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BBepeHue

[ens nanHOM pabOTHI — U3yYEHUE aBTOMATHOTO MOJX0/1a K IPOTrpaMMUPOBAHUIO C
UCII0JIb30BAaHMEM MHCTPYMEHTANIbHOTO cpeacTBa UniMod. B kauecTBe npumepa
paccMaTpuBaeTcs IMporpaMMHas peanu3alus apBToMara sl peuieHus 3aaadyu
B3aMMHOTO MCKJIIOYEHUS TPU MPOTrPaMMHUPOBAHUM PACIPENEIICHHBIX CHUCTEM.
Pemenne paccmaTtpuBaemMoil 3ajaud BecbMa Ba)XKHO, TaK KaK OHO MOKET OBIThb
UCIIOJIb30BaHO MPH paclpeIeICHUH 00X PECYPCOB B ONEPALIMOHHBIX CUCTEMAX.

1. PopmynunpoBKa 3agayivm 0 B3aUMHOM UCKITHOYEHUN

[Ipy Hamucanum nOporpamMM, KOTOPbIE COCTOST M3 HECKOJBKHX MOAYJIEH
(HanpuMep, CUCTEMbI BUJIa KJIMEHT-CEPBEP), @ TAKXKE MPU MPOrPaMMHUPOBAHUU JIJIS
pacnpeneneHHbIX cucTeM [1] 4acTo BO3HHUKAET CUTyalUs, B KOTOPOH HECKOJIbKUM
nporeccam TpedyeTcsl OJHOBPEMEHHO MOIYYHUTh JOCTYH K HEKOTOPBIM pPecypcaM.

[TomyyaeTrcst Tak, 4TO MPOLIECCHl XOTAT JUO0 OJHOBPEMEHHO 3alucaTh JaHHBIE B
KaKoe-J1100 MECTO MaMsTH, JTUOO OJWH U3 HUX MbITACTCA MPOYUTATh U3 MaMATH, a
JPYroil B 3TO BpeMsl MbITAETCS 3aIMCaTh KAKUE-TO JIaHHBIE B TO )K€ CAMOE MECTO
NaMSATH.

Jlnst paspemieHuss MOAOOHBIX KOH(DJIMKTOB MEXIY MPOIECCAMU HCIIONB3YIOTCS
aITOPUTMBI B3aMMHOTO UCKIroUYeHus (mutual exclusion algorithms wiu mutex
algorithms). B dYacTHOCTH, 3TH aJTOPUTMBI TPUMEHSIOTCS B TapauieIbHOM
IPOrPaMMHUPOBAHUU JIJISI TOTO, YTOOBI M30€XKaTh OJTHOBPEMEHHOTO MCITOJIb30BAHUS
HECKOJIbKUMH TIpolieccamul un-shareable pecypcoB — TakuX pecypcoB, KOTOPBIC
MOTYT OBITh UCIIOJIE30BaHBI OJJHOBPEMEHHO TOJIBKO OJTHUM TPOIIECCOM.

PaccmoTtpum nipoctoit mpumep.

Ilycmo knuenm xouem cHams co cuema 8 banke 100 pyoaei. B smom ciyuae 6anx
deticmegyem c1edyrouum 00pazom.

1. Ybesicoaemcs, umo na cueme kiuenma ecmo kax munumym 100 pyoaetl.

2. Cuumaem 100 pybneii co cuema Kiuenma.

Ho umo npousotioem, ecnu medxcoy smumu 0eucmsusimu Kmo-mo (6mopou Kiueuni)
Yene CHAMb ¢ 9mMo2o cuema 0eHveu?

IIpeononoscum, umo ua cuemy o6wviio 150 pybaeu. Paccmompum creoyiowyio
nocne008amenbHOCHb 0euCmeull.

1. Bank evinoansem npoepKy HAIU4Us Cpeocma 0 nepeo2o KIUeHma.

2. Bbauk evinonnsem my dice onepayuro 0Jis 6Mopoco Kiuenmad.

3. Baux cnumaem co cuema 100 pybneii no 3anpocy 6mopoco KiueHma.

4. Bbank cuumaem co cuema 100 pybaeii no 3anpocy nepgozo Kiuenmad.

B umoce, na cueme 6 banxe ocmanoce munyc 50 pyoneii.



[IpocTrerimmuM METOAOM B3aWUMHOTO HCKIIOYEHHS Ha  OJHOIPOLIECCOPHOM
KOMITBIOTEPE MOKET OBITh 3alpellleHre PEPHIBAHUMN MPU BBHITTOJIHEHUH HEKOTOPBIX
BaKHBIX YacTel mporpaMmsl (critical sections).

Kputnueckas cexuus — 3To ¢pparMeHT NporpaMMbl, KOTOPBI MOXKET UCTIOTHATHCA
He 06oJiee YeM OJHUM IPoLecCcoM (MIJIU MOTOKOM) OJHOBPEMEHHO.

Takum 00pa3oM, MpH BBHINOTHEHUM (PparMeHTa MPOrpaMMbl, HAXOJSALIErocs B
KPUTUYECKOM CEKIIMHM, HUKAKMX KOH(IMKTOB MEXIy IMpolleccaMu He Oyner — B
ATOM CEKIIMU MOKET HAXOJIUTHCS TOJIBKO OJIMH MPOLIECC.

Cucremsl, COCTOSIIIME U3 HECKOJIBKUX MPOLIECCOB, YaCTO JIErYe MpOrpaMMHUPOBAThH
C ImpUMEHEeHueM KpuThueckux cexkuuid. Korma mponeccy TpeOyercs yuTaTh WA
MOAU(ULIUPOBATh KAKUE-TUOO pa3iensieMble CTPYKTYpbl NaHHBIX, OH BXOIHUT B
KPUTHYECKYIO CEKIHUI0. DTUM OH OO0ecreurBaeT ce0e HCKIIOYUTENIbHOE MPaBo
UCIOJIb30BAaHUS 3TUX JTaHHBIX, U MOXXHO OBITh YBEPEHHBIM, YTO HUKAKOW IPYrou
pouecc He OyIeT UMETh JOCTyIa K 3TOMY PECYPCY OJTHOBPEMEHHO C HUM.

2. PaspgensieMble nepeMeHHble

[TapaiutenibHbIE TIPOTPaMMBbl CUJIBHO 3aBHUCAT OT Pa3AeiSIEMbIX KOMIIOHEHTOB,
MOCKOJIBKY ~ MPOIECCHI  MOTYT paboTaTh HaaA OJHOW 3amadeld  TOJBKO
B3aUMOJICUCTBYSI MeExay co0oi. EnWHCTBEHHBIH CcHocOO B3aUMOACHCTBHUS —
BO3MOKHOCTB ISl OJHOTO MpOLIEcca 3aUChIBaTh JaHHBIE Ky/1a-TO, OTKYyJa IPyTrou
IpollecC MX YHUTaeT. DTO MOXKET ObITh pazfiensemas nepeMmeHnHas. I[losTomy
B3aMMOJICHCTBUE MOYKET ITPOrPaMMHUPOBATHCS, KaK 3alUCh U YTEHUE Pa3/IeisIEeMbIX
MIEPEMEHHBIX.

[Iporpammel ¢ pasgeisseMbIMH IIEPEMEHHBIMM 4Yalle BCETO BBINOJHAIOTCS Ha
MallMHaxX C pas3leisieMON NaMATHIO, IOCKOJIBKY B HUX KaKIbIM MPOLECC MOKET
NOJIYYUTh HENOCPEACTBEHHBIM JOCTYH K Kaxaod mnepemeHHo. OJHaKo
IIPOTPAMMHUPOBAHUE C PA3JAEIAEMbIMA IIEPEMEHHBIMM MOYXHO HCIIOJB30BaTh U B
MallMHaX C pacupeneseHHoN namMsaTero [1].

3. Anroputm llemepcoHa Aans AByX NOTOKOB

OnHuM u3 Hanbosee MPOCTHIX AITOPUTMOB, MPEAHA3HAYCHHBIX IS BBITOJTHEHUS
omnepanuii ¢ KPUTUUYECKUMHU CEKLUSAMU, SBIsIeTCS alroput™ [lemepcona [2]. Ha
IICEBAOKO/IE OH UMEET BH/I:

1: void lock(int 1) {

2: int J =1 - i;

3: want[1i] = true;

4: turn = j;

5 while (want[j] && (turn == 7j)) ;
6: }

Y

void unlock (int 1) {



N

want[1] = false;

OTmeTuM, 4TO B alNrOpUTME HUCIOJIb3YETCs JIBE MPOLEAYpHI: mpoueaypa lock,
KOTOpasi OTBEYAET 33 BXOJ B KPUTHUECKYIO CEKILIHMIO, a Mpoueaypa unlock — 3a
BBIXO/] U3 HEe.

[lepemennble want [0] U want[1] coaepkaT MH(OPMALIUIO O TOM, «XOUET» JIH
COOTBETCTBYIOIIUI IIPOLIECC BOUTU B KPUTUYECKYIO CEKLIUIO.

Anroput™m Ilemepcona obnanaer CACAyIOMUMHA CBOMCTBAMHU:

1. Bzaummoe uckiouenue: nBa Ipolecca He MOTYT HAXOJIUThCS B KPUTHICCKOM
CEKIIMH OJHOBPEMEHHO.

2. Ilpoepecc: ecii ONMH W3 TPOIECCOB TBITACTCS BOWTH B KPUTHYECKYIO
CEKIIMIO, M OHA HE 3aHATa JIPYTUM IMPOIIECCOM, TO KAKOM-TO U3 MPOIECCOB €€
MOJTYYHT.

3. Omcymcmesue 20100anus; €ClIA TMPOIECC XOYET MOMacTh B KPUTHYECKYIO
CEKILIMIO, OH B Hee KOT1a-HUOyAb MONaieT.

N3BecTHO 0000I1€HNE 3TOT0 aNropuTMa Ha CiIy4ail OOJBIIEr0 YHcia MOTOKOB.
OpmHako B 3TOM Cilyyae ajlropuTM umeet Oosiee cioxubii Bua. Kpome Toro, B 3ToM
aJIrOPUTME HE BBIMIOJHSETCS CBOMCTBO uyecmuocmu [1] — mpoueccopHoe Bpemsi
MOKET paclpeieNIATbCs MKy TOTOKaMH HEPABHOMEPHO.

