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OCOBEHHOCTU PEAITU3ALIUK gTAHﬂAPTHOVI BUBNUOTEKU A3bIKA CU
BO BCTPAUBAEMOW OMNEPALIMOHHOU CUCTEME

B HacToslLLee BpeMs OrpOMHOE pacnpocTpaHeHue nosyyaeTt Takas 06nacTb 3MEKTPOHUKI, Kak BCTpan-
BaeMble cuctembl. Cdepa ux NPUMEHEHUs KonoccarnbHa W pacluMpsieTcs C KaxabiM AHEM Bce 6onblue u
Bonblue. BcTpanBaemble CUCTEMbI MOXHO BCTPETUTL OT BaHKkoMata [0 CIOXHbIX CUCTEM aBTOMATUYECKOro
yNpaBfeHnst OTBETCTBEHHBIMM TEXHUYECKAMI NPOLieccamu, TakuX Kak CUCTEMbI KOHTPONS goctyna u 6opTo-
Bble aBMaLMOHHble cucTeMbl. Cchepbl NPUMEHEHUS BCTPaNBAEMbIX CUCTEM HaKNaAbIBaOT HA HUX OMpeaenéH-
Hble OrpaHN4YeHns Mo pa3mepy, BECY, YPOBHIO OTKA30YCTOMYMBOCTM, SHEPronoTpebneHunio 1 Tennosblgene-
HMt0. MpuMeHeHNe BCTpanBaeMbIX CUCTEM B BOEHHO-KOCMUYECKMX 0BnacTsx BHOCAT TpeboBaHus nNo pagua-
LIMOHHOM M 3MEKTPOMArHUTHOW CTOWKOCTW, paboTocnocoBHOCTU B Bakyyme, rapaHTUpOBaHHOMY BPEMEHM
HapaboTku, CPOKY AOCTYMHOCTW PELUEHNS Ha PbIHKE U APYrUM KayecTBam. B CBA3M ¢ 9TUM BCTpauBaeMble
CMCTEMbl UMEKT CPaBHUTENbHO Marblil 06BEM BCTPOEHHON MaMSTU U OTHOCUTENBHO HU3KWME BbIYUCAMTENb-
Hble MoLHoCTW. Bcé aTo TpebyeT oT BcTpamBaembix onepaunoHHbix cuctem (OC) 1 onepaumoHHbIX CUCTEM
peanbHoro BpemeHn (OCPB), NONHOCTLIO BCTPOEHHBIX B YCTPOWCTBA W peLuatoLLy X BrofHe KOHKPETHbIN Kpyr
3apay, KOMNakTHOCTY 1 BbICOKOI CKOPOCTW peakLmmn Ha pasnnyHble cobbiTus.

B maHHOM cTaTbe Mbl pacCMOTPUM OAMH W3 CrOCOOO0B YBENUYEHWS MPOU3BOAUTENBHOCTM U CHUKEHNS
pasMepoB NPOEKTOB, paboTarowwmx Ha nnatgopmax BeTpanBaeMbix OC, a UMEHHO OTKa3 OT CyLLECTBYHOLLMX
peanu3auui ctaHgapTHon bubnuoTekn a3bika Cu (libc) n peanusaums cobeteHHot Gubnuoteku libe, yaosne-
TBOpStOLLEN TpeboBaHWAM No pa3Mepam M Npou3BOAMTENLHOCTY, Ha npuMepe BcTpanBaemon OC mcOS, nc-
nonb3yemon B KOMMyTaTopax W KoHueHTpatopax SpaceWire. B cpaBHeHun ¢ aHanoramm mcOS sBnsetcs
KOMMaKTHON BCTPaMBaEMOMN ONePaLOHHON CUCTEMON C BbICOKOW NPOM3BOAMTENBHOCTHH. OCHOBHBIMM Xapak-
Tepuctukammn mcOS asnstoTes:[1]

—  MUKpOsiAepHas apXuTekTypa;

—  BbITECHAIOLLAS MHOr03a4a4yHOCTb;

—  KONM4YeCTBO NOTOKOB 1 YPOBHEN NPUOPUTETOB OrPaHNYMBAETCS LOCTYMHON NAMSTHIO;

—  CMHXPOHM3aLMst OAHOBPEMEHHO BbIMOMHSIOLLMXCS NOTOKOB NOCPELCTBOM MbIOTEKCOB;

—  MPOTOKON HacneaoBaHMs NPUOPUTETOB;

—  nepepaya coobLieHui;

— 0bpaboTka annapaTHbIX NPEPLIBAHMI Yepes COOOLLEHMS;

