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NMpeauncnoBue

3aueM HammcaHa 9Ta KHHUTA M KOMY OHa IpeaHasHaueHa? Pasiamunble ac-
HeKThI ITIOCTPOEHUA IIPOrPAMMHBIX HNPUJIOMKEHUI AJA OIepariuoHHON cuc-
TeMBbI peaibHOT0 BpeMeHr QNX, poJcTBEHHEIE TEM, KOTOPbI€ MBI 00CY KA~
eM B JaHHOM U3IAHWU, BEChbMa 00CTOATEIbHO OMMCAHBI B JIUTEPAType. OTO
U OCHOBoToJiaraioIiue Tpyasl J. Heiikerps! [10] m apyrux aBTOpoB, u 00-
mias auteparypa mo POSIX (Portable Operating System Interface) m OC
UNIX [2, 3, 5—7]. Hpyrue, cyry6o cuenuduueckue acmekTs! Aaa OC QNX,
Takue Kak 00MeH COOOIIeHUAMU MUKPOSAAPa, IIOCTPOEHE MEeHEIKEPOB pe-
CYpPCOB, IIyJIbI IIOTOKOB U €Il PAJ APYIUX MPUATHBIX BeIei, IPeKpacHo
omucausl B KHUre P. Keprena[1].

OnHako Bce 3TU UCTOUYHUKU UMEIOT PsJ HeJOCTATKOB:

e Texauueckas goxkymeHTanusa mo QNX, TmiareabHo onuckiBaiomas API
W IeTasiy peaii3aliii, OCTABJIAET B CTOPOHE (BO3SMOKHO, KaK OTHOCHU-
TeJbHO M3BECTHBIE) 00II[e BOIPOCHI MOCTPOEHUA HapajjiebHbIX HPU-
JOKEeHUH U X B3aUMOJEeHUCTBUSI.

e HecmoTpsa Ha HaIUYME MHOKECTBA KPATKUX IPUMEPOB KO IO MCII0JIb-
30BaHUIO 0moebHbLX BEI30BOB API, B TeXHMUECKO JOKYMEHTAI[UU SIB-
HO HEJOCTATOUHO IIPUMEPOB UX MPUMEHEHHUA B JOTMUECKOI ImocenoBa-
TEJILHOCTU 1 OPraHU3aINK UX COBMECTHOT'O B3aNMOLEeCTBU .

e Wzparnua mo UNIX, mocBsIieHHbIe OOIIIMM BOIIPOCAM, HAIIPOTUB, M30-
OMIyIOT 06pas3iiaMu Koa, HO B CUJIY O0bEeKTUBHBIX IPUYNH, CBA3aHHBIX
C IJINTEJLHOCTHIO U3IATeJBLCKOT0 IPOIiecca, He OTOOPaKaloT HOBBIE Me-
XaHU3MBI, TIOSABUBIIIECA B CTaHAAapPTaX HaunHasa ¢ KouIa 90-x romos.

e Ul makoHeIl, TIOJAaBJAIOIIEe OOJBIIMHCTBO MEPEBOJHBIX KHUT IO IIPO-
rpammupoBanuo mias UNIX paccumTaHO Ha HAYaJbHBIA YPOBEHB.
CuacTiimBOoe HCKJIOUeHUEe — KHuru ¥.CTuBeHCa, KOTOPbIE MBI C yIO-
BOJIBCTBHEM HCIIOJIb3YEeM CAMU U PEKOMEHIyeM UNTATEIAM.

B urore Bo3sHUK 3aMbIces HATUCATH KHUTY, B KOTOPO OyIeT HOABELEH UTOT
HEKOTOPOro Iepuoja Halmero coocreenroro ucmnosabsoBanus OC QNX u Ko-
Topasa OyZeT HACHIIIeHA IPUMepPaMU B BUJe 3aKOHUEHHBIX IPOEKTOB WJIN
OTAEJBbHBIX (parMeHTOB Koja. [asa yao06cTBa unTaTesiei . tgz-apXxuB OIuU-
ChbIBaeMbIX B KHUTe NMPUJIOKEeHUU pasMelleH o axpecy htip://www.sym-
bol.ru/library/qnx-unix/pthread.tgz, 4To IO3BOJIUT IOJHOIIEHHO paboTaTh
C TEKCTOM.

ITo Gosbieit wacTu TPOEKTHI TPaHC(HOPMUPOBATINUCH U3 PeaJbHBIX 3a]ad,
U3 KOTOPBIX HUCKJIIOUAJACh BCA clleIu(PUKa KOHKPETHOr'O 3aKasa, TOJLKO
3aTyMaHMBAIOIIAA CMBICJ IIpuMepa. MHOrMe mpuMepsl IPOTPAMMHOTO KO-



Mpeaucnosue

Ia 1 IPUJI0KEHUs IIOATOTOBIEHBI TAK, UTO HECYT ABOMHYIO HATPY3KY: OHI
MOCTPOEHBI KAK TECThl TeX MM MHBIX MexaHusmMoB OC u, MIIIOCTPUPYSA
paccMaTpuBaeMble aCIeKThI, OSHOBPEMEHHO II03BOJISIOT IIOJYUYNTh YNCIICH-
HbIe XapaKTePUCTUKHI TeCTUPYEMbIX IapaMeTPOB. ITUM KHUT'A CYII[€CTBEH-
HO OTJIMYAETCA OT TeXHUUEeCKOI MOKYMEHTAIIMU U OMUCATEIbHBIX cTaTei
o QN X, KoTophle He CAUIITKOM OOTAThI YNCJIEHHBIMHU ITIOKA3aTeJIIMU, 0"
TBEePKIAOIUMI TO, O UeM B HUX F'OBOPUTCH.

IlepBOHAYAIBHO IIPEAIIOJIATATIOCEH CO3LATE JOCTATOYHO KOMIIAKTHEIN TEKCT,
CHCTEMATU3UPYIOININI MeXaHU3Mbl, UTAK XOPOIIO W3BECTHBLIE U IIOHAT-
Hble... Ho o xoay paboThl 00beM MaTepHrasia, KOTOPBIN He00X0AUMO ObLIO
XOTsA OBl 3aTPOHYTH, HAUAJ PA3paCTAThCA KAK CHEXXHBIN KOM: YTOUHEHNe
He3HAUNTEJbHOTO BOIIPOCA IIOPOXKIAJIO ABA HOBBLIX M YACTO ropasmo Oojee
CYII[ECTBEHHBIX, YeM II€PBOHAUYAIBHBIN; HAUAIHN «BbLIE3aTh» HECOOTBETCT-
BUs JOKYMEHTAIIMU W PEe3yJbTATOB TECTUPOBAHMUSA; CJIa00 CBA3AHHBIE, Ha
MEePBBIN B3IJISAN, MEXaHU3Mbl (HAIpUMep, IPUMUTHUBLI CHHXPOHU3AIUU
POSIX u curnansl UNIX) mpu mepeKpecTHOM B3aUMOAEHCTBUU IIOPOIKAA-
0T TaKkue 9(PPeKThl, KOTOPbIE IIPOCTO HEJIbL3s OCTABUTL 0€3 BHUMAHUA.

s Toro YTOOBI XOTh KaK-TO 60POTHCA C JIABUHHBIM HapacTaHUEM 00'beMa,
OBLIO IPUHSATO PEILIeHNE BEIJEJIUTH Te MEXaHNU3MbI, IPOTPAMMHBIE TEXHUKU
u saemeHTsI API, xoToprie HauboJiee caab0 3aTPOHYTHI B JIUTEPATYPHBIX
UCTOUYHUKAX, ¥ PACCMaTpPUBATh MX C MaKCHMaJbHO BO3MOYKHOM 00CTOA-
TeJbHOCTHIO (9TO OTHOCUTCS, HAIIPUMeED, K 6a30Boii (hopMe BbIZOBa spawn()).
HamnpoTus, Te 9716 MeHTHI, KOTOPBIE JOCTATOUYHO JAETAJTHHO OITUCAHBI ¥ O0CY K-
JeHBbI WJIV WHTYUTUBHO HMOHATHHI (HaIpMMep, BCE CeMEeWCTBO BBHIZOBOB [1],
TPOMBBOTHBIX OT Spawn()), JUIIL HOBEPXHOCTHO IIEPEUUCIAIOTCA (JarKe ec-
JIU TI03’Ke B IIpUMePax KoJa MbI U UCIIOJIb3yeM UMEeHHO 3T (hopMbI). B KoH-
Ie KOHIIOB, MBI HE COOMPAJIUCH IIEPECKA3bIBATh TEXHUUECKYIO JOKYMEHTAa-
muio QNX, a xoTenu AeTaJabHO PACCMOTPETh TOHKME MEXaHU3MBI U UX He-
COOTBeTCTBUSA (MeXKAy cO00M MU ¢ U3JI0KeHNeM B JOKYMEeHTAI[MK1) Ha pa-
6oTrarImux obpasmax Koaa.

IIpu Hanucarnum 3TOr0 MaTepuaia HaM He ObLIN JOCTYIIHBI HUKaKue BHYT-
PeHHUE UaM cuenmuduuecKre MaTepuaabl Pa3zpaboTUMKOB, KpoMe opuIm-
anbpHOM TexHUYecKo# fokymeHTanuu OC QNX, o6iiegocTyIHOM TuTEepary-
pBI, nHPOpPMAaINH, MUPKyIupyioiiein B MluTepHeTe B o6cy:kaeHnax QNX-
coo0IrecTB (B mepByIO0 ouepenb hittp://qnx.org.ru w http://qnxclub.net),
U KOHTAKTOB C KoJlleraMu-paspaborunkamMu. MHOTHE TOHKUE JeTaIu IPu-
XOJUJIOCH BOCCTAHABIUBATH IIyTE€M TECTUPOBAHUS U IOCJIEAYIONIET0 TOIKO-
BaHUA HAOGJIIOJaeMbIX Pe3yJIbTaTOB.

Kax ciencrBue, coBepIIeHHO He UCKJIIUYEHO, YTO HEKOTOPbIE TOJyUYeHHbIE
HaMHU pe3yJbTaThl ObLIN HEBEPHO MHTEPIPETUPOBAHEI, 4 OIMMCAHUA COAEP-
JKaT ompeieIeHHbIE HETOUHOCTHU — TEKYIIlee COCTOAHUE TEKCTa 0TOOpaKaeT
HAaIlle cez00HAULHee TIOHUMaHWe Ha0JII0JaeMbIX IIPOI[ECCOB U MEeXaHU3MOB
B CHCTEME, OHO MOYKeT UBMEHHUTHCS yiKe 3aBTpa. MbI Obliu OBI B BBICIIIEH
CTeIlleHW IIPU3HATEJIbHBI 34 BCAKOE yKa3aHWe Ha COMHUTEJIbHBIE B 3TOM
CMBbICJIE MeCTa, UTO IIOMOYKET clleJlaTh 9TOT TeKCT MaKCUMAaJIbHO aJeKBaT-
HBIM ¥ TPUTOJHBIM JIJIsT UCTIOJIL30BAHUS.
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BoJee Toro, He Bce HAIITM BOIIPOCHI K CUCTEMe HA CeTOMHAIITHUIN TeHb HaXO0-
IAT YAOBJIETBOPUTEJNbHOE PeIlleHre — B CUJY JIA OIMINO0UHONM MHTepIpeTa-
AU IIPOIECCOB, HAOJIOJAaeMbIX HaMU B CHUCTEME, WIW B CUJIY HAJIUYUA
B CUCTEME €CTeCTBEHHBIX «y3JIOB U 3aKPyTOoB» (A. PeMusoB), KoTopbie MBI
IOKa He B COCTOSIHUU PACKpPyTUTh. Ha Takux BOIpocax MBI CO3HATEJIbHO
aKIeHTUPYyeM BHUMAaHUEe, Ha’Ke eCJU IOKa W He MOKEM IPeAJOKUTh Ha
HUX YAOBJIETBOPUTEIbHBIX OTBETOB.

Ho B 31011 TexHOMOTHYN (DOPMUPOBAHUS MaTepUaja 0 IPUHIIUIY «UEePHOTO
AITUKa»! eCTh ¥ CBOSA ITOJIOKUTEJIbHAA 000POTHASA CTOPOHA: ONUCAHHLIE U
TeCTUPOBAaHHBIE ()PArMEHTHI KOJA OTOOPAKAIOT COCTOSHNE U (PYHKIIMOHM-
poBaune mexann3dmMoB OC «Kak OHU €CThb», a He «KaK OHU JOJYKHBI OBITh» .
ITO BABOIHE aKTyaJIbHO, YUUTHIBAA, UYTO paspadorunk QNX, dpupma QSSL,
He pa3 B CBOell TeXHUUYECKOI JOKYMEHTAIMU ONKMChIBaJia KOMIOHEHTHI KaK
peasibHO CYIECTBYIOIINE, B TO BPeMA KaK X TOJbKO IIPEAII0JIarajioch pe-
aJIM30BaTh B moceAyoiux Bepcuax (mapirpyrusanusa QNET «uan» IP, me-
xaHU3MbI shared memory u Ap.), UM ONUCHIBAJIa MEXAaHU3MEI B TAKOM TY-
MaHHOM M3JI0XKeHUU (AUCIIUILINHBI OaJaHCUPOBKHU Harpysku QoS, HAM),
YTO TPYIHO HOHATH, B KAKOU CTEIIEHN OHU YK€ IPUTOLHLI K IPAKTHYECKO-
My IPUMEHEHUI0, a B KAKOHW — ABJIAIOTCA JIUIIH 9KCIePUMEHTAJIbHBIMU Ha-
paboTkamu Ha OyayIIee.

Takasa HemosiHOTAa WHMOPMAIMHU HEJONMYCTHMMA IIPU Pa3pabOTKe IIeJIEBBIX
CHCTEM ITOBBIIIIEHHON HAAEKHOCTU I KPUTHUUYECKUX obJiacTell ImpuMeHe-
HUA. X0oUueTcs HaJesAThCs, YTO Hallle U3JI0KeHe OPTaHUUHO JOMOJHUT TeX-
HUUYEeCKYI0 JoKyMeHTanuio QNX, uro mosBoauT npubansutb QNX K mpak-
TUUYEeCKOMY UCIIOJB30BaHM0. TakKe HaZeeMcsA, UTO 9Ta KHUT'A OKAKEeTCA 110~
JIE3HOU JJIA TPOTPAMMUCTOB, Pa0OTAIINX B chepe peasIbHBIX Pa3paboToK.

Mpumeyanue
MpennonaraeTcs, YTo YMTATENb VIKE LOCTATOYHO 0OCTOATENLHO 3HAKOM C OOLLEeN TeXHHU-
Koit nporpammupoBaHus B C/C++2 u UMeeT HEKOTOPbIA OMbIT B ONUCbIBaEMOil 061aCTy
no apyrum OC (Linux, MS-DOS, MS Windows u ap.). Ha ocHoBax nporpaMMHoi TeXHUKH
Mbl OCTAHaBIMBATLCA He OymeM, MHOrMe obpasubl Koaa, Mcnonb3lylowmne obwenssecT-
Hble W yacTo ynoTpebasiemble npuemsl, 6yayT AaBaTbcs 6e3 KoMmmeHTapues. bonee Toro,
TEKCT Ha NPOTAKEHUU KHUTU OYEeHb KHEPOBHbLIAY MO MybUHe U3noxeHus. Hanpumep,
TEKCT NPUNOKEHUs, NpeafoxXeHHbi B. 3ailueBbim, TpebyeT CyllecTBEHHbIX NpeABapy-
Te/bHbIX 3HAHUIA, 3 elle Nyyle — onbiTa pa3paboTku B QNX. OfHaKo Npu NepBOM YTEHMUH

1 Tlo ToMy Ke IPUHITUITY IUCAJNCH KHUTHU, CTABIIINE CAMBIMHU NH(POPMATUBHBIMUA
WCTOYHMKAMHU B MUPOBOI MpaKTHKe, HanmpuMmep onucanusa llauusas Hoprona
o MS-DOS winu J:xeddpu Puxrepa mo Win32.

2 Bce rexanueckue onucanud QNX API chopmMupoBaHbl B OpUEHTAIINN Ha KJac-
cuueckuii C. Hamporus, Bce UCIOJIb3yeMble B TEKCTE IPUMEPHI KOja M3JIaralT-
ca B cuHTakcuce C++, a mpujaaraemMble K TeKCTY MPUIOKEHUA TPAHCIUPOBAHBI
B C++. 9T0 00yCI0BICHO PAIOM apryMeHTOB, KOTOPhIe 00CY KIaTh He OyaAeM, HO
OTMETHM, UTO TaKOe pasnyre MOIX0/[0B B JI060M caydae paciurupser nadopma-
IUOHHYIO 623y OTHOCUTEJbHO rcoab3oBanua QNX API.



10

Mpeaucnosue

TaKue «ycNoXHeHHble» hparMeHTbl MOTYT BbiTb onylyeHs! 6e3 yuepba Ans NOHUMaHUs
OCHOBHOrO MaTepuana.

W HakoHer, mocJyenHee (II0 HOPAAKY, HO He II0 3HAUMMOCTH): OGOJIbIIAS
YacTh M3JIaTaeMoT0 MaTepruaja u 00pasIioB IPOTPAMMHOTO Koma 6a3upyer-
csa Ha POSIX-cranmapT30oBaHHBIX MexXaHu3Max (TaM, rae ooOpaTHoe He OTo-
BOpPEHO 0c0060) U ITOATOMY MOJKET OBITH OTHeceHa He ToabKo K OC QNX, mHo
u paciupera Ha apyrue UNIX-momo6HbIe cucTeMbl. MBI JKe B IIOJaBJISIO-
meM OOJBIIIMHCTBE IPUMEPOB Koa AJIA IPOTPaMMHOM ITPOBEPKU CBOUX II0-
JIO}KeHUH B KauecTBe 9TaJ0HHOH miaaTdopmsel ucrnoabdyem OC QNX Kak ox-
HY u3 noctynHbix cucteM UNIX.

Ha ocHOBe peBu3uM ITOCJIETHUX JIeT MOKHO CKas3aTh, 4To B QN X MexaHM3MbI
POSIX peanusoBanbl HamboJiee IIOJHO M IIOCTIEL0BATEIHLHO OTHOCHUTEIBHO
IPYTUX CUCTEeM, OfHaKO U B cpene aApyrux OC npoBoauTca akTuBHAsS pabora
o upusegenuio ux API B Tounoe coorserctue ¢ POSIX. Ogun us mpume-
poB noxo6uo# sBoouu B OC Linux MBI paccMaTpuBaeM B TEKCTE; B cpejie
OC NetBSD zasaBiieHo 0 mpuBeIeHUN K COOTBETCTBUIO C PACIIMPEHUAMU
POSIX peanbHOTr0 BpeMeH! MeXaHU3MOB IIOTOKOB ¥ CHHXPOHU3AIUU. BoJIb-
m1asi YacTh KOJa, IPUBOJUMOT0 B TeKCTe, MOYKET ObITh IepeHeceHa (MHOTIa
C He3HAUMTEJbHBIMU U3MEHEHUSIMH) B Ipyrue cucremMsbl: Linux, FreeBSD,
NetBSD u npou. OTsimunsa ke B AeTanax (QYHKIIMOHNPOBAHUYU PAacCMaTpPU-
BaeMbIX MEXaHM3MOB B Pas3HBIX CHCTEMaX, HA000POT, TOJHKO IIOMOTAIOT
OPOSICHUTH AETAJbHYI0 KapTHUHY IIPOUCXOAAINEro. VIMEHHO II09TOMY 3Ta
IBOMCTBEHHOCTH U ObLjIa BhIHEeCeHa B 3arojoBOK KHUTH: «QNX/UNIX».

Teneps HECKOJIBKO CJIOB O MHOTOUYKCJIEHHBIX IIPUMEpPaxX IPOrPaMMHOTO KO-
Ia B TekcTe. TaK yiK MOJYYUIOCH, UTO IIO X0y PA6OTHI HAZ TEKCTOM MBI I10-
CTeIeHHO CTaJI HalleJMBaTh IIPOTPAMMHBIE IPUMEPHI MOJ TeCTHUPOBaHUE
BO3MOJKHOCTEH 1 3(p(PeKTUBHOCTH MJLIIOCTPUPYEMBIX IIPOrPAMMHBIX MeXxa-
Hr3MoB. OHAKO TaKasd OPHMEHTAINA, HOIMYTHO IIPENOCTABJIAOIAA paspa-
0OTUMKY KOJIMUeCcTBeHHbIe opueHTUpHl mo OC, He moJI’KHA 3aTyMaHUBAThH
TJIaBHOE IIpeJHAa3HAUYeHNe IPUMEPOB KOJja: B HUX MBI cTapaeMcsa HauboJiee
MIMPOKO MaHUITYJIUPOBATh pasHooOpasHbiMu cpeacrBamu API, ¢ Tem uro-
6B (pparMeHTHI 9TOTO KOJa MOTJIM OBITH HEIOCPEICTBEHHO 3aMMCTBOBAHBI
YUTATEJAMU IJIS CBOUX OYAYIIUX IIPOEKTOB U AaJjiee Pa3sBUBAJIUCH TaM. Tem
He MeHee B HEKOTOPHIX CJIyUYaAX MBI IIOKAa3bIBAEM B KO, «KaK 9TO MOYKHO
caeaaThb» (KOraa HyKHO UJIIIOCTPUPOBATH CIIeNTN()UUECKUI MeXaHnu3M), HO
3TO BOBCE HE 3HAYUT, UTO «TaK HYKHO JIeJaTh» U3 COOOPaKeHUI TPOU3BO-
IUTEJIbHOCTU, I€PEHOCUMOCTH U T. J. IIporpaMMHBIN KO BCeX IIPUMEPOB
¥ BCe HEOOXOQUMOe AJA UX COOPKM, UCIIOJHEHUSA U IPOBEPKU HAXOLATCA
B cocTaBe (pailjioB apxmBa, NOCTYIIHOTO IO aapecy hittp://www.symbol.ru/
library/qnx-unix/pthread.tgz.

Yero HeT B 3TOU KHUre...

B 9T0i1 KHUI'e HET MHOKECTBA IPUATHLIX U IIOJIE3HBIX Belllell: Ky JIMHAPHBIX
PelernToB, SPOTUUYECKUX CIIeH, KPOCCBOPAOB... Ho 3/1ech MBI XOTHM IIepeync-
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JIUTH Te TEMaTUUeCKUe Pa3zeibl, KOTOPhIe UMEIOT IPAMOE OTHOIIIEHE K BOII-
pocaM IapaJuIeSIbHOTO IIPOrPAMMUPOBAHUA M KOTOPBIE NOJIPKHBI OBLIN OBI
BOUTH B KHUTY, HO B CUJIYy OIIPEIeIeHHBIX 00CTOATEILCTB B Hee He BOITLIN:

e Oomue UNIX-mexanusmbl IPC (Inter Process Communication). s Bcex
MeXaHU3MOB, TPASUIIMOHHO OTHOCUMEIX K IPC, MBI AeTaIbHO 3aTparusa-
€M TOJIbKO OJIMH — CUTHAJBI. [[pyrue, KpaliHe MHTepeCHbIE B TIPUMEHEH!-
AX U TOJHOIeHHO mpeacraBieHubie B API QNX, Takue Kak HEMMEHO-
BaHHBIe (pipe) m mmenoBauHble (FIFO) kananbpl, ouepeau cooOIeHUI
POSIX (mg_»), 61oxkupoBaHue 3anuceit u ¢aiiaos (fcntl()) u pag Apyrux
MeXaHW3MOB, IIOJHOCTHIO U CO3HATEJNLHO 000¥IEeHBI BHUMAHUEM. ITO
CBS3aHO C TE€M, UTO: a) B IPOrpaMMUPOBaHNe 3TUX MEXaHN3MOB MaJIO UTO
IPUBHOCUT NMEHHO «IIOTOKOBasA» (thread) opmenTarus, mosoxeHHas BO
TJIaBy yrJja HAIero pacCMOTPeHUs; 0) 3TH MeXaHW3Mbl HACTOJLKO HC-
yepnbiBalie onucadbl Y. CtuBercoM [2], 4To 106aBUTDH UTO-JINO0 TPYI-
HO; B) HaM KpaliHe He XOTeJIOCh Pa3AyBaTh 00beM TEKCTa CBEPX HEKOTO-
Ppoii padyMHOM MephI 6e3 KpaiiHei Ha TO He00XOJUMOCTH.

e CoBMecTHO ucmoab3dyemas (pasmensiemass) maMmaTh (shared memory).
ITO TaKKe OAVH M3 MEXaHU3MOB, TPAIUIIMOHHO OTHOCUMBIN K IIOLMHO-
skectBy IPC, HO MBI ero BBIAEJAeM 0C000. OTO UMEHHO TOT MEeXaHU3M,
KOTOPBIN MAOJKEeH OLITh OIMMCAH IpUMeHuTeabHO K QNX caMbIM TIIa-
TeJbHBIM 00pasoM, HO... CaMble ITOBEPXHOCTHBIE 9KCIIEPUMEHTHI HAaBO-
IAT HA MBICJIb, UTO UMeHHO B QN X peainsamuy MeXaHU3MOB pasjesisie-
MOM HMaMSATU BBITIOJHEHBI JOCTATOYHO «PYAUMEHTAPHO»: PAL BO3MOMK-
HocTeli, paccMarpuBaemMbix POSIX Kak crammapTHBIE, He peaii30BaH
WJIY peajn30BaH B OTpaHuUYeHHOM Mepe. [TosToMy MexaHU3MbI paseis-
eMoii maMaT B QNX TpeOyoT OTAeIbHOrO IIPUCTAJIbHOTO0 U3YyUYEHUI U
TecTUPOBaHUA. BO3M0OKHO, 3TO JOJIMKHO OBITh CAEJIAaHO B OTAEJIbHOI ITy0-
JUKAIUK, YTO MBI 1 IIJIAHUPYEM BOCHOJIHUTE B OJIMsKaNIIIEeM Oy ayIeM.

e Taiimeps! B cucrteme. Taimepuble MexaHU3Mbl B QN X pasBUTHI B TOJIHOM
Mepe, uTo HeynuBuTeabHo 1 OC peabHOTO BpeMeH, OpUeHTUPOBAHHOIM
BO MHOI'OM HAa «BcTpauBaembie» (embedded) npumenenus. Oquaxko Taifime-
DPHI a) UMEIOT BCe JKe KOCBEHHOE OTHOIIEHME K BOIIPOCaM ITapaieIn3Ma
U cuHXpoHU3anuu u 0) 61ectsAre u moJiHo onucansl P. Keprenowm [1].

Boob61tie, mpu or6ope MaTepuasa AJisg KHUTU MBI CTApPaJuCh MaKCUMAaJIbHO
OPUAEPKUBATHCA CJIAEAYIOIIEro aJropuTMa: YeM IIHupe HeKOTOPBIN Ipej-
MeT ocBellleH B juTepaTtype (00beKT uau mexanusm OC, mpueMbl ero mc-
TOJIb30OBAaHUA U TOMY OJ00HOE), 10 KpaliHeli Mepe, B U3BECTHOI HAM JIUTe-
parype, TeM MeHbIlle BHUMAHUSA MBI YI€JIsJIA €My B CBOEM TEKCTe.

bnaropapHocTun

IIpenBapuTe bHBIN BAPUAHT KHUTH OBII BhIHECEH Ha 00CY KIeHMe IITUPOKOM
QNX-obmrectBerHocTu (ga 1 UNIX/Linux) Ha dopyme http://qnxclub.net.
BrL10 BRICKAa3aHO CTOJIBKO 3aMEUaHWi, MOKEJIaHUN U PeKOMEeHIaluil, 4To
OKOHYATEJbHBIA TEKCT, B KOTOPOM BCE OHU OBLIM YUTEHBI, CTAJ PAJUKAIBHO
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OTJINYATHCS OT UCXOMHOM pefakmuy. HeBOZMOYKHO IEPEUNCINTD BCEX UJIe-
HOB MHTEPHET-co00IIecTBa (B IIEPBYIO oUepeb, KOHEUHO, hitp://qnx.org.ru
u http://qnxclub.net), KTo BHeC CBOI BKJIaJ B 9TO U3JaHVe — MBI Oyarogap-
HBI BceM 0e3 ncKoueHus. Ho 0co0yo Ipr3HaTeIbHOCTD MBI BEIPAXKaeM:

e Baamgumupy 3aiitnieBy us r. XapbKoBa, KOTOPHIi He TOJbKO IPEJOCTABUI
CBOIf aBTOPCKUM MaTepuaJj, COCTAaBUBIINI OTAeIbHOE, CAMOIIeHHOe IPU-
JIO’KEeHYe, NOIOJHUBIINEEe KHUTY, HO U OOCTOATEIbHO BHIUNTAJ BECh OC-
TaJIbHOI TEKCT, a TAKJKe BHEC DAL BeCbMa [eHHBIX YTOUHEeHUH.

e Eprenuio BuapeBuuy m3 r. MoHpeansd, KOTOPBIM BBIUNTAJ BECH TEKCT
¢ mo3unuy IpodecCuoHaAIHFHOTO Pa3paboTunKa U YKas3aJl Ha PAJ COMHU-
TeJbHBIX MECT, 4 BMECTO HEKOTOPBIX HAIIUX IIYTAHLIX WM HE COBCEM
BHSATHBIX (POPMYJIMPOBOK IIPEAJIOKUI CBOU — SICHBIE U IIPO3PAUHBIE.

e Egrenuwo TapHaBckomy u3 r. XapbKoBa, KOTOPBIN BBICKA3aJ PAJS OUYEHb
TOUHBIX PEKOMEHIAIlUA M 3aMeuaHWU, HaIlleJIIINX CBOEe OTpasKeHue
B OKOHUATEeJIbHOM BapuaHTe TeKCTa.

Tunorpadckue cornawieHus

B Texcre comep:KUTCA MHOYKECTBO CCBHIJIOK HA IPOTPAaMMHBIE KOHCTDPYK-
nuu: pparMeHTHI Koja, uMeHa pyukiuii API, cuMmBoanuecKkue KOHCTaHTHI
¥ MHOTO€ IpyTroe, KOTOphbIe IPU X UCIIOJb30BAHUY JOJ’KHBI B HEM3MEHHOM
Buae (MMEHHO B TAKOM HAINCAHUN) «II€PEKOUYEBBLIBATH» B IPOTPAMMHBIN
Kozn. Takume parMeHThbI, KOHCTPYKIIUY U JE€KCEMBbI BBIJEeJIeHBI MOHOIIIH-
puHHBIM ITpudTOM, HanmpuMep pthread_create().

@dparmMeHTHI TEKCTA, IIUTUPYEMbIE U3 YKA3aHHBIX UCTOYHUKOB, BBIJEJIE€HbI
Kypcugom. Takux MeCT OUeHb HEMHOTO: IIPSAMOE IIMUTHUPOBAHUE AOIIyCKa-
JIOCh HAMU TOJIBKO B OTHOIIIEHNY KPaliHe MPUHIINIINAJIBHBIX YTBEPKICHUN.

B orsinune oT KOpOoTKUX (B ABe-TPU CTPOKHU) (pparMeHTOB KOja, JJUCTUHTU
IporpaMM, IPUBOAUMBIX U OOCYIKIAE€MBIX B TEKCTE, IIPEABAPAIOTCA OTUET-
JINBO BBIJEJIEHHBIM 3ar0JIOBKOM. JTO yKas3bIBaeT Ha TO, UTO JaHHYIO IIPO-
rpaMMy KakK 3aKOHUEHHYIO IPOTPAMMHYIO eINHUITY MOKHO HANTH B apXUBe
no azapecy htip://www.symbol.ru/library/qnx-unix/pthread.tgz. Ilomumo
KPYIIHBIX 3aKOHUEHHBLIX IIPOEKTOB TaM ’Ke MOKHO HAWTU U OTAEJILHBIE
¢dparmeHTHI KOZa, 00CcyKIaeMble B TeKcTe. [[1s ynobcTBa moncKka HasBaHUA
OPOTPaMMHBIX (haiiyIOB, COLEPIKAIUXCA B apXWBe, IPUBOJATCA B TEKCTE
KHUTY IIepe]l COOTBETCTBYIOIIUM KOJOM B CKOOKax, Hanpumep (¢aitn s2.cc).!

1 B KHuUTe B IpUMepax KoJa MbI 4YaCTO UCIOJb3yeM PYCCKOA3BIYHBIE CUMBOJILHBIE
KOHCTaHTBI JJI BBEIBOZA COOOIeHUt, HampuMmep “lonydyeH curHan SIGINT”, uro
CcIIocoOCTBYeT 0OJIbIIell JOXOQUUBOCTU 00CysKaAaeMoro Koga. OgHako B (paitiax
paboTaIuX IIPUIOKEHNHN, IIPeJCTaBJIeHHBIX B apXWBe, Bbl YBUAUTE TOJIBKO
AHIJIOASBIUHBIE 9KBUBAJEHTHI BBIBOJUMBIX COOOIIEHHUI, MOCKOJBKY pabdoTaro-
e TPpUMEPHI KOJa SBJIAIOTCSA KOHCOJNBHBIMHU IPUJIOKEHUAMU, a TeKCTOBad
KoHcoIb QNX He pycuduiupyeMa B IpUHIIUIE U rpaduyecKue ICeBAOTEPMU-
HaJb! (pterm, xterm) uMeroT onpeeeHHBIE CIOKHOCTHU.



BBepeHue

Mapannennsm

deHoMeH MapaJijiennsMa MIPU BBIMOJHEHUN IPUHIIUIAAIBHO II0CJIe0Ba-
TeJILHOTO II0 CBOEH IPUPOe KOMIILIOTEPHOr0 KOJa BO3HUKAET JasKe PaHb-
e, YeM OH HaUMHAET OTUETJINBO TPeGOBaATLCA AJIA MHOT03aJaUYHLIX M MHO-
rOI0JIb30BATEIbCKUX OIEPAIIMOHHBIX CHCTEM:

e Kox 06paboTUMKOB aNIlapaTHBIX MPEPBIBAHUIN, ABIAIOIINXCA IPUHITI-
MUaJbHO ACUHXPOHHBIMHY, B CAMBIX MocJefoBaTeabHbiX OC BBIIOJIHAET-
¢ IapajiyieIbHO IPePEIBAEMOMY UMU KOZY .

e Jlns paboThl MHOTUX CHCTEMHBIX CIY:K0 HEOOXOAMMO, UYTOOBI OHU BBI-
TOJHAJNCH MapaJJIESILHO C BHIIIOJHEHUEM II0JIL30BATEILCKON 3aauu.

Mpumeyanue
Hanpumep, B npuHLUMNManbsHO OAHO3aAa4YHON onepaumoHHol cucteme MS-DOS nctopu-
Yecku nepBoi cnyx6oil, Tpebylolieil napannenbHOro BbINONHEHUs, Oblna NoacucTeMa
cnynuHra nevatu. Ho fo6aBnaTh ee B CUCTEMY MPULIIOCH MO XUBOMY», MOCKOJbKY
OCHOBHas CTPYKTypa CUCTEMbI YXKE CNOXMUAAch U cTabunusmpoBanack (K Bepcum 2.x),
a MeXaHW3Mbl napannenn3mMa B 3Toil CTPYKType GblIM M3HAYaNbHO OTBEPrHYTHI HAa KOp-
Hi0. M ¢ 3TOro BpeMeHW HauMHaeTCs 3aTAHYBLIAACA HA MHOTWE FOfbl UCTOPUA Pa3BUTUSA
ypoannBoit HaacTpoiiku Hap MS-DOS - TexHonoruu cospanus TSR-npunoxenuit (termi-
nate and stay resident), nporpammuoro mynstunnekcopa INT 2F u gpyrux.

HoBoe «mpuiiiecTBue» MeXaHU3MOB MapajijieJbHOTO BBIIOJHEHUA (coOCT-
BEHHO, YK€ XOPOIII0 MPOpaboTaHHBIX K STOMY BPeMEHU B OTPACTU MIIMH-
¢ peiiMoB) HaUMHAETCA C MOABJIeHUEeM MHOro3agauubix OC, pasgeasaoninx
BO BpeMeHU BBHIIIOJIHEHVE HeCKOJMbKUX 3axa4. [aa ¢opmanusanuu (1 cTaH-
JapTU3alluy IIOBeJEHUs) Pa3BUBAIOIIMXCA IIapajljie;bHO ITPOTPAaMMHBIX
BeTBel co3marTcsa a0CTPaKII IPOIECCOB, a M03Ke 1 IIOTOKOB. IIpocTeii-
mui caydan napaminenausma — korga N (N>1) zagau pasgesndaoT MeK Iy co-
6011 pecypchl: BpeMs eJUHOT0 Ipolieccopa, o0Iuii 00beM (PU3UUECKOil ome-
PATHUBHOI HaMATH...
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[naBa 1. BeegeHune

Ho mmorosamaunoe pasaeijieHre BpeMeHM — He eIWHCTBEeHHBLIA CcJydail
IpaKTUYECKOU peaslnsalnuy napajieJbHbIX BEIUUCIeHu . B 00111em cayuae
mporpaMMa MOXKET BBIIOJNHATHLCA B alllapaTHOM apXUTEKType, comepsKa-
et 6osiee ogmoro (M) mporieccopa (SMP-cuctemsr). IIpu 5TOM BO3MOMKHBI
IIPUHOUIINAJBHO OTJIMYAIOIIEeCd I10 IIOBEJEHNIO CUTyallM:

e KosmuecTBO mapajieIbHBIX BeTBell (IPOIleccoB, MOTOKOB) N G6GoJbIiie
YucJa mpoiieccopoB M, mpu 3TOM HEKOTOPhIEe BLIUNCIUTEIbHbIE BEeTBU Ha-
XOIOATCS B OJIOKMPOBAHHBIX COCTOSTHUAX, KOHKYPUPYS C BBIITOJHSIOIH-
MucCsS BeTBAMHU 3a IIpoiieccopHoe BpeMs. (HacTHBIN cayuaii — HanboJee
YacTo MMeIoIlee MecTo BhImoaHeHre N BeTBell Ha OJHOM IIPOIeCCOPE. )

e KosnuecTBO mapajjieJbHBIX BeTBeil (IPOIleccoB, MOTOKOB) N MeHbIIe
YucJa Ipoieccopos M, IIpu 3TOM BCe BETBU BBLIUNCJICHUS MOTYT Pa3BU-
BaTbCA OEHCTBUTEJbHO IIapajljieIbHO, a OJOKHNPOBAHHBLIE COCTOSHUS
BO3HUKAIOT TOJbKO IIPU HEOOXOAMMOCTY CUHXPOHU3AIIUY 1 00MeHa JaH-
HBIMU MEKIY IIapaljIeIbHBIMU BETBAMU.

Bce MexaHmsMBI mapajuien3Ma IPOeKTUPYIOTCA (M 9TO HAXOLUT IIPSIMOE
orpaxkernne B POSIX-crangaprax, a erge 0oJjiee B TeKCTaX KOMMEHTapuUeB
K CTaHJZapTaM) U JOJKHBI HCIIOJb30BATHCS TaK, UTOOBI HESIBHO He JOIIyCKAa-
JUCh KaKue-JIu00 MPEeAIoJ0KeHnA 00 OTHOCUTEIbHBIX CKOPOCTSAX IIapaJi-
JIeJIbHBIX BETBEH M MOMEHTAX JOCTHKEHUS UMHU (OTHOCUTEJIBHO APYT APY-
ra) KOHKPETHBIX TOYEK BbIIOoNHeHusd.! Tak, B mporpaMMHOM (pparMeHTe:

void* threadfunc ( void* data ) {
// onepaTtop 1:
1

pthread_create( NULL, NULL, threadfunc, NULL );
// onepaTtop 2:

HeJIb3s HOMYCKAaTh HUKAKUX allPUOPHBIX IPEAIOJOKEeHUH 0 TOM, KaK IMoii-
IeT majbHelIllee BBLIMTOJHEHMWE IIOCJe TOUYKM BeTBJeHUA (TOUKU BBHI3OBA
pthread_create()): a) 6yAeT BBITOJHATHCA «OIEePaTOpP 2» B POAUTEIHLCKOM
mOTOKe; 0) OyAeT BBIIOJHATHCA «OIepaTop 1» B IMOPOKIEHHOM IIOTOKE;
B) Ha Pal3JIMUYHBLIX MpOIeccopax OyAYT MeHCTBUTENIbHO OJHOBPEMEHHO BBI-
HOJIHATBCA «omepaTop 1» u «omepaTop 2»... [IporpaMMHBIN KOJ IO KEH
OBITH OPraHM30BaH TaK, YTOOBI B JIOOBIX allapaTHBIX KOHMUIYpaAIUAX
(KOJIMYeCcTBO MPOIIECCOPOB, UX CKOPOCTH, OCOOEHHOCTU KIIIMPOBAHUSA I1a-

1 9TOo moJIOYKeHNe HAIPAMYIO JUKTYETCA OIpeesIeHNEM «CJIa00CBA3aHHBIX IIPO-
IeccoB», BIiepBbie chopmyaupoBanHbiM 9. [lefikcTpoii [10]. 3amerum, uro GpyH-
JaMeHTaJbHasg M CTPOiiHas «KapTWHa Mupa», BbICTpoeHHadA 9. [leifKcTpoil
¥ CUMTAIOIasacA KJAaCCUKOH, McUepIbIBaioIle («HEeo0XOOUMO UM JOCTATOYHO»)
OIMCHIBAET CHCTEMY IIPOIIECCOB PABHOTO IpHUOpUTeTa. Pacimupenue peayibHBIX
cucTeM aTpuOyTOM IIPUOPUTETA 3aTYMAHNBAET IPO3PAUHOCTD 3TOM MOJIEJIH U Jie-
JIaeT BCe TOPas/o CJIOKHEE...
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MATH IPOIIECCOPAMU U IPYTHe XapaKTEePUCTUKM) Pe3yabTaThl BHITIOJTHEHUA
OBLIY TTOJTHOCTHIO 9KBUBAJIEHTHBI.

Bnaromaps manumumio B cocraBe OC QNX cereBoii momcucrembl QNET,
OpTaHWYHO 00eCIIeUYNBAIOIIEN «IITPO3PAUHYIO» MHTErPAIINI0 CETEBBIX Y3JIOB
B eIUHYI0 MHOTOMAIIIMHHYIO CUCTEMY, BOSHUKAET JOMOJHUTEIbHBIA NCTOU-
HUK mapaJjiaean3Ma (a BMeCTe C TeM UM JOIOJHUTEJIbHBIX XJIOMIOT), eile 00-
Jlee YCJIOKHSAIOMUEN 00my0 KapTtuHy: 3anpockl mo QNET x cepsBucam,
paboTaronM Ha OZHOM CETEBOM Y3JIe, CO CTOPOHBI KJIMEHTCKUX IIPUIOKE-
HUM, paboraionmux Ha Apyrux. Hampumep, eXeIHEBHO BBITIOJHAA IIPO-
CTEHUITyI0 KOMaHIy:

# cp /net/host/dev/ser1 ./file

YacTo JIU MBI 3aJyMbIBaeMcA HAJ TeM, KOO M B KaKOM IIOpsAKe Oyner
BBITECHATH KO/, BEITIOJHAIOINI KONUPOBaHUE (PAMIIOB.

Jns TekyIeil BEITOMHAOIIENCA 3aaYM TAKOM yIaJIeHHBIN 3aIIPOC U3 CEeTH
QNET saBisercs CKPBLITBIM MCTOUHMKOM IIapaJijiejn3Ma, a 6jaromaps Ha-
CJIEJOBAHUIO IPUOPUTETOB JaiKe yIaJIeHHBII 3aIIPOC II0 CETH MOXKET IIPU-
BECTU K HEMeIJIeHHOMY BBITECHEHUIO JIOKAJIbHOM 3a1a4l, BBIMTOJHAIOIIEH-
cs 10 IIOJIYUYeHU A 3a1poca.

IIpuBenenHass BBHIIIe apryMeHTAIlUMs — JTO JajieKO He IOJHBIN IepedueHb
IPUYNH, I0 KOTOPLIM CTOUT eIIle IPUCTAJIbHee U ¢ 60JbINel 3anHTepecoBaH-
HOCTBIO B3IJISHYTh HA TeXHUKH ITapaJIJIeIbHONM OPraHn3aiy BEIYNCINTEIb-
HOTO IIpoItecca. B murepaType HEOZHOKPATHO OTMeYaJIoch (Hampumep, [11]),
YTO JasKe B TeX CIydYasx, KOrAa IIPUJIOKEHNe 3aBeIOMO HUKOTAA U HUTIE
He OyJeT UCHOJIb30BAThCA Ha MHOTOIIPOIECCOPHOI IaaTdopme, 6ojee Toro,
KOT/Ia JIOTUKAa MPUJIOMKEHUs He IPeAIoaraeT eCTeCTBeHHOTO Iapasijiens-
Ma KaK <«OJHOBPEMEHHOCTH BBIMOJHEHHUSA», — AaKe TOrga pacliereHune
KPYIIHOTO IIPUJIOKEHUS Ha JormuecKkue pparMeHThbl, KOTOPbIE ITIOCTPOEHBI
KaK IapajiejbHble YUIACTKHU KO/a, B3BAUMOAENCTBYIOIE B OTPAHUYEHHOM
YuCJie TOUeK KOHTAKTa, — 9TO MYTh IIOCTPOCHUA «IPO3PAUHOTO» JJISI HAIIH-
CaHUs ¥ MOHATHOTO JJIS COITPOBOKIEHUA IPOTpaMMHOTO Kojaa. I Kak cies-
CTBUE, 3TOT IIyTh (MHOTHA Ha MEePBLIA B3TJIAL KaKyIIUiicsad HECKOJIbKO HC-
KYCCTBEHHBLIM U IIPUBHECEHHBIM) — MYTh MOCTPOECHUA IIPUIOKEHUNA BHICO-
KO# HaJeXHOCTH, CBOOOJHBIX OT OIIMNOOK, XapaKTePHBIX /I I'POMO3IKUIX
MOHOJINTHBIX IMPUJIOMKEHNH, U IPOCTLIX B CBOEM IIOCJIEAYIOIEM Pa3BUTUN
¥ COIIPOBOXKIEHUN.

Kak y:xe HEOZHOKPATHO OTMEUAJIOCH, ITapaJlieibHAaA TEXHUKA BEIPDAKEeHUA
B IPOTrpaMMHOM KoOfie, IYCTh JasKe MPUHITUINAJIBHO ITOCJIeT0BATEIHLHBIX
TIIPOIIECCOB, COIPSYKEHA C OIPEAEJIEHHBIMU TPYAHOCTAMU: HEOOXOAMMOCTH
OTJINYHOTO, «IapajljIeJIbHOTO», B3IJIALa HA ONUCHIBA€MbIe IPOIIECCHl U OT-
CYTCTBUE IPUBBLIUYKY IPUMEHATH creriuduueckue pasnenansl API, peako uc-
MOJIb3yeMble B KJIACCUUYECKOM <«IIOCJIEI0BATEJILHOM» IIPOrPAMMUPOBAHUM.
EnvHOMX 1Bl OCBOUB 3Ty TEXHUKY, IPUMEHATD €€ B JaJbHEHIIeM CTAHOBUT-
Cs JIETKO U IIPOoCTO. BOo3MOMKHO U OOJIbIIIee UKMCJIO PYTUHHBIX IPUEMOB KC-
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T0JIb30BAHUA MapaJIeJbHON TeXHUKU — B CBOEMl KHUIe MBI IIOCTApPaJNCh
«PacchIlIaTh» II0 TEKCTY MHOMKECTBO ITPOTPAMMHBIX UJLITIOCTPAITA.

Haxomnerr, ecTs elre ogHa, IOCJAEIHAS 0COOEHHOCTD IPeAaraeMoro BallleMy
BHUMAHHUIO MaTepuaja: 3HAUNTEJbHAS YacTh NPUBOAUMBIX 3/]€Ch IIpHMe-
POB U OMMCAHUI OTHOCUTCA KO BceMy MHorooopasuio OC, moamepsKuBaio-
mux POSIX-craHgapT, ofHAaKO aKIeHT JejlaeTcs Ha He COBCeM OUeBUIHbIE
0COO0EHHOCTH MOCTPOEHUS TaK Ha3bIBAEMBIX «IIPUIOKEHU peaslbHOr0 Bpe-
meuu» [4]. B mepByo ouepeanb 9TO KacaeTcs IPUHIIUIIOB CUHXPOHU3AINN
3aJ]au, COBMECTHO MUCIIOJb3YIONINX 001uii pecypc. K coskanenuio, mprueMbl
IPOTPaMMUPOBAHUA, IITUPOKO PACIIPOCTPAHEHHBIE IIPU ITapajie;IbHOM BbI-
TOJIHeHUU 3aJa4 00Iero Ha3HAUeHNA, MOTYT IIPUBECTHU K He COBCEeM IIpe[-
CKa3yeMbIM pesyJbTaTaM (II0 BpeMeHU PeaKI[UK) MPU ITOCTPOCHUN CUCTEM
peanbHOro BpemeHu. OCOOEHHOCTH IIOCTPOCHHUA APAJJIEIbHO HCIIOJIHSIEe-
MBIX CHCTEM B c(pepax peaibHOro BpeMeHH! U CTAJIM TeM KJII0UeBBIM MOMEH-
TOM, OPUEHTHUPYACH HA KOTOPBIN MBI CTPOMJIN STOT TEKCT.

Cemencrea API

O611iee mHOKecTBO BEI30BOB API (Application Program Interface — umurer-
paJibHOE HAaMEHOBAHWE BCEr0 MHOYKECTBA BBI3OBOB M3 IIPOTPAMMHOM Cpe-
IBbI K yCJIyraM OIepPaIioHHONM CUCTEMBI), PeaJn3yeMoe OIeparuOHHOMN Cuc-
Temoii (OC) peanbHOTO BpeMeHU QNX, ecTecTBEHHBIM 00pa30M pasmieiser-
cs Ha TPU HE3aBUCUMBIX IIOATDYIIIIEI:

e Native QNX API — 3T0 camomocTaTOUYHBIN HAOOP BHIBOBOB, pas3BHUBae-
MBI# cO BpeMeH panHuX Bepcuit QNX (Korma BOIpPOC 0 COBMECTUMOCTH
¢ POSIX errie He CTOA); ABJISIETCA €CTECTBEHHBIM 0a31MCcOM 3TOIi cucTe-
MBI, OTOOPAKAIOIINM « MUKPOSALEPHOCThb» €€ apXUTEKTyPhI, HO IO CO00-
PaKeHnAM BO3MOYKHOM COBMECTUMOCTHU 1 IIEPEHOCHMMOCTH OH ABJIAETCA
TaK’Ke ¥ UCKJIIUNTEIbHON IPUHAAJIEKHOCTBI0 9Toit OC.

e POSIX (BSD) API — sto ypoBerb API, persiaMeHTUPYEMBbIii TTOCTOSIHHO
paciupsiorneiicas cucTeMoi craEzapToB rpymnnbl POSIX, KoTopbIM
IOJIKHBI ciaenoBarh Bce OC, mpeTeHAyIONNE HA TPUHAJIEKHOCTh K ce-
metictBy UNIX.

e System V API (POSIX) — aTo Ta vactb API, KoTopas 3auMCcTByeT MOe-
au, npuaatrbie B UNIX-ax, oTHOCAINUXCA K BeTBU pa3BuTud System V,
a He K BeTBu BSD.

Native QNX API

HmenHO 3TOT CiI0¥T ABIAETCA 0A30BBIM CJIOEM, PEaIUIYIONINM (DYHKIIHIO-
HaJBLHOCTH camoii cucTeMbl QNX. J[Ba moCJeAYIONINX CJI0S B 3HAUUTED-
HON Mepe SABJAITCA JUIIL «00epPTKaMMU», KOTOPBIE DPETPAHCIUPYIOTCA
B BBI3OBBI native QNX API mocje BBIIIOJTHEHUS PECTPYKTYPU3AIUU WU
IeperpyniunpoBKY apryMeHTOB BbI30BA B COOTBETCTBUU C CHUHTAKCHCOM,
TpeOyeMbIM 9TUM BBI3OBOM.
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CoBepIlIeHHO eCTeCTBeHHO, UTO IIPUKJAJHOEe IPOrpaMMHOE IIPHUJIOMKEHNEe
MOJKeT OBITh MOJIHOCThIO Mponucano B aTtoM API (kak, BopoueM, u B KaiK-
JIOM IPYTOM M3 OMHMCHIBA€MbBIX HUIKE), HO 9TO He JYUIInii BBIOOP (Ha 9TOM
aKIIeHTUPYeT BHUMAaHWe U TexXHuUecKad MoKymeHTanusa QNX) mo aBym
OpUYMHAM: BO-IIEPBBIX, M3 COO0OpaKeHUIl IIEePeHOCHMOCTH, a BO-BTODBIX,
9TOT CJIOU ABJSETCSA CAMBIM «MOOHJIBHBIM» — paspaboTunku QSSL moryrt
M3MEHUTh €ro OTAeJbHbIe BHIZOBHI IIPH IIOCJIEAYIOIEeM Pa3BUTHUN CUCTEMBbI.
ITpumepomM BBI30OBa STOrO CJOSA SBJIAETCS, B YaCTHOCTHU, IhreadCreate(),
OpUMeHAeMBbI AJIS CO3AaHNUs HOBOTO IOTOKA.

TeM He MeHee HYKHO CPas3y OTMETHUTH, UTO MHOTHE BO3MOMKHOCTH 1 MOJIEJIN
(HammpuMep, peakIusa Ha CUTHAJBI B IOTOKAX, TOHKOE YIIPABJIEHIE IOBeIe-
HIEeM MBIOTEKCOB 1 APYrrie MOMEHTHI) He MOI'YT OBITh PEaJIM30BAHLI B PAM-
kax POSIX-mozenu u BeIpasKkaoTcsa TOJAbKO B native API QNX.

POSIX (BSD) API

9ta uacth API mau6osiee mosao coorBercTByeT API OC UNIX, oTHOCAIITNX-
ca K BerBu BSD (BSD, FreeBSD, NetBSD u gpyrue).! Ee HaumeHOBaHUE
MOKHO Ob1JI0 ObI cy3uTh 40 «BSD API», Tak Kak onmMcaHHBINA gajee Habop
API System V rak:ke peraamentupyercs POSIX, Ho MBI OyIeM MCIIOJIB30-
BaTh uMeHHO TepMuH «POSIX API», cienys TepmuHoJgoruu (PyHIaMeH-
TanbHOM KHuUrm ¥.CruBeHca [2]. OKBUBAJIEHTOM HA3BAaHHOI'O BBIIIE AJIA
native API ThreadCreate() smech OymeT BeICTyIaTh pthread_create().

Nmenno ma API atoro ciioda u 6yeT CTPOUTHCA MOCJAEAYIONee N3JI0KeHIe
¥ IIPUBOAMMEBIE ITPUMEPHI Kojaa (mapasiieabHo ¢ BbidoBaMu 9Toro API mbl
OymeM OJId CIIPaBKU Koe-Tlle YKasbIBATh UMeHA KOMILITMEHTAPHBIX UM BBI-
30BOB native API), 3a UCKJIIOUEeHMEM CJIyYaeB UCIIOJIb30BAHUA TeX BO3SMOMK -
"HocTel QNX, KoTophie He mMeioT 3KkBuBaseHToB B POSIX API. Kak pas
Bce, uTO OyzeT BuIpaskeHo B aTom API gajee mmo TekcTy, MOXKeT OLITH IIepe-
Heceno Ha Bce UNIX-mmogo6HEBIe oIlepaIiioHHbIe CCTEMBI, O YeM MbI 1 T'OBO-
puau BILIE.

Mpumeyanue
Camblit paHHuii ctanpapt POSIX nssecteH kak IEEE 1003.1-1988 u, kak cnepyet U3 ero
Ha3BaHUsA, OTHocUTCA K 1988 rogy (ecnu TouHee, To eMy NpeflwecTBoBan pabounii Bapu-
aHT nog HasBaHuem IEEEIX 1986 ropa, koraa TepmuH POSIX ewe He 6bin «NpUAyMaH»).
Bonee nospHsas pegakuus ero passutus, IEEE 1003.1-1996, HauGonee WUPOKO W3-
BECTHA KaK «cTaHpapT POSIX», uHorga HasbiBaemblit POSIX.1. Habop ctaHaapToB POSIX

1 Ha ceroguamauii gedb npaktuuecku Hu ogHa u3 OC UNIX y:ke He MOKeT ObITH
oTHeceHa ymucTo K System V miu BSD, Bo MHOroM mcxofsi UMEHHO 13 TpeboBa-
Hus coMmectumocTu ¢ POSIX, KOTOpBIiI TpeOyeT OSHOBPEMEHHOI'0 HAaJHUYUSA
u Toro u apyroro API (XoTsa B KaXKI0M caydae KOMILIMMEeHTapHBIN Hatop API
peanusdyeTrcsa Kak «o0epTKa» K 6aszoBomy). OguumMuy us nepBbix (K 1997-1998
rr.) OC, mognep:kuBaromux o6a mabopa API, cramum Sun Solaris 2.6 u Digital
Unix 4.0B[3].
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HAXOAMTCA B NOCTOSAHHOM Pa3BUTUM U PACLIMPEHUM U K HACTOSLLEMY BPEMEHU BKIOYAET
B ce0s Habop 6onee yem 13 30 aBTOHOMHBbIX CTaHAPTOB.

[ns ueneit onepaunoHHbIX CUCTEM PeanbHOTO BPEMEHW BO3HMKNA MOTPeGHOCTb onpe-
LEeNUTb OTAENbHble MeXaHWU3Mbl 0COObIMU CTAaHAAPTAMM, HAa CEMb U3 KOTOPbIX CCbINAKTCA
HaubGonee 4acro: 1003.1a, 1003.1b, 1003.1c, 1003.1d, 1003.1j, 1003.21, 1003.2h.
Hanpumep:

1003.1a (0OS Definition) — onpepensiet 6a3zosble uHTepdeiics 0C;

1003.1b (Realtime Extensions) — onucbiBaeT pacwmpeHns peanbHOro BpEMEHU, TaKue
KaK MOfienb CUrHANOoB peanbHOro BpeMeHu, aucneTyepusanus no npuoputeTam, Taime-
Pbl, CUHXPOHHBI M aCUHXPOHHbIN BBOA-BbIBOA, IPC-mexaHn3mbl (cemadopbl, pa3gense-
Mas naMmsTb, COOOLWEHUA);

1003.1c (Threads) — onpegenseT GyHKLUM NOALEPIKKM MOTOKOB, TaKUE KaK ynpasie-
HUE NOTOKaMu, aTpuByThl NOTOKOB, NPUMUTUBBI CUHXPOHU3ALMUN (MbIOTEKCBI, YCIOBHbIE
nepemeHHble, 6apbepbl U Ap., HO He ceMadopsl), fUCneTYepU3aLMS.

System V API

Arot Habop API aBaserca 6azosuiM gy Bropoit BeTBu! UNIX — System V
(AT&T Unix System V). Kak u 06a nmpeawsigyinux, aTotT Habop API camomo-
cTaTOUeH JJIA peajlus3aluu IPaKTUUYecKu Bcex BosMoskHocTer OC, HO mc-
OJIb3YeT JJIA 9TOT'0 COBEPIIEHHO APYTrUe MO, HallPUMep CeTeBYI0 abCT-
paknuio TLI BmecTo cokeroB BSD. [lina obsacTu paccMaTpuBaeMbIX HAMU
MeXaHM3MOB — IIOTOKOB, IPOIIECCOB, CUHXPOHU3UPYIOIINX ITPUMUTHABOB
u ap. — B POSIX API u System V API moutu Bcerza cyIecTByOT QYHKIIHAO-
HaJbHBIE aHAJOTH, OTJUYAOINUecd IPU STOM KaK CHHTAKCUUYECKHU, Tak
u cemaHTnuecku. Hampumep, B POSIX API cemadop mpeacTaBieH TUIOM
sem_t ¥ OCHOBHBIMU OIIePaIliAMU ¢ HUM sem_wait() u sem_post(), a B System V
API cemadop omuchiBaeTcAa CTPYKTYpPoOIl Ampa sem, a omeparuum (u wait,
u post) ocyImecTBasa0TCA BEI3oBOM semop( ). Kpome Toro, omepariuu mpous-
BOJATCA He HAJ eIUHUYHBIMU ceMadopaMu, a HaJ HabopamMu (MaccuBamMm)
cemadopos (B Habope MosKeT ObITH 1 onuH cemadop). Kak orcioga BuaHO,
JIOTMKA UCIIOJIb30BAHUA MPUHIIUIINAIBLHO €JUHOO0PA3HBIX IPUMUTHUBOB CY-
I[€CTBEHHO OTJINYAETCSH.

1 TlIpum o6ieit mcropuu UNIX, maumnatomeiica ¢ 1971 r. [7], ase BerBu API —
BSD u System V — B ux coBpeMeHHOM Buie C(DOPMUPOBAINCEH JOCTATOUHO O3/~
HO: BSD k 1983 r., a System V x 1987 r. [3, 7]. Ho mHOrue IPC-mexaHu3MBbI
System V (mampumep, cemadopsr) chopMUPOBATIUCH II0 BpeMEeHH 3aMEeTHO PaHb-
e cBoux anajgoroB u3 BSD. Kak ormeuaercs B [3]: « AHpopmayus 06 ucmopuu
paspabomku u paseumuu Qynrxyuii System V IPC He cauwikom neeko docmyn-
Ha <..> ouepedu cooOULeHUIL, cemadopb. U pa3densemas NAMAMsb 3M020 MUNAQ
OvLu pazpabomanvt 8 KoHue 70-x 8 00HoM u3 uauanos Bell Laboratories 8 zo-
pode Koaymoyc... 9ma eepcus Hasvieanacy Columbus Unix, unu CB Unix».
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Mpumeyanue
B TexHunueckoin gokymeHtaumu npucytcreue System V API B QNX He ynomuHaeTcs Hu
OAHWM C/IOBOM, HO OH, KaK Toro u Tpebyet POSIX, neiicTBUTENLHO NPeAoCTaBAAETCA U
B BUAe 6UGNMOTEK, U B BULE HEOOXOAMMBIX (hailoB onpeaeneHuii (3aroNnoBoYHbIX daii-
noB). MNpocTo ero 3aroNoBoYHble aiinbl, ONpeAensoLumne CTPYKTYpbl LAHHbIX U CUHTAK-
CUC BbI30BOB, HAX0AATCA B Apyrux otHocutenbHo POSIX-uHTepdeiicoB mecTax. Tak,
Hanpumep, onucaHue cemadopos POSIX API (tun sem_t) pacnonoxeHo B daiine
<semaphore.h>, a onucanue cemacopos System V API - B chaiine <sys/sem.h> (aHa-
JIOTUYHO OTHOCUTENbHO BCEX KOHCTPYKLMI, Moaennpyembix 3Tum API).

C mosumuu nporpammucta System V API npucyrcrByer B QNX ryiaBHBIM
00pasoM [AJIsi IePeHOCHMMOCTHY IIPOrPAMMHBIX IIPOEKTOB, PaHee CO3JaHHbBIX
¢ ucrnoab3oBauueMm aToro API, HampumMep mepBOHAYAJIBHO CO3JAHHBIX I
apyrux OC UNIX (Sun Solaris, HP UNIX u ap.). B nanzoit kHure sato ce-
merictBo API paccmarpuBarbes He Oyzer.



NMpoueccbl U NOTOKU

IIpu BHEMATEILHOM UTeHUM TEXHUUYECKOUN ToKyMeHTanuu [8] u murepaty-
pet mo OC QNX [1] oTueTsiuBO GpocaeTcsA B IJ1a3a, UYTO TOHKME MEeTaJi CO-
3mMaHusa 1 QYHKIIMOHUPOBAHUSA IIPOIECCOB 1 ITIOTOKOB ONMKUCAHBI KpaiiHe 110-
BEPXHOCTHO U HA BeCbMa HeKaueCTBEeHHOM yPOBHe. BO3MOYKHO, 9TO CBSI3aHO
c TeM, uTo obimue POSIX-MexaHM3MBbI yiKe M3yUYeHbl 1 MHOTOKPATHO OIIH-
caubl Ha o0pasiax Koja B o01eii suteparype mo UNIX. OgHako 60JIBIITHH-
CTBO JINTEPATYPHBIX MCTOYHUKOB HAIIMCAHO B «JOIIOTOKOBYIO» JIIOXY, KO-
TIa OCHOBHOM MCIIOJIHAEMOM eTNHUIIEN B CUCTeMe SIBJISJICS IIPOIece.

IerambHOE paccMoTpeHue ocoberHoCcTe nMenHO QNX' (Bepcuu 6.X mocie
npusegeHus ee B coorsercTBue ¢ POSIX, B oTsimume ot npeasiayiieii 4.25)
JIUIITHUHT pas IOAYEePKUBAET, UTO:

e JIIporecc ABIAETCS TOIBKO « MEPTBOI» CTaTUUECKOI 000JIOUKOM, XpaHsI-
el yueTHbIe JaHHBIe U 00eCIIeUnBAIOIel OKPYIKeHe TUHAMUYECKOTO
ucnojHeHud... Yero? Koneuno ke, IOTOKAa, JasKe €CJIU 9TO €UHCTBEH-
HBI (TJIaBHBIN) UCIIOJIHAEMBIH ITOTOK IPUI0MKEeHUA (IIpoIlecca), KaK 3TO
HPUHATO B TEPMUHOJIOTUY, HE UMEIOITUI OTHOIIEHUA K ITOTOKOBBIM II0-
HATUAM.

e JlioOble B3aMMOJEMCTBUA, CUHXPOHU3AINA, AUCIETUEPUIANUA U APY-
rue MeXaHu3Mbl NUMEIOT CMBICJI TOJBKO IIPMMEHUTEIbLHO K IIOTOKAM, Ja-
JKe €CJIM 9TO IIOTOKH, JIOKAJIM30BAHHBIE B PAMKAX Pa3JIMUYHBIX IIPOIeC-
coB. Bor 31ech 1 BO3HMKAET TEPMMH, CTABIINI yiKe CTEPEOTHUIIHBIM:
«IPC — cpexncTBa B3aMMOAENCTBUA NIPOIECCOB». IlJIsd OTHOIIOTOKOBBIX
MPUJIOKEHUH TOT TEPMUHOJOIMYECKUI HIOAHC He BHOCUT POBHO HUKA-
KOr'0 pasjauuusa, HO IPHU Iepexolie K MHOTOIIOTOKOBBIM IIPHJIOMKEHUIM
MBI JOJIXKHBI PACCYIK/IATh B TEPMUHAX UMEHHO B3aNMO/eiCTBYIOIIUX I10-
TOKOB, JOKAJIN30BAHHBIX BHYTPU IIPOIIECCOB (OJHOT'0 MU PA3IUUHBIX).

e B cucremax c ammapaTHO# TpaHcaanueir agpecoB namaru (MMU — Me-
mory Menegment Unit) mporiecc co3maeT nyisi CBOMX IIOTOKOB AOIIOJIHU-
TeJIbHbIE «TPAHUIIbI CYIECTBOBAHUA» — 3all[UINEHHOE aJpecHOoe IIPo-

1 [4]: rnaBa [I. AnekceeBa «IloryueHne cuCTeMHOI MHOOPMAIIUN » .
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CTPAHCTBO. BOJBIITMHCTBO CJIOMKHOCTEH, OMMCHIBAEMBLIX B JIUTEpaType
B CcBA3U ¢ ucmojab3oBaunreMm IPC, o0ycaI0BIeHO HE0OOXOAMMOCThIO B3aMO-
JeHICTBYIOIIMX TOTOKOB IIPEOI0JIeBATh afpecHble 6aphephl, YCTaAHABINBA-
eMble IIpoIleccaMu AJsa Kaskaoro ud aux. (dYro kacaerca MMU, To B gaH-
HOM KHUTe IIPeAIIoJaraeTcs NCKIUNTEeIbHO X86-apXuUTeKTypa, X0TI KO-
JIMUECTBO allllapaTHBIX ITaTdGopM, Ha KoTopbIx padoTtaeT OC QNX, Ha ce-
TOAHAIIHUH eHb YKe ITePeBaJINIIO0 3a TECATOK. )

Mogenb notokos QNX B 3Ha4NTENbHON CTENEHW HANOMUHAET TO, YTO MPOUCXOAUT C NPO-
ueccamu B MS-DOS unu ¢ 3agayamu (task) B cywectsenHo 6onee nosgHeit OC peanbHo-
ro BpemeHun VxWorks: ucnonHumble eanHULLbI pasnensioT eanHoe agpecHoe NpocTpaH-
CTBO 0€3 KaKkux-1Mbo orpaHWyeHuit Ha MCNOIb30BAHME BCETO aApPecHOro NPOCTPaHCT-
Ba. B pamkax nogo6Hoit mogenu B QNX MOXHO peann3oBaTh U CKONb YTOAHO CIOXHbIN
KOMMNNEKC, TPAHC(HOPMUPOBAB B MOTOKM OTAENbHbIE MPOLECCH, COCTaBAsAWME 3TOT
KOMMJIEKC, C TEM TOJbKO pasnnyuem, yto B QNX Bce 31eMeHTbl COOCTBEHHO OnepaLMoH-
HOM cMCTeMbl NPOAOMKAIT PaboTaTh B M30AUPOBAHHOM aAPECHOM NPOCTPAHCTBE U He
MOTyT 6bITb HUKOMM 0OPa30M BK/IIOYEHbI (M TEM CaMbiM MOBPEX/EHbI) B MPOCTPAHCTBO
NPUNOXKEHUA.

U B Texamnueckoit moxkymenranuu QNX, u B kuure P. Kepreua [1] mHOrO
CTPaHUIL YIeJIEHO OTMCAHUIO JIOTUKY ITPOIIECCOB, TOTOKOB, CHHXPOHU3AIINH
¥ MHOTHIM [PYT'¥M BeIl[aM B TEPMHUHAX AJIJIEFOPUUECKUX aHAJIOTUMN: KOJLJIeK-
THUBHOE II0Jb30BaHUE BAHHOII KOMHATOH, KyXHel... Eciiu coriacuTscs, 4To
Takue ajieropuu 6oJiee JOXOLUUBEI /IS KAYECTBEHHOI'O ONMCAHUS KapTHU-
HBI IPOUCXOIAIIETO (UTO, TOX0KE, TAK U €CTh), TO [IJIS MePapXuu «olepa-
IUOHHASA CHCTE€Ma — IPOIeCC — MOTOK» MOJKHO HAMNTHU CYIECTBEHHO OoJiee
OJINBKYIO aJIJIETOPHUIO: «aKBAPUYMHOE X03AMCTBO» . [lefiCTBUTENBHO:

B HekoTopoM 00IlleM IIOMEIIEHWM, I'le UMEIOTCS BCe CPEeICTBa KU3HEe-
obecrieueHUA — OCBEIleHME, adpalvd, TePMOPEryJaAlusd, KOpMJIEHUe
(omepamuoHHaA CHUCTeMa), — Pa3MeIlaloTcsa aKBapuyMbI (IPOIIECCHI),
BHYTPH KOTODPBIX (B OMHUX 6OJILINIE, B APYTUX COBCEM HEMHOTO) KUBYT
aKTHBHBIE CYIIHOCTHU (pacTeHus, PhIObI, yaIUTKH). [loMuMoO Bcex mpo-
YUX «yOOOCTB» B IIOMEIIEHUY BPEMS OT BPEMEHH IIOSIBJISAETCS eIle OJHA
CYIITHOCTh — «X03suH». OH ABJAETCA BHEIITHEH 10 OTHOIIIEHUIO K CUCTe-
Me CHJION, KOTOpas aCUHXPOHHO IMPeAIIPUHNMAEeT HEKOTOPbIe AeHCTBUS
(kopMJIeHUe, IiepecajKa KHUBOTHBIX), HapyIIAOI[Ne eCTeCTBeHHOe
«CUHXPOHHOE» TeueHUe COOBITUII (9TO Ciy:K0a CHUCTEMHOTO BpPeMeHU!
OIlePAaIlOHHOM CUCTEeMbI, KOTOPas N3BHE HaBA3bIBAET IOTOKAM AUCIIET-
yepusaruio).

AxBapuyMbI (IIPOITECChI) ABIAIOTCSI HE TOJbKO KOHTeHHEepaMu, 3aKJI0-
YalomuMu B cebe aKTHUBHBIE CYIITHOCTH (TToTokM). OHM TaKiKe OTpaHuYUM-
BAIOT apeaj CYIIeCTBOBAHUA (BaIlUIeHHOE aZpPeCcHOEe IIPOCTPAHCTBO)
I uxX obuTareseii: J000e HapyllleHle I'PAaHUIl OOUTAaHUSA B CUJIY Ka-
KuX-Ja100 Gopc-MaKOPHBIX 00CTOATEIBCTB, 0€3yCJIOBHO, O3HAUAET T'U-
6estb HapyIuTeas (OIMIMOKa HaPYIIeHU S 3alUTHI IAMATH B IIOTOKE).
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e (OoOuTaresnu akBapuyMOB (IIOTOKM) JIETKO ¥ HEIPUHYKJEHHO B3auMoeli-
CTBYIOT MeKAY C000%i (CTAJIKMBAIOTCS IPU ABUKEHUU WU, HAIPOTUB,
yCTyIaloT APYT APYTY MeCTO) B mpelaesax KoHTeliHepa (mportecca). Om-
HAKO IIPYW 9TOM OHM He MOTYT B3aMMOJeliCTBOBATEL C OOUTATENIMU APY-
TuX KOHTelHepOoB (IIpoIieccoB); 6ojee TOTO, OHU JajKe HUYETro He 3HAIOT
06 ux cymectBoBauuu. Eciu oburaresb TpedyeT BMeIlaTelIbCTBa, Ha-
IpuMep IIepeMelleHrs ero B APYroil KOHTeliHep, TO OH MOJKET JIHIIb
CI0COOCTBOBAThH 9TOMY, B3bIBasi CBOUM MOBeAeHHeM (IIPU IIOMOIIHA OCO-
ObIX 3HAKOB) K MHCTAHIINYU 0OJiee BBICOKOTO YPOBHS MePaAPXUU, B OTJIU-
yue OT KOHTellHepa HEKOTOPOU «00IecrucTeMHOM cyOCTaHIIN » , B3bIBA-
IOIIEro K X03AWHY (OIeparunoHHON CUCTEME) O BMEIIaTeIbCTBE (AUCIET-
yepusamnmum).

* Bce *Ku3HeHHO HE0OXOIUMBbIE pecypchl (KUCI0PO, KOPM, CBET) IIOCTY-
IaloT HeNOCPeICTBEHHO K KOHTellHepy KaK eNUHUIE paclpelesieHusd
(omepammoHHasa CHCTeMa BhIIeJIsIeT PecypChl Ipoliecey B resom). O6ura-
TeJI KOHTeliHepa (IOTOKM) KOHKYPUPYIOT 3a pacupejiesieHue O0IIUX pe-
CYPCOB KOHTeliHepa Ha OCHOBAHUU CBOUX XapaKTEpPUCTUK (IpuopuTe-
TOB) M HEKOTOPOH JIOTUKU (JUCIIUIIINHBI) PACIIPeeJIeHUA OTHOCUTEIb-
HO «JINYHOCTHBIX» XapaKTePUCTHUK: pa3dMepa JKMBOTHOTO, OBICTPOTHI pe-
aKIUU U IBVYKEHUA U T. [I.

Takas acconmaTuBHASA aHAJOTUA, BOSMOXKHO, IIO3BOJUT OTUETINBEE OIIY-
TUTH, UTO IIPOIIECC M MOTOK OTHOCATCA K Pa3JIMUYHBIM YPOBHAM MePapXuu
noaaTuit OC. 9To pazinune cMa3bIBaeTCsI TEM 00CTOSATEILCTBOM, UTO B JIIO-
601t OC (c mommep kKO MOMeJNU IIOTOKOB MK 0e3 Hee) BCAKUIL IpPoIlece
Bcerja HabOJOaeTcss B HepasaeJInMOM eIUHCTBe XOTA ObI ¢ OgHUM (TJIaB-
HBIM) IIOTOKOM UM HET BO3MOXKHOCTU HAOJIOZATh U aHAJIU3UPOBATDH IOBEe-
HUe «Iporecca 6e3 IoToKa» .

Orcofa M MPOUCXOAAT MOMBITKYU OO0BeIWHEHUS MEeXaHU3MOB CO3JaHUA
¥ MAHUOYJIUPOBAHUA IIPOIlECCAMM M TOTOKAMHU <«MOJ OIHOW KPBIIIEi»
(equHBIM MexaHm3MoM). Hampumep, B OC Linux cosmaHume m mpoiiecca
(fork()), m motoka (pthrad_create()) cBesi K eITMHOMY CUCTEMHOMY BBI3OBY
_clone(), 4TO IBUJIOCH IPUUYMNHON HEKOTOPOU MUJIIIO30PHOM siipopuu, CBS-
3aHHOM C HETIOHATHOMN, MU(MUUECKOMN «TOMOTHUTEIHLHOM I'MOKOCTHIO» .

Yeunusa mocieAyOIUX JeT ObLIM HaIpaBJIeHbl KaK pas Ha pasiesieHune
STUX MEXaHH3MOB, JUKBUIAIINIO 3TON «I'MOKOCTH» 1 BoccTanoBieHue PO-
SIX-momenu. OTciofa Ke BBITEKAIOT 1 pa3pabOTKU MOCJIeHUX JeT B o0jac-
TH HOBBIX «dK30oTmueckux» OC, HampaBjeHHBbIe Ha COJMKEeHNEe MOJeJIn
mpoIliecca M IIOTOKAa, M IOIBITKY CO3JaHUS HEKOW «TuOpUaHOM» cyOcTaH-
U, o0beUHAIINEl aTpuOyThI IIpoIlecca M IIOTOKA, €CJIN TOTO 3aX0ueT
nporpaMMmucT (Ha MOMEHT co3fganus). ITo HalieMmy MHEHUIO, Uaes «TU0pu-
IU3aIun» TOCTATOYHO COMHUTENbHA 1 COTJIaCHO Halllell aHAJOTUH HaIpaB-
JIeHa Ha CO3JaHIe UYero-To, B I'OJIOBHOI CBOEH YacTy HAIIOMHUHAIOIIEro aKksa-
puyM, a B 3agHeit — puidy. [lomyuaercs qaske cTpaiirgee, 4eM pycaiaKa...

OTMeUYeHHBIH BBIIIE AyaJnu3M a0CTPaKI[MII IPOIIECCOB U ITIOTOKOB (a B HEKO-
TopbIiX OC 1 MX TMOJIHAS TOMKIECTBEHHOCTD) MIPUBOAUT K TOMY, UTO KpaliHe
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CJIOJKHO OIMCHIBATH OJHO M3 9TUX MOHATHUM, He Mpuderas K YIOMUHAHUIO
aTpubyToB Apyroro. B uTore, ¢ Kakoi ObI 13 ABYX a0CTpaKIuii HM HAUYATh
paccMoTpeHUe, HaM IpUAeTcs, 3aberas BIepel, CChLIATHCA Ha aTPUOYTUKY
IpyToii, IyaJabHOU eil. B onucanuu mpoiieccoB HaM He 000iTHCh Oe3 MOHs-
TUS TPUOPUTETA (ABISAIONIETOCS aTPUOYTUKOM ITOTOKA), 8 B OIMMMCAHUY II0-
TOKOB MBI HE CMOKeM He YIIOMAHYTDH II00aJIbHBIE (OTHOCUTEIHLHO ITOTOKA)
00'BbEKTHI, ABJISIOIINECS IIPUHALJICKHOCTHIO IIPOIlecca, Hampumep daiio-
BbI€ [eCKPUITOPHI, COKETHI I MHOTOE APYTroe.

ITo sToif mprumHe HaIlle IIOCJEAYIOIee M3JIOMKEeHNe HPU JH00M IOpALKe
eTro «pa3BepPThIBAHUA» 00peueHo Ha HEKOTOPYIO «pPeKypcuBHOCTh». VTak,
cIenys CJAOKUBIIEHCA TPASUIINK, HAUHEM C PACCMOTPEHUS IPOIIECCOB.

Mpoueccol

Cospanne mapaJjjejbHBIX IPOIECCOB HACTOJIbKO IIOJHO OIMCAHO B JIUTEpPAa-
Type mo UNIX, uTo 31ech MbI IPUBEAEM JIUIIb MUHUMAJIbHO HE00XOMMbIHA
GerJiblii 0030p, OCTAHABINBAACH TOJBKO HA OTJIUYUTEJIbHBIX OCOOEHHOCTAX
OC QNX.

Bcsakoe paccMmoTpeHnue mpenmnojaraeT HaJaudne CUCTeMEI MoHATu. UaTYyn-
TUBHO FCHOE MOHATHE IpoIlecca He TaK IIPOCTO moamaeTca (GopMalbHOMY
ompexesieHnto. IIpomuTupyemM (BO MHOTOM KaueCTBEHHOeE) OmIpeieseHwue,
Koropoe naet PobaueBckuii [3]:

OO0vituHO npozpammoil HA3vl8aAI0M COB0KYNHOCMb (pailnog, 6ydv mo
Habop ucxodHbvlx mekcmos!, o6seKmHbLX Pailnoé uiu cobcmeenHHo
8bLNONHACMBLI aila. [[1s mo2o umobvlL npozpamma mozna 0vlmsv 3any-
W,eHa Ha 8blNOJHEeHUe, ONePAUUOHHASL CUCTeMA CHAYALA O0NHCHA CO3-
dambv oKpyiceHue uau cpedy 6biNOAHEHUL 3a0ail, KYy0a OMHOCAMCA
pecypcel namamu, 8603MOKHOCMb docmyna K ycmpoiicmeam 6600a/
6616000 U PA3JLULHbLM CUCMEMHbLM PeCYpcam, 6KA0YaAL Yciyzu a0pa.

IIpo1iecc Bcerza COAEPKUT XOTSA ObI OMUH IMTOTOK, MOCKOJIBKY MBI TOBOPUM
00 MCIIOJIHSIEMOM, Pa3BUBAIOIIEMCS BO BpeMeHu Koze. [l mpoIieccos, uc-
XOAHBIN KOJ KOTOPHIX MOATOTOBJIeH Ha A3bIKe C/C++, rIaBHBIM MOTOKOM
poIecca ABJSAETCA IIOTOK, B KOTOPOM HCIHOJIHAETCS QYHKIINSA, TEKCTYaIb-
HO onucaHHasA mog umeHeMm main(). Ko u manHbIe mpoliecca pasMeIaTes
B OIIEPATUBHOU HNaMATHA B aJPecHOM IIPOCTPaHCTBe mpoilecca. Ecau omepa-
IIMOHHAs CHCTeMa U peajusyomias miatdopma (Hallle pacCMOTPEHUE orpa-
HUYEHO TOJIBbKO peanusainueii x86) mogmep:xuBaoTr MMU u BUPTyaIn3aIinio
aJpecHoro IIPOCTPAHCTBA Ha (PUBUUYECKYIO IaMATh, TO KaXKIBIM IIpoIlecc

1 3pecy PobaueBCcKMiTt MUMOXOOM pacCIINpAET IIOHATHE IIPoIecca U Ha Iporpam-
My, IPeJCTaBJIeHHYI0, HAaIpUMep, TEeKCTOM AJa uHTepuperaropa shell, niam
aseiKkoB Perl, Tcl/Tk, unu apyrux naTeprnperaTopoB. B KOHTEKCTe HAIIETO 006-
CY’KIEHHUS B CJIyU4asX BBIIOJHEHUA TAKUX «IPOTPAMM» <«IIPOIECCOM» OyZHeT
Ipolrece, MHTEPIPEeTUPYIOMUA TeKCT CKPUIITA, U UMEHHO K HEMY B IIOJIHOH Mepe
OTHOCATCS BCe AEeTAIN HAIEr0 PACCMOTPEHUA OTHOCUTEIHHO IIPOIIECCOB.
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nMeeT COOCTBEHHOE M30JIMPOBAHHOE U YHUKAJILHOE aIPEeCcHOe IIPOCTPAHCTBO
U Y HEro HeT BO3MOXKHOCTH HEIOCPEICTBEHHO O0PATUTHCSA B aIPECHOE IIPO-
CTPAHCTBO APYTrOro mpoiecca.

JIro6011 Ipolece MOKET COLePsKATh IIPONU3BOJILHOE KOJINUECTBO IIOTOKOB, HO
He MeHee ogHOTO U He 6ojee 32767 (mia QNX Bepcuu 6.2). COBOKYITHOCTD
JaHHBIX, HEOOXOAMMBIX [AJISI BBIMIOJHEHUs JIO0ro M3 IIOTOKOB IIpoliecca,
a TaKiKe KOHTEKCT TEeKYII[ero BHIMOJIHIEMOr0 II0TOKA Ha3bIBAIOTCS KOHTEKC-
TOM IIpoIecca.

CorsacHo pauHUM «KaHoHHUYecKuM» cuernuduranuam UNIX [3] OC momrx-
Ha ToAAep:kuBaTh He MeHee 4095 oTmenbHBIX mpoleccoB (Tounee 4096, us
rKotophix 0-BOi mpeacraBiaseT coboii mporece, 3arpysxkamwiiuit OC u, Bo3-
MOKHO, Peannua3yIoinii B JadbHelneM QyHKINT Aapa). Bo Bceli JOKyMeH-
ranmuu OC QNX HaM He yZajoch HaWTHU IpeaebHOE 3HAUEHMEe 3TOT0 Iapa-
meTpa. Ho ecaiu us aTOrO0 Jeiaercsa «TaliHa MagpUACKOTO ABOpAa», TO HAIla
3ajzavya — HAfTH 9TO 3HAUEHUe:

int main( int argc, char* argv[] ) {
unsigned long n = 1

pid_t pid;

while( ( pid = fork() ) >=0 ) {
n++;
if( pid > 0 ) {

waitpid( pid, NULL, WEXITED );
exit( EXIT_SUCCESS );
1

if( pid == -1 ) {
cout << "exit with process number:
<<n << - << flush;
perror( NULL );
b
1

ATOT LOCTATOUHO HEIIPUBBIUHELIN 10 BHEIITHEMY BHUAY KOJ JaeT HaM CJIeLYI0-
IIIU# pes3yJabTarT:

# pn
exit with process number: 1743 - Not enough memory

CucTeMHOMY COOOIIEHWIO O HENOCTATKE IMaMSTH NOCTATOYHO TPYAHO Be-
puTh: uyTh MeHbIle 4 KoaiiT mporpaMMHOT0 KoAa B cBoux 1743 «peunHKap-
HanuAX» TpeOyroT He O0ojee 6,6 MOalT AJisi cCBOEro pasMeIleHus IIPU CBO-
6oxuBIX O0ee 230 MobaiiT B cucTeMe, B KOTOPOM Mbl UCIBITHIBAJIN 9TO IPHU-
aoxeHne. OcrtaBuM sTo Ha coBectu cosgarenaeirt OC QNX.

B npopgosxeHne Hallleil OCHOBHOM Te€MBI JIOOOMIBITHO PACCMOTPETh Pe3yJIb-
TaThl BBIBOJA KOMaHIbI p1din, a MMeHHO IIOCJEAHIO €€ CTPOKY ¢ mH(popMa-
reR o mocJeqHeM 3aIIyIIIeHHOM B CCTEME IIPOIlecce:
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® 10 3aIIyCKa 00CY K /1aeMOro IPUIOKEHMII:

47366186 1 /photon/bin/phcalc 10r REPLY 241691
® U IIOCJIE er0o 3aBepPIIeHUd:

54652947 1 bin/pidin 10r REPLY 1

Jlerko BugeThb, uto pasuuiia PID, paBuas 54652947 — 47366186 =
7286761, HUKaK He SABJIAETCS YUCJIOM aKTUBUPOBAHHBIX Ha 5TOM BpPEeMEH-
HOM IIPOMEKYTKe IpolleccoB, KoTopoe paBHo 1743. IlosTomMy K UmCIeH-
HBIM 3HaYeHuAM PID HYXHO OTHOCHUTBCSA C 3aMETHOU OCTOPOIKHOCTBIO: 3TO
He IIPOCTO MHKPEMEHTHPOBAHHOE 3HAUEHME UNCJA 3AIlYI[eHHBbIX IPOIeCc-
coB, cxema popmupoBanusa PID sameTrHo caoKHee.

B sm1060M cayuae MbI MOKeM OIPUHATH, uTo B OC QNX Neutrino 6.2.1, xak
u B Ipyrux «KaHoumueckux» UNIX, KoaumuecTBO mpoieccos (ecyiu, KOHeU-
HO, 9Ta OC He maeT HaMm 0ojiee Bpa3yMUTENbHBIX OIIEHOK) OTPAHUYEHO ITu(-
poit 4095. Buamo, uTo obIee KOJIUYECTBO HE3aBUCUMbBIX ITOTOKOB MCIIOJI-
HEHUSA B CHCTEeMEe MOJKET JOCTUTATh COBEPIIEHHO OIIEeJIOMJISIONIeN mudpsl.
Ho xak GbI MHOT'O IIOTOKOB MBI HU CO3J]aBaJIi, UM BC€ PABHO IPUIETCS KOH-
KYPHUPOBATh 3a AOCTYII K CAaMOMY IJIABHOMY pecypcy — mpolieccopy. B Ha-
crosdAIlee BpeMsa peanmsoBaHHble B QNX TUCIHUIINHBI AUCIETYEPU3ATNU
paboTaroT HaJa CyMMapHBIM I10JIeM BCeX IIOTOKOB B cucTeMe (puc. 2.1): ecau
B CHCTeMe BBINOJHAeTCA N IIPOIleccoB U i-# mpouecc peanusyer M; moro-
KOB, TO B OUepeAAX NUCIIeTUepU3aIuu OJHOBPEMEHHO 3aefiCTBOBAHO

M.
yIpaBasieMbIX 00HEKTOB (IIOTOKOB). ~
OnepauvonHas cuctema (RAM)
[Mpouecc A: Mpouecc B:
pid = 671779 pid = 620003
- - = -~ \
S - 5 MoTok: \
Motok: |4 — +|— tid =1 \
tid=1 ‘< |
N — - I
™ Motok:
/\ tid =2 |
I I
~
N I
B \) Motok: [
o tid=3 |
v |
g |
— — — — /

Puc. 2.1. lucnemuepusayus npoyeccos
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Ha puc. 2.1 usobpakeHbl JBa IIPOIecCa, BLIIOJHAIOIIMECA IO yIIpaBJje-
HHueM cucTeMbl. KayK bl IpoIlece co3aajl BHYTPHU ce0s pasInuHoe KoJirnue-
CTBO TIOTOKOB paBHOTro npuoputeta. O6paTtute BHUMaHMue, 4TO (haKTHIUeC-
Kas qucIieTuepusalua IPON3BOAUTCA He MeK Iy IpoIleccaMu, a MeX Iy IIo-
TOKaMU IPOILECCOB, AaKe €CJIM MHOIIA AJIS IIPOCTOTHI TOBOPAT «AUCIIETYE-
pusanusa mporeccoB». IloTOKM 00beqUHEHBI B IUKJIUYECKYIO OuYepelnb
OUCIIETYEPUBAINHN, U OIYHKTUPHASA JUHUS IIOKA3hIBAET IIOPSANOK, B KOTO-
poM (B HampaBJIeHMU CTPEJKH) OHH OyAyT IOOUEPEIHO II0JydYaTh KBAHT
BpEeMEeHH.

Ecau Hu oquH 13 IOTOKOB He OyAeT BBINOJHATH OJOKUPYIOMIUX Olleparnii
(read(), delay(), accept(), MsgSend() ¥ MHOKeCTBO APYIUX), UTO PEaIbHO
BCTpeUYaeTcs KpaiiHe PeIKO, TO TOKA3aHHBIHN IIOPAAOK «CJIeTOBAHUA» IIOTO-
KOB IpU JUCIETUEePU3ANUU OyAeT COXPAHATHCS HEOTPAHUYEHHO JOJITO.
Kakx ToJIbKO MOTOK BBITOJHUT GJIOKUPYIOIIUI BBI30B, OH OyAeT yaaaeH u3
ouepenr TOTOBBIX K BBITIOJHEHUIO IIOTOKOB, a IIOCJEe 3aBepIIeHus BhI30Ba
BO3BpAlIlleH B ouepelb, mpudueM (UTO XxapaKkTepHo!) B royioBy ouepenu. Iloc-
Jie 3TOT'0 TOIIOJIOTUSA «IIeTJIN» (IOPALOK YepeIOBAHMA), IIOKA3aHHON HA PU-
CYHKe IYHKTHUPOM, MOYKET IPOU3BOJbHBIM 00pa30M U3MEHUTHCA.

W3 pucyHKa X0OpOIIIO BUAHO, YTO IPU JUCIETUYEPUSANUN «B PAMKAX CHUCTE-
MBbI» (00 3TOM MBI 6y/IeM TOBOPHUTH IT03:Ke) IBa 3aIyIIeHHBIX Ipoliecca Oy Iy T
BBIIOJIHATHCS B HEPABHBIX YCJIOBUAX: HA KAMKIBIA MOJHBIA ITUKJ IUCIIET-
UyepHUsanuy IPOrPAMMHBIN KO, BBIIOJIHAMOIINICSI B paMKax Ipormecca A,
OymeT moaydaTh 1 KBaHT BpeMeHH, a Ko, B mpoiiecce B — 3 kBaHTa.

Mpumeyanune
Cranpapt POSIX, onpepenss Ha3BaHHylO CTpaTernio [UCNETYepU3auuyu KOHCTAHTON
PTHREAD_SCOPE_SYSTEM, npeaycMaTpuBaeT U Apyryio cTpateruto, 0603Hayaemyio KoH-
cTaHToi PTHREAD_SCOPE_PROCESS, KOrfa noTOKM KOHKYPUPYIOT 3@ NPOLECCOPHbIN pe-
CYpC B npefenax npouecca, K KOTopoMy oOHM npuHagnexar (B Sun Solaris nepsoii cTpa-
Terun cootseTcTByloT «bound thread», a BTopoit — «unbound thread»). Peanusauus
ctpaterun PTHREAD_SCOPE_PROCESS cBfizaHa C cepbe3HbiMU TPyAHOCTAMU. HacKonbko
HaM W3BECTHO, B HACTOsLLee BPEMS U3 YMCNa WUPOKO pacnpocTpaHeHHbix OC oHa pe-
anusosaHa Tonbko B Sun Solaris. B QNX gns comectumoctu ¢ POSIX gaxe npucytcTBy-
I0T CMCTEMHblE BbI30Bbl OTHOCUTENBHO CTPAaTerun AucneTyepm3aLnm:

int pthread_attr_setscope( pthread_attr_t* attr, int scope );
int pthread_attr_getscope( const pthread_attr_t* attr, int* scope );

HO B KayecTBe mapameTpa SCOpe OHW AO0MYCKAloT... TONbKO 3HaveHue PTHREAD_SCO-
PE_SYSTEM 1 Ha noBegeHMe NOTOKOB HUKAKOI0O BAUAHUA HE OKa3bIBAIOT.

PID (Process ID) — ugerntudukaTop mporecca, IprucBanBaeMbIii IPOIECCy
pu ero cospanuu, Hanpumep Bbi3oBoM fork(). PID mosBosaer cucreme on-
HO3HAYHO UAEHTU(MUIINPOBATL KaXKAbIil mpoiiecc. IIpu co3gaHuM HOBOTO
mporecca eMy IPUCBAaNUBAETCs MEPBBIA CBOOOAHBIH (TO €CTh HEe aCCOIUUPO-
BaHHBIN HU ¢ KAKUM mOporeccoMm) uaeHTudurarop. IIpucsoenne mpoucxo-
IUT II0 BO3pacTarlleil: nuaeHTu(uKaTOpP HOBOTO IIpoilecca 00IbIle UIeHTH-
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dukaTopa mporiecca, co3JaHHOTO mepea HuM. Korga mociieqoBaTeIbHOCTD
UIeHTU(PUKATOPOB JOCTUTAET MaKcuMaabHoro 3Havenusd (4095), caemyro-
U TpoIlecc IMoJIlydyaeT MUHMMAJBHBIN CBOOOMHBIN (3a cUueT 3aBepIIUB-
muxcs nporeccoB) PID, u Bech MUKJ MOBTOpPAETCA cHOBa. 3HaueHua PID
aymepyiorcsa, saunHas ¢ 0. IIpomece, sarpy:xaBmuii OC, aBasgerca poau-
TeJbCKUM JAJIS BCceX mpoiieccoB B cucteme? u ero PID = 0.

W3 npyrux BasKHBIX aTpUOYTOB IIPOIlecca OTMETHM!:

e PPID (Parent Process ID) — PID mporiecca, mOpOAUBIITETO JaHHbBIH IPO-
mecc. Takum o0pasoM, Bce MPOIECCHI B CHCTEME BKJIUEHBI B eUHYIO
IPEBOBULHYIO NEPAPXUIO.

e TTY — repMuHaJIbHAA JUHUA: TEPMUHAJ UJINA IICEeBIOTEPMUHAJ, acCo-
IMUUPOBAHHLIN ¢ mpoieccoM. Eciiu mporece CTaHOBUTCSA IPOIECCOM-e-
MOHOM, TO OH OTCOE€AUHSAETCS OT CBOE TepPMUHAILHOM JUHAN 1 HE MMe-
€T accOIMMPOBAHHON TEPMUHAJIBHOM JIUHUU. (3amyCcK mIpoiiecca Kak ¢o-
HOBOTO — 3HaK «&» B KOHIIE KOMAHIHON CTPOKU — He ABJISIETCS IOCTa-
TOYHBIM OCHOBAaHMEM [JI OTCOEAUHEHUs IIPOIlecca OT TePMUHAJIbHOI
JUHUN.)

e RID u EUID - peanbublit 1 3 GeKTUBHBINA UAEHTU(PUKATOPBI ITI0JIH30Ba-
Tead. OPpPeKTUBHBINA NASHTU(PUKATOD CAYIKUT IJA OIIpeleIeHIus Ipas
JOCTyIa Ipollecca K CUCTeMHBIM pecypcam (B IepByIo ouepensb K (aiiio-
BbIM cucTemMaM). O6bruno RID 1 EUID coBnazaioT, HO ycTaHOBKA (hurara
SUID pgiisa ucmosiHaeMoro (aiisa mpoliiecca Mmo3BoJIAeT PACIIUPUTh TOJI-
HOMOUYHS IIPoIecca.

e RGID u EGID — peanbublii 1 9 GeKTUBHBIN UAEHTU(PUKATOPHI IPYIIIILI
nonb3oBareneii. Kak m B ciayuae uaeHTH(PUKATOPOB IIOJIH30BATENd,
EGID ne coBunagzaer ¢ RGID, eciu ycramosiaes ¢uiar SGID g ncmoHs-
emoro (paiiaa mpoiiecca.

YacTo B KauecTBe aTpuOyTOB Mpollecca HA3LIBAIOT W IMIPUOPUTET BHIIIOJIHE-
Husg. OMHAKO IPUOPUTET SABJIAETCSI aTPUOYTOM He IpoIliecca (IIPoIiece — 3To
cTaTuvyecKasa cyOCTaHIUs, KOHTeHep), a IIOTOKa, HO €CJIU IIOTOK eJUHCT-
BEHHBIN (TJIaBHBIH, TOPOKIACHHBIN GYHKITUEH main()), ero IpUOPUTET U €CTH
TO, UTO IIOHNMAETCH IO «IIPUOPUTETOM IIPOIeccas.

Co3paHue HoBOro n pouecca

Cospmanuio mpolieccoB (MMeeTcAa B BUAY CO3JaHUeE IIPOIlecca M3 MporpaMM-
HOT'0 KOJla) IIOCBAIIEHO CTOJBbKO onucaHuii [1-9], uTo meTambrHOE paccMoT-
peHmne 5TOro BoIpoca ObLIO OBl JUIIL IIepeckazoM. IlosToMy MBI OorpaHu-
YUMCS TOJBKO OEerJIbIM IIepeurcJIeHVEeM 3THUX BO3MOJKHOCTeI, TeM 0ojiee
YTO B XOZe 00CY:KJeHUs Hac IJIaBHBIM 00pa3oM MHTEPECYIOT He CaMU IIPO-
I[eCChI, a IIOTOKHU, 3aKJII0UEHHBIE B aAPECHBIX IPOCTPAHCTBAX IIPOIIECCOB.

1 3mech MCHOJIB3yeTCA TEPMHUHOJOTUSA [7]; TepMuUHOJIOTUA U ab0peBUATYPHI AJA
pasauyHbIX KJI0HOB UNIX HECKOJBKO pa3inyaioTcsa MeXKIy co00i B OIIMCHIBAIO-
IIUX X JUTEPATYPHBIX NUCTOUHUKAX.
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Ncnonb3oBaHne KOMaHAHOIo UHTEepnpeTaTtopa

CaMblIii IPOCTOH cmocob — 3aIlyCTUTh M3 IIPOTPAMMHOIO KOJa JOYEePHIOI0
KOIIMIO KOMAaHIHOT'O HHTEePIIPeTaTopa, KOTOPOMY 3aTeM IepeaaTh KOMaHIy
3alycka mpoiiecca. [[Js 3Toro UCI0JIb3YeTCs BHI3OB:

int system( const char * command );

re command — TEKCTOBAA CTPOKA, COAEPIKAINAA KOMAHIY, KOTOPYIO IPEAIIO-
JlaraeTcs BBIIIOJTHUTHh POBHO B TOM BH €, B KOTOPOM MbI BBOOMM €€ KOMaH/ -
HOMY UHTEPIIPETATOPY ¢ KOHCOJIH.

Mpumeyanue
OyHKUMA nMeeT elle ofHY cneunduyeckyo Gopmy BbI30Ba, KOTAa B kayecTse command
3apaetcs NULL. Mo koay BO3BpaTa 3T0 NO3BOSAET BbIACHUTb, MPUCYTCTBYET in (U BOCTY-
MeH /In) KOMaHAHbIA MHTepnpeTaTop B cucTeMe (Bo3Bpallaetcs 0, eCM MHTEPNpPeTaTop
LOCTYMeH).

Ha Bpems BuImOJIHEHUS BBIZ0OBA System() BBI3BIBAIOIIUIT IIPOIIECC IPUOCTA-
HaBJuBaeTcs. Ilociie 3aBepIlieHNA MOPOKIEHHOTO Mpoliecca PyHKIIUSI BO3-
BpalljaeT KoJ 3aBepIIeHns BHOBb CO3MAaHHON KONUY WHTepHperaTopa (Uiu
—1, €CJI CaM MHTEPIIPETAaTOP HE MOMKeT 6LITB BI:IHOJIHeH), TO €CTh MJIajIive
8 6UT BO3BpAII[a€MOr0 3HAUECHU S COAEPIKAT KO 3aBEPIIIeHU A BLIIOJIHAEMO-
ro mpoIiecca. BosBpaTr BeI3oBa system() MOMKeT aHAJIM3WPOBATHLCSI MAKPO-
coM WEXITSTATUS( ), onmpenesieHHBIM B (haitie <sys/wait.h>. Hampumep:

#include <sys/wait.h>

int main( void ) {
int rc = system( “1s” );
if( rc == -1 ) cout << “shell could not be run” << endl
else
cout << “result of running command is
<< WEXITSTATUS( rc ) << endl
return EXIT_SUCCESS

”

Mpumeyanune
I7a (yHKUMA MCMONb3yeT BbI30B spawnlp() ANs 3arpy3kM HOBOW KOMUU KOMAHAHOMO
MHTEPNPeTaTopa, TO eCTb «BHYTPEHHEE YCTPOICTBO» AOMKHO ObiTh B 06LEM BUAE BaM
noHATHo. OcobeHHocTbio QNX-peanusaumu sBaseTcs To, YTo spawnlp() Bcerpa uc-
nonb3yeT BbI30B /bin/sh, HE3aBUCMMO OT KOHKPETHOTO BMAA MHTEpNpeTaTopa, ycTa-
HaBnMBaeMoro nepemeHHoit okpyxenus SHELL (ksh, bash...). 3To obecneyunsaet Hesa-
BUCUMOCTb NOBEAEHUA POAUTENLCKOTO MPUIOXEHWUA OT KOHKPETHbIX YCTAHOBOK CUCTe-
Mbl, B KOTOPOIi 3TO MPUIOXEHWE BbINOTHAETCA.

Bri3oB system() ssiBasgeTcs He TOJIbKO IIPOCTHIM, HO 1 OU€Hb HATJIAIHBIM, Je-
JIAIOITUM KOJ JIETKO YHTaeMbIM. IIporpaMMHUCTEI YaCTO OTHOCATCS K HEMY
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¢ mpeHeOpexeHneM!, oTMeuass MHOKECTBO ero HeJfoCTaTKoB. OZHAKO B OT-
HOCHTEJIBHO IIPOCTHIX CJayUYadX 9TO MOXeT 6BITB OIITUMAJIBHBIM PelIeHueM,
a HeJOCTATKHU He TaK U CYIeCTBeHHEI:

Hcnonpsya konmnio KOMaHJHOTO WHTepIIpeTaTopa, BBIBOB System() Mo-
JKeT MHUIMUPOBATH IIPOIlece, UCIOMHAIINNHN 1 OMHAPHYIO IIPOTPaMMy,
¥ CKPUIIT Ha A3BbIKe caMOro KoMaHAHOro narepnperaropa (shell), a Tak-
JKe IIPOTrPaAMMHBIN KOJ Ha HHTEePIPeTUPYIOIIUX fA3bIKaX, TaKUX Kak
Perl, Tcl/Tk u gp. MHOrMe M3 paccMaTPUBAEMBIX HUKE «YKUCTO IIPO-
TPaMMHBIX » CIIOCOO0B MOTYT 3arPYsKaTh U UCIOJHATH TOJIbKO OMHAPHBIN
WCIOJTHAEMBIN Ko (TTo KpaiiHeil Mepe, 6e3 MCIIOJIb30BaHUA UMU BeChMa
TPOMOBIKUX NCKYCCTBEHHBIX U aJIbTePHATUBHBIX BOBMOYKHOCTEMH ).

OcTaHOBKA poauTEeJIbCKOTI'O IIPOIleCcCa B OKHUIaHNM 3aBEPINEHUA IIOPOMK-
JEHHOI'0O TaK e JIeT'KO pa3pelnraeTrcd: IIPOCTO SaHYCKafITe ,ZIO‘{epHI/Iﬁ IIpo-
Iecc U3 OTAeJbLHOTO IIOTOKAa2:

#include <pthread.h>

void* process( void* command ) {
system( (char*)command );
delete command;
return NULL;

}

int main( int argc, char *argv[] ) {

char* comstr = “l1s -17;
pthread_create( NULL, NULL, strdup( comstr ), &process );

1

YacTo B KauecTBe HEIOCTATKA 9TOr0 CHOCO0a OTMEUAIOT «aBTOHOM-
HOCTH» M HEBO3MOYKHOCTH B3aMMOJEMCTBUA POAUTEILCKOTO M IIOPOIK-
JIEHHOTO IIPOIECCOB.

Ho gnsa pacmimpeHms BO3MOYKHOCTeII B3aMMOCBS3HM IIPOIECCOB MOYKHO
TIpeXkJie BCero BOCIOJIb30BaThCA BbIsoBoM popen() (POSIX 1003.1a), aBus-
IOIIMMCSA B HEKOTOPOM PO/JIe SKBUBAJIEHTOM, PACIIUPAIONIAM BO3SMOMKHOCTH
system(). BoamoskHOCTH popen() YyacTo YIIyCKAIOTCA U3 BULY, TAK KaK B OIIH-
CaHUAX 9TOT BBI3OB OTHOCUTCA HEe K 00JIaCTU CO3MaHUA IIPOIECCOB, a K 00-
JIACTH IIPOTPaMMHBIX KaHaJoB (pipe). CHHTaKCcHC 9TOr0 BHI30BA TAKOB:

FILE* popen( const char* command, const char* mode );

31ech MHOTOE 3aBUCUT OT PACCTAHOBKY IIPUOPUTETOB. ECau BBl XOTHUTE, ITOOHI
BCAKUHM, YNTAIOIIUI BaIll KOJ, TYT Ke BOCKIMKHYJI: «Hy 1 KpyToit ke mapeHb
Hamucas Takoe!», 3aBefoMo ucmosibayiite spawn(). Ilpu sKenaHuuM crenats KOx
MaKCUMAaJIbHO 9JIeTaHTHBIM HCIOIb3yiiTe fork(), a ecau craBuTcs 3agada Xopo-
mIeil YUTA€MOCTH U ICHOCTH KOJla, TO OUeHb YaCTO JOCTATOUHO U system().

HeTanu co3manusa IOTOKA U B YaCTHOCTY Ilepejayy eMy ITapaMeTpa 00CTOATe Ib-
HO paccMaTpuBaloTcd jajee.
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rae command — KOMaHAHAA CTPOKA, KaK 1 y system(); mode — pesXuM co3zaBa-
€MOr0 IIPOrPAMMHOT0 KaHaJja CO CTOPOHBI IOPOXKAAIOIIET0 IPOoIlecca: BBOJ
(mode = «r») miu BeIBOA (mode = «w»). JIroOble Apyrue 3HAUYEeHUA, YKA3AH-
HBIe IJId Mode, JalOT HelpeJCKa3yeMblil pe3yIbTar.

B pesyabraTe BHIIOJTHEHUA 3TOU (DYHKIIUUM CO3JAETCA OTKPBITHIN (haiiio-
BBIU TECKPUNTOP KaHaja (pipe), 13 KOTOPOTO MOPOAUBIIIUHA IPOIIECC MOKET
(mode = «r») umTaTh (CTaHAAPTHBLIN IOTOK BBIBOJA AOYEPHEro IIpoIlecca
STDOUT_FILENO) mau B KOTOPBIA MOKeT (mode = «W») mucaTh (CTaHIapTHBIN
IOTOK BBOJAa AouepHero mpoiecca STDIN_FILENO) cranmapTHBIM 00pasoM,
KaK 9To AeJsiaercs aJis tuna FILE (B vacTHOCTH, ¢ 0OTPabOTKOM cuTyaruu EOF).

Paccmorpum caenyroruii npumep. KoHeuHo, TOCMMBOJIbHBIN BBOJ /BBIBO —
9TO He JyUYlliee PelieHne, 1 3eCh Mbl UCIIOJIb3yeM €TI0 TOJbKO AJIS IPOCTOTHI:

int main( int argc, char** argv ) {
FILE* f = popen( “ls -1", “r” );
if( f == NULL ) perror( “popen” ), exit( EXIT_FAILURE );

char c;
while( ( ¢ = fgetc( f ) ) != EOF )

cout << ( islower( ¢ ) ? toupper( ¢ ) : Cc );
pclose( f );

return EXIT_SUCCESS;
}

Mpumeyanue

HoBblii npouecc BbINOJHAETCA C TEM e OKpPYXKEeHUEM, 4TO U pOJJ,l/ITE}'IbCKVIVI. ﬂpOLI,ECC,
yKa3aHHbll7I B KOMaH/Ae, 3anyCKaeTca NpuMepHoO ciefyioWwnm 3KBUBANEHTOM:

spawnlp( P_NOWAIT, shell_command, shell_command,
“-¢”, command, (char* )NULL );

rae shell_command — KOMaHAHBI MHTEpRpeTaTop, CNeuMPULNPOBaHHBI NepeMeHHO
okpyxeHus SHELL, unu ytunuta /bin/sh. B aTom KpoeTca npuynMHa BO3MOXKHOrO pas-
NINYNA B BbIMOAHEHMM BbI30BOB system() u popen().

Ecuu popen() BosBpaiaer He NULL, To BBITIOJTHEHME ITPOIILIO YCHEeITHOo. B mpo-
TUBHOM CJIy4ae ycTaHaBJaUBaeTcs errno: EINVAL — HeqomyCcTUMBI apryMeHT
mode, ENOSYS — B cucTeMe He BBIIIOJHAETCA IIporpaMMa MeHeIKepa KaHa-
soB. ITocse 3aBepireHus paboThl ¢ KaHAJIOM, CO3TAHHBIM popen(), OH JOJI-
JKeH OBITh 3aKPBIT MapHOIT oneparueii pclose().

IIpu ucnosb3oBanuu system() B 6ojee CIOKHBIX CIyUadx, HAIPUMeDP IpU
3aIlyCKe B KauecTBe JOUEPHETO COOCTBEHHOTO IPOIIECCa, ABIAIOMIETOCS COC-
TaBHOM YaCTHIO KOMILJIEKCA (40 CUX IIOP MBI pacCMaTPUBAJIN B KAUECTBE 0~
YepHUX TOJBKO cTaHAapTHbIe mporpaMMbl UNIX), mpuuem 3amycK Ipous-
BOAUTCA U3 OTAEJIHHOTO IOTOKA (TO ecTh 6e3 OKUIaHUA 3aBePIIeHNd, KaK
Ipeaiarajoch BIIIE), MBI MOYKEM PeaJn30BaTh CKOJIb YTOJHO U30IIPEeHHbBIE
CIIOCO0BI B3aMMOEHCTBUA C IIOMOINbI0 MexanuamoB IPC, mampumep, oT-
KpBIBas B JOUEPHEM IIpoIlecce NBYHAIIPABJIIeHHbIe KAaHATIBI K POAUTEJIIO.
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KnoHnpoBaHue npouecca

Bri3oB fork() cosmaer KJIOH (IOJIHYIO KOIIMIO) BBI3BIBAIOIIEr0 IIpPoIlecca B
TOUKe BBI30Ba. BBI3OB fork() ABasdeTcA OZHOM M3 caMbIX 0a30BBIX KOH-
ctpyknuit Bcero UNIX-nporpammupoBasus. Ero ToJIKOBaHUIO ITIOCBAILIEHO
CTOJIBKO CTPAHUI] B JUTEPATYPE, CKOJBKO HE yAEeJeHO HUKAKOMY APYTOMY
snemenTy API. CuuTakcuc Toro BbI30oBa (IIpoIlie Mo CUHTaKCuCy He ObIBa-
€T, CJIOKHee II0 CEMaHTHUKe — TOXKe):

#include <process.h>
pid_t fork( void );

HeiicTBue BbI3OBaA fork() cienymoilree:

e Tlopoknaercs nouepHUl IpoIiecc, KOTOPOMY CUCTeMOI IIprcBaruBaeTCA
HOBOe YHUKaJbHOe 3HaueHue PID.

e JlouepHUH IPOIlECC IOJyUaeT COOCTBEHHBIE KOMUY (DAafJIOBBIX JEeCKPHUII-
TOPOB, OTKPBITBIX B POAUTEJSIBCKOM IIPOIleCC€ B TOYKE BBIIIOJIHEHUA
fork(). Kaskaplii JeCKPUIITOP CChLIAETCA HA TOT Ke (paiij, KOTOPHIHA Co-
OTBETCTBYET aHAJOTUYHOMY JECKPUIITOPY poauTed. BaokupoBku (aii-
a0B (locks), ycTraHoB/IeHHBIE B POAUTEIBCKOM IIpPOIlecce, HACIeAyIOTCS
JOUYEPHUM IIPOIECCOM.

e Jlyia mouepHETro mpoIllecca ero 3HavueHus tms_utime, tms_stime, tms_cutime
u tms_cstime ycTaHaBIMBAIOTCA B 3HAUEeHNE HOJIb. Boigep:kku (alarms)
IJIS 9TUX TaliMepOB, YCTAHOBJIEHHbBIE K DTOMY BPEMEHHU B POAUTEIbCKOM
IpoIiecce, B JOUYEePHEM IIPOIIeCCe OUUIMAIOTC.

e CurnaabHble MacKu (mogpobHee 00 9TOM OyAeT paccKasaHO HUMKe) IJIA
JOUYepHEero Ipollecca MHUIUATUSUPYIOTCS NYCTHIMUA CUTHAJBHBIMU Ha-
bopamu (HE3aBUCUMO OT CHUTHAJBHBIX MAaCOK, YCTAHOBJIEHHBIX POIU-
TeJbCKUM IIPOIeCCOM).

Ecsu BBI30B yHKIIUM 3aBEPINUIICA HEyJauyHO, QYHKIMA Bo3Bpalmaer —1 u
ycTaHaBJIUBaeT errno: EAGAIN — HeTocTaTOUYHO CUCTEeMHBIX pecypcoB; ENOMEM —
porecchl TpebyIoT 6oJIbIllee KOJIUUECTBO IaAMATH, YeM JOCTYIIHO B CUCTe-
me; ENOSYS — pynkmusa fork() He peaqmsyeTcss B 9TOW MOJeIHn IIaMsATH, Ha-
npuMep B GU3NYECKOM MOAEJN afpecanuy naMATH (HamoMHUM, 4To QNX —
mHoromnardopmerHas OC U 4KMCI0 HOAAEP:KUBAEMBIX €10 ILIaT(opM Bce
BO3pacTaer).

A BOT ¢ KOZJOM BO3BpaTa 3TOH (YHKIINH B CJIyUae yaaul CJI0KHee U ropasio
uHTepecHee. [[e0 B TOM, YTO JJisT OJHOT'O BBI30Ba fork() OZHOBpPEMEHHO
MMEeIOT MeCTO JBa BO3BpAaTa B ABYX PA3JUUYHBIX KOMUAX (HO B TEKCTYaJIbHO
eqnHOM Kofe!): B Kommu KOja, COOTBETCTBYIOIEH JOUepHEMY IIpoIleccy,
BosBparraercs 0, a B Konuu Koga poauTesisa — PID ycielnHo moposKIeHHOTo
JouepHeTro Impoliecca. ITO U MTO3BOJIAET PA3TPAHUYUTD B €ITMHOM IIPOTPaMM-
HOM KoJe (pparMeHTHI, KOTOPLIE IIOCJIE TOUKM BETBJICHHUS HAJJIECKUT BbI-
HOJIHATH B POLUTENHCKOM IIPOIleCCE M KOTOPbIE OTHOCATCI K JOUYEPHEMY
nporieccy. TUMMUYHBIN MIabJOH KOAAa, MCHOJb3yIoiero fork(), BBITJISIUT
IPUMEPHO TaK:
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pid_t pid = fork();
if( pid == -1 ) perror( "fork” ), exit( EXIT_FAILURE );
if( pid == 0 ) {

b
if( pid > 0 ) {

b

Jra cxeMa IIOPOKIEHUS IIPOIlecca, ero KJIOHUPOBaHWe, HACTOJBKO IIIUPOKO
yIroTpebJisieTcss, 0COOEHHO IIPU IIOCTPOEHUU CaMbIX Pa3sHOOOpasHBIX cepBe-
POB, UTO )i Hee Oblja co3JaHa CIelMaJbHAsd TEXHUKAa, IOCTPOEHHAas Ha
BBIBOBe fork(). 3amerbTe, uTO BO Bcex MHorosagauHbix OC o0s3aTeaIbHO
IPUCYTCTBYET Ta WUJIN MHASI TeXHUKA MPOrPaMMHOT0 CO3TaHUs HOBOT'O IIPO-
mecca, OJHaKO He BO BCeX CYIEeCTBYeT TeXHUKA MMEHHO KJIOHUPOBAHUA, TO
€CThb CO3aHU MMOJHOT0 AYOJINKAaTa IIOPOKIaI0Iero mpoiiecca.

// ... OTOT KO BHMONHAETCA B JOYEpPHEM npouecce ...
exit( EXIT_SUCCES );

// ... 9TOT KOA BHIMNONHAETCA B POAMTENLCKOM Mpouecce . . .

do { // oxmparue 3aBeplieHns MOPOXAEHHOTO Mnpouecca:
wpid = waitpid( pid, &status, 0 );

} while( WIFEXITED( status ) == 0 );

exit( WEXITSTATUS( status ) );

Bor kak BBITIIAAUT mpocTeiimuii perpancaupyiomuii TCP/IP-cepBep, 3a-
MMCTBOBAHHBIN U3 Hallel 6osee panHei myoaukamnuu [4] (o6paboTKa o1ru-
0OK HOJIHOCTHIO MCKJII0OUEHA, YTOOBI YIPOCTUTH IPUMeED):

PerpaHcaupyrowmii TCP/IP-cepsep!?

int main( int argc, char* argv[] ) {

// cos3aaHue W MNoAr0TOBKA NPOC/YWMBANLEr0 COoKeTa:

int rc, 1s = socket( AF_INET, SOCK_STREAM, 0 );

setsockopt( 1s, SOL_SOCKET, SO_REUSEADDR, &rc, sizeof( rc ) )
struct sockaddr_in addr;

memset( &addr, 0, sizeof( addr ) );

addr.sin_len = sizeof( addr ); // cneunduka QNX
addr.sin_family = AF_INET;
addr.sin_port = htons( PORT ); // PORT - KoHCTaHTa

addr.sin_addr.s_addr = htonl( INADDR_ANY );
bind( 1s, (struct sockaddr*)&addr, sizeof( sockaddr ) );
listen( 1s, 25 );
while( true ) {
rc = accept( 1s, NULL, NULL );
pid_t pid = fork();
if( pid <0 ) ... ; // 4T0-TO npousowno!
if( pid == 0 ) {

HaHOMI/IHaeM, 4YTO JIUCTUHTU, Ha3BAHUA KOTOPBIX BBIAEJIEHBI HO,Z[06HI>IM o6pa-
30M (Ha cepoM (oHE), MPEACTABIAIOT cO00ii 3aKOHUEHHbIe IPUIoKeHus. CooT-
BETCTBYIOIHE (Pailyibl MOKHO HANTH B apXUBaX; OHU MOT'YT OBITH BOCITPOU3BEe-
HBI UIU MOAM(DUIIMPOBAHEI AJI TOHKOTO aHAJIN3a Pe3yJIbTATOB.
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close( 1s );
char data[ MAXLINE 7;
int nd = read( rc, &data, MAXLINE );
if( nd > 0 ) write( rc, &data, nd );
close( rs );
exit( EXIT_SUCCESS );

}

else close( rs ); // eOMHCTBEHHOE [eNCTBME pOANTENd
}s
exit( EXIT_SUCCESS );
b

IIpuBegenHbIl (hparMeHT MOXKET B IIPOIlecce CBOeil paGoThl IOPOIUTDH JOC-
TATOYHO MHOTO MIAEHTUYHBIX IIPOIecCOoB (OOUH POAUTEIbCKUM, ITaCCUBHO
IPOCIYIINBAIOINI KaHa; OCTaJbHbIe — IOPOMKAeHHbIE, AKTUBHO B3aTMO-
IeHCcTBYIOIINE ¢ KJIWEeHTaMM, II0 OJHOMY Ha KayKIOro KJueHTa). Bce mo-
poKIaeMble TPOIleCChl HACJAeAYIOT Bech HA0OP MEeCKPUITOPOB (B JAHHOM
cIy4ae COKETOB), HOCTYIIHBIX POAUTEIBCKOMY Ipolieccy. Jlydinee, 4To MO-
TYT cJeJaTh IIpoliecchl (KaK POAUTEIbCKUM, TAK U JOUEPHUIT), — HEMeAJIeH-
HO TocJie BbIdoBa fork() (1 aTo XopoIras mIpakKTHUKa B 00IIeM caydae) TIia-
TeJILHO 3aKPBITh BCE yHACJeLOBaHHbBIE JeCKPUIITOPHI, He MMEIOIe OTHO-
IIeHUs K uX pabore.

Mpumeyanune
Onepauus fork() gomKHa co3aatb He TONbKO CTPYKTYPY af[peCHOro NpoCTpaHCTBa Ho-
BOTO MpoLecca, Ho U NoGaNTHYI0 KoMK 3Toi obnacTu. B onepaunoHHbIX cucTemMax 06-
wero HaszHaveHus (Win32, Linux, FreeBSD) ans obneryeHus 3Toro TPyLOEMKOrO Mpo-
Lecca Mcnonb3yeTcs BUpTyanu3auma ctpanul, no texHonoruu COW (copy on write), ge-
TaJbHO ONMUCAHHAsA, HanpuMep, npumeHnTenbHo kK Win32, Ixeddpu Puxtepom. Haknag-
Hble Pacxofbl Mpouecca KONMPOBaHUA 3AeCb AeMN(UPOBaHbl TeM, YTO KOMMPOBaHUE
KaX[O0M hU3nN4ecKoit CTpaHuLbl NamATK QaKTUYeCKU NPOM3BOJMUTCA TONLKO NPU 3anucu
B 3Ty CTPaHULY, TO €CTb 3aTpaTbl HAa KONMPOBaHWE «Pa3Ma3blBAlOTCA» AOCTAaTOYHO CNy-
YanHbIM 06pa3oM Mo XOAY MocneaylowWwero BoINONHEHUA Jo4YepHero npouecca (34ech
HEeT NPaKTUYeCKN HUKAKOrO UTOFOBOTO BbIUIPbLILA B NPOU3BOAUTENLHOCTH, ECTh TOJBKO
COKpbITME OT NONIb30BaTENs OHOPA30BOro pa3mMepa TpebyeMblx 3aTpart).

Cuctembl peanbHOro BpeMeHM He MMeloT NpaBa Ha TaKylo POCKOLWb: HenpefcKkasyemoe
paccpefoToyeHMe KOMUPYIOLWWX Onepauuii no BCeMy NocChefylolueMy BbiMOIHEHNUIO,
a noatomy u ucnonb3osaHue B HUx COW BooOLe, BLIMAANT BECbMa COMHUTENbHO. B [4]
Mbl onucbiBanu 3kcnepumenTol B QNX, Korga B Ko cepBepa, NOCTpoeHHoro Ha fork(),
Oblna BHECEHA «MACCUBHAA» CTPOKA, HUKAK HEe UCMOMb3yeMas B NpOrpaMMe, HO onpepe-
NAWWANA BECbMA NPOTAKEHHYIO MHULMANU3NPOBAHHYI0 061aCTb JAHHbIX:

static long MEM[ 2500000 1,

Mpu 3tom Bpemsa peakuuu (oTBeTa) cepBepa (3aTpaTbl BPEMEHW Ha BbINOJHEHMWE
fork()) Bo3pocno B 50 pa3 u coctaBuao 0,12 cek Ha npoueccope 400 Mru. Ewe pas, Ho
B [pYTOM KOHTEKCTe 3Ta 0COOEHHOCTb OyaeT obCyaeHa HUXe NpU CpaBHEHUM 3aTpar
NpOMU3BOAMTENILHOCTM HA CO3AaHMe NPOLECCOB U NOTOKOB.
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JOoTOTHUTEeIbHBIM BEISOBOM 3TOTO KJiacca (AJIA IOJHOTHI 0030pa) ABJISIEeTCA
HCIIOJIb30BaHWEe QGYHKITUU:

pid_t vfork( void );

B oraiuume ot fork(), aToT BBI3OB, BiiepBhie BBegeHHbI B BSD UNIX, nena-
eT pasaesigeMbIM JJIs JOUuepHero mpoilecca agpecHoe IIPOCTPAHCTBO POIM-
Tesis. PoguTenbcKuii mpollece MpruoCTaHaBINBaeTCA A0 TeX Iop, IToKa IIo-
POKIEeHHBIN HpoIlecc He BLIMOJHUT exec() (3arpyskas HOBBIN Iporpamm-
HBIH KOJ JOUePHETO IIPOIlecca) UK He 3aBePIIUTCS ¢ IOMOIIBIO exit () uamu
AHAJIOTUYHBIX CPEJICTB.

dyukiusa viork() MoskeT OBITH peajn3oBaHa Ha allapaTHBIX ILJIaTGopMax
¢ (pusmuecKoil Moae b0 naMATH (0e3 BUPTyaausalu IaMaTu), a fork() —
He MOXKeT (MM peajusyeTcs ¢ OOJBIINMU HaKJIAAHLIMU PACXOJaMm), Tak
KaK TpeOyeT co3maHusA abCOTIOTHOM KOIUM 00JaCTH aJpecHOro IPOCTPAH-
CTBa, YTO B (PMBUUYECKOM MOJEJNHU IIOBJIEUET CJAOMKHYIO TNHAMUYECKYIO MO-
IuUKAIUIo afpPecHbIX moJiel Koga. TeM He MeHee (IPU HEKOTOPBIX KaKy-
muXcsa JocTonHCTBaX) B BSD Tak:ke momguepKUBaIOCh, uTo VFork() Tamt
B cebe cepbe3HyI0 MOTEHITMAJbHYI0 OITaCHOCTh, MOCKOJIBKY ITO3BOJISAET Of-
HOMY IPOIIECCY MCIIOJB30BATh UJIU Jake MOAUMUIIMPOBATH aJpecHOe IPo-
CTPAHCTBO APYTOTO, TO €CTh (haKTUUYECKHU HAPYIIIaeT MapagurMy 3aluIieH-
HBIX aJPECHBIX ITPOCTPAHCTB.

3anyck HOBOro NPOrpaMMHOro Koaa

HakoHel, pacCMOTPHUM 3aIIyCK HAa BBITOJHEHNE HOBOTO, OTJIMYHOTO OT PO-
IUTEJbCKOTO IpoIlecca IporpaMMHEOT0 KOIa, 00pas KOTOPOTO COMEePIKUTCA
B OT[JEJIbHOM HCIOJIHSeMOM (haiijie B KauecTBe JouepHero mporecca. s
aToii meau B QNX cyImecTBYIOT ABe TPYHIbI PyHKITUI: exec() (ux Bcero 8:
execl(), execle(), execlp(), execlpe(), execv(), execve(), execvp(), ex-
ecvpe()) u spawn() (mx 10: spawn(), spawnl(), spawnle(), spawnlp(), spawn-
1pe(), spawnp(), spawnv(), spawnve(), spawnvp(), spawnvpe()).

ITO MHOKECTBO ()OPM 3aIIMCH OTJINUYAETCS CUHTAKCHUCOM, KOTOPBIN OIIpeze-
JIseT (popMaT CIMCKA apryMeHTOB KOMAHIHOMN CTPOKH, IIOJIYYEHHOTO HAMU
B KadeCcTBe HapaMeTpoB (MDYHKIHUH main(), IepefaBaeMbIX IIpOTpaMMe,
a TaK)Ke HeKOTOPBIMU APYTUMU AOIOJHUTEIbHBIMU geTaaaMmu. Cypdurcer
B UMeHax (pyHKIM 0603HaUYAOT CIAeAyIoIee:

® | — CIHUCOK apryMeHTOB OIIpeJesdeTca Yepe3 CINCOK IIapaMeTpoB, 3a-
TaHHBIX HEIIOCPEACTBEHHO B CAMOM BBI30BE. JTOT CIMCOK 3aBEPIIAeTCs
HyJeBBIM aprymeHToOM NULL;

® ¢ — OKPYyXeHHe AJid IIpolecca YKa3blBaeTCs IIOCPeACTBOM OIIpeesIeHU A
MaccHuBa II€EPEMEHHBIX OKPYMXEeHUd;

® D — OTHOCHUTEJBbHBIHA ITyTh MIOUCKA: €CJIV He YKasaH MOJHBIN IIyTh K daii-
JIy IporpaMMbI (TO ecThb UM (pailjia He COAEP:KUT pasfeinTeser «/»),
IJIS eT0 IIOKMCKA MCIIOJIb3yeTCd IlepeMeHHad OKpysKeHusa PATH;

® Vv — CIIMCOK apryMeHTOB OIpeIessieTcsa uepes yKasaTe b Ha MacCUB apry-
MEHTOB.
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B mamy 3aauy He BXOJUT ONMCaHNE BCeX BO3MOMKHOCTEN BLI30BOB, TeM 00-
Jiee UTO OHU 0OCTOATENHLHO onucaHsl B [1, 2, 5, 6], u MbI 6yIeM MCIOJIH30-
BaTh IO TEKCTY JI00YI0, 00Jiee YAOOHYIO IJisi HAC (POpMY 0e3 JOIOJIHUTEIb-
HBIX O0'BACHEHUIA.

BoabsmuaecTBO (hop™m dyuKIIMU exec() aABasgoTcsa POSIX-coBmecTuMbBIMU,
a 6osbIass yacTb popM GYHKIUHU Spawn() IpeAcTaBaseT coboii crermudu-
yeckoe pacmupenue QNX. Bojee Toro, mase Oad TeX QYHKIUH TPYIIIIEI
spawn(), KoTopble uacto HasbiBaloT POSIX-coBmecTumbimMu [1], TexHMIUEC-
Kasa moxkymenTanusa QNX ompenesnseT cTelleHb COBMECTUMOCTU IIPUMEPHO
B TAKUX TEPMUHAX: «..Q0yHKYUsA spawn( ) asasemcsa pyuryueii QNX Neut-
rino (ocnoséannoit Ha POSIX 1003.1d uepnosom cmandapme ).»

DyHKIIUYU ceMelcTBa exec( ), HAIPOTUB, IOAMEHSIIOT UCIOJHIEMbBIN KO/ Te-
KyIero mpoiiecca (He uaMeHsAs ero ugeatuduxarop PID, npasa mocryna,
BHEIITHME Pecypchl MpoIecca, a TaKyKe HaXOOAIUINACI B TOM JKe aipecHOM
TIPOCTPAHCTBE) UCIIOJHIEMBIM KOIOM 13 Apyroro daiiaa. [TosToMy mCIoab-
3YIOTCSA 9THU BBIBOBHI HEIOCPEACTBEHHO mocje fork() mjsd 3aMeHbl KOIUU
BBIBBIBAIOIIETO IIpollecca HOBBIM (9To KJjaccuueckas UNIX-rexHosorus
WCIIOJIL30BAHUS).

dyuKIUYU cemeiicTBa spawn (), HAIIPOTUB, ITIOPOKIAIOT HOBBIH IIpoliece (¢ HO-
BBIM ugeunTuduxraropom PID u B HoBoM agpecHOM IIpocTpaHcTBe). Bee dop-
MBI BBI3OBOB Spawn( ) IocJie IIOATOTOBUTENIbLHOM paboThl (MHOTAA OUeHDb 3HA-
YUTeJIbHOIT) B KOHEUHOM UTOTE PETPAHCIUPYIOTCA B BEI30B 6a30B0OIi (hOPMBI
spawn()!, KOTOPBIH ITOCJAEAHUM AENCTBUEM CBOETO BLITIOJHEHUA U IIOCHLIAET
coob1erue procnto (MeHem:Kep mporeccoB QNX, «TeppuTopuaIbHO» 005-
eIUHEHHBIN ¢ MUKPOAIPOM CUCTEMBI B OJHOM (haiiie).

