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OTJIAOUYUK ITAPAJIJIEJIbHBIX ITPUJIOXKEHUI (PDB)

B. K. ®enopos, C. H. Kucenes
(POAL-BHUMD®, r. Capos)

OnuceiBarOTCA BO3MOXKHOCTH JUAJIOTOBOrO OTJIAMIUKA NAPAALEAbHHL TporpamM. Jlaer-
Cd CXeMa B3aMMOJEHCTBHS MPOrPAMMHBIX KOMIIOHEHTOB, KOTODPBIE COCTABJILAIOT OTJIAJLIHK.

[Ipencrasien moabp30BaTENbCKUNR HHTEPDEIC.

Ornagunk opuenTHpoBaH Ha miaardopmsl Unix/Linux. On ofecneumBaer OTIagKy mpoO-
rpaMm, HAMHCAHHBIX HA g3bIkax nporpammupoBanus C, C++ u Fortran ¢ mcmonp3oBannem

MPI- u OpenMP-crangapros.

Karouesvie ca06a: MEHOTOIPOLECCOPHAS BBIYUCIATEIbHAS CUCTEMA, OTJIAJINK, [IAPAJLIEb-

HOE TPUJIOKEeHUE.

Beenenne

CTa,ILI/IH OTJIQZIKU dBJIAETCA HEIIPEMEHHBbIM 3Ta-
IOM B 2KHU3HCHHOM ITUKJI€ IIPOTPAMMHBIX CHUCTEM.
[TosTomy mpobiema OTIATKA NAPAALEADHHLL TIPHU-
JioxkeHuil Ha KJacrepe wiu cynepdBM Bcerma Oy-
JIeT aKTyaJbHOU g pa3pabOTINKOB MPOTPAMMHO-
ro obecrieuenus. Permrenune sToro Bonmpoca — BeCbMa
CJIOYKHAd, HETPUBUAJIbHAA 33a9a.

CBobozHO pacmpocTpaHdgeMble OTIAIIUKH, KaK
IPABUJIO, HE OPUEHTUPOBAHBI HA BBIYUCIUTEIIBHYIO
cucTeMy C pacCHpeIesieHHON mamMgaThio. B umx KOH-
[ENNUI0 He BXOIUT YIPABJIEHNE MHOMXKECTBOM IIPO-
[IECCOB, KOTOPBIE PAa3MEIIEHBl 0 y3JaM KJacTe-
pa. TakoBBI OTIAINKY, BXOAMAININE B COCTAB HHTE-
IPUPOBAHHBIX CHCTEM Pa3pabOTKU MTPOrPAMMHOIO
obecneuenus uau B onepanmonuyio cucremy (OC)
Linux, manpumep, GDB [1].

C 1pyroit CTOPOHBI, CYIIECTBYIOT OTJIAIHU-
ku TotalView [2], DDT (Distributed Debugging
Tool) [3], PGDBG Graphical Symbolic Debug-
ger [4], koropble 0 GYHKINOHAIBLHOCTH COLEPKAT
BCE HEOOXOIMMBIE CPEICTBA /I OTJIAIKH TPOTPAMM
B BBIYUCJIUTENIBHON CHCTeMe C paclpeaesieHHON ma-
Marbio Ha 6aze OC Linux, omHAKO ABIAIOTCA KOM-
MepYeCKuUMU MpoayKTamu. lIpumobperaemas JuIeH-
3Wg HAa WCIOJb30BAHUE OTIAJUNKA HAKJIAIBIBAET
OTPAHWYEHWE HA YUCJIO OFHOBPEMEHHO OTJIAYKHUBA-
eMBIX TIPOIECCOB JJId BCeX Moiab3oBaTeseii. Cron-
MOCTBH TAKUX OTJIAAYUKOB NIPOIOPHUOHAJIBHA MaK-
CUMAJbHOMY 9WCIy TPONECCOB, YKA3AHHBIX B JIU-
nensun. [IpmobpeTeHHbIl TPOIYKT OPUEHTHPOBAH

ua onpenenennyio sepcuto OC; npu cmene OC HE0O-
XOAWMO OOHOBJIATH BEPCHUIO OTIAIINKA W IPHOOpe-
TaTh HOBYIO JINIIEH3UIO.

CymecrByeT Tak)ke pacumpenne Intel® Parallel
Debugger Extension [5] mua Microsoft Visual
Studio. OgHAKO OHO MO3BOJLET OTIAKUBATEH IIPO-
rpammbl TOJIbKO 107 OC Windows u ToIbKO HaA, 01
HOM KOMIIBIOTEDE.

