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naBa 2. fipycHo-napannenbHas popma nporpammb|

B a10i1 raBe Mbl pacckaxeM 00 OTHOM U3 CaMbIX €CTECTBEHHBIX
U MIPOCTO pean3yeMBbIX MOJIX0A0B K pacnapaieuBaHHI0O HEKOTOPOU
KOMIUIEKCHOHM 3ama4yn. byaeM mcxomuTh W3 MPEenrookKeHus, 9To pe-
maemast 3a1a4a o0agaeT napayuieTu3MOM HE3aBUCHUMBIX BETBEH, T.e.
OHa COCTOUT M3 HEKOTOPOTO KOJIMYEeCTBa MOJ3aj]ad, MPOIECC BBIMOII-
HEHMS Ka)XJ0M U3 KOTOPBIX HE CBs3aH ¢ Ipyrumu. IIpu sTom kaxnas
3ajjaya, BO3MOXKHO, 110 CBOMM BXOJHBIM JAHHBIM HaXOIMTCS B 3aBH-
CHMOCTH OT PE3yJIbTATOB BBIIIOJHEHUS APYTUX MO3a/1a4.

CriocoObl penieHus 3ajad, MOJ00HBIX ONMMCAHHOW, OTHOCATCS K
METOJIaM CETEeBOr0 IJIAaHUPOBaHUs U ynpasieHus [5, 12]. B cooTser-
CTBMHU C IPUHATOH B 3TOM 00JIACTH TEPMHHOJIOTUEH, OyieM Ha3bIBaTh
B JaJbHENIIEeM Hoj3aauu — paboTaMy, a BCIO paclapasieIiBaeMylo
3aJ1a4y — KOMITJIEKCOM paboT.

2.1 lenb u mexaHu3m nocmpoeHus Sl®

I'paduueckoe mpencTaBieHHE CXEMBI 3aBHCUMOCTEH padoT IpyT
OT Jpyra Ha3bIBaeTCsl CeTeBBIM TpadukoM padoT. CeTeBoil rpadux
paloT mpencTaBiIseTCs HAIPABICHHBIM ALUMKIMYECKUM Tpadom, T.e.
HUKakas paboTa He 10JHKHA MPSAMO MO0 KOCBEHHO 3aBHCETh OT caMoi
cebs. K nmpumepy, Ha puc. 7 MOXHO YBUACTH CETEBOH Tpaduk HEKOTO-
poli KOMIUIEKCHOW paboOThI, cocTosmeld u3 BochMH padoT. I[Ipsimo-
YTOJIbHUKAMH 3/1€Ch 0003HauYeHbI PabOThI, CTPEIKAMUA — 3aBHCUMOCTH
MEX1y HUMH 110 BXOJHBIM U BBIXOJHBIM JaHHBIM.

Puc. 7

B cereBoM miaHMpOBAaHUM HMCHOJNB3YIOTCA 1Ba criocoba mpea-
CTaBJIeHHs ceTeBoro rpaduka padot. B mepBom ciryuae, kak Ha puc. 7,
paloThI MpeACTaBIAIOTCS BEPIIMHAMU rpada, 3aBUCUMOCTH — JAyTaMHu.
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delete dynamic cast<calculator type *>(pfsm);
}
bi

public:

summator type (factory type &factory):
fsmnet type (factory)

{}

bi

Taxkoi H360p KJIACCOB MOKET OBITh HCHOJB30BaH CJICAYIOIINM
KOAOM:!

// uMHMUManmM3auys BEeKTOpa BXOIHBIX BHAUYEHUN CeTu
vector<fsm type::data type> vin;

//

// KONMMYECTBO aBTOMATOB - KOHTPOJIEP+BHUVCIINTEIN
int fsanum = 1 + DEF CALCNUM;

// balpuxa ceTu u CeTb

summator type::factory type

factory(vin.size (), summator type::0UTPUT NUMBER, fsanum);
summator_ type fsmnet (factory);

// mnepemaTb BXOIHLIE IAHHHE
fsmnet.put input (vin);

// BBIUMCJIEHHOE 3HAUeHME CYMME
fsm type::data type sum = 0;
do
{
// BBIIOJIHUTL TAKT PaBOTHl CETU
fsmnet.do work();

// TNOJNyUYMTH OUYEpEeIHEEe BHIXOLHEE IIaHHEE
vector<fsm_type::data_type> vout = fsmnet.get_ output();

// ecnu pesysbTaT €CTb, COXPaHMM ero
if (vout[summator type::QUTPUT_ON])
sum = vout [summator type::OUTPUT RESULT];

} while (!fsmnet.is off());

KonnuecTBO BXOJOB CETH OIMpeAenseTcss Ha OCHOBE JIJTUHBI BEK-
TOpa BXOAHbIX 3HaueHuil. [locie nepenaun BXOIHOW MOCIEI0OBATEIb-
HOCTH B CETh BBITIOJHSICTCS TOJHBIA UK paboThl ceTu. B TeueHwue
LHKJIA OCYIIECTBISECTCS MPOBEPKA HAIMYMS BBIXOJHOIO pe3ysibTaTa U
€ro COXpaHECHHE.
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Bo BTOpOoM cnyyae pa®oThI MPenCTaBISIOTCS JyraMH, BEpIIUHAMHU
MpeICTaBISIOTCS. coObITHS WX 3aBepmieHus. OOmue mpaBwia IMo-
CTPOEHHMSI TAKHX CETEBBIX rPaduKOB nMpuBeAcHHI B [12].

[Ipumep mpencraBieHrss BTOPHIM CIIOCOOOM KOMIUIEKCa padoT,
M300paKEHHOTO Ha pUC. 7, IPUBEICH Ha puc. 8. 31eCh MyHKTUPHBIMA
CTpesIkaMu 0003HAYCHBI TaK Ha3bIBacMble (DMKTUBHBIC PaOOTHI, HE 3a-
HUMAIOIINE PECYPCOB U XapaKTEpU3YIOLIHEe JIOTHYECKYIO CBs3b. Pasy-
MeeTCsl, Ha 3TOM TpadrKe MOXXHO OMYyCTUTh (PUKTHBHBIC PaOOTHI, Xa-
PaKTEpU3YIOIIHE CBS3H, KOTOPhIC HESIBHO BBITEKAIOT U3 JPYTHX, B pPe-
3yJIbTAaTe YEro MOJIydaeM 3aKJIIOYHUTEIbHOE MPEJICTABICHHE CETEBOTO
rpaduka pabot (puc. 9).

Q. O._
A 3ATT
o< joz—x(: ; 93—»07
8% 3 o—>07>o
Puc. 9

O06a croco0a UMEIOT CBOM JIOCTOMHCTBA B TE€X WIIU MHBIX YCJIO-
BUsX. BTopo#t crmocod ymoOeH i aHanu3a BPEeMEHHBIX XapaKTepH-
CTHUK PaboOT M He OOPEMEHEH JIMITHUMH CBS3SMH, TOITOMY IIHPOKO
WCTIONB3YETCS B CETEBOM TUIaHMpOBaHUU. [IepBhIii crioco0 He HyXIa-
€TCs B HCIOJIb30BaHUH (UKTUBHBIX pabOT 1 obecreunBaeT 0ojee Bbl-
COKYI0 THOKOCTh MpH JT00aBICHUM HEYYTCHHBIX 3aBHCUMOCTEl. [lo-
CKOJIBKY MBI paccMaTpWBacM cilyyail, Korja aHalli3 BPEMCHHBIX Xa-
PaKTEePUCTHUK HE aKTyaJeH, MBI OYJEeM TOJb30BaThCS MEPBBIM CIIOCO-
OOM IIPEICTABJICHUS CETEBOTO rpaduKa.

B kauectBe anbTepHATUBBI TpadUUecKOMY MPEICTABICHUIO
KOMIUIEKC paboT MOXKET OBITh MPEICTaBIICH CTPYKTYPHOH TaOiuIen
KOMIUIeKca paboT, B KOTOPOM YKa3bIBAIOTCS PAaOOTHI, BKIIOYCHHBIE B
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KOMIUIEKC, a TaK)Ke 3aBHCHMOCTH KaXKJIOM pa0OThl OT APYrux (pucC.

10).

Job Dependence
1 5,8
2 6,8
3 2
4 1
5 2,6,8
6 -
7 1,2,3,4,5
8 -
Puc. 10

Pemenne kak TakoBbIX 3a7lad CETEBOTO IUIAHUPOBAHUS M yTIPaB-
JIEHUsS] CBOAMTCS K OIPENEJICHUIO ONTUMAJIBHOIO paclpelesieHus pe-
CYpPCOB C LE€JbIO IOJIyY€HUS MUHHMMAJIbHOTO BPEMEHH BBIIIOJIHEHUS
BCEro KOMIUIEKCAa Ha OCHOBE M3BECTHBIX 3aBUCUMOCTEH BPEMEHHU BbI-
MIOJTHEHHUSI OTJENBHBIX paboT OT KOJIMYECTBA BBIJCICHHBIX UM pPECyp-
COB.

[Ipu BBIMONTHEHNM TapajIeNbHBIX BBIUMCICHUN B TaKOW mocra-
HOBKE€ paccMaTpUBaTh 3a7jady OKa3bIBAETCs 3aTPyIHUTENBHO M 3a4ac-
Ty10 O€CCMBICIIEHHO, OCKOJIBKY B OJIHOPOJHON CHUCTEME OKa3bIBACTCA
HEYEeM YIPAaBIIATH — Mbl HE MOXEM IOBIUATh HA CKOPOCTH BBINOJIHE-
HUSI KOHKPETHOHN MO0J[33/1a41, & B HEOJAHOPOJAHON OKa3bIBAETCA CJIOKHO
3a/1aTh 3aBHCHMOCTH BEJIMYMH BPEMEHU BBIMOJTHEHUS KaKJIOW MOA3a-
JaqH.

HaMm uHTepeceH nuiIb NEPBBIM 3Tall pelIeHHs 3aJadd IIOMCKa
KPUTUYECKOTO MYTH — YIMOPSAOYEHUE 33JaHHOTO CETEeBOro rpaduka
paboT U MOCTPOEHUS SIPYCHO-NapaILIeTsHON (OPMBI Iporpammsl [ 1, 5,
12].

[Iponenypa nocTpoeHus sipycHo-napauiesabHol (GopMsl (nanee —
ATID) nocTaToOYHO MPOCTA U 3aKIIIOYAETCS B IPEJCTABICHUN CETEBOTO
rpaduka B hopMe mocieoBaTeIbHbIX IPyCOB paboT, B Ipeaeax Ka-
JKJIOTO U3 KOTOPBIX paOOTHl MOTYT BBIOJIHATHCS HE3aBUCHUMO JPYT OT
npyra. Iloctpoenne AII®P serko OCyImecTBISIETCS HA OCHOBE CTPYK-
TypHOW TaOIUIBI KOMIUIEKCa paboT W CBOAWUTCS K J0OABICHHIO
cTosIOIla C IPUCBOEHHBIMH HOMEpaMHu sipycoB. PaGoramu HyieBoro
sApyca CUUTAIOTCA BCE PAOOTHI, BHINOJHEHUE KOTOPBIX HE 3aBUCHT OT
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{1}
int number fsm(void) const { return m_ fsmnum; }
int number input(void) const { return m inputnum; }

int number output(void) const { return m outputnum; }

linkstore type get links(void) const

{

linkstore type store;

// BXOOH CeTM NPULENUM K KOHTPOJIIEPY
for (int i = 0; i < m inputnum; i++)
Store.add(PSEUDOFSMﬁNETINPUT, i, FSM_CONTROL, i);

// BREIXOIEI CEeTUM — II€PBHE OBa BHEXOIOA OT KOHTpOJIJIEpa
for (int i = 0; i < m _outputnum; i++)
store.add (FSM_CONTROL, i, PSEUDOFSM NETOUTPUT, 1i);

// BCE BHUMCIUTENY K KOHTPOJUJIEPY [IONLENNUM
for (int i = 0; i < m_fsmnum - FSM CALCULATOR_0; i++)
{
// apTyMEHTH Ha BHUMCJUTENM C KOHTpOJUJIepa (MOCJie BEIXOIOB CEeTHU)
for (int j = 0; j < calculator type::INPUT NUMBER; j++)
store.add (
FSM_CONTROL,
m_outputnum + calculator type::INPUT NUMBER * i + j,
FSM_CALCULATOR_O + i, j);

// BBIXOI BBEUMUCIIMTEJIS — K KOHTPOJJIEPY, I[IOCJIe BXOIOB CEeTU
store.add (
FSM CALCULATOR 0 + i, calculator type::0UTPUT RESULT,
FSM CONTROL, m inputnum + 1i);

bi

return store;

}

fsm abstract type *create fsm(int i)
{
fsm_abstract_ type *pfsm;

if (1 == FSM_CONTROL)

pfsm = new control type(m inputnum, m fsmnum - 1);
else

pfsm = new calculator_type();

return pfsm;

}

void destroy fsm(int i, fsm abstract type *pfsm)

{

if (1 == FSM_CONTROL)
delete dynamic cast<control type *>(pfsm);
else
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add handler (STATE OUT, handler type (&control type::do off));
}
i

O0paboTurK BBIKIIOUYEHHOTO cocTosHUs do_start mpoBepsieT Ha-
JMYUE Ha BXOJE KOHTPOJUIEPA TOCIEAOBATEILHOCTH HEHYJIEBBIX UH-
cell, TOCJe 4Yero, B Ciy4yae HalIW4Hs, TOMENaeT WX B OdYepenb
m_queue W pacnpeiesseT MO BBIYUCIUTEISIM C TMOMOIIBIO (DYHKIIMA
dispatch. ®ynkmus dispatch Bo3Bparmiaer KoIu4ecTBO 3a/IeHCTBOBaH-
HBIX BBIYMCIIUTEJICH, HA OCHOBE KOTOPOTO 3aJaeTcs Cleayoliee Co-
CTOSTHHE.

Hns Bcex coctosiHuit oT «0» mo «N» ompeneneH oO0pabOTUHK
do_calc. B nauane ¢ynkuun do calc ocymecTBisiercs: cOop pesyiib-
TaTOB BBIYMCICHUH MPENBIAYIIEro TakTa CO BCEX BBIUUCIHTENEH C
nomonipio pynknuu collect. Jlanee BeIMonHsETCS IpoBepKa (hakTa 3a-
BEpUICHHsI BBIYMCIICHUI, KOTOPBIN ONpeNeNsieTcs: HaTudheM B ouepe-
IV JIAII OHOTO AJIEMEHTA U OTCYTCTBUEM aKTHBHBIX BBHIYHCIIHATEICH.
B cnydae ecnm XoTs ObI OJHO W3 OTHX YCIIOBHI HE BBITIOIHSETCS,
MIPOM3BOIUTCS TIOMBITKA CJICAYIOMIETO pacnpesencHus. Ecim ke BbI-
YUCIICHHUsI 3aKOHYEHBI, MPOUCXOIUT IMEPeXo] K COCTOSHUIO «BbiBOA
pesynbratay. Ero obpabotunk do off mpocTo mepeBoauT aBTOMAT B
BBIKIIFOYEHHOE COCTOSIHHE.

ABTOMAaTHas CE€Th MPEJICTABIACTCA KJIACCOM summator type, Ko-
TOPBIA OOBSBISIET KOHCTAHTHI I 00O3HAYEHUSI aBTOMATOB M BBIXO-
JIOB CETH, a Takxke Kiacc (abpuKkd ceTd, CO3MAroIIUid aBTOMAThl H
(OPMUPYIOLIHIA CBSI3H MEKIAY HUMH B COOTBETCTBHU C pUC. 22:

class summator_ type: public fsmnet type

{
public:

enum {FSM CONTROL, FSM CALCULATOR 0};
enum {OUTPUT_ RESULT, OUTPUT ON, OUTPUT NUMBER};

class factory type: public factory abstract type
{
private:

int m _inputnum, m outputnum, m fsmnum;

public:

factory type(int inputnum, int outputnum, int fsmnum):
m_inputnum(inputnum), m outputnum(outputnum), m fsmnum (fsmnum)
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npyrux. PaGoTsl mepBoro sipyca — Te, KOTOpbIE ONMUPAIOTCS TOJIBKO Ha
paboTel HyneBoro sipyca. PaboTel Kakaoro sipyca M3 IMOCIEIYIOIINX
JOJKHBI OTMIMPATHCS TOJIBKO Ha Pa0OTHI O0JIee paHHUX MO OTHOIICHHUIO
K HEMY SIpPyCOB, CPEeld KOTOPBIX OJDKHA ObITh KaKk MUHHUMYM OJHA
paboTa HEMOCPEICTBEHHO MpeAlecTByomero spyca. Ha puc. 11
MO>KHO YBHJETb MPUMEP pacHpeAesieHus 1o sipycaM padoT KOMIUIEK-
ca, M300paKeHHOTO Ha pucC. 7.

Job Dependence Level
1 58 3
2 6,8 1
3 2 2
4 1 4
5 2,6,8 2
6 - 0
7 1,2,3,4,5 5
8 - 0
Puc. 11

ITocne BBINONHEHMS paclpeneNeHusl Mo spycaM Bcex pabor
KOMIIEKCa, CeTeBOM Tpaduk MOXKET OBITh M300paXeH C y4eToM pas-
6uenus 1o spycam. Ilpumep pazburoro no sipycam KomIjiekca pabot
MOXHO YBHJIETh Ha puc. 12.

Level 0 1

Level 3

Level 4

Level 5

Puc. 12

Takas ¢opma opraHuzanuu NporpamMmbl HOCUT HazBaHue AlID
nporpammsel. IIpenmyimectso npuseneHus nporpamMmsl kK SIID 3a-
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KJIFOYAEeTCsI B BO3MOXXHOCTH MapajuleIbHOTO BBIMOJHEHUS B paMKax
OJIHOTO Apyca BCeX BKIIIOUEHHBIX B Hero pador. KomnyectBo padot B
KKJOM sIpyce Ha3blBacTCsA MIMPUHOW spyca, KOJIMYECTBO SIPYCOB —
BoicoTOM AII®D, MakcumanbHas mupuHa sipyca — mupuHoit AIID npo-
IpaMMBbl.

OTH XapaKTEpUCTUKHU NPU HEKOTOPBIX JOMYLIEHHUSIX [O3BOJISIOT
HaM CYAWTh O CBOMCTBaX IMOCTPOSHHON TaKMM 0Opa3oM MpPOTPaMMEL.
B ygactHOCTH, TIpH yCIIOBMH, 4TO BCe pabOThl MPUOIM3UTENBHO OJTMHA-
KOBEHI 110 JIHTeNnbHOCTH, mupuHa AI1® xapakTepusyeT HeoOxXxoaumoe
MaKCUMaJIbHOE KOJIMYECTBO TpeOyeMbIX HapajlielbHbIX PECYpCcOB BO
BpeMs BBINONHEHHA. B cinyyae Hammuus HEOOXOJMMOTO KOJIMYECTBA
napajyiebHBIX PECYPCOB BPEMsI BBIMOJHEHHS] KOMIUIEKCHOW pabOTHI
OyneT mpuOIU3UTEIHEHO PABHO MPOU3BEICHUIO BPEMEHHU BEITIOTHCHUS
oJ1HO paboTs! Ha BeicoTy AI1D.

B [1] roBoputcs, uTo pachapajuielBaHHE MPOTPaMM C HC-
nonb3oBanueM AlID nnoxo coriacoBaHoO ¢ KOHCTPYKIUSIMHU CYIIle-
CTBYIOIIMX SA3BIKOB IPOrpPaMMHPOBAHUSA, YeM OOYCIIOBJIEHA CIOXK-
HOCTb €r0 BBIIOJIHEHUSI M COOTBETCTBYIOLIEE KpaWHE pelKoe Hc-
nonb3oBaHue. JledcTBUTENbHO, OOJNBIIMHCTBO MOMYJSPHBIX CETo-
JTHS SI3BIKOB MPOTPaMMHUPOBAHUSA, KaK MPaBUIIO, U3HAYAIBHO Tpea-
Ha3HA4YeHBI IS N1OCIE0BAaTEIbHBIX BBIUUCICHHUH U IO3TOMY IINIOXO
IpHUCIOCcOOJIeHbI s JTr0boro pacnapaiienuBanus. OQHaKo cinemy-
€T YUYWTBHIBaTh, YTO HANMCAHHE CIIOXHOW MporpaMMbl (a mapai-
JeNbHasl mporpamMma, Kak MpaBHIIO, SIBJISETCS CJIOXKHOW) Bcerna
TpeOyeT YCHIINM, U TIONCK JIETKUX MyTeil B JaHHOM ciydae pabora-
eT B OOJIBIIMHCTBE CiIyyaeB MPOTUB Hac. B cBsi3u ¢ 3TuM 11 1mo-
CTPOEHUs IapajUIe]bHBIX IMPOrpaMM Mbl MPEMJIOKUM JIAJIEKO HE
HOBBIM NOJAXOJ, 3aKJIIOYAIONUNCA B OTACNEHUHM (YyHKLHOHAIbHO-
CTU MCIOJIb3YEMOW CXEMBbl pacnapajleluBaHUs, a HUMEHHO IO-
ctpoeHus AlI® u BBHIMOJHEHU KaK TAKOBOTI'O pacHapalljeInBaHU,
oT crenu(UKN KOHKPETHOU 3a7aun. B 3TOM ciydyae HamucaHue KO-
Jla, OTBEUAIOLIETr0 3a IMapajulebHOE BBIOJIHEHHE KOMILIEKca pa-
60T, pasymeercs, OyJeT He Jjerde, 4em Mpexae, OJHAKO MOXKET
OBITH BBIMOJHEHO JHIIb OAMH pa3, IPH 3TOM HCIOIb30BAaThCS Ta-
KOM KOJ MOKET IIPH PELICHUH IMIMPOKOTO Kpyra 3ajaad.
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m output [OUTPUT RESULT]
m_output [OUTPUT ON] = 0;
}
else

{

// mHadye MNpONOJIXUM OBITH BBHIKJHOUEHHBIMU
state = STATE OFF;

fill (m_output.begin(), m output.end(), 0);
}i
return state;

}

= 0;

state_type do_calc(state_type state)
{

// CJOXUTbL BCe HEHyJIEBHE MNpelsAylpe pes3yJbTaThH B KOHEL odepenm
collect ()

// BRIXOIl, €CJIM akKTuBHO (0 BBUMCIIUTEJIEV U B ouepenr OIOVH 3JIEMEHT
if (state == STATE CALC NUMBER 0 && m queue.size() == 1)

{

state = STATE OUT;

m_output [OUTPUT RESULT] = m queue.front();

m_output [OUTPUT_ON] = 1;

}

else

{

// pacnpenmenuTb Iapbl M3 Hauajla odepenu

state = STATE CALC NUMBER 0 + dispatch();

m_output [OUTPUT RESULT] = 0;

m_output [OUTPUT ON] = 0;

}i

return state;

}

state type do off (state type state)

{

// mneperneM B BHKJIOUEHHOE COCTOSHUE

state = STATE_OFF;

fill (m_output.begin(), m output.end(), 0);
return state;

}

public:
control type(int argnum, int calcnum) :
fsm_ type (argnum + calcnum,
calcnum * calculator type::INPUT NUMBER + 2),
m_argnum(argnum), m calcnum(calcnum)
{
add_handler (STATE_OFF, handler_ type (&control type::do_start));

for (int 1 = 0; 1 <= calcnum; 1i++)
add_handler (
STATE CALC NUMBER O + i, handler type (&control type::do calc));




116

private:
deque<data_ type> m_queue;
int m_argnum; // KOJIMYeCTBO apryMeHTOB CyMMaTopa
int m calcnum; // KOJMMYeCTBO BHYMUCIMTEJIEN

// cobpaTb CO BXOIOB BCE HEHYJIEBHE Pe3YJbTAaTH BEUUCIIEHUN
void collect (void)
{

for (int i = 0; i < m_calcnum; i++)

{

data type result = m input[m argnum + i];

if (result)

m_queue.push_back (result) ;

bi

}

// pacnpenem/mb HapI::I IOaHHBEIX, CKOJIBKO €CTb B HaJlMdMM, HAa BHUUCIIUTEIIN
int dispatch(void)
{

int num =
(m_queue.size() >= (m_calcnum << 1)) ?
m_calcnum : (m_queue.size() >> 1);
for (int 1 = 0; 1 < num; i++)

{

m_output [OUTPUT_ ARGl 0 + calculator type::INPUT NUMBER * i] =
m_queue.front () ;

m queue.pop front();

m_output [OUTPUT ARG2 0 + calculator type::INPUT NUMBER * i] =
m_queue. front () ;

m_queue.pop_ front();

m_output [OUTPUT CALC ON 0 + calculator type::INPUT NUMBER * i]=1;

i

for (int i = num; i < m calcnum; i++)

{

m_output [OUTPUT_ARG1 0 + calculator_ type::INPUT NUMBER * 1i]
m output [OUTPUT ARG2 0 + calculator type::INPUT NUMBER * i] =
m_output [OUTPUT CALC ON 0 + calculator type::INPUT NUMBER * i]

i

return num;

}

]
| oo
S~

state_type do_start (state_type state)
{
// TNpOBEpMM HajMuye CUIHAJIOB Ha BXOHe ([IOMIEM HEHYJIeBOM)
bool noinput = (m_input.end() ==
find if (m input.begin(), m input.end(),
notl (logical not<data type>())));
// ecmu ecTb, MNEPEKJIoYMMCsS Ha o0paboTky
if (!noinput)
{
// cJoxyM BCe BXOIHEE IaHHEE B oOuepemb
m queue.assign(m_input.begin(), m input.begin() + m argnum);
state = STATE CALC NUMBER 0 + dispatch();
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2.2 Peanu3ayusi 8bINOMIHEHUs1 KOMNnJiekca pabom npu ucnosb308aHuU
¢hukcupoeaHHO20 Konu4ecmea napassnesibHbIX pecypcos

[Ipexxie yeM nepexoauTh K ONMHMCAHUIO MpeAsiaraeMbIX BapHUaH-
TOB pealu3alyu, cleAyeT OrOBOPUTH cleayrouii MomeHT. B [1] ObI-
JI0 yKa3aHo, YTO BCIEACTBHE TOTO, YTO J00ast paboTa TeKylLIero sipyca
HaXOJIUTCSI B 3aBUCUMOCTH OT XOTsI Obl OJJHOI pa®OoThI MPEabIAYIIEro
sApyca, OHa He MOXKET ObITh HayaTa paHbllle, YeM 3aBEPLIUTCS BBINOJ-
HEHHE PadoT MPEAbIIYIIETo Ipyca.