4. I'Iapanneanoe nporpamvumpoBaHne N KOHe4YHbIle
aBToOMaThbI

BrimonHeHne mapamiensHON TporpaMMbl MOYKHO TIPEICTABUTh KaK 4YEPEIOBAHUE
aTOMapHBIX (afomic) onepanuu.

Amomapnaa onepayusi — OTO OIIEpalllsl, BBINOJHEHUE KOTOPOW SBIISIETCS
HEACTUMBIM JeiicTBHEM. B m000i «MOMEHT BpeMEHN» aTOMapHasi Onepanus Win
ObLIa y>K€ BBIIIOJIHEHA MJIM €€ BBIMIOJIHEHHUE €IIe MPEACTOUT (OHA BBIMOIHIETCS KaK
OBl KMTHOBEHHO ).

KoHeuHblii aBTOMAT SBISIETCS JOCTATOYHO TIPOCTOM U YAOOHOW MOJEIBIO
BbIuyrciieHnid. C MOMOINIbI0 KOHEYHBIX aBTOMATOB MOXHO PEalIi30BaTh ajJrOPUTMbI
napajyieIbHOTO MNPOrpaMMHPOBAaHUS, IPU HTOM JeHCTBHS, BbINOJHAEMbIE
aBTOMATOM IIPH Iepexojie U3 OJHOI0 COCTOSIHUSI B Jpyroe, OyAyT SIBJISATHCS
atomapHbiMHu. COOTBETCTBEHHO, YeM 0o0Jiee CIOKHBIE onepaluu OyayT CAeJIaHbl
aTOMAapHBIMHU, TEM MPOIIEe CTaHET MoJy4yuBlIuica aBTroMar. C apyroil CTOpPOHBI,
yeM OoJjiee MpOCTHIMU OyAyT aTOMapHbI€ OIepalydd, TeM OOJIbIIYyI0 THOKOCTH
OyAeT UMETh AITOPUTM.

Takum o0pa3oM, MpM HCHOJIb30BAHMH KOHEYHBIX aBTOMATOB MOIYT OBITh
SIBHO BbI/IeJICHBI BCE ONePalli, KOTOPbIE SBJSIIOTCH AaTOMAPHBIMH.



5. Anroputm Jlamnopma

Anroput™m Jlamnopma (anecopumm 6ynounou, Lamport's bakery algorithm) pemraer
3aJa4y B3aUMHOTO HCKIoueHus i /N mponeccoB. OH ObUT BIIEPBBIE OMHCAH B
cratbe [3]. OcHOBHas ujes aNropuTMa MO3aMMCTBOBAHA U3 MPUHLHUIA PAOOTHI
MarasuHa: mpolieccol (10 aHaJOTHH C MOKyHaTessiMHU) BHIOMpAIOT cebe HoMepa, a
3aTeM Mpoliecc, 00NaaroNMii HAMMEHBIIUM HOMEPOM, BXOJIUT B KPUTHUECKYIO
CEKIIHIO.

PaccmoTpum atot Meron Oonee noapoOHo. IIpeactaBum cede OynouHYIO, TIe IPH
BXOJI¢ CTOMT aBTOMAT, KOTOPBIA KaKIOMY TPUXOAINIEMY KIHEHTY BBIIACT
JUCTOYEK C HAlMCaHHBIM Ha HeM HoMmepoM. [Ipw 3ToM HOMEp yBETUYHMBAETCS C
MIPHUXOJIOM KaKJ0TO HOBOTO KiueHTa. Kaxxaplii pas, Korja mpoaBel OKa3bIBaeTCs
CBOOOIHBIM, OH OOCITYKMBAET KIIMEHTA C HANMEHBIITUM HOMEPOM.

[IpuBenem npumep BO3MOKHOU MOCIEN0BATEIBHOCTH JECHCTBUM.

Hoesvui knuenm (A) 3axooum 6 oynounyro. Aemomam evioaem emy Homep 1.

Hoesvui knuenm (B) 3axooum 6 oynounyro. Aemomam evioaem emy Homep 2.

IIpooasey oceoboscoaemcs u obcnysicusaem kiuenma A (6 amom momenm 8
OVI0YHOU HAXOO0AMCA KIUEeHMbL ¢ HoMepamu 1 u 2, HaumeHbuuLl U3 dMmux HomMepos
— 00UH).

Hosvui knuenm (C) 3axooum 6 6ynounyto. Aemomam evioaem emy Homep 3.

IIpooasey oceobodcoaemcest u obcayxcueaem kiuenma B (6 smom momenm 6
OVI0UHOU HAXOO0AMCSL KIUeHMbL ¢ Homepamu 2 u 3, HaUMeHbUWULL U3 DIMUX HOMEPOs
— 06a).

IIpooasey oceoboscoaemces u obcnysxcusaem knueuma C (6 omom momenm 8
0YIOUHOU HAXOOUMCSL MOJILKO KIUEHM C HOMEPOM 3).

Hoewiii knuenm (D) 3axooum 6 6ynounyro. Asmomam vloaem emy Homep 4.

Ilpooasey oceoboocoaemes u obcnyxrcusaem kiuenma D (6 amom momenm
8 OYI0YHOU HAXOOUMCSL MOJILKO KIUEHM ¢ HOMepOM 4).

Hosvui knuenm (E) 3axooum 6 oynounyro. Aemomam evioaem emy Homep 3.

Hosvui knuenm (F) 3axooum 6 oynounyro. Aeémomam evioaem emy Homep 0.

Hoewiii knuenm (G) 3axooum 6 6ynounyro. Asmomam gvloaem emy Homep 7.

IIpooasey oceoboxcoaemes u obcnysrcueaem knuenma E.

IIpooasey oceobooxcoaemes u obcnysrcueaem knuenma F.

Hoewiii knuenm (H) 3axooum 6 6ynounyro. Asmomam vloaem emy Homep 8.

IIpooasey oceoboacoaemces u obcnysxcusaem kiueuma G.

IIpooasey oceoboacoaemces u obcnysxcusaem kiuenma H.

B sToii Mmoaenu Bce AeUCTBUA MPOUCXOAWIIA MOCIIEI0BATENILHO. B peanbHOCTH XK€
MOJKET CIIYYUTHCSl TaK, YTO JBa KJIMEHTA MPUIYT OJHOBpeMeHHO. Kakue Homepa
YM BBIATh B 3TOM citydae?

OnHO U3 BO3MOXKHBIX PEIICHU 3TON MPOOJIEMBI COCTOUT B CICAYIONIEM: BBIIATUM
UM OJMHAKOBBIE HOMEpa, W JaJWM TPOJABIy yKa3aHHWE MPU BBHIOOpE W3 JABYX
KJIIUEHTOB C OJIMHAKOBBIM HOMEPOM OOCIYXMBaTh TOrO KJIMEHTa, y KOTOPOIO



MEHbIIIe HOMEp macmopTa. Takum 00pa3oM, CUMTAETCS, YTO BCE KIMEHTHI KaK-TO
YHOPSAI0YEHBI IO IPUOPUTETY.

Anroput™ Jlamnopma JEWCTBYeT aHAJIOTMYHBIM crnocoboM. Ilpu sTtom poib
KJIMEHTOB WrpaloT TMOTOKH, a OOCHYy>KMBAaHUE MPOJABIOM COOTBETCTBYET
JNEUCTBUSM TIpollecca B KPUTUYECKOM CEKIMU. AHAJIOroM HOMepa Macrnopra B
Clly4yae B3aMMOJIEUCTBHS MOTOKOB OYyJIeT CIY>KUTh UAEHTU(UKATOP OTOKA.

HpI/IBCI[CM pealn3anuio JaHHOI'0 aJlrOpMuTMa Ha ICEBAOKOJC, B TOM BHUAC, KaK OHA
IPHUBCACHA B KHUI'C 110 MMAapaJICIIbHOMY U PACIIPCACICHHOMY IIPOTrpaMMHUPOBAHUIO

[4]:

1: void lock(int 1) {

2 choosing[i] = true;

3: for (int 7 = 0; j < n; j++) {
4. if (number[j] >= number[i])
5 number[i] = number[j];
6 }

~J

number [i]++;

8: choosing[i] = false;

9: for (int 7 = 0; j < n; J++) {
10: while (choosing[j]);
11: while ((number[j] <> 0) && ((number[j] < number[i])
12: || ((number[j] == number[i]) && (J < i)))):;
13: }
14: }

1: wvoid unlock (int i) {
2 number[1] = 0;
3: }

MoxHO A0Ka3aTb, YTO aJIFTOPHUTM pa60TaeT JaxXE €CJIM BO3MOXKHBI UTCHUEC U 3aI1UCh
HCKOTOPOro CCrMeHTa naMsaTu HECKOJIbKMMHU IIPOLECCaMU.

[IpuBeneHHas 3amuch anropuTMa TpyAHA Uil NoHUMaHud. Ilostomy Huke
paccMaTpHUBaeTCs NPUMEHEHNE aBTOMATOB IS pPeanu3auu 3Toro anropurMa. [lpu
3TOM paccMaTpUBarOTCs JBa METOAA IOCTPOEHUs TIpadoB  HEPeXOoB:
IBPUCTUYECKUHN U (OpMaJIBLHBINA MEPEXO0JT OT CXEMBI aNropuT™Ma. BeIomHEeHa TaKke
JEKOMIIO3HIIMS ¥ ONITUMHU3AIMS rpada Mepexoa0B, HOTYYEHHOTO BTOPBHIM METOIOM



6. ABTOMAT, NOCTPOEHHbLIN IBPUCTUYECKUM METOAOM

OaHUM HU3 BO3MOXKHBIX METOJOB MOCTPOEHUSI aBTOMAaTa IO MpOrpaMMe SIBISETCS
BpUCTHUYECKUA. OH HE MOXET CUMTaThCA HAAECKHBIM, OIHAKO I103BOJIET
COXPaHUTh JOTUYECKYIO CTPYKTYpy nporpammbl. Ha puc. 1, 2 npuBenen ogus u3
BO3MOKHBIX BApHAHTOB CXEMBbI CBS3€H U rpada mepexo 0B aBTOMATa.

