[JTABA 6

UCNOJ1Ib3OBAHUE OC KOMIMAHUU KEIL

B o3T0#l r;maBe MBI TO3HAKOMHUMCS C MajblMH OIEPALMOHHBIMU CHCTEMaMHU
peanpHoro Bpemenu (OCPB), ncrnonb3yeMbIMH B MUKPOKOHTposuiepax ¢ saapom ARM.
Ecnu BBI 0 cHX MOp MUCAly MPOTPAMMBI JJISi HEOOIBIINX MUKPOKOHTPOJIEPOB, TaKUX
kak PIC unu 8051, Ha oObryHOM mponeaypaoM Cu, TO HEOOXOUMOCTh UCIIOJIb30BaAHUS
ONlIEpPallMOHHON CUCTEMBbl BaM MOXET IIOKa3aTbCsl HE O4eBUAHOW. Tak 4TO eciau BB 10
CHUX TMOp HE CTalKuBaiduch ¢ ucnoipzoBanueM OCPB Bo BcTpanmBaeMbIX CHCTEMaX, TO
BaM HEOOXOJAMMO BHHUMATEIbHO NMPOYUTaTh 3Ty riaBy. Ilpumenenne OCPB BwriBOIUT
nponecc pa3paboTku mporpamMM Ha Oojee BBICOKMI YpPOBEHb IO CpPaBHEHHIO C
HCT0Jb30BaHUEM TPAJUIMOHHOTO CTPYKTYpPHUPOBAHHOTO KOJa W TO3BOJSIET Jake Ha
HEeOONBIIMX  MHUKPOKOHTPOJJIEpaX  BOCIOJB30BATHCA  BCEMH  NPEUMYIIECTBaAMHU
00BEKTHO-OPUEHTUPOBAHHOT'O0 MOJXO0Ja K NPOTPAMMHUPOBAHHUIO 32 CYET MOAACPKKH
MHoro3zagayHoctTd. OCPB Taxkke mNO3BOJNSET YAYyYIIMTH YHpaBIE€HHE HPOCKTAMH H
obyeryaetr MOBTOPHOE HCIOJb30BaHHE KOJa. OOOPOTHONW CTOPOHOW Memaiu SBISIOTCSA
NOBBIIICHHBIE TPeOOBaHUA K 00BbEMY NaMsITH M YBEJIMYEHHE BPEMEHHM pEakIuu Ha
npepbiBanusa. Kak npasuno, nna pabotrsr mansix OCPB tpebyerca ot 500 Gait mo 5
Ko6aiir O3Y. B mnHacrosmee BpemMs B HalleM pPacHOpsKCHHH HMEIOTCS HEIOpOTHE
MUKPOKOHTpPOJIIEpHl, oO0bema BcTpoeHHOro O3Y u  BBIUHCIUTENBHOH MOIIHOCTH
KOTOPBIX moctaTtouHo s paborer OCPB. IlosToMy Ha Bompoc «3adyeM HCIOJb30BATh
OCPB?» M0%HO OTBETUTH NPocCTO: «IIoTOMY UTO Temepb Mbl MOXKEM 3TO CAEIATH)!

6.1. Bosmoxuoctu OCPB

OnepanuoHHas CHCTEMa, KOTOPYH MbI OyJeM H3ydaTh B DTOW TIJiaBe, BXOJIUT B
coctaB nmaketa RL-ARM (6ubnnoTexa peaqbHOro BpeMEHH A1 MUKPOKOHTPOJIEPOB C
aapom ARM) xommanum Keil (Pue. 6.1). B cocraB OubGIHoTeKH BXOIUT camoe
pasHooOpa3noe IO — mpocrtas B nmpuMeHeHnu peanuzanus creka TCP/IP, daimosas
cucteMma FLASH-namsatu, napaiisepst USB u CAN, wMoaynu, npenocTaBisioOnine
paclIMpeHHYI0 TOIJEpXKKy oTiaaku, a Takke sapo OCPB. Ilepeunciennsie
KOMIIOHEHTHI MOTYT HCIIOJIb30BAThCS aBTOHOMHO MJIM B Ka4eCTBE CIYXO OMeparnnoHHON
CHCTEMBI.

CobecteerHo OCPB cocTtouT U3 IUIaHUPOBIIMKA, KOTOPBIM MOJJEPKUBAET
BBITECHAIONYIO (C MPUOPUTETHBIM JIHOO HENPUOPHTETHBIM BBITECHEHHEM) H
KOOTIEPAaTUBHYK MHOT033Ja4yHOCTh, a TaKXe WMeeT CEepPBHUCH JUIS YIpaBiIeHUA
BpemeHeM wu mamaATeio (Puc. 6.2). CBsaA3p Mexnay 3amadaMud o0eclieuymBaeTCs
JOMOJHUTENbHBIMA 00bEKTAMH
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cucmema FLASH-namamu, cmex TCP/IP, dpaiigepst CAN 1 USB,
CAN Noanepxka a Maxmce MOOYAU Pacuiiperitoli nogdepicky omaadxy.
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Puc. 6.1. Maketr RTL-ARM,
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Pruc. 6.2. Anpo OCPB.

OC, TakuMH KakK TPUITEpHl cOOBITHI, ceMadopbl, MBIOTEKCH U Oydepsl cooOumeHui
(mailbox). Kak MBI ¢ BaMH YBUAUM, MOXHO Ja)K€ BKIIOYUTH MOJJEPKKY IPEPHIBAHUH,
Ha3zHayas MPUOPHUTETHI 3aja4daM, 3anyckaeMbIM sapom OC.

6.2. HacTtporka npoekTa

Wtak, MBI NO3HAKOMHJINCH C HEKOTOPBIMHM  BO3MOXHOCTSAMHU, KOTOpBIE
npenoctaBisieT paspaboruuky tunuudas OCPB. Temepsr MOXHO NTPUCTYNHUTH K
pPacCMOTPEHHUIO BOMpPOCa O TOM, KaK € NepelTH oT pa3paborkum oO0bgHOTO CH-
npuioxeHuss Kk pa3paborke ¢ mpumeHenuem OCPB. B pmanHoMm ciaydae MBI Oymem
ucnons3oBath sapo OC, Bxonsamiee B coctaB makera MDK-ARM. CtpykTtypa npocToro
MpOeKTa C UCIOJIb30BAHMUEM ONEPALMOHHON CUCTEeMBI MOKa3aHa Ha Puc. 6.3.
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Puc. 6.3. Ctpykrypa npoekta ¢ ucnobioparnuem OCPB.

[ToMuMoO cTapTOBOT'0 KOJA W Hallel MPOTpaMMBbl, coepkalieiics B ¢aine main.c, B
npoekt pobaisiercs enie oquH ¢aitn ¢ umenemM RTX Config.c. Kak M0XHO MOHATH U3
uMeHn (aiia, B HEM cojaepkarcs KoHpurypamuoHHBIE HacTpoiiku OC. DToT daiin
3aBHCHUT OT HCHOJB3YEMOTO BaMHU MHKPOKOHTPOJJIEpa, pa3iIUYHBIE BEPCUU ITAHHOTO
¢daiina MoxkHO HaliTu B manke. Ilpocto BeIOEpUTE KOPPEKTHYIO  BEpCUIO,
COOTBETCTBYIOIIYI0 NPHUMEHSIEMOMY CEMENCTBY MHUKPOKOHTpoJiepoB, u OC MOXKHO
OyneT 3amyckaTb. MBI BepHEeMCS K 3TOMY (aiiry 9yTh MO3XKeE, MOCIe TOTO, KaK MOOIHKe
no3Hakomumcs ¢ OC u moliMeM, 4TO € B HEH HYKXKHO KOH(UTrypupoBaTh. UTOOBI u3
Hamel mnporpaMMbl MOXHO Obu1o BbI3bIBaTh (yHkumu APl OCPB, nHeobxoaumo
BCTaBUTh COOTBETCTBYIOIINN BKIIOYaEeMBbIi ¢aiil BO BCe MOIYIH MPUIOKEHUS. Takum
0o0pa3oM, HY)KHO OyJeT BCTaBUTh B (paiiy main.c ctpoky: #include <RTL-RT0S.h>