Crnexyer OTMETUTH, YTO 3TO HE COBCEM BEPHO, OJTHAKO PACCMOT-
peHHE C TaKOW TOYKH 3PEHHUS] TIOMUMO CBOMX MHUHYCOB UMEET U CBOH
witockl. [Ipu mogoOHO# peanu3anuu HaM B J000H MOMEHT M3BECTHO
HEOOX0IMMOE KOJMUYECTBO MapajlIeIbHBIX PECYPCOB, TPEOYyEeMbIX IS
BBIMOJIHEHHSI PA0OT, MOCKOJIBKY OHO PaBHO IIMPHUHE BBHITOIHAIONIETO-
Cs1 B TEKYILIUI MOMEHT sIpyca.

CrnexyeT Takke OTMETHTb, YTO TAKOH MOAXOJ MOKET OBITh J0C-
TaTOYHO 3()(HEKTUBHBIM U TPOCTHIM ISl PEaTH3aluu TPU YCIOBHUH,
YTO B Mpeaeax KaxkIoTo spyca Bce paboThl NpUOIU3UTENHFHO OJIMHA-
KOBBI 110 AJIUTEJILHOCTH.

B nportuBHOM 3xe ciydyae, KOrza JUIMTEIbHOCTH CYIIECTBEHHO
pa3nuyarTCs, a 3aBHCUMOCTEH MeXay padoTaMH HE O4YeHb MHOTO,
MOTYT BO3HHKHYTHb CYIIECTBEHHBIC IMOTEPU BPEMEHHM Ha OXKUJAHHE
HEKOTOpOH paboToil 3aBepIEHUS] KaKOKW-THO0 pabOThl MPEABLAYIIETO
sapyca, OT KOTOPOW OHA HE 3aBHUCHUT.

IlockonpKy B pealbHOCTH BCTPEYArOTCsl pa3Hble CUTYallMU, MBI
paccMoTpuM 00a BapuaHTa. BHauane paccMoTpuM peanusanuio 0osee
MPOCTOTO CIy4ast, KOrJa Bce paboThl BHIOIHSIOTCS CTPOTO MOSIPYCHO,
T.€. HUKaKas paboTa CIeAyIOIIEero sipyca He HaAUYMHAETCS A0 TeX Mop,
[IOKa He 3aKOHYAT BBIIIOJIHEHUE BCE pabOThI TEKYIIETO spyca.

J1 mpoCTOTHI M HAIJIATHOCTH abcTparupyeMcsi oT HEoOXOu-
MOCTH TI€peJaud BXOJAHBIX M BBIXOJIHBIX JAHHBIX MEXIY paboTamu U
CKOHLICHTPUPYEMCSI Ha pPACIpeNeseHUM UX BBIIOJHEHHs MEXIy IHa-
palenbHBIMU pecypcaMu. byziem cumTaTh, UTO JaHHBIE MEPEAAIOTCS
gepe3 pasJensieMble pecypchl BHYTpH paboT.

B mpunoxxennu 2 mpuBeneH KOJ MpeiJiaraeéMbIX KIaccoB, pac-
napajuieJieHHbI cpefacTBamu uHTepdeiica OpenMP. Cpenu HuX,
Ipex/ie Bcero, abCTpakTHBIN Ki1acc paboThI:
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// abcTpakTHEM uHTepdeiic paboTe
class job_abstract type
{
public:
// BHIIONHEeHVE PabOoTH
// mnoJjlydeHMe MCXOIHEIX HAHHEIX U BHBOJZ pe3yJibTaTa
// BHIIOJHAOTCS BHYTPU dYepes pasIesisieMble PeCcypPChHl
virtual void run(void) = 0;

}i
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OJIMH 3JIEMEHT, COCTOsIHHE MeHsieTcsl Ha «BeiBoj pesynbrara». Ha BbI-
XOZIe TIPY 3TOM €IMHCTBEHHBIN 2JI€MEHT OYEPeH U CUTHAI O BBIBOJIC
pesyabTara. Ha cremyromemM TakTe BBIKIIOYACTCS KOHTPOJUIEP W BCS
CETh.

Knacc Berumcnutens calculator type ompesenser oamH o0pa-
060TuuK Ha 00a COCTOSTHHUSL:

Bce kimaccel paboT B BBI3BIBAIOIIEM KOJ/E TOJDKHBI OBITH yHace-
JIOBaHBI OT 3TOTO KJIAcca M JIOJDKHBI TIepeonpeieisiTh (GYHKIUIO run,
BHYTPHU KOTOPOH JOJKHO OCYIIECTBIATHCS BHIIIOJIHEHHE PAOOTHI.

Jpyroi kmacc — kiacc komruiekca pabot jobcomplex_type. Ilo-
CKOJIBKY KOMIUIEKC paboT, B CYIIHOCTH, TAaKXKe SBISETCS pabOTOM,
Kimacc jobcomplex type yHaciemoBaH OT aOCTpPaKTHOTO —Kiacca
job_abstract type W, B IpUHITUIIE, MOXKET OBITH MCIOJB30BaH B Kaye-
CTBE pabOTHI U GOPMHUPOBAHUK KOMILIEKCa paboT Oosiee BBICOKOTO
YPOBHSI CJIO)KHOCTH.

B xmacce jobcomplex type oOBSBISIOTCS HEOOXOAUMBIE CTPYK-
TypBI JaHHBIX JUIS 3aII0JIHEHHUs] KOMIUIEKca paboTaMu U 3aBUCUMOCTSI-
mu. /g ynoOctBa mo0GaBieHus: 3aBUCHMOCTEH yKas3aTeian Ha paboThI
XpaHATCSA BMeCTe ¢ oToOpakeHHWeM Ha WX Homepa. Homepa pabortam
MPUCBAUBAIOTCS B COOTBETCTBUM C TOPSIKOM noOasieHus. s mo-
OaBiieHHs pabOT M 3aBUCUMOCTEH BBI3BIBAIONIEMY KOy IPEIOCTaBIIs-
tores pyHkimu add job n add dependence coorBeTcTBEHHO.

Peanuzanus (GyHKIMM BBITOIHEHUS] KOMILIEKCAa paboOT run Ha4YH-
HaeTcs ¢ (POPMUPOBAHUS CITUCKA pabOT M TAOJIMIIBI 3aBUCUMOCTEH Ha
OCHOBE 3allOJTHEHHBIX pPaHee CTPYKTYp JaHHBIX C TIOMOIIbIO (hyHKIHIA
get joblist u get deplist. [Tocie sToro BeBBIBacTcs (yHkims build,
KoTopast ocymectBiseT nocrpoenue A1 Ha ocHOBe TaOMUIBI 3aBU-
cumoctelt pabot. [lociie ocyliecTBiICHHsI MOCTPOCHUS, B IHKIE TIO
HOMEpaM SIPyCOB BBIMOJHSIOTCS Bce paboThl. PaboThl KaxIoro sipyca
BBITIOJIHSIOTCS  TIAPAJUIETbHO, JUISI YEeTr0 HCIOJIb3yeTCsl JAUPEKTHBA
OpenMP, nipu 5TOM BCJIEICTBHE HAIM4YUs HESIBHOTO Oapbepa 10 MO-
MEHTa 3aBepIIeHHs BCeX PadOT TEKyLIEero sipyca CICAYIOUIHd He Ha-
YUHACTCS.

@ynkius build, ocymectustomas nocrpoenne AP, naunHa-
eTcA ¢ OTpeiesieHus sIpycoB Bcex paboT. C 3Toif nenbio onpeaesnsercs
MHOXECTBO PadoT, /Uil KOTOPBIX SIPYCHI €IIe He ONpeeNieHbl, N3Ha-

class calculator type: public fsm type

{

public:

enum {INPUT ARG1l, INPUT ARG2, INPUT ON, INPUT NUMBER};
enum {OUTPUT RESULT, OUTPUT NUMBER};

enum {STATE_OUT};

private:
state_type do_calc(state_type state)
{
if (m_input[INPUT ON])
{
state = STATE_OUT;
m output [OUTPUT RESULT]= m_ input [INPUT ARG1l]+m_ input[INPUT ARG2];
}
else
{
state = STATE OFF;
m_output [OUTPUT_RESULT] = 0;
bi
return state;
}
public:
calculator type():
fsm_type (INPUT_NUMBER, OUTPUT_NUMBER)
{
add handler (STATE OFF, handler type (&calculator type::do calc));
add_handler (STATE_OUT, handler_ type (&calculator type::do_calc));
}
bi

B cnyuyae Hanuuus BXOAHOIO CHUTHANA BKJIIOYEHUS, BBIYUCIH-
TeIb MPOU3BOJIUT CYMMHUPOBAHHE U BBIBOJI pe3yJibTaTa. B mpoTuBHOM
CJIy4ae NEPEXOUT B BBIKIIFOUEHHOE COCTOSTHUE.

Kitacc xoHTposuiepa control type ompezenser Tpu o0paboTyrka
COCTOSTHUM:

class control type: public fsm type
{
public:
enum {OUTPUT_ RESULT, OUTPUT ON, OUTPUT ARGl 0, OUTPUT ARG2 O,
OUTPUT CALC ON 0};
enum {STATE OUT, STATE CALC NUMBER 0};
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JUTENh OYEPEeNHYIO Tapy 3HAYCHUH U YIIPABISIONINNA CUTHAN, a TaKXkKe
BBIIACT HA BBIXOJ CETH PE3yJIbTaT CyMMHpPOBAHHs BCEH IMOCIEI0Ba-
TEJBHOCTH.

[IpuHiun ¢GYHKIMOHUPOBAHMS CETH 3aKIIOYAETCS B CIEIyIo-
meM. CeTp HauMHAeT pabOTy NP MOJYYEHHH Ha BXOJE IMOCIENIOBa-
TEJBHOCTH C HEHYJIEBBIMH dJIEMEHTaMH. Bce aeMeHThl monajaioT B
HEKOTOPYIO OYepe/ib, XPaHUMYIO B KOHTPOJUIEPE U PaCIpeneieMyto
MOTIaPHO KOHTPOJUIEPOM Ha BBIYMCIHMTEIH. Pe3yiabTaThl CyMMHUpPOBa-
HUS C BBIXOJIOB BBIYHCIIMTENCH TaK)Ke IMOMEIIAIOTCS KOHTPOJLIEPOM B
KOHEIl OYepPeIH.

Bmecte ¢ mapoil umcen Ha KaXKIbI BBIYUCIUTEND IOAACTCS
YOPaBIAIONNA CUTHANI «BK». Korma mimHa odepenu CTaHOBUTCS
MEHBIIIE yIBOCHHOTO KOJMYECTBA BBIYMCIHUTENCH, TE BBIYUCIUTEIH,
Ha KOTOpBIC HE XBAaTHJIO PAaOOTHI, TOJIYYAIOT YNPABISIONIMNA CUTHAI
«BBIKII».

Ha mepBoM TakTe pabOThl CETH MONE3HYIO pa0OTy BBIMOJHSET
TOJIBKO KOHTPOJUIEP — NMPUHUMAET BXOJHYIO IOCIIEJOBAaTEIBHOCTh U
nepeaaeT mapbl Ha BXOJABI BeIYHCIHTENed. Ha BTopoM TakTe BBIYHC-
JUTETH TPOU3BOIAT CyMMHpPOBAHHE, KOHTPOJUIEP K€ TOTOBHT Clie-
nytonue nmapbl. Ha 3TOM TakTe BBIXOIBI C BBIYMCIUTEICH HE YUHUTHI-
BAIOTCS, TIOCKOJIbKY IOCJIE MEPBOro TakTa OHMU ObLIM HyjeBbIMH. Ha
TPEThEM TaKTe PabOThl KOHTPOJUIEPA PE3yIbTAThl BHIYNCIEHUH BTOPO-
rO TakTa J00aBISIOTCA B KOHELl O4Yepeld, U TOTOBUTCS TPEThE pac-
npeeneHne nap, moka BEIYUCIUTENN 00padaThBalOT BTOPOE.

Kaxnplii BeIYMCIHTENb NMPEObIBaCT JHOO B BBIKIIOYCHHOM CO-
CTOSTHHH, JINOO B COCTOSHHMH BBIIA4M pe3ynbraTa. B mociemHee co-
CTOSHHE BBIUUCIIUTENb MEPEXOIUT IMPH IMOJYYEHHUU YIPABISAIOIIErO
CHUTHAJIa «BKJI» TOCJIE BBINOJIHEHHUS] CYMMHMPOBAHUS JABYX IepelaHHbIX
Ha BXOJl apT'yMEHTOB.

CocrosiHEe KOHTpOJUIEpa XapaKTepu3yeT KOJIMIECTBO paboTaro-
IUX B TEKYIIHMA MOMEHT BBIYUCIUTENECH, T.€. KOJIUYECTBO pacIpe]ie-
JICHHBIX B TIOCJICHHIN pa3 map 4ucen. B Hadane paGoThl 0ObIYHOE CO-
crosiHue KoHTposiepa — «N». Korna mporece 0nm3urcst K 3aBepiie-
HUIO BBIYMCIICHUH, COCTOSIHUE MEHSAETCSI Ha MeHbIee «N», B COOTBET-
CTBHH C TEKYIIUM KOJMYECTBOM pacrmpeneneHHbix map. Ilo moctmxe-
HUM cocTossHuS «0», ecnmu B o4epeny KOHTpPOJUIepa OCTAJICS JIUIIb
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YaJIbHO coJieprkalee HoMepa Bcex pabor. [lanee 1o MomeHTa ormyc-
TOLLICHUS] 3TOrO0 MHOXECTBA BBITIOIHAETCS LIUKJ, B T€JI€ KOTOPOro Ha
OCHOBE TaOJUITEI 3aBUCUMOCTCH MPOU3BOIUTCS TOMBITKA ONPEICITUTh
SIPyChl KaKUX-T100 padoT M3 OCTaBIIUXCSA, MOCIE YETO BBITIOTHIETCS
WCKITIOYEHNE HaMJICHHBIX pa0OT M3 MHOXKECTBa HEONPEJEICHHBIX U
Mepexo]1 K ONPEIeNICHUIO padoT CIeIyIOIIero spyca.

IIpu mombITKE ONIPeAeIUTE HOMED sipyca paboThI OCYIIECTBISACT-
csl IPOXOJI 1O BCceM ee 3aBUcUMOCTAM. Ecnu kakas-nubo pabota, oT
KOTOPOW TEKYIIasi 3aBUCUT, BCE €II€ B CIHCKE HEONPEAEICHHBIX, TO U
Tekymias paboTa ocraercss HeolpeleneHHol. B mpoTuBHOM ciydae
Cpeau BCEX 3aBUCUMOCTEU OIPENEIAETCS MAKCUMAIbHBI HOMED ApYy-
ca, MOCJE Yero MOJYYEHHOE 3HAYCHHE C YBEJIWYCHHEM HA €IUHULLY
MPUCBANBACTCS HOMEPY Spyca TeKyIIeH padboThlI.

[Tocne ompeneneHuss HOMEPOB SPYCOB BCcEX pabOT HA OCHOBE
HUX cTpoutcs Kak TakoBas AIID, npencraBnseMas B mporpaMmme B
BHJI€ CIIUCKA CIIHCKOB, K&XIbIH CIHCOK B KOTOPOM XapaKTepHU3yeT
sipyc paboT, a AIEeMEHThI — KX HOMepa.

Hcnonb3oBaHue NpUBEICHHBIX KIACCOB OKA3bIBAETCA JOBOJBHO
MPOCTHIM M HamSIAHBIM. K mpumepy, dhparMeHT mporpamMmbl, peai-
3YIOIIUI BBHIMOJIHEHWE KOMILIEKca padoT, MPUBEACHHOTO Ha pHcC. 7,
MOJKET BBITJISIETh CIEIYIOIINM 00pa3oMm:

// coznanue oBBeKTOB pPaboT
// 31, 32, 33, 34, 35, j6, 37, 38
/]

// cosmaHue M HaNOJIHEHME KOMIIekca paboT
jobcomplex type jobcomplex;
// noBaBieHMe cnmucka paboT
jobcomplex.add job(jl);
jobcomplex.add job(j5);
jobcomplex.add job(j3);
jobcomplex.add job(j2);
jobcomplex.add job(37)
jobcomplex.add job(j4)
jobcomplex.add job(j6)
jobcomplex.add job(j8);
// noBaBiieHME CIOMCKOB 3aBMCUMOCTEN
jobcomplex.add dependence(jl, 3j5);
jobcomplex.add dependence (j1, j8)
jobcomplex.add dependence(j2, j6
jobcomplex.add dependence(j2, 38)
)
)

’
’
’

jobcomplex.add dependence(j3, j2
jobcomplex.add dependence (j4, jl
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jobcomplex.add dependence(j5, 3j2);
jobcomplex.add dependence(j5, j6);
jobcomplex.add dependence (j5, j8);
jobcomplex.add dependence(j7, jl);
jobcomplex.add dependence(j7, j2);
jobcomplex.add dependence (j7, j3);
jobcomplex.add dependence(j7, j4);
jobcomplex.add dependence(j7, 3j5);

// BHIIOJIHEHME KOMILJIeKca paboT
jobcomplex.run () ;

Kaxnas pabora mpezacrapnsiercsi 00bEKTOM Kjlacca, yHacleno-
BaHHOTO OT job abstract type. Ilocne ux co3jgaHusi TPOU3BOAUTCS
CO3/IaHME W 3aIoJIHEHUE 00BEKTa KOMIUIEKCca padoT, a IMEHHO J100aB-
JIeHre paboT M 3aBHCUMOCTEI MEXTy HIMHU B COOTBETCTBHHU CO CTPYK-
TypHOU TaOnuueil koMmruiekca. HakoHer, MpOu3BOIUTCS BEHITIOTHEHHE
KOMILIEKCa padoT.

PaccMoTpuMm Temeph BapuaHT MOAM(PHUKAIUN MPUBEIACHHOTO B
MPUIOKEHUH 2 KOoJa JJisl pacipe/IeIEeHHOTO BBITIOJIHEHUS C UCTIOIb30-
BanueMm uHtepgeiica MPI. B cymHocTH, M3MEHEHHSIM MOABEPTIACH
UG PYHKIHUS run:

// BHIIOJIHEHME BCET'0 KOMILJIekca paboT
void run (void)
{
// TOJNyurM CHOMCOK MOJIeXAalMX BHIIOJHEHMO pPadoT
joblist type joblist = get joblist();
// mocTpoMM SpPYCHO-IAapaJlesIbHYyl CTPYKTypy HOMEPOB paboT
multilevel type multilevel = build(get_deplist());

int rank, size;
MPI Comm_size (MPI_COMM WORLD, &size);
MPI Comm rank (MPI COMM WORLD, é&rank);

// BHIIOJIHMM II0 OuYepeny KaxIbl sSpyc paboT
for (int 1 = 0; 1 < multilevel.size(); 1++)
{
MPI Barrier (MPI_COMM WORLD) ;
// paconpenenuMm KaxObii Spyc paboT LUUKINYUECKM
for (int i = rank; i < multilevel[l].size(); 1 += size)
joblist[multilevel[1l][i]]->run();
bi
}

Jlis pacnpesielIeHHOr0 BBINOJHEHUs padoT MOTpeboBaloch BHE-
CTH SIBHYIO OapbepHYI0 CHHXPOHHU3ALMIO MEXKAY ApyCcaMH U LUKINYe-
CKH pacIpeeNuTh BHIMOJHEHHE paboT KaXI0ro sipyca 1o Mporeccam
kommyHukaropa MPI. COMM_WORLD.
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MIPOTPAMMHBIX aBTOMATHBIX CETEH.

