjer §:

producer: begin b:bufferaddress;
while not finished do
begin bufferallocator.acquire(b);
. LOYtsdizjkd] BEWJEO b .. .;
bounded buffer.append(b)
end;
end producer;

consumer: begin b:bufferaddress;
while not finished do

begin bounded buffer.remove(b);
. BYmissh jedy szWjtd b ...
buffer allocator.release(b)
end;
end consumer;

Glstsls teOmtfte JHJdzdls iz BEW jtetso tfis jHisOadkw jishw tisdetsH 3 HEZW tfied3dkdd™ o fisod sk ditfsizLiso0ddd BEZW jicO

G gmSsdz2 Cddzd islssCOdsd, SOMH Y2 f) MisBhise jdd*d3 fesdLotHds jizjds d hsBise jad o skt jedis jizjd d i hishise jddd

ACL jd3tfozwietscly datstzdistste® BeteOkdy jhdisets BEW Jte0. s sy 0dzdddts, CseHO st o tfiskdwesishw tfied Mdtetsts HJOYOLSERJ dLdjdjadw
Mesteshis j2 d CseHO Freepool tfizfls, Odestedlsdy izOkdteso0kdw, dsxdls fishistWhbks HjdseEhistedicso0ls &g jiolk jk2és | tfso jHjkd .
Mdzd HOO tfiesdLotHls j&2W Miste jodzEslshw LO COMHY 2 BEW jio tfied jots shotsBtYHj&dd, HAMydifizd®o teontte jHjzjedw "f jteo *d

fedB T & - fjteo o3 sBMdzizydo0 jishw", BIzH jls 60teOdisdtetsa0lst (HsotsdzAdks ftfte0o jHkzdots), yst COMHY 2 dL &dr tfsdizydls sy jte jHbE2
BEW Jte; d iz, Mz jHB00Is jiz1dts, MisOkizls tfiesdLosHdls? &0 ttOad - Misteshswa. & Jhdkd sHA® fisiste jBdisjdz - Hieddls jte fs histeshis1E
1000 flstetsC/d3ddz, O Higlzets? - Is jdz JIsO2 s MCistetshis4= 10 fistesC/d3ddz, Ists MSsteshis+ Btz BY fistesets YisistegBdlsji2w BIzH IS © sz jydatsds
ydlsd gsizdX a0 HEs MSsteshisd BSEZJ BIHEZJEEES, SOS COC 56 GASEEHO G4 BisMJls oY tiskdwis4w B isteJd, yjds tesdLosHdlsjaz-.
Asts2 fisOHd fsylsd ofj BEZW jte® BEzHEZs edBOHE >0 Btz jj B jHE jRdkBdgE tisktCl, SOS ysts fidszOydw disy jis tisiste jBso0ls-

Hazdls jdz-* dztsets ote jag Jded HAZW ttetswind jdadw.

Alzls* tftc jsHisw jhdw Astsets Mshistsdls o ditfisz* Lsa0kdd HizOhdielz jdsets sHdHORIW, ystsB T ¢0ttOtsdissa0ls, yists o Zhdsadwn Bsiz+ N2
ZOctezLCd Hishskztfd* j BEW jte¥ BEzHIZIS t6OLH jdWIsA W HiShsOlsyds fitfie0o jHEzdot i HE fisissCodd, St j st jodz=Ishiv LO ddr.
St jubts, tj HistbG T teOfhdOltedoOlsAiw & jOSsdod j iskssCd d tislstsCd o Cslsisterm Hfisiste jBdls jdz+ te0BsISO jls o &Ofisswh jj ots jdw
BYfiste jJ, yjds fesdLotsHdls jdz-, &dSseHO dj BzHES LOeONdo0is+ Bisiz2h j, yjds HOO BEZW jteO. YissBY Hishisdy+ Mtftc0o jHkzdotshisd ©
teOMYte JHJL jedd, HishOEYbs o HJdwWis* Istsiz4CEs yists shotsBEYHjdd ™2 BEW Jts Issdilz dL SskSiktedicz=M dr tssdLosHds jiz g2, yi?
tfislstsC o &Omisswh j j ote jdaw ddzddls &Odijk2h jJ Sskzdudhkets BEW jtetso. uv0Sdds tBteOLEB® fdhis B30 BlzHjIs dihtols+ stySl, Gofistdz1¢ts
HOWZ jSE BlshisswhzEs sls & > a0k jozAdises ACh)ists jis0dAbses LE0yjddw, GonhStiz1Cs otLBEES.