Kpome Toro, mbl gosmkabl cooomuts yruaure MAKE o tom, uro ucnonssyem OC,
yTOOBl YTHJIUTA CMOTJIa TOJKIIOYUTH Tpedyemble OMOMHOTEKH. ODTO HemaeTcs ¢
noMmotrsro mons Operation system Ha Bkimaake Target mmamorosoro okHa Options for
Target, KOTOpOE MOXKHO BBI3BaTh U3 OJHOMMEHHOTO IMYHKTa KOHTEKCTHOTO MeHI0 (Puc.
6.4). Yacte xona OC BwIMOJHSETCS B NPUBUJIECTHPOBAHHOM pEXHUME Supervisor u
BBI3BIBACTCS MPU MOMOINM MPOTPAMMHBIX MpepriBaHUi. COOTBETCTBEHHO, MBI JTOJDKHBI
yOpaTh JIOBYIIKY Ha MPOTpaMMHOE IMpeprIBaHue B cTapToBOM Kojae (Puc. 6.5).
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Puc. 6.4. Togxmoueuune OC,
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Puc. 6.5. Moanduxauus cTapToBoro kona ans noanepxku OC,

B rtabnume BeKTOpoB HEO0OXOAMMO 3aKOMMEHTHPOBATH HCIOJB3YyeMBIH IO
YyMONTYaHHIO OO0pabOTYMK MPOTrPaMMHOIO0 NpPEPHIBAHUS M HMIOPTHPOBATH METKY
SWI_Handler. BoT u Bce m3MeHeHUs, KOTOpble TpeOyeTcss BHECTH B MPOEKT, YTOOBI
MOXHO OBIJIO UCMOJB30BaTh ONEPALUOHHYIO CUCTEMY.

6.3. Ilporueccsl

«Kupnnuukamu» B 00bIuHONW Cu-mporpamMme SBIAIOTCS (YHKIUH, KOTOpPHIE MBI
BBI3BIBAE€M JUIS BBINIOJHEHMS OINpPEJENeHHBIX OMNepaluil W KOTOpbIe 3aTeM IepenaroT
yopaBieHue B BbI3BaBIIyl0 HX ¢yHknuoo. B OCPB 0a30BbIM HCHOJHHUTEIBHBIM
3JIE€MEHTOM sBiseTcs npouecc. IIpounecc ouens noxox Ha Cu-nmpouenypy, HO, B TO ke
BpeMsi, IMEET HECKOJbKO MPUHLUHUIUATBHBIX OTIHYHH.

int. procedure( void ) void task( void )
{ |
while(1)
.............. {
return (ch); \

Ecin u3 Cu-mporeaypsl MBI paHO WJIH IO3JHO BO3BpAMIaeMCS, TO OIHAXJIBI
3anyweHHbId nponecc OCPB He 3aBepuiaercs HUKOrAa, MOCKOJbKY B Tele 3aJadyu
uMeercs OeckoHeuHB 1wmkia while(1). BooOme rToBOps, mpolecc MOXHO
paccMaTpuBaTh Kak HEKYH HE3aBUCHUMYI0 MUHHU-TIPOTpAMMY, KOTOpash BBIMOJHICTCS
BHyTpu OCPB. Co6¢ctBenno OCPB coctouT u3 Habopa TakuxX MPOLECCOB, BHIIOJIHCHUE
KOTOPBIX YIPABISETCS CHEHMUAIbHBIM MOAYyJeM — IUIaHUpOBOUKOM. [lo cymecTBy,
9TOT TIJIaHUPOBIMUK IPEACTABIAET CO00W 00pabOTYMK TpepBIBAaHUSA OT TalMmepa,



OPENOCTABAAIONIMNA  KaXKAOMY IpoIeccy HEKOTOPBIH HMHTEpBal BpEeMEHH I
BeimotHeHUs. Takum oOpa3om, mporecc 1 Oyaer BeIMOdHATHECA B TeueHme 100 wmc,
3aTeM ymnpaBieHHe OyAeT IepelaHo Ha Takoe XK€ BpeMs mpoueccy 2, MHOcie 4Yero
NpPOU30IAET Mepexo] K mpoueccy 3 W, B KOHIE KOHIOB, yIpaBieHHE OyAeT mepenaHo
obparHo mpoueccy 1. Llukiumdyeckn mMpeaoCTaBIsIsl KaKAOMY MPOIECCY TaKHE «KYyCOUYKHU
BpPEMEHH», MBI MOJy4aeM HJIIO3UI0 OJHOBPEMEHHOrO HX BBIIOJIHEHHSI. Tak dTO
KOHIENTYyaJIbHO MOXXHO paccMaTpUBaTh KaXIblii MpoLecc Kak BBbIACICHHBIN
GYHKIIMOHAJIBHBIA MOXAYJAb NPOTPAMMBI, IPHU 3TOM BEC IMPOLECCH BBITOJIHIIOTCS
OZHOBpEeMEHHO. B pesymbTaTe MBI NpuUXoIuM K Oojee 00BEKTHO-OPUEHTHPOBAHHOU
ApXUTEKTYpe, B KOTOPOW KaXIbli (QYHKIMOHAJIBHBIH OJIOK MOXHO pa3padaTeiBaTh H
OTJaXXUBaTh OTHEJIbHO, a 3aTeM A00aBJATh B YK€ IOJHOCTHIO Pabdodyi0 mporpammy.
Taxkoll HOAXOA BIMAET HE TOJBKO HA CTPYKTYpY Hallero KOHEYHOI'O NPHIJIOKEHUS, HO U
obnervyaer OTJIaAKY, MOCKOJBKY 00y OMMOKY MOXHO JIETKO H30JMpPOBAaTh B TOM
npouecce, B KOTOPOM OHa BO3HUKJIA. [Ipm naHHOM mOAXOJE TakkKe YNpoOIlaeTcs
MOBTOPHOE WCHOJb30BAaHUE HAMMCAHHOTO KOJa B TMoOcieaymmux mpoekrax. Ilpm
CO3JaHWM TIpollecca €My TMPHCBAaMBAaeTCH YHUKAJIbHBIH uAeHTHPHKATOp. OITa
nepeMeHHasl UrpaceT pojb AECKPUITOPaA MPOLecca U UCIOIAb3YEeTCs s YIPaBICHUS UM.

OS_TID id1, id2, id3;

Peanmuzanuss BO3MOXHOCTH  TEpPEKIIOUECHUS  MEXAy Ipoleccamu  TpebyeT
HaKJIaAHBIX pacxonoB B Buuae koma OC, a nis OCYIIECTBIEHHS BPEMEHHOW NMPHUBA3KHU
OCPB MBI nOJKHBI BBLACIUTH OTACIBHBIN ammapaTHeId Taiimep. B momonHenme k
3TOMY, MPU KaxXJOM IMEPEKIIUYSCHUU pabdOoTaromero mpoiecca Mbl JIOJDKHBI COXPaHATH
3Ha4YeHHE BCEX MEepPEeMEHHBIX Ipolecca B ero creke. Kpome toro, B Oioke ynpaBieHUs
mporieccoM, OOCITyKMBaHHE KOTOpPOTO ocymecTBisieTcs sapom OC, coxpaHseTcs BCA
nHpopManus 0 TeKylueM cocTosiHuu npoiuecca (Puc. 6.6).
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Puc. 6.6. Tlepexniouerie npoieccos.

Takum o0pa3om, BpeMs TEpPEKIIOUYCHUsS KOHTEKCTa, T.€. HHTEPBAI BpPEMEHH,
HEOOXOOUMBIH MJISI COXPAaHEHUsS COCTOSIHHMS TEKYLIEro Ipouecca, BOCCTAHOBICHUS
COCTOSIHUSA CJIEIYIOIIETO Ipolecca U ero 3amycka, sIBJIsIeTCs] KpUTUYECKUM IIapaMeTpOM.
OTa BeJMYMHA 3aBUCUT Kak oT camoro saapa OCPB, tak u 0T apXUTEKTyphl
MHUKPOKOHTpPOJIIEPA.

biiok ynpaBieHHs IPOLECCOM COAEPXKUT AaHHBIE O COCTOSIHUM IIpOLiecca, BKIOYas
nHGOpPMALMIO O €ro BBHIMOJHEHWH. B Hame#d cucremMe B KaXIbli MOMEHT BpPEMEHH
MOJKET BBINOJHATHCS TOJBKO OJAWH MPOLIECC — BBHIMOJHEHHE OCTAJIBHBIX MPOIECCOB Ha
3TO BpeMsl NPUOCTAHABIMBAETCS, HO OHU HAaXOOATCA B COCTOSHUHU roToBHOCTH (Tadu.
6.1). B OCPB umMmetorcs pasziuvHbie MEXaHH3MBl MEXIpoleccHOro oOMeHa (coObITHS,
cemadopsbl, coobmenus). Tak, BEIOTHEHUE Tpollecca MOXKET OBITh MPUOCTAHOBJIEHO 10
NoJy4eHUus cooOLeHuss OT Apyroro mpouecca. Ilocne monyueHus cooOmeHus] mepBBIT
Ipolecc BEPHETCS B COCTOSIHHME T'OTOBHOCTH, IOCJIE€ YEro IUIAHUPOBIIMK CMOXKET
MePEBECTH €TO B PEKUM BBIMOJIHEHHUS.