[Ipu ommcanuy MapajuIeNbHBIX alTOPUTMOB YacTO TPUBOIUTCS
QITOPUTM CIIBAaUBaHHUS — aJITOPUTM MapaJLICIFHOTO CYMMHPOBAHUS
TIOCJIE/IOBATEIILHOCTH YKCET HEKOTOpoW UMHBI N. CyTh €ro 3aKiro-
YaeTcsi B TOM, YTO BCS MOCJIEIOBATEIILHOCTh Pa30MBaeTCs MO mapam,
MOCJIe Yero Bce Mapbl CYMMHPYIOTCS TTapaJljiebHO. Pe3yapTaTsl cHOBa
pa30UBAIOTCS MONAPHO U CYMMHPYIOTCS, U T.J1. JJisg moboro N cymma
BCEH MOCJIEIOBATEIBHOCTH OyJIeT TOJy4eHa 3a KOJUYECTBO IIAros,
paBHOE ]_logz n—\, €CJIM allTOPUTM PabOTaeT B yCIOBUSIX HEOTPaHUYCH-

HOTO Tapauien3Ma.,

[Ipu peanuzanuu anropuTMa CyMMHUPOBAHHS CJIBaMBaHHWEM B
BHJIE aBTOMAaTHOW CETH MbI OyJIeM YYHTHIBATh peallbHOE OTCYTCTBHE
HEOTPaHWUYEHHOTO Tapajule]ii3Ma M BO3JI0XKHM BBITIONHEHHE oOlepa-
MW CYMMHUPOBAHUS HA KOHEUHBIH HA0OP BRIYUCIUTEIICH.

Peanmzyem aBTOMaTHYIO CeTh B BHJIE, IIPEICTABIICHHOM Ha PUC.
22. Cetb comepxuT N aBTOMAaTOB, BBIMOJTHSIIOMIUX HETIOCPEACTBEHHO
BBIYHMCIICHHE CYMMBI JIBYX YHCEN, U OJUH aBTOMAaT, yMPaBJISIOUIHIA
BBIUMCIICHUEM CyMMBI BCEH MOCIIEI0BATENLHOCTH.

Arg| Arg Arg|
1 2 e n
i i res
: Dispatcher 3
| spatche —
i arg| arg| on res arg| arg| on res |
Ply 2y v 'y 2y v ;
Calc 1 Calc N '
Puc. 22

Kax /bl BBIYNCIIAIONINI aBTOMAT (Aajiee — BEIYUCIUTENb) M10JTY-
YyaeT Ha BXOJI€ Napy YKCEN U YIPaBIISIOLIMN CUTHAJ, HA BbIXOJE BbI-
JaeT pe3ysbTaT CyMMMpOBaHMs. YIpPaBIAIOMIMNA aBTOMar (nanee —
KOHTPOJUIEP) B KAUECTBE BXOJHBIX CUI'HAJIOB IIOJIy4aeT BCIO MOCIEN0-
BaTEJIbHOCTh CYMMHPYEMBIX YHCEJI, a TAK)KE pe3yJbTaThl CYMMHPOBa-
HUs C BBIYMCIUTENECH. B KadecTBe BBIXOJa IIOJAET HAa KaXKIbIil BBIUUC-
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delete dynamic cast<table type *>(pfsm);
else
delete dynamic_ cast<ball type *>(pfsm);
}
i

public:

billiard type (factory type &factory):
fsmnet type (factory)

{}

}i

Kak roBopuioch BbIlIe, BXOJAMU CETH SIBISIOTCS KOJUYECTBO
IIUKJIOB BBINTOJIHEHUSI U MHUIMAIN3AIMOHHBIC JaHHbIC UIS Ka)KI0TO
mapa. @ynakmusa get links xkmacca ¢pabpuKy ceTH 3a1a€T CBSI3U MEXITY
aBTOMaTaMH, BXOJIaMH 1 BBIXOJAaMHU CETH B COOTBETCTBHU C pucC. 21.

BrimonHenne 1mukia paboThl TaKOH CETH MOXKET OCYIIECTBIIATH
CIIeyIOUMi (parMeHT Koja:

billiard type::factory type factory(5, 6);
billiard type fsmnet (factory);

vector<fsm type::data type> vin(billiard type::INPUT_NUMBER) ;
vin[billiard type::INPUT CYCLES] = 20;

vin[billiard type::INPUT INIT X1] = 1;

vin[billiard type::INPUT_INIT Y1] =
vin[billiard type::INPUT INIT DIR1]
vin[billiard type::INPUT INIT X2] =
vin[billiard type::INPUT_INIT Y2] =
vin[billiard type::INPUT INIT DIR2]

[y

ball type::STATE DOWN RIGHT;

s

ball type::STATE_UP_ LEFT;

fsmnet.put input (vin);
do
fsmnet.do work();
while (!fsmnet.is off());

[Tocne co3manus oObekTOB (abpuku U cetn GopMupyercs
BXOJIHOI BekTop ceTu. Jlajgee npon3BOANTCS Mepeiaya BXOIHOIO BEK-
TOpa HEMOCPEJICTBEHHO B CETh M BBINOIHAETCS IUKJI pabOThI CETH.
ABTOMAaTHasi CeTb YCTPOEHA TaK, YTO BXOJHOW BEKTOP MOXKET HE Me-
HSTHCS Ha MPOTSDKEHUHM PaOOTHI CETH, BBIXOAHBIX K€ 3HAUYCHHWNA HET
BOOOIIE, BCICICTBUE YETO YTEHUE M 3allUCh BXOJHBIX M BBIXOIHBIX
3HAYCHUI BHYTPH IMKJIA BHITIOJTHEHUS HE TIPOM3BOTUTCA.

3.5 Cymmamop

Tenepp paccMOTpUM JPYyrod MPUMEP, B OTIMYUE OT MPEIBIAY-
IIETO, MAJO MPUBA3AHHBIN K PEAIBHOCTH, HO B HEKOTOPOH CTENIEHU
TaKKe MOAXOMSIINANA I WIITIOCTPAllMd BO3MOKHOCTEH MOCTPOCHHUS

69

Jlist ucnons30BaHUS MOAM(PUIIMPOBAHHOTO TaKUM 00pa3oM Ha-
0opa KJIacCOB NPHBEICHHBIM BbINIEC (PAarMEHT BBI3BIBAIOIIEH MPO-
rpaMMbl JOJDKEH OBITh JIOTMOJHEH Jiniib BbizoBamu MPI Init u
MPI_Finalize.

2.3 Cnyyali HepagHomepHoU OnumensHocmu pabom

Tenepp paccMOTpUM CiIy4aid, KOTJaa JTUTEILHOCTH paboT CyIie-
CTBEHHO OTIMYAIOTCA APYr OT Apyra. O4eBHJIHO, YTO €ClM B TaKou
CUTYallMu B KOHIIE KaXI0TO SPyca BBIIOIHATH OAPBEPHYIO CHHXPOHH-
3alMI0 MEXJY BCEMH NapajjiebHbIMU pecypcaMu, OyAyT BO3HHMKATh
CYLIECTBEHHbIE 3aJIePKKH OOIIET0 BPEeMEHH BBINOJIHEHHS BCIIECTBHE
MPOCTOSI TEX PECypCcOB, KOTOPbIE 3aKOHYMIM BBIOJHEHUE PAaOOTHI
paHnbIe. B ciaydae ecau mpu 3ToM HeKoTopast paboTa TeKyIero sipyca
3aBUCHT JIMIIb OT T€X PaldOT MpEeABIAYLIETr0, KOTOPBIE YK€ 3aBEpIIU-
JIUCh, OHA MOXeET OBITh YK€ Hadara M, BO3MOXHO Jla)ke, 3aBepIleHa,
OJIHAKO OHa BBIHYXJCHA OXHJATh JOCTHXEHHsI Oapbepa BCEMH OC-
TaJbHBIMU.

B 3710i1 cBsI3M cHUMeEM s 3aIrycka pabOThl YCIIOBHE HEOOXO M-
MOCTH 3aBEpIICHHS BceX padoT mpensiayniero sipyca. Bmecto storo
BEpHEMCSI K W3HAYaJIbHOMY YCJIOBUIO HEOOXOJIMMOCTH 3aBEpPLICHUS
Tex paboT, OT KOTOPBIX JaHHas paboTa HEMOCPEACTBEHHO 3aBHCUT. B
9TOW CUTYyallUH MOTYT COKPATUTBHCA 3aJCPXKKU IO BPEMEHU, OIJHAKO
9TO He Bcerna Oyaer «OecruiaTHOY». 3a4acTylo B TaKUX YCIOBHUSX Tpe-
OyemMoe KOJMYECTBO MapajUICIbHBIX PECYpCOB MOXKET IPEBBIIIATH
mupuny AI1O.

\ 4

Puc. 13

[osicanm 310 Ha mpumepe. Ha puc. 13 npuBenen npumep KoMm-
miekca pabdor, mupuna A1 koroporo paBHa AByM. B ciiydae eciu
BTOpas paboTa OKaXKeTCsl ropa3io Kopoue MepBOu, A HauCKOpeule-



70

TO BBINOJIHEHHUSI KOMITIEKCa paboT MOTpeOyroTCs TpH TMapauIeIbHBIX
pecypca — i1 OMHOBPEMEHHOTO BBIMIOJIHEHUS TIEPBOM, TPEThEN U YET-
BepToit pabot. Ha puc. 14 nmoka3aHo, Kak TaKOW KOMIUIEKC MOXET BHI-
MOJIHATLCS BO BPEMEHH CTPOTO MO sipycaMm ¢ 0apbepoM MEXIy HUMHU
(cmeBa) W TP YIUIOTHEHUM C YYETOM WHIUBUAYAIBHBIX 3aBUCHUMO-
crei (cmpaBa). B Takux ycnmoBHAX KOIMYECTBO TpeOyeMbIX Mapai-
JETBHBIX PECYPCOB B OOIIEM CIydae MOXKET OYeHb CYIIECTBEHHO OT-
nudatbes ot mwupuHel AIID, BMIOTE 10 TOTO, 4TO B HEKOTOPHIX CITy-
Yasx MOXKET MPUOIMKATHCS K O0IIEeMY KOJIMYeCTBY padoT.

® t o t
Puc. 14

B cBsi3u ¢ HeompeeneHHOCThI0 HEOOXOAMMOTO KOJUYECTBA
MapaJuIeIbHEIX PECYpPCOB, peamr3anusi TaKOTO MOIXO0Ja C HCIIOJb-
3oBanueM MPI okaspiBaeTcsi 3aTpyJHUTEIBHONU BCJIEJACTBUE CTATH-
YECKOT'0 CYILECTBOBAHHUS TpymIbl mponeccoB. IloMmumo storo, mng
mo00HOW peanu3anui HeoOXOAUMBI JOCTATOYHO HU3KOYPOBHEBBIC
MEXaHM3Mbl CUHXPOHM3AIUM, BCIEICTBUE Yero HHTEpdelic
OpenMP Taxxe OKa3bIBa€TCS HEMOIXOISIIAM.

B sTOoM ciydae MOXKeT MOMOMTH KakoH-mnOo Ooyiee HU3KO-
YPOBHEBBIH NMPOrpaMMHBIA UHTEp(eEc, K TpuMepy, sl MHOTOIIO-
TOYHOU peanu3alid MOTYT OBbITh HCIHOJNb30BaHBI HHTEp(deiich
Win32 API wnmu POSIX Threads (pthreads). Ms1 puBenem Bapu-
aHT MHOT'OTIOTOYHOHN peain3anui C MCIOoJIb30BaHUEeM WHTepdeiica
Win32 API.

[Ipexne Bcero, oroBopuM (PYHKIIMOHAIBLHOCTH MpejiaracMo-
ro koga. Kaxknas pabora OyeT BHIIOIHATHCS B cBoeM noToke. [Ipu
3TOM BMECTO OXKHJIaHUS 3aBEPIICHUs KaXKJIOTo sipyca paboT mepen
HaydaJoM CJIEIYIOIIero, BHECEM Nepe]l BHIMOJTHEHHEM KaXJIOW pa-
0OTHI OXKHJIAHWE 3aBEPIICHUS TeX PabOT, OT KOTOPHIX OHA 3aBUCHT.
Takue oxugaHusi BEIHECEM B HAYaJl0 KaXJIOTO0 CO3JaHHOTO JIJISI BBI-
MOJHEHUS PabOTHl MOTOKA W MOMECTHM HEMOCPEACTBEHHO Mepen

111

store.add (
PSEUDOFSM_NETINPUT, INPUTilNITixl + i,
FSM BALLl, ball type::INPUT INIT X + i);
}i

// BXOmHBEIE KOOPIMHATEI M HallpaBJIEHMEe BTOPOTO Uapa

for (int i = 0; i <= INPUT INIT DIR2 - INPUT INIT X2; i++)

{
store.add (
PSEUDOFSM NETINPUT, INPUT INIT X2 + i,
FSM BALL2, ball type::INPUT INIT X + 1i);
bi
// BBIXOIEI CTOJIA — €TO0 TPAaHULE
for (int i = 0; i < table_ type::0UTPUT_NUMBER; i++)
{
store.add (
FSM_TABLE, i,
FSM BALLl, ball type::INPUT BOUND LEFT + i);
store.add (
FSM_TABLE, i,
FSM BALL2, ball type::INPUT BOUND LEFT + i);
bi
// BHIXOIEl WAPOB — HAa BXOI CTOJIA M IPYyT OPYTY
for (int i = 0; i < ball type::0UTPUT NUMBER; i++)
{
// BXOHBl CTOJIa — KOOPAMHATH ¥ HANpaBJIEHMS WAPOB
store.add (
FSM BALLl, i,
FSM_TABLE, table_ type::INPUT_X1 + 1i);
store.add (
FSM BALL2, i,
FSM_TABLE, table_ type::INPUT_X2 + 1i);
// oba mapa CBS3aHEl MexXIy COOOM
store.add(
FSM BALLl, i,
FSM BALL2, ball type::INPUT OTHER X + i);
store.add(
FSM BALL2, i,
FSM BALLl, ball type::INPUT OTHER X + i);
bi
return store;
}
fsm_abstract type *create fsm(int 1)
{
fsm abstract type *pfsm;

if (1 == FSM_TABLE)
pfsm = new table type(m hsize, m vsize);
else

pfsm = new ball type();

return pfsm;
}
void destroy fsm(int i, fsm abstract type *pfsm)
{

if (i == FSM TABLE)
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BKIIIOYCHHOM M BBIKIIIOUEHHOM. B KOHCTpyKkTOpe Kiacca table type
000UM COCTOSIHHSIM Ha3HayaeTcs o0padoTyrk do out.

Buytpu ¢ynkumnu do_out BeIMOIHSIETCS 0TOOpakeHHE MIapOB U
Hapalll¥BaHUe 3HAYEHUs CUCTYMKA LMKJIOB, TOCJIE Yero Ha OCHOBE
ATOTO 3HAYEHHUSI aBTOMAT MOJKET MEPEHTH B BBIKIIOUEHHOE COCTOSIHHUE
WINA OCTaThCs BO BKIIOYEHHOM. B KOHIlE (YHKIIMH BBIOIHSAETCS BbI-
BOJI TPaHMII CTOJA. B ciIydae BBIKIIIOUSHHS BCE TPAHUIIBI OOHYIISIOTCS,
B CBSI3U C YeM Ha CIICIYIOIIEM TaKTe 3aBepIiaT padoTy MIaphl.

Haxkoser, Bce omucaHHbIE aBTOMAThl JOJDKHBI OBITH OOBEIUHE-
HbI B ceTh. [ aToro peanusyercs kinacc billiard type, onuckiBaro-
MK BXOJBI U BBIXOJBI CETH, a TaKKe OOBABISAIOMMNN Kinacc Gpadpuku
ceTu:

class billiard type: public fsmnet type
{
public:
enum {FSM TABLE, FSM BALLl, FSM BALL2, FSM NUMBER};
enum {
INPUT_CYCLES,
INPUT INIT X1,
INPUT INIT Y1,
INPUT INIT DIRI,
INPUT INIT X2,
INPUT INIT Y2,
INPUT INIT DIR2,
INPUT_NUMBER
Vi
enum {OUTPUT_ NUMBER};

class factory type: public factory abstract type
{

int m_hsize, m _vsize;

public:
factory type(int hsize, int vsize):
m_hsize(hsize), m vsize(vsize)

{}
int number fsm(void) const { return FSM NUMBER; }
int number input(void) const { return INPUT NUMBER; }
int number output (void) const { return OUTPUT_NUMBER; }
linkstore type get links(void) const
{
linkstore_ type store;
// BXOO - KOJMUYECTBO LMUKJIIOB
store.add(
PSEUDOFSM NETINPUT, INPUT CYCLES,
FSM TABLE, table type::INPUT CYCLES);
// BXOOHEHE KOOPIOMHATH M HaNpaBJIeHME [IepPBOTO liapa
for (int i = 0; i <= INPUT_INIT DIR1 - INPUT INIT X1; i++)
{
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BBITIOJTHEHUEM PaOOTHI.

[TockonbKy B TaKMX YCIOBHSX K MOMEHTY 3aBEPIICHHS BCEX
paboT, OT KOTOPBIX TeKyias paboTa 3aBUCUT, OTOK JOJDKEH yXKe
CYLIECTBOBAaTh M HAXOAMUTCS B O0XHUAAHUM, NMPEICTaBIsAETCA yH00-
HBIM CO3JIaHHE Cpa3y BCEX MOTOKOB JyIsl BCeX padoT, ¢ TeM, YTOOBI
OHM HaXOJWJIHCh B COCTOSIHUU OXHUAAHHS 0 TEX MOp, MOKa HE CTa-
HET JOITyCTUMO BBINIOJIHEHUE paboThl. OQHAKO CIIeTyeT yUUTHIBATS,
9TO OJHOBPEMEHHOE CO3/IaHHE OOJBIIOr0 KOJWYECTBA TOTOKOB
MOXXET Ype3MEpPHO HArpy3HTh ONEpPAlMOHHYIO cUcTeMy. [Ipu 3TOM
Takas Harpyska MO’KeT OKa3aTbCsl OECIOJIe3HOH, eciu, K MpuMepy,
3a/1a4u OKaKyTCS MO JIUTENBHOCTH OIU3KUMU APYT K APYTY, U Ta-
KO€ KOJIMYECTBO OJHOBPEMEHHO CYLIECTBYIOIIMX IMOTOKOB HE OyeT
HEOOXOQUMBIM.

B cBs3u ¢ 3TMM IpEMeM BO BHHUMaHHE TOT ()aKT, YTO HH OJHA
paboTa cieaylmero spyca He MOKET ObITh HauyaTa HPEkKIE, YeM
3aBepuIuTCS XOTsA Obl ojJHa pabora Tekymiero. B cooTBercTBUU C
TaKUM TOJIO)KeHHEeM OyZeM co3aaBaTh MOTOKH MO3TANHO MO OJHO-
My SIpyCy, IIPH 3TOM IEpPexo]l K CO3AaHUI0 MOTOKOB CJIEAYIONIErO
spyca OCYIIECTBIISCTCS TOJBKO B MOMEHT 3aBEPIICHUsT KaKOW-THO0
paboThI TEKYIIETO.

Kak u panee, OyaemM HCIOJB30BaTh 32 OCHOBY KOJ KJIacCOB,
MPUBEJACHHBIX B MpuiIoxeHnu 2. BHemHwil uHTEepdeiic kiaccos
CHOBa HE M3MEHSETCSA, CJIEAOBATENbHO, KOJ HCIOJNb3YyIOHeH Hx
MpOTrpaMMBbl MOXET OCTaBaThCs NpPEKHUM. boiee Toro, Kak W B
MpeABIAYIIEM Cclly4ae, MPaKTHUYeCKH HE MEHSETCS OOJBIIMHCTBO
peanu3yroniero Kiaccel kona. M3MeHmnach, mpexie BCero, CHOBA
¢dynkius jobcomplex type::run():

// BHIIOJIHEHME BCETO KOMIJIeKkca paboT

void run(void)

{

// TOJIyurMM CHOMCOK IMOIJIeXAalMx BHIIOJHEHMO padoT
joblist type joblist = get joblist();

// TOJyuMM CHOMCOK 3aBUCUMOCTENR
deplist type deplist = get deplist();

// mocTpomMM SpYyCHO-IAapallesIbHYy CTPYKTYypy HOMEPOB paboT
multilevel type multilevel = build(deplist);
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// CHOMUCOK X3HIJIOB BCEX IIOTOKOB
std::vector<HANDLE> hdl (joblist.size());

// ChoMcok BCeX CTPYKTyp NapaMeTpoB
std::vector<threadparam type> thrparam(joblist.size());

// BanycTuM O odepenyr KaxIbl spyc paborT
for (int 1 = 0; 1 < multilevel.size(); 1l++)

{
std::vector<HANDLE> lasthdl;

// cosmamuMm BCe MOTOKM TeKyllero fapyca
for (int i = 0; i < multilevel[l].size(); i++)
{
// 3amnojiHgeM CTPYKTYpy [1apaMeTpOB MMOTOKA
int idx = multilevel[1l][i];
thrparam[idx] .phdl = &hdl[0];
thrparam[idx] .pdeps = &deplist[idx];
thrparam[idx] .pjob = joblist[idx];

// cospmaHue MNoToKa
DWORD dwId;

hdl[idx] = ::CreateThread/(
NULL, O,
thr proc, &thrparam[idx],
0, &dwId);

// nmoBaBigeM B COMCOK X3HIJIOB TeKyllero Apyca
lasthdl.push_back (hdl[idx]);
}i

// Tpexne ueM MepexXOonuThb K CJenyoleMy SpycCy,
// DoxmeMcs MOMEHTa, [IOKa 3aBEepUUTCS

// x0oTa Ob OOVH MOTOK TEeKylleTo apyca
wait_any(lasthdl);

bi

// XImeMm BaBeplieHMs BCEX OCTaBUMXCS [IOTOKOB
wait all(hdl);

// ¥ 3aKpHBaeM X3HIJIE
for (int i = 0; i < hdl.size(); i++)
::CloseHandle (hdl[i]);

[Tocne mocTpoeHust HEOOXOIUMBIX CTPYKTYP, CO3/IAIOTCS CIIH-
COK TaK Ha3bIBa€MbIX XJIHIJIOB (IECKPUIITOPOB) MOTOKOB M CIUCOK
CTPYKTYp NapaMeTpoB, MepelaBaeMbIX KaKJIOMy MOTOKY. CHHCOK
X3HJUJIOB TOTOKOB HEOOXOAMM AJis OXHUAAHMS uX 3aBepuieHus. OH
3aII0JIHAETCA IO MEpPE CO3JaHUs IIOTOKOB, IIPU 3TOM B CHIY IIO-

}i

enum {

OUTPUT_BOUND LEFT,
OUTPUT BOUND RIGHT,
OUTPUT_BOUND_TOP,
OUTPUT_BOUND_ BOTTOM,
OUTPUT NUMBER

bi

enum {STATE ON};

private:
// pasMeps cToJia
int m_hsize, m_vsize;
// KOIMYEeCTBO LMKJIOB IBWXEHMUS
data_ type m _cycles;

state type do out (state type state)
{

// ecnm CcoCTOsHME - BKJIOUEHO, OTOOpasMM LapH
if (state == STATE ON)

{

// xakoe-ymubo oTOoOpaxeHre CToJla M WapoB

//

// KOAMYECTBO BHIIIOJIHEHHHX LUKIIOB oToBpaxeHUsa
m_cycles++;

I

// BHUMUCIIEHME CJIeOymero COCTOSHMUS

state = (m_cycles < m_input[INPUT CYCLES]) ? STATE ON : STATE OFF;
if (state != STATE_OFF)

{

// BHIBOOMM IAaHHHE O TI'PAaHMUIAX

m_output [OUTPUT BOUND LEFT] = 0;
m_output [OUTPUT BOUND RIGHT] = m hsize + 1;
m_output [OUTPUT BOUND TOP] = 0O;

m_output [OUTPUT_BOUND_BOTTOM] = m vsize + 1;
}
else

// OOHyJIeHMe BEIXOIOB BJIeUeT OCTAHOBKY MAPOB
fill (m output.begin(), m output.end(), 0);

return state;

}

public:
table type(int hsize, int vsize):
fsm_type (INPUT_NUMBER, OUTPUT_ NUMBER),
m hsize(hsize), m vsize(vsize), m cycles (0)
{
add_handler (STATE_OFF, handler_ type (&table_ type::do_out));
add handler (STATE ON, handler type(&table type::do out));
}
}i

[IpuBeaeHHbII aBTOMAT MOXKET MPeObIBaTh B ABYX COCTOSTHUSIX —
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B COOTBETCTBHH C ONMCAHHBIM BBIIIE, I1OCJIE YEer0 MPOUCXOAUT MPO-
BEepKa HaJM4Ws MPENSTCTBUS B HOBOH IutaHuMpyeMoi moszunmu. Ecim
BO3MOXXHOE HAmpaBJIeHHE HE HAWAECHO (K MpUMEPY, CTOJN Cy3WICS B
000UX HaNpaBJICHUSIX WM LIap MpUXKaT B YroJl APYrMM ILApoM), miap
OCTaHABIIMBAETCS M MEPEXOAUT B BBIKIIOUYEHHOE COCTOsHHE. B mpo-
THBHOM CJIy4yae IPOUCXOJUT U3MEHEHHE TEKYIIMX KOOpAMHAT U Ha-
MPaBJICHUS, a TAKXKE 3allUCh BBIXOIHBIX APaMETPOB.