Ats Asts? tedudizg ontsHT o teOntfte JHJdzdls iz Hiskydr ZCOLr 90k, HizW COCEs HfisistsCO BEW jie HisdY jd& BY 54 (dizd BY i)
dhtfisiz-Lse0d, d teOntfte jH jdzdls ji4 HBdX j& ~teOddls+ fjydlsydS b jSkzh jets teontfte jHjzddw Hizw COMHESes fisissCO o dzohhdo:

count:array stream of integer;

Wso0W 9 jteidw teOmtfte jH jdzdls jdzv:

bufferallocator: monitor
begin freepool:powerset bufferaddress;
nonempty:condition
count:array stream of integer;
procedure acquire(result b:bufferaddress; s:stream);
begin 1Tt freepool = empty then nonempty.wait(count[s]);
count[s] := count[s] + 1;
b := first(freepool);
freepool := freepool - {b}
end acquire;
procedure release(b:bufferaddress; s:stream)
begin count[s] := count|[s] - 1;
freepool := freepool - {b};
nonempty.signal

end;
freepool := all buffer addresses;
for s:stream do count|[s] := 0

end bufferallocator

Sl yds, osLBEYES, Ysts it jBdlksjiz- shisOdsadishw fisehjd, &otteddte, ohkHhisodd &ir0dkdydhts? &idhttcoodishisd.
YtesdLotHds iz HBEX & S0$X J BY s+ HisdshisOksodz jd te jXH] udd & fisdizydls fedhSsds kbt BEW jistso, HOMJ Jhdkd &dtists
Btz j 9 ¢OMssWh jj ot jd3W dJ tiedisJiHEZ IS %O &dn. Glsts Bsybs ¢ et shizh hisodls+ fissise jishisaze j2 Wdthoydd? ©0LBjeo
tseteOhdy jddses BEZW jiod HEW HfislstsCO d/ddzd, cOteOdsdtelz, ystsB ™ tfis Cte02dkj2 B3 jtej HOO BEZW jie® B zd LOte jL jtsodtesoOd ™ HAZW

COMHEES L0, HOMJ SEHO 5t tjOSIsdo it Atsls s it ifts tedsjyotkd ¢ HAGOBAYINSE®E ONttiH ik ikds tifkzthse:
fofsjds0 HEEXEO BTt EOLEOBELORO KOS, YssBT Hied kW jdis? LOcEELSj b jfizthse, SsC0sT a0k W ¢ BEdj HisOsquishl X ddhke.

C BEZOGSHO j& E. W. Dijkstra LO tfsfjsOdsall Asts? sz ik d tejh jtdj o [10].

6.2 1E0GqissoP dS csisots HAMSO

10 90RO jdiw HAS ot jdiw tf.jts josi P jkdw ceisatss ko jkdydo0 jishw dsdsistdts i) ke jedyitd.jd tonhsswadjd. rhid

b NSEEACE esete0kd M kol it jd jhisds! csizsald, s jHikjd ot it SHJHOGAW By jls BTl itk ids, jhkd stz deols
. jlcos2 sz fieset0hdl, CElssOW 3 jd0jls fjtidjhsds dn &0 Ceosy02h jj tomistWidj. s, € NsXOLjddss, As0 fiistols jedw

& jzss2udo0, 50 SOS Hisset0k®0, Y jk0show sasOlsds v € ydtdiHiEl G0 SHEsE Ce0 HAMEO, dsXls G st jH_ it jhds HEdes
BsCEOH T o0 W Hisses0dBOdd, E0BEEOSP kg GO Hiskdsds S0 did o fijtiHdtk,].