Jlnst  MOCTpOeHWsT TIporpaMMbl €  HMCIOJIb30BAaHUEM KOHEYHBIX aBTOMATOB
pUMEHSIETCS UHCTPYMEHTAJILHOE CpEeJICTBO UniMod
http://unimod.sourceforge.net/intro.html. [{ns XpaHneHus JaHHBIX U OTOOpAKECHUSI
uH(popMaIMK, a TaKKe JUIsl 00ECIIEUeHHs CBSI3M C CUCTEMOM MOJIb30BATEIHCKOIO
uHTepdeiica K aBTOMAaTy MOJKII0UYal0TCsl 00bEKTHI yrpaBiieHus. B nanHom ciydae
ATO AK3EMIUISAPBI KnaccoB Process u ProcessPane.
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* lol.z21, o221, 02,207
" 10, KpHTHYeCKkan cekuna ™ " 7. CeHHAAHHE OYepean 7
*1a1.x5] Jol.222, 0Z.207
. - o iy
U *[lol.x4] foZ.22, 01,251, 0Z.2010
#[al.x6] fol.252 o~

- T4
9, OMAaHHE OCE0DO¥AEHMA KERHTHHECKOH CEKLHH

*[ol.x4] foZ.208

U

#[o1.x5] fol.24

: 8. OuKnAaHHe Beibopa HOMEpa

#[ol.x2] Jol.z4 C #lol.x2] fo2.209

. .y

Puc.2. I'pa¢ nepexonos A1, nocTpoeHHbIH IBPUCTHYECKUM METOA0OM
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7. ®opmManbHbIX MeTOA NOCTPOEeHUs rpacpa nepexonos

7.1. [locmpoeHue cxeMbl affzopumma

[lepBbIM 11arom mocrpoenus rpada nepexonoB MO JAHHOMY aITOPUTMY SBIISETCS
NOCTPOEHUE CXEMBI AIropuT™Ma (puc.3) MO NCEBAOKOAY, KOTOPBIA INMPUBEIEH B
pasn. 5.

< raquest criical secton >

|

choosing[number] = 0 |

numberfi] < number]j] Yﬁ‘l

| number(i] = number[j]

nLtmkEril++ /

j++

i=0

i=n
Yes
Mo

choosing[number] = falss I:

( get critical section _\‘:

wait {inumber[] = 0 && ({number [] < number (] || ({number [] == number [} && ([ < )0

Puc.3. Cxema anropurma

11



7.2. Peanu3auyusi anzopumma Jlamnopma ¢ ucrnosib308aHUemM
00HO20 2pacgha nepexodos

B COOTBeTCTBMM ¢ METOAOM, OIMHMCAaHHBIM B padore [5], cxema anropuTMa,
n3o0pakeHHasi Ha puc. 3, npeodpasyercsa B rpad nepexonoB (puc. 4). IIpu stom
cXxema CBs3ei aBToMata He u3MeHsiercs (puc. 1).

foz.z01

1. Bxaoa,

ol xd) 8 (lol.x3)] foz.203

#ilol.x7) &8 {lol.x6)] fol.231, ol.221, 0Z.202 /—ﬁ‘
K2. LpEn BhIGopa HOMERA ™ a 3, CneayvHllan HTEPaUMA BeIBopa ™

*lol,222, 02,202

AN
\\-\-_ -

*#{ol.x4)] fol.212, 01,232, ol.221, 02,21, 02,204 ol xhiBRol,x3)] fol.z11, 02,203

*#[1{ol.x4)] fo2.22, 01.251, 02.207 "4, BxOA B MNaBHE WHEn |

@

L. -~

*#ol.x4] Joz.205

*[o1.%2] fol.24 C

' T

5, O¥MAAHHME OKOHYSHMA ERIOOpA

L. -

*[101.x5] fol.222, 02,204
*#lo1,x2] fo2.206

' - T
6, O¥MASHHE OCBODOMN AEHHS EPHTHYSCKOK CERLH

I
*ol,x5] jol.z4 C

. .y
Puc. 4. I'pa¢ nepexo10B noJiy4eHHbIi 10 cXeMe aJaIropuTMa

OpHako 1eNbI0 HACTOSIIEW paboThl SBISETCA MOCTPOCHHE aBTOMATa, KOTOPBIN
sMyJiMpoBai Obl oOpalieHue IMpolecca K KpPUTUYECKOW CEeKUMU B TEUEHHUE
JUTUTEIIbHOTO BPEMEHU C HEKOTOPHIM MEPUOJIOM. DTO BBIMOJIHSAETCS J00aBIEHUEM
cocroguusi  «Kpurtuueckas  cexuus», COOTBETCTBYIOIIETO  OINPEACICHHBIM
JNENUCTBUSIM TOCJE€ BXOJa B Hee, U mepexoja U3 coctosHus «Bxom» B cebs,
OTBEYAIOUIETO 32 HE3aBUCHUMBIE OT KPUTUYECKOW CEKIMM JIeUCTBHS mpolecca. B
o0oux ciy4asx OXUJAaHUE IMPEKpallaeTcsi, KOIr/Ja COOTBETCTBYIOLIUMN CUETUYHK
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YMEHBIIAETCS [0 HyJd. AJANTUPOBAaHHBIM K PEIIAEMOW 3a/1a4e€ ONMUCAHHBIM
00pa3om rpad nepexo10B U300paXkeH Ha puc. 5.

*(1o1.x7) & (ol.x6)] Jol.252 ol.x6] jol.252
102,201 ([% ) B 14 1 1! ﬂ
*o1.x7) [ 1. Bxoa N\ *[1ol.x6] fol.253, 02.23, 02,201 7. KpuTHueckan cekupa |
@ .
L v, L -

*[(ol.x4) 88 (lo1.x3)] J02.203

*H{1o1.x7) &8 (lol.x6)] jol.231, 0l1.221, 02.202
¢ w/ R =
2. Umkn exibops HoMepa 3. CReayroan HTepaura esifiopa

* Jol.222, 02.202

" N Pat "
A 4_//
*1{ol.x4)] fol.212, 01.232, 01,221, 02.21, 02,204 *[{ol.x4)884(01.%3)] fol.z11, 02.203
4. Bxoa B rnaeHER uHKn ) H[I{ol.x4)] jo2.22, 01,251, 02,207
_J
~
i vy
*[01.x4] fo2.205

(5. OwMaaHMe oxoHUaHHA BbIBOpa

*o1.x2] fol.24

L A

"[101.x2) /02,206 *[1o1.x5]) Jol.222, 02,204

" 6. Oxnaanme oceoBoNAEHNA KDHTHHECKOR CBKUMH |

——
*o1.x5] Jol.24 C

“ J

Puc. 5. I'pa¢ nepexonoB A2, moJry4eHHbIi 110 MOAM(PUIHMPOBAHHOH cXeMe aJIropuTMa

[TonydyeHHslii aBTOMAT MOAUMUIMPOBAH C YYETOM pellaeMod  3ajaydu
BU3yalu3allMu nyTeM no0aBieHus coctosuusi Critical section. ITO COCTOSHUE
MOJIEJIUPYET MOBEJIEHUE Mpoliecca, KOTJa OH HaXOJAUTCS B KpUTUYECKOU ceKIuu. B
JTAHHOM CJIy4ae aBTOMAT HE COBEPIIIAET HUKAKUX JCHUCTBUM.

7.3. Onmumu3sayusi nymem eeedeHusi O0NoJsIHUMesnbHoU onepayuu

BeeneHnne nOMOJHUTENBHOW aTOMapHOM ornepaunu «B3sThe MakcuMyMa U3 ABYX
YUCeN» MO3BOJISIET YMEHBIIUTh aBTOMAT Ha OJHO cocTosiHue. [lomydeHHbli TakuM
obpazoM aBTOMAT M300pakeH Ha puc. 6. Takoe mpeoOpa3oBaHNE HE 3aTPAaruBacT
CXEMY CBSI3EH.
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*[{1o1,x7) &8 {ol.x6)] Jol.252 *[o1.x6] [ol.252

Joz.z01 m
*#[o1.x7] 1, Bxog *[1{o1.x63] fol,253, 02,23, 02,201 6. KpHTHHECKAA CerLHA N
@ —
e . -

*#[{1o1.x7) & (1{ol.x6))] fol.231, 01,221, 02,202

b
2. Lpin EbIG0pa HomMERa

-

*[ol.x4] Jol.213, ol.222

*#[1{ol.x4)] Jol.212, 01.232, 0l.221, 0Z.21, 02,203

b
3. Bx0A B FNAEHLIA LMKN b *[I{ol.x4)] Jo2.z2, 01.251, 02,206

-

p -

*#ol.xd] foZ.z04

*#ol.x2] fol.24 C

#1o1,x2] foz.205

b
'/4. M AEHHE OKOHYaHMA Bblﬁopa-\‘

p -

Mlol,x5] Jol.222, 02,203

L
I - o
5. CoeMaaHHe OCEODoH AEHHS KPHMTHYECK O CEKLHK

-
*[o1.%5] [ol.24 C

. -

Puc.6. I'pad nepexonoB 43, ynpoueHHbIH 32 c4eT BBeIeHUSI ATOMAPHOM onepamumn
B3ITHSI MAKCUMYyMa

KOppCKTHOCTB JaHHOT'O HpCO6paBOBaHI/I}I IMOATBCPKAACTCA IMpaBUJIbHBIM
BSaHMOﬂCﬁCTBHCM HCXOOHOI'O U MOI[I/I(bI/IHI/IpOBaHHOFO ABTOMATOB.

8. CTpykKkTypa nporpamMmmbl

8.1. Ynpaensrowuli aemomam

B npempigymem  pasmene  ObUTM  paCCMOTPEHBI  PA3IMYHBIE  CHOCOOBI
npeoOpa3zoBanus anroputma Jlamnopma B KOHeUHbIN aBToMat. CienyeT oOpaTuTh
BHUMAHHE, 4YTO KaXKJAOMY U3 MPOLECCOB COOTBETCTBYET CBOH AaBTOMAT,
KOHTPOJMPYIOIIUI BBIJICJICHUE BPEMEHU B KPUTHYECKOW CEKUIUHU JTAaHHOMY
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nporeccy. Temepp HEOOXOAMMO OMUCATh  CIMOCOO, KOTOPHIM  aBTOMATHI
B3aUMOJICHCTBYIOT MEXKy COOOM.

Wrak, mporpaMmma JI0JbKHA COCTOSATh M3 JIBYX "acTel (pabouelt u cepBepHOit).

Pabouast yacth colepXUT B ce0e KOHEUHBIM aBTOMAT, PEaM3YIOIIUA aJIrOpUTM
Jlamnopma, a Takxe o0ecreyuBaeT B3auMOICHCTBUE 3TOTO aBTOMATa C CEPBEPHOM
YacThIO.

