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Annorammsi. QEMU — cBoGomHOe mporpaMmHOe oOecledeHHe C OTKPBHITBIM HCXOJHBIM
KOJIOM, TIpelHa3Ha4eHHOE Ul SMYJSIIMH pa3inuHbIX Ivatgopm. B pmaHHON cTathe
OIUCHIBACTCSI Pa3pabOTaHHBIN CIOCOO ONMMCAHWS aIlmapaTHBIX KOHQUIYpamuil TOCTEBBIX
cucreM B smyisaTope QEMU ¢ moMOIIBI0 OTAETBHBIX TEKCTOBBIX (haliJIOB, MCHOIB3YIOMIUX
YAOOHBIM Ui YTeHWS M HamMcaHus TeKCToBblid  ¢dopmar JSON. Buemaue
KOH(UTYpallMOHHBIC (haiyibl TMO3BOJAT H30EKaTh HEOOXOAMMOCTH IEePEKOMITHIMPOBATH
QEMU npu m100bIX M3MEHEHHSX anmapaTHBIX KOH(GUTYPAlUi TOCTEBBIX CHUCTEM, a TaKKe
n30aBAT OT HEOOXOAMMOCTH pa3OHpaTbCsi BO BCEX TOHKOCTSAX BHYTPEHHEH peann3aliu
IMyJISITOpA.

KuaroueBbie ciioBa: QEMU; amymsinust; anmapatHast KOHQUTYpaIis

1. BeedeHue

OMyJISTOP B BBIYUCIHUTEIIBHOW TEXHHKE — 3TO KOMIUICKC MPOTPAMMHBIX WA
amnmapaTHBIX CPEJNICTB, a TAaKXKe UX COYETaHHe, NMPeIHA3HAUYCHHBIH I BBHITIOTHEHUS
(yHKIMHA OHOW BBIYMCIUTEIHHON CHCTEMBI (TOCTEBOM) Ha IpPyrou (LeNeBOi),
TakuM 00pa3oM, dYTOOBI OJMYJIHpPyeMOE TIIOBEICHHE KaK MOXHO OJIKe
COOTBETCTBOBAJIO MIOBEJCHUIO OPUTMHAIILHOU cucTemsl [1].

B HacTosmmee BpeMs CyIIecTByeT MHOKECTBO CHCTEM 3MYJIMPOBAHMSL, OJHON U3 HUX
apisercds QEMU [2].  JlaHHBIH SMyIsSTOp HMEET JABAa PEXUMa PabOTHI: PEXUM
HNOJTHOCUCTEMHOMN SMYJISILIMU U PEKUM IMYISIIUU NpUIOKEeHUs . B mepBoM pexxnme
SMYJIMpYETCsl BCE almapaTtHoe o0eclieyeHne, BKIItoYas nepudepuitHple yCTPOHCTBa,
U B NIOJIy4YCHHOHN BUPTYyaJIbHOHN MalllMHE 3arpy»aeTcsl CBOS ONEpalOHHAas CUCTEMA.
BTopoil pexxum nmo3BoiseT 3aMyCKaTh OTAENbHbBIE NOJIb30BATEIbCKUE MPUIOKEHUS,
HaNKCaHHbIE I OJJHON apXUTEKTYpHl, Ha Apyroi [3].

Bce anmapatabie koHuUrypanuu rocteBsix cucteM B QEMU mpencraBieHsl B BUIE
(aiinoB, HanucaHHbIX Ha s3blke Cu. [laHHble (Qalibl SBISIIOTCS TPOMO3AKHMHU H
CJIOKHBIMH JJIsl BOCTIPHATHS M pejakTupoBanus. Jlo6aBieHre HOBOTO YCTPOMCTBA B
pean30BaHHYIO CHUCTEMY IIPEACTaBIsIET cOOOH MHOXKECTBO BBI30OBOB Pa3lIMUHBIX
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byHKIIMI ¢ 60TBIIMM YHCIOM TapaMeTpoB. Taxoke, mocie 100aBICHHS yCTPOMCTBA
WM JI00BIX APYIMX HM3MEHEHH B TOCTEBOW CHCTEMe, HEOOXOAMMO 3aHOBO
cobuparp QEMU. TlosToMy, ¢ TeNbl0 YIpOIIeHUs M00aBICHUS HOBBIX TOCTEBBIX
CHCTEM WM BHECEHHS B HHUX M3MEHEHHM, pa3padaThiBacTCs CPEICTBO OMHCAHHS
anmapaTHbIX KOH(QUIypanuil TOCTEBBIX CHCTEM C HCIOJIb30BAHUEM TEKCTOBBIX
(aiinos.