6.4. 3amyck OCPB



Jns co3gaHust MpocToi mporpamMmebl, ucnoubiywieid OCPB, MBI 00BIBHM KaXAYIO
3aa4y Kak oObluHyr Cu-(QyHKIMIO ¥ 00BsSBUM mnepeMeHHbie TASK ID ajs Kaxjaou
GYHKITHH.

void taskl(void);
void task2 (void),

0S TID tskID1, tskID2;

[lepen tem, xak BeI3BaTh nepByw QyHknuio OCPB, 3amyckarmyio omepanuoHHYIO
CHUCTEMY, HEOOXOAMMO BBHITIOJTHUTH COOTBETCTBYIONMH WHUITMATH3AIIUOHHBINA KOJI.

void main (void)

{
I0DIR1 = OxOOFF000O; // Bemaeum mpedyemulii Koo
os_sys_init_prio (taskl1,0x10); // 3anycmum OCPB, évizéaé 1-it npoyecc
// u 3a0ae6 e2o npuopumem
/

Oyukuus 0s_sys_init() ocymectusier 3anyck OCPB, npu 3TOM Ha BBINIOJHEHUE
3aMycKaeTcs TOJbKO MEPBBIM Mpolecc, yIpaBlIeHHE KOTOpOMYy OyaeT mepegaHo mocie
nannuanu3anquu  OC. Ilpum co3zmanum 1-ro mpomecca emy TakXke Ha3HaydaeTcs
HEKOTOPHBIN mpuopuTeT. Ecam mmeeTcs HECKOIBKO TOTOBBIX K BBIITOJIHEHHUIO MPOIECCOB
C OJWHAKOBBIM NPHOPHUTETOM, TO BPEMEHHBIE HHTEPBajbl OyAYyT BBIIEIATHCS UM B
«xapycenbHoM» pexxume (Puc. 6.7). OnHako eciau K BHIIIOJIHEHHIO OKa3bIBaeTCs rOTOBA
3ajaya ¢ 0Oosiee BBICOKMM IPHUOPUTETOM, TO IUIAHMPOBIIMK OTOEpEeT YHpaBICHHE Y
BBIIIOJHSIOLIErocsl Ipolecca M IepefacT €ro HpoLeccy C BBICOKMM IPUOPUTETOM.
Takoif MeToJ TJIaHUpPOBAaHUSA Ha3blBaeTCid TNJAHUPOBAHHMEM C MPHUOPUTETHBIM
BBITECHEHHUEM.

Npuoputer T4 anyck npoueccos ¢ 0duNaKossLM NPHOPUIMEManm
OCYUECMBAREMCA € «<KAPYCEALHOM» PeXCUMe.
71 | 12 J13 3| 11 | 12 | | ou sosmurcnosenuu «patomurs

0as1 npoyecca ¢ Doaee GolCOKUM HPUGPUNIETIOM,
- OH EbIMECHAC HUZKOHPUODUIMEMIIbIT HPOUECE.

Bpemsa

Puc. 6.7. Tpuopurer 3anay.

ByarTe BHUMATENbHBI TPU HA3HAYCHUHM MPHOPUTETOB, MMOCKOIbKY BBIOJIHECHUE
BBICOKOTIPHOPHUTETHOTO TIpollecca OyneT MpOJOJDKAThCA N0 TeX IOp, MOKa OH He
meperaeT B COCTOSHHE OXHIAHUS WM TOKa HE TOSBUTCS TOTOBBIM K BBIMTOJHECHUIO
MPOIECC C TAKUM K€ UIH 00Jice BRICOKMM IMPUOPUTETOM.

6.5. CoznaHue mpoueccoB

[Tocne 3amycka OCPB B mamemM pacHopsK€HHU OKa3hIBa€TCs HEKOTOPOE
KOJIMYECTBO CHUCTEMHBIX BBI30BOB, HWCIIOJNB3yEMBIX JJs yHpaBICHUS aKTUBHBIMHU
mpomeccaMu. B MoMeHT 3amycka TIepBOrO Ipollecca OH elle He HWMeeT
uaeHTU(QHUKATOpa, MOITOMY MEpBOH CHUCTEMHOW (QYHKIHEH, KOTOPYIO MBI JOJIKHBI
BBI3BAaTh,  siBisiercs  GyHkuus  oS_tsk_self(), Bo3Bpamawoias 3HauCHHUE
HAcHTHUGHUKATOpa 3adadd. OTOT HACHTHPHKATOP COXpaHsAETCA B Jeckpumrope tsk).
Yto0OBl cocnaTbCsi B CUCTEMHOM BBI30BE Ha KakoW-imbo Tmpouecc, Mbl Oyaem
UCIOJIB30BAaTh €ro JECKPUNTOp, a He UM (QYHKUHUHU, SBISAIOMEHCS COOCTBEHHO
MPOIIECCOM.

void taskl(void)

{
tskID1

tskID2

os_tsk_self(); // llonyuaem uoenmugpukamop 1-20 npoyecca
os_tsk_create(task2,0x10); // Co3z0aem émopoii npouyecc
// u 3a0aem e2o npuopumem



while(1)
{

/

[Tocne Toro Kak MBI MONYYUIIH UACHTU(PUKATOP TIpoIlecca, Ml MOXKEM CO3JaTh 2- O
nporece, ucrnonb3ys Gpyakuuo oS _tsk _create(). Ira GpyHkuus 3amyckaer mpoiiecc,
MpHUCBanWBas eMy UICHTHPUKATOP W MPUOPUTET. Temepp y Hac €cTh JIBa mpolecca C
OJWHAKOBBIM MPHUOPUTETOM, KOTOpBIE OYAYT AEIHUTh MEXAy co00i MamiMHHOE BpeMsd
LITY. Hecmorps Ha To uro ¢yukuus 0S_tsk create() romurcs nias CO3JaHUS
OoonpmuHCTBa TpomeccoB, B OC mMeeTcs elle HECKOJNbKO aHAJIOTHYHBIX IO CBOEMY
Ha3HAYCHUIO (YHKITHH.

Bo-nepBrix, Ha 3Tane co3naHus Npolecca MOXKHO NepelaTh eMy MapamMeTphl.
IIporecchl MOTYT cO3/1aBaThCs B JIIOOOW MOMEHT BPEMEHH, B TOM YHCJIE U B OTBET Ha
HeKoe cucTeMHoe cobwiTue. [Ipu 3TOM MOXKeT moTpeboBaThHCA 3aJaHNe OTIPEAeICHHBIX
napameTpoB. Jist aToro ucnone3yercs Gyukuust os_tsk _create_ex():

TskID3 - os_tsk_create_ex (Task3, priority, parameter);

B MOoMEHT co3naHus mpolecca TakKe BhlaessieTcss 00JacTh HaMsTH IO €ro CTeK, B
KOTOPOM OYAYyT COXpaHSTHhCS JaHHBIC NPH MEpPEeKIIOYCHUH KOHTEKcTa. B mjeane Mol
JOJDKHBl HCIOJB30BaTh CTEK KaK MOXHO MEHBIIEro pasMmepa s MHUHHUMH3AIUHU
naMmsata, ucnoiap3dyemoir OC. Opnako HEKOTOpble (QYHKUMHM MOTYT HMETh OoJblIne
Oydepbl, I COXpaHEHHS KOTOPBIX MOXKET HOTpeOoBaThbCs CTEK Iopa3no OOoJbLIEro
pasMmepa, 4eM I OCTaJIbHBIX IpolleccoB B cucteme. M BmecTo TOTrOo, 4YTOOBI
yBEJIMUMBATh pa3Mep CTEKa, HCIOJb3yeMBIl MO yMOJYaHHUIO, MBI MOXEM CO3JaTh
npouecc, MHANBUAYAIbHO 3a/aB pa3Mep ero creka:

static U64 stk4[400/8];
TskTD4 = os_tsk_create_user (Taskd, priority, &stk4[0], sizeof(stk4));
U nakonen, B OC umeercs GpyHKUMS, MO3BOJIAIOLIAA CO3ATh MPOLECC CO CTEKOM

TpeOyeMoTro pa3Mepa U nmepeaaTb eMy napamMeTphl:
TskIDS5 = os_tsk create user_ex (task2, 1,&stk2[0], sizeof(stk2), Parameter);