Kak yxe He pa3 roBopusioch, MpUBEACHHAs cXeMa Jis HarJIs/l-
HOCTH YpPE3BBIYAIHO YMPOIIEHA W MMEET BCIEACTBHE 3TOTO HEMaJo
HEIOCTAaTKOB. B 4yacTHOCTH, Kor/la MeXIy JABYMs IIapaMu Ha OJHOU
JMaroHally, JIBUTAIOLIMXCS HABCTpEUy APYT NPYry, HAXOAWUTCS OIHA
MmycTasi KJeTKa, B COOTBETCTBUHM C NPHUBEIECHHBIM MEXAHHU3MOM OHHU
«HE 3aMEeTAT» APYyT Apyra, 1 006a BCTAaHYT Ha 3Ty KIETKY, MOCIE Yero
MPOJOJIKAT JBUKCHHUE B UCXOJHBIX HAIIPABJICHUSAX.

besycioBHO, Takoe MOBEACHUE SIBJISICTCS HEKOPPEKTHBIM H Tpe-
OyeT BHECEHMs IOINOJHHUTENbHBIX MPOBEPOK B KOJ peasbHOW Mpo-
rpammbl. Pazymeetcs, nmpu 3ToM moTpedyeTcs mepenada oT KaxJI0ro
miapa NOMHUMO €ro KOOPJAMHAT €llle W HalpaBJIeHUs IBUKEHUS, UTO B
JAaHHOM CJIy4ae ObUIO OIMyIIEHO s TpocToThl. OHAKO 37eCh Ui Ha-
Yaja moTpedyeTcsi OTBETUTh Ha BOIPOC, KaKoe MOBEJCHNE 000MX Ia-
pOB ABJIATOCH OBl B TakoW cuTyauuu KOoppekTHeIM. K mpumepy, oba
mrapa MOTYT BCTaThb Ha IyCTYIO KJIETKY, IIOCJIE€ 4Yero MOMEHATh Ha-
npaBJieHue, MO0 ke cpasy MOMEHSATh HalpaBieHHE, HEe Tomajnas B
KJIETKY M, TEM CaMbIM, HE OCYIIECTBUB CTONKHOBeHHUs. O0a BapuaHTa
HE CaMbIM JYUYIIMM 00pa3oM OTPaKalOT €CTECTBEHHBIN X0J COOBITHIA,
YTO SIBJISIETCS CIEJICTBUEM YIPOLICHHS] MOJAETH U JUCKPETHOCTU JBU-
KEHHUS.

ABTOMAT, OTBEYAIOLIMI 3a MMOBEJIEHUE CTOJIA, BCIEICTBUE CBOMX
OoJiee MPOCTHIX 3314 PeaTn3yeTcs ropasio Mmpolie:
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STATHOCTH CO3JaHUs HET PUCKa, YTO KAKOK-THOO MOTOK MOMBITAET-
Cs OXKHMIATh 3aBEPIICHHs JAPYTHX IOTOKOB IO HE3AMOJIHEHHBIM
xoHamaM. CIHCOK CTPYKTYp MapaMeTpOB Mbl XpaHHUM JUIsl TOTO,
9TOOBI OBITH YBEPEHHBIMH, YTO KaXKABIH MOTOK YCIIEET MPOYHUTATH
U3 HEro CBOU MapameTphl MPEXIe, YeM CTPYKTypa OyAeT yHHUTO-
KeHa.

B Tene nukita Kaxaoro sipyca 3amoiHAETCS COOTBETCTBYIOMIAS
CTPYKTypa HmapaMeTpoB, Mocie 4ero cosjpaercs norok. Ilocie cos-
JaHUS BCEX IMOTOKOB TEKYILIETO sipyca, Imepe] MepexoaoM K cie-
AYIOLIEMY SIpYCYy BBIIIOJIHSETCS OKUJAHUE 3aBEpUICHUS JTHOO0r0 U3
HUX.

B xoH1e QpyHKIIMY BBHIMOIHACTCS OKHUAHUE 3aBEPIICHHS BCEX
CO3JaHHBIX TOTOKOB.

[ToMmumMO mNpUBENEHHBIX HW3MEHEHHH (YHKIMU run, B KOJI
Kyacca jobcomplex type mo0aBmIOCh Takke OOBSIBICHHUE CTPYKTY-
pBI MTapaMeTPOB MOTOKA, (DYHKIMU TOTOKA M JBYX (QPYHKIHHA OXKH-
JaHHSL:

class table type: public fsm type
{
public:
enum {
INPUT_CYCLES,
INPUT X1,
INPUT Y1,
INPUT X2,
INPUT Y2,
INPUT NUMBER

class jobcomplex type: public job abstract type
{
//

private:
// CTpyKTypa NapaMeTpoB IOJsS KaxXIOT'O [MOTOKAa
struct threadparam type
{
// ykaszaTesb Ha MaCCUB BCEX XBHIJIOB
HANDLE *phdl;

// ykasaTeyb Ha 3aBUCUMMOCTU KOHKPETHOTO I[IOTOKA
std::vector<int> *pdeps;

// ykaszaresb Ha paboTy IOJis BHIIOJIHEHUS
job abstract type *pjob;
bi

// oxupaHue BaBepumeHMs JHoOOTO MOTOKa M3 INepPelaHHOTO CHIMcKa
static int wait_any(const std::vector<HANDLE> &hdl)
{
assert (hdl.size() > 0);
DWORD dw = ::WaitForMultipleObjects(
hdl.size(), &hdl[0], FALSE, INFINITE);
assert (dw >= WAIT OBJECT 0 && dw < WAIT OBJECT 0O + hdl.size());
return dw - WAIT OBJECT O0;
}
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// oxupaHue BaBepuLeHMs BCEX MNOTOKOB M3 [epefaHHOTO CHMCKa
static void wait_all (const std::vector<HANDLE> &hdl)
{
if (hdl.size()
{
DWORD dw = ::WaitForMultipleObjects (
hdl.size(), &hdl[0], TRUE, INFINITE);
assert (dw >= WAIT OBJECT 0 && dw < WAIT OBJECT O + hdl.size());
bi
}

// GYyHKLUMS, BHIIOJHAEMAas MNOTOKAMMU
static DWORD WINAPI thr proc (LPVOID param)

{
threadparam_type &thrp = *static_cast<threadparam type *>(param);

// dopMMpOBaHME CIOMUCKA XSJHIJIOB IJIS OXUIAHUSI
// Ha OCHOBE 3aBMCUMOCTEN TeKyumel pasoTe

std: :vector<HANDLE> hdl;

for (int i = 0; i < thrp.pdeps->size(); i++)
hdl.push_back (thrp.phdl[thrp.pdeps->at(i)]);

// oxwunaHue 3aBepueHus padoT
wait all(hdl);

// BHIIOJIHEHUE Texkymen paboTe
thrp.pjob->run() ;

return 0;
}

//
}i

else
state = (dx > 0) ? STATE UP RIGHT : STATE DOWN_LEFT;
}i

// ecnu He BHIKJIOYaEeMCH
if (state != STATE_OFF)
{
// MeHSeM TeKylMe KOOPIMHATH
m x += dx;

m y += dy;

// BEIBOOMM MX

m_output [OUTPUT_X] = m_x;

m_output [OUTPUT_Y] = m_y;

}
else

fill (m_output.begin(), m output.end(), 0);

return state;

}

public:

ball type():
fsm_type (INPUT_NUMBER, OUTPUT_NUMBER)

{
add handler (STATE OFF, handler type(&ball type::do start));
add_handler (STATE _UP LEFT, handler_ type (&ball type::do _move));
add_handler (STATE_UP_RIGHT, handler_ type (&ball type::do_move));
add handler (STATE DOWN LEFT, handler type(&ball type::do move))
add_handler (STATE DOWN RIGHT, handler type (&ball type::do move)
}

bi

)

OyHKIHUS MOTOKa (OPMHUPYET Ha OCHOBE MEPEJAAHHBIX MOIHO-
0 MacCUBa XdH/JIOB M CIUCKA 3aBUCHMOCTEN CIUCOK XJHJIOB MO-
TOKOB, 3aBEPIICHUSI KOTOPHIX TEKYHIMH MOTOK JOJKEH JOXKAATHCA.
[Tocyie BbINOMHEHUS OKUJAHUS BbI3bIBAETCS (YHKLHUS BBIIOIHEHUS
paboThl, ¥ TOTOK 3aBEPIAETCS.

Buytpu ¢yHkumii oxxunanus B KadecTBE IepeJaBaeMoro aj-
peca MaccuBa XJHIJIOB HCIOJB3YETCA aapec IMEPBOrO JJIEMEHTA
KOHTelHepa vector. Takoi MOAXO0X IJIsl YTEHHsI MacCUBa JTOIIyCTUM
M0 TOW MPUYUHE, YTO, B COOTBETCTBUM co crnenupukanmeit STL,
BO-IIEPBBIX, BCE 3JIEMEHTHl KOHTEHHepa vector XpaHATCS B BUIE
MaccuBa, BO-BTOPBIX, OIlepalMs HHIEKCUPOBAaHMS BO3BpaIlaET
CCBUIKY Ha COOTBETCTBYIOLIMMI 3JIEMEHT 3TOI0 MacCHBa.

ABTOMAT MOKET HaXOJIUTHCS B IATH COCTOSIHUSAX — B YEThIpEX
COCTOSIHUSIX COOTBETCTBCHHO Ka)XJOMY BO3MOYKHOMY HAIpPaBJICHHUIO
JBMDKCHUSI ¥ B BBIKIIFOYCHHOM COCTOSIHUH. B KOHCTpyKTOpe Kiacca
ball type kaxaomMy M3 3THX COCTOSHUH 3amaeTcs o0paboTtunk. B ka-
4yecTBe 00pabOTYMKA BBIKIIFOYEHHOTO COCTOSIHUSI Ha3Ha4yaeTcs (yHK-
s do_start, KoTopasi BBITOJHIET WHUIIMAIH3AINIO IIapa. 3/1eCh MBI
OIlyCKaeM MHOYKECTBO MPOBEPOK BXOJHBIX JaHHBIX, KOTOpbIE, Oe3yc-
JIOBHO, JIOJDKHBI OBITh B PEaIbHOM ITpOrpaMMme.

CocTosiHMAM JABIKEHHSA Ha3zHadaercs oOpaborunmk do move. B
€ro 3aJa4l BXOJIHUT BBIYMCICHUE CICAYIOIINX KOOPIUHAT IIapa Ha OC-
HOBE TEKYIIUX KOOPJMHAT, HAMPABJICHUS IBWKCHUS U HAJIHYHS pe-
ISTCTBUH Ha MyTH cieoBanus. B Havane ¢pyHkuuun do_move BbIYHC-
JISIFOTCS TUTAHUPYEMbIe W3MEHEHHUS TEKYIIUX KOOPIWHAT Ha OCHOBE
TEKyIIero HampasiieHus. Jlanee B IUKIIE 1O KOJMYECTBY BO3MOKHBIX
HAIpPAaBJICHUI BBITIOIHACTCS POBEPKA HAINYHUS MPEISTCTBUS B HOBOIA
no3uiu. Eciu nmpensTcTBHe eCTh, HANPABICHUE JIBUKCHHUS MEHSIETCSI
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// Texkyume KOOPOVHATEH
int m_x, m y;

state type do start(state type state)
{

// VIHMUManuMs3auusa KOOPAMHAT U HANpaBJIEHUS
m x = m_input[INPUT INIT X];

m y = m input [INPUT INIT Y];

state = m_input [INPUT_INIT DIR];

// BHBOIOVIM KOOPIMHATEL

m_output [OUTPUT X] = m x;

m_output [OUTPUT_Y] = m_y;

return state;

}

state type do _move(state type state)
{

// BHUMCIISIEM M3MEHEHUs KOOPAMHAT

int dx, dy;
dx = (state == STATE_UP_LEFT || state == STATE DOWN_LEFT)? -1
dy = (state == STATE UP LEFT || state == STATE UP RIGHT)

// ueM BO3MOXHOE HalpaBJleHMre
bool found = false;
for (int i = 0; !found && i < DIR NUMBER; i++)
{
// NpOBEprMM BO3MOXHOCTL CTOJIKHOBEHMS C IOPYIMM MApOM
if (m_x + dx == m_input[INPUT OTHER X] &&
m y + dy == m_input [INPUT OTHER Y])
{
// MeHseM HampaBJIeHME Ha MNPOTUBOIIOJIOKHOE
dx *= -1;
dy *= -1;
}
// NpoBepMM BO3MOXHOCTL CTOJIKHOBEHMS C IPaHMLIAMA
else if (m_x + dx <= m_input [INPUT_BOUND_LEFT])
dx *= -1;
else if (m_x + dx >= m input[INPUT BOUND RIGHT])
dx *= -1;
else if (m y + dy <= m input [INPUT BOUND TOP])
dy *= -1;
else if (m_y + dy >= m_input [INPUT_ BOUND_BOTTOM])
dy *= -1;
else
found = true;
bi

// ocTaHaBIMBAEMCs, €CJM OBUTATHLCHA HeKymda

if (!found)
state = STATE OFF;
else

{
if (dx * dy > 0)
state = (dx > 0) ? STATE DOWN RIGHT : STATE UP LEFT;

1;
1;
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naBa 3. CeTu KOHEYHbIX aBTOMaTOB

B tekymieli rmaBe Mbl pacCMOTPUM CXEMBI CO3JIaHHs TMapal-
JIETLHBIX MPOTPAMM Ha OCHOBE CeTel KOHEUHBIX aBToMaToB. OcHO-
Ba Mapauien3Ma TaKoTo MOJIXO0Ja 3aKJIIYaeTcss B TOM, YTO KaX-
JIbIi aBTOMAT B CETHU SBJISICTCS aBTOHOMHBIM 3JIEMEHTOM M HE CBS-
3aH C IPYTMMH aBTOMAaTaMH, KpOME KaK BXOJHBIMHU U BBIXOIHBIMHU
3HAYEHUSMH Ha KaXJOM TakTe. TakuMm o0pa3oMm, Ha MPOTIKEHUU
KaXJIOTO TaKTa BCE aBTOMATHI MOTYT pa00TaTh MapalieiabHo.

Pazymeercs, s peasim3anuu TaKoro MOJX0a MPUICETCS MPH-
OCrHyTh K METOJJaM aBTOMAaTHOTO MporpaMMmupoBaHus (Automata-
Based Programming, State-Based Programming) mns mpeoGpaso-
BaHUsl aJITOPUTMa MPOrpaMMbl K aBToMaTHOMY Buay. CymiecTByer
HeMasio paboT, MOCBSMIEHHBIX 3TOH TeMe, B YaCTHOCTH, PacCMOT-
peauto SWITCH-texnonoruu [24, 25, 29], KA-texnonoruu [19] u
peoOpa3oBaHUIO ANITOPUTMOB B aBTOMaTHEIE [28, 30], TO3TOMY MBI
He OyJeM ocTaHaBIMBaThCsA Ha Hed. CkakeM JIMINb, YTO €CTh He-
Majio 00JlacTe MpOrpaMMUPOBAHMS, B KOTOPHIX aBTOMAaTHBIN TOJI-
XO0JI MOXET CYHIECTBEHHO OOJIETUHUTH MPOCKTHPOBAHNE M Peann3a-
U0,

3.1 [pozpamMmuposaHue KOHEYHbIX a8moMamos

W310%HM BKpaTIle OCHOBBI aBTOMATHOTO MPOTPaMMHUPOBAHHS.
Omnucanus koneuynoro apromara (Finite-State Machine, Finite-State
Automaton) pa3HATCS B ASTalIX OT M3JaHHSA K U3JaHUIO B 3aBUCH-
MOCTH OT 00JIacTH NMPUMEHEHHUsS, B YaCTHOCTH, OT OPHCHTAIMU Ha
MpOTPaMMHYIO WJIW alllapaTHY peann3anuio. boinee Toro, onuca-
HUsI aBTOMAaTa Pa3juyvaroTcs Jake MPU OPHEHTAIMH HAa TPOrpaMM-
HYIO peain3alnio, 0COOEHHO CpeAr CPaBHHUTENHHO HEJABHUX MyO-
mukamui [9, 13].

Mgl 37ech TpuBelieM JajieKko HE HOBOE OYeHb O00OIIEeHHOE
OTNMCaHue KOHEYHOT0 aBToMara [22], 1ocTaTOYHOE AJIsi TOHUMaHUs
MPUHIIMIIOB CO3/IaHMs CEeTEeW KOHEYHBIX aBTOMATOB JUIsl IPUMEHE-
HUsI B TapajuieIbHOM MporpamMmMupoBanuu. OTMETUM TakKKe, 4TO
aBTOMaT Mypa cuurtaercs Oojee yI0OHBIM IS anmapaTHON peau-
3anuu [41], 1y mporpaMMHOM e HET SBHBIX MPEANOYTEHUM, OJI-
HaKO Yallle MCTOJb3yeTcs aBTOoMaT MUJIM WM CMENIaHHBIA aBTO-
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Mat Mypa-Munu [27].
KoHeuHbIld aBTOMAT XapaKTEepU3YyeTCs CHEeAYIOMUMH Tapa-
MeTpamu [22]:
- MHOXecTBO cocTostnmit {S),S,...,Sy };
- MHOXECTBO COBOKYIHOCTEH BXOJHBIX 3HAa4eHWUU (BXOIAHOMU
andaBuT);
- MHOXECTBO COBOKYITHOCTEH BBIXOJHBIX 3HAYEHUU (BBIXOJTHOM
andaBuT);
- HayaJbHOE COCTOSHHE S, (B KOTOPOM aBTOMAT HaXOAUTCS

nepeJ; HauyanoM padoThl);

- KOHEYHOE COCTOSHWE (MJIM MHOXECTBO TaKOBBIX), T.C. TaKOE
COCTOSIHHE, TI0 JIOCTHIKCHHHM KOTOPOro padoTa aBTOMAaTa CUH-
TaeTcsl 3aBeplIEHHON (3a4acTyi0 yA0OHO HCMONIb30BATh Ha-
YaJlbHOE COCTOSHUE S));

- TabnuIa MepexoJ0B (3aBUCUMOCTh CICIYIOIIETO0 COCTOSHUS
OT TEKYIIEro COCTOSHUS M TEKYyIIeH COBOKYIHOCTH BXOJHBIX
3HAYCHUI);

- Ta0yuIa BBIXOJAOB (3aBHCHMOCTb COBOKYIHOCTH TEKYIIUX
BBIXOJIHBIX 3HAYEHWH OT TEKYINEero COCTOSIHUS W TeKyIleh
COBOKYITHOCTH BXOJHBIX 3HAUCHUN).

Y100CTBO COBMAACHHUS KOHEYHOTO M HAYaILHOTO COCTOSHHIA
3aKJTF0YaeTCs B BO3MOKHOCTH ITOBTOPHOTO MCIIOJIB30BAHUS aBTOMa-
Ta.

Tabnuiiel, ykasaHHbIC B MOCACAHUX ABYX MYHKTaX, IPH HEKO-
TOPBIX JOMYIICHUSIX MOJHOCTHIO OMUCHIBAIOT BCE OCTAIbHBIC TEpe-
YUCJICHHBIC XapaKTEePUCTUKH aBToMaTa. K mpumepy, Ha puc. 15 MbI
BUJAMM TaOJHIbI TIEPEXO0B M BBIXOJOB HEKOTOPOro aBToMara. M3
TaOaUI BUAHO MHOXKECTBO COCTOSHUM {A, B,C}, MHOECTBO BXO-
OB {00,01,10,1 1} A MHOYECTBO BBIXOJIOB {' a','b','c','d','e'}. Ecnu
OTOBOPHUTHCS, YTO B MEPBOM CTOJIOIE TAOIHIBI BCETa OMHUCHIBACT-
Csl HayaJbHOE/KOHEYHOE COCTOSHUE, M3BECTHBl U OHU — §) = A.

BxoomM Takoro aBTOMaTa MOXET OBbITh, K IPHUMEPY, JABYXOHUTHOE
[EJIOe YHCJIO WX JBa JIOTUYCCKUX 3HAUCHHS, BBIXOJ — CHMBOJb-
HBIH.
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Y HaNpaBJICHUH JBWKCHUS, JaHHBIE O TPAHUIAX CTOJA M TEKYIIUE KO-
opauHaTHl npyroro mapa. Ilepegaya nHpopManuu o TpaHUIAX CTOJA
B SIBHOM BHJIE Ha KQKIOM TaKTE€ MO3BOJISET UCIIOIH30BAThH CTOJ C JBH-
raloIMMHCS TPAHUIIAMH, XOTS MBI 3Ty BO3MOKHOCTb HCIIOJIb30BaTh HE
Oynem.

Balll [¢®1 —F Ball 2
Eamm——— <
S

XT yT MT XI yT mj
Puc. 21

Kox xnacca aBromara, peaiqusyIoniero noBeAeHUE apa, MOKeT
OBITH CIIETYIOLIHM:

class ball type: public fsm type
{
public:
enum {
INPUT INIT X,
INPUT INIT Y,
INPUT INIT DIR,
INPUT BOUND LEFT,
INPUT BOUND RIGHT,
INPUT BOUND TOP,
INPUT BOUND BOTTOM,
INPUT OTHER X,
INPUT OTHER Y,
INPUT NUMBER
bi
enum {OUTPUT_ X, OUTPUT_ Y, OUTPUT NUMBER};
enum {
STATE UP_LEFT,
STATE_UP_RIGHT,
STATE_DOWN_LEFT,
STATE DOWN RIGHT,
DIR_NUMBER
bi

private:
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pPBl MOTYT OTTAJKUBAThCA OT TPAHMIl CTOJA W CTAJIKUBATHCSA APYT C
npyrom. Ilpu aTom, pasymeercsi, HalIpaBJIeHNUE JABIKCHHS IIAPOB Me-
HseTcsl. Y J00CTBO peanu3aluyl Takoi 3ajadyu B BUJE aBTOMAaTHOM ce-
TH OCHOBBIBACTCSl HA TOM, YTO B Ka)KABI MOMEHT BPEMEHHU LIApYy IS
NPUHSTUS PELICHUS O HAIPABICHUU JAIBHEUIIEro JIBIKCHUS HEO0O-
XoauMa nH(popMaIrs O CBOEM TEKYIIEM HalpaBJICHUH, a TaKKe O Ha-
MIPaBJICHUH JIBIKCHUS U KOOPAMHATAX JAPYTHX IIapOB.