—  POSIX-coBmecTuMOCTb (HenonHas);

—  pgpameepbl Tamepa, UART, SpaceWire;

—  MEXaHu3m paboTbl C AMHAMUYECKON 06NacTbo NamsTy;

—  MOHSATHbIA 1 MacluTabupyemblil koa Ha a3bike Cu;

—  ucnonb3oBaHue ceoboaHoro komnunstopa GCC, nogaepxusatoLiero apxutektypy MIPS32

McTopuyeckn cnoxunock Tak, 4to s3blk Cu Jo CTaHgapTM3aumm He obecneynBan BCTPOEHHON QyHKLM-
OHaNbHOCTK, TaKOW Kak onepawyn BBofa — BbiBoga. MMo3xe 4ns noaaepxKku 3Toi yHKUMOHANBHOCTM, CO06-
LLECTBOM NpOrpaMmMIUCTOB ObINO peanu3oBaHo TO, YTO Mbl CeYac HasbliBaeM CTaHgapTHoW Gubnuotekon Cu.
W ato cTano yacTtbto npunsToro B 1989 rogy cranaapta ANSI Cu. CtaHgapTHas 6ubnuoteka ANSI Cu cocto-
UT 13 24 3aronoBOYHbIX (HAANOB, B KOTOPbIX COAEPXaThCs (yHKUMM BBOAA — BbIBOAA, (PYHKLMM paboTbl cO
CTPOKaMW, BbIYMCIIEHNSI OCHOBHBIX MaTeMaTU4ecknX OYHKLMIA, BbiAENEHe NamsaTi U MHOroe apyroe. Kaxapii
3aronoBOYHbIA (hann COAePXUT 0ObABNEHUS OgHOW Unu Bonee yHKUMIA, OnpedeneHnst TUMOB AaHHbIX U
MaKpOoCoB. TekyLLas xe peann3auns qyHKUA onncaHa oTAenbHo B GnubnuoteyHom dainne. [2, 3]

[MpakTnyeckn Bce NPOEKTbI Pa3nUYHbIX PAa3MEPOB M YPOBHEN CIIOXHOCTH, padpabaTbiBaeMble Ha A3bIKE
Cu, ncnonb3ytoT (yHKLUMOHaN, npegocTtasnsemslit libc. Yacto peanusauum libc yxe nayT B KoMnnekTe ¢ uc-
nomnb3yeMbIMU B CUCTEMAX paspaboTki KOMIUASTOPaMK, Hanpumep ¢ HabopoM KOMMUASTOPOB gCC.

C TOYKM 3peHuns BCTpanBaeMbix cuctem 6mbnmoteka sisbika Cu gomkHa 6biTb KOMNaKTHOW. Takxke, 13-
3a TOro, YTO BO BCTPaAMBAEMbIX CUCTEMAX MPUMEHSIIOTCS HE Camble BbICOKOMPOM3BOAUTENbHbIE NPOLIECCOPbI,



BrbnnoTeyHble yHKLMM JOMKHBI BbINMOMHATLCA ObICTPO. HemanoBaxHbIM (DakToOM Takke SBMSETCA peeHTe-
pabenbHOCTb (hyHKLMIA (CBONCTBO (OYHKLMW, MO3BONSIOLLEE HECKOMBbKIM BbI3bIBAOLLMM NOTOKAM HE3ABUCUMO
ApYr OT pyra BbI3blBaTb OAUH U TOT e 3K3eMNNSp A4aHHOM (hyHKLMK), MO3BONSOLLAS NCNONb30BaTh (DYHKLMM
B 06paboTuMKax NpepbIBaHN 1 B TaKO MHOT03ada4qHom cucteme, kak mcOS.

O6bluyHass GNU-peanusaumsa crangaptHoin Gubnuotekn C — glibc — cnpoekTupoBaHa ¢ pacyeTom Ha
COBMECTUMOCTb 1 MHTEPHALMOHANU3aLumo, 1 UTOroBblit pasmep pa3paboTynkoB He CTonb BOMHyeT. Cyule-
CTBYET HECKOMbKO anbTEPHATMB, CO3AaBaeMblX C MPULIENOM Ha SKOHOMWIO 3aHUMAEMO NamMsATH:

— UClibc: aTOT NpOEKT HauMHancs kak peanusauus Gubnuoteku C ans npoueccopos 6e3 Mogyns
ynpaeneHus namatbio (memory management unit, MMU-less). C camoro Hayana 6ubnuoteka bbina MuHua-
TIOPHOM, HO B TO Xe BPeMs NpeaocTaBnsna PyHKUMOHANbHOCTb, CXOAHYH0 ¢ glibs. Bein oTbpoLweH kog, oTBe-
YaroLLMIA 38 MHOTONNaT(OPMEHHOCTb, NOAAEPXKY MHOrOBaNTOBbLIX KOAUPOBOK M BUHAPHYI0 COBMECTUMOCTb.
Bonee Toro, ytunuta koHgwmrypaumm uClibc gaet nonb3oatento cBob6oay BbIboOpa, Kakon Kog crneayeT BKIHo-
YaTb B BUBNNOTEKY, @ KaKOM MOXHO UCKITIOYUTb, TEM CaMbiM CIKOHOMWB Ha pa3mepe.

