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ONEPALMOHHAA CUCTEMA 118 BCTPAWBAEMbBIX YCTPOMCTB

IIposeden ananusz poiHKAd COBPEMEHHBIY ONEPAUUOHHBLY
cucmem 0nsi ecmpausaemvlx ycmpoiicms. Paspabomano sdpo
MH0203A0AUHOTE ONEPAUUOHHOU CUCMeMbl, NPeOHAIHAUEeHHOU
0115 ynpaeaenus ecmpaugaemvin ycmpoticmeom. Onucanv oc-
HOGHblE NPUHUUNDL QYHKUUOHUPOBAHUSL 6CMPAUSAEMOl One-
pPayuonnol  cucmemvl U NpedoKenvl Modesu pazpadomru
scmpausaemMvix npuioKenull u dpatieepos.

BBEJTEHHE

bBoicTpblit pocT pbiHKA MOPTATUBHBIX KOMIIBIOTEPOB, MH-
TEJIIEKTYaJIbHBIX YCTPOUCTB, CETEBBIX KOMIIBIOTEPOB U T. .
CTUMYJIUPYET UHTEPEC K BCTPAUBAeMbIM cucTeMaMm. Berpa-
uBaemas cucrema (embedded system) — o100 cruenuaau-
3UPOBAHHAs KOMITbIOTEPHASI CUCTEMA, B KOTOPOil caM KOM-
bIOTeP OGBIYHO BCTPOEH B YCTPOHCTBO, KOTOPBIM OH YII-
pasussier. IIpuMepaMyu BCTPAMBAEMBIX CUCTEM MOTYT CJIy-
KUTh GAHKOMATDI, ABUOHUKA, KAPMAHHBIX TI€PCOHAIBHBIX
kommbiotepos (KITK), tenrekoMMyHUKamoHHOE 060PYI0-
BaHUE U TOMY TOJA06HbIE YCTPOICTBA.

Henbio mannoit paboThl ABJIsIETCS pa3paboOTKa Oneparu-
ounoii cucrempr (OC) [/ BCTpauBaeMbIX PENIeHUH, OCHO-

BaHHBIX Ha TIporeccopax cemeiictBa Advanced RISC Mac-
hines (ARM).

© 3aiies C. A., Kopuuenxo C. K., 2008

1 0OC BCTPAHBAEMOH CHCTEMBbI

ITporpaMMHBIM O0eclieueHNEM [JIsS BCTPAMBAEMON CHC-
TEMbI sIBJIsieTcss MUKponporpamma (auri. firmware). Oko-
JI0 75 % BCTPAMBAEMbBIX PEIIEHHUH MCIOIb3YIOT KaKue-In60
OC, u b ocTanbHbIe 25 % Peajn30BaHbl B BUJE CAMOC-
TOSITEJIbHOII TIPOrPaMMBbI, YIIPABJIIIONIEll pecypcaMul CHcCTe-
Mbl [1]. Kak mpaBmiio, omepannoHHas CHUCTEMa B TaKUX
CJIyYasiX He SIBJSETCS CaMOCTOSITeJIbHBIM IIPOAYKTOM,
a JIUIIb 9acThbl0 MOHOJIUTHON MHKPOIIPOTPAMMBI yCTPOIi-
CTBA.

Bosee mos10BuHDI perenmii, paGoTAINX MO/ yIIpaBJie-
mueM OC — 51 % (wm 36,3 % oT o6uiero 4mcJa CIcTeM)
ucnosb3yior kommepueckue OC. B caenyromeii mo uuc-
JieHHOCTH rpytie ucnogabadyorces OC co6cTBeHHOI pas-
pa6orku — 21 % wmm 15,1 % or Bcex cucrem. PereHunst Ha
6ase ycsoBHO «GectnatHbixy» OC ¢ OTKPBITBIM KOJIOM U HA
KOMMEPYECKN PaCHpPOCTPAHAEMbBIX CUCTEMaX C OTKPBITHIM
xomoM 3aHuMaioT 16 % u 11,8 % coorserctsenno (11,5 %
u 8,4 % obuero unciaa cucrem) [2].

Takum o6pasoM, ecuu coszznarb Geciiatayio OC ¢ o1-
KPBITBIM KOJIOM, KOTOpasi 0OECIIeYnT TAKYIO K& THOKOCTB,
yro 1 OC coO6CTBEHHOI pa3pabOTKU, TO 3TO y/IOBJIETBOPUT
1Ipeo6JIaIAI0NIYI0 YacTh PBIHKA.
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N3-3a HaKJIAJABIBAEMbBIX OTpaHuueHuit Ha noao6ubie OC
BcTpamBaeMbIxX cucteM ux HasbiBaioT OC peasbHOTO Bpe-
MEHH.