TN Judd fshissdls o ddedBdLoydd yofssis dLdeiad™ ootz jed™ HodX Jad™ ied YitejdB M Jadd csisest. d ¢=Bisd fikzyoj
étstzsol Msmts0nWEsls Hod> jid.j © HOGGSH GOtfteOat jkdd, d i SBizEzy o0l HsaEOhdnL Y j Lotk ¢ Hodks®E BizdLSE®EZ
ydazdeHtelz o Assds Z0teOodz jdd. hdd Md &J B4 j & jls 5OSHR LOttetshse, dLdjdw jishw Gotie0od jkdj, d esizsotd HJjzOBls Hiskzes2
tfesrisH tfis fise jtendshisd HOMEO. Glsts dsyjls BT Is? GOLoOHS Odzetstedlsdstsds “"ddWisO", 150S COS dtsH jdzdtelz jis ftse jH jdkdj zdqWisO o
BhsesUsOMdisdy LHOGAC. RBJEIhW HOO ontsHO o z0dkditse M dS dsisott HAMSO:

(1) request(dest:cylinder);
GHJ
type cylinder = 0..cylmax.
Chlstste ™2 vosHASNW HietscteOd33s2 jtejH MOKE2 9 HOYJ2 SEBROGHYT O tfjtejdi3jP jhd csizsotss ¢ ydkdiHtez dest.

(2) release;

Csisists ™2 poBHASHW Yesee0dkBE2, SBEHO BEO o istkhdi0 of)j YjtjHOud qiwWsekoydd, eiskidr j &0 ks jSkF jd ydideHt,j.

FCOLAGT j HOGRY j distdstssd HEd G oSk =yl o fjs™ headpos - LOYGH & s jSkF j2 sLdydd estsess, 5jSzP ji Goft0at jid.j
flesosHO, d edLiOS, WodW jisiiv dd HAfS LOGWIS ¥ ds;

headpos:cylinder;
direction: (up,down);
busy:Boolean

I BHO jd3hwW o Helzn EZhdztsodWa: SHEE HiZW LOtteshise, sydHOB MR tistatsHO 99 jier (upsweep), d Hislzesj - HizZW LOtftetshse,
s HOE MR tfetsnsHO addL (downsweep):

dischead:monitor
begin headpos:cylinder;
direction: (up,down);
busy:Boolean;
upsweep ,downsweep:condition;
procedure request(dest:cylinder);
begin 1f busy then
{i1T headpos < dest or headpos = dest & direction = up
then upsweep.wairt(dest)
else downsweep.wait(dest)};
busy := true; headpos := dest
end request;
procedure release;
begin busy := false;
1T direction = up then
{i1T upsweep.queue then upsweep.signal
else {direction := down;
downsweep.signal}}
else 1T downsweep.queue then downsweep.signal
else {direction := up;
upsweep.signal}
end release;
headpos := 0O; direction :-= up; busy := false
end dischead;

6.3 vdisOb jizd d Ydhols jkd

sO¢C BsizjJ LEOydisj&z2e 2 tiedds jis, d3* otsLAdjd3 HesBlz jd3kz, SlssteOW osLBASO jis o thdz02use - Hedizsy jedwa fdhls jds to Ok dGses
oteJ3 jdd, sOCdn COS ZtfteOolz jkdj osLHEZN G 03 HieshistOknsotd. e jHYSkEXdd, st SOMHY 2 MOdgBE jis tfiejHhsOod jd LOYdht, d
Ysts OCkzOzA G Mshistwizdj Uss? LOYdnd tsHH e do0 jishw tewHs ey jhnse "fdhok k2", d ¢ Lofdhd sBte0f 0 jishw tewH
tftetsyditse "ydsOlsjzj2". festsj ydhds "ydisOkjezj2" By dls SHEsot jiJddts sBte0POk4ihw SHES o 52 M4 Lotdihd, & syjodHes,
Ysts dzBts2 Histsy i, Selsste™2 dsHdWAydiszls (LOYdh o0 jls) BlsHjdz2 &Y J Ssdtfsd jdis™ Lofdhd, Histydd ddls? dahistsdAdr2
Hissztf € &J2, deOyj &" fskizydd ~0sh). RSOS, GOR Gz jb Skohh kskdsstese; ACL jhtiWe Astses Siz0mn0, dsCOkzdk 2 HEZW COMHS
LOYdid & MOkBEjls], tedosHdls o diistzéidkdj LOHOGGEZE Hdhydidkdhlz Hdw Uss?2 LoYdhd. hed Jhist deses Nodtdjso, diddishw