CepBepHas 4YacTb MOJEIUPYET TMPOLECC JOCTyNa HECKOJbKUX TOTOKOB K
KPUTUYECKON CEKLIHH, MOAAEPKUBAsT B3aMMOJECHUCTBUE OTIEIIBHBIX aBTOMAaToOB. B
HEW K€ BBITIOJHAETCS YIPABICHUE NapaMeTpaMy MOICIIMPOBAHHUS.

B3anmMopeiicTBue MexXay OCHOBHBIM (CEpBEpHBIM) aBTOMAaTOM M aBTOMATaMH
MPOIIECCOB,  BBIMOJHSAETCS  BBEJACHHEM  0CO00Oro  OOBEKTa  yIpaBICHUS
(AutomataManager). OH KOHTPOJIUPYETCSI CEPBEPHBIM aBTOMATOM M OTBEYAET 3a
CO37]aHUE U OTIPABKY COOOIIEHUH yIPaBIIIEMbIM aBTOMATaM.

ABTOMAThI, COOTBETCTBYIOIIME IPOIIECCaM, YIPABIAIOTCS TJIaBHBIM aBTOMATOM —
Server, cxema cBsA3€l U quarpamMma nepexooB KOTOpOro u3o0paxeHsl Ha puc.7,8.
OtoT aBTomMar oOpaOaThiBaeT  COOBITHS, TE€HEpUpYEMble TallMepoM U
M0JIb30BATEIbCKUM MHTEp(dEcoM, a Tak k€ MHUIMUPYET BHINOJIHEHUE ONepalui
aBTOMaTaMu MPOLECCOB.

T, seventproviders

pl : ru.ifmo.lamport. server.ep. ServerControl

#F El: String = "el" {MzmeHMnCA cnocod yrpaeneHkal
F E3: String = "=3" {HHHUHaNHZaULHA}

ﬁ «statemachines [E] «controlledobjects

A0 ...onfigManager ol : ...ork server, AutomataManagerController

ol

@ 21! void {NPoM3BECTH HHHUMaNHZ ALK}
@ 22! void {cAenaTe 0AMH xo4}b

T, eventpraviders

pZ : ru.ifmo.lamport. server. co. Configur ableTimer

3F E101: String = "101" {NpoMzowne a4epe aHoe cpabaTeiBaHHe Taktepal

Puc.7. Cxema cBs13eil IJIaBHOT0 aBTOMATA
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fol,z1

el ——
Maral conkrol

oy
Timet conkrol »

e3 fod.z1 C
el

&3 fol.z1

el01 fod.z2 e? fol.z2

Puc.8. lnarpamma coCcTOsIHUI IVIaBHOTO aBTOMAaTa

8.2. Obwass cmpykmypa npozpaMmmMbIi

Tenepp, KOr/a paccCMOTPEHBI IBE€ OCHOBHBIE YaCTH MPOTPAMMBbI, MOKHO OMHCATh
B3auMozeiicTBue mexay HuMu. O0bekty AutomataNamagerController, KOTOpBIT
yIpaBISETCS TJIaBHBIM aBTOMAaTOM, TMOAYMHSAETCS OO0BEKT AutomataManager,
OTBEYAIOIIMH 3a CO3JaHUME U HENOCPEACTBEHHOE YIIpaBJIEHHUE aBTOMaTaMU
nporieccoB. /lnarpamMma cBsizeit cucteMbl H300paXkeHa Ha puc. 9.

ol

Al/
N

02
Server
control
Stervert Automata Automata -
automata
e Manager > Manager A2
Controller
Configurable -
timer
ol
A3
02
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9. Nonb3oBaTenbLCKUN UHTepdenc

[Iporpamma oToOpakaeT B3aUMOJICHCTBUE TMPOLECCOB B [BYX peXUMAax:
I00aThbHOM, B KOTOPOM OTOOPaXKAIOTCS TOJIBKO KITFOUEBBIE U3MEHEHUS COCTOSHUS
CUCTEMBI, 1 TOAPOOHOM, B KOTOPOM (PUKCHUPYETCS KaXKAbIN ATaIl.

[Ipu »TOM peasm30BaHO MHOTO BO3MOXHOCTEW I THUOKOTO yIPaBIICHUS
pacnpeznenenueM BpemeHu. Kpome Toro, obecrneyeHo A00aBiIeHHE W yJaJCHHE
IpOILIECCOB, a TaKkKe NEPeKIIOYEeHUE MEXKIy pPYYHBbIM YIpaBICHUEM U
ynpasieHueMm mno Ttaiimepy. Ha puc. 10 — 12 uzobpakeH BUJ OKHA B pPa3HBIX
pexuMax.

£ Lam port Algorithm

Automata type Given time Do one turn Last automata states Remove process
Formally constructed (A1) ¢ { ) Remove
Semantically constructed (A3) ¢ ) Remove

1

Timer controls: [ | Usetimer « 1 Timer delay

|Fnrmally constructed | - | Select automata type Add process

Puc.10. Bug oxkHa cpa3y mocJie 3amycka

OKHO COCTOMT M3 JABYX OCHOBHBIX YacTE€i: MAHEIW YNPAaBICHUS MapaMeTpaMu
CHCTEMBI B IEJIOM M HECKOJBKMX IIAHEJEH, OTBEYAIOLIMX 3a YyIpaBJICHHE
KOHKPETHBIMU ITPOLIECCAMH.

[Tanens rimodansHOrO YHpaBJIICHUA COACPKUT CICAYIOIIUC 3JICMCHTDI:

e (naxxox ucnonb3oBaHusi Taitmepa (Use timer) MO3BOJISIET BKJIIOYUTH WA
BBIKJIFOUUTD F€HEPALIMIO COOBITHH MO TaliMepy;

¢ (raxoK MEPeKIFOUEHHs PEeKUMa JIEMOHCTPAIUY JIOKATBHBIX U TI00aTbHBIX
cocrosinuii (Verbose display), npu ycTaHOBIEHHOM (Iaxke MOAPOOHO
NIOKa3bIBAIOTCSI H3MEHEHUSI COCTOSIHUS TIPOIIECCOB;

® KHOMKA BBIJEICHUS TaKTa BPEMEHU ClydailHOMY Tiporieccy (Random) naet
TaKT BPEMEHU  CIIy4allHO BBIOPAaHHOMY MpOLECCY, TMpPU 3TOM
COOTBETCTBYIOIIMM aBTOMAT JIeJaeT OJJUH NIEPEXO;

® T[OJBYHOK W3MEHEHHs 3aJiepkku Taiimepa (Timer delay) mno3BOJIAET
PETYIMPOBATh MEPUOJ, C KOTOPHIM T€HEPUPYIOTCS COOBITHS TaiiMepa, TpH
JIBIDKEHUU TION3yHKA BMPABO MPOUCXOAUT YBEIWYEHWE TMEepUoaa W
YMEHBITIICHUE CKOPOCTH;

e BBHINANAOIIMK CHHCOK BbIOOpa THUma Jo0aBisieMoro asTomaTa (Select
automata type) TO3BOJIAET BHIOpaTh TWUI aBTOMAaTa, HCIOJIB3YEMOIO IS
KOHTPOJIS 100aBIsIEMOTO MPOLecca;

e KHOMKa jgo0aBieHus aBToMara (Add process) noOaBiseT HOBBIM IMPOIECC C
YIPABJISIFOIIIIM aBTOMATOM BBIOPAHHOTO THIIA.
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HaHeHB-CTPOKa, COOTBCTCTBYHOIIAd KaXKXAOMY M3 IIPOOCCCOB COCTOUT U3
CICAYyIOIHrX 3JICMCHTOB!:

® THII aBTOMAaTa, CBA3aHHOI'O C JaHHBIM IIPOLECCOM;

® [IOJ3YHOK YIpaBJICHHs BbIACISIEMbIM Mpoleccy BpemeHeM (Given time) —
MO3BOJIIET  PETYJIUMPOBaTh  OTHOCUTEIIBHOE  KOJIMYECTBO  BpPEMEHH,
BBIAEIIIEMOr0 JAHHOMY IPOIIECCY;

® KHOIKA BBIJICTICHUSI OJTHOTO TakTa BpemeHu (7ick) maeT oauH TaKT BPEMEHH
JAHHOMY ITPOILIECCY;

e JuarpamMma cocTOsHUM aBTomara (Last automata states) TOKa3bIBaeT
NoCJIeTHUE COCTOsSIHMA aBTomarta. Kaximoe cocrosiHue oTobpaxaercs
npsMOYroJibHUKOM. OJHOBPEMEHHBIE COCTOSIHMSI pa3HbIX aBTOMAaTOB
MOKa3bIBAKOTCA ApYr noJ ApyroM. COCTOSHUS 3€JIEHOrO LBETA OTHOCSTCS K
BbIOOPY HOMEpa, >KEATOro — K MPOLECCy OXHUAAHMUS, a KpPacHOr0o — K
HAXOXKJEHUIO B KPUTHUYECKON CeKUMU. BHYTpH NpsIMOYrojibHHKa HamucaH
HOMEp COCTOSIHHS, a TaK e HOMEp, BbIOpaHHBIH COOTBETCTBYIOIINM
IPOLIECCOM, ECJIH OH €CTh;

e KHONKa ynajneHus nmpouecca (Remove) ynanseT COOTBETCTBYIOIIHMA
aBTOMAaTy MpPOIIECC M3 CHUCTEMbI IIPHU 3TOM BCS CHCTEMa Mepe3arycKaeTcs,
KaK TOro TpeOyeT alropuTM.

£ Lamport Algorithm

Automata type Given time Do one turn Last automata states Remove process
Semantically constructed (A1) Wy - 8(5) Be5) a(5) o ]
Formally constructed (82) © ) : I 2 2 2i8) 58
Optimized (A3) ) s¢y 3w [ 1 1 1 Remove

[] Verhose display

Timer controls: Use timer :@ Timer delay

|Semamically constructed | V| Select automata type | Add process

Puc. 11. Pe:xkxum n1eMoHcTpanum rio0ajJbHOr0 COCTOSHMS

£ Lamport Algorithm

Automata type Given time Do one turn Last automata states Remove process
Semantically constructed (A1) Wy - 10019 10019 10618 10018
Formally constructed (A2) iy ] 2 | 2 | zen | osen | osen 30213
Optimized (A3) Wy 520 S(20) 5207 A(20 520 Remove
Verbose display
Timer controls: Usetimer ¢ {} 1 Timer delay
|Semamically constructed | V| Select automata type

Puc. 12. Pexxum 1eMOHCTpanMu JIOKAJIbHBIX COCTOSTHUIA
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3aknroyeHue

JlanHast mporpaMMa COBMECTHO C TIPUBEIEHHBIMH TpadaMu MepexoJ0B MO3BOJISET
M0-HOBOMY B3IUISIHYTh Ha anroput™m Jlamnopma. Ilpu 3TOM HarIsgHO
0TOOpaXKarTCs:

® CTaguu, Yepe3 KOTOpble MNPOXOJUT C TEYEHHUEM BPEMEHU CHCTEMa
OOpIOMIMXCS 32 KPUTHUECKYIO CEKIIUIO TIOTOKOB;

® WU3MCHEHUS, POUCXOISINNE MO BIMSIHUEM CIOCO0a BBIJICICHUS ITOTOKAM
MPOIIECCOPHOTO BPEMEHH.