OC peamboro Bpemenn (manee — realtime OS, RTOS) —
310 MHOTO337ayHble OC, BBINOJHSIONINE 33a4ll B Peasb-
HoM BpeMeHHU [3]. OCHOBHBIE TOAXOJBI K peaNn3aIIu
RTOS 6asupyiorcs au6o Ha peakmusix Ha COOBITUS
(event-driven RTOS), im6o Ha pacnpe/ejeHuy BpeMeHH
BbINOJMHEHNs 3aj1a4 ([epeKJTIoueHun 3aj1a4 Mo npepbiBa-
HUIO OT TaiiMepa). Bropoii moaxo/ BbINOJHSIET Tepe-
KJIIOYeHUe 3a/a4 4alle, yeM TpeGyeTcsi, HO P ITOM 3a-
JIaY¥ BBIOJTHSIOTCS 60Jiee «TJIAJIKO» M CO3/IAeTCsT BIleyat-
JIEHUE, YTO 33/]aY¥ BBIMOJHSIOTCS NMAPaJLJIENbHO.

CymecrBytomue BcrpanBaeMbie OC MOXKHO pas/esuTb
Ha zaBe rpymmbl. [lepBbie mpeacraBisior co6oit UNIX-mo-
no6usie OC (QONX, eCos, VxWorks), Bropbie e sB-
JISTIOTCST CAMOCTOSITEIbHBIMU TPOIYKTAMU U TIPEACTABIISIOT
coboit creruduunyio peamuszanuio (uC,/OS, TNKernel,
FreeRTOS). Ouu 061aa10T II0JIe3HBIMI OCOGEHHOCTSIMY,
nanpuMep OC uC/OS BHeapuIIa MOJAEPKKY CONPOLELYD
(co-routines) — mporpaMm ¢ MUHMMAJIbHBIMU TPEGOBAHM-
SIMU K pecypcaM, paboTaIoNiX MapaiieJbHO ¢ OCHOBHBIMU
sagagamu OC.

[Tpaktuyecku Bce BcrpauBaeMble OC 1mojaep:KUBAIOT
MHOT033/]Ja4YHOCTD, HO JIHIIb HEGOJIbIIOEe UX KOJUYECTBO
MoJ/IeP’KMBAET BO3MOXKHOCTb BbIOOPA aJITOPUTMA TLJa-
nuposmuka (mogpo6Hee 06 aIrOPUTMAX TIAHWPOBIIMKA
cMorpute HEKe). B 6ompmunctBo OC BKJIIOYEHBI TPUMHE-
TUBbI CHHXPOHM3AIMU — ceMadopbl, oyepeau cOOOIIeHni
u T. 1. Kak mpaBuio, MuHUMaIbHLIN pa3zmep Taknx OC —
ot 2 1o 4 K6.

B TO ke BpeMs B HEKOTOPBIX cdepax 3a1ad CyIIecTBY-
foue OC 06/1aJal0T U HEJIOCTATKAMU — MHOTHE PENIeHUst
numeroT BbicoKyto neny (nena gunensun OC eCos ocrasJist-
et okomo 120008). BorpmmacTBo OC OpHEHTHPOBAHBI HA
pa3paboTKy TOJIBKO Mo KOHKpeTHO# rocreBoit OC, uTo
orpaamunBaer paspaborunka (OC ThreadX opuentuposa-
Ha Ha pa3pa6otky Toabko us-mox OC Windows), k Tomy
ke B coctaB MHOTHX OC He BXoauT 3arpysunk. V13-3a arto-
ro mHorue OC mpeacTaBsior co6oil ToabKO HAGop 6a3o-
Bbix (pyuruuniit (FreeRTOS, TNKernel). Camu no ceGe Ges
0JIb30BaTENbCKUX NpuaokeHUil Takue OC paborath He
MOTyT. OTHOCUTEJIbHO BBICOKHE TPEeGOBAHUS PA3BUTHIX
BcrpanBaeMbIx OC He MO3BOJISIOT IPUMEHSTh UX B IPOC-
ThIX BeTpauBaeMbix cucteMax (uClinux nysxgaercs B 512
K6 RAM [3,4], eCos — B 32 K6, B TO BpeMsl Kak [iellieBbie
BCTpamBaeMbie pelreHus obGaajgaoT npumepuo 64 Ko6
RAM, kotopas pacxoayercs Ha NPUKJIAJHbIE 3aa4u
B GoJibliieM KoJimdecTBe, yeM Ha OC).

Takum o6pasoM, pbiHoK BeTpanBaeMbix OC mpejcras-
JIeH HMIUPOKUM ACCOPTUMEHTOM, HO He JIJisi BCEX MPaKTH-
yeckux 3agad (B 0CO6EHHOCTH — [Ji MaJbIX BCTpamBa-
eMbIX CHCTEM) MOKHO cjeJaTh oAHo3HauHblil BeIGOp OC.