[TockonbKy B HalllM LETH BXOIUT JIMIIb WUTIOCTPAIHs BapUaH-
TOB HMCIOJIH30BAHUS aBTOMATOB M CETEH, MBI CHUMEM MHOXECTBO YC-
JIOBUH, TPUOIMKAIOMINX 33724y K pEalbHOCTH, YeM CHIIBHO YIIPOCTUM
3ajjady W CIeNlaeM ee peaimsanuio Oojee HarisaHou. Peanmsyem 3a-
Jady Ui caydas CToJia ¢ AByMs miapamu. bynem cumTarh, 4TO mIapsl
JBUTAIOTCS TIO KJIETKaM IO/ yTJIoM 45 rpaaycoB K TpaHHIIAM CTOJa B
OJTHOM M3 YETHIPEX BO3MOXKHBIX B 3TOM Cilydae HampasieHui. [Ipn
CTOJIKHOBEHHH C TPaHUIICH CTOJIa KKK IIap MEHSET HaIlpaBICHHUE
€CTECTBEHHBIM 00pazoM. IIpu CTONKHOBEHHMM WIAPOB MEXAYy COOOMU
00a MpPOJOJDKAIOT JABUTAThCS AAJbLIC B MPOTHBOIOJIOKHOM HaIpaB-
nexu (puc. 20).

o

/

Puc. 20

Bynem peanu3oBbiBaTh aBTOMATHYIO CETh B BHJIE TPEX aBTOMa-
ToB (puc. 21). OguH aBTOMAT UTpaeT poJis croja. B ero 3amaun BXo-
JIUT TIOJyYeHHUE JTAaHHBIX O TEKYIIMX KOOPIWHATAX IapoB M COOTBET-
CTBYIOIIIEE OTOOpakeHNE KaKUMHU-JIN0O0 cpeacTBaMH. Takxke Ha BXOJE
CTOJI TIPUHUMAET KOJUYECTBO I[MKJIOB BhINOJHEeHM. Ha BbIxozae cron
BbIIaeT HH(OPMAIIHIO O CBOMX IPaHMIIAX — JIEBOH, MPaBOil, BEpXHEH U
HkHed. Eme aBa aBTOMara UrpatoT polib MIApOB, KaXKIBIM U3 KOTO-
PBIX IPUHUMAET MHUIMATTN3AIMOHHBIC JAaHHBIE O CBOUX KOOPAMHATAX
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State | A |B | C Out |A |B |C

00 B |[C |C 00 a |a |d

01 B |[A |B 01 b c e

10 C |C |A 10 d |d |a

11 B |B |B 11 c |b |c
Puc. 15

[TomMumo Tabnull, onvcaHue aBTOMaTa Takke MOXKET ObITh Ipea-
CTaBJICHO aUarpaMMoi cocTtosHui (rpadoMm mepexonoB). BepiiunHsi
TaKoro rpada MmpeacTaBisioT BeCh HA0OP BO3ZMOKHBIX COCTOSIHUN aB-
TOMAaTa; HamnpaBJCHHBIE IyTd, XapaKTePU3YIOIIHE MepeXobl, Mmome-
YaloTCsl BXOJHBIMH JaHHBIMH, COOTBETCTBYIOIIUMH IEPEXONY, U BbI-
XOJTHBIMU JaHHBIMH aBTOMAaTa MPH TaKOW cUTyaluu (yCJIOBUEM Tepe-
X0Jla ¥ jelicTBueM Ha mepexofe). K npumepy, Ha puc. 16 npeacras-
JieH rpad Mmepexoa0B KOHEYHOro aBTOMAaTa, OMHCAHHOTO TaOIHULAMH
Ha puc. 15.

10/d
A > C :|00/d
A ) 10/a A
00/a 00/a 0l/e
01/b 10/d| 11/¢
11/¢ A :
< 11/b
0l/c
Puc. 16

CkazaHHOE BBIIIE KAacaJOCh CKOpEE MaTeMaTHYECKOTO OMUCAHUS
KOHEYHBIX aBTOMATOB. [[puMeHHUTENBHO ke K MPOrpaMMHON peam3a-
UM crnenyer no0aBUTh cieayromiee. JKU3HEHHBIM LUK aBTOMarta
MPEJCTABISIETCS IPOTPAMMHBIM LIMKJIOM CO CMEHOM COCTOSIHUM OT Ha-
YaJbHOTO 10 KOHEYHOTro. B Terne mukiia Ha KaXKaI0M TaKTe MPOHCXOIUT
MPOBEpKa TEKYIIETO COCTOSHHUS W BXOJIHBIX JAaHHBIX, IOCTE YEro
OCYIIECTBIISIETCS] BOBMOKHOE U3MEHEHNE COCTOSIHUS U TeHEpalusl Bbl-
XOIHBIX TaHHBIX. B mporpamme, pazymeeTcs, MOTYT OBbITh JOIIOJTHH-
TeNbHbIE NEHCTBUSA, XapaKTepHble A npeaMeTHoi obmactu. K npu-
Mepy, B yNpaBJIAIOLIeH MIporpaMMe MOTYT OBbITh BBIITOJHEHbBI BHI30BBI
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COOTBETCTBYIOUINX (PYHKIUI yIpaBiIeHUs 000PYIOBaHHEM.

Taxke B TeUeHHE TaKTa PabOThI MOTYT OBITH BBITIOJHEHBI MOJIH-
buKaMu Kakux-J1M00 BHYTPEHHHX MEPEMEHHBIX aBTOMAaTa, JaXe B
Cllyyae COXpaHEHUsS Hpedblaylero cocrosnus. Gakruuecku, B COOT-
BETCTBHUHU C IPUBEACHHBIM BBIIIE OMUCAHUEM aBTOMATa, 3TO SBISETCS
cMeHoU cocTosiHUs. OJIHAKO C I1IeJIbI0 YIPOIIEHUs MpOrpaMMHUpOBa-
HUS W TIOBBIIICHHS HATJISHOCTH TPUHIMIIOB (DYHKIIMOHUPOBAHUS
MPOTPaMMbI TAKUM IYTEM MPOU3BOIUTCS «TPYIIHAPOBKa» OOIBIIOTO
KOJINYECTBA CXOXKHMX COCTOSHUI Kak oaHoro. K mpumepy, eciu aBTo-
MaT B LUKJE IOCJIEIOBaTEebHO MPOU3BOAUT 0OpabOTKY 3JE€MEHTOB
MaccuBa, MPOU3BOIUTCS CMeHa cocTostHui «O0paboTka anemenTa 0»,
«O6paboTtka anementa 1», «O6paboTka snmementa 2» u T.4. OgHaKo B
MpoTrpaMMe MBI MOKEM ceOe TTO3BOJINTh XPaHEHUE TEKYIIEero WHAECKCa
00pabaThIBAEMOT'0 JICMEHTA OTACIBHO OT COCTOSHHUS, 0OBCIUHHUB BCE
MIEPEUMCIICHHBIE COCTOSTHUS B efiHOe cocTosiHne «O0paboTka MaccH-
Ba», TEM CaMbIM CYIIECTBEHHO YIPOCTHB M NPOTrpaMMHUpPOBaHME, U
YUTA0ETBHOCTD IPOrPaMMBI.

BykBbl BXomHOTrO andaBuTa MPOrpaMMHOTO aBTOMAaTa MOTYT
OBITh HE TOJIKO 3a/laHbl U3BHE, HO TAaKXKE MOTYT OBITh BBIYMCIICHBI
CaMHM aBTOMAaTOM Ha OCHOBE pe3yJbTaTOB KAKMX-JIMOO HHKAIICYJIH-
pOBaHHBIX aBTOMaToM JeicTBuil. K nmpumepy, MOryT ObITh CUMTAHBI
13 KOH(UTYpaIMOHHBIX (ailyioB Win 0a3bl JaHHBIX.

B kauectBe WiuIrOCTpaUuM NMPUBEAEM IIPOCTOM BAapUAHT peaju-
3alMi MPOTPAMMHOTO aBTOMAaTa, JUarpaMMa COCTOSIHUH KOTOPOTO
n300pakeHa Ha puc. 16.
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int rank;
MPI Comm rank (m_ fsmnet.m commlocal, &rank);
if (rank == 0)
copy (input.begin (), input.end(),m data.begin()+m outpos.back());
// ¥ pacchlaeTcsa OCTaJlbHEM
MPI_Bcast (
&m data[m outpos.back()], m outsize.back(), MPI INT,
0, m fsmnet.m commlocal);
}i
}
//
}i

char state = 'A';
do

{

bool inl, in2;

char out;

get input(inl, in2);
switch (state)

{

case 'A':

out = inl ? (in2 ? 'c' : 'd') : (in2 ? 'b' : 'a');
state = (inl && !in2) ? 'C' : 'B';

break;
case 'B':

out = inl ? (in2 ? 'b' : 'd') : (in2 ? 'c¢' : 'a');
state = (!in2) 2 'C' : (inl ? 'B' : 'A'");

break;

O0e GyHKIMHU BBIONHAIOT TOJE3HYIO paboTy JMIIb B clydae,
KOTJ]a TeKYIIHHA TPOLECC SBISICTCS JOKAJIbHBIM YYaCTHUKOM B TEKY-
el ceTH, T.e. MacTepOM HIDKeNeKalero apromMara. B ocrtanbHOM
GyHKIMA put_output OTIMYAETCS OT NPUBEICHHOW BBIIIE JJISI TPOCTOM
peanu3ayy OJHOYPOBHEBOW CETH JIUIIb KOMMYHUKATOpOM. DyHKIHS
e put_input coXpaHseT MepeJaHHble BXOIAHbIC JaHHBIC CETH JIUIIb B
clly4ae, Korja TeKyIIuil Mpouecc sSBISETCS MacTepoM TEKyIIeH CeTH,
T.€. HYJIEBBIM CpPEIId BCEX IMPOIECCOB MEPEAaHHOTO M3BHE KOMMYHH-
karopa m_commfull. 3ToT ke mporiecc Mo MOCTPOSHUIO SIBJISIETCS HY-
JIEeBBIM I KOMMyHHKaTopa m_commlocal. [Tocie coxpanenwust BXo/1-
HBIX JAaHHBIX CETH OHM JIOJDKHBI OBITH pa3ociaHbl BCEM MPOILECCAMHU
JIOKAJIbHBIX yYaCTHUKOB.

[IpuBeneHHoe OmMUCaHWE MOTU(PHUIMPOBAHHBIX KJIACCOB ITO3BO-
JSIET CTPOUTD PACIPEICIICHHBIE aBTOMATHBIE CETH C MHOTOYPOBHEBBIM
BJIO)KEHHEM M BHYTPEHHUM pacliapaJUleIMBaHHEM 3JIEMEHTapHBIX aB-
TOMATOB.

3.4 bunbspdHble wapbl

PaccmotpuM Tenepp BapHaHTHI peau3allii KOHKPETHBIX 33]1a4
C UCIIOJIb30BAaHUEM IPHUBEACHHBIX KJaccoB. 3aaava, BbIOpaHHAs B Ka-
YecTBE IEepBOro NMpUMepa, Ha3BaHa OMIIBAPIIOM, XOTS Ha CaMOM Jiene
YIPOILEHA HACTOJIBKO, YTO Ha3bIBATbCA TAaK HE NOJDKkHA. TeMm He Mme-
Hee, 3Ta 3aJa4ya Jake B TAKOM YIPOILIEHWU BeCbMa MOAXOIUT i aB-
TOMAaTHOM peanu3anuu. bosee TOro, Mpu MOMNBITKE pEATM3AUN €€
KJIACCUYECKMMH METOJaMHU, TaK WM MHAa4Ye, B OOJNBIINHCTBE CIIy4acB
OyJeT MOJy4eH alropuTM, OU3KUNA K aBTOMATHOMY.

Peanusyemas 3amaua 3aiitoyaeTcsi B OTOOpPaKEHUU HEKOETro
CTOJIa, 110 KOTOpOMY 0e3 MOTepH CKOPOCTU KaTaloTCs LIapbl. DTHU IIa-
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ITockonbKy MpoBepKa BBIKIIOUCHHUS IPOU3BOAUTCS BO BCEX IPO-
Ieccax CeTH, pe3ysIbTaT PAacChUIAETCSI MAaCTEPOM B KOHTEKCTE KOMMY-
HukaTopa m_commfull.

Haxonern, u3MeHEHHs1 JOIKHBI KOCHYTHCS (DYHKIMI MOMENCHUS
BBIXOJIHBIX JIaHHBIX aBTOMara W BXOJHBIX JIaHHBIX CETH B 00JIaCTh
0o0muMx AaHHBIX ceTH. B o0enx (QyHKIMIX MCHONb3YyeTCsl KOMMYHHKA-
TOP JIOKAJIBHBIX YYaCTHUKOB CETH, KOTOPBIM C 3TON LENBIO JOJDKEH
ObITh  KakMM-THOO 00pa3oM TmepefaH KOHCTPYKTOpY — Kiacca
shared area type:

79
case 'C':
out = inl ? (in2 ? 'c' : 'a') : (in2 ? 'e' : 'd');
state = (in2) ? 'B' : (inl ? 'A' : 'C'");
break;

}i
put_output (out) ;
} while (state != 'A'");

class shared_area type

{
//

private:
// CccpUlka Ha CeTb-BJIaHeJiblia
fsmnet type &m fsmnet;

public:
//
shared area type(
const std::vector<link type> &links, fsmnet type &fsmnet):
m fsmnet (fsmnet)
{
//
}
// COXpaHeHMe BBIXOIOHBIX IHOAaHHBIX KOHKPETHOI'O aBToMaTa
void put output (int i, const std::vector<data type> &output)
{

// PacCCMOTPEHMI0 MNOIJIEXAT TOJBKO JIOKAJIbHEE y4aCTHUKA

if (m_ fsmnet.m commlocal != MPI COMM NULL)
{
// CHMHXPOHM3alAd BCEeX aBTOMATOB — IJIAd OTIHEJIEHMA OT YTEHMA BXOIOB
MPI_Barrier (m_fsmnet.m_commlocal);
copy (output.begin(), output.end(), m data.begin() + m outpos[i]);
// BHIIOJIHMM IIOJIHEIM OOMEH - pacKuOaeM BCe BHEXOIE BCEM IpolieccaM
// B KOHIle MaCCMUBOB pPasMepPOB M CMEUEHMM €CTb [10 ONHOMY
// NumHEMy 3JIEMEHTY, HO 3TO HEe MellaeT - OHM He YUUTHBATCH
MPI Allgatherv(
&m data[m outpos[i]], m outsize[i], MPI INT,
&m_data[0], &m outsize.front(), &m outpos.front(), MPI INT,

m fsmnet.m commlocal);
bi
}
// coxpaHeHMVe BXOIHBIX IAaHHEIX CETN
void put input (const std::vector<data type> &input)
{
// pacCMOTPEeHMO MOOJIEXAT TOJILKO JIOKAJbHEE yYaCTHUKNA
if (m fsmnet.m commlocal != MPI COMM NULL)
{

// BxXOm ceTu IPMHMMaeTCAd TOJIBKO HYJIEBBIM IIPOLIECCOM B CeTUu

Pabora aBTomara mpeacTaBiseTCs IMKIOM, yCJIOBHE 3aBeplie-
HHASL KOTOPOTO — JOCTH)KEHHME HA4aJbHOTO COCTOSIHMSA. Tekyiuee co-
CTOSTHHE aBTOMAaTa XpaHUTCS B €r0 BHYTPEHHEH IepeMeHHON. B Tene
LIMKJIA Ha KaXA0H urepanuu (KaXIOM TaKTe) MPOU3BOJIUTCS UTCHHE
BXOJHBIX 3HA4E€HMM, IIOCJIE YEro Ha OCHOBE TEKYIIErO COCTOSHHSA U
CUNTAHHBIX 3HauYCHUH (OPMHUPYIOTCS M BBIBOJATCS BBIXOJHbBIC 3HAYe-
HUS aBTOMATA.

ABTOMaTHOE MPOTPaMMHUPOBAHNE OKA3bIBACTCSA OYCHD YI0OHBIM
MIpU pealIn3aliy MIUPOKOro Kiacca 3a7ad, BKIOYAIOMEro MPOrpaMMBbl
JIOTUYECKOTO YMPaBICHUS, KOMIHIATOPHI, UTPhl. OIHAKO CYIIECTBY-
0T 3aJa4¥, Uil KOTOPBIX aBTOMATHOE MPOTPaMMHUPOBAHHE MOYKET
JIUIIb YTSKEJINUTh MPOLECC pealn3auuu. Takoil NMoIX0J OKa3bIBaeTCs
CPOJIHU TIONBITKE BOIJIOTUTHh KaKOW-HUOY/b CIIOYKHBIN BBIYHCIUTEb-
HBII aNropuTM Ha MamuHe TwropuHra. Hamucanue BBIYMCIATENBEHON
MPOLEAYPHl KIACCUYECKUM ITyTEM, BKIIOYAs OTJIAJKY, MOXKET OKa-
3aThCsl HA MOPSIOK MEHee TPYJTOEMKUM, HEXKENH Mpeodpa3oBaHue aj-
rOpUTMa B aBTOMATHBIHN, TIPU 3TOM COXPaHUTCS OOJbIllee COOTBETCT-
BUE€ MEXAY HCXOJHBIM OIMCAHMEM aJIrOpPUTMa MaTeMaTHYECKHUMHU
(dbopMynaMu U IPOrpaMMHBIM MPEACTABICHUEM. XOPOIIUM PUMEPOM
TOMY SIBJISIETCS MpEACTaBJICHHas B 3TOM pasjielie aBTOMAaTHasl peaju-
3a1s anropuT™Ma CYMMHPOBAHHUS C/IBANBAHUEM.

JIrobast cpema/cpencTBO/A3BIK MPOTPAMMHUPOBAHUS, TPeIHA3HA-
YeHHas Ui peaju3allii KakuxX-ITu0o 3aaad, 0JDKHA, IPEeXkJe BCero,
[IPEIOCTABIIATE NPOCTOTY U HAIVISIAHOCTh ONMCAHUA CTOALIEH 3a1adi.
Jlajieko He Bce aNropuTMbl ONMCHIBAIOTCS aBTOMAaTaMU HArJISIIHO, He-
CMOTpA Ha TO, 4TO, OE3YCIOBHO, B MPUHIIUIE, MOTYT OBITh UMH OIIH-
CaHBl.

OpnHolt U3 BaXKHBIX OCOOCHHOCTEH aBTOMATHOTO MPOTPaMMHUPO-
BaHUA SIBIIETCS BO3MOYKHOCTH BHU3yallM3allUM aJIropuTMa C IIOCie-
IyIollel reHepaluedl mporpaMMHOTO Kojaa 0e3 ydacTusl mporpaMmMu-
cra. K mpumepy, ecnm xapakTepUCTHKH aBTOMaTa y>K€ OIMCaHbl Tal-
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JUIIaMU TIEPEXOJI0B U BBIXOAOB WM TpadUyecku AMarpaMMoi co-
CTOSTHHI, TIPOTPAaMMHBII KO TAKOTO aBTOMAaTa MOXKET OBITh CTCHEPH-
pOBaH aBTOMATHUYECKH COOTBETCTBYIOIIMMH MPOTPAMMHBIMU CPEJICT-
BamH. Ha ceromHsIHmii 1eHb CynecTByeT HeMajo Mo100HbBIX CPEJICTB
renepauuu (k npumepy, FSMDesigner, FSMGenerator u T.11.), 0THaKoO
MBI He OyJIeM Ha HUX OCTaHABJIMBATHCS.

CunrTaeTcs, 9YTO aBTOMATHBIC MPOTPAaMMBI TIPAKTHYECKH HE Tpe-
OyroT oTNafKu, MO0 TPeOYIOT ee B ropaso MeHblel crenenu [4, 13,
19]. Oruactu 310 Tak. [Ipu KraccuyeckoM MOAXOAE alrOPUTM pele-
HUSI TTIOCTaBJICHHOW 3aJ[a4yM, MOPOH, MUILETCS «HA XOIy», T.€. B MPO-
[ecce peaan3alnny MHOTO pa3 MeHsercs. ToT ucxoanslii ¢akr, 4ro aji-
TOPUTM pEIIEHUs 3a[a4i JIOJKEH CYIIECTBOBATH B BHJE OJOK-CXEMBI
elle /10 Havasa Mporecca MporpaMMHUPOBAHUS, B PEATbHOCTH NIPAKTH-
YeCKH BCErJa MIHOpUpYyeTcs. B pesynbraTe Takoro co3gaHHs airo-
PUTMOB MOCJIEAHUE 3a4acTyl0 HE MMEIOT JI0Ka3aTeNIbHOH OCHOBBI U
OKa3bIBAIOTCSI HEPAaOOYMMU TPU HEKOTOPBIX HCXOJHBIX JaHHBIX. B
clly4yae e aBTOMAaTHOTO MPOrPaMMHUPOBAHUS CO3/IaHHE AITOPUTMA B
NPUHYTUTETLHOM TOPSAIKE OTOABHTAeTCS HAa PaHHHE ATallbl paspa-
6otku. {151 mpeoOpa3oBaHUs HEKOTOPOTO ajJrOPUTMa B aBTOMATHBIN
WCXOJHBIN AJITOPUTM JIOJDKEH yKe OBITh CO3lIaH M OTiakeH. Pazyme-
eTcsl, 1Mocje TPAHCISIUK MOJyYEHHOTO TaKUM 00pa3oM aBTOMAaTHOTO
aNIropuT™Ma Ha (POPMANIBHBIIN S3BIK JIaKE CHIIAMH MPOTPAMMHUCTA MPO-
rpaMMa OyJeT cojAepKaTh Tropa3Zi0o MEHBIIE ONIMOOK, HEXENU MPH
(dbopMHpOBaHUY aNTrOpUTMA B TpoIecce peanu3anun. [lpu mporpamm-
HOM K€ TPAHCISIMH OMIMOOK YAaeTCsl M30ekKaTh MPaKTHYECKH TIOTHO-
CTBIO.

3.2 Mapannenu3m cemeli KOHeYHbIX a8MOMamoe

Camu 1o cebe peann3oBaHHbBIE TPOrPAMMHO KOHEUHBIE aBTOMa-
Thl ABJISAIOTCA IMOCICAOBATCIIbHBIMH U, BOIIPEKHM MHCHUIO HEKOTOPBIX
aBTOPOB, B O0IIEM ciydae MOTEHIMAIBHOTO Napaienu3mMa B cebe He
HecyT. [lapamnenusm MOXET coAepKaTbesl IPU BBIYMCIEHUU YCIOBUI
nepexo/ia, OJHAKO Ul MPOU3BOJIBHOIO aBTOMATHOI'O alITOPUTMA Jia-
JIEKO HE BCEerJa 9TO IMO3BOJHT MOBBICUTH 3()(EKTHBHOCTH BBIYHCIIC-
HUH. 3a4acTylo Takoe pacrapajuleliBaHUe MOXKET OKa3aThCs MPOCTO
I[y6J'II/Ip0BaHI/ICM OOHHUX U TEX XKEC BBIUMCIICHHH BO BCEX napajICJIbHBIX
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TEKyIeTo aBToMaTa. Bcero Takux KOMMYHHUKAaTOPOB TPU — TaKKe IO
KOJINYECTBY aBTOMATOB.