HUuctpymenTainbHoe cpeacTBO Unimod 1mo3BOJSET BU3yalIbHO CTPOUTHh aBTOMAThI U
CXEeMbl CBsi3el. DTO 3HAYUTEIBHO YIPOILIAET NPUMEHEHUE TAaKOT0 METo/la Ha
MpaKTUKe, U JenaeT 0oJiee MPo3pauHbIM MPUHIUI TOCTPOCHUS IPOTPAMMBI.

Jlnsi BHenpeHUs aBTOMATOB B paccMaTpuBaeMoM 00JacTH, HEOOXOAMMO, YTOOBI
pa3pabOTUMKK  OMEpPAMOHHBIX  CUCTEM W OUONMOTEK  mapalieabHOro
IpPOrpaMMUPOBAHUS  HCMOJB30BAIM  MX YK€ TMpU TOCTPOCHUM MOjeIen
UCITOJIHSIOIIEH cpelbl. DTa cpela J0JKHA 00eCeunBaTh JOCTATOYHYO MOIIIHOCTD
aTOMapHBIX ONEpalrii BMECTE C BO3MOXXHOCTBIO X MPAKTUYECKON peaTn3aluu.
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NMpunoxeHue. UcxoagHble Koabl HA Java

Start. java

Start. java

packag

import
import
import

import
import

import

import
import
import
import
import
import
import
import
import
import

public

pr

publ

}

e ru.ifmo.lamport;

java.io.FileInputStream;
java.io.FileNotFoundException;
java.io.IOException;

org.apache.commons.logging.LogFactory;
org.apache.log4j.xml.DOMConfigurator;

ru.ifmo.lamport.server.AutomataManager;

com.evelopers.common.exception.CommonException;
com.evelopers.unimod.adapter.standalone.Run;
com.evelopers.unimod.core.stateworks.Model;
com.evelopers.unimod.debug.ExceptionHandlerImpl;
com.evelopers.unimod.runtime.EventProcessorListener;
com.evelopers.unimod.runtime.ExceptionHandler;
com.evelopers.unimod.runtime.ModelEngine;
com.evelopers.unimod.runtime.interpretation.InterpretationHelper;
com.evelopers.unimod.runtime.logger.SimplelLogger;
com.evelopers.unimod.transform.xml.XMLToModel;

class Start {

ivate static final String MAIN AUTOMATA XML = "AO.xml";

ic static void main(String[] args) {

try {
DOMConfigurator.configure (Run.class.getResource ("log4dj.xml")) ;

InterpretationHelper helper = InterpretationHelper.getInstance();

Model model = XMLToModel.loadAndCompile (
new FileInputStream(AutomataManager.RESOURCES DIRECTORY
+ MAIN AUTOMATA XML)
)
ModelEngine engine = helper.createStandAloneModelEngine (model,

EventProcessorListener logger = new SimplelLogger (
LogFactory.getLog (Run.class)) ;
engine.getEventProcessor () .addEventProcessorListener (logger) ;
ExceptionHandler eh = new ExceptionHandlerImpl () ;
engine.getEventProcessor () .addExceptionHandler (eh) ;
engine.start();
} catch (CommonException e) {
e.printStackTrace () ;
} catch (FileNotFoundException e) {
e.printStackTrace () ;
catch (IOException e) {
e.printStackTrace () ;
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AutomataManager. java

package ru.ifmo.lamport.server;

import
import
import

import

import
import
import
import

import
import
import
import
import
import
import
import
import
import
import
import
import
import
import
import

/**

*

*/

java.io.FileInputStream;
java.io.IOException;
java.util.ArrayList;

org.apache.commons.logging.LogFactory;

ru.
ru
ru.
ru

com

com.
com.
com.
com.
com.
com.
com.
com.
com.
com.
com.
com.
com.
com.

com

ifmo

.ifmo

ifmo

.ifmo

.lamport.
.lamport.
.lamport.
.lamport.

algorithm.co.Process;
algorithm.co.ServerData;
server.ep.MainDialog;

.evelopers
evelopers
evelopers
evelopers
evelopers
evelopers
evelopers
evelopers
evelopers
evelopers
evelopers
evelopers
evelopers
evelopers
evelopers
.evelopers

Igor Sinev

.common
.unimod.
.unimod.
.unimod.
.unimod
.unimod.
.unimod.
.unimod.
.unimod.
.unimod.
.unimod.
.unimod
.unimod.
.unimod.
.unimod.
.unimod

server.ep.ProcessPane;

.exception.CommonException;
adapter.

standalone.Run;

core.stateworks.Event;
core.stateworks.Model;

runtime

runtime

.debug.ExceptionHandlerImpl;
runtime.
runtime.
runtime.
.EventProvider;
runtime.
runtime.
.runtime.

ControlledObject;
ControlledObjectsMap;
EventProcessorListener;

ExceptionHandler;
ModelEngine;
context.StateMachineContextImpl;

.interpretation.InterpretationHelper;
runtime.

logger.SimplelLogger;

transform.TransformException;

.transform.xml.XMLToModel;

public class AutomataManager implements EventProvider ({

public static final String RESOURCES DIRECTORY = "resources/";

public static final int DEFAULT PROCESS COUNT = 3;

private static final String[]

public static ModelEngine[]

b

AUTOMATA FILES = new String[] {

"Al.xml",
"A2.xml",

"A3.xml"

private static int processCount

engines;

= DEFAULT PROCESS COUNT;

public static int getProcessCount () {
return processCount;

}

public static void setProcessCount (int n) {
processCount =

}

n;

public static ArraylList<Integer> automataModellList
= new ArrayList<Integer>();

public AutomataManager ()

for
automataModelList.add (i) ;

(int 1 = 0;

i < 3;

{
it++)
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static Process|[] processes;

public static int getAutomataNumber (int i) {
return ServerData.getNumber (i) ;

}
public void initProcessAutomata() {
InterpretationHelper helper = InterpretationHelper.getInstance();
engines = new ModelEngine[processCount];
assert (processCount == automataModelList.size());
processes = new Process[processCount];

for (int i = 0; i < processCount; i++) {
Model model;
try {
model = XMLToModel.loadAndCompile (
new FileInputStream/(
RESOURCES DIRECTORY
+ AUTOMATA FILES[automataModelList.get (i)]
)
)7
} catch (IOException e) {
System.out.println (" [ERROR] Can't load xml: "
+ RESOURCES DIRECTORY
+ AUTOMATA FILES[automataModelList.get (i)]
)7
throw new RuntimeException();
} catch (TransformException e) {
System.err.println (e.getMessage()) ;
throw new RuntimeException () ;

ModelEngine processEngine;

try {
Process p = new Process(i);
processes[i] = p;
ProcessPane pane = new ProcessPane(i);
MainDialog.addProcessPane (pane) ;

processEngine = helper.createBuildInModelEngine (
model,
new ProcessCOMap (p, pane),
true

)7

p.setModelEngine (processEngine) ;

} catch (CommonException e) {
System.err.println(e.getMessage());
throw new RuntimeException () ;

}

EventProcessorListener logger = new Simplelogger (
LogFactory.getLog (Run.class));
processEngine.getEventProcessor () .addEventProcessorListener (
logger) ;

ExceptionHandler eh = new ExceptionHandlerImpl () ;
processkEngine.getEventProcessor () .addExceptionHandler (eh) ;
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engines[i] = processEngine;
}

public void init (ModelEngine engine) throws CommonException {

}

public void sendEventToProcess (int pNum, String event) {
synchronized (AutomataManager.class) {

System.out.println (" [EVENT] Sending event "
+ event
+ " to process number " + pNum);
if (pNum < 0)
return;

MainDialog.instance.nothingHappened = true;
engines [pNum] .getEventManager () .handleAndWait (new Event (event),
StateMachineContextImpl.create());
if (MainDialog.instance.nothingHappened
&& MainDialog.instance.lastVerboseDisplayValue) {
MainDialog.instance.updateAllExcept (-1);
MainDialog.instance.setLastActive (pNum) ;
}
}
}

public void doInit () {
initProcessAutomata () ;

for (int i = 0; i < getProcessCount(); i++) {
sendEventToProcess (i, "el");

}

System.out.println("Init is done");

}

private int stepNumber = 0;

/**
* @unimod.event.descr cpmejsaThs CJenyoUMM mar
*/
public static final String E1 = "el";
public void doNextStep () {
stepNumber++;

sendEventToProcess (MainDialog.instance.getRandomNumberGenerator ()
.randomProcessNumber (), Process.NEXT TICK)
MainDialog.instance.repaint () ;

}

*

Controlled object map implementation for
process. Returns controlled object,
which is specified when constructing.

/

@author Igor Sinev

/

private static class ProcessCOMap implements ControlledObjectsMap {

% ok X % % %

private ControlledObject processCo;
private ControlledObject displayCo;

public ProcessCOMap (ControlledObject processCo,
ControlledObject displayCo) {
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this.processCo = processCo;
this.displayCo = displayCo;
}

public ControlledObject getControlledObject (String coName) {
if (coName.equals("ol"))
return processCo;
else if (coName.equals ("o2"))
return displayCo;
else
throw new RuntimeException (
"Illegal object requested from the object map"):;

}

public void dispose () {
}

public void addAutomata (int i) {
synchronized (AutomataManager.class) {
processCount++;
automataModelList.add (i) ;

}

public void removeAutomata (int i) {
synchronized (AutomataManager.class) ({
processCount--;
automataModellList.remove (1) ;

AutomataManagerController. java

package ru.ifmo.lamport.server;
import javax.swing.JFrame;
import ru.ifmo.lamport.server.ep.MainDialog;

import com.evelopers.unimod.runtime.ControlledObject;
import com.evelopers.unimod.runtime.context.StateMachineContext;

/**
* Controlled object for Server automata that
* 1s responcible for interaction with process automata.