[lIo ykazammbim mpuuwmaam B POAI-BHUNOD
B 2009 . 6611 pa3paboran HOBBIH rpadudeckuit OT-
JaJYUK mapasienbHblx npuioxkenunit (PDB) [6], xo-
TOPBIH HOCTATOYHO 3(PPEKTUBHO 0DECIEINBAET pe-
OI€Hue BO3JIOZKECHHBIX Ha HEro 3aJa4.

B apcenase ornamguuka PDB ecTh Bce cTanmapt-
HbIE BO3MOXKHOCTH:

— IPOCMOTP CTEKA BBI30BOB IOTOKA;

— ymOpaBjeHne TOYKAMU OCTAHOBA U HAOJIOMEHN;

— 0030p, U3MEeHEeHNEe TIEPEMEHHBIX U d9UeeK MaMd-
TH;
— KOHTPOJIb IOTOKOB.

B mpexcraBisgemom mporpaMMHOM HHCTPYMEHTE
TaK’Ke PeaJn30BaHbI CPEJCTBA OTIAIKN TOMHOXKE-
cTBa mporeccoB. Hapsaay ¢ oTum ocyiecTBigercs
MOMJIEPZKKA, TPYIIOBBIX TOYEK OCTAHOBA.

PeanuzoBannas KoHIemmug OTIAAKU He TPedy-
eT KAaKuX-Jinb0O CIenuaabHbIX W3MEeHEeHH# B Mpo-
rpaMMHON OmOIMOTEKe KOMMYHUKAITMOHHONR CPEIIbI
7 TOJIb30BaTeIbCKUX mporpamMax. PDB mommep-
JKUBAET CHCTEMBI MAKeTHOH 00paboTku 3amanmit

JAM [7] u SLURM [8].
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Omragumk co3/1aH HA A3bIKE MPOTPAMMUPOBAHUA
Java. B mem mcmosip3yiorcs 6a30Bble KOMIIOHEHTHI
Eclipse-nmardopmsr [9, 10].

HpOI‘paMMHbIe KOMIIOHEHTBHI OTJIaAYNKa

BosbmmaCcTBO COBPEMEHHBIX CPEICTB OTJIAIKH
mapajiebHbIX IPOrPAMM OCHOBAHO HA IIPEICTaB-
JIEHWH MPOrPAMMBI KQK COBOKYITHOCTHU BBIMOJIHSAIO-
wuxcs nponeccos [2—4]. Vcxong u3 sToro nocrpoen
7 OTJIATYUK MapaJsiesbHbIX mpuioxkennit PDB.

B cocras ornamgumka PDB Bxomar ciemyrorme
KOMIIOHEHTHI:

— IEHTPAJbHBIA IPOrpaMMHBIA KOMIIOHEHT;

— IIPOrpaMMHBIN arexHT;

— 0a30BBIH OTIATINK, 0DECTEUMBAIONIAA OTIIAI-

Ky MIPOIIEeCCA.

VYKa3zaHHBIe KOMIIOHEHTHI U CXeMa UX B3auMOozeii-
cTBUdA n300pazKeHsl HA puc. 1.

Jlamnas koudurypamusa OTPOrpaMMHBIX KOMIIO-
HEHTOB MpEJCTaBIAeT cO0O# pacIpesesleHHYIO ap-
XUTEKTYPHYIO MOmesb. lleHTpanpHbIl mporpamm-
HBIFI KOMIIOHEHT BBINOJHAETCA HAQ WHCTPYMEHTAJIb-
HOM KoMIbioTepe. lIporpaMmubiii areHT, 6a30BBIi
OTJIaJUYUK U IPOLecC NapaJlleJbHOH IPOrpaMMbI
BBIIOJIHAIOTCA HA BBIYUCIUTE]BHBIX Pecypcax, BBI-
JeJeHHBIX IJ1d OTJIAJIKHU.

IlenTpanbHBII ODPOTrPAMMHBIN KOMIIOHEHT.
OcHOBHBIE CpeICTBA, IPEeTHAZHAYEHHBIE I OTIAJI-

IeHTpa b HBIK
NporpaMMHBbIH

KOMINOHEeHT

| IIporpaMMHBIN '
“ AreuT

Puc. 1. KomnoneaTHaa cxema OTIaIInKa,

<:>:

KU IapaJjuleJIbHOMl MPOrpaMMbl, PACIOJAraloTCd B
meHTpagbHOM KoMmoueHTe. OH IpEICTABILET CO-
60t oTmenbHOE TpOrpaMMHOEe npuioxkenme. Ha
pHC. 2 IOKa3aHa JIOTUIECKAA CTPYKTYPA IEHTPAIb-
HOro KOMIIOHEHTa OTJIad49HKa.