Bas3oBbiit BBI30B spawn() ompeneaseTcs caeayniuM o0pasoM:

#include <spawn.h>
pid_t spawn( const char* path,
int fd_count,
const int fd_map[ ],
const struct inheritance* inherit,
char* const argv[ ],
char* const envp[ ] );

rae path — IMOJIHOE UMS UCIIOJHAEeMOT0 OMHapHOro (aiiia;
fd_count — padaMepHOCTSH CJIeAYIOIero 3a HUM MaccuBa Td_map;

fd_map — maccuB (paiJIOBBIX HECKPUIITOPOB, KOTOPhI€ BbI XOTEJU ObI yHAa-
cJaeloBaTh B JOUEPHEM IIpoIlecce oT poauTeabckoro. Ecau fd_count He pa-
BeH 0 (TO eCcTb MOKET MMeTh 3HAUEeHUS BILJIOTh M0 KoHcTaHThl OPEN_MAX), TO
fd_map moJsKeH comepsKaTh CIIMCOK m3 fd_count (paiIOBBIX HECKPUITOPOB.
Ecuau :xe fd_count paseu 0, To fouepHU Mpolecc HaCJaeAyeT BCE POAUTEIb-

1 Tem He MeHee 5TO BOBCE He 03HAUAET, UTO CJIeJyeT HeIOCPeACTBEHHO UCI0JIb30-
BaTh BBI3OB Spawn( ), BeIb OH CAMBIN TPYAOEMKHH 1 UpeBaT OIINOKaMU.
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CKUe JeCKPUIITOPhI, UCKJII0UAa Te, KOTopblie codmanbl ¢ purarom FD_CLOEXEC
GyaRIUT fentl();

inherit — cucrTeMHas CTPYKTypa (CM. CHUCTEeMHBIE OIIpefeeHHsa) THUMa
struct inheritance, copepskaniad KAk MUHAMYM:

unsigned long flags — omuH uau 0oJiee YCTAHOBJIEHHBIX OUT:

SPAWN_CHECK_SCRIPT — mo3BOJIUTH Spawn() 3amycKaThb TPeOyeMbIi KO-
MaHIHBLIN UHTEPIIPEeTATOP, UHTEePIPETUPYS path Kak CKpUIT (MHTep-
IpeTaTop yKasaH B ePBOil CTPOKe CKpumTa path);

SPAWN_SEARCH_PATH — mcmosib30BaTh IIepeMEHHYIO OKpykeHHsA PATH
JLJIsI MOUCKA BBITIOJIHsAeMOoTo (haiima path;

SPAWN_SETGROUP — ycTaHOBUTH AJIsI MOUEpPHETo IIpollecca 3HaAUYeHUe
T'PYIIILI, CHeIuGUIIPYyeMOoe UJIeHOM (CTPYKTYPhI) pgroup. Eciu sToT
duar He yCTAaHOBJIEH, NOYEPHUI IIPOIlecC OyaeT YacTbI0 TeKYyIei
T'PYIIIBI POAUTEIBCKOTO IIPOIlecca;

SPAWN_SETND — 3amycTUTh JOUEPHUH IIPOIleCcC HA YAAJ€HHOM CETEeBOM
yane QNET, cam Ke yaaeHHBIN y3es CHeIU(PUINPYETCS UJIEHOM
(cTpyKTypHI) nd (CM. KOMaHAY yAAJEHHOTO 3aITycKa on);

SPAWN_SETSIGDEF — mcmosib30BaTh CTPYKTYPY Sigdefault maa ompene-
JIEHUA Ipoliecca MHOKecTBa (Habopa) CUTHAJIOB, JJIA KOTOPBIX OyAeT
yCTaHOBJIeHA peaKIusa 1o ymonauanuoo. Eciau sToT duiar He ycTaHOB-
JIeH, [OUYepHUU Ipollecc HacjaenyeT Bce CUTHAJbHBIE PeaKIIUU POLU-
Tesd;

SPAWN_SETSIGMASK — mcmosib30BaTh Sigmask B KauecTBe CUTHAJIBHOM
MacCKH JoUYepHero IIpoliecca.

pid_t pgroup — rpynmna gJodepHEro IIpoIiecca; uMeeT CMbICJ, TOJAbKO €CJINn
ycraroBJeH (uar SPAWN_SETGROUP. Ecsau dsar SPAWN_SETGROUP ycTaHOB-
JeH u inherit.pgroup ycranoBiieH Kak SPAWN_NEWPGROUP, To mouepH!It
IpOIlecC OTKPBLIBAET HOBYIO I'PYNNY IIPOIECCOB C UAEHTUPUKATOPOM
rpynmnsl (GID), paBabsiM PID sToro HoBoro mpoiiecca.

sigset_t sigmask — curHajbHad Macka JOuepHero Impoliecca, ecjiiu ycra-
HOBJIEH (pzar SPAWN_SETSIGMASK.

sigset_t sigdefault — HaGop CUTIHAJIOB JOUEPHErO IIPOIlecca, AJIS KOTO-
PBIX oIlpefessdeTcAd pPeaKIUd IO YMOJUaHUIO, €CJIM yCTaHOBJIeH (ar
SPAWN_SETSIGDEF.

uint32_t nd — »TO COBEPIIIEHHO YHUKAJIBHEBIH (0OTHOCUTEIbHO Apyrux OC,
a sHaumuT, u Bcero POSIX) mapamerp QNX — mecKpunTop ysja ceTu
QNET, Ha KoTOpOM HOJIXKEeH OBIThH 3allyIleH HOBBIN IPOIlecc. ITO II0Je
HCIIOJIB3YEeTCsA, TOJBKO €CJau yCcTaHOBJIeH (aar SPAWN_SETND.

argv — ykKasaTejJb MaccuBa apryMeHTOB. 3Hauenue argv[0] JOJKHO OBITH
CTPOKOIi (char*), comepskarieii uMmsa (aiisa, 3arpyKaeMoro Kak mporiecc (20
MoskeT ObITH NULL, ecsii apryMeHTHI He miepenaiorces). [locaemHuil s1eMeHT
MaccuBa argv obssan 66Tk NULL. Camo 3HaUeHUMe argv HUKOTAA He MOKET
ObITH NULL.



Mpoueccsi 37

envp — yKasaTeJb MacCUBa CUMBOJBLHBIX CTPOK IIePEMEHHBIX CHUCTEMHOTO
okpys:kenusa (environment). IlocaegHuit sjemMeHT MaccuBa envp 00s3aH
661Th NULL. KaskabIit a1eMeHT MaccuBa ABJSETCA CTPOKOIH (char*) Buma: va-
riable = value. Eciiz camo smauenne ykasaress envp paBsao NULL, To mouep-
HUI IPOIECC MOJHOCTHIO HACJAeNyeT KON OKpY:KeHuA poautenad. (OKpy-
JKeHUe IIPOoIlecca — BCeraa «KOMIUS», I0TOMY JIIOOble N3MEeHEeHNsI, BHECEeH-
HBIE B OKPYJKeHUe JOUePHUM IIPOIECCOM, HUKAK He OTPasKaiTcA Ha OKPY-
JKeHIU ero POAUTEI.)

Mpumeyanue
Ecnu  poyepHwit  npouecc  ABAAeTCA  CKPUNTOM  WHTepnpetatopa  (dnar
SPAWN_CHECK_SCRIPT), To nepBas CTpOKa TeKCTa CKpUMTa [OMKHA HAYMHATbCA C #!, 3@
KOTOPbIMMU [OJIKHBI CleloBaThb MyTb U apryMeHTbl TOr0 MHTEpPNpeTaTopa, KoTopbiit OyaeT
MCNoNb30BaThCA ANA MHTepnpeTauum 3toro ckpunta. K ckpunTy He npumeHseTca ycTa-
HOBJIEHHbI B CUCTEME MHTEpPNpeTaTop No YMoAYaHuto (Kak 3TO NPOUCXOLUT NpU Bbi30-
BE ero no UMeHU U3 KOMaHZHO CTPOKM).

IIpaBuna HaciemoBanmusa (1 HEHACJIeOBAHNUA) IAPAMETPOB JOUYEPHETO IPO-
mecca ot poxurtesnsa (RID, RGID u apyrux arpubyToOB) JKECTKO PerJiaMeHTH-
POBaHBI, JOCTATOYHO CJOXKHBI (B 3aBUCUMOCTH OT (hJIar0B) U MOTYT OBITH
YTOUYHEHBI B TeXHUUYecKo fokymenTanuu QNX. OrmeTruM, 4To 6€3yCI0BHO
HACJIeAYIOTCSA TaKuWe IapaMeTphl, KaK: a) IPUOPUTET U AUCIUILINHA JUC-
meTuepusanuu; 0) pabounii 1 KOpHEBOII KaTajgoru (aitioBoit cucrembl. He
HacJeOyIOTCsA: YCTAHOBKM TalMepoB IIpoliecca tms_utime, tms_stime,
tms_cutime m tms_cstime, sHaueHUe B3BemeHHOTO curHajga SIGALRM (aTo 3Ha-
yeHUe cOpachIBAeTCA B HOJIb), (haiioBble 6JIOKMPOBKY, OJOKUPOBKYU U OTO-
opaskenus namaTu (shared memory), ycTaHOBI€HHBIE POIUTEIEM.

ITpu ycnentHOM 3aBepIieHNY BbI30B (hyHKIIUU Bo3BpamiaeT PID nmopoxaen-

HoTO mIpoitecca. [Ipu Heymaue BosBpaIaerca —1 u errno ycTaHaBJIUBAETC:

e [F2BIG — KoamuecTBO OAMT, 3aJaHHOE B CIMCKE apryMeHTOB WMJIU IIepe-
MEHHBIX OKPYKeHUA 1 npeBbiinaloiiee ARG_MAX;

e FEACCESS — meT mpaBa IOMCKa B KaTajorax npedukca nmenu daiia, niam
s aiiyia He yCTaHOBJIEHBI TPABa HA BBIMTOJHEeHUE, U (haiiaoBas cuc-
TeMa II0 YKa3aHHOMY ITyTHU OblJIa CMOHTUPOBaHa ¢ paarom ST_NOEXEC;

e FAGAIN — HeZOCTATOUHO CUCTEMHBIX PECYPCOB JJIA IIOPOKAEeHU S IpoIlecca;

e EBADF — HeZOmyCTUM XOTs ObI OAWH U3 (haliJIOBBIX JECKPUITOPOB B Mac-
cuBe fd_map;

e EFAULT — HemomycTuMa ofHA M3 OydepHbIX 00JacTel, YKa3aHHBIX B BbI-
30Be;

e ELOOP — cammikoM TJIyOOKMIT YPOBEHb CHMBOJIMUYECKUX CCBHLIOK K (aiiiay
niIu rayouHa npeduKcoB (KaTaJIoToB) B IIOJHOM ITYyTH K (aiiry;

e EMFILE — HeZOCTATOYHO PECYPCOB IJA OTOOpaKeHUs (PalIOBBIX IHECK-
PHUIITOPOB B JOUePHUU IIPOILECC;

e ENAMETOOLONG — mamHa mOJHOTO MyTH IIpeBbImiaeT PATH_MAX mam pamHa
KOMIIOHEeHTa UMeHH (paiija B IIyTu mpeBbimiaeT NAME_MAX;
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ENOENT — cpaitnm HyseBOW AJIMHBI UM HECYIECTBYIOIINN NPe(UKCHBIA
KOMIIOHEHT B IIOJTHOM ITyTH;

ENOEXEC — ¢haiiyn, yKa3aHHBIM KaK IIPOrpaMMa, UMeeT OIIUOOUYHBIN AJIa
HCIIOJIHAeMOro (daiina ¢opmMar;

ENOMEM — B cucTeMe HeIOCTATOYHO CBOOOTHOM MaMATU JJIS IIOPOKICHUA
mpoiiecca;

ENOSYS — (aitoBas cucrema, cruenu(puIITPOBaAaHHASA TOJHBIM IIyTEBBIM
nMeHeM (aiiyia, He IpegHa3HAUYeHa OJIA BbITOJHEHUA spawn();

ENOTDIR — nmpeduKCHbIE KOMIIOHEHTBI IYTH UCIIOJHAEMOTO (haiiia He AB-
JISIIOTCSA KaTajloraMu;

Hasxe 13 9TOT0 OUEHBb KPATKOr0 0030pa BbI30Ba Spawn () CTAHOBATCS OUEBU/I-
HBIMY HEKOTOPbIE BEII[H:

Jra popma yHUBepcasbHa (CaMOIOCTATOUYHA), OHA II0O3BOJIAET obecte-
YUTH BECh CIIEKTP Pa3HO0Opa3HBIX (hOPM IOPOYKAEHNA HOBOTO IIpoIecca.

Oma ke u camas rpoMo3akas ¢hopMa, TAKeJI0OBecHasI I MPaKTHUECKO-
ro KOJHUPOBAHUS, II0TOMY B PeaJbHBIX TEKCTAX B OOJIBIIINHCTBE CayUa-
€B Bbl BMECTO Hee BCTPETUTEe ee KOHKpeTumsammu: spawnl(), spawnle(),
spawnlp(), spawnlpe(), spawnp(), spawnv(), spawnve(), spawnvp(), spawn-
vpe(). Bce 3T (hopMBI JOCTATOUHO HOJIHO omucaubl B [1]. @yHKIIHO-
HaJIbHO OHU SKBUBAJIEHTHBI Spawn( ), IIO3TOMY MbI He CTAHEM Ha HUX Je-
TaJILHO OCTAHABJIUBATBLCS.

Xorsa BBI3OB spawn() m ymoMuHaeTcA B onmucanuax Kak POSIX-coBmec-
TUMBIN, B QN X 0H CyII[eCTBEHHO pacCIlIipeH U MOIU(MUIINPOBAH U II09TO-
MY B JIYUIIIEM CJIyuae MOKeT KBAJIU(PUIINPOBATHCA KAK «BBIMOJHEHHBIN
mo motuBamM» POSIX.

B kauecTBe nmpuMepa IIpuBeieM MCIIOJIb30BaHHYIO B [4] (ri1aBa [l. Anekcee-
Ba « YTujauTa on») hopMy BbI30Ba JJId 3allyCcKa IPOrpaMMBbI (C UMeHeM, 3a-
JTaHHBIM B CTPOKe command) Ha ymaJeHHOM y3aJje node (Hampumep, /net/xxx)
cetu QNET (kak BbI HOHMMAaeTe, 3TO COBEPIINEeHHO YHUKAJbHAS BO3MOXK-
HOCTh QN X, TOBOPUTH 0 KOTOPOIi B paMKax POSIX-coBMeCTUMOCTH ITPOCTO
6ecCMBICTIEHHO):

int main ( ) {
char* command = “...”, *node = “...”;
// napameTpsl 3anycka He WCMNofib3ynTcs
char* const argv[] = { NULL };
struct inheritance inh;
inh.flags = 0;
// onar ypaneHHoro sanycka
inh.flags |= SPAWN_SETND
// BeckpunTop xocTa
inh.nd = netmgr_strtond( node, NULL );
pid_t pid = spawnp( command, 0, NULL, &inh, argv, NULL );
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Hcmonn3oBanHas 3mech popma spawnp () HamboJsiee 01u3Ka K 6a30BOI spawn ()
¥ OTJIMYAETCA JIAIIEL TeM, UTO JJIA MOMCKA (paiija mporpaMMbl NCIIOJIb3YeET-
Ccd IepeMeHHasd CUCTEMHOI'0 OKPYy KeHud PATH.

ITpuBemem xapakTepHBINA IIPUMED BbI30Ba I'PYIIIIBI exec* ():

int execl( const char* path,
const char* arg0,
const char* argl,

const char* argn,
NULL );

rae path — myTeBoe MMs HCIOJIHAeMoro (awaa; arg0, ..., argn — CUMBOJIb-
HBIE CTPOKH, JOCTYIIHBIE IIPOIleCCY KaK CIMCOK apryMeHTOB. CIMCOK apry-
MEHTOB JOJI;KeH 3aBeplraTbcsa 3HaueHmeM NULL. AprymeHT arg0) goJokeH
OBITH UMeHeM (haiiia, acCCOIMUPOBAHHOTO C 3aIIyCKAaeMbIM IIPOIIECCOM.

Mpumeyanue
YcTosBWwancs TepMuHonorua «3aI'IyCKaEMbII7I npouecc» OTHOCUTENIbHO exec*() ABHO
HeyAayHa ¥ nWb BBOJUT B 3a0/yKAeHMe. 3ecb ropasfo YyMecTHee roBopuTh 0 3ame-
LeHUKN BbINONHABLIEroca Ao 3TON TOYKM KOAa HOBbIM, BbINOJIHEHUE KOTOPOro Ha4ynHa-
€TCA C TOYKM BXOAa MaBHOMo NOTOKa 3aMellatollero npouecca.

Mpumeyanue
Ecnn BbI30B exec* () BbINOAHAETCA M3 MHOrOMOTOYHOTO poauTeNnbCKOro npouecca, 1o
BCe€ BbINOJIHAKOWMNECA NOTOKM 3TOr0 npouecca npeaBaputesibHO 3aBepllatoTca. Huka-
Kne quHKLI,VIM AECTPYKTOPOB ANA HUX HE BbINOJIHAKOTCA.

Eciiu BEIBOB exec* () ycIleIeH, ynpasBJieHle HUKOTIA yKe He BO3BPAaIllaeTCs
B TOUKY BBI3OBa. B ciayuae Heymaum Bo3Bpaiaerca —1 1 errno ycraHaBJIn-
BaeTcsd TaK JKe, KaK OIIMCAHO BBIIIe AJII spawn().

B kauecTBe mpumMepa paboThI BBIBOBa spawn* () (ucrmoJsb3oBaHme exec() aHa-
JIOTUYHO) PACCMOTPUM TIpuoxkenue (¢aitavt pl.cc, plch.cc), B KOTOpOM:

e Poaurenbckuii mporiecc (pl) mopokgaet nouepuuii (plch) u oxxugaer ot
Hero mocrymjenuns curHaia SIGUSR1 (cUrHAJBI AeTaJbHO 00CYKIAIOTCA
03Ke, HO 3/1eCh MOYTHO «BCKPOeM» OJHY U3 UX 0COOEHHOCTel).

e JlouepHU IIPOIlECC IEPUOANUECKY IOCHLIAET POAUTEI0 curHa STGUSRT.

e PoauTenbCKU MPOIECC MOKET IIePEYCTAHOBUTS (C IOMOIIIIO TapaMeT-
POB KOMaHHOM CTPOKHU 3aIlyCKa) AJs JOUEPHET0: IEPUOJ HOCHLIKY CUT-
HaJja (1-if mapaMeTp 3aJaH B HAIleM MIPUJIOMKEHUMN KOHCTAHTONH) U IPHU-
OpHUTET, C KOTOPLIM OyZeT BLIMOJHATHCA AOUEPHUMN mpoiiece (2-i1 mapa-
MeTp, B KaUueCcTBe KOTOPOTO PETPAHCIUPYETCS eIUHCTBEHHBIN TapaMeTp
KOMAaH/ABI 3aITyCKa POIUTENA).
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Mpumeyanue
B IaHHbIN MOMEHT Hac MHTEpPEeCyeT TOJIbKO TO NPUNOXKEHUE, B KOTOPOM }J,OLIepHVIVI npo-
Lecc nopoxnaeTca BbiI30BOM spawnl( ) V|CI'IOJ'Ib3yeMbIe NPUNOXXEHNEM MEXaHU3MbI N NO-
HATUA — CUTHanNbI UNIX, npuopuTeThl, HacnepoBaHne N UHBEPCUA NPUOPUTETOB — 6yJ1yT
paccMOTpeHbI NO3XKe, NO3TOMY NPU NMEPBOM YTEHUM UX MOXKHO onycTUTb. Ham He xoTe-
N0Cb Neperpyxarb TeKCT [OMNOJHUTENbHLIMU KMYCTbIMU» NPUMEPAMU, TULLbL UANIOCTPU-
pyloWMUMK NpUMEHEHME OHOM GYHKLMK. ITO NPUNOXKEHME, CO3AaHHOE «Ha Oyayliee,
NOo3BOJINT HAaM OTCNeaAnTb KpaﬁHe aKTyaﬂbeIVI Onsa CMCTeM peajibHOro BpeMeHun sonpoc
0 Hanuyuu (UK OTCYTCTBUM) HACNELOBAHWUSA NPUOPUTETOB NPU NOChIIKE CUrHaNoB (Bo-
NyCTUMO KaK OAHO, TaK U apyroe peweHne, HO OHO AOJIXXHO ObITh OHO3HAYHO eANHCT-
BeHHbIM ansa 0C).

Hraxk, poqurenbckoe npuiioskenue (gpailn pl.cc):

CurHanbl M HacnepoBaHue npUuopuUTETOB

#include <stdlib.h>
#include <stdio.h>
#include <iostream.h>
#include <signal.h>
#include <unistd.h>
#include <sched.h>

// 0bpaboTumnk curHana:

static void handler( int signo, siginfo_t* info, void* context ) {
int oldprio = getprio( 0 );
setprio( 0, info->si_value.sival_int );

cout << "SIG = " << signo << " old priority = "
<< oldprio << ", new priority = " << getprio( 0 )
<< endl;

setprio( 0, oldprio );
b

int main( int argc, char* argv[] ) {
// ycTaHoBWTb 00paboTynK curHana:
sigset_t sig;
sigemptyset( &sig );
//onpepenerne: #define SIGUSR1 16
sigaddset( &sig, SIGUSR1 );
sigprocmask( SIG_BLOCK, &sig, NULL );
struct sigaction act;
act.sa_mask = sig;
act.sa_sigaction = handler
act.sa_flags = SA_SIGINFO;
if( sigaction( SIGUSR1, &act, NULL ) < 0 )
perror( "set signal handler” ), exit( EXIT_FAILURE );
// €030aTb HOBHIA ([04EPHUIA) NPOLECC:
const char* prg = "./plch”, *sdelay = "3"
pid_t pid =
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b

( (argc > 1) &
(atoi( argv[ 1 1) >=
sched_get_priority_min( SCHED_RR ) ) &&
(atoi( argv[ 1] ) <=
sched_get_priority_max( SCHED_RR

) ?
spawnl( P_NOWAIT, prg, prg, sdelay, argv[

) )
1], NULL )
spawnl( P_NOWAIT, prg, prg, sdelay, NULL );
if( pid == -1)
perror( "spawn child process” ), exit( EXIT_FAILURE );
// pasmackupoBaTb M OXWoaTb CUrHana:
sigprocmask( SIG_UNBLOCK, &sig, NULL );
while( true ) {
if( sleep( 3 ) != 0 ) continue
cout << "parent main loop: priority = "
<< getprio( 0 ) << endl

HouepHee npunoxkenue (Qaiin plch.cc), KoTopoe u 6yIeT 3ayCKaTh IOKa-
3aHHBIN BBIIIE POAUTEIBCKUH IPOIECC:

#include <stdio.h>
#include <iostream.h>
#include <sched.h>
#include <unistd.h>
#include <signal.h>

int main ( int argc, char *argv[] ) {

int val, del =5
if( (argc > 1) &&
( sscanf( argv[ 1 ], "%i", &val ) == 1) &&
(val >0 ) ) del = val
if( (argec > 2 ) &
( sscanf( argv[ 2 ], "%i", &val ) == ) &&
(val >0 ) &&
( val <= sched_get_priority_max( SCHED_RR ) ) )
if( setprio( 0, val ) == -1)
perror( "set priority” );
// nepeoaunyecku ysepomnaTb poautens SIGUSR1T, ucnonbays
// ero Kak CurHan peanbHOro BpemeHn (C o4yepenbi):
while( true ) {
sleep( del );
union sigval val
val.sival_int = getprio( 0 )
// #define SIGUSR1 16
sigqueue( getppid(), SIGUSR1, val );
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Mpumeyanue
[lns MHOTUX CUrHaNOB AeNCTBMEM Ha UX NOYYEHWe, NpefonpefeNeHHbIM N0 YMONYaHUIo,
ABNAETCA 3aBepluieHne npouecca. (Pexe BcTpeyaeTcs AeicTBUE NO YMONYAHUIO — UTHO-
pUpOBaTh NONYYEHHbIA CUFHAN MPU OTCYTCTBUM ABHO YCTAHOBAEHHOMN ANs Hero GyHKLUK
06paboTumka.) [loCTaTOYHO CTPAHHO, YTO 3aBeplueHWe npouecca NpefycMOTPeHO Kak
peakuMs NOo YMONYAHMIO Ha MNONyYeHMe «MNonb3oBaTenbckux» curHanos SIGUSR1
1 SIGUSR2. Ecnu nokasaHHOe Bbile NPUNOXKEHUE B NpoLecce OTNafKM 3anyCTUTh Bbl-
30BOM 13 KOMaH[HOW CTPOKM (M3 KOMaH[HOTO MHTEpPNpeTaTopa Unu, Hanpumep, daino-
BOTO MeHe[Kepa mqc), TO pe3ynsTatoM (Ha NepBbiil B3MAA He CTONb 0XUAAEMbIM) CTa-
HeT 3aBeplieHMe WHTeprnpeTaTopa KOMaHAHOW CTPOKM (POAMTENbCKOro npolecca)
W, KaK CNeACcTBMe, CaMOro TeCTUPYEMOTro NPUNOXKEHUS.

BoT Kak BRIMIAIUT HaUaJbHBIA YUACTOK COBMECTHOII paboThI IBYX IPOIiec-
COB:

# pl1 15

parent main loop: priority = 10

SIG = 16: old priority = 10, new priority = 15
SIG = 16: old priority = 10, new priority = 15
parent main loop: priority = 10

SIG = 16: old priority = 10, new priority = 15
parent main loop: priority = 10

SIG = 16: old priority = 10, new priority
parent main loop: priority = 10

SIG = 16: old priority = 10, new priority = 15
parent main loop: priority = 10

SIG = 16: old priority = 10, new priority
parent main loop: priority = 10

15

15

OTueTINBO BUJHO, YTO IIPU IIOCBLJIKE CUT'HAJIOB PeaJIbHOI'O BpeMeHH HacCJie-
JOBaHUE MPUOPUTETA IIOCBLIAIOIIETO IpoIlecca He IPOUCXOTUT (ZouepHee
IPUJIOJKEeHNe, IOCHLIAIOIee CUTHAJ, BBINOJHAETCA C IpuopureTroM 15,
a 00pabOTUYMK MOJTYYEHHOTO CUTHAJA B POJUTEIBCKOM IIPOIIECCE BBITIOJTHA-
eTcsdA C IPUOPUTETOM II0 YMOJIUAHUIO, paBHBIM 10).

3aberas BIepen, COOOIIINM, UTO B IPUBEJEHHOM KOJle IPUJIOMKEHUS caea-
HO JKaJIKOe IMoJ001e UMUTAIIUY HacJaeJOBaHUs IPUOPUTETA: B KAUECTBe ac-
COIIMMPOBAHHOI'O C CHUT'HAJIOM PeajbHOr'0 BPeMeHU 3HAUeHUs IepefaeTrcs
3HAUeHUe MPUOPHUTETA OTIPABUTENS, KOTOPOE TYT K€ yCTaHaBJINBaeTCS
KaK IIPUOPUTET JIJis BBIMOJHEeHHSA Koza obpaborumka. OmHaro caabocThb
B OTHOIIIEHUY UCTUHHOTO HaCJIeI0OBaHUI COCTOUT 3[€Ch B TOM, UTO IBa IIep-
BBIX omlepaTopa (coxpaHeHUte U YCTAHOBKA IPUOPUTETA) BBHITTOJHAIOTCS O]
IPUOPUTETOM POAUTEJSA, M B 3TO BpeMs 00pabOTUNK MOKET ObITh BLITECHEH
IUCIIETUEPOM CUCTEMBI.

3aBepLueHUue npouecca

C 3aBeplileHreM IIpoIlecca Jejio OOCTOUT JOCTATOUHO IIPOCTO, II0 KpaiiHeil
Mepe, B CPABHEHHUHU C TEM, YTO IPOUCXOLUT IIPYU 3aBEPIICHUYU [IOTOKA, KAK
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9TO 1 OyAeT ITOKa3aHo oueHb CKopo. IIpoitecc 3aBepIraeTcs, ecjau Iporpam-
Ma BBIIOJIHSET BBI3OB eXit () MM BBIIIOJHEHNE IIPOCTO JOXOJHUT A0 TOUKHU 3a-
BepiIenusa GyHKIuu main(), 6yab TO ¢ ABHBIM YKa3aHueM oliepaTopa return
uiu 6e3 OHOTO. OTO €CTeCTBEHHBIN, BHYTPEeHHUH (M3 IPOTrpaMMHOTO Koaa
caMoro IIpoiiecca) My Th 3aBePIIeHN .

Jpyroit myTh — MOCHLJIKA IIPOIlecCy M3BHe (13 APYroro mpoiecca) CUrHaia,
peakIuei Ha KOTOPBIN (IIpegonpe e IeHHOM UM YCTaHOBJIEHHOIT) ABJISET-
cs 3aBepIlieHue IIpoiecca (moapodHee 0 CUTHAJNAX U PeaKIUAX CM. HUKE).
B npoTtuBoBec ecTeCTBEHHOMY 3aBEPIIIEHUIO TaKOe IPUHYAUTEIbHOE 3aBep-
meHue u3BHe B [12] (1o KpaiiHeii Mepe, B OTHOIIIEHUY IIOTOKOB) HA3BaHO OT-
MEHO¥, 1 UMEHHO 3TUM TePMUHOM MBI OyIeM II0JIb30BAaTbCA Aajiee, YTOOBI
OTUETJINBO OTMEYaTh, 0 KAKOM BapuaHTe 3aBepiieHus unet peub. (Takasa
JKe TePMUHOJIOTUA OYAeT UCIIOJIb30BATHCSA HAMYU U OTHOCUTEJHLHO 3aBepIIIe-
HUS TOTOKA. )

3ech YMECTHO CIeJaTh KPAaTKOe OTCTYILJIEHHE OTHOCHUTEJIbHO «XKHBYUeC-
TH», KaK 9T0 HasdBaHo y ¥Y. CtuBenca [2], mwiu BpeMeHU KU3HU 00 HEKTOB
IPC, uTo B paBHOII Mepe MOKeT OBITH OTHECEHO He TOJIbKO K o0bexTam IPC,
HO X KO BCEM IIPOUYUM OO0'BEKTaM OIlepallMoOHHOI cucTeMbl. ¥. CTUBEHC Je-
JIUT BCe O0'BEKTHI 110 BpeMeH! *KU3HU Ha:

e OOBEeKTHI, BpeMs KU3HU KOTOPBLIX OIPenessAeTcsa IpoieccoM (process-
persistent). Takoii 06eKT CYIIIeCTBYeT [0 TeX IOP, IOKa He Oymer 3a-
KPBIT TOCJIEIHUM IIPOIECCOM, KOTOPBIM ero mMcmoJb3yer. Ilpmmepamu
TAKOro O0BbEKTa SBJSIOTCA HEMMEHOBAHHBIE U KMMEHOBAHHBLIE IIPO-
rpaMMHBIe KaHaJwl (pipes, FIFO).

e (OOBEKTHI, BpeMs KU3HU KOTOPBIX ompenessercsa sapom cuctemsbl (ker-
nel-persistent). Takoil 00BEKT CYIIIECTBYET M0 IIepe3arpysKu Aapa UiIn
SABHOTO yaajieHus o0beKTa. [IpuMepaMu 3TOro KJjacca 00HEKTOB ABJIA-
foTcA ceMadophl (MMeHOBaHHBIE) U pas/esigeMas MaMsAaTh.

e (OO0BeKTHI, BpeMs JKU3HU KOTOPBIX olpeneaserca (pailjioBOl CUCTeMOI
(filesystem-persistent). Taxoii o6bexT oToOpakaercsa Ha (HaIOBYIO
CHCTEMY U CYIIIECTBYeT [0 TeX IOp, IMoKa He OyaeT ABHO yaaueH. [Ipume-
paMu 2TOro KJacca o0beKTOB B pas3ianuHblix OC B 3aBHCHMOCTH OT pe-
anmsanuu MOT'yT ObITE ouepeau coobirenuit POSIX, cemadopsl u pasze-
JsgeMas MaMsTh.

Krannduranmsa kakgoro u3 06 -eKTOB II0 BpeMEHY JKU3HU OTHIOAb He TPU-
BraJsibHaa 3anada. O0beKThI, OTHECEHHBIE K OJHOMY KJaccy, MUTPUDPYIOT
B Apyroii mpu mepexofe ot oxHoi OC K Ipyroil B 3aBUCUMOCTH OT JeTajei
UX pealusanyuu.

IIpo6nembr 3aBepiieHNA U 0COOEHHO OTMEHBI IPOIlecca MOTYT BOSHUKATH,
€CJIU IIPOIeCC OIIEePUPYET C OOBEKTAMY, BPeMSA KU3HN KOTOPHIX IIPEBBIIIA-
eT process-persistent. M=l ellfe MHOTO pa3 KOCHEMCS 3TOH IIPOOJIEMBI IPHU
paccMOTPEHHUH 3aBepIIeHNus IIOTOKOB, TAK KaK TaM OHa MOJKeT BO3HUKATH
U B OTHOIIIEHUU BCeX process-persistent-o6beKToB, u 1A ee paspelneHus



44 [maBa 2. lNpoueccbl 1 NOTOKU

B TeXHUKE IIOTOKOB JasKe IPeIJI0KEHEI ClIel[aJIbHbIe TEXHOJOTUN, O KOTO-
PBIX MBI JEeTAJIbHO OTOBOPUM JaJjiee, IPU PACCMOTPEHNN IIOTOKOB.

Coo6pakeHnsi NPoOU3BOAUTENIbHOCTYU

WM uTepecHb! He TOJIBKO 3aTPATHI HA IIOPOKIEHNE HOBOIO IIpoIiecca (MbI elre
OyaeM K HUM HEOJAHOKPATHO BO3BPAIIAThC), HO U TO, HACKOJIbKO «d(hdeK-
TUBHO» COCYII[ECTBYIOT ITapaJienbHbie mpoiecchl B OC, HACKOJIBKO OBICTPO
IPOUCXOIUT ePeKJIIoUeHe KOHTeKCTa C OJHOT0 IIpoliecca Ha Apyroi. isa
caMoii rpy0oii OIleHKM STHX 3aTpPaT COo3JaJuM IIPOCTelillliee IPUJIOMKEHNIEe
(@aiin p5.cc):

3anaTbI Ha B3aUMHOe nepeKaryeHue npoueccos

#include <stdlib.h>
#finclude <inttypes.h>
#include <iostream.h>
#include <unistd.h>
#include <sched.h>
#tinclude <sys/neutrino.h>

int main( int argc, char* argv[] ) {
unsigned long N = 1000;
if( argc > 1 && atoi( argv[ 1 1) > 0)
N = atoi( argv[ 1] );
pid_t pid = fork();
if( pid == -1)
cout << "fork error” << endl, exit( EXIT_FAILURE );
uint64_t t = ClockCycles();
for( unsigned long i = 0; i < N; i++ ) sched_yield()
t = ClockCycles() - t;
delay( 200 );
cout << pid << "\t: cycles - " << t
<< ":onsched - " << (t/N) /2 << endl
exit( EXIT_SUCCESS );
IR

IIBa 0NHOBPEMEHHO BBIIOJHSIOIINXCSA IPOI[ecCa HACTONBKO CUMMETPUYHBI
U UIEHTUYHBI, UYTO OHU Haske He aHaausupyoT PID mociie BBITOJTHEHUSA
fork(), OHM TOJIBKO B MAKCHUMAaJILHOM TEeMIIE «II€PEeIlacoOBLIBAIOT» APYT APY-
I'y aKTUBHOCTD, KaK BOJIEHOOJIMCTHI [eJIat0T 9TO ¢ MauoM (puc. 2.2).

PucyHOK 2.2 MATIOCTPUPYET B3aMMOIEHCTBYE ABYX UAEHTHUUYHBIX IIPOIlec-
COB: BCs X «paboTa» COCTOUT JIMIIIb B TOM, UTOOBI KaK MOJKHO OBICTpee IIe-
penars yupaBieHue maptTHepy. Takyio cxeMy, Korma ABa u 0ojiee KaK MOMK-
HO 6oJiee MIEHTUYHBIX MOTOKOB UJIM IIPOIECCOB B MAKCHUMAJbHO BHICOKOM
TeMmIie (Ha IOPLOK IIPEBOCXOISAIIEM II0CIEL0BATEILHOCTD «CTECTBEHHOM »
RR-gucneruepusanum) oOMeHNBAIOTCA aKTUBHOCTHIO, MBI OyZleM HEOJTHO-
KPaTHO MCIIOJIbL30BATD B JaJIbHEHIIeM AJIA PA3JINYHBIX MEXaHN3MOB, HA3bI-
Basd ee IJI IIPOCTOTHI « CHMMETPUUYHOMN CXeMOIi» .
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Mpouecc A: Mpouecc B:

pid = 671779 pid = 671786

Motok main: MoTok main:

tid =1 tid =1
<
>
Ll
Puc. 2.2. Cummempuuroe 63aumodeiicmaeue nomoxos
Mpumeyanue

Y106bl MaKCMMAsbHO YNPOCTUTb KOA MPUIOXKEHMUS, NPU €r0 HANUCAHUU Mbl He Tporanu
COBLITUSA «ECTECTBEHHOM» AMCNEeTYepU3aL MM, umenle mecto npu RR-gucneryepusa-
UMK Kaxfable 4 CUCTEMHbIX TUKA (MO YMONYaHWIO 3TO ~4 MuanucekyHasl). Kak ceituac
MOKAXyT Pe3ynbTathl, COObITUS NPUHYAUTENLHON AUCNETYEPU3ALMN MPOUCXOLAT C NEPU-
OAMYHOCTbIO NOpPsAKA 1 MUKPOCEKYHABI, T. €. B 4000 pas yalye, U BO3MYLLEHUS, BO3MOX-
HO BHOCMMble RR-gucneTyepusaLmen, MOXHO CUMTATb HE HACTONBKO CYLLECTBEHHbLIMU.

Bort pesyabTaThl BHIIIOJTHEHU S 3TOM IIPOTPAMMBI:

# nice -n-19 p5 1000000

1069102 : cycles - 1234175656; on sched - 617
0 . cycles - 1234176052; on sched - 617
# nice -n-19 p5 100000

1003566 : cycles - 123439225; on sched - 617
0 . cycles - 123440347; on sched - 617
# nice -n-19 p5 10000

1019950 : cycles - 12339084; on sched - 616

0 . cycles - 12341520; on sched - 617

# nice -n-19 p5 1000

1036334 : cycles - 1243117; on sched - 621

0 . cycles - 1245123; on sched - 622

# nice -n-19 p5 100

1052718 : cycles - 130740; on sched - 653

0 . cycles - 132615; on sched - 663

Bupna Ha yauBiieHUe yCTOMUYMBAs OIEHKA, IPAKTUUECKU He 3aBUCAIIASI OT
00IIIero umcia akTOB JUCIETUYEPU3AINM, M3MEHAIOerocs Ha 4 IOpALKa.
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OT6pocuB MeJKKe N00ABKHU, IMPUBHOCHUMbBbIE WHKPEMEHTOM K IIPOBEPKOI
CUETUMKA IIUKJIA, MOYKHO CUATATh, UTO IIepeJaua yIIpaBJIeHnus OT IIPoIlecca K
mpoiieccy TpebyeT mopanka 600 muka0B mporeccopa (aTo mopanka 1,2 Muk-
pocekyHIBI Ha KoMITbioTepe 533 Mrii, Ha KOTOPOM BBITIOJHSAJCS 3TOT TECT).

MoTokn

ITocnenyroiue pacmupenusal POSIX cuenmuduiiupyioT IMUPOKUNA CIEKTP
MeXaHU3MOB «JeTKHX IIporeccoB» — moTokoB (rpymma API pthread_*()).
TexHUKA MOTOKOB BBOAUT HOBYIO ITapaJUTMy IIPOTPAMMHUPOBAHUA BMECTO
y:ke craBmiux TpaaunuoHHbiMu UNIX-MmeTomoB. 9T0 00CTOATEIBCTBO YACTO
HemooleHuBaeTca. Hampumep, wmcmosb3oBaHme pthread_create() BMecTO
fork() Mo:keT Ha MOPSAAKU IIOBBICUTH CKOPOCTHL peakIiuii, ocooerrno B OC
c orcyTcTBueM MexauuamMoB COW (copy on write) mpu cosmanuu gy0IuKaTOB
¢pusuueckux crpanul, RAM cermeHTOB HaHHBIX (TaKux Kak QNX, xors me-
xaau3Mbl COW Bpsap siu BooOitie mpumMmeHuMbI B OC peasibHOTO Bpemenn) [4].
Opyroii mpuMep: UCIOJb30BAHNE MHOKECTBEHHBIX IIOTOKOB BMECTO OXKU-
IaHWI Ha MHOJKECTBe JeCKPUIITOPOB B omepaTope select().

OgHAKO OUEeHDb YaCTO 9TU ABe MapajurMbl, TPALUIIMOHHAS U IIOTOKOBASA, HE
coueTarTCA B paMKax eIuHOro Koma nus-3a HebesomacHocTH (not thread safe)
TpasuninoHHbIX MexaHnu3dMoB UNIX (fork(), select() u Ap.) B MHOTOIIOTOY-
Hol1 cpene. Torma mIpUXOAUTCA UCIIOJIB30BATh JIN0O0 OLHY, JAN00 APYIYIO ma-
pagurmMy Kakx aJbTepPHATUBBI, He CMEeIInBasg UX MeK 1y coboii. iu cmertiu-
BaTh, HO C GOJIBIIION OCTOPOXKHOCTDHIO 1 C XOPOIITUM ITIOHUMAHUEM TOTO, UTO
IPHU 5TOM MOJKET IIPOU30NTH B KAXKJOM CIydae.

IToTox MOXXHO IOHMMATH KaK JI000# aBTOHOMHBIN ITOCJIeJOBATEIbLHBIN (JIM-
HeWHBIN) Habop KoMaHJ IIpoileccopa. VICTOUHMKOM 3TOTO JIMHENHOTO KoJa
[JISI TIOTOKA MOTYT CIYKUTh:

* OUHAPHBIN UCIOJHIEMBIH (paiia, Ha OCHOBE KOTOPOT'O CUCTEMOM MM BhI-
30BOM T'PYHOOBI Spawn() 3amycKaeTcs HOBBIM IIPOIECC U CO3TAETCSA ero
rJIaBHBIN IIOTOK;

* nybGJMKAT KOZA IJIABHOI'O IMMOTOKAaZ IIpollecca POAUTENISA IPU KJIOHUPOBA-
HUY IIPOLECCOB BEIBOBOM T0rk() (TOXK€e OTHOCUTEIBHO IVIABHOTO IIOTOKA);

®  YYacTOK Koza, ohOpMJIECHHBIN (PYHKIIMEH cenmuaabHoro tTuma (void* ()
( void* )); aTo 00IIIMIL coTyUail MpU CO3MaHUY BTOPOTO M BCEX TTOCIETYIO-

1 Yacro B myOJIMKAIUAX CCHLIAIOTCA Ha PACIINpPeHUA peanbHoro BpemeHu POSIX
1003b (1993). Ho POSIX 1003b He onuceIBatoT rpymumy pthread_*, XoTsa UMeHHO
B 9TOH pefakiuu onpezneneHsl cemadopst sem_t. Y. Crtusenc [2] ykasbiBaeT, 4TO
nporpammusbie moToku POSIX onpenenens! B pegakmuu 1003.1 (1995).

2 KJIoHMpOBaHMEe MHOTOIOTOYHBIX IPOIIECCOB C ITOMOIIBI0 fork() — aTo oTAe bHAS
necHs. Xora POSIX u npenycmarpuBaer peanusamuio (pthread_atfork()) Taxoit
BO3MOJKHOCTH, 10 KOHIIA HeACHO, Kak 9To paboraer. API QNX mpezmocraBiisier aTy
BO3MOKHOCTD, HO IIPEAYIPEIKIAET, UTO II0JIb30BaTEb CAM OTBEYAeT 34 IOCJIe/ICT-
Bus. leranu mexanuama pthread_atfork() cMm. B cmpaBouHOM pyKoBOoACTBE QNX.
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IUX TOTOKOB IIpoiiecca (IIPU CO3TAHUU MHOTOIIOTOUHBIX ITPOILECCOB)
BbI30BOM pthread_create(). Taxkyio (yuHKmuio MbI OyaeM Ha3bIBAaThb
dyHKIMel TOTOKA. ITO HanboJjiee MHTEPECHBII AJIA Hac caydaii.

B mepBBIX IBYX BapraHTaxX MBI IMeeM HesIBHOe co3faHue (TJIaBHOT0) IIOTOKA
U, KaK cJeJCTBUe, IOPOKAeHe HOBOTO IIpoliecca. B mocaemHem ciaydae —
SABHOE CO3JaHMe IIOTOKa, KOTOPOe B JIUTEpaType, COOCTBEHHO, 1 UMEHYeTCA
«CO3JaHVEM IOTOKAa». XOTs CYIIHOCTh IPOUCXOAAIIEr0 OTHOCUTEIBHO HC-
TOJTHAIOIIEr0CsA ITIOTOKA BO BCEX CIyUYaAX BCe JKe OCTaeTCs HeM3MeHHOI.

Kpome mociegoBaTebHOCTH KOMaH[ K IIOTOKY HYKHO OTHECTH U T€ JIO-
KaJbHBIE JaHHBIE, C KOTOPBIMHU paboTaeT PYHKIUA IIOTOKA, TO €CTh COOCT-
BEHHBIII CTeK NOTOKA. BO BpeMs NPUOCTAHOBKU CUCTEMOI BBINIOJHEHUS
(mucmeTuepus3anum) Koja TEKYIIero moToka JOoJKHA o0eclIeunBaThCA BO3-
MOJKHOCTh COXPAHEHUA TEKYIIUX SHAUEHUI PErucTpPoB (BKJIOUAA PETUCT-
prel FPU, cermeHTHBIE PETUCTPHI) U, BO3MOYKHO, APYrol crerudruyecKoi
uHbpopmanuu. TeryIee 3HaUeHUE BTOTO Habopa JAHHBIX, OTHOCSIIUXCH
K BBIIIOJIHEHMIO TEKYIIETO IIOTOKA, Ha3bIBAETCSA KOHTEKCTOM IIOTOKa. KOoH-
TEKCT II0TOKa, KPOMe TOr'0, 00eCIIeUNBAET CBSA3H IIOTOKA C €T0 9K3EMILISIPOM
COOCTBEHHBIX JAHHBIX, O UeM MBI JEeTaJFHO IIOTOBOPUM UyThH mo3iKe. [lle-
TaJbHAA CTPYKTYpPa U 00beM JaHHBIX, COCTABJIAIOININX KOHTEKCT IIOTOKA,
onpenesaioTesa He ToJIbKo camoit OC, HO ¥ TUIIOM IIPOIIECCOPHOM apXUTeK-
Typhbl, Ha KOTOPOM OHa BBIMIOJHseTcA (mas MHOrommatd@opmeHHbIXx OC,
K KOTOPBIM npuHaLIeRKuT u QNX).

B mpuHIue cunuTaercd, UTO BpeMs IIePeKJIUYeHns KOHTEKCTOB IIOTOKOB
B IpejiesiaX OQHOTO IIPOIlecca M BPeMs IIePEKJII0UeHN ST KOHTEKCTOB IIPOIIec-
COB MOTYT 3aMETHO OTJINUYAThCs, OCOOEHHO [JIA ILIaT(OPM C yIpaBIeHUEM
BUDPTYyaIbHON maMaAThio.! OfHAKO yo0CTBAa peajus3allid U CTPeMJIeHHe
K OJHOPOJHOCTHU MOTYT IIepeBecUTh cobsiasH padpaborunkoB OC UCIOIB30-
BaTh 9TO pPas3inuNe, YTO MBI BCKOPEe U YBUAUM B oTHOImeHn QNX.

U nenTuduKaTopoM moToKa (3HAUMMBIM TOJBKO BHYTPU OZHOTO IIpoieccal)
apasgercsa TID (Thread ID), npucBanBaeMbIil HOTOKY IIPU €r'0 CO3LAHNM BEI-
30BoM pthread_create(). TID mosBoJsisieT mpolieccy (a Tak:Ke CUCTEME B paM-
Kax IIpoliecca) OJHO3HAUHO UAeHTU(PUIINPOBATh KaK Akl moTok. Hymepa-
musa TID 8 QNX HaumHaercd ¢ 1 (3To Bcerga riIaBHBIM IIOTOK IpoIlecca, mo-
POKIEeHHBIN Main()) 1 mocJIeI0BaTEILHO BO3PACTAET II0 Mepe CO3AAHMIS I10-
TOKOB (7m0 32767).2

1 CoOCTBEHHO C 3TUM U CBSI3AaHO YIOTPeOIeHNe IPUMEHUTEJIbHO K IIOTOKaM Has3Ba-
HUSA «JIeTKUe Ipoiecchl». Buepsoie aToT Tepmun (LWP — lightweight process)
BBeJIa B CBOEM TeXHUUECKOU JOKYMEHTAIUU OJIsd 0003HAYEeHUSA IOHATUA, SKBU-
BaJIEHTHOTO IIOTOKY, (pupma Sun Microsystems.

2 9ra cxema PID/TID onmcana B POSIX, HO BbINOJHSETCA AAJEKO HE BO BCEX
UNIX-cosmectumbix OC. Hampumep, BILIOTH 0 CAMBIX ITOCJETHUX PEeOAKIIIM I/1-
pa Linux (cuTyamus craja MeHATHCA TOJBKO cefuac) mporeccesl (fork()) u moToxu
(pthread_create()) cosmaBaiuch Ha 6a3e eIUHOTO CHUCTEMHOTO BbI3oBa (_clone())
u TID aBnanuck ugenTuduraropamu B exuaoM pany PID. 9To mokeT npuBecTu
K TPYAHO BBIABJISEMBIM OIINOKaM IpU mepeHoce mporpamMm mexay asyms OC.
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E1tie ogHUM BasKHEWIITNM aTPUOYTOM MOTOKA SBJISETCS IPUOPUTET €T0 BhI-
mosHeHuA. [[JId KasKI0To U3 YPOBHEHN MPUOPUTETOB, 00CIYKMBAEMBbIX CHC-
Temoii (B QNX 6.2.1 Trakux ypoBHeit 64, BQNX 6.3 — 256), moamep:KuBaer-
cA MUKINYecKasa ouepelb ITOTOKOB, TOTOBBIX K MCIIOJHEHUO (Ha mejie 60Jb-
mIas 4acTh M3 TAKHX ouepeleil oKasbIBaeTcs IycToi). Bece momuTuku guc-
meTuepul3anuy padoTalOT TOJBKO C MOTOKAMU M3 ONHOM TaKoil ouyepemu:
ouepeny IIOTOKOB HAMBBICIIIETO U3 IPUCYTCTBYIOIIUX B CUCTEME IIPUOPUTE-
ToB. Eciim B cucTeMe BBIIIOJIHSETCA IOTOK BBICOKOI'O IPUOPUTETA, TO HU
OIUH IIOTOK 0O0Jiee HM3KOr'0 MPUOPHUTETA He IMOJYUYUT yIpaBJeHHe A0 TeX
op, IOKa MOTOK BBICOKOI'O IIPUOPHUTETA He OyaeT mepeBeleH B OJIOKUPO-
BaHHOE COCTOSIHIE B OJKUIaHUU HEKOTOPOro coouITusd (puc. 2.3).

OnepauvonHas cuctema (RAM)
Mpouecc A: lMpouecc B:
pid = 671779 pid = 620003
I |~
Motok: R ¢ ~|—  [orok: \
fid=1 ) tid= \
pi=10 W7 opri=12 |
P - |
“ . [lotok
T Y otid=2 |
Motok: / ol pri=10 |
tid=1 I
pri = 12 T~ < Motok [
N tid=3 |
|/ pri=12 ,
7
/] I
\ ~— — /

Puc. 2.3. [Jucnemuepusayus nomokoa ¢ pasiuiHblmu NPUOPpUmemami

Ha puc. 2.3 mpeacTaB/ieHbl JBa OpoIlecca, KasKAbIi U3 KOTOPBIX CO3qaeT
BHYTPHU ceb6s1 HeCKOJIbKO ITOTOKOB, HO Ha 3TOT Pa3 PA3JUUYHBIX IIPUOPUTETOB
(10 z 12). JKupHOII TyHKTUPHOM JUHMNEH TOKa3aH IMIOPAIOK, B KOTOPOM II0-
TOKU BBICOKOTO mpuopuTera (12) o6beguHEeHBI B ITUKJINYECKYIO OUepPelb
IUCIIeTUYEPU3ANUN. ITO AKTUBHAS OUepeIb AUCIleTueprusauy (HauBbICIIIe-
ro mpuopurera). TOHKOI JUHMEHN TOKa3aH IOPAJOK IIOTOKOB B IPYTroil oUe-
penu (mpuoputera 10). [lo Tex mop moKa Bce ITOTOKY aKTUBHOM ouepean He
OKaKyTCsA B CHJIy KaKUX-JIU00 00CTOATEJBCTB B OJIOKMPOBAHHOM COCTOS-
HUU, HA OOUH U3 IIOTOKOB ouepeau npuoputera 10 He MOJYUIUT HU €JUHOTO
KBaHTa BpeMeHHU.
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Co3paHue HOBOrro NoToKa
CosnaHre HOBOT'O IOTOKA B IIPOTPaAaMMHOM KOJie OCYII[eCTBJIAEeT BbI30B:

int pthread_create( pthread_t* thread,
const pthread_attr_t* attr,
void* (*start_routine)(void* ),
void* arg );

roe thread — NULL mau yKasaTeab IepeMeHHOM Tuma pthread_t, 3HmaueHume
KOTOpPO¥ OyZeT 3arpy:KeHo HMAeHTU(PUKATOPOM CO3JaHHOTO IMOTOKA IOCJE
YCIIEIITHOTO BBITIOJNTHEHUA QyHKIuu. [[anee aTo 3HaueHue (310 u ecth TID)
MOJKET MCIIOJIb30BATHCS MO TEKCTY IPOTPAMMBI JJId UASHTUDUKAITUU CO3-
JTaHHOTO MTOTOKA.

attr — NULL mam yKasaTeab CTPYKTYPHI Tuma pthread_attr_t. Ecam aTo 3Ha-
yenue NULL, TO co3maHHBIA MOTOK OymeT uMeTh HabOp ImapamMeTpoB, ycTa-
HaBJWBAaEMbIX II0 yMoJiYaHUio. Ecjiu HeT, TO IOTOK OyaeT cos3maH c mapa-
MeTpaMM, YCTAHOBJEHHBIMHU B CTPYKType attr. Mogudukaiua moseit attr
ocJie CO3MAaHUA MOTOKA (TO eCcTh IOocJie BhI30Ba (DYHKIINM) He OKAa3bIBaeT
HUKaKoro 3ddeKTa HA mapaMeTpPhl IOTOKA, U BOOOIIE TOBOPA, CTPYKTypa
attr MoskeT OBITH YHMUTOYKEHA cpasdy ’Ke IIocje BbI3oBa pthread_create().
JokyMeHTaIusI IIPeAoCTeperaeT OT IMPAMON MAaHUNYJANNMN 3HAUEHUIMU
TOJIeH 9TOM CTPYKTYPBI, Ipejjarasd HCIOJb30BaTh IJS 3TOT0 (MYHKIIUU
pthread_attr_init() mpthread_attr_set_*().

start_routine — ¢pyuKIua tuna void* ()( void* ), ysKe ymoMHHaBIIAACA
BBIIIIe KaK (PYHKIIUA IIOTOKA; 9TO TOT KOJ, KOTOPEIH OyaeT (paKTUUeCKU BbI-
TOJIHATHCA B KAUeCTBE OTAEJIbHOTO MOTOKa. EcJi BBITIOJHEHE 3TOU (DYHK-
X 3aBepIIaeTcsa mo return, To IPOUCXOAUT HOPMAaJbHOE 3aBepIIeHUe I10-
TOKa C BBIZOBOM pthread_exit(), MCIOJB3YIOINM 3HaUYEHIE, BO3BpAaIIlaeMoe
start_routine B KauecTBe craryca 3aBepureHus. (VcKIoueHUEM SABIAETCA
TIOTOK, CBSABAHHBIM ¢ Main(); OH IIpU 3aBEPIIIEHNN BLITOJHIET BBI30B ex1t().)

arg — yKasaTeJib Ha OJIOK JaHHBIX, IepefaBaeMbIx start_routine B KauecTBe
BXOJHOTO ITapaMeTpa. ITOT ITapaMeTp IOAPOOHO PACCMOTPEH aaJee.

Yamre Bcero (0OJHAKO COBEPIIEHHO HEO0A3aTEJbHO) (QYHKIIUA IIOTOKA
start_routine mpexacTaBiisieT co00ii 0ECKOHEUHBIN IIUKJI, B KOTOPOM BBIIIOJI-
HSIOTCA HEKOTOPBbIe IefCTBUSA C BBHIXOAOM M3 IIMKJA B TOM CJIydae, KOrga
HYXHO 3aBEPIINUTDH BBIIIOJIHEHNE 1 YHUUYTOXHNUTH COSI[aHHBIfI IIOTOK. BBII‘JIﬂ'
JIUT 5TO CJEIYIOIINUM 00pa3oM:

// OYHKUMA NOTOKA:
void* ThreadProc( void* data ) {
while( true ) {
// ... BhnonHseTcd paboTa ...
if( ... ) break;
// nocne 3TOro noToK HaMm yxe He HyxeH!
}
return NULL;
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IToce ycmemrHOTO CO3MaHUS HOBOTO IIOTOKA OH HAUYMHAET (PYHKI[MOHUPO-
BaTh «IIapajljieJbHO» C IMOPOAUBIINM €ro MOTOKOM M APYTUMU IIOTOKAMU
mporiecca (ecsau OBITh COBCEM TOUHBIMU, TO CO BCEMU IIPOUNMHU ITOTOKAMU,
CYIIIECTBYIOIIIUMHU B CHUCTeMe, TaK KaK B QNX cylmecTByeT TOJBKO OLHA
cTparerud gucnerdepusanuu 10ToKoB PTHREAD_SCOPE_SYSTEM, u cymiecTtByeT
OHa rJ100aJIbHO, Ha YPOBHE Bceii cucTeMbl). IIpu 5TOM mocjie TOUKY BBIMIOJI-
HeHUA pthread_create() HEBOBMOKHO IIPEACKA3aTh, KAKOHN ITOTOK MOJYUYHUT
yIIpaBJieHUe: ITOPOAUBIINII, IMOPOKIEHHBLIN WM BOOOINE IPOM3BOJIBbHBINA
TIOTOK M3 IPYTroro mporecca. JTO BayKHO YUUTHIBATH IIPU Iepefaue HOBOMY
TOTOKY MaHHBIX U APYTUX ONEepanuAx HavaJIbHON MHUIIMAIU3AIUU I1apa-
MEeTPOB BHYTPHU CO3JAHHOI0 IIOTOKA.

B oriuume oT cosmaBaeMbIX IapasyieIbHBIX IIPOIECCOB, PACCMOTPEHHBIX
paHee, Bce IIOTOKHU, CO3JlaBaeMble B paMKaX OLHOTO IIPOIecca, PasmeaioT
eIMHOe aJpecHOe IMIPOCTPAHCTBO IIPOIlecca, W II0ITOMY BCe IlepeMeHHbIe
mpoIiecca, HaXOoAAIIueca B 06J1aCTU BUAUMOCTHU J060T0 IIOTOKA, JOCTYIIHBI
3TOMY IIOTOKY.

ATpUGYTbI NOoTOKA

B Kome peaslbHBIX IIPUJIOMKEHUN OUEHb YaCTO MOMKHO BHUIETH MPOCTEHIITYIO
dopMy BBI3OBA, TOPOIKIAIOIIETO HOBHIH IIOTOK, B CIEAYIOIIEM BUE:

pthread_create( NULL, NULL, &thread_func, NULL );

W g1 MHOruX IieJieil TAKOro BEI30BA JOCTATOYHO, TAK KAK CO3MLAHHBIN I10-
TOK OymeT o0JsiajaTh CBOMCTBAMU, IPEAYCMOTPEHHBIMU IO YMOJYAHUIO
(HpeI/IMyH_[eCTBeHHaﬂ YacCTb IIOBEAEHYECKUX XapPaKTePUCTUK HOBOI'O IIOTO-
Ka HacjJemyeTcs OT ero poaureis). Eciau ke HaM HYMKHO CO3IATh IIOTOK
C HEKOTOPBLIM CIEemu(UUECKUM [MOBEeJIeHUEeM, OTJIMYAIOM[MMCS OT IIOBele-
HUSA II0 YMOJYaHNI0, HAM CJIeAyeT O0PaTUThCA K ATPpUOYTHOM 3aIICH CO3a-
HHUA IOTOKA — BTOPOMY IIapaMeTpy BbI30Ba DYHKIITUM CO3TaHUA.

ATpubyTrHasa 3annch IIOTOKA JOJYKHA CO3MaBaThCA U 00s3aTEJIbHO MHUIIK-
aJIM3UPOBATHCA BBIZOBOM pthread_attr_init() Mo TOUKM HOPOKIAEHUS IIOTO-
Ka. JItoObIe mocieqyonie n3MeHeHIA aTPUOYTHOM 3alIICH CO3AAHUA ITOTO-
Ka He IPOMBBOJAT HUKAKUX U3MEHEeHUH B IIOBEJEHUN IIOTOKA (XOTs HEKO-
TOpBIE M3 MapaMeTPOB IIOTOKA, OIpeme/seMbIX aTPUOYTHOM 3aIMChIO IPU
ero CO3JaHNM, MOI'YT OLITH N3MEHEHBI II032Ke, YoKe B X0/le BLIIOJIHEeH! I10-
TOKa, BBI30OBOM COOTBeTCTBYyOIMUX (GyHKIU). Takum obpasom, aTpudyT-
Has 3aliCh MOTOKA SBJISAETCSA YNCTO MHUIHMAJIUIUPYIOIEH CTPYKTYpPOI
M MOXKeT OBITh Jarke YHUUTOMKEHAa CJAeAYIOIIUM OIIePaTOPOM II0CJIe IIOPOIK-
JIEeHUs 5TOTO IIOTOKA.

AdpdexT IOBTOPHON MHUIMAJN3AINN aTPUOYTHOI 3allcy He OIIpe/eseH.
s ee MOBTOPHOIO MCIOJb30BaHUA (ecjqu TpedyeTcs mepeolpeneeHUe
3HAUEHUH MapamMeTpPOB) AOJIKEH ObITh IIPeIBapUTENLHO BBHINOJHEH BBHI30OB
pthread_attr_destroy() c mociyiegyrolreit IOBTOPHON MHUTINAIN3AIINEll CTPYK-
TYpHI (OH pa3pyIaeT aTpuOyTHYIO 3aliCh, HO 6e3 0CBOOOKAEHUS ee ITaMATH):

pthread_attr_t* pattr = new pthread_attr_t;
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for( int 1 = 0; 1 < N; i++ ) {
pthread_attr_init( pattr );
// ... pasHoobpasHbie HaCTPOMKM A8 PasdHbX MOTOKOB . ..
pthread_create( NULL, pattr, &function, NULL );
pthread_attr_destroy( pattr );
}s
delete pattr;
HenocpeacTBeHHO MaHUITYJIMPOBATh C MOJSIMU aTPUOYTHOI 3aIllCH, aape-
CysCh K HUM II0 UMEeHaM IoJieli, KpaiiHe omacHo. [lyig aToro nmpexycMoTpeH
mupokuii cuexkTp Gyuaknuit SET/GET:

pthread_attr_getdetachstate()
pthread_attr_setdetachstate()
pthread_attr_getguardsize()
pthread_attr_setguardsize()
pthread_attr_getinheritsched()
pthread_attr_setinheritsched()
pthread_attr_getschedparam()
pthread_attr_setschedparam()
pthread_attr_getschedpolicy()
pthread_attr_setschedpolicy()
pthread_attr_getscope()
pthread_attr_setscope()
pthread_attr_getstackaddr()
pthread_attr_setstackaddr()
pthread_attr_getstacklazy()
pthread_attr_setstacklazy()
pthread_attr_getstacksize()
pthread_attr_setstacksize()

Mp&z1 He cTaHeM TOAPOOHO OMMCHIBATH BCe ITapaMeTpPhl ITOTOKAa, KOTOPhIe MO-
I'yT OBITH IIepeoIIpeeieHbl aTPUOYTHON 3alINChI0, BEJb AJIS 9TOT'0 €CTh TeX-
HHYecKas JokymeHTanusa QNX, a paccMOTpUM TOJIbKO HanboJjiee HHTepec-
HbIe IapaMeTpHI.

anCOGAMHeHHOCTb

9TO OJHO U3 CAMBIX MHTEPECHBIX CBOMCTB IIOTOKA, HO OJHOBPEMEHHO U OJTHO
U3 CaMBbIX CJIOYKHBIX JJIA MOHUMAaHUS, IIO3TOMY €CTh CMBICJI OCTAHOBUTBLCS
Ha HeM OoJiee moapoOHO. IIOTOK MOKeT co3maBaThCA KaK OMKUIaeMbIH
(PTHREAD_CREATE_JOINABLE; TakOBBIM OH M CO3JAeTCA II0 YMOJUYAHUIO; HC-
TOJIB3YETCA TaKKe TEePMHUH <«IIPUCOeAUHEHHBIN») WM OTCOeAUHEHHBIN
(PTHREAD_CREATE_DETACHED).! Hampumep:

pthread_attr_t attr

pthread_attr_init( &attr );

pthread_attr_setdetachstate( &attr, PTHREAD_CREATE_DETACHED )
pthread_create( NULL, &attr, &function, NULL );

1 PyCCKOSI3BIYHYIO TEPMHUHOJIOI'UIO, IYCTh U HEe CaMyi0 0JIAaro3ByYHYI0, MbI 3/[€Ch
3auMcTByeM u3 [12].
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IIpucoennHEHHBIN IIOTOK COXPAaHAET HEKOTOPYIO CBA3b C poauTeseM (MBI
9TO PAacCMOTPHUM, KOTZa Peub HOHAEeT O 3aBepPIIeHus IIOTOKA), B TO BPeMs
KaK OTCOeIMHEHHBIN IIOTOK IIOCJIe TOUKY BETBJIEHUA BeleT ce0si KaK CoOBep-
IIIEHHO aBTOHOMHAS CYIIIHOCTD: IIOCJI€ TOYKY BETBJIEHUSA Y POLUTEILCKOTO
IOTOKA HET BO3MOMXHOCTUA CAHXPOHU3UPOBATHLCS C €r0 3aBepIlleHreM, II0-
JIYYUTH KOJ, er0 3aBepIIeHNA UM Pe3yIbTaT BEIIOJIHEHUA [IOTOKA.

MosKHO O0XMIATH 3aBepIIeHUA IPUCOESUHEHHOI'0 IIOTOKA B HEKOTOPOM
IPYroM IOTOKe IIpollecca (Jalle Bcero MMeHHO B POAUTEIBCKOM, HO 3TO He
00s13aTeIbHO) C TIOMOIITBIO CJIEAYIOIEro BLI30Ba:

int pthread_join( pthread_t thread, void** value_ptr );

rae thread — ugentudpurarop TID oxxugaeMoro moToxka, KOTOPBIN BO3BpAa-
miaJjicsa Kak IIepBBIN ImapaMeTp BbI3oBa pthread_create( pthread_t* thread,

) IIPpU eTo CO3MaHUM MU ObLI MM K€ IIOJYYeH II0CJe CBOEro CO3JaHM’sd
BBIBOBOM pthread_self();

value_ptr — NULL miu ykasaTesb Ha 00J1aCTh JaHHBIX (Pe3yJIbTaTa BLITIOJIHE-
HU), KOTOPYIO 3aBEPIAIONIUICA IIOTOK, BOBMOKHO, 3aX0UeT CHAeJIaTh JOC-
TYIHOU AJIS BHEIIHEro MHPA IIOCJe CBOEro 3aBepIIeHnsd. JTOT YKas3aTelb
GYHKIIMA IIOTOKa BO3BpAaIllaeT OMepaTopoM return mam BBI3OBOM pthre-
ad_exit().

Mpumeyanue
B API QNX npucytcTsyeT poacTeHHas dyHkumus (He POSIX) pthread_timedjoin(), oT-
JMYaIoWAsACA TeM, YTO OHa BO3BPATUT OWMKOKY, CIM CHHXPOHU3ALMA MO 3aBEPLIEHMUIO
He OyfeT LOCTUrHYTA B YKA3aHHbI MHTEPBaAN BpEMEHU:

int pthread_timedjoin( pthread_t thread, void** value_ptr,
const struct timespec* abstime );

Taxum obpasoMm, BbIZOB pthread_join(): a) GJIOKHPYeT BBI3BIBAIOIHUIT II0O-
TOK, 0) ABJIAETCS CPEACTBOM CUHXPOHU3AIUU IIOTOKOB 6e3 UCI0Ib30BaHU A
CIIeIMaJbHBIX MPUMUTHUBOB CUHXPOHU3AIMKU W B) IIO03BOJIIET IIOTOKOBOM
GYHKIIUY 3aBepIaoInerocsa IIOTOKAa BO3BPATUTEL Pe3yJIbTAT CBOel paboOThI
B TOUKY OYKUJAAHUSA €T0 3aBepIIeHnAd.

Mpumeyanue
3HayeHue value_ptr (ecnu oHo He 6bIN0 YKa3aHO Kak NULL) yKka3blBaeT Ha BO3BpaLyeH-
HbIll pe3ynbTaT TONbKO NpW HOPManbHOM 3aBeplueHNUM noToka. B cnyyae ero 3aBepuue-
HUA «M3BHE» (OTMeHbl) 3HauYeHue value_ptr yctaHaBnusaetcs B PTHREAD_CANCELED
(KoHCTaHTa).

Ecau moTok mpegHasHaveH IJIsI BLIIIOJHEHUS aBTOHOMHOM paboThI, He Tpe-
OyeT CHHXPOHM3aI[UX U He IpeAIiogaraeT BO3BpaIaTh 3HaueHne, OH MOKeT
COo3aBaThbCA KaK OTCOeAMHEHHBIN. IIOCKOIBKY TAKUX CIyYaeB JOCTATOUHO
MHOTO, AaKe G0JBIINHCTBO (HallpuMep, BCe MHOKECTBO apajieIbHBIX Ce-
TEBBIX CEPBEPOB), TO TaKoe IOBeJeHMWE IOTOKA BIOJIHE MOTJIO ObI OBITH
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yMaJITYUMBaeMbIM IIPU co3maHmu. [IprunHa HeCKOJbKO OTPAaHUYEHHOTO WC-
OJIb30BAHUSA OTCOEINHEHHBIX IIOTOKOB OTHOCUTEJIBHO TE€X CJIyYaeB, KOrga
9TO MOJKET ObITh OIIPaBJaHHBIM, COCTOUT, CKOPee BCero, B UHTYUTUBHOI 60-
S3HU IIPOTPAMMUCTOB «IIOTEPATH KOHTPOJIb» HAJ HaPaJIeJIbHO BHIIOJIHIAE-
MOM BeTBBIO, XOTSA 3a4YaCTYIO0 9TOT KOHTPOJIb OLIBAET UMCTO WJLIIO30PHBIM
(IpUHYIUTEJIbHOE 3aBePIIeHNe ITOTOKA MbI TOJPOOHO PACCMOTPUM TIO33Ke).

ITo ymouaHMIO MOTOKU CO3JAIOTCS MMEHHO KaK IIPUCOEIMHEHHBIE, U 3TO
apryMeHTHPYEeTCS TeM 00CTOATEIBCTBOM, UTO TAKON IMOTOK BCETIa MOKET
caeaaTh ceba (Mam OPYroil IIOTOK) OTCOEIMHEHHBIM, BLIBBAB M3 CBOeIl
(QPYHKIIUYM IOTOKA:

int pthread_detach( pthread_t thread );

IIpeBpaTuTsh K€ IIOTOK, CO3AAHHBIN KAK OTCOEMHEHHBI, B IIPUCOeIUHEH-
HBIN (0KUAAEMbIi) HET HUKaKO# BO3MOKHOCTH. TakuM 00pa3oM, 3TO OJTHO-
cTOopoHHEee mpeobpasoBanue!

I oTCOeUHEHHOTO IIOTOKA BCe 3aAeMCTBOBAHHBIE UM CHUCTEMHBIE Pecyp-
CBI OCBOOOKIAIOTCA B MOMEHT eT0 3aBepPIIeHNnd, a IJId 0:KUIaeMOTr0 — B MO-
MEHT BBINOJIHEHUSA pthread_join() mJs 3TOro moToka mM3 KaKoro-jambo ApY-
TOT0 aKTHUBHOT'O TIOTOKA.

IIpumep CMHXPOHUBAIINY TOPOKIEHHBIX TOTOKOB:

const int THR_NUM = 5; // H4UCNO [04EePHUX NOTOKOB
pthread_t thrarrey[ THR_NUM J;
for( int 1 = 0; i < THR_NUM; i++ )

pthread_create( &thrarrey[ i ], NULL, &thrfunc, NULL );

// CWHXPOHM3aUUs BCEX [OYEPHMX MOTOKOB:
for( int 1 = 0; 1 < THR_NUM; i++ )
pthread_join( &thrarrey[ 1 ], NULL );

31ech MOKa3aHa CTaHAAPTHAA TeXHUKA MCHOJb30BauHmMA pthread_join(), BbI-
3BIBAIOIIAS IIPU ITIEPBOM 3HAKOMCTBE BOIIPOC: «A UTO IIPOU30MIET, €CIU II0-
TOKU 3aBepIIaTcA B APYTOM IIOPAJKE, a He B TOU IOCJIEZOBATEJIILHOCTH, B KO-
TOPOI OHU 3aITyCKAJINUCH? » (HOPALOK ClIeKeHusa Bo 2-M nukJye). Ho B Tom-To
U COCTOUT IMIPUATHAS 0COOEHHOCTD 9TOI TEXHUKHU, UTO HUUETO He IIPOU30Ii-
IeT, — BTOPOIl IMKJ ABJAETCA TOUKOM CUHXPOHUBAIMU BCEX IIOTOKOB
THR_NUM, He3aBUCUMO OT B3aMHOTI'0O IIOPALKA UX 3aBEPIIEHUA.

AvcumnnuHa gucnetyepusauum

J 151 mouepHero NoToKa MOYKET II0TPeOOBATHCS YCTAHOBUTD NHYIO IO OTHOIIIE-
HUIO K POOUTENIO OUCIHUILINHY (MOIUTUKRY) aucnerdepusamuu (SCHED_FIFO,
SCHED_RR, SCHED_SPORADIC):

pthread_attr_t attr

pthread_attr_init( &attr );

pthread_attr_setdetachstate( &attr, PTHREAD_CREATE_DETACHED );
pthread_attr_setinheritsched( &attr, PTHREAD_EXPLICIT_SCHED );
pthread_attr_setschedpolicy( &attr, SCHED_RR );
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Oco0eHHOCTBIO 3[eCh ABJAETCA TO, UTO IOCJe WHHUIHAIU3AIUN aTPUOYT-
HOU 3aIncy 3HAUEHUSAMHU 10 YMOJIUYaHUIO B IapaMeTpe TUIla HacJeqOBaHU A
aTpubyTHOI 3amucu 6ymerT cTosaTh PTHREAD_EXPLICIT_SCHED («HacJsieZoBaTh
oT poauTead»). IsMeHeHNe ITapaMeTPOB, TAKUX KaK IIOJUTHKA JUCIIeTJye-
pusanuu, IPUOPUTET U AP., OYAET UMETh CHUJIY, TOJbKO €CJI MbI IIOCPEICT-
BOM BbIBOBa pthread_attr_setinheritsched() mpmHYyIUTEIBHO II€pPEyCTAHO-
BUM 3HaueHUe Tuna HacaemoBauusa B PTHREAD EXPLICIT SCHED.

Mpuopurtet

ITo:xxanyit, HamboJiee YaCTO MPUXOAUTCS IIePeoIpeeaaTh UMEHHO IIPUOPU-
TeT, C KOTOPBLIM Oy/IeT BBIMOJIHATHLCSA CO3IaBaeMblil TOTOK. IIpu 3amycKe I1o-
TOKA C TapaMeTpaMu II0 YMOJYAaHUIO €r0 IPUOPUTET YCTaHABINBAETCS PaB-
HBIM IPUOPUTETY ITOPOIKIAIOIIETO ITOTOKA.

Mpumeyanue
Mpwn 3anycke NMpuUIOXKEHW U3 KOMAHAHOW CTPOKW LA MABHOTO MOTOKA MPUIOXKEHMUA
(dbyHKUMA main()) 3HaYeHUEe MPUOPUTETA YCTAaHABNUBAETCA PaBHbIM MPUOPUTETY ero
POAMTENs, B AAHHOM C/y4ae KoMaHfHoro uHTepnpetatopa shell (B kakoii-To ero
KOHKpeTHO peanusauum: ksh, bash u npou.). Mpuoputer KOMaHLHOrO MHTEpNpETaTO-
pa, 3anycKkaemoro 13 cTapToBblX CKpUNTOB cucTeMmsl, Ans QNX 6.2.1, Hanpumep, NpUHU-
MaeT 3HayeHue 10, KOTOPOEe M MOXHO KBaNMPULUPOBATb KaK 3HayeHMe «No ymonya-
HUIO». BaKHO TONbKO OTYETNMBO BOCCTAHOBUTb «LEMOYKY» BO3HWKHOBEHWUS 3TOrO
«3HAYEHUA MO yMONYaHMio» (OT CTAPTOBOW MPOrpamMMmbl, MOCAEA0BATENLHO OT O4HOTO
POAMTENLCKOTO NpoLiecca K JOYepPHEMY U TaK Aasee) U MOMHUTb, YTO OHA BCETAa MOXET
ObITb M3MeHeHa. TakuM 06pa3oM, BCA LENoYKa NOPOXAAeMbIX NOTOKOB, €CNIM OHW No-
poxpaloTcs 6e3 BMelaTenbCTBa B aTpuOYTHYIO 3anucb MOTOKA, OYAET UMeTb TOT e
npuopuTeT nNo ymonyauuio. Kak ynpaensTb npuoputeTamMm co3AaBaembix NOTOKOB «nep-
COHU(DULMPOBAHHOY, PacCKa3blBAETCs B 3TOM mase. Ho MOXHO ynpaBasT npuopute-
TaMu BCeil COBOKYMHOCTWU MOTOKOB MPUAOXEHWUS (OTHOCWUTENbHO NPUOPUTETOB BCEX
NpoYnx NOTOKOB B CUCTEME), U3MEHAS NPUOPUTET 3anycKa NPUNOXKEHUA U UCMNONb3YA
ctaHaapTHyto UNIX-komaHgy nice. B npocTeiiwem Buae 310 BbImMAANUT TakK:

# nice -nINC prog ..

rae INC — yncneHHoe 3HaYeHMe MHKPEMEHTA NPUOPUTETA OTHOCUTENIbHO YMAYUBAEMO-
ro, C KOTopbiM TpebyeTcs BbINOAHATL MPUNOXKEHWUE, NPUYEM MONOXKMUTENbHBIM UHKpe-
MEHTAM COOTBETCTBYET NMOHUXEHWUE NPUOPUTETA, @ OTPULLATENbHLIM — NOBbILEHUE;

prog — UMs NPUNOXEHUA CO BCEMU Nocneaylowumu ero napametpamu. 0cobeHHOCTbIO
peanusauuu komanasl nice B QNX aBnsetca 1o, 4TO OHa NO3BONAET BapbMPOBATb NpPU-
OpUTEeT 3amycKaeMoro NPUNOXeHMA TONbKO B OFPaHWYEHHbIX Npeaenax: +9 B CTOPOHY
yMeHbLleHNs 1 —19 B CTOPOHY yBennYeHuns. ITO He NO3BOAAET TaKUM MPOCTbIM CMOCO-
60M 3anycTuTb, Hanpumep, NpUNoXeHne ¢ npuoputetom 0 HOHOBOrO NOTOKA procnto
(idle-noTok) 1 orpaHu4MBaET BO3MOKHOCTb NOBbIWEHUA NPUOPUTETA BEPXHEN FPaHULieil
29 Npy MaKCMManbHO BO3MOXHOM 3Ha4YeHUW NpUoOpUTETa B CUCTEME 63 (BCE YMCNEHHbIE
3HaYeHus oTHocATCA K pegakumm QNX 6.2.1; ansa QNX 6.3 guanasoH AonycTUMbIX 3HaYe-
HUit npuoputetos: 0...255). B utore, 4tobsl BLINONAHUTL NPOrPamMMy myprog NOA npu-
oputeToM 20, hUKCMpYA NPW ITOM BpeMs ee BbINONHEHUS, HE0OXOAMMA KOMaHAa:

# nice -n-10 time myprog
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3HaueHNne IPUOPUTETA CO3LABAEMOr0 IIOTOKA XPAHUTCA B IIOJIE Param aTpu-
OyTHO# 3amucu (Tmma sched_param; mompo0OHee aTa CTPyKTypa OymIeT pac-
CMOTpeHAa IpU O0CY KAEHUU AucieTyepusanuu). s mepeyCcTaHoBKY 3HA-
YeHUH, BXOAAINNX B CTPYKTYPY Sched_param, mpegocraBiieHa GyHKITHA:

int pthread_attr_setschedparam( pthread_attr_t* attr
const struct sched_param *param );

rae attr — Kak u paHee, aTpuOyTHaA 3alIKUCh IIOTOKA;

param — yKasaTeJb CTPYKTYPBI Sched_param, m3 KOTOPOI ImapamMeTphl OyayT
mepeHeceHbl B aTPUOYTHYIO 3aIIUCh IIOTOKA.

Temneps MOCMOTPUM, KAK 3aIIyCTUTh HA BBIIOJHEHNE IIOTOK C IPUOPUTETOM
Ha 2 eJUHUIILI HUMKE, UeM Y eI'0 POJUTEIA:

int polisy;

struct sched_param param;

pthread_getschedparam( pthread_self(), &polisy, &param );
param.sched_priority -= 2;

pthread_attr_t attr;

pthread_attr_init( &attr );

pthread_attr_setschedparam( &attr, &param );
pthread_attr_setinheritsched( &attr, PTHREAD_EXPLICIT_SCHED );
pthread_create( NULL, &attr, &func, NULL );

Wnu nae Tak (X0Ts 53TO HEMHOTO Tpybee):

int polisy;

struct sched_param param;

pthread_getschedparam( pthread_self(), &polisy, &param );
pthread_attr_t attr;

pthread_attr_init( &attr );

attr.param.sched_priority = param.sched_priority - 2;
pthread_attr_setinheritsched( &attr, PTHREAD_EXPLICIT_SCHED );
pthread_create( NULL, &attr, &func, NULL );

Mpumeyanue
Kak 1 npu ycTaHoBKe NONUTUKM JucneTyepu3anuy, napameTpsl gucnetyepmsayum no-
TOKa (M NPMOPUTET B UX COCTaBe) BymyT YCTaHOBNEHbI, TONbKO eCNM NapameTp TUNa Ha-
cnefoBaHua ot poautensa ycraHosneH B PTHREAD_EXPLICIT_SCHED nocpepncTtBoM Bbi30-
Ba pthread_attr_setinheritsched().

3aMeTuM 31ech BCKOJIb3b (B JaJbHEHIIIEM HAM IPeICTaBUTCA BO3MOMKHOCTD
HWCIOJIb30BATh 9TU 3HAHUS), UTO IIOMUMO «IIPOAYKTUBHBIX» IIOTOKOB (KOM-
TIOHEHT CHUCTEMbI U IT0JIb30BATEIbCKUX ITPUJIOMKEHNIT) B CCTEMe BCeraa Cy-
IITeCTBYET OOUH «TIapasuTHBIN » TIOTOK, 3aIyIeHHbIl ¢ mpuopuTteroM 0 (idle-
moTok). OH «BBIOMpPAET» BeCh OCTATOK MPOIECCOPHOT0 BPEMEHH B Te MePUo-
IbI, KOTZIa BCE MMEIOIINEeCs B CHCTeMEe IMPOAYKTUBHBIE IIOTOKU HEPEeHmyT
B OJTOKMpPOBaHHBIE cOCTOAHUA (oKumanmsa). [logodHaA TpaKTUKa XOPOIIIO
M3BECTHA U Peain3yeTcs TaKiKe B OOJIBIIMHCTBE APYIUX OIMEePAIlMOHHBIX
CHCTEM.
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Otnuuma ot POSIX

Ecau ciaegoBars POSIX-cTaHmapTy, TO HEKOTOpPhIe M3 aTPUOYTOB HEBO3-
MOJKHO IIepeonpeeuTh 10 (haKTUUeCKOTO CO3JaHUs 3TOTO cTaHmapTa (1x
MOJKHO M3MEHUTDH M03Ke B CAaMOM KoOfle TIOTOKA, HO MHOTZA 9TO He COBCEM
paBUJIbHOE pellieHne). Bee sT BOSMOMKHOCTH OTHOCATCSA K ACUHXPOHHOMY
3aBepIIEHUIO IIOTOKA; AeTaJu PYHKIIMOHNPOBAHUS 9TOr0 MEeXaHU3Ma pac-
cMaTpHUBaTC mo3:ke. K mogo6Horo poga arpubyTaM OTHOCSATCS

® 3aIpPeTUTh ACMHXPOHHOE 3aBepIleHne (OTMEeHY) IIOTOKA;
® YCTAHOBUTH TUII 3aBEPIIAEMOCTHU MTOTOKA;
® OIpPEJEeJIUTD, YTO JOJPKHO IIPOUCXOAUTD IIPU JOCTABKE IIOTOKY CUTHAJIOB.

QNX pacmupser BodamoxkHocTu POSIX, mosBossaa mo yeaoBuio OR ycTaHO-
BUTh COOTBETCTBYIOIIIME OUTHI-Jjiaru B moJe flags aTpuOyTHOI 3alucu,
npeke ueM OyneT IpousBeleH BbI30B, co3faroninii moTok. He cyiiecTByer
dyHKIUE Buga pthread_attr_set_*(), SKBUBAJEHTHBIX 3THUM yCTAHOBKAM.
K stum pmaram oTHOCATCA:

e PTHREAD_CANCEL_ENABLE — sampoc Ha 3aBepiiieHne 0yaeT o6padaThIBATHCA
B COOTBETCTBUHU C THUIIOM 3aBepPIIIaeMOCTH, YCTAHOBJIEHHBIM IJISI IIOTOKA
(3HaUeHUE IO YMOJIUYAHUIO);

e  PTHREAD_CANCEL_DISABLE — 3ampochl Ha 3aBepIIeHne Oy T OTJIOKEHBI;

e PTHREAD_CANCEL_ASYNCHRONOUS — ecoiz 3aBepliieHUEe pa3pellneHo, OTJI0KeH-
HbIe UJIU TeKYIIHe 3alIPOCHl OYAYT BLITOJTHEHBI HeEMEIJIeHHO;

e PTHREAD_CANCEL_DEFERRED — ecsu 3aBeplieHNEe Pa3peIIeHO0, 3aIlIPpOChl Ha
3aBepIlieHre OYAYT OTJOMKEHBI A0 MOCTUIKEHUA TOUKU 3aBEPIIIaeMOCTH
(3HaUYeHME IO YMOJUYAHUIO);

e PTHREAD_MULTISIG_ALLOW — 3aBepIliaTh II0 CUTHAJIY BCe IOTOKU B IIpoIlecce
(POSIX-ymosuaHme);

e PTHREAD_MULTISIG_DISALLOW — 3aBepImIaTh IO CUTHAJY TOJBKO TOT IIOTOK,
KOTOPBIY IPUHAJ CUTHAJ.

ITocye 3amycKka mmOoTOKa Bce aTpPUOYyThI, CBA3aHHBIE C 3aBePIIaeMOCTBHIO II0-
TOKa, MOTYT OBITH M3MEHEHBI BbIBoBaMu pthread_setcancelstate() m pthre-
ad_setcanceltype().

Mepepaya napameTpoB NOTOKY

3avacTyio KaKIblli IOTOK M3 I'PYINbI IMOCJIEI0BATEIHLHO CO30aBaeMBbIX II0-
TOKOB, BBITIOJHSIONINX OOHY U TY Ke PYHKIINIO, HYKHO 3aIlyCKaTh CO CBO-
UM WHIUBUAYAJILHBIM O0JOKOM AAHHBIX (IIapaMeTpoM moToka). I[Jis sToro
npenHasHaueH 4-ii mapameTp BbI3oBa pthread_create() — ykasaTeab Ha
0JIOK JaHHBIX THUIA void*. XapaKTepHO, YTO 3TO MOKET OBLITh IPOM3BOJIb-
Has CTPYKTYpa AAHHBIX CKOJb YTOMHO CJIOKHOTO THIIA, CTPYKTYPU3AIIUIO
KOTOPOH BBHISBIBAIOIMI pthread_create() Kom M PYHKIIMSA IIOTOKA HOJIMKHBI
IIOHNUMAaTh eI[I/IHOO6paBHO; HUKAKOT'O KOHTPOJIA COOTBETCTBHA THUIIOB Ha
JTalle BbI30OBa He IIPOMU3BOOUTCA.
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JocTaTOYHO YaCTO BCTPEUAOITUIiCa HAa MPaKTHUKe 00pasel] MHOTOIIOTOYHOTO
KOZa — 9TO MUKJNUECKasd IPoIleAypa OKUAAHUSI HACTYILJIEHUA HEKOTOPOTO
ycaoBusA (COOBITHS), ITOCJIE KOTOPOTO ITOPOKIAETCA HOBBIH 9K3E€MILIAP ITOTO-
Ka, IPU3BAHHBIN 00CIYKUTH HACTYIUBIIIEe COObITHE (TUTIMYHAS cXeMa Bce-
To pa3HooOpa3ms MHOTOIIOTOYHBLIX CETEBBIX CepBEpPOB). B TaKmx caydasax
KO/JI, ITIOPOXKIAIOIIUY IIOTOKY, BBITVISIIUT IIOJJOOHO CJIeAyIoleMy (pparMeHTy:

// OYHKUMA NOTOKA:

void* ThreadProc( void* data ) {
// ... BbnonHaeTcs obpaboTka, Mcnonb3ysa cTpykTypy *(DataParam*)data
return NULL

1

// nopoxpamumii NoToKK Kop:
while( true ) {
// wHnumanusauna obnacTy napameTpos
struct DataParam data( ... );
if( /+ oxupaem HeuTo */ )
pthread_create( NULL, &attr, &ThreadProc, &data );
IR

ATOT HPOCTENIINI Ko KpaiiHe OIaceH: IPU OBICTPBIX IMUKJIAX M, UTO HAM-
HOT'0 Ba)KHee, HeTIpeACKa3yeMbIX MOMEHTAaX MOBTOPHBIX CO3AAHUI dK3eMII-
JIIPOB IIOTOKOB M3 BBI3LIBAIOIIIEr0 IIUKJIA HEOOXOAWMO 00eCIeUnTh, UYTOOBI
HCIIOJb3yeMoe B (pyHKIIMU IOTOKAa ThreadProc() 3HaueHHe HAHHBIX OBIIO
agexBaTHbIM. OHO MOJKeT OLITh I3MEHEHO B BBI3BIBAIOIIEM KO WJIN JasKe,
6oJiee TOTO, IIPOCTO PA3PYIIIEHO IIPU BHIXOJE U3 JOKAJIbHON 00JIaCTU BUIU-
MOCTH, KaK B CJIEAYIOIeM KOJe:

// nopoxpamuuii NoToKK Kop:
while( true ) {
if( /+ oxupaem Heuyto */ ) {
struct DataParam data( ... );
pthread_create( NULL, &attr, &ThreadProc, &data );
1
// ... 30eCb MOXeT WATW AOCTAaTOYHO AnnTenbHaa obpaboTka

1

31ech 0JIOK TaHHBIX, BBIJEIAEMBIN B CTEKe IIOPOKIAIOIIEero II0OTOKa, K Hava-
JIy eT0 UCIIOJIb30BaHUA B JOUEPHEM IIOTOKE MOKeT ObITh ITPOCTO YHUUTOMKEH.

EauscTBeHHO HaJeKHBIN cmocob obecreunTh TpeOOBaHME AKTYaJIbHOCTH
mepenaBaeMbIX JAHHBIX — 9TO CO3JaHNEe KOMUU 0JIOKA IIapamMeTpPOB HEIo-
CPeICTBEHHO IPU BXoJe B GYHKIIMIO IIOTOKA, HAITPUMeP TakK (ecjiu ompeze-
JleHa oIepaiusa KOINPOBAHUS):

// OYHKUMS noToKa:

void* ThreadProc( void* data ) {
DataParam copy = *(DataParam*)data;
// ... BononHaeTcs obpaboTka, MCNONL3Yyd CTPYKTYpYy COPY
return NULL

1
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uau Tak (ecau onpejesieH MHUIUAJNSUPYIOMNI KOHCTPYKTOP CTPYKTYPBI
IaHHBIX):

// OYHKUMA NOTOKA:

void* ThreadProc( void* data ) {
DataParam copy( *(DataParam*)data );
// ... BononHaeTcs obpaboTka, MCNONL3Yyd CTPYKTYpYy COPY
return NULL

b

Ho u sToT KOoZ OKasbIiBaeTcsa HeKOoppeKTeH. [Ipu mMopoKaIeHUN ITOTOKA HaM
HYKHO, YTOOBI MHUIIMAJIU3AIINA KOIUY IepeJaHHbIX TaHHBIX B Tejie QyHK-
WY TTIOTOKA IPOU30IILIA A0 TOT0, KaK Ha OUePeTHOM ITMKJIE OPUTHHAJ 3TUX
TaHHBIX OyZeT paspyIieH uiau uaMeHeH. Ho IuCIUIIINHBI AuCIIeTYe PU3AIIUHI
PaBHOBHAUHBIX IIOTOKOB (B JAHHOM CJIy4Yae POAUTETBCKOTO U IMTOPOKIEHHO-
T'0) B OIIEPAITMOHHOM CUCTEeMe HUKAK He PeryIaMeHTUPYIOT (U He MMEeIOT IIpa-
Ba 9TOr0 JejaTh!) MOPAZOK MX BBIMOJHEHUS IIOCJe€ TOUKYU BETBJIEHUS —
pthread_create().

ObGecmeunTs AKTYaJIbHOCTHb KOIINHN IIePeJaHHBbIX HTaHHBIX MOMHO HECKOJIb-
KHNMH NCKYCCTBEHHBIMHU crocobamu:

1. Ilepenmaueii B KauecTBe aprymenTa pthread_create() cIemuaJbHO CIe-
JIAHHOU paHee BpeMEeHHOU KOIIUU SK3eMILISApPa JAaHHBIX, HAIIPUMEp:

if( /* HeuTo */ ) {

// static obecrneunsaeT HepaspyuwaemocTb

static struct DataParam copy

copy = data;

pthread_create( NULL, &attr, &ThreadProc, &copy );
IR

JroT crmoco6 MHOTgA XOPOIIO «CcpabaThbIBaeT» AJA AAHHBIX TUIA CUM-
BOJIBHBIX CTPOK, IIPEACTABJIEHHBIX B cTaHgapre a3bika C (ogHAKO mC-
TOJIb3YeTCs OH He YacTo):

void* ThreadProc( void *data ) {

// MOXHO faxe He fienaTb KOMWID — 9TO YXe KOnus:
printf( “%s”, (char*)data );
}s

while( true ) {
char *data = ... /* uHMUMANM3aUWUA [aHHBIX */;
if( /* HeyTo +/ )
pthread_create( NULL, &attr,
&ThreadProc, strdup( data ) );
}s
2. Jlna nmepenauym mapameTrpa cKajiapHoro tuna (char, short, int), He mpe-
BBIIIIAIONIET0 pa3Mep YKasaTesd, O4eHb YaCTO B CAMBIX Pa3sHOOOPAa3HBIX
ucTouHuKax [1, 3] MOKHO yBUAETH TAKOM TPIOK, KOTJA YKa3aTe 0 IPU-
CBaMBAETCs HETIOCPEACTBEHHOE 3HAUEHNE CKAAPHON BeIUUNHBI:
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// GyHKUMS noToka:
void* ThreadProc( void* data ) {
// ... BbnonHseTcs obpaboTka, MCNONb3ys 3HadveHwe napameTpa (char)data
return NULL
1
// nopoxpamnuuii noToKM Kop:
while( true ) {
char data = ... /* uHWuManusauus napameTpa =/;
if( /+ oxupaem Heyto */ )
pthread_create( NULL, &attr, &ThreadProc, (void*)data );
1
Win gaxe Tax:
pthread_create( NULL, &attr, &ThreadProc, (void*)5 );
pthread_create( NULL, &attr, &ThreadProc, (void*) ( x +vy ) );
ITomoXuTENbHOM CTOPOHOM 5TOr0 pelneHus (KOTOpoe TeM He MeHee
0OCTaeTcs TPIOKAaYeCTBOM) ABJIAETCA TO, UTO ITapameTp B ThreadProc() me-
peraeTcs o 3HAUEHUIO, TO €CTh HEABHBIM KOIIMPOBAHNEM, U JIFOOLIE I10-
clenyolyue MaHUIIYJAAIIMXA ¢ HUM He IIPUBEAYT K Mopue IIepelaHHOTO
suauenusd. Takum odopasom, B ThreadProc() HeT HEOOXOIMMOCTU CO3Ma-
BaTh JIOKAJIbHYIO KOMIMIO IIOJIyYeHHOTO IapaMeTpa.
3. CosmaHue sK3eMILIApPa JAHHBIX B POAUTEIHCKOM IIOTOKE IJIA KasKIO0TO

HOBOTI'O 9K3€eMILJIApa co3gaBaeMoOro IoToxKka ¢ rapaiHTuPOBaHHBIM YHUUYTO-
JKeHHreM 9K3eMILJIAPa JaHHBIX IIPU 3aBePIIeHN N ITOPOKIAEHHOI'O IIOTOKA:

void* ThreadProc( void *data ) {
// vcnonbayem akaemnnap data 6e3 konupoBaHus. . .

delete data;
return NULL
b

if( /* HeuTo =/ ) {

// co3naHue 9K3eMmnnapa BMECTEe C MHuuManusaumen

// (npeanonaraem, 4To Ana DataParam paHee onpefenet

// KONUPYoUWA KOHCTPYKTOP) :

pthread_create( NULL, &attr, &ThreadProc, new DataParam( data ) );
IR

ITO OUH U3 caMbIX 0e30IIN00YHO cpabaThIBAIOIIINX CIIOCOO0B, 11 € IUHCT-
BE€HHBIM €r0 HeJIOCTATKOM SBJISIETCS TO, UTO 00'bEKTHI CO34AI0TCSA B OJHOI
CTPYKTYPHOI enuuuile (poauTese), a YHUUTOKATHCSI JOJKHEI B IPYToii
(moTOMKe), KOTOphIe MHOTIa Jaske Pa3MeIllaloTcsa B Pa3INUHBIX (aiiaax
IPOrpaMMHOTO KOJa, a OIIMOKYU C ITapHOCThIO OIlepaluii Haa JUHAMUI-
YeCKOH maMaThI0 00X0AATCSA OUeHDb JOPOTO.
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4. «PyuHOIi» BBI30B JUCIETUYEPU3AIMU B IIOPOKAAIOITEM IIOTOKe, IT0 Kpaii-
Hel Mepe IpU AUCIUILINHE 10 yMoauanuio 111 QNX — round-robin:

if( /x Heuto */ ) {
pthread_create( NULL, &attr, &ThreadProc, &data );
sched_yield();

1

Mgz1 He MOXKeM IPOU3BOJILHO NU3MEHATH II0CJIEJ0BATEIbHOCTD BBIIIOJIHE-
HUS IIOTOKOB (YeM HapYIIUJAX Obl IPUHITHAILI JUCIETUePU3alun) U He
MOKeM YTBEPKIATh, UTO IIPU HAJUUYUU MHOTUX IIOTOKOB UMEHHO TOJIb-
KO UTO IIOPOKJEHHBIN IOTOK ITOJYYUT yirpaBaenue. Ho mocJie BbITIOHE-
HUA sched_yield() MBI MOYKeM rapaHTHUPOBATh, YTO POAUTETBCKUIN I10-
TOK OyZIeT ITOMeIlleH MMEeHHO B XBOCT Ouepeu MOTOKOB PABHBIX IPUOPH-
TE€TOB, TOTOBBIX K HCIIOJIHEHUIO, ¥ €T0 aKTUBUIAIUA ITPONB0UAET MO3Ke
BCeX HAJIMYHBLIX B CUCTE€ME IIOTOKOB, B TOM YMCJIE U ITOCJEeIHETO TOPOIK-
JIEHHOTO.

Mpumeyanue
B 3TOM MecTe BHMMaTENbHbIN YuTaTeNb BNpaBe OXUBUTbCA: «06MaHbIBa}OT, obBelnBa-
t0T...». [la, onucbiBaemoe 34eCb 3K30TUYECKOE pelleHne He COBCEM KOPPEKTHO C No3un-
UMK yxKe ynoMmuHaslerocs onpepenenns 3. [eikcTpbl «cnabocesa3aHHbIX NpoLEeccoB»
¥ HE3aBMCMMOCTU pe3ynbTaTa OT OTHOCUTENbHbLIX CKopocTeit: B SMP-cucteme npu Konu-
yecTBe NpoLeccopos, 6OJ'IbLIJEM, 4eM KONn4yecTBO napanyiesibHbiX NOTOKOB, 3TO pelleHne
He 6yneT pa6OTaTb TaK, KaK Mbl €My npeanucbiBaem. Ho k HacTosAleMYy BpeMeHU TaKoe
«CTeYeHue 06CTOATENCTBY MOXET BbITh MO0 YNCTO TeOpeTUYeCKM YMO3PUTENIbHbBIM, TN~
60 BO3HMKATb Ha IKCNEPUMEHTAbHBIX eUHNUYHBIX 06pa3uax SMP, coaepxalumx fecaTku
M COTHU NPOLLECCOPOB..., HO rae QNX, HACKONbKO HaM U3BECTHO, He UCMONb3YeTCA.

B sTom BapHMaHTe U B IIOPOXJIAEHHOM IIOTOKE MOJXHO CUMMETPHUYHO Cae-
JIaTh TaK:

void* ThreadProc( void *data ) {
struct DataParam copy( *data );
sched_yield();

1

Mpumeyanue
MHor,u,a [NA BblpaxeHus 3TON TEXHUKMN Mcnonb3yeTcsa U Takas, B 06|.I.I,EM HEeCKONIbKO He-
OpexHas, hopma 3anucu:

pthread_create( NULL, &attr, &ThreadProc, &data );
delay( 1 ); // BMecTo sched_yield()

®oKyc 34eCb COCTOUT He B TOM, YTO 1 MUANMCEKYHAA — 3TO BPeMs, 3aBejOMO J0OCTaTOu-
HOe ANA KONMPOBAHWUA 3K3eMNNAPA AaHHbIX, a B ToM, 4To POSIX onpepenser, yto onepa-
umus delay() (a Takxe Bce pofCTBEHHble et yHKLMK: sleep(), nanosleep() u apyrue
(YHKUMM NacCCUBHOMN 3aA€PXKKU) ABNAETCA onepauyeil NAaCCUBHOTO OXUAAHWA U [ONK-
Ha CONPOBOXAATLCA NPUHYAUTENBHOW AUCNeTYepu3aLmeil.
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5. CosmaHue MOTOKA C MPUOPUTETOM BBIIIIE, YeM POAUTEIbCKIIL, C IIOCJIe-
OYIOIIIMM BO3BPATOM €r'0 IPHUOPUTETA HA IIPEKHUI YPOBEHb IIOCJE BBI-
HOJIHEHUS TPeOyeMoil MHUINAJIN3aIAN KOINN:

void* ThreadProc( void* data ) {
struct sched_param param;
int polisy;
pthread_getschedparam( pthread_self(), &polisy, &param );
param.sched_priority -= 2;
// vHWUManu3auMa Konuu 06noKa AaHHbIX

pthread_setschedparam( pthread_self(), polisy, &param );

return NULL
b

if( /+ HeuTo */ ) {
pthread_attr_t attr
pthread_attr_init( &attr );
pthread_attr_setdetachstate( &attr, PTHREAD_CREATE_DETACHED );
pthread_attr_setinheritsched( &attr, PTHREAD_EXPLICIT_SCHED );
pthread_attr_setschedpolicy( &attr, SCHED_RR );
int polisy;
struct sched_param param;
pthread_getschedparam( pthread_self(), &polisy, &param );
attr.param.sched_priority = param.sched_priority + 2;
pthread_create( NULL, &attr, &ThreadProc, &data )

1

31ech B TOUKE CO3JAaHUA ITOPOIKICHHBIN IIOTOK CPa3y sKe BHITECHSET CBO-
€ro POAUTEJSI ¥ BBLIMOJHAET NHAIINAINIAINI0 KoUK 00JIaCTy ITapaMeT-
POB, IOCJIe Yero BO3BPAIlaeTCs K HOPMAJILHOH (C pABHBIMU IPUOPUTETA-
MHU) JUCIIEeTUYePU3aLUU. OTOT BAPUAHT MOKET MMOKA3aThCA NCKYCCTBEHHO
YCI0KHEHHBIM, HO OTJIMUHO BIMCHIBAETCSA CBOMMU IMOGOYHBIMU LOCTO-
WHCTBAMHU B cos3fgaHue MHOTomoTouHbIx GUI-ipunoxkenuiir gis rpadu-
yeckoii moacucteMsl Photon.

JlaHHble noTokKa

B peasibHOM KoOfe 4acTO BO3HMKAET CUTyallus, KOrJa OJHOBPEMEHHO WC-
MOJIHAIOTCSA HECKOJBKO 9K3EMILIAPOB IIOTOKOB, NCIIOJIb3YIOIUX OJUH 1 TOT
2Ke Kog (IIpU co3MaHNM IIOTOKOB YKAa3bIBAETCS OJHA U TA JKe PYHKIIUA II0TO-
Ka). IIpu aToM HeKOoTOphle AaHHBIE (HAIPUMED, CTAaTHUUYECKUE OOBEKTHI,
ryio6anbHbIe 00BEKTHI IIPOIPAMMHOTO (haiiia, 00bABJICHHBIE BHE QYHKIIUN
TOTOKA) OYIYyT IpeACcTaBJIeHbI /I PA3JIUUYHBIX 9K3EMILIAPOB IOTOKA B BU-
e eIUHOTO SK3eMILIApa JaHHBIX, a Apyrue (0J0K mapaMeTpoB GQYHKIIUU
TOTOKA, JOKAJbHbIEe JaHHbIe PYHKIIUY MOTOKA) OYAYT MPeACcTaBIsATh COO0
MHIVNBAAYAJIbHBIE 9K3eMILISIPEI JJII KaXKI0T0 IIOTOKA:

class DataBlock {
DataBlock( void );
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DataBlock( DataBlock& );
b

DataBlock A;

void* ThreadProc( void *data ) {
static DataBlock B;
DataBlock C, D( *(DataBlock*)data );

delete data;
return NULL;
}

for( int 1 = 0; 1 < N; i++ ) {
DataBlock E;
// ... obpaboTka w 3anonHexwe E ...
pthread_create( NULL, NULL, &ThreadProc, new DataBlock( E ) );

b

B aTrom mpocreiiniem ¢parmMenTe Koja N IIOTOKOB Pa3fesAl0T eJUHbIE 9K-
3eMILISPHI JaHHBIX A 1 B: J100ble M3MEeHEHUs, cAeJaHHbIe B JAHHBIX IIOTO-
KOM 1, OyAyT BUAUMEI IIOTOKY j, €CJU, KOHEUHO, KOPPEKTHO BBLINOJIHEHA
CUHXPOHU3AIUA JOCTYIIa K JaHHLIM U MOTOKH «COBMECTHBIMU YCUJIUSAMU »
He paspyliaT I[eJOCTHOCTh 0JI0Ka HaHHBIX. [[pyrue OJOKM HaHHBIX, C u D,
IpencTaBJIeHbl OMHUM M30JMPOBAHHBIM SK3EMILJIAPOM Ha KaKIbIH IOTOK,
U HUKaKue NU3MeHeHU s, TPOU3BOAUMbIE TIOTOKOM B CBOEM dK3eMILISIpe JaH-
HBIX, He OYAyT BUAHBI IPYTUM IIOTOKAaM.

ITono6ubIe ah(peKTHI He BOBHNKAIOT B OJJHOIIOTOKOBBIX IIPOTPAMMax, a ecjiu
OHU He YUUTHIBAIOTCA U BOSHUKAIOT CIIOHTAHHO, TO IOPOXKAAIOT KpaliHe
TPYAHO BBISABJIAeMble omnOKK.! OueHb YACTO TaKue OIMINOKU BO3SHUKAIOT
mocJie IpeoOpa30BaHUsA KOPPEKTHHIX IIOCJIENOBATEJbHBIX IIPOrPAMM B II0-
TOKOBBIe. PaccMoTpuM npocreiimuil pparMeHT Koma:

int M = 0;

void Func_2( void ) {
static int C = 0;
M+= 2, C++, M -= 2;
}
void Func_1( void ) { Func_2(); };
void* ThreadProc( void *data ) {

Func_1();
return NULL;

b

1 B nuTepaType HEOZHOKPATHO OTMEUAJIOCH, YTO OIIMOKYM MHOTOIIOTOUHBIX IIPO-
rpaMM YacTO HeJeTEPMUHUPOBAHEBI (MOTYT BOSHUKATH MJIM HET B MJEHTUYHBIX
YCJIIOBUAX UCIOJHEHUs), TPYAHO BOCIPOUSBOANMEL ¥ MOT'YT OBITH KpaiiHe TPYZ-
HBI IS JIOKAJIN3aIUH.
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for( int 1 =0; i < N; i++ )
pthread_create( NULL, NULL, &ThreadProc, NULL );

Mo:kHO JIu 37€Ch YTBEPIKIATh, UTO IepeMeHHasA M COXpaHUT HyJIeBoe 3Haue-
HUe, a mepeMeHHas C JeliCTBUTEJIbHO ABJISETCSI CUeTYNKOM BHI30OBOB U €€ pe-
3yabTUpYyIoiiee 3HaueHune crameT N? Hu B Koeil Mepe: mocje BBLIIOJHEHUS
TaxKoro (hparMeHTa B IepeMeHHBIX MOXKeT ObITh BCe UTo yroauo. Ho memouka
BBIBOBOB Func_1() —-> Func_2() MoKeT OBITH CKOJIb YTOAHO AJUHHOIT, Omuca-
HEe Func_2() MOKeT HaXOAUThCS COBEPIIIEHHO B IpyroM (aiiie Koga (BMecTe
c 00'bABIEHUEM TIepeMeHHoH M!) 1, HaKkoHell, Func_2() B Hallleil TPaHCKPHUII-
U MOJKET OBITH JIT00011 (pyHKITMel us oubanorek C/C++, mucasmieiicsa JeT
15 Hazajg 1 comeprxalleil B CBoeM TeJjie CTATHYeCKIe IIepeMeHHbIe!

POSIX.1 TpebyeTr, uTOOBI OIpedeieHHLIe B HeM (QDYHKIIUU ObLIM MaKCHU-
MaJIbHO 0e30IIaCHBIMU B MHOT'OIIOTOYHOM cpene. Ho mepepaboTka Bcex 0uo-
JIMOTEK — TPyJOoeMKuit u quurenbHbI nporecc. API QNX (u Tak moctymu-
au npousBoauTtesn MmEOTUX POSIX-coBmecTumbix OC) mJis MOTEeHIIMATIbHO
He0e30macHbIX B MHOTOIIOTOUYHOM cpefe (GYHKIIUA BBeJIN UX SKBUBAJIEHTHI,
orTyimyalomueca cypdurcom « _r», HampuMmep: localtime() — localtime_r(),
rand() — rand_r() u T. n. IIlpuHIIUINaIbLHO Hebe30IlacHa B MHOT'OIIOTOYHOM
cpene ogHA U3 caMbIX «II00UMBIX» B UNIX dyurmusa — select().

Co6cTBEHHble AaHHbIe€ NOTOKa

OnucaHHOU BBIIIE cXeMe OOIUX AAHHBIX IPUIOKEHUI U JIOKAJIbHBIX TAH-
HBIX TIOTOKA, MJOCTATOUYHBIX IJis OOJIBITMHCTBA «OPAUHAPHBIX» IIPUJIOKE-
HUIl, BCe-TaKU OIpeIeJIeHHO He XBaTaeT 'MOKOCTH, IIOKPHBIBAIOIIEHl Bce II0-
TpedbHocTu. ITosTromy B pacmupernuax POSIX peasbHOro BpeMeHU BBOJUT-
cA TpeTuil CcHemu@UUHBIA MEXaHW3M CO3TAHUA U MAHUIYJIAPOBAHUS
C JaHHBIMU B IIOTOKEe — coOCTBeHHBIe maHHbIe moToka (thread-specific da-
ta). Ncnonbp3oBaHMe COOCTBEHHBIX JAaHHBIX IIOTOKA — CAMBIN ITPOCTOM U 3-
(heKTUBHBIN cII0CO0 MAaHUIYJINPOBAHUA JaHHBIMU, IPEICTABJIEHHBIMU MH-
IUBUAYAJTbHBIMU 9K3EMILIAPAMU JaHHBIX AJIA KaKJ0T0 IIOTOKA.

Coraacuo POSIX omepalimoHHasA cucTeMa AOJKHA MONAePyKUBaTh OTPAHMT-
YeHHOEe KOJIMUYECTBO 00BeKTOB coOcTBeHHBIX maHHBIX (POSIX.1 Tpebyer,
YTOOBI 9TOT IIpeaes He mpeBbimaa 128 00HeKTOB Ha KaKIbIil IIpoIlecc).
SAgpoMm cucTeMbl MOAMEPIKUBAETCA MaCCUB M3 3TOTO KOJMUECTBA KJIIOUEH
(Tum pthread_key_t; aTo aGCTPAKTHBIA THUN, U CTAHIAPT MIPEANNCLIBAET HE
acCOIMUPOBATD €T0 C HEKOTOPBIM 3HAUEHUEM, HO PeaJibHO 9TO HeOOJ bIIne
IeJible 3HAUEHUS, 1 B TAKOM BH/[€ BCSA CXeMa I'opasmio MMPOoIlle IJIA [MOHUMA-
Hud). Kakaomy KJIHOUy coIlocTaBjieH (Jjar, OTMEeUYAIOIUil, 3aHAT JTOT
KJIIOY UJIM CBOOOJEH, HO 9TO BHYTPEHHUE JAeTAIN Pean3allui, He JOCTYII-
HbIe mporpaMmMucTy. Kpome Toro, mpu cosfgaHuu KJIH04Ya ¢ HIM MOYKET ObITh
cBsaA3aH aapec GYHKIINU JeCTPYKTOPa, KOTopas OyAeT BbI3BIBATHCA IIPHU 3a-
BepPIIIeHUH IIOTOKA U YHUUTOKEHUHU ero 9K3eMILIsIpa JaHHbBIX (puc. 2.4).

Korgma motok BeI3BIBaeT pthread_key create() mJjida co3maHUs HOBOT'O THUIIA
CcOOCTBEHHBIX JAHHLIX, CCTeMa Pa3bICKMBAET MepBoe HEe3aHATOe 3HaUYeHUe
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MaccuBbl ykasaTeneit 06bekToB COOCTBEHHBIX JAHHBIX A1sl KKAOr0 13 3HadeHui key| |:
KoHTeKCTHbIe KoHTeKCTHbIE
JaHHble [JaHHbIe
noToka noToka
tid=0 tid=m
: : aK3emMnasip : : aK3emMnasip
0 o— P notoka 0 0 o— P noToKa m
(06BEKT [IaHHbIX) (06BEKT JaHHbIX)
1 @ 1 @
2 2
NULL NULL
(ak3emnnsp He (ak3emnnsp He
127 VHULMANN3NPOBaH) 127 VHALMANN3MPOBAH)

Puc. 2.4. Kawouu sk3emMnaapos 0aHHbLX

KJioua 1 BosBparraer ero sHauenue (0...127). Jaa Kaka0ro moTokKa Impo-
mecca (B cocTaBe OmmcaTe id IIOTOKA) XpaHUTCsa MaccuB u3 128 ykasaTenei
(void*) 6JI0KOB COOCTBEHHBIX MAHHBIX, M IO IOJYUYEHHOMY KJIOUYy IIOTOK,
WHIEKCUPYS d9TOT MACCHUB, [I0JIy4aeT JOCTYII K CBOEMY dK3eMILIADPY JaHHBIX,
acCOIIMMPOBAHHBIX CO 3HaUeHHeM KJroua. HaualbHble 3HAUEHUA BCeX yKa-
3areseii 6,10K0B faHHBIX — NULL, a (pakTHUeCcKOe pas3MelleHre 1 0CBODOK Ie-
HUe 0JIOKOB JaHHBIX BHIIOJHSIET IT0Jb30BaTeIbcKaa mporpamMmma (puc. 2.5).

Ha pwuc. 2.5 mpezacTaBjieH MacCUB CTPYKTYP, CO3MaBaeMbIii B eTUHUUYHOM
9K3EeMILIAPE A KarKA0ro mpoiecca 01n0I1noTeKoii mMoToOKoB. KasK bl ae-
MEHT KJII0Ua MOJIJKEeH OBbITH IPeqBapUTENIbHO MHUIINAIU3UPOBAH BHISOBOM
pthread_key_create() (oQHOKpATHO AJSA Bcero mporecca). Kakapiii MHUAIIM-
aIM3UPOBAHHBIN 9JIEMEHT MACCHBa OIpeAesseT 00beKThl eINHOT0 KJacca
BO BCEX MCIIOJB3YIOIINX UX MOTOKAX, IO3TOMY IJIA HUX 3/IECh JKe OoIlpefe-
JaseTcss gecTpykTop (9To B TrepmuHoaoruu A3bika C!). IlecTpyKTop — enu-
HBIN JIs1 9K3eMILJIAPOB JaHHBIX B KaXKJA0M MOTOKe. [lajKe AJIA MHUIIMAIII-
3MPOBAHHOTO ¥ KCIIOJIL3YEMOT'0 KJII0OYa B KadeCTBE AECTPYKTOpPa MOKET
O6bIThb YKasaH NULL, Ipu 9TOM HUKaKUe JeCTPYKTUBHBIE NEMCTBUA IIPU 3a-
BEPIIIEHU U IIOTOKA He BHIIOJIHAIOTCA.

ITocsre pasmertieHusa 6JI0Ka IIporpamMMa MCIOJIb3yeT BBIZOB pthread_setspe-
cific() mnsa cBA3BIBAHUA ajfpeca CBOETO dK3eMILJIAPa JaHHBIX C 3JIEMEeHTOM
MaccuBa yKasaTreJsel, UHIeKCUPYyeMoTo KJIUoM. B manpHeNIIEM KA bl
IIOTOK HCIOJBb3yeT pthread_getspecific() maa mocTynma MMeHHO K CBOEMY
9K3EeMILIAPY JAHHBIX. ITO CXeMa, a Tellepb IOCMOTPUM, KakK OHa pabdoTaer.
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Maccus pthread_key_t (B Halwem npumepe Ham
Tpe60BaNCH €AMHNYHBIV KITIOY, MO3TOMY Mbl UCTIONb3YEM
€IVHNYHOE CKANIPHOE 3HaueHue):
cnar (3HayeHme Koya)
key[0]
yKkasatesib GpyHKLMM [IeCTpyKTOpa o
¢dnar (He MHULMAN3MPOBAHO)
key[1]
® | P NULL
key[2]
static void destructor(
void* data_key_0) {
' 7
key[127]

Puc. 2.5. [Iomok u ezo cobcmaeHHbvle OaHHbLE

ITomosxum, uTo HaM TpebyeTcA co3maTh N mapajieIbHO MCIONHAIOIUXCA
UIEHTUYHBIX MOTOKOB (MCIIOJB3YIONNX eIUHYI0 (QYHKIINIO IIOTOKA), KaK-
OBl 13 KOTOPBIX IIpPeAIlojaraeT padoTaTh CO CBOEH Komumell SK3eMILIApa
maHHBIX Tuna DataBlock:

class DataBlock {
“DataBlock() { ... };

1

void* ThreadProc( void *data ) {
// ... 3necb OyaeT KoA, KOTOPHIA Mbl PacCMOTPUM
return NULL;

1

for( int 1 = 0; 1 < N; i++ )
pthread_create( NULL, NULL, &ThreadProc, NULL );

ITociemoBaTeIbHOCTD JEMCTBUM IIOTOKA BBITJISAUT CJIeqYIOIINM 06p8.30MZ

1. ITorox samparuBaeT pthread_key create() — cosgaHMe KJIroua AJIS JO-
cTyma K 00Ky JaHHBIX DataBlock. Eciiu moToKy HEe0O6XOAMMO NMETh He-
CKOJIBKO (M) OJIOKOB COOCTBEHHBIX [OAHHBIX PAa3JIUYHOU TUMIUBAIUU
(u pasirnyHOTO (PYHKIIMOHAJIBLHOTO HasHaueHmdA): DataBlock_1, Data-
Block_2, ... DataBlock_m, To OH 3ampalnnBaeT 3HAUEHUA KJIIOUeil COOTBET-
CTBYIOIIEE YMCJIO Pa3 IJid Kaskaoro tuna (m).
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2. HenpusATHOCTH 3leCh COCTOUT B TOM, UTO 3aIPOCUTH 3HAUEHUE KJIIYa
nadg DataBlock mossKeH TOJBKO MEePBBIM NPUIIEAIINN K 3TOMY MECTY II0-
TOK (KOTZa KJIIoU ellle He pacupeneisieH). I[locimenyromue mOTOKU, O-
CTUTIINE BTOT'0 MeCTa, JOJKHBI TOJIbKO BOCIIOJIb30BaThHCA PaHee pacipe-
JIeJIeHHBIM 3HaUeHMeM KJmoua s Tuna DataBlock. Ins pasperieHus
9TOH CJIOKHOCTH B CHUCTEeMY (PYHKIIHII COOCTBEHHBIX NAaHHBIX BBeJeHA
dyaKIIUA pthread_once().

3. Ilocie aTor0 KaK OBl TOTOK (KaK CO3MaBIIUM KJIIOU, TAK U UCIIOJIb3YIO-
U ero) MOJIXKeH 3ampocuTh mo pthread_getspecific() ampec 6Joka
JaHHBIX W, YOeAUBIINCH, 4TO 3T0 NULL, ITMHAMUYECKHU pacIpemeJuThb 00-
JacThb MaMATH IJIA CBOEro 3K3eMILISIpa JaHHBIX, a TaK:Ke 3apuKcupo-
BaTh mo pthread_setspecific() sTOT agpec B MacCcuBe SK3eMILISIPOB IJI
IaJIbHEHIIero uCIoJIb30BaHUA.

4. Janabllle IOTOK MOKeT paboTaTh ¢ COGCTBEHHBIM 9K3eMILIAPOM AaHHBIX
(OTHebHBIN SK3EeMILJISAD HAa KaKIbIH MOTOK), MCIIOJNL3YA AJIS JOCTyIIa
K HeMy pthread_getspecific().

5. Ilpu 3aBepIlleHUU JIIOOOT0 MOTOKA CHCTeMa YHUUTOMKUT U €ro SK3eMII-
JISIP JAHHBIX, BBI3BAB JJIS HETrO JeCTPYKTOP, KOTOPBIHA ObLI YCTAHOBJIECH
BBIBOBOM pthread_key_create(), eIMHBIM OJA BCEeX YK3EMILIAPOB HaH-
HBIX, QCCOIIMMPOBAHHBIX C 9TUM 3HAUEHHNEM KJII0Ua.

Temneps 3anuiieM 5To B KOJle, 3a04HO TPAHC(HOPMUPOBAB B HOBYIO YHKITUIO
ThreadProc() Koa paHee CO3JaHHOI BepCcUM 9TOH ke GyHKIuU SingleProc()
ISl VCIOJIHEHUS B ONHOM IIOTOKE, He ABJIAKINUNICA peeHTepabeIbHBIM
u 6e30macHBIM B MHOTOIOTOYHOM cpeze. (O Bompocax peeHTepabebHOCTH
MBI 0023aTeJIbHO IIOTOBOPUM II033Ke. )

void* SingleProc( void *data ) {
static DataBlock db( ... );
// ... onepaumn ¢ nongmu DataBlock
return NULL

1

Mpumeyanue
To, 4TO TMNLI NAapaMeTpOB M BO3BpaLLaeMoe 3HayeHne SingleProc() «nogorHaHel» nog
CUHTaKCUC ee Bonee No3aHero skeuBaneHTa ThreadProc(), He ABAAETCA NPUHLUNK-
anbHbIM OTPaHUYEHUEM — BXOAHYIO M BbIXOLHYIO TpaHchopmauum hopMaToB AaHHbIX
peanbHO OCYWECTBAAIOT UMEHHO B MHOTOMNOTOYHOM 3KBMBaneHTe. Ham 3pech BaXHO
NPUHUMNNANLHO PACCMOTPETb 06LLYI0 GOPMabHYIO TEXHUKY TPaHCHOPMaLUM HepeeH-
TepabenbHOro Koja B peeHTepabenbHblii.

Haunee caemgyet Kox SingleProc(), mpeoOpasoBaHHBIN B MHOTOIIOTOUHBI BUI:

static pthread_key_t key;
static pthread_once_t once = PTHREAD_ONCE_INIT;

static void destructor( void* db ) {
delete (DataBlock*)db;
b
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static void once_creator( void ) {
// CO34aeTCH eduHbil Ha mpouecc ko4 and gaHHsx DataBlock:
pthread_key_create( &key, destructor );

1

void* ThreadProc( void *data ) {
// rapaHTug TOro, 4TO K/Y MHUUMANU3WPYETCH TONbKO 1 pas Ha npouecc!
pthread_once( &once, once_creator );
if( pthread_getspecific( key ) == NULL )

pthread_setspecific( key, new DataBlock( ... ) );

// Tenepb kaxipil pa3 B Tene 9TON OYHKUMW WM QYHKUMA, BbI3bIBAEMbIX
// 3 Hee, Mbl BCerpa MOXem Nony4uTb [JOCTYN K 9K3eMnnapy AaHHbIX
DataBlock* pdb = pthread_getspecific( key );
// ... Bce Te xe onepaumu ¢ nonamu pdb->(DataBlock)
return NULL

}

Mpumeyanue

06patuTe BHUMaHWe, YTO BCS ONUCAHHas TexHWKA Npeobpa3oBaHUA NOTOKOBBIX (YHK-
UM B peeHTepabenbHble (Kak W Bce mporpammHbie uHTepdeiicsl POSIX) otyetnuso
OpMEHTMPOBAHA Ha CeMaHTUKy knaccuuyeckoro C, B TO BpeMa Kak BCe CBOE WU3N0XeHKe
Mbl OPUEHTUPYEM U UANOCTPUPYeM Ha C++. Mpu co3gaHuu 3K3eMnaspa cOOCTBEHHbIX
AaHHBIX MONHOCTbIO Pa3pyLlaeTcs KOHTPOIb TUNM3ALMM: Pa3Hble 3K3eMNNAPbl NOTOKOB
BMOJIHE MOMYW Obl NPUCBOUTL CBOMUM yKa3aTeNsM aHHble (TUna void*), accounmpoBaH-
Hble C OAHMM 3HayeHneM key. 3TO COBEPLIEHHO pa3nnyHble TUMbl faHHbIX, CKaxeM Da-
taBlock_1* u DataBlock_2*. Ho nposBunock Gbl 3T0 HECOOTBETCTBME TONLKO NpU 3a-
BepLleHUM QYHKLMM NOTOKA U YHUYTOXKEHUM IK3EMNIAPOB AAHHBIX, KOrAa K 06beKTam
COBEpLUEHHO Pa3HOro TUma 6bin 6bl NPUMEHEH OAUH AECTPYKTOP, ONpPEAENeHHbIA npu

BblaeneHnun Knto4va. OwnbKM Takoro poAaa KpaVIHe CNOXXHbl B TIOKanu3sauunu.

Ocobas 06JiacTh, B KOTOPOII COOCTBEHHBIE AAHHLIE IOTOKA MOTYT HAWTH
IIPMMEeHeHNe 1 I'Je JIOKAJbHBbIe (CTeROBBIe) IIepeMeHHBbIe IIOTOKa He MOTYT
OBITh MCIIOJB30BAHLI, — 3TO ACHMHXPOHHOE BLINOJIHEHHE ()parMeHTa Kojma

B KOHTEKCTe IIOTOKAa, HAaIIpXMeD IIPU ITOJIYYEeHHNH IIOTOKOM CHUI'HaJIa.

Er1iie ofHO coBCceM He OUeBHUAHOE IPUMeHeHNe COOCTBEHHBIX JaHHBIX IIOTO-
Ka (MBI He BCTpPeUaJu B JUTEpaType YIOMHUHAHUI O HEM), KOTOpoe 0cobo
OpTaHWYHO BIIMCHIBAETCA B MCHOJb30BaHUe nMeHHO C++, — 3TO eIlle oAuH
croco0 BO3BpaTa B PONUTENLCKUI MOTOK Pe3yJabTaTOB PAOOTHI JOUEPHUX.
IIpu sTOM HeBaXKHO, KaK OBLIU ONpeAesieHbl JOUepHUe MOTOKHU — KaK IIpu-
coeVMHEHHBIE UM KaK OTCOeJUHEeHHBIe (MBI 00CYIKAaau 3TO paHee); TaKoe
HMCIIOJIL30BAHNE B 3aMETHOM Mepe HUBEJHPYeT WX PA3HHUILy. OTa TeXHUKA

COCTOHUT B TOM, UTO:

e Ecam mpu co3maHWM KJIOYa HE OIpPelesaTh JECTPYKTOP SK3eMILIApa
IDaHHBIX IIOTOKA pthread_key_create( . . ., NULL ), To mpu 3aBepIleHUN
IOTOKA HaJ 9K3eMILJIAPOM ero JaHHBIX He OyAyT BLIIOJHATHCI HUKaKIe
IeCTPYKTUBHLIE MEMCTBUA U CO3JaHHBIE IOTOKAMM 5K3eMILIAPBI JaH-

HBIX OYIYT CYIIeCTBOBATH U IOCJIE 3aBEPIITeHNA ITOTOKOB.
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e Ecuam K 3TuUM 5K3eMILIAPaAM JaHHBIX CO3aHbI aJbTePHATUBHBIC IYTHU 0~
cTyna (a OHU JOJIKHBI OBITH B JIIOOOM CJIyuae CO3MaHbl, TaK KaK ob6JacTu
9TUX JAaHHBIX B KOHEUYHOM UTOTE HYKHO OCBOOOIUTE), TO Graromaps aTo-
MY JOCTYIIY IOPOXKIAOINIMA IIOTOKY KO MOYKET NCII0JIb30BATh JaHHEIE,
«OCTaBIINECA» KaK Pe3yJbTaT BBIIIOJIHEHUA IIOTOKOB.

B koge (uTo ropaszo HarJsgHEe) 5TO MOMKET BBHITJIAIETh TaK (KO C 3aMeT-
HBIMH YIPOIIEHUAMU B3AT U3 PEATbHOI'0 3aBEPIIIEHHOI0 IPOeKTa):

// onucaHue 9K3emnnapa AaHHbX NOTOKa
struct throwndata {

b

static pthread_once_t once = PTHREAD_ONCE_INIT;

static pthread_key_t key;

void createkey( void ) { pthread_key_create( &key, NULL ); };
// STL-ouepefb, Hanpumep ykasaTenen Ha 9K3emnaspbl JaHHbIX
queue<throwndata*> result;

// OYHKUMA noToKa
void* GetBlock( void* ) {
pthread_once( &once, createkey )
throwndata *td;
if( ( td = (throwndata*)pthread_getspecific( key ) )
== NULL ) {
td = new throwndata()
pthread_setspecific( key, (void*)td );
// BOT OH - aNbTepHATUBHHI NMyTb AOCTYyNa:
result.push( td );
b
// nanee uaeT nnofoTBOpHas paboTa Han 610KOM AaHHbX *td
/]
1

int main( int argc, char **argv ) {
/o
for( int 1 = 0; 1 < N; i++)
pthread_create( NULL, NULL, GetBlock, NULL );
// . . . . . . K OTOMy BPEMEHM NOTOKM 3aBEepuwminChb
// HU B KOEM Chny4ae Henb3a nomewaTb result.size()
// HENnocpeacTBEHHO B napameTp uukna!
int n = result.size()
for( int 1 = 0; 1 < n; i++ ) {
throwndata *d = result.front()
// obpaboTka ovepegHoro 6noka *d
result.pop()
delete d;
N
return EXIT_SUCCESS
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Mpumeyanue
B npepbigylwmx npumepax Kopa Mbl yKa3blBanu TpeTwit napametp pthread_create()
B BuAe &GetBlock (appeca GyHKLMM NOTOKA), HO B TEKYLLEM NPUMEPE Mbl CO3HATENbHO
3anucanu GetBlock. M To u apyroe BepHo, 160 KOMNUAATOP AOCTATOYHO YMEH, YTOObI
Npu yKazaHuu uMeHu GyHKLMK B3ATb ee aapec.

Cob6cTBeHHBIE JaHHBIE IIOTOKOB — 3TO HACTOJIBKO 'MOKUI MEXaHU3M, UTO OH
MOJKeT TauTh B cebe U ApPyTrue, ellle He UCIO0Jb3yeMble TEXHUKHU IIPUMeHe-
HUSA.

be3onacHOCTb BbI3OBOB B NOTOKOBOW cpepe

PaccmMoTpeB «B mepBOM MPUOJIMIKEHUU» TeXHUKY COOCTBEHHBIX MAaHHBIX
IIOTOKOB, MBI TEIEPh TOTOBBI OTBETHUTHL HA BOIpOC: «B uem ke riaBHOe
mpenHa3HAUeHWE TAKOW B OOIEM-TO JOCTATOYHO I'DOMO3AKOU TEXHUKU?
W zauem niisa ee BBeOeHUS ITOTPEOOBAJIOCH CHEIMAJIBHO PACIINUPATH CTAH-
maptel POSIX?» Camoe mpsaMoe ee IpefHasHAUEHNE, IOMUMO APYTUX «IIO-
OYTHBIX» NMPUMEHEHN, KOTOpPbIe OBbLIM O0CY:KIeHBI paHee, — 9TO OOIIMIA
MeXaHW3M IIPeBpPallleHUus CYIeCTBYoIell GYHKIUYU IS OJHOIIOTOKOBOTO
HCIOJIHEeHUA B (PyHKIHIO, Oe3omacHyroo (thread safe) B mmoromoroumom
OKPYsKeHHnM’. ATOT MEeXaHMU3M IIpeljaraeT efUHYI0 (B CMBICJIE «eANHO00pas-
HYI0», & HE «eINHCTBEHHO BO3MOKHYIO» ) TEXHOJIOTUIO /IS Pa3paboTUNKOB
OMOJIMOTEUHBIX MOAYJIEI.

Mpumeyanune
0C QNX, 3aumcTBytowas uHctpymentapuin GNU-TexHonorum (gcc, make, ...), npegycmar-
pUBaeT BO3MOXHOCTb NMOCTPOEHUS KaK CTAaTUUYECKM CBA3bIBaeMblx 6UGNMOTEK (MMEHa
thaitnoB BMAA xxx.a), Tak U pasfensemblX UAN AUHAMUYECKU CBA3bIBAEMbIX (MMeHa
tainos Buga xxx.so). LlenecoobpasHocTb nocnegHux npu NOCTPOEHWUM aBTOHOMHbBIX
W BCTPauMBaeMbIx cMCTeM (Ha YTO MaBHbIM 06pa3om u HaueneHa OC QNX) pocTtatouHo
coMHUTeNbHa. 0fHAKO BbICKa3aHHOE Bbille MOJIOXKEHWe O NOCTPOEHUM peeHTepadenb-
HbIX MPOrPaMMHbIX €AUHUL, OTHOCUTCS He TONbKO K 6UOMOTeYHbIM MofynaM (KaK CTa-
TUYECKUM, TaK U AUHAMUYECKUM) B TPAAULMOHHOM MOHUMAHUW TEPMUHA «OUOIMOTEKaY,
HO W oxBaTblBaeT Kyaa bosee WHPOKUIA CNEKTP BO3MOXHbLIX OOBEKTOB U B TOiI e Mepe
OTHOCMTCSA M NPOCTO K NtoObIM HaGopaM YTUNUTHBIX 0OBEKTHLIX MOAy/el (BUAA XXX. 0),
pa3pabarbiBaeMbix B XOA€ peasn3auum nog Lenesoil NporpaMMHblii NpoekKT.