IToa006HBIH cIOCO0 yiKe peaan3oBaH B SMyIsaTope Simics[4], KOTOPBIH UMEET CBOM
BHYTPEHHHUH S3BIK JJIs MOIenupoBanus ycrpoiicte — Device Modeling Language
(DML). [nsa onwcanus KOHQUTYpAIMH TOCTEBBIX CUCTEM B SimicS MCHOJIB3YIOTCS
OTJENbHBIE CKPHUIITOBBIE (DAIIBI, KOTOPBIE MOHOCTHIO OMHCHIBAIOT alllapaTHBIE U
MPOTPaMMHBIE OCOOCHHOCTH SMYJTHPYeMBIX cHCTeM. Ho maHHBIH >MyJsaTOp
SIBIISICTCS TUTATAHBIM TIPOTPAMMHBIM OOCCIICYCHHUEM M €ro KOJ OTCYTCTBYET B
CBOOOJTHOM JIOCTYIIC.

2. Peanusayusi 2ocmeebix cucmem 6 QEMU

B QEMU rocrteBbie cucTeMbl NMPEACTaBICHB B BUIE CTPYKTYP, OJHUM W3 TOJEH
KOTOPBIX fBIAETCA (YHKUMS WHHOWATM3anud. B (QyHKIMM nHUDMAaTH3anuun
OPOMCXOOUT  CO3[JaHHME  ILIEHTPalbHOTO  Mpoleccopa, MaMATH, TaiMepoB,
KOHTPOJUIEPOB NPEPhIBAaHUN M Pa3IM4HBIX nepudepuitHbix ycrpoiicts. [Tapamerpsr
JaHHOW (QYHKIMHM COOTBETCTBYIOT aprymMentam 3amycka QEMU, xortopsle
YKa3bIBaeT I0JIb30BaTElb.
Beck mpouecc MHHLIMANH3alUU TOCTEBOM CHCTEMBI MOYKHO YCJIOBHO MOAEIUTH HA
TPH 9acCTH:

1) wWHUOMaNH3AIMA MAMATH;

2) UWHHULMAIU3ALHA POLECCcopa;

3) uHUIMANU3aLKs NepU(EpUitHbIX YCTPOHCTB.

2.1. Mogenb namsATK rocTeBon cuctemsol

IMamste B8 QEMU Mopenupyercs ¢ MOMOIIBI0 alUKINYECKOro rpada 0OBEKTOB
MemoryRegion, nuctbst kotoporo siBisitoress RAM u MMIO(memory-mapped 1/0).

B QEMU y rocreBbIX CUCTEM CYIIECTBYET YETHIPE OCHOBHBIX THIIA NaMSTH [3]:

e RAM: pwmanazon RAM namsatu 1eneBod CUCTEMBI, KOTOpas AOCTYITHAs
FOCTEBOM CHCTEME;

e MMIO: aapeca rocTeBOi CUCTEMBI, KOTOPHIM COOTBETCTBYIOT yKa3aTelHu
Ha (YHKIWW YTCHUS M 3alHCH, O0CCIICYHMBAIONINE IEPEChUIKY ITaHHBIX
mexy CPU u ycTpoiicTBamu;

e Alias: quama3oH MaMATH TOCTEBOW CUCTEMBI, MO3BOJISIONINN Yepe3 CBOU
azpeca MoaydaTh TOCTYH K STYeHKaM MaMsITH JPYTroro Auamna3oHa mamsTH,

o KonreliHep: enuHas o0macTb mMaMATH (UKCHPOBAHHOTO pasMepa,
cojepkaias mojgo0IacTH ¢ pa3HBIMU CMEIEHUSIMU OTHOCHTEIHHO CBOETO
Havaja.
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B QEMU Bo3MoOxHa cuTyalusi, KOTJAa ajauachl WIA KOHTEHHEphl MEePEKPBIBAIOT
aZpecHoe MPOCTPAHCTBO APYT apyra. s pa3pemieHus KOIUIM3MH HCHOIB3YIOTCS
NPHOPUTETHL.  [IpHOPHUTETHI JIOKANBFHBI W CPAaBHUBAIOTCS MEXAY HO0OIAcTIMU
OTHOTO YpOBHS BHYTpPH KOHTeWHepa. [lepekpriTie oOmacTeil maMATH CIyXKHUT
UCKITFOYUTEIHHO IS YA00CTBA MOAETHPOBAHUS ITaMSITH TOCTEBON CHCTEMEI.