2 OB30P APXHTEKTYPbI ARM

Xord B AasnbHeleM IJIaHUPYeTCA MOAJLEPIKKa JPYruX
apXUTEKTYp, B JaHHBII MOoMeHT pasdpabarbiBaemas OC
OPHEHTHpOBaHa Ha ceMelcTBO mporeccopoB ARM. Takoii
BBIGOD T1aT(OPMBI BIIOJTHE OYEBU/ICH.

ARM Ltd. (or Advanced RISC Machines) — 6puran-
CKasl KOPIOpallus, SBJISONIAsACS OJHUM U3 KPYIHEHIINX
paspabOTYNKOB U PaclpoCTpaHUTEel JUIEH3UIT COBpe-
MEHHOI1 apxXuTeKTypb! 32-pa3psaubix RISC-nporeccopos,
CHEUAJIbHO OPUEHTUPOBAHHBIX JIJIS UCIOJIb30BAHKS B 11OP-
TATUBHBIX U MOGUJIBHBIX yCTPoHcTBaX (TakMX Kak MO-
6unbHble TenedOHb, TTePCOHANbHbIE OpraHaii3epbl, mp.).

Texnonoruss ARM okaszasach BecbMa yCIIEHIHON U B Ha-
CToOsIee BPEMsI SBJISIETCSl JOMUHUPYIONIEH MUKPOIpoIlec-
COPHOH apXHUTEKTYpOil A MOPTATUBHBIX NH(POBBIX
ycrpoiictB. ARM Ltd. yrBepskmaer, uto obuinit o6beM
MHUKDPOIPOIIECCOPOB, ITPON3BEACHHBIX 110 UX JUIEH3UH,
npeBblmaer 2,5 Musmapaa mryk. CemeficTBO mporec-
copoB ARM wucmosb3yeTcst mpuMepHo B 75 % BCTpamBa-
€MbIX pelleHuil.

Apxurektypa ARM npezcraB/isier 3HAaYUTENbHBINH WH-
Tepec I pa3paGoOTUYNKOB BCTpanBaeMbix cuctem. ARM
onepupyet 15 pa6ounmu peructpamu u paboraer B 7 pe-
xumax — noabsosarebckux (USR,/SYS), cynepsusop-
nom (SVC), pexumax npepoiBanuii (IRQ /FIQ), pexu-
Max uckiouenuit (ABT /UND).

Accem6tep mporieccopoB ARM Bo MHOTOM cX03K ¢ Intel
80286 m Motorola 68020, Ho mMeeT HECKOJIBKO Xapak-
TEPHBIX OTJMYNI: [BYXYPOBHEBAs CHCTEMa IPepPbIBAHUIL
¢ 6ankupyembimu perucrpamu (IRQ, FIQ); momubie pe-
JKUMBI J[pecalliyl; OIepalliil C/IBUTA B CBs3Ke ¢ apudme-
THYECKUMU, He CHIDKAIONINE ITPOU3BOANTENbHOCTD, H IIP.
K tomy ke Kask[Iast HHCTPYKIIMS COJAEPKUT 4-OUTHBIN T1pe-
uxc ycnaoBus, T. e. KaskJas MHCTPYKINS MOXKeT ObITh yC-
JoBHO#. [lanbHeiiiee pa3BuTue BeTkH mpolieccopoB ARM
J06aBUJIO IOTIOJTHUTEIbHBIE IPEUMYTIIECTBA — YCKOPEHHOE
BBINIOJIHEHNE Java-nHCTPYKIHII, COKpalleHHbINl Ha60p
urcTpyKiid Thumb u mp [5].

3 PA3PABOTKA OC

B ocnoBe TectoBoil miardopmbl s pazpaborkun OC
ucnoJib3oBasics mpoieccop ATI1SAM7X256. Ou obuaja-
er 256 K6 flash-namstu u 64 K6 RAM.

OT/UYNTENBHBIMI XaPAKTEPUCTUKAMY JAHHOTO YHIIa
sisasiercst Hasmue USB u Ethernet, uto moxer okasarbest
MOJIE3HBIM B JlaJIbHelinieil pa3pa6oTke. I comep:KuT aBa
MOCJTeZIOBATEBHBIX TIOPTA BBO/IA — BBIBOJIA M MOPT OTJIA/I-
Ky (CHHXPOHHBIN MOC/IE[0BATEbHDII), MOIIEPKUBAET UH-
tepdeiic JTAG. OC paszpabatbiBajach TaKuM o6pasoM,
4TOOBI €3 3HAYMTETbHBIX MOAMMUKAIII UCTIOTb30BATHCS
Ha Jio6oM unre cepunn ATI1SAMY7. Ilnanupyercs nonu-
JIepKKa M IPYTHX YHUIIOB.
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Paspa6orka OC Benach B cpege OC Linux, npu atom
UCIIOJIb30BAINCh KOMIUAATOPbI ceMeiictBa GCC (gnuarm
3.4.3). Vcnoansyemsrii oraagank — GDB 6.4 + OpenOCD
[3, 6-8].