6.6. YmnpasieHue mporeccaMu

Jlns  ynpaBieHHs 3amymeHHBIMH MpPOIECCaMU  MPEAYCMOTPEHO  HECKOJBKO
CHCTEMHBIX BBI30BOB. [Ipexae BCero, Mbl MOXEM MOBBIIIATH WU MOHMKATH MPUOPHTET
npoiecca 160 U3 HEro caMoro, JIMO0 U3 IPYroro mpoiecca:

0S RESULT os_tsk _prio (tskID2, priority);
os_tsk_prio_self(priority);
Hapsngy ¢ coszmaHueM mpoleccOB IMpEeayCMOTPEHa TakXe BO3MOXKHOCTh UX

yaaneHusi. M onsTh, mpomecc MOXKeT yAaluTh cels caM MM MOXKET OBbITh ynajeH u3
JIpyroro akTUBHOI'O IpoLecca:

RESULT = os_tsk_delete (tsklD1);
os_tsk _delete_self();

Takxe TpeaycMOTpeH OCOOBI BapHaHT MEPEKIIOUCHUS MPOILECCOB, MPH KOTOPOM
TeKYIIUH MPOIEecC CaMOCTOSTENIbHO IepefaeT yIpaBjeHHE CIeAyIONeMy IpOILEeccy C
TaKUM >K€ IPUOPUTETOM. DTOT MEXaHH3M HCHOJB3YEeTCs IJIs pealu3aliud TPEThEero
crnoco0a NJIaHUPOBAHUS — NJIAHUPOBAHUS 0€3 BHITECHEHHUS.

Os_tsk _pasr>(); /% Ilepekniouaemcsa Ha caedyiOwuil 20moeulil K
6blnoIHeHUI0 npoyecc™/

6.7. MHOXECTBO 3K3EMILISIPOB

OnHoit m3 mHTEpecHBIX Bo3MoXHOCTeW OCPB sBmsieTcs BO3MOXHOCTH CO3JaHUS



HECKOJIbKUX OJHOBPEMEHHO BBINOJHAKOMMUXCA JSK3EMIUIIPOB OJHOTO M TOTO XK€
npoiecca. Tak, K mpuMepy, Bbl MOXKeTe HamucaTh npouecc mius ynpaBienus UART, a
3aTeM CO311aTh JBa 3K3eMIUIsApa JaHHOTO nponecca. [Ipu 3ToM KaXIbld OpPOLIECC MOXKET
HCIOJb30BaThCA A8l ynpaBiaeHus ceouM UART

TskID3 0 = os_tsk_create_ex(UART_Task, priority, UARTI);
TskID3 1 = os_tsk_create_ex(UART Task, priority, UART?2);

6.8. YmnpasieHue BpeMeHEM

[TomuMoO 3amycka Balled NMPUKIAAHON mporpamMMmsl B Buie npouecco, OC Takxe
MPEIOCTaBIsIET HECKOJIbKO CEpBHUCOB YNpPaBJIE€HUS BpPEMEHEM, JOCTYI K KOTOPBIM
OCYILECTBIISETCS YePE3 OIPEJEICHHbIE CUCTEMHBIE BHI30OBBI.

6.8.1. ®opmMupoBaHuE 3aJICPKKHU

[IpocTedimuM U3 ITUX CEPBUCOB SIBIIETCS QYHKIHS GOPMUPOBAHUS 3aTEPKKU:
void os_dly wait ( unsigned short delay time );

Bri3oB  gaHHOW GyHKOMH mepeBeAeT TEKYIIMH Hpolecc B COCTOSHHUE
WAIT DELAY na 3amaHHO€ 4UCIO THKOB CHUCTEMHOro taiimepa. IlmaHupoBUIUK Ke
nepenacT ynpaBlICHUE CIENYIOLIEMY mIpoleccy, HaxoasumeMycs B coctosHuu READY.
[To oxonHuanum 3ajaepxku Tmpoiecc mnepedper u3 coctosuus WAIT DELAY B
cocrosuue READY, a ero BbimosiHeHHE BO30OHOBHUTCS MMOCJE TOTO, KaK MJIaHUPOBIIUK
nepeBeaeT JaHHBIA IMpolecc B aKTUBHOE cocTosiHue. McmoJsib30BaHHME ONUCAHHOU
GYHKIIHU SABASETCS MPOCTEUITUM CITOCOO0M (OPMUPOBAHHUS BPEMEHHBIX 3aJCepKEK B
porpamMmMe.

6.8.2.  Ilepuoanueckuii 3amyck mpoiecca

Mbl ¢ BaMM yX€ BHIEIM, YTO MAJS YIPaBJIEHUs MNpoOLEecCaMH IJIaHUPOBIIUK
UCMoNb3yeT JHuO0 METOA T[JIaHUPOBaHUA C BBITECHEHMEM 0€3 MpPUOPUTETOB
(kapycenpHBIH), TU00 METONE NPUOPUTETHHIM BBITECHEHHEM. VCIonb3ysi CEpBHUCH
yInpaBlieHHs BpPEMEHEM, MBI MOXXEM Tak)Ke 3amyCcKaTh BBIOpaHHBIM MpoIecc depes
OoTpe/ieJIeHHbIE HHTEPBAJbl BpeMEHH. {151 3TOTO MBI CHadana JOJDKHBI 3a/1aTh HHTEpPBA:
void os_itv_set (unsigned short interval _time); // 3a0aem unmepean

3aTeM MbI MOKEM MEpPEeBECTH MPOIECC B CHAIMINN PEXKUM U JOKHUIATHCA OKOHYAHUS
3amanHoro uHTepBania. [Ipu aTom mpouecc nepexonut B coctosiuue WAIT INT:

void os_itv_wait ( void ); /* Boinonnenue npuocmanagnueaemcs 00
3anycKka e2o RAAHUPOBULUKOM */

[To ucteyeHuu 3aJJaHHOTO MHTEpPBAJa BPEMEHH IPOIECC MEPEXOJUT U3 COCTOSIHHS
WAIT INT B coctrosaue READY, u3 KOTOpOTO IJIAaHHPOBIIUK IEPEBEIET €ro B
coctosarne RUNNING.

6.8.3.  BuptyaibHblil TaiimMep

Hapsiay ¢ 3amyckoM mpoueccoB 4epe3 3aJaHHble TPOMEKYTKH BPEMEHU MBI MOXKEM
OIpEeJEeNUTh HEOrPAaHMYEHHOE KOJIHWYECTBO BUPTYaJbHBIX TalMeEpoOB, pabOTarOMIMX Kak
CUETUYHKN ¢ OOpaTHBIM HampaBiieHHeM cdeTa. Korma Takodl TaliMep MOCUYHTHIBAECT IO
HyNnsl, OH BBI3BIBAET MOJB30BATEIbCKYI0 (QYHKIHUIO, BBHIIOJHAKIIYIO Tpedyemble
omnepamnuu. Cosgaercs  BUpPTyalbHBIM  TaiiMmep  mnpu  noMomd  (QYHKIHH
0s_timer_create(). B 5TOM CHCTEMHOM BBI30BE 3aaCTCS YUCIO THKOB CHCTEMHOTO
Taiimepa (tent), KoTopoe HOJKeH OyAeT OTCUMTATh AAHHBIA Taiimep, U 3HadeHue (info),
nepenaBaeMoe B BhI3bIBacMYI0 (YHKLUHMIO M uIACHTH(uUupylomee Taiimep. Kaxumomy
BUPTYaJIbHOMY TaliMepy Takke HazHadaercsa aeckpunrtop tuma OS ID, uToOB MMEThH
BO3MOJKHOCTH YIPaBJISATh TaliMEpOM MOCPECTBOM APYTUX CUCTEMHBIX BHI30BOB.