Bo BpeMsi MHMIMaNM3alMM TOCTEBOW NaMSTH NMPOHUCXOIUT CO3JaHHE OOBEKTOB,
Ka)KIBIH N3 KOTOPBIX XapaKTePU3yeT OAHY W3 MPUBEACHHBIX BBIIIEC THUIIOB TaMSTH.

2.2. Mopgenb npoueccopa u“ nepudepunHbIX YCTPOUCTB
rocteBOou CUCTEMbI

Jiss MonienupoBaHus Pa3IMYHBIX AMlapaTHBIX KOMIIOHEHTOB T'OCTEBBIX CHCTEM B
QEMU wucnons3yercs oobektHas Moaear (QOM — QEMU Object Model). QOM
obecrieunBaeT co3AaHNe U PETHUCTPALNIO IPON3BOJIFHBIX THIIOB, a TaKXKe CO3IaHHE
9K3eMIUIAPOB 3THX THNOB. Kaxmeiii QOM 00BEKT COCTOUT U3 JBYX CTPYKTYp:
Class u Object. Class comep)XHUT TiepedcHb ykazaTelel Ha QyHKIUH U 00IIne s
Bcex KiaccoB mois. Object comepKUT Mo, 3HAYEHUS KOTOPHIX MHIUBUAYaIbHBI
JUTSL KaKITOH Koy oObekTa [3].

Kaxapiii 00beKT MOKET HMETh CBOicTBa. CBOMCTBAa OIMUCBIBAIOTCS CTPYKTYPOMH
«ObjectProperty». JlaHHas CTpyKTypa COACpKHT HHPOopManuio 00 IMEHH CBOHCTBA
Y €T0 THIIe, YKa3aTeau Ha QYHKITMH JTOCTyIa K CBOHCTBY, yKa3aTeidh Ha BHYTPCHHHE
JTAaHHBIC CBOMCTBA, a TaKke IECTPYKTOp. Bee cBoiicTBa 00bekTa 00pa3yIOT eAMHBIN
CITHUCOK.

Ha ocroBe QOM B QEMU co3znaroTes mporeccop, pa3iudHbIe YCTPOUCTBA, a TAKKE
HIWHBI. HpI/I CO3J1aHHNH HOBBIX yCTpOﬁCTB CO3JaI0TCA U MHUIHUAJIU3UPYIOTCSA HOBBIC
00bexkTel QOM.

V kaxpgoro ycrpoiictBa B QEMU wumeeTcst ykasaTenb Ha HIMHY, K KOTOPOM OHO
MOJAKJIFOYCHO, 4 TAKXKEC CIIMCOK IIHNH, KOTOPBIMU OHO YHPaBJIACT. AHaJIOTHYHO C
MIMHAMH: KakJas [IMHAa MMEeeT yKa3zaTellb Ha OJHO POAUTENIBCKOE YCTPOHCTBO U
CIHCOK yKa3aTelel Ha JouepHue ycTpoicTBa. Takum criocobom B QEMU 3amaercs
JIEpeBO, T/ie Ha KaXXJIOM YPOBHE HaXOAATCS MO0 yCcTpoiCTBa, 1160 muHbl. KopHem
JTAaHHOTO JIepeBa SBJISCTCS CUCTEMHAs IIHHA.