Ucxomubie Teketel OC moCTymHBI A7 60sIee AeTalbHO-
TO 0O3HAKOMJIEHHsI B JUCKYCCHOHHOW rpymme http: / /gro-
ups.google.com /group /avos_devel. Ha ucmosb3oBamue
U pacrpocTpaHeHne NCXOAHBIX TekcToB OC HHUKAaKHUX orpa-
HIYEeHU He HaKJIabIBAeTCs.

IIpoext OC cocrouT u3 cjaeLyoNux yacTeii:

— apXUTEKTypHO-3aBHcHMas yacTh (arch) BKjOUYaer B
cebs 3arpy3unK, a TaKyKe peansaluio 6a3oBbIX (PYHKIHUIL,
Heo6xoauMBIX [17is1 pa6otbl OC ¥ 3aBUCSMIUX OT PECYPCOB
u apxutekTypb! miatdopmbl (QyHKIMU BBOAA,/ BBIBOJA,
06paboTKa npepbiBaHuii, GYHKIUN 1 paGoThI ¢ TaiiMe-
POM U T. 1.);

— sanpo (kernel) — ocHoBHBIE (PYHKIIUM sI/IPa CUCTEMBI;

— zarosoBounbie Qaitabr (include) — comepskat 3aro-
JIOBKH OCHOBHBIX (DYHKIUIl S/[pa CUCTEMDI;

— 6ubamoreunnie Gpyrxmun (1ib) — ¢ nenpro MuHMMH3a-
uu pasmepa OC crangaprHas 6ubsnoreka C Oblia uc-
KJII0YEeHA, N3-33 9TOTO HEKOTOPble (PYHKIMH HIPHILIOCH
peasm3oBath B camoir OC;

— MoJIb30BaTeabCKHe pecypchl (usr) — 371ech JTOJKHBI
XPaHUTHCS T0Jb30BaTeNbCKUE TPUIOXKeHUsT. Ha JaHHbIi
MOMEHT MO/IZIEPKUBAIOTCS TT0JH30BATENbCKUE TTPUIOKEHUST
u npaiiBepa. Ilogpo6Hee 0 HATMCAHUN TAKUX TTPUJIOKEHHI
quTaiiTe gajee;

— Bemomoratesbhbie yrusutel (utils) comepxar xoudu-
TypanuoHHble (allybl I TIPOTPAMM, NCIOJb3YIONINXCS
npH pa3paboTKe — OTJIAAYMKA, IPOrpaMMaTopa, TepMIHA-
aa, On-Chip otsagunka. Takke 37ech COJEpPIKATCS
CKPHITBI 060JOYKH, KOTOPbIE HCIOJIb3YIOTCS /IS TUHA-
MHYeCKO! TeHepalliii HEKOTOPBIX (ailios.

3.1 Bazpyszuux

Paspa6orka OC naumnasach ¢ 3arpysunka. /leranabpHo-
rO ONMHUCAHWS OH He 3aCJy’KUBAET, TaK KaK SIBJISIETCS THU-
NUYHBIM 71 apxuTeKTypbl ARM. 3arpy3umk Hammcan Ha
acceM06Jiepe C HMCIIOJb30BAHUEM IPENPOIECCOPA SI3BIKA
C. MuxkporporpaMMa HauyMHaeTCs ¢ 06paGOTKH TpepbIBa-
Husa c6poca (reset). Uun crapryer B pexume SVC.
B 3TOM peskuMe ycTaHaBJIUBAETCs BpeMeHHbIH cTek (0T
BEPIIUHBI a/[PECHOTO MPOCTPAHCTBA) U BbI3bIBaeTCs (DYHK-
nua lowlevel init (), oTBevaromas 3a MHUIMAIN3AIIIO
anmapaTHbIX PECypcoB. 3aTeM 3arpy3udK YCTAHABJINBAET
CTEKN [T KAsKJIOTO PeXXuMa Iporieccopa. Bce creku, Kpo-
Me T0JIb30BATEIbCKOTO UMEIOT (PUKCHPOBAHHBIN pasMep U
3aHUMAIOT MaMSITh OT BEPIIMHBI AJPECHOTO TIPOCTPAHCTBA.
[lajee MHUIUATUBUPYIOTCS CEKIUU TTaMATH (KOMUPYIOTCS
u3 Flash-namsitu B O3Y 4una) v npoucxoquT Imepexo/l Ha
dyukumio main (). C atoro MoMeHTa HaunHaeTcs paGoTa
OC.

3.2 Apxumexmypno-3asucumas uacmo

Hexoropble (pyHKINN SBJISIOTCS apXUTEKTYPHO-3aBUCH-
mpimMu. Uro6wr optupoBath OC Ha npyrue 1maaTdopMbl
(nmu make Ha APyTHE YUIBI, OTIMYHBIE OT MCMOJIb3yeMO-
ro) Heo6XoAuMO Gy/eT M3MEHUTD APXUTEKTYPHO-3aBUCH-
Mmyto gactb OC.