o JmStj shsa0kd) HiZW fisCeOh jhdw dsCok e - HOGG  ~ dskdsts0; d jhdkd SOMHOW st jteOyd™w ysjed™ dizd Lotdhd SstesisCow, Ists
B HEE BT 50 BdBdidLdtetsaist WoSkdy jhis otejkv, st jBz jksj HEW o tfsdd jadw COMHEES sBIeOP jhadw ¢ dskdisstelz.

SSEHO Bhsets ydisols jizj2 LOdds jte o0k o jHdbhse jhbks?2 LOYdhnd & MOdkBE jisj, jhis+ stoheshis, ysts fdhok jd+ BEZHjis &0

G Jstte jHJd jhds j ot jdi3W slsCizOH 904w d & j M3y ls fisHH jtexdo0lst 0Ckz0dd&shis+ LOYdhd. J tiststdlz tjh 0 jd3, Ust Gsatsdsiz
YdlsOls jdz & jdz LW teOLts N dfis+ OyOs+iw, jhdzd ddsjdishw sydHOshd2 fdih0ks jiz-'. usyds SOS >4, UstB Y dLB >0+ stfohdishisd

G Jstte jHJd jhdses slsSezOH 90hkdW ydisOl jizj2?, ofj udisoljdd, sydHoshdj Los jteh jedw Lofdhd Histk ddsjis* tftedstedis s  jts jH
zgnzshddd fdhokjevdd. 108k as4sd, yst Asd fie0odiz0 fz0kdietsa0dkdw sy ji sskzdykr sis sBhzHO G - o [4], d

tftc jHMisOadzW jlsihw, yists tstzd . Iste jBlzls 5O kishSahisd o to jozdLoydd. vjd ¢j Bk, std gzl dzyhj fsHasH]s HEW S0CdR
tftedizts ddd2, cHJ dzzyh g ydisols tftetshtetsy jhdlzs dawstez0ydes, yjds YHOK+ & jstte jHjkz jhdks Hisdets!

Ihdstt sy jodHis stegBlzjls y s tejn &BCOTAG - sty jHizts:
startread
v LY 90w ydlsols jiz 3, Cistste ™2 > jdz0 jls ydisols-.
endread
v LY 90 jlsiw ydlsOls jdz_jd3, Stslstste 2 LOSsdydd s jdzdj.
startwrite
or LY o0 jishw fdhOls jdzjd, Crliste2 3 Jdz0 jis gdhols-.
endwrite
v LY o0 jihw fdhnok jdiz g, Cliste2 LOCsEYdE ook,
IV Hsi B AteOhdls+ iy jisydS udhdzo ydisoshdn gk Lse0ls jizj2?, ysse Y fshiziHdd? LOSOGyde0s P d2hw ydiksOljd+ L0 B Astsd:
readercount: integer
7 508 J Bz HO jd3w o BREZ jotsds diHACOLts j Istsets, yists Sss-Ists ) j2u0m gdh jis:

busy: Boolean;

" 99BHJM BSH_jE G EiksedW HiW sxdHOGIW Yok jti? d Ydiok.itj2:

OKtoread, OKtowrite:condition;
wlz JHIZ JIs Bslsdz jlsdls+, ylsts:

OKtoread = not busy
OKtowrite = not busy & readercount = 0
invariant: busy => readercount = 0

class readers and writers: monitors
begin readercount:integer;
busy:Boolean;
OKtoread, OKtowrite:condition;
procedure startread;
begin 1If busy or OKtowrite.queue then OKtoread.wait;
readercount := readercount + 1;
OKtoread.signal;
comment hkd ®syJls MisOlstesoOls+ sHAR ydlsOlsjaz+, Iss gsekzls d oij;
end startread;
procedure endread;
begin readercount := readercount - 1;
iIT readercount = 0 then OKtowrite.signal
end endread;
procedure startwrite;

begin
iIT readercount > 0 or busy then OKtowrite.wait
busy := true

end startwrite;

procedure endwrite;
begin busy := false;

iIT OKtoread.queue then OKtoread.signal
else OKtowrite.signal

end endwrite;

readercount := O;

busy := false;

end readers and writers;

C BEZOesHOK j& Dave Gorman LO tfisissh+ o GO~ Hjhkdd Ustsets te g jadw.

A OLOH [cOok jkd] At jtcjH
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7. 10SIz=yjhdd

G5O fisOlsw tte jHZO60 Jis MistelzClsiztelz dsHEEW St jeOydthdks? hdhsJd ™, Sestter2 fk0ddtszjis tehizteh ™ HiZW §OteOktz jiz1dk" A
tfiesydhise stz Lso0jzj?, Syjit fsatsyzs &0 e jHhisOokjkdj HOGR ~, dhfskLEzjdsd o YishizjHso0k jd1dks2 YieseteOdiiz .
JHEOCE o Mizlzy0j dsskdlststese, s jiz0 tietsyjHizte HsEY & BY s+ LOP P j& T Bls fisokstedsets ontsHO d te jOdzdLse o0k iw COC
StedfiscfudiSdd ndSydd. zfydiese0ddd o bjShisd Stedisdydntds NJSyd? adinisd i HOGETd3d, SBisste™ J SG&d BSHAWYdEEzE,

tftc jHiisOadzW jlshw dzlzyhdds, v jds teOmte jHisissyddj StedisdujhSdn hjSyd? tfts ofj2 tistscteOddj stz Lso0k jzw, COS sydhodks o [7, 12].
Jits 50Sy § Mistsise jishisolzjls IstsOHAydtsdkhkB2 tie0Csdtd ¢oydnoddw hizy jisodListete st jeOydsdd - fidhisjd. Gkt By bt

to JSB jBHSO0k B LGSO EYHGS.

JHGOS, ¢SOLHS stezHb ) B jHds v o st jLashisd fstwisw kizsadw SOS fedddsde0 dkrtstdLoydd. Heshsi2 i o
it Lse0hdd s jHisots NdtrEstdLOydd - Usts, o jswihs Eidsatsj sX1dqHOG] [2,12]:

wait(B);

GHJ B - sBYyisj Bzz jots o0y j&d ] (wait LOMsOodW jis HOGE 2 fietsy i MHOIA, HisC0 B ¢ MisOdls dhlsdhdd); s tis By is

BY s+ fizdhSsds b jAWW jSsdads HEzW sBF jéts ditfisiz Liso0kdW o stf jeOydiskh - hdhlsjk0n, felsthlz ysts jos o risdkd jad ] st Bz jis
LOGots 5y jkdo0lk+ orte0 jhdj B tishizj COMHBES 9 RisHO dL ety jHizte™ diskdlktie. I jte jdjkdow zhksadw HO s fteseteOdididiisz
kzizyhd? Cdistesdz GOH LW jSsdadshis4 = d fz0hdtsso0nd jd; Asts tiskwisdj BY s 8OLEOBSOGS, SOS, ystsBY BY IS4 tSy_jd-
tfieddzdisdodz 3, d dd jis* ftetshysts j tficOadizts HESSOLOK jizAMiso0. 3 15, oBLBEYES, G jSElsste 2 Hiskzes?2 Sdittesdidhh & jMHE zZHsBhsosd d
AWW jSsdodtshis1E g3tse BY BY s+ dzlzyhj. Astftetsh) s Issd3, HiSE &0 &d sy jteOydw signal of)jeHO BY s fishidzjHi 2 st jeOydy?