3. Peanusayusi 2ocmeebix cucmem C UCMOJIb308aHUe
KOH¢hucypayuoHHo20 ¢halna

3.1. AA3bIk onucaHMA annapaTHbIX KOH(Urypauumm

Jist onmcanusl annapaTHeIX KOHOUTypaluil B BUe OTIENBHBIX TEKCTOBBIX (pailiioB
6511 BeIOpaH TexcToBbIi hopmar JSON (JavaScript Object Notation)[5].
Texct B ¢popmare JSON npencrasinsier co00i 0HY U3 IBYX CTPYKTYP:
e KOJJIEKIWS Tap KIIOY/3HaueHHe. B pa3HbIX sA3bIKax, 3Ta KOHIEMIHS
peamm3oBaHa  Kak OOBEKT, 3alHCh, CTPYKTypa, ClIOBapbh,  XOII,
MMEHOBAaHHBI! CIIMCOK UJIM aCCOLMAaTUBHBIN MACCUB;
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®  YIOPSANOYEHHBIH CHUCOK 3HadYeHWd. B  OOJBIIMHCTBE S3BIKOB 3TO
pea30BaHO KaK MaCCHB, BEKTOP, CITUCOK MM TTOCIICAOBATEIFHOCTD.

Komnekmus map kmou/3Hauenne B JSON Ha3pIBaeTCs 00BEKTOM, a YIOPAIOUYCHHBIH
CIMCOK 3HAYCHHH HAa3bIBACTCA MACCHBOM. 3HAYCHHE MOXET OBITh CTPOKOHW B
JIIBOMHBIX KaBBIUKAX, YUCIOM, true, false, null, o6bexToM o MmaccuBoM. OOBEKTEI U
MacCHUBBI MOTYT OBITh BJIOXXEHHBIMHU JPYT B APYTa.

Jannsbrii opmaT OBUT BEIOpPaH MO CIIEAYIOMIMM IPUIHHAM:

e QoJplIMe pacxoJbl Ha pa3paboTKy COOCTBEHHOTrO TEKCTOBOTO (hopmara, a
Takke pa3paboTKa, BHEIAPECHHE U CONPOBOXICHUEC HWHCTPYMCHTA,
MO3BOJISIONICTO TMEPEBOMUTh JAaHHBIE W3 TEKCTOBOTO JOKYMEHTa BO
BHyTpeHHee npenctasieHne QEMU;

e TtekctoBbiii hopmar JSON wmcmonbdyercs «QEMU Monitor Protocoly; on
HeoOxomuM i B3aumogericteuss QEMU ¢ apyrumMu  mporpaMMamH,
noatomy B QEMU yxe BcTpoeH TpaHcisaTop ¢opmata JSON, KoTopbIit
OCYIIECTBIIIET OJHO3HAYHOE MpeoOpa3oBaHME IMMOCTYIMHBIINX ITaHHBIX BO
BHyTpeHHe npeacraBieHue QEMU(QOM o00beKTh);

®  JaHHBIA TEKCTOBBINA (POPMAT ABJISICTCS MPOCTHIM M B TOXKE BPEMs CIIOCOOCH
MOJTHOCThIO TOKPBITH BCE BO3MOJXKHBIC aIlapaTHble KOHQGHUTypaIuu
TOCTEBOI CUCTEMBI.

[anee paccMOTpuM CIOCOO MHUIMANM3AIMN TTAMSTH, IpoLeccopa, nepudepuitHbIx
YCTPOMCTB U ILIMH C TOMOLIbI0 KOH(UTypalmoHHOTro (aiina.

3.2. OnucaHne annapaTHbIX KOHdUrypauum rocteBbiXx CUCTEM C
ucnonb3oBaHuem dopmara JSON.

Jisi  MHUNMANU3AMUd  TOCTEBOM CHCTEMbI HCIONBb3YeTCs TEKCTOBBIA  (paiin
anmnapaTHeIX KOH(puUrypauuii. AnnapatHble KOHOUTypanud B TEKCTOBOM (haiiie
NpPEJCTAaBICHbI B BHIC OOBEKTa, KIOYH KOTOPOr0 XapaKTEPU3YIOT pasIHyHbIC
amnmapaTHble CBOWCTBA TOCTeBOUW cucTembl. s ykazanus daitna Obul 100aBiieH
HOBBIH mapameTtp 3anycka QEMU — config_file «file_namey.

3.2.1 Onucanue namamu 20Cmeeoil cucmemol

Kondurypanuu mnamsiTé rocTeBON CHUCTEMBI MPEJCTABICHbBI B BHJE MAaCCHBA.
DJIeMEHTAMHU MAaCCHUBa SIBISAIOTCS 00BEKTHl. Kaxkaplli 00BEKT MacCHBa OIUCHIBAET
oIpeNeNieHHy0 00nacTh mamsaTa. ONmUCaHus MoJie 00beKTa NPUBEACHBI B TaOI.
Nel.