OS _ID os tmr_create( unsigned short tent, unsigned short info );



[MTocne orcyera TaiMepoM 3aJaHHOrO 4YHCIa THUKOB OH BBI3BIBACT (PYHKIHIO
os_tmr_call(). llporotun nanHoi ¢ynkuuu Haxogutcs B ¢aisie RTX CONF1G.C. B
3TON (GYHKIIMH MBI JOJDKHBI ONMPEACIHTb, KaKoW W3 TaMepoOB IOCUYHTAN OO0 KOHIIA,
IpPOYUTaB 3HauUeHUE napaMmerpa info, U BEIIOJIHUTH COOTBETCTBYIOIIUN KOZ.

void os_tnir_call (Ul6 info)

{

switch(info)

{

case 0x01 : break ;
/

6.8.4.  JleMOH OXXKMJaHUS

ITocnenuuii cepBuc ympaBicHUs BpemeHeM, npenoctaBiasembii OC, He sABIsETCS
TaiMEepoOM B IMOJHOM CMBICIIE 3TOTO CIIOBa, HO JYYIIEero MecTa B KHHTE IJsi €ro
ommcaHus g He Hamed. Ecim B mponecce pa6otrsr OC 00HAPYKHUT, 9TO OTCYTCTBYIOT Kak
BBIMOJTHAIOIIHUECS, TAK U TOTOBBIC K BBIIOJIHCHUIO MPOIECCHl (HAIIPUMEDP, BCE MPOIECCHI
0XHUJIAIOT OKOHYaHUSA 3ajiepxkek), To sapo OC BBI30BET TaK HAa3bIBAEMBIA <«JICMOH
OXHIAHUSI», OMpeneeHne KoToporo Takxke HaxonuTcs g ¢ainme RTX Config.c. Ilo
CYIIECTBY, 3Ta QYHKIHS sBIseTCs] BCTpOeHHBIM B OC HU3KONMPHOPHUTETHBIM MPOIECCOM,
KOTOPBIN 3aMyCKaeTCs TOJIBKO B TOM ClIydae, €CJIM HET JPYIUX TOTOBBIX K BBHIMTOJHEHUIO
MPOIIECCOB.

void os_idlG_demon

(void) {
for (;; ) {
/* Cwooa MoxCHO écmaseumv Cc60l K00, KOMOPbLI O001MHCEH
6bINOSIHAMBCA 6 OMCYMCMEUE GbINOJIHAIOWUXCA NPOUeccos */

/
}/* Koneuy os_idle demon */

Brl MoOXeTe BCTaBUTH B ATy (DYHKIHIO JIFOOOH KO, HO OH JIOJIKEH YJIOBIETBOPSTH
TeM € caMblM TpeOOBaHMIM, KOTOpbIE HPEABABIAIOTCS K KOAY I0Jb30BATEIbCKHUX
HPOLECCOB.

6.9. MexXnpoueccHoe B3auMOICHCTBUE

Urak, MBI ¢ BAMU y3HaJll, KAKUM 00pa3oM MOXHO NMPEACTaBUTh HAIlly IPOTPAMMY B
BUAe Habopa HE3aBUCHMBIX IMPOLECCOB M KakK MOXHO o00pamarbcsi K CEepBHCAM
ynpaBiieHUs BpemeHeM, mnpenocTtaBiaseMbiM OCPB. B peanbHBIX NPUIOXKEHHAX HaM
HeoOxoauMO OyJeT mepenaBaTh NaHHbIE MEXJAY MpoleccaMu. B mpuHnumne, B 10001
OCPB umeercs nogaepkka pa3auyHbIX 00BEKTOB, KOTOPbIE MOXXKHO HCIIOJBb30BaTh AJIS
CBSI3BIBAHUS MPOLIECCOB MEXIY COOOH € II€IbI0 IOJIYyYEHUS OCMBICIEHHON HPOrpaMMBbl.
Onepanuonnas cuctema Keil He saBiseTcs HCKIIOUEHHEM — B HEH OOMEH MeEXIy
nponeccaMy MOJJEPKUBAETCS ¢ MOMOIIBIO TAKUX OOBEKTOB, KaK COOBITUA, ceMadophl,
MBIOTEKCH U Oy epbl COOOIIECHUA.

6.9.1. CoObITus

[lpu co3manum n0OOTO mpolecca emMy comocTtamisercs 16 ¢uaroB coObITUN B
O0noke ympaBiaenus mnporieccoM. B OC wumeeTrcs BO3MOXHOCTh NPUOCTAHOBUTH
BBITIOJIHEHUE TIpoIlecca OO0 TEeX Iop, Mmoka TpeOyemsuldl ¢uar wam rpynma ¢aaros He
OyneT ycTaHoBIIeHa ApyTruM mnporeccom (Puc. 6.8).
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Puc. 6.8. Ncnnonb3osanne coOLITHIA.

[ns mpumocTaHOBKM Ipollecca W mepeBoga ero B coctosaue WAIT EVENT
MpeayCMOTPEHO JBa CHUCTEMHBIX BhI30Ba. Mcmonb3yss AND- unu OR-BapuaHT BBI30Ba,
MBI MOXEM TePEeBECTH MPOIECC B COCTOSHUE 0XKHUIAHUSI YCTAHOBKH TPYNITBI (PIaroB uiu
omgHoOro ¢iara u3 3aJJaHHON Tpynnbel. Takyke 3TH BBHI30BBI MO3BOJSIOT 3a7aTh MEPHOJ, 11O
HCTEYEHUH KOTOPOTO MPOIECcC, HAXOAAIIUNUCS B pEKUME OXKUAAHUS, MepeieT oopaTHO
B COCTOSHHUE TOTOBHOCTH, 4YTOOBI BO300HOBUTH CBOE BBIMOJHEHUE [0 CHUTHAIY
mranuposmuka. 3Haueane OXFFFF cooTrBeTcTByeT 6€cKOHEUHOMY MEepHONy TaliM-ayTa.

0S RESULT os_ovt_wait_and (unsigned short wait. _flags, unsigned short
timeout);

0S RESULT os_evt wait _or (unsigned short wait_flags, unsigned short
timeout);

Jlro6oii mporecc MOXKET yCTaHOBUTH (iaru coOBITHH NI000TO APYroro mpouecca ¢
MOMOLIBIO CUCTEMHOTO BbI30Ba 0s_evt set(). Jna ykazanus tpeGyeMoro mpoiecca Mbl
OTSITH BOCMOJB3yeMcs €T0 UACHTH(HHUKATOPOM:

void os_evt_set (unsigned short event_flags, 0S_TID task);

PazymeeTrcsi, MBI MOXXEM HE TOJBKO YyCTaHaBIWBaTh ¢iaru CcOOBITHH, HO U
cObpacwsIBaTh UX:

void os_evt_clr (U16 clear_flags, 0S_TID task);

Korma mpomecc BO30OHOBIAET CBOE BBINOJHEHHE IOCIE OXHUIAHUS YCTaHOBKHU
¢dyiara coOBITHS, €My MOXET MOTPeOOBATHC y3HATh, KaKOW U3 (py1aroB ObLI YCTAaHOBJICH.
DTO nenaeTcs ¢ MOMOIIBIO BBI30BA!

Which_flag = os_evt_get();

6.9.2. O6padoTtka npepsiBanuii B OCPB

Ornarun  coObITHIl TpeAcTaBISAIOT co00il mpocTo W IDPEKTUBHBIH METOX
yIpaBjeHHs TpolieccaMu, BeIMonHsSomuMucs B OC. A B MukpokoHTpoiuiepax ARM
¢bnarn Takxe HCHONB3YIOTCA IJs 3amycka nponeccoB OC mo curHanzaM HCTOYHHKOB
npepeiBaHui. Pasymeercsi, MOXHO HamucaThb MpoUeaypy o0O0pabOTKH NpephIBaHUs
0o0bIuHEIM OoOpa3om (Puc. 6.9) W BBHIMONHATH, B HEW HEOOXOMMMBIM KOJ, ONHAKO IPH
ucnoss3oBanun OCPB nemats 310 kpaiiHe HEXeENaTEeIbHO. DTO CBS3aHO C TEM, YTO B
MUKPOKOHTpoJlepax ¢ sapomM ARM Bce mpepsiBaHus oOmero Ha3HaueHUs
3ammpeniarnTcs 10 BhIX0Ja U3 00paboTYMKa, YTO MPHUBEAET K U3MEHEHHIO UIUTEIbHOCTH
CHCTEMHOTO THKa M HapymuT paboty sapa OC.
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Puc. 6.9. TpanuuuonHast cxeMa BAOKEHHBIX TIPEPBIBAHNINA,

Kpome Toro, B MukpokoHTpojjepax c¢ sagpom ARM He mnoaaepxuBaiorcs
BJIO’)KEHHBIE TMpepbIBaHUSA (0€3 [MOMOJTHUTENbHBIX MPOTPAMMHBIX YXWUIIPEHHH), He
roBops yXe O TOM, YTO BOOOINE B CHCTEMax, IJ€ HPUMEHSIIOTCS BIOXCHHBIE
HpepbIBaHUsA, HEBO3MOXXHO INpEACKa3aTh MCIHOJIb30BaHuE cTeka. [Ilpu umcnonb3oBaHuU
OCPB nauny4minM BBIXOAOM OyIeT omucaTh KoA oOpaboTuMKa MpephiBaHUS B BHUJE
OTJIEJILHOTO MpoIlecca M Ha3HAYUTh €My BBICOKMH mpuoputet. IlepBoii cTpokoil kona
Takoro mpouecca OyAeT omepaTtop OXHIAHHUS YCTAaHOBKH OIpelnesieHHOro (Jara
coOpiTus. [lpu BO3HUKHOBEHHWHM IpEepbIBaHUSA O0OOpPabOTYMK MPOCTO YCTAaHOBUT (ar
COOBITHS W 3aBEPIIUTCS. DTO MPHUBEIET K 3alycKy IMpouecca o0pabOTKH MpepbIBaHHUS,
KOTOpPBIH OOCHYXHT HpEephIBaHUE, a 3aTEM CHOBAa BEPHETCS K OXHIAHHUIO YCTAHOBKH
¢daara coowiTus (Puc. 6.10).
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Puc. 6.10. llpepbiarusi B QCPR.