[ns dyuknmonuposanusi OC tpebyercss peamnsalius
caexyonux QyHKINI:

— lowlevel _init () — go/KHA BBIIOJIHATH AEHCTBUA 110
UHUIUATU3AIUU PECYPCOB CUCTEMbl (YCTAHOBKA PEKUMOB
MOPTOB BBOJa — BBIBOJA, YCTAHOBKA 06PabOTUMKOB
[pPepbIBAHU, €C/u 3TO HEOOXOUMO U T. [1.);

— sys_reset () — QyHKIMSA NPOTPaMMHOIT TIepe3arpysKu
CHICTEMBI;

— serial_init (), serial tx (unsigned char), serial rx ()
— B ACUHXPOHHOM peXXuMe 3Ta (HyHKINS BBI3BIBAECTCS U3
06paboTYMKa NpepbIBaHUS COOTBETCTBYIOMIEro mnopra. Ilo-
JIy4eHHDbIH GallT DYHKIUS [OJDKHA TepeaTh B (QYHKIIHIO
anpa serial_interrupt (unsigned char);

— timer_init (), timer_handler () — unuumannsanus
TaiiMepa 1 06paboTunK ero npepbiBanuii. [locreanuii 1oJ-
skeH BbI3biBaTh do_timer (), oTBevalomuii 3a MHOrO3a-
JAYHOCTD;

— Ram.ld — cxpunt junkosumka GNU Id.

B mannoit Bepcun OC, a3t pyHKIUM peannsoBa-
Hbl IPUMEHUTEIHHO K BBIMEYNOMSIHYTOMY YHUMY
AT91SAM7X256.

3.3 Konmexcm 6 apxumexmype ARM.
Ilepexaouenue xonmexcma

Uto6b! TIepeiiTH K MHOT03a/I[a4HOCTH HEOOXO0IUMO TIOHU-
MaTh, YTO SBJSETCS KOHTEKCTOM 3ajgaun. OOGbIYHO 1O
KOHTEKCTOM T0/[pa3yMeBalOT BUPTyaJIbHOE a/IpecHOe 1IPo-
CTPAHCTBO, B KOTOPOM BBINIOJIHSIETCSI IPOrPaMMa, M COCTO-
SHHE TIPOIleccopa B JAHHBII MOMEHT BPEMEHH.

B npannoit OC aaga apxurektypsl ARM kontexcrom
CUUTAETCS COCTOSIHHME BCeX PAGOUYNX PETUCTPOB, BKJIOUAS
6aHKUpyeMble, W TEKYIee COAEePKIMOe CTeKa 3aJauu.
Kpome atoro, Hy>KHO 3aIllOMHHATH OCTAJbHbBIE JaHHbBIE O
3ajlaue B COOTBETCTBYIOMIEl cTpyKType (IIpHopuTer, cocTo-
sIHMe, HaYaJbHas BeplinHa creka u T. j.) [9].

3.4 Aneopummor MHo203adaunocmu

[IpuHATO HCIONB30BATDH CJAEAYION[UE THIIBI ICeBAONA-
pasuIeIbHON MHOT03a/[auHOCTH:

Koonepamusenas mnozosadaunocms — BUJ MHOTO3a-
JIAYHOCTH, TIPU KOTOPOM (POHOBBIE 33/1a4l BBLIIOJHSIOTCS
TOJIbKO BO BpPeMsI IIPOCTOSI OCHOBHOTO IIPOIECCA U TOJIBKO
B TOM CJlyyae, eCJ Ha 3TO MOJIyYeHO paspelieHne OCHOB-
HOTO TIpoliecca. JTOT BUJ yI0GHO UCIOJIb30BATD [JISI TECHO
CBSI3AHHOTO MEK/Y COGOi HeGOJIBIIOro KOJMYEeCTBA 3a/1a4.
IIpu KoOTEpATUBHONH MHOTr03aJauYHOCTH BpeMs paGoOTh
pacxojyercst Hau6oJiee a(pdHeKTUBHO.
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Buoimecusowas MH0203a0duHOCMb — BUJ MHOTO03a-
JIAYHOCTH, NPH KOTOPOM OINEpalMoHHAs CHUCTEeMa caMa
repejiaeT ynpaJeHHe OT OJHOH BBIIOJIHSEMOH IIporpam-
MBI Apyroii. Pacnpenesnenue mporeccopHoro BpeMeHu ocy-
MIECTBJISIETCS MJIAHNPOBIIUKOM IIPOIECCOB. JTOT BUJ MHO-
ro3agadyHocTn obGecreynBaeT 6osee OBICTPBIN OTKJIUK HA
JeficTBus moJsib3oBaressi. B To jke BpeMs, KBOTa, BbIJEJ-
eMasi Ha KOKAYIO 33Ja4y, YacTO MOXKET OKa3aTbCs M30bI-
TOYHOM.