Ecau mb1 o6paTumea K Texauyeckoit nokymenTanuu API QNX (ananoruy-
Haa xaptuHa oyget u B API mo6oro UNIX), To 3ameTuM, UTO TOJBKO He-
6osibIasi yacTh PyHKIMI orMeueHna Kak thread safe. K «He6esomacHbIM »
OTHECEeHBI TaKue 00Ilern3BeCcTHbIe BBI3OBEI, KakK select(),rand() u readln(),
a MHOTUM «He0e30IIacHbIM» B IIOTOKOBOU cpejie BI30BAM COIIYTCTBYIOT MX
Ge3omacHbIe IyOJIUKATEI ¢ CYyGHGUKCOM *_r B HAIIMCAHUYU MMeHU (PYHKIIUH,
"HanpuMmep MsgSend() —MsgSend_r().

B uem ke cocTouT HE6E30IIACHOCTh B IIOTOKOBOM cpeae? B HepeeHTepabdeib-
HOCTH (DYHKIIUH, IOATOTOBJIEHHBIX JJIS BHIIIOJHEHNS B OAHOIIOTOYHOM Cpe-
Ile, B IIEPBYIO OUePeIb CBA3AHHOM C IMOTPEOHOCTHIO B CTATUYECKUX JaHHBIX,
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XPaHAIINX 3HAUEeHWEe OT OJHOTO BHI30BA K APyroMy. PaccMOTpUM KJaccu-
YyecKyI0 (pyHKIH0 rand(), TPAAUIIHIOHHO peaJn3yeMyo B caMbIX PasH000-
pasubix OC mpuMepHO Tak (IpU «yJauHOM» BBIOOpE KOHCTAHT A, B, ():

int rand( void ) {
static int x = rand_init();
return x = (A * x +B ) % C;

b

Takas peanusarius, COBEPIIeHHO KOPPEKTHAA B IIOCJIeI0BaTeIbHOM (O4HO-
TIOTOKOBOIT) MOJeJIX, CTAHOBUTCA He0Ee30IIacHON B MHOTOIIOTOYHOM: a) BBI-
YHCJIeHNEe X MOXKeT ObITh IIPEePBAHO COOLITHEM AMCIEeTUEPU3AI[UN, 1 He HC-
KJIIOUEHO, UTO BHOBD IIOJIYUUBIIHNYN yIIPaBJIeHUe IIOTOK B CBOIO ouepeab 00-
paTtuTcd K rand() u ICKa3UT XOJ TEKYIIEeT0 BBIYUCIEHNA; 0) KarK bl ITOTOK
«XO0TeJI ObI» IMETh CBOI0 ABTOHOMHYIO IIOCJI€L0BATEILHOCTEL BEIUKCIEHU X,
He 3aBHUCSAIIYIO OT IOBEJCHNA NapaJljIeJbHbIX IOTOKOB. JKeaaeMblil pe3yib-
TaT OyAeT JOCTUTHYT, €CJAU KayKIbIi MOTOK OyAeT MMeTh CBOII aBTOHOMHBIN
9K3eMILISAP IIePEeMEeHHOMH X, UYTO MOYKET ObITh IOJIYUYEeHO ABYMS IIyTSMU:

1. VIaMeHUTL IPOTOTUN O0bABICHUSI QYHKITUN:

int rand_r( int *x ) {
return x = (A * ( *x ) + B ) % C;
1

ITpu sTom mpobJyieMa «KJIOHHUPOBAHUS» IePEeMEeHHOUN X B KasKIOM M3 II0-
TOKOB (Zla ¥ HaUaJIbHOU ee MHUIINAJIN3aIIN) He CHUMAeTCs, OHA TOJIbKO
ePeHOCUTCS Ha IJIeUH II0JIb30BaTeNsI, UTO, OJHAKO, JOCTATOUHO IIPOCTO
peliaeTcs Ipu CO3TaHUU ITIOTOKOBOM (DYHKIIMH 3a CUET ee CTeKa JIOKaJIb-
HBIX TIePEeMEeHHBIX

void* thrfunc( void* ) {
int x = rand_init();
= rand_r( &x );

1

Nmenuo TakoBa (popMa M MHOTOIIOTOUHOTO 3KBuBajsieHTa B API QNX —
rand_r().

2. B aToM BapuaHTe MBI COXpaHsAeM IIPOTOTHUII ONIMCAHUSA PYHKIIUU 6e3 us-
MEHEHUH 3a CUeT MCIIOJb30BAaHUS PA3JUUYHBIX 9K3eMILISIPOB COOCTBEH-
HBIX JaHHBIX MOTOKa. (Bech mpuBeneHHBIN HUMKE KOJ pasMeIeH B OT-
IeJbHOI egUHNIle KOMIMJIAIINN; BCe MMeHa, 3a MCKJIueHueM rand(),
HEBUAWMBI M HEJOCTYHHBI U3 TOYKU BBHI30BA, UTO IMOJAUYEPKHYTO SIBHBIM
HWCII0JIb30BaHMEM KBaJauduKraTopa static.)

static pthread_key_t key;

static pthread_once_t once = PTHREAD_ONCE_INIT;

static void destr( void* db ) { delete x; }

static void once_creator( void ) { pthread_key_create( &key, destr ); };

int rand( void ) {
pthread_once( &once, once_creator );
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int *x = pthread_getspecific( key );
if( x == NULL ) {
pthread_setspecific( key, x = new int );
*x = rand_init();
b
return x = ( A+ ( *x ) + B ) % C;
1

B aTom BapuanTe, B OTJIMUME OT IPEABIAYIIETO, BECh KO/ BbI3LIBAIOIIETO
¢dparmMenTa Ipu mepexoje K MHOTOIIOTOUHOI peajnsaliii OCTAeTCA TeKC-
TyaJbHO HEM3MEHHBIM:

void* thrfunc( void* ) {
/.
while( true ) {
. = rand( x );
}s
1

IlepeBon BCero mporpaMMHOIO HPOEKTa HA MCIIOJIb30BAHNE IIOTOKOBOI
Ccpelbl COCTOUT B 3aMeHe 00 bEeKTHOM eIUHUIILI (00 beKTHOTOo (haitia, 61b-
JHUOTEKN), colepiKaleil peanusamuio rand(), 1 HOBOI cOOpPKe MPUIokKe-
HHS C 9TOM 00'bEeKTHOM eJUHUIIEH.

ITpu TakoMm cmocobe M3MEHAIOTCA MO/ IOTOKOBYIO 0€30IIaCHOCTD 1 CTAH-
IapTHBIe o0Ien3BecTHbIe OubanoTeunblie PyHKIuu API, Hanucanubie
B CBOEM MepBO3JaHHOM Buae 25 jeT Hasand.. (II0 KpaliHell Mepe, Tak
npeaaaraer 3To mejath craugapt POSIX, BBomamiuii B 00u1x0xa cooOCT-
BeHHBIE JaHHBIE IOTOKOB).

ﬂmcnequpw3au,vm NMOTOKOB

Kasxmomy moToKy, y4acTBYIOIEMY B IIPOIlECCE MUCIETYEPUIAIUU, COOT-
BETCTBYET B5K3eMILISAP CTPYKTYPHI, OIIpelesieHHON B dQaiije <sys/tar-
get_nto.h>, B KoTopoM HaxoasATcs Bce (pyumameHtanbuble nasa OC QNX
oIpeeIeHu:

struct sched_param {
_INT32 sched_priority;
_INT32 sched_curpriority;

union {
_INT32 reserved[ 8 1];
struct {
_INT32 __ss_low_priority;
_INT32 __ss_max_repl

struct timespec __ss_repl_period;
struct timespec __ss_init_budget;

} __ss;
}o__ss_un;
b
#define sched_ss_low_priority __ss_un. __ss. __ss_low_priority

#define sched_ss_max_repl __S8S_un. __SsS. __ss_max_repl
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#define sched_ss_repl_period __ss_un. __sS. __ss_repl_period
#define sched_ss_init_budget __ss_un. __ss. __ss_init_budget

Bce, uTo ompenendeTcsa BHYTPHU union __SS_un, UMeeT OTHOIIEHUE TOJIbKO
K CIIOpagUYecKOll AUCIIeTUepU3anuu (CIopaguvecKas IUCIHETUEePU3aInd
Oblyia BBEJEeHA 3HAUUTEJIBHO MO3Ke APYTUX, U el OyAeT yAeaeHo JOCTATOU-
HO MHOTO BHUMAaHUA). I BceX OCTAIbHBIX TUIIOB AUCIETUEPU3AIUU I10-
TOKAa BTO IIOJIe 3aIOJIHAEeTCA (PUKTUBHBIM IIOJIEM reserved, U MMEHHO Tak
(B YKOPOUYEHHOM BHJE) OIIPEJeAiach CTPYKTypa JUCIeTUePU3AIUU B BEP-
cuu QNX 6.1.

Ceituac HaC MHTEPECYIOT HadyaJbHEIE II0JIA 9TOM CTPYKTYPhI, He 3aBUCAIIIE
OT THIIA JUCIIETUEPUIAINY IIOTOKA:

sched_priority — cTaTW4eCKM#A HPUOPUTET, KOTOPBLIN IIPHUCBAMBAETCS
TOTOKY IIPU €r0 CO3JaHUU U KOTOPBIA MOJKET ObITh IPOIPAMMHO U3Me-
HEH I10 XOAY BBINIOJIHEHU S II0OTOKA;

sched_curpriority — TeKymIuii IIPUOPUTET, C KOTOPBHIM BBIIIOJHAETCS
(u coryIacHO KOTOPOMY JOUCIETUEPUBUPYETCS) TAHHBIM IOTOK B TEKY-
Ui MOMEHT BpeMeHU. JTO 3HAUeHUe IPUOPUTEeTa 00pa3yeTcsa CHUCTe-
MO Ha OCHOBe 33JJaHHOT'O CTaTUUYECKOIr'0 IIPUOPUTETA, HO OHO MOYKeT JU-
HaAMUYECKU U3MEHATHCA CUCTEMOIi, HAIPUMeD IIPU OTPabOTKe AMCITUII-
JIVH HacJIeJOBAHUA IIPUOPUTETOB UJIU I'PDAHUYHBIX IPUOPUTETOB AJIA I10-
Toxa. IIporpaMma He IMeeT CPeICTB BO3JeiiCTBIA HA BTO 3HAUEHHEe , HO
MOJKET €TI0 CUUTHIBATh.

E1re pas noguepKHeM JOCTATOYHO OUEBUIHYIO BEIlb: NUCIIUIIJINHA JUCIIET-
yepusanuu OIpeaessieTcsd OTHOCUTEJIbHO IIOTOKA M Ha YPOBHE IOTOKa (HO
He mpoiiecca). IIpocaenuTs 3a AUCIUILIWHON AucmeTdepusanuum (u yb6e-
IUTHCS B CIIPABEIJINBOCTHY YTBEePIKAEHU IpeabIayIneii (hpasbl) MOMKHO KO-
MaHgoi pidin. BoT HECKOJIBKO CTPOK €e BBIBOJA, OTHOCAIIMECA K COCTaB-
HBIM YaCTAM CAMOM CHUCTEMBbI:

pid tid name prio STATE Blocked
1 1 6/boot/sys/procnto  Of READY

1 2 6/boot/sys/procnto 10r RUNNING

1 5 6/boot/sys/procnto 63r RECEIVE 1

1 9 6/boot/sys/procnto  6r NANOSLEEP

6 1 roc/boot/devb-eide 100 SIGWAITINFO

1 Tlonb3oBaTesb MOXKET M3MEHSTH JTO IOJIe, OAHAKO 9TO JIMIIEHO CMBICIA U He
BJI€UET 3a cO00 HUKAKUX IIOCJeACTBUI, BeJb 3HAUEHNEM TEKYIIEero IIpuopuTe-
Ta «ynpasiaser» OC, HamIpuUMep AJIA OCYII[ECTBJIEHUA HACIEeJOBAHUSA IPUOPUTE-
ToB. C Ipyroii CTOPOHBI, NHOTAA I1eJIeCO00PaZHO CUNTATh 3HAUEHIE NUMEHHO 3TO-
ro 1IO0Jidg, YTOOBI ONpPeAeIUTh 3HAUEHNUEe AUHAMUYECKOIO MPHOPUTETa IIOTOKA,
YCTaHOBJIEHHOTO, HAIIPMeD, B Pe3yJIbTaTe TOTO JKe HAaCJIeLOBaHUs.
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B moute prio ykassiBaercs mpuopuTeT (TEKYIH; BO3SMOXKHO, IIOCTIEIHEE U3
YHAaCJeIOBAHHBIX 3HAYEHUI!) KA JOro IIOTOKA C YCTAHOBJIEHHON [IJIs HErO
pucrumanHoi gucneruepusamnuu: f — FIFO, r — RR, o — OTHER, s — SPO-
RADIC.

B cucreme Ha CeI‘OI[HHH_IHI/Iﬁ A€Hb peayin30BaHbI TpI/I1 AUCHUIIJIMHBI JUCIIEeT-
yepusalnuu: ouepeab MOTOKOB paBHBIX mpuoputeToB (FIFO — first in first
out; elre B X0y TEDMUH «HEBBITECHAOIAs» ), KapyceabHas (RR — round-
robin) u ciopaguueckasi. PaccmoTpum hparMeHT UX OIpeneeHus B (aiiie
<sched. h>:

#if defined(_ _EXT_QNX)
#tdefine SCHED_NOCHANGE O

#endif
#define SCHED_FIFOQ 1
#tdefine SCHED_RR 2

#tdefine SCHED_OTHER 3

#1if defined(_ _EXT_QNX)

#idefine SCHED_SPORADIC 4 /» Approved 1003.1d D14 «/
#tdefine SCHED_ADJTOHEAD 5 /+ Move to head of ready queue x/
#idefine SCHED_ADJTOTAIL 6 /+ Move to tail of ready queue »/
#idefine SCHED_MAXPOLICY 6 /+ Maximum valid policy entry =/
#endif

Bce gucnunanubl ucreTyepusany, KpoMe CIIopagudyecKoii, JOCTaTOUHO
TIOJIHO ONUCAHBI B suTeparype [1], mosTOMy MBI JIUIIL IEPEUUCTUM UX OT-
JUYUTETbHBIE 0COOEHHOCTH:

1. FIFO — sT0 Ta AucCHUILINHA JUCIIETUYEPU3AIUU, KOTOpasa B JUTepaType
mo Windows 3.1/3.11 HasbIBajach «HEBBITECHAMOINEN MHOI03agadHO-
CThIO» (MU «KOOIEPaTUBHOM» ). 3/IeCch BHIIIOJHEHE II0OTOKA He IIpephI-
BaeTcsA MOTOKAMHU PABHOTO IIPHOPHUTETA A0 TeX MOpP, IMOKa caM IIOTOK
«T00POBOJIBHO» He IIepefacT yIpaBjeHHe, HaIpuUMep BHIZOBOM
sched_yield() (4acTo I 9TOU 1€MW UCHOJb3YETCsA KOCBEHHBIN a(deKT
BBIBOBOB delay(), sleep() u uM mMomOOHBIX). B Apyrux mcTouHMKax Ta-
KO# crmoco6 qucmeTuepusanuy HasbIBAIOT OUepeAAMU IIOTOKOB PaBHBIX
IPUOPUTETOB.

2. RR - 9T0 Ta AucnumInHa JUCIeTyepusanuu, Koropad B Windows 98/
NT/XP umeHyeTcA «BBITECHAINEH MHOTO3aJaYHOCTHIO»; €IIle B JIUTE-
paType IJi Hee UCIIOJIb3YEeTCS TEPMUH « PEeXKUM KBAHTOBAHNS BPEMEHM » .

1 B goxyMeHTaIMu HEOAHOKPATHO YIIOMUHAETCS ellle OfHa JUCIIUILINHA — «aJall-
TuBHas1» (SCHED_ADAPTIVE), u maske JeTaJabHO ONKUCHIBAETCA, «KaK OHa paboTaeT».
Bugumo, 9T0 MOKHO OTHECTH TOJBKO K TOMY, YTO KOPPEKTUPOBKA OOIIMPHON
IOKYMEHTAI[UU OTCTAeT OT Pa3BUTUA caMoit cucteMbl. Ha KoHbepeHuu «QNX-
Poccus 2003» ma Boupoc mo mosony ADAPTIVE-gucneruepusanuu npeacTaBm-
Tesu QSSL oTBeuasn Tak: «ITOT BuUA aucierdepusanuu 0bl1 B QNX 4.xx, a
B QNX 6.x BMecTo Hero BBeZieHa 6osee mpoaBuHyTasa TexHuka SPORADIC-guc-
neruepusanum». Tem He MeHee 0oJiee IPOABUHYTAA CIOPafUUYeCcKas AUCIETUYE-
pusaius He MO3BOJIsIeT aOCOJIOTHO TOYHO BBIPASUTE JJOTUKY aJallTUBHOM.
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Mpumeyanue

IToTok pabGoTaeT HENPEPHIBHO TOJIBKO B TEUEHUWE IIPEJOIIPEIEIEHHOTO
KBaHTa BpeMeHu. (B HECKONIBKUX MecTax JOKYMEHTAIIUY YTBEPIKIAeTCs,
YTO 3HAUEHME 9TOr0 KBAHTA BPEMEHU COCTABJIsET 4 CHCTEeMHBIX THUKA
(time-slice), uro B QNX 6.2.1 mo yMOJIYaHUIO COCTABIAET 4 MUJINCE-
KYHIbI, 1 TOJbKO B OJTHOM MeCTe JOKYMEHTAIlUW I'OBOPUTCSA, UTO KBAHT
JUcCIIeTUYepu3anuu cocTaBiisgeT 50 MUILINCEKYHI; 9TO OIIpeaeeHHOe pas-
"HouTenue. CIpaBe I IMBBIM ABJISETCSI NMEHHO IIEPBOE YTBEeP K IeHNE. )

ITocye ucTeueHMsT OTBEIEHHOTO My KBAaHTA BPEMEHU ITOTOK BBITECHSIET-
CcsA MOTOKOM PaBHOTO Ipuopurera (IPU OTCYTCTBUU APYIUX IIOTOKOB
9TUM HOBBIM ITOTOKOM MOKET OBITH U TOJIBKO UTO BHITECHEHHBIH, TO €CTh
€ro BBIIIOJIHeHNE OYIeT IPOIOJIMKEHO, HO IIePeIUCIIeTUePU3AIIA TeM He
MeHee IIPOUCXOJUT). ¥ CTAaHOBJEHHBIN KBAaHT BpPEeMEHHU IUCIIeTYepu3a-
Y MOKeT ObITH moJiyueH BbI3oBOM (crangzapT POSIX 1003.1):

#include <sched.h>
int sched_rr_get_interval( pid_t pid, struct timespec* interval );

rae pid — ato PID mporecca, Ajia KOTOPOTO OIIpeAeAeTcsa KBaHT BpeMe-
HU, KaK U JJIs MHOTUX APYrux mogo0HbIxXx PpyHKmuii. Ecau PID = 0, BbI-
30B OTHOCUTCHA K TEKYIIIeMy IIPOIIECCY;

interval — ykasaTeab Ha CTPYKTYpPY timespec (ctargapt POSIX 1003.1):

#include <time.h>

struct timespec {
time_t  tv_sec; // 3HauyeHue cekyH[
long tv_nsec; // 3HauyeHue HaHOCEKYHA,

}

ITpm ycmemraom BbIDOJSIHEHWUM (GyHKIUSA sched_rr_get_interval() Bos-
Bparmraet 0, B mpoTuBHOM caydae —1.

[lBe npyrue dyHKuMK, YacTo yaobHbIE AN paboThl CO CTPYKTYpOIt timespec:

#include <time.h>
void nsec2timespec( struct timespec *timespec_p, _uint64 nsec );

— 3T0 NpeoGpa3oBaHue UHTEPBANA, BbIPAXKEHHOTO B HAHOCEKYHAAX (NSec), B CTPYKTYPY
timespec («BbIXOAHOMY» NapaMeTp BbI30Ba timespec_p);

#include <time.h>
_uint64 timespec2nsec( const struct timespec* ts );

— 3T0 npeo6pa3OBaHme CTPYKTYpbl timespec B 3HaYeHue, BbipaxeHHOe B HAHOCEKYH-

pax (31o dyHKuMA 3 native API QNX).

. Cropagunueckasi fucreTyepusanus — 3TO ropasao 6osiee passuras Gop-

Ma «BBITECHAMOIIE MHOT03aJaYHOCTH», YMCJICHHBIE XaPaKTEePUCTUKYU
KOTOPO¥ (BpeMs KBaHTa, YHNCJIEHHBIe 3HAUEHUA TPUOPUTETOB U AP.) MO-
I'yT OeTajJbHO IIapaMEeTPU3UPOBATHCA U JayKe TUHAMUYECKU U3MEHATh-



roToku 75

¢4 110 X0y BeIoHeHu . IlogpoOHee criopaguuecKkasi JUCIeTUYe PU3AL S
paccMoTpeHa maJiee.

YacTo 3a7a0T BOIIPOC: «A KaK MHOI'O IIOTOKOB Iiejiecoo0pasHo aesnaTh? Ha-
CKOJIBKO CHIKaeTcA 9(p()eKTUBHOCTHL MHOTOIIOTOYHOI IIPOrpaMMBbI 3a CUET
aucietTuepusanuu moTokoB?» C Apyroii CTOPOHBI, B JHUTEepPaType UacTo
BCTpevarTcA (JOCTaTOUYHO I'0JIOCJTOBHBIE, HA KaUeCTBEHHOM YPOBHE) YTBEp-
JKIOEeHUA, YTO MHOTOIIOTOYHAA IporpaMMa OyaeT 3aMeTHO yCTyIIaTh B ad-
(GeKTUBHOCTHU CBOEMY IIOCJIeAOBATEIbHOMY (B OJTHOM IIOTOKE) SKBUBAJIEHTY.
IIpoBepuM 5T0 Ha peaIbHOU 3a7adve:

MHo)KeCTBeHHbIe NOTOKN B eAUHOM npunoXxeHnuu

#include <stdlib.h>
#include <stdio.h>
#include <iostream.h>
#include <unistd.h>
#include <limits.h>
#include <pthread.h>
#include <inttypes.h>
#finclude <sys/neutrino.h>
#include <sys/syspage.h>
#include <errno.h>
#include <math.h>

// npeobpas3oBaHne MpOLECCOPHbLIX LMKIIOB B MUINUCEKYHb :
static double cycle2milisec ( uint64_t ccl ) {

const static double s2m = 1.E+3;

// 3TO CKOpPOCTb Mpoueccopa:

const static uint64_t

cps = SYSPAGE_ENTRY( gtime )->cycles_per_sec

return (double)ccl * s2m / (double)cps

IR

static int nsingl = 1

// pabouas dyHKUMA, KOTOpaAs MMATUPYET BLYMCHEHNS :
void workproc( int how ) {
const int msingl = 30000
for( int § = 0; j < how; j++ )
for( uint64_t 1 = 0; i < msingl * nsingl; i++ )
i=(i+1) -1
1

static pthread_barrier_t bstart, bfinish
struct interv { uint64_t s, f; }
interv *trtime;

void* threadfunc ( void* data ) {
// BCE NOTOKW NOCNE CO30aHWA AOMXHH “3aCTPATb” Ha BXOAHOM
// Gapbepe, 4TOOb MOTOM OJHOBPEMEHHO “COpBaTbCA” B WCMOMHEHME. .
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pthread_barrier_wait( &bstart )
int id = pthread_self() - 2;
trtime[ id ].s = ClockCycles();
workproc( (int)data )
trtime[ id ].f = ClockCycles();
pthread_barrier_wait( &bfinish )
return NULL

1

int main( int argc, char *argv[] ) {
// 30ecb ToNbko 06paboTka MHOMQUMCAEHHBIX KIOYElt. . .
int opt, val, nthr = 1, nall = SHRT_MAX;
while ( ( opt = getopt( argc, argv, "t:n:p:a:” ) )

= -1){
switch( opt ) {
case 't’

if( sscanf( optarg, "%i", &val ) != 1)
perror( "parse command line failed" ),
exit( EXIT_FAILURE );

if( val > 0 && val <= SHRT_MAX ) nthr = val

break;

case 'p’

if( sscanf( optarg, "%i", &val ) != 1)
perror( "parse command line failed” ),
exit( EXIT_FAILURE );

if( val != getprio( 0 ) )

if( setprio( 0, val ) == -1)
perror( "priority isn't a valid” ),
exit( EXIT_FAILURE );

break;

case 'n’

if( sscanf( optarg, "%i", &val ) != 1)
perror( "parse command line failed” ),
exit( EXIT_FAILURE );

if( val > 0 ) nsingl *= val

break;

case 'a’

if( sscanf( optarg, "%i", &val ) != 1)
perror( "parse command line failed” ),
exit( EXIT_FAILURE );

if( val > 0 ) nall = val

break;
default :
exit( EXIT_FAILURE );
}
b
// ... BOT 34€Cb Ha4MHaeTCd COOCTBEHHO cama MNporpamma:

if( nthr > 1)
cout << "Multi-thread evaluation, thread number =
<< nthr;
else cout << "Single-thread evaluation”
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cout << ", priority level: " << getprio( 0 ) << endl
_clockperiod clcout;
ClockPeriod( CLOCK_REALTIME, NULL, &clcout, 0 );
// wHTepBan aucneTtyepusaumn — 4 nepuopa tickslice
// (cucTemMHoro Tuka):
cout << "rescheduling = \t"
<< clcout.nsec * 4. / 1000000. << endl
// kanubpoBka BpeMeHM BbINOSHEHUS B OAHOM MNOTOKE
const int NCALIBR = 512
uint64_t tmin = 0, tmax = 0;
tmin = ClockCycles()
workproc( NCALIBR );
tmax = ClockCycles()
cout << "calculating = \t"
<< cycle2milisec ( tmax - tmin ) / NCALIBR << endl
// a Tenepb KOHTPO/Nb BPEMEHU MHOMMX MOTOKOB
if( pthread_barrier_init( &bstart, NULL, nthr ) != EOK )
perror( "barrier init"” ), exit( EXIT_FAILURE )
if( pthread_barrier_init( &bfinish, NULL, nthr + 1)
I= EOK )
perror( "barrier init"” ), exit( EXIT_FAILURE )
trtime = new interv [ nthr J;
int cur = 0, prev = 0;
for( int 1 = 0; i < nthr; i++ ) {
// TpaHWubl y4acTkKoB paboTel ANg KaxAoro noToka:
cur = (int)floor( (double)nall / (double)nthr = ( 1 +1 ) +
prev = (int)floor( (double)nall / (double)nthr * i + .5 );
if( pthread_create( NULL, NULL, threadfunc,
(void*)( cur - prev ) ) != EOK )
perror( "thread create” ), exit( EXIT_FAILURE );

.5,

}s
pthread_barrier_wait( &bfinish )
for( int 1 = 0; i < nthr; i++ ) {
tmin = (1 ==0 ) ? trtime[ 0 ].s : __min( tmin, trtime[ 1 J].s );
tmax = (1 ==0 ) ? trtime[ 0 ]J.f : __max( tmax, trtime[ 1 ].f );
b
cout << “"evaluation = \t"
<< cycle2milisec ( tmax - tmin ) / nall << endl
pthread_barrier_destroy( &bstart );
pthread_barrier_destroy( &bfinish );
delete trtime;
exit( EXIT_SUCCESS );
1

Jloruka sToro NpuIoKeHns KpaiiHe IIpocTa:

Ects HekoTOpas mpojo/KUTENbHASA IO BpeMeHU pabouas (QyHKIIUA
(workproc), BLIDOJIHAOIIAA MACCUPOBAHHBIE€ BHIUUCIEHUS.

MuoOroKpaTHO (9TO YMCJIO OTIPEEIAETCS KIIOUOM 3aIlyCKa a) BBITIOJIHSI-
eTcdA pabouasa pyHKIUA. X0OpoIro (TO eCTh KOPPEKTHEE), €CJU BPEMS ee
eIMHUYHOTO BBIIIOJHEHNS, KOTOPOE 3a1aeTCsI KJIIOUOM N, O0JIbIIIEe HHTEP-



[maBa 2. lNpoueccbl 1 NOTOKU

BaJIa AUCIIeTUYEPU3ANN CUCTEMEI (B CCTEME YCTAHOBJIEHA NUCIIETUEPU-
3alUs II0 YMOJYAaHWIO — KPYTrOBas, UM KapyceJlbHAsd).

e Becbhb 00beM 3TOM pabOTHI AEJIUTCA MIOPOBHY (MM MOUTH IIOPOBHY) MEXK-
Iy HECKOJBbKUMH (KJIIOU t) MOTOKaMU.

e (CpaBHUBaeM yCpeIHEHHOE BpeMdA €NUHUYHOTO BBINOJHEHUA paboueit
(GYHKIIUY IJIA PA3HOTO YKCJIa BRITIOJIHAIONIUX IIOTOKOB (B BBIBOZE “calcu-
lating” — aTo BpeMs 5TAJIOHHOTO BBIUMCJIEHNA B OJJHOM I'JIaBHOM IIOTOKE,
a “evaluation” — BpeMs TOTO JKe BBIUYMCJIEHUS, HO BO MHOTHX ITOTOKAaX).

e Iy TOTO YTOOBI UMETH eIlle GOJIBIIYI0 TMOKOCTD, IPeJIOCTaBJIsIeTC BO3-
MOYKHOCTD [TePeoIpeesIATh IPUOPUTET, TOJ KOTOPHIM B CUCTEME BCE 3TO
TPOUCXOIUT (KJIIOU ).

Bot camas kpaTkas cBogKa pe3yabTaToB (1-a cTpoKa BbIBOJA MIEPEHOCUTCS
ILIsT yIoOCTBA UTEHMA):

# t1 -n1 -t1000 -a2000

Multi-thread evaluation, thread number = 1000
priority level: 10

rescheduling = 3.99939

calculating = 1.04144

evaluation = 1.08001

# t1 -n1 -t10000 -a20000

Multi-thread evaluation, thread number = 10000
priority level: 10

rescheduling = 3.99939

calculating =  1.04378

evaluation = 1.61946

# t1 -n5 -a2000 -t1
Single-thread evaluation ,
priority level: 10
rescheduling = 3.99939
calculating = 5.07326
evaluation = 5.04726

# t1 -nb -a2000 -t2

Multi-thread evaluation, thread number = 2
priority level: 10

rescheduling = 3.99939

calculating = 5.06309

evaluation = 5.04649

# t1 -nb -a2000 -t20

Multi-thread evaluation, thread number = 20
priority level: 10

rescheduling = 3.99939

calculating = 5.06343

evaluation = 4.96956

# t1 -nb -p51 -ab12 -t1
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Single-thread evaluation , priority level: 51
rescheduling = 3.99939
calculating =  4.94502
evaluation = 4.94511

# t1 -n5 -p51 -ab12 -t11
Multi-thread evaluation
thread number = 11 , priority level: 51
rescheduling = 3.99939
calculating =  4.94554
evaluation = 4.94549

# t1 -n5 -p51 -ab12 -t111

Multi-thread evaluation

thread number = 111 , priority level: 51
rescheduling = 3.99939

calculating = 5.02755

evaluation = 4.94487

# t1 -n5 -p51 -a30000 -t10000

Multi-thread evaluation

thread number = 10000 , priority level: 51
rescheduling = 3.99939

calculating =  4.94575

evaluation = 5.31224

KpaTkuit u, BOBMOKHO, HECKOJILKO apag0KCaJbHBIA UTOT 9TOT'O TECTA MO-
JKeT 3ByYaTh TaK: IIPU NOCTATOYHO BBHICOKOM YPOBHE mpuopuTeTa (BBIIIE
12-13, korga Ha ero BBIIOJHEHINE He BJIUSIOT IIPOIECCHl 00CaYKUBAHUS
KJIABUATYPbI, MBIIIX U IP.) BpeMs BBITIOJHEHU B «KJIACCUUECKOM» II0CJIe-
IOBaTEJIbLHOM KOJ€¢ 1 B MHOI'OIIOTOUYHOM KoJe (I'le HECKOJbKO ThICAY II0TO-
KOoB!) mpakTHyecKH He pasaudarrca. Pasnmuumsa He Gosiee 8%, mpuuem
B 00e CTOPOHBI, YTO MBI CKJIOHHBI CUUTATD «CTATHUCTHUKOMN 9KCIIEPUMEHTA» .
K o6cy:kaeHnIo 9TOT0 AKOOLI MPOTUBOPEUAIIEr0 3APaBOMY CMBICIY (heHOo-
MeHa MBI eIlje BepHeMCH.

A moka TocMOTPUM Ha TEKCT IpuMepa, UTO U ABJIAETCA Halllel ryiaBHOM 3a-
maueii. O6cysKgaeMoe MPHUIOKEHNEe BIOJIHE paborocmocodbHo B QNX u
¢ OOJIBIIION BEPOATHOCTHIO B OosbinnmHCTBe APpyrux UNIX-cucrem, HO BOT
B Linux oo 3aBepmiuTca aBapuiino. [IpuunHa 5TOro KpoeTcs B ollepaTopax:

int id = pthread_self() - 2;
trtime[ id ].s = ...

ATO JaeT IOBOJ JIUIIMHUKN pa3 00paTuThes K Boupocy «POSIX-coBmecTumMOC-
tu». POSIX onuckiBaer, uTo TID moToka mpucBamBaeTcs: a) B paMKax Ipo-
mecca, KOTOPOMY NIPUHAAJIEKUT MOTOK; 6) HaunHaA co 3HaueHusa 1, coor-
BETCTBYIOIIETO IJIABHOMY IMOTOKY IPUIoKeHuA. B Linux, BeIIOJTHAOIIEM
u pthread_create(), u fork() uepes eZmMHBIN CUCTeMHBIN BBI30B _clone(),
ceJIaHO HeDOOJIBIIOe «YIIPOIeHNe», HaBA3aHHOEe B TOM UYMCJIe M M'OHKOH 3a
HOBBINIeHNEeM npousBoguTeabHOocTH: TID mpucBanBamTCA 13 €IUHOTO PS-
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na PID. U cpasy Ke «BbLIe3aeT» HeCOBMECTHMOCTD, BeAyIaa K aBapuiiHO-
MY 3aBEPIITeHUIO TTOKA3aHHOTO BHITIIe MPUJIOKeHUA. B mocIeTHUX pegakIiu-
ax aapa Linux genaioTca M3MeHEeHUA 10 IPUBENeHNI0 MeXaHu3MOB mapaJ-
JeabHOCTH K 00111eit POSIX-Moenn.

ATOT MOMEHT caM IO cebe JOCTATOUYHO MHTEPECEeH, II09TOMY OCTAHOBUMCS
Ha HeM MoApoOHee, AJIA Yero CO3MalnM IIPOCTEeNIINHA IPOrpaMMHEBIHN TecT 1:

#define TCNT 10

void * test (void *in) {
printf ("pid %1d, tid %ld\n", getpid(), pthread_self() )
return NULL

1

int main( int argc, char **argv, char **envp ) {
pthread_t tid[TCNT];
int 1, status;
for( 1 = 0; i < TCNT; i++ ) {
status = pthread_create(&tid[i], NULL, test, NULL);
if( status !'= 0 )
err( EXIT_FAILURE, "pthread_create()" );
b
return(EXIT_SUCCESS)
1

PesyabTaThl BLIIIOJHEHU 3TOT0 TecTa B HeCKOJAbKNX POSIX-coBMEeCTUMBIX
OC pasJInuYHbI 1 BeCbMa KPACHOPEUUBHI:

$ uname -sr

Linux 2.4.21-0.13mdk
$ . /test_pthread

pid 2008, tid 16386

pid 2009, tid 32771

pid 2010, tid 49156

pid 2011, tid 65541

pid 2012, tid 81926

pid 2013, tid 98311

pid 2014, tid 114696
pid 2015, tid 131081
pid 2016, tid 147466
pid 2017, tid 163851

A BoT pesyJibTaT 3BoJIONKK B HanpaBaennu POSIX mpu mepexoje oT gapa
Linux 2.4.x ¥ 2.6.x (anroputm dhopmupoBanusa TID Bce erre ocTaeTca 3ara-
IOYHBIM, HO y:Ke BBIIOJHSAOTCA TpeboBamus POSIX o Bwigenenuu TID
B pamkax eguHoro PID):

1 3TOT TecT u ero pe3yJabTaThl AJA Linux mojgcKasaHbl OHUM U3 YYACTHUKOB (UMA
HaM HEeM3BeCTHO) o0CcyKaeHuit Ha http://qnxclub.net.forum.
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$ uname -sr

Linux 2.6.3-7mdk

$ . /test_pthread

pid 13929, tid 1083759536
pid 13929, tid 1092156336
pid 13929, tid 1100549040
pid 13929, tid 1108941744
pid 13929, tid 1117334448
pid 13929, tid 1125727152
pid 13929, tid 1134119856
pid 13929, tid 1142512560
pid 13929, tid 1150905264
pid 13929, tid 1159297968

W HaKoOHeII, TOT Ke TeCT, BLIIOJHeHHBIN B QNX 6.2.1:

# uname -a
QNX home 6.2.1 2003/01/08-14.50:46est x86pc x86
# ptid

pid 671779, tid
pid 671779, tid
pid 671779, tid
pid 671779, tid
pid 671779, tid
pid 671779, tid
pid 671779, tid
pid 671779, tid
pid 671779, tid
pid 671779, tid
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Cnopapguyeckas gucnetyepusaums

CucreMbl peaJbHOTO BpeMeHY IPUHITNINAIBLHO OTJINYAIOTCA OT CUCTEM 00-
IIero HasHAYEeHUA TeM, UYTO IJIA TAKUX CUCTEM BayKHA He TOJHKO KOPPEKT-
HOCTD BBITIOJTHEHUS BO3JOMKEHHBIX Ha HUX QYHKIINI, HO U BpeMs, 3a KOTO-
poe sty QYHKIINHU peanusyiorcs. MOMKHO maske CKasaThb, YTO [IJIs 3a7a4 pe-
aJIbHOTO BPEMEHU OI03IAHNe C BBIITOJHEHNEM IPAKTUYECKHN 9KBUBAJICHTHO
HEBBIIIOJHEHUIO 3aaun: TpedyeMas peakIlusa WM YIPaBJSIoIlee BO3Iei-
CTBUE He IMOCTYIIUJIN B CPOK. IIpenenbHBIN CPOK, B KOTOPBIN 3ajaua peab-
HOTO BpEMEeHH J0JI’KHA OBITH BHIMOJHEHA, Ha3bIBAIOT KPUTHUECKHM CPOKOM
oocay:xuanus (deadline).

Ecau cucrema peaibHOTO BpeMeHHU PeaandyeTcss KaK MHOTOIIOTOYHAS CHUC-
TeMa (a B HacTOsIIlee BpeMs TaKOii BapUaHT paccMaTpuBaercsa GakTUUeCKU
KaK CTaHJapTHBHIN), TO IPU ee pa3paboTKe 3aUacTyl0 BO3ZHUKAET mpobaeMa
OIlpeJieJIEHUA TOT0, NEeMCTBUTENHHO JU BCE 3aJaYU PeaJbHOTO BPEMEHW,
KOHKYPUPYIOIIIie B CHCTEMe 3a BBEIUMCJUTEJIbHBIN pecypc, yCIeBaloT BBI-
TOJHUTHCA B UX KPUTUUIECKUH CPOK OOCIYKUBAHUS.
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Mpumeyanue
3JJ,ECb Mbl cnepgyem «Knaccuyeckomn» mogenu O6cy)+(ﬂ,6HMﬂ u3 obnactu cucrem peanbHO-
ro BpeMeHU, X0Ta yMecTHee 6b1N10 6bl AKLUEHTUPOBATb BHUMAHNE HE Ha abCconTHON MU-
HUMU3aLUNN BPpEMEHU NPUNOXKEHUA, a UMEHHO HA TOM, 4TO NPUNOXKEHNE 06s3aHo «yno-
XUTbCA» B HEKOToprVI KpVITl/NeCKl/IVI MHTEPBAN BPEMEHN (CM. BbIIJJe). Benuuuna xe To-
ro, HACKOJIbKO 6bICTpO NpunoXeHne BbINOJIHUT CBOU KPUTUYECKUE quHKLLl/IVI (ecnw OHO
YKnaAabiBaeTca B Kpl/ITVILIeCKVIVI MHTepBaﬂ) no NpuHUnnNy «MeHbLle — 6OJ1bLLIe», npaKkTn-
YECKN yXKe He MMeeT HMKAKOro 3HadeHua. /I3 3TOro He COBCEM YETKOro TONIKOBAHUA
cnoxunca 06U.|,l/|l7| cTepeoTun, COCTOAWMNIA B TOM, YTO CUCTEMBbI peanbHOro BpemMeHu
(B YaCTHOCTK, onepaLnuOHHbIe CUCTEMbI peanbHOro BpEMEHl/I) NPUHATO CYUTATb «ObICT-
PbIMU» (B TOM CMbICNig, 4TO OHM NOTEHUMANIbHO MOTYT UCNONHATL dHANIOTNYHbIE d)yHK-
umu 6bICTpee, 4yeM CUCTeMbl o6u.Lero Ha3HaLIEHVI$|). JtoT B3raA4 B KOpHe olwnboYeH:
CUCTEMbI peanbHOro BpemMeHu B 06LI.I,EM cny4yae, CKopee, 6y,uyT [axe «megneHHee», 4em
CUCTeEMbI 06LI.I,EI'0 Ha3HayeHusa, 3a CcYeT 6onee TWATENbHO 0Tpa60TKl/I onepauwﬂ, Ha-
npumep aucnetyepusaumm um I'lepEKmOLIEHl/IVI KOHTeKcToB. Bo MHormx cnydasax MOXHO
0XKnpatb, 4TO NpU MHOFOKPATHOM BbINOJIHEHUN Yy4ACTKA KOAa CpefHAA BEJIMYMHA Bpe-
MeHU ero BeinonHeHus B OC obuiero Ha3HaueHus GyneT HUXKe, HO BOT AMCNEPCUS 3TOI
Cpe,D,HeVI BEIUYUHBI 6y,qu HAMHOI0 HNXe B CUCTEMAX Pe€aJibHOTO BpEMEHMU.

Ha ceroguamAnii 1eHb CyIIeCTBYET HECKOJBKO CUCTEM MaTEMATHUUYECKOTO
aHaJIu3a BPEMEHHBIX XapPaKTEePUCTUK CUCTEM PeaJIbHOTO BPEeMEHU, IIPU3-
BaHHBIX IIOMOYb Pa3pabOTYMKy B IIOCTPOEHUM CUCTEMBI, paclpeneaeHUN
IPUOPUTETOB MEXKIY 3aJadyaM’ U, B KOHEUHOM cUeTe, OIpeAeeHUU TUC-
meTYepu3yeMocTu cucteMbl. CuCcTEMY HAa3bIBAIOT AUCIIETYEPU3YEMOM, €CIIT
BCe ee 3aJaUM YKJIAABIBAIOTCS B CBOU CPOKY KPUTHUUECKOT0 O0CITyKMBAHUA.

OpHa u3 HamboJIee N3BECTHLIX CUCTEM MAaTEeMAaTHMUECKOTO aHAJIN3a BPeMeH-
HBIX XapaKTEePUCTUK CHCTEeM PeaJbHOTO BPEeMEHU C IMePUOAUYECKUM II0-
CTYILJIEHWEM 3aIIPOCOB Ha BHIMIOJHEHME 3aJa4 Ha3bIBaeTCs «J1acTOTHO-MO-
"HoToHHBII aHanu3» (YMA — Rate Monotonic Analizing) [13]. CBoe HasBa-
HUe 9Ta CUCTEeMa II0JIyUMJIa OT ee OCHOBHOTO mpuHIuma: «demM Kopoue me-
puoa mocrymiieHuA (BbILIE YACTOTA) 3aJaud, TeM BBIIIE €€ IMPUOPUTET>.
Kaxk y:xe roBopusiocs, YMA npenHasHaueH AJIS aHAJIN3a CUCTEM peasbHO-
ro BpeMeHH, B KOTOPBIX KasKIas 3ajada peaJbHOro BpeMeHu o0pabaThiBa-
eTCsI CO CBOMM IIEPUOLOM, IIPUUEM ellle ogHuM orpannuenneMm YMA aBas-
€TCsI YCJIOBUE, UTO IIEePUOJ HOCTYILJIIEHNA 3a0aur SBISETCS TAaKKe U ee KpU-
TUYECKUM CPOKOM OOCHIYyKMBaHUA. B HacTosiIIIee BpeMs IMOSABUJICS PAJ HO-
BBIX METOJOB aHa/n3a XapaKTePUCTHUK CHCTEM PeaJbHOTO BPEMEHW [JIs
cayuaeB KPUTUYECKUX CPOKOB OOCIY;KMBAHUS, OOJBINMUX WJIU MEHBIITUX
epuofa MOCTYILJIEHU A, HO 3eCh MBI He Oy/1eM Ha HUX OCTaHABJINBATHC.

K COKAJIEHUIO, IIPAKTUYECKHN HEBO3MOMKHO CO30aThb B(I)QJQKTI/IBHYIO MeToou-
Ky a"Hajim3a CUCTEM C IIOJIHOCTBIO CJIy‘IaI./)IHbIMI/I CPOKaMU IIOCTYILJIEHUA 3a-
Ja4d peaJIbHOI'O BpeMeHU. O,lIHaKO Ha NIPpaKTHUKe TaKue CUTyallull B YMCTOM
BuJe BCTPEYaATCA He oco0o uacTo. B orainume ot 3ama4d C IIOJIHOCTBIO CJIIYy-
YaWHBIM CPOKOM IIOCTYIIJIEHHN A, B MaTeMaTU4YeCKOM aHaJIi3€ CUCTEM peaJib-
HOI'0 BpeMeHHU pacCMaTPHUBaIOTCA TaK Ha3bIBaeMbIe CIIOpagnuYeCKue 3aaauu,
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TO €CTh 3aJaUM, IIOCJEIYIOINNIA CPOK HOCTYILIEHNSI KOTOPBIX MOXKET HACTY-
IATh He paHee HEKOTOPOr'O BPeMEeHH I10CJIe X IPEeAbIAYINEro MOCTYILICHMS.

IInanupoBaHue 06CIYyKUBAHUS TAKUX 3aJa4 MOYKHO CBECTH K ILIAHUPOBA-
HUIO IePUOJNYECKUX 3aJau U, TAKUM 00pa3oM, IPOBECTHU AJIsA HUX aHAIU3
nucneruepusyemoctu. g storo teopus YMA npezpiiaraetr BBefeHUE I0-
TOJIHUTEJbHOU IIePUOAUYECKOil 3agaun (Ha3bIBaeMOIi CIIOPATUIECKUH cep-
Bep), KOTopasa IPOBOAUT OOCIY:KMBaHNE HEIEePUOAUUYECKUX (CIopaguuec-
KUX) 3aad.

Anroputm paboTsl Takoro cepsepa [13] caemgyromimii:

e IMlar 1. Ecau criopagnyecKuil 3arrpoc IpubbIBAET U CEPBEP He MOXKET ero
o6paboTaTh, IOTOMY YTO YK€ 3aHAT UJIU He MMeeT CBOOOJHOTO pecypca
BBIUMCJIEHUI, 3aIIpOc OYAET IIOCTaBJIEH B 0Uuepeab 00paboTKHU.

e Illar 2. Eciiu moaydyeH cIopaguuecKUid 3alIpoc U cepBep MOKEeT ero 00-
paboraTb, OH JeJiaeT caeayIolee:

e IIlar 2a. BeimosHAeTCSa 40 CJIYKeOHOTO 3aBepIIeHUs WINA WCTOIIeHUS
pecypca BEIUMCJIEHUS.

e IIlar 2c¢. YMeHbIIaeT TEKYIUI Pecypc BBIUNCICHUA HA MUCIIOJIb3yeMOe
KOJIMYECTBO U HA CTOJBKO K€ YBEJIHUYHBAET er0 PecypC BBIYMCJIEHU
B TOYKeE IIOIIOJTHeHUS.

Ona peanmsanmuy TeOpeTUUYECKU OOOOIIEHHON MOMEJNM CIIOPaJNUecKOTro
cepBepa B KauecTBe MeXaHW3Ma, PeajJnu3yIoIlero aTy Mojesib, B QNX 6.2.1
Oblsia BBeIeHA CIeIUaJIU3WPOBAHHAA MUCIUILINHA IUCIEeTUYEPU3AIUU —
crmopagnyecKas.

CyTbio criopaguueckoi nucnerdepusanuy B QNX aBisdeTcs yCTaHOBKA IJIA
COOTBETCTBYIOIIIET0 IIOTOKA ABYX 3HAUEHUII MPUOPUTETA: OCHOBHOTO (nor-
mal) u domosBoro (foreground). B MmomMeHT 3amycKa IMOTOKA, IMTOJYNHSIIOIIE-
rocd cImopaguueckoi gucnerdepusanuu (MoMeHT Bpemenu (), IOTOK mMeeT
samac Bpemenu (C), HasbIBaeMbIli HauaJ bHbIM Orom:kerom (initial budget)
TIOTOKA, B TeUEeHUEe KOTOPOI'o ITOTOK BHITIOJHAETCS CO CBOMM OCHOBHBIM IIPH-
oputeroMm (N). Korga ke 3amac BpeMeHU HCUEPHBIBAETCS, €TI0 IMPUOPUTET
HOoHMKaeTcA 10 ypoBHA doHoBoro (L). Hepes HeKoTOPHII Tepuo Bpemenu T
npoucxonuT momosaHeHue (replenishment) samaca Bpemenu moToka 10 sHa-
YeHUs HauaJbHOTO OI0/3KeTa, M OH CHOBA MOXKET BLIMIOJIHATHCSA C OCHOBHBIM
IIPUOPUTETOM.

PaccMoTpuM mOpAZoOK BBINOJHEHUS TAKOTO IOTOKA IMoapoOHee. B Hauarn-
HBI MOMEHT BpeMeHH IT0CJIe 3aIlycKa IIoToK uMmeeT npuoputeT N u Bpemsa C
JJIA BBITIOJIHEHUA C 9TUM IpuopuretroM. Ecau moTok GJIOKMPyeTca Ha Bpe-
Ms R, To 3amac BpemMeHu Bce PABHO PACXOAYEeTCs U IIOIOJHEHMe 9TOTo 3aIa-
ca MOJKET IIPOM30HUTH TOJBKO uepe3d mepuos T mociie Hauaaa BHIIOTHEHUA
motoka. Eciu ke mOTOK BhITECHsIeTCs: 00JIee IPUOPUTETHBIM, TO PACXO]] €TI0
3amaca BpeMeHU IIpeKpailnaercsa. Korga ynpaBiaeHre BO3BpAIlaeTcsa K IIOTO-
Ky, OH BHOBb HAUMHAET TPATUTH OCTABIIIEECS KOJMYECTBO BPEMEH HA OCHOB-
HOM mpuoputere. OJHAKO C MOMEHTA IIOBTOPHOT'O HaUaJa BLIIOJHEHUS I10-
TOKA HAYMHAETCS OTCUET HOBOT'O IIEPHOLA O MOMEHTA ITOMOJTHEHUA.
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Puc. 2.6. ITepuoduyeckoe gvinosHeHUue cnopaduyeckoil 3adavu

Ha puc. 2.6 mpousaocTpupoBaHa paboTa cropagznieckoro moroxka. Ilocie
3amycka (MoMeHT BpeMeHU () IOTOK NMEPEXOAUT B OJOKUPOBAHHOE COCTOA-
Hue Ha BpeMa R (10 mc), HO ero GloA:KeT Bce paBHO pacxonyercs. IToTok
CTAHOBUTCS aKTUBHBIM, HO 4eped 3 Mc (13 Mc OT Hauaia BBIIIOJTHEHU ) BhI-
TecHseTcs1 0oJiee IPUOPUTETHHIM HMOTOKOM. PaKT BHITECHEHUS O3HAUYAET,
uyT0 uepes nepuoj mnomnoaHenus T (40 mc) 6romKeT MOTOKa OyIeT IOII0JHeH
Ha m3pacxojoBaHHyio BesuuuHy (13 mc). Emre uepes 3 mc 6osiee mpuopu-
TeTHBI ITIOTOK 3aKAHYMBAET CBOIO pabOTy U yIIpaBJieHre BO3BPAII[aeTCs Ha-
3ax. Ot mauansHOTO Grom:kera motoka C (20 mc) ocTaJsoch erle 7 Mc, U II0-
TOK BBIIIOJIHAETCA 3TO BPEMs C OCHOBHBIM IpuopureToM. IIpm sTOM OT I10-
BTOPHOT'0 HauaJia ero BeINOJHEHUA (16 Mc) OTCUMTHIBAETCS HOBBIM IIEPUO]
IOMOJIHEHHNSA, TO €CTh uepe3 56 Mc O0AKeT HMOTOKA OyAeT IIOIOJHEH Ha
7 mc. ITocsie moIHOTO MCUepIAHUA OI0[)KeTa IPHUOPUTET ITOTOKA IIOHUIKAET-
ca 1o ¢oHoBOro (L) 1 MOTOK MOKET BHITECHATHLCA MJIN HET B 3aBUCUMOCTU
OT IPUOPUTETOB OCTAJIbHBIX IIOTOKOB B cucTeMe. Ilociie HaCTyIIeHUA oUe-
PeAHoro BpeMeH! IOIIOJHEeHUS OI0IKeT IIOTOKA BOCCTAHABINBAETCS HA U3-
PacxomOBaHHYIO B 9TOM IIE€PUOME BeIUUYUHY U T. [I.

Ecau moTok MHOTO pas BLITECHSETCSA B IIEPHUOJ CBOeH paboThl C OCHOBHBIM
IIPHOPUTETOM, TO €TI0 BBIIIOJHEHINE MOMKET IIPEeBPATUTHhCA B MHOTOKPaATHOe
KoJiebaHMe ¢ BRICOKOM YacTOTON MeKAy OCHOBHBIM U (POHOBBIM HIPHOPUTE-
ramu. ITosromy B QNX 6.2.1 B mapameTpax JJis CIIOPaIUUYeCKOM JucIieTue-
pu3anmuu MOMHO YCTaHOBUTH (OI‘paHI/I‘H/ITL) MaKCHUMaJIbHOE€ KOJIIITYeCTBO
TOIOJHEHUH GI0JKeTa 3a IIePuo/I.

Kak y:ke ommchIBasoch BHIIIE, CTPYKTypa Shed_param COAep:KUT B CBOEM
cocTaBe, B YaCTHOCTH, €Ille U CTPYKTYPY IIapaMeTpPOB AJs CIIOPaINYecKOn
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IucIieTuepusanum (Ipu APYTruxX TUIAX AUCIeTUepUs3aluy 3Ta YacTh He uc-

TOJIb3YyeTCsI):
struct {
_INT32 __ss_low_priority
_INT32 __ss_max_repl

struct timespec __ss_repl_period;
struct timespec __ss_init_budget;
}o__ss;

rae low_priority — ()OHOBBINI IPUOPUTET; Max_repl — MaKCUMaJIbHOE KOJIU-
YeCTBO IOIIOJIHEeHUN OMKeTa 3a IMepuoi; repl _period — mepuof IMOIOJHE-
HuA OromsKeTa 1 init_budget — HaAYaJbHBINA OIOAKET.

CoobparkeHnsi NPon3BOAUNTENBLHOCTU

BBINOTHUM «CUMMETPUYHBI» TECT aHAJOTUYHO TOMY, KaK 3TO AeJaJoch
[ULA TIEPEKJIIOUeHU ST KOHTEKCTOB IpoIieccoB (cTp. 44), HO Tenepb IPUMEHU-
TeJIbHO K IOToKaM (@aiin pSt.cc). Ilpu sToM MBI ITocTapaeMcsa MaKCUMaJIb-
HO COXPAHUTH MPUHIUILI (YHKIIMOHNPOBAHNA, UMEBIIINE MECTO B IPUJIO-
JKeHUU «3aTpaThl Ha B3aUMHOE MepeKJIoUueHre mpolieccoB» (gaiin pb.cc)
(ecTeCTBEHHO, U3-3a IPUHIUIINAJIHHOTO PA3INYNA MEXaHN3MOB TEKCTHI KO-
JIOB OYAYT CYIIIECTBEHHO OTJIUYATHCS).

3anaTbI Ha B3daUMHoOe nepeKyiyeHne NnOTOKOB

#include <stdlib.h>
#include <stdio.h>
#include <inttypes.h>
#include <iostream.h>
#include <unistd.h>
#include <pthread.h>
#include <errno.h>
#include <sys/neutrino.h>

unsigned long N = 1000

// notokoBasg ¢yHKLWSA:
void* threadfunc ( void* data ) {
uint64_t t = ClockCycles();
for( unsigned long i = 0; i < N; i++ ) sched_yield()
t = ClockCycles() - t;
// 0aTb CMNOKOMHO 3aBepWUTbCHA 2-My NOTOKY [0 Hadana BbBOAA
delay( 100 );
cout << pthread_self() << "\t: cycles - " << t
<< " onsched - " << (t/N)/2<< endl
return NULL
1

int main( int argc, char *argv[] ) {
int opt, val
while ( ( opt = getopt( argc, argv, "n:" ) ) I=-1) {
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switch( opt ) {
case 'n’ : // nepeonpeaeneHns 4ucna nepeknnyeHui
if( sscanf( optarg, "%i", &val ) != 1)
cout << "parse command line error” << endl,
exit( EXIT_FAILURE );
if( val > 0 ) N = val
break;
default :
exit( EXIT_FAILURE );
}
b
const int T = 2;
pthread_t tid[ T 1I;
// €03aaTb B3auMOAENCTBYWWNE MOTOKM
for( int 1 = 0; 1 < T, i++ )
if( pthread_create( tid + i, NULL, threadfunc, NULL )
= EOK )
cout << "thread create error”
exit( EXIT_FAILURE );
// W DOXMAATbCA WX 3aBeplieHus
for( int 1 = 0; 1 < T, i++ )
pthread_join( tid[ i ], NULL );
exit( EXIT_SUCCESS );
’

PeayanaTH BBIIIOJTHEHU A IIPOrpaMMBbI:

# nice -n-19 pbt -n100
2 . cycles - 79490; on sched - 397

. cycles - 78350; on sched - 391
nice -n-19 p5t -n1000

. cycles - 753269; on sched - 376

. cycles - 752069; on sched - 376
nice -n-19 p5t -n10000

. cycles - 7494255; on sched - 374

. cycles - 7493225; on sched - 374
nice -n-19 p5t -n100000

. cycles - 74897795; on sched - 374

. cycles - 74895800; on sched - 374
nice -n-19 p5t -n1000000

. cycles - 748850811; on sched - 374

. cycles - 748850432; on sched - 374

W N H WMNHFE WON T WND HF W

Kak u B cayuae ¢ mpoliieccaMu, pe3yJbTaThbl OTJIMYAIOTCSI OY€Hb BBICOKOM
YCTOMYMBOCTBIO IIPU U3MEHEeHNN «00beMa BEIUNCJIeHUH» Ha 4 TTOPSAAKa, O~
HAKO II0 CBOMM BeJIMYMHAM 3HAUEHUS IJIA IOTOKOB IIOUTH B 2 pasa MeHb-
e, YeM JAJs mporeccos (cTp. 45).

3aBepmeHMe NnOoTOKa

Kak u B ciryuae o6cy K IaBIerocs panee 3aBepIlleHus IPOIecca, AJIS II0TO-
KOB MBI OyIeM OTUETJINBO Pa3IN4YaTh CIAydan:
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® «eCTeCTBEHHOI'O» 3aBePIIEHU A BbIIIOJHEHNA IIOTOKA U3 KOoJa CaMOro II0-
TOKa;

® 3aBepIlleHUsd ITOTOKA M3BHE, U3 KOJA APYTroro IOTOKA WJIX 0 CUTHAJIY.
[ aToro AeficTBUSA, B OTJINUNE OT «E€CTECTBEHHOTO» 3aBepIlleHusd, 0y-
JeM HCIO0JIb30BATh APYI'Oli TEPMHUH — OTMEHA.

3aBepmeHHe IIOTOKA IIPOUCXOANT IIPU JOCTUHKEHUU QJYHI{I_II/Ieﬁ IIOTOKa CBO-
€Tr'0 €eCTeCTBEHHOI'0 KOHIIa M BBIIIOJIHEHUSA oleparopa return (HBHO NI He-
ﬂBHO) WJIX BBIIIOJTHEHN A IIOTOKOM BBI30OBa:

void pthread_exit( void* value_ptr )
rhe value_ptr — ykasaTesb Ha pe3yJIbTaT BBIIIOJIHEHNUA IIOTOKA.

ITpu BeIimosmeHuu pthread_exit() moTok s3aBepiaercs. Eciau 5TOT MOTOK
OPUHAJIEKUT K KaTeTOPUU OKUJaeMbIX, OH MOKeT BO3BPATUTh Pe3yJIbTaT
cBoell paboThI IPYrOMY IIOTOKY, OXKUIAIOIIEMY ero 3aBEPIIIeHNA Ha BbI30BE
pthread_join() (TOJMBKO OAWH IIOTOK MOJKET MOJYUYUTH Pe3yJbTaT 3aBeplile-
Husa). Eciu ke 9TOT IOTOK OTCOEIUHEHHBIH, TO 10 €TI0 3aBePIIIeHNN BCe CHC-
TeMHBIE PECYPCHI, 3a/]eICTBOBAHHBIE IIOTOKOM, OCBOOOKAAIOTCA HEMEAJIEHHO.

Ilepen 3aBepiiieHneM ITOTOKA OYAyT BHIIOJIHEHBI BCe 3aBepIIaoIue IIpole-
Iypbl, IOMEIIleHHbIe B CTeK 3aBePIINeHNs, a TAKKe TeCTPYKTOPhI COOCTBEH-
HBIX JaHHBIX IIOTOKA, 0 KOTOPBIX MBI rOBOpPUJIN paHee. 15 mocyiejHETO I10-
TOKa mpoliecca BbI30B pthread_exit() skBuBaJieHTeH exit().

Bo3Bpart pe3synbTaTa noTtoka

Brimre ormeueno, uTo BBI30B pthread_exit(), 3aBepIHIalONInil OXKUIaeMBbIi
TIOTOK, MOJKET IIepefaTh Pe3yJabTaT BBIIIOJHEHUS ITOTOKA. To 'Ke meiicTBue
MOJKeT ObITh BBITIOJIHEHO U OIIepaToOpPOM return IIOTOKOBO# (DYHKIIUHU, KOTO-
pad M3 IMPOTOTUIIA €e ONpeAesieHUs NOJI’KHA BO3BpAaIllaTh 3HAUEHUWE THUIIA
void*.

B o6oux cayuyasx pesyJabTaT MOKET UMETh CKOJIb YTOSHO CJIOMKHBINA CTPYK-
TYPUPOBAHHBIN TUIl; HUKAKAas TUIIN3AIIUA Pe3yabTaTa He IIpelycMaTpuBa-
ercs (Tum void*). BaskHO, 4TOOBI KO, OKUAAIOIINNA pPe3yJibTaTa Ha BbI30Be
pthread_join(), moHMMaJ ero Tak ke, Kak U pyHKIUA IIOTOKAa, BO3BpaIla-
I0IIfasi STOT Pe3yJIbTAaT.

Jpyrum ycaoBueM ABJIAETCA TO, UTO IIEPEeMEHHAA «Pe3yJIbTaT» AOJKHA CY-
IIecTBOBATh K MOMEHTY BbI3oBa pthread_join(), TO eCThb BIIOJIHE BOBMOIKHO,
YTO yiKe JaJIeKO II0ocJe 3aBepIIeHns caMoil (PYHKIITNU OKUIaeMOro IIOTOKA.
ATOMY YCJIOBHUIO HE YIOBJIETBOPSAIOT, HAIIPUMED, JIOObIe JOKAJIbHBIE IJIS
GyHKIUKU TIOTOKa O0BHEKThI, pasMelllaeMble B cTeKe. IIpuBemeM mpumep
yacTo gomyckaemoii omubku. Ciegyomnias GQyHKIINA II0TOKA MPaAKTUYECKHU
o0peueHa Ha OMIUOKY 3aIlUThI ITAMATH:

void* threadfunc ( void* data ) {
int res; // pesynbTaT HEeKOTOPHX BLYUCIEHNI

res = ...
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pthread_exit( &res );
¥

A BoOT OAUWH N3 MHOI'X JOIIYCTHMbIX BaAaPMaHTOB:

void* threadfunc ( void* data ) {
struct data *res = new struct; // pesynbTaT HEKOTOPLIX BbYMCAEHWI

*res = ...
pthread_exit( res );
1

pthread_t tid;

pthread_create( &tid, NULL, threadfunc, NULL );
struct data *res;

pthread_join( tid, &res );

delete res;

HepmocTaTKkoM 9TOTO BapuaHTa ABJIAETCA TO, UTO MIAMATH IO GJIOK JaHHBIX
pe3yJabTaTa BBLAEJSAETCA B OJHOU IporpaMMHON efuHUIe (B QYHKIIUU II0-
TOKAa), a 0CBOOOKJAThCA JOJKHA B IPYTOM (B KoJe, 0KUAAIOIEM Pe3yabTa-
Ta), IPU 9TOM CaMU IIPOTPAMMHBIE €IWHUIIBI MOTYT PasMeNiaThbCcA Jake
B PA3JIMYHBIX (aiigax MCXOTHOTO Koma. (3mech cUTyarusa 3epKaJbHO II0-
I0o0OHA paHee PACCMOTPEHHOMY CJIYYal0 Iepegauy IIapaMeTpoB B (DYHKI[HIO
CcO3/1aBaeMOTo0 IIOTOKA. )

YHu4yToxxeHue (oTMeHa) noTtoka

KoppexTHoe 3aBepIiieHne BBITTOJHAIOIETOCS IIOTOKA «M3BHE», U3 JPYTroro
TOTOKA (TO €CTh aCHHXPOHHO OTHOCUTEJIHHO IPEePhIBAEMOr0 IOTOKA), — 3a-
Jada OTHIOJAb He TPUBHAJLHAA; OHA HAMHOTO CJIOKHee aHaJJOTMYHOM 3a:a-
Uy IpepbIBAHK IPOIlecca. ITO CBI3AHO C OOCYKAABIINMCS PaHee IPU pac-
CMOTPEHHNHN 3aBepIIeHNs IIOTOKOB BpeMeHeM KM3HU O0BLeKTOB, KOTOPhIE
MOTYT OBITh MCIIOJIF30BAHBI MOTOKOM K MOMEHTY €r0 OTMeHbI (0JI0KU AuHAa-
MUUYECKOHM HaMATH, (hpaijoBble AEeCKPUIITOPhI, IPUMUTHUBLI CHHXPOHM3A-
U1 U JPyTrie 00beKThl CUCTEMBEI).

Ecau nna mporecca B mepeueHb «OMACHBIX» (C TOUKY 3PEHUSA 3aBEePIIIEHU )
00bEKTOB BKJIIOUAIOTCA TOJHKO O0BEKTHI CO BpeMeHEeM JKU3HU BHIIIIE YPOB-
Hs mpoiecca (UX YUCJIO JOCTATOYHO OTPAHUYEHO), TO AJS MIOTOKA B YKCJIO
TaKUX 00bEKTOB BKJIOUAIOTCA YKe BCe OOBEKTHI CO BPEMEHEM JKU3HU IIPO-
mecca (process-persistent). 3asepiratoruiics (TOKUIAIOIKUH ITPOIlecc) mo-
TOK 005I3aH OCTaBUTH BCEe O0'BEKTHI IIPOIlECCa B COCTOAHUY, IIPUTOTHOM JJIA
UX JAaJbHENINeT0 NCIOJIb30BAHUA IPYTUMU HOTOKAaMU IIPOIlecca.

Hanee MbI TOAPOOHO PACCMOTPUM TO MHOKECTBO IIPEIOCTOPOIKHOCTE, KO-
TOPBIMHU «O0JIOMKEeHa» OTMeHa II0oToKa. ONHAKO MMEHHO II0 IPUYMHE HX
«MHOJKECTBa» CTOUT C(POPMYJIMPOBATH KPATKOE IIPABUJIO: He MbITalTeCh
3aBepIaTh MOTOK M3BHE ero (DYHKIUHU IIOTOKA, €CJIU IJIs dTOT'O0 HET B BBIC-
et creneHy 000CHOBAHHOM HEOOXOAMMOCTH (& TaKas He0OXOJMMOCTD Jeii-
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CTBUTEJLHO OBIBaeT, HO KpaiiHe peako). [lake B KpaliHeM ciydae ciegyeT
paccMOTpPeTh BO3MOXKHOCTH BMECTO OTMEHBI IIOTOKA IIOCJIATh €My CHUTHAJ
(masxe He ToabKO «curHaa UNIX», a B 6oJ1ee IITIPOKOM CMBICJE — «HEKOTO-
poe coobItieHune» ), KOTOPbI, 00padaTbiBasch B KOHTEKCTE MOTOKA, IOCJIe
KOPPEKTHBIX 3aBEePIIAIOITNX MTeHCTBUI BbI30BeT ero 3aBepiinenue. (Kak 06-
palaThbCs ¢ CUTHAJaMHU B IIOTOKE, OyIeT [eTajJbHO PACCMOTPEHO IO3Ke. )

J st oTMeHBI (IPUHYAUTEIBHOTO 3aBEPIITeHN ) ITOTOKA UCIIOIb3yeTCs BbI30B:
int pthread_cancel( pthread_t thread );

Te B KauecTBe mmapameTpa thread ykassiBaerca TID oTmMeHaeMOro moToKa.
OHAKO 3TOT BBI3OB HE OTMEHSIET IMIOTOK, a TOJIBKO 3aIlpalliiBaeT 3aBepliie-
HIe IOoTOKa. B 3aBUCHMOCTH OT CTaTyca OTMEeHbI, KOTOPBII MBI ceruac pac-
CMOTPUM, IIOTOK MOMKET IIepeiTu (MU HeT) K AeMCTBUIO 3aBePINeHUd, KO-
TOPOE COCTOUT B TOM, UTO:

® BBHIIIOJIHAIOTCS BCe IPOIeAyphl 3aBepIIeHNd, 3aHeCeHHbIe paHee B CTEK
3aBepIIeHnA BeisoBamu pthread_cleanup_push();

® BBITTOJHAIOTCS JeCTPYKTOPHI COOCTBEHHBIX JaHHBIX ITOTOKA;
® OTMEHSEMLIH IIOTOK 3aBEepPIIaeTCs;

® TIIpoIrecC OTMEHBI — aCHHXpOHHBIfI C TOYKHY 3Pp€HUA BBI3BIBAIOIIETO pth re-
ad_cancel() Koma, ITOATOMY BBI3BIBAIOIIUI OTMEHY HMOTOK HOJIKEH TOMK-
IaThCA 3aBepIIeHnA IIOTOKAa Ha BbI3oBe pthread_join().

IIpe:x e Bcero, MOTOK MOJKET BOOOIIe OTKA3aThCA BBIMIOJHATH JIIOObIE OTME-
HbI, BBI3BAB 13 CBOell (DYHKIIUU IIOTOKA:

int pthread_setcancelstate( int state, int* oldstate );

rae state m oldstate — ycTaHaBJIMBaeMoOe U yCTaHOBJIEHHOe paHee (Bo3Bpa-
IraeMoe BbI30BOM) COCTOSHUS OTMEHBI IIOTOKA, KOTOPbIe MOTYT IPUHUMATH
sHauenusa PTHREAD_CANCEL_DISABLE sim60o PTHREAD_CANCEL_ENABLE. (EcTecTBeH-
HO, KaK ¥ BO MHOTUX (DYHKI[UAX C MOJOOHBIM IIPOTOTUIIOM, 3HAUEHWEM 01d-
state moskeT 6bITH NULL, 17 TOTIAa HaM He HY»KHO BO3BPAIIlaTh paHee yCTaHOB-
JIEHHOE COCTOAHUE.)

Haiee, pnake ecau JJsd IOTOKa YCTAaHOBJIEHO COCTOSHHE 3aBepPIIaeMOCTH
(Tak'ke Has3bIBaeMOe «COCTOAHUEM OTMeHBI») PTHREAD_CANCEL_ENABLE (aTo
3HAUYEHNeE 110 YMOJYaHUIO IIPY CO3LAHUY IIOTOKA), IIOTOK MOJKeT IIepeolrpe-
JIeJINTH eIlle U TUII OTMeHbI, BLI3BaB:

int pthread_setcanceltype( int type, int* oldtype )

rae type u oldtype — Kak U B IPEABIAYINEM CJIyuae, HOBOe 1 paHee YCTAHOB-
JIeHHOe 3HAUYeHUs TUIIa OTMEHBI IIOTOKAa, KOTOPhIe MOTYT IIPUHUMATH 3HAa-
yeHus PTHREAD_CANCEL_ASYNCHRONOUS (acMHXPOHHBIN IO OTMEeHEe IOTOK ) JInh0
PTHREAD_CANCEL_DEFERRED (CMHXPOHHBLIN II0 OTMEeHEe IOTOK). S3HAUEeHUEM IIO
YMOJIYaHUIO, YCTAaHABJINBAEMbIM IIPU CO3JaHUHU IIOTOKA, ABJasgeTcda PTHRE-
AD_CANCEL_DEFERRED, xoTsa mpexnucbiBaeMbiM POSIX yMosmuaHueM SBJISET-
cs PTHREAD_CANCEL_ASYNCHRONOQUS.
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06e paccMoTpeHHbIe PYHKIIMKM YCTAHOBOK! ITapaMeTpPOB OTMEHBI IPU yC-
IeNIHOM BBIIOJITHEHUY BO3BpAIlaloT 3HaueHUe FOK.

HWrak, meiicTBuA IIOTOKA Ha 3aIPOC €T0 3aBepIIeHUs OYAYT OIpeneaaTbCsa
TeKylleli KoMOMHAIIMell IBYX YCTAHOBJIEHHBIX IJIs HETO ImapaMeTpoB: CO-
CTOSHUEM U TUIIOM OTMEHHI.

Temeps 0 TOM, UeM Ke OTJIMYAeTCS OTMeHa ACMHXPOHHO M CUHXPOHHO 3a-
BepIIaeMbIX MOTOKOB. IIOTOK ¢ aCMHXPOHHBLIM THUIIOM OTMEHBI (YCTaHOB-
JeHHbI# ¢ PTHREAD_CANCEL_ASYNCHRONOUS) MosKeT OBITH OTMEHEH B JIF0O0# IIpo-
M3BOJILHBIA MOMEHT BPEMEHU, TO €CTh OH BCerjga «CBOOOAEH» IJIs OTMEHBI
¥ OTMeHa IPOU3BOAUTCA HeMeAJeHHO. [I0OTOK ¢ CHHXPOHHBLIM TUIIOM OTMe-
HbI (ycTaHoBJeHHBIH ¢ PTHREAD_CANCEL_DEFERRED) Mo:keT OBITH OCTAHOBJIEH
TOJBKO B T€X TOUKAX BBIMOJHEHUSA IIOTOKA, KOTJa eMy «yAZo0HO», M COOT-
BeTCTBYIOIIIE€ MECTA B IIPOTpaMMe Ha3bIBAIOTCS TOUKAMU OTMeHBI. [Ipu 1mo-
CTYIJIEHUH 3alpoca Ha OTMEHY TaKoro IMOoTOKa (Iocje BHITIOJTHEHUI U3BHE
pthread_cancel()) sampoc moMeljaeTcsa B OUepe b, a IIPOIeCC OTMEHEI aKTH-
BU3UPYETCA TOJIBKO IIOCJIE TOT'0, KAK OTMEHSAEMBIN IIOTOK B X0/€ CBOET'O BhI-
TOJIHeHUA JOCTUTHET OUepeaHOM TOUKKU OTMeHbI. Kak ompemensioTes (co3-
IaI0TCs) TOUKY OTMEHBI B KoJie moToKa? JJid 9Toro Cay:KUT PYHKITUA:

void pthread_testcancel( void );

Kaxnawiii BeIzoB pthread_testcancel() TecTHpyeT ouepenb IIOCTYIHBIINX
3aIIpOCOB Ha OTMEHY Ha IpeaMeT HaJIWUUA 3alIPOCOB, U €CJI TaKOBOIU 3a-
IpOC eCTh, IIPOIeCC OTMEHBI aKTUBUBUPYeTCA. KECiiu B KOJe OTCYTCTBYIOT
BBIBOBHI pthread_testcancel(), To B HeM HPaKTUUYECKM OTCYTCTBYIOT TOUKHU
OTMEHBI U IOTOK CTAHOBUTCA HEOTMEHAEMBIM (II0OZOOHO YCTAHOBKE €TI0 CO-
cTossHuA oTMeHBbI B PTHREAD_CANCEL_DISABLE). ITosToMy mpu BBITOJTHEHUU
IJIUTeJbHBIX BBIUMCIEHUN PyHKIUIO pthread_testcancel() caemyer mepuo-
IVYeCKU BHIBHIBATH B IIOTOKOBOM (hYHKIIUU B T€X TOUKAX, I'le IOTeHI[aJIb-
Hasd OTMeHa IOTOKAa He OIlacHA.

Mpumeyanue
(O4eHb BaxHo!) [locTaTouHO MHOTO GUOAMOTEYHBIX DYHKLMIA MOTYT CaMu yCTaHaBu-
BaTb TOYKM OTMeHbl. bonee Toro, Takme GYHKLUMM MOTYT KOCBEHHO Bbi3bIBATbCA U3 ApY-
rMx GYHKLMA B NpOrpamme M TeM CaMblM HEABHO YCTaHABAWBATb TOYKU OTMeHbl. NH-
topmaumio o Takux QYHKLUMAX CneayeT UCKaTb B CNPaBOYHOI Man-cTpaHuLe no yHK-
umn pthread_testcancel(). B pesynbrate 3aToro addekta MOXHO MOAYYUTb OTMEHY
MOTOKA He B TOI TOYKE, KOTOPYIO Bbl CYMTaeTe 6€30MaCHOI U KOTOPYIO ABHO OTMEYaeTe
BbI30BOM pthread_testcancel(), a paHee 3Toil TOUKM — KOTfa OyAeT Bbi3BaHa ofHa U3
Takux yHKUMIA. A 3TO, 04eBUAHO, BOBCE HE TO, Ha YTO Bbl pacCyuTbiBaan!

1 CoraacHo crauzapty POSIX ycTaHOBKU COCTOSTHUSA U TUIIA 3aBEPIITa€MOCTH MO-
TYT OBITH CAEJAaHbBI TOJIbKO U3 YK€ BHIMIOJHAIONIIET0CS Kola MTOTOKa (IIpu cTapTe
MOTOKA 3TU IMapaMeTphl YCTAHOBJIEHBI B 3HAUEHU 110 yMoadanuio). QNX memaer
paciiupeHue, I03BOJASI YCTAHOBUTL COOTBETCTBYIOINIME (paru B aTpUOYyTHOM
3aIUCH elrle 10 co3naHuA HoToKa. [logpobHee 06 9TOM rOBOPUJIOCH IIPU O0CY K Ie-
HUU CO3JaHUA IIOTOKA.
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Ecau cocTogHMe OTMEHBI TOTOKA, KaK 9TO OIMUCHIBAJIOCH pPaHee, YCTAHOBJIE-
#HO B PTHREAD_CANCEL_DISABLE, To HMKaKad pacCTaHOBKA TOUEK OTMEHBI He
umeetT 3)(peKTa 1 IIOTOK OCTAETCA HEOTMEHAEMbBIM.

ITorkaskeM, KaK MOTrYT OBITH MCHOJB30BAHBLI BCE STU IIPEZOCTOPOIKHOCTU
B Kozle GYHKIIMY IIOTOKA, YTOOBI CHeJIaTh KO/ 0€30IIaCHBIM C IIO3UI[AY BO3-
MOKHOUM ACMHXPOHHOM OTMEHBI IIOTOKA N3BHE:

void* function( void* data ) {

int state
pthread_setcancelstate( PTHREAD_CANCEL_DISABLE, &state );
// ... 30eCb BHMNOMHAETCA MHMUMANU3ALNG . . .

pthread_setcanceltype ( PTHREAD_CANCEL_DEFERRED, NULL );
pthread_setcancelstate ( &state, NULL );
while( true ) {
struct blockdata *blk = new blockdata;
// ... obpaboTka 6noka paHHbx blk ...
delete blk
pthread_testcancel ();
1
b

pthread_t tid;
pthread_create ( &tid, NULL, function, NULL );

pthread_cancel ( tid ); // OTMeHa noToka

void* res;
pthread_join ( tid, &res ); // OXupgaHue OTMeHbl

if( res != PTHREAD_CANCELED )
cout << “Y10-T0 He Tak!” << endl;

Haxomner, 8 QNX (#o He B POSIX) cyIecTByeT BbI30OB, IIOAOOHBIN pthre-
ad_cancel(), TPUHYAUTEJIbHO OTMEHAIOIMWI MIOTOK HE3aBHUCHUMO OT €ro
YCTaHOBOK (<« KeJaHuA»):

int pthread_abort ( pthread_t thread );

B oraimuwme ot pthread_cancel(), 9TOT BbI30B IPUHYAUTEIbHO 1 HEMEAJIEHHO
oTMeHseT MOTOK. Kpome Toro, HMKaxkue IpoIeAyphbl 3aBepIlleHuA U Je-
CTPYKTOPBI COOCTBEHHBIX MAaHHBIX IIOTOKA He BBHIMOJHAOTCA. OUeBUAHO,
YTO B Pe3yJbTaTe TAKOTO «3aBepIIeHUA» COCTOAHUSA 00BeKTOB IIpollecca
OyAyT IPOCTO HEOIPEAEJeHHBIMU, II03TOMY TaKOI BBHI3OB KpaliHe OIlaceH.
ITpu TakoMm crmocobe OTMEHEBI B IPOTPAMMHELIN KO, OXKUAAIONII 3aBepIiie-
Hug Ha pthread_join(), B KauecTBe pe3yJbTaTa 3aBePIIEeHNA BO3BPAIIlAeTCsI
KoHcTaHTa (THI void*) PTHREAD_ABORTED (aHaJIOTMYHO BO3BpAIlaeTCsA KOH-
cranTa PTHREAD_CANCELED mpu BeImmostHeHUU pthread_cancel()).

Ho u aTux mep 6e30macHOCTH HEIOCTATOYHO Ha BCE CIAyUYaU KU3HU, IIOITO-
My MeXaHU3M IIOTOKOB IIPeJyCMaTPUBAET eIlle OAUH YPOBEHb (MeXaHMU3M)
CTPaXOBKMU.
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CTek npoueayp 3aBepLUeHUs

g nognep:xaHmsa KOPPEKTHOCTY COCTOSHUA 00bEKTOB IIPOIecca KasKIbIi
IIOTOK MOJKET ImoMeIarh (100aBiIsiTh) B CTEK IIpoieayp 3asepiuenus (thre-
ad's cancellation-cleanup stack) ¢yHKIMMN, KOTOpble IIpU 3aBepIICHUN
(pthread_exit() maum return) mau ormeHe (o pthread_cancel()) BBITIOJIHAIOT-
cs B IIOPAAKEe, 00PaTHOM HOMeIleHuo. [[1a MaHUIYAAIUN CO CTEKOM IIPO-
HeAyp 3aBepIIeHUs IIPeJoCTaBIAITCS BHI3OBHI (00a BBI30Ba PEAU3YIOTCS
MaKpPOOIIpe e IeHUAMHU, HO 3TO He CYTh Ba’KHO!):

void pthread_cleanup_push( void (routine)(void*), void* arg )

rge routine — agpec )YHKIIMHK 3aBepIIEHUS, IIOMEIAeMON B CTEK; arg —
yKasaTeJb 0JI0Ka JaHHBIX, KOTOPBINA OyHeT mepemaH routine mpu ee BEI3OBE.

DyHKIIUY 3aBepineHnsa (HaUuNHAas ¢ BEPIITNHBI CTeKa) BHISLIBAIOTCSA CO CBOM-
MU OJIOKaMU JaHHBIX B CIy4YaaX, KOTAA:

® IIOTOK 3aBeplIaeTcs, BBIMOJHAA pthread_exit();

L4 AKTHUBU3UPYETCA I[eﬁCTBHe OTMEHBI IIOTOKAa, paHee 3alIPOIIIeHHOe 110 BbI-
30BYy pthread_cancel();

® BRLINOJIHSETCA BTOpPOI (KOMILJIeMeHTapHbIA K pthread_cleanup_push())
BBI3OB C HEHYJIEBBIM 3HAUEHUEM apryMeHTa:

void pthread_cleanup_pop( int execute );

ATOT BBI3OB BBHITAJKWBAET M3 CTeKa IMOCJEIHIOI IIOMEINeHHYI0 Tyaa
pthread_cleanup_push() ()2YyHKIIIIO 3aBepPIIeHUA 1, €CJIU 3HAUEHNE execute
HEeHYyJieBO€e, BBIIIOJIHAET €e€.

BoT KaK MOKeT BBITJISAAETh B 9TOM TeXHUKe 0e30IIacHBIN (C MO3UITNU BO3-
MOKHOM aCMHXPOHHO# OTMEHBI IIOTOKA) 3aXBaT MbIOTEKCA:

pthread_mutex_t mutex = PTHREAD_MUTEX_INITIALIZER;
void cleanup( void* arg ) { pthread_mutex_unlock( &mutex ); };

void* thread_function( void* arg ) {
while( true ) {
pthread_mutex_lock( &mutex );
pthread_cleanup_push( &cleanup, NULL );
{
// BCE TOYKM OTMeHbl AOMKHH ObTb paccTaBieHs B 9TOM Onoke!
b
pthread_testcancel();
pthread_cleanup_pop( 1 );
b
1

1 PasHuIa BeIpaskaeTcsd B TOM, UYTO Makpoc pthread_cleanup_push() pacmupsercsa
B (pparmMeHT K0Ja, OTKPHIBAIOIIUICT CKOOKOM «{» 63 COOTBETCTBYIOIIEH CKOOKHU
«}», anasoruuno pthread_cleanup_pop() 3aKpLIBaeTCA «}», He UMesA OTKPBIBAIO-
el CKOOKM. ITU BBI30OBHI MOT'YT PACIIOJIATAThHCA TOJBKO IIapaMu, B IIPOTUBHOM
cJiyuyae BO3HUKHET JeKcUYecKas OINOKa, 00HapyKrBaeMas KOMIUIATOPOM.
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«JlerkoBeCHOCTb» MOTOKaA

Bor Temeps, 3aBepIIUB KPATKUN 9KCKYPC UCIIOJIb30BAHUSA IIPOIIECCOB U I10-
TOKOB, MOKXHO BEPHYTbCA K BOIIPOCY, KOTOPBLIM BCKOJb3b YiKe 3BYyUAJ II0
X0y PACCMOTPEHUsI: II0UeMy U B KAKOM CMBICJIe IIOTOKY YaCTO HA3LIBAIOT
«gerkumu nporeccamu» (LWP — lightweight process)?

Brimomaum pAang TeCTOB IIO CpaBHHTeJII:HOfI OIl€HKEe BPEMEHHBIX 3aTpaT Ha
cosmamme mporecca u moroka. Haumewm ¢ mporecca (¢aiiz p2-1.cc):

3arparbl Ha NOPOXAEHUE HOBOFO NpoLecca

struct mbyte { // MerabanTHbil 670K [aHHbIX
#ipragma pack( 1 )
uint8_t data[ 1024 * 1024 7,
#tpragma pack( 4 )
b

int main( int argc, char *argv[] ) {
mbyte *blk = NULL
if( arge > 1 && atoi( argv[ 1

] {
blk = new mbyte[ atoi( argv[

) > 0)
11) 1
b
uint64_t t = ClockCycles();
pid_t pid = fork();
if( pid == -1 ) perror ( "fork"” ), exit( EXIT_FAILURE );
if( pid == 0 ) exit( EXIT_SUCCESS );
if( pid > 0 ) {

waitpid( pid, NULL, WEXITED );

t = ClockCycles() - t;
}s
if( blk !'= NULL ) delete blk
cout << "Fork time: " << cycle2milisec( t )

<< msec. [T << t << 7 cycles]” << endl;

exit( EXIT_SUCCESS );

1

Jra mporpamMma crejaHa TaK, UTO MOXKeT MMeTh OJWH YKCJEHHBIN mapa-
MeTp: pasmep (B MerabaiiTax) 6JI0Ka YCJIOBHBIX JAHHBIX (B HAIlEM CJIydae
TaKke HeMHUITUAJIN3UPOBAHHBIX ), TPUHALIEKAIIET0 apPEeCHOMY ITPOCTPAH-
cTBY mporiecca. (PyHKIIUIO Tpeobpa3oBaHUs MPOIECCOPHBIX ITUKJIOB B CO-
OTBETCTBYIOIINNA MUJJINCeKYHIHBIA MHTepBaJ cycle2milisec() MBI Buaean
paHbIlie, ¥ IIO9TOMY B JIUCTUHT OHA He BKJIIOUEHA.)

A Temephb OIleHMM BPeMeHHEBIE 3aTPAaThl Ha CO3JaHIe KJOHA Ipoliecca B 3a-
BHCUMOCTHU OT 00beMa IPOoTrpaMMbl (MBI COBHATEJIBbHO MCIIOJIb30BAJIU KJIO-
HUPOBaHUe IIpoIiecca BbI3oBoOM fork(), a He 3arpys3kKy spawn* () mam exec* (),
uyTOOBI MCKJIIOUUTh W3 pe3yjbTaTa BpeMsdA 3arpys3KHu obOpasa mpoliecca us3
daiina):

# p2-1
Fork time: 3.4333 msec. [1835593 cycles]
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# p2-1 1

Fork time: 17.0706 msec. [9126696 cycles]
# p2-1 2

Fork time: 31.5257 msec. [16855024 cycles]
# p2-15

Fork time: 70.7234 msec. [37811848 cycles]
# p2-1 20

Fork time: 264.042 msec. [141168680 cycles]
# p2-1 50

Fork time: 661.312 msec. [353566688 cycles]
# p2-1 100

Fork time: 1169.45 msec. [625241336 cycles]

Hab6mtomatorcsi, BO-TIePBBIX, JOCTATOYHO OOJILIIINE BpeMeHHbIe 3aTpaThl Ha
cosmamme mpoiiecca (K 9TOMY MBI ellle BepHeMCs), a BO-BTOPBIX, OJIM3KAA K
JMHEeHHOI 3aBICUMOCTh BPEeMeHH CO3JaHus Ipoliecca OT pa3Mepa ero obpa-
3a B IaMSATH U BapUaIlluM 3TOTO BpeMeHU Ha HeCKOJIbKO MOPAAKOB. 00 aTOM
yKe TOBOPUJIOCH IPU paccMoTpeHuu GyHKIuHU fork(): aTo ciaeacTsue Heob-
XOAUMOCTH IIOJTHOTO KOTIMPOBaHUS oO6pasa afpecHOro IPOCTPAHCTBA POAY-
TEJIbCKOT'O IIpOoIlecca BO BHOBB CO3JaBaeMoe IJIA JOYEePHEro Ipoiiecca aj-
pecHoe mpocTpaHcTBO. IIpu aTOM JIMHENHBIN POCT BpeMeHU KOIMPOBAHUA
oT pasMepa obpasa IIpoliecca CTAHOBUTCSA €CTECTBEHHBLIM (BOT IIOUEMY AJIA
00pas30B TaKWX 3a7ay IPU X IMOCTPOEHUU IIOCPEACTBOM HPOTPaMMBI make
B BBICITIEH CTEMeHU Ie1ecoO00pa3HO BBIMIOJHUTH 3aBepPIIAIONIYI0 KOMaHIY
strip mis yMeHBbIIIeHuA pa3dMepa UToroporo obpasa 3agaun). Bosee Toro, aTo
«BBICOKO 3aTpaTHas» Omeparnus KONMUPOBAHWUA, He B MPUMED IIPUBLIYHOMN
dyuarmuu memcpy(). KomupoBanue Tpou3BOAUTCA MEXKAY PA3TIUUHBIMU a-
PECHBIMH ITPOCTPAHCTBAME OOpaIlleHueM K CPeICTBAM CUCTEeMbI IT0 TPUHIT-
my: ckomupoBaTh N 0aiiT, HaunHasd ¢ agpeca A agpecHoOro IIpocTpaHcTBa P,
mo agpecy, HaumHas ¢ A (tor Ke azapec!) aapecHoro mpocrpaHcTtsa C.
B 6oabmuacTBe Apyrux OC HEeKOTOpOe cMATrYeHNe BHOCUT KMCIIOJIb30BaHMIE
TexHuKu COW (copy on write), HO u aTOT a(p(peKT KakyIuiicsa (CM. BbIIIIe
moApobHoe obcy K IeHre Ipu onucaunm GyHKiuu fork()).

Ha pesynbTaThl HAIlIUX OIEHOK OYeHb CYIIIECTBEHHOE BIUAHIE OKAa3bIBAIOT
POIIECChl KAIIUPOBAHUSA MAMSTH, UTO MOYKHO JIETKO YBUIETb, dKCIEPU-
MEHTHUDPYSA C IPUI0KEeHNEM, HO 3aTPAThI (UMCJI0 IPOIECCOPHBIX TAKTOB) Ha
BbImoJiHeHUE fork() OYAyT OolleHeHbI OYeHb rpy6o:

T = 3000000 + P * 6000

rae P — pasmep (B KusaobaiiTax ) ¢aiisa odpasa mporpaMMbl, B KOTOPOM BBI-
nosHAeTcda fork().

Teneps mpoBeAEeM CTOJIb JKe 3JIeMEeHTAPHBIN aJbTePHATUBHEIN TecT (Pailn
p2-2.cc) o cos3manmio MoToKa. (B ciyyae moToKa BpeMsA ropas/io mpolre nus-
MEePATH U ¢ 60Jiee BBICOKOM TOYHOCTBIO, HO MBI [IJIS CPABHUMOCTHU Pe3yJIbTa-
TOB IOUYTH TEKCTYaJbHO COXPAaHUM IIPEIBIAYIIUNA IPUMEpP C BKJIUEHHEM
B Pe3yJIbTAT OIIEPATOPOB 3aBEPIICHUA SJOUEPHErO O0bEKTa, OKUIAAHUA pe-
3yJabTaTa M T. 1.)
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3anaTbl Ha co3idaHUe NOTOKa
void* threadfunc ( void* data ) { pthread_exit( NULL ); };

int main( int argc, char *argv[] ) {
uint64_t t = ClockCycles();
pthread_t tid;
pthread_create( &tid, NULL, threadfunc, NULL );
pthread_join( tid, NULL );
t = ClockCycles() - t;
cout << "Thread time, " << cycle2milisec( t )
<< "msec. [T <<t << " ogycles]” << endl
exit( EXIT_SUCCESS );
1

Ha pesysbTaTsl 5TOT0 TecTa (B OTJIHNYNE OT MPEALIAYIEr0) ViKe JOCTATOUHO
CYLIeCTBEHHO BJIMAET IPNOPUTET, II0J KOTOPBIM BBIIIOJIHAETCA 3aga4da, I10-
9TOMY IIPOJEJIaeM ero ¢ JOCTATOYHO BHICOKUM mpuopuTeToM (29):

# nice -n-19 p2-2

Thread time: 0.147139 msec. [78667 cycles]
# nice -n-19 p2-1

Fork time: 2.5366 msec. [1356179 cycles]

Bor Tak... BpemMsa IMOpPOKIeHNA HOBOTO «IIyCTOTO» IpoIlecca, mTaKe MUHU-
MaJbHOTO pasmepa (pasmep HCIOJHseMOoro (aiija sToro mpoiiecca 4yTh
6oabire 4 K6atiT), mouru B 20 pas Gojbllle 3aTpaT HA CO3LAHME IOTOKA!
A s mpoiieccoB GOJIBIIIOrO 00beMa 9Ta PasHUIlA MOKET JOXOAUTh 10 3—4
HOPAAKOB (CM. pe3yJIbTaThl IIEPBOTO TECTA).

IManee paccMOTPUM CPaBHUTENbHYIO 3(DGEKTUBHOCTH C APYTOil CTOPOHBI:
OyzeT Jiu AUCIeTUYEePU3aIusa MHOTOUNCIEHHBIX IIOTOKOB, IPUHA/IEKAIIUX
OZHOMY IIpoIieccy, adGeKTUBHEE JUCIIeTUYEPUIAIUY TAKOTO Ke KOJINUecTBa
OTJeJBbHBIX IIpolleccoB? s mpoIieccoB 3aZavya TEKCTYaJIbHO BBITJIAIUT
Tak (gaiin p4-1.cc):

void workproc( int how = 1) {
const int nsingl = 1000, msingl = 30;
for( int j = 0; j < how; j++ ) // ... umnTaums Bb4UCHEHWI
for( uint64_t 1 = 0; 1 < msingl; i++ )
for( uint64_t k = 0; k < nsingl; k++ )
k=(k+1)-1
’

int main( int argc, char *argv[] ) {
int numpar = 1;
if( argc > 1 && atoi( argv[ 1 1) >0 )
numpar = atoi( argv[ 1] );
_clockperiod clcold;
ClockPeriod ( CLOCK_REALTIME, NULL, &clcold, 0 );
if( argc > 2 && atoi( argv[ 2 1) >0 ) {
_clockperiod clcnew = { atoi( argv[ 2 ] ) * 1000, O };



96

[maBa 2. lNpoueccbl 1 NOTOKU

ClockPeriod( CLOCK_REALTIME, &clcnew, &clcold, 0 );
¥
timespec interval;
sched_rr_get_interval( 0, &interval );
cout << "Rescheduling interval ="
<< (double)interval. tv_nsec / 1000000.
<< Uomsec. " << endl;
uint64_t t = ClockCycles();
for( int i = 0; 1 < numpar; i++ ) {
pid_t pid = fork();
if( pid == -1 ) perror ( "fork™ ), exit( EXIT_FAILURE );
if( pid == 0 ) {
workproc( 1000 );
exit( EXIT_SUCCESS );
}
}s
for( int i = 0; i < numpar; i++ ) wait3( NULL, WEXITED, NULL );
t = ClockCycles() - t;
cout << "Forks scheduling time: " << cycle2milisec( t )
<< "msec. [T <<t << " ocycles]” << endl;
ClockPeriod( CLOCK_REALTIME, &clcold, NULL, 0 );
exit( EXIT_SUCCESS );
1

NMuTaTopoM aKTUBHOU BBIUUCIUTETBHONU HATPYSKU IPOTPAMMBI IBJIAETCSH
GyHKIUA workproc(), OTAUYUTENTbHON OCOOEHHOCTHIO KOTOPOU ABJIAETCHA
TO, YTO OHA IIPU aKTUBHOM (XOTH 1 OECCMBICJIEHHOIT) 3arpysKe mpoIieccopa
He JeJiaeT Ha BCEM MHTEPBaJIe CBOETrO BBITIOJHEHUS HUKAKUX CUCTEMHBIX
BBIBOBOB, KOTOPHIE MOTJIM OBbI MIPUBECTHU K BHITECHEHUIO BLITIOJHAIOIIETO €€
TIOTOKA.

IlepBbIM mapamMeTpoM IPOrPAMMBI ABJISETCS KOJWYECTBO IIPOIECCOB, Ha
KOTOpBIE pacupeesnseTca obmuii o6beM Beruucaenuii. Ho camoe riasHoe:
HaYHEeM yIIPaBJATH PA3MEPOM IIEPUOJa BPEMEHHOTO CUCTEMHOTO THKA.

Mpumeyanune
Mo ymonyaHuio cucteMHblil TUK (Ans QNX 6.2.1) paBeH 1 MceK., HO B IPUHLUME €r0 3Ha-
YeHMe MOXHO yMeHblWwaTb (yHKuuen ClockPeriod() Bnnotb go 10 mkcek. Kcratu,
B OMUCaHUN UMEHHO 3TOW (YHKLUMM NPUCYTCTBYET 3aMeyaHue O TOM, YTO «...nepuod
pewedyIuUpOBAHUS PABeH 4 MUKAM, U 3M0 COOMHOWeHUe 8 CUCMeMe Heslb35 U3MeHUMbY.

Bropoii mapameTp 3amycKa IporpaMMsl (IIPpU ero HaJUUYWK) U OIIpeaesdeT
pasMep Ilepuofia CHCTEMHOT'O THKAa, BBbIDAKEHHBII B MUKPOCEKYHIAX.
(B KoHIIe BBIIOJTHEHUA 3a4a4 IOLZOOHOTO pPoJia, UBMEHAIOIINX PasMep CHuc-
TEMHOTO TUKAa, HY’KHO 0093aTeJIbHO IPUHATH MePHI K BOCCTAHOBJIEHUIO €T0
IpeXKHeTro 3HAUYEeHUS JaKe B CIydasX dKCTPEMAaJbHOTO M aBapUITHOTO 3a-
Bepirenus: 3agauwn!) I[isi MOBBIIIEHUSA AOCTOBEPHOCTH TECTOB BEJIMYMHA
pasMepa MHTepBaJja AUCIIeTUEePU3AINN KOHTPOJINPYeTCA HeBaBUCUMBIM 00-
pasom (BbI3oBoM sched_rr_get_interval()).
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ITpu pacnapasniesnBaHUY BEIYUCIUTEIBHOTO 00'beMa MeK Y ITOTOKAMU 9K-
BUBAJIEHTHBIA KO (Qaiin p4-2.cc) 6ymer uMeTsh Buf (MCIOIB3YETCS Ta JKe
GyHRIMISA workproc(), KOTOPYIO MBI IIOBTOPHO He TOKAa3bIBaeM):

void* threadfunc ( void* data ) {

1

workproc( 100 );
pthread_exit( NULL );

int main( int argc, char *argv[] ) {

1

int numpar = 1;
if( argc > 1 && atoi( argv[ 1 1) >0 )

numpar = atoi( argv[ 1 1 );
pthread_t *tids = new pthread_t [ numpar J;
_clockperiod clcold;
ClockPeriod ( CLOCK_REALTIME, NULL, &clcold, 0 );
if( argc > 2 & atoi( argv[ 2 1 ) > 0 ) {

_clockperiod clcnew = { atoi( argv[ 2 ] ) * 1000, O }

ClockPeriod( CLOCK_REALTIME, &clcnew, é&clcold, 0 );
N
timespec interval;
sched_rr_get_interval( 0, &interval );
cout << "Rescheduling interval = "

<< (double)interval. tv_nsec / 1000000.
<< " omsec. " << endl

uint64_t t = ClockCycles()
for( int 1 = 0; 1 < numpar; i++ )

pthread_create( &tids[ 1 ], NULL, threadfunc, NULL );
for( int i = 0; 1 < numpar; i++ )

pthread_join( tids[ 1 ], NULL );
t = ClockCycles() - t;
cout << "Threads scheduling time: " << cycle2milisec( t )

<< msec. [T << t << 7 ocycles]” << endl

ClockPeriod( CLOCK_REALTIME, &clcold, NULL, 0 );
exit( EXIT_SUCCESS );

Haxkomer, 11 CPaBHUTEIBHOIO AHAJN3a BLIIOJIHUM TOT K€ 00'beM BLIUKC-
JINTEJILHON paboThl B OQUHOYHOM IIOTOKE, TO €CTh B IIOCJIELOBATEIbHON
«KJIacCUUecKoii» mporpamme (paiin p4-3.cc):

int main( int argc, char *argv[] ) {

int numpar = 1;
if( argc > 1 && atoi( argvf 1] ) > 0 )
numpar = atoi( argv[ 1 ] );
_clockperiod clcold;
ClockPeriod( CLOCK_REALTIME, NULL, &clcold, 0 );
if( argc > 2 & atoi( argv[ 2 1 ) > 0 ) {
_clockperiod clcnew = { atoi( argv[ 2 ] ) * 1000, O }
ClockPeriod( CLOCK_REALTIME, &clcnew, é&clcold, 0 );
N

timespec interval
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sched_rr_get_interval( 0, &interval );

cout << "Rescheduling interval ="
<< (double)interval. tv_nsec / 1000000.
<< "omsec. " << endl

uint64_t t = ClockCycles()

workproc( 1000 * numpar )

t = ClockCycles() - t;

cout << "Single scheduling time: " << cycle2milisec( t )

<< "msec. [M <<t << " cycles]” << endl
ClockPeriod( CLOCK_REALTIME, &clcold, NULL, 0 );
exit( EXIT_SUCCESS );
1

BrinosiaseM 3 MOJIyUeHHBIX TeCTa AJIA PasJINUYHBIX 3HAUEHUH IIeproga Cuc-
TEMHOTO THKa (I0Ka3aHo IpyHIaMu o 3 3alycKa) B TAKOM IOPAJKe: Ofu-
HOUHLIH IpoIiecc, mapaJjijielbHbie IIOTOKY, IapaJlie/IbHbIe IIPOIeCChI:

# nice -n-19 p4-3 10

Rescheduling interval = 3.99939 msec.

Single scheduling time: 5928.8 msec. [3169850746 cycles]

# nice -n-19 p4-2 10

Rescheduling interval = 3.99939 msec.

Threads scheduling time: 5919.82 msec. [3165049513 cycles]
# nice -n-19 p4-1 10

Rescheduling interval = 3.99939 msec.

Forks scheduling time: 5962.21 msec. [3187713371 cycles]

# nice -n-19 p4-3 10 50

Rescheduling interval = 0.197788 msec.

Single scheduling time: 6427.33 msec. [3436394566 cycles]
# nice -n-19 p4-2 10 50

Rescheduling interval = 0.197788 msec.

Threads scheduling time: 6207.96 msec. [3319104030 cycles]
# nice -n-19 p4-1 10 50

Rescheduling interval = 0.197788 msec.

Forks scheduling time: 6029.23 msec. [3223548073 cycles]

# nice -n-19 p4-3 10 20

Rescheduling interval = 0.077104 msec.

Single scheduling time: 6745.37 msec. [3606433686 cycles]
# nice -n-19 p4-2 10 20

Rescheduling interval = 0.077104 msec.

Threads scheduling time: 6762.69 msec. [3615692975 cycles]
# nice -n-19 p4-1 10 20

Rescheduling interval = 0.077104 msec.

Forks scheduling time: 6647.42 msec. [3554062343 cycles]

# nice -n-19 p4-3 10 11

Rescheduling interval = 0.04358 msec.

Single scheduling time: 7517.74 msec. [4019381476 cycles]
# nice -n-19 p4-2 10 11

Rescheduling interval = 0.04358 msec.
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Threads scheduling time: 7638.89 msec. [4084155676 cycles]
# nice -n-19 p4-1 10 11

Rescheduling interval = 0.04358 msec.

Forks scheduling time: 7679.29 msec. [4105758575 cycles]

# nice -n-19 p4-3 10 10

Rescheduling interval = 0.036876 msec.

Single scheduling time: 7937.35 msec. [4243731124 cycles]
# nice -n-19 p4-2 10 10

Rescheduling interval = 0.036876 msec.

Threads scheduling time: 8136.42 msec. [4350159949 cycles]
# nice -n-19 p4-1 10 10

Rescheduling interval = 0.036876 msec.

Forks scheduling time: 8172.35 msec. [4369372230 cycles]

PesybTaThl MOT'YT IOKA3aThCs JOCTATOYHO HEOKHUIAHHBIMU: BO BCEX 3-X
BapraHTax (B rPYIIax) 3TO HPAKTUYECKU OJHU U Te JKe ITU(QPhI — PA3JIUIUA
3aTpaT Ha BBIIOJHEHNE U B eJUHOM II0CJIEeJ0BATEILHOM IIOTOKE, M BO MHO-
rux mnapaJilie/IbHBIX Ipolieccax (KaK IIpeaesbHbIE CJAyYan) He IPEBLIIIA0T
0,5—-2%! Ho pesysibTar eCTh Pe3yJIbTAaT, U €r0 HYsKHO KaK-TO MHTEePIPETH-
poBaTh, Belb, KAK M3BECTHO, «K3 IIECHU CJI0BA HE BHIKMHEIIID» .

IATHU pPe3yJabTaThl HO3BOJAIT (IyCTh I'Py0O U OIEHOYHO) «Pa3JI0KUTh» 3aT-
paThl IPOU3BOAUTENHLHOCTA MEXAY OOCIYyKMBAHUEM CHCTEMHOI'O TaiiMmepa
(cay:x0651 Bpemernu OC) um gucmeruepusamueii. Ermre pas obpaTumcesa K OT-
JIeJIbHBIM BEIOOPOUYHBIM Pe3yJIbTaTaM:

# nice -n-19 p4-3 10
Rescheduling interval = 3.99939 msec.
Single scheduling time: 5928.8 msec. [3169850746 cycles]

To ecth Ha mpoTsKeHUU «PaboThl» ObLI0 5928,8 /0,9998475 = 5929 mpe-
PBIBAHUI OT CIYsKOBI BpEMEHU.

# nice -n-19 p4-3 10 10
Rescheduling interval = 0.036876 msec.
Single scheduling time: 7937.35 msec. [4243731124 cycles]

Ha sToT pas 3a cueT yMeHbIITIeHUA IIePUOJa CUCTEMHOTO TUKA Ha 2 TopAIKa
HA IPOTAKEHNN «PaboThI» (TOTO e 00'beMa IMoJIe3HOoi padboTel!) OBLIO yiKe
7937,35/0,009219 = 860977 cobpITH AUCTIETUYEPUBAIIUHA.

ITockoabKY 00b€M PAOOTHI ITPOTPAMMBbI, BBITIOJIHIEMBIH B 9TUX ABYX Cayda-
AX, OCTaeTcA HEM3MEHHBIM, TO Ha OOCIyKHBaHWE MOTOJHUTEIbHBIX
860977 — 5929 = 855048 cucreMHBIX TUKOB (coBMecTHO ¢ 855048 /4 =
213762 ToukaMu AucIieTUepU3aInun) u morpebopanuch Te 4243731124 —
3169850746 = 1073880378 momoaHUTEIHLHBIX TAKTOB IIpoOIleccopa, Uau
okojsio 1256 TakTOB Ha OMWH CHCTEMHBIN THK. PaHee MBI yiKe MMOJIyYaIn
OIIEHKU 3aTpaT COOCTBEHHO Ha MEPEKJIOUeHNEe KOHTEKCTOB MEKIY IPOIIec-
camu (617) m morokamu (374), KOTOPbIEe TPOUCXOAAT KaKABIN YeTBEPTHIN
CHUCTEMHBIA THUK, TO €CTh HEIOCPEICTBEHHO IIePEKJII0UeHNEe KOHTEKCTa
«orwrenaer» B cpegaeM 90-150 (1/4 yacTh 3aTpar mepeKJIIOUYEHNA KOHTEK-
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CTa) HAa KAXKIbII CUCTEMHBIA TUK WJIHW, IPYTUMHU cjaoBaMmu, He Oosiee 10%
3aTpaT Ha 00CIyKUBAHIE COYKObI CICTEMHBIX UYaCOB.

ITombiTaeMcs OCMBICIUTD IIOJIYUYEeHHBIE Pe3yJbTaThI:

Bpemsa mepeksoueHUs: afpecHBIX IIPOCTPAHCTB IIPOIIECCOB, yIpaBJide-
mMbpix MMU anmapaTHO, B HPUHIIUIIE TOJMKHO OBITH IPOJOJIKUTEIbHEE
BpeMeHHU IepeKJTIUeHNA KOHTEKCTOB MMOTOKOB 1 TeM 00Jiee BOCCTAHOB-
JeHUA KOHTEKCTA eIMHOTO II0CJIEJOBATEIHFHOTO IIOTOKA, HO...

...HO 00'beM paboTHhI IO 00CIYKUBAHUIO KAaXKJI0T'0 CHCTEMHOI'0 TUKa (Ipe-
phIBaHUsA TaliMepa) HaCTOJILKO IIPEBbIIIIaeT 00'beM OIlepaIuii IepeKJIio-
YeHUA KOHTEKCTOB (puc. 2.7), YTO 3TO MPAKTUYECKU IIOJTHOCTHIO HUBE-
JUPYeT pasHuIly, 0yab TO IPUIOKEHNEe B BHUAE MHOTMX aBTOHOMHBIX
TIIPOIIECCOB, MHOTOIIOTOYHOE IPUIOMKEHNE UJIU IPUJIOKEHNE B BUE €U~
HOTO IIOCJIEJOBATEILHOTO IIOTOKA.

Tick1 > Tick2

‘M nm§ M,

Tick2

di il el

D — onepauum 06CyX1BaHNS KBAHTA CUCTEMHOO BpEMEHH

. — onepawuu nepexo4eHna KOHTEeKCTa

Puc. 2.7. 3gppexmul, 603HUKAIOWUE NPU NPUHYOUMENbHOM USMEHEHUL
4acmomol CUCMEMHBLY LACO8

Ha puc. 2.7 mokasaHa II0CJIeJ0BaTeJIbHOCTh THUKOB CHCTEMHBIX UaCOB
¥ CBA3aHHAaA C HEIO MOCJIeL0BATEeJIbHOCTD aKTOB AuciieTuepusanuu. Ilpu
YMEHBIIIEHUY IIePHOa HACTYILJIEHNS CUCTEeMHBIX TUKOB (4aCTOTHI aria-
PaTHBIX MPEPBLIBAHUN OT CHCTEMHBIX YaCOB) B CHJIY (PUKCUPOBAHHBIX
00beMOB OIlepaliiii, TpedyeMbIX KaK JJIs ONHUX, TaK 1 AJIA IPYyTux meli-
CTBUI, OTHOCUTEJbHAS [0J51 BPEeMEHM, OCTAIOIIASACA AJIA BBIIOJHEHUS
0JIe3HOI paboThI, ITagaerT.

W 510 OyAeT BLIIOJHATHCS He TOJBKO AJIA IIOTOKOB, JUCIETUePU3YEeMbIX
¢ pucrunanuaoi RR (BbITeCHAEMBIX IO HMCTEeUEHUU OIOIKEeTa BpeMeHU
BBIZIEJIEHHOTO UM KBAaHTAa), HO W AJA IMOTOKOB C JIIO00M MUCIIUILIUHOMN
IucmneTuyepusanuu, B Tom uncie u FIFO, xorga BEIITOJTHAOIUICS IIOTOK
(a 3HAYUT, IIOTOK HAWBBICIIIETO IPHUOPUTETA B CCTEMe) BOOOIIe «He CO-
OupaeTcsa» HUKOMY IIepeaBaTh yIIpaBJIeHNeE.
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e lnsa mporpamMMucTa-paspaboTINKa Pe3yabTaThl 9TOTO TECTA MO3BOJIIIOT
chopmMyIMpOBaTH MPABUIO, BOBMOYKHO a0CypAHOEe ¢ MO3UIUIN 9IeMeH-
TapHOIi (HO TOBEPXHOCTHOIT) JoruKu: PacmapanennBanue 3agauu (ec-
JIH 3TO BO3MO:KHO) HA N BeTBei (0yab TO HCIMOJHb30BAHUE TIOTOKOB MJIN
npoueccm;) MNIpaKTU4YeCKM He U3MEHdAEeT UTOroBoe BpeMs ee BBIIIOJHEe-
HUA.

Ertie omauM T060YHBIM PE3YJIBTATOM PACCMOTPEHUA MOYKHO Ha3BaTh CJIEY-
forfee: 3G GEeKTUBHOCTL AUCIETYEPU3AIUY OTOKOB (COXPaHEHUS U Iepe-
KJIIOUEeHUS KOHTEKCTOB), IPUHAIJIEIKAIINX OJHOMY IIPOIIECCY, HU B UEM He
npeBocxXoaUT 3MGEKTUBHOCTD AUCIETYEPUIAIUN TPYNIILI IOTOKOB, IIPU-
HaJJIesKaluX pa3JIudHbIM IIpolieccaM. 1 B 9ToM cBoeM KauecTBe — dhdek-
TUBHOCTH TEPUOAAa BBITOJHEHUS — IIOTOKU B CBOEH «JIETKOBECHOCTH» HU-
YyeM He IIPeBOCXOIAT aBTOHOMHBIE IapaJjijaebHble IPOIecchl.!

B zaBepiiienue BOCIIOJIB3YEeMCsI BCe TEMU K€ TECTOBLIMH IIPUIOKEHUIMU
IJs OTBeTa Ha 4acTo 3amaBaeMblii Bompoc: «Hackoabko adderTusano OC
QNX moamep:KUBaeT NPUJIOKEHUA, CoAepsKaliue O0JIbIoe («CIUITKOM
6osbIIToe » ) KosmuecTBO NOoTOKOB? IlocMoTpuM, Kak TO BEITIAIUT. Bee BhI-
MOJIHEHUSA MBI JeJIaeM IIPY MUHIMAJIbHO BO3MOYKHOM 3HAUEHUHN CHCTEMHO-
ro TukKa, xkorga OC cyirecTBenHO 00Jee «03aboueHa» CBOMMU BHYTPEHHUMU
mporeccaMu, HeXKeJIU IPOIeCCOM BhIUNCISHU:

# nice -n-19 p4-2 2 10

Rescheduling interval = 0.036876 msec.

Threads scheduling time: 1555.43 msec. [831574415 cycles]
# nice -n-19 p4-2 20 10

Rescheduling interval = 0.036876 msec.

Threads scheduling time: 15642 msec. [8362674590 cycles]

# nice -n-19 p4-2 200 10

Rescheduling interval = 0.036876 msec.

Threads scheduling time: 161112 msec. [86134950020 cycles]

Habaromaercss oueHb X0opoIas JUHelHasd 3aBUCUMOCTb UTOTOBOTO BpEMeH!
oT uucya noToKoB (ot 2 1o 200). Takum 06pas3oM, BpeMs BBIIOJIHEHUA pa-
00THI B KaK/IOM M3 IIOTOKOB IPAKTUYECKU He 3aBUCHUT OT 00II[ero YKcia ma-
PaJLIeJbHO BBHIIOJIHSIONINXCA C HUM IIOTOKOB.

HOBTOpI/IM TO K€ caMoe, HO yiKe IJId cayvdad I1apaJjijieJIbHbIX IIPOIeCCOB:

# nice -n-19 p4-1 2 10

Rescheduling interval = 0.036876 msec.

Forks scheduling time: 1622.87 msec. [867633362 cycles]
# nice -n-19 p4-1 20 10

Rescheduling interval = 0.036876 msec.

Forks scheduling time: 16682.1 msec. [8918698991 cycles]

1 M=l yMBIIILJIEHHO IeJIaeM aKIIeHT Ha 9TOM MeCTe, TaK KaK CYIIeCTBYeT «Kpacu-
Bad HapOAHAA JereHa» (U 3TO YTBEPIKJEHIE BCTPEUAETCA IIOPOH U B IUTEPATY-
pe), YTO IOTOKY Ha Iepuo/ie BLIIIOJIHEeHU I HaMHOro 3(pdeKTuBHEee (B CMBICIIE IIe-
PEKJIIOUeHU KOHTEKCTA), UeM IIPOIIECCHI.
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# nice -n-19 p4-1 200 10
Rescheduling interval = 0.036876 msec.
Forks scheduling time: 173398 msec. [92703484992 cycles]

31ech HAOIIOAAETCA JUITHL He3HAUNTEJIbHOE YBeJINUeHe KPYTHU3HbI JUHe-
HO¥ 3aBUCUMOCTH, UYTO MOKHO OTHECTH K HEKOTOPBIM HAKJIATHBIM PaCXO-
JaM Ha IOoAJep:KaHue JOCTATOUHO OOJILIIIOTO UMCJa 3alliCel O IIpoIleccax
B TabIMIIaX MeHeKepa IIPOIeCCOB, HO BeJIWUYMHA BTOro 3(deKTa TaxKe
BeChMa MaJOCYyIIeCTBEHHA.

B utore, B OTHOIIIEHUHN «I€TKOBECHOCTHU» IIOTOKOB MOYXHO CKA3aTh CIELYI0-
mee:

e JIpu HEOOXOAUMOCTH JUHAMHUYECKOTO CO3JaHUA MapajjieIbHbIX BeTBe
B XO0/Ie BBIIIOJHEHUS IIPOTPaMMEBI (& 9TO JOCTATOYHO KJIACCUUECKUN CIIy-
yail, HaIprUMep B Pa3HOOOPa3HBIX CETEBLIX CEPBEPaX, CO3JAI0IINX BETBD
00CIYKMBAHUS I KaXJOro HOBOI'O KJIMEHTA) IIPOM3BOSUTEIHHOCTD
IPUIOXKEHUA, PYHKIIMOHUPYIOIEr0 HA OCHOBE IIOTOKOB, MOXKET OBITH
3HAUUTEJHLHO BEINIE (10 HECKOJbKUX IOPSIAKOB), & BpeMs PeaKIluu CO-
OTBETCTBEHHO HUKeE.

e JIpu craTmuecKoM BBITTOJTHEeHUU ((GPUKCHUPOBAHHOM KOJUUYECTBE Mapa-
JIeJIbHBIX BeTBEW B MPUWJIOKEHUM) 3(PPEeKTUBHOCTH HNPUIOKEHUH, II0-
CTPOEHHBIX Ha IIapaJlIeJbHBIX IIOTOKAX NI HapajieJbHbIX IPOIleccax,
HpaKTUYECKH He oTindyaeTcs. BoJee Toro, s)peKTUBHOCTH TAKUX IIPHU-
JIOKEHUH He OTJIMYAIOTCSI U OT KJaCCHUUEeCcKOIl IIocJIef0BaTeIbHOI opra-
HU3aIUN IPUI0KEHN, pAa00TAIOIIEro B OJHOM IIOTOKE.

e (CylecTByeT OOIOJHUTEILHLIN (PaKkTop, 00eCIeunBaIOIINil «JIerKOBec-
HOCTb» IIOTOKOB B IIPOTUBOBEC IIPOIECCAM, — 3TO JIEFKOCTb U d(PPeKTHuB-
HOCTh UX B3aUMOJEHCTBUSA B €IMHOM aJPECHOM IIpOCTpaHCcTBe. B cayuae
IIPOIIECCOB IJis o0ecIleueHnA TAKUX B3aMMOeCTBUI BO3SHUKAET Heo0-
XOAUMOCTD IIPDUBJIEYEHUA «TAMEJIOBECHBIX» MEeXaHN3MOB IPC pa3H006-
pasHol npupPoakl (MMEHOBAHHBIE M HEMMEHOBAHHbBIE KaHAJILI, Pa3iessie-
Mas mamMaTrh, ooMeHn UNIX-coobmenuamu u npyrue). IIpu pacemorpe-
HuK ooMeHa coobimernamMu QNX MBI ellje pas yoequMcsi B TOM, UTO oOMe-
HBI U B3aUMOJENCTBUA MeKIy MIpolleccaMu MOTYT TPeOboBATh BechbMa
CYIIECTBEHHBIX IPOIIECCOPHBIX PECYpPCOB, a IPU O0OMeHaX C MHTEHCUB-
HBIM TPa(pUKOM MOTYT CTATh JOMAHUPYIOIE KOMIIOHEHTOMH, OIIpeaeis-
IOIIlel Ipe/eibl PeaJbHOM IPON3BOAUTEILHOCTH CHUCTEMBI.

Mpumep: CMHXPOHHOE BbINONIHEHME KoAa

Briliie IprUBOAMIOCH JOCTATOYHO MHOT'O IIOLO0HBIX IPUMEPOB, HO 3TO OBLIN
OpUMephI, TAK CKAa3aThb, «JOKaJbHbBIE», ()parMeHTapHbIe, MIJIICTPUPYIO-
1€ UCII0Jb30BaHME KaKOW-TO OJHOM BOBMOYKHOCTYA IPUMEHUTEIHHO K I10-
TokaMm. Ceifuac Mbl IpHUBeAeM IIPUMEpP, PEAJTHUIYIOIINA YacTO BO3HUKAIO-
Y0 HA IPAKTUKE BO3MOXKHOCTH. HeKoTophle HmporpaMMHBIE IeHCTBUS
(pyHKIIMM) MBI XOTeJU OBbI 3alyCKATH HePUOJUUYECKU C (DUKCHUPOBAHHBIM
BPEeMEeHHBIM NHTEPBaJIOM T, YTO BeCbMa HallOMUHaeT I[efICTBI/IH B ammapar-
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HOU peannsaluy, KOTOPbIe€ JOJKHBI ObITH BBIMOJHEHBI II0 KAXKJIOMY HM-
OYJIbCY «CHHXPOHU3UPYIOIIEH II0CJIeI0BaATeILHOCTH » .

ITpocreiiinas peajausanusa MOrJa ObI BBITJIALETD TaK:

while( true ) {
delay( T );
func();

b

Ho asT0 ouenb «caaboe» pelleHue:

3anmep:kKa, obecrieunBaemMasa (DYHKI[MEH ITaCCUBHOM 3amep:kKu delay(),
coriiacao TpebopanusaM POSIX He MoskeT OBITh MEHBIIIE YKA3aHHOTO IIa-
pamerpa T, HO... MOKeT OBITH CKOJb yrogHo 6ouabme! (B [4] mbl nucamnum,
uyro npu T =1 peanbHas BeIWUYMHA 3aJepP:KKHU OYAET COCTaBJSATL He
1 MceK., KaK MOKHO OBLI0 OBI OJKHIaTh, 4 C 6OJIBIIION CTEIIEHbIO BEPOSAT-
HOCTH 3 MCEK., ¥ TaM yKe MbI TOPOOHO MOKAa3bIBaJi, KAK 3TO IIPOUCXO-
JIUT.)

Ecau B cucTemMe 0LHOBPEMEHHO C 9TUM IIPUJIOKEHIEM paboTaeT Iporiiece
(TmoToK) 60Jie€ BLICOKOTO IPUOPHUTETA, TO HAIIIE IPUJIOKEHNE MOYKET BO-
o0IIle HUKOT/[a «He IIPOCHYThCA», II0 KpaliHeil Mepe, IIOKa 9TO He «COu3-
BOJIUT» CAHKIIMOHUPOBATH MapajlieibHOE IPUIOKEeHUE.

3neck MBI 060ecIeUnBAEM TOJIBKO OOHY CUHXPOHUSUPOBAHHYIO IIOCIENO0-
BaTeJbLHOCTH BBI3OBOB (yHKIUM func(). A ecam 661 HAM TOTPeOOBAIOCH
HECKOJBbKO (MHOT'0) CHHXPOCEDPH, B KAXKJ0M 13 KOTOPBIX BBIIOJHSIETCS
cBOs (QYHKIIUS, a IIePUOAbI CEPUN He KPaTHBI APYT APYyry?

Haxowner, BpeMs BBIIOJIHEHUA IeJieBON (pyHKIMU func() BKJIIOYAETCS
B IIEPUOJ OZHOTO «KPYTOBOI'0 IIpoberas» IuKJaa, To ecTb mepuon T oTcun-
TBIBAETCA OT KOHIA IIPEeIBLIAYINEr0o BhINOJHEHMA (GPYHKIUM IO Hadaja
TEeKYIIeTro, a 3TO He COBCEM TO, UYTO MBI IIOAPA3yMEBAJIV IIPU MCIIOJIH30-
BaHUU TEPMHUHA «CUHXPOHHOE» .

Bosiee Toro, ecim BpemMsdA BBINOJHeHUA (QPYHKOUM func() mocTaTOUHO
(GIAYKTYHUPYET OT OJHOTO BBI3OBA [0 APYroro (HampuMep, u3-3a m3MeHe-
HUH TaHHBIX, C KOTOPBIMU paboTaeT (PYHKIIHA), TO IIEPUOALI BHI30BOB
HAYMHAIOT «T'YJATH», a JUCIEPCU IePUoia Pe3yIbTUPYIOIIEH IT0CIe10-
BaTeJbHOCTH BBIZOBOB fuUNC() CTAHOBUTCS IPOCTO HEIIOMEPHO OOJIBIIION.

Husxe mokasaHo pelreHue, cBOOOJHOE OT MHOTUX M3 9TUX HETOCTATKOB
(@aitn t3.cc). IlpunoxxkeHue mpencTaBiaseT coO0M TEeCTOBYIO IIPOTpaMMYy,
OCYIIIECTBJIAIOINIYIO 3 IEIIOUYKM BBIIOJHEHUA PA3JIMYHBIX ITeJIeBBIX (DYHK-
muit (mon1, mon2, mon3) ¢ pasHBIMU IIEPUOJAMHU AJA KarKIOoH IemouKu (Mac-
cus period[ ]):

Cunxpoumauuﬂ BbIMOJIHEHUA Y4ACTKa KOoAa

#include <stdlib.h>
#include <stdio.h>
#include <unistd.h>
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#include <inttypes.h>
#include <errno.h>
#include <iostream.h>
#include <sys/neutrino.h>
#include <sys/syspage.h>
#include <sys/netmgr.h>
#include <pthread.h>
#include <signal.h>
#include <algorithm>

static void out( char s ) {
int policy;
sched_param param;
pthread_getschedparam( pthread_self(), &policy, &param );
cout << s << param.sched_curpriority << flush
}

// uenesbie OYHKUMM Kax{oi U3 NOCnenoBaTeNbHOCTEN TONbKO
// BbBOAAT CBOW CUMBON-WAEHTUOUKATOP M CRedyowni 3a HUM
// NPUOPUTET, Ha KOTOPOM BbLINOMAHAETCA Lenesas GpyHKUuMs
static void mon1( void ) { out( "." ); };

static void mon2( void ) { out( "*' ); };

static void mon3( void ) { out( "+' ); };

// 9TO BCEro Nuuib nepepacyeT BPEMEHHHIX WHTepBasoB
// W3MepeHHbX B TakTax npoueccopa (B HaHOCeKyHOax)
inline uint64_t cycles2nsec( uint64_t c ) {
const static uint64_t cps =
// 4acToTa npoLueccopa
SYSPAGE_ENTRY( gtime )->cycles_per_sec;
return ( ¢ * 1000000000 ) / cps
}

// CTpyKTypa, Heobxoaumas TONbKO ANA HAKOMJEHWs CTATUCTUKM napameTpos
// pada BpPEMeHHbX OTMEeTOK: CPEeAHero, CpefHekBafpaTUYHOr0 OTKIOHEeHMS,
// MUHWM&NbHOr0 1 MaKCUManbHOTO 3HAYEHM

struct timestat {

private:
uint64_t prev;
public:
uint64_t num;
double mean, disp, tmin, tmax;

timestat( void ) {
mean = disp = tmin = tmax = 0.0; num = 0
}
// HOBas BpPEMeHHas OTMEeTKa B pady:
void operator ++( void ) {
uint64_t next = ClockCycles(), delta;
if( num 1= 0 ) {
double delta = cycles2nsec( next - prev );
if( num == 1) tmin = tmax = delta;
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else tmin = min( tmin, delta ),
tmax = max( tmax, delta )
mean += delta;
disp += delta * delta
}s
prev = next;
num++;
b
// noaBecTn uTor pana:
void operator !( void ) {
mean /= ( num - 1 );
disp = sqrt( disp / ( num - 1 ) - mean * mean )
N
b

// npeaBapuTenbHoe OnucaHue OyHKUMM noToka obbekTa
void* syncthread( void* );

class thrblock {

private:
static int code;
bool ok, st;
public:
pthread_t tid;
struct sigevent event;
timer_t timer
int chid;

void* ( *func )( void* );
sched_param param;
// CTpyKTypa TONbKO ANst CTaTUCTUKN:
timestat SYyNnc;
// KOHCTPYKTOP Knacca = OH HE TONbKO WMHULMANM3WUDPYET CTPYKTYPY AaHHbIX
// co3paBaemoro o6bekTa, HO W 3anyckaeT OTAeNbHbA NOTOK ANd ero UCNoNHEeHNs
thrblock(
// napameTps KOHCTPyKTOpa:
// - uenesas GyHKUMS MOCNEA0BATENbHOCTU
void ( *dofunc )( void ),
// - nepuon ee CUHXPOHM3aLUN
unsigned long millisec,
// - npuopuTeT BO3OYXAEHWUSA CUHXPOCEPUN
unsigned short priority,
// - KOMUTb AW CTATUCTWUKY BPEMEHHHIX WHTepBasnoB?
bool statist = false
) |
// co3faHue KaHana Ans NoayYyeHwust yBefoMIeHuid oT Taimepa
if( I'( ok = ( ( chid = ChannelCreate( 0 ) ) >=0 ) ) ) return
// €03AaTb COeAMHEeHMe no KaHany, KoTopoe OyAeT MCcnonb3osaTb TakiMep
event.sigev_coid = ConnectAttach( ND_LOCAL_NODE, 0, chid,
NTO_SIDE_CHANNEL, 0 )
if( I'( ok = ( event.sigev_coid >= 0 ) ) ) return
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// 3aHecTu uenesyn GyHKUWIO, 3a0[HO BHIMOHUB
// Tpwok npeobpasoBaHua Haj ee TUNoM
func = (void* (*)( void* ) ) dofunc;
int policy;
// 3anoMHUTb NPUOPUTET BHI3LIBAKUWEA NPOrpPaMMbl
// NoA 9TUM NPUOPUTETOM U BbI3HBATL LENEBYI OYHKLMIO
pthread_getschedparam( pthread_self (), &policy, &param )
st = statist;
event.sigev_code = code++;
event.sigev_notify = SIGEV_PULSE
// a BOT 9TO NPUOPUTET, C KOTOPbIM HyxHO OyaeT npobyxpaTbcs 0T TaiMepa!
event.sigev_priority = priority;
// cosnaHue Taimepa
if( I'( ok = ( timer_create( CLOCK_REALTIME
&event, &timer ) = =0 ) ) ) return
// 3anyck OTAEeNbHOr0 NoTOKa, KOTOPHW N0 CUrHany
// Taimepa OyAeT BHMNOMAHATbL UENeByl OYHKLMO
if( ! ( ok = ( pthread_create( &tid, NULL, &syncthread
(void*)this ) = = EOK ) ) ) return
// ... W TONbKO NOCne 9TOro MOXHO YCTAHOBWTb nepuos cpabaThiBaHus
// TaiiMepa, nocne 4ero OH GakTU4ECKM 1 3anyckaeTcd
struct itimerspec itime;
nsec2timespec( &itime.it_value, millisec * 1000000ull );
itime.it_interval = itime.it_value;
if( 1'( ok = ( timer_settime( timer, O,
&itime, NULL ) = =0 ) ) ) return
1
// Npu3HaK TOro, 4To 0OLEKT CO03[aH YCMewHo M ero noToK 3anyueH:
bool OK( void ) { return ok; }
bool statistic( void ) { return st; };

b
int thrblock::code = _PULSE_CODE_MINAVAIL

// OyHKUMA noToka obbekTa
void* syncthread( void *block ) {
thrblock *p = (thrblock*)block
struct _pulse buf
pthread_attr_t attr
while( true ) {
// oxupaHue nynbca 0T NEpPUOAMHEecKOro Taiimepa obbekTa
MsgReceivePulse( p->chid, &buf
sizeof( struct _pulse ), NULL )
pthread_attr_init( &attr );
pthread_attr_setdetachstate( &attr, PTHREAD_CREATE_DETACHED )
// BOCCTAHOBWTb MPUOPWUTET UENEBON QYHKUWM A0 YPOBHS TOTO,
// KTO ee ycTaHaBnvBan, Bbi3biBass KOHCTPYKTOP. . .
pthread_attr_setinheritsched( &attr, PTHREAD_EXPLICIT_SCHED )
pthread_attr_setschedparam( &attr, &p->param )
// 3anyck uenesoi GyHKUMM B OTAENBHOM “"O0TCOEAMHEHHOM™ MNOoTOKe
pthread_create( NULL, &attr, p->func, NULL );
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if( p->statistic() ) ++p->sync;
b

// "nycTtoi” obpaboTumnk curHana SIGINT (peakums Ha ~C)
inline static void empty( int signo ) { }

int main( int argc, char **argv ) {

b

// C 8TOi TOYKM cTaHpapTHaa peakuus Ha ~C oTMmeHdeTcs. . .
signal( SIGINT, empty );
// MaccuB LENesbix OYyHKLMIA
void( *funcs[] )( void ) = { &mon1, &mon2, &mon3 };
// Nepuofibl MX CUMHXPOCepui 3anycka
int period[] = { 317, 171, 77 };
// NpUOpMTETH, Ha KOTOPbIX OTpabaThBaeTCs peakuns
// CWHXPOCEpPUit Ha Kaxabli M3 TAaUMEpPOB CUHXPOCEPWI
int proirity[] = { 15, 5, 25}
int num = sizeof( funcs ) / sizeof( *funcs );
// 3anyck 3-X CMHXPOHU3MPOBaHHHIX MOCIEA0BATENbHOCTEN
// BbnonHeHus (cospaHneMm 00bEeKTOB)
thrblock** tb = new (thrblock*)[ num 1J;
for( int 1 = 0; i < num; i++ ) {
tb[ 1 ] = new thrblock( funcs[ i ], period[ i ]
proirity[ i ], true );
if( ttb[ 1 1->0K() )
perror( "synchro thread create” ),
exit( EXIT_FAILURE );
b
// ... a Tenepb oxupaem "C:
pause();
// MOACHET CTaTUCTUKM W 3aBEPWEHNE MNPOrpPaMMbl
cout << endl << "Monitoring finalisation!” << endl
// BbBO[ BPEMEHHbIX WHTepBanos OyneMm aenaTb B MUNAWCEKYHOAAX:
const double n2m = 1000000.
for( int 1 = 0; i < num; i++ ) {
timestat *p = &tb[ i J]->sync
I'( *p ); // nogcuyeT CTATUCTUKM NO OObEKTY
cout << 1 << "\t << p->num << \t=> "
<< p->mean / n2m << O [7 << p->tmin / n2m
<UL KL p->tmax /o n2m
<< I\t << p->disp / n2m << (7
<< p->disp / p->mean * 100. << "%)" << endl
b
return EXIT_SUCCESS

Bca (pyHKIMOHAIBHOCTH, HPOrpaMMBI COCPEIOTOUEHA B OJHOM KJacce —
thrblock, KOTOPBLIA MOMKET B HEM3MEHHOM BHJe MCIIOJb30BaThCA IJA pas-
HBIX Ipuaokenunii. HeoObIuHOI 0COOEHHOCTHIO 0OBEKTA ATOr0 KJacca SB-
JIIeTCS TO, YTO OH BBIIOJHEH B TeXHUKE «aKTUBHBLIX 00bEKTOB», HABESIH-
HOU MOBEPXHOCTHBIM 3HAKOMCTBOM C SI3bIKAMU IIPOTPAMMUPOBAHUS IITKO-
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asl H. Bupra — ActiveOberon u Zonnon. B Heit roBopuTCs, YTO KOHCTPYK-
TOP TAKOro 00'beKTa He TOJbKO CO3JaeT O0BbEeKT HAHHBIX, HO U 3aIyCKaeT
(KaK BapWaHT) OTEeJbHBI MTOTOK BRITTIOJHEHUS /I KAXKI0TO CO3TaBaeMOr0
o0beKTa. B HamreMm ciaydae 3aava IMOTOKOBOM (YHKIITMY COCTOUT B BBI3OBE
eJieBoN (DYHKINH, agpec KOTOPOU OBLLI IIepefaH KOHCTPYKTOPY O0OBLEeKTa
B KauecTBe OJHOTO U3 IIapaMeTpoB.!