Haxkoner, B kKoHIIE pabOThI KOHCTpYyKTOpa fsmnet type BbI3bIBa-
eTcs CO3/laHHe HIKEJIeKAILEro aBToMaTa ¢ TOJNBKO YTO CO3AaHHBIM
KOMMYHHKaTOpoM m_commlower B KayecTBe mHapamerpa, KOTOPBIH
JIOJDKEH OBITh Tepe/iaH co3/iaBaeMoMy 0OBeKTy Kiacca fsmnet type ¢
[ENBI0 MOCTIeTYIOMEr0 pa30MeHnsT Ha KOMMYHHKATOPBI WM OOBEKTY
Kiacca fsm_type C IeNblo MCIOJIb30BaHMS Il BHYTPEHHETO pacra-
paJuIeIuBaHusl.

Hectpykrop fsmnet type BBINONHAET YHUYTOKEHHE HUXKeJe-
JKaIlero aBToMaTa, Mocje Yero MPOHM3BOJUT OCBOOOXKICHHE CO3JaH-
HBIX B  KOHCTPYKTOpPE  KOMMYHHKaTopoB.  KommyHHKaTop
m_commlocal 0cBOOOX/IAlOT TOIBKO T€ MPOIECCHI, sl KOTOPHIX OH
JICHCTBUTENICH, T.€. TOJBKO T€, KOTOPBIC SBISAIOTCS MacTepaMu HIKeE-
JISKAIIUX aBTOMATOB (MMEIOT HYJICBOW paHT B TPYIIE KOMMYHHKATO-
pa m_commlower).

Oyuknust do work knacca fsmnet type MoOJTHOCTBIO aHAJIOTUYHA
TOW, 4TO OblTa MPUBEACHA BBINIE JJIS CIIydas MPOCTOTO pacmapalie-
JIMBaHUS C UcToib3oBaHueM MPI oqHOYypOBHEBON aBTOMAaTHOM CETH.
OyHKIMS K€ MPOBEPKH BBIKIIOYCHUS CETH, B OTIIMYHME OT TPEABIIY-
LIEro ciaydYas, ONpallMBaeT Ha MPEAMET BBIKJIIOYEHHUS JIUIIb JOKalb-
HBIX YYaCTHHUKOB, IPUYEM pe3yJIbTaT MOIyvaeT JIUIIb MacTep-Ipolece
TEKYIIEH CEeTHU:

class fsmnet type: public fsm abstract type
{
//
bool is off(void) const
{
// ceTb B HAUAJILHOM COCTOSHMM, KOTIa BCE aBTOMATH B HAUYAJIBHOM
int isoff = m pfsm.back()->is off();
// coybeM CTaTyCH OT JIOKAJIbHHX YUYAaCTHMKOB B HYJIEBOM NpPOLECC
int allisoff;
if (m _commlocal != MPI COMM NULL)
MPI_Reduce (
&isoff, &allisoff, 1, MPI_INT, MPI LAND, 0, m_commlocal);
// w pacrnpenenuM pes3yJbTaT MexIy BCEeMU
// MO MOCTPOEHUI HYJIEBOM B m commfull ToT %e, YTO M B m _commlocal
MPI Bcast (&allisoff, 1, MPI_ INT, O, m commfull);
return allisoff;

//
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OTBETCTBEHHBIN 32 «IIPEICTaBUTEIHLCTBOY HIDKENIEKAIIETO aBTOMAaTa B
TEKyIIeH ceTh. DTOT ke Mmpolecc (MacTep) OTBETCTBEHEH 3a Mepeaavy
BXOJIHBIX JAHHBIX HIDKEJIEKaIIero abCTpakTHOTO aBTOMAaTa BCEM €ro
MpolleccaM M M3BATHE W3 HEro BBIXOJHBIX. Bce Takue mporiecchl Te-
KylIel ceTd OOBEIUHSIOTCS B TPYNIY TaK HA3bIBAEMBIX JIOKATBHBIX
y4acTHUKOB. CIHCOK HOMEPOB IPOLIECCOB JIOKAIBHBIX YYaCTHHKOB
dbopmupyeTcs B Imporecce ompoca pa3MepoB aBTomMaTtoB. Ha ocHoBe
CO3/IaHHOM TPYIIBI JTOKAIBHBIX YYaCTHHUKOB CO3/Ia€TCS KOMMYHHKa-
Top m_commlocal, B KOHTekcTe KOTOpOro OyaeT MpPOU3BOIUTHCS
B3aMMOJICHICTBHE B paMKax 0OMeHa BBIXOJAHBIMHU JAaHHBIMU MEXIy a0-
CTPaKTHBIMH aBTOMaTaMH TEKYIIEH CeTH.

| commfull i
1o Uofl2 (3[4 ]]5|]6e]|]7 |]|8 |!
:_\_________\_/ ________ i Selsininininiininininininietuiuniet J_\_____}__:
i commlower 0 E
o [ |2 |
:_____________________i__: commlower 1 i
L34 s ] |7 |
:""""""""""""""?_COI’I’IH’[I'GIWCI’2 E
| 8 |
i commlocal i
o 3 8 ||

[Tpumep pacmpeneneHus MPOIECCOB MO KOMMYHHUKATOPaM MOX-
HO YBHUZIETh Ha puc. 19. 31ech mokazaHo, Kak JEBSATH IPOLECCOB pac-
Npe/IeNAIOTCS Ha TPU aBTOMATa, pa3Mepbl KOTOPBIX PaBHBI COOTBETCT-
BEHHO TpeM, Aty u ogHoMy. Kommynukarop m_commfull compepxut
BCE JIEBATH MPOIIECCOB, KOMMYHHKAaTop m_commlocal comepxur tpu
mporecca — MO KOJIHYECTBY aBTOMAaToB. HakoHen, KOMMYHHKAaTop
m_commlower COIEpPKUT KOJIMYECTBO IPOIECCOB, PAaBHOE pa3Mepy
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pecypcax, Oyab TO Tporiecchl Wi MoToku. OJTHAKO CUTyaIusi CoBep-
IIEHHO WHAas B OTHOIIIEHUH CeTeil KOHEUHBIX aBTOMATOB.

CeTbl0 KOHEYHBIX aBTOMATOB HAa3bIBAIOT HCKOTOPOC KOJINYCCTBO
CBSI3aHHBIX MEXKIy 000 BXOJHBIMH M BBIXOJHBIMU JTAHHBIMH (CHT-
HaJIaMH) KOHCYHbBIX aBTOMATOB. BXO,Z[ KaXX10Tro aBToMartra CETU MOXKET
OBITH MOJKITIOUEH K BXOAY CETH WM BBIXOY JPYroro aBromara. Bei-
X0 KaXXJ0ro aBTOMAartra MOXET 6BITB IIOAKIKYCH, COOTBETCTBCHHO, K
BXOA4Yy ApPyroro aBTtoMara HJIU BbIXOAY CCTH. K OIHOMY HCTOYHHKY
CHUT'HaJ1a (BLIXO}Iy aBTOMaTa WJIN BXOLY CeTI/I) MOXET OBITh IIOJKJIIO-
4YeHo 0oJiee OIHOTO TPUEMHUKA CHTHaja (BXO0Jla aBTOMaTa WM BBIXO-
na cetr). K 0IHOMY ke IPUEMHHUKY CUTHAJIa MOYKET OBITh TIOIKITIOUYCH
TOJIBKO OAWH MCTOYHHK. [IpuMep CBs3M aBTOMATOB B HEKOTOPOW aB-
TOMAaTHOHM CeTH MOXKHO YBHJICTh Ha puc. 17. 31ech n3o0pakeHa ceTh
W3 TPEX aBTOMATOB C JIByMsI BXOJIaM M YETHIPbMS BhIXOJaMu. Kaxx b1
M3 aBTOMATOB UMCCT I10 YCThIPC BXOJda, IIPHU 3TOM ABAd U3 HUX UMCIOT
TPH BBIXOJA, €IlI€ OJAUH — ABA BBIXOJA.

v

v

iy

Puc. 17

C Touku 3peHHs] (YHKIMOHUPOBAHUSI CETh aBTOMATOB TaKXKe
IpeACTaBisieT cOOON HEKHH CIOXKHBIA aBTOMAT, COCTOSHUE KOTOPOTO
B Kbl MOMEHT BPEMEHHU ONPENESIETCS COBOKYINHOCTBIO COCTOS-
HUI BHYTpPEHHHX aBTOMAaTOB CETH. TakuM 00pa3oM, BO3MOXKHO IIO-
CTpPOEHHE aBTOMAaTHBIX CETE€H C MHOIOYPOBHEBBIM BiIOkKeHHEM. [Ipu
MIPOrPaMMHOI peaNn3anuy TaKoe BIOKEHHE MOXKET UMETHh CMBICI 10
pasznuuHbIM puunHaM. K npumepy, Takoi moaxo MOXKET MO3BOJIUTh
CO3JIaHHME CJIOKHBIX paclapauleIeHHBIX 0a30BBIX 3J€MEHTOB Ha OC-
HOBe 3JeMeHTapHbIX. Ellle o1Ha mpuyunHa 1e1ecoo0pa3HOCTH TaKoro
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BJIOKEHHUS Oy/IeT ONMCaHa HIDKE TPU OMUCAHUU TPUMEpa MpOorpaMM-
HOM peann3ariui.

Bce aBTOMaTHI cetu paboTaOT CUHXPOHHO, T.€. HA4ajao padoTh
CJIEIYIOIIEro TaKTa B KaKIOM aBTOMATe HE IPOUCXOAUT IO TeX IOp,
MOKa HEe 3aBepIIUTCS paboTa MpeablIyIero TakTa BO BCEX aBTOMAarTax.
Ha npotsbkeHuM KakIoro Takra, T.e. MEXAY MOMEHTaMH YTEHUs
BXO/IHBIX CHUTHAQJIOB M 3allUCH BBIXOJHBIX, BCE aBTOMAThl pabOTaOT
HE3aBUCHMO JpYT OT JApYra, MO3TOMY MOTYT BBINOJHATH padoTy ma-
pauIeabHO.

[IporpaMMHO peanu3oBaHHas aBTOMAaTHas CETh, B OTIMYHME OT
anmnapaTHOW, He HYKJaeTcs BO BHELIHEW reHepaluyd CUHXPOHUMITYJIb-
COB, IOATOMY JUIUTEIBHOCTb TaKTa B OOJIBIIMHCTBE CIIy4aeB HE SIBIIS-
eTCs TOCTOSSHHOW BeNWYHHOHW. ECTeCTBEHHBIM CrOCOOOM CHHXPOHH-
3alud NapajjielbHO padOTaIOUIMX aBTOMATOB SIBJIAETCS yCTaHOBKA
Oapbepa. B Takoil cuTyanuu AIMTENBHOCTh TaKTa pabOThI CETH OIpe-
JeNnsieTcs MaKCUMaJIbHOM UIMTEIbHOCTBIO TEKYIIEro TakTa Cpeau
BCEX aBTOMATOB ceTu. VIHpIMU cli0BaMU, TakT pabOThI CETH 3aBeplla-
eTCsl B TOT MOMEHT, KOT/Ia 3aKOHYUT 00pabOTKy TakTa MOCIEIHUN aB-
TOMAT CETH.

Peanuzanus napamiensbHOM MporpaMMbl CEThbIO KOHEUHBIX aBTO-
MaTOB MMEET CMBICII JIMIIb B TOM CIy4ae, KOTAa TakT 3aHUMaeT JOCTa-
TOYHO MHOI'O BPEMEHH 10 CPABHEHHIO C HAKJIAJAHBIMU PAacXxoJaMH Ha
nepeaavdy JaHHBIX MEXIy aBTOMaTaMH M oOeclieueHHe CHHXPOHH3a-
LMY TaKTOB.

B uvacTHOCTH, NpeCTaBIECHHBII HIKE aITOPUTM CyMMHUPOBAHUS
C/IBaUBAaHMEM HOCHT JIMIIb WJUIIOCTPATUBHBIN XapakTep, MOCKOJIBKY
HaKJIaJHbIe PAcXOAbl Ha ACHUCTBUS, OCYILIECTBIsIEMble A o0ecrede-
HUSl pabOThI BCEX BBIYMCIISIONIMX aBTOMATOB Ha OJHOM TakTe, CyIle-
CTBEHHO BBIIlIE JJIUTEIBHOCTH IMOJE3HOIO ACHUCTBHS, BBIIOJIHAEMOIO
KaX/IbIM TaKUM aBTOMAaTOM Ha OJJHOM TakTe (CYMMHpPOBAHUE JABYX YH-
cen).

s 6onee noapoOHOr0 03HAKOMIIEHUS C TEOPUEH KOHEUHBIX aB-
TOMAaTOB PEKOMEHAYETCS OOpaTUThCS K CIEUUAIBHO IMOCBSICHHOM
aTol Teme nmuteparype [8, 22]. [ToMumo yueOHHUKOB, TaKKe TIOCTYITHO
MHOT'O JIOCTaTOYHO COBpEeMeHHbIX cTated [4, 13, 17, 18, 25, 27, 29]. B
9aCTHOCTH, HEMaJIO IMyOIMKannuii MOKHO HalTH B Internet Ha cTpaHU-
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// BaumcTka COB3IOaHHBIX KOMMYHMKaTOPOB
MPI Comm free (&m_commlower) ;
if (m_commlocal != MPI_ COMM NULL)
MPI Comm free (&m commlocal);
}
//
i

K konctpykropy fsmnet type, Takxke Kak MU K KOHCTPYKTOPY
fsm_type, moGaBiisieTcsi JOMOIHUTENBHBINA MapaMeTp, XapaKkTepU3yro-
M KOMMYHHKATOp, B PaMKax KOTOPOTO OyayT paboTaTh BCe HHKE-
JIeKaIe aBTOMaThl TeKymiei cet. OObeKTOM aBTOMAara, YHacIlemo-
BaHHBIM OT fsm_type, nepefaHHbIi KOMMYHUKATOP MOXET OBITh HC-
HO0Jb30BaH IO CBOeMy YycMoTpeHuto. KoHcTpykrop ceTtu camoro
BEPXHET0 yPOBHS BBI3BIBACTCS C KAKUM-THOO OIpe/IeIeHHBIM BHE Ce-
TH KOMMYHHUKAaTOPOM C HY)KHBIM KOJMYECTBOM IIPOLIECCOB, T.€. paB-
HBIM TIOJTHOMY pa3Mepy Bcedl cetu. K mpumepy, 3TOo MOXeT OBITh
kommyHukarop MPI COMM_WORLD.

UToObI TOHATH, KaKyl0 paboTy B MPUBEICHHOM KOJIE BBIITOJIHSAET
KOHCTPYKTOp, CIelyeT OrOBOPHUThH, KaK HMPOMCXOIMUT paclpereseHue
aBTOMATOB I10 IpoleccaM. TOoT KOMMYHHKAaTOp TEKYLIEH CETH, B KOH-
TEKCTE€ KOTOPOro OynyT 0OMEHHMBATHCS BBIXOAHBIMU JAHHBIMHU €€ a0-
CTpaKTHBIE aBTOMATHI (JIEMEHTAPHBIE aBTOMATHI HJIM BIIOYKCHHBIE Ce-
TH), JOJDKCH BKJIIOYaTh POBHO CTOJBKO MPOIIECCOB, CKOJBKO a0CT-
PaKTHBIX aBTOMATOB OHA HEMOCPEICTBEHHO COJCPIKHUT, T.€. CKOJBKO
Bo3Bpariaercs GyHkiuei number fsm ¢gabpuku cetn. B To xe Bpems,
KaXJIOMy a0CTpaKTHOMY aBTOMaTy JIOJDKEH OBITh MepeliaH CBOW KOM-
MYHHUKATOp, BKIIOYAIOUINI KOJMYECTBO IPOLIECCOB, PABHOE pa3Mepy
sToro aBTomara. C 3TOH LENbI0 BCE MPOLECCHl MEPEAAHHOIO 4epes
KOHCTPYKTOp KOMMyHHKaTopa m_commfull pa3mensrorcs Ha TpyTIibI,
KaX/lasi U3 KOTOPBIX COOTBETCTBYET OJJHOMY M3 aOCTPaKTHBIX aBTOMa-
TOB ceTu. {151 BHINOJHEHUS 3TOM omeparuu myTteM orpoca Gpadpuku
CeTH Ha MpEeIMET pa3MepoB €€ aBTOMATOB IMPEABAPUTEIHLHO BBISICHS-
eTca HoMep m_fsmnum Hipkenexamero abCTpakTHOTO aBTOMaTa Te-
KyIIeH CeTH, KOTOPBIA OyIeT peaar30BBIBATHCS JAHHBIM IPOIECCOM.
[Tocne atoro kommyHukarop m_commfull pasnensiercs Ha KOMMYHH-
KaTopsl m_commlower 1Mo 3Ha4eHHI0 HOMepa TEKYILIEro HIbKenexa-
mniero apromata m_fsmnum.

N3 xaxJ10M CO30aHHOW TPYIIIBI BBIAEJSETCS HYJIEBOM MIpOLECC,
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//

private:

// HOMEp aBTOMaTa TEeKylWeM CeTy, peanu3yeMOoro HAaUMM OPOLEeCCOM

int m_fsmnum;

// TOJIHBEIA KOMMYHMKATOP [10 BCEM OpPOLleCCaM CeTu

MPI Comm m commfull;

// KOMMYHUKATOP JIOKA&JbHOM CBS3M [IO CETM aBTOMATOB
MPI_Comm m_commlocal;

// KOMMYHMKAaTOp, MNEpPeAaHHBl HWXHEM ceTyu/aBToMaTy
MPI Comm m_ commlower;

public:

fsmnet type(factory abstract type &factory, MPI Comm commfull) :

m_factory(factory), m shared(m factory.get links().get(),
m_commfull (commfull)

{

// 3amnoJiHV¥M MACCUB JIOKAJbHHX YyUYAaCTHUKOB (HWKHUX MacCTEpPOB)
std: :vector<int> loc;

// u JoKamM3yeM CBOW0 MNPMHANJIEXHOCTL KOHKPETHOMY HIMXHEMY aBTOMATY

int rank;
MPI_Comm_rank (m_commfull, &rank);
m fsmnum = - 1;
for (int i = 0, cur = 0; i < m factory.number fsm(); i++)
{
// TOJNIOXMM MHIEKC I[epBOI'0 Ipollecca OYepeIHOT'O aBToMaTa
loc.push back(cur);
// mnepermeM K cJemyolleMy aBTOMAaTY
cur += m_factory.fsm _size(i);
// BanoMHVM MHIOEKC [OCJIeNHEerO aBToMaTa, eCJM OH Hall
if (m_fsmnum < 0 && rank < cur)
m_fsmnum = 1i;

}i

// co3mamyM KOMMYHMKATOP JIOKAJIbHEIX YyUYaCTHUKOB CETU
MPI Group group, newgroup;

MPI Comm group (m_commfull, &group);

MPI Group incl(group, loc.size(), &loc[0], &newgroup);
MPI Comm create(m commfull, newgroup, &m commlocal);
MPI Group free (&newgroup) ;

MPI_ Group_free (&group) ;

// co3mamuM HWXHMM KOMMYHMKATOP (OJiS NOACEeTM MM aBToMaTa)
MPI Comm split(m_commfull, m fsmnum, rank, &m commlower);

// co3mamuM HWXHMM aBTOMaT MM [IOLCEThH

m pfsm.push back(m factory.create fsm(m fsmnum, m commlower));

}

~fsmnet type (void)

{

// yHMYTOXEHME aBTOMaTa

m factory.destroy fsm(m fsmnum, m pfsm.back());
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e http://www.softcraft.ru/auto.shtml.

3.3 lpumep npoepammHoOll peanusayuu

3nech I WIUIIOCTPALMM Mbl PacCMOTPUM OJMH M3 BapUaHTOB
IpOrpaMMHON pean3ali aBTOMAaTOB B HEKOTOPOM 00O0OIIEHHOM
BUJI€, TIPUTOJHOM JJIsl MCTOJIB30BAHUS MPU PeaIn3aliy JOCTATOUYHO
IIUPOKOTro Kiacca KOHEYHO-aBTOMATHBIX ceTel. IIpexne, yem nepen-
TH K 00CYKICHHIO UCXOTHOTO TEKCTa, HEOOXOAUMO OTOBOPUTH HEKO-
TOpbIe TPeOYyIOIIME ydeTa MPH ONMHCAHWH NpeiaraeMoi MporpaMm-
HOM peain3alii MOMEHTHI.

[Tpexne Bcero, B aBTOMaTHOM CeTH NOJDKHA OBITH 0OwIast mpo-
MEXYTOYHasi 00JIaCTh «BBIXOOBY, T.€. €MHAsl 00Ias 00JacTb mamsi-
TH, KyJla TIOMAJal0T BCE 3HAYEHUS BBIXOJHBIX CHUTHAJIOB aBTOMAaTOB
mocye KaXI0ro TaKkTa, U OTKyJa dTH 3HaYeHHs OyIyT CYUTAHBI TIEpeN
CIICAYIONIMM TaKTOM. DTa 00JacTh JOJDKHA CONEPKATh UMEHHO «BBI-
XOZIbI» aBTOMATOB, a HE «BXOJIb», BCICACTBUC THIIA CBSI3H «OJWH BbI-
X0l — MHOTO BXOJIOB». B MpoTHBHOM ciy4yae BO3HUKAIOT HEOOXOH-
MOCTh AyOJIMpOBaHUS MHPOPMAIMK M JOMOJHHUTEIbHBIE CIOKHOCTU
peanu3amum.

Bo u3bexaHue mepe3anucy HEMPOYUTAHHBIX JIaHHBIX UYTCHHE
BXOJIHBIX JaHHBIX BCEMHU aBTOMAaTaMH JIOJDKHO OBITH )KECTKO OTICIICHO
OT 3aIlUCH BBIXOJHBIX JIaHHBIX BCEMH aBTOMaTaMu. B Hamewm ciydae
JIeWCTBUS aBTOMAaTa pas3zieieHbl Ha TpU (QYHKIMHM — YTEHHE BXOJHBIX
JIAHHBIX, KaK TaKOBBIC BHYTPEHHHUE JICHCTBUS aBTOMATa M 3aIllUCh BbI-
XOIHBIX NaHHBIX. VHTepIpeTanus AaHHBIX, BBIYUCICHNE JIOKAJIHHBIX
COOBITHIA, JIEHCTBHE HA TEepexo/ae M Mepexoa OOBETUHEHBI B OIHY
(GYHKLHIO MEX]ly YTEHHEM U 3alKCchio 1aHHbIX. Ha uHTepBane mexay
YTEHUEM BXOJIOB U 3aIIMCHIO BBIXOJI0B HEOOXOAUM JIMIIb OUH Oapbep,
Mo3ToMy (PYHKIIUS NEHCTBUS MOXKET OBITh BBITIONHEHa Oe3 Oaphepa
KaK cpa3y IOocJie YTeHHUsI, TaK U HEMOCPEICTBEHHO Mepe 3anuchio. B
HaIlleM cllydae JIeHCTBHE aBTOMAaTa BBIMOJIHSETCS cpa3y IOCie uTe-
HUSL.