*/
public class AutomataManagerController implements ControlledObject ({
private AutomataManager manager;
public AutomataManagerController () {
manager = new AutomataManager () ;

}

boolean firstCall = true;

/**
* @unimod.event.descr cpmenaTe OOMH XOXI
*/
public static final String E1 = "el";
/**

* @unimod.action.descr NpPOMBBECTU MHULMATIN3ALUO
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*/
public void z1 (StateMachineContext context) {
manager.doInit () ;

MainDialog.instance.doInitialization();

MainDialog.instance.manager = manager;
MainDialog.instance.pack();
MainDialog.instance.setDefaultCloseOperation (JFrame.EXIT ON CLOSE) ;
MainDialog.instance.setResizable (false) ;
MainDialog.instance.setVisible (true) ;

}

/**

* @unimod.action.descr cpesiaTb OOMH XOI

*/

public void z2 (StateMachineContext context) {
manager.doNextStep () ;

}

ConfigurableTimer. java

package ru.ifmo.lamport.server.co;

import java.util.TimerTask;

import ru.ifmo.lamport.server.ep.MainDialog;

import com.
import com.
import com.
import com.

/**

evelopers.
.unimod.runtime.EventProvider;
.unimod.runtime.ModelEngine;
.unimod.runtime.context.StateMachineContextImpl;

evelopers
evelopers
evelopers

unimod.core.stateworks.Event;

* More flexible timer event provider.

*/

public class ConfigurableTimer implements EventProvider{

/**
* @unimod.event.descr mpom30uUIO ouepenHoe cpabaTeBaHME TarMepa
*/

public static final String E101 = "elOl1l";

public static java.util.Timer t;
private static ModelEngine engine;

public static TimerTask makeTimerTask() {
return new TimerTask () {
public void run () {
engine.getEventManager () .handle (
new Event (E101), StateMachineContextImpl.create());
}
bi
}

public void init (ModelEngine engine) {
ConfigurableTimer.engine = engine;

TimerTask timerTask = makeTimerTask () ;
t = new java.util.Timer (false);

t.schedule (
timerTask,
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100,
(int) (1000 * MainDialog.instance.getTimerDelay())
)
}

public void dispose () {
t.cancel();
}

MainDialog. java

package ru.ifmo.lamport.server.ep;

import java.awt.Dimension;

import java.awt.FlowLayout;

import java.awt.event.ActionEvent;
import java.awt.event.ActionListener;
import java.util.ArrayList;

import java.util.Random;

import javax.swing.BoxLayout;

import javax.swing.JButton;

import javax.swing.JCheckBox;

import javax.swing.JComboBox;

import javax.swing.JFrame;

import javax.swing.JLabel;

import javax.swing.JPanel;

import javax.swing.JSlider;

import javax.swing.event.ChangeEvent;
import javax.swing.event.ChangelListener;

import ru.ifmo.lamport.algorithm.co.Process;

import ru.ifmo.lamport.algorithm.co.ServerData;
import ru.ifmo.lamport.server.AutomataManager;
import ru.ifmo.lamport.server.co.ConfigurableTimer;

/**
* Class responsible for on-screen output data representation.
*/

public class MainDialog extends JFrame {

/**
* Generates random numbers according to values
* set by sliders that control time distribution.
*/
public static class RandomNumberGenerator {
private Random random = new Random() ;

int[] values = new int[AutomataManager.getProcessCount()];
int s = 0;
public int randomProcessNumber () {

if (s == 0)

return -1;
int k = random.nextInt(s);
for (int i = 0; i < values.length; i++) {
if (k < wvalues[i])
return i;
k -= values[i];

System.out.println("");
return O;
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private RandomNumberGenerator randomNumberGenerator
= new RandomNumberGenerator();
public RandomNumberGenerator getRandomNumberGenerator () {
return randomNumberGenerator;

}

public void updateProcessRandomWeight (int n, int value) {
int ov = randomNumberGenerator.values[n];
randomNumberGenerator.values[n] = value;
randomNumberGenerator.s += (value - ov);

}
private static final long serialVersionUID = 2012762104491911559L;
public JCheckBox boxUseTimer;

public boolean lastVerboseDisplayValue = false;
public JCheckBox boxVerboseDisplay;
JButton buttonSendRandom;

public AutomataManager manager;

private static ArrayList<ProcessPane> processPanels
= new ArrayList<ProcessPane> () ;
public static void addProcessPane (ProcessPane p) {
processPanels.add(p) ;

}

public void updateAllExcept (int n) {
for (ProcessPane p : processPanels) {
if (p.number != n)
p.addState (null) ;
}
}

public static MainDialog instance;

boolean lastCheckValue = true;
public ServerControl serverControl;

private JSlider sliderTimerDelay;

/**
* @unimod.event.descr nepexJioUeHME aBTOMATUUECKOIT'O PpexyMa
*/

public static final String E1 = "el";

public static final String[] automataTypelabels = new Stringl[] {
"Semantically constructed",
"Formally constructed",
"Optimized"
bi

public static int getMaxWidth () {
int m = 0;
for (String s : automataTypelabels)
if (m < s.length())
m = s.length();
return m;

}

public int lastTimerSliderValue;
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public boolean nothingHappened;

JPanel mainPanel;

JPanel controlPanel;
JPanel controlPanel?2;
JPanel controlPanel3;
JPanel controlPanell;

private JComboBox comboAutomataType;

private JPanel createHeaderPanel (int[] d) {
JPanel headerPanel = new JPanel ()

JLabel labelAutomataType = new JLabel ("Automata type", JLabel.CENTER) ;

labelAutomataType.setPreferredSize (new Dimension (
d[or1,
labelAutomataType.getPreferredSize () .height
))
labelAutomataType.setToolTipText ("Type of automata for process");
headerPanel.add (labelAutomataType) ;

JLabel labelGivenTime = new JLabel ("Given time", JLabel.CENTER) ;
labelGivenTime.setPreferredSize (new Dimension (

alii,

labelGivenTime.getPreferredSize () .height

));
labelGivenTime.setToolTipText ("Relative amount of time units that " +
"are given to process at random");

headerPanel.add (labelGivenTime) ;

JLabel labelDoOneTurn = new JLabel ("Do one turn", JLabel.CENTER);
labelDoOneTurn.setPreferredSize (new Dimension (
dalz],
labelDoOneTurn.getPreferredSize () .height
)) s
labelDoOneTurn.setToolTipText ("Give one time unit to process number");
headerPanel.add (labelDoOneTurn) ;

JLabel labellastAutomataState = new JLabel ("Last automata states",
JLabel .CENTER) ;

labellLastAutomataState.setPreferredSize (new Dimension (

ar3rl,

labellLastAutomataState.getPreferredSize () .height

));

labellastAutomataState.setToolTipText ("Last states for automata number");
headerPanel.add(labellastAutomataState) ;

JLabel labelRemoveProcess = new JLabel ("Remove process'", JLabel.CENTER);
labelRemoveProcess.setPreferredSize (new Dimension (
df4],
labelRemoveProcess.getPreferredSize () .height
))
labelRemoveProcess.setToolTipText ("Remove process");
headerPanel.add (labelRemoveProcess) ;

return headerPanel;
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public void doInitialization() {

if (mainPanel == null)
mainPanel = new JPanel () ;
else
mainPanel.removeAll () ;

mainPanel.setLayout (new BoxLayout (mainPanel, BoxLayout.PAGE AXIS));

if (processPanels.size() > 0) {
mainPanel.add (createHeaderPanel (
processPanels.get (0) .getDimensions ())
)
}
for (ProcessPane pp : processPanels)
mainPanel.add (pp.panel);

if (controlPanel == null) {

controlPanel = new JPanel ()

controlPanel.setlLayout (new BoxLayout (
controlPanel,

BoxLayout.PAGE AXIS

))

controlPanel?2 = new JPanel (new FlowLayout());
controlPanel3 = new JPanel (new FlowLayout());
controlPanell = new JPanel (new FlowLayout()):;

boxVerboseDisplay = new JCheckBox () ;
boxVerboseDisplay.setToolTipText ("Toggle detaled output");
boxVerboseDisplay.addActionListener (new ActionListener () {
public void actionPerformed (ActionEvent e) {
boolean b = boxVerboseDisplay.isSelected();
if (b == lastVerboseDisplayValue)
return;
lastVerboseDisplayValue = b;
for (ProcessPane p : processPanels) {
p.stateDisplayer.clear();
}
repaint () ;
}
1)
controlPanell.add (boxVerboseDisplay) ;
JLabel labelVerboseDisplay = new JLabel ("Verbose display");
controlPanell.add (labelVerboseDisplay) ;

buttonSendRandom = new JButton ("Random") ;
buttonSendRandom.setToolTipText (
"Give one tick to random process"
)7
buttonSendRandom.addActionlListener (new ActionListener () {
public void actionPerformed (ActionEvent e) {
MainDialog.instance.manager.sendEventToProcess (getRandomNumberGener
ator () .randomProcessNumber (), Process.NEXT TICK);
MainDialog.instance.repaint();
}

1) ;
controlPanell.add (buttonSendRandom) ;

JButton buttonReset = new JButton ("Reset");

buttonReset.setToolTipText ("Restart all processes");
buttonReset.addActionlListener (new ActionListener () {
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public void actionPerformed (ActionEvent e) {
processPanels.clear();
serverControl.fireEvent (ServerControl.E3);
ServerData.reset () ;

}

1)
controlPanell.add (buttonReset) ;

JLabel labelTimerControl = new JLabel ("Timer controls: ");
controlPanel2.add (labelTimerControl) ;

boxUseTimer = new JCheckBox () ;
boxUseTimer.setToolTipText ("Toggle timer usage");

boxUseTimer.addActionlListener (new ActionListener () {
public void actionPerformed (ActionEvent e) {
boolean uts = !boxUseTimer.isSelected()

for (ProcessPane p : processPanels) {
p.sendButton.setEnabled (uts) ;

}

buttonSendRandom.setEnabled (uts) ;

if (lastCheckValue != uts) {
serverControl.fireEvent (ServerControl.E1l) ;
lastCheckValue = uts;