Huske mpeacraBieHBbl OTIMYUS HAIllell peajmsaliuy OT IPOCTOTO IIMKJA
C 3a/IepPIKKOIi, 00Cy KaaBIllelicsa BhIlIe (HIOMHUMO HCIIPABJIEHUIN OUeBUIHBIX
HeIO0CTATKOB):

e Jlnsg KaXIOT0 CUHXPOHU3UPYIOIIEro TaiMepa yCTAHOBJIEH CBOU IIPUO-
pUTET «IPOOYKIEHUA», U OH MOKET OBITh JOCTATOUHO BBICOKMM, IJIS
TOTO YTOOBI MPEIOTBPATUTH BBITECHEHNE 9TOT0 CUHXPOHUSUPYIOIIETO
TIOTOKA.

e Jlocie «IpoOy:KIeHUSA» IO TaliMepy 3amycKaeTcs IejeBas (DYyHKIUA,
HO BBIIIOJIHSIETCA 9TO OTAEJbHBIM IIOTOKOM, IIPUYEM IIOTOKOM «OTCOEU-
HEHHBIM». JIpyruMu CJIOBaMH, IIPOIIECC BBIMOJHEHUS I[eJIeBOi (PYHK-
Y HUKAaK He BJIUAeT Ha OOIIYI0O CXeMy CUHXPDOHU3AIIUN.

e Tlepen 3amrycKOM ITeJieBOi (DYHKIIMY BHITIOJHAIOIIEMY ee IOTOKY BoccTa-
HAaBJWBAETCA IPUOPUTET ITOPOAUBIIIETO TOTOKA (HO He IIOTOKA 00CIYKI-
BaHUA TaiiMmepal!), BeIb HaM He HYKHO, UTOOBI IiegeBas GYHKIIUA, TeM
0oJiee, BO3MOJKHO 1 He OUEHBb 3HAUNMas, KaK B HAIlIeM IIpruMepe, MOrJia
BJINATH BBITECHEHMEM Ha IIPOIeCChI CUHX POHMBAIINH .

3amycTuM Hallle TeCTOBOE MPUJIOMKEeHNe:

# t3

+10+10+10+10+10. 10+ 10+10+10+10+10+10. 10 10+10+10+10%10+10. 10+10+10+10+10+ 10+
10.10+10%10+10+10%10+10. 10+10+10%10+10+10%10. 10+10+10%10+10+10. 10« 10+10+10+1
0%10+10.10+10%10+10+10%10+10+10. 10« 10+10+10%10+10+10. 10+10x10+10+10%10+10. 10
+10+10+10+10%10+10. 10+10+10%10+10+10%10"C

Monitoring finalisation

0 32 =>316.919 [316.867...317.895] ~0.178511 (0.056327%)

159  =>170.955 [168.583...173.296] ~0.92472 (0.540914%)

2 132 =>76.9796 [76.942...77.9524] ~0.085977 (0.111688%)

ITepBoe, YTO MBI JOJI?KHBI OTMETHUTD, — 9TO OUEHb IPUJINYHYIO TOYHOCTD BBI-
IePyKKU Ieprojia CHHXpOHU3anuu (IocjaegHas KOJOHKA BbIBoga). s To-
0 4TOOBI YOeAUTHCA B TOM, UTO IeieBasd (PYHKIIHA IIPU 3TOM BBITIOJIHIETCS
IOl HPUOPUTETOM IIOPOAUBIIIETO €€ TOTOKA, 3aKOMMEHTHUPYEM CTPOKHU, BbI-
JleJIeHHBIE YKUPHBIM MIPU(TOM B KOJIe ITPOTPaMMBbI:

1 3pmech mpuMeHEHa TOJIBKO mpocTeiiirasa ¢GopMa «aKTUBHOTO 06BEKTa»; ropaszio
CJIO}KHEee, K IIPUMepY, OPeLeJUTh JeCTPYKTOp Takoro oobexkra. Ho nmenHo B
CBOEM IIPOCTEHINEM BH/I€ 9TO MHOT'000€IIIa0Iasd TEeXHUKA AaKTUBHBIX 00 HEKTOB.
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# t3

+25+25x5+25+25. 15+5+25+25+5+25+425. 15+5+25+25+25+5+25. 16+25x5+25+25«5+25. 15+2
5x5+25+25+5x5+25, 15425+425%5+25425+5. 15+25+25%5+25+25. 15x5+25+425+25+5+25. 15+2
5x5+25+25+5+25+25. 15+5+25+25x5+25+257C

Monitoring finalisation!

0 32 =>316.919 [316.797...317.915] 70.185331 (0.0584792%)

1 60 =>170.955 [168.964...173.925] ~0.47915 (0.280279%)

2 134 => 76.9796 [76.8895...77.9694] ~0.0937379 (0.12177%)

B sTom BapmaHTe (M UATHOCTHUYECKHUI BBIBOJ 9TO IIOATBEPIKIAET) MBI UC-
KYCCTBEHHO JUKBUINPOBAJU HAcJiefOBaHUe MPUOPHUTETA IO ITeIOYKe II0-
poskmeHusa: cpaboTaBIiuii TatiMep — QYHKIIUA MOTOKA — IeJieBasd QYHKITUA
00beKTa. ITO HEe COBCEM COOTBETCTBYET IeJiN, HaMeUeHHO! B HavaJie 9TOT0
paszesia, HO BCe JKe 3TOT BAPUAHT WJIJTIOCTPUPYET, UTO UMEHHO HAIIl ITPeIbI-
IYIUH BApUAHT YAOBJIETBOPAJ BCEM IOCTABJICHHBIM ITEJISAM.

ITo morosopy mexnay muamareabcTBoM «Cumposi-ILinroc» u MHTepHET-Mara-
suaoM «Books.Ru—Kuuru Poccun» eqMHCTBEHHEIN JIeralbHBIN CIIOCO0 II0-
aydeHusa gaHHoro (aitsa ¢ kHUro ISBN 5-93286-088-X «QNX/UNIX:
aHaTOMMJA IapaJLIean3Ma» — IOKyInKa B Marepuer-marasune «Books.Ru—
Kuauru Poccuu». Ecau Bbl moayunau JaHHBIA Qailjg KaKUM-JIu00 IPyTruM
obpasom, Bl HapyIuaIn MeKIyHAPOAHOE 3aKOHOAATEIbCTBO U 3aKOHOLA-
TeabcTBO Poccuiickoii Penepanum 06 oxpaHe aBTOPCKOTO IIpaBa. Bam Heo0-
XOAUMO YAAJUTL TaHHBIN (aiii, a TaKKe COOOITUTh M3AaTeabCTBY «CuMm-
Boa-ILmtoc» (Www.symbol.ru), rae nmernno Bul mosyuniau qaHnHbIH (aiii.



CurHanboli

Cur"aJibl THUIUUPYIOTCA HEKOTOPLIMU COOBITUSAMU B CUCTEME M IOChLIa-
IOTCA IPOIECCY JJIA €r0 YBEIOMJIEHUSA O TOM, UTO IIPOU3O0IILJIO HEUTO HEOP-
IUHapHOe, TpebOymollee olpeaeaeHHoil peakmuu. Ilopokmaroiee cUrHA
COOBITHIE MOYKET OBITH JefiCTBHEM MOJIb30BaTEA UJIN MOYKET ObITh BEI3BBAHO
IPYTUM MPOIECCOM WMJIU SAPOM OIIEePaIlMOHHOI cucTeMbl. CUTHAJBI ABJS-
IOTCSA OJHUM M3 CAMBIX CTAPbIX U TPAAUIIMOHHBIX MexaHnaMoB UNIX.!

V:xe us aToro KPaTKOI'0 OIIMCaHMUA MOMHO 3aKJIIYUTh, YTO:

® elicCTBHUS, BLI3BBIBAEMbIe IJisi 00pa0OTKU CUTHAJA, SABIAIOTCA IPUHIIA-
OTUAaJTbHO AaCHHXPOHHBIMU;

® CHUTHaJIBI MOI'yT OBITH MCIIOJIB30BAaHBI KaK IIPOCTeMHIee, HO MOII[HOE
CPEeCTBO MEKIIPOIIECCHOTO B3aMOIeHAICTBHUA.

Bce curnasbl onpeieIAI0TCA IEJIOUYNCIEHHBIMY KOHCTAHTaMM, HO JJIS IIPO-
TPaMMUCTA 9TO B IPUHITUIIE HE TAK Ba’KHO, IIOCKOJIBKY KaXKJIOMY CUTHATY
IPUIIMCAHO CUMBOJIMYECKOe HaumMeHOoBaHUe Buaa SIG*. Bce orHocsarmuecs
K CUTHAJIaM OIIpeJeJIeHNsI HaXOAATCS B 3aroioBouHoM (aiiie <signal.h>,
KOTOPBIH JOJIKeH ObITH BKJIIOUEH B JI100011 KoM, paboTaoIMUii C CUTHAJIAMMH.
B mocaenymomiux npuMepax MbI He OyAeM IMOKAa3bIBATh 9TY BKJIIOYAOIIYIO
IUPEKTUBY, YTOOBI HE 3aTrPOMOIKIATH TEKCT.

ITocnaHHBIN cuTrHAJ 00pabaThIBAETCA IMOJYUUBIIIUM €TI0 IOTOKOM MJIM IIPO-
meccoM (KakK y:ke 00Cy:KIajoch paHee, COOCTBEHHO IPOIleCC HUUYETO He MO-
JKeT 0o0pabaThIBaTh: 9TO IIACCHUBHAA CyOCTAHIINA; MOHATHO, UTO PeUYb B Ta-
KOM KOHTeKCcTe uneTr o6 o0paboTKe cUTrHAaJIa IJIaBHBIM MOTOKOM HpoIlecca).
IToTok MOMKeT oTpearupoBaTh Ha MOJYUYEHHBIN CUTHAJ CIEAYIOIIUMU CIIO-
cobamu (MHOT/a IeficTBUE, YCTAHOBJIEHHOE IJIsI KOHKPETHOIO CUrHaJa, Ha-
3BIBAIOT MUCIIO3UI[HEH CUTHAIA):

e CranmapTHoOe AelicTBHE — BBIIOJHEHNE NeifiCTBUs, HPEeAIINCAHHOr0 IJIs
00paboTKU 9TOT0 CUTHAJA IO YMOJYaHWO. 711 MHOTUX CUTHAJIOB Jeli-
CTBHEM IIO0O YMOJIYaHUIO ABJIAETCA 3aBepIlIeHne, HO 3TO Heo6513aTeano;

1 MIMeHHO mO3TOMY, HaBepHoOe, crangapty POSIX Tak cja0KHO OPraHUYHO COTJIa-
COBATh UX C HOBOBBEIEHUAMU, HATIPUMED C ITapaJurMOHi ITOTOKOB.
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€CTh CUTHAJIBI, KOTOPBIE II0 YMOJTYAaHUI0O UTHOPUPYTCcA. s 6obIeit
YaCcTU CUTHAJIOB, YbUM AEHCTBUEM II0 YMOJUYAHUIO ABJIAETCS IPUHYIUA-
TeJbHOE 3aBepIlleHre MpoIlecca, MPeAIrCcaHo AeficTBIe CO3aHus JaMIia
maMsATH Ipu 3aBepiinenuu (core dump), HO AJIsA HEKOTOPBIX, HAIIPUMED
SYSINT (3aBeprerue 1o [Ctrl+C]), ompeneseHo Takoi gaMIl IpU 3aBep-
IIIEHUY He CO3IaBaTh.

* I’II‘HOpPIpOB&HPIE CHUIHaJIa — CUTHaJ He OKa3bIBaeT HUKAKOTO BOBI[efICT'
BHUA Ha XOJ BBIIIOJIHEHU A IIOTOKA IIOJIyUaTeJId.

e Bpi30B 00pabd0oTUMKA — IIO0 IIOCTYILJIEHWIO CHUT'HAJa BBI3bIBaeTcsd (PYHK-
U peakIuu, OlpeaesieHHasa IMoJab3oBaTeaeM. Eciu ajid curuasia ycra-
HaBJIUBaeTCd QYHKIUA-00pabOTUNK, TO TOBOPSAT, UTO CUTHAJ IIepexBa-
ThIBaeTcA (OTHOCUTEIHLHO CTAHAAPTHOTO AeHCTBU).

I pas3IMYHBIX CUTHAJIOB IIPOTPaMMa MOKET YCTAaHOBUTh Pa3IUYHbIE Me-
XaHU3MbI 00paboTku. Bojiee Toro, B X0/e BBIIIOJHEHUS IIPOTPaMMa MOKET
OIUHAMUYECKU IEePeopeeaTh PeaKIluu, YCTAHOBJIEHHBIE IJIs TOTO WUJIU
MHOTO CUTHAJIA.

[ 6OJBITUHCTBA CUTHAJIOB UX BO3/IeHICTBYE MOKHO IIePeXBATUTh U3 IPO-
IPaMMHOTO KOJa WJIX UTHOPUPOBATD, HO He I Bcex. Hanmpumep, curaass
SIGKILL u SIGSTOP He MOT'YT OBITH HU IIepeXBaueHbl, HU IPOUTHOPUPOBAHEI.
Hpyroii mpuMep — ONHUCHIBAEMBIE Aajiee clieuanbHble curHaiabsl QNX, Ha-
ynHaa ¢ SIGSELECT u maJsee.

B QNX onpezgenens! 64 curaajia B Tpex JuanasoHax:
e 1...40 — 40 POSIX-curuaJios o0IIero Ha3HaAuYeHNI T,

e 41...56 — 16 POSIX-curaajios peajbHOT0 BpeMeHH’, BBEJeHHLIX B CTAH-
mapt mos:ke (o SIGRTMIN mo SIGRTMAX);

e 57...64 — 8 curmasoB, ucmnoiab3yeMblx B QNX Neutrino anxsa cmeru-
AJIBHBIX IIeJIei.

Haunem co cmenmaabHBIX CUTHAJIOB. T CUTHAJBLI HE MOT'YT OBITH IIPOUTHO-
PUpOBaHBI UJIX IIepeXBaueHbl: MONBITKA BbI3BATh Signal() muwm sigaction()
(usu BBIBOB AApa SignalAction() native API) saBepmuTrcs s HUX ¢ OIIuO-
Koit EINVAL. Bojsiee Toro, aTu curHajbl Bcerjga OJJOKMPOBAHBI B IIOJH30BA-
TeJIbCKOM IPUJIOMKEHUU, U IJI HUX YCTAHOBJIEHO pa3pellleHne ouepesu 00-
cay:KuBaunusa (ouepear CUTHAJOB OYAyT MOAPOOHO PACCMOTPEHBI gajiee).
ITonpiTKa Pa30JIOKUPOBATH STU CUTHAJBI, UCIOJB3YA Sigprocmask() (Sig-
nalProcmask() — native API), 6ymer mpourHopupoBaHa. ITU CUTHAJIbHEIE
MeXaHM3MBbI UCIIOJIb3YIOTCS, B YACTHOCTH, I'papuueckoii cucremoir Photon
nnst oxxkugauua coosiTuit GUI u pyuKImeii select () AaA o:KugaHUS BBOLA,/
BBIBOJIa HA MHOJKECTBE NEeCKPUIITOPOB (0AWH M3 PyHIaMEeHTAJIbHBIX MeXa-
HuaMoB UNIX). BoT onpeneneHns HEKOTOPHIX U3 9TUX CUTHAJIOB:

#tdefine SIGSELECT (SIGRTMAX + 1)
#tdefine SIGPHOTON (SIGRTMAX + 2)

B cuiy cBoeli HeIOCTYIIHOCTH 9Ta I'PyIllia CUTHAJIOB IIPeACcTaBIsgeT He00JIb-
II0¥ MHTEepeC AJd paspaboTunKa IIPUJIOKEHN.
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[naea 3. CurHanbl

Hanee mepeiimem k¥ POSIX-curuamam obrrero HasHaueunus (1...40), us xo-
TOPBIX HA30BEM TOJIHKO CaMble YIOTpebisaeMble’ (I0Ka MbI OIIICHIBAEM BCE
cur"ajel B Kaaccuueckoit UNIX-moramuu, He yriay0asasach B HIOAHCHI, Ha-
IpuMep TaKue, Kak 0COOEHHOCTH PeaKI[i Ha HUX B MHOI'OIIOTOYHOM OKPY-
JKeHUN):

SIGABRT (+) [6] — aBapuiiHOe 3aBepiieHue mpoiiecca (process abort sig-
nal). IToceLnaeTcs mporeccy IIpu BhI3oBe MM (PyHKIum abort(). B pe-
3yJbTaTe 00paboTKu curHasia SIGABRT mpousoiigeT To, 4TO cruenuduKa-
nusa XSl onuckiBaeT KaK aBapuilHOe 3aBepIIeHHeE.

SIGALRM [14] — macTyILIeHHe TaiiM-ayTa TaiiMmepa curuaJos (real-time
alarm clock). ITocelmaercsa mpu cpabaThbIBAHUY pPaHee YCTAHOBJIEHHOTO
0JIb30BAaTEJIBCKOTO TaliMepa (TaliMep ycTaHAaBINBAETCA 3aaHUEM IIep-
Boro nmapamerpa setitimer(), paBEbIM ITIMER_REAL), HAIpUMep IPU IIO-
MOIIY CUCTEMHOT'O BbI3oBa alarm().

SIGBUS (+) [10] — curHaxa omubku Ha muHe (bus error). 9TOT cUTHAJ
TIOCBHLIAETCS IPYU BOBHNKHOBEHUY HEKOTOPHIX allllapaTHHIX OIIUO0K (3a-
BHUCHUT OT IIJIaT(GOPMBI); OOBIYHO OH T'eHepUpPyeTCA IPHU IOUBITKe obpa-
IIeHUSA K JOIIYCTUMOMY BHPTYaJIbHOMY aJpecy, IJIs KOTOPOro Het (u-
3UYECKOU CTPAHUIIBI.

SIGCHLD [18] — curuas 3aBepIlleHUA UJIM OCTAHOBKA JOUEePHETO IIpoIlecca
(child process terminated or stopped). ITo ymonuauuo poaguTEILCKUI
MIPOIECC UTHOPHUPYET dTOT CUTHAJ, [I0OITOMY €CJU HYKHO [10JyJYaTh yBe-
JOMJIEHUE O 3aBEePIIEeHNH ITOPOKIEHHOT0 IPOIlecca, 3TOT CUTHAJ HYKHO
mepexBaThIBATD. [lJId 9TOTO CUTHAJIA OIPeesIeH CHHOHUM:

#tdefine SIGCLD SIGCHLD

SIGCONT [25] — mpomossKkeHMEe pabOTHI OCTAHOBJIEHHOTO MIporecca (con-
tinue executing if stopped). 9To curmas ymnpaBiieHUsS BBIIIOJHEHUEM
mpoIliecca, KOTOPHI BOSOOHOBJISAET €Tr0 BhIMOJIHEHHE, CJIU PaHee OH ObLI
ocTaHOBJIeH curHayiom SIGSTOP; ecam mpollecc He OCTAHOBJIEH, OH UTHO-
pUpPyeT 3TOT CUTHAJ.

SIGDEADLK [7] — curHaj, TOBOPSAINMII 0 BOSBHUKHOBEHUU «MePTBOI» 6JI0-
KHPOBKHM IIOTOKA Ha MbioTekce (mutex deadlock occurred). 9ra curya-
nusa 6ymeT IoaApoOHO pacCMOTPeHA Jajiee, KOTAA PeUb IIOMAeT O IIPUMI-
TUBaxX CUHXpoHu3anuu (riasa 4).

SIGEMT [7] — EMT-unctpyknua (emulator trap). Kak Bugmo us cpaBue-
HUA C IPEeAbIAYIIUM CUTHAJIOM, Y HUX OJUH KO, TO ecTb B QNX SIGDEADLK
u SIGEMT — aTO OfUH CUTHAJI.

Hannune Kpyribix CKOOOK IIOC/Ie UMEHU CUTHAJIA — IIPU3HAK TOTO, YTO AJIS ITUX
CUTHAJIOB PEaKIus 0 YMOJUYAHUIO — MPUHYIUTEJIbLHOE 3aBepIlleHre IPollecca;
Hasuume (+) 03HAYAET, UTO AJIS STUX CUTHAJIOB IIPEIYCMOTPEHO CO3laHIe JaMIia
3aBeplleHns, a Haanyue (—) — [JIs 9TUX CUTHAJIOB JaMIl He cosjgaercs. B KBaj-
pPaTHBIX CKOOKAaX IT0CJie UMEeHU CUTHAJIa YKa3aHOo YNCIeHHOe 3HAUeHe, COOTBET-
CTBYIOIlee JTaHHOMY CUTHAJY, KaK OHO ompeaeseHo B QNX.
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SIGFPE (+) [8] — HemomycTuMas apudMeTuUecKasd onepalusd ¢ IJIaBaio-
mieit Toukoii (floating point exception).

SIGHUP [1] — curuaJ ocBOOOXKAEHUA JIMHUM, PA3PBIB CBSABU C YIIPABJSIIO-
mum repmuHaaom (hangup signal). IToceliaercs BceM mpoiieccam, IOI-
KJIIOUEHHBIM K YIIPABJSIOIEMY TEPMUHAIY IIPU OTKJIIOYEHUN TepMUHA-
Ja (0OBIYHO YIPABJIAIONINNA TEPMUHAJ I'PYIIIILI IIPOIlecca ABJISETCA Tep-
MUHAJIOM II0JIb30BaTeJIA, HO 9TO He BCErja TaK). OTOT CUTHAJ TaKJKe I10-
ChLJIaeTCsS BCEM UJIeHaM CeaHca, eCJIM 3aBeplIaeT paboTy JuAep ceaHca
(0OBIYHO TIPOITECC KOMAHIHOTO MHTEPIIPETATOPA), CBA3AHHOTO C yIIPaB-
JISIONIUM TePMUHAJIOM (9TO TapaHTUPYET, UTO, €CJIU He ObLIN IPUHATEI
crelnaJbHbIe MePhI, IIPU BBIXO/Ie MMOJIH30BATE A U3 CUCTEMbBI OYIyT 3a-
BepIIeHBI BCe 3amyIlleHHbIe UM (DOHOBEIE IIPOITECCHI).

SIGILL [4] — HOMBITKA BBHIMOJHEHUA HEJONMYCTUMON MHCTPYKIIUU IIPO-
meccopa (illegal instruction); o6paborka curaaja He coOpacbIlBaeTcs, Ko-
TIa OH IIepexBaThIBaeTCA.

SIGINT (-) [2] — mpuHyAUTEabHOE IIpepbiBaHMe Ipoliecca (interrupt);
9TO TOT CUTHAJ, KOTOPBIN reHepupyerca npu Haxkaruu [Ctrl+C]. 9ro
OOBIUHBIN CIIOCO0 3aBePIIeHNA BLIIIOJHAIOIIET0CA IIpoIecea.

SIGKILL (+) [9]— yumuTosxenue mpoiiecca (kill); aTor curaan mosxer ak-
TUBU3UPOBATHCA KOMaHIoM kill -9 <PID>. 9To curuaj 6e3ycJIOBHOTO 3a-
BePIIEHUs, IOChLIAEMBIN IIPOIleCCY APYTUM IIPOILECCOM UJIU CUCTEMOI
(npu 3aBepIieHUU pabOThl CUCTEMbI). ITOT CUTHAJ HEe MOXKET OBITH IPO-
UTHOPHUPOBAH UJIU IIepeXBavueH.

SIGPIPE [13] — mOmBITKA BBIMOJHUTL HEIOIIYCTUMYIO 3alNCh B KaHAJI
WJIN COKET, IJIsI KOTOPBIX IPUHUMAIINHA IPOIECC YiKe 3aBepIIn pato-
Ty (write on pipe or socket when recipient is terminated, write on pipe
with no reader).

SIGPOLL [22] — curuaJ yBeJOMJIEHUS 00 OJHOM I3 OIPAIIINBAE€MbIX CO-
owiTuit (pollable event). OToT curHam reHepupyeTcsa CUCTEMOM, KOTZa
HEKOTOPBIA OTKPBITHIA AECKPUNTOP (haiiysia roTOB AJIA BBOAA MUJIU BHIBO-
Ia. TOT curHaJ nMeeT CMHOHUM (HauMeHoBaHMe SIGPOLL GoJiee m3BecT-
"o 13 UNIX System V):

#define SIGIO SIGPOLL

SIGPROF [29] — curHas nmpodunupyiomiero taiimepa (profiling timer ex-
pired). Kak u curuas SIGALRM, aTOT curaas Bo30yKJaeTcs 0 UCTEeUCHU
BpeMeHU TaiiMepa (HO 3TO IPYTroi TaliMep), KOTOPBIN UCIOIB3YeTCs IJIs
W3MepPeHusi BPEeMEHU BBLIIOJHEHUS IIPOIecca B II0JIb30BATEIBCKOM U
CHCTEMHOM PeKuMax (TafiMep ycTaHaBJIMBAeTCS 3aJaHUeM IIepPBOro Ia-
pametpa setitimer(), paBubiM ITIMER_PROF).

SIGQUIT (-) [3] — BeIXOx m3 mporiecca (quit).

SIGSEGY (+) [11] — oOpaiieHre K HEKOPPEKTHOMY aapecy IaMsATH,
omr0Ka 3aIUThl IaMATH, HaPyIlleHne rPaHull cermenTa namsaru (inva-
lid memory reference, segmentation violation).
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SIGSTOP [23] — BpeMeHHas1 ocTaHOBKa mporiecca (sendable stop signal
not from tty). Ecaiu monbsoBarens BBoaut ¢ repmunaia [Ctrl+Z], To ak-
TUBHOMY IIPOIIECCY IOCHLIAETCA dTOT CUTHAJ U IIPOIECC IPHUOCTAHABIIN-
Baercd. [Tosskxe mporiecc MOKeT OBITH BO30OHOBJIEH C TOUKYM OCTAHOBKU
npu moaydeHuu curHasia SIGCONT. OTOT cuTrHAT HEJIb3s MPOUTHOPUPO-
BaTh UJIN II€ePEeXBATUTh.

SIGSYS (+) [12] — HeKOpPPEeKTHBIN cucTeMHBIN BbI3OB (invalid system
call, bad argument to system call).

SIGTERM [15] — mporpaMMHBI# curHAJ 3aBepinenud (software terminati-
on signal from kill). ITporpaMMucT MOXKeT MCIIOJIb30BATH dTOT CUTHAJ
IS TOTO, UTOOBI JAaTh IIPOIECCY BPEMsA s «HaBeAEHUA IOPAIKA»,
Ipeskie ueM IIochbLIaTh eMy curaaJj SIGKILL. iMeHHO 3TOT CUTHAJI IIOCHI-
JIaeTcs IO YMOJIYAHUI0 KOMaHIoM kill 6e3 mapaMerpa, YKa3bIBalOIIEeTro
CUTHAJI.

SIGTRAP [5] — curuHaJ TpacCHUpPOBOUYHOTO mpepbiBanusa (trace trap). 9to
0COOBIN CUT'HAJ, KOTOPEIA B COUETAHNH C CUCTEMHBLIM BLI30OBOM ptrace()
ucmosb3yercsa ortaaguukamu: sdb, adb, gdb. ITo ymonruanuio curHas
OPUBOAUT K aBapUiHOMY 3aBepiieHnio. O0paboTKa curuaJia He coOpachl-
BaeTcsd, KOT[la OH IIepexBaThIBaeTCd.

SIGTSTP [24] — TepMUHAIBHBIN cuTHAJ ocTaHOBKH (terminal stop signal).
Tenepupyerca mpu HaKaTHUU CHEIUATBHON KOMOWHAIIMM OCTAHOBKU
[Ctrl+Z]. Ananoruuen curaany SIGSTOP, HO, B OT/IMYME OT IIOCJIEIHETO,
MOJKeT OBITh IIepeXBaueH MM IIPOUTHOPUPOBAH.

SIGTTIN [26] — ocTaHOBKA (DOHOBOT'O IIPOIlECCA, ECJIU OH IIBITAETCS IIPO-
YUTATh JaHHBIE CO CBOEro yupagJisollero repmunaia (background pro-
cess attempting read).

SIGTTOU [27] — ocTaHOBKA (hOHOBOTO IIPOIlECCA, €CJIM OH IIBITAeTCH IIN-
caTh JaHHBIe Ha CBOI ymupasisionuii repmunan (background process
attempting write).

SIGURG [21] — curHaJ o MOCTYIJIEHUN B Oy()ep COKeTa CPOUHBIX (IPUOPU-
TeTHBIX) JaHHbIX (higs bandwidth data is available at a socket, urgent
condition on I/0O channel) yBegomisieT mpoiecc, YTO O OTKPHITOMY UM
CeTeBOMY COeIUHEHUIO IIOJIyUeHbl BHEOUEPeIHbIE JaHHbIE.

SIGUSR1 [16], SIGUSR2 [17] — 3ape3epBUpPOBaHHBIE CUTHAJIBI II0JIL30BATE-
Jas. [[1s 3TUX CUTHAJIOB MpeaoIpeaeieHHoM peakueit B QNX saBiasercs
3aBepIlieHne mIpoiiecca (XOTA ecTeCTBeHHee 0KUIATh, U TaK 3TO HmpeaJjia-
raet POSIX, peaKIuio «UTHOPUPOBATH CUTHAJ»), U PEAKIINI0 HAa HUX
IOJIXKeH OmpenesATh II0JIb3oBaTe b. Tak ke Kak u curHaJy SIGTERM, st
CHUTHAJIBI HUKOTA He IIOCBLIAI0TCA CHCTEMOI.

SIGVTALRM [28] — curmaJy BUpTyaJabHOro Taiimepa (virtual timer expi-
red). ITomo6u0 SIGPROF 1 SIGALRM, aTOT CHUrHAJ BO30YIKIa€TCs 10 NCTeUe-
HUU BpeMeHU TaiiMepa (3TO TPeTUil n3 JOCTYIHBIX TaliMepPOB), KOTOPHIH
u3MepsAeT BpPeMsi IIPOIleccopa TOJBKO B MOJb30BATEIBCKOM DEKUME
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(TaiiMmep ycTaHaBIMBAeTCA 3aJaHueM IIePBOro mapamerpa setitimer(),
paBHBIM ITIMER_VIRTUAL).

e SIGXCPU [30] — curHaJ o IIpeBBIINIEHNY JIUMUTA IPOIECCOPHOTO BpeMeH!
(CPU time limit exceeded). IToceLaaercs mpoieccy Py NCUEPIIAHUY UM
paHee YCTaHOBJIEHHOI'O JUMHUTA IIPOIECCOPHOTO BpeMeHU. [leficTBue IO
YMOJIYAHUIO — aBaPUITHOE 3aBePIIIeHUE.

e SIGXFSZ [31] — curHaJ O HpeBBIIIEHUN IIpejeJia, YCTAHOBJIEHHOIO Ha
pasmep (aitna (file size limit exceeded). HeficTBue 0 yMOJIUYaAHUIO —
aBapuiiHOe 3aBepIleHue.

e SIGWINCH [20] — curaajs, KOTOPHIN reHepUpyeTcA (B KOHCOJILHOM DEXKU-
Me pterm u xterm aMyJUPYIOT €T0 BPYYHYIO IPU M3MEHEHUU UX pasMe-
poB) Ipu m3MeHeHHHW pa3mepa okHa (window size change) mns samy-
IIIeHHOTO B OKHE IPUJIOKEeHUus (mc, mqc...), YTOObI OHO IIEPEPUCOBAJIO
CBOIi 9KpaH BHIBOZA.

Mpumeyanue
B QNX onpepeneHo ele fBa cneundmryecknx CUrHana, KoTopble BpA M JOMXKHbI Npef-
CTaBNIATb 1A HAC UHTEpeC:

® SIGIOT [6] - IOT-uHCTpYKUMA; HUKOTAQ He reHepupyeTcs Ana nnatdopmbl x86.

® SIGPWR [19] — curHan power-fail restart, o KOTOPOM B TEXHUYECKOI BOKYMEHTAL MM
QNX HUMYEro He roBOpUTCA, HO B Npeambyne, ONUCHIBatOLLEN HOBOBBEEHUS BEPCUN
6.2.1, cka3zaHo: «corrected SIGPWR to SIGTERM», To ecTb 3TOT curHan, o4eBUAHO, —
PYAMMEHT NPeXHUX BEpCUii CUCTEMBI.

Mpumeyanune
POSIX gonyckaert, 4To He BCce CUrHanbl MOTYT 6bITh peanusosaHsl. bonee Toro, gonycka-
eTCA CUTyauus, Koraa HeKoTopoe CMMBONMYECKOE WMA CUTHana OnpefeneHo, HO caMm
CUTHAN OTCYTCTBYET B CUCTEME (M3MEHEHMs TAKOro pPOAa BMOMHE MOTYT HabnofaThCs
npu nepexofe ot ofHoit Bepcum QNX k gpyroit). [ns [MarHOCTUKYM PeanbHOro Halnuns
CUTrHana MOXHO BOCMONb30BaTbCA peKOMeHAaLuen, NpuBefeHHON B MHPOPMATUBHON
yacTu ctaHpapta POSIX 1003.1: Hanuune noafepxKu curHana cooblaeT Bbi30B QyHK-
umn sigaction() c aprymeHTamu act u oact, yctaHoBneHHbsiMu B NULL. lpuBegem npo-
cTeitwnit TecT (gaitn sl.cc), peanusyiowmii pekomeHpauuto POSIX 8 QNX 6.2.1:

#include <stdlib.h>
#include <stream.h>
#include <errno.h>
#include <signal.h>
int main( int argc, char *argv[] ) {
cout << "SIGNO"
for( int i = _SIGMIN; 1 <= _SIGMAX; i++ ) {
if( 1% 8 ==1) cout << endl << 1 << ":";
int res = sigaction( i, NULL, NULL );
cout << "\t" << ( ( res !=0 && errno == EINVAL ) ? "-" : "+ )
b
cout << endl
return EXIT_SUCCESS
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W pe3ynbTar ero BbINONHEHUS:

SIGNO

1: + + + + + + + +
9: + + + + + + + +
17: + + + + + + + +
25: + + + + + + + +
33: + + + + + + + +
41: + + + + + + + +
49: + + + + + + + +
57: - - - - - - - -

Cuctema «cymtaet» Bce curHansl 1...56 peanusyembimMu, a nocnegHue 8 cneunduyec-
Kux curHanos QNX, Kak ynoMUHANOCh Bblle, HE JOMNYCKAIOT NPUMEHEHUA K HUM sigac-
tion(). 3gech C yyeToMm LUTMpPOBaBLIENCA Bble packnapkoit curHanos QNX ectb He-
Gonbluas 3arafka: MakcumanbHeiM Homepom POSIX-curHana, onpefeneHHoro B <sig-
nal.h>, asnsetca 31 (SIGXFSZ — 31); TaM e B KOMMeHTapuu ecTb pasa: «4onycTu-
MblA AMANA30H NONb30BATEIbCKMX CUTHANoOB — oT 1 fo 56, ncnonb3yembix AAPOM — OT
57 0o 64». HenoHATHO, B KAKOM KauecTBe UCMONb3YIOTCA cUrHansl 32 — 40, Henocpeg-
CTBEHHO MpeALECTBYIOLWME CUTHANAM PeanbHOro BpeMeHu (41 — 56) u guarHoctupye-
Mble sigaction() kak peicTBuTenbHble (valid)? Mo3xke Mbl yBUAWM, 4TO OHM OGCAYKH-
BalOTCA CUCTEMON HapaBHe C AOKYMEHTUPOBAHHbIMU CUFHANaMm.

TpaanunoHHasa obpaboTka curHana

B aT01i vacTu n310:KEHNA MBI PACCMOTPUM TPAAUITMOHHBIE MOJIEJIU IIepeXBa-
Ta CUTHAJIOB U YCTAHOBKHU IJIA HUX COOCTBEHHBIX 00pPabOTUYMKOB (B TOM UMC-
Jle ¥ WTHOPUPOBAHNE WJIW BOCCTAHOBJIEHWE CTaHIAPTHOUW 0OpabOTKHU II0
yMmoauanuio). TepMUH «TpPagUIIMOHHBIN» 3[eCh O3HAUAeT, UTO MLI OErJyio
paccMoTpuM OOPabOTKY CUTHAJIOB IPUMEHUTEJIBHO K IIPOIleCcCaM UM CTaH-
maptabIM curHasiaM UNIX (He curHasiam peajibHOT'O BPEMEHH), TO €CTh B TOM
U3JIOKEHUM, KaK OHAa TPaJUIIMOHHO PAcCMaTPUBAETCs B JIUTEPAType IO
UNIX (u 3mech curaaj BOCIPUHUMAETC, KOHEYHO JKe, eIMHCTBEHHBIM IT10-
TOKOM TIPUJIOJKEHUs, a He IIPOIleCCOM, HO B 3TOM CJIyuae pasjuuue He
npuHIUNuaabHo). Ilo3:Ke MBI pacCMOTPUM MOJeNIb 00PabOTKM CUTHAJIOB
peaJIbHOTO BPEMEHU U PACIINPUM €€ Ha MHOTOIIOTOYHEIE IIPUJIOKEeHU .

«Ctapaa» mogenb obpaboTKu curHana

B pamnnux Bepcusx UNIX 6bLia IpUHATA €IUHCTBEHHAA MOIeIb 06paboTKMI
CUT'HAJIOB, OCHOBaHHAA Ha (GpyHKIuU signal(), KoTopas IIoapa3yMeBaeT ce-
MAaHTHKY TaK Ha3bIBa€MbIX «HEHaOeXHbIX CUI'HAJIOB», IIPUHATYIO B 9THUX
OC. ITos:xe sTa MOAEJb ObLIA IIOABEP KEHA PASUKAIBLHON KPUTUKE, BCKPHIB-
el ee «HEHAAEIKHOCTh» . [laHHAas MOJeJIb COXpaHeHa IJIsi COBMECTUMOCTH
Cc paHee pa3paboTaHHBIM IIporpaMMHBIM obecmeuenmeMm. OHa obJjagaeT cy-
IIIeCTBEHHBIMHU HeJOCTAaTKaMM, OCHOBHBIMHU 13 KOTOPBIX ABJAIOTCA:

® TIIpoIrecc He MOJYKeT 33.6JIOKI/IpOBaTI: CHUTI'HAJI, TO €CTh OTJIOKHTH IIOJIy4de-
HIe CUTHaJIa Ha IIePHOo/J BBIIIOJTHEHNA KPUTUNYECKHNX YIYaCTKOB KOJa;
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® KaKIBIM pas IIPU MOJYUYeHUU CUTHAJA ero AUCIIO3UIINA YCTaHAaBJIUBAET-
cs Ha AelicTBHUE 0 YMOJIYAHUIO, ¥ IIPU HEOOXOAUMOCTH IPOLOJIMKUTE 00-
pPaboTKy IOCTYIAIOINUX CUTHAJOB TPeOyeTcs IIOBTOPHO BOCCTAHABJIM-
BaTh TPeOyeMblit 06paboTUUK.

Bor npumep (@aiin s2.cc) ncnosb30BaHUSA 9TOU MOAEJIU B KOJE, KOTOPBII
yoKe CTaJl MJIIOCTPATUBHBIM 00pas3oM M KOUYeT M3 OJHOTO MCTOYHUKA
B IPyroii:

HeHapeXxHasa mopenb peakuuu Ha CUrHaN

#include <iostream.h>
#include <signal.h>
#include <unistd.h>

// obpaboTumnk curHana SIGINT:
static void handler(int signo) {
// BOCCTAHOBUTb 06paboTymK:
signal( SIGINT, handler );
cout << “flonydeH curHan SYSINT” << endl

b

int main() {
// ycTaHaBAMBaANTCA AUCNO3UUMU CUTHANOB
signal( SIGINT, handler );
signal( SIGSEGV, SIG_DFL );
signal( SIGTERM, SIG_IGN );
while( true ) pause()

1

Mpumeyanue
Makpocbl STG_DFL n SIG_IGN onpefenstoTca Tak:
#tdefine SIG_ERR ( ( void(*)( _SIG_ARGS ) ) -1)
#tdefine SIG_DFL ( ( void(*)( _SIG_ARGS ) ) 0 )
#tdefine SIG_IGN ( ( void(*)( _SIG_ARGS ) ) 1)
#tdefine SIG_HOLD ( ( void(*)( _SIG_ARGS ) ) 2 )

rae _SIG_ARGS — 310 daktnyeckn Tun int. SIG_DFL u SIG_IGN ycTaHaBauBawT gnucno-
3ULMKN CUTHANA KMo YMONYAHUIO» U KUITHOPUPOBATb» COOTBETCTBEHHO, @ 0 SIG_HOLD Mbl
Oyaem OTAENbHO FOBOPUTHL MO3XKE.

BrinosiHeHne 9TOI IporpaMMbl BaM OyZeT He TaK IPOCTO HPEKPATHUTh: Ha
rKombuHamuio 3asepirenus [Ctrl+C] ona orBeuaeT coobIeHneM O IIOJIyde-
HUU CUTHAJA... W Bce. BoOCmonb3yeMcs AJIs 9TOr0 IOCHLIKON IIporpaMMe
OIISATH 2Ke CUTHAJIa, HO U3 IPYToro Ipoiiecca (Apyroro sK3eMILIsIpa KOMAaHI-
HoOro nHTepuperaropa). Cmorpum PID 3amyieHHOT0 Ipoiiecca:

# pidin

2207786 1 ./s2 10r STOPPED
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1 mocwliaeM IpOIecCy CUTHAJ 3aBEPIIeHNA:
# kill -9 2207786 mam kill -SIGKILL 2207786

Taxum ke 00pasoM, KaK IIOKA3aHO KOMAaHIOI kill, MbI OyJeM IOCBLIATH
CHUT'HAaJBI IIPOITecCaM «M3BHE» M B OIIMCBIBA€MBbIX JaJjiee TeCTaX, He OCTaHaB-
JIMBAsICh MOAPOOHO, KAK 3TO IIPOUCXOAUT, B TOM UHCJIE U AJIS CUTHAJIOB pe-
ampHOTO BpeMmeHu (41...56).

IIpenpiaymuit mpuMep MOMKHO mepenucath (gaiin s4.cc) nis obecrneueHUA
yacTo TpebyeMoil Ha IPAKTUKE 3AI[UTHI OT HEMEIJI€HHOTO IPePhIBAHMUS BbI-
noauernus mo [Ctrl+C], uro6sl gaTh MporpaMmMe BO3MOMKHOCTD BBIIIOJHUTH
Bce TpeOyeMble ollepalluy IO 3aBeplIeHnio (cOpocuTsh Oydepsl JaHHBIX HaA
IVCK, 3aKPBITh (DAMJIBI, COKETHI U JPYTHe UCI0JIb3yeMble 00bEKTHI):

#include <stdlib.h>
#include <iostream.h>
#include <signal.h>
#include <unistd.h>

static void handler( int signo ) {

cout << "Saving data ... wait.\r" << flush;
sleep( 2 ); // ... 30eCb BLMONHAKNTCS BCE 3aBepuanuye AENCTBUA
cout << " " << flush;

exit( EXIT_SUCCESS );
1

int main() {
signal( SIGINT, handler );
signal( SIGSEGV, SIG_DFL );
signal( SIGTERM, SIG_IGN );
while( true ) pause()

1

OmnepaTop oKugaHuA pause() MPU MOCTYILIEHUN CUTHAJOB 3aBepIaeTcs
c Bo3BpaToM —1, a mepeMeHHAas errno ycraHaBauBaeTrcsa B EINTR. OTor ome-
paTop maeT HaM ellle oguH crocob (¢gaiin s3.cc) HeaBHOTO (0€3 ABHOI ycTa-
HOBKH 00pab0TYNKOB) NCIIOJIb30BAHUA CUTHAJIOB:

#include <stream.h>
#include <stdlib.h>
#include <unistd.h>

int main( void ) {

alarm( 5 );
cout << "Waiting to die in 5 seconds ..." << endl
pause();

return EXIT_SUCCESS
IR

OnucsiBaeMasi MoJeIb 00pab0OTKY CUTHAJIOB 006J1ajaeT PALOM HeJOCTATKOB,
cumTaeTcs yCcTapeBIei u, 0ojiee TOro, Kak OLLIO II0OKa3aHo, He o0eciieunBa-
eT HaJeKHYI0 00paboTKy curuajaoB. TeM He MeHee 3Ty MOZEJIb JOCTATOYHO
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IMIUPOKO IPUMEHAIOT B MMPOCTHIX CIAyYasaX, HATPUMED IIPU HEOOXOAUMOCTH
YCTaHOBUTL TaM-ayT IJsA HEKOTOPOU omepamnuu. Bor Kak, K IpuMepy,
yCTaHABJIMBAETCS TaM-ayT OKUIAHUA yCcTaHOBIeHUA coenuuenusd B TCP/
IP-kauente [9]:

void alarm_handler( int sig ) { return; };
int main() {

signal( SIGALRM, alarm_handler );
alarm( 5 );
int rc = connect( ... );
alarm( 0 );
if( rc < 0 && errno == EINTR )

cout << “"UcTek Tamm-ayT” << endl, exit( EXIT_FAILURE );

’s
31ech YMECTHO HAIIOMHUTL HEMAJOBAasKHOE OOCTOSTeIbCTBO, CBIA3aHHOE
C curHaJlaMU, KOTopoe 00/esisgeTcad BHUMAaHueM BO MHOTMX PYKOBOJACTBAX
IO MPOTPaMMUPOBAHUIO: OOJBIITUHCTBO OJIOKUPYIOIINX BbI30BoB API (con-
nect(), delay(),wait(), waitid() u mHOTHE ApPyTHE) 6YAYT Pa36IOKNPOBAHBI
IpHU HOJIyUYeHUU GJJOKMPOBAHHBLIM IIOTOKOM JIFO0OT0 curuaJa. Taxkue BuI30-
BoI API, Kak pause() u sigwait(), BoobIIe mpegHa3HAUEHbBI TOJIbKO IJIS BbI-
HOJIHEHUS IIACCHUBHOII OJOKMPOBKM IO MOMEHTa IIOCTYILJIEHMS CHUTrHaJa.
Muorue mx HUX BO3BpPAIAIOT 3HAUYEHNE MM YCTAHABJIWBAIOT B KauecTBe
KOJa CHMCTEeMHOM OIIMOKM errno 3HaueHue EINTR, cmemuaabHO OTBeJeHHOE
IS OTPasKeHUs TAKOT0 pe3yJibTaTa 3aBepIlleHns, KaK IIPpepbIBaAHNE IIOCTY-

OUBIIKUM U3BHE CUTHAJIOM. MBI HEOTZHOKPATHO Oy/IeM MCII0JIb30BaTh 9TO 00-
CTOATEJIBCTBO B TeKCTe IPUMEPOB IPOrPpaMMHOI0 KOJia, HallpUMep:

if( delay( 100 ) =0 ) .

B marnHOM ciryuae yuuThsiBaeM, 4To PyHKIIUA delay() Bo3BpallaeT Hepeain-
30BaHHBIN OCTATOK «3aKasaHHOTO» el OMKUIAHUSI, KOTOPBIM MOKET OBITH
HEHYJIeBBIM TOJILKO IIPU IIPEPHIBAHUY DTOTO OKUAAHUA CUTHAJIOM KU3BHE
(HyJIeBOe 3HAUEHME COOTBETCTBYET «EeCTECTBEHHOMY» MCTEUEeHUIO BPpeMeHU
3aJIEPIKKHI).

Mopenb HageXHbIX CUrHasoB

B 6Gosee mosgHe# («HOBOU») Mozesn o6pabOTKM CUTHAJIOB (HasbIBAEMOM
eIre MOJIeJIbI0 HAaIeXKHBIX CUTHAJIOB) UCIIOJIb3YIOTCS He eJUHNYHbIe CUTHA-
JIbI, @ Ha0OPBI CUTHAJIOB — TUI Sigset t.

Mpumeyanue
POSIX TpebyeT, 4ToObI B peanusauuu TMn sigset_t onpeaensncsa Takum obpasom, 4To-
Obl OH MOT «BMECTUTbY BCe OMpefeneHHble B cucteMe curHansl; gns QNX 3to yucno pas-
HO 64. Onpepenexne Tuna sigset_t B QNX, Kak M 6ONbWKHCTBO (DYHAAMEHTANbHbBIX AN
CUCTEMBI OMpefieNleHni, HaXOANTCA B 3aroNOBOYHOM (paiine <target_nto.h>:
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struct { long bits[ 2 ]; }

[TOHATHO, 4TO B 3TOM cny4yae Tun sigset_t — 3To O6MTOBas MacKa, HO Ha NPaKTNUKe 3Ha-
HUe npencrtaBneHUA 3Toro Tmna He uMeer HWKaKOW LeHHOCTUN ana nporpamMMmncTa, Tak
KaK BCe onepauuun Hap HUM BbINOJIHAKOTCA Ha60p0M cneunanbHbIX onepauwﬁ, TaK 4To
COBEepLWEHHO 060CHOBAHHO 3TOT TUM MOXHO CYMTATb a6CTpaKTHbIM.

s ¢hopMupPoOBaHUSI CUTHAIBLHBIX HAOOPOB OIIpeiesieTcss Habop crernuaib-
HBIX OIepaIiui:

e sigemptyset( sigset_t *set ) — MHMIMaAJIU3UPYyeT HabOOp set, MCKJIOUYAT
13 HEro Bce CUI'HAJIBI;

e gigfillset( sigset_t *set ) — mHUIIMaIM3upyeT HabOp set, BKJIOUAA
B HETr'O BCe€ CUT'HAJIbI,;

e sigaddset( sigset_t *set, int signo ) — mobaBaseT B MHUIIUAIHUSUPO-
BaHHBIN HAOOP Set e IMHUYHBINA CUTHAJ Signo;

e gsigdelset( sigset_t *set, int signo ) — ymajsdeTr M3 MHUIIUAJIUIUPO-
BaHHOTrO Habopa set eTMHUYHBIA CUTHAJ Signo.

B xauecTBe Signo B QYHKIUAX NOOABJIEHUS U YAAJEHUA €IUHUYHBIX CUT-
HAJIOB HCIIOJIb3YeTCS CUMBOJIMYECKAas: KOHCTAHTA, COOTBETCTBYIOIIASA CUT-
Hany (Takad Kak SIGINT), aubo uucIeHHOe 3HAUeHNe CUTHAJA, HO B 9TOM
cilyyae KOJ CTAHOBUTCS 3aBUCHMBLIM OT CHCTEMBI. JIerKo yBHUIETb, YTO,
OJIb3YSICh COBOKYIIHOCTBIO 3THX 4-X Omepamuii, MOXXHO cHOpMUPOBATH
JII0001 ITPOM3BOJIBHBIN HabOp curuaoB. Hampumep:

sigset_t sig;

sigemptyset( &sig );
sigaddset( &sig, SIGPOLL );
sigaddset( &sig, SIGALRM );

AToT hparMeHT Kojaa GOpMUPYeT CUTHAJIBHBIN HAOOP, COCTOAIIUHA U3 ABYX
curaaJjoB: SIGPOLL i SIGALRM.

Hucmosuiiua o6paboTKM KasKI0r0 CUTHAJA B 9TOM MOJeJU YCTaHaBINBAET-
cs PYHKIIUeH:

int sigaction( int signo, const struct sigaction *act, struct sigaction *oact );

rae signo — Homep (MMs) CUTHAJA, AJISI KOTOPOrO YCTAHABINBAETCS LUCIIO-
SUINSA;

act — oIpeesieHre HOBOTO 00pabOTUMKA CUTHAJA;
oact — cTpyKTrypa (ecau ykazauo He NULL), roe OyzeT coxpaHeHO ONMUCAHTE

paHee yCcTaHOBJIEHHOT0 00paboTunka (HampuMep, AJIsd IIOCJIeIYyIero Boc-
CTAHOBJIEHUS PEAKIINN).

CrpykTypa onucanus obpaborumnka sigaction ompeznenseHa Tak (MbI UCKJIIO-
YMJIN U3 ONPeJesIeHUsA YaCTh CTPYKTYPbI, IpeAHa3HAUEHHYIO AJIs KOMIIU-
asaropa Watcom, QNX 4.X):
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Mpumeyanue

struct sigaction {
#define sa_handler un._sa_handler
#define sa_sigaction un._sa_sigaction
union {
void (*_sa_handler)( _SIG_ARGS );
void (*_sa_sigaction)( int, siginfo_t*, void* );
}oun;
int sa_flags
sigset_t sa_mask
b

370 onpefeneHne no Gopme, HO He MO COAEPKAHMIO OTIMYAETCA OT OMMCaHMWA, NoKa-
3aHHoro B POSIX 1 ucnonb3yemoro Bo MHorux TpaguumoHHbix UNIX [5] (o6patute BHU-
MaHue Ha W3MeHeHWe MopAfKa CNefoBaHNA Noneit Macku 1 hnaros; 3TO MOXET CTaTb
nperpagoi Ans NpsaMon MHULMANU3ALMUU CTPYKTYPLI B cTUNe C++ U3 coobpaxeHuit ne-
pEHOCUMOCTH):

struct sigaction {
/* ykasaTenb Ha ¢GyHkuUuio 00paboTumka curHana */
void (*sa_handler) ( int );
/* curHans, Onokupypumecs Bo Bpems 00paboTkM */
sigset_t sa_mask
/* Gnaru, BAWGUMEe Ha NOBeAeHUE CUrHana x/
int sa_flags
/* ykasaTenb Ha ¢GyHKUM obpaboTuymka curHana =/
void (*sa_siaction) ( int, siginfo_t*, void* );

1

Onpepenenus #define B nepBbix CTPOKAax onucaHWUs — 3T0 06bi4Has B QNX npakTuka
nepeonpefeneHus UMeH AN KOMNUIATOPOB, HE MOHUMAIOWUX» AHOHUMHBIX (HeuMe-
HOBaHHbIX) 06beanHeHuit (union). Jerko BUAETH, YTO AaXe pa3Mepbl CTPYKTYP B 3TUX
aByx onpegenenusx (QNX u POSIX) OymyT 0TaMyaThCs, YTO NOfCKa3biBaeT HEOOXOAM-
MoCTb cobniofieHNs 3feck 0060l TIWATENLHOCTH NPU UCMOb30BAHUN.

ITepBoe mose sa_handler ompenenseT oOpPabOTUMK, yCTaHABIMBAEMBIN IJIsd
cuTHaJIa B TPAAUITMOHHON MOAear. OTO MOYKET ObITh:

SIG_DFL — BocCTaHOBUTH O00PAOOTUMK CUTHAJA, IPUHATHIN IO yMOJIUYa-
HUO (ompeaenerus SIG_DFL u SIG_IGN cM. B IPeaBIAYIIIEM pasmiesie);

SIG_IGN — urHOPUPOBATh JAHHBIN CUTHAJT;

agpec GyHKIIUM-00paboTUYNKA, YCTaHABJAMBAeMOM KaK peakIusa HA II0-
CTYIJIEHUE 3TOTO CUTHAJA. ITa PYHKIUA OyIeT BHITOJHATHCA IIPU II0-
CTYIIJIEHUU CUTHAJIA S1gn0, M B KAYeCTBe apryMeHTa BbI30Ba OHA HOJIYUUT
3HaueHUe signo (ogHa QYHKIINSA MOKET BBICTYIIaTh KaK 00pabOTYNK I1e-
JIOM T'PYIIILI CUTHAJIOB). YIIpaBJjieHHe OyJeT IepemaHo 9Toi GyHKIIUH,
KaK TOJbKO IIPOIIECC IIOJYUUT CUTHAJ, KAKOM ObI yYaCTOK KOJa IIPH STOM
HU BBINOJHsICA. ITocae Bo3dBpaTa 13 PYHKIUMK yIIpaBaeHne OyIeT BO3-
BPAII[EHO B Ty TOUKY, B KOTOPO BBIMOJHEHNE IIPOIlecca ObLIO IIPePBaHO.
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Bropoe moJie sa_mask JeMOHCTpPHPYeET IIepBOoe IMpUMeHeHNe Habopa curHa-
JIOB: CUTHAJIbI, YCTAHOBJIEHHBIE B Sa_mask, OyayT OJI0KUPOBAThCA HA BpeMs
BBITIOJTHEeHUST o6paboTumka sa_handler (mpu BbI3oBe sa_handler m caMm cur-
HaJI signo OyaeT HeABHO J0OAaBJIEH B HA0OD sa_mask, MOSTOMY ero MOXKHO He
YKas3bIBATh ABHO). TO HE 3HAUUT, UTO IIOCTYIUBIINE B 3TO BPeMs CUTHAJIbI
OyAyT UTHOPUPOBATHCA U TEPATHCS, IIPOCTO X 00paboTKa OyeT OTJIoMKeHa
0 3aBepIeHus paboTel o0padoTunKa sa_handler.’

ITose sa_flags MOKeT HMCIOJB30BATLCA IJIs M3MEHEHMS XapaKTepa peak-
MY HA CUTHAJ S1gn0. BO3MOKHEI ciIenyIolye sHaUYeHn s II0JIA (DJIaros:

e SA_RESETHAND — mocJie BbIMOJIHEHUS (PyHKIIMKU oOpaboTumka OymeT BOc-
cTaHOBJIeH 0O0paboTunk mo ymoauanuio (SIG_DFL, 4To cooTBeTCTBYeT Iy-
Xy MOIENU «HEeHAMEeKHBIX CUTHAJIOB» U II03BOJISIET BOCIPOU3BOAUTE €€
IOBeJieHue);

e SA_NOCLDSTOP — mcmosab3yeTcsa TOABKO AJia curaanaa SIGCHLD; ¢piar ykassi-
BaeT CUCTeMe He TeHepUPOBATh AJII POAUTEIbCKOro mIporecca SIGCHLD ot
TIOPOKIEHHBIX IIPOILEeCCOB, KOTOPHIE 3aBePIIAIOTCA ITocpeacTBOM SIGSTOP.

e SA_SIGINFO — mpu aToM OyZeT mCcIoJab30BaHA 00pabOTKAa CUTHAJIOB Ha 0a-
3€e ouepeny CUTHAJIOB (MOJIeJIb CUTHAJIOB peaJibHOTO BpeMeHn). ITo ymour-
YaHUIO UCIIOJb3YyeTCcA IpocTasd o0paboTKa: pe3yabTaT BO3AEUCTBUS He-
CKOJIBKUX CUTHAJIOB OIIpeJesAeTcA IMOCAeIHUM MOCTyNuUBIIUM. B ciy-
Yae yCTAaHOBKU 3TOro (hirara OyzeT MCIOIb30BaHa paciiupeHHasa ¢popma
obpaboTumka sa_siaction (mpu sToMm moJjie sa_handler He OGyAeT MCIOJIb-
soBarbca)®. OOpaboOTUMKY OyAeT IepefaBaThCA NOIOJHUTEJbHAS WH-
dopmamus o curHasie — cTpykKrypa siginfo_t (ero Homep, PID mocsas-
IIero CUT'HAJ IIPOIlecca, NeiCTBYIOINN UAeHTU(GUKATOD MOJIb30BATES
9TOTO IIpoliecca). ATa BecbMa 00beMHasA CTPYKTypa OyAeT oueHb KPaTKo
paccmorpera Huske.® Ee onmcanne BEIHECEHO B OT[EIbHBIH 3aT0JI0BOY-
HBIN (paita <sys/siginfo.h> u MoKeT OBITh U3YUEHO TAM.

IIpuBeneM HECKOJIbKO HEOOJIBIINX 1 CAMBIX IIPOCTHIX IIPUMEPOB HCIIOIb30-
BaHUA MOJEJIN HaJeKHbIX CUTHAJIOB.

1 Bce aTo 1 fesaeT MexaHu3M 00paboTKu OoJiee HaleKHBIM II0 CPaBHEHUIO ¢ 6ojee
PaHHUM MeXaHN3MOM, KOTOPBIH OMUCHLIBAJICA BhIIIIE.

2 Croenupuranusa XSI Tpedyer, 4ToObI IIPOIECC UCI0JIb30BAJ JIN0O0 IIoJIe sa_handler,
aubo mojie sa_sigaction, Ho He oba MOJIsI OAHOBPEMEHHO (B cydyae «KJiacCuuec-
KOI» CTPYKTYpHI sigaction, cm. Bbime). Peamusamus QNX 3a cuer o0bequHe-
HUS IBYX 00pabOTUMKOB IO OJHUM uUnion obeciieurBaeT 3TO TPeOOBaHUE aBTO-
MaTHUUYEeCKU, XOTSA OIpenesieHUsS IIPU STOM CTAHOBATCI HECKOJBLKO 06ojiee I'po-
MO3IKVMU.

3 Mopgenb ouepeay CUTHAJIOB BBeJleHa INIaBHBIM 00pasoM IJid obeclieueHusa CUTHA-
JIOB PeaJIbHOI'0 BpeMeH! 1 Oy IeT paccCMOTpeHa HIKe.
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Mopaenb HaaeXHbIX CUFHaNOB

1. IlepexBaTumk curHaga SIGINT (peaKIius Ha HIOJb30BATEJIbCKUII BBOJ
[Ctrl+C])! (gpaiin s8.cc):

void catchint( int signo ) {
cout << “SIGINT: signo = " << signo << endl

int main() {
static struct sigaction act = { &catchint, 0, (sigset_t)0 };
// 3anpewaem nobuie curHans Ha Bpema 06paboTku SIGINT:
sigfillset( &(act.sa_mask) );
// [o aToro BbidoBa peakuueit Ha Ctrl+C OyneT 3aBepueHne 3afayn:
sigaction( SIGINT, &act, NULL );
for( int 1 = 0; 1 < 20; i++ )

sleep( 1 ), cout << “Cycle # 7 << 1 << endl
1

PesyabraToM HOpMasbHOTO (6€3 BMEIIaTEIbCTBA OII€PATOPA) BHIIOJIHE-
HUSA NPUJIOKeHUs OyAeT mocjemoBaTeqbHOCTb 13 20 IMUKJIOB CEeKYHI-
HBIX O}KUJAHUH, HO eCJIX B IIPOIleCcCe 9TUX OKUTAHUN IT0JIH30BATEb IIbI-
TaeTcsa mpepsBaTh paboty mporecca mo [Ctrl+C], To oH moayYuT BHIBO,
TOMO0HBIN CJAEAYIONIEMY:

Cycle # 10

. 3[eCb MoNb30BaTeNb NMHTAETCA MpepBaTb Nporpammy . ..
SIGINT: signo = 2
Cycle # 11

2. 3anpeT mpephIBaHUA BHIIOJHEHUSA IIPOTPaMMBI ¢ TepMuHAaJIa. {1 aToro
JOCTATOYHO 3aMEHUTH CTPOKY MHUIMAIN3AIIUY CTPYKTYPBI Sigaction Ha:

static struct sigaction act = { SIG_IGN, 0, (sigset_t)0 };

Mo:KHO MPOUTHOPUPOBATE CPA3Y HECKOJBKO CUTHAJIOB (IPEePhIBAIOIINX
BBIIIOJIHEHYE IIPOrPaMMBI C KJIABUATYPHI):

sigaction( SIGINT, &act, NULL );
sigaction( SIGQUIT, &act, NULL );

Hanee ocTaHOBUMCA ellle Ha OAHOM BbI3oBe API-cUTrHAaIOB, KOTOPBIH MTTUPO-
KO HCIOJIb3YEeTCSA B 9TOH M MOCIEAYIOIMINX MOAeIAX 00paboTKM (CUTHAJIbI
peaJibHOI'0 BpeMEeHHU, PeaKI[is B IOTOKAX):

int sigprocmask( int how, const sigset_t *set, sigset_t *oset );

1 MHunmanmaanuu, UCIIOJb3yeMble B IpuMepax Buaa sigaction act = { &catchint,
0, (sigset_t)0 };, OyayT 3aBUCUMBIMU OT CUCTEMbI 13-3a OIIMCAHHBIX paHee pas-
Januuii orpegenaeHus struct sigaction B pasuabix OC UNIX.
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ITOT BHI30B IO3BOJIAET IPOYUTATH TEKYIIlee 3HaAUeHUE (ecau set ycTaHOBJIE-
HO B NULL, To mapameTp how UTHOPUPYETCA) WU IePEyCTAHOBUTD CUTHAJb-
HYIO MacKy AJd TeKylIero noroka. IlapameTpsl BbI3oBa:

e set —9TO TO 3HAUEHNE, B COOTBETCTBUU C KOTOPHIM KOPPEKTUPYETCS CUT-
HaJbHAs MacKa Ipoliecca;

® how — yKasbIBaeT, KAKOe MMEHHO JefCTBYUE IePEeyCTAHOBKY CUTHAJIBHOMN
MacCKH TPeOyeTcs OCYIeCTBUTh:

e SIG_BLOCK — mobaBUTH CUTHAJILI, YKa3aHHBIE B Set K MacKe IpoIliecca
(3a6JI0KMPOBATH PEAKIIUIO HA 9TU CUTHAJIBI);

e SIG_UNBLOCK — cOpocuTs yKasaHHBIE Set CUTHAJIBI B CUTHAJIBLHOM MacKe;

e SIG_SETMASK — mmepeycTaHOBUTH CUTHAJBHYIO MacKy IIpollecca Ha 3Ha-
yeHUe, yKa3aHHOe B set.

e oset — 3HaueHWe, B KOTOPOM OyZeT COXPAHEHO 3HAUEHWE MAaCKH’, IPej-
IIIeCTBYIOIee BLI3OBY (CTapoe 3HAUEHUE).

Kax u 60JBIITMHCTBO CUTHAMBHBIX QYHKIINM, TaHHaA GYHKIIUSI BO3BpAaIa-
eT HyJIeBOoe 3HAaUeHUe B Pe3yJIbTaTe YCIIEITHOTO BBITIOJHEeHUI U —1 B caydae
Heyaauu, IPU 3TOM KOJ] OITMOKY yCTaHABIMBAETCA B €1 NO.

WmenHo 9Ta QYHKIIUA CHUMAET OJHO M3 CAMBIX CYIIeCTBEHHBIX OT'PDaHUYE-
HUM, CBOMCTBEHHBIX MOJENU «HEHAJEeKHBIX CUTHAJIOB», — IO3BOJIAET 3a-
OJIOKMPOBATh PEAKIUI0 HA CUTHAJBI TPU BBIMOJHEHUU KPUTUYECKUX
YYacTKOB KOJJa M BOCCTAHOBUTH €€ IIPU 3aBEPIIEHUU BBIMMOJHEHUSA JTUX
YYacTKOB.

Mopenb curHanos peasibHOro BpemMeHu

CursaJjisl peajbHOT0 BpeMeHnu Ob1nu gobasieHbl B POSIX oTHOCUTEIBHO He-
maBHO (1996 r.). 9ra HOBas momeab B padaunuHbix OC UNIX peanusyercs
C Pa3HOM CTEIIeHbIO MOJIHOTHI U C OTKJIOHEHUSIMH OT cienuduranuii, 1 QNX
He ucKJoueHue. Mogess elfe 10 KOHITa He oTpaboTaHa, II0O3TOMY BO3MOMK-
HBI CIOPIIPU3EI (U ceiiuac oHU OyAYT).

Mogens curaasoB peajJbHOTO BpeMeHU, KoTopyio cuenuduiupyer POSIX,
ycranaBauBaeTca (iarom SA_SIGINFO (KOTOPBIH ysKe YIOMUHAJCA BHIIIIE)
mpu BBI3OBe sigaction(). B HUIKecaeyIoMeM IepeyncjieHuu TOT0, UTO IIpe-
IyCMAaTpPUBAET 3Ta MOJeJIb, MBI M3JIaraeM B IIEPBYIO OUepPeIb KaUeCTBEHHYIO
KapTHUHY OpoHCXoAdAinero, mpeaaaraemyio POSIX, koe-rge yTOUHSS ee
KOHKPeTHBIMU JAaHHBIMU peanusanuu QNX (apredakTsl B mOBeIeHUU
QNX 6yayT OTAEeJIbHO OTMEUEHEBI II032Ke):

1. CuruaJbl, Ha3bIBaeMble CUTHAJIAMU PeaJbHOTO BPEMeHU, MOTYT IIPUHU-
MaTh 3HaueHuA Mexxay SIGRTMIN m SIGRTMAX. KoamduecTBO TaKUX CUTHA-
JIOB OIpeJelideTcss B cucTeMe KoHcTauTou RTSIG_MAX, KoTopas JOJIXKHA
6b61Th He MeHee 8 (POSIX). B QNX: SIGRTMIN = 41, SIGRTMAX = 56.

2. O6paboTKa CUTHAJIOB PeaJbHOTO BpeMEeHU CTPOUTCS Ha OCHOBE OUepenu.
Ecau curuana nmoposxkaex N pas, To OH J0JKeH ObITh 1 N pas IIoJyueH aj-
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Mpumeyanue

Mpumeyanune

pecaToM (B OIKMCBEIBAEMEBIX PAaHEe MOJEJIsIX 9TO He TaK, B HUX IIPOIIECC II0-
JIy4aeT TOJbKO €JUHUYHBINA dK3eMILISAP curHaia). IIoBTopHbIe DK3eMII-
JIAPBI OLHOI'O U TOTO YK€ CUTHAJIA B MOJEJU PeaJIbHOI'O BpeMeHU JOCTaB-
Jsa0Tcs oopaboTunky B mopanke FIFO.

ITomumo 8-6UTHOTO KOZa C CUTHAJIOM PeaIbHOTO BPEMEHM aCCOITUUPYeTCS
32-6uTHOoe 3HaueHme (Si_value, MBI UM 3aiiMeMCs II03:Ke), 3aIM0JTHAEMOe
OTIIpaBUTEJIEM M OOCTaBJIA€MO€ IIOJydaTeJIro (‘-ITO IIO3BOJIAET <«Pa3Jin-
YaTh» 9K3EeMILISAPHI CUTHAJIOB B OUEPEIN, O KOTOPOIl TOBOPUJIOCH BBIIIIE).

s paboThl ¢ cUrHaJlaMU PeaJbHOTO BpeMeHU A00aBJIEHO HECKOJbKO
HOBBIX (DYHKI[MI. B uacTHOCTH, B 3TOI MOJAEJU AJIA OTIPABKU CUTHAJA
HEKOTOPOMY IIpoIleccy UcIoabayerces sigqueue() BmecTo kill().

OTH ABa BBI30BA OIIPEAeIAI0TCA OUeHb OJIN3KUMU (hopMaMuU:

int kill( pid_t pid, int signo );
int sigqueue( pid_t pid, int signo, const union sigval value );

Kak Mbl BCKOpe YBUAWM, 3TU [1Be CUHTaKcuyeckue hopMbl OLHOTO M TOTO XKe Bbi30Ba OT-
NIMYAI0TCA NULLL TEM, NOMELLAIOT IN OHU B CUTHAN YKa3aHHOE 3HaYeHune Unmn oCcTasaaioT
ero HynesbIM. Ecnu npouecc yctaHaesnueaeT 06paboTKy CMrHana Ha OCHOBaHWM oyepe-
LM, OH BYLEeT NoNy4aTh NOYTM OAUHAKOBLIM 0OPA30OM CUTHANbI, NOCNAHHbIE 0GOUMM BbI-
30Bamu. PasHuua «noyTu» COCTOUT B TOM, YTO MONIyYaTeNb HAa OCHOBAHWUMW aHanM3a nons
si_code B siginfo_t B COCTOAHUM OTIMYUTb, KAKUM BbI30OBOM €My Oblfl NOCNAH CUTHAJ.

Mpu ownbke BbINOAHeHMA sigqueue() (Kod Bo3Bpata —1) MOryT ycTaHaBAWUBATLCSA
(B errno) cnegyowme Kogbl OWNHOK:

® EAGAIN — HepOCTaTo4HO pecypcoB Ans NOMeLeHUs CUrHana B oYepeasb;
® EINVAL - HegonyCcTMMOe 3HauYeHue signo uan HenoaAepKUBaeMbIii CUTHAN;

® ENOSYS - BbI30B sigqueue() He noanepxuBaeTcs peanusauueil (BO3MOXHO, Bep-
cuen);

® EPERM -y npouecca HefoCTaTOYHO NPUBUAETNiA AR MOCBUIKN CUTHANAa NpUHUMaL0-
emy npoteccy;

® ESRCH — Hecywectsytowuin PID npouecca nonyyarens.

MocnenHuii cnyyain 0cobo MHTEpPeCeH, TaK Kak NPy yKasaHWM B KaYeCTBE HOMEpa CUrHa-
na signo = 0 peanbHas NOCblIKa CMrHana He NPOM3BOANTCA, HO YCTAHABANBAETCA KOA
OWKOKM. ITO NpoCTerWwnii U 3dEKTUBHbLIA CNOCOO BbISCHUTb, BLINOJHAETCS M B CUC-
Teme npouecc ¢ 3afaHHbim PID.

Korga B ouepenp momeraioTcsa Pa3JIudYHbIe He 3a0JI0KMPOBAHHBIE TIPO-
meccoM (IOTOKOM) CUTHAJBI B Auamasone SIGRTMIN. . . SIGRTMAX, To curHa-
JIBI C MEHBIIINMHU HOMEpPaMHU AOCTaBJISA0TCA oopaboTunky us FIFO-oue-
penu paHbINE CUTHAJOB C OOJBIIMMHU HOMepamMu (TO €CTh CHUTHAJBI
C MEHbIIIMMU HOMePaMU UMeIOT 00Jiee BRICOKHUI IPUOPUTET).
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6. O6pabOTUMK AJIA CUTHAJIOB PeaJibHOTO BpeMeHH YCTaHaBIUBaeTcs ¢ (Jia-

roMm SA_SIGINFO, a pyHKIIMSI 00paboTUNKA 00bSABIAETCSA TEIlePh C APYTIHUM
IPOTOTUIIOM:

void func( int signo, siginfo_t* info, void* context );

O6paboTunk nMeeT 00JbIIIe IIapaMeTPOB U MoJIyuaeT 00JbIlie nHpopMa-
nuu. POSIX TpebyeT, uToObI THI Siginfo_t comep:kas KAaK MUHUMYM:

typedef struct {

int si_signo;

int si_code;

union sigval si_value; /* uenoe wnn ykasaTelb OT OTNpaBuTEngx/
} siginfo_t;

B QNX sigval ompenensaerca Tak (momo0Hoe omrpeaesieHre TaloT U APY-
rue OC UNIX):

union sigval {
int sival_int;
void *sival_ptr

b

Ato 32-6uTHOE 3HAUEHE TIPeSHA3HAUEHO A IOCLLIKY COBMECTHO C CHUT-
HAJIOM JaHHBIX IJIA MOJydaTess, KOTOPble, KAK BUAHO M3 CHHTAKCHCa
ompegesieHnsa sigval, MOTyT OBITH I[eJIOUNCACHHBIM 3HAUEHEeM UJIN YKAa-
3aTejeM HeCcHeln(puIuPOBAHHOTO TUIIA.

. ITosne si_code Tuma siginfo_t, mepegaBaeMoe IIOJIydYaTeai0, OIIPeaessaeT

IpUPOAY BO3OY KIeHUA CUTHAJIA:

e SI_ASINCIO — curHaJ mOpOKJIeH 3aBEPIIIEHNEM OIlepaI[uii aCUHXPOHHO-
TO BBOZa,/BBIBOJIA, 3aITyIlleHHOr0 oHoI u3 Gpyukmuit POSIX aio_*();

e SI_MESGQ — cureas Bos30Oy:KIaeTcA IPU IIOMEIeHUY COOOIEeHU S B Ty C-
Tyio ouepenb coobmienuii UNIX;

e SI_QUEUE — curuau 6517 oTIIpaBieH GyHKIUEH sigqueue() (B aTOM pas-
JIejie HaC MHTEePEeCYIOT TOJbKO TaKWe CUTHAJIBI);

e SI_TIMER — cumrHaj ObLJ IIOPOKIEH II0 MCTEUEHUU YCTAHOBJIEHHOTO
BpeMeHU MHTEePBAJIbHOTO TaliMepa;

e SI_USER — cursaJ ObLJI oTOpaBjieH QyHKIMe kill().

. Homyckaercs, 4To Ipu BO30Y KJeHUN CUTHAJIA eIle KaKuM-JIu0o Mexa-

HI3MOM (CBepX MEepPEeUYMCIeHHELIX, UTO MOMKET OIPeNeIsaAThCS cIernudu-
yecKuMu ocobernnocTamu OC) sHaueHne Si_code MOKET OTJIMYATHCA OT
nepeunciaeHHbIX. OIHAKO 3HAUEHME IOJIS Si_value cuuTaerca akTyalb-
HBEIM TOJIBKO B TeX CJIydYasiX, Korga si_code mMeeT OJHO M3 3HAUCHUIA:
SI_ASINCIO, SI_MESGQ, SI_QUEUE, SI_TIMER.

. Cormacuo POSIX curunajbl, 00pabOTUNKY AJIsI KOTOPBIX TaK:Ke yCTaHaB-

auBatoTcd ¢ paarom SA_SIGINFO, HO He BXOaAIMe B AMAIa30H CUTHAJIOB
peayIbHOTO BpeMeHH, HanmpuMep crammapTHble curHaiabl UNIX, moryrt
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00pabaThIBATLCS KAaK HAa OCHOBE IIOMEILeH!A X B oUuepelb, TaK u 6e3 ee
HMCIIOJIb30BAHI; BBIOOD OCTABJISAETCS Ha yeMoTperue paspadorunra OC.

Mgzl nepeunciauau ocHoBHBIEe TpeboBanus POSIX Kk mozenu o6paboTKU cur-
HAJIOB PEaJbHOr0 BpeMeHW. [[OmoJHEHus, OTJIWYMUS U cleluduuecKue
CcTPYKTYPHI auubiX QNX OyayT paccMOTPEHBI HEMHOTO O3Ke.

BecbMa moxXomUuuMBBIN IIpUMEDP /A IIPOBEPKU U HUJLIIOCTPAIuU 00paboTKU
CUTHAJIOB peaJIbHOT0 BpemeHU nipuBeeH Y. CtuBercoMm [2]. MsI :xe mocTpo-
UM IIPUJIOKEHNe, PeaJn3yolee ero OCHOBHYIO nero:!

anOpMTETbI CUrHasoB peasibHOro BpemMeHu

#include <stdlib.h>
#include <stdio.h>
#include <iostream.h>
#include <signal.h>
#include <unistd.h>

static void handler( int signo, siginfo_t* info, void* context ) {
cout << "received signal " << signo
<< " code = " << info->si_code
<< " val = 7 << info->si_value.sival_int << endl;

1

int main( int argc, char *argv[] ) {
cout << "signal SIGRTMIN=" << (int)SIGRTMIN
<< " - signal SIGRTMAX=" << (int)SIGRTMAX << endl;
int opt, val, beg = SIGRTMAX, num = 3,
fin = SIGRTMAX - num, seq = 3;
// 0bpaboTka napamMeTpoB 3anycka:
while ( ( opt = getopt( argc, argv, "b:e:n:") ) != -1 ) {
switch( opt ) {
case 'b' . // HavanbHbil cUrHan cepuu
if( sscanf( optarg, "%i", &val ) != 1)
perror( "parse command line failed” ),
exit( EXIT_FAILURE );
beg = val;
break;
case ‘e’ . // KOHeYHbil curHan cepuu
if( sscanf( optarg, "%i", &val ) != 1)
perror( "parse command line failed” ),
exit( EXIT_FAILURE );
fin = val;
break;

1 IToBroputh npuioskenue ¥. CtuBerca B QNX B UMCTOM BHJe He YIACTCSI — OHO
aBapuUifHO 3aBepIIUTCA II0 cUrHany. TOHKuM amanms 3Toro (aKTa MHTEpPEceH
caM 1o cebe, HO OH BBIXOAWT 3a PaMKH Halllero paccMoTpeHusi. Mbl o6paiiaem
BHUMAaHUE HA 3TO 00CTOATEIbCTBO, UTOOBI JMITHUIN pa3 cAesaTh aKIeHT Ha J0-
CTATOYHO OIYTUMBIX oTianumax peanusanuit QNX or cxem POSIX (unu Toro,
KaK 9TH cXeMbI moHnuMaioTces B gpyrux OC).
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case 'n’ : // KONMYECTBO CUTHANOB B TPYNne MOChIIKH
if( sscanf( optarg, "%i", &val ) != 1)
perror( "parse command line failed" ),
exit( EXIT_FAILURE );

seq = val
break;
default :
exit( EXIT_FAILURE );
}

N
num = fin - beg;
fin +=num >0 ? 1 : -1;

sigset_t sigset;

sigemptyset( &sigset );

for( int i = beg; i != fin; 1 += (num >0 ? 1 : -1 ) )
sigaddset( &sigset, i );

pid_t pid;

// BOT 3[eCb BETBAEHWe Ha 2 npouecca. . .

if( pid = fork() == 0 ) {

// Do4epHuit npouecc: 3aechb OyayT NpUHMMATbLCS MOCNaHHbHE CUrHambl

sigprocmask( SIG_BLOCK, &sigset, NULL );
for( int i = beg; 1 != fin
i4+=(Cnum>07?21: -1) ) {
struct sigaction act, oact;
sigemptyset( &act.sa_mask );
act.sa_sigaction = handler
// BOT OHO — peanbHOe BpeMd
act.sa_flags = SA_SIGINFO;
if( sigaction( i, &act, NULL ) < 0 )
perror( "set signal handler: " );
b
cout << "CHILD: signal mask set” << endl
sleep( 3 ); // naysa ang noOCbIKM CUIHANOB POAUTENEM
cout << "CHILD: signal unblock™ << endl
sigprocmask( SIG_UNBLOCK, &sigset, NULL )
sleep( 3 ); // naysa ang npuema BCEX CUTHanoBs
exit( EXIT_SUCCESS );
}
// POAMTENbCKMIA npouecc: oTciaa OyAyT NOCLNATbCH CUrHab
sigprocmask( SIG_BLOCK, &sigset, NULL );
// naysa ang ycTaHoBkM 00paboTuMKOB AOYEPHUM NPOLECCOM
sleep( 1 );
union sigval value
for( int i = beg; 1 != fin
i4+=(Cnum>021: -1))H{
for( int j = 0; j < seq; j++ ) {
value.sival_int = j;
sigqueue( pid, i, value );
cout << "signal sent: " << 1
<< " owith val = 7 << j << endl
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I
cout << "PARENT: finished!"™ << endl
exit( EXIT_SUCCESS );

b
W pes sToro Tecta KpaiiHe mpocTa:

e (CosmaroTcs IBa IpPoIlecca, OAUH U3 KOTOPHIX (POAUTENbCKIUIT) IIOChLIAET
cepuio mocjeqoBaTeJbHBIX (IO HOMEpaM) CUTHAJIOB, a BTOPOM (mouep-
HUIT) TOJKeH UX IPUHATL U 00paboTaTh.

e HauaabHBIN 1 KOHEUHBIH HOMeEpa CUTHAJIOB B CEPUHU MOTYT OBITH IIepe-
onpeesIeHbI KJII0YaMU -b ¥ -6 COOTBETCTBEHHO.

e IlochuraeTca He ONWHOYHBIA CUTHAJ, a WX IIOBTOPSAIONIASACA IPYIIIA;
pasMep IPpYIIIbI IOBTOPEHUHN MOYKET OBITH IIepeoIpeieieH KJII0UoOM —N.

e B KauecTBe 3HAUEHUs, ImepegaBaeMoro ¢ KaJabIM CHUT'HAJIOM, YyCTaHaB-
JIUBaETCA MOCTe0BaATEIbHBIN HOMED €ro IIOCBLJIKU B I'DYIIIIE.

Taxum o6pazoM, MBI MOYKEM M3MEHATH ITOCJIEI0BATEJIbHOCTh CUTHAJIOB Ha
mepegave M HaOJMIOLATH MOCJEJOBATEIHLHOCTh UX AOCTABKU K IIPUHUMAIO-
meMy Ipoiieccy. 3amycTuM IIOJYUYeHHOe IPUJIOMKEeHNe U cpasy Ke KOMaH-
Ioii pidin MOCMOTPUM €ro COCTOSAHIE:

1077295 1 ./sb 10r NANOSLEEP
1081392 1 ./sb 10r NANOSLEEP

JTO TO, YTO MBI U IIPEIIOJIATANHN II0JYYUTh. PacCMOTPUM Temepsb PesyibTaT
BBIIIOJIHEHU S MIPUJI0KEHUSA CO 3HAUEHUSIMU CUTHAJIOB 10 YMOJYaHUIO (CUT-
HaJbI 56...54, UMeHHO B ITOpPAJAKe YOBIBAHUS, B KaKIOU I'pyIIIe IIOChLIAeT-
cs 3 curHaJsa):

# ./sh
signal SIGRTMIN=41 - signal SIGRTMAX=56
CHILD: signal mask set
signal sent: 56 with val =
signal sent: 56 with val =
signal sent: 56 with val =
signal sent: 55 with val =
signal sent: 55 with val =
signal sent: 55 with val =
signal sent: 54 with val =
signal sent: 54 with val =
signal sent: 54 with val =
PARENT: finished

# CHILD: signal unblock
received signal 56 code = -2 val =
received signal 56 code = -2 val =
received signal 56 code = -2 val =
received signal 55 code = -2 val =
received signal 55 code = -2 val =
received signal 55 code = -2 val =
received signal 54 code = -2 val =

N 4 O L O 4 O

O N 4 O =2 O
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received signal 54 code = -2 val = 1
received signal 54 code = -2 val = 2

ITepBrhlii cIOPIIPU3, KOTOPHIH HAC OKUAAET, — 9TO 00IIee KOJIMUEeCTBO CUTHA-
JIOB pPeaJbHOTO BPEMEHY, BRIBOJIMMOE ITPOTPAMMOM B IIepBO#i cTpoKe. [loKy-
meuranua (HELP QNX) yrBep:xgaer:

There are 24 POSIX 1003.1b realtime signals, including:
SIGRTMIN - First realtime signal.
SIGRTMAX — Last realtime signal.

31ech eCcTh HEKOTOpOe HEeCOOTBETCTBHE: TEeCT JaeT 3HaueHUs KOHCTAHT
SIGRTMIN =41 u SIGRTMAX = 56, a o0111ee KoaudyecTBO curHaaoB = 16 (POSIX,
KaK BBI IOMHUTE, TpebyeT MuUHUMYM 8). «IloTepaBmueca» curHaiasl (24 —
16 = 8), oueBUAHO, 1 €CTh T€ CUTHAJIbI 13 guamnasoHa 32...40, KoTopbie BbI-
xonAT 3a nmpeneabl o0mux UNIX-curaamuos (1...31), HO He OTHECEHBI K IU-
aras3oHy CUTHAJIOB peaibHOTO BpeMeHU (41...56).

Ho ropaszo 60sbI1uii CIOPIIPHU3 COCTOUT B IMOPAAKE JOCTABKYU CUTHAJIOB U3
ouepenu FIFO npunumaroinemy mpoiieccy. JloKyMeHTaInna 00 3TOM C0O00-
miaer (BbIEJIEHO HAMU):

The POSIX standard includes the concept of queued realtime signals.
QNX Neutrino supports optional queuing of any signal, not just real-
time signals. The queuing can be specified on a signal-by-signal basis
within a process. Each signal can have an associated 8-bit code and a 32-
bit value.

This is very similar to message pulses described earlier. The kernel takes
advantage of this similarity and uses common code for managing both
signals and pulses. The signal number is mapped to a pulse priority
using _SIGMAX - signo. As a result, signals are delivered in pri-
ority order with lower signal numbers having higher priority.
This conforms with the POSIX standard, which states that existing sig-
nals have priority over the new realtime signals.

VsmenuM BpeMeHHOU MOPSJOK BO30Y KAEHWUS CUTHAJIOB — OT CUTHAJIOB
C MEHBIIIMY HOMEPaMHU K CUTHAJIAM C OOJIBIINMY HOMEPaMMU:

# ./s5 -bb4 -eb6 -n2

signal SIGRTMIN=41 - signal SIGRTMAX=56
CHILD: signal mask set
signal sent: 54 with val =
signal sent: 54 with val =
signal sent: 55 with val =
signal sent: 55 with val =
signal sent: 56 with val =
signal sent: 56 with val =
PARENT: finished

# CHILD: signal unblock
received signal 56 code = -2 val = 0
received signal 56 code = -2 val = 1
received signal 55 code = -2 val = 0

— O 4 O 4 O
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received signal 55 code = -2 val = 1
received signal 54 code = -2 val = 0
received signal 54 code = -2 val = 1

HeszaBucumo or IIoOpAgKa OTIIPABKM CHUI'HAJIOB IIOPAIOK OOCTaBKMH HNX U3
ouepey MMPUHUMAIOIIEMY IIPOIECCY COXPAHSIETCA OT CTAPIINX HOMEPOB
CUTHAJIOB, KOTOPBIE ABJIAIOTCS 00jiee IPUOPUTETHLIMMU, K MJIAAIINM. A 3TO
B TOYHOCTHU IIPOTUBOMIOJIOMKHO TOMY, UTO O0EI[aeT JOKYMEHTAIUA, U COOT-
BETCTBYeT KapTuHe, KoTopywo ¥. Crusenc Habaroganx B OC Sun Solaris 2.6
U KOTOPYIO OH JKe KOMMeHTHupyer caoBamu: «Iloxoske, 4TO B peaausanuu
Solaris 2.6 ecTs omuoKa».

BrIToTHUM TY 2Ke 3aJady, HO TellePh He OTHOCHUTEJIbHO CUTHAJIOB JUAaIas3o-
Ha peaJibHOTO BPeMeHM, a OTHOCUTeJdbHO cTaHmapTHbIXx UNIX-curmasos.
BribepeM 1151 5TOTO TPOU3BOJIBHBIN Aama30H curHaaoB (<signal.h>):

#idefine SIGVTALRM 28 /» virtual timer expired =/
#define SIGPROF 29 /x profileing timer expired =/
#tdefine SIGXCPU 30 /= exceded cpu limit =/
#tdefine SIGXFSZ 31 /* exceded file size limit =/

ITocmoTpuM pesysibTaT B 9TOM Caydae:

# ./sb -b28 -e31 -n2
signal SIGRTMIN=41 - signal SIGRTMAX=56
CHILD: signal mask set
signal sent: 28 with val =
signal sent: 28 with val =
signal sent: 29 with val =
signal sent: 29 with val =
signal sent: 30 with val =
signal sent: 30 with val =
signal sent: 31 with val =
signal sent: 31 with val =
PARENT: finished

# CHILD: signal unblock
received signal 31 code = -2 val =
received signal 31 code = -2 val =
received signal 30 code = -2 val =
received signal 30 code = -2 val =
received signal 29 code = -2 val =
received signal 29 code = -2 val =
received signal 28 code = -2 val =
received signal 28 code = -2 val =

—_ O 4 O 4 O 4 O
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QNX mpu ycraHoBKe obpaborumka ¢ duarom SA_SIGINFO mcrmosb3yeT Mo-
IeJib paboThl peaJbHOTO BPeMeHU He TOJHKO OTHOCUTENHLHO CUTHAJIOB IU-
amadoHa SIGRTMIN...SIGRTMAX, HO u OJd BCEro MHOJKeCTBa CTaHIapPTHBIX
UNIX-curaajios. 3To paciliipeHne, BIIPOUeM, He IIPOTUBOPEUNT IIPUBE/IeH-
HOMY BhIIIe yTBep:kIeHno POSIX, uTo Takoe perienune GparkyJIbTATHIBHO
(cM. IyHKT 9 onucauusa MOJIEJI CUTHAJIOB PEaJbHOT0 BpeMeHH) 1 OCTaBJIA-
ercs Ha yeMmoTpeHnue paspadorunka OC.
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JI1000TIBITHBIM MOJKET OKas3aThCsA W PACCMOTPeHUe PeaKIuy Ha CUTHAJIBI,
KOTOpble HUKAK He ompeneneHbl B QNX (B mccaemyeMblii Auamas3oH AJIsA
CcpaBHEHUA BKJIIOUEHBI KaK HeOoIpeAeJieHHbIe, TaK U OIlpelejIeHHbIe CUTHA-
JIBI CUCTEeMBI):

# ./s5 -b39 -ed41 -n2
signal SIGRTMIN=41 - signal SIGRTMAX=56
CHILD: signal mask set
signal sent: 39 with val =
signal sent: 39 with val =
signal sent: 40 with val =
signal sent: 40 with val =
signal sent: 41 with val =
signal sent: 41 with val =
PARENT: finished

# CHILD: signal unblock
received signal 41 code = -2 val =
received signal 41 code = -2 val =
received signal 40 code = -2 val =
received signal 40 code = -2 val =
received signal 39 code = -2 val =
received signal 39 code = -2 val =

— O 4 O 4 O
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st HUX peakIusi HUKAK He OTJMYAeTCs OT PeaKIIuM Ha APYyrue CUTHAJILI,
4TO, BIPOYEM, HEYAUBUTEIHHO, YUIUTHIBAS 3aMeUaHUE B IIUTUPOBABIIIEMCS
BBIIIE (pparMeHTe JOKYMEHTAIIUU O TOM, UTO BO30Yy:KJeHUEe CUTHAJa U I10-
CBLIKa UMOYyJbca (coobieHnsa) Mukposaapa B QNX — ogHo u To Ke, 1 obpa-
0aTHIBAIOTCSI OHU €JUHBIM MEXaHU3MOM.

ITocmoTpuM TakKe peaKINIO CHCTEMBI Ha cHenuajJbHble curHaabl QNX,
HOMepa KOTOPBIX BhImIe SIGRTMAX (B mccienyeMbIdl AuamasoH OMATDH IJIA
CPaBHEHUA BKJIIYUM KaK CIeIaJbHbIe CUTHANIEI (57...64), TaK 11 CUTHAJIBI
u3 quamnasoHa 1... SIGRTMAX):

# ./s5 -b56 -eb9 -n2

signal SIGRTMIN=41 - signal SIGRTMAX=56
set signal handler: : Invalid argument
set signal handler: : Invalid argument
set signal handler: : Invalid argument
CHILD: signal mask set
signal sent: 56 with val =
signal sent: 56 with val =
signal sent: 57 with val =
signal sent: 57 with val =
signal sent: 58 with val =
signal sent: 58 with val =
signal sent: 59 with val =
signal sent: 59 with val =
PARENT: finished

# CHILD: signal unblock
received signal 56 code = -2 val
received signal 56 code = -2 val = 1

—_ O 4 O 4 O 4O

"
o
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W3 BBIBOAA BUAHO, YTO HA CUT'HAJ C HOMEPOM 56 peakIiius oxKugaeMasi, a Ha
ocTaJbHbIE CUTHAJBI PeaKIlny HeT BoBce. Kak u ciaenyeT u3 mpeaymnpexie-
HUA B JOKYMEHTAI[UN, 3a0JIOKMPOBATE UM U3MEHUTDH PEAKIINIO HA 3TU CUT-
HaJIBI HEBO3MOJKHO, 1 IOIILITKA YCTAHOBKHM Sigaction() ajasd HMX 3aBepIa-
eTCs OIMINOKOII.

Takum o6pasom, cucremMa (PaKTUUYECKN HUKAK He BBIJE/ISeT CUTHAJbBI Jua-
na3oHa peasibHOTO BpeMeHu (41...56), HO o6pabaThIBaeT aHAJTOTUYHBIM 00-
pasom u crangapTtHbie curHaabl UNIX (1...31), u cnenuaabHble CUTHAJIBI
QNX (57...64), u maKke cUTHAJIbI, HUKAK He CHeIU(pUIIpyeMble CUCTeMOI
BooOG1e (32...40). KoppexkTHee roBOpUTH He 06 00pab0TKe CUTHAJIOB PeaJib-
HOTO BpEMEeHU U JasKe He 0 MOJ[eJI1 CUTHAJIOB PeaJibHOTO BpeMeHH, a 00 elre
OJHOM cII0c00e paboThI ¢ JI0OBIMU CUTHAJIaMU — 00paboTKe CUTHAJIOB Ha Oa-
3e ouepeieil CUTHAJIOB.

Mpumeyanue
[Ins NonHOTbI KapTUHBI NPUBEAEM KOHKPETHyo cneuudukaumuio Tuna siginfo_t pns
QNX (BbllWwe Mbl paccMaTpMUBaNM MUHUMANbHYIO CneunduKaLmnio 3Toro TUna, Tpebyemyio
POSIX). Cneuncukaums BecbMa obbemHa (B MHGOPMALMA [O KOHLA pa3fena MOXeT
ObiTb 6€360/1€3HEHHO MPONYlLEHa TEMU, KOMY 3TO HEUMHTEPECHO), HO MpepocTaBnseT
NpOrpamMMUCTy UCYEPMbIBaIOLLYI0 UHOPMALIMIO O MONYYEHHOM CUTHaNe:

typedef struct {

int si_signo
int si_code; /+ if SI_NOINFO, only si_signo is valid «/
int si_errno
union {
int __pad[7];
struct {
pid_t __pid;
union {
struct {
uid_t __uid;
union sigval __value;
P _kill; /* si_code <= 0 SI_FROMUSER =/
struct {

_CSTD clock_t __utime;
/+ CLD_EXITED status, else signo =/

int _status;
_CSTD clock_t __stime;
}__chld;
/* si_signo=SIGCHLD si_code=CLD_* =/
} __pdata;
} __proc;
struct {
int __fltno;

void*__fltip
void*__addr
}__fault; /* si_signo=SIGSEGV, ILL, FPE, TRAP,BUS =/
} __data;
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} siginfo_t;

#define si_pid __data.__proc.__pid

#define si_value __data.__proc.__pdata.__kill.__value
#tdefine si_uid __data.__proc.__pdata.__kill.__uid
#define si _status __data.__proc.__pdata.__chld.__status
#define si_utime  __data.__proc.__pdata.__chld.__utime
#define si_stime __data.__proc.__pdata.__chld.__stime
#define si_fltno __data.__fault.__fltno

#define si_trapno si_fltno

#define si_addr __data.__fault.__addr

#tdefine si_fltip __data.__fault.__fltip

W nonHblit nepeyeHb onpefeneHuii CUMBOMbHbIX KOHCTAHT, UCMONb3YeMbIX ANA yCTa-
HOBKM 3Ha4YeHuUin nons si_code:

#tdefine SI_USER

0

#define SI_RESERVED1 (-1)
#tdefine SI_QUEUE (-2)
#define SI_TIMER (-3)
#tdefine SI_ASYNCIO (-4)
#tdefine SI_MESGQ (-5)
#tdefine SI_NOTIFY (-6)
#define SI_IRQ (-7)
// QNX managers will never use this range:
#define SI_MINAVAIL (-128)
#define SI_MAXAVAIL (-64)
#tdefine SI_NOINFO 127
#tdefine SI_MAXSZ 126

3HaueHune ST_QUEUE, paBHOe —2, — 3T0 1 €CTb TO 3HaYeHME, KOTOPOE Mbl BULE/N B BbIBO-
Jle TeCTOBOW 3a/jauu BhiLle.

Coo6pakeHnsi NPoOU3BOAUTENIbHOCTYU

Panee MBI IPOM3BOAUIIN OLEHKY 3aTPAT IIPOU3BOSUTEIBHOCTH IIPOIECCOPA
Ha IIePerJIIoUeHrne MeXJy KOHTEKCTaMHKu OJd IIPOIeCCOB W OJId IIOTOKOB
(TecTOBBIE 3alauM, KOTOPBIE MBI II0 UX CTPYKTYpe MMEHOBAaJIU KaK «CUM-
MerpuuHbIe»). IIpogesaemM Temepsb TO e caMoe, HO CUHXPOHU3AIIUIO IIPO-
I€CCOB BBIIIOJHUM ITOCHLIKOH 1 IPUEMOM CUTHAJA (IePeKJII0UeHe KOHTeK-
CTOB Oy/ieT IPOMCXOUTh UMEHHO Ha omepaTope pause() — mepexojie K mpue-
My curHaJgia) (¢aiin p6s.cc):

3anaTbl Ha nepekJjilnyeHue npowueccos NoCbUIKON CUTHANOB

#include <stdlib.h>
#include <stdio.h>
#include <inttypes.h>
#include <iostream.h>
#include <unistd.h>
#include <sched.h>
#include <sys/neutrino.h>
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// “nycTbe” 06paboT4uKM CUTrHANOB
static void nhand( int signo ) { };
static void ghand( int signo, siginfo_t* info, void* context ) { };

int main( int argc, char *argv[] ) {
unsigned long N = 1000;
bool que = false;
int opt, val

while ( ( opt = getopt( argc, argv, "n:gq” ) ) !=-1){
switch( opt ) {
case 'n’

if( sscanf( optarg, "%i", &val ) != 1)
cout << "parse command line error” << endl
exit( EXIT_FAILURE );

if( val > 0 ) N = val

break;

// K4 q onpenenseT cxemy 00paboTky curHana
case Q'
que = true;
break;
default :
exit( EXIT_FAILURE );
}
1
// yCTaHOBKa CUrHaNbHHX 006paboT4MKOB
sigset_t sig;
sigemptyset( &sig );
sigaddset( &sig, SIGUSR1 );
sigprocmask( SIG_UNBLOCK, &sig, NULL );
struct sigaction act;
act.sa_mask = sig;
act.sa_sigaction = ghand;
act.sa_handler = nhand;
act.sa_flags = que ? SA_SIGINFO : 0;
if( sigaction( SIGUSR1, &act, NULL ) < 0 )
cout << "set signal handler” << endl
exit( EXIT_FAILURE );
pid_t pid = fork();
if( pid == -1)
cout << "fork error” << endl, exit( EXIT_FAILURE );
// KOMy OTnpaBnaTb curHan? :
pid_t did = ( pid == 0 ? getppid() : pid );
unsigned long i = 0
uint64_t t = ClockCycles();
while( true ) {
kill( did, SIGUSR1 );
if( ++1 == N ) break
pause();
b
t = ClockCycles() - t;
cout << getpid() << " -> " << did << "\t: cycles - "



136

[naea 3. CurHanbl

<<t << ";oon signal - "< (t /N )/ 2 << endl;
exit( EXIT_SUCCESS );
1

ATUM IPUJIOKEHNEM Mbl MOXKEM TEeCTHPOBATL U TPASUIIMOHHYIO CXeMYy 00-
paboTku curHayoB (MOIeJb HAAeKHBIX CHUTHAJIOB), U cxeMy 00pabOTKH
C OuepeAbi0 MOCTYIJIEHUSI CUTHAJIOB (MO/e/Ib CUTHAJIOB PeaJbHOTO0 Bpeme-
HH), KOTJAa IPU CTApTe IPOrpaMMbl YKa3aH Kaoo4u -(. IlocMoTpuM Ha pe-
3YyJIbTaThl TECTOBBIX 3aIIyCKOB:

# nice -n-19 p6s -n1000

2904115 -> 2912308 : cycles - 5792027; on signal - 2896
2912308 -> 2904115 : cycles - 5828952; on signal - 2914

# nice -n-19 p6s -n10000

2920499 -> 2928692 : cycles - 57522753; on signal - 2876
2928692 -> 2920499  : cycles - 57530378; on signal - 2876

# nice -n-19 p6s -n100000

2936883 -> 2945076  : cycles - 573730469; on signal - 2868
2945076 -> 2936883  : cycles - 573738122; on signal - 2868
# nice -n-19 p6s -n1000000

2953267 -> 2961460 : cycles - 5747418203; on signal - 2873
2961460 -> 2953267  : cycles - 5747425310; on signal - 2873

BcecmomMHUM, UTO IPpY M3YUEHUU TECTOB IIPOCTOTO IIEPEKII0UEHHUA IIPOIECCOB
(cM. B r1aBe 2) MbI moayuaau mudpy mopanxka 600 mpoiecCopHBIX ITUKJIIOB
Ha neperjaoueHne. Ceiiuac y Hac 3aTpaThl 3aMeTHO 0oJibIile: mopaaxka 2850
IUKJOB, 13 KOTOPBIX «JuIllHUe» 2250 — 5T0O He UTO MHOE, KaK 3aTpaThl HA
HOCBLLIKY U IIPUEM CUTHAaJIa, BO30yKIeHre PYHKIUU 00paboTunKa U ee 3a-
BepIieHue (pas3mesuTh UX MO0 KOMIIOHEHTAM MBI HE MOKeM). TO U MOXKET
CIYXKUTh OPUEHTUPOBOUHOI OIIEHKOM TPYIOEMKOCTH 00MeHa CUTHAJIaMU.

IIpomenaem To ke caMoe, HO y:Ke IIpu 00paboTKe CUTHAJIOB B IIOPAIKE oUe-
penu ux MOCTYILJIeHUS:

# nice -n-19 p6s -n1000 -g

2838579 -> 2846772 . cycles - 5772106; on signal - 2886
2846772 -> 2838579  : cycles - 5782138; on signal - 2891

# nice -n-19 p6s -n10000 -q

2854963 -> 2863156  : cycles - 57194634; on signal - 2859
2863156 -> 2854963 : cycles - 57199831; on signal - 2859

# nice -n-19 p6s -n100000 -q

2871347 -> 2879540 . cycles - 571543013; on signal - 2857
2879540 -> 2871347  : cycles - 571550847; on signal - 2857
# nice -n-19 p6s -n1000000 -q

2887731 -> 2895924 . cycles - 5715903548; on signal - 2857
2895924 -> 2887731 . cycles - 5715908318; on signal - 2857

ATO IPAKTUYECKH Te JKe IMUPPHI, IIOITOMY MEI MOMKEM IPEAIIOJI0KUTh, UTO,
BOOOII[e-TO TOBOPS, AJA BCeX PACCMOTPEHHLIX paHee cxeM 00paboTKU pea-
JIN3yeTCda OAUH M TOT XKe BHyTpeHHI/Iﬁ MEeXaHMW3M IIpueMa CUIHaJIOB, KOTO-
PBIIi TOJIBKO JIHINL MOAUPUIHPYETCS B 3aBUCUMOCTH OT HCIIOJIb3yeMOIi
CXeMBbI.
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CurHanbi B NOoTOKaXx

Mogensb peaKIuii Ha CUTHAJIBI MHOTOIIOTOYHBIX IIPUJIOKEHUH He Tpopabdo-
TaHa M0 KoHIla B pamkax POSIX u maxoauTca Ha CTamguM IPeIBAPUTEIb-
HBIX Ipeiokenuii. Tem He MeHee B CUCTEMAaX C Pa3BUTO MHOTOIIOTOYHO-
cThio (a QNX — UMeHHO TaKas CCTeMa) 3Ta CTOPOHA BOIIPOCA He MOYKET UT-
HOPUPOBATHCS, X HE TOJBKO MOTOMY, UTO MOTOKMW B KOMOMHAIIUU C CUTHA-
JaM¥ MOTYT CO3JaBaTh MOIIHbIE KOHCTPYKTUBHBIEC 3JIEMEHTHI IIPOTPaMM,
a eIre 1 I0TOMY, YTO HeIIPOM3BOJIbHBIE PAa30JIOKUPYIOINE NI 3aBePIIa0-
m[ye oIepanuy, THUIUNPYeMble CUTHAJIAMHY, MOT'YT IIOPOJAUTD OUEHb CePhb-
e3HbIe MPOo0JIeMEbI B CJIyYae MHOTOIOTOUYHOCTH (MBI e1fe OyeM BO3BpaIliaTh-
cd K 3TUM BOIPOCAM IO TEKCTy). A pas Tak, TO B 3TUX CJyYasxX CHUCTeMa
IOJIKHa 00s3aTeJIbHO IpeljaraTh HeKOTOPYIO MOeJb (PYyHKIIMOHUPOBA-
HuA (YIaUHYIO Y He OUeHb).

st TOro YTOGEI HE JOIMYCKAaTh PA3HOUTEHUI B BOIIpOCe, OOpaTUMCA cCHAYA-
JIa K OPUTMHAJILHOMY (PParMeHTy JOKYMEHTAI[!, ONCHIBAIOIIEMY IIPUHSI-
TYIO MOJEJIb:

The original POSIX specification defined signal operation on processes
only. In a multi-threaded process, the following rules are followed.:

*The signal actions are maintained at the process level. If a thread igno-
res or catches a signal, it affects all threads within the process.

*The signal mask is maintained at the thread level. If a thread blocks a
signal, it affects only that thread.

*An un-ignored signal targeted at a thread will be delivered to that
thread alone.

*An un-ignored signal targeted at a process is delivered to the first
thread that doesn't have the signal blocked. If all threads have the sig-
nal blocked, the signal will be queued on the process until any thread
ignores or unblocks the signal. If ignored, the signal on the process will
be removed. If unblocked, the signal will be moved from the process to
the thread that unblocked it.

Bce mocTraTouHO OJHO3HAYHO: 00PAabOTUMKIU CUTHAJIOB OIIPENeIA0TCS Ha
YPOBHE IpOoIecca, a BOT CUT'HAJIbHEIE MaCKH, OIpeesiolne, pearupoBaTh
JIM Ha JAHHBINA CUTHAJ, — HA YPOBHE KAXK/I0T0 13 IIOTOKOB.

O MaHUIyJIMPOBAHUA CUTHAJBHBIMM MacKaMU Ha YPOBHE IIOTOKOB HaM
IpHUIEeTCA UCIOJIb30BaTh PYHKIIHIO SignalProcmask()! (ecTecTBeHHO, U3 CO-
ctaBa native API, mockoJbKy 9Ta Moe b He AekaiapupoBana POSIX):

#include <sys/neutrino.h>
int SignalProcmask ( pid_t pid, int tid, int how, const sigset_t* set,
sigset_t* oldset );

1 dyarnusa SignalProcmask() umeer cBOil peeHTepabesibHBIH (0e30IIacHbINA B IIOTO-
Kax) SKBUBaJIEHT: SignalProcmask_r().
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Bupgna nmpamas aHaJorusa ¢ paccMaTpuBaBIIIeicsa paHee (PyHKIImen sigproc-
mask(). Ha aTo M HEYAWBUTEJBbHO, IIOCKOJIbBKY Sigprocmask() saBiderca
POSIX-«06epTroii» K SignalProcmask(). TolbKo paccMaTpuBaeMblii BHI3OB
MMeeT JIBa «JIUITHUX» HavaabHbIX napamerpa: PID u TID moToka, K Mmacke
KOTOpOTO IIpuMeHseTca fgeiicreue. Ecau pid = 0, To mpeamosmaraeTcsa Texy-
miuii mpoiece, ecau tid = 0, To pid UTHOPUPYETCA U IIPeAIIoJIaraeTcsa TeKy-
M1 IOTOK, BEIBBIBAIOIIUN (DYHKITHIO.

OcTajbHBIE TAPAMETPhI COOTBETCTBYIOT IMapamMeTrpam sigprocmask() (momoJi-
HUTEJIbHO II0SABJIAETCSI BO3MOKHOe 3Hauernue SIG_PENDING ms how).

PaccmorpuM, Kak 9TO paboTaeT Ha IpuMepe mpocTeiiniero xKoma (¢gailn
s6.cc):

CurHansl, o6pa6a'rb|BaeMb|e B MOTOKAax

#include <stdio.h>
#include <iostream.h>
#include <signal.h>
#include <unistd.h>
#include <pthread.h>
#include <time.h>
#include <sys/neutrino.h>

static void handler( int signo, siginfo_t* info, void* context ) {
cout << "SIG = " << signo << 75 TID =
<< pthread_self() << endl;
1

sigset_t sig;

void* threadfunc ( void* data ) {
SignalProcmask( 0, 0, SIG_UNBLOCK, &sig, NULL );
while( true ) pause();

b

int main() {

sigemptyset( &sig );

sigaddset( &sig, SIGRTMIN );

sigprocmask( SIG_BLOCK, &sig, NULL );

cout << "Process " << getpid() << ", waiting fot signal "

<< SIGRTMIN << endl

struct sigaction act;

act.sa_mask = sig;

act.sa_sigaction = handler

act.sa_flags = SA_SIGINFO;

if( sigaction( SIGRTMIN, &act, NULL ) < 0 )
perror( "set signal handler: " );

const int thrnum = 3;

for( int 1 = 0; 1 < thrnum; i++ )
pthread_create( NULL, NULL, threadfunc, NULL );

pause();
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exit( EXIT_SUCCESS );
b

st anammsa 9TOro U MOCJaenYIOINX (PParMeHToB HaM Oy 1eT HeJOCTATOYHO
KoMaHALI kill, mMO9TOMY ChejiaeM MNPOCTEHMINII «IepeaTYMK» ILJIOTHOI
(B cMbIC/Ie MUHHMAJIBbHOIO MHTEPBAJIA CJIEIOBAHUSA) IIOCJIEI0BATEILHOCTH
TOBTOPAIOIINXCA CUTHAJOB ((ailn k6.cc). BrlmosHeHNE 9TOT0O TecTepa, Ha-
HIpuMep II0 KOMaH/Ie:

# k6 -p214005 -s41 -n100

Hampasiasaet mnpoiteccy ¢ PID = 214005 mocaemoBarenbrHocTs n3 100 curua-
J0B ¢ KomoM 41 (SIGRTMIN). ITochklaas HaIlleMy IPOIlECCY-TeCTepy II0CIem0-
BaTeJIbHOCTH 13 N CUT'HAJIOB, MBI IToyurM N COOOIIe i BUga:

SIG = 41; TID = 4

Mpumeyanue
3aech ynoOHbIA cnyyait NoKasaTbh pasHULY Mexay 06paboTKoi CUrHANOoB Ha 6ase ove-
peau v npocToit 06paboTkoi (Mogenb HafeXHbIX curHanos). [lns aToro 3ameHum age
CTPOKM 3an0JIHeHUs CTPYKTYPbI Sigaction Ha:

act.sa_handler = handler;
act.sa_flags = 0;

a 3aronoBok hyHKuuM handler() nepenuwem Tak: static void handler(int signo).
Ecnu Tenepb Mbl B TOYHOCTM NOBTOPWUM NPeAbIAYLLMUIA TECT, TO NPU NOChUIKE NPOLeccy-
TecTepy nocnefoBarenbHocTM u3 N CUrHanoB Mbl MOIYYMM BCEro OfHO COO0bLlEeHNe BCe
TOTO Xe Buaa. ITo HabnaeHne UHTEPECHO ellle MU TeM, YTO OHO MOKa3bIBAET, YTO aNro-
PUTM B3aMMOAENCTBUA CUTHANA C NOTOKAMM He 3aBUCUT OT TOTo, Kakas 06paboTka ycTa-
HOBJIEHA ANl 3TOTO CUrHaNa: Ha OCHOBE MOJENN CUTHANOB PeanbHOro BPEMEHU UK Ha
OCHOBE MOJENUN HAJEXHbIX CUTHANOB.

CKOJIbKO OBI pa3 MBI HU IIOBTOPSIN TECTHUPOBaHNE, UAEHTUMUKATOP HOTO-
Ka, II0JyYaroIero 1 oo0pabaTsIBaIOIero CUTHAJ, Becerga 0yaer paseH 4. Uto
JKe IPOMCXOIUT:

e raaBubIA T0TOK (TID = 1) cosmaet 3 HoBbIX moToKa (TID = 2, 3, 4);

® TJIaBHBIM MOTOK MEePEXOIUT B MACCUBHOE OKUAAHNE CUTHAJOB, HO B €T0
MacKe JocTaBKa IochlaaemMoro curaaia (41) 3ab1oKupoBaHa;

® BBHIIIOJIHEHUE (QDYHKIIMU MOTOKA HAUYMHAETCS C PasbJIOKUPOBAHUA OXKU-
JlaeMOoT0 CUTHAaJIa;

e ...3moroka (TID = 2, 3, 4) o;kuAaioT IOCTYIJIEHNUA CUTHAJIA;

® P HOCTYILJIEHUX CEPUU CUTHAJIOB BCA MX OUePeIb JOCTABJISETCA U 00-
pabareiBaeTcsa ogHUM IIOTOKOM ¢ TID = 4, KOTOPBIA TYT K€ B IIUKJIE BO3-
BpalllaeTcsa K OKUTAHUIO CJIeAYIOIUX CUTHAJIOB.

Takum 06pasoM, CUTIHAJ AOCTABJISETCA OAHOMY U TOJIbKO OJHOMY IIOTOKY,
KOTOpBIII He OJOKHpPyeT 5TOT curuaj. O0paboTUMK CHUTHAJIA BHI3LIBAETCS
B KOHTEKcTe (CTeK, 00J1acT cCOOCTBEHHBIX NAaHHBIX) 3TOT0 moToKa. Ilocie
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BBINOJIHEHNA 00pa0oTUNKA CUTHAJ HorJjomiaercs. KakoMy u3 IOTOKOB, Ha-
XOOAIIUXCA B COCTOSHUY OJIOKMPOBAHUS B OKUTAHUYU CUTHAJIOB (B MacKax
KOTOPBIX Pa30JIOKMPOBAH MaHHBIN CHUTHAJ), OyAeT MOCTaBJIeH SK3eMILIAPD
CHUTHAJIa, IPeICKasaTh HEBO3MOMKHO; 3TO TAK U JOJIMKHO OBITH UCXOMs U3 00-
MIUX IPUHIIUIOB JUCIIETUYEPU3AIUY TOTOKOB. HO peasbHO 5TUM IIOTOKOM
ABJIAETCA MOTOK, MOCJHETHUM IIePeIeAInii B COCTOAHNE OKumanmsa. [ia
TOTr0 UTOOBI YOEIUTHCSA B 9TOM, 3aMEHUM IPEAIIOCIEIHIO CTPOKY IIporpaM-
MBI (pause();) Ha:

threadfunc( NULL );

Temeps y Hac 4 paBHOSHAYHBIX IIOTOKA, OKUIAIOIINX IIPUXOAA CUTHAJA, IIe-
PEXOIAIINX B COCTOSTHIE OXKUAAHNSA B ITocaenoBarenbaocTu: TID =2, 3, 4, 1.
Peaxknus mporiiecca Ha IPpUXOJ CUTMHAIA N3MEHUTC Ha:

SIG = 41; TID = 1
WsmeHuM TekeT QyHKIINYU ITOTOKA Ha ((aiin s7.cc):

void* threadfunc ( void* data ) {
while( true ) {
SignalProcmask( 0, 0, SIG_UNBLOCK, &sig, NULL );
delay( 1 );
SignalProcmask( 0, 0, SIG_BLOCK, &sig, NULL );
delay( 10 );
%
1

IToBenenre IpUIOKEHUA PAJUKATBHO NU3BMEHUTCA — IPOUCXOJUT CMEHA 00-
pabaTbhIBaOIIero moToka (4To0bl COKPAaTUTh 00'bEM BBIBOA, CEPUHU ITOCHLIA-
€MBIX CUTHAJIOB COCTOAT M3 ONHOTO curHaja). Ciaeayer oTMETUTh, YTO CMe-
Ha 00pabaThIBAIOIIET0 IIOTOKA IPOUCXOAUT MEKY CEPUAMU, HO HU B KOEM
cayuae He BHYTPHU IJIUHHBIX CEPUI, YTO MOXKHO IPOCIEAUTh 9KCIIEPUMEH-
TaJIbHO.

SIG = 41; TID = 1
SIG = 41, TID = 4
SIG = 41; TID = 4
SIG = 41; TID = 1
SIG = 41; TID = 1
SIG = 41; TID = 4
SIG = 41; TID = 4
SIG = 41; TID = 1
SIG = 41; TID = 2
SIG = 41; TID = 2
SIG = 41; TID = 3
SIG = 41; TID = 4

Taxas Mozens BpAI JIM MOKeT OLITh HasBaHa B IIOJHOM Mepe «CHUTHAJIaMU
B IIOTOKAaX», TAK KaK CUT'HAJ B Hell B KOHEUHOM HMTOI'€ HAIIPABJIIETCS IIPO-
IMeccy Kak KOHTEHMHepy, comepikalleMy IIOTOKM (MOMKHO CKa3aTb M TakK:
B 000JIOUKY aIpecHOro IpoCTpaHCTBa Ipoliecca). VI TOJBKO IIOCJEe 3TOTO
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B KOHTEKCTE OJHOIr0 M3 IOTOKOB (1 B CJIyuyae MHOKECTBEHHBLIX IIOTOKOB,
Pas30IOKMPOBAHHBIX Ha 00pabOTKY eIMHOTO CHUI'HAJIa, HEBO3MOJYKHO IIpej-
CcKas3aTh, B KOHTEKCTe KaKOro M3 HUX) BRIIOJHAETCA 00paboTUNK cUTrHaIa.
TnaBubIH ToTOK mpoitecca (TID = 1) B 9Toii cxemMe yyacTByeT B paBHO3HAU-
HOM KauecTBe (3eCh XOPOIIIO BUJHO, UTO YCTOABIIIEECS IIOHATHE «PeaKIlus
IPOIlecca Ha CUTHAJ» B CTPOT'OM CMBICJIE HEKOPPEKTHO).

Ilepeiimem K GoJiee KOHKPETHBIM BOIIPOCAM: KAK MOYKHO IMIPOAYKTHUBHO MC-
II0OJIB3OBaTh 9Ty CXeMYy B MHOI'OIIOTOYHBIX HpI/IJIOD}CGHI/IHX? PaCCMOTpI/IM
cHavaJia cjrydail, Korja KaKAbIi u3 pabouynx MOTOKOB Pa3bJIOKMPOBAH HA
moJIyueHure OJHOTO0, CBOMCTBEHHOTO TOJLKO eMy curHaia (¢gaitn s9.cc):

YepepoBaHue NOTOKOBbIX CUTHANOB

#include <stdio.h>
#include <iostream.h>
#include <signal.h>
#include <unistd.h>
#include <pthread.h>
#include <time.h>
#include <sys/neutrino.h>

static void handler( int signo, siginfo_t* info, void* context ) {

1

cout << "SIG = " << signo << ; TID = "
<< pthread_self() << endl

void* threadfunc ( void* data ) {

1

// OGNoOKMpoBaTb peakuuio Ha BCE CUIrHasb

sigset_t sig;

sigfillset( &sig );

SignalProcmask( 0, 0, SIG_BLOCK, &sig, NULL )
// pasbnokMpoBaTb peakuuio Ha CBOW CUTHan
sigemptyset( &sig );

sigaddset( &sig, (int)data );

SignalProcmask( 0, 0, SIG_UNBLOCK, &sig, NULL );
// UMKN OXmpaHus NpuXOAfuMX CUTHAM0B:

while( true ) pause()

int main() {

// Bns 0bpaboTku BCei rpynnsl CUrHaNoB yNpaBneHns NoTOKaMu MCMonb3yem
// envHyln OyHKUMI peakuuu, uHadye Bce Obno Obl ropas3fo npoue.
struct sigaction act;
sigemptyset( &act.sa_mask );
act.sa_sigaction = handler
act.sa_flags = SA_SIGINFO;
// cospaem rpynny OAHOTUMHBX MOTOKOB:
const int thrnum = 3;
for( int i = SIGRTMIN; i - SIGRTMIN < thrnum; i++ ) {
sigset_t sig;
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sigemptyset( &sig );
sigaddset( &sig, 1 );
// Ham HyXHO, 4TO0Ob FnaBHbIN NOTOK HE pearupoBan:
sigprocmask( SIG_BLOCK, &sig, NULL );
if( sigaction( i, &act, NULL ) < 0 )
perror( "set signal handler: " );
// bNa nepepadys HoMepa CurHana ucnonbayercs
// TPOK C NOAMEHOM Tuna napameTpa:
pthread_create( NULL, NULL, threadfunc, (void*) ( 1 ) )
b
// Ha4YMHAEM UMKIMYECKYI CUMHXDOHW3ALUMI0 NOTOKOB:
for( int 1 = 0; ; 1++ ) {
sleep( 1 );
// nochNKy curHana moxHo (Tak gaxe OyneT KoppekTHee)
// chenaTb Tak:
// union sigval val
// val.sival_int = 1
// sigqueue( getpid(), SIGRTMIN + i % thrnum, val )
// HO Mbl CO3HATENbHO AEMOHCTPMPYEM W npuemnemocTb kill:
kill( getpid(), SIGRTMIN + i % thrnum );
b
b

B sT0i1 mporpaMMe riiaBHBINA IOTOK IIUKJINYECKH 10 TaliMepy aKTUBU3UPY-
eT IMo0YepeHO KasKIblil TOTOK. BOT )parmMeHT BhIBOJA paboTarolieil mpo-
rpaMMBbIL:

SIG = 41; TID = 2
SIG = 42; TID = 3
SIG = 43; TID = 4
SIG = 41; TID = 2
SIG = 42; TID = 3
SIG = 43; TID = 4
SIG = 41, TID = 2
SIG = 42; TID =3
SIG = 43; TID = 4

YacTo OpUXOAUTCS CABIIIATh: «...XOTEJOCh ObI JOCTABUTEH CUTHAJ BCEM II0-
TOKaM, YBEeIOMUTH BCEX ITOTPEeOUTENeN M BBITTOJHUTH QYHKIIUIO peakIluu
B KQXK/JOM IIOTOKE...», M MMEHHO B TAKOW IOCJIEeI0BATEIbLHOCTU AEeHCTBUN
MOHMMAETCA MOJe/JIb CUTHAJOB B IIOTOKAX IIPY IIOBEPXHOCTHOM C Hel 03HAa-
Komuenun. VIHOrga 9TO IpeacTaBJIAETCA O4YeHb MHTEPECHOM BO3MOYKHO-
CThIO, ¥ MBI PEAJIN3yEM TAKYIO0 CXeMY B3aMMOAENCTBUA B CIeAYIOIeM (ppar-
menre (gaiin s10.cc):

MHoKecTBeHHasA peaKuusa Ha CUrHan

#include <stdio.h>
#include <iostream.h>
#include <signal.h>
#include <unistd.h>
#include <pthread.h>
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#include <sys/neutrino.h>
#include <vector>

static void handler( int signo, siginfo_t* info, void* context ) {
cout << "SIG = " << signo << 7 TID = 7
<< pthread_self() << endl
1

static void endhandler( int signo ) { };

// CWrHan, Ha KOTOPbIA PearupynT NOTOKK:
const int SIGNUM = SIGRTMIN
sigset_t sig;
struct threcord {
int tid;
bool noblock
IR

static vector<threcord> tharrey; // BeKTop COCTOAHMIA NOTOKOB

void* threadfunc ( void* data ) {
// OGNOKWPOBAHWE BCEX MNPOYMUX CUTHAMOB:
sigset_t sigall
sigfillset( &sigall );
SignalProcmask( 0, 0, SIG_BLOCK, &sigall, NULL );
// nepenecneTyepudauns Ons 3aBepuieHns GOPMMPOBAHMS BEKTOpa:
sched_yield();
tharrey[ (int)data ].noblock =
( SignalProcmask( 0, 0, SIG_UNBLOCK, &sig, NULL ) != -1 );
while( true ) {
pause();
tharrey[ (int)data ].noblock =
I'( SignalProcmask( 0, 0, SIG_BLOCK, &sig, NULL ) !'= 1 );
bool nolast = false;
for( vector<threcord>::iterator i = tharrey.begin();
i 1= tharrey.end(); i++ )
if( nolast = i->noblock ) break
// nocneposaTenbHag nepecuika curHana cneaywouemMy noToky
if( nolast ) kill( getpid(), SIGNUM );

// ... Korfa nepechnatb 6osblie HEKOMY -
// nepenHuuMans3aums Macok
else

for( vector<threcord>::iterator
i = tharrey.begin();
i = tharrey.end(); i++ )
i->noblock = ( SignalProcmask( 0, i->tid,
SIG_UNBLOCK, &sig, NULL ) != -1 );
}
}

int main() {
// nepeonpepeneHve peaxkuun “C B CcTapoil MaHepe
signal( SIGINT, endhandler );
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// macka 6nokvupoBaHusa-pas3bnokupoBaHus
sigemptyset( &sig );
sigaddset( &sig, SIGNUM );
// OGNOKWpoBKa B rNaBHOM MOTOKE MPUIOXEHUS
sigprocmask( SIG_BLOCK, &sig, NULL );
cout << "Process " << getpid() << ", waiting fot signal "
<< SIGNUM << endl
// ycTaHoBka obpaboTuuka (Ans A04epHUX MOTOKOB)
struct sigaction act;
act.sa_mask = sig;
act.sa_sigaction = handler
act.sa_flags = SA_SIGINFO;
if( sigaction( SIGNUM, &act, NULL ) < 0 )
perror( "set signal handler: " );
const int thrnum = 3;
for( int 1 = 0; 1 < thrnum; i++ ) {
threcord threc = { 0, false }
pthread_create( &threc.tid, NULL, threadfunc, (void*)i )
tharrey.push_back( threc );
1
pause();
// ciopa Mol nonagaem nocne “C Ans 3aBepuanumx onepauui. . .
tharrey.erase( tharrey.begin(), tharrey.end() );
cout << "Clean vector™ << endl

1

9TOo IpPUIOKEHUE, B OTJINYNE OT IPEABIAYIINX, IIOCTPOEHO yIKe C UCIIOJIB30-
BaHUeM cruernu@uru C++, B HEM UCIOJIb3yeTCA KOHTeHEePHBIN KJace vector
u3 6ubauorexu STL (Standard Template Library). MosxeT 6bITH MHOKECT-
BO Bapmanuil Ha mogo0HyI0 TeMy. [IpuBeneHHOe HaMu NpPUJIOKeHUE (KaK
OIHA M3 BapHalUii) TOJHKO MOATBEPIKAAET, uTo npuHATasd B QNX mozenn
JOCTaTOYHA IJIA ONUCAHUSA CaMbIX HEOKUIAHHBIX IOTpebHOCTel. Jloruka
paboThHI IPUIOKEHNA KpaliHe IPOCTA: MOJyYasd CUTHAJ, IIOTOK OJIOKUPYeT
TOBTOPHYIO PEaKIIWI0 HA ATOT CHUTHAJI, IIOCJIe Yero BO30yKAaeT NyOImKaT
MOJIYYeHHOTO CUTHAJIa OT CBOEro MMEHHU.

Mpumeyanune
MokaszaHHOe MpUNOoXEeHWe B 3HAUYUTENbHOW CTEMEHU WUCKYCCTBEHHO W He3thheKTUBHO.
Mbl npuBOLMM €ro 34ech He Kak 06pasel| TOro, «Kak HyXHO [enatb», a ToNbKO Kak uiio-
CTpaumio rMOKOCTU BO3MOXKHOCTEN, NpefocTaBaseMbix B 061acTu napannensHoro npo-
rpammupoBaHus. pu HekoTopoil M306peTaTeNnbHOCTM MOXHO 3aCTaBUTb MpOrpammy
BECTW cebs COMMacHo BalWMM Kanpu3am, KakuMi Gbl U30LLPEHHBIMU OHU HW OKA3anuCh.

BanycxaeM IIOJIYyUYE€HHOE IIPUJIOKEeHHe:

# s10
Process 2089006, waiting fot signal 41

ITociie uero ¢ Apyroro TepMuHAaJA IMIOILJIEM IPUIOMKEHUIO OMKUIAEMBIA UM
CUTHAJI, HaIpuMepP KOMaHI0M:
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# kill -41 2089006

ITocwliaeM 3TOT CUTHAJ HECKOJBbKO pas (B JaHHOM ciydae 3) U HOJydyaeM
BBIBOJ OT IIPHUJIOKEHU A

SIG = 41; TID = 4
SIG = 41; TID = 2
SIG = 41; TID = 3
SIG = 41, TID = 3
SIG = 41, TID = 4
SIG = 41; TID = 2
SIG = 41; TID = 2
SIG = 41; TID = 3
SIG = 41; TID = 4
~C

Clean vector

Bupgno, uTo peakIiua Ha KaKIbIA CUTHAJ BO30Y KIaeTcsa HeCKOJIbKO pas (1o
YMCJy TIOTOKOB), KAKABIM pa3 BBINOJHAACH B KOHTEKCTE PA3HOT0 IIOTOKA
(TID). uTepecHO U U3MeHEeHNE TOPAKA aK TUBU3AIUY IIOTOKOB OT CUTHAJIA
K CUTHAJY, TO €CTh IIOTOKU B OUePeU OKHUIAIOIIUX «IIePEeTACOBBIBAIOTC »
IPU TOCTYIJIEHNH Ka’KI0T0 CUTHAJIA.