Ero ocHOBHBIME 3/1€MEHTAMHU SABIAIOTCA MOIYIIH
YIPaBJIEHUS OTJIQTINKOM B KOHTPOJIJIED CECCUH OT-
ganku. OHE 06eCIednBaIOT yIPABIEHAE JJIEMEHTA-
MU CECCHH OTJIAJKH, TAKIMH KaK:

— BBIMOJIHEHWE OTIEPAINil ¢ MHOYKECTBOM IIPOIIEC-
COB;

— KOHTPOJIb IIOTOKOB KaKJOI'0 U3 IIPOIECCOB;

— paboTa ¢ MPOrpaMMHBIMU TEPEMEHHBIMU;

— NOAJEPIKKA TOYEK OCTAHOBA W HADJIIOJEHUSI.

BzaunmopeiicTBue ¢ momb3oBaTeeM obecreunBa-
ercd mpu momornu rpadudeckoro marepdeiica. B
OKOHHOM WHTEpP(dEice BBIBOAUTCA COCTOSTHUE KOM-
[IOHEHTOB OTJIAIYNKA, COOTBETCTBYIONIEE COCTOL-
HUIO OTJIA’KUBAEMOI IporpaMMbl. TakzKe Ipemo-
craBigeTcda HAOOp DyHKIWH IJId OTIAAKYU HapaJ-
JIEJIBHOTO TIPUJIOKEHUS, TOCTYIHBIX Yepe3 Pas3iind-
HbIE MEHIO.

OOMeH JaHHBIMU MEXKy KOHTPOJIJIEPOM CECCUU
OTJIAJKU W MPOrPAMMHBIME Ar€HTAMU BBIIOJHAET
CeTeBoil KOMAHIHBIN mHTEPdETC.

IIporpammHsbIii areHT. IJTOT KOMIIOHEHT $B-
JIAE€TCA IPOMEZKYTOIHBIM 3BEHOM ME2K/1y IIEHTPAJIb-
HBIM IIPOTPaMMHBIM KOMIIOHEHTOM M 6&30BI)IM oT-

BazoBbrit / TIpouecc :
OTIATYMK <:>( 0 >

s mE e oo
BazoBsIii Ilpouecc ) |
OTJIAAYHK N /

b i
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Puc. 2. Cxema meHTPaAJbHOrO KOMIIOHEHTA, OTJIAINKA,

magaukoM. OH BBICTyHaeT B Ka4eCTBE CepBepa u 00-
CJIyKWBAET MOCTYIAIOIINE K HEMY 3alpoChl. B mpo-
[[ECCE BBINOJHEHNUS OTJIAKUBAEMOrO IIPOIECCA, TPO-
rPpaMMHBI# areHT TeHEepPUpyeT ACHHXPOHHBIE CO0D-
IeHus. DTH COOOIIEHWS MOTYT MPEICTABJISATH CO-
60ii m3BerIeHns 00 OCTAHOBE HA KOHTPOJILHON TOY-
Ke, JaHHbIE, BbIJaBA€Mble OTIAKUBAEMBIM IIPOTIEC-
COM Ha dKPaH, AMATHOCTHIECKHWe coobureHus 6a30-
Boro oriagduka u ap. O6meH ¢ 6a30BBIM OTIIAIIN-
KOM OCYIIEeCTBJIAETCH IIPU MOMOIU TPOTOKOJa MI
(Machine Interface) [1]. Do crpounslit mpoToko,
IIOCPEICTBOM KOTOPOT'O OCYIECTBIAETCA MAIIMHHO-
OpPHMEHTUPOBAHHBIN KOMaHIHBIN mHTEpPdEiic ¢ Ha3o-
BBIM OTJIAM9uKOM. [IpOTOKOI mpesHa3HadYeH crenu-
AJIBHO JIJIA TTOIEPKKU CUCTEM, KOTOPBIE UCIOJIb3Y-
0T OTVIaA49UK KaK CBOI KOMIIOHEHT.

BazoBerii orimagumk. JIaHHBI KOMIIOHEHT
npejcTaBiger coboil CHCTEMHYIO MpOrpamMMy st
OTJIAJIKU IIPOIECCA.

B xkagecrBe 6a30Boro oriamduka ObLI BBIOpaH
GDB. On saBasiercs ¢BOOOIHO PacIpOCTPAHIEMbBIM,
BXOIWT B COCTAaB BCEX AUCTpUOyTWBOB Linux, 006-
JIAZIAeT HEOOXOJMMBIMHU CPEACTBAME I OTJIAJ-
KM mpomecca (3amyCcKk W OCTAHOB mpormecca, pabo-
Ta C TOYKAMHI OCTAHOBA M TOYKAMU HAOIIIOIEHUd,
OPOCMOTP ¥ WM3MEHEHWE 3HAYEHWH MePEMEHHbIX),
npemocTasiger mporokoa MI mas wmaTErpammm c
BHEITHUMH IPOTPAMMAMU.