HanmenoBanue Tun CsoiicTBa
JSON
name CTpOKa Ha3BaHUE obactu aMsATH, HMCIOJIL3YEeTCs
HUCKJIIOUUTENILHO JJI OTJIagKU
id CTpOKa YHUKaJIbHBIA WACHTH(DHUKATOP 00JACTH TaMSTH,
WCTIONIB3YETCS ISl IOCTYTIA K YKa3aHHOU 00J1acTH
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parent CTpOKa | CTpoKoOii sBisieTcs id o0iacTd  mamsTH, B
KOTOpPYIO HEO0OX0auMO J00aBUTH T000acTh;
eclM He yKa3eBaTh JAHHBIA MapaMmeTp, TO MO
YMOJYaHWIO  CYATaeTcss, d9ro  parent —
BBIJICJICHHASI JIJISI TOCTEBOH CHCTEMBI TIAMSITh

size CTpOKa | pa3Mep cO3JaBacMoOil 00JacTH MaMsTH; pa3Mep
3amaercs B JeCSITePIIHON WA
IIECTHA/ILATEPUYHON CHUCTEME CUMCIICHUS B BUJIE
cTpoku, Hampumep, «0xff9a»; Bo3MOXHO B
KauyecTBe IapaMeTpa yKas3aTh «ram_Size», dro
OyZeT COOTBETCTBOBAaTH pa3Mepy BBIIECICHHON
JUIS TOCTEBOM CHCTEMBI MAMSITH

offset CTpOKa | CMellIeHHe CO37aBaeMOM o1006J1acTH
OTHOCHTEIILHO parent; cmeiieHne 3amacTcs B
TaKOM >K€ BUIE, KaK U IOJe SiZe; eciad JaHHOE
ToJIe He YKa3aHo, To Oy/IET CO3/]aH KOHTeHHep

alias_to CTPOKa | co3maHHas oOO0JacTb NaMATH OyJeT SBJISTHCS
aIMacoM K 0o0JacTd mamat ¢ id, yKa3aHHBIM B

CTpOKE
readonly OyJeB | MO YMOJYAHUIO IaHHOE MOJE UMEET 3HAYEHHUE
THIT false; eciu qaHHOE MOJIE UMEET 3HAYEHHME true, TO
co3jianHast 001acTh OyAeT JOCTYIHA TOJIBKO st

YTEHUsI
overlap_priority YHCIO | MO0 YMOJYAHHIO CO3JaHHBIE O0JACTH MaMATH

uMeroT mnpuoputer 0, HO ISl paspelieHus
KOJUTM3UH TPU TEPEeKPHITHA 00JacTe MaMsITH
HE00X0IUMO HCIOJIb30BATh TPUOPHUTETHI

Tabn. 1. Ampubymer o6vexma JSON, onucwisaiowe2o odbracms namsamu.

Bce o, 3a UCKITIOYCHHEM Size, He 00s3aTeNbHBI, TaK KaK MPH CO3JaHUH 00JacTh
MaMsITH JOCTaTOYHO 3HATh TOJBbKO e€ pasmep. OJHAKO, OOBEKT C EAMHCTBCHHBIM
mojieM size OymeT Oecrojie3eH, Tak Kak OyaeT 3aaaBaTh IMyCTOW KOHTEHHEp,
KOTOPBIH U3-3a OTCYTCTBHSA id HENb3s OyIeT UCIOIb30BaTh.

JanHas cTpykTypa OOBEKTOB, OIMCHIBAIOIIMX OOJAaCTH TMaMsATH, Ojaromaps
HaJIMYUIO YHUKAJIbHBIX I/II[eHTI/I(i)I/IKaTOpOB, MO3BOJIACT IMOJHOCTBIO MOACINPOBATH
JIPEBOBUJIHYIO CTPYKTYpPY HaMsTH TOCTEBOM CHCTEMbI AHAJOTMYHO TOMY, Kak
onwmcaHo B pazneine 2.1.

Hwmxe, B kauecTBe mpuMepa, TNPHUBEICH OOBEKT, OTBEUYAOIIUH 32 WHUIIHATH3AIUIO
mamMsTH B TocTeBo cucreme «kzmy» apxutektyppl ARM ¢ momoinsio
KOH(pHUTypanroHHOTO (aiina.