B OC mpenycMoTpeH CUCTEMHBIN BBI30B JJIs YCTAHOBKHU (DJIaroB COOBITHI, TpeIHA -
3HAYECHHBIN IS BBI30Ba U3 00pabOTUYMKA MPEPHIBAHU:

void isr_evt _set(unsigned short event flags, 0S_TID task);

TakuMm 00pa3oM, THNWUYHBIA MPOIECC, BBHIMOIHIIOMUN 00pabOTKY TpephIBaHUS,
OyIeT BBITJISACTH CIACAYIOMUM 00pa3oM:

void Task3(void) {
while(1)
{
os_evt_wait _or(0x0001, OxFFFF); /* dKnem yctanoBKHU ¢Juara
co0biTHdA oOpadoTyukoM */
ceeeeeeee // OOpabaTbiBaeM npepbiBaHmue
} // B caeayomemM mpoxoje MUKJIAa CHOBA 3achillaeM

OO6paboTuuK mpepblBaHUS B JaHHOM clydae OyaeTr coaepXaTb MHUHHMAaJbHOE
KOJIMYECTBO KOJa:

void FIQ_Handler (void) __fiq

{
isr_evt set(0x0001,tsk3); /* Coobmaem npomeccy tsk3 o BO3SHUKHOBEHUH
npepsiBanus */
EXTINT = 0x00000002; // CopacbeiBaeM (pJar npepbiBaHHUA




6.9.3. Cemadopsl

Cemadopsl TmpenHa3HAYEHBl JUISI YIOpPaBICHHS JOCTYNOM Ipollecca K pecypcam
npunoxenusi. Cemadop mpeacraBiseT co0oll cBoeoOpa3HBIH KOHTEWHEP, B KOTOPOM
COJIEPYKUTCS HEKOTOPHIK Habop mMapkepoB. [Ipexje yemM mpoiecc CMOKET MPOJIOJIKUTh
CBOIO paboOTy, OH JOJDKEH 3alpOCHTh MapKep JJis BBINOJHEHHUS CBOEH Mpouenypsl, a
3aTeM BEpHYTh ero. Eciu Bce Mapkepbl yXKe 3ampolIeHbl JAPYTHMH TPOIECCaMH,
TEKYIHH NPOIEecC NEePEeXOJUT B COCTOSHHE OXHAAHUSA OO TeX MOp, MOoKa Jpyrou
npolecc He BepHeT Mapkep oOpaTHo B cemadop (Puc. 6.11).
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Puc. 6.11. Ucnosb3osanue cemagopos,

Hanpumep, ecnin y Bac uMeeTcs CHCTeMa C JeciITblo OydepaMu, K KOTOPHIM MOTYT
oOpamiaTbcsi pa3iIUYHBIE NPOIECCh, TO BCAKHH pa3, Korja Npolecc 3axoyer
UCIONIB30BaTh Oydep, OH JOJKEeH 3aXBaTUTh Mapkep. Eciu 3aaelcTBYIOTCS BCe ECsTh
oydpepoB, To cemadop OymeT MmMycThHIM, U JIOOOMYy HOBOMY MpOIEcCCy, JXKeJarmleMmy
HCT0Ib30BaTh Oydep, MpuaeTcs MoI0XaAaTh, Moka oaquH u3 0y(dhepoB HE OCBOOOIHUTCS, a
Mapkep He OyneT Bo3BpamieH B cemadop. He 3a0biBaiiTe, MBI CUMTaeM, 4TO HAIlU
3aJauyd BBHIIOJHSAIOTCS HapajielbHO, TaKk 4TO ceMadopbl MPeNoCTaBISIOT 3JIETaHTHBIN
crmoco0 ympaBieHHs JOCTYIIOM K pa3elaseMbIM pecypcaM KpHcTallia.

Hns ucnonp3opanus cemadopo B OC RL-RTOS Bbl g01kKHBI CHadajda 00BSIBUTH
cemMadop-KOHTEHHEP:

0S SEM <semaphore>;

Jlanee B Tene nporecca ceMadop MOXKHO HHUIIMATU3UPOBATHL HAOOPOM MapKepOB:
void os_sem_init(OS_ID semaphore, unsigned short token_count);

Brnocnencteumn nwboi mpomecc, ynpaBiasgeMblii ceMadopoM, MOXKET 3alMpOCUTh U3
nmanHoro cemadopa mapkep. Ecnmm cBOOOMHBIX MapKepoB HET, MpoIlecc Nepeiaer B
coctossaue oxunanus WAIT SEM no Tex mop, moka Mapkep He OyneT BO3BpallcH B
cemMadop. AHAJIOTUYHO BBI30BaM JUIsl OKUJaHUs (yiara COObITUS, CUCTEMHBIN BBI30B JJIs
nepeBoja npomecca B cocrosiane SEM_STATE mo3Bounsier 3agath TaiiM-ayT (3HaYCHHUE
0xFFFF mo-mpexxHeMy COOTBETCTBYEeT OCCKOHEYHOMY BPEMEHH OKHUIAHWA).

0S_RESULT os__sem_wait(OS_ID semaphore, unsigned short timeout);

ITocme Toro kak ImpolLecc 3aKOHYMI paboTy ¢ pecypcoM, YNpPaBIIeMbIM
ceMadopoM, OH MOKET BEPHYTh COOTBETCTBYIOIUH Mapkep 00paTHO:

0 RESULT os_sem_send(OS_ID semaphore);

Mo ananoruu c cobwiTusiMu, B OC mpeaycMOTpeH CUCTEMHBIH BBI3OB, C MOMOIIBIO
KOTOpOro oOpaboTUYMK MpepbIBaHUS MOXKET 3arpyxarb Mapkepbl B cemadop. IOT10



IIO3BOJIACT C ITOMOIIIBIO HpepBIBaHI/Iﬁ yopaBJIATh BBIITOJITHCHUEM npoueccos,
UCTIOIB3YIOIUX ceMadophl.

void isr_som_sond(OS_ID semaphore);

6.9.4. T[lpepocTeperkeHue no nosoay cemacdopon

KoppexTHO wncmoss3dyembie cemadopbl — Ype3BBIUAWHO TMOJe3Has BO3MOXKHOCTH
nng mo6o0#t OCPB. OnHako ecTh HECKOJIBKO MOMEHTOB, KOTOPBIE CIEAYET YUUTHIBATH,
BIIEpPBBIE MPUCTYIAs K HCIOJIb30BaHUIO ceMadopoB. CaMblil TIaBHBIA U3 HUX — 3TO TO,
YTO YHCIO MapkepoB B cemadope He ¢ukcupoBano. l[Ipomecchl MOTYyT co034aBaTh
JIOTMOJHUTENbHBIE MapKEPhl, 3aHOCA UX B ceMadop-KoHTelHep. TOYHO TakkKe MpOoIecCh
MOTYT yIaJsITh MapKepsl U3 cemadopa, He BO3Bpalas UX IMOCJIE 3aBEepIICHUs PaOOTHI C
pecypcoM. DTO He SBIsIeTCA OMUOKOHW, a HA000pOT, Mo3BoJNIeT cemadopam OBITH OUEHB
ruOKuM MeXaHU3MOM TporpaMMupoBaHus. BoszpMeM, Kk mnpuMmepy, CIHEeIyIONYIO
CUTyaluioo. Y Bac UMEETCS HECKOJBbKO IK3eMIUIAPOB MpOoIecca, OXKUIaoIux ceMadopa.
A 00paboTuuku mnpepeiBaHus OT pasznuuabix Moayned UART wmoryr 3arpyxarsb
Mapkepsl B cemadop (co3maBaTh HOBBIE MapKephl) IpU TIpueMe IaHHBIX. llpwm
MMOABJICHHWN HOBBIX JaHHBIX OAWH M3 IMPOHECCOB 3aXBATUT MApPKEp U HNPUCTYHOUT K
00paboTke 3TuX naHHBIX. [locnenyromue npepeiBanug o UART mpuBenyTt k co3zganuio
HOBBIX MapKepOB U, COOTBETCTBEHHO, 3alyCKy OCTalbHBIX mponeccoB. [locne Toro kax
nporecc 3aBepmuT 00pabdOTKy CBOUX JaHHBIX, OH MOXET YAaluTh Mapkep, He
BO3BpaIas ero ¢ cemadop, U cHoBa nepeiTu B coctossuue WAIT SEM.