B kagecTBe 6a30BOT0 MOXKET BBICTYNATH HE TOJIb-
ko GDB, #HO u m1060i1 OTIIAAYINK, COBMECTUMBIN C
HOM, HAIPUMep, BXOJLAIINA B COCTAB KOMIIIATOPA
Intel.

[Ipuamun paborbl 6a30BOr0 OTIALIUKA CIIETY-
oumii. OH 3amycKaeT OTJIAYKUBAEMbIi MPOIECC,
[PEeIOCTABIIgET areHTy WH(POPMAIUIO O HEM U BbI-

HOJTHAET KOMAHIBI OTJIAJKH IIPOIECcca, MepeaaBae-
MbIE€ €EMY OT areHTa.

[Tpomeccy mosb30BaTe s MPENOCTABASIETCA BUP-
TyaJbHBIi TEepMHUHAJ [JId BBOAA/BBIBOJA WH-
dopmarun. TepvmunaibHbIE JAHHBIE IIPOIEC-
ca (3ammch/4YTeHHE CTAHJAPTHBIX [OTOKOB BBO-
Jla/BBIBOJIA) IMOJIyYaeT U IepeJaeT MPOrPaMMHBIH
ATeHT.

ApxurekTypa u peanmsanus OTIALINKA

[Ipumenenne B PDB cropommero 6a3oBoro ot-
JIa9IUKa HE BHECJIO OTDAHWYEHU# B MPOIECC pa3-
paborku. B TO ke BpeMs 3TO MO3BOJHIO COCpE-
JIOTOYUTH PECYPChl Pa3pabOTINKOB HA IEHTPAJIb-
HOM KOMIIOHEHTE OTJIa9INKa, Peajn30BaTh HEIO-
craromue B GDB dyrkiuu rpaduaeckoit 060109ku
7 BO3MOXKHOCTH ODODOIIEHHOI'O yIIPaBJIEHUs IIPOIEC-
caM¥ MapaJjiIeJIbHOTO TPUJIOKEHUS.

HenTpanbHblii TPOrPAMMHBIHI KOMIIOHEHT PeaJId-
30BaH KaK MOJYJbHOE MPUJIOXKEHUE C MOJIEPIKKOIL
rpacdugeckoro uarepdeiica. B3aummomeiicTBue mo-
IyJaeil BBIMTOJIHEHO IIPU IIOMOIIA COOBITHHAHON MO-
eJId W peecTpa CepBUCOB. Takoil momxop mo3-
BOJISIET HE 3alyTaThCd B OOWJIMEM B3aWMMOJIEHCTBY-
ONUX JacTell W NPaKTUIeCKu Oe3rpaHudHO pac-
IIUPATH IEHTPAJBHBIN MTPOTPAMMHBIN KOMIOHEHT.
B ocuoBe nenrpanbaoro kommnonenta jgexur OSGi
(Open Services Gateway Initiative) — cmenuduxa-
oud JUHAMAYECKON MOIYJIbHONW HIMHBI JJId CO3Ja-
Hud Java-npuioxkenuit, paspabaTbiBaemMas KOHCOD-
maymom OSGi Alliance [11]. Kpyr npumenenwmii
MaHHOW crenuduKanuu JOBOJbHO MIUPOK: W3HA-
JaJIbHO OHA pa3pabaThIBAIACh JJId CO3/IAHUS BCTPO-
eHHbIX cucreM (B acTHOCTH aBromobuieir BMW),
HO ceifuac Ha Oaze OSGi cTposT MHOrOMYHKIMO-
HasbHble desktop-npunoxenus |9, 12].
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B omuceiBaemoit Bepcum OTIAAIUKA ITEHTPATD-
HBIfl KOMIOHEHT aPXUTEKTYPHO PA3IEJIEH HA JECATH
momyseit. Kaxapiit Momysap peanu3yeTr OmpeesieH-
HBII HAOOD (DYHKIWH WIN COAEPKUT KOHIENTYA hb-
HOe OmmCaHWe peajm3anuu. [JIaBHBIE MOJIYJIM II€H-
TPAJBbHOTO KOMIIOHEHTA OTJIAINKa W UX B3aWMO-
JIelicTBUe TpeACTaBJIeHbl Ha puc. 3. B 3Ty cxemy
HE BOIJIU Y TUJIUTAPHBIC MOAYJIU, HAIIPDUMED MOAYJIb
MOJITEPXKKY KOH(MDUTYPAIUH.

KJIIO‘-IGBI)IMH MOOYJIAMU ABJIAIOTCA MOIEJIb OT-
Jagauka u rpadudeckuii narepdeiic.