[InarmpoBmuk paccmarpuBaemoit OC ncmosab3yer BbI-
TECHSIOIIYI0 MHOT033/[AYHOCTb.

B pannux Bepcusix OC Linux ucnoJsib3oBaJcs JOBOJIb-
HO NMpPoCTOil, HO 3 PEKTUBHDBINA aJTOPUTM PAaGOTHI ILJa-
HUPOBIIMKA!

1. Kaxxnoii 3ajaue 3amaercsi 3HaueHne TPUOPUTETA.
Hanpumep, ectb Tpu 3asa4yu ¢ Ipuopureramu pq = 2,
po =93, p3= 8. Takke BBOJUTCS NOHATHE CYMMapHOIO
pHopureTa g1 = g9 = g3 = 0.

2. C KaX/JpIM NEpeKJI0YeHneM 3a/[a4l HaKallJnBaeTCs
MIPHOPUTET BCEX 3a/au.

3. 3agavya ¢ MaKCUMaJbHBIM IIPUOPUTETOM CTAHOBUTCS
aKTUBHOI, W ee CyMMapHBIN IIPHOPHUTET yCTaHABINBAETCS
PaBHBIM HYJIIO.

PaccMoTpuM HeckoJIbKO UTepaluii Takoro aJropurMa:

1.g1=0 gy=0 ¢3=0 Her akTuBHbBIX 3a/124,
P1 =2v P2 = 5, p3=8

2.qg1=2 @g»=5 q3=8 AxrusHag 3anaya 3, q3=0

3.qg1=4 q»=10 g3=38 AxTuBHag 3a1a4a 2,
q2=0

4.q1=6 ¢g3=5 ¢3=16 AkruBHas 3amaya 3,
q3="0

5.q1=8 ¢g3=10 g3=8 AkruBHas 3aj1aua 2,
G2=0

6.g1=10gy=5 ¢3=16 AkruBHas 3amaya 3,
g3=0

7.q1=12 gy= 10 g3=8 AxruBHas 3agaua 1,
q1=0

8.g1=2 ¢gy=15 ¢g3= 16 AkruBHas 3amaya 3,
q3=0

Kaxk BUZHO U3 pacCMOTPEHHOTO IIPUMEPAa, KBOTA BpeMe-
HU, BbIjIeJIEHHAS HA 337124y HE TPIMO POTOPINOHAIbHA
IIPUOPUTETY, HO COXPAHSIETCS 3aBUCUMOCTDb ¢ < ¢ < (3
upu py < py < p3, Tlle g; — KBOTA BPEMEHU, BblJeJIeHHAs
Ha 3aja4y i.

ITOT aJTOPUTM peasin3oBaH u B pa3pabarbiBaemoin OC
B CBSI3H CO CBOEIl MPOCTOTOIl M HArJassAHOCTHI0. CyIecTBy-
€T BO3MOJXHOCTb NEPEKJIOUEHNUsT 3a1a4l C MTOMOIIBIO CHC-
TEMHOTO BbI3oBa (peasM3oBaHa KOONEPATUBHAS MHOTO3a-
JIAYHOCTD HAps/ly ¢ BbITecHsiomiedi). B Gamskaiieil nepe-
MeKTUBe TJAHUDPYETCS OIIMOHAJIbHOE BKJIOYEHUE Pa3-
JINYHBIX AJTOPUTMOB TIEPEKJTIOYEHNS 33/1aU U PeaTH3aIHs
MPUMUTHBOB CUHXpoHU3anuu [9—11].

3.5 Cucmemnuvie 6b1306bL

Hexkoropoie ¢pynkiuu OC He M0JKHDBI IIPEpbIBATHCS —
HTO MOJKET MOBJIUATh Ha UX BbioJHeHue (Harpumep, ecu
BO BpeMs 3aIlMCH JIAHHBIX B MOPT 3a/aua Gy/eT npepBaHa
u nopT Oy/IeT 3aXBaueH KOHKYPUPYIOIIell 3a1aueii, To AaH-
Hble GYJyT OTIPABJEHBI HEKOPPEKTHO).