6.9.5. MbloTEKCHI

TepMuH «MbBIOTEKC» (mutex) obpaszoBaH u3 cioB — «mutual exclusion» (B3auMmHoe
uckiIoueHue). Boobue roBops, MbIOTEKC sBIIsieTcsl 0coOBIM BapuaHnToM ceMadopa. Kak
U OObIYHBIN cemadop, MBIOTEKC SBJSETCS KOHTEHHEpPOM X1 MapKepoB, OAHAKO OH
MOJXET COJlepXaTh TOJBKO OJMH MapKep, KOTOPHIH K TOMY K€ HENb3s CO3/JaTh WIHU
YHUUYTOXKUTh. OCHOBHBIM Ha3HAYEHHEM MBIOTEKCOB ABJISETCA yNpaBlieHUE JOCTYNOM K
pecypcaM KpHCTalja, TaKUM Kak HepudepuiiHble YCTpOWCTBa MHUKPOKOHTpOJIIEpa.
COOTBETCTBEHHO, MBIOTEKC SBISETCI OWHAPHBIM M OTPAaHMYEHHBHIM OOBEKTOM. A B
OCTallbHOM OH paboTaeT Tak ke, Kak U OObIYHBIH ceMadop. UToOB HCIIONB30BATH
MBIOTEKC, MBI JOJKHBI CHadana 00bsBUTh €ro U MHULIHAJIU3UPOBATH:

Os_mut_init(OS _ID mutex);

[Mocne storo mwboi mpolecc, KOTOPBIM >KelaeT oOpaTUThCA K mepudepuiiHOMY
YCTPOUCTBY, JOJIKEH CHadalla 3aXBATUTh MBIOTEKC:

Os_mut_wait(OS_ID mutex, Ul6 timeout);

IMocne 3aBepmieHus paboThl ¢ mepUPEpUNAHBIM YCTPOWUCTBOM MPOIECC MOJIKEH
0CBOOOIUTH MBIOTEKC:

Os_mut_release(OS_ID mutex);

Takum o0pa3oM, MO CpaBHEHHIO C OOBIKHOBEHHBIM ceMa(opom, 00NacTh HCIOIB30BAHHS
MBIOTCKCa OI'paHHMYCHa, OAHAKO IIPpHU 3TOM OH ABJIACTCA Ooiee HAaJCKHBIM MCXAaHHU3MOM JIA
YIIPaBJICHHUS MOHOIIOJIBHBIM JOCTYIIOM K PETUCTPaM MUKPOKOHTPOJLIEPA.

6.9.6. lpegoctepexeHue nNo NOBOAY MbIOTEKCOB

S nymaro BaM TOHSTHO, YTO HEOOXOAMMO B 0OS3aTEIHLHOM IMOPSAKE BO3BpAIlaTh MapKep
MBIOTEKCa Tocsie paboThl ¢ pecypcoM. B mpoTHBHOM ciiydae BBl IPOCTO 3a0JIOKHpYeTe padoTy
BCEX OCTAJBHBIX MporeccoB. HeoOxoanmMo coOMOnaTh OCTOPOKHOCTD WM TIPH  yIOaJIEHUH
MPOIIeCcCOB, HCMONB3yomuX MbIoTeke. Ilockomeky OC RL-RTOS sBusercs mocTaTOYHO
manenbkoit OC, oHa MoxkeT padoTarh Jaxke Ha ARM-MUKPOKOHT-poJUIepax MIIAJALIETO YPOBHS.
CoOTBETCTBEHHO, B HEW OTCYTCTBYET orepanus Oe30MacHOro yaajeHHs MpoIeccoB. JTO
03HAuaeT, YTO €CIW BBl yJAIWTE MpOIlecC, YIPABIAIOUINN MBIOTEKCOM, Bbl YyAAJIUTEe U caMm
MBIOTEKC U 3a0JI0KHpYyeTe JATbHEHIITUI TOCTYII K 3alUIIICHHOMY epU(PEPUHHOMY YCTPOKCTBY.



6.9.7. bydepbl cooblleHUH

Bce MeTo1p1 MEKIPOIIeCCHOTO B3aMMO/ICHCTBUS, PACCMOTPEHHBIC HAMH Ha JAHHBI MOMEHT,
UCIIOJIL3YIOTCS TOJIBKO JIJIsl YIIpaBlieHHUs paboTOi mporeccoB. DTH METOBI HE 00CCIeYrBaIOT
00MEH TaHHBIMH MEXITy TporieccamMu. O4eBHIHO, UTO B PealbHOM IporpaMMe HaM HeOOXOMMO
NEpeCulyIaTh AaHHBIC MCEXKAY IIponcCCaMu. B IIpyuHOMIEC, 9 3TOr0 MOXHO MCIIOJb30BaTh
rnobanpHble mepeMeHHble. OmHaKo B JIIOOOH XOTh CKOJBKO-HHOYAb CIOXKHOW Mporpamme
obecrieueHue eTTOCTHOCTH YKAa3aHHBIX JaHHBIX SIBISCTCS YPE3BBIUANHO CIOXKHOW 3anaucii. J{ns
3TOr0 HEOOXOJIUMO CHHXPOHHM3UPOBATh ONEPAIlMd OOMEHA JAaHHBIMH MEX]y MPOIIECCaMH, YTO
IMPUBEACT K 3HAYUTCIIbHOMY YBCJIMYCHUTIO KoJa u 3HAYUTCIIBHO CHHU3UT O6HlyIO
NPOM3BOJMUTEIILHOCTh CHUCTEMBL. [lo3TOMy Jisi OOMEHa JaHHBIMH MEXAy MpoleccaMu
HE0OXOIMMO HCIOJIE30BaTh 00Jiee KOPPEKTHBIE aCHHXPOHHBIE MeTonbl. B mameix OCPB ms
9TOTO HCIIOJIB3YIOTCS OYepequ COOOIIEHHH, KOTOphIe MPEICTaBISIOT COOOH OJHOBPEMEHHO
Oydepsl sl coxpaHeHus: nepenaBaeMbix MaHHBIX UM FIFO-koHBeliepbl, KOTOpPBIC MO3BOJSIOT
NPOIIECCY-aJ[pecaTy aCHHXPOHHO CYHTHIBATH IIOCHUIAEMBIE €My COOOIICHUS B IPaBHIBHON
nocnenoBatenbHocTd. B OC RL-RTOS peanuzoBana cucrema 6ydepoB coobuieHuii (mailbox),
KOTOpasi MOJICPKUBACT OMNMCAHHBIH MeTon oOMeHa naHHbIMH. OOBEKTHI THHA «Oydep
COOOIICHUs» TMO3BOJSIOT TepeiaBaTh OTICIbHBIC MEPEMEHHBIC PA3IMYHOW Pa3PSIHOCTH,
(dbopmaTHpOBaHHBIE COOOIICHUS (DUKCHUPOBAHHOM MJIMHBI, a TAaKKe COOOIICHUS TMEpEeMEHHON
JIAHBI.

Jlns  Havama pasOepeMcs ¢ KOHPUTYpHPOBaHHEM M KCIOJb30BAHHEM COOONICHUIN
(bUKCHPOBaHHO JNMMHEL. B kadecTBe mpuMepa pacCMOTPHUM Mepeaady COOOMEHHUs, COCTOSIIECTO
u3 4-6aiitHoro maccuBa (pesynbrat ALIT) u omHOM mepeMeHHOM THIA int (COAEPKUMOE TOPTa
BBO/Ia/BBIBOJIA).

unsigned char ADresult[4];
unsigned int PORTO;

Jnist mepeiaum 3THX JaHHBIX MEXIY MpolleccaMyd HaM HE0OXOJUMO OOBSBUTH TOIXOISIIUHA
oydep coobiienus. bydep cooliieHnii cocTOUT U3 Habopa TaK Ha3bIBAEMBIX MTOYTOBBIX SIUCEK U
MaccuBa yKaszaTeJiel Ha Kaxayto u3 aTux sdeek (Puc. 6.12).