Mogens oTnamunka yCTAHABIWBAET IIPABUIIA CO-
[JIACOBAHHOM pabOTHI MOMmyJedl OT/IAInKa U OIpe-
JieJigeT TPOTOTHUIIBI SJIEMEHTOB 3TUX MOAYyIe. DTOT
MOJZIyJIb OIMUCHIBAET IIPOTOKOJIBI B3aWMOAEHCTBUL
MOJIyJIel, MPeNoCTaBsieT WHTEPGEHRCH JIEMEHTOB
IpPOTPAMMBI W Peau3yeT AJrOPUTMBI pabOThHI CO-
CTaBHBIX JacTei.

Monyaes rpadudeckoro umuTepdeiica ocymecTs-
JIFeT BBIBOJ HA YKPAH COCTOAHUSA OOBEKTOB OTIIA-
quKa U 0DECIIeunBaeT B3aUMOJIEHCTBYE C MOJIb30Ba-
TeJIeM.

Mogynb peanu3anuu OTIAINKA COMEPIKUT KOJ,
pean3yIoNuil 3JIeMEHThI OTJIAJKN, TAKUE KaK Cec-
cud OTJAJIKNA, TOYKA OCTAHOBA W JIP.

Mogyab ceTeBOro KOMaHIHOTO mHTEp(deiica ocy-
[ECTBJIIET OOMEH C IPOrPAMMHBIMEA ATreHTAMU.
JlocTym K cpene mTepechLIKHA JaHHBIX IIPOU3BO-
qurca nocpeactBom Java-6mbiamorekn NIO (New
Input Output) [13]. Bubnnoreka npennasnadena
[T PEANN3aliy BBICOKOIPOM3BOAUTEIBHOIO BBO-
na/BeiBozia B Java-npuioxenusx. Jlis obpaborku
COeIMHEHNN MCIONb3yeTcd Cayxkba select, mpemo-
craBigeMad OMOIMOTEKOM, 9TO JaeT BO3MOKHOCTH
obpabaThBATh OIPOMHOE KOJIUYIECTBO JaHHBIX, IIO-

CTYIAIOIINX OT MHOXKeCTBa coenuuenuii. Obmen pe-
QJIM30BaH C WCIOJIb30BaHNEM HEOJIOKUPYIOIIUX CO-
enuHeHnH. [Ipu 3TOM I JOCTHKEHUST MAKCAMAJIb-
HOM MPOIYCKHOM CITOCOOHOCTU OMOINOTEKA UCIOThb-
3yer ciayxk60b1 ypoBas OC, KOrza 9TO BO3MOXKHO.

BzaumoseiictBue MeXay MOAYIAME OTJIATINKA
obecriednBaeTCd IPU MOMOIINYM BHYTPEHHUX KOMAHT
U aCUHXPOHHBIX COODIIeHuil. AcCuHXpOHHBIE COOD-
menns (COOBITHS), C OJHON CTOPOHBI, TEHEPUPYIOT-
(62) 6a3OBI)IM OTJIAJIUKOM HJIN OTJIAZKUBAECMBIM IIPO-
meccom. K takum coObITugM OTHOCATCA CpabaThi-
BaHUE TOYKW OCTAHOBA, BBIBOJ JAHHBIX HA IE€YATHh
OTJIA’KUBAEMBIM TpormeccoMm u jap. llosyuennoe co-
ObITHE TIepeaeTcd OUCIETIEPOM B COOTBETCTBYIO-
Uil MOZYJIb [IJid BBIMOJTHEHUd TpeOyeMbIX omepa-
nuit. C apyroit CTOPOHBI, TeHCTBUS MOJb30BATENS
TakKe MOPOXKIAIOT COOBITHS, KOTOPHIE 3aMyCKAIOT
MEXaHU3MBbI OTJIQTINKA IJId UX 0OpaboOTKH.

B mpomecce ornmasku mporpaMmbl MOZYJIU II€H-
TPAJIBHOTO KOMIIOHEHTA OTJIA{IUKA OCYIIECTBIAIOT
MaHUNNYJIAINN C OTJIAZKUBAEMBIMU IIpOHECCaAMU —
9TO W3MEHEHWe UX COCTOsfHWs (IyCK/CTOI), dTe-
HUE/M3MeHeHne 3HaYeHuil mepeMeHHbIX u ap. Jlia
BBIIIOJIHEHUSA TAKUX OMEPAIuil HCIOJb3yeTcd Cob-
CTBEHHBIN MporpamMMHubli umHTepdeiic. Komanma-
MU JaHHOTO mHTepdeiica dBad0TCd Java-00beKTHI,
KOTOPBIE Iepemaiorcd mo ceru mnocpeacrsom TCP-
mpoTokosia. Jlyig mepemadu KOMaHIBI IO CETH OHA
peJBapUTEIbHO Mpeodpa3yercs B MOTOK 6aiiToB
U 30KN0YAEMCA 8 KOHBEPM, 3aTOJOBKOM KOTOPOTO
daByigeTcd OuToBag cTpoka. Howmep paspama cTpo-
KU COOTBETCTBYET HOMEPY IIPOIECCA, MaPaAJLIEIbHOMN
nporpaMmmbl. Takum 00pa3oM, yCTAaHOBKON HEOOXO-
IUMBIX Pa3pda0B CTPOKHU OCYIIEeCTBIIgeTCS obpailie-
HUE K OIPEAEJIEHHOMY MHOZKECTBY OTJIazKUBAE€MBIX
IIPOTIECCOB.