—  Newlib: Newlib Bbipocna npu Bbixoge Red Hat Ha pbIHOK BCTpanBaembix ycTponcTs. Newlib co-
AEPKAT O4EHb MOMHY0 peanu3aLmio MaTemaTiieckon BubnmnoTeku, n NOITOMY PEKOMEHAYETCA AN UCMOMb-
30BaHM1s B U3MEPUTENbHbIX YCTPONCTBAX M YCTPOMCTBAX YNPaBREHUS.

—  dietlibc: n3 nepeuncneHHbIX peanusauuii ata camast MuHuaTopHast - 3aHumaeT Bcero 70 Kb, 3a
CYeT UCKMIYEHMs NOAAEPKKA MHOXeCTBA (DYHKLMIA, K NpUMEpY, NOAAEPXKKM AMHAMUYECKM CBA3bIBAEMbIX
Bubnuotek. MimeeT 3ameuatenbHyto noaaepxky apxutektryp ARM n MIPS.

Y OaHHbIX peanu3auuii ecTb Kak CBOM NPeUMyLLECTBA, Tak U HegocTaTku. B npouecce peanusauuu bbl-
no npoBefeHo TecTupoBaHue Gubnnotekn glibc ¢ ncnonb3oBaHneM komnunsaTopa gec 4.1.3. MonyyeHHble
pesynbTaTbl HE YAOBNETBOPANM TpeboBaHMaAM KoMnakTHOCT mcOS (pa3mepbl MPOEKTOB COCTaBNSANM Nopaa-
ka 80kb). VmeHHO noaTomy BbIfI0 peLleHo 1cnonb3oBaTh COOCTBEHHYIO peanu3aumio ctaHgapTHon Gubnuo-
Tekn Cu. Y)xe Ha MOMEHT peanu3aauun 6onbLUei YacTu cambiX YacTo Ucnonb3yemblx dyHKUuiA libc 6bino npo-
N3BEOEHO CpaBHMTENbHOE TecTupoBaHue Hosenwen Gubnuotekm Newlib 1.20.0 n Gmubnuotekn Cum mcOS.
TecToBble NPOEKTbI COBMpanUCch C UCMOMb30BaHWEM MOCneaHen cTabunbHON Bepcun Habopa KOMMUNATOPOB
gcc 4.6.3, nogaepxuBatoLLMX MUKPOMPOLIECCOPHYHO apxuTekTypy MIPS32. Y npoekToB, cobpaHHbIX ¢ Momo-
woto NewLib, paamep Ha 5% — 7% 60nbLue, a CKOPOCTb BbINOMHEHNS (DYHKLUMIA HApaBHE, a B HEKOTOPbIX Cy-
4asx W Bbllle, YEM Y NPOEKTOB, COBPaHHbIX C MOMOLLBIO cTaHgapTHoi Gubnnotekn Cu B mcOS (puc 1.), HO
ncnonb3yrw NewLib Mbl He MOXeEM 1CnoONb30BaTh AMHAMUYECKOE BblJENeHWe NamsaTi 1 UCnonb3oBaTh op-
MaTUPOBaHHbIN BbIBOG Ha KOHCOMb Yepe3 UART (dyHkumsa debug_printf()). Takum obpa3om, Ha gaHHbIN MO-
MEHT peanu3sauus ctaHgapTHon bubnuotekn Cu B8 mcOS no KOMNAKTHOCTY M BbICTPOAENCTBIIO HAXOANTCA Ha
YPOBHE, @ B HEKOTOPbIX CRyyasix 1 OonepexaeT MocneaHio Ha JaHHbIA MOMEHT BepCuio CTaHAapTHOM 6mb-
nmotekn Cu NewLib.