Mpumeyanue
B npunoxeHue gobasneHa peakuus Ha ~C (curHan SIGINT):

®  HayuMHasA C HEKOTOPOM CNOXHOCTU MPUIONKEHWUI, UX 3aBepLIEHUIO [OMKHA 0053a-
TeNbHO NpeflecTBOBaTb HEKOTOPAs NOCAe[0BaTeNbHOCTb AeACTBUIN; B JAHHOM Cl1y-
Yyae Mbl YCIOBHO MOKa3biBaeM OYUCTKY BEKTOPA COCTOAHMUI NOTOKOB;

® peakuus Ha SIGINT BbINONHEHA B «HEHAJEXKHOW» MAaHeEpe B CMEWEHUN C MOAENbIo
o4yepepnmn curvanos ana SIGRTMIN, 4yTo noKa3biBaeT BO3MOXKHOCTb CMELIAHHOIo Npu-
MeHeHUs BCex MOfieNeil B pamMKax OAHOTO NPUNOXEHUs; BCe onpeaensetcs Tpebo-
BaHMAMMW 1 BONPOCaMM yaobCTBa.

Kak MBI yiKe BUgenu, TOT PaKT, 4TO 0OpabOTUMK CUTHAJIA BBIMOJIHAETCS
B KOHTEKCTe IOTOKAa, KOTOPHIN PasbIOKHMPOBAJ PEaKIIUI0 Ha 3TOT CUTHAJ
(He3aBUCHUMO OT TOTO, B MOMEHT BBITIOJIHEHUS KAKOT'0 IIOTOKAa MPUXOMUT
CUTHAJI), II03BOJIIET PeaJn30BaTh B 00paboTUMKe curHaia oopaboTKy Jiio-
00 CJIOJKHOCTH B MHTEpPecax 9TOro IOTOKa. I[Jsa 9Toro Jauillh Tpebdyercs
pasMecTUTh Bce 00JIacTU AAHHBIX, 3alpallinBaeMble B 3TOil 00paboTKe, He
B CTeKe moToKa (00bABIEeHHBbIE KAaK JIOKAJbHBIE IIepeMeHHbIe ITOTOKOBOI
GyHKINHU), a B 06JIaCTH COOCTBEHHBIX NAHHBIX IIOTOKA, KOTOPHIE MBI Je-
TaJbHO paccMoTpesiu paHee. CxeMaTUYHO 9TO MOKHO MMOKAa3aTh B KOJe TaK:

e Jlomo:xkum, HAM HYKHO YBEJOMJISTH O HEKOTOPBIX COOBITUSAX N IOTOKOB.
Bynem ncmoib30BaTh AJis 3TOT0 cUTHAJNBI SIGRTMIN ... SIGRTMIN + (N -1 ):

for( int 1 = SIGRTMIN; i < SIGRTMIN + N; i++ ) {
pthread_create( NULL, NULL, threadfunc, (void*)( i ) );
1
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e JIpu 3amycke N MOTOKOB (M3 TJIaBHOTO IIOTOKA) MOTOKOBBIE (DYHKIIUH,
IIOMHXMO YCTaHABJIMBAHNA CBOUX MHANBUAYAJIBHBIX CUTHAJIBHBIX MAaCOK
(B TOYHOCTH TaK, KaK 9TO IMOKA3aHO BLIINIE B JUCTUHTE «UepemoBaHue
TOTOKOBBIX CUTHAJIOB»), PA3MEIIAIOT 9K3eMILIAPHI COOCTBEHHBIX IIOTO-
KOBBIX TaHHBIX:

class DataBlock {
~ DataBlock( void ) { . . . };
b
static pthread_key_t key;
static pthread_once_t once = PTHREAD_ONCE_INIT;
static void destructor( void* db ) { delete (DataBlock*)db; };
static void once_creator( void ) {
pthread_key_create( &key, destructor );
b

void* threadfunc ( void* data ) {
// Hapnexauwmum 0O6pasoM MAcKMpyem CUrHanbl

/]

// 9TO NpouW3oNAeT TONbKO B nepsoMm noToke us N

pthread_once( &once, once_creator );

DataBlock* pdb = new DataBlock( . . . );

pthread_setspecific( key, pdb );

// Tenepb MOTOK MOXET MONb30BaTbCA AaHHHMU *pdb, Kak U nokanbHbHMM
// UMKN OXMOaHua NpUXOAAUNX CUTHAMOB:

while( true ) pause()

b

e Bce IIOTOKH UCIIOJL3YIOT OJUH U TOT K€ 00pab0TUMK [JIS BCeX CUTHAJIOB;
OH BBITIOJIHSET OJHU U Te JKe AeHCTBUA, HO HaJ PAa3JIUUHbIMU 00beKTaMu
maHHBIX. Hag KaKuM 00'beKTOM JaHHBIX BBIIIOJHUTD AelicTBue, 06paboT-
YUK «y3HaAeT» U3 KOHTEKCTA IOTOKA, B KOTOPOM OH BBHIIOJIHAETCS:

static void handler( int signo, siginfo_t* info, void* context ) {
DataBlock* pdb = (DataBlock*)pthread_getspecific( key );
// BHMNONHAEM [ENCTBMA AN CBOEro noToka

b

L4 Tenepb, HaIIpMeEDP U3 INIaBHOTI'O IIOTOKAa IIpoIliecca (I‘JIaBHLIfI IIOTOK BBI-
6paH AJISA IIPOCTOTBI — MCTOYHMKOM CHUI'HaJIa MOJMET 6I:ITL IIPOM3BOJIb-
HBII IIOTOK, JajKe He 3TOTO IIpoliecca), Tpedyemoe aAeiicTBIe BLI3LIBAET-
cs BO30Y K eHMEeM COOTBETCTBYIOIEr0 CUTHAIA:

sigqueue( getpid(), SIGRTMIN + K, val );

9TO TOJIBKO CKeJIeTHAs CXeMa, HO Ha ee OCHOBE MOYKHO CTPOUTH Pa3BUTHIE
IIPOTOKOJIBI 00PA6OTKY HAaHHBIX (IpUMep B3AT U3 PabOTOCIOCOOHOIO MMPHU-
JIOXKEHUA).
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3a npepenbl POSIX: curHanbl B ceTn

A Temepb, «HA 3aKYCKY», IIOCMOTPUM CIPAaBOUYHYI0 MH(MOPMAIIUIO IO CUC-
TeMHOI KomaHe kill (mocsmath curuai). Bel, JOMKHO OBITH, IOMHUTE, UTO
B QNX ecTh JOTOMHUTENbHAS BO3MOMKHOCTh MOJYUYUTD CIIPABKY II0 JII000#t
KOMaH/Ie CUCTEMBI, UCIOJIb3YA KOMAaHAY # use <uMma-komaHis>. Bojiee Toro,
BBI MOJKETe U B JII000e CBOe MPUJIOKeHe BCTPOUTH BO3MOYKHOCTh IOJIyde-
HUSI MHTEPaKTUBHOM cripaBku. Kak sTo mpoucxoaut, onucano B [4]. UTak:

# use kill
kill - terminate or signal processes (POSIX)

kill [-signal_name|-signal_number] pid ...
kill -1
Options:
-signal_name  Symbolic name of signal to send
-signal_number Integer representing a signal type
-1 List symbolic signal names
-n node Kill processes on the specified node.
(/bin/kill only)
Where:
Valid signal names are:

SIGNULL ~ SIGHUP SIGINT  SIGQUIT SIGILL SIGTRAP

SIGIOT SIGABRT ~ SIGEMT  SIGFPE SIGKILL SIGBUS

SIGSEGY  SIGSYS SIGPIPE SIGALRM SIGTERM SIGUSRT

SIGUSR2  SIGCHLD SIGPWR  SIGWINCH SIGURG SIGPOLL  SIGSTOP  SIGTSTP
SIGCONT SIGVTALARM SIGTTIN SIGTTOU

Note:
kill is also available as a shell builtin.

31ech HAC OXKUIAET CIOPIIPU3, KOTOPBINA MBI BBIAEJIUJIY B IIOKa3saHHOM (par-
MeHTe JKUPHBIM IpudToM. M roBopuT 9Ta CTPOKA O TOM, YTO B CHCTEME
QNX cur=aJj MOKeT IIOChLIATLCS IIPOIecCy, paboTaioIllemMy Ha JI00M y3je
cetu QNET. 1 sT0 coBepilieHHO eCTeCTBEHHO, €CJIU BCIIOMHUTDH IIPOMEJIbK-
HYyBIIlee BBHIIIe 3aMeUaHWe U3 TeXHUYECKOH NOKYMEHTAaI[MU, YTO CUTHAJ
B QNX — 3T0 myJibC, TO €CTh OJWH 13 BUJOB COOOIIIEHU MUKPOAApA.

Taxum o6paszom, cucremuasa komagga QNX kill (mumenHo cuctemMHas — /bin/
kill, B oTimume OT BCTPOEHHOU (hopMbI kill KOMaHAHBIX MHTEPIPETATO-
pPoB, KoTopkie cTporo ciaenyoTr tpagunuaM UNIX, Kak u nmpegyupeskaaer
BBIZleJIeHHAA HAMU CTPOKA) UMeeT BO3MOKHOCTD MOChLIATH CUTHAJBI J1000-
My IIporieccy B ceTu. TeM He MeHee IIPU PACCMOTPEHUH ITPOTOTUIIOB BHI30-
BOB kill() m sigqueue() MBI He HAXOAUM U cJela mapaMerpa, IPeaoCTaBJIa-
IOIIEeTO0 BO3MOYKHOCTD OMIPENeUTh yoaJleHHbIH mpoiiecc. Torga Kakum 00-
pasom aTo AesaeT KoMmauHAa kill? CoBepIlleHHO BEPHO: MCIIOJb3Yysl BBHI30B
native QNX API, KoTODBI BRITJISAUT TaK (3TOT BHISOB, KAK M MHOTHE APY-
rue, uMeeT ABe (OPMBI, BTOPAas U3 KOTOPHIX ABJsIETCA 6e30IIacHON B MHOTO-
TOTOYHOM cpee):
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#include <sys/neutrino.h>
int SignalKill( uint32_t nd, pid_t pid, int tid,
int signo, int code, int value );
int SignalKill_r( uint32_t nd, pid_t pid, int tid,
int signo, int code, int value );

rae nd — meckpunrtop ceresoro yaina QNET, Ha KoTopom OyayT pasbICKU-
BaThcA pid m tid. [Iy1s MOCBIIKYM CUTHAJA JOKAJIBHOMY IIPOIleccy (IIOTOKY)
MOXKHO 11 nd yKasaTh 0, HO JIydIlle — OIpeaeIeHHYIO CUCTEeMOM KOHCTAHTY
ND_LOCAL_NODE.

Mpumeyanune

Jeckpuntop y3na B cetn QNET — noHATME OTHOCUTENbHOE; OH MOXET ObiTb MOJYYEH,
Hanpumep, BbI3oBoM netmgr_strtond(). Ho n 3peck He BCe Tak NpocTo:

e [leckpuntop, COOTBETCTBYIOWMMA, CKaxeM, y3ay «hosty, NonyyeHHbIN Ha y3ne «Ax,
MOKeT MMeTb 3HaueHue N, HO JecKpMNTOp TOrO e Y313, NOJyYEHHbI Ha y3ne «By,
OyaeT MMeTb yKe 3HaueHue M, To eCTb AECKPUNTOP y3N1a — 3TO «AECKPUNTOP CETEBO-
ro y3na X, Kak OH BUAMUTCA C CeTeBOro y3na Y».

e Tot e geckpuntop y3na «host» MoxeT ObITb onpeaeneH Kak UMelWmnin 3HayeHm e
N, HO ye Yepe3 HECKONbKO CEKYH[, OH MOXET KCMEHUTb» CBOE 3HayeHue Ha M, To
eCTb 3HayeHus, nosyyeHHble netmgr_strtond(), [OMKHBI UCNONBL30BATLCA HEME]-
NeHHO...

I u Aopyrue CnoXHOCTU OTHOCATCA K 0cobeHHOCTAM NporpamMMHOro Ucnonb3oBaHuaA

QNET u TpebyloT oTaensHoro o6cTonTenbHoro obcyxaeHus. OQHaKo oHU He ABNAOTCA
npesMeToOM Halero TeKYLLEero pacCMOTPeHUS.

pid — PID mpor1iecca, KOTOpOMY HAIIpaBJSAETCSA CUTHAJN. pid MOKeT UMeThb
U OTpHUIlaTeJbHOEe 3HAaUeHUe, IIPU STOM IIOJOKUTeJbHOe 3HaueHUe (-pid)
uneHtudunupyer rpynmny npomeccoB EGID, u curnan O6yzer oTmpaBiieH
BCEM IIpolieccaM rpymnnbl. IIpu HyJaeBoM 3HaueHHH pid curHaa OyZeT OT-
IIpaBJIeH BCEM IIpoIleccaM I'PDYINIbI IIpollecca OTIIPABUTEN .

tid — 0 mau TID moToka, KOTOpOMY HampaBJisgeTcsa curHaj. [Ipu ykasanuum
tid curaas GymeT JoCTaBIATHCSA TOJIbKO YKA3aHHOMY IIOTOKY, a ipu tid =0 —
BCeM IIOTOKAaM mporiecca. JlanpHeliasa cyab0a curaaga B 000UX caydasax 3a-
BHUCHUT OT MAaCKMPOBAHMUA CUTHAJIA B IOTOKE, KAK MBI pacCCMaTPUBAJIN PaHee.

signo — HOMep curHaJjia (Cc HUM HeOJHOKPATHO BCTPEUAIUCH BBIIIIE).

code m value — KoJ ¥ 3HaUEHUE, aCCOIMMPOBAHHBIE C CUTHAJIOM (MX MBI TO-
JKe BCTpeUaau IPU PACCMOTPEHUY MO eI CUTHAJIOB PEaJIbHOTO BPEMEHMN).

Kax u 00b1uHO0, BHEIITHee pasanune (A4 IPorpaMMECTa) OCHOBHOI (hOPMBI
SignalKill() m dopmbl, 6Ge3omacHO B MHOTOIIOTOYHOM cpenme, Signal-
Kill r() cocTouT B TOM, UTO:

e SignalKill() BosBpariaetr —1 B ciaydae OIIUOKY, a KO OIITUOKY 3aHOCUT-
cA B errno; 060 Apyroi Bo3BpaT ABJIASETCS MHAUKATOPOM YCIIEIIIHOTO
BBIIOJTHEHU A}
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e SignalKill r() Bosspamiaer EOK B cayuae ycmexa, a B cilydae OIIHOKU
BO3BpaIllaeTCA OTPUIATEIbLHBIN KO OMUOKY (TOT Ke, KOTOPBIT OCHOB-
Has (popMa 3aHOCHUT B €r'rnN0, HO CO 3HAKOM MUHYC).

Bo3MoikHEBI creyoie Koabl OIITMO00K, BO3BPAaIllaeMble STUMU BbI30BAMU:
EINVAL — HezomyCTUMOE YHCJIOBOE 3HAUEHUE S1gno;

ESRCH — HecymiecTByomMit agpecart (pid miau tid);

EPERM — mipo1iecc He nMeeT JOCTATOUYHBIX IIPaB AJIA HOCBLIKU CUTHAJA;
EAGAIN — HeZIOCTATOUHO PECcypPCOB sApa OJidA BBIIIOJHEHUA 3a1Ipoca.

J s TOTo YTOOBI TOJYUYUTh PaboTaIoNIui IPUMep UCIIOJIb30BAHUA 9TOM BO3-
MOXKHOCTH, BO3LMUTE JIF000II 113 MPUBOAUBIINXCSA BRIIIIE IIPIMEPOB, pasHe-
CHUTe TIPOIEeCCHI TI0 CEeTEeBBIM y3JIaM W OIIPENeIuTe «IlejleyKasaHue» B IPO-
mecce-oTIPaBUTEIE.

ITpocreiiinuM IpUMepOM M AeMOHCTpaIlMel yAaJIeHHOW peaKIMU B CETU
MOKeT OBIThH CJIeYIOIas IMOCIeL0BATeIbHOCTD AeHCTBUM:

e JIpomsBommMm 3aITyCK 3aa4yy Ha yAAJIEHHOM y3Je, HAalIPUMeD:
# on -f <host> mqc

e Tlocie uero, BBIIIOJHUB P ONEPAIlUil B 3alyINEHHON IIporpaMme, Impe-
Kparraem ee pabory mo [Ctrl + C] ¢ TokamrbHOr0 TepMUHAJIA.

HHTepecHO OIEHUTHh HAJEKO MAYINUE IIOCJEINCTBUS 9TOr0 «MAJEHBKOI'O»
pacmupenns crangapTaHoit POSIX-cxeMbl pabOTHI ¢ CUTHAJIAMI:

e Ha TexXHUKe «CETEBBIX CUTHAJIOB» MOKET OBITH ITIOCTPOEHA I1eJIasd CUCTe-
Ma YBeJAOMJIEHWI CETEBBIX COCTABJAIIINX KOMIIOHEHT €IWHOU IIPO-
TPAMMHOM IPUKJIAHON CUCTEMBI.

e JIMeHHO «yBeIOMJIEHWI» (HO He CHUHXPOHUB3AIlMM C HacjJeJOoBaHUEM
IPUOPUTETOB, BJIUAIOIIEN Ha OOIIYI0O CUCTEMY AMCIETUYEPU3AIUU CO-
CTABJIAIOIINX YaCTeH U T. II.): IOCHLIKA CUTHAJIa ABJIAETCA HEOJIOKUPY-
foIIel onepamnueii (He TpedyeT OTBETA), a IIPUEM CUTHAJIA HEe COIIPOBOXK-
JaeTcsd HacJaemoBaHUEM (MU JIOOBIM U3MeHeHeM) TPUOPUTETOB.

e Takoe «curuajabHOE» B3amMOelicTBUE, 3anncanuoe B popmaabHoil PO-
SIX-cemanTuke (H0, IO CYyTH, OCYIIECTBJIAIOIIEEe MEeXaHU3MBbI, TaJeKO
BeIxomAmue 3a POSIX), MoKeT okasaThbCa Tropasfo IIPOoIlle B 3alUCHU
¥ IIOHUMAaHUU, YeM IIPU UCII0Jb30BAHUY HU3KOYPOBHEBBIX MEeXaHU3MOB
oOMeHa coobIeHuAMY (TyJILCaMU).

ITo goroBopy mexxkny mamatenbcTBoM «Cumpoia-ILmioc» m MHTEepHET-Mara-
suaoM «Books.Ru—Kuuru Poccun» efrHCTBEHHBIN JIeTaIbHBIN CIIOCO0 I10-
aydeHua ganHoro Gaitma ¢ kHUroi ISBN 5-93286-088-X «QNX/UNIX:
aHaTOMUSA IMapajlieansMa» — HOKyIKa B urepHer-marasune «Books.Ru—
Kuuru Poccun». Ecau Bl monyunam maHHBIN (Gaia KaKUM-JIU00 IPYTUM
o0pasoM, Bbl HapyImuanm MeKIyHAPOIHOE 3aKOHOJATEJILCTBO U 3aKOHOAA~
TeabcTBO Poccuiickoii Pegepanum 06 oxXxpaHe aBTOPCKOTO IIpaBa. Bam Heo06-
XOAMMO YIOAJIUTh HAaHHBIN (aiia, a TaKkKe COOOIUTh U3aaTeabCcTBY «CuM-
Boa-ILmtoc» (www.symbol.ru), rae umesnno Bul mosryuniau qaHubIH (aiii.



MPUMUTUBbI CUHXPOHM3ALUN

OC QNX Neutrino nmpegocraBigeTr MUPOKUIT HAO0D 3I€MEHTOB CUHXPOHU-
3aIlU¥ BBITIOJHEHUA IIOTOKOIOITUXCA KaK B pAMKAaX OJHOT0 IIPOIlecca, TaK 1
PasHbIX. ITO MPAKTUUYECKU HOJHBIM CIEKTP MPUMUTHUBOB, OMUCHIBAEMBIX
Kak 6asoBeIiM cTaHzaproM POSIX, Tak M BceMH ero pacIllupeHUsSIMU pe-
anpHOro Bpemenu. Tem He MmeHee mmpu paboTe CO BCEMU dTUMHU IIPUMUTHBA-
MU He MOKHUIAEeT OIIYINeHUe, YTO HeKOTOPbIe U3 HUX SBJISIOTCA OPraHmd-
HeiMu aaa camoit OC (MbIOTEKC, YCJIOBHAS IIepeMeHHas), B TO BpeMs Kak
IPyrue — JOCTATOYHO IPOMO3AKAA HAACTPONKA HaJ 6a30BBIMU MeXaHU3MAa-
MU, peajludyemasi, TJIaBHBIM 00pasoM, B yrogy POSIX.

Mpumeyanue
K coxaneHuto, u TexHuyeckas pokymeHTauus QNX [8], u cyHAameHTanbHas KHWra
P. KepTeHa [1] HanucaHbl no 0AHO cxeme:! BCe, YTO KAacaeTcs NPUMUTUBOB CUHXPOHM-
3aLuu, BBELEHHbIX 6onee no3gHUMK pacwupeHusamu POSIX (bapbepbl, xecTkas 6710Ku-
poBKa (sleepon), CNUHNOK, 6IOKUPOBKM YTEHUSA-3aMUCK), OMUCLIBAETCA JETaIbHO U CO-
NPOBOXAAETCA 0OCTOATENbHBIMI NPUMEPAMU KOA], @ BOT 6a30Bble NOHATUS, TaKMe Kak
pthread_mutex_t, sem_t (p,a npthread_cond_t, no cymeCTBy), ONMUCaHbl NULWb KayecT-
BEHHO, «Ha ManbLax», B UANOCTPATUBHBIX paccKasax 06 anropuTMe nojib30BaHMs BaH-
HOW KOMHATOI U KyxHeit (TepmuH bathroom BcTpeuaeTcs HamHOroO yauwe, yem pthre-
ad_mutex_t). Mbl nonsiTaemMcs no BO3MOXHOCTU KOMNEHCUPOBATL 3TOT NEPeKoc.

Xoresoch ObI 00paTUTh BHUMaHue Ha nHTepecHbIH hakT. B POSIX-Bapuan-
Te API QNX mpezncraBiies 60JbII0i Habop pasHOOOPA3HBIX CPEACTB CUH-
XPOHUBAIUN: MbIOTEKCHI, YCJIOBHBIE IIepeMeHHbIe, ceMadopbl, Oapbepsl,
OJIOKMPOBKY UTEHU/3AIUCH, KAYIIHe OJOKUPOBKU, cIuHIOKU. OgHAKO
B poguoM native API QNX 13 Bcero sToro MHOroo0pasus MbI BUAUM BCETO
TPU 3JIeMEHTa CUHXPOHU3AINU: MbIOTEKC, ceMadop U yCJIOBHASA IepeMeH-

1 U 3mech Bompoc He B maaruate. MssectHo, uTo P. KepreH moJiroe BpeMsi COTPY -
HAYasa ¢ QSSL MMeHHO MO YacTu HAMKCAHWS AOKYMEHTAIIMH, I0O9TOMY OHA BO
MHOTOM CJIeIyeT ero MaHepe W3JI0MKeHUs, XOTs 0ojee MO3AHSS KHUTA
P. Keprena [1] usnoskeHa 3aMeTHO JOXOIUHUBEE.
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HadA. W 5TO pu TOM, YTO yCJIOBHAA IIEPEMEHHAA HE ABJSAETCA CAMOCTOS-
TEeJBHBIM CPEJCTBOM CHUHXPOHU3AIMU W MPUMEHSETCA KaK pacllIupeHune
GYHKIIMOHATIBbHBIX BO3MOKHOCTEI MbIOTeKCcAal

ATOo 03HAYAET, UTO BCE MHOr0oo0Opasue CPeJICTB CUHXPOHU3AI[UU, IPEJOCTAB-
asemoe B POSIX API QNX, cTpouTcs HMCKJIIOUUTEJIHHO C IPUMEeHEeHUeM
9TUX MHUHUMAJBHBIX CPEICTB CUHXPOHU3anuu. IleficTBUTENHHO, aHAIU3
3aT0JIOBOUHBIX (PAiijioB CHUCTEMBI ITOKa3bIBAET, UTO BCE JOMOJHUTEILHBIE
cpeacTBa CUHXpoHH3anuu, moasaaoiueca B POSIX API, crpoarcs ¢ uc-
MOJIb30BaHMEM TOJILKO MBIOTEKCa M YCJIOBHOU IepeMeHHO#. M0OKHO cKa-
3aTh, UTO Iapa MbIOTEKC—yCJIOBHAA IIepeMeHHAasA C OJAHON CTOPOHEI 1 ceMa-
¢op ¢ APYroi ABIAAITCA He3aBUCUMBIMU 0asncaMm, KasKIbIA 13 KOTOPBIX
I03BOJISAET MOCTPOUTEL IPAKTHUYECKU JI000MH, CKOJb YIOZHO cieluduuec-
KUl 5JIeMeHT CUHXPOHU3AIlNN, YAOBJIETBOPAIOINI TOTPEOHOCTAM, KOTO-
pBle MOI'yT BOBHHMKHYTH IIPH IIOCTPOEHUM Balleil cucrteMbl. MBI IPOMJIIIO-
CTPUPYEM BTy MBICJb II03XKe, IIPX PACCMOTPEHNN 0COOEHHOCTE IIpruMeHe-
HUSA MBIOTEKCOB.

HesaBucumo oT TOro, Kakoil Habop 9JIeMeHTOB CUHXPOHU3AIUN OKaXKeTCs
IPEAHOUYTUTENBHLIM IJIS paspadaTbIBA€MON BaMU CHCTEMbI, BAXKHBIM SIB-
Jserca TOT (paKT, UTO B cydyae, eCJIiM Ipe[jaraeMble CICTeMOI cpeacTBa
CHHXPOHM3AINH II0 KAKNM-TO IPUUYMHAM Bac He YCTPAUBAIOT, TO HUUTO He
MelllaeT pa3paboTaTh COOCTBEHHBIE CPEACTBA CUHXPOHUBAIUM, UCIOJIb3YsI
TOT WJIX WHOU 6a3uc uian gake mx xomouuamnmuo. U sppekTHBHOCTE IOTIY-
YEHHOI'0 HOBOT'O CPEeJCTBA CHHXPOHU3AINY Oy/AeT 3aBUCETh TOJLKO OT Bac.

MpgI mocTapaeMcs IPOUJIIIOCTPUPOBATE ATY UEI0 IPUMepPaMU UCI0JIb30Ba-
HUsA 0a30BBIX CPEACTB CHMHXPOHUIAIMU B KaUeCTBe «KOHCTPYKTOpa» IpU
ToCTpoeHUU 06ojiee CaA0KHBIX. Tpu 6a30BbIX seMeHTa cuuxpoHusanuu OC
QNX — MBIOTEKC, YCJIOBHAA IepeMeHHasd U ceMadop — peaausyioTca Ha
YPOBHE MUKPOAJPA CHCTEMBI U CO3AaI0TCA BBI3Z0OBOM CUCTEMHOM (OYHKIIUN:

SyncTypeCreate( unsigned type, sync_t* sync, const struct _sync_attr_t* attr )
3nech type MOYKeT IPUHUMATD 3HAUEHUA:
_NTO_SYNC_MUTEX_FREE — mjisa co3maHuAa MBIOTEKCA;
_NTO_SYNC_SEM — gy1sa cospanusa cemagopa;
_NTO_SYNC_COND — gyt co3maHUsA YCJIIOBHOM IIepeMeHHOM’.

CrouT 00paTuTh BHUMAaHUE HA 1Ba BAXKHBIX (DakTa. Bo-1IepBbIX, TUIIBI MbIO-
Texca (pthread_mutex_t), ycaoBHOM mepemenHoi (pthread_cond_t) u cemado-
pa (sem_t) ABIAAIOTCA ICEBJOHUMAaMU TUIA Sync_t. A BO-BTOPBIX, THUIIBI aT-
pubyTOB 3TUX 00BEKTOB TaKiKe ABJIAIOTCS IICEBAOHUMAMU OLHOTO-€JUHCT-
BEHHOTO THIA — sync_attr_t, comepskalrero moJie protocol, 3HaueHMe KOTO-
poro onpenenser, KakuM crnocob6om OC 6ymeT BapbUPOBATh IPUOPUTETHI BO
u3beKaHVe UX UHBEPCUU.

B coorBercTBUU ¢ fokymeHTarnueir QNX 6.2.1 3To moJie IPpUCYTCTBYET ¥ IIa-
paMeTpoB BceX Tpex 0a30BbIX 00bEKTOB CHUHXPOHMUBAIINH, HO JOCTYIIHO OHO
TOJIBKO [JIS IIepeolpeneieHns MbIOTeKcoB. Ilo ymosuanuio (Hampumep,
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[naBa 4. NMpPUMUTUBBI CUHXPOHU3ALN

Korga BMecTo attr mepemaercsa NULL) moJie protocol mpuHMMAaeT 3HaUEHUe
PTHREAD_PRIO_INHERIT. 9To o3uauaet, uro OC 0yzeT 1CI0JIb30BATh IPOTOKOJI
HacJIeJOBAHUA IPUOPUTETOB IJIA IIPEeJOTBPAIleHUA NHBEPCUU.

Taxkum o6pa3oM, Bce NPUMUTUBEI cuHXpoHU3armuu QNX B Teopuu MOTYT
YUIUTBHIBATH 3heKT nHBepcuu mpruopuTetoB. OTHAKO HA TPAKTUKE BasKHBI
cJenyloiiye Ba BOIIPOCa: BO3BMOYKHO JIN B IPDUHIIUIIE BOSHUKHOBEHUE CUTY-
anuyu MHBEPCUU IIPUOPUTETOB AJA JAHHOTO TUIIA IPUMUTUBOB, U €CJN 14,
TO aKTYaJIbHO JIU AJI JAHHOTO TUIIa IPUMUTUBOB IIPENATCTBOBATH BO3HUK-
HOBEHUIO MHBEPCUY (B KAUeCTBE UILJTIOCTPAIIUY 9TOTO YTBEPIKACHUSI MOMKHO
paccMoTpeTh IPUMUTUB THUIIa 0apbep).

Tectsl [4] mOKA3BIBAIOT, UTO TOJBKO JJIS MBIOTEKCOB HaCJIeTOBaAHUEM IIPU-
opuTeTOB (UM aJIbTePHATUBHLIMU MPOTOKOJAMM) ONHO3HAYHO MPEeIOTBpAa-
maeTcs BOSHUKHOBEHNE NHBepCUU IpuopuTeToB. Ilo-BusnMoMy, B IePBYIO
ouepenb ATO CBSA3AHO C TeM, UTO caMa 110 cebe MHBEPCUA MOYKET BOBHUKHYTh
HNMEHHO B TeX CJIy4dYadaX, KOorja n3 BCeX 3JIEMEHTOB CMHXPOHMU3aIluUn Heo0Xxo-
IUMO WCIIOJIb30BaTh UMEHHO MBIOTEKC MU YTO-IU00 U3 ero HacJeTHUKOB
(HanpuMep, 6JIOKMPOBKY UTEHUSI-3aIIUCH).

Cemadop (c4yeTHbIN)

Cemadop ABaseTcA BecbMa crienu(puiuecKuM (B CPABHEHUH C IPOYUMMU) IJIs
OC QNX cpeacTBOM CUHXPOHUBAIUU, U XOTA QYHKIIUU PAaGOTHI C HUM TaK-
JKe ompenensioTea crangaprom POSIX, make ceMaHTUKA 9TUX (QYHKIIHHI
OTJINYAETCHA OT BCeX IMPOUUX 00BEKTOB CHHXPOHU3AIIUH.

Mpumeyanue
®yHKLMK paboTbl ¢ cemadopom onpepensiotcs ctaHaapTom POSIX 1003.1 (1993) pac-
WWPEHUs peanbHOro BpemeHy, a He ctaHaaptom POSIX 1003b (1995), koTopbimM onpe-
LeneHbl pthread_* u Bce Apyrue NPUMUTMBbI CUHXPOHU3ALMN; COOTBETCTBEHHO (DYHK-
LMK MaHUNYNMPOBaHMA cemadopamu He HaumMHatTCa ¢ npedukca pthread_*.

B xaaccuueckoit padore eiikcrpsl [10] cemadop ompenmensaeTca Kak 00b-
eKT, HaJ KOTOPBIM MOXKHO IIPOBECTHU JBE aTOMAapHbIe Olepanuu: UHKPe-
MEHT U JeKPEMEHT BHYTPEHHEro CUeTUNKA — IIPU YCIOBUM, UTO BHYTPEH-
HUM CUETUNK He MOKeT IPUHUMATL 3HAaUeHWe MeHbIle Hyasa. Ecau Hekui
IIOTOK IILITAETCS YMEHBIINUTh HA €INHUIY 3HAUEHNE BHYTPEHHEr0 CUeTUM-
Ka cemadopa, sHaUEeHNEe KOTOPOr'0 Y2Ke PABHO HYJIIO0, TO 3TOT IIOTOK OJIOKU-
pyercs 0 TeX II0p, HOKa BHYTPEHHUH CUeTUnK ceMadopa He IpUMeT 3HaUe-
HHe, paBHOe 1 uau 6oJibIie (IIoOCPeACTBOM BO3JeMCTBUA Ha HEro APYTuX II0-
TOKOB). Pa36/I0KMPOBAaHHBIN IIOTOK CMOKET OCYIIIECTBUTH JeKPEMEeHT HOBO-
ro 3HAUYEeHUs.

IIpunasTo paccmaTpuBaTh ceMadopPhl IBYX BUAOB: OUHAPHbLE, CIETUUK KO-
TOPBIX MOJKET IPUHUMATH TOJbKO 3HaueHus 0 aubo 1, u cuemuvle, nin
MPOCThIE, CUETUNK KOTOPBIX MOYKET MIPUHUMATD 0OJIbIIINE IOJ0KUTEIbHbIE
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sHaueHusa. BQNX 6.2.1 makcuMalbHOe 3HAUCHIIE CUEeTUNKA OIIpededeTCs
mepeMeHHOU SEM_VALUE_MAX, 3HaueHMe KOTOpoi paBuo 32 767.

OTMeTM BasKHBIN MOMEHT: ceMadop sBJseTca Hanbojiee IPOCTBIM 1 COOT-
BETCTBEHHO HauboJiee YHUBEPCAJIBHBIM CPEICTBOM CUHXpoHU3aruu. Y Kiac-
cuYecKUe pelreHusa 3a1ay pas3aebHOT0 UCIIOJIb30BAHUA PECYPCOB, IPeIJio-
JKeHHBIe B TEOPUU IePBOHAUAJBbHO J. [[eKCcTpoii, 6a3UPYIOTCS UMEHHO Ha
nousaTuu cemadopa. OZHAKO B cIyyae CUCTEM PEaJIbHOI0 BPEMEHU IIPUMe-
HeHre ceMadOopOB AJIsI pasieIeHusi JOCTYIIA K PECYPCY BJIeUeT IOTEeHIINAb-
HYIO OIIACHOCTH BO3HUKHOBEHUSA MHBEPCUY IPUOPUTETOB [4], nu306eKaTh KO-
TOPOIT HUKAaK HeJb34.

IIpuuwnna sTOTO B TOM, uTO ceMadop 1o ONpereIeHUI0 He MOYKeT 3HATH CBO-
ero BJajesblla (3aXBaTUBIIETO0 €ro), IMOCKOJBKY y cueTHOro cemadopa
B IPUHIINIE HE MOYKET OBITh BJIaJlesIbIla, a OMHAPHBIN ceMadop, KOTOPHIHM
OTJINYAET CBOETO BJIafesbIla (II0TOK, 3a6JIOKMPOBABIIINI B JTaHHBI MOMEHT
IPyTHe IOTOKU Ha obpallleHuu K ceMadopy), y:Ke mepecTaeT OBITH COOCT-
BEeHHO ceMad)OpOM U HA3hIBAETCA MBIOTEKCOM, MV SKCKJIIO3UBHON OJOKM-
poBkoii. Ilo-BuguMoMy, IMEHHO 5TUM 00CTOATEIHCTBOM BBI3BaH TOT (haKT,
4TO BCce 00'beKTHI cuHxpoHusanunm QNX, He peasn3oBaHHbLIE HA YPOBHE na-
tive API, o nipemocraBiseMmble Ha ypoBHe API POSIX, ctposarca 6e3 uc-
II0JIb30BaHUA ceMa()OPOB.

IIpuanunuaabHO cxemMa paboThl cemMadopa ITO3BOJISET MCIOJIb30BATH €ro
IIs1 pellleHnsas MaKCHUMAaJIbHO ITUPOKOTO Kpyra 3amad. IIpmBemeM TOJBKO
HECKOJBbKO CXeMaTUYHBIX ITPUMEPOB:

e O:xumanue yciaosus (yBemoMmiaeHue). HacTo BOBHMKAET HEOOXOAMMOCTH
OCTAaHOBUTH (3a0JIOKMPOBATH) IOTOK J0 TeX IIOP, IOKAa He HACTYIIUT He-
Koe coObITHe (BBITTOJHUTCA yCa0Bue). Pa36IoKupPoBaTh OCTAHOBICHHBIH
TIOTOK B TAKOM CJIy4Yae MOJKET TOJbKO IPYroil, akTUBHBLIA K 5TOMY Bpe-
MeHUu IOTOK. IIpemBapuTebHO WMHUIMAIU3UDPYEM ceMadop HYJIEBLIM

3HaUYeHUEeM:

IToTox A IToTrox B
while (!expression) expression = true;
sem_wait(&sem); sem_post(&sem);

B sToM ciiyuae mOTOK A OXHIaeT BBIIOJHEHUS HEKOEero ycjaoeus (ore-
pamusa sem_wait()), a morok B yBemomaser (omepariua sem_post()) o BbI-
OJIHEHUY YCJIOBUS JIFO0ObIE OYKUIA0IINE DTOTO YCIOBUSA IIOTOKH.

Mpumeyanue
B npuHuMne KoHCTpyKLMA while() 34eck He 0653aTeNbHa, MOXHO 0OOMTUCH U MPOCTHIM
if(), HoO NpoBepKa BbINONHEHUs YCNOBUSA U Nocie pa3bnoKkMpoBaHUs NoToka byaeT 60-
Nee CTporoil popmMoit B MHOTONOTOYHOI CUCTEME, 0COGEHHO eCN BbIMONHEHMUS YCNOBUA
0XunpaloT 6onee 04HOro NOTOKaA.
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e Bzaumnuoe uckmatouenue. C momombio cemadgopa MOYKHO PEIIUTb U APY-
I'YI0 KJIACCUYECKYI0 IPO0JIeMy CUHXPOHU3Auy — 0e30ImacHoe COBMECT-
HOe UCIOJHEHNE Koja. JTa IpobaeMa BOBHUKAET, KOrja 13 HECKOJIbKUX
TOTOKOB HEOOXOAMMO ITPOBECTH MOAUMUKAIINIO OOIMMX HepeMeHHBIX
UM 00PaTUTHCA K OJHOMY CHUCTEMHOMY pecypcy. B Takom cayuae Heo0-
XOAMMO YCTAHOBUTL YETKUI IIOPSALOK OOpallleHUii, He MOIYyCKAaIOInii
OJHOBPEMEHHOCTH HCIIOJHEHUS COOTBETCTBYIOIIEro yyacTKa Koza (B3a-
UMHOE UCKJII0UeHe). 31ech ceMadop MHUITNATU3UPYETCSI eNUHNIIEI:

ITotox A IToTrox B
sem_wait(&sem); sem_wait(&sem);
/* KOM, KOTOPbIA HYXHO 3auuTUTb /* KOM, KOTOPbIA HYXHO 3aunTuUTb
OT COBMECTHOIO MCMONb30BaHusA. =/ 0T COBMECTHOIO MCMONb30BaHuA. =/
sem_post(&sem); sem_post(&sem);

B manHOM ciyuyae moCJIe[OBATEIHLHOCTDH AOCTYIIa IOTOKOB K 3aIuIlae-
MOMY YYacTKY Koja (TaKo¥ yU4acTOK KoJa ellle Ha3bIBAI0T KPUTHUECKO
CeKIMei) He NTPaeT HUKAKOI POJIM; 3[eCh BAKHO He JOIYCTUTD, YTOOLI
IBa IIOTOKA MCIIOJHSAIN 3TOT KOJ OJHOBPEMEHHO.

ITockonbKy cemadop WHUIUAINUSUPYETCA €IUHUIIEH, TEePBBIA BBHISOB
sem_wait() He MPUBOAUT K OJOKMPOBAHUIO MOTOKA, a JIUIIL HOHUIKAET
cueTunK cemacdopa 10 HyJA. B TakoM moJsio:keHun cemadopa Job0ii mo-
TOK, IOBTOPHO BBI3BABIIMM Ssem_wait() Ha BXoZe B KPUTHUYECKYIO CEK-
10, OyaeT 6JIOKHMPOBAH M0 TeX II0P, IIOKA IEePBhIi BOIIEAIINI IIOTOK He
MOKMHET STOT YUYaCTOK KoJa 1 He BuI3oBeT sem_post(). ITocie sToro omun
13 MOTOKOB, OKHUIAIOMINX YBEJIUUYEHUA CUueTunKa ceMadopa, MOJYyUYUuT
yupasJyeHue (3To 6yIeT OAMH IIOTOK, U HEJIb3sd 3apaHee CKasaTh, KAKOH
MMEHHO) U BBLIMOJHUT OIepaluio AeKpeMeHTa Haj CUeTUMKOM, BHOBD
3a0JI0KMPOBAB BXOJ B KPUTHUUYECKYIO CeKI[MI0. TaKuM 00pasoM MOKHO
rapauTHpPOBATh CTPOT'O MOCJIEJOBATEILHOE BEIIIOJHEHEe TAKOTO KOIa.

OmHaKO IIPU MCIIOJH30BAHUU CeMa(OPOB JIA PeIlleHnA 3a4aYy B3aUMHOTO
HUCKJIIOUEHUS IIOTOKOB PA3HOT0 IIPUOPUTETA MOYKET BOBHUKHYTh CEphe3HaA
mpobJsieMa, U3BeCTHAS KaK WHBEPCUA IIPUOPUTETOB. Bonpoc nHBepcuu pac-
cMaTpuBaJicsa B Hate# padore [4], u MbI He OyaeM 3iech TOAPOOHO OCTaHAB-
JUBATHCA Ha dTOM. B mpocreiimieM ciayuae mmpobjiemMa 3aKJIH0UYaeTCa B TOM,
YTO €CJIN B CCTEME IMPUCYTCTBYIOT HECKOJIBbKO (3 uim 60Jiee) IOTOKOB pas-
HOTO mpuopureTa (BBICOKOTO, CPEJHEro M HUIKOTO), MUCIOJbL3YIOIIUX 00-
Ui pecypc, TO BO3MOKHO BO3BHUKHOBEHNE CUTYAIlU, KOTJa BHICOKOIIPU-
OPUTETHBIN IOTOK OyJeT GJIOKMPOBaH B OKUAAHUU pecypca, paHee 3aXBa-
YeHHOT'O ITOTOKOM CaMOTO HU3KOTO MIPUOPUTETA, KOTOPHIH B CBOIO OUEPEenb
BBITECHEH MMOTOKOM CPEeIHero IPUOPUTETa, IPUUEM TaKON HepaspelrnMblit
«KJUHY» MOKET IPOJOJKATHCA HEOTPAHUUYEHHO JOJITO.

Kaxkum ke 00pasoM MOKHO IIPEJOTBPATUTH MOAO0HYIO cuTyarmio? iisa
9TOr0 HEOOXOAWMO ITPOBOAUTH MAHUNYJISAINY C IPUOPUTETOM ITIOTOKA, BXO-
IANIETO B KPUTHUYECKYIO ceKIuio. OJHAKO IIOcjie BBIIOJHEHUA IOTOKOM
dyHKIUHT sem_wait() (Ipu 8TOM cueTunK cemadopa YMEHBIIIAETCA OO0 HYJIS)
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U IIepexo/a K BBIIOJHEHNIO KOJA KPUTUUECKON CEKI[NN YiKe HUKAK HeJIb3d
OIIpele/INTh, KAKO! IIOTOK 3a0JI0KMPOBAJ ceMad)op, U HeJIb3A HUUEro Cle-
JIATh C €r0 IIPHOPUTETOM.

st TOro YTOOBI CHCTEMAa UMeJia BO3MOKHOCTD BJIUATH Ha IIOBEJeHUE ITOTO-
KOB C TOUKM 3PeHUA MPOPUIAKTUKY UHBEPCUU IPUOPUTETOB ¥ B3AUMHBIX
OGJIOKUPOBOK («MepTBBIX 00bATHII» — deadlock) IOTOKOB MM APYrUx II0-
ITOOHBIX IIP00JIeM, BLI3BAHHBIX B3AMMHBIM BJIUSHNEM IIOTOKOB, HEOOXOIM-
MO, YTOOBI 00BEKT CHHXPOHU3AIINN ABHBIM 00pa30M XpaHuja nHGOPMAIIHIO
0 TOM IIOTOKE, KOTOPBIi ero 3axBaTuj (TO eCcTh 3HAJ cBoero xosauHa). Ce-
Madop Takoi mH@OPMAIMHN He XPAHUT, U 3TO HEOOXOAMMO MOMHUTH IPU
IPOEeKTUPOBAHUY CUCTEMBI C €T0 UCTI0JIb30oBaHueM. [IpumeHeHue cemadopa
ONITMMAJILHO AJIA cIydaeB cjabo CBA3AHHBIX U B Maeaje PABHOIPUOPUTET-
HBIX ITOTOKOB. COOCTBEHHO, IS 9TUX ClIyuaeB ceMadop KaK CPeICTBO CHUH-
XpoHU3anuu u padpabareiBaiics [10].

® YacTHBIM CJIy4YaeM 3aJady B3aUMHOT'O MCKJIIOUEHUS SABJISIETCSA KJIACCU-
YecKasd 3a/Java MOCJIeT0BATEIHFHOTO JOCTYNA II0 THILY ITPOU3BOIUTEIH/
morpedurens. Takaa curyanuda BOSHUKAET, KOTIa ONUH IIOTOK IIepefaeT
IPYToMy HaHHBIE Yeped 00Iyio nmepeMeHHYI0. [loka IpOU3BOAUTEIND He
«IIOJIO}KUT» HOBBIE JAaHHBIE B 9Ty II€PEMEHHYIO, [IOTPEOUTENb MOJIKEH
IPOCTaWBATD B OKUJAHUMU.

IIpuBenem KJaccuyecKoe pellleHNe dTOH 3agaun. B aToM caydae HaM II0-
HamobuTcsa aBa ceMmadopa (M0 OAHOMY HA KaKABIM IIOTOK), KOTOPBIE
IOJIXKHBI THUITUATU3UPOBATHCA CAETYIOIIM 00pasoM: TOT, KOTOPBII 3a-
IIUIAeT YTeHne (IIoTpedseHre), THUIUAIUIUPYETCI HyaeM (0JI0KUpyeT
YUTAIONUH TIOTOK), & TOT, KOTOPBIH 3aIlUIaeT 3auch (IIPOU3BOICTBO), —
enuHUIEI (OTKPBIBAET JOCTYII «IIHCATEJI0» K O0IIIeMy pecypey).

IToTox A ITorox B
sem_wait(&sem_A); sem_wait(&sem_B);
/* KpuTudeckas cekunsa x/ /* KpuTnyeckas cekums =/
sem_post(&sem_B); sem_post(&sem_A);

IToso:xuM, MOTOK A ABJIsIeTCA IPOUSBOJUTEIEM TaHHBIX, HEO0OXOTUMBIX
s paborsl moToka B. CooTBeTcTBeHHO ceMadop sem_A MHAITHNAIU3UPO-
BaH 1, a cemadop sem_B mHnnuanusupoan 0. Korga morok B monbiTaer-
cd o6paTUTheA K 00Iell TepeMeHHOM 3a JaHHLIMY AJA paboThI, OH Oy IeT
OGJIOKMPOBaH B OKUAAHUM Pe3yJabTaToB paboThl moToka A. IToTox A,
HOATOTOBUB HEOOXOAMMBIe HAaHHBIE, BOUAET B KPUTUUYECKYIO CEKI[HIO
(TOCKOJBKY ero ceMadop pasdbJIOKUPOBaH), yCTAHOBUT HOBBIE JaHHbBIE U,
TMOKUAAsd KPUTUUYECKYIO CeKITHio, pasbioxkupyer cemadop moToka B.
ITocie aToro moTox B 6ymeT pa36ioKMPOBaH U CMOKET ITOJYUUTH HOBBIE
mamubie. OOpaTuTe BHUMAaHNE, UTO €CJIN JaHHbIe IPOU3BOAATCA B IIUKJIE
(a aTO OOBIYHASA CUTYAIUA), TO IIOTOK A He CMOKET IOBTOPHO HMOJIYUYUTH
IOCTYI K OOIIell TIepeMeHHOH A0 TeX IIOop, IIOKAa IIOTOK B He 3aKOHYUT
YTeHMe dTOU MepeMeHHON 1 He IOKUHET KPUTUUECKYIO CEKITHIO.
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Mpumeyanue
OnuncaHHas cxema He ABNAETCA YHUBEPCANbHOW U XOpoLWo paboTaeT Ans ABYX NOTOKOB.
0pHaKo BO3MOXHA CWUTyaLMs, KOTAA CYLECTBYET MHOXECTBO MOTOKOB noTpebuteneit
u nponssogutenenn. B OC QNX cywecTtByeT cneunanbHblii NPUMUTUB CUHXPOHM3ALMUH,
Ha3blBaeMblil «6NOKMPOBKON YTEHUs/3aNUCKU» U NpefHa3HAYEHHbIN ANA CUHXPOHM3a-
LMK [OCTyNa B TaKoit cuTyauuu. ITOT NPUMUTMB NPeAOCTaBNAET MHOXECTBEHHbIN [0-
CTYN K KPUTUYECKOM CeKLMM KOfLa CO CTOPOHbI «YUTaTeNeil», MOCKONbKY OHU He U3MeHs-
IOT COAEPXKMMOTO 0BLNX [AHHBIX, N YCTaHABIMBAET 3KCKIIO3UBHbIA [OCTYN AAA «nUca-
Tenei». IToT NnpuMUTUB GyaeT noApobHee pacCMOTPEH Mo3Xe.

e Jlo cux mmop MbI haKTHUUECKHU paccMaTpuBaiu paboTy cemagopa B OuHap-
HOM peskuMe. (s 60JBIIOTO KOJMUYECTBA 3aja¥ UMEHHO TaKOU PerKuM
cemadopa U ABJIAETCS OCHOBHBIM. OJHAKO BO3MOIKHOCTH CUETHOIO Ce-
Magopa, MO3BOJAIONIETO KOHTPOJHMPOBATH KOJIMYECTBO OOpAIIeHWUId,
IOMYCKAaIOT ero IIpMMeHeHHe B BecbMa CIellM()UUECKHX 3ajadvax, TIe
IpyTHe CpelCTBa CHHXPOHUBAIUY TPEOYIOT OT IPOTrPaMMIUCTA LOIOJIHI-
TeJbHOU PaboTHhI.

ITpounntocTpupyem paboty cuetHOoro cemadopa. IIpenmonmoxum, HaM
HAJI0 CHHXPOHU3UPOBATH Pa00Ty IBYX IIOTOKOB TaK, YTOOBI OJUH U3 HUX
BCeTa IIeJI «BCJeq» 3a JPYTUM, TO €CTh BBIITOJIHAI HeKKe [IUKINYEeCKIe
OIlepaIliy TOJbKO IIOCJIE UX BBIMOJHEHUS IIePBLIM MoTOKOM. [y peau-
3aIlMM 9TOI CXeMbl HaM HOHAZ00UTCA ceMadop, MHUITUATM3UPOBAHHBI I
HYJIEBBIM 3HAUEHUEM.

IToTox A IToTox B

while (true) while (true)

{ {
/* paboTa A; */ /+ sem_wait(&sem); */
sem_post(&sem); paboTa B;

IToTok A B KaKaOM IIMKJe yBeJIWUYWBaeT cueTuYnK cemadopa Ha 1, a mo-
TOK B B cBOIO ouepeab CTPEMUTCA «BbIOPATH CJIA0MHY» U B KAaKIOM ITUK-
Jie YMEHBIITaeT 9TOT CUETUUK Ha eIUHUILYy IO TeX IIOpP, ToKa OH He JI0-
CTUTHET HYyJs. BHe 3aBUCUMOCTU OT IPUOPUTETOB, NUCIUILINHBI IUC-
meTYepu3auy UJIN JIOOBIX UCTOUHNKOB GJIOKMPOBKU IIOTOKOB IIOTOK B
OyOeT «CJaeS0BATh» 3a IOTOKOM A ¥ BBHIIIOJHATE He 00JbIIIe IINKJI0B, YeM
ero «BeILylIiuii» IOTOK.

Bcemu aTuMu mpuMepaMu MBI XOTeJIN ITOKa3aTh IJIaBHYI0 0COGEHHOCTD Ce-
Magopa: 1060 MOTOK MOMKET MEeHATH ero COCTOAHUe (BHYTPeHHUI CUer-
YUK), TeM CAMBIM JeJIas 9TO 3JIEMEeHT CUHXPOHU3AIINY UIeaJbHBIM CPEICT-
BOM YIIpaBJEHUA IMOPSAAKOM BBITIOJHEHUS MOTOKOB. Cemadop saBasercs
uaeaJbHBIM UHCTPYMEHTOM /IJIsI TOCTPOEHUA COOCTBEHHBIX CPEJCTB IIJIaH!-
poBaHUSA (AMCIIETUEPUBAIINM) BBLINOJHEHUA IIOTOKOB BAIllEHl CHUCTEMBI.
Crammapt POSIX mpemgycMaTpuBaeT HAJIWUMe CIEIHAJIbHBIX «HNMEHOBAH-
HBIX» ceMadopoB, K KOTOPHIM MOJKET 00paIlaThCs JII000ii MOTOK, MPUHA-
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JIexaIinii JJro00My IIPOIlecCy, BRIIOJHAKINEeMyca B cucteMe, a B OC QNX
K cemagopaM MOXKeT oOpalfaThCsA M JHOOOHM IIOTOK JIFOOOTO IIpoliecca BO
Beeit cetu QNX. Takum odopasom, cemad)op IO3BOJIAET OCYII[ECTBIIATh ILJIa-
HUPOBAHNE BLIIIOJHEHUA 3a4aY JasKe AJIS Balllell pacipenesieHHON CeTeBOM
CUCTEMBEI.

Hwuke MBI IpUBOAMM KpaTKOe onucaHue GyHKITUH paboThl KaK ¢ HeMMeHO-
BaHHBLIMH, TaK U C UMEHOBaHHBIMU ceMadopamu, peamusoBaHHbIMU B OC
QNX. ®yukmuu paboTsl ¢ ceMadopaMu 06 bABIEHEI B 3aT0JIOBOYHOM (haiiie
<semaphore.h>. Ecau gas paboTbl KaKou-aI1u00 (PYHKIUU HEOOXOAUMBI I0-
MOJIHUTEJIbLHBIE 3ar0JI0BOUYHbBIE (DAMJIbl, OHU OYAYT YKa3bIBATHCSA SBHO.

Onepauuun Hap cemacgopamu

Co3paHue cemadopa

QNX moagep:kuBaeT ABa Tuiia cemagoOpoB — HEMMEeHOBAHHBIE 1 MMEHOBAaH-
Hble. Pasuniia MeKay HUMU 3aKJII0YAeTCS B TOM, YTO K MMEHOBAHHOMY Ce-
Madopy MOXKHO 00paTUTHCS M3 JIIOOOTO mpoliecca B cucreMe (MM Jaske 1o
cetu QNET c apyroro cereBoro xocra), MOCKOJbKY TaKOU ceMadop MMeeT
accoIMupoBaHHOEe ¢ HUM uMMs B (paisoBoii cucreme QNX. Heobxommmo
OMHUTh, UTO UMEHOBaHHbIEe ceMa()Ophl, IPU HPOUUX PABHBIX YCIOBUAX,
MeJJIeHHee U TPeOYIOT AJsA CBOel paboThl 3aIIyIIIeHHOTO B CUCTEMe MEeHe]-
JKepa ouepegeii coobienunit POSIX (mqueue).

Hnsa xakgoro Tuna ceMadOpoB CYIIECTBYET CBOA I'pynna QyHKIUNA, IpU-
MeHeHUe KOTOPHIX He JTOJKHO CMeIInBaThCA.

sem_init()m sem_destroy() — codmaHme m paspylieHne HEMMEeHOBAHHOTIO ce-
madopa. IIpu co3manuu yKasbpIBaeTcs mapaMeTrp JOCTYIa U3 APYTUX IIOTO-
KOB U HayaJIbHOEe 3HaUeHMe cueTuynKa cemadopa. C HeMHUIIMAJIN3UPOBAH-
HBIM ceMadgopoM HUKAKUX OIlepalldii IIPOBOAUTH HeJIb3s (3TO obIiee mpa-
BUJIO CIIPABEAJINBO U IJI5I BCeX MHBIX IPUMUTHUBOB cuHXpoHu3auu). ITocie
paspyirenusa cemadopa ero HeoOXOAWMMO MOBTOPHO HMHUIIHAJIU3UPOBATH
LIS UCTIOJIb30OBAHUSA.

O6e pyukmuu Bo3BparanT 0 B cayuae yerexa u —1 B cayuae omubku. Kox
omuOKY B3aIlnChIBAeTCA B IIepeMeHHOU errno. B uacTHOCTH, (QYHKIIUA
sem_init() MOKeT CUTHAJIN3UPOBATH O CIAENYIOIINX OITNOKAaX BHITIOJTHEHMA:

EAGAIN — B JaHHBIA MOMEHT HET PeCypPCOB JJId HHUIaau3anuu cemadopa;
EINVAL — HauaJIbHOE 3HAUEeHNe cUueTUnKa npeBbimnaeT SEM_VALUE_MAX;

EPERM — y mmpoIiecca HeIOCTATOUYHO IIPUBUJICTUH AJISI MHUITNAJIU3AIIUY CeMa-
(opa;
ENOSPC — pecypchl, HeOOXOAMMbBIE JJIsI UHUITUAIU3AIUN, NCUEPIIaHbl;

ENOSYS — dpyHKIUS sem_init() He mogIep:KUBaeTCsa peaausalieil CuCTeMbI.

ITpu BeI3OBe QyHKIMU Sem_destroy() MOMKeT perucTprupPOBaATLCS TOJIbKO O~
Ha OIIMOKa:
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EINVAL — HempaBUJIBHBI omIMcaTe b ceMadopa.

sem_open() u sem_close() — OTKPBITHUE U 3aKPHITHE UMEHOBaHHOT0 ceMadopa
(ecsiz OTCYTCTBYET paHee CO3AaHHBIN ceMadop ¢ TAKUM UMEHEM, TO €TI0 CO3-
maHue). B Bomrpoce MOAKJIIOUEHUA U OTKJIIOUEHUA PaboTa ¢ MMEHOBAHHBIM
cemadopoM aHasoTHUYHA padboTe ¢ oObIYHBIM (haiisom. Takike O UMeHO-
BaHHBIX ceMa(oOpOB CyIecTByeT omepammda sem_unlink(), amajmormuyHas
omeparuu unlink() masa odosluHOro (paiina. B pyHKImio sem_open() mepena-
ercd UM ceMadopa, mapaMeTphl OTKPLITHUA ceMadopa 1 JOHOJHUTEIbHbIE
mapaMeTphI B cyduae co3manus cemadopa.

Onepauumn 6M1oKUPOBKU

I cemadopa onpeaesieHbl TPU MOAUMGUKAINY OIleparuu 6JIOKUPOBKH:

int sem_wait( sem_t* sem )

int sem_trywait( sem_t* sem )

#include <time.h>

int sem_timedwait( sem_t* sem, const struct timespec * abs_timeout )

Bcee satu pyHKIIMET ontmpatorea Ha yHKImio (native QNX API):
int SyncSemWait( sync_t* sync, int try );

DyHKIUS OPOCTOr0 OKUIAHUS Sem_wait() mpITaeTcs BBINOJIHUTH AEKpe-
MEHT cueTurKa ceMmadopa. Ecau ncxommuoe sHaUeHNEe cCUeTUYNKA OBLIO 00JIb-
mie uiad paBHO 1, TO QYHKIIMS [MOCJE BBHIMOJHEHUS OMePalluy AeKpPeMeHTa
BO3BpAIllaeT yIIpaBjeHue B BhI3BaBINUN Kof. Ecau 'Ke 3HaueHUe BHYTPEH-
Hero cuetumka cemadopa paBHsg0Cch 0, BBINOJHEHNE BBIZBABIIEr0 PYyHK-
MO IIOTOKAa OJIOKUPYETCs J0 TeX II0P, IToKa KaKou-JI1ub0 APYrou IOTOK He
YBeJIMUUT 3HAUEeHUE cueTunka cemadopa. ITocsie Toro Kak 3HaUeHUE CUET-
ynKa OyZeT yBeJIWYeHO, OJIOKMPOBAHHBIN IOTOK IIOJYyYaeT yIpaBJIeHUE
(B mopsaKe ouepenu), BHIIOJIHSIET (3aBePIlaeT) JeKPEMEHT CUETUNKA ceMa-
dopa u BosBpalaeT yupasjeHre. BIOKUPOBaHHOE COCTOSHUE ITOTOKA MO-
JKeT OBITH TaKiKe IPEePBAHO MIOJTyYeHUEM HAIPABJIEHHOT0 eMy CUTHAJIA (CM.
raaBy 3).

DYyHKIUS 0KUAAHNASA C IIPOBEPKOI cemadopa, sem_trywait(), 10 BBIIOJIHE-
HUA oIepanuy Haj ceMad)opoM IIPOBepseT 3HaUeHMe cueTurKa. Ecau 9To
3HaueHue 0OJIbIlle HY s, (DYHKIIUSA BHIMOJHAET JeKPEMEHT CUeTUNKa, a ec-
JIZ 3HAYEHVEe PABHO HYJII0 — BO3BPAIIlaeT YIIPABJIEHUE [IOTOKY, He OJIOKUPY-
SACh HA OKHIAaHUU mocTynHocTu cemadopa (HO saxBaT cemadopa B 5TOM
ciydae He IPOUCXOAUT, O YeM M3BEIaeT KO BO3BpaTa).

DYHKIIUA OKUAAHUA C TaM-ayToM, sem_timedwait(), oKmmaeT BO3MOIK-
HOCTU YMEHBINMUTHL Ha 1 cueTumk cemadopa (6JOKHPYyeTCS Ha OKUTAHUN)
IO MOMEHTa BpeMeHU abs_timeout. TO OKMIaHNE PeaJIr30BaHO C IIOMOIIBIO
dyurmuu TimerTimeout() (native QNX API) ¢ mapamerpom SIGEV_UNBLOCK.
Bnaromaps sToit (pyHKIIIM MOKeT OBITHL IIPEPBAH PAMN COCTOSHUI OJIOKU-
POBKHY IOTOKOB (B TOM uucje OJJOKUPOBKU Ha cemadope, MbIOTEKCE U yC-
JIOBHOM TIepeMeHHO1).
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Onepauumn ocBo6oXAeHUs

int sem_post(sem_t* sem)

Jra omepanua yBeJIUIUBAET Ha eIUHUIY (MHKPEMEHT) BHYTPEHHU CUETUNK
cemadopa, ¥ B 9TOM OHA AUaMETPAIHHO IIPOTUBOIOI0MKHA OIEPAIINY 0JIOKH-
poBku. Eciu mepen sTuM 3HaueHHe cueTunka cemagopa 6b110 paBHO 0, TO
OIUH W3 IMOTOKOB, OKUAAIOIINX DPasboKupoBaHus cemadopa, mepexosuT
B COCTOSHIE TOTOBHOCTH. V3 CIMCKA OKUIAOIINX IIOTOKOB CHCTEeMa BbIOU-
paeT caMbIil IPUOPUTETHEIN, a €CJIU TaKUX HECKOJIbKO, TO IIOTOK, MOJIBIIIE
BCeX JKAABITUH U3 ouepeau Hanmbojee IPUOPUTETHBIX IIOTOKOB.

Ira GYHKIUSI uMeeT cBoi opuruHai B native API QNX:
int SyncSemPost( sync_t* sync );

darkruuecku pasauna Mmexay POSIX u QNX API B BapuaHTax 9To#1 QyHK-
Y COCTOUT B PErUCTPUPYEMBIX €10 OIINOKAaX.

DyuKIUa sem_post () coobIaeT o CIEIYIOIUX OIITNOKAX
EINVAL — HeBepHBI AecKpuUuOTOop ceMadopa sem;
ENOSYS — pyuKIua sem_post () He MOAIep:KUBAETCSI CUCTEMOI.

B orsnmume ot sem_post(), dyHKIuUa SyncSemPost() MOMKeT yKasbIBaTh Ha
OIIIMOKM:

EAGAIN — HeZOCTATOUHO IMAMSATH AJIS CO3MAHNSI BHYTPEHHEr0 O0beKTa CUH-
XPOHU3AaIUNn;

EFAULT — HeBepHBI# yKasaTesb Ha ceMadop Sync;

EINTR — BeITONTHEHVE (PYHKIIY IPDEPBAHO CUTHAJIOM

EINVAL — apryMeHT Sync He yKa3bIBaeT HA MHUITMUPOBAHHBIN ceMadop.

Kak sugum, pyaxmusa QNX API meckoabKo pasHooOpasHee B MJIaHE KOHT-
poJid IepelaBaeMbIX apr'yMeHTOB U pe3yJibTaTa BhIIIOJTHEeHUA QyHKIIUU.
MonyyeHne cTtatyca cemadopa

int sem_getvalue( sem_t* sem, int* value );

Ira PYHKIUA UCIIOJb3YeTCA IPEUMYIIIeCTBEHHO AJIs OTJIAIKY OIePAIlni Ha
cemadopamu. Ilo agpecy, yKkasaHHOMY B value, yCTaHABIMBAETCS TEKyIllee
3HaueHue cueTynka cemadopa. IIoCKOJBKY 3HaueHHe cueTunkKa cemadopa
MOKEeT M3MEHUTHCA B JII000I1 MOMEHT, TO 3HaueHUe, KOTOPOe BO3BpAaIlaeT
aTa PYHKIUA, UMEET CMBICJ TOJHKO HEIIOCPEJCTBEHHO B TOUKE €€ BBI3OBA.

BoamosxHbIe OMIUOKK:

EINVAL — HemTpaBUJIbHBIN 00 BEKT ceMmadop sem.

Ncnonb3oBaHue cemadopa

Kaxk y:xe ropopujocs BhIlle, cemadop ABJIAETCSI KpaliHe THOKUM 1 s dex-
TUBHBIM CPEJCTBOM CUHXPOHUBAINK, OCOOEHHO YIOOHBIM IJIS IIOCTPOCHUS
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COOCTBEHHBIX CPEICTB IIJIAaHUPOBAHUSA BBITTIOJHEHUS IIOTOKOB. B 3TOM cMBbIC-
Je ceMadop IPeACTaBJAET IIEHHOCTH HE TOJBKO KaK CaMOCTOATEJIbHOE
CPeACTBO CHHXPOHU3AIMY BBIIIOJHEHNUA IIOTOKOB, HO ¥ KaK MaTepuaJ JJid
TOCTPOEHUS CIeMu(PUUECKUX CPEACTB IJIAHWPOBAHUSA U CUHXPOHUIAIUU
IS KOHKPETHBIX 3amad. MbI ysKe roBOPUJIN, 4To cemadop obpasyer caMmo-
IOCTATOUHBLIN 0asuc, IIO3BOJIAIONINII CTPOUTH Topasmo 0ojee CIOMKHBIE
CpencTBa CUHXPOHU3AIUY 6e3 IPUBJIEYeHUS JPYTIUX CPEICTE CUHXPDOHM3A-
nuu. B npuHIUIIe 5TO TaK, HO HET HUUEro IIJI0X0I'0 U B CMeIIIaHHOM MCIIOJIb-
30BaHUU KaK ceMad)OopOB, TAK U MbIOTEKCOB /JIsI IOCTPOEHUSI COOCTBEHHBIX
CPenCTB CUHXPOHU3AIUN.

IIpounnnrocTpupyeM Bce BhIIIeCKa3aHHOe Ha ABYX npuMepax. CHauajga MbI
TOCTPOUM «OUepenhb COOOIEeHUH », MpeJHASHAUEHHYIO AJIA TPAHCISIIIUN CO-
obrreHni rpanUecKoi CUCTEeMEBI K « MeIJIeHHOMY» 00paboTUNKY pPeaKkIluii.
9TO ONHO M3 pellleHnii BecbMa paclpoCTpPaHeHHOI 3aJauyn O IIpeqoTBpallle-
HUY «3aBHUCAHUA» II0JIb30BATEJLCKOr0 MHTepdeiica Ha Iepuoj BbIIIOJIHE-
HUA MeAJeHHOTro obpaborunka. [[yia pemreHus sToi 3agayu 06paboTYnK Co-
OBITHSA OKOHHOM CUCTEMEI (HAaIpuMep, HasKaTusa KHOIIKY MU BIOOpa IYHK-
Ta MeHI0) 1 QYHKIIUA, KOTOpas HeIoCPeACTBEHHO IIPOM3BOJUT TPedyeMble
neficTBusA (IpeayCcMOTPEeHHbIe 10 HACTYILJIEHUI0 YKa3aHHOTO COOBITUSA — Ha-
JKaTuA KHOIIKM), JOJI?KHBI pacIojiaraThbCA B Pa3HBIX IIOTOKAX.

Br1s10 O0BI yI00HO, ecJir OBl IPHU IOCTYILIEHNY HOBBIX JaHHBIX OT rpaduuec-
KO cHCTeMBbI MOTOK 00pabOTKM aBTOMATHUYECKY (HeABHO) Pa30IOKMpPOBAJI-
cdA U HeMeJIEHHO MPUCTYIAaJ K 00paboTKe, a B IIePUOIbl OTCYTCTBUI TAKUX
IaHHBIX — IPOCTAWBAJ B OJIOKMPOBAHHOM cocTosiHuu. [[Jis peanmsamnuu Ta-
KOIf CXeMBbI MBI IIOCTPOUJIN CHHXPOHU3UPYIOUIYIO oUuepeab COOOIeHUIT, KO-
TOopas UCIOJAb3yeT ceMadop A YBeJOMJIEHU IIOTOKA 00PabOTKM O HAJIM-
YNY HOBBIX JaHHBLIX. B IpUHIINIE YKa3aHHAA 3a/jaua CBOJUTCSA K yiKe YIIO-
MUHABIIIEMYyCA paHee KJAcCy 3aJad O CHHXPOHUBAIIUU ITPOU3BONUTEIIA
U TIOTPEeOUTEeNS JTaHHBIX.

class event {
/* KNacC CUHXPOHM3UPYLWETro CObbTUS, A0CTaBASOUENO
yBegoMneHme 0 [00aBneHun HOBOrO anemeHTa B Oydep */
public:
event() { sem_init( &_block, 0, 0 );
“event() { sem_destroy( &_block ); };
void wait() { sem_wait( &_block ); }
void reset() { sem_post( &_block ); };
private:
sem_t _block

%

1

/* WabnoHHuI KNacc o4epean AaHHbX */
template <class T> class CDataQueue {
public:

CmessageQueue() {};

~CmessageQueue() {}

void push( T _new_data ) {
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_data_queue. push(_new_data );
data_event. reset();
s
T pop() {
data_event.wait();
T res = _data_queue. front();
_data_queue. pop();
return res;
1
private:
std: :queue<T> _data_queue;
event data_event;

b

ITpuanun pa6orsl CDataQueue 3aKJII0UYaeTCA B TOM, YTO AJIA XPAaHEHUS BHOBD
IIOCTYIIAIIUX NJaHHBIX HMCIIOJB3YyEeTCA ouepenab, UYTO JeJaeT IIPaKTUUYeCKU
HEe3aBUCHUMBIMU IIOTOKHX IIPOM3BOAUTEJIA U HOTpe6I/ITeJIH. He3aBI/ICI/IMLIMI/I
BO BCeX CIydYasiX, KpoMe IIycToi ouepenu. IloTpebuTenb 10K eH GBITE 0J10-
KMPOBAaH [0 TeX IIOP, MOKAa HeT JaHHBIX OT IPOU3BOAUTENsI. Kak TOJIbBKO
IPOM3BOLUTEIbL BHECET JaHHBIE B OUEPEb, IIOTOK IIOTPEOUTE A Pa30IoKM-
pyercsa u cumTaeT 3TH HaHHbIe. TOHKOCTD 3aKJII0YAETCA B TOM, YTO IIOTOK
moTpeduTe s OJOKUPYETCA caM IPHU BhI3oBe GYHKIMU Pop(), a pasdIoKu-
pyeTcs u3 IIOTOKA IIPOM3BOAUTEJIA IPU BbI30oBe MM PYHKITUM push().

Kax BuzuTe, B IOCTPOEHNU CIIEIIU(PUUECKUX CPEACTB CUHXPOHU3AIUNA HET
HUUYEro CJIOMKHOI'0, BOIPEKM YaCTO BCTPEUAIOIEMYCS YTBEPIKIEHUI0, UTO
CO3IaHIe CPEACTB CHHXPOHU3AINH CO CIIEIIN(PUUECKUM II0BeIeHreM Heane-
KBAaTHO TPYAOE€MKO, a IIPOCTEHNIINI KO I03BOJIAET aJalTHPOBATh BO3MOMK-
HOCTH TPUBHAJLHOI'O ceMadopa 0] KOHKPETHYIO 3a5a4y.

A Temepsb xoTes0Ch OBI OOPATUTH Ballle BHUMAaHUe Ha TOT (PaKT, UTO «6e30-
TAaCHBIM» MCIIOJIb30BAHNEM OMMMCAHHON CXeMbI OyIeT TOIbKO BapUaHT IBYX
TOTOKOB — OJHOTO IIPOM3BOAUTESI U OJHOTO mOoTpeduTesna. Eciu HeCKOIb-
Ko (6oJiee IBYX) HOTOKOB OJHOBPEMEHHO ITOTPOOYIOT BHIMOIHUTDL QYHKITUHT
pop() mam push(), HaUHeTCS ITyTAaHUIIA, M YeM 5TO 3aKOHUMNTCS, CKal3aTh
TpynHo. ITo cBoeii loruKe Koa o6enx (pyHKIINI B MHOTOIIOTOUYHOI CHCTEMe
TpedyeT 9KCKJII3NBHOTO UCHOJHEeHNA. UTOOBI 060eCIeUYnTh NCKIIUNTEIb-
HBI# JOCTYII K 3TUM y4acTKaM KOJa, Mbl MOTJIHM ObI UCIIOJIb30BATh JOIIOJTHU-
TeJILHBIN ceMadop, HO eCTh APYroil BapUAaHT — CIeIUaIbHOe CPeJICTBO CUH-
XPOHU3AINN, PaspaboTaHHOe UMEHHO JJIA PellleHusA 3aJauyy B3auMHOT'0 HC-
KJIIOUeHU S, — MBIOTEKC.

MbloTekc

Msiorexc (or mutual exclusion — B3auMHOe UCKJIOUEHNE) — 3TO OJUH U3
6a30BBIX TPUMUTUBOB cuHXpoHu3anuu QNX Neutrino. 9ToTr sixemeHT pe-
alIn3yeTcs Ha YPOBHE MUKPOSAAPA CUCTEMbBI U UMeeT IIIUPOKUIl Habop aTpu-
O0yToB 1 HacTpoeKk. HazHaueHme MbIOTEKCA — 3aIlUTa y4acTKa KoJAa OT CO-
BMECTHOI'O BBIIIOJIHEHHUS HECKOJLKMMH moTokaMu. Taxoit Y4acToOK Koga



162

[naBa 4. NMpPUMUTUBBI CUHXPOHU3ALN

WHOT/Ja Ha3hIBAIOT KPUTHUYECKOH CeKIHel, M OOLIUHO OH ABJAeTCA obJia-
CTBI0O MOAU(PUKAIINY OOIINX IIePEeMEeHHBIX WX O0OpallleHUs K pasAeisaeMo-
My pecypcy.

ITpuanun paboThl MbIOTEKCA 3aKJIIOUAETCA B CJIEIYIOIEeM: IPU o0paleHnn
HOoTOKa K (pyHKIIMU GJOKMPOBKU (3axBara) pthread_mutex_lock() mpoBeps-
eTcsl, 3aXBaUeH JIN YyKe MbIOTeKC, U €CJIX [1a, TO BLI3BABIIUH IIOTOK OJIOKM-
pyeTcd 0 0CBOOOMKAEHUA KPUTUUECKOI ceKnuu. Eciu Ke HET, To 00BEKT
MBIOTEKC 3allOMUHAEeT, KaKOH IOTOK ero 3axBaTWJ (TO €CTh BJIAJesbIla)
¥ yCTaHaBJIMWBAaeT IPU3HAK, UTO OH 3aXBaveH.

Korpa geficTBus, KOTOpbIe HEJNIb3s IMTPOU3BOJAUTH COBMECTHO, 3aKOHUEHHI,
TOTOK JOJI’K€H BBIBBATh QYHKIINIO PasbJIOKMPOBKY (0OCBOOOK IeHUA) pthre-
ad_mutex_unlock(), KoTOpas IPOBEPSET, AeHCTBUTEJIbHO JIU BHLISBABIIIUN ee
TOTOK SABJSAETCSA Te€M, KOTODPBHIN B JAHHBIA MOMEHT BJIaJle€T MBIOTEKCOM,
¥ ecJIu J1a, TO OHAa pas3bIOKUpPyeT MbIOTEKC, mmocJie uero OC mpoBoauT peguc-
meTYepu3aInuio MOTOKOB. Eciiu eCcTh MOTOKM, OXKUIAIOIIE OCBOOOIKIEHUA
MbBIOTEKCa, TO OAUH U3 TAKUX IIOTOKOB, UMEIOIINI HAUBBICIITUY IPHUOPUTET,
ePEeBONUTCS U3 COCTOAHUS OJIOKMPOBAHUSA B COCTOSHIE TOTOBHOCTH U 3a-
XBATBhIBAET MbIOTEKC.

B QNX Neutrino 6.2.1 MblOTeKC MMeeT HanbOoJIbIIIe BO3MOKHOCTH II0 TOH-
KOIi HaCTPOMKe CBOUX [IapaMeTPOB CPEIU BCeX NHBIX 3JIEMEHTOB CUHX DOHU-
3anuu. B cBs3Y ¢ 9TUM MOBeJeHNe MbIOTEKCA OUeHb CUJIbHO 3aBUCUT OT TO-
ro, KaKue 3HaUeHUs Bbl IPUCBOUTE ero aTpubyTam.

Kak BuguTe, riiaBHOe OT/INUME MBIOTEKCA OT ceMadopa 3aKII0UYaeTCs B TOM,
YTO OH XPAaHUT UHMOPMAIHAIO O IIOTOKE, UCIOJIHSIIOMIEM KOJ KPUTUUECKOMN
cexknuu. OTcioa 1 BayKHeliIne cBOicTBa MblOTeKca. MbpIOTEeKC HeJIb3s pas-
6JIOKMPOBATH U3 APYrOro IOTOKA. EC/iu MOTOK 3aXBaTUJI MBIOTEKC, TO TOJIb-
KO OH MOJKET eT0 «OTIYCTUTE» . VIcImoIb3ya nH(opMaIuio o Biaagenabie (tid
IIOTOKA), CUCTEeMa MOXKET U3MEHATh B HYKHOE BPEeMs IPUOPUTET BJIALe]Ib-
Ia AJid paspelleHus IpobJeMbl MHBepcUHU mpuopureToB. Hakoner, sHas
UAeHTU(GUKATOP IOTOKA, MBIOTEKC MOJKET BBIJEJIUTH CUTYAIINIO, KOra I10-
TOK, Y2Ke 3aXBaTUBIINN MbIOTEKC, ITBITAETCS 3aXBATUTD €0 MOBTOPHO (011~
Ha u3 pasHoBugHOocTei deadlock — MepTBOii 6JIOKHMPOBKM, KOTa HE CyIIle-
CTBYET HU OJHOI'0 IOTOKa, CIOCOOHOT0 OTHYCTUTh MBIOTEKC U Pa30I0KUPO-
BaTh OTOKH, OKUAAOIIME OCBOOOKISHNA STOTO MBIOTEKCA).

B OC QNX Bo3MOKeH BapuaHT pabOThl MBIOTEKCA, He MPeayCMOTPEHHBIH
craggaproMm POSIX, — pekypcHBHBINI MBIOTEKC. B 5TOM peXuMe MHOTOK,
BJIQJICIOIIUIT MBIOTEKCOM IIPHM IIOBTOPHOM €ro 3axBaTe, He OJOKUPyeTCs.
MpbIoTeKC TOIBKO OTMEYaeT B CBOeM BHYTPEHHEM CUeTUNKe, CKOJIbKO pas OH
OBl 3axBauyeH, U pPasbJOKUPYeTCA TOJBKO IIOCJe PABHOTO KOJHUECTBAa
0CBOOOKIEHUH (€eCTECTBEHHO, TEM K€ IIOTOKOM).

Bce 00baABIEeHUS OTHOCUTENHLHO MBIOTEKCOB HAXOMATCA B 3aT0JIOBOUYHOM
daiise <pthread.h>, m TpOorpaMMHBIN KOJ, WX HCIOJL3YIOIMUI, HOJKEH
BKJIIOYATh JUPEKTUBY:

#include <pthread.h>
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MapameTpbl MbloTeKca

ITapameTpbl MBbIOTEKCA XPaHATCA B CTPYKType pthread_mutexattr_t, Koro-
pas ompeeseHa TUIIOM Sync_attr_t. Ora CTPYKTypa AOJKHA OBITH CO3TaHa
U OoIIpefiesieHa [0 MHUITNAINI3AINN MbIOTEKCA, IIOCJIe YETO MOJKET OBITH IIe-
peonpesiesieHa U UCIOJB30BaHA IJIA APYTUX 00BEKTOB TUIIA MBIOTEKC.

NHnumnanusauuna napameTposB
int pthread_mutexattr_init( const pthread_mutexattr_t* attr );

DYHKIIUA THUITUATUSUPYET CTPYKTYPY aTpubyTOB MBIOTEKCA, Ha KOTOPYIO
ykaspiBaeT mapamerp attr. Tum mammbIix pthread_mutexattr_t ompemeien
B (paiiyie <pthread.h> (Ipou3BOAHBII OT THUIA Sync_attr_t, KOTOPBIN B CBOIO
ouepens onpeaesieH B daitie <target_nto.h>) caegyromium oopasom:

struct _sync_attr_t {
int protocol;

int flags;
int prioceiling;
int clockid; /* TONbKO gna condvar x/

int reserved[ 4 ];

b

ITocsie nEUIIMANI3AINY 3HAUCHUS 10 YMOJUYAHUAIO MOTYT OBITH IPOYUTAHBI
WM U3MEHEeHbBI TPYNIION (DYHKINI, MIPUBEIEeHHON HUMKeE.

YcTaHoBKa rpaHN4YHOIroO NpnopuTeTa

int pthread_mutexattr_setprioceiling (
pthread_mutexattr_t* attr, int prioceiling );
int pthread_mutexattr_getprioceiling (
const pthread_mutexattr_t* attr, int* prioceiling );

9T QYHKIINY 3alIUCHIBAIOT,/YUTAIOT 3HAUEHUE ITPUOPUTETA, KOTOpOoe OyIeT
IpUCBAWBATHCA IIOTOKY, 3aXBaTHBIIEMY MBIOTEKC, €CJIU IIoje protocol
CTPYKTYDPHI pthread_mutexattr_t ycTaroBaeHO B 3HaueHme PTHREAD_PRIO_PRO-
TECT.

ATOT ImapaMeTp HCIOJb3yeTcA AJA peans3aliy IIPOTOKOJIa I'PAHUYHOIO
npuoputera (Priority Ceiling Protocol), mpeamiaramoimero ajabTepHaTHUB-
HBIMl BApUAHT 3alIUTHl OT MHBEPCUU IIPUOPUTETOB TaM, I'lle HacjaeJOBaHUeE
IPUOPUTETOB MOKET OBITH Hea((HEKTUBHO UM HeKeJIaTelbHO.

Mpumeyanue
Kak n3BecTHoO, Knaccmyeckuit cnyqaﬁ WHBEPCUN NPUOPUTETOB MOXKET BO3HUKATbL, KOraa
Gonee ABYX MOTOKOB PAa3HOro NpnoputetTa KOHKYPUPYIOT N pa3fnensatoT oaunH 06LU,VII7I pe-
cypc. B 3T0it cuTyaLmMmu BO3MOXKHO TaKoe cTeyeHue 06CTOATEeNbCTB, KOTAA HU3KONpPU-
OpMTETHbIVI NOTOK 3axXxBaTbiBae€T pPecypcC, HO MNO3Xe BbITECHAETCA NOTOKOM CpeaHero
NPUOPUTETA, @ NOTOK C BLICOKUM MPUOPUTETOM GNOKUPYETCS B OXKMAAHUM OCBODOOXAe-
HUA pecypca, 3aXBa4€HHONo HU3KOMNPUOPUTETHLIM NOTOKOM. JTta CuUTyauna petanbHo
OMMCaHa B COOTBETCTBYIOWEN raBe [4], roe NpMBOJUTCA CPAaBHUTENbHbIA aHaNU3 nose-



164

[naBa 4. NMpPUMUTUBBI CUHXPOHU3ALN

AeHus pasnuynbix OC B 3T0i cuTyaumu. Knaccuueckum peweHuem 3toil npobaemsl ag-
NSIETCA NPOTOKON Hacnef0BaHUA npuopuTeTos, korfa 0C pacnosHaer cutyalmio nogob-
HOTO GNOKWPOBAHWA U aBTOMAaTMYECKM MOBLIWAET NPUOPUTET BLITECHEHHOTO MOTOKA
(HM3KOrO NpUOpPMTETA) 0 YPOBHS HAUBLICLIETO NPUOPMTETA U3 YMC/IA NOTOKOB, OXKUAA-
I0LLMX 0CBOGOXAEHUA pecypca. B pe3ynbrate NOTOK C HU3KUM NPUOPUTETOM HE BbITEC-
HAETCS, KaK HaANexano Obl B COOTBETCTBMM C €ro U3HAYAIbHLIM NPUOPUTETOM, @ ObICT-
PO NPOXOAUT KPUTUYECKYIO cekuuio (0CBOBOXAAs ee), NoC/ne Yero ero NpuopuTeT Bo3-
BpalLaeTCcs Ha UCXOLHbIN YPOBEHb.

B psage ciyuaeB HacienoBaHNue IIPUOPUTETOB MOMKET OKA3aThCA HEe CAMBIM
ONITUMAJILHBIM pernenneM. IIpumMepoM 37eCh MOMKET CIAYKUTHL CUTYAIlUsd,
KOrJa OJMH BBICOKOIIPMOPUTETHBIM IIOTOK pasmesisieT MHOIO PecypcoB
C HUBKOIIPUOPUTETHLIMU IIOTOKAMU — II0 OJHOMY PeCypCy Ha KaKAbIi I10-
TOK. B Taxkoit cuTyanum MoKeT BOSHUKHYTh OJIOMKeHNe, KOTJa MHOT'O HU3-
KOIIPUOPUTETHBLIX MOTOKOB (BBITECHEHHBIX) BBICTPOATCS IIepel] BBICOKO-
npuopuTeTHbIM. HO Torjga AJWMHHBIN PAJ IIOCJIeIOBATENbLHBIX OIepaIui
BBITECHEHUS («IIOIITYUYHO» ) XU HACJAeAOBAHUS IIPUOPUTETOB OJIOKUPYIOIITNX
TTOTOKOB MOJKET IPUBECTU K TOMY, UTO He XBAaTUT BPEMEHU A0 OKOHUAHUA
KPUTUYECKOTO CPOKa BBITTOJHEHUS ITOTOKA BBLICOKOTO IPUOPHUTETA, MOKa
OC OyzeT aHAJIM3WPOBATH CUTYAIMIO W IOCJIEeNOBATEJIbHO IIPOBOIUTE IPO-
TOKOJI HACJIEeLOBAHUS IIPUOPUTETOB.

WMeHHO A7 TaKUX CUTYaIlUH 1 TPeIHa3HAYeH IIPOTOKOJ TPAHUYHOTO IPH-
oputeta. B cOOTBETCTBUU C 3TUM IIPOTOKOJIOM MPUMUTUB CUHXPOHU3AINN
(B HAIlIeM PaAcCMOTPEHUU 3TO MBIOTEKC) HaAeJ seTcs COOCTBeHHBIM (pUKCHU-
POBAHHBIM IIPUOPUTETOM, 4 MPUOPUTET JOOr0 IIOTOKA, 3aXBATUBIIIETO
9TOT MBIOTEKC, IOAHNMAETCA 0 IPeAyCTAHOBJIEHHOI'0 'PAHNYHOTO YPOBHSA
IPUOPUTETA MbIOTEKCA.

OHPEJJ.EHEHVIE NMpPOTOKOJ1a 3allinTbl OT UHBEPCUUN NPUOPUTETOB

int pthread_mutexattr_setprotocol(

pthread_mutexattr_t* attr, int protocol );
int pthread_mutexattr_getprotocol(

pthread_mutexattr_t* attr, int* protocol );

AT QYHKIINYU YCTAHABIMUBAIOT/CUUTHIBAIOT ITPOTOKOJI, KOTOPBIN peaausy-
eTcA MBIOTEKCOM JJIA 3aIllUTHI OT MHBEPCUM NPUOPHUTETOB. IlepeMeHHaAA
protocol MOMKeT IPUHUMATD CJIEAYIONINe 3HAUYCHNA:

PTHREAD_PRIO_INHERIT (3HaueHMe IO YMOJYAHUIO) — OMIpEAeJseT, UTO IJIs
BOCIIPEIIATCTBOBAHUSA BO3HMKHOBEHUIO MHBEPCUU IIPHUOPUTETOB OyIEeT uc-
II0JIB30BATHCA IPOTOKOJ HACJIEIOBAHUA IPUOPUTETOB.

PTHREAD_PRIO_PROTECT — 000# IIOTOK, 3aXBATHUBIINII MBIOTEKC M CO3JaH-
HBIH C TAKUM IapaMeTpoM, OyAeT ycTaHaBJAWMBATL (PUKCUPOBAHHBIN ypO-
BeHb IPUOPHUTETA B COOTBETCTBUU CO 3HAUEHMWEM I10JId prioceiling, Bo3Bpa-
mraeMoro yHKIuen pthread_mutexattr_getprioceiling(). Taxum ob6pasom,
YCTaHOBKA 9TOT0 3HAUEHUA B KAUECTBE MPOTOKOJIA MBIOTEKCA IPUBOIUT
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K peaJiM3alii IPOTOKOJIA I'PAHNYHOIO IPUOPUATETA IJIA 3aIl[UTELI OT NHBEP-
CUU IIPUOPUTETOB.

BHeLHMN pocTtyn

int pthread_mutexattr_setpshared(
pthread_mutexattr_t* attr, int pshared );
int pthread_mutexattr_getpshared(
const pthread_mutexattr_t* attr, int* pshared );

It GYHKIIUYU YCTAaHABJIMBAIOT/CUNTHIBAIOT BHYTPEHHEE OJIe aTPUOYTHOMN
3alncu MbIOTEeKCa, OIpeaessaioniee, BOSMOMKEH JIM JOCTYI K MbIOTEKCY U3
IIOTOKOB, 3allyIlleHHbIX BHE IIPOIeCCa, B KOTOPOM ObLI CO3aH U MHUIIHNAJIH-
supoBaH MbioTeKc. [lapameTp pshared MosKeT IPUHUMATSD CJAEAYIOITE 3Ha-
YeHUS:

PTHREAD_PROCESS_SHARED — sir060it mOTOK 13 Jif060T0 Ipoliecca B CUCTeMe, KO-
TOPBLINT MOJKET MHOJYUYUTH AOCTYI K CHUHXPOHUBUPYIOMIEMY O0BeKTY (IJis
9TOTO MPHUAETCS MCIOJb30BaTh KaKoii-a1mb6o m3 meronoB IPC, Bo3aMO:KHO
shared memory), Mo2xeT UCIIOJIB30BATH €T0 II0 HA3HAUEHUIO.

PTHREAD_PROCESS_PRIVATE (3HaueHMe IO YMOJIYAHUIO) — MBIOTEKC MOYKET YC-
OJIb30BATHCA TOJBKO IIOTOKAMU, IIOPOKIEHHBEIMU B TOM JKe IIpoIecce, Iae
OBLJI MHUIMAJIN3UPOBAaH MBIOTEKC. B JOKyMeHTaIuy CKa3aHo: IOMBLITKA 3a-
XBaTa MbIOTEKCa C TAKUM 3HAUEHWEM IlapaMeTpa AOCTyIla K IIOTOKaM W3
«UYIKOTr0» IIPOIlecca MPUBEAET K HeolpeHeieHHOMY pe3yabraty. Ha mpak-
THKe Ke QYHKIIUA 3aXBaTa BO3BPAIIlAeT YIpaBJIeHUE B JIIOOOM cayuae, He-
3aBHCUMO OT TOTO, OBLJI JIU y’Ke 3aXBaUeH MbIOTEKC APYTUM MOTOKOM MU
HeT (Kak OyATO IIPOMCXOAUT HOPMAaJbHBIHN 3axBaT). CoCTOAHME MBIOTEKCA
IPU 9TOM HUKAK HE MeHAETCA.

Pa3pelueHue peKypCMBHOro 3axBara

int pthread_mutexattr_setrecursive(
pthread_mutexattr_t* attr, int recursive );
int pthread_mutexattr_getrecursive(
const pthread_mutexattr_t* attr, int* recursive );

DyHKIIUY yCTAHABIMBAIOT/CUNTHLIBAIOT B aTPUOYTHOIN 3ammncu MBIOTEKca
OPU3HAK, OIpPeNeAloNnii, MOKeT JIU IIOTOK, paHee 3aXBATUBIINUNA MbIO-
TeKc (ero Biaajeselr), 3aXBaTUTh €ro elle pas (ecCTeCTBEHHO, UTO JII000H Apy-
roii MOTOK 3aXBATUTh TaKOIl MBIOTEKC y:Ke He MOKET U OH OyJeT 3a0JI0OKuU-
poBan). Pe:xum peannsoBaH [IJis BO3MOMKHOCTH PEKYPCUBHOTO BBIZ0BA IIPO-
meayp B moroke. Heo6XoqmMo MOMHUTH, YTO IPU PEKYPCHUBHOM 3axXBaTe
MBIOTEKC J0JIKeH OBITh OCBOOOIKIEH CTOJBKO pPasd, CKOJILKO pa3 OH OBLI 3a-
xBaueH. [lapamMeTp recursive MoKeT IPUHUMATH CJIEAYIOIINE 3HAUECHU:

PTHREAD_RECURSIVE_ENABLE — paspelraeT peKypCUBHBIN 3aXBaT MbIOTEKCA;

PTHREAD_RECURSIVE_DISABLE (3HaueHMe II0 YMOJYAHUIO) — 3aMIpeIaeT peKyp-
CUBHBIN 3aXBaT MbIOT€KCa. B pesyibTaTe Ipu IMONBITKE 3aXBAaTa MbIOTEKCA
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IIOTOKOM, KOTOPBIN MM yJKe BJIageeT, BbIBOB pthread_mutex_lock() He mpu-
BeJeT K 3aXBaTy MbIOTE€KCa 1 BepHeT 3HaueHue EDEADLK.

Onpep,eneHMe TUMa MbOTEKCa

int pthread_mutexattr_settype(
pthread_mutexattr_t* attr, int type );
int pthread_mutexattr_gettype(
const pthread_mutexattr_t* attr, int* type );

B Bepcuax QNX 6.2.1 u 6.3 mpemycmaTpuBaeTcsA CO3JaHNE MbIOTEKCOB
CJIeYIOIINX TUIIOB:

Mpumeyanune

PTHREAD_MUTEX_NORMAL — mj1d 9TOro TUIa He IPOBOAUTCA KOHTPOJIb «MEpPT-
Boit 6imokupoBKu» (deadlock) B cuTyaruu, Korma moToK, 3aXBaTUBIINI
MbBIOTEKC, IIBITAETCS 3aXBATUTh €ro IOBTOPHO. [[0sTOMY IIPU IOMBITKE
IIOBTOPHOI'O 3aXBaTa TAKOTO MBIOTEKCA TEM yKe IIOTOKOM 3TOT IIOTOK Oy-
ner 6e3yCJI0BHO GJIOKMPOBAH (TO €CTh OH IIOIAAAeT B « MEPTBYIO GJIOKM-
POBKY», a 9TO BO BCeX CIydYadAX aBapUUiHAas CUTYyals B BBIIOJHEHUU
MPUJIOYKEHN); TAKOM MBIOTEKC YoKe HEKOMY pPa3bIOKMPOBATh (MbIOTEKC
MOYKeT Pas3b6IOKMPOBATHECS TOJBKO CBOUM Biagenbiem). [lombiTKa ocBo-
6onuTh (unlock) MbBIOTEKC TAKOTO THIA, 3aXBAaUEHHBIN APYTUM IIOTO-
KOM, UJIX OCBOOOIUTH He3aXBAUEHHBIN MIOTEKC HI K UeMY He [IPUBOIUT,
IIPY 9TOM He BO3BPAII[AeTCs OIMNOKA BHIIOJTHEHU .

PTHREAD_MUTEX_ERRORCHECK — BKJIt0OYaeTCsi KOHTPOJIb OIiboK. B aTom pe-
JKUMe PeruCTPUPYIOTCA CAeAYIOIINe CUTYAIlNH:

® IIOIBITKA IIOBTOPHOI'O 3aXBAaTa MbIOTEKCA TEM K€ IIOTOKOM;
® IIOIBITKA OCBOOOXKIEHMS MbIOTEKCA, 3aXBAUEHHOI'0 IPYTUM IIOTOKOM;
® 0CcBOOOJKIEeHME CBOOOSHOIO MbIOTEKCA.

PTHREAD_MUTEX_RECURSIVE — MbIOTEKC, JONYCKAIINI PEKYPCUBHBIN 3a-
xBaT. IIoTOK, mbITAMOIUIICS 3aXBATHUTh MbBIOTEKC, YK€ 3aXBaUeHHBIN
B 3TOM IIOTOKE, CMOXKET 3TO CIejiaTh, IIPU STOM KOJUUYECTBO 3aXBaTOB
OyZeT YUUTHIBATHCA IPU OCBOOOKIEHUY MbIOTEKca. [[pyroii moToK cMo-
JKeT 3aXBATUTDH TaKOW MBIOTEKC TOJbKO TOTA, KOTIa OH OyJeT 0CBOOOK-
JIIeH CTOJIbKO JKe pas, CKOJbKO ObIM 3axBaueH. Eciu MOTOK IBLITAETCS
0CBOOOAUTEL MBIOTEKC, 3aXBAaYE€HHBIN APYTUM IIOTOKOM, UM CBOOOJHBIH
MBIOTEKC, TO OyIeT BO3BPAIIleHO CO00IIeH e 00 OMunoKe (PerucTpUPYIOT-
cA OIMIUOKY, TPeIyCMOTPEeHHBIE TPEALIAYIIINM TUIIOM, 38 UCKJIIOUeHNEeM
IIOBTOPHOI'O 3aXBAaTa, KOTOPLINA ABJIAETCA IJIsI PEKYPCUBHOI'O MbIOTEKCA
MITATHBIM JAeHCTBUEM).

O6paruTe BHMMaHUE, YTO paspelleHne PeKypCUBHOMO 3axBaTa MblOTEKCa HEOOX04MUMO
NPOBOAUTL YCTAHOBKOM fBYX NapameTpos (type u recursive).

PTHREAD_MUTEX_DEFAULT (3HaueHMe IO YMOJUYAHUIO) — ITONBITKA PEKYPCUB-
HOT'O 3aXBaTa MbIOTEKCa, OCBOOOKIEHUSA MbIOTEKCA, 3aXBAUEeHHOI'0 APY-



MbioTekc 167

T'IM IOTOKOM, UJIM OCBOOOKAEHHUSA yKe CBOOOJHOrO MbIOTEKCA HU K Ue-
My He IPUBOAUT 1 He BO3BPAIIaeT OMINOKY BLIIOJTHEHNA.

OcBOGOXAEHME NapaMeTpPoB
int pthread_mutexattr_destroy( pthread_mutexattr_t* attr );

Bbi30B paspyliaeT panee IPpUMeHABIINNACA O0BEKT — aTPUOYTHYIO 3allCh
MBIOTEKCA, IIOCJIE UeTO OHA yiKe He MOYKeT 00Jiee UCII0Ib30BATHCA NI UHU-
Muaan3aluyl MbIOTeKca 0e3 IIpeaBapUTeJbHOTO BBIMOJHEHUSA BBI30Ba
pthread_mutexattr_init().

Ha srom o6cysx/aeHre aTpuOyTOB 3aKAHUMBAETCS, ¥ MbI IEPEXOIUM HEIO-
CPeICTBEHHO K QPYHKIUAM PAGOTHI C MBIOTEKCOM.

Onepau,vm HaA MbIOTEKCOM

NHnunannsaumns MmbloTekca

int pthread_mutex_init( pthread_mutex_t* mutex,
const pthread_mutexattr_t* attr );

CTpyKTypa JaHHBIX pthread_mutex_t ompemeJsieHa B (aiiie <pthread.h> (mpo-
M3BOAHBINA THUII OT THUIIA SYNC_t, KOTOPBIN B CBOIO OUEPEb OIIPEIeJieH B (pati-
Je <target_nto.h>) u UMeeT caeAyIOITUI BUT:

struct _sync_t {
/* CYeTuMK ANa peKkypcuBHOIO MbioTekca wau cemadopa x/
int count;
/* TID noToka - WMEET CMbIC/l ¥ MPUMEHSETCS TONbKO 1S MblTEKCOB */
unsigned owner

}

Dyurnua pthread_mutex_init() wMHUIIMAIU3UPYET MHepeIaHHBIA OOBEKT
MBIOTEKC B COOTBETCTBHM CO 3HauUeHHEM IlepeJaHHBIX aTpubyrToB. Ecam
BMecTo attr mepemars NULL, TO MBIOTEKC OyIeT cO3IaH B COOTBETCTBUU CO
3HAUEHUAMU aTpuOyToB mo ymoauanuioo. B native QNX API sra pyHKIus
peanusyetrcsa BbI3oBoM SyncTypeCreate(). SyncTypeCreate() — equHad QyHK-
U AJIS CO3NAHMA Bcex 0a30BbIX 00beKToB cuaxpoHusanuu QNX Neutrino.

BwmecTo mpsamoro BeI3oBa (yHKIMU pthread _mutex_init() mna HavabHOI
VHUAIUAIU3AIUYA CTATUUYECKUX MbIOTEKCOB (IJ100aIbHBIX HA YPOBHE (haiiia
KOJla MJIY IIPOCTPAHCTBA MMeH namespase Ju00 IBHO OMMCAHHBIX ¢ KBaJIH-
duraropom static) MOMKHO BOCIIOJIB30BAThCA AByMA Makpocamu PTHRE-
AD_MUTEX_INITIALIZER 1z PTHREAD_RMUTEX_INITIALIZER:

pthread_mutex_t mutex = PTHREAD_MUTEX_INITIALIZER
pthread_mutex_t mutex = PTHREAD_RMUTEX_INITIALIZER;

IlepBolii 13 HUX CO3AaeT MbIOTEKC B COOTBETCTBUHU CO 3HAUCHUAMU aTPuOy-
TOB 10 YMOJIYaHUIO, & BTOPON — MBIOTEKC C Pa3PEIIeHHLIM PEeKYPCUBHBIM
3aXBaTOM.
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Onepauumn ¢ rpaHNYHbIM NPUOPUTETOM

BosbIIMHCTBO ITapaMeTPOB MbIOTEKCA He MOTYT OBITH U3MEHEHBI II0CJIe ero
cosmauusa. Ho He Bce. B mpoiiecce paGoThI ¢ MBIOTEKCOM MOJKET ObITH M3Me-
HEeHO 3HaueHUe NPUOPUTeTa, KOTOPOoe CucTeMa MCIIOJb3YeT AJA peaynsa-
MY TTPOTOKOJIa TPAHUYHOTO MIPUOPUTETA C IEJbI0 MPeIOTBPAIleHUA WH-
BepCUU IPUOPUTETOB:

int pthread_mutex_setprioceiling( pthread_mutex_t* mutex,

int prioceiling, int* old_ceiling );
int pthread_mutex_getprioceiling( const pthread_mutex_t* mutex,

int* prioceiling );

dyukiua pthread_mutex_setprioceiling() saxBaTbIBaeT MbIOTEKC (M
GJIOKUPYETCs, MOKA MbIOTEKC He OyIeT 0CBOOOKIeH, U YiKe TOT1a 3aXBaThl-
BaeT er‘o) 1 NM3MEHAET YCTaHOBJIEHHYIO MJIA HEro BEJIMYNHY TI'DAHUYHOI'O
IPUOPHUTETA, MOCJE YeTO OCBOOOKTaeT MBIOTEKC JJIA UCIOJIb30BAHUA APY-
ruMu noroxaMu. llocse u3MeHeHHs 3HAUEHUS TPAaHUYHOI'O IIPHMOPUTETA
Ipenblaylilee 3HaUeHNe Bo3Bpalaercda B 01d_ceiling.

DyHKIUA BO3BpAIlaeT clelyollye 3HaUeHUA:
EOK — ycriemmrHOe 3aBepIIleHNIE;

EINVAL — ykasaHHBI B BbI30Be MBIOTEKC He CYIeCTBYeT UJIU yYKa3aHHBIN
IPUOPUTET BLIXOAUT 3a AUANa30H JOIYCTUMbBIX 3HAUEHNI;

EPERM — mTOTOK, BBI3BABIINI (PYHKI[UIO, HE UMEET IIpaB Ha U3MEeHEHUe Ipa-
HUYHOTO IIPUOPUTETA YKAa3aHHOTO MbIOTEKCA.

3axBaT MblOTeKCa

3axBaT MBIOTEKCA MOXKET IPOU3BOAUTHCSI TPEMs PasHLIMU (PYHKIIUAMU,
B OCHOBE KOTOPBIX JiexKUT PyHKIua 13 native QNX API SyncMutexLock().

MpocTown 3axBar

int pthread_mutex_lock( pthread_mutex_t* mutex );

DyHKIINSA 3aXBAThIBAeT MbBIOTEKC, Ha KOTOPBIHA cchbliaaercs mutex. Ecim
MBIOTEKC yJKe 3aXBaueH APYT'UM IIOTOKOM, TO BBI3BABIIUH ITIOTOK OJOKUPY-
eTcA 0 OCBOOOKJeHNA MbIOTEKCa U IIOCJIE 3TOTO 3aXBAaTHIBAET €ro. TOJBKO
mocJye sToro QPyHKIuA pthread_mutex_lock() BosBpaIlaer ymnpaBJjenue. Ec-
JI 3aXBATUTh MBIOTEKC IBITAETCA IIOTOK, KOTOPBIN UM ysKe BJIAJEET, TO I10-
BemeHue QyHKIuu pthread_mutex_lock() 6ymeT 3aBUCeTh OT 3HAUEHUIT aTPU-
OyTOB MBIOTEKCA, YKa3aHHBIX IIPU ero co3ganuu. QNX mpegocTaBiasieT BO3-
MOJKHOCTh PEKYPCHUBHOTO 3aXBaTa MBIOTEKCa IIPU COOTBETCTBYIOIIUX HAa-
cTpoiikax aTpuOyToB (cM. Bhillle paszaes «IlapameTrpsl MbIoTeKca»). Ilpu
CO3IaHUM MBIOTEKCAa C IIapaMeTpaMU 10 YMOJYaHUI0 IIOIIBITKA HOBTOPHOTO
3aXBaTa MbIOTEKCA HU K 4YeMy He IPUBOAUT. Eciiu BKJIIOUEH PeKUM KOHT-
posisi ommubOK M OTKJIIOUEH PEeKYPCUBHBIN 3aXBaT MbBIOTEKCa, QYHKIIUA
pthread_mutex_lock() BoaBparmiaet EDEADLK mIpu mOIIBITKE IIOBTOPHOT'O 3aXBa-
Ta MBIOTEKCA TEM K€ IIOTOKOM.
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dyaKmua pthread_mutex_lock() MokeT BO3BpaIIaTh CJAeAYIOIINE 3HAUCHM:
EOK — ycriemrrHOe 3aBepIlleHNE;
EAGAIN — HeZOCTATOUHO CUCTEMHBIX PECYPCOB IJiA 3aXBaTa MbIOTEKCA;

EDEADLK — BBIBBIBAIOIIIUI IIOTOK YyJK€ BJIaJle€T MBIOTEKCOM U MBIOTEKC HE
HoAaePKUBaeT PeKYPCUBHBIH 3aXBaT (PesKUM KOHTPOJIS OIITNO0K);

EINVAL — HEeKOppPEKTHOE 3HaYeHue I1apamMeTpa nutex.

MonbiTKa 3axBaTa

int pthread_mutex_trylock( pthread_mutex_t* mutex )

DyHKIUA IPOBEPSET, CBOOOIEH JI MBIOTEKC MUtEX, 1 €CJIN 1a, TO OHA 3aXBa-
TBIBAET ero. B mpoTuBHOM ciyuae GyHKIINSA BO3BpaIiaeT 3Hauenue EBUSY.

Bosspaniaembie 3HaUeHNA:

EOK — ycriemmrtHOe 3aBepIlleHNE;

EAGAIN — HEZOCTATOUHO CUCTEMHBIX PECYPCOB IJId 3aXBaTa MbIOTEKCA;
EBUSY — MBIOTEKC mutex y:Ke 3axBaUueH;

EINVAL — HEeKOPPEKTHOE 3HaUeHUe IlapaMeTpa nutex.

3axBaT C yCTaHOBKOMW BPeMeHU OXXUpaHus

#include <pthread.h>
#include <time.h>
int pthread_mutex_timedlock( pthread_mutex_t* mutex,
const struct timespec* abs_timeout );

DyHKIUA IpOoBepsieT, CBOOOAEH JIM MBIOTEKC (mutex), U ecau Aa, TO IOTOK,
B KOTOPOM BBI3BaHa (DYHKIUS, 3aXBaThIBaeT 3TOT MbIoTeKc. Eciu MbIoTeKC
yoKe 3aXBaueH, BbI3BABIIINI HOTOK OJIOKMPYETCA IO OCBOOOMKIEHUA MbIOTEK-
ca nu00 10 HACTYILIEHHS BPeMeHH, YKa3aHHOI'0 B apryMeHTe abs_timeout.
Ecau sT0 BpeMsi y»Ke HACTYIINJIO, IIOTOK He OJOKHpPyeTcs BOoOIe, HO 3a-
XBaT BCe-TAKU IIPOMUB0IIET, eCJIU MBIOTEKC CBOOOIEH.

Hacrynienue BpemeHu onpenesserca mo yacaMm REALTIME_CLOCK, Korza 3Ha-
YeHNEe YaCcOB OKAa3bIBAeTCA PABHBIM MJIU OOJIBININM 3HAUEHU, YKA3aHHOTO
B abs_timeout. Tum mamHBIX timespec ompemesieH B (paiiae <time.h>.

Ecanu mbioTekce cosman ¢ arpubyrom mpoTokosia PRIO_INHERIT, To mocJie BbI-
XO[a IIOTOKA M3 OJOKMPOBKU HA MBIOTEKCE II0 TaM-ayTy IIPUOPUTET BJa-
JleJIbIla MBIOTEKCA MOBEPTraeTCs IePeCMOTPY B COOTBETCTBUY C IIPUOPUTE-
TaM¥ IIOTOKOB, OCTABIIKUXCA B OUepPea Ha 3aXBaT MbIOTEKCA.

Bosspamniaembie 3HaUEeHUA:
EOK — ycriemmrtHOe 3aBepIIIeHUE;
EAGAIN — HeZOCTATOUYHO CUCTEMHBIX PECYPCOB IJId 3aXBaTa MbIOTEKCA;

EDEADLK — BBIBBIBAIOIIM IIOTOK YK€ BJIaJeeT MbIOTEeKCOM, KOTOPBINA He IO~
JIePyKMUBaeT PeKYPCUBHBIN 3aXBaT (PEKUM KOHTPOJIA OIMNO0K);
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EINVAL — MBIOTEKC HCIIOJb3yeT IIPOTOKOJI TPAHNYHOTO IIpUOopUTeTa OJ IIpe-
JOTBpallleHus nuBepcun (aTpudyT protocol ycraHoByeH B 3HaueHme PTHRE-
AD_PRIO_PROTECT), HO MPWOPUTET BHIZBABIIIET'0 IIOTOKA BBIIIEe TPAHUYHOTO
IPUOPHUTETA, IPUCBOEHHOTO MBIOTEKCY; MOTOK MOJIKEH OBITH GJIOKMPOBAH
(MBbIOTEKC He CBOOOEH), a 3HAUeHHUe II0JIA abs_timeout, IMOKAa3bIBAIOIIEe KO-
JIMYECTBO HAHOCEKYH], MeHbIIe HyJid uau 6osbine 1000 MuiImnoHoB; mepe-
MeHHAasd, Ha KOTOPYIO YKas3bIBaeT mutex, He ABJAETCA MHUIIMUPOBAHHBIM
00'bEKTOM — MBIOTEKCOM.

ETIMEDOUT — MBIOTEKC He MOXKeT OBITh 3aXxBaueH, IOCKOJBbKY YKa3aHHBIN
TaM-ayT UCTEK.
OcBobGOXAeHNe MbloTeKca

int pthread_mutex_unlock( pthread_mutex_t* mutex );

dyukmusa pthread_mutex_unlock() ocBoOOKTaeT MBIOTEKC, HA KOTOPBIHN
cchLIaeTcsa mepeMeHHasa nutex. BeI3BaBIINil MOTOK JOJIMKEH OLITH BJIaJeJIb-
eM MbIoTeKca. Eciiu ecTh MOTOKM, 6JIOKMPOBAHHLIE B OXKUAAHNI OCBOOOK-
IeHUA MbIOTEKCa, TO MOTOK C HAWBBICIITUM IIPUOPUTETOM (UM IIPU PABHBIX
IPUOPUTETAX TOJIbIIIE BCEX JKIABINNIT) BBIXOMUT M3 OJOKMPOBAHHOTO CO-
CTOSHUSA 1 CTAHOBUTCSA BJIaJe/IbIleM MbIOTEKCA.

Ilsig MBIOTEKCOB, PAspeIalnX PEeKYPCHUBHBINA 3axXBaT, PYHKIUS OCBO-
0oKIeHUs JOJIMKHA BBI3BIBATHCA CTOJBKO JKe Pas, CKOJIBKO U QYHKIUSA 3a-
xXBara.

Bosspaniaembie 3HaUeHNA:
EOK — ycrierrnoe 3aBepIlieHue;

EINVAL — mepeMeHHas, Ha KOTOPYIO YKa3bIBaeT nutex, He ABJIAETCA UHUIIUN-
POBAHHLIM 00'BEKTOM — MBIOTEKCOM;

EPERM — BBI3BABIINI IIOTOK He ABJSAETCSA BJIaJeJIbIleM MbIOTEKCA.

PaspyLieHne 06beKkTa MbOTEKC
int pthread_mutex_destroy( pthread_mutex_t* mutex )

Bri30B paspyimaeT o0beKT MBIOTEKC, Ha KOTOPBIN YKa3bIBaeT mepeMeHHasa
mutex. Ilocime uero sra mepeMeHHas He MOKeT OBITh MCIOJIbB30BaHA 0e3
IpeaBapuUTeJIbHOTO BbI30oBa pthread_mutex_init().

Bosspamniaembie 3HaUEeHUA:

EOK — ycriemiHOe 3aBepIlIeHNE;

EBUSY — MbIOTEKC 3aXBaueH 1 He MOXKET OBITH pas3pyIleH 10 OCBOOOKIEH!T;
EINVAL — mepeMeHHas, Ha KOTOPYIO YKa3bIBaeT Nutex, He ABJIAETCA NHUIUA -
POBaHHBIM O0'EKTOM — MBIOTEKCOM.

Onepauuu, He nopgaepxxmBaembie POSIX

B native QNX API ecTb psag GyHKI[UE pabOTHI ¢ MBIOTEKCOM, KOTOPLIE He
onpenenerasl POSIX-crangapToM, O4HAKO OHM MOTYT OKa3aThCA BechMa II0-
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aesubiMu. ITockonbky Tun POSIX-MbIOTEKCA IIOPOMKIAETCS OT Sync_t, TO
BIIOJIHE BO3MOYKHO MCIIOJIb30BaHe KOMOMHAIINY (PYHKI[UH, ONpee e HHBIX
POSIX, u «poaubix» native-pyurmuit QNX. OgHaxo HeoOXOAUMO IIOM-
HUTH, YTO B TAKOM CJIyYae HU O KaKOM MEMCHUCTEMHON COBMECTHUMOCTH TI'O-
BOPUTH yiKe He IPUXOAUTCA.

BoccTtaHoBNeHne «MepTBOro» MbloTeKca

#include <sys/neutrino.h>
int SyncMutexRevive( sync_t* sync );
int SyncMutexRevive_r( sync_t* sync );

9ty QyHKIUK! IpefHA3HAYCHBI IJIA BOCCTAHOBJICHNA MBIOTEKCA, KOTOPEIN
HaXOJAUTCSA B cocTosgHUM OJioKupoBaHuA DEAD. MpIOTEeKC momnaaeT B COCTOS-
Hue DEAD, Korga mamMaTh, UCHOJb30BAaHHAA IIPU 3aXBaTe MbIOTEKCA, OCBO-
6o:xmaercs. Takoe MOKeT IPOU3ONTH, HAIIPUMED, KOTJa YMUPAaeT IOTOK,
3aXBATUBIINN MBIOTEKC, PACIIOJOKEHHBIN B pasfesisieMoil mamaTu. B pe-
3yJbTaTe BbI30BA BLI3BABIIUU IMMOTOK CTAHOBUTCS BJaJesblleM MbIOTEKCa,
U ero CUeTUYNK 3aXBATOB yCTaHABJAMUBAETCA B 1 /I peKYPCUBHOTO MbIOTEKCA.

OmubK Y BBITTOJTHEHUS (PYHKITHAM:

EFAULT — ommbKa mpu oOpalleHNU K YKasaHHBIM B apryMeHTaX IepeMeH-
HBIM;

EINVAL — yKas3aHHBIN 00'bEeKT CUHXPOHM3AIIX HE CYIIeCTBYeT UJIU He HaX0-
auTcsa B cocTosaHum DEAD;

ETIMEDOUT — oTMeHa BBIBOBA II0 TaMM-ayTy AApa (YyCTaHABJINBAETCSI BHIBOBOM
TimerTimeout()).

YcraHoBKa yBeaoMJIeHUA O «CMepTU» MbloTeKca

OmnpenenuTb COCTOAHNE MbIOTeKca Kak DEAD MOYKHO C ITOMOIIBI0 QYHKIITUN
SyncMutexEvent(), koTopas onpeesdeT cOObITIE, CBA3BAHHOE CO «CMEPTHIO»
MBIOTEKCa.

#include <sys/neutrino.h>
int SyncMutexEvent( sync_t* sync, struct sigevent* event );
int SyncMutexEvent_r( sync_t* sync, struct sigevent* event );

HanHasa QyHKIVA IpeJHa3HAYeHA I YCTAHOBKY 00paboTUMKa CUTYyaIluu,
KOoTrZa MbIOTEKC momajgaeT B cocTossHue DEAD (TO ecTh mepepacupeesisaeTcs
naMATh, U3 KOTOPOM IPOM30IIIe]I 3aXBAaT MbIOTEKCa). 3aXBaTUTh MBIOTEKC,
OKagaBmuiica B cocToaHuu DEAD, MOXKHO JaJjiee ¢ IIOMOIIBIO BEI30Ba (DYHK-
mun SyncMutexRevive().

1 dyarnum SyncMutexRevive() u SyncMutexRevive_r(), U3 KOTOPBIX BTOpPAs SIBJISIET-
csA MoTOKO0Oe3onacHoi GopMoii IIepBoil, KAK 3TO OIMCHLIBAJIIOCH BBHIIIE, OTJINYA-
IOTCS MEXKIy cO00M TOJBKO CIIOCO00M yBeAOMJIEHMs 00 oInOKe: rmepBas popma
Bo3BpaiIaer —1 B caydae OIIMOKY U yCTAHABJIMUBAET €1 N0, & BTOpasa HEIIOCPEICT-
BEHHO BO3BpaIllaeT KoJ OITUOKU.
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OmubK Y BBHITIOJTHEHU S PYHKITAM:
EAGAIN — B JaHMHBIII MOMEHT SIIPO He MMeeT PecypcoB JJid 00paboTKU 3a1rpoca;
EFAULT — ommbOKa IIpOM30IILIa IPHU IONBITKE 00paIieHusa K SyNnc;

EINVAL — 00'b€KT CHHXPOHUBAINN, HA KOTOPLII YKa3bIBAET SYNC, He CYIIecT-
BYyeT.

Mpumep NpUMeHeHNs MbloTeKca

MopmepHusupyeM HaIll IIPUMEP M3 pasfesia, IIOCBAIIEHHOT'0 HCIIOJNb30Ba-
HHUIO ceMadopa /s caydyas MHOKECTBA IIOTOKOB MCTOUHUKOB U IIPUEeMHI-
KOB JaHHBIX. [IpobeMa 3akjaouyaeTcsa B TOM, YTO KOTJa HECKOJIHKO IOTO-
KOB OJJHOBPEMEHHO MOMIBITAIOTCA BBIZBATH QPYHKI[MIO push() miu pop(), MO-
JKeT IIPOM30MTH CUJIbHAS IIyTAHUIIA, II09TOMY KO 3TUX (QYHKIIUHA TOJIMKEH
UCIIOJHATHCA 9KCKJII3UBHO, TOJIbKO OJHUM IIOTOKOM. PelruTs aTy mpobJe-
My MOJKHO IBYMS CIIocO0aMM: BOCIOJIb30BATHCS OMHAPHBIM ceMadopoM
WJIN MBIOTEKCOM. MBI pernuiay NIpUMEHUTh UMEHHO MbIOTEKC M HUKE pac-
CKaKeM IIPUYNHY, 110 KOTOPOHM MBI 3[IECh CMEIIAJ B OJHOU KOHCTPYKIIUHU
9THU ABa dJIeMEeHTAa CHHXPOHU3AIUH.

/* WabnoHHbIA Knacc o4epean AaHHbIX x/
template <class T> class CdataQueue {

public:
CmessageQueue() { pthread_mutex_init( &_mutex, NULL ); };
“CmessageQueue() { pthread_mutex_destroy( &_mutex );}

void push( T _new_data ) {
pthread_mutex_lock( & _mutex );
data_queue.push(_new_data );
data_event.reset();
pthread_mutex_unlock( &_mutex );
b
T pop() {
data_event.wait();
pthread_mutex_lock( & _mutex );
T res = data_queue. front();
data_queue.pop();
pthread_mutex_unlock( &_mutex );
return res;
b
private:
std::queue<T> data_queue;
event data_event;
pthread_mutex_t _mutex;

b

Ha nepsrIit B3TUIAL 3a7aUa OUeBU/AHA: HAJIO HE JOITYCTUTh OHOBPEMEHHOTO
WCIOJIHEHUA ABYX YUYaCTKOB Koma. [louemMy »Ke He BOCIOJIB30BAThCS ceMa-
dopom, KaK MBI OIUCHIBAJIM, KOT/Ia PACCKA3BIBAJIM O CIIOCOOaX ero mpume-
HeHuaA? JleJg0 B TOM, YTO MBI XOTEJU MOJYUYUTH YHUBEPCAJIHLHOE CPEICTBO
mepesaun JaHHBIX MEKY IOTOKaMU, He 3aBUCAIIEe OT AOMYIIEHUH O IPU-
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OpHUTEeTaxX MOTOKOB 1 CTEIeHH’ NX 3aBucuMOcTH. Korga MbI CTPOUM CHUCTEMY
PeasibHOTO BPEMEHHU, BOIIPOC B3aMMHOT'0 HEABHOTO BANAHUA PA3HBIX IIOTO-
KOB Ha BBINOJIHEHWE APYT Apyra CTAHOBUTCSA OUYEHb BasKHBIM. MBI yiKe He-
OJHOKPATHO yImoMUHAIU 3(h(PeKT MHBEPCUU IPHUOPUTETOB M Te CIIOCOOHI,
KOTOPBIMHU MOXKHO ee M30eKaTb, HMCIOJb3YA MBIOTEKC IJIs 3aIl[UThI dKC-
KJIIOBMBHO MCIOJb3yEeMOT'0 KOJa.

CpaBHeHUe u 3¢pPpeKTUBHOCTb

B sToM MecTe BpeMeHHO ITpepBeM Hallle I0CJIeJ0BATEeIbHOE IIOBECTBOBAHUE:
MBI 3aKOHUMJIN PACCMOTPEHNE IBYX HanboJiee N3BECTHHIX, BAKHBIX U IIPU-
MeHAEMbIX IPUMUTHUBOB CHUHXPOHU3aI NN — ceMadopa 1 MbloTeKca. Temnepb
cesiaeM KOPOTKYIO OCTAHOBKY U IIPOBEJIEM X B3aMHOE CDaBHEHUE, & TaK-
JKe ITonpobyeM Ha IpuUMepax OIeHUTH 3aTPaThl IPOIECCOPHOI IPOU3BOLM-
TEJILHOCTHU, TPeOyeMble STUMU MeXaHU3MaMU.

HeJo B TOM, UYTO Ha IIePBBIN B3TJIAM 9TU JBA MEXaHU3Ma B BBICIIEH CTeIIeHU
TOoM00HBI, 0COGEHHO €CJIM PeUb 3aXOAUT 0 OMHapHOM cemadope, IPpUHUMA-
forieM 3HaueHnsd cuetunka 0 am6o 1. HacTonbKo mM0g00HEBI, UTO 1 B 00CYIK-
IEeHUAX, 1 Jake B HECIICIMAJIbHON JINTEPATyPe MOMKHO BCTPETUTDL YTBEPIK-
IEeHUs, UTO 9TO «OJHO U TO Ke». Cefiuac Mbl YBUIUM, UTO 3TU ABA CXOTHBIX
MexXaHN3Ma PasInYarTCsa BCEM: U 3aTpaTaMHU IIPOIeCCOPHOI'0 BpeMeHU Ha
uxX O0CJysKMBaHWEe, W IEJIMHI W 3aJadyaMy, KOTOPble OHM IPHU3BAHBI pe-
1aTh, ¥ BpeMeHeM KHU3HU... HauHeM ¢ IIPoCTOi OIleHKH 3aTpaT IPOIleccop-
HOT'0O BpeMeHH Ha 00CIyKuBaHMe KaKI0TO U3 MeXaHU3MOB, II0CJIe Yero oc-
TaJbHBIE PA3JIUUNSI CTAHYT HAM HAMHOTO IIOHATHEE.

s mpoBegeHUsi TAKUX OIEHOK MCIIOJb3yeM yiKe MPUMEHSABIIYIOCA HaMU
CXeMy «CUMMETPUYHBIX» TecToB. Ilouemy mmenHo ux? [a, 3mechk HaM He
TpeOyITCs B ABHOM BUJe OOMEHHBIE OIIePAU IIOTOKOB, HO BOCIOJIB3YyeM-
CS «CUMMETPUYHBLIMU» TECTAMHU IIPOCTO B CUJIy MUHUMAJIbHBIX II€PEIEIOK
TOT0, UYTO ysKe OBblLI0 HamucaHo paHee. MTak, mepBbIA BapHUAaHT TecTa I
mbioTeKca (Gaiin sy20m.cc):

CKOpOCTH blé NOKa3aTeJin MblOTeKCa

unsigned long N = 1000;

static pthread_barrier_t bstart;

static pthread_mutex_t mutex = PTHREAD_MUTEX_INITIALIZER;
static bool debug = false;

static char* str;

static volatile int ind = 0;

void* threadfunc ( void* data ) {
pthread_barrier_wait( &bstart );
unsigned long 1 = 0;
char tid[ 8 1;
sprintf( tid, "%d", pthread_self() );
uint64_t t = 0, t1;
while( i++ = N ) {
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t1 = ClockCycles();
pthread_mutex_lock( &mutex );
if( debug ) str[ ind++ ] = *tid;
pthread_mutex_unlock( &mutex );
t += ClockCycles() - t1
sched_yield();

b

cout << pthread_self() << "\t: cycles - "

<<t << "y oon mutex - " <<t/ N << endl
return NULL
b

int main( int argc, char *argv[] ) {
int opt, val

while ( ( opt = getopt( argc, argv, "n:v" ) ) I=-1) {
switch( opt ) {
case 'n’

if( sscanf( optarg, "%i", &val ) != 1)
cout << "parse command line error” << endl
exit( EXIT_FAILURE );
if( val > 0 ) N = val
break;
case 'V’
debug = true;
break;
default :
exit( EXIT_FAILURE );
}
b
if( debug ) str = new char [ 2 * N + 1 J;
const int T = 2;
pthread_t tid[ T ];
if( pthread_barrier_init( &bstart, NULL, T ) != EOK )
perror( "barrier init"” ), exit( EXIT_FAILURE )
for( int 1 =0; 1 < T; i++ )
if( pthread_create( tid + i, NULL, threadfunc, NULL ) !'= EOK )
perror( "thread create” ), exit( EXIT_FAILURE );
for( int 1 =0; 1 < T; i++ )
pthread_join( tid[ i ], NULL );
if( debug ) {
str[ ind ] = "\0°
cout << str << endl
delete [] str
b
exit( EXIT_SUCCESS );
1

PeByJII)’I‘aTBI BBIIIOJTHEHU A 3TOI'O TecTa:

# sy20m -n100000
3 . cycles - 14644442; on mutex - 146
2 . cycles - 14614219; on mutex - 146
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# sy20m -n1000000
3 . cycles - 146505047; on mutex - 146
2 . cycles - 146388673; on mutex - 146

Mopudunupyem nporpaMMy, UCIOJIb3ys BMECTO MbIOTeKCAa HEUMMEHOBAH-
HBI! OMHapPHBIN cemadop. [Ja Toro 4ToO6bl He 3arPOMOIKAATH TEKCT IIPaK-
TUYECKU TEM ’Ke KOJOM, IE€PEUYUCINM TOJIbKO HeOOXOAUMBbIE IIPU dTOM W3-
meHeHud (Qaita sy20s.cc):

1. BmecTo MbIOTeKCa O0BABISIEM HEMMEHOBAHHLIN ceMadop, a craTuyec-
Kasd MHUINAIN3AINsA MbIOTEKCa 3aMeHAeTCsI Ha omepaTop (B TeJie riias-
HOM mporpaMMbl) IUHAMHUYECKOU MHUIINAJIU3anu ceMadopa ¢ IIpucBo-
eHMeM eMy HauaJIbHOro 3HAaUeHus 1:

static sem_t sem;
if( sem_init( &sem, 0, 1) !=0)
perror( "semaphore init” ), exit( EXIT_FAILURE );
2. DyHKIINS HOTOKA IPUHUMAET BUI:
void* threadfunc ( void* data ) {
while( i++ = N ) {
t1 = ClockCycles();
sem_wait( &sem );
if( debug ) str[ ind++ ] = *tid
sem_post( &sem );

t += ClockCycles() - t1;
sched_yield();

b
B peayabTaTe MCIOJHEHUSA HA STOT Pas3 MbI IIOJYUNM:

# sy20s -n100000

3 . cycles - 87048886; on semaphore - 870
2 . cycles - 87077787; on semaphore - 870
# sy20s -n1000000

3 . cycles - 869638168; on semaphore - 869
2 . cycles - 868725494; on semaphore - 868

Henaem mocaegHIO0 MOAU(PUKAIIAIO B 3TOU I'PYIITIE TECTOB, TEIEPH UCIOJIb-
3yeM crnenuduKy nuMmeHoBaHHOTO ceMadopa (gaiin sy20n.cc):

1. BmecTo omepaTopa AMHAMMWUYECKON MHUIIMAJIU3AINN HEMMEHOBAHHOTO
cemadopa MBI TeIeph NOJIMKHBI CO30ATh MMEHOBAHHBII cemadop:

static sem_t* sem;
const char semname[] = "/duble";

if( ( sem = sem_open( semname, O_CREAT, S_IRWXO, 1 ) ) == SEM_FAILED )
perror( "semaphore init" ), exit( EXIT_FAILURE );
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Mpumeyanue
MocnefHWit onepaTop 3acNyXUBAeT OTAENbHOTO KOMMEHTapHsA. TeXHUYecKas AOKYMeH-
Tauua yTBepxkKAaeT, yTo dyHKLMA sem_open(), HOPMaNbHO BO3BPaLLAOLLAN YKa3aTelb
CO3/laHHOrO AeckpunTopa cemadopa TMna sem_t, B ciyyae owubKM Bo3Bpawaer —1
(Tak 6bINO 3aMMcaHO M B caMblx paHHUX pepakuuax POSIX). Ho ucnonb3oBaHue KOH-
CTPYKLMM BUAA:

if( sem_open(. . .) == -1)

MPOCTO BbI30BET CHHTAKCUYECKYIO OWKOKY (HECOOTBETCTBME TUMOB) U HE NPOAET KOM-
nunaumio! EctectBeHHee 6bi10 Obl ANs TaKoi (yYHKLWKM Bo3Bpawatb NULL B ciydae
owun6KK, Ho... Tak onpegeneHo B POSIX. Kpome Toro, Bo MHorux peanusauusx UNIX
onpepensieTcs KOHCTaHTa:

#tdefine SEM_FAILED( ( sem_t* )( -1 ) )

B pokymeHTaumm QNX oHa HUrae He YNOMMUHAETCS, HO, KaK Mbl BUAWM, OHA ONpeAeNeHa,
1 BCe npekpacHo paboraer!