" . =
I'paduyeckuii I'padu fecKuH
HKTepeic HHTepdeHc.
Pacmupenue
A
A 4
Mozae s > Peamcauyus | —>| CeTeBoi
OTIIAMYHKA OTVIAYHKA - s
E < HHTeppeHrc

Puc. 3. ApxurekTypa HEHTPAJIHHOIO KOMIIOHEHTA OTJIAJUYNKa: —> — BHYTPEHHHE KOMAHJBI; ¢— — ACHHXPOH-

HbIE COODILEHNI
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Onucanme paboTsl
NapajjIebHOT0 OTJIa InKa

[MenTpanbHblil TPOrPaMMHBIA KOMIOHEHT PEAJIH-
30BaH ¢ wucnonb3oBanmeM RCP-mmardopmer [10].
IIpumensemas mMeTOmWKA ONpeme/deT HAJIUYIAE Pa-
609ero mpPOCTPAHCTBA — OTAEJIHHOIO KATAJIOra, KO-
TOPBIHl ABTOMATUIECKH CO3TAETCA B JIOMAITHEM Ka-
TaJIore MOJIb30BaTeIsd. DTa pabodas 06JacTh CILy-
JKAT JJId COXpaHeHusd nHGOPMAINE MeXKy CeCCud-
Mu oriaakud. COXpPaHAIOTCA CIEAYIOIINE IEeMEHTHI
ceccuu: COCTOfHWE OKOH rpaduaeckoro muarepdeii-
ca, mapaMeTphl, CBI3aHHbIE HETTOCPEIACTBEHHO C CeC-
cueii: TOYKHW OCTAHOBA, MAPAMETPHI 3aJaHUA U T. 7.
DT0 103BOJIAET N30eKATh HEKOTOPON PYTHHBI ITPHU
IOBTOPHOM 3aIlyCKe OTJIATIWKA IIOCTe KOPPEeKTHU-
POBKH OTJIA’KABAEMOI IPOTPAMMBI, HAIIPUMED, Pac-
CTaHOBKH TOYEK OCTAHOBA U 33 ITaHUS I'PYIII IIPOIeC-
COB.

Paccmorpum B3aumomeiicTBue Momysieit oTaa au-
Ka B IeJIOM, & TaKKe HEKOTOPbIE JeTaJn X pabOThI.

Omnaguuk 3amyckaercs mojib3oBareseM. llen-
TpaJIbHBI NPOrPAMMHBIA MOMYJIb CTapTyeT KakK
00bIIHOE TpaUIECKOe MPUIOKEHWE. JIalyCK Ma-
PaJLIeIbHOTO TPUJIOKEHUS BBIMOJIHIETCH IIOCPEI-
CTBOM CHCTEM IaKeTHOW obpaborku 3amanuii JAM
wim SLURM [7, 8]. LlenrpasbHbiii mporpaMMHBIii
MOAYJIb OTJIQJYUKa B3aUMOJEHCTBYET C CHCTEMO
MakeTHO 0OpabOTKH, 3aIyCKas COOTBETCTBYIOIIUE
VTHUIATHL.

Jlaiee mosip30BaTENIF B AWAJOrOBOH (hOpMeE BBO-
IUT mapaMeTpsl 3amannd. [[na nepemadn mapamer-
POB 3ajaHuUdg B CHCTEMY IAaKeTHOH 00paboTKm CO-
37aeTCAd CKPUIT 3a/AHAA.

[Ipomecc cozgmanmsa ceccum OTIAAKU COCTOUT M3
CJIETYIONIUX IIIAr0B:

1) Ha BBIYHCIUTENBHOM IOJE CHCTEMBI IAKETHOMN
obpaboTKm 3amaHuii crapryer HabOOp areHTOoB,
COOTBETCTBYIOIIUX MPOIECCAM ITPOTPAMMBI;

2) areHT MOJKJIIOYAETCI K IEHTPAJIHHOMY MOIY-
JIIO;

3) KaxkIpIil areHT 3amycKaeT GA30BBINH OTIIATINK;

4) 6a30BBIi OTIATINK TIOPOKAAET COOTBETCTBYIO-
Ui TpoIece 3aJaHud.