B mcOS y paspaboTunka ectb BO3MOXHOCTb BblGOpa Mexay KOMMaKTHOM W ObICTpO peanusauyeit
CTaHgapTHoON 6ubnunoTekn s3bika Cu. [ns atoro npu cbopke Lenesoro npoekTa B hane napameTpoB KOMMu-
naumm makedefs npoekta ¢ nomoLbo nepemeHHoit ycrosHoi komnunsauum LIBC_OPT 3agaétcs pexum on-
TUMM3aumn yHkuuia: no pasmepy — OPTIMAL_SIZE wnwn no 6eictpoaenctanto — OPTIMAL_SPEED. 37o nos-
BOMSET NOMb30BATENHO BbIOMpaTh TOT NapameTp, KOTOPLIA ANs Hero ABnsieTcs 6onee BaxHbIM B 4aHHOM Npo-
eKTe: BbICOKas NPOMU3BOAMTENBHOCTb UK Xe Marbli pa3mep npoekTta. [ns npumepa Bo3bMEM (yHKUMIO libc
3anonHeHus bydepa ykasaHHbIM cumBonom memset(). B peannsauyum ganHon dyHkummn 8 meOS npu Boibope
pvpektuebl komnunsauum OPTIMAL_SIZE teno yHKuuu 3aHMMaeT BCero 4 CTPOKM Koga M Npu 9TOM B Hel
NCNOnb3yeTcst NPOCTON MexaHW3M nobaiToBOro 3anoNHEHNUs ykasaHHoW obnactu namatu. Ecnu xe BbibpaHa
pvpektuea komnunauyun OPTIMAL_SPEED, To Teno cyHkumm 3aHMMaeT 31 CTpOKy koda W OHa ucrnonb3yet
cneumanbHble anropuTMbl, aHanW3upyoLWme pasMep 3anosHIeMon 06acTut 1, Npu BO3MOXHOCTM, 3anOsHs-
IOLLMX yKa3aHHYt0 06nacTb O4HOBPEMEHHO Navkon 6anT (4ns MukponpoLeccopHoi apxutektypel MIPS32 an-
ropuTM MbITAETCH 3a UTEpaLMo 3anoNHUTL 0bnacTb 4 MalwnHHLIMK crioBamu (16 6aiT)). 310 No3BoONsET no-
NYYnTb 3HAYNTENBHYO NPUBaBKy B CKOPOCTH Ha BorbLunx 6rokax namsaTu (bonble 16 6aiT) No CpaBHEHWIO C
KOMMaKTHOW, HO MeANEeHHOM peanu3awmen (MyHKuuW. Kak BUGHO 13 rpaduka cpaBHEHWS MPOU3BOANTENBHOCTH
HEKOTOPbIX CTaHAAPTHbIX PYHKLMIA 3arofioBOYHOrO (hamna string.h (puc. 2.) npu ncnonb3oBaHUM AUPEKTUBLI
komnunsauum OPTIMAL_SPEED wmbl He nonyyaem BbIUrpbilLa ¥ AaXe NPOUrPbIBAEM B CKOPOCTU NPK Marbix
pasMepax 3anosHaemMoro 611oka naMaTh, HO NOSTyYaeM BbIMIPLILL B CKOPOCTU B 4 1 Bonee pa3 npu pasmepax



Brioka 6onbLue yem 16 6ant. CTonT Takke 0BpaTUTb BHUMaHWE Ha NPeNMyLLecTBO AMPEKTUBbLI KOMAUNATOpa
OPTIMAL_SIZE, a nmeHHO no3BonsioT akoHOMUTb okoro 60 — 100 6ant M3Y v 6 — 10 6ant O3Y ans kaxaon
U3 hyHKUMK libc. Hanpumep, pasmep TeCTOBOrO NpPOeKTa A1 CPaBHEHNS BPEMEHHbIX XapaKTepUCTUK Npu Bbl-
6panHom OPTIMAL_SPEED coctasun 22548 6ait, a npu BbiopaHHom OPTIMAL_SIZE — 21876 6ait. Tectu-
poBaHue npoxoauno Ha nnatax MC-24EM SpW-GigaSpW(Virtex5) ¢ yactoton RISC-agpa 100 MI'y. Mpoekt
cobupancs komnunstopom GCC 4.4.1 ¢ onumen ontumusauum no pasmepy (-Os). Cekumust AaHHbIX pacnona-
ranacb Bo BHyTpeHHen namsati RISC-agpa (cram), cekumsi koga — B kawmpyemon SDRAM. Tectupyemas 06-
nacTb namsTu Haxogunack B SDRAM.
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Puc. 1. CpaBHeHue ¢ aHanoramu