Bythep coobujeruii (mailbox) npedcmagaaem
coboit 0bracmo naMsmu, pazbumyo Ha HecKoAbLKO
CeRUUIE i cea3anuyIo ¢ Habopom yicazamenei

HQ KAHCOVIO U3 2MUX CeK Uil

Puc. 6.12. Byep coobuieHnit (mailbox).

Hns koHburypupoBanus Oydepa cooOlIeHHH MBI JOJDKHBI CcHaudana OOBSIBHUTH
ykazatenaud Ha cooOuieHus. B gaHHOM ciydae Mbl OyJeM HCIOJb30BaTh 16 MOYTOBBIX
g49eeK (3TO 3HaUEHHE BBHIOPAHO COBEPIIEHHO MPOHW3BOJIBHO, B pealbHBIX 3axadax OHO
BBIOMpPAETCS MCXOJS U3 BalTUX MOTpeOHOCTEH):

os_mbx_declare(MsgBox,16);

IMocne »TOro Mbl JOJKHBI OOBSIBHTH CTPYKTYPY, COJAEpXKaNlyl IepelaBacMbic
JIaHHbIe, T.¢. (OopMaT KakKIOT0 CIIOTa:
typedef struct

{
unsigned char Adresult[4];

unsigned xnt PORTO0;
} MESSAGE;

IMocne omucanus GopMaTta HYXKHO 3ape3epBUPOBATH OJOK MaMsITH, NOCTATOYHBIN
I XpaHeHus 16 cooOmeHwnii:



unsigned int. mpool [16*sizeoF(MESSAGE)/4 + 3];

Hamee, 3ToT 070K WaMATH HeoOXOoAWMO pa3OouTh Ha TpeOyembie 16 MOYTOBBIX
SYECK, BHI3BAB CUCTEMHYIO (YHKIIUIO:

_init_box(mpool,sizeof(mpool),sizeof(MESSAGE)),;
[MocneqauMm 3Tanom KoHGHUTYpHpoBaHHS Oydepa cooOMEeHHH SBIsSETCA
MHULOHAIN3ANM MacCHBa yKa3zaTelel aJpecaMy COOTBETCTBYIOMINX SYEEK:

os_mbx_init( Msg Box, sizeof (MsgBox));

Temepb, ecnu MBI 3aXOTUM TepellaTh COOOM[EHHE MEXAY NpOIecCaMH, MEI
co3JaJuM yKa3aTelb Ha THUI MepeaaBacMoro cooOMIeHWs U Ha3HAYUM €ro MOYTOBOU
AYCHKE:

MESSAGE *mptr;
mptr = _allocbox(mpool);

ITocne 3TOrO MBI 3aMOJHIEM SUYCHKY MepeaaBaeMbIMK JaHHBIMHU:
for(1=0;1<4;1++)

mptr->adresult[I] = Adresult(l);
mptr->PORTO0 = I0PINO;

}

" IIOChITIaCM COO6H.[€HI/IGI

os_mbx_send(MsgBox, mptr, OxXFFFF);

IIpu »ToM mouTOBas sueika OJIOKUpPYETCS s 3allUThl HAXOIAIIUXCA B HEH
MaHHBIX, a YyKa3aTellb Ha COOOIIeHHe TMepenaeTcs B OXHUIAIOMHUN MpoIecc.
[Tocnenyromue cooOmeHNus] TOCHIIAIOTCSA C MOMOINBIO TOTO XK€ CHCTEMHOTO BBI3OBA,
npu 3TOM OyAyT 3aJeliCTBOBaHBI CIHEAYION[ME IOYTOBBIC SUYCHKU, a COOOIECHUS
obpasytot ouepenb FIFO-tuna. B mpouecce-nosryyarene cCOOONMIEHUS MBI TOXE JOJKHBI
00'BSBUTH yKa3aTelb Ha THN COOOMEeHHs, IOoCie UYero NepeHTH K OXHIAHHUIO
COOOMICHUSI ¢ TTOMOIIBbI0O CHCTEMHOTO BBI30Ba 0S_mbx_ wait(). DTOT BHI30B MO3BOJHT
HaM yKa3aTh TOTOBYIO S4YEHKYy, KOTOPYIO MBI coOMpaeMcsi HCHOJb30BaTh, IepenaBas
yKa3aTeib Ha CIOT U 3HAUeHUE TaiiM-ayTa:

MESSAGE *rptr;
os_mbx_wait (MsgBox, &rptr. 0XFFFF);

[Mocne mpueMa cooOIIEHUS MPOLECCOM-TIONyYaTeIeM MBI MOXKEM IMPOCTO CUHUTATH
IMOJIYYCHHBIC JAaHHBIC 11O YKA3aTCJIIO!:
pwm_value = *rptr->Adresult[0];

[MTocne 3aBepmieHusi 00paOOTKM NPHUHATHIX JaHHBIX CcJOT Oydepa MOKHO
O0CBOOOIMTH IS Iepelady MOCIeIYIOIIUX COOOMEeHHIH:

_free_box (mpool, rptr);

Janee mpuBeneHbl pparMeHTHI KOJa, pealu3yIIne BCe YKa3aHHBIC OMEPaIUH.
Nuaunuanu3zaunoHHbIA KoJ, pacnonaaraomuiica sBae OCPB:

typedof struct {
unsigned char AD result[41;
unsigned int PORTO;
}MESSAGE;

unsigned int mpool[16*sizeof(MESSAGE)/4 + 3];
os_r»bx_init (MsgBox, sizeof(MsgBox));

main() {

_init_box (mpool, sizeor(mpool),



sizeof(MESSAGE)); os_sys_in)t();
[Ipouecc, mocknamuInii coodmeHue:
void Send_Task(void) {

MESSAGE *mptr;
os_mbx_init (MsgBox, sizeof (MsgBox));

while(1)

{
mptr = _alloc_box (mpool);
for(i = 0; i<4; i++)
{

mptr->adresult[i] = Adresult(i);
mptr->PORTO = I0PINO;

/
os_mbx_send (MsgBox. mptr, Oxffff):

IIpomecc, monmydaromuii cooOmeHue:
void Receive Task(void) {

MESSAGE *rptr;
while(1)
{
os_mbx_wait (MsgBox, &rptr, Oxffff);
pwm_value = *rptr->Adresult[0];
__free_box (mpool, rptr);
/
/
6.10. KoHdurypaums

Ntak, xak Mbl ¢ Bamu BuAenHu, B coctaBe APl OC RL-RTOS uMmeroTcs GyHKIIUH
VOpaBJICHUS TPOUECCAMH, YNpPaBIeHUS BpeMeHEeM H (QYHKIUH MEXIPOUECCHOTO
obMmena. Tenepp, KOrJa MBI C BAMH Y€TKO MpeacTaBisieM Bo3MoxHOcTH siapa OC, umeer
CMBICIT BEPHYTHCS K KOHPUTYypallMOHHOMY (Qailly U paccMOTpeTh ero 0ojee moJapoOHo.
Kax yxe ObII0 CKazaHO paHee, BBl MOJDKHBI n1o0aBuTh B mpoekT daim RTX Config.c,
COOTBETCTBYIOIHI MCIOJIb3YyEMOMY BaAMU MHKPOKOHTPOJUIEPY. DTH (Qaliibl, B KOTOPHIX
y)Ke 3aJaHbl 3Ha4yeHWs OompmmHcTBa mapamerpoB OC, wuMmeroTcs s BceX
NOJJEpPKUBAEMBIX MHUKPOKOHTPOJUIEPOB. Tak 4YTO ¢ Bamel CTOpOHBI MoTpedyercs
TOJIbKO MUHHUMaJIbHOE BMemaTenscTBo (Puc. 6.13).

=i Task Definitions
Mumber of concurrent running tasks

a o

Mumber of tasks with user-provided stack
Task stack size [bytes]
- Check for the stack overflow

g
(=]

Daiiavt RTX_Config.c npedocmagasiomcst 041 ecex
noddepicusaemvix MUKPOKOImMpoatepos. B amos aiine
BT Kernel dmer number — codepxcumes pad onpedeseriili, ¢ HOMOULbIO KOMOPbIX

Timer clock valus [Hz] 1SGRN00N OCYHeCMEIACHICH «nodeonxar OC nod gatue IPUACHCCHUC,
Timer tick value [us] 10000

< Round-Raobin Task switching v
Reund-Rabin Timeout [ticks] S

umber of user timers

o

System Timar Confiquration

Puc. 6.13. Kondpurypauns OC RL-RTOS.