HeHTpanbHBI MOIYJIb OXUIAAET MOIKJIIOUECHUS
BCexX areHToB. [Ipy momkIOUeHNN BCEX areHTOB Ha-
YMHAETCI CeaHC OTVIAJAKHU MapallIeIbHON IporpaM-
MBI,

OO6MeH HAHHBIMU MEXKIy areHTaMHU U IeHTPaJIb-
HBIM MOJIYJIEM OCYIIECTBJISETCS MO CETEBOMY KaHa-
sty npu nomoru nporokojga TCP. Obmen arenTa c
6a30BBIM OTJIAIIUKOM IIPOU3BOIUTCA IIOCPEICTBOM

HEMMEHOBAHHBIX KAHAJOB C WCIOJIb30BAHUEM Ma-
MIIHHOTO KOMaHIHO-CTpouHOro maTepdeiica MI.

CBa3b € KaHAJAMH BBOJA/BBIBOZA IIPOLECCA pe-
aJIM30BaHA C UCIOJIH30BAHUEM BUPTYAJIBHOTO Tep-
MUHAJIA. TepMUHAJBHBI OOMEH C IPOIECCOM OCY-
IIECTBJIET areHT, TPAHCIUPYIOMNN JaHHBIE, Tepe-
JlaBaeMble OT BUPTYAJbHOTO TEPMUHAJIA IIEHTPAIIb-
momy moxymio. llocTynuBinwme maHHBIE OT KAXKIO-
IO OTJIAKUBAEMOTO IIPOIECCA BHIBOAATCA B COOTBET-
crByIoneM OKHe rpaduaeckoro nuarepdeiica, a Tak-
ke 3amnuceiBaforca B dain. g xpaneHus BBIBO-
IUMBIX TaHHBIX KaXKJOTO IIPOIECCa 3aJaHusd CO3/1a-
eTca OTHeNbHBIN daila, pa3menaeMbiii B paboueit
001aCTH OTJIAINKA.

I'paduueckas 060109YKa OTIAAINKA

VYupasiaenue OTIaIKON MapaJLIebHON Iporpam-
MBI OCYIIECTBJILAETCH IPU MOMOIIA TPADUIECKOTO
naTepdeiica. [Toap3oBaTenio mpesoCTaBIIETCS WH-
Tepa,KTI/IBHI)II;'I KOHTPOJIb KaK HaJ OTACJIBbHBIM IIDO-
IIECCOM, TaK U HAJ[ UX IPYIIIO.

Ha puc. 4 (cm. Tak»ke NBETHYIO BKJIQJKY) TPEJ-
craBiieH rpacduyueckuii uaTepdeiic ornaganka. [Ipu
CO3/ITAHWY CECCUU OTJIAJKH, T. €. IOCTE CTAPTA 3a7a-
HUAY HA KJACTEPEe, CTAHOBATCA AKTUBHBIME Trpadu-
JecKme KOMIIOHEHTHI nHTepdeiica OTIa 9nKa, KOTo-
pbl€ IOMEYE€HBI Ha PUCYHKE yKa3aTECJIAMU.

Vkazarens 1 0603HAaUAET OKHO yIPABJIEHUA IPYII-
mamu mporeccoB. (OKHO TO3BOJIAET 3amyCcKaTh U
OCTaHABJIMBATH OJHOBPDEMEHHO BCE IIPOIECCHI BbI-
OpaHHOI TPYIIBI, a TaKKe MAHUIYJIHPOBATH CIIHC-
KaMi TPYNI — CO3JaBaTh/yJaaaTh IPYIIIbI, 100aB-
JIATh /MCKJIIOYATh IPOLECCH U3 IPymnnbl. B arTom
OKHe 0TODOpakaeTcsd cocTosgHue mporeccoB. Kaxmo-
My COCTOSHUIO MPOIECCA COOTBETCTBYET IBET MUK-
TOrPaMMBI: 3eJIEHBINA 0603HaqaeT BBITIOJIHEHHUE IIPO-
mecca, KeJThIf — IPUOCTAHOBKY, KpPaCHBI — 3a-
BEpIIIEHNE TIPOIECCA.

OkHO, TIOMEYEHHOE yKa3aTejeM 2, IpegHa3HAYe-
HO JIJIA YIIPABJIEHAA OTAEIHHBIM IPOIECCOM WJIX HO-
TOKOM (3a,HYCKa M IPUOCTAaHOBKHU €r'0O BBIIIOJIHE-
Hud). B HEM ocylunecTBisieTca HaBUramus IO MOTO-
KaM u dppeifiMaM CTeKa IPOIecca.