Bynem mpeamonarate B HamieMm TpUMeEpe, YTO BCE BXOJHBIC U
BBIXOJIHBIE JJaHHBIE aBTOMATOB OJIHOI'O TUHA — IeJo4ucieHHble. O0-
masg o6JacTe MaMsTH JUI 3HAYeHUH BBIXOJOB aBTOMATOB CTPOHUTCS
MIPOTPaMMHO Ha OCHOBE OIMCAHUN aBTOMATOB U CBSI3€H MX MEXIY CO-
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60ii. [Ipu 3TOM MOXET OBITH OCYIIECTBICHA MPOBEPKAa KOPPEKTHOCTU
CBsI3€H M COOTBETCTBHs UX HaOOpy aBTomMaroB. Kaxknas cBs3bp B Habo-
pe MOXeET OBITH Mpe/ICTaBICHa B OHOMN U3 Tpex Gopm:
(NET _ IN,index) — (FSM _ num,index);
(FSV _ num,index) — (NET — OUT, index);
(FSM _ num,index) — (FSM _ num, index).

3nech MepBbIN AJIEMEHT KaXK/I0M Maphl B CKOOKAaX XapaKTepu3yeT
BXOJ[ CETH, BBIXOJ CETH JHOO KOHKPETHBI aBTOMAT ceTu. Bropoi
3JIEMEHT KaXKZI0M Mapbl XapaKTepU3yeT MHJIEKC KOHKPETHOTO CUTHaJla
(BXoIa WM BBIXOZA) Ui O0BEKTa, YKA3aHHOTO TEPBBIM 3JIEMEHTOM
napel. [Ipu mpoBepke KOPPEKTHOCTH CBs3€H JIOJKHBI YUUTHIBATHCA
cienyroume GakTophl:

- OJIHOMY BXOJYy aBTOMaTa WM BBIXOAY CETH COOTBETCTBYET

TOJIBKO OJIMH BBIXOJI aBTOMAaTa WM BXOJ CETH;

- BXOJ] CETH MOKET OBITh TOJIEKO B JICBOW YaCTH CBS3H;
- BBIXOJ] CETU MOET OBITh TOJIBKO B MPABOW YaCTH CBS3H.

[Ipu mpoBepke COOTBETCTBUSI HA0OPY aBTOMATOB MOXET OBITh
OCYILIECTBJIEHA MPOBEPKA I'PaHULl HOMEPOB BXOJOB U BBIXOJOB (OHU
JIOJIKHBI COOTBETCTBOBATH UX KOJIMYECTBY AJIsl KaXKAOI0 aBTOMAaTa WU
CETH B IIEJIOM), a TaK)K€ MOXKET OBITh BBIIIOJHEHA MPOBEPKa OTCYTCT-
BUS «BUCSIIMX KOHIIOB» (OTCYTCTBHUS BBIXOJOB, HE MPUCOCTUHEHHBIX
HU K OJTHOMY BXOJy, U HA000pOT).

Opnako B ciiydae peanu3aliy pacipeie]eHHONH aBTOMaTHOH ce-
TH BBIIIOJHEHUE MPOBEPKHU COOTBETCTBHsI HAOOpy aBTOMATOB OKa3bl-
BaeTcs HeA(PEKTUBHBIM BCIEICTBHE PACCPEIOTOUYCHHOCTH aBTOMATOB
MEXIy y3JaMHU U, KaK CJIEICTBUE, CPABHUTEIBHO BBICOKHMX 3aTpaTax
Ha TOoNTy4yeHne WH(OpMAIMHA O KOJMYECTBE BXOJOB M BBHIXOAOB. [lo-
CKOJIbKY Takas MpoBepKa TpedyeTcs, Kak MpaBuiIo, JIUIIL Ha 3Tare OT-
JaJIKi aBTOMaTHOT'O QJIFOPUTMa, €€ MOKHO Pean30BaTh B paMKax I0-
ClIeZIOBaTeNIbHON MPOTrPaMMBbI.

[Ipu dopmupoBannu oO0IIeH 00JIACTH BBIXOAHBIX JAHHBIX JIJIS
pacripenielieHHONH aBTOMAaTHOM CeTH yJ0OHEee BCET0 OpPUEHTHPOBATHCS
TOJIBKO Ha HAa0Op CBSI3€H, MOCKOIBKY MPH YCIOBHH OTCYTCTBHS «BH-
CSIIIMX KOHIIOBY» €r0 BIOJIHE JIOCTaTOYHO ISl BEIWJICHEHHs] nH(OpMa-
IIUM O KOJMYECTBE BBIXOJOB U BXOJOB aBTOMAaTOB U, COOTBETCTBEHHO,
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fsm_abstract type. OqHako TakoMy MOIX0ay HPENSTCTBYET TOT (PAKT,
YTO JJIsl BRISICHEHUS pa3Mepa KOHKPETHOTO aBTOMaTa moTpedyeTcs ero
CO3lIaHMe, MPUYEM JTAJIEKO HE TOJIKO B TEX MPOIECCaX, B KOTOPHIX OH
NEeWCTBUTENIBHO JOJKEH OBITh CO3JIaH JUIsl MOCIeAyIoIero GyHKIno-
HUPOBAHMUS.

Wndopmanus o Tpebyemom pa3zmepe aBTomara JOJDKHA OBITh
n3BecTHa (adpuke cet. [ToCKOIBKY €if MO ONpeneIeHNI0 N3BECTHO
COOTBETCTBHE HOMEPOB aBTOMAaTOB KOHKPETHBIM aBTOMAaTaM, 3TO HE
coctaBisieT npobieMy. [Ipu co3maHuM BHYTpEHHEW CETH €€ KOHCT-
PYKTOPY TakXe TOJKEeH OBbITh Tepefan 00heKT Gabpuku BHYyTpEeHHEH
cetd. OH MOXET COAepkKaThbCsi BHYTPH 0OBeKkTa (aOpuKu BHEUIHEU
ceTd, Torna mHpopManus o pa3Mepe BHYTPEHHEH CeTH Takxke Oyaer
noctynHa ¢abpuke BHemrHeWd. Takum oOpa3oM, 00BeKT (adpukn
BHEIIHEH ceTH yI00HO MPEACTABIICTCSA «IAepEeBOM» (habpHUK CETH, T.C.
coniepkuT ¢Gabpuku BcexX BHYTpPEeHHUX cereil (puc. 18). Mmenno mo
9TOW MPUYUHE, TTOCKOJBKY TaKOH 0OBEKT AepeBa GpabpuK JOIKEH COo-
JIepKaThCsl B KaXKIAOM Ipoiiecce, Bce Kiacchl (paOpuK TOMKHBI ObITH
(JIETKAUMW» ISl CO3JaHMsA. 3aTpaThl BBIYUCIUTEIBHBIX PECypCOB
JOJDKHBI ~ TpeOOBaThCSl JIMIIb TPH  BBI30BE (QYHKIUH  co3fma-
HUS/YHUYTOKEHHUST KOHKPETHOTO aBTOMAaTra WM TOJYYCHHUS CIHCKa
CBsI3el.

fsmnet_factory 1, level 0

fsmnet_factory 2, level 1

fsmnet_factory 3, level 1

fsmnet_factory 4, level 2

fsmnet_factory_5, level 2

Puc. 18

Ha ocHoBe momryueHHoit ot (abpuku cetn HHPOpPMAUU O pas-
Mepax BHYTPCHHUX aBTOMAaTOB KOHCTPYKTOp fsmnet type BbImOIHSET
CO3JIaHHE HEOOXOIMMBIX KOMMYHUKATOPOB:

‘class fsmnet type: public fsm abstract type
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OyaeM MPHUBOAMTH JIHUIIE MOJBEPTHYBIIMECS W3MEHEHHIO (hparMeHTHI
KOJla, IPUBEJICHHOTO B MPUJIOKEHNH 3.

TpebGyeMble HM3MEHEHHS MPEIOCTABISIEMOr0 KiIaccaMu HHTEp-
(elica TUKTYIOTCS CIENyIONMMH 00cTosiTeNnbcTBaMu. Kaxxioi aBTo-
MAaTHOW CETH JIJIsl BHITIOJTHEHUSI 0OMEHa JIAaHHBIMU MEXIy €€ BHYTpEH-
HUMH aBTOMAaTaMH JIOJDKEH OBITh COIMOCTAaBJIEH CBOW KOMMYHHUKATOD.
ITockonbky paccmarpuBaeMas Bepcust MPI npenmnonaraer cratuye-
CKOE CYyIIECTBOBAaHUE TPYII MPOIECCOB (OTCYTCTBUE BO3MOXKHOCTHU
W3MEHEHUs TPYNIBI MOCe CO3/aHus) Nepe] CO3/IaHneM KOMMYHHKa-
TOpa HEOOXOJAUMO 3HATh, CKOJIBKO MPOIIECCOB OH JIOJKEH COJIEPKaTh.
C sToli enpio K Kiaccy (¢pabpuku cetu qo0aBiseTcs eme oaHa yHK-
LU

// abcTpakTHENI Tun GabpukM aBTOMATHON CeTH
class factory abstract type

{
public:

//

// TOJIHOE KOJIMUECTBO [apaJjulejiell B aBToMaTe

virtual int fsm_size(int i) const = 0;

//

// cosmanue i-To aBTOMaTa B CeTu

virtual fsm abstract type *create fsm(int i, MPI_ Comm commfull) =0;
//
}bi

JoOaBieHHblil napaMeTp B GYHKIMH CO3/IaHUSI aBTOMaTa HY>KeH
JUld THepefadd KOMMYHHUKAaTopa KOHCTpyKTopy fsmnet type wumm
fsm_type, o yem moapobnHee Oyjaer ckazaHo mo3xe. HoBas dyHkuus
fsm_size Bo3BpamaeT TpeOyeMoe KOJIMYECTBO MapauIeIbHBIX pecyp-
COB JUIsl K&XJIOTO aBTOMaTa ceTu. byziem B nanpHeiiieM Ha3bIBaTh 3TO
9HCI0 pazMepoM aBToMmarta. [IOCKOIBKY aBTOMAT MOXKET OBITH aBTO-
MaTHOHM CEThIO, KOJIMYECTBO BBITIOJHSIONMX €ro padoTy MPOILECCOB
MoeT ObITh Oosiee oHoro. bosee Toro, nmo0oii aBTOMAT, Jake HE sB-
JSSICh CEThIO, MOXKET TpeboBaTh Oojiee ofHoro npouecca. K npumepy,
y Kakoro-iu0o aBToMara Ha OJHOM TaKTe pabOThl MOXKET BBIOJIHATH-
Csl TIOJTHOLICHHBIH IMKI pabOThl HEKOTOPOH IPYyroid, HE CBA3aHHOU C
JTAaHHOMW, aBTOMAaTHON CETH, WJIM KaKUM-JIHOO JPyruM oOpa3om opra-
HHU30BaHHAs MapaienabHas padora.

Pazymeercsi, momomHHUTENBHYIO (YHKIHIO, BO3BPAIIAIOUIYIO
pa3Mep aBTOMara, JorudHee OblJo Obl BHECTH He B mHTepderic (aod-
puku ceru factory abstract type, a B wuHTepdeiic aBTOMaTa
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MOCTPOCHHS OOIIel 00JIACTH TaMATH. DTO TO3BOJUT HCKIIOYUTH
MEXMPOIECCHbIE KOMMYHHUKALIUU JIsl OTpEeesieHUs] KOJINYeCTBa BXO-
JIOB M BBIXO/IOB Ka)KJ0T'O aBTOMATA.

Bo u3bexanne ommnOOK Npu yKa3aHUU CBsi3ed yJJ00HEe BCEro ux
TeHEepPUPOBATh ABTOMATHYECKH MYTEM MHTEPNpPETaluu IpaduuecKoro
npeacTaBieHus ceTu. s 3ToN 1enu, Kak ¥ JJisl Ha4ajJbHOU IeHepa-
LMW TPOrPaMMHOTO OIKMCAHUS KOHKPETHOTO aBTOMAaTa, MOTYT OBITh
CO3/IaHbI CIIEIUANbHBIE MMPOrPaMMHBIE CPEJICTBA, MMOJAOOHBIE OMUCAH-
HBIM B [4].

BrnoxeHnune cereif, HOMUMO OYEBHJHBIX MPEUMYILIECTB MOIYJb-
HOTO IOCTPOEHMS, UMEET CMBICH TaKXKe Ul JIOKAIW3alHUU CBA3EH.
[Tpu yHuBepcanbHO# (HE MPUBS3aHHOM K CTPYKType KOHKPETHOH aB-
TOMAaTHOHM CeTH) peanu3alliy NapajuiedbHO paboTaromeld ceTu B CUC-
TeMax C paclpeneieHHON MaMAThIO MOCIE KaXI0T0 TaKkTa MmoTpedyer-
Csl pacchbUIKa BBIXOJHBIX JIAHHBIX KaXKIOTO aBTOMaTa BCEM OCTaIbHBIM
aBTOMaTaM CeTH. 3a4yacTyl0 3TO HELeleco00pa3Ho, MOCKOJIbKY He
BCEM aBTOMAaTaM HY>KHBI pe3yJbTaThl PabOThl BCEX APYIHMX aBTOMa-
ToB. MlHaue roBopsi, BBIXOIBI KOHKPETHOTO aBTOMaTa MOTYT Tpebo-
BaThCsl Ha BXOJE JIMIIb HEOOJIBIIOMY KOJMYECTBY APYTHX aBTOMAaTOB
CETH, OCTAJIIBHBIM € PacChlIKa ero BIXOJHBIX 3HAUCHUH HE TpeOyeT-
ci. B takux curyanusx ObIBaeT yAOOHO OOBEIMHUTH HE3aBHCHMBIE
IpyMIIBl aBTOMATOB B OTAEbHbBIE CETH, HE 3aTparuBasi IpyU 3TOM YHH-
BEpCaIbHOCTh peanu3anuu cetu. Kakaas HezaBucuMasi rpyrmna aBTo-
MaTOB OOMEHMBAETCS JaHHBIMH C JIPYTHMMHU aBTOMAaTaMHu CBOEH TpyT-
TTBI, HE TIPOM3BO/ISI HEHYKHOTO 0OMEHA C OCTAIbHBIMU aBTOMATaMH.

M3HauanbHO aBTOMAT HAaXOJUTCS B BBIKJIIIOUEHHOM COCTOSIHUH,
KOTOpOE SBJSIETCS HayaJlbHBIM M KOHeuHbIM. [Ipu 3aBepiuenun pabo-
Thl aBTOMAT JOJDKEH MEpelTH B HaudalbHOE cocTosHue. byaem cum-
TaTh, YTO CETh 3aBEpIIMIa CBOIO paboTy, KOTJa 3aBeplIiiu padoTy,
T.€. IEPEIUIN B HAYAJIbHOE COCTOSIHUE, BCE aBTOMATHI CETH.

Taxoke OyaeM cuuTaTh, 9YTO €CIIM aBTOMAT 3aBEpIIMII paboTy, OH
HE BBIJIaeT Ha BBIXOJIE€ HUKAKUX JAHHBIX. JTO JOTIOJHEHHUE MO3BOJIHUT
n30exaTh MOTEpb JaHHBIX MPH MPOBEPKE 3aBEpLICHUS PabOThl CeTH
aBTOMaToOB. [Haue BO3MOXKHA CHUTyalusi, KOTJa OJUH aBTOMAT CETH,
Oyaydn yKe BBIKIIOUYEHHBIM, MEpeaeT AaHHBIE APYTrOMYy aBTOMATY,
ele He BKITIOYEHHOMY, TIPH ATOM padoTa CeTH 3aBEpIIaeTCs, XOTS aj-
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TOPHUTM €Ile He 0TPpadoTall.

B MomeHT cTapTa Bce aBTOMAaThl MPEOBIBAIOT B BBIKIIOYEHHOM
COCTOSIHUM, TIOATOMY CHUTHAJIbl BHYTPH CETH MEKIY BBIXOJaMH OJIHUX
aBTOMATOB M BXOJaMHM JPyTUX OTCYTCTBYIOT.

B HekoTophIX ciydasx TpoBepATh (GakT 3aBepiieHUsi padOThI
BCEMH aBTOMAaTaMH CETH OKa3bIBACTCS Yepecuyp HAKIagHO, HOITOMY
MOJET OBITh yOOHBIM IPH TapauUICIbHBIX BBIUYUCICHHUSX TMEPeorpe-
JIENSATH TPOIeTypy TPOBEPKU 3aBeplIeHUs paboThl ceTH Ooliee mpo-
CTBIMH CPEIICTBAMH, HEKEIM KOMMYHHKAIlMM BceX TmporeccoB. K
pUMepy, IPOBEPKA 3aBEPILEHHSI MOXKET OCYLIECTBIATHCS MTyTEM aHa-
JIM3a OJTHOTO M3 BBIXOJIOB CETH, MPEIHA3HAYCHHOTO IS YKa3aHUs Ha-
nr4aus GUHATBHOTO pe3yibTaTa paboThl CETH. 3/1€Ch, IPaB/a, CIEAYET
OTOBOPUTHCS, YTO, NMPH BBEJACHHBIX BHIINIE YCIOBUSAX, TAKUM ITyTEM
MOJKET OBITh BBISIBIICH HE (PAaKT 3aBepIeHust pabOThl CETH, a JINIIb TOT
¢akT, 4TO0 ceTh 3aBepIIUT pabOTy Ha CIEAYIONIEM TAKTe, MOCKOIBKY
nocje 3aBeplieHns: paboThl CeTh HE BbIAET HUKAKUX BBIXOIHBIX 3Ha-
YEHUH.

[anee paccMOTpUM KOHKPETHBIE BapUaHTHI MAPAJUIEIBHOM pea-
JU3alUH C HCIIOJIBb30BAaHMEM OINHMCAHHOTO moaxona. Ilozxke OymayT
MIPUBEJICHBI PHUMEPHI TIOCTPOCHUSI KOHKPETHBIX aBTOMATHBIX CETEH ¢
UCIOJIb30BaHUEM ONHCAHHBIX OOIIUX KIIACCOB.

3.3.1 Peanusauus c ncnono3zosannem OpenMP

B npunoxenun 3 npuBeleH MCXOAHBIM TEKCT MOCIIENOBAaTElb-
HOW peanm3ay 0a30BBIX KJIACCOB KOHEYHOTO aBTOMAaTa M aBTOMAT-
HOM ceTH. Kiacc aBTOMaTHOM CeTH pachapajuielieH ¢ MOMOIIBIO TH-
pextuB OpenMP. O6a 3Tux Kjacca yHacieIoBaHbl OT aOCTPAKTHOTO
Klacca KoHeyHoro amTomara (fsm_abstract type), copaepkaiiero
mectTbh PyHKIUHI:
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BBIXO/IHBIX JAaHHBIX Pa3HbIX pa3MepoB OT BCEX aBTOMATOB B OJHY 00-
JIacTh ¥ KONMPOBAHUE MOIYYCHHOW 00JacTH B aAPECHOE MPOCTPAHCT-
BO Bcex mponeccoB kommyHukaropa MPI COMM_WORLD. Ilomu-
MO 3TOr0, AJISl NMPEeNOTBpAIEHHs] BO3MOKHOCTH 3aIllUCH BBIXOJIOB 10
BBITIOJTHEHUS YTEHUSI BXOJIOB B Hadaylo (DyHKIUU A00aBiieHa Gapbep-
Hasl CHHXPOHU3AllUs BCEX MPOLIECCOB KOMMYHHMKATOPA:

class shared area type
{
/] ..
public:
// CcoxpaHeHMe BHIXOINHEIX IAaHHEX KOHKPETHOT'O aBToMaTa
void put output (int i, const std::vector<data_ type> &output)
{

// CMHXpPOHM3aluMa BCeX aBTOMATOB — IJid OTHOEJIEHMA OT UTEeHMA BXOHOOB
MPI Barrier (MPI_COMM WORLD) ;
copy (output.begin(), output.end(), m data.begin() + m outpos[i]);

// BLHIIOJIHMM IMOJIHEIA OOMEH - pacKMIaeM BCE BHXONE BCEM NpPOLiecCaM
// B KOHLIE MacCMBOB pasMepOB M CMEUEHM) eCTb [0 OLHOMY

// numHeMy SJIeMeHTy, HO ®TO He MellaeT - OHM He YUMTHBAKLTCS
MPI Allgatherv(

&m_data[m outpos[i]], m outsize[i], MPI_INT,

&m_data[0], &m outsize.front(), &m outpos.front(), MPI_ INT,

MPI_ COMM WORLD) ;
}
//
};

// aBCTpaKTHHIA TUI aBTOMaTa

class fsm_abstract type

{

public:
// TUN BXOOHBEIX ¥ BBIXOIHBIX IIAHHBIX
typedef int data type;
// TWUI COCTOSHMSA aBTOMaTa
typedef int state type;

// KONMMUYeCcTBO BXOIHBIX KAaHAJIOB
virtual int number input (void) const = 0;

MoaudunupoBaHHbIM TakuM 00pa3omM HabOp KIACCOB MOTpPedy-
€T MUHUMAJIbHBIX U3MEHEHHI B MCHOJIb3YIoUIeM uX koze. Heobxomu-
MBIMH W3 HHX SBISIOTCS JIAIIb BCTaBKH Bb30BOB MPI Init u
MPI Finalize.

3.3.3 Peanusauus ¢ noanepxKkon BROXeHHbIX CeTen

OnucanHble MoaudUKaMyu 0a30BBIX KJIACCOB C UCIOJIb30BAHU-
eMm MPI, kak yxe ObUIO OrOBOPEHO BBINIE, MO3BOJISIIOT CO3/1aBaTh aB-
TOMATHBIE CETH, COCTOSINE JIMIIb U3 DJIEMEHTApHBIX ABTOMATOB, HE
SIBJISIFOIIUXCS BIIO)KEHHBIMH ABTOMATHBIMH CETSIMH. BeneacTBue 3Toro
MIpU peaTu3ali CIOKHOW CETH MOTYT BO3HHKHYTH HEOIPAaBIAHHO
0oJbIlIe HAKIAJHBIE PACXOJbl Ha 3a4acTyl0 HEHYKHYIO Iepenaqdy
BBIXOAHBIX JaHHBIX MEXIy BCEMH Ipoleccamu. s peanuzanuu xe
MIOJTHOLIEHHOT'O TTapajulein3Ma aBTOMATHBIX CETEN C MCIOJIB30BAHUEM
MPI tpebyercss BHeCTH HEOOJIBIINE U3MEHEHHUS B MPEIOCTaBISIEMBIN
OMHMCaHHBIME Kjaccamu uHTepdeiic. Kak u B mpemsimymem cirydae,




94

87

{

// YHMUTOXeHME aBTOoMaTa

m_factory.destroy fsm(m_fsmnum, m pfsm.back());
}
//
}i

Ilockonbky aBTOMAT B TEKYIIEM NPOLIECCE OJUH, U3MEHSETCS
Takke Koa GyHKIUU Kinacca fsmnet type, BRINOJHSIONICH padoTy ce-
TH Ha OJTHOM TakTe. JTa paboTa COKpaliaeTcsi 10 COOTBETCTBYIOIIETO
MOCIIEI0BATENBHOTO BbI30Ba TpeX QYHKIIMN aBTOMAaTA!