B OC peann3oBaHbl CJeYIONIE CUCTEMHBIE BHI3OBbI:

— fork () — cosmanue go4epHero mporecca;

— exit (int status) — 3aBepieHue TEKyEro MPOIECCa;

— sleep (int sec) — mpuocTaHOBKA TEKYIIETO MPOIECca
Ha YKa3aHHOe BpeMs;

— setpriority (int new_priority) — ycranoBka HOBOroO
IIPUOPUTETA TEKYIIETO MPOIECCa;

— reset () — mporpaMMHas nepesarpysKa CUCTEMbI;

— wait (pid_t pid) — okumaanue, moka Kakoi-au6o
IPOIIECC HE MOJYYHUT CUTHAJ;

— waitpid (pid_t pid, int *status, int options) — oxu-
JlaHUe, TTOKA YKA3aHHBIN MPOIlecC He MOJYYHT CUTHAJ;

— execve (const char *filename, const char *argv [],
const char *envp []) — BbImo/IHEHHE YKa3aHHOI TPOTrpaM-
MbI (3aMenaer TeKyIuil mporecc);

— malloc (size_t len) — Bpiesrenne 610Ka naMATH;

— free (void *ptr) — ocBoGosxkenue 6JI0Ka TAMATH.

Bosbiias acTb 9THX (PYHKIMI OTHOCUTCS K YIpaBJie-
HUIO 3aj7auamu, execve () oGecrieduBaer unrepdeiic s
3aITyCKa M0Jb30BATEJbCKUX MPOrpaMM, a paboTa mocJesl-
HUX JBYX (DYHKIUI KacaeTcsl AMHAMUYECKOH MaMsATH.

3.6 Meneoxep namamu

Crek 3ajiauu BBIJEJSIETCS NPU ee cO3JAaHuu. B cTeke
XPaHsITCS] BCE JIOKAJbHBIE TTepeMeHHbIEe MPOIEAYDP, a 9TO
YacTO MPUBOJUT K M3GBITOYHOMY HCIOJB30BAHUIO CTEKA U
IPeK/IEBPEMEHHOMY €T0 TeperoyHeHno. UTo6bl n36exaTb
3TOr0, HEOGXOAUMO HCII0JIb30BATh IUHAMIYECKOE BbI/ETe-
Hue namsatu. [lockosibKy BCTpanBaeMble YCTPOUCTBA Orpa-
HudeHsl B 06bemMe O3Y, To BTOPO# criocob siBJjsieTcst 60-
Jiee TIPeJIIIOYTUTEHHDIM.

Memeskep TTAMSTH BBITIOJIHSIET CJIEAYIONINe NeifiCTBUI:
06HAPY>KMBAET CBOOGOMHBIN yYaCTOK MAMSTH, TIOMEYAeT €ro
KaK 3aHATHIN, BO3BpallaeT ajipec ero Hayana. [Ipu ocso-
GO’KJIEHUH TIAMSITH TIOMEYAEeT CHOBA OJIOK KAK HE3aHSITBIN.

B OC Linux ucnosbayercs caesyionuil TPUHIAI Bbl-
JleieHrs aMsATi. B onepaTtuBHOI maMsTH pe3epBUPYETCs
MecTO ToJ 6JIOKHM Pa3JIMYHOTO pa3Mepa. IIpu BbiaeseHNN
naMatn OC HaXOAUT MUHUMAJIbHBIN GJIOK, MOAXOAAINI
3arpolneHHoMy pasmepy. Ha mpakTtike aToT €1oco6 Bechb-
Ma 3 @eKTHBEH, XOTSI HEKOTOPAsT YacTb IPOCTPAHCTBA Ma-
MSITH OCTAeTCs HE3aHATOW M3-32 M3OBITOYHOCTH OJIOKOB Tia-
MU (KKl 6JI0K HECKOJIBKO MPEBbINIAET 3alPOIIeH-
HbIIT pasMep).

B paspa6arbiBaemoit OC ucnoJsib3dyercs: mpocreiiiiee
nocJjieJoBaTeJbHOE BbilesieHne naMsaTu. T.e. GJIOKU H3-
HAYAJIbHO HE BBIJIEJIEHBI, & CO3/[AI0TCS IPU HEOOXOANMOCTH
B MI€PBOM HaliJIEHHOM CBOGOJHOM yd4acTke mamsTu. IIpu
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Hauanbnoe cocTosnme
IEAMHATH

B' = malloc()

free(C)

Pucynox 1 — IIpumep pabomor menedxepa namsmu

3TOM KaKAbIH OJIOK yKasbIBaeT Ha HAYAJO CJIELYION[eTO
(pa6ora anropuT™Ma nmokasana Ha puc. 1).

HemocTaTtkoM 9TOTO airOpUTMa SIBJISIETCS] Ype3MepHast
(dparMenTanus mMaMITH, TTO3TOMY HMCIOJIb30BAHNE UHA-
Mudeckoit nmamsatu B ganuoir OC onpaBaaHO TOJbKO JJs
601b1IIX GJIOKOB.