2. DyHKIINUSI IOTOKA IPUHUMAaET BUJ (Telmephb Sem, B OTJINYNE OT IIPeJInecT-
BYIOIIIETO CJIyUas, BeJb TeIlePhb 9TO YoKe YKasaTeIb Ha IEPEMEHHYI0 TUIa
sem_t):

void* threadfunc ( void* data ) {

while( i++ 1= N ) {
t1 = ClockCycles();
sem_wait( sem );
if( debug ) str[ ind++ ] = *tid
sem_post( sem );
t += ClockCycles() - t1
sched_yield();

b

3. Temepb ocoboe BHUMaHNEe HEOOXOAMMO YAEJIUTH He TOJbKO CO3JAHUIO,
HO ¥ JIMKBHUAAINY UMEHOBAHHOTO cemadopa (Takoii cemad)op ©UMeeT Bpe-
MsA KUSHU SAApa CUCTEeMbI U OyAeT IPOAOJIKATH CBOE CYIIECTBOBAHNE
U II0CJIe 3aBePIIeHN s HAIIIEro IPUIOKEHN):

sem_close( sem );
sem_unlink( semname );

3amycTuM II0JIyYeHHOE IPUJIOKEeHNE IIPY TAKOM 3HAUeHUHN —N, KOTOpoe obe-
CIIEUNT JOCTATOYHOE BpeMs ero paboTsl. IIpeskge ueM 06CysKIaTh IIOJIYYeH-
HBIE€ Pe3yJbTAThI, IIOCMOTPUM OTOOpakeHHe cemadopa Ha IPOCTPAHCTBO
(haitIOBBIX MEH CHCTEMEI BO BPEeMs PAGOTHI IPUIOMKEHIA:

# 1s -1 /dev/sem
total 1
n------ r-x 1 root root 1 Feb 10 18:56 duble
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A Temeph 1 pe3yJIbTaTHI PAOOTHI TPOTPAMMBI:

# nice -n-19 sy20n -n100000
3 . cycles - 1453746002; on semaphore - 14537
2 . cycles - 1454203573; on semaphore - 14542

HaxkoHer, Mbl MOKeM 00PATUTHCSA K KOJTUUECTBEHHOMY aHAJIU3Y MOJIyYeH-
HBIX IIUQpP:

IIpuMHUTHUBLL — MBIOTEKC, HEMMEHOBAHHEIN 1 KMEHOBAHHBIA ceMa(opbI, —
KakyIiuecsa Ha IePBLIA B3TJVISAL CXOTHBIMM, TPEOYIOT MIJIsI CBOEro 00CJIy-
JKUBAHUA B 9KBUBAJECHTHBIX YCJIOBUAX IPUHIIUIHAIBHO PA3INUYHBIX 3a-
TpaT, BeJIMUYNHBI KOTOPBIX PafuKaabHO oTandaiorcsa: 140 — 870 — 14500
TIPOIECCOPHBIX IIUKJIOB COOTBETCTBEHHO, UTO COOTHOCUTCS Kak 1:6,2:104.

Tak ke paJUKaJbLHO OTJINYAIOTCA U UX XaPAKTEePUCTUKU HOCTYyIIA: W3-
HYTpH mIpolecca (MIn Jake TOJLKO U3 TOr'O IIOTOKA, KOTOPBIX yaKe BJjia-
JIleeT MBbIOTEKCOM), 13 BHEIIIHEro IIPOIlecca, 13 IIpollecca, paboTaroIero
HA COBEPILIEHHO JPYI'OM CETEBOM y3JI€e... To, YTO MBI y3Ke PacCMaTPUBAJIA
KaK «XapaKTePUCTUKN BPEMEHHU KU3HU» 00bEKTOB, IPUHAIJICKNAT Pas-
JUYHBIM KaTeropusaM: mpoiiecca (process-persistent), aapa (kernel-per-
sistent) uwau daiimoBoii cucremsl (filesystem-persistent).

¥V 3axBaueHHOTO MBIOTEKCA BCETZa €CTh IIOTOK-BJajesell, U TOJbKO OH
MOXKEeT OCBOOOIUTH €r0 B AaibHelmeM. VIMEHHO TO3TOMY MBIOTEKC MO-
JKeT UCIIOJIL30BaThCA AJIA CUHXPOHUBAIMY IIOTOKOB, HO TOJIBKO CUHXPO-
HU3aIlUd B CMbLICJIE€ pPa3sTPAaHUYEHHS BPEMEHHON MOCJIeI0BATEeIbLHOCTH
JocTyma K (pparMeHTy Koja — K TOMY, YTO YAaCTO HA3BIBAIOT KPUTUUEC-
KOU CeKImen Koma. PyHKIIMOHAJIBLHOCTE ceMad)opa 3HAUNTEIILHO BhIIIE:
IPU BO3MOJKHOCTH (IIOUTU BCET[a) €r0 MPUMEHEeHUs B TOM KOHTEKCTe,
B KOTOPOM HCIIOJIB3YeTCA M MbIOTEKC (TOJBKO HYMKHO JIM 3TO AeJaTh?),
OH MOXKEeT MPUMEHSATHCA U /I CUHXPOHMU3AIINN IIOTOKOB B CMbICJIE KO-
OpPAMHAIMH ITOCJIEA0BATEIbHOCTH X B3aNMOJEHCTBUS B KauecTBe dJie-
MeHTa, YIPaBJIAIIIero IOPAAKOM BhINoJTHeHuA. [IoKkakeM 9TO Ha MpU-
Mepe. [[1s 3TOTO HE3HAUUTEJNHHO TPaHCHOPMUPYEM KOJ IPeIbIAYIIero
TecTa A cemadopa (¢paitn sy21.cc):

CUHXpPOHM3ALUA NOTOKOB cemachopamm

#include <stdlib.h>
#include <stdio.h>
#include <string.h>
#include <inttypes.h>
#include <iostream.h>
#include <unistd.h>
#include <pthread.h>
#include <errno.h>
#include <semaphore.h>

unsigned long N = 1000
unsigned int T = 2;
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static sem_t* sem

static bool debug = false;

static char* str; // CTpOKa [AMarHOCTUKM
static volatile int ind = 0

uint64_t *t;

void* threadfunc ( void* data ) {
unsigned long i = 0
char tid[ 8 1;
sprintf( tid, "%X", pthread_self() );
// BpeMeHHas MeTka Ha4ana BO BCeX NOTOKax yCTaHABIWBAETCH
// Ha Bpemsa [OCTUXEeHWd aTOi To4YkWM B nochegHem (akTWBHOM) MOTOKE
if( (int)data ==T - 1) {
uint64_t ¢ = ClockCycles();
for( int 1 =0; 1 <T; i++ ) t[ 1 ] =¢
N
// pabounit UMKN NepeknioyYeHuint 3a CYeT CUHXPOHU3ALWK
while( i++ < N ) {
sem_wait( sem + (int)data )
if( debug ) str[ ind++ ] = *tid;
sem_post( sem + ( (int)data + 1) % T );
I
t[ (int)data ] = ClockCycles() - t[ (int)data J;
return NULL
}

int main( int argc, char *argv[] ) {
int opt, val

while ( ( opt = getopt( argc, argv, "n:t:v" ) ) I=-1) {
switch( opt ) {
case 'n’

if( sscanf( optarg, "%i", &val ) != 1)
cout << "parse command line error” << endl
exit( EXIT_FAILURE );
if( val > 0 ) N = val
break;
case 't’
if( sscanf( optarg, "%i", &val ) != 1)
cout << "parse command line error” << endl
exit( EXIT_FAILURE );
if( val >0 ) T = val
break;
case ‘v’
debug = true;
break;
default :
exit( EXIT_FAILURE );
}
}
if( debug ) str = new char[ T = N + 1 J;
pthread_t* tid = new pthread_t[ T 1;
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sem = new sem_t[ T I;
t = new uint64_t[ T 1;
for( int 1 =0; 1 <T; i++ ) {
// BCE NOTOKW, KpoMe nocnegHero, OyayT 3abn0KMpOBaHI
// Ha cBoux cemadopax cpasy xe nocne ctapTa
if( sem_init( sem + i, 0, (i =(T-1))?21:0))
perror( "semaphore init" ), exit( EXIT_FAILURE )
if( pthread_create( tid + i, NULL
threadfunc, (void*)i ) != EOK )
perror( "thread create error”™ ), exit( EXIT_FAILURE )
b
for( int i = 0; 1 < T; i++ )
pthread_join( tid[ i ], NULL );
for( int 1 = 0; 1 < T; i++ ) sem_destroy( sem + i );
delete [] sem;
for( int 1 =0; 1 <T; i++)

cout << tid[ 1 ] << "\t: cycles - " << t[ i ]
<< ";\ton semaphore - " << t[ 1 ] /T /N
<< endl;
delete [] tid;
delete [] t;

if( debug ) {
str{ ind ] = "\0"
cout << str << endl;
delete [] str;
¥
exit( EXIT_SUCCESS );
}

Jlornuecku IIPUJIOKEHN e N3MEeHMNJIOCH CJIEAYIOIIM 06pa30M:

Temeps y HaC MOKeT OBITH He 2 UAEHTUYHBIX (CHMMETPUYHBIX ) IIOTOKA,
a IIPOM3BOJIbHOE UX KOJNYECTBO (KU —t IIPU 3ayCKe MPUI0KEeHU).

IIoTOKY CMHXPOHU3UPYIOTCA HEe Ha OJHOM ceMadope — BBeJIeH MAacCCHUB
ceMadopPoOB II0 YUCJIY ITOTOKOB: KaXKAbIH IMTOTOK OJOKUPYeTCA Ha «CBO-
eM» cemadope, HO pas3bJIoOKUPyeT ero (mocjie 0UepeIHOTO BBITTOJTHEHU
cBoero (hparmeHnTa) cemadop 3a6JJOKMPOBAHHOTO «Cocenas .

Temeps HaM HeT HYKIbI HCIIOJHB30BATh 0apbep AJA OJHOBPEMEHHOTO
cTapTa BCeX CO3JaHHBIX IMMOTOKOB: ceMadophbl BCeX CO3JaBae€MbIX IIOTO-
KOB MHUIIUAJIU3UPYIOTCA HYJIEBLIM 3HAUEHNEM; CTAPTYIOIIUHI ITIOTOK TYT
JKe OJIOKMpyeTcsa Ha cBoeM cemadope, W TOJBKO MOCHeTHUN W3 3amy-
IITeHHBIX BBITIOJIHAETCA, He 6JIOKUPYsCh Ha ceMadope.

W3 Koma mcKJIOUeHbl KaKkue ObI TO HU OBLIO CPeACTBa IPUHYIUTEIbHOM
nepenaum ynpasjeHus (sched_yield()) — Bce yupaBjieHue JIOTUKOM BeT-
BJIEHUA OCYIIIECTBJIAETCA TOIBKO COCTOAHUAMU ceMadopoB.

TTocmoTpuM, YTO y HAC MOJYUYMIOCh. 3allyCcKaeM MPUJIOKEeHNe C JUarHOC-
TUYECKUM BBIBOJOM HIEHTU(PUKATOPOB MOTOKOB (KJIIOY -V; OH y HAcC OBLI
B TeCTaX M PaHee, TOJbKO MbI O HEM He YIIOMUHAJIN):

# nice -n-19 sy21 -n20 -t12 -v
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2 . cycles - 664874; on semaphore - 2770
3 . cycles - 649150; on semaphore - 2704
4 . cycles - 638906; on semaphore - 2662
5 . cycles - 622987; on semaphore - 2595
6 . cycles - 611781; on semaphore - 2549
7 . cycles - 594515; on semaphore - 2477
8 . cycles - 571003; on semaphore - 2379
9 . cycles - 552834; on semaphore - 2303
10 . cycles - 536817, on semaphore - 2236
11 . cycles - 519357; on semaphore - 2163
12 . cycles - 500388; on semaphore - 2084
13 . cycles - 296633; on semaphore - 1235
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B cTpoke mmarmocTuKu (BHH3Y) XOPOIIIO BUIHO PEryJsSpHOe UepemoBaHUe
BBITIOJTHSIOIUXCSA ITIOTOKOB, IIPUYEM OHO HAaUMHAETCA C MHAeKCca IocaeIHe-
ro cos3mamuoro motoka (13 B mokasanHoMm mpumepe). Temeps mpoaesraeM TO
JKe caMoe, HO Ha 00JIbIIOI BEIGOPKE U C OTKJIIOUEHHOU JUAarHOCTHUKOI, UTO-
OBl IIOJIYUYUTh «YKMCTOE» BPEMS KOHTEKCTHBIX II€PEKJIIUYEeHUN IIOTOKOB, He
HCKaKeHHOe 3aTpaTaMy Ha omepanuu (OPMUPOBAHUSA AUATHOCTUKU (pe-
3yJIBTATHI JJIS HECKOJbKUX PA3JIMUHBIX PAa3MEPHOCTeH 3a1auu IPU PA3HOM
KOJIMUECTBEe IIOTOKOB):

# nice -n-19 sy21 -n100000 -t12

2 . cycles - 1509597589; on semaphore - 1257
3 . cycles - 1509581545; on semaphore - 1257
4 . cycles - 1509570283; on semaphore - 1257
5 . cycles - 1509552472; on semaphore - 1257
6 . cycles - 1509537934; on semaphore - 1257
7 . cycles - 1509519299; on semaphore - 1257
8 . cycles - 1509502312; on semaphore - 1257

9 . cycles - 1509482667; on semaphore - 1257
10 . cycles - 1509466343; on semaphore - 1257
" . cycles - 1509449264; on semaphore - 1257
12 . cycles - 1509431112; on semaphore - 1257
13 . cycles - 1509222808; on semaphore - 1257

# nice -n-19 sy21 -n100000 -t7

2 . cycles - 859768389; on semaphore - 1228
3 : cycles - 859756956; on semaphore - 1228
4 . cycles - 859745649; on semaphore - 1228
5 . cycles - 859736698; on semaphore - 1228
6 . cycles - 859724685; on semaphore - 1228
7 . cycles - 859707720; on semaphore - 1228
8 . cycles - 859554045; on semaphore - 1227

# nice -n-19 sy21 -n50000 -t13
2 . cycles - 832789852; on semaphore - 1281
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3 . cycles - 832813231; on semaphore - 1281
4 . cycles - 832835011; on semaphore - 1281
5 . cycles - 832851360; on semaphore - 1281
6 . cycles - 832868482; on semaphore - 1281
7 . cycles - 832884308; on semaphore - 1281
8 . cycles - 832900935; on semaphore - 1281

9 . cycles - 832916093; on semaphore - 1281
10 . cycles - 832931944; on semaphore - 1281
1 . cycles - 832946479; on semaphore - 1281
12 . cycles - 832962202; on semaphore - 1281
13 . cycles - 832976433; on semaphore - 1281
14 . cycles - 832782465; on semaphore - 1281

# nice -n-19 sy21 -n50000 -t17

2 . cycles - 1142879872; on semaphore - 1344
3 . cycles - 1142906138; on semaphore - 1344
4 . cycles - 1142927650; on semaphore - 1344
5 . cycles - 1142943675; on semaphore - 1344
6 . cycles - 1142959582; on semaphore - 1344
7 . cycles - 1142974919; on semaphore - 1344
8 . cycles - 1142991068; on semaphore - 1344

9 . cycles - 1143005896; on semaphore - 1344
10 . cycles - 1143021518; on semaphore - 1344
1 . cycles - 1143036136; on semaphore - 1344
12 . cycles - 1143053448; on semaphore - 1344
13 . cycles - 1143068415; on semaphore - 1344
14 . cycles - 1143083676; on semaphore - 1344
15 . cycles - 1143098361; on semaphore - 1344
16 . cycles - 1143114009; on semaphore - 1344
17 . cycles - 1143128525; on semaphore - 1344
18 . cycles - 1142872665; on semaphore - 1344

EcTb HeKOTOpasA KOPPeasaIia BpeMeHN ITepeKJII0UeHna KOHTeKCTa ¢ pasMe-
POM BBIOOPKHU U KOJIUUECTBOM 06pabaThIBAIOIINX TOTOKOB, HO OHA B IITUPO-
KOM JMAalla3oHe STHUX IIapaMeTpPOB He mpeBbiiaeT 8% . B naHHOM mpuioxe-
HUU 9Ta YMCJIeHHAs BeJIUUYMHA BKJIIOUYaeT B cebs: OJIOKMPOBaHME Ha ceMa-
dope, meperJIOUEHNE HA KOHTEKCT APYTOoTo IMOTOKAa W Pa30JIOKMPOBaHUE
cemadopa. Ecau BCHOMHUTE, UTO PaHbIle MBI IIOJYYaJy OIeHKHU JJIA IPU-
HYAUTEJbHOTO (ImocpeacTBoM sched_yield()) mepekJjoueHus KOHTEKCTa I10-
TOKOB B 375 IIPOIeCCOPHBIX IIUKJIOB, a IJIA 3aXBaTa-0CBOOOKIEHUS ceMa-
dopa — mopaaka 870, To sty MUMPPHI XOPOIIIO COTJIACYIOTCA C IIOJIyUeHHBI-
MU ceifuac pe3yJabTaTaMu.

PaccmaTrpuBaeMble IIPUMUTHBEL CAYKAT MPUHITAIINAILHO PA3INUYHBIM Ile-
aaMm. MbioTekc, Kak ysKe OBLIO CKasaHo paHee, IpeJHA3HAUYEH B IIEPBYIO
ouepenb MJs peryiaMeHTAIlMM AOCTYIla K y4acTKaM IIPOTPaMMHOI0 KOJza.
Cema@opsl sKe 00JIbIlle IpeJHASHAUYEHBI IJIs PerjiaMeHTallu HOPALKA J0-
CTyIa K OIIpeJeJIeHHBLIM O0OBbeKTaM AaHHBIX. KiaccuuecKuMHU 3ajadyaMu
STOro KJacca ABJIAITCS 3aJaull «IPOU3BOLUTENL — IIOTPEOUTE b, KOraa
M mpousBoguTEIEN CO3AAI0T HEKOTOPhIE 00BEeKThI JAHHBIX (UHUTaA 5TU JAH-
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Hbl€ C pPeaJbHBIX BHEIIHUX YCTPOMCTB, MM CO3JaBas UX KaK pPe3yabTaT
TOJIbKO BHYTPEHHUX BBEIUUCJICHUN, NN JIOOBIM IPYTIUM cirocodbom), a N 1mo-
TpebuTe el He3aBUCUMO OepyT IIPOU3BeAeHHbIe O0BEeKThI JAHHBLIX HAa II0-
CJIeAYIOIIYI0 00PaboTKY.

9TO HACTOJBKO OOIIMII M YacTO BCTPeUaIIuiicsa KJacc 3aJad, YTO IIOKAa-
JKeM [JIs Hero IpOoCTeHIIuil «CKejJeT» B BUAE OTAEJHHOTO IPUIOKEHU,
B KOTOPOM OTCJIeKMBaHUE IOPSAKA JOCTyIla ImMoTpeduTesieil OymeT ocylie-
CTBJIATH CUETHBIN cemadop (gaiin sy22.cc). qnasa mpocTOTHl MOHUMAHUA
IPUJIOMKEeHNe CeJIaHO KaK TpaHchopMaIna Koaa IIpe/IIecTBYIOIel rpyu-
OBl TECTOB. B KauecTBe MMUTAIINY IIPOU3BOJCTBA 00bEKTA JaHHBIX, KaK U
B KaUecTBe ero 00paboTKY IOTPEeOUTEIeM, UCIIONb3YEeTCA ITaCCUBHAA IIay3a
(delay()) Ha cay4daiiHyIO BeJIUUYUHY (IIPOMU3BOACTBO U 06paboTKa 00HEKTOB
JaHHBIX B KOJle He ITIOKa3aHbl, TAK KaK 9TO He OTHOCUTCA K CYIIIECTBY pac-
CMaTPUBAEMOT0 — HAC MHTEPECYIOT IIPOIeCChl CHHXPOHMBAIINY STUX Olepa-
Ui, a He caMu OIepaIinum).

Kpome ocHOBHOIT HalIllell eI 9TO IPUJIOKEHNe JOIOJTHUTEILHO JeMOHCT-

pupyer:

e TIpakTHuyecKoe MCIOJb30BaHUE IMPUHYAUTEILHOTO 3aBepIllieHus (oTMe-
HBI) TIOTOKOB «M3BHE» C YIIPaBJeHNEeM COCTOAHUEM 3aBepIIaeMOCTH II0-
TOKOB 1 PACCTAHOBKOI TOUEK OTMEHbI, O UeM MbI yiKe TOBOPHUJIU paHee.

e MHcnoosb3oBaHWE aTOMapHBIX (HEIpephIBaeMbIX) ollepanuii (HampuMmep,
atomic_add_value()), 0 KOTOPBIX MbI Oy/IeM TOBOPUTH UyTh IMTO3IKeE.

e Vcmosmb3oBanme peeHTepabebHBIX (popM (PYHKIIUA CTaHZAPTHON OuO-
JNOTeKU, 6e30IacHBIX B MHOTOIOTOUHOM cpeae (rand_r() Bmecto rand()).

0auH npouseoautens — T noTpebutenei

#include <stdlib.h>
#include <stdio.h>
#include <iostream.h>
#include <unistd.h>
#include <pthread.h>
#include <errno.h>
#include <semaphore.h>
#include <atomic.h>

const int D = 10;
unsigned int T = 2;
static sem_t sem;
pthread_t* tid;

void* writer ( void* data ) {
unsigned long i = (int)(data); // obuuit pasmep BbOOPKH
unsigned int s = 1
while( i-- > 0 ) {
delay( (long)rand_r( &s ) * D / RAND_MAX + 1 );
sem_post( &sem ); // 00bekT paHHbX NPOU3BeneH
}s
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for( 1 =0; 1 <T; i++ ) pthread_cancel( tid[ 1 + 1 ] )
return NULL
b

static char *str; // cTpoka pe3ynbTUPYWOWENA AMATHOCTUKM
static volatile unsigned ind = 0

void* reader ( void* ) {
char tid[ 8 1;
sprintf( tid, "%X", pthread_self() );
unsigned int s = rand();
pthread_setcanceltype( PTHREAD_CANCEL_DEFERRED, NULL );
while( true ) {
sem_wait( &sem ); // nony4yeH 00bEKT AaHHbIX
str[ atomic_add_value( &ind, 1 ) ] = *tid;
pthread_testcancel();
delay( (long)rand_r( &s ) * D = T / RAND_MAX + 1 );
b
return NULL
1

int main( int argc, char *argv[] ) {
unsigned long N = 1000;
int opt, val

while ( ( opt = getopt( argc, argv, "n:t:" ) ) I=-1){
switch( opt ) {
case 'n’

if( sscanf( optarg, "%i", &val ) != 1)
cout << "parse command line error” << endl
exit( EXIT_FAILURE );
if( val > 0 ) N = val
break;
case 't’
if( sscanf( optarg, "%i", &val ) != 1)
cout << "parse command line error” << endl
exit( EXIT_FAILURE );
if( val >0 ) T = val
break;
default :
exit( EXIT_FAILURE );

b

str = new char[ N + 1 1];

tid = new pthread_t[ T + 1 J;

if( sem_init( &sem, 0, 0 ) )
perror( "semaphore init"” ), exit( EXIT_FAILURE )

if( pthread_create( tid, NULL, writer, (void*)N ) != EOK )
perror( "writer create error” ), exit( EXIT_FAILURE );

for( int 1 =0; 1 < T; i++ )
if( pthread_create( tid + i + 1, NULL, reader, NULL ) != EOK )

perror( "reader create error” ), exit( EXIT_FAILURE )
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for( int 1 =0; 1 < T; i++ )
pthread_join( tid[ i ], NULL );
sem_destroy( &sem );
delete [] tid;
strf ind ] = "\0O°
cout << str << endl
delete [] str;
exit( EXIT_SUCCESS );
b

Bot kak BBITVIAAUT Pe3yJbTaT BBIIIOJIHEHUA 3TON IIporpamMmmsbl (BO 1/13603{(&'
HYe BHECEHUS JOIMOJHUTEJHHOI0 CHHXPOHIN3MA B KauecTBe 00Iero umcJa
IIHUKJIOB «IIPOM3BOJACTBa» N YKCJjia IIOTOKOB HOTpe6I/ITeJIeﬁ BI:-I6paHI>I B3anM-
HO IIPOCThIE UMCIA):

# sy22 -n200 -t13
3456789ABCDEF7936A8547E39DCB45F67A59B84D37EC64F395B6AEF78BIDF34CB53B86ASFEDF
975B3A8EC46FB8AD954736FA78C3ED46F7B594EC7B83AC6FIDABCES69A73F86BCAD74C536EB7
9F5C8DA5B463EFBC7D937AEC85FDE4A56BCAF69DE7F385CA6

XOPpOoIII0 BUAHO, KAK CTPOrO IIOCJIE0BATEIbLHEIN TIOHAYATY IIOPALOK LOCTY-
ma moTpebuTreseil K 00beKTaM JaHHBIX JeCUHXPOHU3UPYETCSI U CTAHOBUTCS
XAOTUUYECKUM: KaKIBIA OCBOOOIUBIIHNICS IOTPEOUTE/b IPUCTYIAET K pa-
0oTe HaM CAeOYIOIINM 00beKTOM JAHHBIX, KAK TOJBKO TOT CTAHOBUTCS I0-
CTYIIEH.

AToMapHble onepauumn

AToMapHBIe ollepanuy He OTHOCATCSA K dJIEMEeHTaM CUHXPOHUBAIIUY TapaJi-
JIeJIbHBIX BeTBell mporpamMmel. Ho uM ciieyeT yaeguTs BHUMaHUe 10 JBYM
npuurHaM. Bo-nepBbBIX, aTOMapHbIe Ollepaluy — 9TO IIPOCTOe U aPHeKTUB-
HOE CPEJICTBO, II03BOJIAIONIEEe BO MHOTUX CJIydadx M30e’KaThb MCI0JH30Ba-
HUA MEXaHU3MOB CHHXPOHM3AIWM. A BO-BTOPBHIX, aTOMapHBIE OIEePAIlU
3a4YacTyIO BHIIIAJAIOT M3 PACCMOTPEHUS 13-3a UX ABOMCTBEHHOI'O IIOJIOMKEe-
HUA: IPU OOCYKAEHUN Iapajjaen3Ma U CHHXPOHU3AIUY OHU He paccMar-
PUBAIOTCS, IIOTOMY UTO HE ABJAIOTCS dJIEMEHTAMU CUHXPOHU3AIUU, a TP
00CYKIeHUU II0CJIeOBATEIbHBIX IIPOTPAMM HE PacCMaTPUBAIOTCA IIOTOMY,
YTO 371€Ch B HUX IIPOCTO HET HEOOXOJMMOCTH.

ATomapHBIe omepaluy — 3TO OIePaIlnu, IJIsS KOTOPHIX TapaHTUPYeTCA UX
HeIpPepbIBAEMOCTD JasKe IIPU BBITIOJHEHUY Ha CUMMETPUYHBIX MYJIbTHUIPO-
meccopHbIX miaardopMax. BeIosHeHne aTOMapPHBIX ONepaIuil He IpephI-
BaeTcsd JakKe aCHHXPOHHBIMY alllIapaTHLIMU HpephiBanusmMu. Takum oopa-
30M, 9Ta I'PyIIlla olepauii ABJASeTCA TaK:Ke 1 6e30MacHO B MHOTOIIOTOY-
HOM OKPY KeHUU.

HeiicTBUTEIbHO, HamboJee YacTO MPUMUTHUBLI CUHXPOHUBAIIUY ITPUMEHSI-
FOTCS AJISI CO3MaHUA KPUTUUECKON CEKIINY KO/a C IeJIbI0 IPeJOTBPAIeHU
BO3MOYKHOCTH OJHOBPEMEHHOTO BO3IelCTBUA HA 00BbEKTHI JaHHBIX CO CTO-
POHBI HECKOJIbKHX ITapallieIbHO Pas3BUBAIOIINXCS BETBEM IIPOrpaMMbI.
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IIpu omHOBpEeMeHHOI paboTe ¢ JAHHBIMU U3 PA3JIUUYHBIX IIOTOKOB COCTOS-
HUEe MaHHBIX MOCJE TaKOT0 BO3MeHCTBUA MOJIMKHO CUHTATHCA «HeomIpeze-
JIEHHBIM » , IIPX 9TOM IIOCJIEICTBUSI MOTYT OBITH O0JIee TAKKUMI, UeM IIPOC-
TO HEKOPPEKTHOE COCTOAHNE JAaHHBIX — CTPYKTYPA CI0KHBIX 00'bEeKTOB MO-
JKeT OBITh IIPOCTO paspyIlleHa.

B MHOromoTouHO# cpene sJeMeHTapHBLIE M IPHUBLIYHLIE ONEPAIlMV MOTYT
TauTh B cebe omacHocTHu. [[efiCTBUTENBHO, IIPOCTEHIITNIT OTIEepPaTOP BUAA:

i=1+1

COZIEPsKUT B cebe OMacHOCTh, CJIM ATOT OIepaTop 3anucaH B QYHKIIUHU II0-
TOKAa, BBITOJHAEMON HECKOJbKUMU 9K3EMILIAPAMU ITIOTOKOB (COBEPIIIEHHO
TUNIUYHBIN caydait). He MeHee omaceH, HO MeHee OUeBUIEH IO BHEIITHEMY
BUIY U OIIEPaTOp:

i+=1;

Iaske omepaTopbl MHKPEMEHTAa U AeKpeMeHTa (++1 u —-1), KOTophIe B cUCTEME
KOMAaH/I IPAKTUYECKH BCEX TUIIOB IIPOIECCOPOB BLIMOJHSIIOTCA KaK aToMap-
HbIe ¥ KOTOPBIE ABJSIOTCA OCHOBOHM AJIs1 peasusanuu ceMad)OpPHBIX OIlepa-
Ui, B CHMMETPUYHONA MYJIbTUIIPOIIECCOPHOI apXUTEKTYyPe IIEPECTAIOT ObITH
0e30IaCHBIMHU. XYKe TOro, IMPUBLIYHBIE IPOrPAMMUCTY OIEPAIUM CTaH-
ITapTHOUM OMOJIMOTEKM M IIPOCTO CUHTAKCUYECKNEe KOHCTPYKIIMK SI3bIKa CTa-
HOBSATCSA He0e30IMaCHBIMI B MHOTOIIOTOYHOM cpene. Bor ele gBa mpumepa:

1. OmepaTop KOIMPOBAHUSA HETUIIM3UPOBAHHOTO 0JIOKa HMaMATH, 6e300513-
HEHHO UCII0JIb3YEeMBbIH JeCATUIETUSIMU:

void* memcpy( void* dst, const void* src, size_t length );

2. OmepaTopsl IpUCBaMBaHUS, MHUIINAJIN3AIINY UJIU CPABHEHUA CTPYKTY-
PUPOBAaHHBIX 00'BEKTOB JaHHBIX:

struct X {
X(const X&y ) { . . . };
friend bool operator==( const X& f, const X& s ) { . . . };

// onepaTop npucBauBaHug Mbl He nepeonpenenseM, Ucnoib3yeTcs
// npuceanBaHue no ymonuaHuio - nobarToBoe KONMPOBaHWe

X A;
X B( A); // noTeHumanbHaa ownbka
B =A; // noTeHumanbHaa ownbka

if( A==B ) { . . . };// noTeHunanoHas ownbka
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Mpumeyanue
06paTVITe BHUMaHWUE, 4YTO BCe 00beKTbI OaHHbIX, ANA KOTOPbIX MOTyT Ha6J1IO}J,aTbCFI 06-
cyxpaemble 3deKTbl, LOMKHBI ObITb JLOCTYMHbI BHE NOTOKA, TO €CTb ObITb [MO6aANBbHBIMK
C TOYKM 3peHna BUAMMOCTU B NOTOKE.

Nmenno nia 6e30macHOTO MaHUIYJINPOBAHUA AAHHBIMU B IapaJlIebHOMN
cpeme QNX API u BBO#sTCA aToMapHBIe oleparuu. [{ecaATh aTOMapHBIX
GYHKIIUI OeJaTCa Ha JBe CMMMeTPUYHbBIE TPYIIILI IT0 BUY CBOET0 MMEHOBA-
HUS ¥ JIOTUKe QYHKIIMOHUPOBaHMUA. Bce aToMapHbIe OIepaluy OCyIIecTB-
JISTIOTCSI TOJIBKO HaJl OMHUM TUIIOM JaHHBIX Unsigned int, HO, Kak OymeT Imo-
KasaHo JaJiee, 9TO He TAKOe YK U CUJIbHOe orpanmueHue. Cam o0'bEKT, HAT
KOTOPBIM OCYIIIECTBJIAETCSA aToMapHas onepanus (Tumna unsigned int), —ato
camasi OObIYHAsA IepeMeHHAas IIeJIOUMCJIEHHOIO THUIIA, TOJBKO ONMCAHHAA
c kBasudukaropoMm volatile.

IToMmuMoO aTOMapHBIX ONEPAIUi HaJl 9TOM ITePeMEeHHON MOT'YT BBIIOTHATHCSA
JII00bIe IpyTrue AefCcTBUS, KOTOPhIe MOYKHO CUNTATh 6€30ITaCHBIMU B MHOTO-
IIOTOYHOM cpelie: MHUIINAIN3AIUA, IPUCBaNBaHNe 3HAUEHU, CPABHEHHUA.
Bouiee Toro, mpu BBIXO/e IIPOTPAMMEI 3a 00JIaCTh BO3MOMKHOT'O MHOTOIIOTOY-
HOT'O JOCTyIIa K 9TOM IIepeMeHHON OHA MOJKeT Jajee MCIIOJb30BAThCA JIFO-
OBIM TPAAUIIAOHHBLIM U IIPUBLIUHLEIM 00Pa30M.

BaskHo TakKe OTMETHUTh, UTO TEPMUH «ATOMAPHOCTL» OTHOCUTCS He K 0CO-
OBIM CBOMCTBAM HEKOTOPOro O0'beKTa HAHHLIX, a K OTPAaHUUYEHHOMY DALY
omeparuii, KOTOpble MOXKHO 0€30IIaCHO BBIIIOJHATHL HAJ S3TUM O0BEKTOM
B MHOTOIIOTOYHOM Cpeje.

O6miuii B HPOTOTUIOB KaKIOW M3 ABYX TI'PYIII aTOMapPHBIX OIlepalluii
CIIeqYIOIIA:

void atomic_*( volatile unsigned *D , unsigned S );

unsigned atomic_*_value( volatile unsigned *D, unsigned S );

Tle BMECTO * JOJIKHO CTOATH MM OSHOM M3 IATU OIepanuil (TAaKUM ajiro-
putMoM u obecmeunBaeTca 10 pasIMUHBIX ATOMaPHBIX GYHKITUH):

add — mo6aBUTH UMCJIeHHOE 3HAUEeHNE K OTIepaHaY;
Sub — BEIUECTh YHCJIEHHOE 3HAUEHNe U3 OIlePaH/a;

clr — oUMCTUTH OUTHI B BHAUEHUU ONlepaHAa (BLIIOJIHAETCSA IOOUTOBAA OIIe-
panua (*D) & -S);

set — yCTaHOBUTH OMTHI B 3HAUEHUU OmepaHaa (BBIIOJHSIETCS IMOOUTOBaA
omeparusa (*D) |= S);

toggle — MHBEPTUPOBATH OMTHI B 3HAUEHHUH OllepaHaa (BbIMOJHIETCSI MO0u1-
ToBadA omepanud (*D) ~= §);

D — UMEeHHO TOT 00'beKT, HaJ KOTOPBIM OCYII€CTBJISAETCA aTOMapHas omepa-
nus;

S — BTOPOIi omepaH OCYIIEeCTBISIEMOI OIePaIlnu.
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Be ¢opmbl aToMapHBIX (PYHKIUHN A KaKION Omepamuu OTJINYAIOTCH
TeM, YTO IepBas M3 HUX BBIMNOJIHAET omeparuio 0e3 Bo3BpaTa 3HAUEHUS,
a BTOpas BO3BpalllaeT 3HaUeHUe, KOTOpPoe ollepaHy D uMeJi 10 BBIIIOJIHEHUA
omepanui (T. e. IpekHee 3HaAUEHUE, KaK ATO IeJal0T, HAIPpUMep, IpeduKc-
HbIe ollepaluyu MHKpeMeHTa ++D u gexkpemeHTa —-D, B OTJIU4YHUE OT IIOCT-
GuKCHBIX D++ 1 D--).

3aueM HYKHBI 1Be (OpMbI A omnepanunu? TexHuUeckas NJOKYMEHTAIIUS
QNX yTBep:kIaer, 4To Bropasa (hoopMa MOKET BbIIOJIHAThCA JoJibIine. Cipa-
BEJINBOCTD 3TOTO YTBEPIKIAECHUA U HACKOJBKO JOJIbIIEe BHITIOJIHIETCS BTO-
pas opma, MbI CKOPO YBUIUM HA IPUMepPax.

HUrak, y Hac ectb 10 pyHKIIUI 114 BBIIOJHEHUA IIATH aTOMapHBIX oIlepa-

U
atomic_add() atomic_add_value()
atomic_sub() atomic_sub_value()
atomic_clr() atomic_clr_value()
atomic_set() atomic_set_value()
atomic_toggle() atomic_toggle_value()

Kaxk ucmonb3yroTea aromapHbie omepanuu? OOBIYHO AJISA IPeJoTBPAaIlleHU
ONHOBPEMEHHOI'0 M3MEHEHNs HEKOTOPOI'0 CUETUMKA WMHAEKCA MbI BHIHYIK-
JIeHBI CO3/IaBaTh KPUTUUECKYIO CEKI[NI0, 0003HaUasd ee, CKakeM, omepariu-
SMU HAJ{ MBIOTEKCOM. B uacTHOCTH, B CJIEAYIOIEM IpUMepe HaM HeOOX O~
MO M3 Pas3JNYHBIX IIOTOKOB II0CJIEJ0BATEIbLHO JOIMIMCHIBATE HEKOTOPEIE 0aii-
TOBBIE PE3YyJIbTATEI B €IUHEI Oydep:

// TnobanbHble onucaHus, [OCTYMHbE BCEM MOTOKaM
const unsigned int N = .

uint8_t buf[ N I;

// WHOEKC Tekylleh nosuumn 3anucu

unsigned int ind = 0;

// obumnin MbTEKC, AOCTYMHbLIK Kaxmoomy M3 MNOTOKOB
pthread_mutex_t mutex = PTHREAD_MUTEX_INITIALIZER

// BHNONHAETCH B KaxAoM M3 NOTOKOB:

uint8_t res[ M 1; // pesynbTaT HEeKOTOpPOW onepauum
unsigned int how = . . . // peanbHas onvHa 9TOro pesynbrarta
pthread_mutex_lock( &mutex );

memcpy( (void*)buf + ind, (void*)res, how );

ind += how;

pthread_mutex_unlock( &mutex );

Wcnonws3ysa aToMapHBIe OIlepaIiu, Mbl MOYKEM 9TOT IIPOIIECC 3aIINCaTh TaK
(Bce riobasbHBIE ONMMCAHUA OCTAIOTCS HEU3MEHHBIMU):

// tnobanbHble onucaHus, [OCTYMNHbE BCEM MOTOoKam
// WHOEKC Tekylieih nosuumn 3anucu
volatile unsigned int ind = 0;
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// BBHINONHAETCS B KaxAoM W3 MOTOKOB:

uint8_t res[ M T; // pesynbTaT HEeKOTOPOW onepauum
unsigned int how = . . . // peanbHas AAMHa 3TOr0 peayibTaTa
memcpy( (void*)buf + atomic_add_value( ind, how ), (void*)res, how );

Wian gaxe Tax:

// TnobanbHble onucaHus, [AOCTYMHbE BCEM MOTOKaM

// ykasaTenb Tekylieih nosnuum 3anucu:
volatile unsigned int ind = (unsigned int)buf;

// BHINONHAETCHA B Kax4OM W3 MOTOKOB:
memcpy( (void*)atomic_add_value( ind, how ),
(void*)res, how );

B mocnemHem ciaydae 3TO, KOHEYHO, TPIOKAYECTBO, IIOCTPOEHHOE Ha TOM,
uTO B 32-paspsamHON apXUTEKType IMpeacTaBJIeHNI YKasaTeld U IepeMeH-
HOI unsigned int coBmajgaioT, HO 9TO «paboTarolllee TPIOKAYeCTBO» 1 pado-
Tarollee NHOrAa BecbMa a)(peKTUBHO.

TexHUKa TpUMEHEeHUs aTOMAapHBIX OIepalluii OKasbiBaeTcs KpaiHe ymo0-
HOM, HAIIPUMEp, IIPU OCYII[ECTBJICHUU BBIBOAA, YACTO AUATHOCTUYECKOTO,
U3 Pa3JUYHBIX TOTOKOB. II0/I0KUM, HAM HYKHO B KayKJIOM M3 MHOTHUX IIO-
TOKOB BBIBOAUTH JUATHOCTHUYECKYIO CTPOKY IIPHU HOCTUKEHUYU UMU OIIpese-
JIEHHOM TOYKY UCIIOJTHEHUA:

cout << “3T0 BBBOL nNoToka "’ << pthread_self () << endl;

Ho Tak mesaTh HeJIb3s: IPU TAKOM PEIeHUH Y Hac IMOABJIAIOTCA 2 IIpodJe-
MBI, OHA 13 KOTOPBIX OUEBUIHA, a Apyrad — He OUeHb:

1. BuIBOABI Pa3HBIX IIOTOKOB MOT'YT «CMEIINBAThCA»; 00Jiee TOro, 3a CUeT
Oydepusanuy BLIBOJA HEKOTOPhIE « PBaHbIe» (hparMeHThl MbI OyaeM Ha-
oaogaTh ABaskAbl. OMHUM CJIOBOM, HAIIl BHEIBOJ OKAXKETCS IOJHOCTBHIO
«HeunTabeJIbHBIM » .

2. Ilpu ocyiecTBIeHNN BBIBOJA B KOHTEKCTE MOTOKA IOYTH HaBEPHAKA
B IIPOIlecce BHIBOAA OYAYT BBITTOJHATHCSI CUCTEMHBIE BHIBOBBI, KOTOPHIE
noTPeO0yIOT HOBOH AUCIEeTUEPU3AUU 1 TPUBEAYT K BEITECHEHUIO MCXO/-
HOro motoka. IIpm 5TOM IODPANOK Ilepefayu yIPaBJIeHUA OT IIOTOKA
K IIOTOKY IPY HAJUYUU OTJIAJOYHOTO BBIBOJA OYAET OTIUUYATHCS OT II0-
pAOKa IPU ero OTCYTCTBUU. A 5TO, HaBepHOE, HE COBCEM TO, UTO MBI
okuganu. B pesysbraTe mpu HAJIUIUU OTJIAJOYHOTO BEIBOJA MBI MOYKEM
HaOJII0aTh COBCEM HE Ty KapTUHY, AJSI U3YUEHUA KOTOPOH 9TOT BHIBOJ,
COOCTBEHHO, U TPeJHA3HAYUEH.

At 3 PEKTHI He CBA3aHbI C KAKOWM-TO KOHKPETHOU (DOPMOIT BBIBO/Ia, TAKOM
KaK BBIBOJ B IIOTOK, ITIOKA3aHHBIH BBIIIe; TOUHO TaK sKe OyaeT BecTH ceds
¥ TPAAWITMOHHBIN BBI3OB printf(. . .).

IIpoGema oueHb IIPOCTO PEIaeTcsi, €CJI BMECTO HEeIlOCPEeACTBEHHOTO BhI-
BOJIa M3 IIOTOKOB IIOCJIEIOBATEJILHO COpPAChIBATH BCE COOOIIEHUS B IIPOMeE-
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JKYTOUHLIII Oy(dep, KOTOPBIil OyJeT BLIBOAUTLCSA B Te IIEPUOALI BPEeMEHN
IporpaMMbl, KOT/Ja 3aIllICh B HET0 He IIPOU3BOIUTCA:

const int N=. . ., M=
char buf[ N J;
volatile unsigned ind = 0;

// a BOT 3TO NPOW3BOAUTCH U3 Kax4oro noToka

char tbuf[ M J;

sprintf( tbuf, “9To BbHBOA noToka %X”, pthread_self() );
strepy( buf + atomic_add_value( ind, strlen( tbuf ) ), tbuf );

W makownern, mocyiegHee: eCTh JIU CMBICJ BO BBeJIEHUU 3TOTO JOIOJHUTEIND-
HOTO MeXaHMU3Ma, €CJIM BCeTJa CYIIeCTBYeT ajJbTepHATUBHAA hopMa opra-
HU3AINK TAKOU JKe 3aIlUTHI JOCTYIIA IIOCPEACTBOM KPUTUYECKON CEeKI[UU
(HammpuMep, TPU UCIOJab30BaHUM MbIoTeKca)? CpaBHuMm (gaiin al.cc) Bpe-
MEHHBIE 3aTPAThl IIPY MHOTOKPATHOM M3MEHEHHV 3HAUYEHUS IIePEeMeHHON
IJIS CJIyYaeB aTOMapHBIX OIlepalliii 1 KPUTUUYECKOU CeKIIMU Ha 6ase MbIO-
TeKca (Mbl 6epeM MMEHHO MBIOTEKC, [IOTOMY UTO 13 BCeX MPUMUTHUBOB CHH-
XPOHUBAIUY OH CAMBIII HUSKOYPOBHEBBIN 1 OBICTPHII):

CpaBHeHMe MblOTEKCa U ABYX (opM BbI30Ba aTOMapHOIi onepaymuu

#include <stdlib.h>
#include <stdio.h>
#include <iostream.h>
#include <unistd.h>
#include <inttypes.h>
#include <pthread.h>
#include <sys/neutrino.h>
#include <atomic.h>

int main( int argc, char *argv[] ) {
uint64_t N = 100000
bool atom = false, value = false;
int opt, val

while ( ( opt = getopt( argc, argv, "n:av’ ) ) != -1 ) {
switch( opt ) {
case '‘n’ // KOnnM4ecTBO MOBTOPEHMUI

if( sscanf( optarg, "%i", &val ) != 1)
cout << "parse command line error” << endl
exit( EXIT_FAILURE );

if( val > 0 ) N = val

break;

// MCNoNb30BaTb aTOMapHLie onepauum
case 'a’

atom = true;

break;

// UCnonb30BaTh GOpMy, BO3Bpalanllyln 3Ha4YeHue
case 'V’
value = true;
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break;
default :
exit( EXIT_FAILURE );
}
b
// 3amepseTcs KOAMYECTBO MPOUECCOPHBIX LMKIOB /19 Kaxnoro cnyyas
uint64_t i = N, t = ClockCycles()
volatile unsigned ind = 0;
if( latom ) {
pthread_mutex_t mutex = PTHREAD_MUTEX_INITIALIZER
while( i-- ) {
pthread_mutex_lock( &mutex )
ind++;
pthread_mutex_unlock( &mutex );
}
}
else if( value )
while( i-- ) atomic_add_value( &ind, 1 );
else while( i-- ) atomic_add( &ind, 1 );
t = ClockCycles() - t;
cout << "all cycles - " << t << "; on operation - "
<<t / N << endl
exit( EXIT_SUCCESS );
1

Bort pesyabTaT Mpu UCIOJIb30BAHNN KPUTUUYECKOUN CEKI[UN:

# nice -n-19 a1 -n10000000
all cycles - 1120872156; on operation - 112

PesyabTraT ¢ npuMeHeHEM aTOMAapPHOU ollepaluu, He BO3BpAaIlaoleil 3Ha-
YEeHU:

# nice -n-19 a1 -n10000000 -a
all cycles - 391018203; on operation - 39

PesynbraTr ¢ npuMeHeHEM aTOMapPHOI Ollepaluu, BO3BPAaIIalolle sHaue-
Hue (obellaHHasA pasHUIla cocTasiaseT mopaaxka 10% ):

# nice -n-19 a1 -n10000000 -a -v
all cycles - 441158981; on operation - 44

YcnoBHas nepemMeHHas

OII;HI/IM us3 Ba}ICHefII_LII/IX IIPDMHIOUIIOB UCIIOJIb3OBAHUSA MBIOTEKCOB ABJIAETCA
MaKCHMAaJbHOE COKpPAIeHHNe PasMepPOB KPUTHUUYECKON CeKIIMM, TO eCTh
YUYaCTKa, KOTOPHIM MOTOKU JOJIKHBI IPOXOAUTS IIOCaeq0BaTeIbH0. OqHAKO
3a4aCTyIO0 BO3HUKAET HeOOXOAUMOCTD OKUJAHNS BHIITOJHEHNI HEKOTOPOTO
YCJIOBUSI BHYTPU KPUTUUECKOI CEKITNH.
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Peanusamnus momo0HOTO OKUAAHUA «B J00» mpuBeja ObI K TOMY, UTO BCE
IOTOKHU, Pa3fe IAiolie JaHHYI0 KPUTUUECKYI0 CeKI[UI0, OBIJIN ObI BEIHYK-
IeHBI JKIATh BBIIIOJHEHUS YCJIOBUA IJIA KaKI0r0o U3 HuxX. IIpm «IIpaBmin-
HOM» peasn3anuy OKUTAHUS IIOTOK JOJIXKEH OCBOOOMKIATH MBIOTEKC Ha
BpeMs OXKHUIAHUSA W BHOBb 3aXBaThIBATH €r0, KOTIA OXKUIAEMOEe YCJIOBUE
BeIOOJIHseTcA. ClienuaabHO AJId 9TOro cayudas craggaprom POSIX mpeny-
cMOTpeHbI ycioBHBbIe mepeMeHHbIe. QNX Neutrino peanmsyer ycioBHBIE
mepeMeHHbIe KaK Ha YPOBHE BbI30BOB MUKpPOAAPaA B cBoeM native API, Ttak
U B cOOTBeTCTBUH co crangapTom POSIX.

OrMeTuM, UTO HOIOJHEHMEe MbIOTeKCA YCJIOBHOI IIepeMeHHOM melaeT mX
KOMOMHAIINIO YHIBEPCAJBHLIM 0a311COM, HA KOTOPOM MOT'YT OBITh IIOCTPOE-
HBI JI00bIe CKOJIb YTOAHO CJOKHBIE B CBOEM ITOBEeIeHUU 00HEKThI CUHXPO-
HU3aIUU.

DaKkTHUYECKN COBMECTHOE MCII0JIb30BaHNE MBIOTEKCA U YCJIOBHON IIepeMeH-
HOI cosfaeT cHenu(PUUecKnii KOMOMHMPOBAHHBLIA O0BLEKT CHUHXPOHM3A-
UK, KOTOPBLIA MOXKeT MMeTh IIPUHIMIINAJLHO 0oJiee IMINPOKOe IPUMeHe-
HUe, YeM OTHeJbHO B3AThIM MbIOTEeKC. TeM He MeHee IIOBefeHle 3TOro 00'b-
eKTa CUHXPOHM3AIMKU He CTOJb IIPOCTO M HAJEKO He oueBHUAHO. PaccmoT-
puM ero 6ojiee ITOAPOOHO.

Ha puc. 4.1 npuBeneHa 6JI0K-cxeMa OIlepaIiil, BLIIOJHAEMbBIX IOTOKOM IIPU
WCIIOJIb30BAHUY MBIOTEKCA U YCJIOBHOM IEPEeMEeHHON I CUHXPOHU3AIUN.
JIUHUAMY OTHEeJIeHbI OIePAaIlVM, BBIMOJHSAIOIIUECST <«BHYTPU» (GYHKIUIM,
yKasaHHBIX cmpaBa. O0paTuTe BHUMaHUe, UTO HamboJiee CIOKHAA JIOTUKA
COOTBETCTBYET BHI30BY DYHKIINY OKUIAHUSA HA YCIOBHOM IepeMeHHO.

IIpo6GemMa B mepByIo ouepenhb 3aKJII0UAETCA B TOM, UTO BHYTPU KPUTHUUEC-
KOH CeKIMM, OTMEeUeHHOII BbI3oBaMM (GYHKIUHA pthread_mutex_lock() m
pthread_mutex_unlock(), He MOMKeT HaXOAUTHCS 0OJiee OJHOTO IIOTOKA B eU-
HBIIT MOMeHT BpeMmeHu. CiiemoBaTelbHO, Ja’sKe eCJU MOTOK, OJOKMPOBAH-
HBI Ha YCJIOBHOUM IIepeMeHHOIi, um moayuuT pthread_cond_signal() wmam
pthread_cond_broadcast(), oH He CMOKeT HeMeIJIEHHO IIPOAOJIXKUTH CBOE
BBIIOJIHEHNE, €CJIU BHYTPU KPUTHUUYECKOUN CEeKIIUM y:Ke HaXOIUTCSA APYTroi
noTOK. B aTOM ciiyuae pas0JIOKMPOBAHHBINM (Ha yCJIOBHOMU IIepPEeMeHHOI) II10-
TOK U3MEHSET CBOM CTaTyc ¢ «0JJOKMPOBAHHOI0O HA YCJIOBHOI IIepeMeHHOH »
(B KOTOPOM OH HaXOJAMJICS 0 9TOT'0) Ha CTATyC «O0JOKMPOBAHHOTO HAa MbIO-
TeKce» 1 MPebbIBAeT B HeM JI0 TeX II0p, II0Ka TeKYIIUH BJIaae el He 0CB00o-
IUT MBIOTEKC.

Bce (pyHKINE omepanuii HaJ YCJIOBHON IIePeMEeHHON 1 ee aTpUOyTaMu pe-
aJM30BaHBI B 3aT0JIOBOUYHOM (haiine <pthread.h>. Ecau ai1sa BeidoBa QyHK-
U1 HeOOXOAUMBbI JOMOJHUTEIbHEIE 3aT0JOBOUHEIE (haliIbl, 3TO OyaeT yKa-
3aHO 0c000.
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0. AKTWBHBbIA NOTOK

|
v

— 1. 3axsar MbtoTekca

MbIOTEKC yxe 3axBayeH

t pthread_mutex_lock()
3. BnokupoBka B 0XuaaHum

MblOTEKC 0CBOOOX/EHNS MblOTEKCA
cBoboaeH

I 2. BbinonHexwe kopa
KPUTUYECKOI CeKLMM

"

5. OxupaHue
YCIOBHOW ] 4. Sg%ﬁiﬁeme
nepemMeHHoN

v

6. Oxupanue curHana

(MHOVMBMIYaNLHOTO MK pthread_cond_wait()
LUMPOKOBELLATENBHOIO)
—1 1. 3axear MbioTekca MbloTekc yxe
} 3axBayeH
3. BnokupoBka B 0XuaaHm

0CBOOOXAEHNS MblOTEKCA

MbioTekc
cBoboaeH

N 2. BbinonHeHue kopa
KPUTUYECKOI CeKLmm

v

4. OcsoGoxaenue pthread_mutex_unlock()
MblOTEKCA

Puc. 4.1. Cxema Oeiicmeuil nomoxa npu 6blNOJHEHUU CUHXPDOHUIAUUL
¢ NpuMeHeHUueM napvl MbIOMeKC—YCL06HAA nepemennas (obpamume 6HUMARUE,
umo onepayuu npu yuacmuu mwomexca (1, 2, 3) évinoanaiomes 06axovt )



YcnoBHas nepemeHHas 193

Onepauumn Hag yCIIOBHOW NepeMeHHOoW

MapameTpbl ycNoBHON NepeMeHHON

VlHVILl,VIaHI/I3aLI,VIS| napameTpoB
int pthread_condattr_init( pthread_condattr_t* attr );

DYHKIUST MTHAITUAJIUSUPYET CTPYKTYPY aTPUOYTOB YCJIOBHOM IIepeMeHHOi,
Ha KOTOPYIO0 yKasbiBaeT mapameTp attr. CTpyKTypa JaHHBIX pthread_con-
dattr_t onpenesiena B (paiije <pthread.h> 1 ABasAETCA IPOU3BOSHOU OT THUIIA
syncattr_t, ommcamHoro B pasgeie «Ilapamerpsl MmbioTekca». Ilpu mauIm-
aIn3anuu aTpuOyThl YCTAHABJIMBAIOTCS B 3HAUEHUA 110 YMOJIUAHUIO.

Bosspamniaembie 3HaUEeHUA:
EOK — ycriemmrHOe 3aBepIlleHUE;

ENOMEM — HeIoCTaTOUHO IIaMATH IJI MHUIINAJIU3AINN aTPUOYTOB YCJIOBHOM
mepeMeHHOM attr.

s ycJIOBHOM mepeMeHHOM BO3MOMKHA MOAU(DUKAIINA SHAUNTEIHFHO MEHb-
IIero YmcJia mapaMeTpoB, UYeM Iid MbloTeKca. Ciaenyromiue GyHKIUYT O~
CBHIBAIOT JOCTYII K 3TUM IIapaMeTpaM.

MapameTp pocTtyna

int pthread_condattr_setpshared(
pthread_condattr_t* attr, int pshared );
int pthread_condattr_getpshared(
const pthread_condattr_t* attr, int* pshared );

DyHKIIUY YCTAaHABIUBAIOT/CUNTHIBAIOT, BOBMOIKEH JIU TOCTYI K YCJIOBHOM
mepeMeHHOU W3 II0OTOKOB, MOPOKAEHHBIX B APYTHUX IIporeccax. [lapamerp
pshared MOKeT IPUHUMATD CJIeAYyIOIie 3HAaUeHU A

e PTHREAD_PROCESS_SHARED — a1060if MOTOK, MMEIOIIHUHA AOCTYII K 00JIacTu
HaMsTH, B KOTOPOI PACIIOJIOMKEeHa YCIOBHASA IIepeMeHHAaA, MOXKEeT ee hC-
II0JIB30BAaTh.

e PTHREAD_PROCESS_PRIVATE (3HaueHMe II0 YMOJUAHWIO) — TOJHKO IIOTOK,
CO3IAaHHBI B KOHTEKCTe TOTO e IIpoliecca, B KOTOPOM HaXOAUTCH
yCJIOBHAA IlepeMeHHas, MOXKeT ee ICI0JIb30BaTh. Ecau IOTOK U3 APYTo-
TO IIpollecca MONBITAETCA MCIOJIB30BAaTh YCJIOBHYIO II€PEMEHHYIO, CO3-
IaHHYIO ¢ mapamerpoM PTHREAD_PROCESS_PRIVATE, pesyabTaT OyAeT HeoIl-
peneJieH.

BoaBpanjaemblie 3HaUEHUA:
EOK — ycriemmrHOe 3aBepIIleHUE;

EINVAL — aTpuOyThHI YCJIOBHON IIepeMeHHOM, Ha KOTOphble yKasbIBaer attr,
WJIM HOBOe 3HAUeHUe, Ha KOTOpoe cchliaeTcs pshared, He ompeesieHE.
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MNapameTpbl Taim-ayTa
int pthread_condattr_setclock(
pthread_condattr_t* attr, clockid_t id );
int pthread_condattr_getclock(
const pthread_condattr_t* attr, clockid_t* id );

DYHKIIUY YCTAHABINBAIOT/CUUTHIBAIOT, KAKUM CIIOCOOOM (T. €. Ha OCHOBA-
HUU KaKOr0 CUEeTUYMKA) BBIUMCJIAETCS 3HaUYeHHUe TaliM-ayTa IPU BHIZOBAX
pthread_cond_timedwait(). dror mapamerp B QNX Neutrino 6.2 He aBaser-
cs 00sI3aTeJIbHBIM U BBeZleH B cooTBeTcTBUU co crangzapTom POSIX 1003.1j
(draft). Ha mpaxkTuke MOKHO yCTaHABJIUBATH TOJHKO 3HaueHume REALTI-
ME_CLOCK B xauecTBe ImapaMeTpa id; 3TO Ke 3HaUeHUe ABJAETCA 3HAUEeHUEM
0 YMOJIYaHUIO.

Bosspamniaembie 3HaUeHUA:
EOK — ycrierrHoe 3aBepIlieHue;

EINVAL — HeBepHBIII apryMeHT attr.

Pa3pymeHV|e onoka napamMeTpoB
int pthread_condattr_destroy( pthread_condattr_t* attr );

DyHKIUA paspyliaeT 6JIOK IIapaMeTPOB YCJIOBHOU ImepeMeHHOM, Ha KOTo-
pble yKasbIBaeT attr, Iocjie 4ero oH yiKe He MOJKeT UCIO0JIb30BaThCA 0e3 I10-
BTOPHOI MHUIUATIUIAIUH.

Ha npakTuke paspyiienne mapaMeTpoB 00beKTa CHHXPOHU3AINY HE TMeeT
ocoboro cMbIciia. BeI Bcerga MoskeTe IIepeonpeenTh aTpuoyThl, ComepsKa-
miuecs B MepeMeHHo attir, IJid HHUIMAJIN3aluy APYTUX YCIOBHBIX IIepe-
MEHHBIX.

Bosspaniaembie 3HaUeHNA:
EOK — ycriemmrtHOe 3aBepIIleHNIE;

EINVAL — HeBepHBIII apryMeHT attr.

MHuumanmnsaums ycnoBHOM nepemMeHHON

pthread_cond_t cond = PTHREAD_COND_INITIALIZER;
int pthread_cond_init( pthread_cond_t* cond, pthread_condattr_t* attr );

WuunuanusupyeT yCIOBHYIO IIEpEeMeHHYI0 cond cO 3HAYeHUAMMU, YCTAHOB-
JeHHBIMHU aTpubyramMu attr. BmecTo mpsamoro BbI3oBa (GyHKIIUU pthre-
ad_cond_init() mma HaYaJabHOU MHUIMAJIU3AIUN CTATHUUYECKUX YCJIOBHBIX
mepeMeHHBIX (TJI00aJbHBIX Ha YyPOBHE (haiia Koga NI IPOCTPAHCTBA UMEH
namespase Jau00 ABHO ONMCAHHBIX ¢ KBaaIu(uUKaTopoM Static) MOKHO Boc-
oJIib30BaThcAa MakpocoMm PTHREAD_COND_INITIALIZER.

BoasBpanjaembie 3HaUEHUA:
EOK — ycrierrnoe 3aBepIlieHue;

EAGAIN — HeT cBOGOIHBIX CCTEMHBIX 00'beKTOB CUHXPOHU3AINH;
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EBUSY — mepemeHHad cond ysKe NHAIIMAJIN3UPOBAHA 1 He pa3pylajjach;
EFAULT — ommubKa gocTyIia aapa K oobexTam cond muam attr;

EINVAL — HeTpaBUJIbHOE 3HAUEHME ITIePeMEeHHOM cond.

OxwnpaHue ycnosus

HPOCTOE oXunpgaHue

int pthread_cond_wait( pthread_cond_t* cond, pthread_mutex_t* mutex );

Br130B (QyHKIIUY OJOKUPYET BLI3BABIINM IOTOK HA YCJIOBHOM IIepeMeHHOMN
cond u pasbJIOKUpPyeT MbIOTeKC mutex. IIoToK 6JI0KUpyeTcs A0 TeX IIop, II0-
Ka APYro#l MOTOK He BBIZOBET (GhYHKIIUIO Pa30IOKUPOBAHUA Ha YCJIOBHOM
nepeMmenHou cond (pthread_cond_signal() mam pthread_cond_broadcast()).
MproTexc mutex JoJKeH OBITh 3aXBaUeH IIOTOKOM J0 BbI3oBa (hyuKIuu. I1o-
TOK, 0JJOKMPOBAHHBIN Ha YCJIOBHOM IIEPEeMEeHHOM, MOKET ObIThH Pa30IOKUPO-
BaH TaKJKe IPUXO0J0M CUTHAJIA UJIN BEI30BOM 3aBEPIIEeHU ITIOTOKA. B 1r060M
caydae IIpu Pas0dIOKUPOBAHUY IIOTOKA U BBIXOJAEe U3 QYHKIIUU OKUJAHUA
TIOTOK BHOBb 3aXBaTBLIBAET MBIOTEKC mutex.

He cienyer ncmosb30BaTh yCJIOBHYIO IIEPEMEHHYIO C MBIOTEKCOM, ¥ KOTOPO-
ro paspellleH PeKyPCUBHBIN 3aXBar.

BosBpamaeMHe SHaAYeHUuA:

EOK — VCIIeIITHOE 3aBepIlIeHne O KNJaHnuA 160 OXHUgaHue IIpepBaHO CUT'Ha-
JIOM;

EAGAIN — HeZOCTAaTOK CHMCTEMHBIX PECYPCOB IJA pealnu3anuy OKUJAaHWA Ha
YCJOBHOHU IIePEeMEeHHOM;

EFAULT — mpowm3o1ria omudKa IIpy IMONBITKe 00paIleHns K yKasaTeJasaM cond
UM mutex;
EINVAL — Bo3BpaliaeTcd B CAEAYIOIIUX CUTyallUuAX
® He MHUIMAJNW3UPOBAHEI llepeMeHHble, HA KOTOPble YKa3bIBalOT cond
unu mutex;
® TIONBITKA WHCHOJb30BAHUSA IIEPEMEHHOII, Ha KOTOPYIO YKa3bIBaerT
cond, AJ1g HECKOJIBKUX MBIOTEKCOB;

® BLI3BABIIUIM IIOTOK HE BJIageeT YKa3aHHBIM MBIOTEKCOM.

OXxwugaHue ¢ TanM-ayTom

#include <time.h>

int pthread_cond_timedwait( pthread_cond_t* cond,
pthread_mutex_t* mutex,
const struct timespec* abstime );

IToBenenve GpyHKIMU UAEHTUYHO BAPMAHTY OOBIUHOTO OXKHUAAHUSA, 34 HC-
KJIIOYeHHEeM TOTO0, YTO OKHUJaHNUe MOMKET 3aBePIIUTHCSA TaKMKe IPU HACTYII-
JIeHUU BpeMeHU, llepeJaHHOI'0 ITapaMeTpoMm abstime.
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CrenyeT IOMHUTB, UTO IIOCJ€e HACTYIIJIEHUS BpeMeHU TaliM-ayTa yIpaBJe-
HUe COBCeM He 00A3aTeJIbHO BepHETCA K BBI3BBABIIIEMY IOTOKY. Ilocse Ha-
CTYILJIEHUA HTOT0 BpeMeHU (BYHKIIVA IepeBeleT IIOTOK U3 COCTOAHUA 6JIO-
KUPOBAaHUA HaA YCJIOBHOU MepPEeMeHHOI B COCTOSHUE TOTOBHOCTH U TIPEAIPH-
MeT MONIBITKY 3aXBaTa MbIOTeKCa. EC/IIM MBIOTEKC B 9TO BPeMs 3aXBauyeH
IPYTUM IIOTOKOM, BBIBBABIINII IIOTOK IepeiifleT B COCTOsSHIE OJOKHPOBA-
HUS Ha MBbIOTEKCe.

Bosspamniaembie 3HaUEeHUA:

EOK — ycmeliHOe 3aBepIlleHNe OKUIaHuA JU00 OXKUaHue IIPePBaHO CUTHA-
JIOM;

EAGAIN — HeZOCTAaTOK CHUCTEMHBIX PECYPCOB JJIs peaJnul3anuu OKUAaHUA Ha
YCJIOBHOU IIePEeMEeHHOM;

EFAULT — mpou3olILia oirndKa IPU IOILITKE 00paIlleHnsa K yKasaTeJasaM cond
uau mutex;

EINVAL — Bo3BpaliaeTcd B CAEAYIOIIUX CUTyallUuAX

®* He WHUIIMAJIU3UPOBAHLI IepeMeHHbIe, Ha KOTOPhIe YKas3bIBaoT cond
Wy mutex;

® IIOIIBITKA MCIIOJIBb30BaHUA HepeMEHHOﬁ, Ha KOTOPYIO YKa3bIBaeT
cond, 0Jid HECKOJBKUX MBIOTEKCOB;

® BLI3BABIIUIU IIOTOK He BJageeT YKa3daHHBIM MBIOTEKCOM.

ETIMEDOUT — 3aBepiieHue GpyHKIIUU 110 HACTYIIJIEHUIO BpeMeHHU, YKa3aHHOTO
B abstime.

BbinonHeHue ycanoBusa

IIITaTHBEIM cIIOCOOOM Pa30JIOKHMPOBAHMIS IIOTOKA, OJIOKMPOBAHHOIO HA YCJIOB-
HOU HepeMeHHOM, ABJIAETCS BBIBOB (hYHKIIUU, CUTHAJIWSUPYIOIIEN O BBI-
moJyiHeHun ycaoBusa. B native API sTo ¢pyarmusa SyncCondvarSignal(), KoTo-
pas umeet a8e POSIX-o6epTru: pthread_cond_signal() m pthread_cond_bro-
adcast(). PasHuIla MeXay HUMH 3aKJII0UAeTCsI B TOM, UTO IIepBasd MPoOyK-
IaeT TOJbKO OAUH, CAMBIA IPUOPUTETHBIN MOTOK 13 JKAYINX BBIIIOJTHEHU S
YCJIOBHUS, a BTOpPas IIPO0Y K IaeT BCe IIOTOKMU, OKUAI0IIe BEIIIOJHEHUS yC-
JOBUA.

OpHaxko HeOOXOAMMO IIOMHHUTD IIPO cIenu(pUKy OKUIAHUA BHYTPU KPUTHU-
YeCKOU CeKIIUU: BBIBOB QPYyHKIMU pthread_cond_broadcast() ToJbKO IepeBe-
IeT OXKUATOIIe TIOTOKY U3 COCTOAHUA OJIOKMPOBAHUS Ha YCIOBHOII IIepe-
MEHHOM B COCTOAHME OJIOKMPOBKU Ha MbIOTEKCE, IIOCKOJIbKY MBIOTEKC CMO-
JKeT 3aXBAaTUTh TOJBbKO CAMBIA IIPUOPUTETHBIN ITIOTOK.

HemirarasIM c1oco00M 3aBepIIeHUA OXKUIAHNA Ha YCIOBHON IIepeMeHHOH
MOJKeT OBITH IPUX0M HeMacKkupoauuoro curaajga UNIX. Ecau niasa ganHo-
To curHaja ompeaejaeH o0paboTUMK, OH BBIIIOJHUTCA 6e3 3axBaTa MbIOTEK-
ca, a IOIILITKA 3aXBaTa OyIeT IPOn3BeAeHa YaKe IIOCJIe ero 3aBePIIeHn .
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BbinonHeHue ycanosusd gnst e AUHNYHOIro NoTokKa

int pthread_cond_signal( pthread_cond_t* cond );

DYHKINA IIePEeBOAUT B COCTOSHIE TOTOBHOCTU CAMBIN IIPUOPUTETHBIN I10-
TOK M3 OJIOKMPOBAHHBIX HA YCJIOBHOM ImEePEeMeHHOH cond, IOCJe Yero moToK
IpeIIPUHUMAET HOIBITKY 3aXBaTa CBOET0 MbIOTEKCa. KCJIN eCTh HECKOJIBKO
TIOTOKOB C PABHBIM (M BBICIINM) IPUOPUTETOM, OJJOKHMPOBAHHBIX HA YCJIOB-
HOI IepeMeHHOM, TO pa3bJIOKUPYETCa TOT IMIOTOK, KOTOPBIN OMKUIA OJIb-
II1e OCTaJbHBIX.

Bosspamniaembie 3HaUEeHNA:
EOK — ycriemmHOe 3aBepIIEHUE;

EFAULT — mpom3o1iiia oIudKa IIpu IONBITKE 00palleHus K yKasaTeJasaM cond
uaum mutex;

EINVAL — He HUIIMAJIN3UPOBAaHA IepeMeHHasd, Ha KOTOPYIO YKa3bIBaeT cond.

BbinonHeHue ycanoBus Ans BcexX oXXxngarwnx noTokoes

int pthread_cond_broadcast( pthread_cond_t* cond );

BrI30B QyHKIINYT Pa30bJIOKUPYeT BCe ITIOTOKHU, OJJOKMPOBAaHHBIE Ha YCJIOBHOMN
nepemenHo cond. [ToToku pa3bIOKUPYIOTCA B MOPAAKE IPUOPUTETOB. [1a
TOTOKOB PABHOTO MPHOPHUTETA Pas0JIOKMPOBAHUE MPOBOAUTCA B MOPAIKE
FIFO.

Bosspamniaembie 3HaUEHNA:
EOK — ycriemmrHOe 3aBepIlleHUIE;

EFAULT — mpom3oIILia ondKa IPHU IOILITKE 00pallleHna K yKasaTeJasaM cond
uau mutex;

EINVAL — He mHMIIMAJIU3UPOBaHa IepeMeHHad, Ha KOTOPYIO YKasbIBaeT cond.

Pa3pyluieHne ycnoBHOM NnepeMeHHOMN
int pthread_cond_destroy( pthread_cond_t* cond );

BrI30B QyHKIVK AEeMHUIIUAIU3UPYET YCJIOBHYIO IlepeMeHHYI0 cond. s
IaJbHEeUIIero UCIoJIb30BAaHUS YCJIOBHOM MepeMeHHOM, Ha KOTOPYIO CChLIa-
ercsa cond, ee HeoOXOAMMO WHUIMAJIU3UPOBATL BBIBOBOM pthre-
ad_cond_init(). PyHKIIUA MOYKET HUCIOJb30BATHCA AJIA U3MEHEHUA I1apa-
MeTPOB yCJIOBHOH IIepeMeHHO1.

BoasBpanjaemblie 3HaUEHUA:
EOK — ycriemiHOe 3aBepIIIeHNE;

EBUSY — B maHHBINI MOMEHT APYTroi MOTOK OJJOKHMPOBAH Ha YCJIOBHOI IIepe-
MEHHOU cond;

EINVAL — He MHUIIUAJINU3UPOBaHA IlepeMeHHasd cond.
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XXnayuwasa 6nokmnpoBka

QNX mpenocTaBiseT yIIPOIEeHHBIA BapUaHT MCIIOJb30BaHUS YCIOBHOM IIe-
peMeHHOM a1 6JI0KMPOBaHUs (OCTAHOBKM) IOTOKA IIPY IOMOIITH nHTepdeti-
ca Tak HasbIBaeMoM xdyuieil 6aoxuposku (sleepon). Iyid MCIOIb30BAHUSA
9TOr0 MeXaHu3Ma He HYKHO SABHO CO3JaBaTh HUKAKUX O00BEKTOB CHUHXPO-
HHu3auu, 3a sac 3to gegaeT OC. BHemrre K ay1e 0JJOKUPOBKY BBITJIALAT
KakK Habop PYHKIUN OMUIAHUA U OCBOOOXKIEHMNS, IPU STOM IIOCJIEI0BAa-
TeJbHOCTH AeMCTBUY B IPUHITUIIE AaHAJOTUYHA UCIIO0JIb30BAHUIO MBIOTEKCOB
¥ YCJIOBHBIX IIEPEMEHHBIX.

3a aTuM HmHTep(pelcoM Ha CaMOM [eJjie CKPBIBAETCS OJWH MBIOTEKC W He-
CKOJIBKO [OOIIOJIHUTEJIbHBIX YCJ/JIOBHBIX II€PEMEHHBIX. Ncnoas3oBauue
(GYHKIIUHA 0KUIaHUA SOJIMKHO IPOXOAUTHh BHYTPHU yUYacTKa KOJa, OTMEeUYeH-
HOTrO BBHI30BAMHU OJOKMPOBAHUS 1 Pa30JOKNPOBAHUSA MBIOTEKCA, ACCOI[HI-
POBaHHOTO CO KAyIeil 0JOKUPOBKOM. ONHUM 13 OCHOBHBIX HEIOCTATKOB
JKAYIeN OJIOKMPOBKY ABJISIETCS TO, UTO AJISI BCEX IMOTOKOB M BCEX KJIOUEH
OXKUIaHUA UCIOJIb3yeTca OAUH obuii MmbioTekc. OC He MOKeT HUKOUM 00-
pa3oM OTCJIeXKNBaTh B3aIMHBIE 6J’IOKI/IpOBRI/I IIOTOKOB IIPX MCIIOJIb3OBaAHUU
JKAYITUX OJOKUPOBOK. B I1eIoM IMOBemeHMe 9TOr0 CPeACTBAa CMHXPOHU3A-
MUY UAEHTUYHO OMHAPHBIM ceMadopaM, HO OHO TpedyeT HOTOJHUTEIbHBIX
oreparuit 6JIOKMPOBaHUS MBIOTEKCA.

Bce QpyHKIUYT 4151 pabOoThI CO MKAYIMUME OJIOKMPOBKaMU 00'bsIBJIEHEI B (Daii-
Je <pthread.h>.

Onepauumn co xayuien 6110KMPOBKOMN

3axBaT U 0cBOGOXaeHMe XAYLLEN GNOKNPOBKU

BbI30B QyHKIUI 0KUAAHUS MOYKET IPOU3BOAUTHCS TOJBKO BHYTPHU OJIOKA
3aXBaTa U OCBOOOKIEHUS K IyIei OJIOKUPOBKU:

int pthread_sleepon_lock( void );
int pthread_sleepon_unlock( void );

dyukiusa 3axsara pthread_sleepon_lock() Bo3BpaljaeT cjaeayolre 3HaUe-
HUA:

EOK — ycreIrHoOe BBLITIOJIHEHUIE;
EDEADLK — mombITKa ITIOBTOPHOI'O 3aXBaTa MbIOTEKCA;

EAGAIN — MOKXeT BOBHUKHYTH IIPU IIePBOM BEI30OBE B IIPOIlECCe, €CJIU CUCTEME
He XBaTaeT PeCypPCoOB AJId CO3LAaHUA BHYTPEHHEr0 MbIOTEKC CA.

DyuKIUsa ocBoboKIeHnA pthread_sleepon_unlock() Bo3BpaliaeT 3HAUEHU:
EOK — ycriemrHoe BBHIIIOJTHEHUIE;

EPERM — BBI3BABIIIUM IIOTOK HE ABJISETCA BJIAJEIbIIEM BHYTPEHHETO MbIOTEK -
ca.
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DYHKUMN OXXuaaHUS

O:kuganve BBIIOJHEHUS YCJIOBUS AJA JKAYIIEH OJOKMPOBKU MOJKET BBI-
MOJIHATHCA B IBYX BaAPHAHTAX: IIPOCTOE OKUAAHNE U OKULAHNE C YCTAHOB-
KOl TaliM-ayTa.

int pthread_sleepon_wait( const volatile void* addr );
int pthread_sleepon_timedwait( const volatile void* addr, uint64_t nsec );

ITpu BeI3OBe QYHKIIUN OKUIAHNA HEOOXOAMMO YKa3aTh KJou addr (mpous-
BOJILHBIN afpec B maMATH). EcaIu 3TOT ajpec yKa3bIBaeTcs BIIepBHIE, IJIs
TaHHOTO BbI30BA CO3JAEeTCs HOBAsA yCJAOBHAA IepeMeHHaA. IIoTOK 0CBOGOK-
IaeT 3aXBAaUeHHBIN BHYTPEHHUUA MBIOTEKC U IIEPEXOIUT B COCTOSHUIE 0JI0-
KHPOBKHU HA YCJIOBHOM IIepPeMEHHO.

OxunpaHue 3aBepLlieHns NoToka

OxkugaHme POAUTEIHECKUM IIOTOKOM 3aBEPIIIeHUS OJHOTO WU HECKOJIbKUX
TOPOKAEHHBIX UM «IIPUCOEIUHEHHBIX» IIOTOKOB (Ha BBIZOBe pthread_jo-
in()) — aTo mpocTeiiniuii 1 3PPEeKTUBHBIA BAPUAHT CUHXPOHU3AIINH IIOTO-
KOB, He TPeOYIOIU 115 CBOell peaausanuu KaKUX-Ja1u00 JOMOJHUTEIbHBIX
CUHXPOHUBUPYIONINX MPUMUTUBOB. Pamee MBI yiKe MeTaJlbHO pacCMaTpU-
BaJIV TIPOIIECC TOPOKICHUA U OKUIAHUA 3aBePIIeHUA IIOTOKOB, ceifuac xe
JIUIITH KOPOTKO BepHEMCA K 3TOMY BOIPOCY C MHOM TOUKU 3PEHUA — C IIO3U-
MU CUHXPOHMU3aInn. B mpocTeiilieM ciyduae o0Ias cxeMa TaKOM CHHXPO-
HHU3aIlU BCerJa OANHAKOBA 1 OIMCHIBAETCA IIOA00HOI CTPYKTY PO Koma:

void* threadfunc ( void* data ) {

return NULL
1

// 3hecb cosgaeTcd HyxHoe konuyecTBo (N) noTOKOB:
pthread_t tid[ N 1,
for( int 1 = 0; i < N; i++ )

pthread_create( tid + i, NULL, threadfunc, NULL );
// a BOT 30eCb OXWOaeTca 3aBepueHne BCeX MoTOKOB!
for( int 1 = 0; i < N; i++ )

pthread_join( tid + i, NULL );

IIpu nmepBoM 3HAKOMCTBE C IOJOOHBIM IIA0JIOHOM KOJa IIyraeT TO 00CTOs-
TEJIECTBO, YTO IPEAIINCAH TAKOH JKe IIOPALOK OXKUJAHUS 3aBePIUICHU II0TO-
KOB, KaK M IPU UX co3faHuu. Ul 3TO IpU TOM, UTO MOPAZOK MX 3aBEPIIEHUS
MOYKeT OBITH COBEPIIEeHHO MPOU3BOJIbHBIM. HO mpeacTaBieHHBINH 111a0J0H
BEPEH: ecJIi HEeKOTODHIM OKUAaeMBIil B TEKYI[eM I[MKJe IOTOK ] «3amep-
JKUBAaeTCs», a Mbl 3a0JJOKMPOBAHBI UMEHHO B Ookuganum tid[ j ], To mociie
3aBEPINEHNUs 9TOT0 OKUAAEMOr0 IIOTOKA, KOTOPOe KOT[a-TO BCe-TaKM Ha-
CTYIIUT, MBI «MI'HOBEHHO» IIpo0eraeM Bce IOCJeAYIOIre 1, AJIA KOTOPBIX
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coorBeTrcTByMoIue tid[ 1 ] y:ke saBepmuauch paHee. Tak dTo mpencras-
JIEHHBIH 111a0JI0H KOPPEKTEeH U IITUPOKO UCHOJIb3yeTCs Ha IPaKTHUKe.

Mpumeyanue
B Takoil cxeme MOTOKW MOryT BO3BPATUTb B TOYKY OXMAAHMA (M 3a4acTyo AenaioT 370)
pe3ynbrat CBOEro BbINOJIHEHUA. B npeactaBneHHOM WabnoHe Mbl HE CTanW NOKa3blBaTh
BO3BPAT 3HAYeHUM, YTOOLI He 3arpoMOoXAaTh KOA. Bo3spar pesynbrata nogpobHo pac-
CMaTpuBaacsa paHee, Koraa peyb Wna o 3aBepwieHnn NOTOKOB.

IToxazanHas cxema CHUHXPOHM3AIlUM Ha 3aBePIIIeHNN IIOTOKOB He ABJIAETCA
IIPDUMHUTUBOM CHMHXPDOHHU3aIIU U HE Tp66YET HUCIIOJIB3OBAHUA TaKOBBIX, HO
OHA BBIBOJUT HaC Ha €Ille OOAUH TUII IDUMUTUBOB — 6apbep.

Bbapbep

Baprep Kak pa3 u mpegHa3HAUYeH OJIS pa3pellleHus BhIIle 0003HAUEHHON
npobJIeMbl — OKUAAHUSA YCJIOBUS JOCTUIKEHUSA HECKOJbKUMU 3aJaHHBIMU
MOTOKAMU TOUKY CHUHXPOHU3ANUU. JJOCTUTHYB 3TOI TOUKU, IIOTOKU OCBO-
00K IAIOTCS «OJHOBPEMEHHO» U YK€ C 9TOHM TOUKHU MPOJOJIKAIOT CBOE He3a-
BucuMoe pasButue. «Kiaccuueckas» cxemMa HCIOJb30BaHUS Oapbepa
(MMeHHO B TAaKOM Ka4eCTBe OH Yallle BCEr0 U UCII0JIb3YeTCA), HEOJHOKPATHO
OPUBOAWMAS B OMMCAHUAX, BRITJIAAUT Tak (MBI YK€ MHOTO pa3 MCIOJH30-
BaJIu ee B TpUMepax Koja):

static pthread_barrier_t bfinish;

void* threadfunc ( void* data ) {
// ... NOTOKM 4TO-TO AenawT ...
pthread_barrier_wait( &bfinish );
return NULL;

1

int main( int argc, char *argv[] ) {

int N = ... ; // 6ynem co3pgaBaTb N MAEHTUYHBIX MOTOKOB
if( pthread_barrier_init( &bfinish, NULL, N + 1 ) != EOK )
perror( "barrier init" ), exit( EXIT_FAILURE );
for( int 1 = 0; 1 < N; i++)
if( pthread_create( NULL, NULL, threadfunc, NULL ) != EOK )
perror( "thread create” ), exit( EXIT_FAILURE );
pthread_barrier_wait( &bfinish );

1

OueBUAHO, UTO MO (GYHKIIMOHAJIBHOCTH 3Ta CXeMa MaJi0o OTJINYaeTCA OT
OKUITAHUS 3aBepIIeHusA IIOTOKOB Ha pthread_join(), ommcaHHOTO BEIIIIE.
OmHaKo ecThb Pa3JUUNs B OPTAaHMU3AIMU: €CJIM PaHee MbI IIPOCTO OXKULAU
IOJIHOT'O 3aBepIIeHNs JOUePHUX IIOTOKOB, TO B JAHHOI CXeMe MbI OKUJaeM
JOCTHMXKEHUA NMU CIIeI[MAJIbHO CO3TAaHHONM TOUKY CHHEXpoHu3anuu. Eie ox-
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HO OTJINYWE COCTOUT B TOM, YTO CXEMAa CUHXPOHUBAIUU C OKUJAAHUEM 3a-
BepIIeHusa Ha pthread_join() mpuemaeMa TOJBKO IJIA «IIPUCOEAMHEHHBIX »
IIOTOKOB, TOTA KaK cxema Ha pthread_barrier_wait() MoKeT IPUMEHATLCS
U K «OTCOeIUHEHHBIM », aBBTOHOMHBIM IIOTOKAM.

Ho ecsiu 651 pasiimume AByX CXeM TOJBKO HA TOM M 3aKaHUYNBAJIOCh, TO, BO3-
MOKHO, HelleJecoo0pas3Ho ObII0 ObI BBOAUTH HOBBLINI MeXaHU3M O0apbepoB.
OpHako TexXHUKa MCIOJb30BaHUA 0apbepoB IIHMpe, OHA MOMKET OBLITh HC-
0JIb30BaHa, HAIIPUMED, KOrJa HYKHO, UTOObI, HAIIPOTUB, IIOCJIE[0BATEIb-"
HO cO3aBaeMble MOTOKU (B IUKJIEe IIOPOKAAIOIIETO IIOTOKA) CTAPTOBAIN Ha
HUCIIOJIHEHUE «OJHOBPEMEHHO» (0COOEHHO 3TO XapaKTePHO TOraa, KOTJa I0-
YyepHUeEe IIOTOKHU CO3Jal0TCA ¢ 60Jiee BLICOKUM IIPUOPUTETOM, YEM IIOPOKIA-
TOTITU):

static pthread_barrier_t bstart

void* threadfunc ( void* data ) {
// BCE NOTOKM Mo0Cfe Co3daHus OOMXHb “3acTpATb” Ha BXOAHOM Oapbepe,
// 4T006b MOTOM OAHOBPEMEHHO “CopBaTbCca” B MCMOMHEHKE. .
pthread_barrier_wait( &bstart );
// ... BbINOAHEHMWE . ..
return NULL

IR

int main( int argc, char *argv[] ) {

int N= ... ; // bygem cosgaBaTb N MAEHTUYHLIX MOTOKOB
if( pthread_barrier_init ( &bstart, NULL, N ) != EOK )
perror( "barrier init" ), exit( EXIT_FAILURE );
for( int 1 = 0; 1 < nthr; i++ ) {
if( pthread_create( NULL, NULL,
threadfunc, NULL ) !'= EOK )
perror( "thread create” ), exit( EXIT_FAILURE );

b

O6paTuTe BHMMAaHNEe Ha IIapaMeTp KOJHUYEeCTBa OKHUIAIONINX Ha Oapbepe
IOTOKOB IIPY €r0 MHUIINAJNSAIUN: 3[eCh OH HA eMUHUIY MEeHbIIIE.

ITpumenenue 6apbepPOB TOAPOOHO OMIMCAHO B imTepaType [1], mosToMy MBI He
OyzeM cIenuajJbHO OCTAHABIUBATHLCSA HA 9TOM dJIEMEHTE CUHXPOHU3AIIWH,
TeM 60Jiee UTO 3TO OAUH 13 HauboJjiee MPOCTHIX B IPUMEHEHUU 3JIEMEHTOB.

ITo HemOHATHBIM IpUYNHAM JoKyMeHTanuAa QNX [8] mpuuuciaser 6apbepsl
K 9JIeMEeHTaM CUHXPOHU3AINU AApa, OJHAKO HUKAKMUX cpeacTs native API
QNX, mpemHasHaUeHHBIX OJs paboThl ¢ GaphbepamMii, JOKYMEHTAIlHsI He
ONMCHIBAET, a 3ar0JIOBOUHBIN (paita <pthread.h> Tak ommchIBaeT Tum pthre-
ad_barrier_t:

typedef struct {
unsigned int barrier
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unsigned int count;

pthread_mutex_t lock

pthread_cond_t bcond;
} pthread_barrier_t;

BI:IBO,E[LI MOJKHO CAeJiaTb CaAaMOCTOATEJIbHO.

TaksKe HECKOJBKO 3aTraJJOYHO BBITVIAAUT TOT (haKT, UTO COTJIACHO JOKYMEH-
ranmuu QNX 6.2.1 Bce pyuKIIIU paboThI ¢ 6apbepoM I ero aTpubyTaMu OIIu-
caHbl B 3aT0JIOBOYHOM (paiiie <pthread.h>, 3a UCKIIOUEHUEM ABYX (QYHKITUIA
pthread_barrier_wait() m pthread_barrierattr_setpshared(), 0 KOTOPBIX I'0O-
BOPUTCH, UTO OHU ONKCaHBI B (haiiie <sync.h>! Ho eciu 3arisgHyTh B 3aT0JI0-
BOUYHBIE (DAMJIbI, TO BBIICHAETCA, UYTO MOYKHO CIIOKOMHO MCIIOJIb30BATh IJIA
abCcoJ0THO BcexX (PpyHKIMIT paboThl ¢ 6apbepoM Jinh0 3aT0JIOBOUHBIN (aiia
<pthread. h>, 6o <sync.h>.

Onepauumn c 6apbepamu

MapameTpbl Oapbepa

Cuenyiomue GyHKIUY MHUIUAIU3UPYIOT U Pa3pyIIaT OJIOK mapaMeTpoB
b6apbepa:

int pthread_barrierattr_init( pthread_barrierattr_t* attr );
int pthread_barrierattr_destroy( pthread_barrierattr_t* attr )

DYHKIIUA MHATTUAIUSAI U BO3BPAIIlAET CAEYIONre 3HAUeHUA:

EOK — ycriemmHOe BBIIIOJIHEHUE;

ENOMEM — HeToCTATOUHO MTaMATH IJIsI MHUITUAJIU3AIUY aTpuOyTOB Oapbepa.
DyHKIUA pasdpyIlIeHns aTpudyToB 00'beKTa BO3BpAIllaeT 3SHAUCH! S :

EOK — ycreIrHOe BBLITIOJTHEHUIE;

EINVAL — mepenaH HeBepPHLI 00beKT aTpubyTOB Oapbepa attr.

ITapameTps 6apbepa OMUCHIBAIOTCA TUIIOM pthread_barrierattr_t u aHasmo-
TUYHO JPYTUM THUIIAM CHHXPOHU3AIUU KCIOJL3YIOTCA B MOMEHT WUHUIU-
anu3anuu djIeMeHTa CUHXpoHu3anuu. PaKTUUecK! eINHCTBEHHBIM aTpU-
6yToM Oapbepa ABJgeTcA MOAU(MUKATOP AOCTyIa K 6apbepy U3 APYTUX IPO-
IIeCCOB:

int pthread_barrierattr_setpshared(
pthread_barrierattr_t* attr, int pshared );
int pthread_barrierattr_getpshared(
const pthread_barrierattr_t* attr, int* pshared );

ITo ymonmuanuio aTpuOyTHI 6aphbepa 3ampernalT AOCTYI K 3JIEMEHTY CUH-
XPOHMUBAIUN U3 JPYTUX IPOLECCOB.

O6e GyHKIIUY MOTYT BO3BPAIATE CJAeAYIOIIe 3HAUEHUA:
EOK — ycrieIrrHOe BBLITIOJIHEHUIE;

EINVAL — omHO niu ob6a 13 mepefaHHbIX PYHKIINY 3HAUCHI HeBePHEI.
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MHnumanmnsaumsa n paspywieHve 6apbepa

int pthread_barrier_init( pthread_barrier_t* barrier,
const pthread_barrierattr_t* attr,
unsigned int count );

DYHKIIUA THAUAIU3UPYET 00beKT CUHXPOHU3AIUYU TUIIa 0apbep, Mocjae
Yero ero MOJKHO HCIIOJIb30BaTh. B aTpubyrax Gapbepa ycTaHaBJINBAETCS
(unm 3amperiaeTcsa) BO3BMOMKHOCTD JOCTyIIa K 0apbepy M3 APYrux IIpoliec-
coB. Ilo ymosryaHMIo Tako# mocTyn 3amnpemnieH. [yia Toro 4yTobsl MSMEHUTH
BO3MOJKHOCTD JOCTYIIA K CO3TAHHOMY paHee 6apbepy, ero Heo0X0JuMO pas-
PYIINUTH, YCTAHOBUTH COOTBETCTBYIOIMUM aTpuOyT W MHUINAJIU3UPOBATH
6aprep moBTOpPHO. IlapameTp count MOKa3bIBAET, KAK0OE KOJIUUECTBO IIOTO-
KOB OyIeT osKuaaTh Ha 6apbepe J0 X OCBOOOKICHUS.

Bosspamniaembie 3HaUEHUA:

EOK — ycrieIrHoe BBLITIOJTHEHHIE;

EAGAIN — cucTeMe He XBaTaeT PECYPCOB AJIA MHUIINAIN3aIny 0apbepa;
EBUSY — IOMBITKA MHUIIUAJIN3AINHT YoKe NHUIINAIN3NPOBAHHOTO0 6aphepa;
EFAULT — c6o0ii mpom3soIiies mpu obpaIeHny aapa K apryMeHTaM;

EINVAL — attr ykasbiBaeT Ha HeMHUIIMATN3UPOBAHHOE 3HAUEeHNEe aTPUOYTOB.

int pthread_barrier_destroy( pthread_barrier_t* barrier );

DyHKIUa paspyiiaeT 6apbep, IOCJe Yer0 COOTBETCTBYIOIINI SJI€MEHT CHUH-
XPOHUBAIIUY barrier He MOMKeT UCI0JIb30BaThCs 0e3 ITOBTOPHOI ero MHUIT-
ajus3amnuu.

Bosspaniaembie 3HaUeHNA:
EOK — ycrieIrHoe BBLITIOJIHEHHIE;
EBUSY — B HacTosAIIlee BpeMs eCTh IIOTOKM, OJIOKPOBAaHHBIE HA Oapbepe;

EINVAL — HeMHUIINAJIN3NPOBAHHEIN 00BEKT barrier.

OXXunpaHue Ha 6apbepe
DyHKIIUA OKuIaHuA (CHHXPOHU3AIUK) Ha 6apbepe:
int pthread_barrier_wait( pthread_barrier_t* barrier );

BbI130B 9T0# QYHKIINK IPUBOAUT K OJIOKMPOBAHKIO IIOTOKA O TeX IIOp, II0-
Ka Ha 0apbepe He HAKOMUTCA KOJHUUYECTBO 3a0JIOKMPOBAHHBIX IIOTOKOB,
olpeneieHHOE paHee IIpU BbI3oBe (pyHKIMU pthread_barrier_int().

Heo6xomuMo ¢ 0co0o0ii OCTOPOMKHOCTHIO OTHOCUTHCS K WCIOJIb30BAHUIO
6apbepoB IJIA OCTAHOBKH M CUHXPOHU3AIUU IIOTOKOB PA3HBIX MPUOPUTE-
TOB. IIOCKOJILKY TOTOKY, OXKUJAIOINE ¥ 0apbepa, HAXOAATCSA B OJIOKMPOB-
Ke Ha YCJOBHOU IepeMeHHOI (BHyTpeHHell), TO cucTeMa HUKAK He OTcJe-
sKuBaeT 3 (EKTHI, CBSABAHHBIE C BOBMOYKHOU MHBEPCUEI IPUOPUTETOB.
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Ecau moTok, 6JIOKMPOBAaHHBIN HA Oapbepe, IIOJy4YaeT CUTHAI, AJIsI KOTOPOTO
omnpejesieH 00padoOTUNK, TO 0OPAOOTUNK CUrHAJIa BBIIIOJHAETCS, HO IIO 3a-
BEPIIEeHNHN €0 BBIIIOJHEHN IOTOK BHOBL OJIOKMPYETCS 40 BBITIOJHEHUS yC-
JoBUsA Gapbepa.

HorymenTamus QN X yTBep:KIaeT, UYTO HeJIL3A 3apaHee CKasaTh, KAKO I0-
TOK OyZeT 0CBOOOXKIEH IIEPBBIM, KOT/ja 3aJaHHOe KOJIUYECTBO IIOTOKOB JI0-
CTUTHET 6apbepa. Y UUThIBAA, UTO IIPU Peau3alliy oneparuii HajJ IoToKa-
MU UCHOJIb30BajIach KOMOUHAIINA MbIOTEKCA C YCIOBHOI IIepeMeHHOoM (Kak
BUJHO M3 IPUBEAEHHOTO BBIIIE OIpenesieHMA, Tuma pthread_barrier_t),
0CcBO0OOXK IeHe OJIOKMPOBAHHBIX IIOTOKOB OyIeT IIPOXOAUTE 10 IPUHIUIIAM,
OIpeieJIeHHBIM [JIs IIOTOKOB, OJIOKMPOBAHHBIX Ha YCJOBHOI ITepeMeHHOMN
¥ TIOJIYYAIoIUX «ITUPoKoBeraTesbHoe» (broadcast), nin omHOBpEeMeHHOE,
ocBobo:kmeHme. JlokymeHTanmua QNX yTBepsKaaeT, YTO B TaKOM cJiydyae
THEePBBLIM OYAET «OTIIYIEeH» TOT IOTOK, KOTOPBIHN KAAJ JOJbIINE IPYTUX.

(I)YHKI_II/IH OKHIOaHUA Ha 6apbepe BO3BpalljaeT 3HaYeHUd:

BARRIER_SERIAL_THREAD — mas IIepBOTO M3 IIOTOKOB, MQOCTHUIIIIEro Oapbepa
1 OJIOKMPOBAHHOTO HA HEM;

0 — mJy1d BceX MOCJIeAYIOIUX IIOTOKOB;

EINVAL — mpu ommOKe BBITIOJTHEHUS, KOTOPAs MOYKET BOBHUKHYTh TOJBKO
IO HEKOPPEKTHOCTY MHUIIMAJIN3anuy bapbepa.

BroknpoBKkn YteHus /3anucn

BiiokupoBKa UTeHM s /3aIUCH ABJISETCA CIeN(PUISCKUM MeXaHnu3MOM, OT-
JIMYAIOIIUMCS OT PAacCMOTPEeHHBIX Bbiie. CrenuduKka COCTOUT B CIELYIO-
mem:

e JTauHBIN T OJOKUPOBKHU Haske 1o POSIX aBisgeTca aJlbTepHATUBHBIM.
YacTo 3TOT TUI OJOKUPOBKY MOKET Pean30BhIBATHLCA KaK HAJACTPOMKA
HaJ ysKe CYIIecTBYIuUMU 6a30BbIMU mpuMutuBamu. ¥.Ctusenc [2]
IOKAa3bIBaeT OAMH 13 BAPUAHTOB TaKOil «00EPTOUYHOM» peausalinu
¥ IPUBOAUT CCHLIKM HA eIllle HECKOJIbKO BAPUAHTOB, B TOM YKCJIe U HA
npeago:kenubiii crangaprom IEEE 1996.

e DYHKIIMOHAJILHOCTb, obeclmeunBaeMas OJOKMPOBKOM UTeHU/3alNUCH,
MOJKeT ObITH IIPEAOCTABJIEHA 1 IPOCTLIM HCIIOJIb30BAHIEM APYTIUX 0a30-
BBIX MEXaHMU3MOB, ONHAKO peaaus3alus ¢ 6JIOKUPOBKOM UTeHNUA/3aINCH
MOJKeT ObITh HaMHOTO 3 eKTUBHEe IO TPOU3BOAUTEIHLHOCTH TPUJIOKE-
HUSA (KaK MBI YBUAUM TIO3JKe).

ITestecooOpasHOCTD MPUBJIEUEHUA OJOKUPOBKY UTEHN/3aINCH BOSHUKAET
TOTa, KOTZa BCe MHOKECTBO IMOTOKOB MOXKET OLITH OTUET/IMBO Pa3HesIeHO
Ha ABe I'PYIIbI: TIOTOKU, TOJbKO CUMTHIBAIOIINE 3AIUIIlaeMble 0JIOKHUPOB-
Ko TaHHBbIe (UUTaTeN), U TOTOKU, MOAU(MUIINPYIOIe 9TH JaHHbIe (ITruca-
Tenu). Takasa cuTyarnusa TPagUIIMOHHO BO3SHUKAET B 00JIaCTH PabOThI ¢ 005-
€MHBIMU, CJ0KHO CTPYKTYPHUPOBAHHBIMU JaHHBIMU.
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IIpu ncmoab3oBaHUY GJOKMPOBKYU UTEHMUA/3aMUCH, B OTJIUUYNE OT APYTUX
paHee PacCMOTPEHHBIX MEeXaHW3MOB, BBOJUTCA Pa3Juune MEXKIY HOJIyde-
HUEeM TaKoii OJIOKMPOBKY [IJIST CYUNTHIBAHUA U 3aIUCHU. IIpu 9TOM IeHCTBYIOT
cJaenyroIye IpaBuIa:

e Jlro60e KOJIHMYeCTBO IIOTOKOB MOKeT 3a0JI0OKMPOBATEL PECYPC AJIA CUNTHI-
BaHUs, €CJIM HU OAUH IIOTOK He 3a0JI0KMPOBAJI eT0 10 3alIUCH.

e Hanuune MHOXKECTBEHHBLIX OJOKMPOBOK II0 UTEHUIO HE IIPEHsATCTBYET
(He OJOKMPYeT) HU OSHOMY W3 IIOTOKOB-UMUTATEJIeH BBITIOJHATH CBOU
oIepanuu ¢ pecypcoMm.

e DBJ/IOKMpPOBKA IO 3allMCH MOJKET OBITh YCTAHOBJIEHA, TOJBKO €CJIU HU
OIVH IIOTOK He OJIOKUPYET Pecypc HU II0 YTEHUIO, HU II0 3AlNCH.

e BJI0OKHMpPOBKA II0 3allMCHU 3allpelaeT JaJbHeHInyo 6JJOKMPOBKY pecypca
(6JIOKMpYeT 3aIrpaninBaIoIUi IIPOIece) U II0 YTeHUI0, 1 110 3alNCH.

dyukmyuy paboThl ¢ OJOKHPOBKAMU UYTEHHUSA/3alNCH OOBABJIEHBI, KakK
¥ OOJIBIIIMHCTBO IIPUMUTHBOB CHUHXPOHM3AIMU, B 3aroJOBOYHOM (daiiie
<pthread.h>.

Onepauun ¢ 610KMPOBKaMM YTEHUS /3anncK

MHuumannsaums o6bekTa 6110KMpoBKU

int pthread_rwlock_init( pthread_rwlock_t* rwl,
const pthread_rwlockattr_t* attr );
int pthread_rwlock_destroy( pthread_rwlock_t* rwl );

BbI30B QYHKIIMN MHUIHAJIU3UPYET/pas3pylinaer GJIOKHUPOBKY UTeHHU/3a-
nucu. [Ipu nENIaansanuy 0JIOKMPOBKU el IepeaeTcs CTPYKTypa mapa-
MeTpOB OJOKUPOBKM pthread_rwlockattr_t, B KOTOPOH MOTIyT yCTaHABJIM-
BaThCA ITapaMeTPhI JOCTYNA K 00beKTY U3 IPYTUX IIPOIeCCOB.

BwmecTo ipamoro Bei3oBa pyHKIUM pthread_rwlock_init() mnaa HayasabHOI
WHUIAAIUSAIUYA CTaTUYECKUX OJIOKMPOBOK UTEHUS/3amucu (ri1o6aiIbHBIX
Ha ypoBHe (daiisa Koja Uau IPOCTPAHCTBA NMEH namespase Jrbo SBHO OIIN-
CaHHBIX ¢ KBajmudumraTropoM static) MOKHO BOCIIOJIB30BATHCSA MaKPOCOM
PTHREAD_RWLOCK_INITIALIZER.

3axBar 6]10KI/IpOBKI/I LITeHI/ISI/BaI'II/ICI/I

B cBaAsu co cnenuduKoil npuMeHeHUA OJOKUPOBOK UTEHUS/3AIUCU ITOT
00BEeKT CUHXPOHU3AIMY UMEeT JBe IPYINLI PYHKIIMIA 3aXBaTa, T03BOJIAIO-
VX IO-PA3HOMY PEryJUPOBATH JOCTYII K 3aI[UI[aeMOMY YUYacTKYy Koja.

K mepsoii rpynne orHOCATCA QYHKIIMY, JOIYCKAOIINe PEKYPCUBHBINA 3aX-
BaT 00BbEKTa CHHXPOHM3AIIUY U COBMECTHOE UCII0JIb30BaHNE YUacTKa KoIa.
ATOo TaK HasdbIiBaeMble QYHKIINU OJLOKUPOBKU 1O YMEHUIO.

Bropas rpynna QyHKIUI HOIyCKaeT TOJbKO SKCKJIIO3UBHBIN 3aXBaT 00b-
eKTa CUHXPOHU3AIU ¥ K BBHIMOJHEHUIO 3AIUINAeMOro Koia AONYyCKAaeTC s
TOJBKO OJIWH MOTOK. ITO GYHKIIUU OLOKUPOSKU NO 3ANUCU.
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(DyHKLI,VII/I GHOKMPOBKVI no YyteHutro

int pthread_rwlock_rdlock( pthread_rwlock_t* rwl );

int pthread_rwlock_tryrdlock( pthread_rwlock_t* rwl );

int pthread_rwlock_timedrdlock( pthread_rwlock_t* rwlock,
const struct timespec* abs );

Ira rpynna GYHKIUN TO03BOJSIET MHOMKECTBEHHBIN 3axXBaT 00beKTa CHUH-
XPOHM3AIVY U OJHOBPEMEHHOE NCIIOJHEeHNE 3alIUIlaeMoro yJacTKa Koja,
C KOTOPBLIM accoruupyerca mepemenHas rwl. Ianmas rpymma GQyHKIIHR
npenHasHaueHa AJIs1 00eclieuyeHnsi OJHOBPEMEHHOIO UTeHUS JAaHHBIX, Pas-
JIeJIsIeMbIX HECKOJIbKMMU [MOTOKaMY. BBIMTOJIHeHNEe 3aXBaTa ¢ UCI0JIb30Ba-
HHEM 3TOHU I'PYIIbl GyHKIINHA OyaeT OJIOKMUPOBAHO, €CJIU 00beKT CUHXPOHU-
3aIll, Ha KOTOPBINA YKAa3bIBaeT rwl, y:Ke 3aXBaueH OAHOI 13 (DYHKIIUH dKC-
KJIIO3WBHOTO UCIIOJIHEHU S Koaa (0JIOKUPOBKY IO 3AIIKUCH).

IlepBas pyHKI[US B IPYIIIIE IIO3BOJISIET BBHIIIOJHUTD IIPOCTOM 3aXBaT 00beK-
Ta cMHXpoHU3anuu. IIpu peKypcuBHOM 3aXBaTe ¢ IIOMOIIBIO0 JIF000i 13 yKa-
3aHHBIX PYHKIUH HE06XOAUMO IIOMHUTE, UTO OCBOOOKIEHME MTOJIIKHO IIPO-
U3BOAUTHCA CTOJBKO JKe pas, CKOJIbKO 1 3aXBarT.

dyukiusa pthread_rwlock_rdlock() MosKeT Bo3BpaIlaTh CaeqyIoIe 3HAUE-
HU:

EOK — ycriemmHOe BBIIIOJIHEHUE;

EAGAIN — mpu IIEepBOM MCIIOJIB30BAHUU CTATUUECKU MHUIMUPOBAHHON 0J10-
KupoBKU uTeHusd/3anucu (PTHREAD_RWLOCK_INITIALIZER) HeZOCTATOUHO CHC-
TEeMHBIX PeCYpPCOB JJIs UHUITNAIU3ATINY OJIOKMPOBKY UTEHU I /3aTINCH;

EDEADLK — BBIBBIBAIOIIUM TTOTOK y’Ke ITPOBEJ 9KCKJIO3WBHBIN 3axBarT (6J10-
KHUPOBKY IO 3ammcu) o0beKTa CUHXPOHMW3AIWM, Ha KOTOPHIN CChLIAETCS
rwl, ¥ TTOBTOPHBII 3aXBaT Ha UTeHUE MPUBEJ ObI K ITOJTHOMY («MEePTBOMY » )
GJIOKMPOBAHUIO IIOTOKA;

EFAULT — c6oii mpu obOpalieHuu Aapa K rwl;
EINVAL — rwl yKa3bIBaeT Ha HeBePHBIH 00 beKT OJIOKMPOBKY UTEHNA /3aIINCH.

Bropada us3 nmepeunciaeHHBIX (hYHKIIUHA ITPOBEPAET, HE HAXOAUTCA JIA COOT-
BETCTBYIOIIUN O0BEKT CHHXPOHUS3AIINY B 9KCKJIIO3MBHOM MCIIOJIb30BAHUH,
¥ eCJIM 3TO TaK, OHA BO3BpAIllaeT COOTBETCTBYIOIIee 3HaAUEHUE Oe3 moceny-
IOIIEero OKUAaHUA OCBOOOKIeHNA 00beKTa CHHX POHUBAIIN.

dyuxnusa pthread_rwlock_tryrdlock() BosBpalaer ciaeqyiolie 3HaUeHNA:
EOK — ycriemrHoe BBHIIIOJTHEHUIE;

EAGAIN — mIpu IIepBOM HCIIOJIb30OBAHUM CTATHUUECKUW MHUIMUPOBAHHOI 6J10-
KUpPOBKU uTeHus/3amnucu (PTHREAD_RWLOCK_INITIALIZER) HeOCTATOUYHO CHC-
TEMHBIX PECYPCOB JJIS UHUITNATUIATIUY OJIOKMPOBKY UTEHU S /3aIINCH;

EBUSY — 610KMpPOBKA UTeHMA/3ancy OJIOKMPOBaHAa 10 3anucu (COOCTBEHHO,
9TO ¥ €CTh OCHOBHOI MOTHB UCIIOJIb30BAHUSA NMEHHO 3TOT'0 BHI30BA);
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EDEADLK — BBIBBIBAIOIIMI IIOTOK VsKe IIPOBeJ 9KCKJIIO3UBHBIN 3axBaT (010K M-
POBKY II0 3amucu) 00'beKTa CHHX POHU3AINH, HAa KOTOPBIH CChLIAeTCS I'wl;

EFAULT — c6oii mpu oOpalneHuu Aapa K rwl;
EINVAL — rwl yKasbIBaeT Ha HEBePHBIN 00 bEKT OJIOKUPOBKY UTEHM S /3aIINCHU.

Tperba GyHKIIUA U3 TPYINBI IPeJyCMaTPUBAET 3aBepIIeHne OJIOKUPOBKU
OXKUAAHUA OCBOOOKIEHUSA 00HbeKTA CUHXPOHUS3AIIUY IIPY BOSHUKHOBEHUU
OJIOKMPOBKHY II0 3aIIMCU WJIU II0 UCTEUEHUM 3aJaHHOTO TalM-ayTa OMKumaa-
HUS.

dyuxnua pthread_rwlock_timedrdlock() Mo:keT BO3BpallaTh CJIEAYIOIIHE
KOJbI OIITNOKM:

EAGAIN — cucTeMa He MOYKET 3aXBATUTEL OJIOKMPOBKY IO YTEHUIO, IIOCKOJIbKY
JTOCTUTHYTO MaKCHUMaJbHOE UYMCJI0 OJJOKMPOBOK UTEHUA AJIA JAHHOTO 005-
eKTa;l

EDEADLK — BBIBBIBAIOIIUI IIOTOK YiKe ABJSETCSA BJIANEIbIIEM YKA3aHHOI'O 00b-
€KTa CHHXPOHU3AIINN; OH 3aXBATIII €r0, UCIIO0JIL3YsI OJIOKMPOBKY II0 3aIlHCH, 1 II0-
BTOpPHAs OJIOKMPOBKA 10 UTEHIIO IIPHBeJIa Obl K ITOTHOMY OJIOKMPOBAHIIO IIOTOKA;

EINVAL — HeBepHBIH IapaMeTp BhI30BA: JIN0O vl yKas3bIlBaeT HA HEMHUIIUATIU3U-
POBaHHBLINT O0BEKT OJOKUPOBKU UTEHMUA/3alUCU, JUOO BpeMs TalM-ayTa
abs 3alaHO MeHBbINle HYJSA WUJIN PaBHO WJU BBIIIE IIPENEJbHOT0 3HAUEHU:A
1000 MUIINOHOB;

ETIMEDOUT — He ymajoch 3aXBaTUTh OJIOKHUPOBKY 10 MCTEUEHUI CPOKA TaliM-
ayra.

DyYHKLMN GNOKMPOBKU MO 3anncu

int pthread_rwlock_wrlock( pthread_rwlock_t* rwl );
int pthread_rwlock_trywrlock( pthread_rwlock_t* rwl );
int pthread_rwlock_timedwrlock( pthread_rwlock_t* rwlock,
const struct timespec* abs_timeout );

DyHKIUU 5TOM IPYyNNBI IpefHA3HAYEHBI AJId HKCKJIIO3WBHOTO 3axBaTa
00'beKTa CHHXPOHM3AINY 1 MCII0JIb30BAHUSA €r0 JJId OJIOKMPOBAHUA II0 3a-
nucu. BIoKmpoBKa IO 3anIUCH, B OTJINYME OT OJIOKMPOBKY II0 UYTEHUIO, He
JIOIIyCKaeT COBMECTHOT'O HCIIOJHEeHU A 3alllUIIaeMoro yuacTKa Koja (Hu -
IIYIIUMY, HU YUTAOIMUMU ODoToKaMmu). Tak Ke KakK B rpymie QyHKIUHI
OJIOKMPOBKU 110 UTEHUIO, B 3TOM IPYIIIIe IPUCYTCTBYIOT (QYHKIMU IIPOCTOTO
3axBarTa, ITIONBITKY 3aXBaTa W 3aXBaTa C TAaM-ayTOM OKUJAHUSA OCBOOOXK-
JeHusd.

Dyukiusa pthread_rwlock_wrlock() Bo3BpaljaeT caeAYIONINEe 3BHAUSHU

EOK — ycrieIrHoe BBLITIOJTHEHHIE;

1 3ab6aBuo! Peub mmer 00 MCUepPIaHUU KOJUYECTBA PEKYPCUBHBIX 3aXBATOB IJISA
BHYTPEHHEr0 MBIOTEKCA. 3[1eCh €CTh HEKOTOPOEe HECOOTBETCTBUE C IPYIUMU 06'b-
€KTaMU CUHXPOHU3AIUH.
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EAGAIN — mIpu IIepBOM HCIIOJIb30BAHUM CTATHUUECKUW MHUITMUPOBAHHOI 6JI0-
KUPOBKU uTeHUs/3anucu (PTHREAD_RWLOCK_INITIALIZER) HeZoCTATOYHO CHC-
TEeMHBIX PECYPCOB JJIs MHUITNAIU3ATINY OJIOKUPOBKY UTEeHU I /3aIINCH;

EDEADLK — BBIBBIBAIOIINI IIOTOK YyiK€ SABJSETCS BJIaAeJsbIleM OJOKHPOBKU
B 9KCKJIIO3UBHOM DEXKUMeE;

EFAULT — c6oii mpu obpaleHuu Aapa K rwl;

EINVAL — rwl yKasbIBaeT Ha HeBePHBIN 00beKT OJIOKMPOBKY UTEHU S /3aIIHCHU.
dyuxiusa pthread_rwlock_trywrlock() BosBpaIiaeTr 3HaUeHUA:

EOK — ycriemmHOe BBIIIOJIHEHUE;

EAGAIN — mpu IIEepBOM MCIIOJIB30BAHUU CTATUUECKU MHUIMUPOBAHHON 0J10-
KUPOBKU uTeHUs/3anucu (PTHREAD_RWLOCK_INITIALIZER) HeZoCTATOYHO CHC-
TEeMHBIX PECYPCOB JJIsd UHUITNAIU3ATIUY OJIOKUPOBKY UTEeHU I /3aIINCH;

EBUSY — OJIOKHMPOBKA ysKe 3aXBaUueHa B Pe)KUMe UYTeHUA NN 3alliCH;

EDEADLK — BBIBBIBAIOIINI IIOTOK YyiK€ SABJISETCS BJIaAeJbIleM OJOKHPOBKU
B 9KCKJIIO3UBHOM DEXKUMeE;

EFAULT — c6oit mpu obpallieHuu Aapa K rwl;

EINVAL — rwl yKasbIBaeT Ha HEBePHBINA 00 bEKT OJIOKUPOBKY UTEHMU S /3aIINCHU.
dDyukiusa pthread_rwlock_timedwrlock() Bo3BpalmaeT 3HAUEHUA:

EOK — ycriemmHOe BBIIIOJIHEHUE;

EAGAIN — crcTeMa He MOJKET 3aXBATUTh OJIOKMPOBKY II0 3aIlMCH, IIOCKOJIbKY
JOCTUTHYTO MaKCHMAJIbHOE YMCJI0 OJOKMPOBOK IO 3aIMCU AJA JAHHOTO
00BbeKTa;

EDEADLK — BBIBBIBAIOIINI IIOTOK YyiK€ SABJISIETCS BJIAaeJsblleM OJOKHPOBKU
B 9KCKJIIO3UBHOM DEXKUMeE;

EINVAL — HeBepHBII IIapaMeTp BbI30BAa: JIM0O0 rwl yKasbiBaeT Ha HEMHUITUATI 3L -
POBaHHBIN O0BEKT OJOKMPOBKU UTEHUA/3aIlUCU, JUOO BpeMs TaliM-ayTa
abs sazaHO MeHBbIIle HYJSA WM PABHO WJIM BBIIIEe IIPEeNeJbHOTO 3HAUEHUA
1000 MHJILJINOHOB;

ETIMEDOUT — He ymaJioch 3aXBAaTUTh OJOKHPOBKY A0 MCTEUEHUSA 3aJaHHOTO
CpPOKa TaiiM-ayTa.
OcBOGOXAEHME BNTIOKNPOBKN

int pthread_rwlock_unlock( pthread_rwlock_t* rwl );

DyHKIUSA 0CBOOOMKaeT 3aXBAUCHHEBIH JIIOOLIM 00pa3oM 00beKT OJIOKUPOB-
KU uTeHus/3anucu. Eciu 00beKT ObLI 3aXBaUeH B PEIKUME MHOMKECTBEHHO-
TO UCTOJIL30BaHU (0JIOKMPOBKHY 10 UTEHUIO), TO KOJUUYECTBO €TI0 0CBOOOMK -
I[eHI/Iﬁ JOJIXKHO PABHATHCA KOJINYECTBY 3aXBaTOB.

Bosspaniaembie 3HaUeHNA:

EOK — ycriemnmtHOe 3aBepIIIeHNUE;
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EAGAIN — mIpu IIepBOM HCIIOJIb30BAHUM CTATHUUECKUW MHUITMUPOBAHHOI 6JI0-
KUPOBKU uTeHUs/3anucu (PTHREAD_RWLOCK_INITIALIZER) HeZoCTATOYHO CHC-
TEeMHBIX PECYPCOB JJIs MHUITNAIUIATIUY OJIOKUPOBKY UTEHU I /3aIIHCH;

EFAULT — AapO HEe CMOTJIO 0OPATUTHCA K O0BEKTY rwl;

EINVAL — 00beKT rwl yKasbIBaeT Ha HeBePHO MHUIIMNPOBAHHLINA 00 BLEKT 6J10-
KUPOBKU UTE€HUA/3aIUCH;

EPERM — HET MOTOKOB, 3aXBAaTUBIINX 00BEKT rwl B pesKUMe UTeHU S WJIY 3aTIu-
CH, WJIY BLISLIBAIOIINI IOTOK He BJIajieeT OJIOKMPOBKOI B PeKUME 3aII1CHU.

Ncnonb3oBaHne 6noKMpoBOK YTeHUs /3anncn

IlocTpouM npuioKeHHE, HCIOJIL3YIOIIee OJIOKHMPOBKY UTEHU/3aNlICU
(@paiin syl10.cc):

3¢ eKTUBHOCTb 6JIOKUPOBKYM YTEHMA/3annucu

#include <sys/syspage.h>
#tinclude <sys/neutrino.h>
#include <list>

// CKONb YIOMHO CIIOXHLIE SfEMEHTbl BHYTPEHHEN 06asbl AaHHbIX
// TPUNOXEHWS; B MPUMEPE Mbl UCMONb3YeM UX NPOCTENWNA BuA:
typedef int element;

// 6asa paHHbIX MPUIOXEeHUS — OMHAMWYECKMIA CMMCOK 3N1EMEHTOB
class dbase - public list<element> {
static const int READ_DELAY = 1, WRITE_DELAY = 2
public:
// onepauus “nobasuTb B 6asy AaHHbIx”
void add( const element& e ) {
int pos = size() * rand() / RAND_MAX;
list<element>::iterator p = begin()
for( int 1 = 0; 1 < pos; i++ ) pt++;
insert( p, e );
delay( WRITE_DELAY );
b
// onepauus “HaiTn B 6ase paHHbIX”
int pos( const element& e ) {

int n = 0;
for( list<element>::iterator i = begin()
i 1= end(); it+, n++ )
if( *i == e ) { delay( READ_DELAY ); break; };

if( n==size() ) n= -1,

return n;

}s
} data;

inline element erand( unsigned long n ) {
return (element)( ( n * rand() ) / RAND_MAX )
b
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inline bool wrand( double p ) {
return (double)rand() / (double)RAND_MAX < p;
1

int main( int argc, char *argv[] ) {

// obuee uncno obpaweHwuin npunoxeHus k 0ase [aHHbLIX
static unsigned long n = 1000
// BEpoATHOCTb 00HOBNEHMA Gasbl AaHHbX Npu obpaleHnn
static double p = .1;
unsigned long m;
if( argc > 1 && (m =atoll( argv[ 1] ) ) !=0)n=m
double q;
if( argc > 2 & (g = atof( argv[ 2 ] ) ) !=0) p =q;
// HadanbHoe 3anonHeHue 0asbl AaHHbIX
for( int i = 0; 1 < n; i++ ) data.add( erand( n ) );
// TakToBas 4acToTa npoueccopa (AnS M3MEepPeHWs BPEeMEeH)
const uint64_t cps = SYSPAGE_ENTRY( gtime )->cycles_per_sec;
// nocnepoBaTenbHOCTb N obpaleHnin K 6ase AaHHbX
// M3 HuUx p*n TpebyoT 0OHOBNEHMS CMMCKa, a OocCTalslbHbie
// (1-p)*n TpebywT TONbKO BHOOPKM [AHHbIX:
uint64_t t = ClockCycles()
for( int 1 = 0; 1 < n; i++ ) {

element e = erand( n );

if( !wrand( p ) ) data.pos( e );

else data.add( e );
¥
t = ( ( ClockCycles() - t ) * 1000000000 ) / cps;
cout << "evaluation time: " << (double)t / 1.E9

<< " osec. " << endl
return EXIT_SUCCESS
1

Ilepen mHamu mpocTeiinas mocjaesoBaTeIbHAasI IPOrpaMMa, KOTOPas MaCcCu-
POBAHHO YMTAET CBOIO 0a3y JaHHBIX 1 U3penKa ee moguduiupyer. st BoI-
TOJIHEHNA PeaJIbHBIX Ollepalluii YTeH!A/3allMCH JaHHBIX IIporpaMMe Heo0-
XOAMMO BBINOJHATHL HEKOTOPBIE MOCTATOUYHO MPOMOJIKUTENbHBIE OIepa-
nuu. B mpuBegeHHOM KO/e 9TH Ollepalliy UMUTUPYIOTCA 3aJep:KKaMu de-
lay( WRITE_DELAY ) mdelay( READ_DELAY ).

BosHuKaeT coBepIieHHO eCTECTBEHHOE JKeJaHUe IpeodpasoBaTh IOCIIEL0-
BaTeJIbHBIE 3aIIPOCHI K JaHHBIM B TapaJiiaeabHbie (¢aiin syll.cc). s storo
mpeobpasyeM CTPYKTYPY CIUCKA 3JIEMEHTOB, C KOTOPHIM paboTaeM:

class dbase : public list<element> {
static const int READ_DELAY = 1, WRITE_DELAY = 2
pthread_mutex_t loc
public:
dbase( void ) { pthread_mutex_init( &loc, NULL ); };
~dbase( void ) { pthread_mutex_destroy( &loc ); };
void add( const element& e ) {
pthread_mutex_lock( &loc );
int pos = size() * rand() / RAND_MAX;
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list<element>::iterator p = begin();
for( int 1 = 0; 1 < pos; i++ ) p++;
insert( p, e );

delay( WRITE_DELAY );
pthread_mutex_unlock( &loc );

b

int pos( const element& e ) {
int n = 0;
pthread_mutex_lock( &loc );
for( list<element>::iterator i = begin()

i = end(); i++, n++ )
if( *1i == e ) { delay( READ_DELAY ); break; }

pthread_mutex_unlock( &loc );
if( n==size() ) n= -1,
return n;

b

} data;

A B BBIBBIBAIOIIEI IporpaMMe IIUKJI 3alIPOCOB K JaHHBIM IIpeodpasyeM B:

new pthread_t[ n 1;

pthread_t *h =
= (ClockCycles();

uint64_t t
for( int 1 = 0; 1 < n; i++ ) {
element e = erand( n );

pthread_create( h + i, NULL, wrand( p ) ? add : pos, (void*)e );
}s
for( int 1 = 0; 1 < n; i++)
pthread_join( h[ i ], NULL );
t = ( ( ClockCycles() - t ) * 1000000000 ) / cps
delete h;

A ncnonb3yembie 9TUM QparMeHToM GYHKIIUY ITOTOKOB OIIPEIeINM KakK:

static void* add( void* par ) { data.add( (element)par ); };
static void* pos( void* par ) { data.pos( (element)par ); };

CoBepIIeHHO eCTeCTBEHHO, UTO CIIMCOK 3JIEMEHTOB, 13 KOTOPOTO MBI U3BJIe-
KaeM JaHHBbIE (M KyJa M3peaKa IIOMeIllaeM HOBBIE), MOJIMKEH 3alllUINAThCI
KaK mpu Moau(pUKaIUU, TaK U IIPU CUUTHLIBAHUY (BO n30esKaHme UX OJHO-
BpeMeHHOI MOAMMUKAIIUU «CO CTOPOHBI»). I[IOHATHO, UTO B IIpeCTaBJIEeH-
HOM peIlleHNY MBI UePECUYP IePEeCTPAXOBAJINCH: BO BDEMA CUNTHIBAHUA MbI
IOJIXKHBI 3aIIUIITATHCSA OT HOTEHIINAJLHONM OJHOBPEMEHHON MOogu(hUKAIIN,
HO HET HeOOXOAMMOCTH 3aIlUIIATh CTPYKTYPY AaHHBIX OT MapajjieibHOTO
cuuThiBaHuA. IlosTOMy IepeompenesuM CTPYKTYPY MAaHHBIX (pain
syl2.cc), ucriosb3ysa OJIOKMPOBKY UTEHU I /3aINICH, OCTABUB BCe IIpouee 0e3
W3MEeHEeHU:

class dbase : public list<element> {
static const int READ_DELAY = 1, WRITE_DELAY = 2
pthread_rwlock_t loc

public:
dbase( void ) { pthread_rwlock_init( &loc, NULL ); };
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~dbase( void ) { pthread_rwlock_destroy( &loc ); };

void add( const element& e ) {
pthread_rwlock_wrlock( &loc );
int pos = size() * rand() / RAND_MAX;
list<element>::iterator p = begin();
for( int i = 0; 1 < pos; i++ ) p++;
insert( p, e );
delay( WRITE_DELAY );
pthread_rwlock_unlock( &loc );

b

int pos( const element& e ) {
int n = 0;
pthread_rwlock_rdlock( &loc );
for( list<element>::iterator i = begin()

i = end(); i++, n++ )
if( *1 == e ) { delay( READ_DELAY ); break; };

pthread_rwlock_unlock( &loc );
if( n ==size() ) n = -1;
return n;

}s

} data;
A Temepb IIPUIILIO BPeMS CPAaBHUTh BAPUAHTHI:

# nice -n-19 sy10 500 .2
evaluation time: 1.2296 sec.

# nice -n-19 sy11 500 .2
evaluation time: 1.24973 sec.
# nice -n-19 sy12 500 .2
evaluation time: 0.440904 sec.

ITpu «:xecTKOi» OJOKMPOBKE MBI HE IOJyuaeM HUKAKOrO BBIUTPHIIIA 3a
CUeT IapaJlIeIbHOTO BHIMIOJHEHUS 3aIIPOCOB K JaHHBIM, a IIPU UCII0JIb30Ba-
HUU GJIOKMPOBKY YTEHUSA/3aIMCU — 3-KPaTHBIN BRIMIPHIII. IIpogenaem To
JKe camoe, HO B YCJIOBHAX ropasZo MeHbIleli MHTeHCUBHOCTY OOHOBIEHUS
JaHHBIX OTHOCUTEJHHO O0IIEro IIOTOKA 3aIIPOCOB:

# nice -n-19 sy10 500 .02
evaluation time: 0.989699 sec.
# nice -n-19 sy11 500 .02
evaluation time: 0.98391 sec.

# nice -n-19 sy12 500 .02
evaluation time: 0.0863443 sec.

Breiurpseiin cranosuTtcs 6oJiee uem 10-KpaTHBIM.

ITokasauusie npumeps! (syl0.cc, syll.cc, syl2.cc) B BhICIIIEH CTENIEHU yC-
JIOBHBI: KapTUHA IIPOUCXOAAIIEr0 GyAeT CYIeCTBeHHO APYTOil IIPU 3aMeHe
maccuBHOTO oxuzanud (delay()) Ha aKTUBHBIE IIPOIIECCOPHLIE ONlepaIluu
HaJ| JaHHBIMU, HO O0II[1e TeHJeHIUU COXPAHIIOTCS.
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CnuHNokK

COUHJIOK, NN «KPYTAIIasica» OJOKUPOBKA, IPeJHASHAUECH UCKJIIOUNTENh-
HO IJid mpuMeHeHus B cucremax SMP (Symmetrical Multi-Processing), To
€CTh B MHOT'OIIPOIIECCOPHBIX cucTeMaX. IloBefieH1e CIIMHJIOKA ITPAKTHUUEC-
KU UAEHTUYHO KJIACCUUECKOMY MBIOTEKCY, 32 € IUHCTBEHHBIM HCKJIIOUEHM-
eM — OKUJAIOIUH IIOTOK He OJIOKUPYEeTCs U He BhITecHseTcsa. He 3a0biBaii-
Te, peub UJeT O MHOTOIpoIleccopHoi cucteMe! OCHOBHBIM HasHAUEHUEM
CIUHJIOKA ABJAETCA 3aJePKKa BBIIOJHEHUA 00pabOTUNKOB IPePHIBAHMIM,
¥ TIpeaHa3HAUYeHbl OHU /IS MCKJIIOUEHNSA BPeMeHHBIX IMOTePh, CBA3AHHBIX
C IIePeKJII0UYeHNeM KOHTEKCTOB.

DyHKIIUKU PabOTHI C «KPYyTAIleiics» OJOKMPOBKON O0BABJIEHBI B 3aroJio-
BouHOM (paitie <pthread.h>. CaMux GpyHKIUH HEMHOTO, M OHU UMEIOT MU-
HUMAaJbHbIE BO3MOXKHOCTH IO HacTpoiike. CIMHIOK He MOAAepKUBaeT
Tatim-ayThl. [TosgBieHme aToro aaemenTa cuaxpouusanuu B QNX Neutrino
cBA3aHO ¢ TpeboBanmaAMu ctaggapra POSIX 1003.1j (draft).

Onepau,vm CO CINMUHJTOKOM

NHnunanmnsauua n pa3pyLwieHune CcnHIoKa

int pthread_spin_init( pthread_spinlock_t* spinner, int pshared );

DYHKIINA THAITAATIN3UPYET O0BbEeKT CUHX POHU3AIINY CIINHIOKA OJJOKHUPOB-
KU, Ha KOTOPBIN yKa3bIBaeT apryMeHT Spinner, U yCTaHABAWBAET [IJIs HETO
mapameTp AOCTYIIa U3 APYTUX IPOIECCOB B COOTBETCTBUY CO 3SHAUCHUEM IIe-
peMeHHOI pshared. 9Ta mepeMeHHAas MOKET IPUHUMATD CJAeAYIoIue 3Haye-
HUSA:

e PTHREAD_PROCESS_SHARED — ¢ 00'b€KTOM CITMHJIOK MOKET OIIEPUPOBATH I10-
TOK JIF0OOOTO IIPOIlecca, UMEIOIIEero JOCTY K MaMATH, B KOTOPOH pacirpe-
IeJieH 00'beKT CINHJIIOK;

e PTHREAD_PROCESS_PRIVATE — mOCTyI K O0BEKTY CHUHXPOHHU3AIIMU BO3MO-
JKeH TOJBbKO JIJIS IIOTOKOB IIPOIlecca, U3 aApPecHOT0 IIPOCTPAHCTBA KOTO-
poro ObljIa pacipeesieHa MaMATb 00beKTa CHHXPOHUBAIINH.

B coyuae ycmemnaoro 3aBepiieHusa GyHKIIUS BO3BpalllaeT HyJIEBOe 3HAUE-
HUe, B IPOTUBHOM CJIy4yae — OJWH 13 CAeAYIOITNX KOJTOB OIITNO0K:

AGAIN — cucTeMe He XBaTaeT PeCypPCOB AJISI MHUIINAIN3AINN OJOKUPOBKI;

EBUSY — 06'beKT KpyTsAIelics 0JJOKMPOBKY, HA KOTOPBIX YKa3bIBaeT spinner,
yoKe UHUITUUPOBAaH;

EINVAL — HEKOPPEKTHBIN 06BEKT Spinner;

ENOMEM — cucTemMa He MMeeT SOCTATOYHOI'0 KOJIMUeCcTBa CBOOOLHOI IIaMATU
ILJIsI CO3MAaHMUs HOBOI'O 00'beKTa.

int pthread_spin_destroy( pthread_spinlock_t* spinner );
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DYyHKINUA SeNHAINAIN3NPYET 00beKT KpyTaleiicsa 0J0Kuposku. Ilociae
JTeMHUITNAJIUBAIINY IJIA IOCJeAYIOIIero IpuMeHeHUs 00'beKTa OH JOJIKeH
OBITH BHOBb MHHUIIHAIN3NPoBaH. O0paTuTe BHUMAHNE, Pe3YAbTAT PYHKIIHINI
He oIIpeieJieH, eCJU IIOTOK B JaHHBINT MOMEHT KPYTUTCA Ha OJJOKMPOBKE, Ha
KOTOPYIO YKa3bIBaeT spinner, Jub0 ecau 00BEKT spinner He ObLI MHUAIUAJIA-
3WpPOBaH.