JlokapHBIE TepeMeHHBIE BBIOpAHHOTO dpeitma
creka (CoOTBETCTBYIOWErO (DYHKIMU OTIAKUBAE-
MOIf IPOrpPaMMBbI) BBIBOAATC B OKHE, OTMEYEHHOM
ykazaresneM 3. OKHO NpeIHA3HAYEHO /I KOHTPOJIS
U M3MeHEeHNd 3HAYEHUl IepeMeHHbBIX IPOrPaAMMBI.

TO‘IKH OCTaHOBA BBIBOAATCA B OKHE IIPOCMOT-
pa UCXOTHOTO TEKCTa, KOTOPOe OTMEYeHO yKa3aTe-
aem 4. Ha jeBoit BepTHUKaJbHOU JWHEKE OKHA
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Puc. 4. I'paduueckuii uarepdeiic oTiaranka

0TOOpazKaIOTCs IIBETHBIE TUKTOTPAMMBI, 0003HAYA-
IOI[ie THUIBI TOYEK OCTAHOBA. YCTAHABIMBaeMasd
[OJIH30BATEIEM TOYKA OCTAHOBA OyjeT HmpuHaJIe-
JKaTh TOJBKO IpoIteccaM BbIOpaHHON rpymmbl. Ta-
KO TOJXOJ| MO3BOJIFET I'MOKO yIPABIATH TOUYKAME
OCTaHOBA, B MAPAJLJIEJbHOM MPUIOXKEHUH.

OxHa oTnagymka Jlorndecku cBa3anbl. llepexon
OT OJTHOTO IIPOIIeCCa K IPYyromMy B OKHax 1 mjiu 2 BbI-
3bIBAET ABTOMATHUYIECKOE U3MEHEeHne 0TOOpakaeMoit
nHGOPMAINE B OCTAJIbHBIX OKHAX.

3akJo4YeHne

[Tapannenbabiit ormagank PBD mpomren mrm-
TeJIbHBIN dTall TEeCTUPOBAHUAd, MOJACPHU3AIINN N UC-
IOJIb30BAHUA HA PA3HBIX alllaPaTHO-IIPOTPaMMHBIX
mrardopmax. Ilpm ero paspaboTke ydTeH OIBIT
IKCILUIyaTallUd TaKUX IPOrPAMMHBIX IPOAYKTOB,
kak GDB u ornmagunka, BXOOANIEr0 B COCTAB KOM-
nuigaropa Intel.

Ornamuank PDB umeer cienyrommme OTInIuTEIb-
HBIE€ 0COOEHHOCTH, KOTOPBIE JEIAIOT €r0 JOCTATOIHO
YIOOHBIM JJIs TOJIB30BATEI:

[IEPEHOCUMOCTD HA Pa3HbIE ILIAT(HOPMEIL;

rpacdudeckuit mHTEPDEIIC;
fpicTpOE BpeMs OTKIHMKA (MeHee 2 CeKyHJ Ipu
ornazake mporpamMmer Ha 120 mpomeccax);

OTJIAJIKQ HECKOJIBKHX IITPOIIECCOB HPOrPAMMBI,
3aIyIIeHHbIX Ha OJHOM Y3JIe.

[Io dyurmumonaspHbEIM BO3MOXKHOCTIM PDB co-
nocrasuM ¢ oragaukamu TotalView [2] w DDT [3].

C 2009r. ormamunk PDB dyaknmonmpyer na
HEOJTHOPOITHOM BBIYNACIUTENHHOM  KOMILJIEKCE
POAII-BHUND®. Takxke PDB mnocrasisiercs
B cocraBe 0a30BOTO MPOrPAMMHOIO OOeCIedeHus
KOMIakTHBIX cynepdBM paspaborku BHUNDOD.

B macroamee Bpems pa3pabaThIBaeTCad HOBAsd
Bepcud OTJIAAINKA. DBa30BBIf OTIALINK MOMJIEKUAT
HCKJIFOYEHUIO U3 MPOrpaMMHubIX KoMmmnounenToB PDB,
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Ornaguuk napasnensaerx npuioxkenui (PDB)

ero yHKIun OyIeT BBHITOJIHITE MEHTPAJIbHBIA KOM-
[OHEHT. DTO MO3BOJIUT PACIIUPUTH (PYHKIIUOHAIb-
HOCTHh OTJIAYWKA, COKPATUT TPapUK MEXKIY I€H-
TPaJILHBIM KOMIIOHEHTOM U IPOTPAMMHBIME aT€HTa~
MU, 9TO B II€JIOM yJIy‘-IIHI/IT Ka4d9eCTBO O6CJIy}KI/IBa,HI/IH
OJIb30BaTEJIEl.
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