3.7 Hanucanue npuaoxenuii oaa OC

PaspabareiBaemasi OC mo/yiepsKiBaeT TaKke BUJIbI TT0JTb-
30BaTeJbCKUX 3a/1a4 KaK MPUJIOXKEHUS U JpaiiBepa. B naH-
HBIIl MOMEHT Pasjinyue MeXJy HUMHU 3aKJII0YaeTCs TOJIbKO
B unTepdeiicax o6pamtenus Kk HuM (y TIPUIOKEHUN TOIHBKO
ofHa Touka Bxojga — main (), a y mpaiiBepoB — dyHKIUHI
3arpy3Ku, BBIIPY3KHU, PEaKIUs Ha OTKPbITHE /3aKPbITHE
ycTpoiicTBa u o6paiieHue K Hemy). B pasnpHeiiurem mia-
HUPYETCs BBIIIOJHEHUE /[PAiBEPOB HA CHCTEMHOM YPOBHE,
B TO BpeMs KaK IPUJIOKEHMS BBITOJHSIOTCS Ha T0JIb30Ba-
TEJIbCKOM.

Bce nporpaMmbl u JipaiiBepbl XpaHITCS B TAlKax UST,/
app u usr/drv coorBercTBenno. IIpu c6opke mpoexTa
npoucxoaut stan «bootstrap». Ha atom arame crermasin-
HBIil CKPUIT aHATN3UPYET, KaKie MPOrpaMMbl U JpaiiBepa
JIOJKHBI GBITH BKJIIOYEHBI B COOPKY, M M3MEHSIET COOTBET-
cTBylomuM o6pa3om 3arosoBounbie (aitasr applist.h
u drvlist.h. Ha comep:xxumom atux ¢ailioB ocHOBaH 3a-
MYCK TI0Jh30BATENbCKUX MIPOrPaMM U paboTa ¢ apaiiBe-
pamu.

ITockoapky OC HaXoAMTCS Ha CTaJUH Pa3pabOTKH, TO
TEXHOJIOTUS HAMNCAHWUS MPHUJIOKEHUI U ApailBepoB s
nannoit OC He gBiseTCs JOCTATOUYHO YAOOHOI s KO-
HEYHOTO I0Jb30BaTe/sl. B panbHelimeM BO3MOXKHBI CyIIe-
CTBEHHbIE M3MEHEHN B 3TOU 06JIACTH.

BbIBO /I bl

HO]IBOIIH UTOTH HpO}IeHaHHOfI pa6OTbI, BU/IUM, YTO pa3-
paéoTaHa OCHOBa OHepaHHOHHOfI CHUCTEMbI U pe€aJIn30BaHbI
6a30BbIe (byHK]_[I/II/I, J0CTAaTOYHDbIE [AJIA peasn3dalun IIpoc-
ThIX BCTPpAaNBA€MbIX CHUCTEM.

Y panoch 3amycrutb noj ynpasienueM OC mpocrylo
TEKCTOBYI0 060JIOYKY, MO3BOJISAIONIYIO BBIMOJHATL MPUJIO-
JKeHUs U [IPOBOJUTD 3J1eMeHTaPHbI MOHUTOPHHL PecypcoB

cucrembl. OC o6amaeT 40CTaTOYHON CTaGMIBHOCTHIO.
MunumanbHas c6opka OC sanumaer menee 3 K6, uto oc-
TaBJISIET JOCTATOYHO TIAMSITU JIJIsI PEAJH3AIU TIPUKJIA/IHO-
TO MPOTPAMMHOTO 00€eCIeueH s .

B 10 ke Bpems B OC cieryer peasn3oBarth IMOAJIEPIKKY
cunxponusanuu (ceMadopoB, MbIOTEKCOB, KPUTHUECKUX
cekiuii, ouepeseit coobuennii, cobpituii), daitnosoii cuc-
TeMbl, MakcumasabHo npubansurb OC k crangapram PO-
SIX, nopruposBatb OC na apyrue miargopmol. [Ipn stom
OJ/IHUM M3 OCHOBHBIX KPHUTEPHUEB JOJIKHA OCTAaBATHCS I'6-
KOCTb cucTeMbl (BO3MOKHOCTb JIETKO BKJIIOYATh /HUC-
KJIIOYaTh €€ KOMIIOHEHTbI) U IIPOCTOTA B UCIOJIb30BAHMM.
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AnanekTtuka/

Hapiitimna 23.05.2008

IIposedeno ananiz punHKy CYUACHUX ONEPAUIUHUX CuCMeM
oas  60ydosanux npucmpoie. Pospobaeno sdpo 6azamo-
3adaunoi e6ydosanoi onepayitinoi cucmemu, wo npudnauend
ons kepyeanns 66ydosanum npucmpoenm. Onucano ocHoeui
npuHyunu QyHKYionyeanHus e66y00eanoi onepayitinoi cuc-
memu ma modeai po3pobxu e6ydosanux dodamxie ma
dpaiisepis.

Modern embedded operating system market analysis has
been performed. Multitasking operating system kernel for
embedded device control has been developed. Major embed-
ded operating system functioning concepts has been descri-
bed, embedded applications and driver programming model
has been suggested.
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