Bosspaniaembie 3HaUeHNA:
EOK — ycremrHoe BBHIIIOJTHEHNIE;

EBUSY — OJIOKMPOBKA MCIIOJIb3YETCA APYTUM IIOTOKOM U He MOKeT OBITH pas-
pyIIeHa;

EINVAL — HeKOpPPEKTHEBII O0BLEKT spinner.

3axBatm OCBOGO)K}J,eHI/Ie CMUHIIOKa

int pthread_spin_lock( pthread_spinlock_t* spinner );
int pthread_spin_trylock( pthread_spinlock_t* spinner );

9To (PYHKIIMM 3aXBaTa U MOMBITKI 3axXBaTa KPYyTdAIleicsa 0JIOKMPOBKHU CO-
oTBeTCTBeHHO. KaK 1 11 MbIoTeKca, ecJii 00BeKT Spinner B MOMEHT 3aXBa-
Ta cBOOOZ€H, TO IMOTOK, BHIBBABIINUYN OAHY M3 3TUX (PYHKIUM, CTAHOBUTCA
BJIAJebIleM KPyTdAllleiica OJIOKMPOBKU. Ecau spinner y:Ke 3axBaueH APY-
I'IM IIOTOKOM, TO B CJIyYae BbI30BA BTOPOI 13 pacCMaTPUBAEMbIX (DYHKIIIIA
yIpaBJieHNe BO3BpAaIljaeTcs HeMeIJIEeHHO, a B CJIydae IIPOCTOr0 3axBaTa
(mepBasa (pyHKIINSA) BBI3BABIIUNA IIOTOK «KPYTUTCSI», TO €CTh OCTAETCS aK-
TUBHBLIM, HO HE BO3BPAIIlAeT YIPABJIEHUS 0 TeX IIOP, IIOKA 00'beKT CUHXPO-
HI3aIU He 0CBOOOIUTCH.

ITombITKa MTOBTOPHOTO 3aXBaTa KPYyTAIleiicsa 0JIOKUPOBKY M3 TOTO JKe IOTO-
Ka IPUBOIUT K MEePTBOI OJIOKMPOBKE.

DyHKIUY BO3BPAIIAIOT CAeLYIOIe IapaMeTphl:

EOK — ycriemmHOe BBIIIOJIHEHUE;

EAGAIN — HeOCTATOUYHO PEeCYypPCOB CUCTEMBI JJI 3aXBaTa spinner;

EDEADLK — BBIBBABIIIMI IIOTOK YiKe BJaZleeT spinner;

EINVAL — spinner — HeBepHBIN 00beKT TUHA pthread_spinlock_t;

EBUSY — 00beKT 3axXBaueH APYTruM IMoToKoM (1Jis pthread_spin_trylock()).
int pthread_spin_unlock( pthread_spinlock_t* spinner );

BbI130B 3T0M QYHKIIUY 0CBOOOKIAET 00BEKT KPYTAIelica 6JJOKMPOBKI, HA
KOTOPBIN YKasbIBAeT apryMeHT spinner.

DyHKIIUSA MOKET BO3BpAIaTh 3HAUCHU:
EOK — ycrieIrHoe BBHIIIOJIHEHUIE;
EINVAL — HeBepHBIiT 00BEKT Spinner;

EPERM — BBIBBIBAIOIIMII IIOTOK He SABJISETCA BJaleJblleM KpyTsaineiicsa 6J10-
KHUPOBKH.



Cneundpunyeckne mexaHnsmbl QNX

OnepanuonHas cucremMa QNX M3HYTPHU BCs IIOCTPOEHA HA KJIHEHT-CepBep-
HBIX NPUHIUIIAX, KOTOPhIE BBITEKAIOT U3 MUKPOSAAEPHON apXUTEKTYPHI
u oOMeHa COOOIeHnAMHU MUKposaapa. Mbl He MOTJIN 000NTH BHUMAaHUEM
9TU MeXaHU3MBbI, IIOCKOJIbKY OHU IIPEIOCTABIAIOT OTPOMHBIN apceHas BO3-
MOJKHOCTeIl, OMHAKO UX 00CTOATEJIbHOE ONKUCaHKe ITIOTPe00BaIo ObI OTAE/Ib-
HOM KHUTH (IIOJIHOE OIIMCaHue CM. B TeXHUUECKOH qokyMeHTanuu QNX mo
CHUCTEeMHOU apXuTeKType). Bojsee Toro, ayuiiiad KHUTA IO 0OMeHY coobIie-
HUAMU MHUKPOAIpa yiKe, IMOXKaIyi, HaIKuCcaHa U IIepeBeleHa Ha PYCCKUI
A3bIK [1]. B romonHenme Ko Bcemy npusioskeHue «Opranusamnusa oOMeHa co-
o0ILIeHNIMU » , HalIcaHHoe B. 3aiilieBbIM M paHee He IIyOJHMKOBaBIIeecHd,
COIEPsKUT 00CTOATENIbHBIN aHAJIN3 9TOT0 MeXaHnu3Ma.

ITosToMy B riiaBe MBI JIUIIIb KPATKO PACCMOTPUM BOIIPOCHI IIapasljiesin3Ma u
CUHXPOHUS3AIUU, IPUCYIINIE CAMOM MUKPOAAEPHON apXUTEKTYPE CUCTEMBI.

OOGMeH coobLeHuaMn Mukposgpa

Mogens o6MeHa cOOOIMIEHUAMU — 3TO TOT (PyHZAMEHT, HA KOTOPOM CTOUT
apxuTeKTypa Ja00i mukpoagepuoit OC, kak Ha Tpex Kutax: SEND — RE-
CEIVE — REPLY. O6MeH cooOIeHuAMN MUKPOAIpPA IIOCTPOEH Ha Tpex
rpynmnax Be130oBoB native API QNX (puc. 5.1):

1. IIpunars coob6menue. Ilpoiiecc!, ABIAOIUIICS CEPBEPOM HEKOTOPOM
YCJIYTH, BBIIIOJHSAET BBI3ZOB rpynnbl MsgReceive* ()2, (paKTUUECKH CO00-

1 EcTeCcTBEHHO, IIOTOK, OAUH U3 MIOTOKOB IIPOIleCcCca, HO OPUTHHAJIbHbIE OIUCAHUS
JIOTUKY 00MeHa COO0IIeHusIMU c(POPMYIUPOBAHBI B TEPMUHOJIOTUH IIPOIECCOB, 1
MBI He CTaHEM OTXOLUTE OT 3TOM TPAAUIUN. ITO 00YCIOBJIEHO, CKOpee, IIPeeMCT-
BEHHOCTBIO U3JI0KeHul ¢ mpeapiayinumu peanudanuamu OC QNX — 4.X u 6oJiee
PaHHUMHU, T.K. JOTUKA (YHKIMOHUPOBAHUSA OOMeHA COOOIIEHUSAMM OCTAETCS
IpaKTUYeCKU HeM3MEeHHOM Ha mpoTskenuu 6osee 20 et passutusa tuanu QNX.

2 Kak u ¢pyarmunm spawn*() u exec*(), API o6MeHa COOOIIEeHUAMHU IIPEIOCTABIIET
IeJible TPYNNbI BBI30BOB, pasjuuyamiuxcsa cypdurcamm mMeH u popmaramMu
BXOIHBIX ITAPAMETPOB.
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miada 9TUM O FOTOBHOCTH OOCJIYKMBATBH 3aIIPOC KJIMEHTA, M IEPEXOJUT
npu 3ToM B OJ10KUpoBaHHOe cocTosumue co ctarycom RECEIVE, oxxkunas
TpUX0Ja KJINEHTCKOTrO 3a1Ipoca.

. IIocnats coobmenue. KinmenTckuil mpoifecc sampaiinBaeT 3Ty yCIyry,

moChLIasA coo0IeHre BEI30BOM MsgSend* (), u mepexoauT B OJJOKUPOBAH-
HOe coctosHme co ctarycoM SEND. Ilepexon ocyIecTBIsIeTCSa OOBIYHO
HaA 0YeHb KOPOTKOE BpeMs, IOKA CePBEP He IIPUMET ero coo0IIeHne 1 He
HauHeT 00paboTky. Kak TOIbBKO cepBep MPUHUMAET IIOCJIAHHOE COo0IIe-
HUe, OH pa3biaokupyerca u meHsaeT ctatyc ¢ RECEIVE ua READY. Cep-
Bep HaumHaeT 00paboTKY IIOJIyYeHHOI'0 COOOIe s, a CTaTyC OJIOKHUPOB-
KU KJIUEHTCKOTO Ipoliecca mendercsa Ha REPLY.

. OTBeTUTH HA MOJIyUYeHHOE COOOIIeHUe. 3aBePIIUB 00PabOTKY MOJIyUeH-

HOTO Ha TPEeABIAYINEeM IIare COOOINeHUs, CePBEepP BLIMOJHSIET BBHISOB
rpynnsl MsgReply* () a4 epegadu 3alIpPOII€eHHOTO Pe3yJibTaTa 0K Aat0-
mieMy KJjaueHTy. Ilociie sTOro BbI30OBa KJINMEHT, OJJOKMPOBAHHLIN HAa BBI-
30Be MsgSend* () co crarycom REPLY, pas6ioxkupyercs (IepexoauT B CO-
crosaaue READY). ITocse BeimostaeHust MsgReply* () cepBep TaK:Ke mepe-
xoxut B coctrostHue READY. Oguako uaiie Bcero cepBep CHOBA BXOJUT
B OJIOKPOBaHHOE COCTOSTHME Ha BBIBOBe MsgReceive*(), MOCKOJBKY ero
paboTra opraHu3oBaHa Kak 0€CKOHEUHBIHN ITUKJI.

MeHepxep
npoueccos

MsgReceive*()

MsgSend* () MsgReply*()

Mukposgpo

MsgReceive*()

MsgReply*()
MeHepxep
pecypcoB

YcrpoiictBo

Puc. 5.1. O6men coobujeHUAMU MUKPOAOPA U MeHedxHep pecypcos

ViKe U3 3TOro MOBEPXHOCTHOTO OMMMCAHNUS IOHATHO, UTO Iepeada coodIe-
HUAU MHKPOSJpPa — 9TO HE TOJBKO CPEICTBO B3aUMOIENCTBUS IIPOIECCOB
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c 00MeHOM [JaHHBIMHU, HO 1 KpaliHe 'MOKas CHCTeMa CHUHXPOHU3AIUN BCEX
YYaCTHUKOB B3aMMOJENCTBUS.

MOI‘yT BO3HUKHYTDH BOIIPOCHI: STO OOVH N3 HUSKOYPOBHEBBIX MEXaHU3MOB
(CyIIlecTBYIOT JI APYTHe HATUBHBIE MEeXaHU3MbI?), HA KOTOPBLIX 0as3upyer-
ca OC QNX? Kakoe 9TO MOKeT MMeTh OTHOIIIeHNe K B3anMOAeCTBUAM HA
ypoBHe POSIX API? Camoe mpsamoe! Bece Tpaguinonusie Bbi3oBbI POSIX
(open(), read(), ... u Bce apyrue) peamusoBadbl B OC QNX Kax o6MeH c000-
MIeHUSIMU, KOTOPBIN TOJBKO «KaMy(aIupyeTcsa» IO CTaHIaPTHI TeXHUKOM
HCIIOJIb30BAHNUA MEHEIKePOB PECYPCOB, O KOTOPBIX PA3TOBOP ellle BIIePeIu.

TexHosorHsT 0OMeHa COOOIeHNAMY MUKPOAAPa X0poIrio onucaHa [1] u Tpe-
OyeT [JIs CBOEro IIOHMMAHUSA U OCBOCHUS TINATEJILHOIO0 M3YUeHusi. B aToit
JKe TIJiaBe, IIOCBSAIIEHHOII COBEPIIEHHO APYTUM IpeaMeTaM, MBI He OymeM
AEeTaJIbHO OIIMCHIBATH 9Ty TEXHOJIOTHUIO.

OcTaHOBUMCA TOJBKO Ha OLHOM OOCTOSATEILCTBE: apecaT IoJydaTesd, KO-
TOPOMY HAIIPaBJIAETCS KaXKJ0e COODIIeHe, OIIPeeIAeTCA IPYU HavyaJIbHOM
YCTAaHOBJIEHUN UAeHTU(PUKaTOpa coenuuenus (coid — connect ID) BerzoBom:

#finclude <sys/neutrino.h>
int ConnectAttach( int nd, pid_t pid, int chid,
unsigned index, int flags );

Ajpec HasHaueHNA (cepBepa) B 9TOM BBI30Be olpegesaeTca Tpuanoi { ND /
PID / CHID }, rze:

nd — uAeHTUPUKATOP CeTeBoro ysaa. Mbl He CTaHeM YIIyOJATHCSA B UAEH-
Tuduramnuio cereBbix y3J0B cetu QNET. BosbMeM Ha 3aMeTKy JIHIIIb
TOT (PaKT, UTO OOMEH COOOIIEHUAMU C OUHAKOBOM JIETKOCTBHIO OCYIIe-
CTBJsIETCA KaK C IPOIECCOM Ha JoKaJbHOM y3Jie (nd = 0), Tak u Ha JIo-
60M APYTrOM CETEBOM Y3JI€E.

pid — PID mporiecca-cepBepa, C KOTOPBIM IPOU3BOAUTCS COeJUHEHE.

chid — ngeHTH(UKATOP KaHAaJIa, KOTOPBHI OTKPBIJI IIPOIECC C YKa3aH-
HeIM PID, BeImostTHUB npeaBapuTtesbHO ChannelCreate(), u K KOTOpOMYy
ycTaHaBJIMBAaETCs coeuHeHne BBI30BoM ConnectAttach().

BrelIliie MBI HEOJHOKPATHO OTMEUYAJIM, UTO C IIPOIECCOM KaK C ITaCCUBHOM
cyOcTaHIIel, BOOOIe TOBOPSI, HEBO3MOYKHO 00OMEHUBATHCS COOOIIEHUIMMU.
Xotra B agpecHoii Tpuage oomeHa ¢urypupyer umernno PID mporecca! 9to
00CTOATEIHCTBO HEe MEeHAET IMOJIOMKEeHUA Bellleli: MMeHHO aJpecHas KOMIIO-
"Heuta CHID u onpepessieT TOT IOTOK (YacTO 9TO MOJKET ObITH TJIABHBIH I10-
TOK IIPUJIOKEHUS), C KOTOPBIM OYAET OCYIIeCTBIAATHECA 00MEH COOOIeHM -
mu, a PID ompezmenseT To aapecHoe IPOCTPAHCTBO IMpoIlecca, B KOTOPoe Ha-
npasJiisgeTcs coobiieHue, agpecopanuoe CHID.

HeTanbHee 9TO BRITVIAAUT TaK: B KOIEe cepBepa MMEHHO TOT IIOTOK, KOTOPBIH
BBIITIOJTHUT MsgReceive*( chid, ... ), u OymeT 3a0JIOKHMPOBAH B OXKUAAHNN 3a-
mpoca oT KjaueHTa MsgSend* (). AHAJOrMYHO M B KOJE KJIMEHTA BCA IIOCJIEN0-
BaTeJILHOCTh BBIIIOJIHEHUS OJIOKMPOBOK, 0003HAUEHHAS BBIIIE, OyAeT OTHO-
CHUTBCS IMEHHO K IIOTOKY, BBIMIOJIHSIOIIEMY IIOCIeI0BaTeIbHbIe OIlePaIlu:
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coid = ConnectAttach( ..., chid, ... );
MsgSend*( coid, ... );

Copmep:KkuMoe IBYX IPeAbIAYINuX ab3alieB HU OOHOU OYKBOU He IIPOTHUBOPe-
YUT U He OTMEHAET IMOJOXKEHUA TPAAUIIMOHHOTO n3JoKeHus [1] TexHoI0-
ruu o0MeHa coolIeHnAMU MUKpoAapa. Torga 3auem ke MbI JaeM UMEHHO
Takyio GopmyaupoBky? s Toro urobbl aKIleHTUPOBATh BHHUMaHWE Ha
TOM, UYTO BCe OJIOKMPOBAHHBIE COCTOSHUSA U HUX OCBOOOKIEHUE NMEIOT
CMBICJI OTHOCUTEJIbHO MMOTOKOB (1 TOJHKO IIOTOKOB!), KOTOPHIE BBHIMOJIHAIOT
mocJeqoBaTeJbHOCTh omeparuii MsgSend*() — MsgReceive*() — MsgReply*()
(masKke ecyii 9TO €IWHCTBEHHBIM MOTOK — TJIABHBIA HOTOK IPUJIOKEHUS,
W TOTZa MBI TOBOPUM O OJIOKHMPOBaHUU IIpoiieccoB). IIpousmiocTpupyem
CcKasaHHOe CJIeAVIOIUM IpuiaosxenueM (¢aiin nl.cc):

06MeH Co06LWeHMAMMU U B3aUMHbIe 6J10KUPOBKU

#include <stdlib.h>
#include <stdio.h>
#include <unistd.h>
#include <inttypes.h>
#include <errno.h>
#include <iostream.h>
#include <pthread.h>
#include <signal.h>
#include <sys/neutrino.h>
#include <sys/syspage.h>

static const int TEMP = 500; // TeMmn BHMNOAHEHWS NPUIOXEHUS
static int numclient = 71; // 4MCNo NOTOKOB KIMEHTOB

// MHOTOMOTOKOBAas® BEPCUSA BHBOAA AWATHOCTUKM B MOTOK:
iostream& operator <<( iostream& c, char* s ) {
static pthread_mutex_t mutex = PTHREAD_MUTEX_INITIALIZER
pthread_mutex_lock ( &mutex );
¢ << s << flush
pthread_mutex_unlock ( &mutex )
return ¢;

b
static uint64_t tb; // BpEMeHHas OTMeTKa Havana MNpUIOXEHUS

// BpPEMEeHHasd OTMeTKA TOYKM BH30Ba:
inline uint64_t mark( void ) {
// 4acToTa npoleccopa:
const static uint64_t cps =
SYSPAGE_ENTRY ( gtime )->cycles_per_sec
return ( ClockCycles () - tb ) * 1000 / cps
b

const int MSGLEN = 80
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// noTokoBas GyHKuUMS cepBepa:
void* server ( void* chid ) {

b

int revid;

char message[ MSGLEN 7;

while( true ) {
rcvid = MsgReceive( (int)chid, message, MSGLEN, NULL );
sprintf( message + strlen( message ), "[%0711u] ... ", mark() );
delay( TEMP ); // vwmuTaums obcnyxmBaHug
sprintf( message + strlen( message ), "[%0711u]->", mark() );
MsgReply ( rcvid, EOK, message, strlen( message ) + 1 );

¥

return NULL

// noTokoBasg GyHKUMSA KIMeHTa:
void* client ( void* data ) {

b

while( true ) {
char message[ MSGLEN T;
sprintf( message, "%d:\t[%0711u]->", pthread_self (), mark() )
MsgSend( (int)data, message, strlen( message ) + 1, message, MSGLEN )
sprintf( message + strlen( message ), "[%0711u]”, mark() );
cout << message << endl
static unsigned int seed = 0;
delay( numclient*
( ( (long)rand_r( &seed ) * TEMP / RAND_MAX ) + TEMP )
); // MATaLUS BHIYUCIEHWIA. .
b
return NULL

int main( int argc, char** argv ) {

b

// 1-i napameTp - 4WUCNO MOTOKOB K/WEHTOB:
if( argc > 1 && atoi( argvf 1] ) > 0)
numclient = atoi( argv[ 1 ] );
tb = ClockCycles();
int chid = ChannelCreate( 0 );
if( pthread_create( NULL, NULL, server, (void*)chid ) != EOK )
perror( "server create” ), exit( EXIT_FAILURE )
for( int 1 = 0; i < numclient; i++ )
if( pthread_create( NULL, NULL, client,
(void*)ConnectAttach( 0, 0, chid, _NTO_SIDE_CHANNEL, 0 )
) = EOK )
perror( “"client create” ), exit( EXIT_FAILURE );
sigpause ( SIGINT );
return EXIT_SUCCESS

Bce mpoucxoauT B paMKax eJUHOTO Ipoliecca:

e (CosgaeTrcs eIUHBIN IOTOK CePBePa, OKUAAIOIIUN COOOIIEHUNA OT KJINEH-
TOB 1 OTBeUAIONINII HA HUX.
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e Cosmaerca N IIOTOKOB KJMEHTOB (3aJaeTcsa ImapaMeTPOM KOMAHIHOMN
CTPOKHM 3aITyCKa IPUJIOMKEHNUA), KOTOPbIe OyAyT 00paIiaThca K cepBepy.

e K omHOMy KaHaJy cepBepa ycraHaBiamBaeTcs N coefuHEeHUI OT KJINEH-
TOB.

e Kamay npocaylnBaHusA AJsI cepBepa U UAeHTU(UKATOPEI COeqUHEH NN
[JIs KJIMEHTOB CO3HATEJIBLHO CO3Jal0TCA B IJIABHOM IIOTOKE (T. €. BHE II0-
TOKOB, KOTODBIe MX OYyIyT HCIOJb30BAaTh); MX SHAUEHUS IIOCTYIIAIOT
B IIOTOKU (cepBepa 1 KJIHNEHTOB) KaK IIapaMeTpPhl IIOTOKOBBIX (PYHKITHIA
(TPIOK C IIOAMEHOI IeJOUUCJIeHHBIX 3HAUEHUII HAa yKasaTeJu MBI pac-
CcMaTpPUBAJIU PaHee).

e Coo0IeHrEe IIPOABUTAETCA OT KJIMEHTa K cepBepy U 00paTHO K KJINEHTY;
B XOJie IIepechlIKN 00beM COOOIIeHNA HapacTaeT: OHO 00pasyeTcsa KOH-
KaTeHaIlel moJieii, 7o00aBIsgeMbIX IIOCJIeI0BaTeIbHO KJINEHTOM, cepBe-
POM U CHOBA KJIMEHTOM.

e B pesysbTaTe MOJHOTO ITMKJA OOMeHa COOOIIeHeM B TeJie caMOr'o co00-
IIeHus POPMUPYETCA TEKCT, COAeP KA 5 mociefoBaTeILHBIX TOJIei —
ugeHTU(PUKATOP TOTOKA KameHTa (o6palraolinerocs ¢ coodineHnem) u 4
abcoJoTHBIEe BpeMeHHbIe METKHY (B MUJIIMCEKYHAAX): Iepegadyu coo00-
eHuA KJINEHTOM, IIpreMa coo0IeHnA cepBepoM (Havao oopaboTKu),
oTBeTa Ha COOOINeHMe cepBepoM (KOHeI o6paboTKm;), ImpueMa OTBeTa
KJINEeHTOM.

3amnycTuM MoJyUueHHOe IPUIoKeHne, HaIpuMep, TaK:
#nl1 b

U npex e uem o0Cy:KIaTh Pe3yIbTATHI €0 PA0OTHI, TOHAOII0ZAEeM COCTOS-
Hus (OJIOKMPOBKM) €ro IMOTOKOB KoMaHou pidin (¢ mapyroro TepmmHaia,
eCTeCTBEHHO). BOT HECKOJIBKO «CHHUMKOB» COCTOSHWM, 3eCh MOKHO Ha-
6JII0ATh BECh CIIEKTP OJIOKMPOBAHHBIX COCTOSHUMN, 0 KOTOPHIX T'OBOPUJIOCH
BBIIIIE:

5546027 1 ./n1 10r SIGSUSPEND

5546027 2 ./n1 10r NANOSLEEP

5546027 3 ./n1 10r NANOSLEEP

5546027 4 ./n1 10r SEND 5546027
5546027 5 ./n1 10r REPLY 5546027
5546027 6 ./n1 10r NANOSLEEP

5546027 7 ./n1 10r NANOSLEEP

5730347 1 ./n1 10r SIGSUSPEND

5730347 2 ./n1 10r RECEIVE 1
5730347 3 ./n 10r NANOSLEEP

5730347 4 ./n1 10r NANOSLEEP

5730347 5 ./n1 10r NANOSLEEP

5730347 6 ./n1 10r NANOSLEEP

5730347 7 ./n1 10r NANOSLEEP

A Temepb pacCMOTPUM Pe3yJIbTATHI BBITOJHEHU (HA MEHBIIIEM YK CJIE TIOTO-
KOB KJIMEHTOB, KOTOPOe JIerue aHaJIN3UPOBATh):
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[0000000]->[0000000] ...
[0000000]1->[0000501] ...
[0000000]1->[0001003] ...
[0002003]->[0002003] ...
[0003462]1->[0003462] ...
[0003485]1->[0003964] ...
[0005017]->[0005017] ...
[00056241->[0005624] ...
[00067417->[0006741] ...

[0000501]->[0000501]
[0001003]->[0001003]
[0001505]->[0001505]
[00025041->[0002505]
[00039641->[ 0003964 ]
[0004466]->[0004466]
[0005518]1->[0005518]
[00061261->[0006126]
[0007243]->[0007243]

Bunno, kak 3 KJIMeHTa OTIIPAaBJISIOT COO0IeHn ogHoBpemMenHo ([ 0000000]),

noTok cepBepa (TID = 2) HemenyenHO moaydaet coobienue ([0000000], 1-a
CTpPOKa), oTmpaBjenHoe KiauentoMm ¢ TID = 3, aBa apyrux coobiernus (oT
kianeHToB ¢ TID = 4 u 5) moMeIiatTcAa CUCTEMOM B 0Uepeab 00CaYKUBAHUA
(ctpoku 2 u 3). ITocae 3aBepiienua obcaysKkuBaHusa 3ampoca or TID = 3
u otBeTa ([0000501]) mMOTOK cepBepa moayuaeT (U3BJIEKAETCS U3 OUepenu pa-
Hee OTIIpPaBJeHHOe coobItieHne) coobinennue or TID = 4 u Tak gasee.

E1e comep:kaTenbHee 115 MHTEPIPETAIINY CTAHOBUTCSA KapTUHA IJIs 60JIb-
IIIEro YKCJIa IOTOKOB KJIMEHTOB (3[eCh ouepelb OXKUAAIOINNX 3allPOCOB CTa-
HOBUTCS IOpasio JJINHHEE, a ee IIOBeeHre TPYIHO IPeACKa3yeMbIM — II0U-
TH KaXKIBIN 3aPOC OKULAET O0CIYKUBAHNA), HO 9TU PE3YJIbTAThI TPEOYIOT
HaMHOro 00Jiee TIATEeJILHOTO pasdbopa AJIsd X OCMbBICJICHUA:

#n1 10

3: [0000000]->[0000000] ... [0000501]->[0000501]
4: [0000000]->[0000501] ... [0001003]->[0001003]
5: [0000000]1->[0001003] ... [0001505]->[0001505]
6: [0000000]->[0001505] ... [0002007]->[0002007]
7. [0000000]->[0002007] ... [0002508]->[0002508]
8: [0000000]->[0002508] ... [0003010]->[0003010]
9: [0000000]->[0003010] ... [0003512]->[0003512]
10: [0000000]->[0003512] ... [0004014]->[0004014]
11: [0000000]1->[0004014] ... [0004516]->[0004516]
12: [0000000]->[0004516] ... [0005017]->[0005018]
3: [0005501]->[0005501] ... [0006003]->[0006003]
5: [00080241->[0008024] ... [0008526]->[0008526]
7: [0008038]1->[0008526] ... [0009028]->[0009028]
4: [0009273]1->[0009273] ... [0009775]->[0009775]
6: [0010377]1->[0010377] ... [0010878]->[0010878]
8: [0010590]->[0010878] ... [0011380]->[0011380]
9: [0010952]->[0011380] ... [0011882]->[0011882]
12: [0011297]1->[0011882] ... [0012384]1->[0012384]
11: [0011356]->[0012384] ... [0012886]->[0012886]
10: [00120247->[0012886] ... [0013387]->[0013388]
3: [0012874]1->[0013388] ... [0013889]->[0013889]
7: [0014888]1->[0014888] ... [0015390]->[0015390]
4: [0016254]1->[0016254] ... [0016756]->[0016756]
5: [00176461->[0017646] ... [0018148]->[0018148]
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11:

10:
12:

[0019088]1->[0019088] ...
[0020206]->[0020206] ...
[00203201->[0020708] ...
[00210781->[00212107 ...
[0021384]->[0021712] ...
[0021630]1->[0022213] ...
[0021811]->[0022715] ...
[0022009]1->[0023217] ...

[0019590]->[0019590]
[0020708]1->[0020708]
[0021210]->[0021210]
[0021712]->[0021712]
[0022213]->[0022213]
[0022715]->[0022715]
[0023217]->[0023217]
[0023719]->[0023719]

JJ,VIHaMVI‘-IECKVIﬁ nysa noToKoB

JduHaMuuecKuii IIyJ IOTOKOB He ABJIAETCA KAKUM-TO CHeIIU(PpUIEeCKUM Me-
XaHU3MOM, HOPOAMKTOBAHHBIM WMEHHO MUKPOAIEPHON apXuTeKTypou
QNX. 910 ynauHas UCKYCCTBeHHAs KOHCTPYKIIUA, BCe OpeAeIeHUs KOTO-
poii pasmelnieHsbl B (haitiae <sys/dispatch.h>. ¥YiuBuTEIBHO HE TO, UTO B CO-
craBe API QNX umeeTcsa Takoil MeXaHMU3M, a TO, UTO HOJO0HBIE MHCTPY-
MEHTBI OTCYTCTBYIOT B Apyrux OC.

B mpeasIiaynnx npuMepax Kojaa Mbl HEOZHOKPATHO CO3JaBaiii HabOPhI I0-
TOKOB [AJIS TeX WJIM WHBIX I[eJieil, HO BceM MM ObLIO IIPHUCYIIe OJHO: 00Iee
KOJIMYECTBO MOTOKOB B HUX OBLII0 (DUKCUPOBAHHBIM HA MOMEHT CO3JaHUSI.
9TOo 1 OLLIU CTATHYECKME IIYJIbI IOTOKOB, PasfeAoIinX MeXIy co00il pa-
60Ty mpuaokeHusa. ApxurekTopbl QNX UAYT UyTh AAJbIle: OHU IIPemo-
CTaBJAIT WHCTPYMEHTAPUI IJIA CO3JaHUA ITYyJIOB OMHOTHUIHBIX (C 00IIei
dyHKIIHE MOTOKA) II0TOKOB, B KOTOPLIX KOHKPETHOE YKCJIO IIOTOKOB MO-
JKeT YBeJINUYUBATHCA UJIN YMEHbITATHCA CUHXPOHHO C MU3MEHEeHUEM Harpys-
KU Ha IpujiaokKeHue. VIMEHHO CBOMM AUHAMMYECKHMM COCTAaBOM dTa KOH-
CTPYKIIUA U OTJINUAETCS.

JuHaMuUecKuil myJ IIOTOKOB HYy:KeH paspaboTumkamM QNX B mepByio oue-
pelb KaKk MHCTPYMEHT IIOCTPOEHM S MHOTOIIOTOYHBIX MEHE}KEePOB PECYPCOB —
ocuoBEI mocTpoerusd cepsrcoB OC QNX. Ho 1 moMuMO 9TOI IeIu TUHAMU-
YeCKHUH ITyJ IOTOKOB IpPeJCcTaBJasAeT co00il MOIIHeliIIee CPeICTBO O KOH-
CTPYUPOBAHUS ITapaebHBIX MeXaHU3MOB 00pabOTKH.

IIpounmtocTpupyeM IpUMeHeHWe AUHAMHUUYECKOTO IyJa IMOTOKOB IIpUMe-
POM IIPOTPAaMMHOTO KOJa, KOTOPHI OB HAMU OIMCaH B KHUre [4] B riaBe
«Cepsep TCP/IP... MHOTO cepBepPOB XOPOIITUX U Pa3HbIX». I1o cyTu, 3TO pe-
rpancaupywoimuii TCP/IP-cepBep, HO ceiiuac 5To 1151 HAC HEBAYKHO:

Cepeep Ha 6a3e AMHAMUYECKOTO NY/A NOTOKOB

#include <pthread.h>
#include <sys/dispatch.h>

static int 1s; // npocnyunBaioumnii TCP-cokeT

THREAD_POOL_PARAM_T* alloc( THREAD_POOL_HANDLE_T* h ) {
return (THREAD_POOL_PARAM_T*)h:
1
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// GyHKUMS ONOKMpPOBaHWS nyna NoTOKOB

THREAD_POOL_PARAM_T* block( THREAD_POOL_PARAM_T* p ) {
int rs = accept( 1s, NULL, NULL );
if( rs < 0 ) errx( "accept error” );
return(THREAD_POOL_PARAM_T*)rs;

}s

int handler( THREAD_POOL_PARAM_T* p ) {
retrans( (int)p );
close( (int)p );
delay( 250 );
cout << pthread_self() << flush;
return 0;

}s

int main( int argc, char* argv[] ) {
// co3pnaTb TCP-cokeT Ha nopT
1s = getsocket( THREAD_POOL_PORT )
// coapaHue aTpubyTHON 3anucy nyna NOTOKOB:
thread_pool_attr_t attr
memset( &attr, 0, sizeof( thread_pool_attr_t ) );
// 3anonHexne bnoka aTpubyToB nyna:
/* - min yucno 610KMPOBAHHBIX MOTOKOB B nyne =/
attr.lo_water = 3;
/* - max 4nucno O6NOKMPOBAHHHX MOTOKOB B nyne =/
attr.hi_water = 7;
/* - VHKPEMEHT wara c034aHus noTOKOB */
attr.increment = 2
attr.maximum = 9
/* - obwuii npepen yucna noTokoB B nyne */
attr.handle = dispatch_create();
attr.context_alloc = alloc;
attr.block_func = block
attr.handler_func = handler
// dakTuyeckoe coa3gaHue nyna NOTOKOB:
void* tpp = thread_pool_create( &attr, POOL_FLAG_USE_SELF );
if( tpp == NULL ) errx( “"create pool” );
// Havano ¢yHKUMOHMPOBAHMSA Myna MNOTOKOB:
thread_pool_start( tpp );

// ... BHMNONHEeHWE HWKOrAa He A0MAeT A0 9TOW TOYKM
exit( EXIT_SUCCESS );
IR
Mpumeyanune

B npumepe Mcnonb3yoTcs, HO He onpeaeneHbl ABe hYHKLUMW, KOTOPbIE HE CTOJIb CYLLECT-

BEHHbI AN NOHUMAHWUSA NPUMepaA C TOYKM 3peHUs HYHKLMOHUPOBAHUA nyna:

® errx() — peakuus Ha oWWOKY BbINONHEHUA C BLIBOAOM COOOWEHUA W nocneayto-
WWM aBapunHbIM 3aBeplUeHneM;

® retrans() — npuem coobuieHus ¢ npucoeamHeHHoro TCP-cokeTa ¢ nocnegytollen
peTpaHcAsLMel NoayYEeHHOTO COAEPXKMMOr0 B HErO Xe.
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Urak, mepBas 0CO0OEHHOCTD IIyJIa IIOTOKOB B TOM, YTO MBI IIOCTPOMUJIX MHO-
TOIOTOYHBIN cepBep, MOUTH He MPOIMNCHIBAs COOCTBEHHOTO Koma, — 60Jb-
IIYyI0 YacTh PYTUHHOM paboThI 3a Hac caesaia 0ubamnoTeKa my.Jia.

IIpusBegem onucanue JOTUKY PAOOTHI IIyJIa HOTOKOB U IIOKA3aHHOTO IIPYMe-
pa Ha caMOM Ka4eCTBEHHOM, IIPOCTEHMIIIEeM YPOBHE:

ITepBoHauanbHO (IIPU 3allyCcKe IIyJjia MOTOKOB B pabOTy BBISOBOM thre-
ad_pool_start()) cosmaercs attr.lo_water MOTOKOB («HUKHASI BaTePJIU-
HUSA» YKCJa OJJOKMPOBAHHBIX IIOTOKOB).

IIpu cosmammu r060T0 MOTOKA (KAK B IPOIlecce HAYAIbHOTO, TaK U B IIPO-
mecce IIOCJIEAVIOIIETO CO3JaHUsA) BbI3bIBaeTca QYHKIuA attr.con-
text_alloc() (B KOHTEKCTE CO3JaHHOTO IIOTOKA).

ITo 3aBepireny QyHKIUA BbI3bIBAET OJOKHUPYOITYIO0 (DYHKIIHMIO TOTOKA
attr.block_func(), Ha KOTOPOM CO3MAHHBIN MIOTOK OKUIAET COOBITUA aK-
TUBU3AINHU (B IIOKA3aHHOM IIpHMepe COObITHE aKTUBU3AIMU — 9TO yCTa-
HOBJIEHNE COeUHEeHUsT HOBBIM KJIMEHTOM II0 BO3BpATy U3 accept()).

Biokupylomiaa QyHKIIUA II0CJe HACTYILIEHUS COOBITHSA aKTUBU3AIIUU
mepeBeneT MOTOK B cocTosgHre READY u BbI30BeT B KOHTEKCTE 3TOTO I10-
ToKa GyHKIMIO oopaborunka attr.handler_func().

Ecau mociie mpeAbIyIIero mara YucJjio OCTaBIINXCA 3a0JI0KMPOBAHHBIX
IIOTOKOB CTaHeT HUe attr.lo_water, MexaHmMs3M IIyJia CO34acCT JOIIOJIHU-
TeJbHO attr.increment IIOTOKOB U «JOBEJET» MX [0 OJOKMHPYIOIIeit
QYHKIIUU.

AXKTUBUBMPOBAHHBIN IIOTOK IPOM3BOJUT BCIO 00pabOTKYy, IIpPeAIIMCaH-
HYI0 (DYHKI[Mel IIOTOKAa, U MOCJe BLIIIOJHEeH!A MIOTOKOBOH (PYHKITNT OY-
IeT OISATH IepeBeleH B OJIOKMPOBAHHOE COCTOSHUE B QYHKIMU OJIOKH-
poBaHUA...

...HO IIepe] epeBooM IMOTOKAa BHOBD B OJIOKMPOBAHHOE COCTOSHUE IIPO-
BepsAeTcs, He OygeT JIM IPU S9TOM IIPEBBIIIEHO YMCJIO0 OJOKHMPOBAHHBIX
MOTOKOB attr.hi_water («BepxXHss BaTEePAUHUSA»), U €CJU ITO KUMEET
MeCTO, TO IIOTOK BMECTO IIepeBojia B OJIOKMPOBAHHOE COCTOSHUE CAMO-
YHUUTOKAETCH.

Bce mpoBepKu ymcia MOTOKOB MPOU3BONATCS AJIS TOTO, UYTOOBI 00IIee
YMCJIO TIOTOKOB IIyJia (T. . YMCJIO aKTUBU3NPOBAHHBIX IIOTOKOB BMeECTe
¢ 0JIOKMPOBAHHBIMM) He IIPEBLIIIAJIO0 00II[ee OrpaHuueHre attr. maximum.

Paso6pas 0611yio JoruKy GyHKIIMOHUPOBAHUSA IIyJa MOTOKOB, MOYKHO Te-
ephb AeTajlbHee PAaCCMOTPETh OTeJIbHbIE IITaru BCero mpoilecca:

1.

IIpesxme uem co3gaBaTh yJI MOTOKOB, MBI JOJI?KHBI CO3IaTh AaTPUOYTHYIO
3alnch, ONMPEIeNAIINyI0 BCe MHOBeleHUe Iyja. ATpuOyTHas 3aIluch
onmcaHa Tak (<sys/dispatch.h>):

typedef struct _thread_pool_attr {
THREAD_POOL_HANDLE_T* handle;
THREAD_POOL_PARAM_T*
(*block_func)(THREAD_POOL_PARAM_T* ctp);
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void (*unblock_func)(THREAD_POOL_PARAM_T* ctp);

int (*handler_func)(THREAD_POOL_PARAM_T* ctp);

THREAD_POOL_PARAM_T*
(*context_alloc)(THREAD_POOL_HANDLE_T* handle);

void (*context_free)(THREAD_POOL_PARAM_T* ctp);

pthread_attr_t* attr
unsigned short lo_water
unsigned short increment;
unsigned short hi_water
unsigned short maximum;
unsigned reserved[8];

} thread_pool_attr_t;

HeckpUIITOP CO34aBaeMOro IIyja IMOTOKOB handle, IIOCPeACTBOM KOTOPOTO
MBI OyZeM CCBLIATBCS HAa IIYJI, ABJISETCA IIPOCTO CHHOHMMOM THIa dis-
patch_t:

#ifndef THREAD_POOL_HANDLE_T
#tdefine THREAD_POOL_HANDLE_T  dispatch_t
#tendif

ATpubyTHI IOTOKOB, KOTOPBIE OyAyT paboTaTh B COCTaBe IyJa, OIIpeness-
foTcA moJieM attr tuma pthread_attr_t (9Ty CTPYKTYPY MBI JeTaJbHO pac-
cMaTpUBAJIHU paHee IPU 00CYKAEHUN CO3AAHNA eIUHUYHBIX IIOTOKOB).

YucieHHBIE TApaMETPHI ITyJia OTIPEeeIAIOT:

lo_water — «HMIKHSA BATePJUHUA» , MUHUMAJIbHOE YMCJIO IIOTOKOB IIy-
Jla, HaXOJAIINXCA B OJIOKMPOBAHHOM COCTOAHUU (B OKUAAHUY aKTUBU-
s3anuu). Ecau B pesybTaTe HEKOTOPOTO COOBITUSA OAMH U3 OXKUIAIONIIX
TIIOTOKOB IIEPEXOIUT B COCTOAHNE aKTHUBHOUM 06pabOTKU M UMCJIO OCTaB-
muxca OJIOKMPOBAHHBIX IIOTOKOB CTAHOBUTCA MeHBIIe 10_water, co3na-
eTCsl OMOJIHUTEJBHO increment MOTOKOB, KOTOPbBIE IIEPEBOAATCA B 0JI0-
KHUPOBAHHOE COCTOSHUE.

hi_water — MaKCHUMaJbHOE YMCJIO IIOTOKOB, KOTOPhIE MOMYCTUMO NMETh
B OJIOKMPOBAHHOM COCTOSTHUHU. Ecam 1mociie 3aBepliieHus o0paboTKu He-
KOTOPBIM IIOTOKOM YMCJIO 3a0JJ0OKMPOBAHHBLIX IIOTOKOB CTAHOBUTCS
GoJibIlie hi_water, TO 3TOT IIOTOK YHUUTOMKAETCS.

maximum — o0Illas BepXHAA IPAHUIlA YKUCJA TOTOKOB IyJia (AKTUBU3UPO-
BaHHBIX W 3a0JIOKMPOBAHHBIX). [laske ecaum YMCJIO 3a0JIOKMPOBAHHBIX
IOTOKOB (B IIMKe aKTUBHOCTH) CTAaHeT HHuKe 10_water, HO obIfee YMCJIO
IIOTOKOB YK€ JOCTUTHET Maximum, To HOBble MOTOKM AJIA IyJia CO3L4aBaTh-
cd He OyayT.

DyHKIIMOHATbHBIE TAPAMETPHI IIYJIa OIPeAeaaIoT:

context_alloc() m context_free() — PYHKIIUM CO3MAHUA U YHUUTOKEHUI
KOHTEKCTa MOTOKAa, KOTOPhbI€ BBI3LIBAIOTCS IIPU CO3MAHUN UM YHUUTOXKE-
HUU KaKIOT0 MOTOKA myJja. PyHKIIUS co3TaHNs KOHTEKCTa IIOTOKA OT-
BeTCTBEHHA 3a MHANBUIYAJIbHBIE HACTPONKY co3gaBaeMoro moroka. Ona
BO3BpAalllaeT «yKasaTeJb Ha KOHTeKcT» Tuma THREAD_POOL_PARAM_T. Og-
HaKO CHCTeMe TAKOM TUII HeN3BeCTeH:
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Mpumeyanune

#ifndef THREAD_POOL_PARAM_T
#define THREAD_POOL_PARAM_T  void
#endif

B KauecTBe KOHTEKCTa MOJKET MCIIOJH30BATHCA JIOO0H IOJIH30BATENb-
CKUH THUII, ¥ OH OyIeT IepenaBaThCsA MOCIeI0BaTeIbHO B KauecTBe Iapa-
meTpa (ctp) Bo Bce mocaenyoiue GyHKIINT 00CTyKUBAHUA ITIOTOKA.

block_func() — @yHKIUA OJOKHUPOBAHUS, KOTOPAA BLI3SLIBAETCA B IIOTO-
Ke cpasy ke mocie context_alloc() mam mocJie o4epegHOTO STala BhI-
HOJIHEHUSA MOTOKOM (pyHKIMu obpaborumka handler_func(). PyHKIIUSA
OJIOKMPOBAHUSA MOJIyUYaeT WM BO3BpaIllaeT gajiee o6paboTUMKY (BO3SMOMK-
HO, IocJie MOAU(PUKAIINN) CTPYKTYPY KOHTEKCTa (B IPUBEJEHHOM BhIIIIe
mpuMepe KOHTEKCTOM ABJIAETCA 1Nt — 3HaueHUe npucoequuensoro TCP-
COKerTa).

handler_func() — 3T0, COGCTBEHHO, 1 €CTh aHAJIOT IOTOKOBOM (DYHKI[UH,
B KOTOPOI BBITIOJHSETCS BCA MOJe3Had paboTa mMOoToKa. PYyHKIIUA BBI-
3bIBaeTCs 6MOJIMOTEKOIl ITocje BEIX0Ia MOTOKA U3 OJIOKUPYIONieil (PyHK-
nuu block_func(), mpu aToM PYHKIUA-00paboTumk handler_func() mo-
JYYUT mapaMeTp KOHTeKCTa, BO3BpAaIeHHbIi block_func().

B Tekywen peanusayuu handler_func() gomxHa Bo3Bpalars 0; BCe Apyrue 3HayeHus
3ape3epBUPOBaHbI ANA faNbHeRWnNX paclwmpeHnin. AHanornyHo onpefeneHHas B atpu-
GyTHOIt 3anucK yHKuma unblock_func() 3ape3epBMpoBaHa Aas fanbHeRWNX paclum-
peHuii, 1 BMecTo ee agpeca ciepyet yctaHasamsatb NULL.

. ITocye cosmanusa aTpuOYyTHOM 3allMCHU ITyJia, OIPEesIaIonieil BCio PyHK-

IINOHAJBHOCTH €TI0 /:[aaneﬁmero IIoOBeOeHndA, MOMHO IIPUCTYIIATh K He-
IIOCPEACTBEHHOMY CO3JaHUIO ITyJia IIOTOKOB:

thread_pool_t* thread_pool_create(
thread_pool_attr_t* attr, unsigned flags );

rae attr — moapo6HO paccMoTpeHHadA (1 co3maHHas) paHee aTpUOyTHAS
3aIuCh IyJIa;

flags — ¢pyar, ompeaeArONnii II0OBeIeHe BEI3BIBAIOIIET0 IIOTOKA IIOCIe
mocJaenyIoiero Bei3oBa thread_pool_start(). B moxkymeHTamuu ommucaHo
IBa BOBMOJYKHBIX 3HAUEeHUA (jiara:

e PQOOL_FLAG_EXIT_SELF — mocJie cTapra IyJia IIOTOK, BbI3BaBIIIUUA thre-
ad_pool_start() (g4acTo 9TO rJIaBHBIN MOTOK IIPUJIOYKEHUA), 3aBepIla-
ercsd;

e POOL_FLAG_USE_SELF — mociyie crapra myJia IOTOK, BbIZBaBIIWi thre-
ad_pool_start(), BKJIIoUaeTCA B IIyJI B KQUECTBE OJTHOT'O M3 €TI0 IIOTOKOB.

U B TOM u B IpyroM ciyuae B TUIIOBOM (pparmeHTe (KaK U B IOKa3aHHOM
BBIIIIE TIPUMEpE):

thread_pool_start( tpp );
exit( EXIT_SUCCESS );
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yIIpaBJjieHIe HUKOTa He JoiaeT a0 BuimosHeHus exit(). Ho cymiecTByer
ele TpeThe JOIMYCTUMOE 3HAUEHUE, IIPAMO He YKa3aHHOe B JOKYMEHTa-
1Y, HO MEeJIbKOM YIIOMIHAaeMoe B IPYTUX MecTaX JOKYMEHTAIIIN

e (0 — mocJe cTapTa IIyJia IOTOK, BhIBBaBIINMUY thread_pool_start(), mpo-
JOJIJKAeT CBOE eCTeCTBEHHOE BBHITIOJIHEHUE.

Hampumep, HeKOTOpBI# (hparMeHT Koia MOT ObI BRITVIAIETDH TAK:

thread_pool_attr_t att // ...
thread_pool_t *tpp = thread_pool_create( &attr, 0 );
thread_pool_start( tpp );
wyile( true ){
// BHNONHATbL HEKOTOPYKW OTMMYHYl OT nyna paboTy
b
exit( EXIT_SUCCESS );

Kaxk y:xe MOHSATHO U3 OIMMCaHU, thread_pool_create() Bo3BpalllaeT yka-
3aTeJb Ha YIPABJIAIIIYIO CTPYKTYPY IIyJa IOTOKOB, KOTOPad IMo3Ke 0y-
mer mepenmana thread_pool_start(). Ecam cosmanue mysa 3aBepIIIMIOCh
Heyaauell, TO pe3yJbTaTOM BbINMOJHeHUus Oyaer NULL, a B errno Oymer
YCTaHOBJIEH KOJ OMINOKY (JOKYMeHTaIlel IPeIyCMOTPEH TOJIbKO OJUH
Kox omubKu: ENOMEM — HemoCcTaTOUHO HaMATH AJIA PasMeIeHusa CTPYK-
TYp AaHHBIX).

Mpumeyanune
YnpaBnatowas cTpyKTypa nyna noToKOB ONMUCaHa TaK:

typedef struct _thread_pool  thread_pool_t;
struct _thread_pool {

thread_pool_attr_t pool_attr;
unsigned created;
unsigned waiting;
unsigned flags;
unsigned reserved[3];

b

3. IlocimemHwuii miar B Imporeaype 3alycKa IIyJia IOTOKOB:
int thread_pool_start( void* pool );
rme pool — 3To yKasaTesb, Bo3BpalaeMslii thread_pool create().!

IIpu ycmerraom 3aBepIiieHun (KOTOPOTO MOUTH HUKOTAA He ITPOUCXOIUT,
3a UCKJOUEeHUeM 3HaueHuA (iara 0; 06 9TOM cM. BbIIIe) QYHKIIUA BO3-
Bparmiaet EOK, B IPOTUBHOM cjydae (UTO IIPOUCXOAUT ropaszo uarle) —
3HaueHUe - 1.

1 BelI cripocuTe, IoueMy yKasaTelsb, BO3BpalaeMsblit thread_pool_create(), umeeT
Tun thread_pool_t*, a moayuaroruii ero napametp thread_pool_start() ompene-
JIeH KaK void*? 9To uiau HeaKKypaTHOCTh padpaborunkoB QNX, wiau riy6oxas
cepMsi’KHAA IpaBa, KOTOPYIO MBI II0KA He IIOHIMAaeM.
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4. JIpyrue, OoTHOCAINMECSa K OMOIMOTEKe AUHAMHUYECKOTO IIyja IIOTOKOB

PYHKIINN, KOTOPBIE I[eJIecO00pas3Ho IIOCMOTPETE B JoKyMeHTaruu QNX
(HO KOTODBIE B CUJIY PA3JUYHBIX 00CTOATEIHCTB UCIOJIB3YIOTCA IOPa3Io
pe:xe):

int thread_pool_destroy( thread_pool_t* pool );

int thread_pool_control( thread_pool_t* pool,
thread_pool_attr_t* attr,
_Uint16t lower, _Uint16t upper,
unsigned flags );

int thread_pool_limits( thread_pool_t* pool,
int lowater, int hiwater,
int maximum, int increment,
unsigned flags );

MeHep)xepbl pecypcoB

QNX BBOAUT TEeXHUKY IIPOrPaMMUPOBAHUSA, KOTOPas eIMHOOOPa3HO IIPO-
XOIUT CKBO3b BCIO cucreMy.! Vies TeXHUKY MeHEeIKePOB PECYPCOB CTOJIb
JKe IIPOCTa, CKOJIb U OCTPOYMHA:

Besa cucTema mocTpoeHa Ha TIaTeIbHO ITPOpaboTaHHOM B Teopuu (U1 pen-
KO HCII0Jb3yeMoil mpu mocTpoeHuu peatbHBIX OC) KOHIEIIIUN — KOM-
mMyTanuu coobiernuii. Aapo (TouHee «MUKPOSAPO») OMEPAIMOHHON
CHCTEeMBI ITPU TAKOM IOAXO0/Ie BRICTYIAeT B KaueCTBe KOMIIaKTHOTO KOM-
MyTaTopa COOOITeHUN MeXXIy B3anMOAEHCTBYIOIIUMHU ITPOTPAMMHBIMU
KoMIoHeHTaMu. I[Ipu 5TOM B3aMMOAEMCTBYIOIE KOMIIOHEHTHI BBICTY-
AT B KAYeCTBe KJIMEHTAa, 3alIPaIlInBAIOIEero yCIyTy (pecypc), U cepBe-
pa, obecrmeunBaroIIero 3Ty yeayry (006CcayKuBaIoIero pecypc).

BoabmmuecTBO cucteMHBIX BBI30BOB API (B TOM umcie Bce «IPUBBHIYU-
"eie» POSIX-BbI30BHI: 0pen(), read(), write(), seek(), close()...) peannb-
HO IOCHLIAIOTCA OOCJYKMBAWOINEMY AaHHBIN pecypc cepBucy (Hampu-
Mep, B ¢aiiiaoByio cucremy tuna FAT32 — fs-dos) B Bume cooOIieHmit
ypoBHA MuUKposaapa. Kox coobiieHns mpu 5ToM OIIpeessaeT TUII omnepa-
nuu (HampuMmep, open()), a IMoCcJIeayIolee TeJIOo COOOIeHnA — KOHKPeT-
HbIEe TapaMeTpPhI 3alIpoca, 3aBUCAIINE OT TUIIA Olepanuu (IrapamMmeTpsl
3arpoca MaKyoTCsa B TEJIO COOOIIeHU ).

Pas sTa cxema cTOJb yHUBepcasibHa, efUHOOOpA3HA W HE 3aBUCUT OT
KOHKDEeTHOM MPUPOALI pecypca, Ha KOTOPOM 00eCIeunBaeTcss 00CIy:Ku-
BaHMe, To pasdpaborunku QNX npesocTaBIsSIOT HEKOTOPGIH I11a0JI0H cep-

JTa TeXHUKAa BO3HUKJIA He «CPa3y» U He CIYyYaliHO: ee UAe0JIOTUA IPaKTUUEeCKU
caoxxuiaack 3a mouru 20 jet passurusa cucreMbl QNX, HO He ObLjIa IIPeACTaBIIe-
Ha B Buze popmMaabHbIX MexaHusMoB. B QNX 6.X ocTaBayioch TOJBKO IIPUAATH
el (hopMaJIbHBIN BUJ U 00ECIIEUUTD ee Mo IeprKaHre HallMCaHUeM CIeIuaIbHbIX
OMOJIMOTEK.



MeHeaxxepbl pecypcoB 229

Bepa, B KOTOPOM Ha MecTe 00paboTunkos crangapTHex POSIX-3amnpocos
HaXOAATCA IIYCThIe IIPOrPAMMHBIE 3aTJIVIIKH. OTOT IHA0JOH U CIYKUT
0a30BBIM 2JIEMEHTOM IIOCTPOCHUSA PASHOOOPA3HEIX CEPBEPOB YCIYT, HABKI-
BaeMBbIX IIPU BBLIMOJHEHNN B TAKOM TEXHUKE « MEHeIKepaMu pecypca.

e Ilpu 3amycke mporpaMMa MeHeIKepa pecypca PeTUCTPUPYET CBOe UM
(TouHee UM YIIPABJIAEMOTO €10 pecypca) B IIPOCTPAHCTBEe UMeH (haiiio-
Boii cucteMbl QNX (06bIUHO B KaTajore /dev, HO 3TO MOKET OBITh JIf060e
MecTo (daitinoBoii cucTeMbl). Temeph MOMKHO oOpaIaTbCcs ¢ 3aIpocaMu
K JaHHOMY MeHeI:Kepy TaK Ke, KaK U K JII00oOMYy peaJbHOMY Qaiiry
B (paiiioBOM cucTeMe.

e JIporpammucry, DUIIYIIIEMY CBOU ApaiiBep yCJAyTru, pecypca, yCTPOICT-
Ba WJIHN IICeBAOYCTPOMCTBA, OCTAaeTCs TOJBbKO IIePeoIpeleuTh IPo-
rpaMMHOe HaIllOJHeHNe TeX MPOTPaMMHBIX 3arjiyIleK, KOTOPbIe OTBET-
CTBEHHBI 3a MHTEPECYIOIIe eTo BLI30BbI (Hampumep, open( ), read(), clo-
se()), HUKaK He 3aTparuBas BLI30BbI, He obeclieunBaeMble 9TUM pPecyp-
com (Hampumep, write(), seek() u ap.).

B HaIllu I1eJI1 He BXOAUT JeTaJIbHOe O6CY9K,I[€HI/Ie TEeXHUKNU HAaIIlMCaHUA Me-
HeIKePOB PecypcoB (3TOMY IIOCBAIIEHO CIellnaJlbH0oe NCUePIbIBAIOIIee PY-
KOBOJICTBO B cocTaBe TexHUUYecKou qokymenTamuu QNX oobemom 6os1ee 80
crpauuil!). IlosTomy, KaKk 1 paHee ¢ JMHAMHUYECKUM IIyJIOM IIOTOKOB, HaU-
HeM c¢ mpuMepa. IIpuBemem mpocTeHIIUi KOO MeHeIsKepa pecypca, KOTOo-
prfI HCIIOJIB30BAJICA HAMU MJIA TECTHUPOBaAHUA HAaCJIeJOBaHUA IIPUOPUTETOB
B QNX (¢aiix prior.cc):

O HOMOTOYHbIN MeHepKep pecypca

#include <errno.h>
#include <stdio.h>
#include <stddef.h>
#include <stdlib.h>
#include <unistd.h>
#include <string.h>
#include <pthread.h>
#include <sys/iofunc.h>
#tinclude <sys/dispatch.h>

// obpaboTumnk 3anpoca OT kaueHTa read(),
// BO3Bpawanwyin Texyunii npuoputeT 06CNyxmBaHus
static int prior_read( resmgr_context_t *ctp, io_read_t *msg,
RESMGR_OCB_T *ocb ) {
static bool odd = true;
int status = iofunc_read_verify( ctp, msg, ocb, NULL );
if( status != EOK ) return status
if( msg->1.xtype & _I0 XTYPE_MASK != IO XTYPE_NONE )

1 B HHTepHeTe IOCTYIIEH IPEKPACHBIN ITIePeBOJ, 3TOTO JOKYMEHTA, BLITIOJTHEHHBIH
Bunagumupom 3aiieBbIM U OTpefaKTUPOBaHHBIN K nyoOiaukanuu Cepreem Ma-
JBIIIEeBBIM: http://qnxclub.net/files/articles/resmgr/resmgr.pdf.gz.
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return ENOSYS;
if( odd ) {
struct sched_param param;
sched_getparam( 0, &param )
static char rbuf[ 4 J;
sprintf( rbuf, "%d\n", param.sched_curpriority )
MsgReply( ctp->rcvid, strlen( rbuf ) + 1
rbuf, strlen( rbuf ) + 1 );

}

else MsgReply( ctp->rcvid, EOK, NULL, 0 );
odd = !odd;

return _RESMGR_NOREPLY;

}

// ThaBHaa nporpaMmMma 3anycka MmeHemgxepa
main( int argc, char **argv ) {

resmgr_attr_t resmgr_attr;
dispatch_t *dpp
dispatch_context_t *ctp

int 1id;

// wHnumManudauua nHTepdenca gucneTyepusaumnm
if( ( dpp = dispatch_create() ) == NULL )
perror( “allocate dispatch” ), exit( EXIT_FAILURE );
// vHuumanusauus aTpubyToB MeHemxepa
memset( &resmgr_attr, 0, sizeof resmgr_attr )
resmgr_attr.nparts_max = 1
resmgr_attr.msg_max_size = 2048;
// vHuumanusauna Tabnuy dyHkuMin 06paboTyMKoB
static resmgr_connect_funcs_t connect_funcs
static resmgr_io_funcs_t io_funcs
iofunc_func_init( _RESMGR_CONNECT_NFUNCS, &connect_funcs
_RESMGR_TO_NFUNCS, &io_funcs );
// 30ecb Hamu ponucaH Bcero oauH obpaboTuyuk - onepauuu read,
// BCE OCTanbHOE [eN1aeTCqd MEHEAXEepOoM Mo yMon4aHuo!
io_funcs.read = prior_read;
// vHuumanusauus aTpubyTHON CTPYKTYPH, MCMNONb3YEMON
// YCTPOICTBOM:
static iofunc_attr_t attr
iofunc_attr_init( &attr, S_IFNAM | 0666, 0, 0 );
// 3[eCb CO3[aeTcs NyTeBoe VMa ANg MeHeaxepa
id = resmgr_attach( dpp, &resmgr_attr, "/dev/prior”
_FTYPE_ANY, 0, &connect_funcs
&io_funcs, &attr );
if( id == -1)
perror( “attach name” ), exit( EXIT_FAILURE );
ctp = dispatch_context_alloc( dpp );
// cTapT MeHemxepa Kak OECKOHEYHbIM LMK OXuaaHWns
// nocTynaiuyx CoobueHnit ans aucneTyepusaunu:
while( true ) {
if( ( ctp = dispatch_block( ctp ) ) == NULL )
perror( "block error” ), exit( EXIT_FAILURE )
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dispatch_handler( ctp );

b

3Iech MCIOJIb30BAH IPOCTEHINNNA OLHOMOTOUYHBINA I1a0JI0OH HAIMCAHUSA Me-
HemKepa. MeHem:xep orpabaThiBaeT TOJBKO OAHY KOMaHAy read() (T. e. oT-
pabaTbiBaeT HeCTaHAAPTHO; B I[eJIEBOM KOJie BCe OCTaJIbHbIe KOMAaH/Ibl, Ha-
npumep open(), oH orpabaTeiBaeT mo ymosuanuio). ITo komauzge read() me-
HeI)Kep: a) Bo3BpalllaeT B BU/ie TEKCTOBOI CTPOKU, 3aBepIlIaiolieiics mepe-
BOJOM CTPOKH, TeKYIIui mpuopurer (IoMHUTE, 4TO B QNX IPHUOPUTETHI
«ILIaBaIoOT» ?), HAa KOTOPOM OH 0O0pabaThIBaeT 3aIpoc, 1 0) JeaeT 3To uepes
OIWH 3aIpoC, B OCTaBIIMeCsS Pas3bl co3laBasd Ha BCAKUU ciaydail (mouemy
«Ha BCAKUI», ceiiuac crtaHeT moHATHO) curyanuio EOF (komma daiina).
BrInoJIHNM HECKOJIBKO KOMAH/I:

# prior &
# 1s -1 /dev/pr*
nrw-rw-rw- 1 root root 0 Dec 18 17:13 /dev/prior

Bce cooTBeTcTBYyeT HAIIUM OKUAAHUSIM: MEHEAKEpP pecypca 3alyIleH, OH
3aperucTPUPOBAJ B IIPOCTPAHCTBE UMEH CBoe UM:A /dev/prior, mo KOTOPpOMYy
MBI MOKeM K HeMy oOpairarbcs. Tenepb BBIIOJIHUM OOpallleHus K Hallle-
MY... «yCTPOHCTBY». IlJIsI 3TOTO0 MBI CO3HATEJIHLHO HE CTAaHEM MOJIB30BATHCS
KaKUM-JI100 CIeINaJbHBIM KJINEHTOM, 3alpalllnBaoIUM HAIl CO3JaHHbIHI
CEPBUC, a BOCIIOJIb3yeMcA caMbIMU 3aypaaabiMu Komaagamu UNIX, Koro-
Ppble HUYETo He IMOJ03PEeBAIOT O CYIIeCTBOBAHNY HOBOT'O CEPBHUCA:

# cat /dev/prior

10

# nice -n-5 cat /dev/prior
15

# nice -n-19 cat /dev/prior
29

Bor 3mech U IpoABAETCA MCKJIOUUTEIbHAS MOIb TeXHUKU HAUCAHUSA
MeHeIKepa pecypca: co3JaHHAd MUHUMAJIbHBIMHU CPEJACTBAMU CepBepHAad
cay:kba «Kamydaupyer» cruenuduuabiii QNX-MexaHusM mepemauu cood-
mIeHU MUKposanpa mof craggaprabie POSIX-3anpockl K (paiiioBoii cucTe-
me (open(), read() u T. O.), u craugapTabie KoMauabl UNIX «He BUIAT» OT-
JUYUA HOBOIW CEPBEPHON CJIYMKOBI OT CTaHIAPTHHIX (aiyioB (YyCTPOHCTB)
UNIX. BoT a1 BOCTUKEHUA TaKOU IIOJIHO COBMECTHUMOCTH C «IIPUBBIUKA-
mu» komaua UNIX u co3gaHbl «HA BCIKUI cayuaii» Te ocobeHHOCTH (op-
Mara, BO3BpallaeMoro sampocamu read(), 0 KOTOPbIX YIIOMUHAJJIOCH BBIIIIE.

Teneps paspaboTKa, HaIpuMep ApaiiBepa HEKOTOPOTO CIEIU(PUIHOTO
yCTpolicTBa, IepeMelliaeTcsa M3 O0JIACTU IIaMaHCTBA «CHUCTEMHOT'O IIPO-
rpaMMHCTa» B O0JIACTH NeATEJBHOCTH IPOOJIEMHOTO IPOrPAMMUCTA, Ja
Y BBIIIOJIHAETCA IIPUBBIYHBIMM BBICOKOYPOBHEBBIMU MHCTPYMEHTAJIbHBIMU
cpenctBamu, Hampumep C++.
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Mpumeyanue
ﬂO)‘Ib3yﬂCb cnyyaem, UMEHHO 3[eCb YMECTHO Ha npumepe CO3[4aHHOro MeHepxXepa pe-
CypCcoB NPpOAEMOHCTPUPOBATH rMOKOCTb MVIKpOﬂJJ,epHOVI APXUTEKTYPbI U TEXHUKN MeHe[-
Xepa pecypca, a 3a04HO yb6eanTbCs, YTO HacnefoBaHWe NPUOPUTETOB (KPUTUYECKM
BaXKHOe CBOWCTBO AN CUCTEM pPeasbHOro BPEMEHU) COXPAHAETCA MpW 3anpoce K yaa-
JIEHHOMY MeHe[Kepy pecypca, 3anyLeHHOMY Ha APYroM y3ne ceTu (Mms y3na — rtp):

# on -frtp prior &

# 1s -1 /net/rtp/dev/pr*

nrw-rw-rw- 1 root root 0 Dec 18 17:09 /net/rtp/dev/prior
# nice -n-5 cat /net/rtp/dev/prior

15

# nice -n-19 cat /net/rtp/dev/prior

29

MHOronoTo4HbIn MeHemXXep

CJIeI[yIOH_II/IM oraroM pasBUTUA TEXHUKU MEHeIKepa pecypCoB ABJAETCA
MHOTOIIOTOYHBIHA MEeHeIKep. PdaKTUUYECKH ITO O6’LeI[I/IHeHI/Ie TeXHUKHN MEHe-
JiKepa peCypCcoB C IMHAMNYECKUM ITYyJIOM IIOTOKOB, PAaCCMOTPE€HHBIM BBIIIIE.

PeanpHbIN paboTalON[Mii MHOT'OIIOTOUYHBLINA MEHEAMKEDP C COINYTCTBYIOIHM
eMy 00CTOATEeIbHBIM OOCY:KIeHreM IMIPUBOAUJICA HAMU B KHuUre [4] B riaaBe
«JIpaiiBepnl» . MBI He cTaHEM IMOJTHOCTHIO IIPUBOIUTH 3[€Ch 9TOT JOCTATOY-
HO 00'beMHBI TEKCT, IOCKOJIbKY OH OTJIMYAeTCs OT paHee IIOKa3aHHOTO OJi-
HOMOTOYHOTI'O MEeHeIKepa TOJbKO HECKOJIbKUMU CTPOKAMHU II0CJIe BOT 9TOT'O
omeparopa perucrpainuu npepukca UMeH! MeHeaKepa:

// 3[eCb CO3[aeTcs NyTeBoe VM ANa MeHeaxepa
id = resmgr_attach( dpp, &resmgr_attr, "/dev/prior”,
_FTYPE_ANY, 0, &connect_funcs, &io_funcs, &attr );
if( id == -1)
perror( “attach name” ), exit( EXIT_FAILURE );

BoT Te HECKOJIBKO CTPOK, KOTOPHIE, COOCTBEHHO, M IIPEBPAIIAIOT OJHOIIO-
TOYHBINA MEHeKepP B MHOI'OIIOTOYHBIA:

thread_pool_attr_t pool_attr

memset( &pool_attr, 0, sizeof pool_attr );
pool_attr.handle = dpp;

// aTO BCerpa ocTaeTcs Tak. ..
pool_attr.context_alloc = dispatch_context_alloc;
pool_attr.block_func = dispatch_block;
pool_attr.handler_func = dispatch_handler
pool_attr.context_free = dispatch_context_free;
// YWUCNEHHbIE napaMeTpbl nyna:

pool_attr.lo_water = 2;

pool_attr.hi_water = 6;

pool_attr.increment = 1;

pool_attr.maximum = 50;
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thread_pool_t *tpp;
// Gnar cospaHua nyna, KOTOPHA MOXET MPUHMMATL 3HAYEeHMs :
// POOL_FLAG_EXIT_SELF, POOL_FLAG_USE_SELF wnn,
// Hakoxel, 0 u KOTOphil onpegenseT, 4To OydeT
// NPOMCX0ANTb Aanblie C Bbi3HBANWMM NOTOKOM. . .
if( ( tpp = thread_pool_create( &pool_attr, POOL_FLAG_EXIT_SELF ) )
== NULL )
perror( "create pool” ), exit( EXIT_FAILURE );
thread_pool_start( tpp );

1

Ho Bcio aTy mocyiemoBaTebHOCTL AeHCTBUII MbI yiKe BUIENU DPaHee Hpu
ONMCAHUY OUHAMUYECKOTO ITyjia IOTOKOB, M KAaKOTO-TO CIEIU(MUUECKOTO
OTHOIIIEHUA K CO3JaHUIO0 UMEHHO MeHeJJKepa pecypca OHa He UMeeT.

Bor Takumu 9JIEMEHTapPHBIMMY MAHUITYJIAIINAMU MbI IIpE€BpalljaeM MeEHe[-
JKep pecypca (IpaKkTuuecKu Ji000i MeHemkep!) B MHOTOTIOTOUHEBI#. C ApYy-
ro# CTOPOHEI, IPOCTOTA TPaHCPOPMAIIUY OOHON ()OPMEL B APYTYIO IMOACKA-
3BIBaeT IIpocToe 1 3P (PeKTUBHOE pellleHre: BHAUAJe Bcerja MUIINUTEe OLHO-
IIOTOYHBIN MeHeoepP, IIOCKOJBbKY B OTJIaAKe W IIOHMMaHMM OH HAaMHOTIO
IpoIlie, ¥ TOJBbKO IIOTOM IPU He0OXOINMOCTH TPaHCHOPMUPYIiTe eTro B MHO-
TOIIOTOUHBIH.

MHoXXecTBeHHble KaHanbl

TexHnKa HamucaHusA MeHeIKepoB pecypcoB B QNX OTKpPBIBAET IIepCIeK-
TUBY AJIS IPOCTOTO W SCHOTO HAIMCAHUS ApaiiBepPOB cCUCTeMbI 6e3 HeoO6xo-
IUMOCTHU «3ajie3aTh» B clenuduyecKre HUBKOYPOBHEBbBIE AeTanu. Tem He
MeHee B ONMCAHUAX TEXHOJIOTMHU CO3MaHUSI MeHeIyKepOB PecypcoB eCTh
OJIVH acIIeKT, KOTOPHIN MMeeT HeImoCpeICTBeHHOEe OTHOIIIeHNEe K CUHXPOHM-
3aluy ITapaJljieJIbHBIX BEeTBEH, U HeJb3sl CKa3aTbh, UTO 3TOT BOIIPOC HEe OCBe-
I[eH B TeXHUYECKO! MOKYMEHTAI[NU, OSHAKO €ro COCTABJSIOIINE AeTalun
«pasMasaHbl» II0 JOKYMEHTAINM, 1 OOIIYI0 KaPTUHY IIPUXOIUTCS BOCCTA-
HABJINBATb.

CyTb Bompoca B cienymoineM. IlucaTs MeHeq:Kep pecypcoB KaK CUCTEeMHBIN
IpaiiBep HEKOTOPOro crenu(uryecKoro ammapaTHOTO YCTPOICTBA — 3TO
yaeJs equHUIL (HA KaKJ0e YCTPOMCTBO — II0 OZHOMY PaspadboTuuky! ... mryr-
Ka), HO MeHeI Kep PecypcoB — 3TO IpeKpacHas ajJbTepHATHUBA AJISA OIlMca-
HUS YUCTO IPOTPAMMHEBIX «IICeBAOYCTPOIicTB». Hampumep, aTo Morja ObI
OBITH HeKOTOpasa okoHHaa GUI-mogcucrema, B KOTOPOit open() co3maeT mpo-
PHCOBKY OKHA Ha sKpaHe, write() BOHCBHIBAeT HEKOTOPLIA TEKCT B OKHO,
a read() cumThHIBaeT U3 OKHA TEKCT, BBOAMMBIN II0JIb30BaTeIeM (II0ZoOHAA
KOHCTPYKIIVA ONUCHIBAJIach HaMU B IiiaBe «llpaiiBepsl» [4]). Takum pemre-
HHEeM MBI C MUHUMAJbHBIMEU 3aTpaTamMu npuzaem POSIX-(pyHKIHOHAIL-
HOCTh CBOMM COBEPIIIEHHO HEOKUAAHHBIM IPOrPAMMHEBIM IIOACUCTEMAM.

OpHako I «MCTHUHHBIX ApalBepoB» 3ampockl open() — read() — write()
IOJIXKHBI, KaK ITPaBUJIO0, OBITH MOCJIeOBaTeIbHBIMY (IIPaBO, 6€CCMBICTIEHHO



234

[naBa 5. Cneunduryeckre MexaHmsmbl QNX

OBITAThCA MUCATH M YNTATHh OAUH (aliy OMHOBPEMEHHO U3 IBYX IIOTOKOB)...
AT0 00yCJIOBIAMBAETCSA TEM, UTO B KOHEUHOM HTOTe Bce PyHKIIMU-06paboT-
YHKHU OIlePalliil MeHeIKepa Pecypca BBIXOIAT HA €IUHUYHBIN dK3eMILIAD
000pYyZ0OBaHMUA, KOTOPOE AOJIXKHO (hu3MUEeCKH OTPaboTaTh IepeJaHHbIA eMy
sampoc.

T'opaszo cBobGoaHee MOKeT cebs1 YyBCTBOBATh PaspabOTUNK ApaliBepa IICceB-
JIoycTpoiicTBa (IpOorpaMMHOM MOJEJNN): 3ech KasK bl 3ampoc open() (6yab
TO U3 OJZHOTO IIOCJIEOBATEJILHOI'O IIOTOKA, PA3JIMUHBIX IIOTOKOB IIpoIlecca
WJIN JajkKe M3 IOTOKOB, IIPUHAAJIEKAIIUX PA3HBIM IPOIECCaM) MOYKET II0-
POXKIATH HOBBIN SK3EMILIAD ICEBAOYyCTpOiicTBa. Bo3Bpalaemsblii uM paii-
J0BBIH gecKkpuntop (B QNX 9To IeCKPUITOP COeTNHEHNA) CTAHET CChLIATh-
csd Ha TMOPOKAEHHBIA DK3E€MILIAD, a BBI3OBHI read() — write(), omepupyio-
e ¢ PasjiuYHBIM JeCKPUITOPOM, OYAYT HAIPABIATHCA COOTBETCTBYIO-
UM Pa3auYHBIM sK3eMIIapaM. ([[oHATHO, YTO TaKoi HapaaieIu3M
omeparuit Mo:xeT 06ecIIeunuTh TOJIbKO MHOTOIIOTOUHBINA MeHeaKep pecypcea,
HO HYKHO eIlle «3aCTaBUTh» ero CejaTh 3TO.)

9TO HACTOJIBKO YacTO MCIOJIb3yeMas MOJeJib, UTO OHA 3aCIyKHUBAEeT OT-
JIeJIbHOT0 paccMOTpeHusA. JlOIOIHUTEIbHYIO CJI0MKHOCTD CO3AeT TO 00CTOs-
TeJIBCTBO, YTO MBI, KAK YK€ OTMEeUaa0Ch, JOTOBOPUINCH IINCATH IIPOrPAMM-
vl Ko Ha C++, a 3mech HAM IIPEACTOUT IIePeoIpenesATh U3 CBOEro Koaa
oIpe/ieJIeHNs B 3aroJIOBOYHLIX (paiiaax MeHeKepa pecypcoB, He HapyIas
ux C-cuHTaKCcuc.

Huxe mokasan TeKCT IPOCTEHIIero MHOTOIIOTOUHOI0 MeHeIKepa (MCKIIIo-
YeHBI JaKe camMble He0OXOAMMbIe ITPOBEPKU), PETPAHCIUPYIOIIEro Mo He-
CKOJIbKMM KaHajJaM He3aBUCUMO II0JIyuaeMble TeKCTOBbIE CTPOKU (CTPOKHU
KojJla, MPUHIUINAIbHBIE A o0ecreueHus IapajiebHOCTH U MHOTOKAa-
HAJIbHOCTH, BhIJE/JIEHEI JKUPHLIM IIPAQPTOM):

MNoameHa cravgaptTHoro Open Control Block

// npeawecTsybume obure cTpoku #include He nokasaHwl. . .

// 9TO nepeonpefeneHne HyxHo NS MCKNYeHUs npeaynpexaeHui

// komnunaTtopa: ‘THREAD_POOL_PARAM_T' redefined

#define THREAD_POOL_PARAM_T dispatch_context_t

#include <sys/dispatch.h>

// cnenywuee nepeonpeaeneHne npuHUMNManbHO BaxHO !

// OHO npepnuchBaeT BMECTO cTaHpapTHoro 6noka OCB (open control block),
// co31aBaeMoro BbH30BOM kineHTa open() W COOTBETCTBYWWEr0o ero GainoBomy
// DeckpunTopy, WCNoAb30BaTb COOCTBEHHYI CTPYKTYPY AaHHbIX.

// 9Ta CTpykTypa AONXHA ObiTb NMPOM3BOAHOW OT CTaHAAPTHOW

// iofunc_ocb_t, a onpepenexHne [OMAXHO NPEAWECTBOBATH

// BknueHno <sys/iofunc.h>.

#define IOFUNC_OCB_T struct ownocb

#include <sys/iofunc.h>

class ownocb : public iofunc_och_t {
static const int BUFSIZE = 1024;
public:
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char *buf
ownocb( void ) { buf = new char[ BUFSIZE ]; };
~ownocb( void ) { delete buf; };

b

IOFUNC_OCB_T *ownocb_calloc( resmgr_context_t *ctp, IOFUNC_ATTR_T *device ) {
return new ownocb

h

void ownocb_free( IOFUNC_OCB_T *o ) { delete o; };

iofunc_funcs_t ownocb_funcs = {
_IOFUNC_NFUNCS, ownocb_calloc, ownocb_free

h

iofunc_mount_t mountpoint = { 0, 0, 0, 0, &ownocb_funcs }

// BmecTo ymanumsaemoi onepauun iofunc_lock_ocb_default()

// Bbi3biBaemoil nepen Hadanom 06paboTKM 3aNpOCOB YTEHWH/3annucu

// w bGnokupyiowein aTpubyTHYI0 3annCb, Mbl NPEANUCHBAEM Bb3bBATH

// “nycTyn” onepauuio u He O10KMPOBATb aTPMOYTHYK 3anuchb

// dem obecnedynsaem napannennam.

static int nolock( resmgr_context_t *ctp, void *v, IOFUNC_OCB_T *ocb ) {
return EOK;

h

// obpaboTunk 3anpoca 4TeHus
static int line_read( resmgr_context_t *ctp
io_read_t *msg
TOFUNC_OCB_T *ocb ) {
if( strlen( ocb->buf ) !'=0 ) {
MsgReply( ctp->rcvid, strlen( ocb->buf ) + 1
ocb->buf, strlen( ocb->buf ) + 1 );
strepy( ocb->buf, "7 );
}
else MsgReply( ctp->rcvid, EOK, NULL, 0 );
return _RESMGR_NOREPLY;
1

// obpaboTunk 3anpoca 3anuncw
static int line_write( resmgr_context_t *ctp
io_write_t *msg,
TOFUNC_OCB_T *ocb ) {
resmgr_msgread( ctp, och->buf
msg->1.nbytes, sizeof( msg->1 ) );
_TO_SET_WRITE_NBYTES( ctp, msg->i.nbytes );
return EOK
IR

// vMg, 1oL KOTOPHM PEerucTpupyeTcs MeHemgxep:
const char sResName[ _POSIX_PATH_MAX + 1 ] = "/dev/wmng”

// CcTapT MeHejxepa pecypca
static void StartResMng( void ) {
dispatch_t* dpp
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b

if( ( dpp = dispatch_create() ) == NULL )
perror( "dispatch create” ), exit( EXIT_FAILURE );

resmgr_attr_t resmgr_attr;

memset( &resmgr_attr, 0, sizeof resmgr_attr )

resmgr_attr.nparts_max = 1

resmgr_attr.msg_max_size = 2048;

// CTATWYHOCTb 3-X MOCAEAYOUMX ONUCAHWIA NPUHLWNUANBHO BaxHa!

// (Takxe OHW MOTYT ObiTb chenaHsl rnobanbHuMK nepemeHHsMu danna) :

static resmgr_connect_funcs_t connect_funcs

static resmgr_io_funcs_t io_funcs

static iofunc_attr_t attr

iofunc_func_init( _RESMGR_CONNECT_NFUNCS, &connect_funcs
_RESMGR_TO_NFUNCS, &io_funcs );

// nepeonpepneneHne obpaboT4MKOB N0 yMOMYaHMI0

io_funcs.read = line_read;

io_funcs.write = line_write;

io_funcs.lock_ocb = nolock

iofunc_attr_init( &attr, S_IFNAM | 0666, NULL, NULL );

// 4epes aTO none OCyuecTBNSETCS CBA3b C HOBOW

// cTpykTypoit 0CB:

attr.mount = &mountpoint;

if( resmgr_attach( dpp, &resmgr_attr, sResName,
_FTYPE_ANY, 0, &connect_funcs
&io_funcs, &attr ) == -1)

perror( "name attach”™ ), exit( EXIT_FAILURE );

// cospaHue nyna noTokos (MHOMOMNOTOYHOCTb)

thread_pool_attr_t pool_attr

memset( &pool_attr, 0, sizeof pool_attr )

pool_attr.handle = dpp

pool_attr.context_alloc = dispatch_context_alloc;

pool_attr.block_func = dispatch_block

pool_attr.handler_func = dispatch_handler

pool_attr.context_free = dispatch_context_free;

pool_attr.lo_water = 2;

pool_attr.hi_water = 6;

pool_attr.increment = 1;

pool_attr.maximum = 50;

thread_pool_t* tpp

if( ( tpp = thread_pool_create( &pool_attr

POOL_FLAG_EXIT_SELF ) ) == NULL )

perror( "pool create” ), exit( EXIT_FAILURE );

thread_pool_start( tpp );

// ... K aTol Touke return ynpasneHne yxe HWKOrAa He NOAOMAET. .

int main( int argc, char *argv[] ) {

// npoBepka, He 3arpyxeH N1 paHee 9K3eMnnap MeHeaxepa,

// 2 9K3emnaspa Ham HW K yemy. .

char sDirName[ _POSIX_NAME_MAX + 1 ];

int nDirLen = strrchr( (const char*)sResName, '/ ' ) - (char*)sResName
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strncpy( sDirName, sResName, nDirlen );
sDirName[ nDirlLen ] = "\O°
DIR *dirp = opendir( sDirName );
if( dirp == NULL )
perror( "directory not found” ), exit( EXIT_FAILURE );
struct dirent *direntp
while( true ) {
if( ( direntp = readdir( dirp ) ) == NULL ) break
if( stremp( direntp->d_name, strrchr( sResName, '/ ) + 1) == 0 )
cout << "second copy of manager” << endl
exit( EXIT_FAILURE );
X
closedir( dirp )
// cTapT MeHenxepa
StartResMng();
// ... K 9TOil TOYKE Mbl yXe HMKOr[a He NomonaeM. . .
exit( EXIT_SUCCESS );
b

B oTainune oT TUIIOBOTO U IPUBBIYHOTO IIa6/JI0HA MHOTOIIOTOUYHOT'O MEHe[-
JKepa, MbI IPOJeJal 3JeCh JOMOJHNUTENbLHO CaeayIolee:

Omnpepgennnu coocTBeHHYIO CTPYKTYPY OCB, HOBBIN 9K3eMILISP KOTOPOI
IOJIKEH CO3IaBaThCA IJIA KaKJA0Tr0 HOBOT'O ITOAKJII0UAOIIErocsa KINeHTa:

class ownocb : public iofunc_ocb_t { ... };
ITepeonpenenunu onucauue ctpykTypbl OCB, ncmoab3yemoe 6ubImnoTe-
KaMu MeHeJAKepa PecypcoB:

#tdefine TOFUNC_OCB_T struct ownocb
3anoJiHsaa aTpUOYTHYIO 3alllCh YCTPOMCTBA:

attr.mount = &mountpoint;

MBI K TOYKE€ MOHTHPOBAaHUA «IIPUBA3BIBACM» (I)yHI{I_II/II/I CO3JaHUA
¥ YVHUYTOYKEHUS BHOBB ompeeaeHHol cTpyKTypbl OCB (110 yMmouyaHuIo
6ubaMOTeKa MeHeAKepa CTaHeT pa3MellaTh ToJIbKo ctangapTHbiii OCB):

iofunc_funcs_t ownocb_funcs = {
_TOFUNC_NFUNCS, ownocb_calloc, ownocb_free
b
iofunc_mount_t mountpoint = { 0, 0, 0, 0, &ownocb_funcs }
(_IOFUNC_NFUNCS — 9TO TPOCTO KOHCTAHTA, OMPEAEeJIIONIasa Yucjao PyHK-
nuii u paBHad 2.)

OmpezesisseM COOCTBEHHBIE (ZDYHKIIMM PAa3MEINeHUA W YHUYTOMKEHUS
ctpyKTyphbl OCB ¢ mporoTunamu:

TOFUNC_OCB_T* ownocb_calloc( resmgr_context_t*, TIOFUNC_ATTR_T* );
void ownocb_free( IOFUNC_OCB_T *o );

B mamewm cayuae ato: a) maTepdeiic us C-mOHATUS «CO3JATh—YAATUTD»,
BC++ — «KOHCTPYKTOP—ZAECTPYKTOP» M 0) MMEHHO 3[eCh CO3IaeTcCs
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¥ MHULNAAJU3APYETCA CKOJIb YIOLHO CJIOKHAA CTPYKTYpa SK3EeMILIAPA
OCB.

e B @pyHKIUAX 06pabOTKM 3aIIPOCOB KJAMEHTA (omepainuii MeHeaKepa) Mbl
mo3:ke OyJeM B KadecTBe 3-TO IIapaMeTpa BbI30Ba 00pabOTUMKA IIOJIY-
YaTh yKasaTeJ b MMEHHO TOTO 9K3eMILIAPA, IJIs KOTOPOro TPeOyeTCs BbI-
MOJIHUTD OIlePAIlNI0, HAIIPUMeED:

int read( resmgr_context_t*, io_read_t*, TOFUNC_OCB_T* ) {...}

JomoTHUTEILHO MBI ITPOIEJIBIBAEM €eIlle OJNH TPIOK, 3alIpellasi MeHeIKepy
GJIOKMPOBATh aTPUOYTHYIO 3aII1Ch YCTPOHCTBA TP BBITIOJHEHUY OllepaInii
(4TO OH feJiaeT MO YMOJUYAHUIO; IJIs PeaJbHbIX YCTPOMCTB 3TO PE30OHHO, HO
IS TPOTPAMMHOTO IICeBIOYCTPOICTBA 9TO, KAK IPABUJIO, HE SIBJIAETCS He-
obxonumbIM). Ha aToro:

e B ra6auite omepaliuii BBOJAa/BbIBOAA IepeHasHauaeM (GyHKIIMIO-o0pa-
60TUMK olleparuu 0JJOKUPOBAHUA aTPUOYTHOM 3aTICH:

io_funcs.lock_ocb = nolock
e B KauecTBe TaKOro 00paboTUNKa IIpejaraeM «IIyCTyI0» OIepPaI[hio:

static int nolock( resmgr_context_t*, void*, IOFUNC_OCB_T* ) {
return EOK
1

SaHYCTI/IM MeHeIKep U IIPOBEPUM, KaK IIPOUCXOOUT €ro YCTaHOBKa B CUC-
TeMe:

/dev # 1s -1 /dev/w*
nrw-rw-rw- 1 root root 0 Nov 09 23:17 /dev/wmng

Tenepb MOATOTOBUM IIPOCTEHAIINI KIMEHT:

void main( int argc, char *argv[] ) {
char sResName[ _POSIX_PATH_MAX + 1 ] = "/dev/wmng"
if( argc > 1 ) strepy( sResName, argv[ 1 ] );
int df = open( sResName, O_RDWR | O_NONBLOCK );
if( df <0 )
perror( "device open” ), exit( EXIT_FAILURE );
cout << "open " << sResName
<< " desc. = 7 << df << endl;
char ibuf[ 2048 ], obuf[ 2048 ]
int r, w;
while( true ) {
if( ( r = read( df, obuf, sizeof( obuf ) ) ) <0 )
break;
cout << "#' << obuf << endl;
cout << '>' << flush;
cin >> ibuf
if( (w = write( df, ibuf, strlen( ibuf ) + 1) ) <= 0 ) break;
b
if( r <0 ) perror( "read error” );
if( w <=0 ) perror( "write error” );
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exit( EXIT_FAILURE );
1

3anycTuM OAHOBPEMEHHO 2 sK3eMILIIpa KJaueHTa (UX, COOCTBEHHO, MOKET
OBITH CKOJIb YTOJHO MHOT0) 1 YOeIUMCsI, UTO KasKAbIN U3 KJINEeHTOB pabora-
€T CO CBOEeM OT/IeJIbHOI KONMell CTPYKTYP JAaHHBIX BHYTPH IpoIlecca MeHe -
JKepa pecypca:

# wmclient

open /dev/wmng , desc. = 3
#

>1234

#1234

>54321

#54321

>

# wmclient

open /dev/wmng , desc. = 3
#

>qwerty

#aqwerty

>asdf

#asdf

>

OTUeTINBO BUAHO, UTO KAMKABINA KJIMEHT C IIOJYyUYeHHUEeM CBOero (paiiioBoro
Ieckpunropa (peaJbHO 3TO JECKPUIITOP COEINHEHU ) IT0JIydyaeT 1 CBOU 9K-
3eMILISAP JaHHbBIX.

ITosmyio mapaJiieIbHOCTh M HE3aBUCHUMOCTDL OOpalleHuit (HampuMmep, BO3-
MOJKHOCTD BBITIOJIHEHUA read() B TO BpeMs, KOrJa MeHe Kep 3aHAT BBIIIOJI-
HeHueM read() OT APYroro KJWEHTa) K JaHHOMY IIC€BIOYCTPOICTBY OTCJIe-
IUTH cJIOKHee. [ 9TOro B KOJ 00pabOTUMKOB OIlepaIuii YTeHus,/3alucu
cJaemyeT BHECTH OIIYTUMYIO 3afep:KKy (Hampumep, sleep() mam delay())
¥ BO3[IefiICTBOBATDH JOCTATOYHO IIJIOTHBIM IIOTOKOM 3aIIPOCOB CO CTOPOHBI He-
CKOJIBKMX KJIMEeHTOB. TaKue 9KCIIepUMEHTHI ITOKA3LIBAIOT ITOJHYIO HEe3aBU-
CHMOCTD OIlepallnii 10 pasHbIM (haiJIOBEIM JECKPUIITOPAM, UTO 00ecIeuYrBa-
eTcs IIepeolpeaeieHreM 00paboTUNKA 0 yMoJauaumuio — iofunc_lock_ocb_de-
fault().

Coo0OLweHns nnm meHeaxxep?

ATOT BOIIPOC BO3HUKAET (IOJIMKEeH BO3SHUKATH!) V KalKAOTO, KTO MPUCTYIIaeT
K pa3paboTKe peayIbHOTO IIPOEKTAa, 0COOEHHO ecyiy GhYHKIITMOHATIBHOCTD IIPO-
eKTa pacupefesdeTcad Me)KAy HECKOJbKUMM aBTOHOMHBIMU IIPOIIECCAMMU.
Takasi CTPYKTypU3aIlusa U BOBCE HE IIPUBBIYHA PA3pPabOTUMKAaAM, IPUXOLI-
mum 3 mupa Windows. s UNIX cosganme IpoeKTOB, B KOTOPBIX IIOPOIK-
JaeTcs HeCKOJIbKO IIPOIIECCOB, TaKasl CTPYKTYPHUIAIUs Y2Ke ropasmo opra-
HUYHEee, HO ¥ TAM 9TO Jallle BCero JINIIb KJIOHUPOBaHue 00pasa eauHOro cep-
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BepHOro mporiecca mocpeactsom fork(). QNX mpegocTaBiisgeT BO3SMOMXHOCTh
UITHU elle JajibIlle B MOCTPOEHUU MPUJIOIKEHUI, IpeCcTaBJIeHHBIX (pase-
JIEHHBIX ) KaK TPYIIIa PasHOPOIHBIX B3aUMOAEMCTBYIONNX MPOIECCOB:

e ViKe moJlyUeHHBIe HAMU PaHee TeCTOBBbIE Pe3yJIbTAThl BDEMEHU IUCIIET-
yepusalnum 1 NepeKJIoUeHNT KOHTEKCTOB (IIyCTh Ja’Ke OHU U CHeJIaHbI
6ery0, TOJIbKO B KauecTBe OIEHOYHBIX OPMEHTHPOB) MOKA3bIBAIOT, UTO
IpeACTaBJICHUA IPUJIOKEHNUS B KaUeCTBE €IMHOI0, MOHOJUTHOTO IIPO-
Iecca UJIM Ipoiecca, CoepsKalero rpynny IoToKoB, JJubo IPOCTO pas-
OueHMe IPUJIOYKEHU S HA IPYIIY IIPOIECCOB II0 IIPOM3BOAUTEIHLHOCTH €C-
JY ¥ He 9KBUBAJEHTHHI, TO KpaiiHe 0Ju3Ku. ITOT (haKkTOp HE NOJKEH
OBITH OIIPENEeJIIONINM, 1 IIPU CTPYKTYPUPOBAHUY IIPUIOIKEHUS CIETYET
PYKOBOJACTBOBATHLCA I€J1€CO00PA3HOCTHIO U Y IOOCTBOM.

e TIpomeccsr QNX coxpaHAOT Bce KauecTBa TakoBbIX 1 B UNIX BooOi11e:
OHU ABJIAIOTCA N30JIUPOBAHHBIMHY CYITHOCTAMM, KOTOPHIE B3anMOIeiicT-
BYIOT, €CJIHM 9TO HEOOXOAMMO, HCIIOJb3YyS JOCTATOUHO TSYKEeJIOBECHBIE
(pactountenbubie) mexanuaMmbl [PC. CoOCcTBeHHO, B 9TOM U II€HHOCTDH
IIPOIIECCOB C UX M30JUPOBAHHBIMY aJPECHBIMU IIPOCTPAHCTBAMU — DTO
MeXaHU3M 00eCIeUe sl BBICOKOHM HAMEKHOCTHU U JKUBYYECTH IPUJIOKE-
Huit. Ho QNX, He cy:kasa cuexTp obmienpuHATbIXx [PC-MmexaHU3MOB,
IPUBHOCUT COBEPIIIEHHO HOBBIH «CJIO» MHCTPYMEHTAPUsA B3auMOmei-
CTBUA — OOMEH COOOIeHUAMU MHUKposapa. IIpm aToM «mpoHHUIae-
MOCTB» IIPOIIECCOB KaK OTHAEJbHBIX KJIETOK JKHUBOTO OPTaHM3Ma CTAHO-
BUTCSI MHOTO BbIIIIe, HUCKOJbKO He CHUKAA UX «3al[UIIeHHOCTH» .

Ho Y HacC eCThb AB€ IPDUMHIIUIINAJIBHO Pa3/INYHbI€ aJIbTEPHATUBBI OJIS BbIpa-
JKEHUA 3TOTO «CJIOSA» B3aUMOJeICTBUII B CBOEM IIPOTPaMMHOM Kofe: 6a30-
BBIII MeXaHU3M 00MeHa cooOIneHuaMY (HU3KOYPOBHEBas TeXHUKA, U3BECT-
Has ere co BpemeH QNX 4.X) u MmexaHM3M MeHeAKepa pecypca. llenaThb
BBIOOD MEXKIy HUMHU IPUXOIUTCS HA dTAIle PAHHEr0 9CKU3HOI'0 IPOEKTUPO-
BaHUA CHUCTEMBI, IIOCKOJIBKY IIepeCTpanBaTh CUCTEMY C OJHOI'O MeXaHHu3Ma
Ha IPYTroi B X0Je Pa3BUTHUSA — JOCTATOUHO TPYAOEMKUII IIPOIect, KOTOPHIH
MOXKeT IMOTPeboBaTh IIePecMOTPa U apXUTEKTYPHBIX OCHOB Pa3sBHBAEMOTO
mpoeKTa.

ITosTomy, mpucTymnas K OIPOEKTHPOBAHUIO HOBOTO IIPOEKTA, MbI JOJIMKHBI
aIpUoOpPHO, OO0 Hayajga (paKTHUUeCKOH paspabOTKM, OTUETJIUBO IIPeACTaB-
JIATH, YTO BEIUTPHIBAEM U UTO IPOUTPHIBAEM, UCIOJIb3YsI TOT UJIU UHOIN Me-
XaHU3M peatusauu 00MeHa COOOIIeHusIMHU.

OBe CTOPOHbI €ANHOIro MmexaHn3ma

ITpu paccmorpernn 6a3oBoit 1151 QNX (co6CTBEHHO, AJA BCeX MUKPOSIAEP-
HbIX OC) TeXHUKU O0OMeHa COOOIIeHUsAMU B CDAaBHEHUY C TEXHOJOTUEN Ha-
OHUCaHUS MEHEJKEePOB PECYPCOB He IMOKUIAET OIIYINeHNe ITOPa3UTeIbHOR
CXOXKEeCTU MPOUCXOAAINX B 000UX CIyYaAX IIPOIECCOB. B aTOM HET HUUETO
YIANBUTEJIBHOIO, IIOCKOJbKY HHCTPYMEHTAPUN MEHEeAKePOB PECYPCOB — 9TO
TOJBKO CHCTE€MAa BHENTHUX «00epTOK» HaJ 0a30BLIM MeXaHM3MOM oOMeHa
COOOIIIEHUAMM.
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Ja ahheKTUBHOTO IPUMEHEHUA TOW UM MHOU aJbTePHATUBHON TEXHOJIO-
TUU MBI JOJI’KHBI UMETh BO3MOKHOCTD IPOAHAIU3NPOBATH MHOTHE CPABHU-
TeJbHBbIE TOKasaTeJW BBLIOMPAeMOTO0 WHCTPYMEHTAPUS: IIPOCTOTA, TI'Ub-
KOCTbh, 3(p(heKTUBHOCTD, TPYAOEMKOCTDb PEeaiN3aluM, BOBMOYKHOCTU BHECE-
HUSA UBMEHEeHUU TP PAa3BUTHUM IIPOEKTAa M Ha dTale ero ImocjaeIyIoInero co-
IPOBOKACHUSA. ITUM MBI M 3aliMeMCs B OCTaBIIIelCSa YaCTH IIaBhbI.

MpocToTa n Tpya0eMKoCTb

MexaHn3M IIPAMOro 00MeHa COODIeHUAME KpaliHe IPOCTO BBIPAXKaeTCs B
IIPOrpaMMHOM KoOgIe. Roraa AJOCTUTHYTAa IIOJIHAA ACHOCTH B SHAUYEHUAX al-
PECHBIX IIapaMeTpoB o0MeHa, HeoOXOLMMO BCEero JIUIIL HEeCKOJIbKO oIepa-
TOPOB, UTOOBI 3ACTABUTDH BCE DTO «KPYTUTLCS» .

Co cTOPOHEBI cepBepa, HAIIPUMeEDP, STO BHITJIALUAT TAK:

int chid = ChannelCreate( 0 );

while( true ) {
struct _msg_info info;
int rcvid = MsgReceive( chid, &bufin, sizeof( bufin ), &info );
if( revid < 0 ) exit( EXIT_FAILURE );
if( MsgReply( rcvid, EOK, &bufou, sizeof( bufou ) < 0 )
exit( EXIT_FAILURE );
Ix

Co CTOPOHBI KJINEHTA:

int coid = ConnectAttach( node, pid, chid, _NTO_SIDE_CHANNEL, 0 );
if( coid < 0 ) exit( EXIT_FAILURE )

while( . . . )
if( MsgSend( coid,
&bufou, sizeof( bufou ),
&bufin, sizeof( bufin ) ) == -1)
exit( EXIT_FAILURE );
1

Kopn niia peanusaiiuu Toro ke 00MeHa, HO OPraHM30BaHHOT0 KaK MeHeIKep
pecypca, 6yIeT Kak MUHIMYM B HECKOJIbKO pa3 o0 beMHee (00pasIibl MeHe -
JKepoB MBI YoKe BUEJNU PaHee II0 TeKcTy). Kpome Toro, mo 60JbIlei yactu
OH OYJZeT COCTOATH M3 3aIIOJHEHU I10Jeli HeKOTOPhIX BHYTPEHHUX CTPYK-
TYP, UCIIOJb3yeMbIX OMOIMOTeKaMI MeHe Kepa PecypPCcoB UM IIyJIa MOTO-
KoB. Ha mepBbIii TOBEePXHOCTHLIA B3TJISAA TAKOW KOJ MaJIOBPa3yMUTEJIeH.

C npyroii CTOPOHBI, BECh JOCTATOUHO O0'BEMHBIN KOJ JIFOOOr0 MeHe)xkepa
pecypca — 3TO ouepenHOe MOBTOPEHME OJHOTO U TOTO JKe 00Iero ImabJjgoHa
IS HaTUCAHUSA MeHemKepoB. [Ipu HEeKOTOPHIX MHUHUMAJbHBIX HaBBIKAX
HaMMCcaHue CaMbIX 3aMBICIOBATHIX MEHEIKEPOB PECYPCOB CTAHOBUTCS CO-
BEPIIEHHO PYTUHHBLIM 3aHSATHEM, HE IIPEBLIIIAIOIIAM 10 TPYL0EeMKOCTH Ha-
nucanue IPOCTOro oOMeHa COOOIIeHUAMY. BOIBIITNM IOACIIOPheM 3/IeCh AB-
JseTcA HaJINUYMe B KOMILIEKTe TeXHuuecKoii JokyMmeHTanuu QN X orpoMHO-
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ro (6osee 80 cTpaHuIl) paszmesia, UCUEPIILIBAIOIE ONUCHIBAIOIIETO TEXHUKY
CO3IaHUI MEeHeIKepPOB PeCypPCoOB; IO KAUeCTBY U CKPYITYJIe3HOCTH U3JI0Ke-
HHS 9TO OJHA U3 JIYUIINX YaCTeH BCeH TeXHUYECKOI JOKYMEeHTAaI .

MOKOCTb 1 MOOUNBHOCTDb

ITpu ycraHoBiIeHUU COeUHEHUS TeXHUKA IIPOCTOr0 0OMeHa COOOIeHUIMU
B KauecTBe ajpecaTa COOOIIeHWH (cepBepa) MCHOJb3YEeT «MarudecKyio
Tpoiiky» (Tpumiet [1]) mapamerpos ND, PID u CHID, rpe:

¢ ND — meCKPUIITOP CeTeBOro y3Jia, Ha KOTOPOM paboTaeT MHTEPeCyoIasa
Hac mporpaMMa-cepsep (y3es, Ha KOTOPBIM Hal0 OTCHIJIATE COOOIITeHNe);

e PID — PID mporiecca 9Toii IporpaMMbl Ha CBOEM CETEBOM y3Jie (KOMY OT-
CBLIATh COOOIIeHNE);

e (HID — HOMep KaHaja, KOTOPBIA OTKPLLIA 9Ta IIporpaMMma AJisA IpuemMa
COOOIIeHNH JaHHOI'O BHAA.

B sToii agpecanuu, moXKanyil, 1 KpoeTcs camMas IVIaBHAs IPUUYNHA Heruo-
KOCTHU MeXaHmu3Ma o0MeHa coobmeHnAMu. [[eCKpUITOP ceTeBoro yasiaa nd,
3HaUeHUe KOTOPOTro, KPOMe TOTO, CITIOCOOHO CAMOIIPOM3BOILHO U3MEHATHCA
B CETHU C TeUEeHUEeM BPEeMEHM, Mbl MOYKEM YCTAHOBUTH II0 CETEBOMY MMEHU
WHTEePEeCYIOIIero Hac XoCTa, UCIoJab3yda netmgr_strtond(). (3To meiicTBuUE MO
CBOEM CyTH N30BITOUHOE, JOIOJHUTEJIbHEIN YPOBEHb KOCBEHHOCTH, TAK KaK
MEePBUYHBIM UAeHTU(GUKATOPOM y3Ja IJIA MOJb30BaTeNs IPUIOKEHUT SIB-
JISIeTCS €T0 UM, a He JeCKPUIITOP.)

T'opasmo xy:xe mesio o6cTout ¢ pid 1 chid, ocobeHHO AJis ITpoliecca, BhITTOJIHA-
[oIlerocsa Ha yoaJeHHOM ceTeBoM yaie. He cyiecTByeT B o6IieM Buae Mps-
moro ciocoba ycranoBuTh PID ymaseHHoro mpoiiecca, a TeM 6ojiee HOMeEp
KaHaJla, KOTOPBIN OTKPBLI 9TOT IIpollecc Ajs obMeHa (Mam BOOOIIe HE OT-
KPBIBAJ, €CJI MbI, HATIPUMeE), OIudanch B ompeneaerauu ero PID). 1 Torma
Ha TOMOIIb IPUXOAAT HEKOTOPHhIe NCKYCCTBEHHBIE TPUEMbI, ITIOCTPOCHHbBIE
160 HA MCIIOJb30BAHUY HEKOTOPBIX MepapXuuecKux (POauUTEeTbCKUN—a0-
YePHUI) COOTHOIIIEHUH IIPOIIECCOB KJIMEHTa U cepBepa, JIM0O Ha cCUCTeMax
COBEPIIIEHHO YCJOBHBIX MTOTOBOPEHHOCTeH (IIPOM3BOJBLHBIX M BapbUPYIO-
IIUXCS OT CJIy4Yas K CJIyUaro).

P. Kepren [1] ormeuaeT, UTO CyIeCTByeT MHOKECTBO CIIOCOOOB HAXOXKIe-
HUSA 9TOH aJpeCcHO TPUAIbl, U IePEUNCIIeT HEKOTOPbIe U3 HUX:

1. Omkpuimdv ailn ¢ u3gecmubviym umenem u coxpanums 6 Hem ND/PID/
CHID...

2. Hcenonvszosamv 0asa o0ssa8aeHUs udenmupuramopose ND/PID/CHID
27100a1bHbLE NepeMeHHbLe NPOZDAMMDBL...

3. 3aHamb wacmv nPOCMPAHCMEaA UMEH nymeil U cmamb a0MUHUCMPAMO-
pom pecypcos.

He BmaBasice B moapoOHBIN aHaMu3 (BBl 9TO MOKeETe CIejlaTh caMu), OTMe-
TUM, 4TO 1-1 crtoco0 — KpaiiHe NCKYCCTBEHHBIN 1 HeTUOK M (0COOEHHO B ce-
TeBOIi cpene), 2-if — KpaliHe OrpaHyYeH U IIPUMEHUM JUIIL K Y3KOMY KPYTy
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3aja4, a 3-if cmocob MOABOAMUT HAC K IIPUMEHEeHHNI0 COBCEM APYroii, aJabTep-
HaTHBHOfI TeXHOJIOTUMU C UCIIOJIb3YEMbIMH €10 IPMHIITUIIaMU aJgpecalum.

HeckoybK0, 6€3yCI0BHO, MHTEPECHBIX U 3aCIYKUBAIOIUNX BHUMAHUSA Ba-
puanuii Ha TeMy TeXHHKH oOMeHa COOoOIleHuAMHN Ipeaigaraer B. 3aiiies
B IPUJIOKEHUM, KOTOPOe CJeAyeT 3a JaHHOU I'JIaBOM.

ITonp3ysace ciryuaeM, BHECEM U MBI CBOIO JIETITY B « KOIIUJIKY» CIIOCOOOB BBI-
YUCJIEHUA aJPeCcHON TPUAABI ¥ YBASBIBAHUSA KJIUEHTA C COOTBETCTBYIOITUM
cepBepoM. B Tex HeUacTBIX CIydYasix, Korma Tpedyercs o6eclieunuTb MaKCu-
MaJIbHO BO3MOJKHYIO IJIOTHOCTD ITOTOKA oOMeHa (00 9TOM cM. JaJjee), a WH-
dopMAaIIMOHHBINA KaHAJ JKeJaTeJbHO CO3aTh Ha 0a3e MMEHHO IIPAMOro 00-
MeHa COOOITeHUAMHU, MbI IpeAiaraeM OQOPMJIIATH CEPBEPHBINA MPOIECC O~
HOBPEMEHHO U KaK CIIeIIUaJbHBIN MeHeIKep pecypca, 1 KaK KaHaJ IIPIMO-
ro obMeHa coolIneHuaMu. I[Ipu 9TOM KJIMEHT, HOJIb3yACh aapecanueii Iyt
K MeHeI Kepy, 3amparnmuBaeTr ero no read() muau devctl(), Ha KOTOphIe Me-
HemKep BodBparaeT ¢cBoil PID u OTKPBITHIN AJI51 IPAMOTO OOMeHa JOIIOJIHI-
teabublt CHID. Ha sToM pyHKIIUM MeHeIKepa 3aKaHYNBAIOTCS, a BeCh MH-
dopMaIMOHHBIN 0OMeH Jajiee UAeT OOMEeHOM COOOIIeHnT Yepes YKa3aHHbII
KauaJy. [ToJHBIN TEKCT TAKOTO cepBepa OyeT MOKa3aH B IpUMepe IT033Ke.

Temneps oOpaTuMca K TEXHOJOTUM MeHeIKepa pecypcoB. B aToii TexHUKe
MeHeIKep PerucTpupyeT B IPOCTpaHCTBe MMeH (B (aiiioBoii cucreme)
YHUKAJIbHOE UM, 10 KOTOPOMY KJINEHTHI, 3aNHTEPECOBAHHbBIE B €T0 Pecyp-
ce, OyayT agpecoBaThbca K MeHemkepy. Maea He HoBa aaa mupa UNIX (ka-
Tajsoru (GalJoBOM CUCTEMBI /Proc miam /dev, KaK IIpaBUJI0, BOOOIIe HE CO-
JIepsKaT peaJbHBIX (DAfijoB), U OHA HAXOAUT Bce GoJiee TOCJIEOBATEIHLHOE
paciiupeHre B HOBLIX PaspabOoTKaX OIepallMOHHBIX CUCTEM, OTTAIKNBAIO-
muxces or UNIX, manpumep Plan9 uiau Inferno.

TexHUKa MeHemKepa pecypca BBOLUT NOIOJHUATEILHBIN YPOBEHb paspelre-
HUSA UMEH, KOTOPBIH pealnsyeTrcs uepes MeHea ke IMPoIeccoB procnto (KaK
9TO MPOUCXOAUT, IOAPOOHO U HA MpuMepax omnuckiBaeTcd B [1]). IIpoucxo-
nsamniee npu BeinmosHeHuu POSIX-omepaTopa:

int fd = open( /net/host/dev/srv, 0_RDONLY );

IO BHYTPEHHEMY COJIePIKAaHUIO B TOUHOCTU COOTBETCTBYET TOMY, UTO IIPOUC-
XOJUT B IIPOIlecce OpraHmsanuu ooMeHa COOOIIeHNAMY IPY BBITTOJTHEHU N

int coid = ConnectAttach( node, pid, chid, 0, 0 );

U MOJKeT Jaske IPU OIpeJeeHHBIX 00CTOATENIbCTBAX BO3BPATHUTH TO Ke
3HaUeHWe U YK IO KpalHell Mepe Bcerga BO3BpalllaeT 3HAUEHHUE TOHM JKe
IPUPOALI, XOTS MBI I TOBOPUM II0 IIPUBBLIUKE B IIEPBOM cJay4dae «(paijoBbIii
IECKPUIITOP», & BO BTOPOM — « UAEHTU(PUKATOP COeINHEHNA» . 3NECh OTUET-
JIMBO BUJHA IIOAMEHAa aApecHou Tpuaabl node, pid u chid mmeHeM nyTu /net/
host/dev/srv.

Mopenp agpecanuu MeHemKepa pecypca B QNX, KoHeuHO, HAaMHOTO OoJiee
yHUBepcajgbHa, TuOKa 1 MOOMIbHA, HeXKeJIN MO/Ie b IPSIMOTro oOMeHa co00-
meHnaMu. Hampumep, MOMKHO HAINCATH CEPBEP, KOTODPHIN IIpU 3alyCKe
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BOCIPUHUMAJ ObI MOJHOE UMsA, 01 KOTOPHIM OH OyIeT PerucTPpUpPOBaThC
B IIPOCTPAHCTBE UMEH, HampuMep (IIyCTh Aarke HEKOTOPbIe BApUAHTBI M COM-
HUTEJIbHBI B CBOEI OCMBICJIEHHOCTH):

# server -n /dev/srv
# server -n /proc/srv
# server -n /fs/srv

MokHO 3amyCcTUTh HECKOJIBKO SK3eMILJISIPOB TAKOI'0 CepBepa, BO3MOIKHO
MOAU(DUIIMPOBAHHBIX MCIIOJIb30BAHUEM JPYTUX KJIIOUEH 3aIrycKa:

# server -n /dev/srv1
# server -n /dev/srv2

HaxkoHen, MOXKHO cie1aTh 9TO He TOJHKO Ha CBOEM JIOKAJILHOM y3JIe CEeTH,
HO 1 Ha PYTUX CETEBHIX y3Jax:

# on -f host1 server -n /dev/srvi
# on -f host1 server -n /dev/srv2
# on -f host2 server -n /dev/srvi
# on -f host2 server -n /dev/srvi

Tenepb, €CJIM Halll KJIMEeHT BBIIIOJIHEH TaK, YTO IIO3BOJIAET IIPpU 3aIlyCKe
YKa3aTb UMsdA CepBepa, ROTOpLIﬁ OH OOJI)KE€H HCIIOJIBb30BaThb, MBI MOMKEM
IIPDUMEHUTH TAKOH KJIUEHT AJISA pa60’1‘1:1 C CaMbIMHU Pa3JINYHBIMU 3K3€MILJIA-
pamMmu cepBeposB, r'ae ObI OHU HU HaXoAUJNCh B CETU, HAIIpPUMeEDP:

# client -s /dev/srvi
# client -s /net/host2/dev/srv1

ITonubIli MCXOMHBIM KO TAaKOM peanusanuu OymeT HOKasaH B IIpUMepe,
K PaCCMOTPEHUI0 KOTOPOT'0 MBI IlepeiiieM IIocje 3aBePIIeHU A 9TOI'0 pa3/eia.

B uemMm elrie cocTOUT pasanumne, KOTOPOEe MOMKHO OTHECTH K KATeropuu I'uod-
KOCTU MEXaHU3MOB?

B kpaTKoii cxeme, IOKa3aHHOUW KOJOM IIPeAbIAYIIIErO pasiesia, BLI30BOM:
MsgSend( coid, &bufou, sizeof( bufou ), &bufin, sizeof( bufin ) )

MOJKeT OBITh ITOCJAaHO COO0IeHe MPOU3BOJIbHOM (B IIpeaesiax abCoTIOTHBIX
orpanmueHuit) AauHbI (sizeof( bufou )). OTo coobienue (¢ maHGOPMATIIEH
0 ero GaKTUYECKOH AJinHe) OyAeT IPUHATO CEPBEPOM, KOTOPBINA B CBOIO OUe-
penb MOXKeT OTBETUTh COOOIeHeM MPOU3BOJIBLHON AJNHBLI, KOTOpPOe 1 0y-
JIeT IO0CTaBJIEHO KJIMEHTY B OTBET Ha orepaTtop MsgSend().

ITpu oOMeHe ¢ MeHeIKepoM PeCcypPCcoB, B CUIY HEOOXOAUMOCTH IPUBEIEHU I
KJIMEHTCKUX 3aIlIPpOCOB B «IIPOKPYCTOBO JoxkKe» POSIX, KapTuHa NpUHIIA-
MHUAJIBHO APYras: KasKIbIH 3aIIPOC MOYKET OIIePUPOBATH TOJBKO C JAHHBIMU
TOH AJMHBI, KOTOPAas IpegoIpeeseHa CTaHAapTOM.

1. Komanape! rpynmsl read() MOTYT IlepeiaTh B HAIIPABJIIEHUY CePBEPA TOJIb-
KO KOJ KOMAaHJbl, YTOUHEHHBIN mapaMmerpaMu (HampuMmep, IJIWHA 3a-
IpamnuBaeMbIX AAaHHBIX), HO He JaHHBIE. B 0TBET cepBep MOJKET Iepe-
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IaTh KJINEeHTY MaHHbIe MPOM3BOJIbHON AanHbI. O6MeH HaHHBIMU OXHO-
HATpaBJIeHHBII, B HATTPAaBJICHUU OT cepBepa K KJIUEHTY.

2. KomaHasl rpynnsl write() MOTYT mepeiaTh OT KJIMEHTA K CepBEPYy AaH-
HBbIE IIpOI/[3BOJILHOﬁ AJINHBI, HO B OTBET CEPBEP MOMET BO3BPATUTh TOJIb-
KO KOJ pe3yJbTaTa — YHCJ0 0aiT, (paKTUUEeCKHU YCIIEIITHO MOJYyUYeHHBIX
B pesyJsbTaTe omnepanuu. O0OMeH TaHHBIMY OTHOHAIIPABJIEHHBIH, B Ha-
IpaBJIeHUHU OT KJIUEHTY K cepBepy.

3. Komanpa devctl(), MCIOJIb3YIOMIAsACT OOBIUHO AJIA OPTaHM3aIlny KaHa-
Jia ympaBjieHuA (HO 9TO He 00d3aTesIbHO), B 3aBUCUMOCTH OT KOZAa KO-
MaHIbI MOYKET IIepemaBaTh JaHHBIe Ju00 K cepBepy (momobmo write()),
aub0 oT cepBepa (momob6wHo read()), 1ubO B 000X HaTpaBIEHUAX 34 OAUH
obomen. Takum o6pasoM, 9TO KOMAaHION MOKET ObITh OPTAaHU30BaH ABY-
HampaBJIeHHBbIIT oOMeH. Boo6Iile ToOBOps, NPUHSATO CUYUTATh, UTO IIO
devctl() mepenatoTca maHHBIE (PUKCHPOBAHHOM IJIVHBI: AJUHA IIepeaa-
BaeMoro 0JIOKa JAHHBIX OIpeAesieTcs HeIIOCPEeACTBeHHO KOJOM KOMAaH-
oel. Ho 5TO He siBJIsieTCs cepbe3HBbIM OrPAaHNUYEHMEeM: Mbl MOXKEM QUHA-
MHUUYECKH (POPMUPOBATH KO KOMAHILI IIepel, 0OMEHOM MCXOIA 13 00b-
eMa JaHHBIX, IOJJIeKAInX Iepenaue (Kak 3To OyaeT MOKasaHo B IPU-
Mepe cienymoolinero pasgena). Takoll TPIOK MO3BOJISAET OPraHN30BaTh
0o0MeH NAaHHBIMU IPOM3BOJBbHON MInHLI. OrpaHMUYeHNe 37eCh COCTOUT
B IPyroM: o6 beMBbI JaHHBIX, IIepeJaBaeMble 1Mo devctl() B 060uX HAIIpPaB-
JIeHUSX, DOJI’KHEI OBITh paBHbI! A 3TO, COTIacUTECh, He COBCEM TO, UTO
MbI BUIEJIU IIPU ITIPOCTOM OOMeHe COOOITeHUAMU.

4. HaKOHeIl, IIOCJIEJHNM BapHaHTOM obMeHa ¢ MeHeIXepPOM pecypca ABJIA-
eTcsa 00OMeH «CBIPDBIMM » , He(l)OpMaTHpOBaHHLIMI/I COO6H_[eHI/IHMI/I. Ho ato
YViKe Bapuanusd IIpocToro obMeHa COOﬁH.IeHI/IHMI/I, a KaK ee peajn3oBaThb
B KOJl€, IIOKa3aHO B IIPUJIOKEHUN B. SaﬁueBa.

C mpyroii cTOpOHBI, TaKas IOBBIIIIEHHAA I'MOKOCTH IIPOCTOTO 00MEeHa c000-
IIeHUSMU B OTHOIIEHUY Pa3MepPOB IIepeZlaBaeMbIX JaHHBIX — IIPeIMeT II0-
TEeHIMAJbHBIX OIINOOK, B TO BpeMsa Kak peraameHTupyemoe POSIX moge-
IeHre 0OOMeHHBIX (QDYHKI[MI HeceT B cebe JOMOJHUTEIbHBIM KOHTPOJIb KOP-
PEKTHOCTH.

dPPeKTBHOCTb peannsaummn

Ecau TexHMKa MeHeI:KepOoB PeCypPCcoOB — 3TO TOJBKO HaACTPOITKa Haj 6a30-
BBIM MEXaHU3MOM O0MeHa COODIIeHUAMU, TO BOSHNKAET COBEPIIIEHHO ecTe-
CTBEHHBI BOIIPOC: KAKOBA Ke IlJIaTa 3a MCII0Jb30BAHUE 3TOTO IPOU3BOLH-
TEJIBHOTO U «KOM(MOPTHOT0» MeXaHuaMma?

st aHaim3a «CKOPOCTHBIX» XAPAKTEPUCTUK AJbTEPHATHUBHBIX MEXaHU3-
MOB 00MeEHAa COOOINEeHUAMH CO3AAAUM TPYIITY IPUJIOMKEHUN (KJIUEeHTCKue
u cepBep, @ailavt cli.cc, clr.cc u srv.cc), a YTOOBI OTJEJIBHO He BLIIUCHIBATH
oInpesesieHNs, UCII0Jb3yeMble IPUJIOMKEHUAMU, BEIHECEM UX B OTJEJIbHBIN
daiin onpenesnenuti (paitn common.h).
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06u1.ue onpepesieHUA NpoeKTa

const char VERSION[] = "vers. 1.03";

// vmMga, nom KoTopbM OyneT perucTpupoBaThCd B MPOCTPAHCTBE
// WMEH Hall TecTOBbi# MeHemxep pecypca
static const char DEVNAME[ _POSIX_PATH_MAX ] = "/dev/srr"”

// “6asoBag 4acTb” komaHmp devctl(), KOHKPeTHb1 Koa KomaHas OyneT
// GOpMMPOBATHLCA AMHAMMYECKWM Ha OCHOBE 9TOW 4acTu, HO WUCXOad
// n3 daKkTn4yeckoin anuHe 6noka nepenaBaeMbix LaHHbIX
const unsigned int DCMD_CMD = 1,
DCMD_SRR = POSIX DEVDIR _TOFROM + ( _DCMD_NET << 8 ) + DCMD_CMD;

// CTpyKTypa OTBETOB MeHemxepa pecypca no 3anpocy read()
struct result {
pid_t pid;
int chid;
uint64_t cps;
result( void ) {
pid = getpid();
// ecnn yx Bo3BpauwaTb, TO U cnyxebHyi uHbopmaumo ;)
cps = SYSPAGE_ENTRY( gtime )->cycles_per_sec
N
1

// 3aBeplieHne C M3BelleHUeM KOoda NpuinHbl
inline void exit( const char *msg ) {
cout << "\r':
perror( msg );
exit( EXIT_FAILURE );
1

B 9T0it yacTu KaKUX-I100 KOMMEHTAPHEB 3aCAYKHUBAeT PasBe UTO CTPYK-
Typa result. Haiir cepBep ycTpoeH «HA060pPOT»: HHGOPMAIMOHHLIN 00MeH
JaHHBIMU OH OCYIIECTBJISET II0 3ampocy devctl(), 3ampoc read() HaM «He
HYK€H», ¥ MbI UCIIOJIb3YEM eT0 TOJLKO AJiA BodBpaTa uHdopmariuu (PID +
CHID) 06 aBTOHOMHOM KaHaJje 00MeHa COObIeHnAMU. 3a0JHO MBI IIepeaa-
eM B II0JIe CDS 9TOM CTPYKTYPHI 3HAUEHUWEe TAKTOBOM YaCTOTHLI IpoIleccopa
cepBepa, YTO MMO3BOJISIET 3HATD, «C KEM MBI IMeeM [eJI0» IIPU 9KCIepPUMeH-
Tax B CETH.

Temeps MBI BIIOJIHE TOTOBBI HAIMCATh KOJA cepBepa. JTOT cepBep (Qaiin
srv.cc), B OTJIMYME OT TPAAUIIMOHHBLIX, MMEEeT ABa HEe3aBUCHUMBIX KaHaja
TOKJIIOUEHU I : KaK MeHe[»Kep PecypcoB U KaK cepBep IPOoCcToro obMeHa co-
obmenuamMu. Kak MeHemKep OH II0 3ampocy read() Bo3BpalllaeT agpecHbIe
rKommoueHTh! (PID, CHID) aisa o6mena coobmienuamu (ND KianeHT qosskeH
BOCCTAHOBUTH CAMOCTOATENbHO). I1o 3ampocy devct1(), a TaKkKe 0 3aIIpoCy
IO aBTOHOMHOMY KaHaJay oOMeHa COOOIeHNAMU CePBeP IPOCTO PETPAHCIIN-
pyeT oO6paTHO MOJYUEHHBIH OT KJAUeHTa 6JIOK JaHHBIX (B KAKOM-TO CMBICJIE
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mo obouM KaHajaaM oOMeHa HAIll CePBep SIBJISETCS «3eDPKaJIOM», OTPaKaio-
UM JaHHEIE).

CepBep 3anpocos

result data;

// peannsaums obpaboTunka read()
static int readfunc( resmgr_context_t *ctp
10_read_t *msg
iofunc_och_t *ocb ) {
int sts = iofunc_read_verify( ctp, msg, ochb, NULL );
if( sts != EOK ) return sts;
// BO3BpaWaTb OJHW W Te Xe CTaTU4eckue paHHbIe..
MsgReply( ctp->rcvid, sizeof( result ),
&data, sizeof( result ) );
return _RESMGR_NOREPLY;

// peannsauua 06paboTynka devctl:
static int devctlfunc( resmgr_context_t *ctp
io_devctl_t *msg
iofunc_ocb_t *ocb ) {
int sts = iofunc_devctl_default( ctp, msg, ocb );
if( sts != _RESMGR_DEFAULT ) return sts
// pasbop amHamuuecku cospgasaemoro koga dvetl(),
// V3BNeYeHWe U3 Hero [ANWHH NpUHATOro 6noka
unsigned int nbytes = ( msg->i.dcmd - DCMD_SRR ) >> 16;
msg->0.nbytes = nbytes;
// v TyT xe peTpaHcnauns 0Onoka Hasap
return _RESMGR_PTR( ctp, &msg->i, sizeof( msg->i ) + nbytes );

// ycTaHOBKa OAHOMOTOYHOIrO MEHedxepa, BhINONHAEMAs
// B OTHENBHOM noToKe
static void* install( void* data ) {
dispatch_t *dpp
if( ( dpp = dispatch_create() ) == NULL )
exit( "dispatch allocate” );
resmgr_attr_t resmgr_attr;
memset( &resmgr_attr, 0, sizeof( resmgr_attr ) );
resmgr_attr.nparts_max = 1
resmgr_attr.msg_max_size = 2048;
static resmgr_connect_funcs_t  connect_funcs;
static resmgr_io_funcs_t io_funcs;
iofunc_func_init( _RESMGR_CONNECT_NFUNCS, &connect_funcs
_RESMGR_IO_NFUNCS, &io_funcs );
// onpenensem 06paboTky, OTAMYHYK OT 06paboTKM MO yMONYaHui,
// Tonbko Ang AByx komaHpa: read() & devctl()
io_funcs.read = &readfunc;
10_funcs.devctl = &devctlfunc
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static iofunc_attr_t attr
iofunc_attr_init( &attr, S_IFNAM | 0666, 0, 0 );
// CBA3biBaeM MeHemxep C ero npepuKCHLM UMEHEM
if( resmgr_attach( dpp, &resmgr_attr, DEVNAME
_FTYPE_ANY, 0, &connect_funcs
&io_funcs, &attr ) == -1)
exit( "prefix attach” );
dispatch_context_t *ctp = dispatch_context_alloc( dpp );
while( true ) {
if( ( ctp = dispatch_block( ctp ) ) == NULL )
exit( "block error” );
dispatch_handler( ctp );
b
}

// pasmep Oyodepa ans obmeHa cCoOOWEHUAMM
// 9TOro Ham XxBaTWT C OONbWLMM 3anacoM W HAJZoAro ;)
const int blk = 100000
// 00paboT4MK HU3KOYPOBHEBHIX COOOWEHNI
// Takxe paboTaowuit B OTAENbHOM MOTOKE
void* msginout( void* ¢ ) {
static uint8_t bufin[ blk ]
struct _msg_info info;
while( true ) {
int rcvid = MsgReceive( data.chid, &bufin, blk, &info )
if( revid < 0 ) exit( "message receive" );
if( MsgReply( rcvid, EOK, &bufin, info.msglen ) < 0 )
exit( "message reply” );

// "nycTon” obpaboTunk peakumu Ha “C (curHan SIGINT)
inline static void empty( int signo ) { }

// rnaBHas nporpaMma, KoTopasg BCE 9TO “X039MCTBO” YyCTAHOBUT
// w byneT 6e3ponoTHO xAaTb 3asepueHus no “C ;)
int main( int argc, char *argv[] ) {
cout << "SRR server: " << VERSION << endl
// OTKpLIBAETCH MeHeaxep pecypca
int fd = open( DEVNAME, O_RDONLY );
// ecnu mMeHeaxep OTKPHLACH, TO 9TO HaM HE HYXHO —
// nybnukaTe He co3[aBaThb!
if( fd > 0)
close( fd ),
cout << "already in use: " << DEVNAME << endl
exit( EXIT_FAILURE );
// nepexsaThiBaem peakuuio “C:
cout << ", . . . . . waiting “C. . . . . ." << flush
signal( SIGINT, empty );
// cos3paeTcs kaHan ang obmeHa HW3KOYPOBHEBHMKU COOOWEHUAMM
data.chid = ChannelCreate( 0 );
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1

// W 3anyckaeTcsd OTAENbHHM NOTOKOM PETPaHCNSTOp C 3TOro KaHana
if( pthread_create( NULL, NULL, msginout, NULL ) != EOK )
exit( "message thread” );
// 3anyckaeTcs MeHeaxep pecypca
if( pthread_create( NULL, NULL, install, NULL ) != EOK )
exit( "manager thread” );

// . . . Bcel Mw cBoe fgeno cpenanu u oxupaem “C .
pause();

cout << "\rFinalisation... " << endl;
// . . . 04ncTKa, 3aBepueHue .

ChannelDestroy( data.chid );
return EXIT_SUCCESS;

ITepBas kaueHTCKas mporpamMmma (¢ailz cli.cc) mochlaaeT cepBepy OJIOK gaH-
HBIX YKa3aHHOM AJUWHBI (IJMUHa MOKET U3MEHATHCS B MIUPOKUX Hpeaeaax
YKasaHueM IIPU 3aIllyCKe KJ4Ya -b) M OKHAAeT OT HEero PeTpPaHCJISAIUH,
[ocJjIe Yero 3aMepsieT BpeMs OTBeTa OT cepBepa. ITOT MPOILeCC ITIOBTOPAETC
MHOTOKPATHO (KJII0Y -Mm).