}
1)
controlPanel?2.add (boxUseTimer) ;
JLabel labelUseTimer = new JLabel ("Use timer");
controlPanel2.add (labelUseTimer) ;

sliderTimerDelay = new JSlider (1, 30);
sliderTimerDelay.setToolTipText ("Timer tick period");
sliderTimerDelay.addChangelListener (new ChangelListener () {
public void stateChanged (ChangeEvent e) {
int val = sliderTimerDelay.getValue();
if (val == lastTimerSliderValue)
return;
ConfigurableTimer.t.cancel () ;
ConfigurableTimer.t = new java.util.Timer (false);
ConfigurableTimer.t.schedule (
ConfigurableTimer.makeTimerTask (),
100,
(int) (1000 * MainDialog.instance.getTimerDelay())
)7
lastTimerSliderValue = val;
}
1)
controlPanel2.add(sliderTimerDelay) ;
JLabel labelTimerDelay = new JLabel ("Timer delay"):;
controlPanel2.add (labelTimerDelay) ;

comboAutomataType = new JComboBox (automataTypelabels) ;
controlPanel3.add (comboAutomataType) ;

JLabel labelAutomataType = new JLabel ("Select automata type");
controlPanel3.add (labelAutomataType) ;

JButton buttonAddAutomata = new JButton ("Add process");
buttonAddAutomata.setToolTipText (
"Add one process with automata of selected type"
)7
buttonAddAutomata.addActionListener (new ActionListener () {
public void actionPerformed (ActionEvent e) {
manager.addAutomata (comboAutomataType.getSelectedIndex()) ;
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reset () ;
}
1)
controlPanel3.add (buttonAddAutomata) ;

controlPanel.add(controlPanell) ;
controlPanel.add(controlPanel?) ;
controlPanel.add(controlPanel3) ;

mainPanel.add (controlPanel) ;

setContentPane (mainPanel) ;

MainDialog () {
super () ;
setTitle ("Lamport Algorithm");

}

public double getTimerDelay () {
if (sliderTimerDelay == null)
return 1;
else
return Math.exp(sliderTimerDelay.getValue() / 4 - 5);
}

public void setLastActive (int num) {
if (0 <= num && num < processPanels.size())
processPanels.get (num) .stateDisplayer.setlLastActive () ;

}

public void reset () {
synchronized (AutomataManager.class) {
randomNumberGenerator = new RandomNumberGenerator () ;
processPanels.clear();
serverControl.fireEvent (ServerControl.E3);
ServerData.reset () ;

ProcessPane. java

package ru.ifmo.lamport.server.ep;

import java.awt.BorderLayout;

import java.awt.Dimension;

import java.awt.FlowLayout;

import java.awt.event.ActionEvent;
import java.awt.event.ActionListener;

import javax.swing.JButton;

import javax.swing.JDialog;

import javax.swing.JLabel;

import javax.swing.JPanel;

import javax.swing.JSlider;

import javax.swing.event.ChangeEvent;
import javax.swing.event.ChangelListener;

import ru.ifmo.lamport.algorithm.co.Process;

import ru.ifmo.lamport.algorithm.co.ServerData;
import ru.ifmo.lamport.server.AutomataManager;
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import ru.ifmo.lamport.server.ep.StateDispalyer.ShownState;
import ru.ifmo.lamport.server.ep.StateDispalyer.State;

import com.evelopers.unimod.runtime.ControlledObject;
import com.evelopers.unimod.runtime.context.StateMachineContext;

/**
* Represents one process on the main dialog panel.
*/
public class ProcessPane implements ControlledObject {
int number;
JPanel panel;
JSlider slider;
JButton sendButton;

StateDispalyer stateDisplayer;
private JButton removeButton;

private MainDialog owner = MainDialog.instance;
private JLabel labelType;

private JPanel panellabelType;

private JPanel panelSendButton;

private JPanel panelRemoveButton;

public ProcessPane (int n) {
number = n;

panel = new JPanel (new FlowLayout (FlowLayout.CENTER)) ;
labelType = new JLabel();
int automatonType = AutomataManager.automataModelList.get (n);
String s = " " + MainDialog.automataTypeLabels[automatonType]

+ " (A" + (automatonType + 1) + ")";
labelType.setText (s);
panellabelType = new JPanel (new BorderLayout()):;
panellLabelType.add (labelType, BorderLayout.LINE END) ;
panellLabelType.setPreferredSize (new Dimension (

198,

(int) panellabelType.getPreferredSize () .getHeight ())

)
panellabelType.setToolTipText ("Type of automata for process number "
+ (n + 1)),

panel.add (panellabelType) ;

slider = new JSlider (0, 10);
slider.setToolTipText ("Relative amount of time units that are given " +
"to process number " + (n + 1) + " at random");
slider.addChangelListener (new Changelistener () {
public void stateChanged (ChangeEvent e) {
MainDialog.instance.updateProcessRandomWeight (
number,
slider.getValue ()
)
}
}):
panel.add(slider);
MainDialog.instance.updateProcessRandomWeight (number, slider.getValue()):;

panelSendButton = new JPanel (new BorderLayout());
sendButton = new JButton ("Tick");
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sendButton.setToolTipText ("Give one time unit to process number "
+ (n + 1)),
sendButton.addActionListener (new ActionListener () {
public void actionPerformed (ActionEvent e) {
MainDialog.instance.manager.sendEventToProcess (
number,
Process.NEXT TICK
)7
MainDialog.instance.repaint () ;
}
1)
panelSendButton.add (sendButton, BorderLayout.CENTER) ;
panelSendButton.setPreferredSize (new Dimension (
80,
panelSendButton.getPreferredSize () .height
)) s
panel.add (panelSendButton) ;

stateDisplayer = new StateDispalyer();
stateDisplayer.setToolTipText ("Last states for automata number "

+ (n+ 1));
stateDisplayer.setPreferredSize (new Dimension (400, 20));
panel.add(stateDisplayer) ;

panelRemoveButton = new JPanel (new BorderLayout());
removeButton = new JButton ("Remove") ;
removeButton.setToolTipText ("Remove this process");
removeButton.addActionListener (new ActionListener () {
public void actionPerformed (ActionEvent e) {
owner.manager.removeAutomata (number) ;
MainDialog.instance.reset();
}
1)
panelRemoveButton.add (removeButton, BorderLayout.CENTER) ;
panelRemoveButton.setPreferredSize (new Dimension (
110,
panelRemoveButton.getPreferredSize () .height
))

panel.add (panelRemoveButton) ;

}

int[] getDimensions () {
return new int[] {
panellLabelType.getPreferredSize () .width,
slider.getPreferredSize () .width,
panelSendButton.getPreferredSize () .width,
stateDisplayer.getPreferredSize () .width,
panelRemoveButton.getPreferredSize () .width
bi
}

void addState (ShownState s) {
stateDisplayer.addState(s);
}

/**
* @unimod.action.descr oxoHuUaHMe BHOOpPa HOMepa
*/
public void zl (StateMachineContext context) {
owner.updateAllExcept (number) ;
addState (new ShownState (
State.CHOOSING,
ServerData.getNumber (number) ,
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stateDisplayer.getStateNumber () )
)7
}

void showDialog (String s) {
JDialog d = new JDialog();

.setDefaultCloseOperation (JDialog.DISPOSE ON CLOSE) ;

.add (new JLabel (s));

.setModal (false) ;

.pack();

.setVisible (true) ;

00 0 0 0

}

/**
* @unimod.action.descr BxXOI B KPUTHUUECKYID CEKILMO
*/
public void z2 (StateMachineContext context) {
owner.updateAllExcept (number) ;
addState (new ShownState (
State.MAIN,
ServerData.getNumber (number) ,
stateDisplayer.getStateNumber () )
)
}

/**
* @unimod.action.descr BEHXOI M3 KPUTMUECKONM CeKLUUU
*/

public void z3 (StateMachineContext context) {
owner.updateAllExcept (number) ;
stateDisplayer.addState (new ShownState (State.FREE));

}

/**
* @unimod.action.descr Ilepexonm B cocTosgHue 1
*/
public void z01l (StateMachineContext context) {
stateDisplayer.setStateNumber (1) ;
}
/**
* @unimod.action.descr Illepexon B COCTOsSHME 2
*/
public void z02 (StateMachineContext context) {
stateDisplayer.setStateNumber (2) ;
}
/**
* @unimod.action.descr Ilepexon B cocTosHMEe 3
*/
public void z03 (StateMachineContext context) {
stateDisplayer.setStateNumber (3) ;
}
/**
* @unimod.action.descr Illepexon B cocTosHue 4
*/
public void z04 (StateMachineContext context) {
stateDisplayer.setStateNumber (4);
}
/**
* @unimod.action.descr Ilepexonm B cOCTOsgHME 5
*/
public void z05 (StateMachineContext context) {
stateDisplayer.setStateNumber (5);
}
/**
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* @unimod.action.descr Illepexol B COCTOSHUE 6
*/
public void z06 (StateMachineContext context) {
stateDisplayer.setStateNumber (6) ;
}
/**
* @unimod.action.descr Illepexon B cocTosHKe 7
*/
public void z07 (StateMachineContext context) {
stateDisplayer.setStateNumber (7) ;
}
/**
* @unimod.action.descr Illepexon B cocTosHMe 8
*/
public void z08 (StateMachineContext context) {
stateDisplayer.setStateNumber (8) ;
}
/**
* @unimod.action.descr Ilepexonm B cocTosgHue 9
*/
public void z09 (StateMachineContext context) {
stateDisplayer.setStateNumber (9);
}
/**
* @unimod.action.descr Illepexonm B cocTosgHue 10
*/
public void z010 (StateMachineContext context) {
stateDisplayer.setStateNumber (10) ;
}

ServerControl. java

package ru.ifmo.lamport.server.ep;

import com.evelopers.common.exception.CommonException;

import com.evelopers.unimod.core.stateworks.Event;

import com.evelopers.unimod.runtime.EventProvider;

import com.evelopers.unimod.runtime.ModelEngine;

import com.evelopers.unimod.runtime.context.StateMachineContextImpl;

/**
* Generates control messages for main automata.
*/
public class ServerControl implements EventProvider {

/**
* @unimod.event.descr mM3MeHMJICA CNOCOO yINpaBJIEHUS

*/

public static final String E1 = "el";
/**
* @unimod.event.descr MHMLMAIM3ALMA
*/
public static final String E3 = "e3";

private ModelEngine engine;

public void init (ModelEngine engine) throws CommonException {
MainDialog.instance = new MainDialog();
MainDialog.instance.serverControl = this;
this.engine = engine;
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public void fireEvent (String e) {
engine.getEventManager () .handle (
new Event (e),

StateMachineContextImpl.create ()

)7
}

public void dispose () {
}

StateDispalyer. java

package ru.ifmo.lamport.server.ep;

.Color;
.FontMetrics;
java.awt.Graphics;
java.awt.Image;
java.awt.geom.Rectangle2D;
java.util.LinkedList;

import
import
import
import
import
import

java.awt
java.awt

javax.swing.JComponent;
javax.swing.JLabel;

import
import

/**

* Displays states of one process automata.