Peanusauust AaHHbIX (OyHKUMM Ha accembnepe C COXpaHEHUEM anrOpUTMOB, UCMOMb3YEMbIX B WX
MaLLUMHHO-HE3aBMNCUMbIX BEPCUSIX, HAanUCaHHbIX Ha Cu, 4an HebonbLwOoK NPUPOCT — 0KOMo 5% — 7% No ckopo-
CTM (B TECTUPOBAHWM 11 CPABHEHWM NPUHUMANK yyacTie dyHKUmm memset () ¥ memcpy ().
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Puc. 2. CpaBHeHWe Npon3BOANTENBHOCTH

Tak 4YTO 3a CNOXHOCTBIO peanu3aumn 1 HeoBXOAMMOCTbIO NOMHOCTBLIO MEPennchbIBaTh KOA TakuX (yHKUUIA B
cnyyae nepexoAa Ha Lpyryto NpoLEecCOpHY0 apxXUTeKTypy Bbifo NPUHATO pelueHne 0TkasaTbCs OT UX Aanb-
HelLen peanusauum.

CranpaptHas 6ubnuoteka Cn aBnsieTca vacTbto TpeboBaHWiA, BbiaBuraeMblx ctaHgapTom POSIX,
NOACTaHAAPTOM KOTOPOro SIBMSIETCA NpOurb MUHUMAmbHBIX (BCTPOEHHbIX) CUCTEM PEAnbHOr0 BPEMEHM
(Minimal (Embedded) Realtime System Profile) — PSE51, koTopbin onucbkiBaeT API-OkpyxeHue cuctem pe-
arnbHOro BpeMeHU C MHUManbHbIMU (OYHKLMOHANbHBIMY BO3MOXHOCTAMIU. mcOS npoekTupoBanack 1 peanu-
30BblBanackb B COOTBETCTBMM UMEHHO C TpeboBaHuamMu atoro npoduns. mcOS npepocTasnset Habop API, B
KOTOPOM MPUCYTCTBYIOT (PYHKLWW AN YNPaBIEHUS NOTOKaMM, UX COCTOSHUEM 1 napameTpamu, QyHKLMN ans
CMHXPOHM3aLMN 1 B3aUMOAENCTBIS MOTOKOB Mexay coboW, Ans ynpaBneHus AMHaMMYECKOW namaTtbio. Ha
AaHHbIM MOMeHT mcOS umeeT HenonHyto nogaepxky crangapta POSIX.1003.13: nnaHupyeTcs peanusaums
yactn crangapta POSIX Threads, onpegensiowero APl ons cosgaHust U ynpaBneHust NoTokamu. Takke
mcOS yvactnyHo cootsetcTBYeT cTaHgaptam POSIX 1003.1a u POSIX 1003.1b. W3 craHgapta 1003.1b
(Realtime Extensions) mcOS nogaepxuBaeT nnaHMpOBaHWE BbIMOMHEHUS (C YYETOM NPUOPUTETOB, LMKINYe-
CKO€ NNaHWPOBaHME HaX0AMTCs Ha cTaguu gopaboTku), Tanmepsl, nepegady coobuieHnit. mcOS yaoBneTso-
pseT TpeboBaHMIO O peanu3aumn He MeHee 32 ypoBHel npuoputeToB. CormacHo craHgapty 1003.1c
(Threads) mcOS obnagaet HabopoM GyHKUMI ANs YNpaBneHUs NOTOKaMK, NNaHUpOBaHUEM C Y4ETOM MpUo-
PUTETOB, MbIOTEKCAMM U MPUOPUTETHLIM HacneLoBaHNEM B MbloTeKcax. [1]

B utore, Gnarogaps cobcTBeHHOM peanu3auuy yHKLMOHANBLHOCTY CTaHgapTHoW BubnuoTtekn Cu Mol
nony4unu BonbLUyk NPON3BOANTENBHOCTL MO CPABHEHWMIO C  BhbILLEONMUCaHHbIMK peanu3auusmi libc. Takke
Mbl ¥MeeM BO3MOXHOCTb NPy CO34aHWW MpoekToB Ha nnatcopme mcOS, B 3aBMCMMOCTH OT TpeboBaHWi,
NPeabABNSEMbIX K HAM, BbiOMpaTh ONTUManbHOE COOTHOLLEHME pa3Mep/Mpon3BOANTENBHOCTb (DYHKLMOHATb-
HocTu libc, a cnepoBaTenbHO ¥ NPOEKTOB. B ganbHelwem nnaHupyeTtcs BeCT paboTbl MO pacLUMPEeHuto B
mcOS noopepxku craHgaptos POSIX.1003.1a, POSIX. 1003.1b n POSIX. 1003.1¢c. cornacHo npodusio
PSE51.
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