MepBbIN KNNEHTCKUIA NpoLecc

#include “common.h”

static uint64_t *tim;
static int num = 10;

// BHBOJ pe3ynbTaToOB C OUeHKOW cTaTucTuku: cpepHee, GC.K.O.
static void outtim( void ) {

b

double m = 0., s =0.;
for( int 1 = 0; 1 < num; i++ ) {
double d = (double)tim[ i J;
m+=d; s +=d * d;
b
m /= num;
s=sqrt( s/ num-m=*m);
cout << "\t' << (uint64_t)floor( m + .5 ) << "\t™"
<< (uint64_t)floor( s + .5 ) << "\t{"
<< (uint64_t)floor( s / m * 100 + .5 ) << "%}"
<< endl;

int main( int argc, char **argv ) {

cout << "SRR client: " << VERSION << endl;
int opt, val;
unsigned int blk = 100;
char PATH[ _POSIX_PATH_MAX ] = "";
while ( ( opt = getopt( argc, argv, "n:bmm:" ) ) I= -1)
{
switch( opt ) {
case 'n’ // uMs xocTa cepsepa
strcpy( PATH, "/net/" );
strcat( PATH, optarg );
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break;
case ‘b’ // paamep 6noka obmera (6aiT)
if( sscanf( optarg, "%i", &blk ) != 1)
exit( "parse command line failed" );
break;
case ‘m’ // 4ACNO NOBTOPEHWIt Takux 610KOB
if( sscanf( optarg, "%i", &num ) != 1)
exit( "parse command line failed” );
break;
default :
exit( EXIT_FAILURE );
}
1
// “cocTaBuTb” NONHOE MMA MeHemxepa
strcat( PATH, DEVNAME );:
cout << "server path: " << PATH << ", block size = "
<< blk << " bytes, repeat = " << num << endl
// Npy MHUUManM3auMKM Mbl Cpasy Mnosy4aeMm CKOpPOCTb Mpoueccopa KiaveHTa
result data;
cout << "CPU speed [c.p.s.]: client = " << data.cps;
// nbTaemcs NOAKNOYUTHCH K CepBepy-MeHemxepy
int fd = open( PATH, O_RDONLY )
if( fd < 0 ) exit( "server not found” );
// 4nTaem ero napameTpsl
if( read( fd, &data, sizeof( result ) ) == -1)
exit( "parameter block read” );
cout << ", server = " << data.cps << endl
tim = new uint64_t[ num J;
uint64_t tim2;
uint8_t *bufin = new uint8_t[ blk ]
*pufou = new uint8_t[ blk ];
// onpenensem [eckpunTop CeTeBoro yana
int32_t node = netmgr_strtond( PATH, NULL );
// 9TO WHTEepecHoe MecTO: eCnV B MMEHW HeT CeTeBOro npedukca nyTw,
// HO 9TO UMS yAaeTcs OTKPLTb, TO 3TO NOKaNbHHA XOCT!
if( node == -1 && fd > 0 && errno == ENOENT )
node = ND_LOCAL_NODE
// N0 aApecHbM AaHHbIM, MOMYYeHHsM paHee no read(), cosgaem KaHan
// Bng npamoro obmeHa coobuweHusMM C Tem Xe MNpoLecCOoM:
int coid = ConnectAttach( node, data.pid, data.chid,
_NTO_SIDE_CHANNEL, 0 );
if( coid < 0 ) exit( "connect to message channel” );
cout << "- message exchange:” << flush
// obMeH N0 KaHany HWU3KOYPOBHEBbLIX COOBUEHN
for( int 1 = 0; i < num; i++ ) {
tim[ 1 ] = ClockCycles();
if( MsgSend( coid, bufou, blk, bufin, blk ) == -1)
exit( "exchange data with channel” );
tim[ 1 ] = ClockCycles() - tim[ 1 ];
b
outtim();
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ConnectDetach( coid )
// NOBTOpPAEM B TOYHOCTM TOT xe obmeH, HO no 3anpocy devctl()
unsigned int DCTL = ( blk<<16 ) + DCMD_SRR
cout << "- manager exchange:” << flush
for( int i = 0; 1 < num; i++ ) {
tim[ 1 ] = ClockCycles();
if( devetl( fd, DCTL, bufou, blk, NULL ) != EOK )
exit( "DEVCTL error” );
tim[ 1 ] = ClockCycles() - tim[ 1 ];
b
outtim();
close( fd );
delete [] bufin, delete [] bufou
delete [] tim;
return EXIT_SUCCESS
1

CMOTPUM JIOKAJbHBLIE PE3YJIbTATEI UCIOJHEHNUA W OIEHKM, KOTOPLIE JaeT
HaM 9Ta KJIUeHTCKad mporpaMma (3HakoM «~» ormeueHo C.K.O. mpexamrect-
BYIOIIIETO €My B BBIBOJ€ 3HAUYECHUA N3MEPEHHO cpeqHel BeJIMUNHbBI, II0CIe
yero B CKOOKax — ImporeHTHoe oTHoIneHne aToro C.K.O. K uamepsemoii Be-
JUYUHE):

# nice -n-19 cli -b1 -m1000

SRR client: vers. 1.03

server path: /dev/srr, block size = 1 bytes, repeat = 1000
CPU speed [c.p.s.]: client = 534639500, server = 534639500

- message exchange: 2693 ~168 {6%}

- manager exchange: 6579 ~357 {5%}

# nice -n-19 c¢li -b10 -m1000

SRR client: vers. 1.03

server path: /dev/srr, block size = 10 bytes, repeat = 1000
CPU speed [c.p.s.]: client = 534639500, server = 534639500

- message exchange: 2726 ~258 {9%}

- manager exchange: 6725 ~378 {6%}

# nice -n-19 ¢li -b100 -m1000

SRR client: vers. 1.03

server path: /dev/srr, block size = 100 bytes, repeat = 1000
CPU speed [c.p.s.]: client = 534639500, server = 534639500

- message exchange: 3351 ~190 {6%}

- manager exchange: 7055 ~-414 {6%}

# nice -n-19 ¢li -b1000 -m1000

SRR client: vers. 1.03

server path: /dev/srr, block size = 1000 bytes, repeat = 1000
CPU speed [c.p.s.]: client = 534639500, server = 534639500

- message exchange: 3912 ~369 {9%}

- manager exchange: 8312 ~4024  {48%}

# nice -n-19 ¢li -b4000 -m1000

SRR client: vers. 1.03

server path: /dev/srr, block size = 4000 bytes, repeat = 1000
CPU speed [c.p.s.]: client = 534639500, server = 534639500
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- message exchange: 5393 ~518 {10%}

- manager exchange: 10666  ~770 {7%}

# nice -n-19 ¢li -b6000 -m1000

SRR client: vers. 1.03

server path: /dev/srr, block size = 6000 bytes, repeat = 1000
CPU speed [c.p.s.]: client = 534639500, server = 534639500

- message exchange: 7373 ~612 {8%}

- manager exchange: 12423 ~995 {8%}

# nice -n-19 ¢li -b10000 -m1000

SRR client: vers. 1.03

server path: /dev/srr, block size = 10000 bytes, repeat = 1000
CPU speed [c.p.s.]: client = 534639500, server = 534639500

- message exchange: 14365  ~953 {7%}

- manager exchange: 16018  ~5399  {34%}

ATOo TaeT HaAM CJENYIONYI0 MHDOPMAIINIO:

O6mMeH ¢ cepBepoM, pabOTaIOMIMM HA JOKAJIbHOM XOCTE, IIPOUCXOIUT
CHUHXPOHHO: KJIMEHT, IIepecjiaB 3alpoc CepBepy, OJOKUPYETCA B OKuIa-
HAY OTBETa OT HEro. B aTUX yCIOBUAX MBI 3arpysKaeM IIPOIleccop Ha
100% coBMecCTHOM aKTUBHOCTBHIO KJIMEHTA U CePBepa.

OOMeH B 9KBHBAJEHTHBIX YCJIOBUSIX C CEPBEPOM, paboTalIIMM KaK Me-
HeIKep pecypca, TpedyeT (B CpaBHEHUH C IIPIMBIM 00MEHOM COOOIIeH-
avu) B 1,12—2,44 pa3s 6oJbIllee KOJIUUYECTBO IIPOIECCOPHBIX ITUKJIOB HA
cBOe 00CIy:KUBaHUE, U, B OTHOCUTEJbHBIX eINHUIAX, MAKCUMAJIbHO
JOCTHKUMAas IPON3BOAUTEIbHOCTh MEeHe I Kepa MeHbIrne Ha 12—144% .

Cambie mHebnaronpusaTHbie (144% ) 3HaUeHUA OTHOCATCS K CJIydaro 00-
MeHa KopoTkuMu coobmeHusamMu (1—-10 6afiT); ZOCTaTOYHO OIIYyTHMOE
(~2) 3HAUeHUE 3TOTO COOTHOIIEHU S COXPAaHAETCA 10 Pa3MepoB IepeaaBa-
eMBbIX 0JIOKOB JAHHBIX, paBHBIX 8—10 KoaifiT.

Haxiagmble pacxoanl Ha Ilepegady eITMHUYHOTO OaiiTa nHpOpMAaIiy He-
ponycTuMo Besquku (2693 muKaoB Ha 6aliT Ipu oOMeHe COOOIeHUIMU
u 6579 nmuKJI0B Ha GaliT — AJA MeHeI:Kepa) IPU OpraHU3aUU oOMeHa
KopoTKuMU coobiieHusamu. C poctoM ob6bemMa JaHHBIX, IIepeJlaBaeMbIX
3a OOWH IIUKJ 0OOMeHa, 9TOT ITI0Ka3aTeJIb OUeHb Pe3KO majgaet (Ha 0Jiokax
mo 100 6aiit y:xe 33,5 u 70 COOTBETCTBEHHO, T. €. 2 opAaKa). i cuc-
TeM C UHTEHCUBHBLIMU MMOTOKAMU oOMeHa Heo0OXO0IMMO CTPEMUThCA MaK-
cUMaJIbHO OGJIOKMPOBATh IMepeJaBaeMble MaHHbIE M MUHHUMU3WPOBATD
YMCJIO0 aKTOB OOMeEHA.

Tereps BLIIIOJHUM TO K€ CAMOe, HO IpU 0OMeHEe C CePBEPOM, JIOKAJIN30BAH-
HBIM Ha YIAJ€HHOM XOCT€ CeTH (MBI HCIOJb3yeM HU3KOCKOPOCTHYIO CETh
10 M6uT/cek, Ha KOTOPOIi Bce apeKThI 6oJiee HATJISATHEI):

# nice -n-19 ¢li -nrtp -b1 -mb500

SRR client: vers. 1.03

server path: /net/rtp/dev/srr, block size = 1 bytes, repeat = 500
CPU speed [c.p.s.]: client = 534639500, server = 451163200

- message exchange: 671017 ~391587 {58%}

- manager exchange: 712181  ~394844 {55%}
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# nice -n-19 cli -nrtp -b10 -m500

SRR client: vers. 1.03

server path: /net/rtp/dev/srr, block size = 10 bytes, repeat = 500
CPU speed [c.p.s.]: client = 534639500, server = 451163200

- message exchange: 642456 ~380313 {59%}

- manager exchange: 743094  ~423717 {57%}

# nice -n-19 c¢li -nrtp -b100 -m500

SRR client: vers. 1.03

server path: /net/rtp/dev/srr, block size = 100 bytes, repeat = 500
CPU speed [c.p.s.]: client = 534639500, server = 451163200

- message exchange: 878686 ~432230 {49%}

- manager exchange: 907474  ~420140 {46%}

# nice -n-19 ¢li -nrtp -b1000 -m500

SRR client: vers. 1.03

server path: /net/rtp/dev/srr, block size = 1000 bytes, repeat = 500
CPU speed [c.p.s.]: client = 534639500, server = 451163200

- message exchange: 2064542 ~358333 {17%}

- manager exchange: 2113638 ~372487 {18%}

# nice -n-19 ¢li -nrtp -b3000 -m200

SRR client: vers. 1.03

server path: /net/rtp/dev/srr, block size = 3000 bytes, repeat = 200
CPU speed [c.p.s.]: client = 534639500, server = 451163200

- message exchange: 4134249 ~418168 {10%}

- manager exchange: 4181481 ~418139 {10%}

# nice -n-19 ¢li -nrtp -b5000 -m200

SRR client: vers. 1.03

server path: /net/rtp/dev/srr, block size = 5000 bytes, repeat = 200
CPU speed [c.p.s.]: client = 534639500, server = 451163200

- message exchange: 5805056 ~252663 {4%}

- manager exchange: 5825837 ~229120 {4%}

# nice -n-19 ¢li -nrtp -b8000 -m200

SRR client: vers. 1.03

server path: /net/rtp/dev/srr, block size = 8000 bytes, repeat = 200
CPU speed [c.p.s.]: client = 534639500, server = 451163200

- message exchange: 8741090 ~446299 {5%}

- manager exchange: 8788642 ~427459 {5%}

# nice -n-19 c¢li -nrtp -b10000 -m200

SRR client: vers. 1.03

server path: /net/rtp/dev/srr, block size = 10000 bytes, repeat = 200
CPU speed [c.p.s.]: client = 534639500, server = 451163200

- message exchange: 8971296 ~451857 {5%}

- manager exchange: 9731224 ~301409 {3%}

B sToM BapmaHTe OCHOBHOII KOMIIOHEHT 3aJleP:KKU BHOCUTCA IMepemadeit
JaHHBIX 10 GU3NUYECKOMY KaHaJy; PASHUIIA MEKAY peajnsanuaMu ooMeHa
COOOIIeHUSIMU U MeHeIKepa PecypcoB B 3HAUUTEJHHON CTEIeHU HUBEJIM-
poBaHa.

Hamm Bropoit kaueHT (gaiin clr.cc), HeusaMeHHO PaboTaIOIIUI C TEM JKe cep-
BEPOM, BecbMa IIOXOK Ha MPEIbIAYIINH, HO OH MAaCCUPOBAHHO «TOHUT» IIO-
TOK JaHHBIX Ha CEPBEP, MOJIb3YACh TOJbKO OJHAM 13 MeXaHU3MOB (KJIi04 -d)
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IO IIPEKPAII[eHNsI er0 BLIMIOJIHEeHU MoJab3oBaTeieM 1o ~C. Pesysbrar ero pa-
0OTHI — CPEIHAS IJIOTHOCTD IIOTOKA NH(OPMAIINK 38 BeCh NHTEePBaJ PabOTEHI.

Bropoii KnueHTCKMi Nnpouecc
#include "common.h”

static bool conti = true;
// 3aBepuieHne npouecca no curHany nons3osatens (SIGINT - ~C)
inline static void trap( int signo ) { conti = false; };

int main( int argc, char **argv ) {
cout << "SRR repeater: " << VERSION << endl;
int opt, val
unsigned int blk = 100;
char PATH[ _POSIX_PATH_MAX ] = "";
bool lowlvl = true

while ( ( opt = getopt( argc, argv, "n:b:d” ) ) != -1)
{
switch( opt ) {
case '‘n’ // vmMg ceTeBoro ysna

strepy( PATH, "/net/" );
strcat( PATH, optarg );
break;
case ‘b : // pasmep Gnoka [aHHbIX
if( sscanf( optarg, "%i", &blk ) != 1)
exit( "parse command line failed" );
break;
case 'd' : // obmeH coobweHnamMm
lowlvl = false
break;
default :
exit( EXIT_FAILURE );
}
b
strcat( PATH, DEVNAME );
cout << "server path: " << PATH
<< ", block size = " << blk << " bytes” << endl
// Npu MHMUManu3ausu Mel cpasy noflydaem CKOpOCTb Mpoueccopa KiveHTa
result data;
cout << "CPU speed [c.p.s.]: client = " << data.cps;
uint64_t cps = data.cps
// nbiTaemcs NOOKANYWTLCA K CepBepy-MeHeaxepy
int fd = open( PATH, O_RDONLY )
if( fd < 0 ) exit( "server not found” );
// 4uTaem ero napameTpbl
if( read( fd, &data, sizeof( result ) ) == -1)
exit( "parameter block read” );
cout << 7, server = " << data.cps << endl
// onpenensem [eckpunTop CeTeBoro yana
int32_t node = netmgr_strtond( PATH, NULL );
if( node == -1 && fd > 0 && errno == ENOENT )
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node = ND_LOCAL_NODE;
// N0 afpecHbM JaHHbIM, MNONy4YeHHbM paHee no read(), cosgaem
// KaHan ang npamoro obmeHa cCOOOWEHUAMU C TeM Xe MpOoLEecCcOoM
int coid = ConnectAttach( node, data.pid, data.chid, _NTO_SIDE_CHANNEL, 0 );
if( coid < 0 ) exit( "connect to message channel” );
// OMHaAMM4YeckuW roToBMM KOA KomaHgs devctl()
unsigned int DCTL = ( blk << 16 ) + DCMD_SRR
cout << ". . . . . . wailting “C. . . . . ." << flush
// ycTaHaBNMBaETCH peakuus Ha nonb3oBaTenscknin ~C
signal( SIGINT, trap );
uint64_t num = 0;
uint8_t *bufin = new uint8_t[ blk ]

*pufou = new uint8_t[ blk ];

uint64_t tim = ClockCycles();
// B 3aBNCMMOCTM OT BLOPAHHOIO MExaHW3Ma NnepesaeM C ero MnoMolbi AaHHbe
if( lowlvl )

while( true ) {

if( MsgSend( coid, bufou, blk, bufin, blk ) == -1 )
exit( "exchange data with channel” );
num++;
if( lconti ) break
}
else {

while( true ) {
if( devetl( fd, DCTL, bufou, blk, NULL ) != EOK )
exit( "DEVCTL error” )
num++;
if( lconti ) break

b
¥
tim = ClockCycles() - tim;
cout << "\r’ << ( lowlvl ? "message exchange:" : "manager exchange:" )
<< Uonumber = 7 << num <<y ostream = 7

<< (double)num * blk / ( (double)tim / (double)cps ) / 1E6 = 8
<< " Mbit/sec” << endl
ConnectDetach( coid )
close( fd );
delete [] bufin, delete [] bufou
return EXIT_SUCCESS
b

B pesyabTaTe MBI moJiydyaeM OIIEHKH MaKCUMAaJbHOU ILJIOTHOCTH IIOTOKA 00-
MeHa, JOCTUKMMbIe B BBIOPDAHHBIX (IIPM IIOMOIIM KJIIOUEH) YCJIOBUAX Ha
TaHHOM IIPOIleccope:

# clr -bil

SRR repeater: vers. 1.03

server path: /dev/srr, block size = 1 bytes

CPU speed [c.p.s.]: client = 534639500, server = 534639500
message exchange: number = 906400; stream = 1.54088 Mbit/sec
# clr -b1 -d

SRR repeater: vers. 1.03
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server path: /dev/srr, block size = 1 bytes

CPU speed [c.p.s.]: client = 534639500, server = 534639500
manager exchange: number = 335725; stream = 0.617311 Mbit/sec
# clr -b10

SRR repeater: vers. 1.03

server path: /dev/srr, block size = 10 bytes

CPU speed [c.p.s.]: client = 534639500, server = 534639500
message exchange: number = 1119211; stream = 15.0758 Mbit/sec
# clr -b10 -d

SRR repeater: vers. 1.03

server path: /dev/srr, block size = 10 bytes

CPU speed [c.p.s.]: client = 534639500, server = 534639500
manager exchange: number = 316948; stream = 6.1421 Mbit/sec
# clr -b100

SRR repeater: vers. 1.03

server path: /dev/srr, block size = 100 bytes

CPU speed [c.p.s.]: client = 534639500, server = 534639500
message exchange: number = 729460; stream = 122.617 Mbit/sec
# clr -b100 -d

SRR repeater: vers. 1.03

server path: /dev/srr, block size = 100 bytes

CPU speed [c.p.s.]: client = 534639500, server = 534639500
manager exchange: number = 318435; stream = 57.3215 Mbit/sec
# clr -b1000

SRR repeater: vers. 1.03

server path: /dev/srr, block size = 1000 bytes

CPU speed [c.p.s.]: client = 534639500, server = 534639500
message exchange: number = 823535; stream = 1054.65 Mbit/sec
# clr -b1000 -d

SRR repeater: vers. 1.03

server path: /dev/srr, block size = 1000 bytes

CPU speed [c.p.s.]: client = 534639500, server = 534639500
manager exchange: number = 367712; stream = 493.455 Mbit/sec
# clr -b10000

SRR repeater: vers. 1.03

server path: /dev/srr, block size = 10000 bytes

CPU speed [c.p.s.]: client = 534639500, server = 534639500
message exchange: number = 196479; stream = 2861.27 Mbit/sec
# clr -b10000 -d

SRR repeater: vers. 1.03

server path: /dev/srr, block size = 10000 bytes

CPU speed [c.p.s.]: client = 534639500, server = 534639500
manager exchange: number = 141593; stream = 2487.18 Mbit/sec

ITudps! focTATOUHO UHTEPECHBIE, JJIS TOTO UYTOOBI PACCMOTPETH UX JeTaJb-
Hee:

Ilpu HempepbIBHOM IIOTOKE OOMeHa OUeHb KOPOTKHMU COOOIIeHUSIMU
(1 6afiT) MIOTHOCTH MHMOPMAIIMOHHOTO IIOTOKA ITafaeT O CMeXO0TBOPHO
HU3KOM BeqmuuHBI — 192 KbaiiT/ceKk mjga oOMeHa COOOIEHUSAMHU U
77 KbOaniT/cek ajmsa obMeHa ¢ MEHEJKepOM pecypca.
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e TIpu pasmepe 6JI0Ka JaHHBIX, IepefaBaeMoro 3a OAUH OOMeH, MopAIKa
HECKOJIbKIX KMJIOOAHT pasHUIlA CKOPOCTEN MH(POPMAIIMOHHEIX IIOTOKOB
Ias1 oOMeHa COOOINeHNAME W MeHeI:Kepa pecypca HpaKTUUYeCKU HUBe-
JUpyeTcs.

e Tlpu IpOMesKyTOUYHBIX pasMepax 0JIOKA JaHHBIX (OT HECKONbKUX TECHAT-
KOB IO COT 6a#iT) 0OMeH COOOITeHNAMU 00eCIeYrnBaeT MJIOTHOCTEL UH(OP-
MAIIMOHHOI'O IIOTOKA J0 ABYX pa3 BHIIIIE.

EcTecTBeHHO, IOCKOJBKY MBI pacCMAaTPHUBaeM UKCTO IPOTpaMMEbIe peasiu-
3amnuu obmMeHa, abCOTIOTHBIE UKCIEeHHBIe 3HAUEHUA OYAYT IPSIMO IIPOIIOP-
IIMOHAJBHO 3aBUCETH OT CKOPOCTH IIpolieccopa (IIpeAcTaBIeHHbBIe Pe3yIbTa-
THI COOTBETCTBYIOT mporieccopy 533 Mrir). Ha puc. 5.2 mokasana guHaMu-
Ka 3arpyskKu IIpolieccopa Ipu paboTe TeCTOBBIX HPUJIOMKEHUN I caydas
JIOKAJbHOTO pa3MellleHus KJIMeHTa 1 cepBepa. XOopOoIlo BUAHO, UTO B IIEPU-
OZbl BBIMOJIHEHNS IIPOrPaMMBI Clr 3arpysKa Ipoileccopa IOoACKAKUBAET 0
100% — coBMeCTHOM aKTUBHOCTBIO KJIMEHT 1 CepBep 3a0MParOT BECh Pecypce
mpoieccopa.

| |
Y AT

Puc. 5.2. Junamuka 3a2py3xu npoyeccopa npu JLoOKaibHOM
83aumoldeiicmeuu KIUeHma ¢ cepeepom

Hasee MOCMOTPUM BBINIOJHEHNE TOH Ke Maphbl MPUJIOKEHUI, HO yiKe IpUu
PasHeCceHU! UX MEKIY PasAeJbHbIMU Y3JIaMU CeTH:

# clr -nrtp -b1

SRR repeater: vers. 1.03

server path: /net/rtp/dev/srr, block size = 1 bytes

CPU speed [c.p.s.]: client = 534639500, server = 451163200
message exchange: number = 5049; stream = 0.00670981 Mbit/sec
# clr -nrtp -b1 -d

SRR repeater: vers. 1.03

server path: /net/rtp/dev/srr, block size = 1 bytes

CPU speed [c.p.s.]: client = 534639500, server = 451163200
manager exchange: number = 4824; stream = 0.00598806 Mbit/sec
# clr -nrtp -b10

SRR repeater: vers. 1.03

server path: /net/rtp/dev/srr, block size = 10 bytes
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CPU speed [c.p.s.]: client = 534639500, server = 451163200
message exchange: number = 3885; stream = 0.0651842 Mbit/sec
# clr -nrtp -b10 -d

SRR repeater: vers. 1.03

server path: /net/rtp/dev/srr, block size = 10 bytes

CPU speed [c.p.s.]: client = 534639500, server = 451163200
manager exchange: number = 3102; stream = 0.0557978 Mbit/sec
# clr -nrtp -b100

IIpu B3aumomelCTBUM KJIMEHTa C CEPBEPOM II0 CETH B TeX K€ YCJIOBUAX,
YTO 1 Ha pUC. 5.2, KIUEHT yiKe He 3arpysKaet mpoieccop 6osiee uem Ha 50%
(puc. 5.3). Ecan opranmsoBaTb 00MeH KJIMEHTA C CEPBEPOM B HECKOJBLKO
MMOTOKOB (2—3), TO Mpu MaKCUMAaJIbHOU 3arpy3Ke mpoIeccopa MOKHO yBe-
JIMYUTH IIJIOTHOCTH IIOTOKA e111e BJIBOe.

Jarpyska ] 13!y n]
o0
b IlllnIIIIIIIIIIIIII“lIIIIIIIIIIIIIIIIINIIIIIIIII %F
. ll.-II.|-i.
2N
J iy N o | ou'lh.
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0%

Puc. 5.3. 3azpysra npoyeccopa Kiuenma npu cemesom
83aumoldeiicmeuu KIUeHma ¢ cepéepom

E0%G

SRR repeater: vers. 1.03

server path: /net/rtp/dev/srr, block size = 100 bytes

CPU speed [c.p.s.]: client = 534639500, server = 451163200
message exchange: number = 3347; stream = 0.507917 Mbit/sec

# clr -nrtp -b100 -d

SRR repeater: vers. 1.03

server path: /net/rtp/dev/srr, block size = 100 bytes

CPU speed [c.p.s.]: client = 534639500, server = 451163200
manager exchange: number = 2167; stream = 0.480264 Mbit/sec
# clr -nrtp -b1000

SRR repeater: vers. 1.03

server path: /net/rtp/dev/srr, block size = 1000 bytes

CPU speed [c.p.s.]: client = 534639500, server = 451163200
message exchange: number = 1400; stream = 2.0555 Mbit/sec
# clr -nrtp -b1000 -d

SRR repeater: vers. 1.03

server path: /net/rtp/dev/srr, block size = 1000 bytes

CPU speed [c.p.s.]: client = 534639500, server = 451163200
manager exchange: number = 1626; stream = 2.00553 Mbit/sec
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# clr -nrtp -b10000

SRR repeater: vers. 1.03

server path: /net/rtp/dev/srr, block size = 10000 bytes
CPU speed [c.p.s.]: client = 534639500, server = 451163200
message exchange: number = 366; stream = 4.73793 Mbit/sec
# clr -nrtp -b10000 -d

SRR repeater: vers. 1.03

server path: /net/rtp/dev/srr, block size = 10000 bytes
CPU speed [c.p.s.]: client = 534639500, server = 451163200
manager exchange: number = 440; stream = 4.39515 Mbit/sec

IIpu B3auMOLEeCTBUM 10 CEeTH PASHUIA MEXKY peaJusanusaMy oOMeHa Co-
OOIIEeHUSIMY U MEeHeIKepa PeCyPCOB He TAK 3aMeTHAa. ITO U IOHATHO: IIJI0T-
HOCTH IOTOKA OOMeHa HAUMHAET OrPAHMYMBATHLCSA B IIEPBYIO OUepenb 3a-
IepxKamMu (DU3NUEeCKOM cpebl Iepesadumn.

O6paTuTe BHUMAaHHNE, UTO IPU OOJBIINX 0JIOKAX IepefaBaeMbIX JaHHBIX
(10 KbatiT) ckopocTh MHMOpMAaInoHHOr0 KaHama (4.395—-4.738 %2, yuu-
THIBaSA UTO PETPAHCIASAIINA BeJeTCA B IBYX HAIPABJIEHUAX) CUIbHO TPUOJIN-
JKaeTcs K (PUBMUYECKOHN MPOMYyCKHOM cmocobHocTtu Kauama (10 MouT/cex,
KaK y2Ke 0TMEeUYaJIoCh BBIIIIE), UTO IIOIYTHO 'OBOPUT O BeCbMa BBICOKOI a(h-
deKTUBHOCTHU peanausaiiuu obmeHa nmporokoaamu cetu QNET.

YT10 )Xe B utore?

B urore, nMmernle MeCTO CIIOPLI IPUBEPI;KEHIIEB OPraHu3auy OOMeHa Co-
OOIIEHUSIMU ¥ CTOPOHHMKOB HAIMCAHUSA MEHEIKepPOB PecypcoB OKas3bIBa-
foTca OeccMBICIEHHBIMHU. B cucremMax, oOCIYy:KMBAIOIMUX MaKCHUMAaJbHO
IJIOTHBIE IIOTOKY HEeIIPEePLIBHOM BXOAHOU nH(GopManuu (KJaaccuuecKas I1o-
CTaHOBKA 3amauu A TeaedOHHBIX KOMMYTAaTOPOB), peajausanus obMeHa
COOOIIeHUSAMHI MOYKET OKa3aThCs 3aMeTHO poayKTusHee. C Apyroii cTropo-
HBI, B CUCTEMAaX C 3MN30AUYEeCKUM O0CIYKUBaHUEM 3aIpPocoB (paanooKa-
IIHOHHBIE CHCTEMBI, CUCTEMbI YIIPABJEHUSA TEXHOJOTMUYECKHUM 000pymoBa-
HUEeM) peaamusalusa MeHeKepa pecypca MoKeT IIPUBECTH K TOMY, UTO CHC-
TeMa CTaHeT HaMHOro 00Jjiee IIPOCTOI U TMOKOH B SKCILIyaTaI[lu.

[Ba asbTepHATUBHBIX IYTU HE ABJIAIOTCA «B3aMMOUCKJIIOUYAIOIIUMU», XO-
TA 3TO U Peaiu3annuy efuHOro 6a3oBoro Mexanusma. OHU HACTOJIBKO Haje-
KO «Pa3oILINCh» APYT OT APYyTra, YTO IPUOOpeS MHINBUAYAIbHbIE, He BOC-
IPOM3BOAUMEIE AJIbTePHATUBHBLIM CIIOCOO0M uepThl. Bosee TOro, oHM MOTYT
KOOIIePUPOBATHCS B PAMKAaX [IasKe OJHOrO0 IPOIlecca, KaK 3TO ObLIO CAEeIaHO
B MOKAa3aHHOM pauee mpumepe. [IpUHATHIO TOTO WM WHOTO PEIIEeHUS J0JI-
JKeH IIPeIIecTBOBATE NeTaJbHbIN aHAIN3 TPeOOBAHUMA pelaeMoi 3aqaumn.



NMpunoxeHune

OpraHusauus obmeHa coobLeHnaMn

Bnapnmup 3anues

O6MeH coolIreHuAME (message passing) sABIAsAETCS OCHOBOM apXUTEKTYPhI
OC QNX, Ha KOTOpPO#l CTPOUTCS 3HAUNUTEJbHAS YaCTh CIY:KeOHBIX (PYHK-
nuii cucremMbl. HecMOTpSA Ha CBOIO «3JIEMEHTAPHOCTL», OH SBJISETCS YA00-
HBIM (M B CHJIy CBO€I «HATHBHOCTHU» UPe3BbIUalHO d(hdeKTUBHLIM!) Mexa-
HU3MOM [JI HEINOCPeICTBeHHON OpraHM3aluyd B3aMMOAEHCTBUA MEXKIY
nporeccamu. Oco6bIii JKe II1apM 9TOT0 MeXaHU3Ma 3aKJIIYaeTca B TOM, YTO
BMECTe ¢ Iepefadyeil JTaHHBIX KaK TAaKOBOM MOXKHO eCTECTBEHHBIM 00pasoM
(za ocHoBe 0;10KUPOBOK Send / Receive /Reply) opranusoBaTh CHHXPOHU3A-
IIUI0 B3BAMMOJEUCTBYIOIINX IIPOIIECCOB.

U xors B QNX 6 moABUIOCH TAKOE MOII[HOE CPEJACTBO IJIA OPraHu3aIuu 00-
MeHa JaHHBIMU, KaK MeHeIKep PecypcoB, a TaKiKe MMeeTcsI 60raThIi Ha-
6Op CpPeICTB CHUHXPOHHUBAIUM, CIIOCOOHBIA YAOBJIETBOPUTH JIIOOOTO IIPO-
rpaMMUCTa, UMeIero onbslT patorsel B POSIX-coBMeCTHMEBIX CHCTEMAX,
MeXaHM3M O0OMeHa COOOIIeHUAMHU IIO-IPEKHEeMY OCTAETCS IPUBJICKATEIhb-
HBIM CPEACTBOM, MCIOJb3yeMbIM HeIlloCpeACTBeHHO B pasdpaborke I10. Oco-
OEHHO OTUYETJIMBO 9TO IIPOSBJSETCSI B cpele paspaboOTUNMKOB, MUTPUPYIO-
mux ¢ npeasiayirux sepeuit OC QNX, u Bpsg 1 MOXKeT ObIThH 00BACHEHO
TOJBKO X, IPOTPAMMUCTOB, KOHCEPBATHU3MOM.

Bwmecte ¢ Tem mepexon oTr QNX 4 k QNX 6 BbI3BAT U3MEHEHUS B peansa-
Y MexXaHu3Ma o0MeHa COOOINeHUuAMHU U, KaK caenctBue, API-pyHrIiumii.
IIpuunHOL 5TOTO CTAJ IEPEXO] OT OJHOIMOTOUYHBIX K MHOTOIIOTOYHBIM IIPO-
meccaMm, IIPXU 9TOM OOMEH COOOIIEeHUAMU CTAJ OCYIIECTBIAATHCA He MEXIY
mporieccamul, a Mexxay moTokamMu. COOTBETCTBEHHO M3MEHUJICA U «ajape-
cat» coobmenusa. BQNX 4 B 5ToM KauecTBe BBICTYIIAJ IIPOIIECC 1 eT'0 MOMK-
HO OBLJIO OLHO3HAYHO OIPEAEJIUTD 10 €ro UAeHTU(MUKATOPY — JeCTBUTEIb-

1 Crporo roBops, B OAHOIIOTOUHBIX mpoleccax QNX 4 o0OMeH ToKe OpraHM30BBI-
BaJICA MEXK Y MIOTOKaMU, IIPOCTO TaM pasiesieHre OHATHH «IIPOIIeCC» U «IIOTOK»
He MMeJIO CMbICJIA ¥ TI09TOMY BCIOAY MCIIOJIb30BAJICA TOJIBKO TEPMUH «IIPOIECC» .
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HOMY (TIpu paboTe Ha OZHOM y3J€) WJIU HUIeHTU(PUKATOPY BUPTYAIHLHOTO
kaHaja («virtual circuit») mpu mMexys3aoBBIX coobrenuax. Takum obpa-
30M, AJA TOro 4TOOBI mepemaTh coolOlmeHue (QyHKIMed m3 cemeilicTBa
Send*()) B ampec HeKOero cepBepa, IIPOIeCCy-KJINEHTY MOCTATOUHO OBLIO
«3HATB» JTOT UAeHTHU(PUKATOP. Ilosyuasa OH ero, Kax IIPaBUJIO, JubOO OT
«POAUTENA» MCKOMOTIO IIpoIlecca, JubO uepes CepBUC INIOOATHLHOIO IIPO-
crpaHcTBa uMeH (qnx_name_attach() m qnx_name_locate()).

Teneps ke, B QNX 6, B KauecTBe «agpecaTa» COOOIIEHUS CTAJ BBICTYHATH
uneHTu(UKaTOop coeqmueHus (coid), ¥ UMeHHO OH TpedyeTcs IIPU BbHI30OBE
dbysRIUA cemericTBa MsgSend* (). s co3maHuUs Ke COeZUHEHUS C CepBe-
POM KJIMEHTY HEeOOXOIMMO «3HAaTb» TPUALYy COEOUHEHUS: UAeHTUDUKATOD
3TOTO IpoIlecca-ceprepa (pid), geckpunTop ysuaa (nd), Ha KOTOPOM CepBEP
BBITIOJIHSETCA, ¥ UAeHTU(PUKATOP CO3TaHHOT0 cepBepoM KaHaja (chid).

BropeIM «BO3MyllleHHEM », IpUBHECEHHBIM QNX 6 B IPUBBIYHYIO U CJIO-
JKUBIITYIOCS TeXHUKY pas3paboTok, ABUJICA MePexXok OT UAeHTU(PUKATOPOB
y35108B (nid), KOTOPBIE ABJSINCHL VHUKAJIBHLIMU B IIPEIeIaX CETH U OLHO3-
HAYHO OIMpeAesANIr KaKIbId y3eJ, K AecKpumITopam y3jaoB (nd), KoTopbie
YHUKAJbHBI TOJBKO B IIpefeax KasKJIoTo JaHHOTO y3Ja, HO He B CeTH. Y HU-
KaJbHOCTDb B IIpeleJjiaX CeTH Tellepb MOJKHBI 00ecIeurnBaTh CHMBOJIbHBIE
HMeHa y3JI0B.

B sTOM mpuiioskeHnM NPEANPUHATA HOIBITKA O0PUCOBATH CIEIIUPUKY, Xa-
PaKTepHYO IJd opraHu3anuu obmMeHa coobuieHusaMu B QNX 6, ocobeHHO
MPOSBJIAOIIYIOCA IIPU MEXKY3JI0BOM OOMEHEe, U ITOJeJIUThCSI IPAKTUUECKH-
MU PeIlleHUusAMU, YUYUTHIBAIOIIINMHU 9TY CIIeIuGUKY.

OpraHusauus oomeHa coobLLeHUuaIMU
Ha OCHOBE «CeMeMNHbIX» MpPoL,eccoB

PaccmoTpum, KaK MOYKHO OPraHM30BaTh 00OMEH COOOIIEHUAMM MeKIY II0-
TOKaMu, IIPUHAAJIEKAIIIUMHY IIPOIleccaM, CBI3aHHBIM «POJCTBeHHBIMH y3a-
Mu». [ TPOCTOTHI MBJIOKEHUs, UTOOBI B JajbHeEHIeM He (OpPMYJIUPO-
BaTh «IIOTOK, IPUHAAJIEKAIIUH IIPOIIECCY »,, Oy IeM paccMaTpuBaTh OJHOIIO-
TOYHBIE IPOIIECChl U TOBOPUTH (B Tpaauiuax QNX 4) «o6MeH cooOIeHMsI-
MU MEXXKIY IPOIIECCaMU» .

WUrak, mycTb HEeKUH podumenbCKuil npoyecc mopoKaaeT Ha IPYyTroM y3Jie 0o-
uepruil npoyecc. Ilox moporkaeHreM OyaeM IOAPasyMeBaTh «3aIlyCcK C y3-
Ja», TO €CTh 3aIlyCK IIPOIecCa, BhIMOJHAEMbIH YTUJINTON ON ¢ omiuein -f.
J 1 mOpOoXKIeHUA NCTIOIb3yeM QyHKI[MIO spawn():

char* args[ ] = { “/net/904-3/home/ZZ7/bin/TestChild”, NULL };

spawn( “/home/ZZZ/bin/TestChild”, 0, NULL, &InhProc, args, NULL );

Paccmorpum BHauase mpo0JeMbl, CTOAIME IIepel HOYEPHUM IIPOIECCOM
TIPU €0 JKeJIAaHUU CBA3AThCS ¢ POAUTEIbcKUM. KaK yiKe yKasbIBaJIOCh, IJIs
CO3IaHUA COeIUHEHUS eMy HeOOXOIMMO «3HATh» TPUAYy COeTUHEH!A.
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IlycTs mporeccy-KJINEHTY M3BECTHO CHUMBOJIBHOE MMA y3Jia, Ha KOTOPOM
dyuHKIUOHUPYeT McKOMBIi ampecat. (IIpu ommchiBaemMoO#l 31ech «cemeii-
HOI» apXUTEKType paspadbaThbiBaeMOM CHCTEMbI CUMBOJIbLHBIE NMeHa 00bIU-
HO YKECTKO OIIpe/ieIeHbI U II09TOMY 3aYaCTYI0 IIPOCTO 3aIIMCHIBAIOTCA B KOH-
durypanuonaom daiisie, OTKyAa IIPOIECCHl BCETAa MOTYT MOJYUYUTH CUM-
BOJIbHOE UM HYKHOTO y3Jja.) [Jig Toro 4To0bI MOJYYUTH JeCKPUIITOP y3JIa
II0 U3BECTHOMY MMEHU, MOJKHO BbI3BaTh (hyHKIIMIO netmgr_strtond(), KoTo-
pad nmpeobpasyeT UM y3Ja B €Tr0 JeCKPHUIITOD.

OmHaKO BBIBOB 3TOM (PYHKIIUMU AOUEPHUM IIPOIECCOM IPUBOAUT K HEOXKU-
maHHOMY (IO KpaiiHeill mMepe, TaK OBLIO CO MHOIA...) Ha IEPBBIM B3TJIAL pPe-
3yJIbTATy: (QDYHKI[MS BO3BPAIIAET AECKPUIITOP Y3Ja «C TOUKU 3PEHUA» PO-
IUTeIbCKOTO mporieccal THBIMU cji0BaMM, HYJI€BOH AECKPUIITOP IPUIUCHI-
BaeTcA He y3JIy, Ha KOTOPOM «JKUBET» NOUEPHUU IIPOIIECC, a Y3JIY C POLU-
TeJILCKUM IIporeccoM. [Ipyrue 1eCKpUNITOPHI TOMKE COOTHOCATCA C UMEeHAMU
Y3JIOB TaK, KaK 3TO BBINOJHSETCA Ha y3J€ ¢ POAUTEIEM — IOPOXKIEeHHBIN
IpoIlecc, YHACJIEAOBAaB OT POJUTEJNA TEKYIIyi paboduyio ¥ KOPHEBYIO AU-
PEKTOpUM, TeM CAMBIM OCTaJICHA, €CJU MOKHO TaK BHIPA3UTHCHA, AYIIOH Ha
CBOEU MCTOPUYECKOU pOAUHE.

B [4] (rnaBa IMmuTtpus AyiekceeBa «¥Y THJINTA ON») 9TOT BOIIPOC OBLI JAOCTa-
TOYHO XOPOIIIO OCBEIeH U ObLIO CKA3aHO, UTO IJIA PEIIeHUs IPODBJIeMbl ClIe-
IyeT Iepe] MOPOoXKAeHNEeM IIpollecca BhIZBATh PYHKIMIO Chroot() ¢ mMeHeM
y3J1a, Ha KOTOPOM IIporiecc 6yeT OposKAeH (U Ipu HeoOXOAUMOCTH «0ob6par-
HBIM» BBEIBOBOM Chroot() ¢ MMeHeM y3Jia IIPoIlecca-PoaUTeIA IIOCIe BEI30Ba
spawn()). OTO MO3BOJISIET MOPOKIEHHOMY IIPOIleccy 00pecTy HOBYIO KOpPHe-
BYIO IMPEKTOPHUIO Ha TOM Yy3Jie, I'leé OH BBIIIOJHAETCA. I/I TOrJa BBI3SOBBI
netmgr_strond() OyayT BO3BpaIlaTh LECKPUIITOPHI Y3JI0B MMEHHO C TOUKU
3pEeHUs TOrO Y34, Ha KOTOPOM (PYHKIIMOHNPYET IIOPOK JeHHBIH IPOIecce.

Haunee, eciz foUepHU Ipoliece 3alyIleH Ha yaaJeHHOM y3Je, TO BhI3BaH-
Hasg uM GyHKIUS getppid() B KauecTBe pPOAUTEIBCKOTO IIpollecca BO3Bpa-
IaeT COBCeM Jake He UIeHTUPUKATOP «(PaKTUUEeCKOTO» POIUTEJId,
a ugeHTU(GUKATOP Hpolecca io-net, 4To, MOXKeT ObITH, (hPOPMAaIBLHO U Bep-
HO, HO IIO CYINIECTBY STO M3IeBaTEJbCTBO (OCOOEHHO AJA «MHUTPAHTOB»
¢ QNX 4, rae oHu TOJyYaIu UAEHTU(PUKATOP BUPTYAJIbLHOTO KaHajaa 1 00-
pamajnch ¢ HUM KaK C OOBIUYHBIM uAeHTHU(GUKATOpOM Ipoiiecca). VTak,
JIJLS TOT'O UTOOBI IIOPOKAEHHBIIN ITPOITECC 3HAJ CBOE «OTUECTBO» , IIPOIIle BCe-
0 POAUTEJIIO IePeIaTh CBOM NAEHTU(MPUKATOD AJOUePHEMY IIPOIIECCY IIPHU ero
POKIEeHNHU B IIapaMeTpe crrucKa argv( J.

51 651 peKOMeHI0BaJI TaKiKe He YIIOBATH Ha TO, YTO JeCKPUITOPHI KAHAJOB,
co3zaBaeMble IIpOlleccaMU-aJpecaTaMy OTIIPABJIAEMBIX COOOIeHUI, Bce-
rpa 6yxyT paBubl 1. ITo psagy npudmH 9TO AajleKo He Bcerga Tak. U mid Ha-
IeKHOCTH JIYUIIle IIPOCTO IIePejaBaTh 9TOT JEeCKPUITOP B apryMeHTaX Ipu
IIOPOIKJeHUH IIpoIlecca.

Taxum 00pazoM, POAUTEIbCKUN IIPOIlECC IIPU IIOPOKISHUN JOUEPHEro IPo-
mecca JOJIJKeH IepeJaTh eMy B CIIMCKe apryMeHTOB CBOM naeHTu(GUKaATOD U
JIECKPUIITOP CO3MaHHOIO KaHajia M KOCBEHHO, IIOCPEACTBOM BbI30Ba Chroot(),
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UM y3Jia, Ha KOTOPOM IOYEPHUI mpoliece 3amyckaercs. Ilocae aToro mo-
POKIEHHBIN IIPOIlECC CIIOCO0eH IPABUILHO COOPATh TPHAAY, HEOOXOANMYIO
IJIsI BRITTOJTHeHUs MsgSend().

Teneps 006cyauM mPOOJIEMBI, CTOAINE IIEPE] POAUTETHBCKUM IIPOIECCOM.
Ecau MBI XOTHM OTCHLIATE COOOIIEHUA C POAUTENHCKOTO IpOoIlecca Ha II0-
POKIEeHHBIN, TO ABA U3 TPEX UJIEHOB TPUALLI POAUTEIbCKUH IIPOIECC MO-
JKEeT JIETKO IOJIYUUTH: NECKPUITOP y3Ja — C IIOMOINbI0 (YHKIUM net-
mgr_strtond(), a uaeHTUGUKATOP IOPOKIEHHOTO IIPOIlecca BO3BPAIIlaeTCA
dyuxnueir spawn(). Ho BOT ¢ JeCKpUITOPOM KaHAJa OIATh HMOABJISIETCS
PHCK «He yragaThb». KpoMe TOT0, €CJIu POAUTENb IIOPOAUT HOUEPHUI IPO-
Iecc U HEMEAJEeHHO IIOCJIe 9TOr0 IOIBITAeTCA MOACOeANHUTHCSA K KaHATY,
KOTOPBIN AOJIKEH CO3JaTh STOT IIPOIlecC, TO, BePOATHEE BCEro, PYHKIUA
ConnectAttach() BepHeT -1, HIOCKOJBKY HOPOKIAEHHBINA IIPOIIECC ele He yc-
meeT K TOMY BpeMeHHU CO3JaTh KaHaJl. SHAUUT, ITOHAZ00UTCA ITUKJ Ha N 1mo-
OBITOK C ITay30# B OKUTAHUN OTKPBITHUS.

He mpoime Ju TOrAa IpoCTO BBHIMOJHUTL cuHXpoHMU3anuio? To ecTh poxu-
TEJILCKOMY IIPOIIECCY MOKIAThCS COOOIIEHUs OT JOUepHero mpoiecca, Ko-
TOpOoe OyZeT 03HAYATD, UTO IIOPOKIEHHBIN IIPOIeCC BLITOJHMII BCe HE00XO0-
IUMbIe JefiCTBUA II0 CBOEMY Pa3BePTHLIBAHUIO M B YACTHOCTH CO31aJ KaHAJ.
41 TeIllePb COBEPIIIEHHO €CTECTBEHHO I1epeaaTh B 3TOM CUHXPOHU3UPYIOIIIEM
COOOIIeHNH JeCKPHUIITOP CO3AaHHOr0 KaraJja. Iloc/ie IPpUHATHAS COOOIIIeHI
POAUTENBCKUII IIPOIlECC NMEET BCe HeOOXOAUMbIe eMy JaHHbIe IJIS BBIIOJI-
HeHUs GYHKIIMY OTCBLIKMU coo0IeHuns MsgSend().

IIpu momo6HOM MepapxXmUUecKo CTPYKTypPe CUCTEMBI 10 TUIY «POAUTEIb—
pebeHOK» O00IIeHNe MeXXY IOPOMKIEHHBIMU IPOIECCaAMMU, €CJINM TaKOBOE
TpebdyeTca, obeceunBaeTCA ¢ MOMOIILIO POAUTENLCKOrO Ipoiecca. Ilopo-
OVB OAVH U3 IIPOIIECCOB U II0JIYYUB OT HEro JEeCKPUIITOP KaHaa, POAUTEb-
CKMH MPOIECC MOXKET IIPU IMOPOXKIEHWHU eIlle OLHOrO IIpoIecca IepenaTh
eMy MOJIHYIO TPUALY «CTapIllero» AOYEPHEro IPOIecca, IIO3BOJIAIOIIYIO HO-
BOMY IIPOIIECCY YCTAHOBUTH C HUM COeUHEHNe.

Huxe mpuBoguTes obpasel] Koga, peaausyrolnero 3ToT moaxon. Obparure
BHUMAaHNe Ha 3HaUeHNUe apryMeHTa index, 3ajaBaemMoe B BbI30BaxX (PyHKIIU
ConnectAttach() paBHbIM _NTO_SIDE_CHANNEL. B mpumepax us[1], kHuru, 6e3-
YCJIOBHO, OCHOBOIIOJIATAIOINEeH AJis JJI00oro mporpamMmmucta mog QNX 6, nis
VIIPOIIEeHU U3JIOMKEHUS 9TO 3HaUeHue ycranaBiauBaerca B 0. OgHako 3Ha-
yeHue, paBHoe _NTO_SIDE_CHANNEL, rapaHTupyeT, 4TO Bo3BpaIaeMoe GpyHK-
muel 3HaUeHNe UAeHTU(PUKATOPa COeINHEeHNA Oy/IeT B3ATO He U3 TOTO Ke
IPOCTPAHCTBA, M3 KOTOPOTO BBIAEJSAIOTCS (PAMJIOBBIE TECKPUIITOPHI; B IPO-
TUBHOM CJIyYae BO3HHKAIOT ITP00JIeMbI, JOCTAaTOYHO OIpeeIeHHO 06prCco-
BaHHBIE B onucaHuu (pyHKIuu ConnectAttach(), IpuBeIeHHOM B TeXHUUEC-
Koit JokyMenTamuu QNX.
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Mpumep Koaa poaAUTENbCKOro npoLlecca

#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include <process.h>
#tinclude <sys/neutrino.h>
#tinclude <sys/netmgr.h>
#include <spawn.h>
#include <errno.h>
#include <unistd.h>
#include <sys/wait.h>
#include <locale.h>

int main( int argc, char **argv ) {

int nid; // leckpunTop yaaneHHoro ysna
int PChanid; // WneHTuonkaTop Co3haHHOro KaHana
int CChanid; // WneHTuonkaTop kaHana, CO3[4aHHOTO
// NOPOXOEHHHLIM MPOLECCOM Ha YyaaneHHoM y3ane
int coid; // WoeHTuonkaTop CBA3KU C MOPOXAEHHbIM
// NpoueccoMm Mo CcO3[aHHOMY WM KaHany
int revid; // VaeHTudnkaTop 0TNpaBUTENs NoNy4YeHHOro

// coobueHus
int ErrCode; // Kop ounbku
char *args[ ] = {
“/net/904-3/home/Z7Z/BIN/TestChild”
“pid paHHoro npouecca”
“noeHTudmukaTop kaHana”
NULL
b
char BufName[ 100 ], Bufpid[ 12 ],
Bufchanid[ 12 ], RecBuffer[ 100 ];
char SendBuf[ 100 ] = “npuBeT, cbhiHOK!”
pid_t procid, childid;
struct inheritance Inhproc;

setlocale( LC_CTYPE, “C_TRADITIONAL” );

if( ( PChanid = ChannelCreate( 0 ) ) == -1)
printf( “PoguTenb. CTpaHHO, HO He yaanochb
“cospgaTb kaHan\n” )
else printf( “Poagutensb: kanan PChanid = %i cospaH\n”
Pchanid );

strcpy( BufName, “Bed-Test” );
// Nepenaem NopoxpeHHOMY npoueccy cBoi pid. .

args[ 1 ] = itoa( procid = getpid(), Bufpid, 10 );

//... W DEecKpunTop KaHana
args[2] = itoa( PChanid, Bufchanid, 10 )

InhProc.flags = SPAWN_SETND | SPAWN_NOZOMBIE
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if( ( nid = netmgr_strtond( BufName, NULL ) ) == -1 ) {
printf( “Poantenb: otcyTcTeyeT %s\n”, BufName )
return( -1 );
}
else printf( “PoauTenb: HaipeH ysen %s, ero nid = %i\n”
BufName, nid )

InhProc.nd = nid;

sprintf( BufName, "/net/Bed-Test/" );
chroot( BufName );

errno = 0;
childid = spawn( args[0], 0, NULL &InhProc, args, NULL );
ErrCode = errno;

sprintf( BufName, “/net/904-3/" );
chroot( BufName );

if( childid= = -1 )
printf( “PoguTenb: He yganocb nopoauTb npouecc,”
“errno = %i\n", ErrCode );
else
printf( “Pogutenb: moin id = %i,”
“nopoxaeHHbln npouecc umeeT id = %i\n”
procid, childid );

if( ( rcvid = MsgReceive( PChanid, RecBuffer
100, NULL ) ) == -1)
printf( “PoguTenb: OT AWTATKM He ypanochb”
" nony4nTb coobueHne\n” );
else {
printf( “PoauTenb: OT AMTATKM nonyveHo”
* coobueHue:\"%s\"\n", RecBuffer )
CChanid = atoi( RecBuffer )
strcpy( RecBuffer, “cnacu6o, cbHOK!™ );
if( MsgReply( rcvid, EOK, RecBuffer, 100 ) == -1 )
printf( “PoguTenb: novemy-To He yganochb ”
“OTBETUTbL CbHO4YKY. Ay, rae Te?\n");

}

if( ( coid = ConnectAttach( nid, childid, Cchanid,
_NTO_SIDE_CHANNEL, 0 ) ) == -1 ) {
printf( “PoauTenb: CTpaHHO, HO He CMOT YCTAHOBUTb”
" kaHan cBa3u ¢ pebeHkom:”
“nid = %i childid = %i CChanid = %i\n”
nid, childid, Cchanid );
return( -1 );
}

printf( “PopuTenb: ycTaHoBun cBA3b coid = %i c¢”
* peberkom\n”, coid );
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errno = 0;
if( MsgSend( coid, SendBuf, 100, SendBuf, 100 ) == -1 )
printf( “PoguTenb: Ha MsgSend nmonyuun errno = %i\n”
errno );
else

printf( “PoguTenb: nonydeH oTknuk Ha MsgSend ()”
“\%s\\n", SendBuf );

printf( “PoauTenb: no3sonbTe oTkNaHATbCA\N" );

ChannelDestroy( Pchanid )
ConnectDetach( Cchanid );
return( 0 );

}

Mpumep Koaa NOpoXXAEHHOro npoLecca

#include <stdio.h>
#include <unistd.h>
#include <sys/types.h>
#include <string.h>
#include <process.h>
#include <sys/netmgr.h>
#tinclude <sys/neutrino.h>
#include <errno.h>
#include <locale.h>

int main( int argc, char **argv ) {

int nid; // DeckpunTop Tekyuero ysna
int Cchanid; // WneHTndnkaTop CO3[aHHOTO KaHana
int coid; // WneHTndnkaTop CBA3M C POAUTENEM
// N0 CO34aHHOMY WM KaHany
pid_t Parpid; // WaeHTndnkaTop POAMTENbCKOro npouecca
int revid; // WneHTndnkaTop oTnpasuTens

// MONy4eHHOT0 CoobWeHUs
char BufName[ 100 ];
char SendBuf[ 100 ], RecBuf[ 100 I;

setlocale( LC_CTYPE, "C-TRADITIONAL" );

if( ( CChanid = ChannelCreate( 0 ) ) == -1 )
printf( “PebeHok: CTpaHHO, HO He ypanochb co3gaTh”

“ kaHan\n" ):
else
printf( “PebeHok: kaHan CChanid = %i coapan\n”
CChanid );

Parpid = atoi( argv [1] );
printf( “PebeHok coobwaeT: OH xMB Onarogaps nanaHe”
* Parpid = %i\n”, Parpid );

strepy( BufName, "904-3" )
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if( ( nid = netmgr_strtond( BufName, NULL ) ) == -1)
printf( “PebeHok: y3en \"%s\” He HangeH!\n"
BufName );
else

printf( “PebeHok: ysen \"%s\” HaipeH, ero nid = %i\n”
BufName, nid );

if( ( coid = ConnectAttach( nid, Parpid,
atoi( argv [2] ), _NTO_SIDE_CHANNEL, 0 ) ) == -1 ) {
printf( “PebeHok: CTpaHHO, HO OMTHS HE CMOrfo”

' yCTaHOBWTbL KaHaj cBA3M ¢ nanaHen\n" );

return( -1 );

}

printf( “PebeHok: ycTaHoBun cB@3b coid = %i ¢ npoueccom”

" Parpid = %i Ha yane %i\n", coid, Parpid, nid );

// BOT 3p0echb xopowee MecTo, 4ToOb BHMOMHWTL BCE AEMCTBMSA
// HeobxoauMble Ans pasBepThBaHMA [aHHOr0 npolecca

itoa( CChanid, SendBuf, 10 );
errno = 0;
if( MsgSend( coid, SendBuf, 100, SendBuf, 100 ) == -1 )
printf( “PebeHok: Ha MsgSend () k oTuy nony4un”
“errno = %i\n”, errno );
else
printf( “PebeHok: Ha MsgSend () nonydeH oTkauk”
“ o1 pomutens:\"%s\"\n", SendBuf );

rcvid = MsgReceive( CChanid, RecBuf, 100, NULL );
printf( “PebeHok: OT manaHuW nony4eHo coobueHne:”
“\"%s\"\n", RecBuf );

strcpy( RecBuf, “a 3pmeck, nanana!” );
if( MsgReply( rcvid, EOK, RecBuf, 100 ) == -1 )
printf( “PebeHok: no4emy-TO He yAanocb OTBETUTbL”
" nanawe. Ay, rge Te?\n" );

printf( “PebeHok: AuTATKO paboTy 3akoHuymno\n” );

ChannelDestroy( CChanid )
ConnectDetach( coid );
return( 0 );

O6GMeH coobLeHnamMu
Ha OCHOBE€ MeHe)Kepa pecypcoB
OnucauHubIil BBIIIIE CI0CO0 IMMOCTPOEHUS (PYHKIIMOHUPYIOIeil B CeTU CHUCTe-

MBI IIPOIIECCOB MOJKET OBbITh PeaJM30BaH JAJEeKO He BCeraa. 3auacTyio KIIH-
€HTY He M3BEeCTHA IIOJHAA TPUAA, [I0O3BOJIAOIAI €My CO3JaTh COeIUHEeHIE
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c cepsepoM. Bermomuum, uto B QNX 4, rae [Jsi CO3LaHUA CBA3U C APYTUM
mpoIieccoM OBLT HEOOXOAMM ero MAeHTU(PUKATOP, CYIIeCTBOBaJA CJIYKOa
IpOoCTPaHCTBA MMeH, obecmeunBaeMasi cepBepoM CJayKObI nameloc. Cepsep
00'BABJIAN CBOE MM B IIPOCTPAHCTBE MMEH C IMOMOIILI0 (PYHKIMH (NX_Na-
me_attach(), a 3aTemM KJIMEHT, BbI3BaB (OYHKIIUIO gnx_name_locate(), moJy-
YaJ OT CHCTEMBI UAeHTU(PUKATOP CepBepa, 0 KOTOPOMY MOT Aajee ¢ HUM
obmiaTbCA.

Paspaborunku QNX 6 HacTOATEIbHO PEKOMEHAYIOT BMECTO HCIIOJIH30Ba-
HUA CAy»KO0bI MMEH BBIIOJHSATL CEPBEP B BHUEe MeHeIKepa PecypcoB, IPH-
YyeM HACTOJbKO HACTOATEJIbHO, UTO N0 Bepcuu 6.3 aHAJIOT 3TOM CIaYIKOBI —
MeHEJJKeD CJIYKOBI II06aJIbHBIX UMEH gns — GYHKIIMOHNPOBAJ TOJIBKO JIO-
KajabpHO. VI Hamo IpusHaTh, UTO MOIIL U MU3AIIECTBO MEeHEIKepa PECYPCOB
SABJISIIOTCS OUeHb yOeIUTEeNbHBIM IOAKPEILICHNEM 9TUX PEeKOMEeH A,

IIpu ncob30BaHMM MeXaHM3Ma MEeHeJKepa PecypcoB IIPOIECC, BBICTYIIA-
IOII1I B KaUeCTBE CepBepa, PErUCTPUPYET CBOUM TaK Ha3bIBAEMbIH IIpe(uKc
IyTEeBOr0 UMeHHU (haiisa B IPOCTPaHCTBE (PAaNlJIOBBIX UMEH, IIOCJIE YeTO0 APY-
THe IPOoIecChl (KJIUEHTHI) MOTYT OTKPBIBATh 9TO UMA KaK (hailj, UCIoJIb3y s
CTaHAAPTHYIO 0ubIroTeunyo GpyHKIU0 open(). [ToayuynB B pe3yabTaTe BhI-
TOJTHEHUA 9TON (PYHKIINY JeCKPUIITOD (haiiia, OHU 3aTeM MOTYT o0paIaTh-
cdA K cepBepy, UCHOJb3ys CTaHAApPTHRIe OubaroTeunbie Gpyukiiuu C, TaKkue
Kak read(), write() mT. m.

OpHAaKO Ba*KHBIM (II0 KpaiiHell Mepe, IJs IPOrPAMMUCTOB, He KeJaloInX
OTKAa3bIBATHCA OT TAKOT'0 IPUBLIYHOTO U 3(MHEKTUBHOTO MeXaHU3Ma IIepe-
Iauyy JaHHBIX, KAK 0OMEeH COOOIIeHUSIMHU) ABJAAETCA TOT (PAKT, UTO ITOT Je-
CKPUIITOP HA CaMOM JeJjie ABJIAEeTCA He UeM UHBIM, KaK UJeHTUDUKATOPOM
coequHeHUA. U I0OSTOMY K CepBepy MOKHO o0palaTrhcsa He TOJbKO uepes
BBICOKOYPOBHEBbIE G YHKIIMY PAabOThI ¢ haiijiaMu, HO 1 C IIOMOIITBIO dJIEMEeH-
TapHBIX (QYHKIUI oOMeHa coobriennamu MsgSend* () (sjieMeHTapHBIX, HAa-
TIOMHIO, B TOM CMbICJI€, UTO B eMCTBUTEIHLHOCTH BCE CTAHAAPTHBIE BEICOKO-
ypoBHEeBbIe QYHKIINK PaboTHI ¢ (haiiiaMu pearu30BaHbl Uepe3 PYHKITUT 00-
MeHa COODIIeHUAMMU).

BwMmecTte ¢ Tem ciemyeT yYMTBHIBATH, YTO MEHEIKED PECYPCOB MOCTABJISAETCA
JLJIsI IporpamMMucTa (aKTUUEeCKU B TOTOBOM BHEe — KaK ITKad, TO eCTh yiKe
MMeIOTCA BCe OTAeJIeHN A, IOJKY, HOYKKY, IBEPIIhI, U 3a7ja4a paspadoTanra —
JIUIITH 3aTIOJHUTH €r0 CBOUM COAepP:KMMBbIM. OMHAKO «HAaBECUTh» Ha HETrO
CBOIO TIOJIOUKY VsKe HeBO3MOKHO. IHBIMU cJI0BaMu, IIPHU Iepegaye coooIIe-
HUI ¢ UCIIOJIb30BaHEM MeHeKepa PecypcoB Heo0XO0qUMO IPUMEHATh YiKe
UMeIOIMecs CpeJCTBa MeHeIsKepa PecypcoB, 0J1aro X BIIOJIHE JOCTATOYHO.

CaMbIM OUeBUAHBLIM U HaubOJee MPOCTHIM CIIOCOO0M Tepesaun COOOIeHmit
K cepBepy ABJIAETCA MHKAICYJIANUA COOOIeHUN B «COOOIIeHUS yIpaBe-
HUS YCTPOMCTBOM» — coobIIeHuA Tuma devcetl(). OmHako aToT crmocob mme-
€T CYIIeCTBEHHBIN HEIOCTATOK, 3aKJIIYAIOM[UNACI B TOM, UTO IPU B3AUM-
HOM OOMeHe JaHHBIMU MEXXKAY CePBepPOM U KJIMEHTOM, UTO ABJseTcsa DoJiee
OOIIMM ¥ [OCTATOYHO YACTHIM CJIyUaeM, Mbl BEIHY KIEHbI IepelaBaTh B 000-
uX HaIpaBJeHUAX 0y(Qepsl OANHAKOBON JJINHBI. 9TO 00'bACHAETCSA TEM, YTO



OBMeH COOBLLEHNAMUN Ha OCHOBE MEHe[Kepa pecypcoB 269

pyurnua devetl() nuMeeT TOJIbKO OOUH IIapaMeTp AJS pasMepoB oboux Oy-
(depos. ITosToMy B KauecTBe YHHBEPCAJILHOI'O CPEACTBA IIepefadun Coo0Ie-
HUI IpUMeHeHUEe 3TOU (DYHKIIUY BBITJIAIUT HEIIPUBJIEKATEIbHBIM.

K pamoctu paspaboTUMKOB, MEHEIKep PEeCcypcoB IIpeaiaraetT (PyHKIIHIO
IPUBATHBIX COOOIIeHU 10_msg() mas coobireruii Tuna _10_MSG. Menemsxep
cmoco0eH ux 00pabaThIBATh IIOCJIE COOTBETCTBYIOIIEH « HACTPOMKM » , 3aKJIIO-
yaromelica B MOAKJIIOUEHUN AUAlla30oHa COOOIeHUI, MHTePIPEeTUPYEeMbIX
KaK IIpuBaTHBIE (HOIMYCTHMMbIE 3HAUEHUA NOJIMKHBI OBITHL Oousbiite Ox1ff —
IranasoHa, pe3epBUPyeMoTo 3a cuctemoii). IIpu aToM cepBep B COCTOSTHUU
KaK cpasy «OTIYCTUTh» Reply-0JI0KMPOBAHHOTO KJINEHTAa, TaK 1 OCTABUTH
€ro B 3TOM COCTOSIHUMU [0 HY>KHOI'0O MOMEHTA.

Huske mpusBoguTesa KoI Ipoliecca-KJINEHTa M Iporecca-cepsepa. Ilocien-
HUI IPeACTABJsIeT COO0M CTAHIAPTHBIA MEHEIXKEepP PECYPCOB — B TAKOM BH-
e, B KAKOM OH, TaK CKa3aTh, [IOCTABJSIETCA PaspadoTunKy. EfuHCTBEeHHAA
LIAA, IoMelljaeMas B 9TOT IIKad, — 5To 00pabOTUNK IPUBATHELIX COOOIIe-
Huii. 37eCh BhI U JOJKHBI IOMECTUTD CIIeIT(PUUECKUI KO 00paboTK IPH-
HATOT'O COOOIIEeH!A.

B ocranbHOM Bee ocTaTouHO TpUBHAIBHO. Bosiee mogpo6HO 0 TOM, KaK IIN-
caTh MeHeIKephl PeCypPCcOB, MOYKHO IIPOYUTATE B I'1aBe « Writing a Resour-
ce Manager» TexHmueckoii moxkymentanuu QNX, a Takike B KHurax [1]
u [4] (r1aBa Osera l{luntopuka «IlpaiiBepsi»).

Mpymep oO6MeHa COOOLLLEHMSIMU C MOMOLLLbIO
MeHep ) Kepa pecypcos

Kop, panna 3aronoBkoB

#tdefine NET_OPER "/net/904-3"

#tdefine NET_REG "/net/Bed-Test”

// MakcumansHag AnuHa 00bYHOMO CTaHAAPTHOrO COOBUeHNs :
#tdefine MESSIZE_MAX 100

// MakcumanbHasg [avMHa MHBEHTAPW3aUMOHHOTO WMMEHM Mpouecca
#tdefine PROC_NAME_MAX 100

struct IdlLabel_t { // CTpykTypa, coaepxauas:

int id; // - VHBEHTApM3aUMoHHYyl0 MeTKy npouecca
char name [PROC_NAME_MAX]; // - wHBEHTapv3auuoHHOE MM#A Mpouecca

} IdLabel [ ] = {

/* OpnanasoH, BbigeneHHuln Tpynne # 1: oT 0x5000 po Ox50ff =/
0x5001, “npobHbii MeHeaxep pecypcos”

0x5002, “nepBblit TECTOBbLIM KAMEHT ANa MeHeaxepa pecypcos”

0x5003, “BTOpPOI TECTOBbLIM KAMEHT ANa MeHeaxepa pecypcos”

0x5004, “TpeTuit TeCTOBBIN KNMEHT ONA MeHeaxepa pecypcos”

0x50ff, “4yeTBepTb TECTOBHI KAWEHT AN MeHeaxepa PecypcoB”

/* OnanasoH, BhigeneHHun Tpynne # 2: oT 0x5100 po Ox51ff «/
/* OpnanasoH, BbigeneHHuln Fpynne # 3: oT 0x5200 po Ox52ff «/
b
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char Anonimus [] = “4yxgbit npouecc”
int ALLNUM_MYPROC = sizeof( IdLabel ) /

sizeof( IdLabel[ 0 ] );

Kop, npouecca-knueHTa

Kak 651710 cKas3aHo, KJIMEHT OTKPBIBaeT daita (pyHKIUa open()), moce ye-
ro ucnoJsbayer MsgSend( ), oTChIIAaA COOBOIEHN S 1 ITOJIyYas OTBETHI.

#include
#include
#include
#include
#include
#include
#include
#include

<stdio.h>

<stdlib.h>

<fcntl.h>

<sys/neutrino.h>

<sys/iomsg. h>

<locale.h>

<string.h>
"/home/ZZZ/TESTS/MR/MessTest.h"”

int main() {
int fdRM; // [leckpunTop CoeaMHeHMS C MEHedXxepoM pecypcos
char BufferSend[ MESSIZE MAX 1,

BufferReply[ MESSIZE MAX 1;

setlocale( LC_CTYPE, "C-TRADITIONAL" );

if( fdRM = open( strcat( strcpy( BufferSend, NET_REG ),

“/dev/MESSTEST/RM” ), O_RDWR ) ) == -1 ) ) {

printf( “KnueHT He Hawen umeHu meHemxepa!\n");
fflush( stdout );
return( -1 );

}

/* 3anonHeHne 3aronoBka — nepshHx 4-x 6alnT coobueHns,
cofepxalero MHBEHTapu3auMoHHy METKY AaHHOro npolecca
(onucaHb B “IRL32.h") «/

( (int *) ( BufferSend ) ) [0] = 0x5002

/* 3anonHexne coobueHus =/
strcpy( BufferSend + 4,

“Tak BOT THl Kakoit, Merepxep Pecypcos!” );

if( MsgSend( fdRM, BufferSend, 100

BufferReply, 100 ) = = -1 )

printf( “KnueHTy He ypanocb nepenaTb coobueHue\n” );

else

printf( “KnueHT nepepan coobuernne u nonydun <%s>\n"

BufferReply );

fflush( stdout );
close( fdRM )
return( 0 )
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Kop npouecca-cepBepa (MeHeaykepa pecypcoB)
H1a samycka cepBepa Ha yAaJeHHOM y3Jie BBIIIOJHUTE ¢ TePMUHAJIA KOMaHIY
# on -f /net/Bed-Test /net/904-3/home/Z77/BIN/TestMGR

rae Bed-Test — mMdA ygaeHHOTrO y3Ja, 904-3 — uMsA JOKaJIbHOTO y3Jia, /home/
777/BIN/TestMGR — myTh K UCIIOJIHAEMOMY (hairy.

BrauaJie cepBep BBINOJIHAET AEHCTBUSA II0 CBOCH MHUIINAINBAINN, CIIEI(I-
YyecKue JJIs JaHHOro mpolecca. Ecau oHM 3aBepPININCH YCIIEIITHO, T. €. Cep-
Bep rOTOB O0CIYKMBATh KJIMEHTOB, OH NHUIINAJIU3NPYET ce0s KaK afMUHU-
cTpaTop ycrpoiicTBa (pyHKIuu dispatch_create(), memset( &resmgr_attr, ... ),
iofune_func_init(), iofune_attr_init(), resmgr_attach(), message_attach(),
dispatch_context_alloc()), Ipu 3TOM Ha TOM y3Jie, Tle 3allyIeH MeHeIKep,
noaBasaetcsa daii /dev/MESSTEST/RM. ITocse aToro, ecau Bce IMIPOIIJIO YCIIEII-
HO, cepBepP BLIXOIUT HA OECKOHEUHYIO IIeTJII0 IIPHeMa COODIIe .

IIpuem coobIieHuii ocyiecTBadeTca PyHKImeir dispatch_block(), 6oxku;-
PVIOIIIeli Ipoliecc-cepBep Ha OKuIAaHnu’ coobieHuii. Ilpu momydueHmnn cooo-
ImeHus OHO Iepenaercsa (GyHKmuu dispatch_handler(), koTopas IPOM3BO-
IUT pasbopKy coolInenus. Ecau aTo coolbIenre OTHOCUTCA K M3BECTHBIM
PasbopIIUKY, OHO HAIIPABJSIETCA K COOTBETCTBYIOIIEH (GyHKIIUU 00paboT-
KU, IPUHUMAaEeMOI I10 YMOJIYAHUIO.

Taxk, B uacTHOCTH, 06pabaTHIBAIOTCS COOOINEHUS HA OTKPBITHE pecypca (me-
pecbLTaeMoe KJIMEeHTOM IPH BbI3oBe UM QyHKIHY open()), Ha OTCoequHEeHMe
U 3aKpbITHE pecypca (OTCHLIAIOTCA KJIMEHTOM IIPU BBIZOBE UM (DYHKIIUU
close()), HA YTeHWE UM 3aIUCh (ecaM KJIMEHT BbI3oBeT (yHKIuUU read()
uau write()) u pang apyrux. Kpome Toro, pasoopuinky n3BeCTHBI COOOIIe-
HUSA, 3aTOJOBOK KOTOPBIX COAEP:KUT «MHBEHTAPU3aIMOHHYI0 METKY», II0-
HafaroIlyo B AUAMla30H, YKAa3aHHBIM IIPU BbI30Be (DYHKIMU IIPUCOETUHE-
HUSA IPUBATHBIX cOO0OIeHui message_attach(). B aTom cayuae coobieHme
nepegaeTcsa AJA AaJdbHeIeil 00padboTKN PYHKIINN-00pab0OTUNKY IPUBAT-
HBIX c000IIIeHMIl (B HalIeM mpuMepe 3To pyHKIua PrivatHandler()).

IIpu paccmoTpeHUUn QYHKITNN 00paObOTKM IMIPUBATHBIX COOOITeHMt Privat-
Handler () ciemyeT oOpaTUTh BHUMAaHMNE, UTO, XOTA B 9TOH (PYHKIUU U IIpe-
IYyCMOTPEHO 0CBOOOKAeHNE KiIneHTa ¢ Reply-6/I0KMpOBKY, OHA BO3BpAIIla-
et He _RESMGR_NOREPLY, KaK MOKHO OBLIO OBI OKHIaTh, a 3HaueHue 0, UTO
yKas3bIBaeT OMOJNOTEeKe MeHeIKepa PecypcoB Ha TO, UTO oTBeuaTh Reply-
COOOIITeHrEeM KJINEHTY YK e HEeT He00XO0JUMOCTHU. ITO 00'bACHIETCA TEM, UTO
00paboTUYMK IIPUBATHBLIX COOOINEHUI cam BhuImoJHAET Reply-coobIeHue,
¥ 9TO 3aJI0YKEHO B HEM M3HAYATbHO. B 9TOM COCTOUT BaKHOE OTJIMUME STOTO
00paboTurKa OT BcexX MpouunXx (B3TJIAHUTE HA KOA oOpaboTumka prior_read()
B paszesne «MeHeI Kepbl peCypCOB» TJIaBHI H).

Er1tie omHa TOHKOCTE: Ipu padoTe ¢ TPUBATHBIMU COOOIEHUAMY B IIPOIlecce-
MeHeIKepe HeoOXOMMMO HMCIIONIb30BaTh MYHKIINMM AUCIeTYepUl3anuu dis-
patch_*() (dispatch_block(), dispatch_handler() u T. 1.), a He QYHKIITUU Me-
Hem:xepa pecypcoB resmgr_*() (resmgr_block(), resmgr_handler() u T. x.).
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#include <errno.h>

#include <stdio.h>

#include <stddef.h>

#include <stdlib.h>

#include <unistd.h>

#tinclude <sys/iofunc.h>

#include <sys/dispatch.h>

#include <devctl.h>

#include <locale.h>

#tinclude "/home/ZZ7/TESTS/MR/MessTest.h"

int PrivatHandler( message_context_t *ctp, int code,
unsigned flags, void* handle );
char* IdlLabelParse( int id );

// Tabnnua dyHKUMA CBA3K

static resmgr_connect_funcs_t connect_funcs
// Tabnunua dyHKuMiA BBOAA/BHBOAA

static resmgr_io_funcs_t io_funcs

// CTpykTypa aTpnbyToB yCTpOiCTBa

static iofunc_attr_t attr

main( int args, char **argv ) {
resmgr_attr_t resmgr_attr; // CTpykTypa aTpubyTOB MeHemxepa pecypcoB
dispatch_t *dpp; // YkasaTenb Ha CTPYKTYpy AWCNeTYepusauuu
// COLEPXUT WAeHTUOMKaTOp KaHana.
dispatch_context_t *ctp; // KonTekcTHas cTpykTypa; copepxuT Oydep coobueHuit
// 6ydep BeKTOpoB BBOAA/BLBOAA
int id;
int result;
char BufferRec[ 100 J;
int rcvid;

setlocale( LC_CTYPE, "C-TRADITIONAL" );

/* 30eCb [0MXHb BHMNOJHATHCH HEOOXOAMMbIE [EACTBUSA
no MHMUMaNM3auuy KOHKPETHOro cepsepa */

/* CyuTaeMm, 41O BCe HeoOXOAMMOe Tenepb BbIMOMHEHO. .. x/

/* WHuumannsaums uHTepdeica gucnetTvepusaunm */
if( ( dpp = dispatch_create() ) == NULL ) {
printf( “%s: HeBO3MOXHO pasmecTuTb 06paboTynk”
“ pucneTtdepusaumn.\n”, argv[0] )
return EXIT_FAILURE
}
/* B peaynbTaTe no agpecy dpp co3paHa CTPyKTypa aucnetyepusaunu =/

/* Whuumannsauus aTpubyToB MeHemxepa PECypcoB =/
memset( &resmgr_attr, 0, sizeof resmgr_attr );
resmgr_attr.nparts_max = 1;
resmgr_attr.msg_max_size = MESSIZE_MAX;
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/* 3ajaeMm 4ucno [OCTYMHbHX CTPYKTYp BEKTOPOB BBOAA/BbBOAA
(I0V) =1
3agaem MakcumanbHui pasmep OGydepa nonyHeHus paBHbIM
MESSIZE_MAX.
B pesynbTaTe WMHMUMANM3MpynTCS aTpubyTHl MeHeaxepa PecypcoB =/

/* WHuumanmnsauus oyHkumii 06paboTkn coobueHnin x/
iofunc_func_init( _RESMGR_CONNECT_NFUNCS, &connect_funcs

_RESMGR_IO_NFUNCS, &io_funcs )
/+ B peaynbTaTe 3anonHsnTca ABe Tabnuub (CTPYKTYpH), 3ajaoume GyHKUMM
06paboTky ang OBYyX crneumansHuX TUNOB coobuweHni: Tabnuua GyHKUWUIA CBA3K
v Tabnuua GyHKUMIA BBOAE/BbIBOAA. B COOTBETCTBYWUWMX MeCTax pa3MeuanTcs
npuHMMaeMble No ymonyanuio ¢yHkumn iofunc_*_default()... CBowmMu He 3ameHsem -
HET HeoOXOAWMOCTU. */

/* WHuumannsaums UCnofnb3yemoin YCTPOUCTBOM CTPYKTYPH aTpubyToB */
iofunc_attr_init( &attr, S_IFNAM | 0666, 0, 0 )
attr.nbytes = MESSIZE_MAX + 1
/* B peaynbTaTe MHUUWMANU3NPYETCH CTPYKTypa aTpnbyToB
1CnoNb3yemMad yCTPONCTBOM:
S_IFNAM ykasbBaeT, 4TO Tun ycTpoicTBa — Special named file;
nobuTosble Gnarv onpeaenanT npasa AoCTyna;
4ucno 6aiT B pecypce 3ajaeTcs paBHbM pa3mepy Oybepa. =/

/* lpukpenneHne nMeHn ycTponcTea */
if( ( id = resmgr_attach( dpp, &resmgr_attr
"/dev/MESSTEST/RM", _FTYPE_ANY, O,
&connect_funcs, &io_funcs, &attr ) ) == -1 ) {
printf( “%s: HEeBO3MOXHO MPUKPENUTb UMA MeHeaxepa”
“ pecypcos.\n”, argv[ 0 ] );
return EXIT_FAILURE

/* Knio4eBoe [EUCTBME: Mbl PErucTpupyem Ha Hawem yane uma /dev/MESSTEST/RM
dpp v resmgr_attr - MHWUMANM3MPOBAHHHE Bbille CTPYKTYPSI;
/dev/MESSTEST/RM - accouunpoBaHHOe C YCTPOMCTBOM WMS
_FTYPE_ANY - onpeaensieT Tun OTKPLTWS yCcTpoicTBa (B [aHHOM
cnyyae ponyckaetca no6oi Tun 3anpoca OTKPLITUS);
paBHbI Hynlo dnar pa3bopku nyTu uMeHn daitna onpenenset,
4TO 3anpoc - TONbKO N0 WMMeHW /dev/MESSTEST/RM;

&connect_funcs - 3agaHHbie Bbile NOANPOrpaMMbl CBA3K
&io_funcs - 3apaHHble Bblle NOANPOrpaMMbl BBOAA/BLIBOAA;
attr - uwHMUManu3nMpoBaHHasa BhWE CTPYKTypa aTpubyTOB yCTPOMCTBa
Moakniodyaem Ananas3oH CooOWeHWi, KOTOpble AOMXHB PacCMaTpUBAThCH
KaK npuBaTHbe, C nepepayein ux obpaboTynKy AN Takux
coobuweHun - PrivatHandler() =/
if( message_attach( dpp, NULL, 0x5000, Ox5fff
&PrivatHandler, NULL ) == -1) {
printf( “HEeBO3MOXHO MOAKAWNYWUTb AAHHbIA
"nuanasoH npuBaTHHX coobueHnr\n" );
return (EXIT_FAILURE);
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/* PasmelleHne KOHTEKCTHON CTPYKTYypH x/

ctp = dispatch_context_alloc(dpp)

/= Pasmep Oydepa coobueHuin, CoAepxauerocs B STOW CTPYKType, PaBHO Kak W 41CNo
BEKTOPOB BBO/JA/BbBOAA, TaKXe COAEPXaWMXCH B 3TOW CTPYKTYpe, YCTAHOB/IEHH npw
MHULMANU3aumum CTPYKTYpH aTpubyTOB MeHeaxepa Pecypcos */

/* 3anyck netnu coobueHuin MeHemkepa pecypcoB =/
while( 1) {
// oXupaHue npuxopa COOBUEHM
if( ( ctp = dispatch_block( ctp ) ) == NULL ) {
printf( “ownbka 6noka\n” );
return EXIT_FAILURE
}
printf( “MeHemxep pecypcoB noay4un coobueHne”
“ pnvHoi %i 6anT\n”, ctp->resmgr_context.info.msglen )

result = dispatch_handler( ctp );
// coobleHne packoaMpyeTcs, W Ha OCHOBAHMM 3afaHHbX Tabnuy OyHKUMIA CBA3M
// v BBOMa/BHBOAA BbI3HBAETCA COOTBETCTBYWUAA OyHKUMSA 06paboTky coobueHns
if( result )
printf( “MeHenxep pecypcos He cmor obpaboTaTh”
“ coobueHne result = %i\n", result );

}

/*********************************************************************
06paboTunk npuMBaTHHIX COOOWEHWA, TO €CTb COObWEHW, 3arofoBOK KOTOPHIX
yKnanpBaeTCs B AManasoH, ykasaHHbli npu Bh30BE OyHKUMKM message_attach()
*********************************************************************/
int PrivatHandler( message_context_t* ctp, int code,
unsigned flags, void* handle) {
char Buffer [MESSIZE MAX]
printf( “nony4ero npusaTHoe coobueHne Tun %x oT”
“\"%s\"\n", code, IdLabelParse( code ) )
printf( “BoT aTo coobueHne: <<%s>>\n"
(char *)( ctp->msg ) + 4 )
strcpy( Buffer, “KnueHTy: pma, 4 Takon” );
MsgReply( ctp->rcvid, EOK, Buffer, sizeof( Buffer ) );
return( 0 )
}

/*********************************************************************
OYHKUMA NONb30BATENbCKOM BubnMoTekn, onpeaendouas WHBEHTapU3aLWOHHOE
MMSt Mpolecca no ero WHBeHTapM3auyoHHON MeTKe
*********************************************************************/
char* IdLabelParse( int id ) {

struct IdLabel_t Inventory;

int 1 = 0;

while( IdLabel[ i ].id ! = id && i < ALLNUM_MYPROC ) i++;

if( i == ALLNUM_MYPROC ) return Anonimus;

else return( IdLabel[ i ].name )
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Wcnonb3oBaHne MmeHeakepa cnyXoObl
rnob6anbHbIX UMeH

Haunnas ¢ QNX Bepcuu 6.3 cepsBuc riiodaabHBIX UMeH, 00ecIeunBaeMbIii
GNS-meHemxepoM CayKObI (YTUIAUTOM gns), AeiicTByeT B ceTu. Mlcmoab3ysa
5TOT CEPBUC, HET HEOOXOAMMOCTH OPraHM30BLIBATE IIPOrPAMMY KaK IIOJIHO-
IeHHBIA MEeHEIKep PecypcoB, IIPU 3TOM IIPUJIOKEHNEe-CepBep MOXKEeT 00b-
SABJIATH CBOIO CJIYKOY, a IPUJIOKEHUA-KJINEHTBl MOI'yT OTLICKUBATL U VC-
moJib30BaTh Ccay:KObl ueped QNET-cerhr 6e3 3HaHMA TAKUX YaCTHOCTEH,
KaK, HAIIpUMep, I'Je dTa CayKba pacroJjaraercs M KTOo ee 00ecIeurBaer.
IToxpo6HO 0 cepBUCE II0GATBHBIX UMEH CM. B [4].

I Toro 4TOOBI PA3BEPHYTh TOT CEPBUC, HEOOXOAMMO B PeKUMe cepBepa
3alyCTUTh MEHeMKep CAYKOBI II00aTbHBIX UMEH Ha TOM y3Jie, I'le JOJIIKHO
paboTaTh Hallle IPUIOKeHNe-cepBep. B pesxume cepBepa GNS-meHemxep
BBICTYIIAeT B POJIM HEKOH IeHTPaJIbHOMN 0asbl JaHHBIX, XpaHAIIell 00baB-
JIeHHBIE CJIYKOBI, 1 00pabaThIBAaeT 3aIIPOCHI HA IIOMCK 1 YCTAHOBJIEHNE CBSI-
3u ¢ Humu. Ha yasiie ke, rie pacioJiaraercs KJINEeHT, 3allyCKaeM MeHeaKep
B pesKMMe KJIMEHTAa, IPU 3TOM OH IIepeJaeT 3alpochl O0'bABIEHNS, IIONCKA
1 YCTAaHOBKH CBA3HN MEXAY JJOKAJIBbHBIM (TO €CTh PaCIIOJIOKEeHHBIM Ha 9TOM
JKe y3Jie) IPUIOKEeHNeM-KJINeHTOM 1 cepBepoM (cepBepamm) gns.

CepBepHBI y3eJ:
# gns -s

Kaueutcruii ysen (y3ibI):
# gns -c

B pesysbTaTe Ha y3jJax, Ile 3alyIleHbl CAYKObBI TI00aJTbHBIX UMEH, MOs-
BATCA uMeHa /dev/name/global u /dev/name/local. Kamawiit yses, Ha KOTO-
poM 3amyIlieH gNsS-KJINEHT U CEPBEP, B OAHOU U TOM K€ CEeTU UMEET OUH
¥ TOT 2Ke BIJ IIPOCTPAHCTBa UMeH Ha /dev/name/global. Kax eIt ysea ume-
eT JIOKaJIbHOe IIPOCTPAHCTBO UMeH /dev/name/local, ABJIAIOIIEECT JIOKAJIb-
HBIM OJIA ILaHHOﬁ MAaIIIMHBI 1 OTJINYAIOIIeeCd OT JIOKAJBbHOI'O IIPOCTPaHCTBA
uMeH Ha apyro# mamuHe. (Keratu, momumo umeH global u local mox /dev/
name/ MOSIBUTCS eIlle MM gNS_server mam gns_local — MMs, IIOJ KOTOPBIM
peructpupyercs cam GNS-meHemxep.)

CymrectByeTr HecKoabKo (pyukiuii API, orHocAmuxca K cay:kbe riobaib-
HBIX mMeH: name_attach(), name_open() m name_close(). IIporpamMmMucTsbi,
3HaKoMbIe ¢ QNX 4, cpady «y3HAIOT» B HUX aHAJIOTH U3BECTHBIX UM (QYHK-
nuit gnx_name_attach(), qnx_name_open() u gnx_name_close(). Ilpuimoxenus
HCIOJB3YIOT 3T (GYHKIUU AJA OOBABICHUSA WMEHU CJIYKObI, CBA3U CO
CIyk00# M OTCOeAMHEHUSA OT CIAYKObI.

HWrak, uTo6bl 00BABUTH CBOE UM II00AJBLHO B CETH, IPUIOKEHNIE-CEPBEP
IOJI’KHO Ha y3Jie, I'lie B PeKUMe cepBepa QYHKIIMOHUPYET MEHEIAKep CIyHK -
ObI IJ1I00aIBbHBIX UMEH, 00bSIBUTH CBOIO CJYK0Y, BBITIOJIHIB BbI30B:
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if( ! ( NameServer = name_attach( NULL, "MyService",
NAME_FLAG_ATTACH_GLOBAL ) ) )
return EXIT_FAILURE;

®ar NAME_FLAG_ATTACH_GLOBAL yKasbIBaeT, YTo MPUJIOKeHe-cepBep 00baB-
JIsIeT CBOoe MMA IJ100aJbHO — B ceTu. Ilpuiokenne, KOTOpoe MOKET II0[CO-
eIUHUTH CIYyKOy riaob6aibHO, JOJYKHO MMETh IIpaBo mocTyia root. ITociae
BBITIOJIHEHH S 3TOTO BBI30BA B fupekTopuu /dev/name/global moaBuTca mon-
coeguHeHHOE UM MyService (ecsiu OBI TPETHH apryMeHT BbI3OBa OBLI ycTa-
HOBJIEH B HOJIb, 9TO MM 0Ka3aJ0Ch ObI IIOJCOeSUHEHHBIM K /dev/name/local
¥ OBLIIO OBI JOCTYIHO TOJBKO JIOKAJIBHO).

PerucTpupysa uMsA B IIPOCTPAHCTBE IJI00ANBHBIX MMeH, PYHKIUA name_at-
tach() cosmaeT KaHaJ, UAeHTU(GUKATOP KOTOPOTO OHa BO3BPAIIaeT B COCTAa-
Be CTPYKTYPbI NameServer. OTMeTHM, UTO 3TOT KaHaJ CO3JAETCS C OIpeje-
JIEHHBLIMM YCTAHOBJEHHBIMHU (JiaraMu, 3aJalOIMMKA COOTBETCTBYIOIIIVE
IelCTBUSA CHUCTEeMe:

e NTO_CHF_UNBLOCK — mocTaBaATH BJAAEJbIYy KaHaja MMIIYJbBC C KOJIOM
_PULSE_CODE_UNBLOCK 1 3maueHueM rcvid Kaskablil pas, korga Reply-6.io-
KUPOBAHHBIN KJIUEHT MOIMBITAETCS Pa30IOKMPOBaAThCA (CKaMKeM, IO I0-
JIYYeHUIO CUTHAJIa UJIN II0 TaliMepy);

e NTO_CHF_DISCONNECT — mocTaBJATH BJaAAEJIbIly KaHAJa UMITYJIBC C KOJIOM
_PULSE_CODE_DISCONNECT, xorma oT IIpoliecca OTCOeIMHUJINCH BCE yCTa-
HOBJIEHHBIE CO€IMHEHUS KJIMeHTa (KJHNEeHT BBIIIOJHHUJI name_close() Ha
KasKIbIl CBOI name_open() K UMeHH! cepBepa Jirbo BooOIIe yMmep);

e NTO_CHF_COID_DISCONNECT — mocTaBaATH BJIAAEJbIly KaHajla HMIIYJbC
c komom _PULSE_CODE_COIDDEATH u sHaueHuem coid (mmeHTH(GUKATOpPA CO-
eIVHEeHUA) I KaKJOr0 COeIUHEHUs II0 9TOMY KaHajay, Koraa KaHat
3aKpbIBaeTCsd.

Temeps, IIocJie CO3MAHNA KaHajla, CePBEP MOMKET CTAHOBUTHCS Ha IIPUEM CO-
OO0ILI[eHUH OT KJIMEHTOB:

rcvid = MsgReceive( NameServer->chid, &MsgBuf, sizeof MsgBuf );

OnHAKO MOJKET TaK CIYYUTHCH, UYTO KJIUEHT MOIILJIET He HEeIIOCPEICTBEHHOe
COOO0IIeHre /I cepBepa, a BBIIIOJHUT, CKayKeM, UTeHHe, UYTO, 10 CYTH, TO-
JKe SIBJISeTCsS OTOCJIaHHBIM coolOIieHueM. IloaTomMy mpu MmOJIydeHUH CO00-
IIeHU A Heo0XOqUMO IIPOUSBOAUTD UX «(PUIBLTPAILAIO»

if( MsgBuf.hdr.type >= _I0_BASE &&
Buffer.hdr.type <= _I0_MAX ) {
MsgError( rcvid, ENOSYS );
continue;

}

IToryumB OT KJIMEHTa HeKOe IpeJolpeaesieHHOe coo0IeHne, ceppep copa-
ceiBaeT (ar flagWork 1 BBIXOAUT 13 MeTJIN OKUAAHUA COOOIIeHnil, TeM ca-
MBIM 3aBepIias CBOI paboTy.

C yueToM 5THX JeTaJieli 1 OpTraHM30BaH HUKEOIIMCAHHBIN cepBep.
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Kop npouecca-cepBepa, NCNONb3yOLLErO
Cny)kK0y rno6anbHbIX UMEH

#include <stdio.h>
#include <errno.h>
#include <stdlib.h>
#include <sys/dispatch.h>

/*

Ha cepBep MOryT MPUXOAWTb W UMNYAbCH. Kak MUHWMYM. </

typedef struct _pulse msg_header_t;

/*

CTpykTypa coobueHns COCTOWT M3 3aronoska 4 Oydepa Hawux AaHHbx */

typedef struct _MsgBuf {

msg_header_t hdr
char* Buffer

} MsgBuf_t;

int main() {

/*

/*

name_attach_t* NameServer
MsgBuf_t MsgBuf

int revid;

char BufReply[ 100 ];

int flagWork = 1

Cospaem rnobansHoe wmg /dev/name/global/MyService =/
if( ! ( NameServer = name_attach( NULL, "MyService"
NAME_FLAG_ATTACH_GLOBAL ) ) )
return EXIT_FAILURE

CTaHOBMMCA Ha MeTMi0 NoAy4YeHus coobweHnin x/
while( flgWork ) {

if( ( rcvid = MsgReceive( NameServer->chid, &MsgBuf
sizeof MsgBuf, NULL ) ) == -1 ) {
printf( “Ownbka npu nonyveHun cepsepom MyService
“coobueHus oT kaneHTa\n" );
fflush( stdout );
break;

”

y

if( !'revid ) { // MNony4yeH umnynsc
switch( MsgBuf.hdr.code ) {
case _PULSE_CODE_DISCONNECT:
Mockonbky ans kavana yctaHoBneH énar _NTO_CHF_DISCONNECT, appo
aBTOMATUYECKN HE 0CBOOOXAAET CBSA3M, YCTAHOBNEHHLIE KAWEHTOM paHee.
CepBep [0MAXEH BHINOMHUTL OTO CO CBOEM CTOPOHB CaM, "CO3HaTeNnbHO"
yaanue mapwpyT 0T cebd 00paTHO K KIANEHTY. %/
ConnectDetach( MsgBuf.hdr.scoid )
break;
case _PULSE_CODE_UNBLOCK:
KnueHT nbiTaeTcs pas3bnokupoBaThbCs, HE AOXAABWWACHL oTBeTa no Reply.
Hafo BHMOMHWTL Kakue-To AeicTsud, 4ToOb KoppekTHo (ansa cebs)
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00paboTaTb 8Ty CWTyauumio, W BCE-TaKW OTMYCTUTb 3TOr0 KAMeHTa -
emy Beab Hapo! [lpu aTom umnynbce B MsgBuf.hdr.value npuxoguT rcvid =/
MsgReply( MsgBuf.hdr.value.sival_int,
EAGAIN, NULL, 0 );
break;
default: break;
}
continue;
// BHOBb yXOOMM Ha NEeTN0 npuema CoobweHwui

}

/+ MNony4yeHHoe cooOWEHWEe HAXOOMTCHA B [1anasoHe CUCTEMHbIX
coobueHuit Beoaa/BuBOAa. He obpabaThiBaem. «/
1f( MsgBuf.hdr.type >= _I0 BASE &&
MsgBuf. hdr.type <= _T0_MAX ) {
MsgError( rcvid, ENOSYS );
continue

}

/* A BOT 310 - coobueHne ana cepsepa. ObpabaTuiBaem. =/
if( MsgBuf.hdr.type <= 0x50001 ||
MsgBuf.hdr.type >= 0x500ff ) {
printf( “Cepsep nonyuun coobueHue Hem3BecTHO OT”
“ koro ¢ meTkoi %#x\n", MsgBuf.hdr.type )
strcpy( BufReply, “a kTo aT0???” );
}
else {
printf( “Cepsep nonyuun coobuerne: \"%s\"\n”
MsgBuf.Buffer );
strcpy( BufReply, "a, aTo Tbl, KAMEHT" );
}
MsgReply( rcvid, EOK
BufReply, strlen( BufReply ) + 1 );
}

// KoHeu neTnu nony4eHns coobueHuit

/* 0TcoeauHaemca 0T ChyxObl rnobanbHbix UMEH x/
name_detach( NameServer, 0 );
return EXIT_SUCCESS

}

IIpuno:keHUA-KINEHTHI, KOTOPHIM HAZ0 MUCIOJIb30BATh IVIO0AIBbHYIO CIYIK-
0y uMeH, MOT'yT uciojb3oBaTh pyHKIuio API name_open(). B cayuae, korga
cay:kba obecrieunBaeTcsa HECKOJBKUMHU cepBepaMu (MHTepecHas WM OYeHb
oJIe3HAsd BOBMOIKHOCTD, 3aKJIIOUAIOIIAsICSI B TOM, UYTO HECKOJBKO CEPBEPOB
BIIpaBe Ha Pa3IMUYHBIX y3JIaX CeTU O0BSIBUTH OJHY U Ty Ke CIyKO0Yy), mpa-
BUJIA CBA3U CO CAYKO00I MMEH TaKOBBI:

e Ecau mocTaBIUK CIIyKObI UMEETCA HA TOM JKe y3Jie, UTO U IIPUJIOKe-
HUe, 3aIIPOCUBIIIEE CIYKOY, MeHeAKep MbITAeTCA CBI3aTh MIPUJIOKEHUIE
TIpeXKie BCEro ¢ JJOKAJbHBIM IMOCTABITUKOM. EcC/Iu CBSA3D yCIelTHa, IPU-
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JIO}KeHMe O0IaeTCsi CO CBOMM IOCTABIIMKOM JIOKAJIBHO, UYTO o0ecIIeun-
BaeT JIYUIIYIO IIPOU3BOAUTEILHOCTD.

e Eciu JTOKaIbHBINA HOCTABINK OTCYTCTBYET UM 110 KAKUM-TO IPUUYNHAM
OTKa3LIBAeT B IIOCTABKE CJYKOBI, MEHEIKep ILITAETCS CBI3aTh MPUJIO-
JKeHHe ¢ APYIMMH HOCTaBIMUKaMu. Ecjyu nMeeTcsa HECKOJLKO yIAaJeH-
HBIX IIOCTABIUKOB, TO IIOPAJOK, B KOTOPOM IIPOM3BOAATCS IOMBITKU
YCTAHOBUTL C HUMU CBs3b (T. €. KTO IIOJYYUT CBA3D IIEPBLIM), He OIIpe-
IeJIeH.

Kop, npouecca-kKnneHTa, UCnosb3yloLero
cny>XX0y rno6anbHbIX UMeH

#include <stdio.h>
#include <errno.h>
#include <stdlib.h>
#iinclude <sys/dispatch.h>

/* Ha cepBep MOryT NpUXOAWTb W UMNYALCH. Kak MUHUMYM. */
typedef struct _pulse msg_header_t;

/+ CTpykTypa CO00WEHNss COCTOMT M3 3aronoska n Bydepa Hawnx AaHHbX */
typedef struct _MsgBuf {

msg_header_t hdr;

char* Buffer;
} MsgBuf_t;

int main() {
MsgBuf_t MsgBuf
int fd;
char BufReply[ 100 J;

if( ( fd = name_open( “MyService”,
NAME_FLAG_ATTACH_GLOBAL ) ) == -1 ) {
printf( “KnueHTy He ymanocb nNpucoeamHuTbes K
“ cepsucy\n” );
fflush( stdout );
return EXIT_FAILURE
}

// WHBeHTapu3aunoHHaa MeTka [aHHOTrO KiMeHTa
MsgBuf.hdr.type = 0x50001;
MsgBuf. hdr.subtype = 0x00;

strcpy( MsgBuf.Buffer, “3gpascTsyi, moporou cepsep!” );
if( MsgSend( fd, &MsgBuf, sizeof MsgBuf
BufReply, sizeof BufReply ) == -1 ) {
printf( “KnueHT umeeT npobnemsl ¢ nepegadveit coobueHnin”
* cepsepy\n” );

fflush( stdout );

name_close( fd );

return EXIT_FAILURE;
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}
printf( “KnueHT nony4wn OT cepBepa Takoh OTBET:
“\"%s\"\n", BufReply );
name_close( fd );
return EXIT_SUCCESS;
}

Tem, KTO y:Ke MCIOJb30BaJ (GYHKIIUKU PaboOThI CO CIYyKO00# Ti1o0aabHBIX
uMeH B npeabiayieii peanusanuu OC QNX 6.2 (rae, KaKk YKa3bIBaJIOCh BhI-
e, oOHa y’Ke CyII[eCTBOBaJia, HO MOTJIa QYHKIIMOHUPOBATH TOJHKO JIOKAJIb-
HO), cJeayeT o0paTUTh BHUMAaHNE, UTO B IIOBEJIEHUU 3TUX (PDYHKIIUHA ITOSIBU-
JINCh HEeOOJIBIITe N3MEeHEeH! .

Pambire, Korga mpuoKeHNe-KJIUNEHT UCIOJb30BAJI0 BbI30B (QYHKIIUU Na-
me_open() IJIA CBSISU C CEPBEPOM, cepBep 00 aToM He 3HaJ. Temeps aTo name-
HEHO: cepBepy PaKkTUuUecKu oTchblaaeTcsa coobimerne _10_CONNECT / _I0_OPEN.
Kpome Toro, nsmeHeHO IPUJIOKEHUE-CEPBEDP, UTOOBI UMETh BO3MOYKHOCTH
ob6pabaTeIBaTh Ipuxon coobierHus _10_CONNECT.

3aknoyeHue

3asaua NpoBeNeHNsA CPABHUTEILHOTO aHAJIN3a PACCMOTPEHHBIX HAMH Me-
TOJOB OPTaHMU3aI MU 00MeHa COOOIIeHUAMMY C TOUKH 3PeHUA UX ObICTpOIeli-
CTBUSA WJIU, CKAaKeM, 00'beMa MCIIOJHSIEeMOro Kola He IIoKasajiach MHEe aK-
TyaabHOM. Ilojarato, uTo 61arogaps BbICOKOI 9(p(heKTUBHOCTH MeXaHu3Ma
KaK TaKOBOTO PasjIMYHBIE ero peajaus3aluu He OyAyT KapAUHAJILHO OTJIH-
yaThCsA. A BOT ¢ BEIOOPOM «IIPABUJbHBLIX» KPUTEPUEB €CTh IPOOJIEeMBI, 10
KpalHel Mepe, Y MEHs.

Koneuno, mmepBblii 13 PACCMOTPEHHBIX METO/IO0B SABJISIETCS CAMBIM «CIIAPTAH-
CKUM» U IOTOMY HamboJiee 3(p(peKTUBHBIM II0 AeHCTBUIO, OJHAKO 1 HAM0O0-
Jee «XPYIKUM», TPeOYIOIINM BHUMATEJIbHOT'0 00YCTPOMCTBA, a TaKKe Ma-
JIO IPUEMJIEMBIM B OOJIBIIIUX CHUCTEMAaX. JIMUHO MHEe 00JIbIIle UMIOHUDPYET
BTOPO¥ METOJ, HO 00I0Ch, UTO 3TO IPOCTO JIUUHBIEe IPUCTPACTUSA (BO3BMOKHO,
HPAaBUTCA IIOTOMY, UTO JIEHTSIO He MOYKET He JOCTABJATh YAOBOJIbCTBUS TOT
daxT, yTO mpemJaraeTcs y:Ke TOTOBBIM IIPOTOTUII MEHEIKepa Pecypcos,
U caMOMY HaJ0 AejiaTh COBCEM HEMHOTO...). BeiOupaiite To, 4TO 6GOJIBIIIE BCE-
0 HPaBUTCS BaM U 60Jiee BCETO MOAXOAUT AJIs Balllel KOHKPETHOM 3aJauu.



10.

11.

12.

13.

14.

JintepaTtypa

. Po6 Kepren «Bemeunme B QNX/Neutrino 2». — CII6.: ITerpomoJuc,

2001.-478c.

. Yunbam CruBenc «UNIX: BsaumogeiicTBue mporieccoB». — CII6.: ITu-

Tep, 2002. — 576 c.

. Yunabam CtuBernc « UNIX: paspaboTKa ceTeBbIX npuioskeHuii» . — CIIO.:

ITurep, 2003. — 1086 c.

. Ainekcees, Buapesuu, Boakos, I'opomko, I'opuak, #Kasuuc, Corrus,

Muniopuk, Yuaukus «IIpaktuka pa6orsr ¢ QNX». — M.: KomByk,
2004. - 432c.

Koiit XoBunenn, [Maiiua I'peii, Ber Canama «CucTreMHOE TporpaMMupPO-
Banue B UNIX». — M.: IMK IIpecc, 2000. — 368 c.

. Teperc Yan «Cucremuoe nporpammupoBanme Ha C++ masa UNIX». —

K.: Usparenbckada rpynna BHV, 1997. — 592 c.

. Anpgpeii Pobauesckuii «Onepanuonnas cucrema UNIX». — CII6.: BHV —

Caukr-ITerepoypr, 1997. — 528 c.

«QNX Neutrino Realtime Operating System. System Architecture». —
QNX Software Systems Ltd, 2002.

. Yo Creiizep «Ddpdextupuoe nporpammuposanue TCP/IP». — CIIG.:

IIurep, 2001. — 320 c.

J. llefircTpa «BsaumogeiicTBue mocieOBaTeIbHBIX IIPOIECCOB», COOD-
HUK «SI8bIKM mporpaMMupoBanusa» mon pen. @. iKenrou. — M.: Mup,
1972.

CruBeH fur « AnropurmMuueckue A3bIKK peaibHOro BpeMenu. KoucTpyu-
poBaHme u paspaborka».— M.: Mup, 1985. — 400 c.

Mapxk Mutuesn, xxeddpu Oyianem, Anekc Cambioan «IIporpammupo-
BaHmMe 1A Linux. IIpodeccuonanbublit mogxon». — M.: UsgaTenbekuii
oM «Buabsamce», 2002. — 288 c.

C. L. Liu and J.W. Layland «Scheduling Algorithms for Multiprog-
ramming in a Hard Real-Time Environment», J. CM, Vol. 20, No. 1,
Jan. 1973, pp. 46—-61.

The Open Group Base Specifications Issue 6, IEEE Std 1003.1-2001.
General Information. Copyright 2001 The IEEE and The Open Group.



AndaBUTHbIN yKa3aTesnb

A

accept, pyurmus, 32, 223

alarm, ¢pyuxnusa, 112, 118, 119
atomic_add, pyuknusa, 182, 183, 187, 190
atomic_add_value, dyaknusa, 187-190
atomic_clr, pyuxmus, 187
atomic_clr_value, pyuxmus, 187
atomic_set, yuxmus, 187
atomic_set_value, byaxmusa, 187
atomic_sub, pysrnusa, 187
atomic_sub_value, Gpyuknusa, 187
atomic_toggle, pyurnus, 187
atomic_toggle value, pyurmus, 187

BARRIER_SERIAL_THREAD, koucrasTa,
204

bind, pyurmua, 32

BSD, cucrema, 16—-18, 34

C

ChannelCreate, pyuxnusa, 105, 217, 219,
241, 248, 264, 266

ClockCycles, pyurnus, 44, 76, 85, 93, 95,
104, 135, 174-176, 178, 190, 210, 211,
218, 250, 255

_clockperiod, tumn, 77, 95, 97

ClockPeriod, pyuxmus, 77, 95, 97

CLOCK_REALTIME, roucrasnTa, 77,95-97,
106

_clone(), dyurnus, 22,47, 79

ConnectAttach, pyuxmusa, 105, 217-219,
241, 243, 250, 255, 263, 265, 267

ConnectDetach, pyurknus, 251, 255, 266,
267, 277

D

delay, pyuxnus, 44, 60, 85, 103, 140, 209,
211

devctl, byrknusa, 243, 245-247, 251, 255,
268

Digital Unix, cucrema, 17

dispatch_block, pyurnus, 230, 232, 236,
248, 271, 274

dispatch_context_alloc, byuknus, 230, 232,
236, 248, 271, 274

dispatch_create, pyurnus, 223, 230, 236,
247,271, 272

dispatch_handler, dyuxnus, 231, 232, 236,
248, 271, 274

dispatch_t, Tum, 225, 230, 235, 247, 272

E

errno, mepemMeHHas, 39

errno, mepemMenHas, 30

exec, pyHkmnusa, 34, 35, 215

execl, pyurmus, 34, 39

execle, Qyurnus, 34

execlp, Qpyurus, 34

execlpe, Qyurnus, 34

execv, GyHKIIUA, 34

execve, QyHKIIUA, 34

execvp, GyHKIIUA, 34

execvpe, QyHKIIUA, 34

exit, pyukmusa, 30, 32—-34, 40—44, 49, 52,
76, 86, 87,92, 93, 95, 97, 107, 127, 135,
139,174,179, 230, 232, 233

F

fork, pyurnus, 22, 26, 31-34, 44, 79, 93,
94, 96, 128, 135
FreeBSD, cucrema, 10, 17

G
getprio, Gpyurnusa, 40, 76

H

htonl, pyurus, 32
htons, pyurmus, 32

Inferno, cucrema, 243

inheritance, Tuno, 35, 38, 264

iofunc_attr init, pyurnus, 230, 236, 248,
273



AndaBUTHBIN yKa3aTenb

283

iofunc_func_init, pyuruus, 230, 236, 247,
273

iofunc_mount_t, Tun, 235

ITIMER_PROF, koucranTa, 113

ITIMER_ VIRTUAL, xoHucranra, 115

K

kill, komanga, 118
kill, pyurnus, 113, 125, 135, 142, 143

L

Linux, cucrema, 9, 10, 22, 47, 79
listen, pyuxmus, 32

M

main, pyaxnusa, 23, 27-30, 32, 34, 38, 40,
43, 44

___max, mabJioH, 77

memset, pyurnuda, 32, 223, 230, 232, 236,
271,272

___min, ma6JioH, 77

MS-DOS, cucrema, 9, 13

MsgError, dyuaknusa, 276, 278

MsgReceive, pyurnusa, 215, 218, 219, 241,
248, 265, 267, 276, 277

MsgReceivePulse, pyurius, 106

MsgReply, pyurnus, 216, 218, 219, 230,
235, 241, 247, 248, 265, 267, 274, 278

MsgSend, pyuknus, 216, 218, 219, 241,
244, 250, 255, 263, 266, 267, 270, 279

N

name_attach, dyuknousa, 261, 268, 275-277
name_close, dyukmnus, 275, 276, 279, 280
name_locate, pyurnus, 261, 268
name_open, Qyakmus, 275, 276, 278, 279
ND_LOCAL_NODE, koucranura, 105, 148,
250, 255
NetBSD, cucrema, 10, 17
netmgr_strtond, pyurnus, 38, 148, 242,
250, 254, 262, 263, 265, 267
nsec2timespec, pyurnusd, 74, 106
_NTO_CHF_COID DISCONNECT,
KOHCTaHTa, 276
_NTO_CHF_DISCONNECT, koucraura,
276, 277
_NTO_CHF UNBLOCK, koucranTa, 276

_NTO_SIDE_CHANNEL, koucranTa, 105,
219, 241, 250, 255, 263, 265, 267

_NTO_SYNC_COND, xkoucranra, 151

_NTO_SYNC _MUTEX_ FREE, koucraHTa,
151

_NTO_SYNC_SEM, koHcTanTa, 151

P

pause, pyuknua, 107,117,118, 135, 138,
141, 143, 249

pclose, pyuxmus, 30

perror, dyaknusa, 30, 32, 40, 41, 76, 93, 96,
107, 127, 138, 142, 175, 219, 230, 232,
233

pid_t, tun, 31, 32, 34, 35, 38, 40, 44, 74, 93,
96, 128, 135, 137, 148, 217, 264, 266

Plan9, cucrema, 243

POOL_FLAG_EXIT SELF, xoucraura, 226,
233, 236

POOL_FLAG_USE_SELF, koncranra, 223,
226, 233

popen, pyHKIUA, 29, 30

POSIX, craugapr, 14, 16, 17, 20, 29, 35, 38,
46, 63, 74,112, 124, 137, 204, 217

pthread_abort, dyaxnus, 91

pthread_atfork, pyurius, 46

pthread attr destroy, pyurnus, 50

pthread attr getdetachstate, byurnusa, 51

pthread_attr getguardsize, dyuxnus, 51

pthread_attr getinheritsched, yurnus, 51

pthread attr getschedparam, pyurnus, 51

pthread attr getschedpolicy, pyurmus, 51

pthread_attr getscope, dyuruus, 26, 51

pthread attr getstackaddr, dyuxmusa, 51

pthread_attr_ getstacklazy, byuxuus, 51

pthread_attr getstacksize, dyurmus, 51

pthread attr_init, pyuxmusa, 49, 50, 53, 61,
106

pthread_attr setdetachstate, byukuus, 51,
53, 61,106

pthread attr setguardsize, pyurmus, 51

pthread attr setinheritsched, Gyuxmus,
51, 53, 55,61, 106

pthread_attr_setschedparam, yuxuus, 51,
55, 106

pthread_attr setschedpolicy, dyaxuus, 51,
53, 61

pthread attr setscope, dyuxuus, 26, 51

pthread attr setstackaddr, pyuruus, 51



284

AndaBUTHbIV yKa3aTenb

pthread_attr setstacklazy, dpyuxmus, 51

pthread attr setstacksize, byukmus, 51

pthread_attr_t, Tum, 49, 61, 106, 225

pthread barrierattr destroy, dyuxuus, 202

pthread barrierattr getpshared, pyuxius,
202

pthread barrierattr init, pynrnusa, 202

pthread barrierattr setpshared, Gyuxmus,
202

pthread barrierattr_t, Tum, 202, 203

pthread barrier destroy, dyuxiusa, 77, 203

pthread barrier_ init, pyurmusa, 77, 174,
200, 201, 203

pthread barrier_t, tum, 75, 173, 200—-203

pthread barrier wait, pyaruus, 76, 77,
173, 200, 201, 203

pthread_cancel, pyuknusa, 89, 91, 92, 183

PTHREAD CANCEL_ASYNCHRONOUS,
KOHCTaHTa, 89

PTHREAD CANCEL_DEFERRED,
KOHCTaHTa, 89, 91, 183

PTHREAD CANCEL_DISABLE,
KOHcTaHTa, 89, 91

PTHREAD_ CANCELED, koncranra, 91

PTHREAD CANCEL_ENABLE,
KOHCTaHTa, 89

pthread cleanup_ pop, makpoc, 92

pthread cleanup_pop, Gyaxmus, 92

pthread_cleanup_push, maxpoc, 92

pthread cleanup_push, dyaxkunusa, 89, 92

pthread condattr destroy, pyarnus, 194

pthread condattr getclock, byuxnusa, 194

pthread condattr init, pyurmus, 193

pthread condattr_ setclock, pyurius, 194

pthread condattr t, Tum, 193, 194

pthread cond_broadcast, yurmusa, 196,
197

pthread cond_destroy, pyurius, 197

pthread cond_init, pyaxnus, 194

PTHREAD COND_INITIALIZER,
KoHcTaHnTa, 194

pthread cond_t, tum, 194, 195, 197, 202

pthread cond_timedwait, pyurnus, 195

pthread cond_ wait, yaxmus, 195

pthread create, byuxuus, 14, 17, 29, 47,
49, 53, 55-62, 65, 68, 77, 79, 80, 86, 88,
91, 95,97, 106, 138, 142, 144, 145, 174,
179, 183, 199, 200, 201, 211, 219

PTHREAD CREATE DETACHED,
KOHcTaHTa, 51, 53, 61, 106

PTHREAD CREATE_JOINABLE,
KOHCTaHuTa, 51

pthread detach, pyarnus, 53

PTHREAD EXPLICIT SCHED, Koucranra,
53, 55,61, 106

pthread getspecific, pyuknus, 64, 67, 68,
71, 146

pthread join, pyuxuus, 52, 53, 86—89, 91,
95,97,174,179, 184, 199, 211

pthread key create, pyurnus, 66—68, 70,
146

pthread key t, Tum, 63, 66, 68, 70, 146

pthread mutexattr destroy, pyuxmusa, 167

pthread mutexattr getprioceiling,
QyHKIUA, 163

pthread mutexattr getprotocol, pyuruus,
164

pthread mutexattr getpshared, byuxmus,
165

pthread mutexattr getrecursive,
dyaKIUA, 165

pthread mutexattr gettype, dyuxius, 166

pthread mutexattr init, pyurnusa, 163,
167

pthread mutexattr setprioceiling,
dyHKIIUA, 163

pthread mutexattr_ setprotocol, pyurius,
164

pthread mutexattr_ setpshared, pyurnus,
165

pthread mutexattr_setrecursive, pyurnus,
165

pthread mutexattr_settype, byurnus, 166

pthread mutexattr t, Tum, 163-167

PTHREAD MUTEX DEFAULT,
KoHCTaHTa, 166

pthread mutex_destroy, dyuxuus, 170,
210

PTHREAD MUTEX_ ERRORCHECK,
KoHCTaHTa, 166

pthread mutex getprioceiling, Gyuxius,
168

pthread _mutex_ init, pyuaxuus, 167, 170,
210

PTHREAD MUTEX INITIALIZER,
KOHCTaHTa, 92,167,173, 187, 190, 218

pthread mutex lock, pyurmusa, 92, 162,
168, 174, 187, 190, 210, 218

PTHREAD MUTEX NORMAL,koHcTaHTAa,
166

PTHREAD MUTEX RECURSIVE,
KoHcTauTa, 166



AndaBUTHBIN yKa3aTenb

285

pthread mutex_setprioceiling, Gyuxuus,
168

pthread mutex_t, Tum, 92, 150, 167, 168,
173,187, 190, 195, 202, 210, 218

pthread mutex timedlock, pyarnus, 169

pthread mutex_trylock, pyurmus, 169

pthread mutex unlock, dyaxmnusa, 92, 162,
170,174,187, 190, 211, 218

pthread once, pyuxuus, 66—-68, 70, 146

PTHREAD ONCE_INIT, koucranra, 66, 68,
70, 146

pthread_once_t, tum, 66, 68, 70, 146

PTHREAD PRIO_INHERIT, koucranTa,
152, 164

PTHREAD PRIO PROTECT, koncraura,
163,164,170

PTHREAD_ PROCESS PRIVATE,
KoHCcTaHTa, 165, 193, 213

PTHREAD PROCESS SHARED,
KoHcTaHTa, 165, 193, 213

PTHREAD RECURSIVE DISABLE,
KoHCTaHTa, 165

PTHREAD RECURSIVE ENABLE,
KOHCTaHTa, 165

PTHREAD RMUTEX INITIALIZER,
KoHCTaHTa, 167

pthread rwlock_destroy, pyurnus, 205,
212

pthread rwlock_init, pyurmus, 205, 211

PTHREAD RWLOCK _ INITIALIZER,
KoHCcTaHTa, 205

pthread rwlock_ rdlock, dyaxmnusa, 206, 212

pthread_rwlock_t, tum, 205-208, 211

pthread_rwlock_timedrdlock, dyukius,
206

pthread rwlock_ timedwrlock, pyukius,
207

pthread rwlock_tryrdlock, pyurius, 206

pthread rwlock_trywrlock, pyurmnus, 207

pthread rwlock unlock, byurmus, 208, 212

pthread rwlock_wrlock, dyurnus, 207, 212

PTHREAD_ SCOPE_PROCESS, koucraura,
26

PTHREAD_ SCOPE_SYSTEM, koucraura,
26

pthread_self, dyuxkunus, 52, 55, 61, 76, 79,
80, 85,104, 106, 138, 141, 143, 173,178,
183, 188, 189, 219, 223

pthread_setcancelstate, pyurnusa, 89, 91

pthread_setcanceltype, pyukmus, 89,91, 183

pthread_setspecific, pyurnus, 64, 67, 68,
71, 146
pthread_sleepon_lock, Gyurnusa, 198
pthread_sleepon_timedwait, pyuxunus, 199
pthread_sleepon_unlock, Gyaxmus, 198
pthread_sleepon_wait, pyurmus, 199
pthread spin_destroy, dyaxkunus, 213
pthread spin_init, yaxmusa, 213
pthread spin_lock, dyurmus, 214
pthread_spinlock_t, tum, 213
pthread_spin_trylock, dyukmusa, 214
pthread spin_unlock, pyurnus, 214
pthread_t, Tum, 49, 52, 53, 80, 86, 88, 91,
95,97,105, 174, 178, 182, 183, 199, 211
pthread_testcancel, pyurmus, 90-92, 183
pthread timedjoin, Gyaxuus, 52
ptrace, pyarmus, 114
_PULSE_CODE_MINAVALIL, koHcTaHTa,
106

Q

QNET, cers, 15, 36, 148, 217

QNX, cucrema, 9, 15-17, 19-21, 31, 35, 38,
69, 71, 79, 83, 101, 111, 119, 147, 150,
215, 222, 228, 260

R

rand, pyaknus, 63, 69, 70, 182, 183, 209,
210, 219

rand_init, pyarnusa, 70, 71

rand_r, pyarnus, 70, 182

resmgr_attach, pyurnus, 230, 232, 236,
248, 271, 273

S

SA_NOCLDSTOP, xoucranra, 122

SA RESETHAND, koucraura, 122

SA_SIGINFO, koucraura, 40, 124,126, 128,
131,135,138

SCHED_FIFO, koncranra, 53, 73

sched getparam, dyuxuus, 230

sched get priority_max, dyuxmus, 41

sched get priority _min, pyurmus, 41

SCHED OTHER, koncranra, 73

sched_param, tum, 55, 61, 71, 104, 105, 230

SCHED_RR, koncranTa, 41, 53, 61, 73

sched_rr get interval, pyurmus, 74, 96, 97

SCHED_SPORADIC, koucrasTa, 53, 73



286

AndaBUTHbIV yKa3aTenb

sched_vyield, dyuxuus, 44, 60, 85, 143,
174-176

select, pyuxmus, 46, 63, 69, 111

sem_close, pyurus, 158, 176

sem_destroy, @pyurnus, 157, 160, 179, 184

SEM_FAILED, koucraura, 175, 176

sem_getvalue, pyarnusa, 159

sem_init, yuxknusa, 157, 160, 175, 179, 183

semop, GyHKIuA, 18

sem_open, GyHKIIUA, 158, 175

sem_post, dyuknusa, 18, 159, 160, 175, 176,
178,182

sem_t, rum, 18, 19, 150, 158-160, 178,179,
182

sem_timedwait, pyurmus, 158

sem_trywait, pyurnus, 158

sem_unlink, dyaknusa, 158, 176

sem_wait, pynkmnusa, 18,158,160,175,176,
178,183

setitimer, dyaknusa, 112, 113, 115

setprio, pyurnusa, 40, 41, 76

setsockopt, pyurius, 32

SI_ASINCIO, koucrauTa, 126

SI_ASYNCIO, koncranra, 134

SIGABRT, curuas, 112

sigaction, Tumn, 40, 120, 123, 128, 135, 138

sigaction, pyurmwmsa, 40,111,115,116, 120,
123

sigaddset, pyuxmusa, 40, 120, 128,135, 138,
141

SIGALRM, curumau, 37,112,119

SIG_BLOCK, koucranra, 40, 124, 128, 138,
140, 141

SIGBUS, curnau, 112

SIGCHLD, curnau, 112

SIGCLD, curunamu, 112

SIGCONT, curuaiu, 112

SIGDEADLK, curuau, 112

sigdelset, pyurmus, 120

SIG_DFL, koucraura, 117, 118, 121

sigemptyset, pynxmusa, 40, 120, 128, 135,
138, 141

SIGEMT, curnmai, 112

sigevent, Tum, 105, 171

SIGEV_PULSE, koucrauTa, 106

SIGEV_UNBLOCK, koucraura, 158

sigfillset, pyurnusa, 120, 123, 141

SIGFPE, cursaai, 113

SIGHUP, curuaiu, 113

SIG_IGN, koucraura, 117,118, 121, 123

SIGILL, curunamu, 113

siginfo_t, Tun, 40, 125-127, 135, 138, 141,
143, 146

SIGINT, curuan, 107,113,117, 118, 123,
143, 219

SIGIOT, curuamu, 115

SIGKILL, curuamn, 111, 113

_SIGMAX, koHcTaHTa, 115

_SIGMIN, xoucranTa, 115

signal, pyuxmus, 107,111, 116-118, 143,
196, 197, 248, 255

SignalAction, dyaknusa, 111

SignalKill, pyaknusa, 148

SignalKill r, dyaknusa, 148

SignalProcmask, pyurnus, 111, 137, 138,
140, 141, 143

sigpause, Gyukiud, 219

SIG_PENDING, koHcTanTa, 138

SIGPHOTON, curnai, 111

SIGPIPE, curnau, 113

SIGPOLL, curunamu, 113

sigprocmask, pyuknus, 40,41, 111, 123,
128,135, 138

SIGPROF, curaamu, 113

SIGPWR, curuamu, 115

sigqueue, pyurmusa, 41, 125, 128, 146

SIGQUIT, curuau, 113, 123

SIGRTMAX, curnmai, 111, 124, 127

SIGRTMIN, curuan, 111, 124, 127, 138, 141

SIGSEGYV, curuan, 113,117,118

SIGSELECT, curuam, 111

SIG_SETMASK, koucranra, 124

sigset_t, Tun, 36, 40, 119, 123, 135, 137,
138, 141, 143

SIGSTOP, curumau, 111, 114

SIGSYS, curuama, 114

SIGTERM, curuau, 114,117,118

SIGTRAP, curuai, 114

SIGTSTP, curunan, 114

SIGTTIN, curnaai, 114

SIGTTOU, curuan, 114

SIG_UNBLOCK, koucranra, 41, 124, 128,
135, 138, 140, 141

SIGURG, curuamu, 114

SIGUSR1, curuaiu, 39-41, 114, 135

SIGUSR2, curuaiu, 114

sigval, Tum, 41, 125, 126, 128, 142

SIGVTALRM, curuaj, 114



AndaBUTHBIN yKa3aTenb

287

SIGWINCH, curnai, 115

SIGXCPU, curuamu, 115

SIGXFSZ, curaamu, 115, 116

SI_IRQ, xkoHcTaHTa, 134

SI__MESGQ, xoucranTa, 126, 134

SI_NOTIFY, koucraura, 134

SI _QUEUE, koucranra, 126, 134

SI _TIMER, koucranTa, 126, 134

SI USER, koucranra, 126, 134

spawn, byaknusa, 34, 35, 215, 261-263, 265

SPAWN_CHECK_SCRIPT, koucraura, 36

spawnl, pyurus, 34, 41

spawnle, pyurmnusa, 34

spawnlp, pyaknus, 28, 30, 34

spawnlpe, Gyuknua, 34

spawnp, GyHKIug, 34, 38

SPAWN_SEARCH_PATH, koucrauTa, 36

SPAWN_SETGROUP, koncrauTa, 36

SPAWN_SETND, koucranra, 36, 38, 264

SPAWN_SETSIGDEF, kouncraura, 36

SPAWN_SETSIGMASK, koncranra, 36

spawnv, QyHKIuA, 34

spawnve, QyHKIUA, 34

spawnvp, QyHKIUA, 34

spawnvpe, QyHKIHA, 34

Sun Solaris, cucrema, 17, 19, 131

sync_attr_t, tum, 151, 163

syncattr_t, tum, 193

SyncCondvarSignal, pyarnus, 196

SyncMutexEvent, pyaknusa, 171

SyncMutexEvent r, byurnusa, 171

SyncMutexRevive, pyurmus, 171

SyncMutexRevive r, pyarnus, 171

SyncSemPost, pyuarmusa, 159

SyncSemWait, pyaxmus, 158

sync_t, Tum, 151, 158, 159, 167,171

SyncTypeCreate, pyaxmusa, 151, 167

SYSPAGE_ENTRY, makpoc, 75, 104, 210,
218, 246

system, pyaxmus, 28—30

T

TCP/IP, cets, 32, 119

ThreadCreate, pyuxmus, 17

thread_pool attr_t, tum, 223, 225-228,
232, 236

thread pool control, pyurnus, 228

thread pool create, dyuxknus, 223, 226,
227, 233, 236

thread_pool_ destroy, dyuknus, 228

THREAD POOL_HANDLE T, tum, 222,
224, 225

thread pool limits, dyaxmusa, 228

THREAD POOL_PARAM T, Tumn,222-225,
234

thread pool_start, pyuxnusa, 223, 226, 227,
233, 236

TimerTimeout, pyaxmus, 158, 171

timespec, Tum, 52, 71, 74, 85, 96, 97, 158,
169, 195, 206, 207

timespec2nsec, pyHKIUA, 74

U

Unix System V, cucrema, 18
UNIX, cucrema, 16—-19, 116, 231

Vv

vfork, pyurmus, 34
VxWorks, cucrema, 21

w

waitpid, pyurnus, 32, 93
WEXITSTATUS, makpoc, 28, 32
WIFEXITED, makpoc, 32
Windows, cucrema, 9, 73



ITo morosopy me:xay muamareabcTBoM «Cumposi-ILintoc» u MuTepHET-Mara-
suHoM «Books.Ru—Kuuru Poccun» eqrHCTBEHHEIN JIeraJbHBIN CIIOCO0 II0-
aydeHusa ganHoro Gaiyna ¢ kKHUro ISBN 5-93286-088-X «QNX/UNIX:
aHaTOMHuA IapaJiLieansMa» — IMoKyInKa B Marepuer-marasune «Books.Ru—
Kuauru Poccuu». Ecau Bbl moayunau JaHHBIA (Qailjg KaKUM-JIu00 JPyTruM
obpasom, Bl HapyIuaIn MeKIyHAPOAHOE 3aKOHOLATEIBCTBO U 3aKOHOLA-
TeJbcTBO Poccuiickoit @emeparinu 06 oxparme aBTOPCKOTO mpaBa. Bam Heo0-
XOAUMO YAAJUTL TaHHBIN (aiii, a TaKKe COOOIUTh M3AaTeabCTBY «CuMm-
Boa-ILmtoc» (wWww.symbol.ru), rae nmernno Bul mosyuniau gaHHbIH (aiii.



	Оглавление
	Предисловие
	Чего нет в этой книге...
	Благодарности
	Типографские соглашения

	Глава 1. Введение
	Параллелизм
	Семейства API
	Na�ti�ve QNX API
	PO�SIX (BSD) API
	System V API


	Глава 2. Процессы и потоки
	Процессы
	Создание нового процесса
	Использование командного интерпретатора
	Клонирование процесса
	Запуск нового программного кода

	Завершение процесса
	Соображения производительности

	Потоки
	Создание нового потока
	Атрибуты потока
	Присоединенность
	Дисциплина диспетчеризации
	Приоритет
	Отличия от POSIX

	Передача параметров потоку
	Данные потока
	Собственные данные потока
	Безопасность вызовов в потоковой среде

	Диспетчеризация потоков
	Спорадическая диспетчеризация
	Соображения производительности

	Завершение потока
	Возврат результата потока
	Уничтожение (отмена) потока
	Стек процедур завершения

	«Легковесность» потока
	Пример: синхронное выполнение кода


	Глава 3. Сигналы
	Традиционная обработка сигнала
	«Старая» модель обработки сигнала
	Модель надежных сигналов

	Модель сигналов реального времени
	Соображения производительности

	Сигналы в потоках
	За пределы POSIX: сигналы в сети

	Глава 4. Примитивы синхронизации
	Семафор (счетный)
	Операции над семафорами
	Создание семафора
	Операции блокировки
	Операции освобождения
	Получение статуса семафора

	Использование семафора

	Мьютекс
	Параметры мьютекса
	Инициализация параметров
	Установка граничного приоритета
	Определение протокола защиты от инверсии приорите
	Внешний доступ
	Разрешение рекурсивного захвата
	Определение типа мьютекса
	Освобождение параметров

	Операции над мьютексом
	Инициализация мьютекса
	Операции с граничным приоритетом
	Захват мьютекса
	Простой захват
	Попытка захвата
	Захват с установкой времени ожидания

	Освобождение мьютекса
	Разрушение объекта мьютекс
	Операции, не поддерживаемые POSIX
	Восстановление «мертвого» мьютекса
	Установка уведомления о «смерти» мьютекса


	Пример применения мьютекса

	Сравнение и эффективность
	Атомарные операции
	Условная переменная
	Операции над условной переменной
	Параметры условной переменной
	Инициализация параметров
	Параметр доступа
	Параметры тайм-аута

	Разрушение блока параметров
	Инициализация условной переменной
	Ожидание условия
	Простое ожидание
	Ожидание с тайм-аутом

	Выполнение условия
	Выполнение условия для единичного потока
	Выполнение условия для всех ожидающих потоков

	Разрушение условной переменной


	Ждущая блокировка
	Операции со ждущей блокировкой
	Захват и освобождение ждущей блокировки
	Функции ожидания


	Ожидание завершения потока
	Барьер
	Операции с барьерами
	Параметры барьера
	Инициализация и разрушение барьера
	Ожидание на барьере


	Блокировки чтения/записи
	Операции с блокировками чтения/записи
	Инициализация объекта блокировки
	Захват блокировки чтения/записи
	Функции блокировки по чтению
	Функции блокировки по записи

	Освобождение блокировки

	Использование блокировок чтения/записи

	Спинлок
	Операции со спинлоком
	Инициализация и разрушение спинлока
	Захват и освобождение спинлока



	Глава 5. Специфические механизмы QNX
	Обмен сообщениями микроядра
	Динамический пул потоков
	Менеджеры ресурсов
	Многопоточный менеджер
	Множественные каналы

	Сообщения или менеджер?
	Две стороны единого механизма
	Простота и трудоемкость
	Гибкость и мобильность
	Эффективность реализации
	Что же в итоге?



	Приложение: Организация обмена сообщениями
	Организация обмена сообщениями на основе «семейны
	Пример кода родительского процесса
	Пример кода порожденного процесса

	Обмен сообщениями на основе менеджера ресурсов
	Пример обмена сообщениями с помощью менеджера рес
	Код файла заголовков
	Код процесса-клиента
	Код процесса-сервера (менеджера ресурсов)


	Использование менеджера службы глобальных имен
	Код процесса-сервера, использующего службу глобал
	Код процесса-клиента, использующего службу глобал

	Заключение

	Литература
	A
	B
	C
	D
	E
	F
	G
	H
	I
	K
	L
	M
	N
	P
	Q
	R
	S
	T
	U
	V
	W

	Алфавитный указатель


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