*/

public class StateDispalyer extends JComponent {

enum State {

FREE (new Color (180, 255, 180)),
CHOOSING (new Color (255, 255, 150)),
MAIN (new Color (255, 180, 180)),
EMPTY (new Color (180, 255, 180)),

VOID (Color.LIGHT GRAY);

Color color;
State (Color c) |
color = c;
}
}

public static Color colorDiv2 (Color c) {

return new Color (c.getRed() * 2,

}

public static class ShownState ({

C

.getGreen () * 2, c.getBlue()

*

static ShownState emptyShownState = new ShownState (State.EMPTY) ;

static ShownState voidShownState

static {
voidShownState.active =
emptyShownState.active =

false;
false;

State state;

int number;

int stateNum;

boolean active;

public ShownState (State state,

int number,

new ShownState (State.VOID) ;

int snum) {
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this.number = number;
this.state = state;
this.stateNum = snum;
this.active = true;

}

public ShownState (State s) {
this (s, -1, -1);

}

public ShownState (ShownState s) {
this(s.state, s.number, s.stateNum);
this.active = false;
}
public ShownState (ShownState p, int stateNumber) ({
this (p);
this.stateNum = stateNumber;

}

public void setLastActive () {

if (states.size() > 0)
states.getlast () .active = true;
}
private static final long serialVersionUID = -6349774084191461021L;

private static final Color BORDER COLOR = Color.BLACK;
static int defaultMaxRectangles = 6;
int maxRectangles;

LinkedList<ShownState> states = new LinkedList<ShownState>();

JLabel observer = new JLabel ("Observer"):;

private int stateNumber = 0;
StateDispalyer () {

maxRectangles = defaultMaxRectangles;
}
/**

* Adds displayed state to the end of queue.
*
* @param s displayed state. If s is null,
* inactive copy of last state is created.
*/
public void addState (ShownState s) {
if (s == null) {
ShownState p;
if (states.size() > 0)
p = states.getlast();
else
p = ShownState.emptyShownState;
s = new ShownState (p, stateNumber);
}
if (states.size() >= maxRectangles)
states.poll () ;
states.add(s);
}

@Override

protected void paintComponent (Graphics g) {
Image image = createlmage (getWidth (), getHeight()):
Graphics ig = image.getGraphics /() ;

37



int cx = 0;

int dx = (getWidth() - 2) / maxRectangles;
FontMetrics fm = ig.getFontMetrics();

int t = states.size();

for (int i = 0; i < maxRectangles - t; i++)

states.add (ShownState.voidShownState) ;
for (ShownState s : states) {
ig.setColor(s.state.color);

ig.fillRect(cx, 0, dx + 2, getHeight() - 1);
if (s.stateNum > -1) {
String n = String.valueOf (s.stateNum) ;
if (s.number != -1) {
n += "(" + s.number + ")";

}
Rectangle2D r = fm.getStringBounds(n, g);

ig.setColor (Color.BLACK) ;
ig.drawString(

n,
cx + (int) Math.round((dx - r.getWidth()) / 2),
(int) Math.round((getHeight() + 0.5 * r.getHeight()) / 2)

)7
}

cx += dx;
}
cx = 0;
for (ShownState s : states) {
if (s.active) {
ig.setColor (BORDER COLOR) ;
for (int i = 0; i < 2; i++) |
ig.drawRect (cx + i, 0 + i, dx, getHeight() - 2 - 2 * 1i);
}
ig.drawlLine(cx + 1 + dx, 0, cx + 1 + dx, getHeight() - 2);
}
cx += dx;
}
for (int i = 0; i < maxRectangles - t; i++)
states.removelLast () ;

g.drawImage (image, 0, 0, observer);

}

public void clear () {
if (states.size() == 0)
return;

ShownState s = states.getlast():;
states.clear();
addState (s) ;

}

public void setStateNumber (int i) {
stateNumber = 1i;

}

public int getStateNumber () {
return stateNumber;

}

Process. java
package ru.ifmo.lamport.algorithm.co;
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import

import
import
import
import
import
import

/**

ru.ifmo.lamport.server.AutomataManager;

com.
com.
com.
com.
com.
com.

evelopers
evelopers
evelopers
evelopers
evelopers
evelopers

.unimod.
.unimod.
.unimod.
.unimod.
.unimod.
.unimod.

core.stateworks.Event;

ControlledObject;

EventManager;

ModelEngine;
context.StateMachineContext;
context.StateMachineContextImpl;

runtime.
runtime.
runtime.
runtime.
runtime.

* Controlled object that provides corresponding automata
* with access to data concerning one process.

*/

public class Process implements ControlledObject {

private int i;
private ModelEngine engine;

private EventManager eventManager;

public Process (int n) {

i =

}

n;

public void setModelEngine (ModelEngine me)
engine
eventManager = engine.getEventManager () ;

}

protected void handleEvent (String event)
eventManager.handle (new Event (event),

))
}

= mey

{

{

StateMachineContextImpl.create (

public static final String NEXT TICK = "elOl1l";
private int j = 0;
/**

* @unimod.action.descr umMcJO NPOLIECCOB

*/

public int x1 (StateMachineContext context)

return AutomataManager.getProcessCount() ;

}

/**

{

* @unimod.action.descr choosing Opyroro mnpolecca

*/

public boolean x2 (StateMachineContext context) {
//System.err.println ("x2");
return ServerData.getChoosing(j);

}
/**

* @unimod.action.descr number »ToTO mpouecca MeHble,
* yueM number OpyTroro mnpolecca

*/

public boolean x3 (StateMachineContext context) {

return ServerData.getNumber (i)

}
/**

< ServerData.getNumber (j) ;

* (@unimod.action.descr mumeHTHOMKATOP IOPYyTOT'O0 Ipollecca MeHble
* KOJIMYeCcTBa MIpPOLleCCOB

*/
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public boolean x4 (StateMachineContext context) {
return j < AutomataManager.getProcessCount();

}

/**
* (@unimod.action.descr BHIIOJHAETCS JIM YCJIOBUME OXMIAHMUS
*/
public boolean x5 (StateMachineContext context) {
return (! (ServerData.getNumber (j) == 0)) && (
(ServerData.getNumber (j) < ServerData.getNumber (i))

(I

(ServerData.getNumber (j) == ServerData.getNumber (i))
&& (3 < 1)
)
) ;
}
/**
* @unimod.action.descr cueTuuk OXmmaHmsa OoJsbime 0
*/

public boolean x6 (StateMachineContext context) {
return ServerData.getWait (i) > O0;

}

/**
* (@unimod.action.descr BHIIOJIHEHME BaKOHUMIIOCH
*/

public boolean x7 (StateMachineContext context) {
return false;

}
/**

* (@unimod.action.descr ycTaHOBKa number Tekyllero Ipollecca PaBHEM
* number »Opyroro mnpolecca
*/

public void z11 (StateMachineContext context) {
ServerData.setNumber (i, j);

}

/**
* @unimod.action.descr yBenmMueHHMe number Tekylero npouecca Ha 1
*/

public void z12 (StateMachineContext context) {
ServerData.incNumber (1) ;

}
/**

* (@unimod.action.descr >?= misg number
*/
public void z13 (StateMachineContext context) {
if (ServerData.getNumber (i) < ServerData.getNumber (j))
ServerData.setNumber (i, j);

}

/**
* @unimod.action.descr ycTaHOoBKa HoMepa Opyroro mnpouecca B 0
*/
public void z21 (StateMachineContext context) {
j=0;
}
/**
* @unimod.action.descr yBeJMUeHMEe HOMepa CJlelylleIo Ipoliecca

*/
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public void z22 (StateMachineContext context) {
J++;
}

/**
* @unimod.action.descr ycraHoBka choosing
*/

public void z31 (StateMachineContext context) {
ServerData.setChoosing (i, true);

}
/**

* (@unimod.action.descr cHbpoc choosing
*/

public void z32 (StateMachineContext context) {
ServerData.setChoosing (i, false);

}

/**
* @unimod.action.descr mnpouecc mnpocTamBaeT
*/

public void z4 (StateMachineContext context) {

}
/**

* @unimod.action.descr BxOI B KPUTUUECKYI0D CEeKIMO
*/

public void z51 (StateMachineContext context) {
ServerData.setWait (i, ServerData.randomInt(l, 5));

}
/**

* @unimod.action.descr yMeHblIIEHME CUETUMKA OXMUIOAHUS
*/

public void z52 (StateMachineContext context) {
ServerData.decWait (1) ;

}

/**
* @unimod.action.descr BEXOI M3 KPUTMUECKONM CeKLUUU
*/

public void z53 (StateMachineContext context) {
ServerData.setNumber (i, 0);
ServerData.setWait (i, ServerData.randomInt (2, 8));

ServerData. java

package ru.ifmo.lamport.algorithm.co;

import java.util.Random;

import ru.ifmo.lamport.server.AutomataManager;

import com.evelopers.unimod.runtime.ControlledObject;
/**

* Storage of all data.

*/

public class ServerData implements ControlledObject {

public static void reset () {

41



choosing = new boolean[AutomataManager.getProcessCount () ];
number = new int[AutomataManager.getProcessCount()];
wailt = new int[AutomataManager.getProcessCount()];

}

private static boolean choosing[] =
new boolean[AutomataManager.getProcessCount () ];

private static int number[] = new int[AutomataManager.getProcessCount()];
private static int wait[] = new int[AutomataManager.getProcessCount()];

public static boolean getChoosing(int i) {
return choosing[i];

}

public static int getNumber (int i) {
return (i < number.length) ? number[i] : Integer.MAX VALUE;
}

public static void setNumber (int i, int j) {
number[i] = number[j];

}

public static void incNumber (int i) {
number [1]++;

}

public static void setChoosing(int i, boolean v) {
choosing[i] = v;

}

public static void setWait(int i, int w) {
wait[i] = w;

}

public static void decWait (int i) {
wait[i]--;

}

public static int getWait (int i) {
return wait([i];

}
private static Random random = new Random() ;
public static int randomInt (int min, int max) {

return random.nextInt (max - min + 1) + min;

}
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