tftetsy jHlzte ™ dstdistste, ofyj jhJj skCterls. Glsd tfistsBlz jd3* BzHES dLZYO W d otstfizsP O+ W o fdizslsbsd et jCsj st_jeOydistdis?
ndilsjdz*, tisdzizydeh jo& o GOMsswh jj ots jlgW tfsHH jied Sz 3 Ozydts-diyidz jHBo0ks jz4hSeets wise jisO d jedSsBedisOdkdd.

[telzedds otstfteshisd, Solsster2 BEZH jIs dLzyOk+mW, BEZH s ottfiesh & jtf it jhS0 jdshisd dttdisstese. fisybs ¢d ties jlsdisso0ls

SlsH A% 2 dLstzdietso0dt 2 distkdlstte HEZW COMHSES adHO tejhkztehise, SOS, ystsB Y td ediddod te jh jhdw s fz0kdeso0ddd Astsets

to jMiztehO, dijtfsdzLizw stsiz4Cts dzddddzOtz izt iwWistedzOydEs & Mshisswidd Ustsets te jmiztehO, d &J diftfsdz Lz ¢dSoss? dewstedOydd s
shisswizdd wzEBisets te jhizteh0, Ztfie0odW jaiises Hiszedhid Bskdisste0ld? Jd Hediydt, SOLOdsnh+ BT, yst yjd BiSEzA M j LEOGI? B
shisswizdd ofj? hdhsjdi3™ &7 di B, sjd HistdE BY s tfiesh j fedidiz0ls+ o jh jadw, BizdLSdj ¢ stflsdizOd1er 3. stesd | Isses, o
tftedizydtly, GjLOadhdisy fizokdesa0dd  teOLkzdys = odHEe tejhiztehise dtsyjls tede jhisd ¢ bzfdtlz. Glsd histBeO jadw disekzs

tftedo jhisd ¢ tfiets Sz steOHAYdstdBes "dBskstzdstkres” Bskdlsts0, fsHH jexdo0sh jets stz dj idhls jddr J soBkzdyr, ¢ Stlsterd S
o jis dssydts sBtcOM O+ W d dssHdWdydtetsaOlst dr dL &=Bs2 sty jhizts™ dshdisstso.

Wb BASOCdn Otftedsted = tftedfudds HEZW Istsets, YstsB T st IsCO tOLBdls* WizdSydd st jteOydishbgs?2 hdhsjdir &GO ttWH dListdetso0dd -
GJtjte i jcoshdamnw ghdsstete SCOLOEON i jhas?. JH#0 disyds BY st Zhif jhds?2 sti4SE, tfied tOLeOBBISj d ot jHte jddd
~stesNdn Odzestedlsise fzOkdicso0kdw o COMHIH Bistdktts . YisBY dLBjcOk ¢ X jezokji e~ aLOddktH j2Msod? &3 j>HE
tslsH &z " 3 OdzétstedlsczORd YzOdkdteso0dkdw, tie jHhsOadwW jishw & jsBatsHA®R Y o3 fisBk=H jhkdj hkzjHzs P dn te0add:

1. WdSs6eHO & fiste jdzdfls i+ fjHJdz0k- stflsddz0dzAds tejh dddJ; ftetshists fiste jdzdis i+ dLBjeOk Yishistswizdsets fteddwisgw
inhddsdhiscudnSda e jod.

2. J Mistejazdfls i~ dte jHmsOadzwis Hfisists jedls 2w i) odtelsizOdz4ds2 Bz dbts?, SslssteOw dzizyh g, yids teJodz4d ™ J OffotsOlsezr J
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