// KOIMYEeCTBO BHIXONHBIX KaHAaJIOB

virtual int number output (void) const = 0;

// mnepermaTb aBTOMATYy BEKTOP BXOIHHIX HOAaHHBIX

virtual void put input (const std::vector<data type> &input) = 0;
// BHIOJHUTBL TaKT pPabOoThH aBTOMAaTa

virtual void do_work(void) = 0;

// TONyYMTH OT aBTOMAaTa BEKTOP BEIXOOHEIX IAHHEIX

virtual std::vector<data type> get output (void) const = 0;
// mpoBepKa, HAXOOUTCsS JIM aBTOMAT B HAUAJIbHOM COCTOSHMUM
virtual bool is off(void) const = 0;

bi

class fsmnet type: public fsm abstract type
{
//
void do_work (void)
{
// TNpouYMTaTbL BXOLHEIE IaHHBIE, BHIIOJHUTL LOEMCTBUSI
m _pfsm.back()->put input (m_shared.get input (m fsmnum)) ;
m_pfsm.back()->do_work() ;
// BanmMcaTb BHEXOIHBE (3anMCh OOJKHA OHTH OTIEJIeHa OT UYTEeHMS)
m_shared.put output (m fsmnum, m pfsm.back()->get output());
}
//
}i

HaxkoHerl, MOCKOJIbKY aBTOMAaThl HaXOISATCS B Pa3HBIX IMPOIIEC-
cax, B ()YHKIIMIO TPOBEPKH BBIKIIOYCHUS CETH BHOCHTCS OIEpalus
TJI00ATLHOM PEYKITUU:

class fsmnet type: public fsm abstract type
{
//
bool is off (void) const
{
// ceTb B HaAYaJIbLHOM COCTOSHMM, KOTIA BCE aBTOMATH B HadaJIbHOM
int isoff = m pfsm.back()->is off();
int allisoff;
MPI_Allreduce (
&isoff, s&allisoff, 1, MPI INT, MPI LAND, MPI COMM WORLD) ;
return allisoff;
}
//
}i

Bce 3TM m3MeHeHus: KocHynuch kKiacca fsmnet type. OnmHako
JUTSI B3aUMOJICHCTBHUSL aBTOMATOB CETH MEXIy co00il Takke morpedy-
ercs u3MeHeHue kiacca shared area type. Ilockonbky mocie 3amucu
BBIXOJHBIX JAHHBIX KaKIOTO aBTOMaTa TpeOyeTcsl X pPacChlIKa BCEM
OCTaJILHBIM TIPOIIeccaM, B KOHEI] ()YHKIIMH 3aIFCH BBIXOJIOB aBTOMATa
nobasien BbI3oB MPI Allgatherv, Boimonmusitomuii cO6op obnacteit

[TepBbie nBe GYHKLINU BO3BpAIIAOT HHPOPMALIUIO O KOJIUYECTBE
BXOJIHBIX M BBIXOAHBIX CUTHaioOB aBToMara. Crienyrouiye Tpu (yHK-
UM BBIMOJHSAIOT COOTBETCTBEHHO pPAa0OTy MO TMepeaade aBTOMATy
BXOJIHBIX JTaHHBIX, BHITIOJIHEHUIO aBTOMAaTOM BHYTPEHHUX JCHCTBHIA H
MOJYYeHHIO OT aBTOMaTa BBIXOJHBIX JaHHBIX. HakoHern, mocnemHss
(GyHKIHS BO3BpaIliaeT WHGOPMAIIUIO O TOM, HAXOIUTCS JIH aBTOMAT B
HACTOSIIIMH MOMEHT B BBIKJIIOYEHHOM (HAa4aJbHOM/KOHEYHOM) CO-
CTOSTHUH.

Ha ocnHoBe aOcTpakTHOrO Tuma aBTOMAara CO3IAETCS THI dJie-
MEHTAapHOTO KOHEYHOTO aBTomara (fsm_type). @yHKIUHM 3TOTO Kiacca
OMPEACIAIOT B 00IIEM BHJIC pabOTy 3JIEMEHTAPHOTO KOHEYHOTO aBTO-
MaTa 3a UCKIIFOYCHUEM KOHKpPETHBIX neiicTBuid. [loMumo Bo3Bpara oc-
HOBHBIX XapaKTEPUCTUK U XPAHEHUs BXOJHBIX U BBIXOJHBIX 3HAUYCHUN
aBTOMaTa, 3TOT KJIACC WHKAICYJIUPYeT XpaHEHHWE U HCIIOJIb30BaHUE
TabIUIIBI 00pabOTUYNKOB COCTOSTHHH.

O0paboTunK CcOCTOSIHUA — (PYHKUIHUSA-WICH KJIacca KOHKPETHOTO
aBTOMaTa, KOTOPBIA OyJeT yHacaeaoBaH oT kiacca fsm_type. Kaxmo-
My COCTOSIHUIO, OOBSIBJICHHOMY YHACJEIOBAHHBIM KJIaCCOM, MM K€
COTIOCTaBJIAETCS HEKUH 00paboTunK u no0aBisieTcst B Tabnuiry oopa-
6orunkoB pynkmnuert add handler.

Bo BpeMsi Ka)kI0ro TakTa B 3aBUCHMOCTU OT COCTOSIHHS BBI3bI-
BaeTCs TOT WM MHOW 00paboTumk. OnuH 00paboTYMK MOXKET OBITh
MOJIKITFOUEH 00Jiee YeM K OJIHOMY COCTOSIHHIO. B OOJBIIMHCTBE JIMTE-
paTypsl ais BeIOOpa OOpaOOTYMKOB PEKOMEHAYIOT HCIOIb30BATh
omepaTop switch nim ero ananoru B apyrux siseikax [4, 13, 27]. On-
HAaKO Takas KOHCTPYKLHMS HE Bcerja ynoOHa MpH JAUHAMHYECKOM
(opMHpPOBaHUU aBTOMAaTa BO BpeMs BBINONHEHHsS. B 3To# cutyanmn
MOJKET OBITh MCIIOJIb30BaHa allbTePHATHBHAS KOHCTPYKIIMS Ha OCHOBE
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if — else if — else, omHako BpeMs Mmomcka Hy)KHOTO 00pabOTYMKa B Ta-
KOM citydae OyZeT pacTd JTMHEWHO B 3aBUCUMOCTH OT KOJIMYECTBA CO-
CTOSTHHIA, YTO TIpH OOJIBIIIOM KOJHYECTBE COCTOSIHUI OOYCIIOBHUT JIJTH-
TeJbHBIE 3alepKKH. [109TOMy MBI BOCHOJIB30BAIHCH CTaHJAPTHBIM
mabJIOHOM map, KOTOPBIA Pean3yeTcsl IBOUYHBIM JIEPEBOM U TIOTOMY
obecrieunBaeT BpeMs MOMCKA, MPONOPLHUOHATIBHOE JIoTapu(My KOJIH-
YECTBA COCTOSHHM.

Haxkoner, Ha 0OCHOBE aOCTPAaKTHOTO THIIa aBTOMAaTa OOBSBIISCTCS
THII CJIOKHOTO aBTOMaTa — aBTOMaTHOU cetu (fsmnet_type).

KoHcTpykTop U IeCTpyKTOp 3TOTO KJIacca OCYIIECTBISIFOT COOT-
BETCTBEHHO CO3/IaHHE U YHUYTOKEHHE BHYTPEHHUX aBTOMATOB Cpe-
CTBaMHU TakK Ha3biBaeMoil «¢pabpuku cetn». OO0beKT kimacca (padpuku
ceTH, OOBSBIIIEMOTO BBHI3BIBAIOIINM KOJOM Ha OCHOBE aOCTPaKTHOTO
knmacca factory abstract type, mepemaercs KOHCTPYKTOPY Kiacca
fsmnet_type u colepHUT BCIO HEOOXOAUMYI0 MH(OPMAIIHIO O CO3/a-
BaeMoOW aBTOMAaTHOM CETH.

Kiace fsmnet type COACPKUT BIIO>KEHHBIN KJ1acc
shared area type, WHKamnCyJuUpYIONIUH CO3JaHHE W HCIIOJIb30BAHUC
o0miedt 007acT MaMsATH aBTOMATHOW CETH U XPaHEHUS MPOMEKY-
TOYHBIX 3HAYCHUH BBIXOZOB aBTOMaToB. Co3maHue 00IacTH MaMsTH
COTPOBOX/IAETCSl TAKXKE CO3J]aHMEM CIIMCKOB WHJEKCOB JUIsl YTCHUS
BXOJIHBIX JAHHBIX U IS 3aITUCH BBIXOJHBIX JIAHHBIX KaXKIBIM aBTOMA-
ToM. Bce nanHbie st paboThl ¢ 001el 001aCThI0 TaHHBIX CO3IAI0TCS
B KOHCTpYKTOpe Kiacca shared area type Ha OCHOBE CITMCKa CBS3€il,
nepelaHHbIX OT (adpUKU CeTH.

Crnucok cBsizeit popmupyercs B (paOpHuKe CETH BBI3BIBAIOIINM
KOJIOM C MOMOIIBI0 BCIIOMOTaTeNnbHOTO Kiacca linkstore type, xoto-
PpBIii BBEJIEH /ISl IPOCTOTHI OMIMCAHUS JJOOABJICHHUS CBSI3H.

JBa cioBa o ¢abpuke cetu. DTOT Kiacc BBEACH MO TOH MpUYH-
HE, YTO aBTOMATHI B SIBHOM BHJIE JIOJDKHBI CO3/1aBAaTHCS BHI3BIBAIOIINM
KO/IOM. B TO ke BpeMsi CITMCOK CO3JJaHHBIX aBTOMAaTOB HE JTOJDKEH Tie-
penaBaThCcsi KOHCTPYKTOPY TOTOBBIM, TaK Kak B IENSX YIOOCTBa W
YHUPHUKAIUN paclapaieIiBaHusl KOHCTPYKTOP caM JOJIKEH MPUHU-
MaTh pEIIEHUE O CO3/JaHUM KOHKPETHhIX aBToMaToB. [lomumo 3rtoro,
kiacc (paOpHUKU CEeTH BBHITIOIHSIET €IIe OJHY POJib, O KOTOPOH moIpo0-
Hee OyJeT ckazaHo 4yTh noke. Celdac JMUITh OTOBOPUMCS, UYTO STOT
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namsTeio. J{s KpaTKoCTH, MBI OyJeM MPHUBOAWTH JIMIIb Te (pparmeH-
ThHI KOJIa, IPUBEJIEHHOTO B MPUJIOXKEHUH 3, KOTOPHIE MOABEPIIIUCH U3-
MEHEHHUIO.

Jis Havana paccMOTpUM MpocTeimuii crnocob peanuzanum,
TpeOYIOIMI MUHUMAIBHBIX U3MEHEHUH BBI3BIBAIOIIETO KO/, HO KO-
TOPBIH, OHAKO, OyJeT paboTaTh TOJBKO IS CIy4as OTCYTCTBHS BIIO-
JKEHHBIX CETEH, T.€. KOrJa BCA CETh COCTOMUT M3 3JIEMEHTApHBIX aBTO-
MaToOB.

IIpennonoxum 1uisi TPOCTOTHI, YTO KOJIMYECTBO IMPOIIECCOB B
rpynne kommyHukaropa MPI COMM_ WORLD cooTBeTCTBYeT KO-
JIMYECTBY aBTOMATOB CETH, U HAa KaKIblil aBTOMAaT MPHUXOJIUTCSI CBOU
npouecc. Toraa B KaXaoM Ipolecce co3Jaercsi 00BbEKT CeTu, coaep-
KAl OAMH aBTOMAT. B 3Toi cuTyamuu OOBEKTY CETH B KaKIOM
nporecce, IPexae BCero, He0OX0ANMO 3HATh HOMEP KOHKPETHOTO aB-
TOMaTa, UM pealn3yeMoro. JDTOT HOMEp XpaHUTCS B IMEPEMEHHOM-
uiieHe knacca fsmnet type:

class fsmnet type: public fsm abstract type
{
//
private:
// HOMep aBTOMaTa TEeKyllell CeTy, PealiM3yeMOT'O HAallMM IPOLeCCOM
int m_fsmnum;
//
}i

[IpucBoenne HoMepa aBTOMATa MPOU3BOAUTCS IMyTEM MOTYUYECHHUS
paHra Tekyuiero npouecca B kommyHukarope MPI COMM_WORLD
B Tele KOHCTpykTopa fsmnet type. Tam ke BBINOIHAETCA CO3JaHUE
OJIHOTO aBTOMaTa ¢ TEKyLIMM HOMepoM. B nectpykrope, cOOTBETCT-
BEHHO, BBINOJHAETCS YHHYTOXXEHUE OJHOIO aBTOMAaTa C M3BECTHBIM
HOMEPOM:

class fsmnet type: public fsm abstract type
{
/] ..
public:
fsmnet type(factory abstract type &factory):
m_factory(factory), m_shared(m factory.get links().get ()
{
MPI Comm rank (MPI COMM WORLD, &m fsmnum);
// cospaHue aBTOMaTa
m_pfsm.push_back(m_factory.create_ fsm(m_fsmnum)) ;

}

~fsmnet type (void)
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B npuBeneHHOM IpUMeEpe Ha BXOJ CETH MOJAETCA JUUIb JIBa Ba-
puaHTa BEKTOPOB — HEKHi HaanBHLﬁiBeKTOp,HHHHHHpYHHHHﬁ pa-
60Ty CCTHU, U BCKTOP HYJICBBIX 3HaueHui. Ilocie BBIIOIHEHUS 3TOr0
Ko/la 00BEKT vouts COAEPKUT IO MOPAIKY BCE BEKTOPHI BBIXOIHBIX
3HAYEHUM, KpOME BEKTOpa IOCJIEIHEro TaKTa. BeKTop BBIXOAHBIX
3HAQ4YEHUH TOCIEIHETO TaKTa HAaC HE HMHTEPECYET, IOCKOJIBKY IIOCHE
IOCJICOHECTO TaKTa CCTh Hpe6BIBaeT B BBIKJIFOYCHHOM COCTOSAHHH, II0-
9TOMY IIOJIC3HBIC CUTHAJIBI, B T.4. BBIXOAHBIC, OTCYTCTBYIOT.

B nmocnennem mpuMmepe Ha KaKIOM TaKTe€ OCYIIECTBISAETCA Ie-
penaya BXOAHBIX [IaPAMETPOB CETU U U3bATHE BBIXOIHBIX. B HEkoTo-
PBIX YAaCTHBIX ClIydasaX 3TO HE ABJIACTCA HCO6XOHHMBHL IMOCKOJIBKY
BXOJIHbIE MTapaMETPhI Ha MPOTSHKEHUH BCEel paObOTHI CETH HE MEHSIOTCS
WM NX UBMCHCHUEC BO BpEMA pa6OTBI CCTU HEC YUUTHIBACTCA, a BBIXO-
HbIE MapaMeTpbl MOTYT OTCYTCTBOBATh JTUOO HAC HE MHTEpPECcOBaTh (K
MpUMEpY, KOT/Ia CETh BBITIONHSET KaKylo-T1100 BHYTPEHHIOIO paboTy ¢
WHKAICyJMpPOBAaHHON B aBTOMaTax mepefadeil JaHHBIX BOBHE, HE 3a-
KITFOYAIONIYIOCS] B BBIJIaU€ MMOJIE3HOT'O pe3ylibTaTa Ha BBIXOJ| ceTH). B
TaKou CUTyallul LUKII MOXHO OBLIO CYIIECTBEHHO YIIPOCTUTH, HC-
KJIIIOUMB BBI30BHI put_input u get output U3 Tena IUKIIa:

&9

KJIacC JIOJDKEH OBITh «JIETKUMY», T.€. KaK TaKOBOE CO3/IaHME O0BEKTa
3TOTO KJacca He JOJDKHO TpeOoBaTh OOJIBIINX 3aTPaT PECypCoB.

s co3maHusi aBTOMAaTHOW CETH B BBI3BIBAIOIIEM KOJIE JIOJKCH
ObITh 00BsBICH HAOOp KIIaCCOB aBTOMATOB, YHACJIEIOBAHHBIX OT
fsm type, a Taxxke kiacc (aOpWKH CETH, YHACIEIOBAHHBIA OT
factory abstract type. Bo BpeMsi BBIOJHEHHSI BBI3BIBAIOIINM KOJIOM
JIOJDKEH OBITh CO3MaH 00BEKT (haOpHUKH CeTH, KOTOPBINA TOJDKEH CyIIe-
CTBOBAaTh Ha MPOTSHKCHUU BCETO YKU3HEHHOTO IUKJIA CETH, TTOCIIE YEeTO
JOJDKEH OBITh co31aH 00BeKT fsmnet type ¢ nmepenadeii KOHCTPYKTOPY
co31aHHOTO 00BekTa Padpuku ceTu. OOBEKThl KOHKPETHBIX aBTOMa-
TOB U3 O0BABICHHOTO HAbOpa KJIACCOB JIOJKHBI CO3/1aBaThCS U YHHY-
TOXXaThcs BHYTpH (yHKIMA pabpuxu cetu create fsm u destroy fsm
COOTBETCTBEHHO.

K npumepy, oObsiBIIEHHE CETH M3 IBYX aBTOMAaTOB MOKET BbI-
TJSIETh CIICAYIONIMM 00pa3oM:

fsmnet.put_input(vin);

do
fsmnet.do work();
while (!fsmnet.is off());

B 3TOM nprMepe BEKTOP BXOJIHBIX 3HAUEHUH TIOMEIAETCS B CETh
nepea nepBbIM TaKTOM W HE MCHACTCA HAa HPOTAIKECHUHU BCETO IHKIIA
paboThI ceTH.

3.3.2 Mpocras peanu3aums ¢ ucnonb3osaHmem MPI

[TpuBeneHHbIN B ipuUioxKeHNH 3 HA0Op 00IKX 6a30BBIX KJIACCOB
ceNlaH 10 BO3MOXHOCTH YHHMBEPCAIBbHBIM C TOYKU 3PEHUS] MHKAIICY-
JSIAXA CO3/1aHUsI U pabOThl aBTOMATOB JIJIsl TOTO, YTOOBI MCIIOJIB3YIO-
LM 3TH KJIACCHI KOJI MOJBEPrajicsi MUHUMAIBHBIM U3MEHEHUSIM TMPH
CMEeHe MHCTPYMEHTa pacnapaiienvuBanus. Kak BUAHO, 3TOT koxa ObLI
BBINOJIHEH I10OCJIE0BATEIbHBIM, IOCIE 4Yero ObLI pacnapajulelieH ¢
nomotpio aupektuB OpenMP. Tenepp paccMoTpuM, Kak MpUBEIEH-
HBII HA0Op KJIacCOB MOKET OBITh pacHapajulesieH ¢ UCIOJIb30BaHHEM
uHTepdeiica MPI 11st BHIOTHEHUS B CUCTEMax C paclpeieleHHON

class fsml type: public fsm_type
{
public:
enum {
INPUT 0,
// ... mpouue OBGBLABJIEHMA BXOIOB
INPUTiNUMBER};
enum {
OUTPUT 0,
// ... mpoure OODBABJEHMUSA BHXOIOB
OUTPUT_NUMBER} ;
enum {
STATE 0,
// ... mpoure OOBABJIEHUS COCTOSHUIA

}i

private:
state_type handle_ off (state_type state)
{
if (/* ... %))
{
state = STATE 0;

m_output [OUTPUT 0] = /* ... */;

// ... 3amnoJiHeHMe OCTABIMXCH BHXOIOB
}

// ... oBpaBoTka MNPOUYMX yCJOBUIL

return state;

}

// ... OOBABJEHUS NPOUMX OOPaBOTUMKOB

public:
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fsml type():
meﬁtype(INPUTiNUMBER, OUTPUTiNUMBER)
{
add handler (STATE OFF, handler type(&fsml type::handle off));
// ... noBaByieHMe MpPoOuMx OBPaBOTUMKOB
}
bi

class fsm2 type: public fsm_ type
{

//
}i

class fsmnetl type: public fsmnet type
{

public:
enum {FSM 1, FSM 2, FSM NUMBER};
enum {
INPUT O,
// ... npoume OOBABJIEHUS BXOIOB
INPUTiNUMBER};
enum {
OUTPUT 0,
// ... IHpoume OOBABJIEHUS BBEIXOIIOB

OUTPUT_NUMBER} ;

class factory type: public factory abstract type

{

public:

int number fsm(void) const { return FSM NUMBER; }

int number input(void) const { return INPUT NUMBER; }
int number output (void) const { return OUTPUT_NUMBER; }
linkstore type get links(void) const
{

linkstore_ type store;

store.add(

PSEUDOFSM NETINPUT, INPUT_O,

FSM 1, fsml type::INPUT O0);
// ... Npoure COeIMHEHUS CO BXOIaMM CeTu

store.add (

FSM 2, fsm2 type::0UTPUT O,
PSEUDOFSM_NETOUTPUT, OUTPUTio);

// ... Ipoure COEeIMHEHMUS C BHXOLAMM CETU

store.add(

FSM_ 1, fsml type::0UTPUT O,

FSM 2, fsm2 type::INPUT O0);

// ... Ipoure MexXaBTOMATHHE COEIOVHEHMS

return store;

}
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fsm abstract type *create fsm(int 1)

{

if (1 == FSM_1)
return new fsml type();
// ... Cco3maHVe NPOUMX ABTOMATOB

}
void destroy fsm(int i, fsm abstract type *pfsm)

{

if (i == FSM 1)
delete dynamic cast<fsml type *>(pfsm);
// ... YHUUTOXEHME IIPOYMX aBTOMATOB

}
bi

fsmnetl type(factory type &factory):
fsmnet_ type (factory)

{}
}i

Pabora Takoil ceTH MOJDKHA BBITOIHATHCS BHEIIHUM IIUKIOM
Tak, Kak Oy/ATO OHa SBJSETCS OOBIYHBIM KOHEUHBIM aBTOMAaToM. B ua-
CTHOCTH, OHa MOXET OBITh OCYIIECTBIICHA CIEAYIOUTUM IHKJIOM:

// OBa BapuMaHTa BXOOHHIX BEKTOPOB

vector<fsm type::data type> vin(fsmnetl type::INPUT_ NUMBER) ;
vector<fsm type::data type> vinzero (fsmnetl type::INPUT NUMBER) ;
fill(vinzero.begin(), vinzero.end(), 0);

// ... vMHMLMaJM3auyus HadaJlbHOI'O BeKTOpa

// MaccuB BHXOIHEIX BEKTOPOB
vector<vector<fsm type::data_ type> > vouts;

// dabpuka aBTOMATHOM CETM M caMa CeTb
fsmnetl type::factory type factory;
fsmnetl type fsmnet (factory);

// uukJ paboOTH CeTM, B HAYAJbHHI MOMEHT BHIKJIOUEHA
bool isoff = true;
do
{
// nomaTh BXOIHHE NAHHBE, €CJIM CEeThb BEIKJIOUEHA
fsmnet.put input(isoff ? vin : vinzero);
// BBHIIOJIHUTL TAKT PabOTH CETU
fsmnet.do_work();
// TPOBEPUTL, BHKJIOUEHa JIM CETb
isoff = fsmnet.is off();
// TOJIyUuMThb OUEpPEIHLE BHXOIHHE NaHHBIE
if (!isoff)
vouts.push back(fsmnet.get output());
} while (!isoff);

// no 3aBepmenuu paboTH ceTy vouts.back() comepxur
// 3HaueHus BEIXOLOB CETM Ha MPEeNNoCiiefHEM TaKTe