«memory»: [
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{«name»: «kzm.ram», «size»: «ram_size», «offset»:
«0x80000000», «id»: «ram»},

{«name» : «ram.alias», «sizex»: «ram_ size», «offset»:
«0x88000000», «alias to»: «ram»},

{«name»: «kzm.sram», «sSize»: «0x4000», «offset»:
«Ox1FFFCO00»}
1.

B naHHOM mpuMepe cO3[ar0TCS TPU pasHbIX OOJACTH MaMsTH, OAHA M3 KOTOPBIX
aBysieTcs anuacoM. Tak Kak mosie «parent» SIBHO HE YKa3aHO, TO BCE CMEIICHUS
«offsety co3maBaempIX oOOyacTeld maMsATH OepyTCs OTHOCHTENHFHO Hadasa
BBIICJIEHHOM 1JI1 TOCTEBOM CUCTEMBI TAMSITH.

3.2.2. Onucanue ycmpoiicme 20cmegoii cucmembl

VYerporicTBa (32 MCKITIOYEHHEM Ipoleccopa) B KOH(MHTypallMoOHHOM  (haiie
MpPEJICTAaBICHbI B BHJC MacCHBa OOBEKTOB. M3-3a HaIM4Ms 3aBHCHUMOCTEH MEXITY
YCTPOWCTBAMH HUX HEOOXOJMMO WHHUIMATH3HPOBATH B OMNPECACICHHOM MOPSIKE,
HampuMep, IMepe] HWHHUIHaIu3anuell KOHTpOoIIepa IMpephIBaHUA HEOOXOIUMO
co3zath mpoueccop. Kaxkmoe ycTpoifcTBo XapakTepu3yercs aTpuOyTaMu, KOTOpBIC
3aMaloTcs € TOMOMIBI0 ToJied oObekra. B Tabm. Ne2 mpuBeneHBI OCHOBHEIC
aTpuUOyTHI YCTPOMCTB.

HaunmeHoBanne Tun CpoiicTBa
JSON
type CTpOKa | JaHHOE II0Ji€ OJHO3HAYHO OMNpenessieT THII
ycTpoiicTBa Bo BpeMs coznannss QOM oObekTa
id CTPOKa | YHUKaJIbHBIH MJICHTU(PHUKATOP yCTPONUCTBA
addr ctpoka | MMIO: azapeca rocreBod cHCTEMBI, KOTOPBIM
W COOTBETCTBYIOT yKa3aTesld Ha (DYHKIUH YTCHUS U

MAacCMB | 3aIllCH, OOECHEYMBAIONINE MEePEChUIKY JaHHBIX
CTPOK mexay CPU u ycrpoiictBamMu

irg 00bexT | 00BEeKT cocTouT U3 cTpoku device id u maccuBa
num; device_id — yHukanbHBIH upeHTHUKATOP
yCTpOHCTRA, K KOTOPOMY aJIpecoOBaHO
npepbiBaHMe, NUM  —  MacCMB  HOMEPOB
IpepbIBaHUH

gpio_out 00BeKT | 00BeKT cocTouT M3 cTpoku device_id u maccuBa
num; device_id — yHukanbHbIil HaeHTH(UKATOD
YCTPOMCTBA, ~ OT  KOTOPOr0  HEOOXOJMMO
oOpabaThiBaTh INpepbIBaHHsA, NUM — MaccuB

HOMEpOB NpephIBAHUN
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prop_set 00BbeKT | 0OBEKT COCTOMT M3 CTPOK Name u value, rae name
— Ha3BaHWE CBOWCTBa, a value — ero 3HaueHue;
00BeKT Prop_set HEOOXOAMM TSI MHUITHATH3AITTN
HUMEIOIINXCS B YCTPOMCTBE JOMOJHUTENBHBIX
aTpuOyTOB; Bce NM0OaBIsAEMbIC CBOMCTBA JOKHBI
OBITh SIBHO 3aKpCIUICHBI 3a YCTPOMCTBaMHU C
OTpEICIICHHBIMU HANMCHOBAHHSIMU

bus 00BeKkT | 00BeKT coctouT u3 ctpok device_id u property;
JaHHBIM OOBEKTOM SBISIETCS JOYEPHSS IIHHA CO
cBoifcTBOM property y ycrpoiicta ¢ id paBHBIM
device_id; ecan oOwvexT bus sBHO He ykasaH, TO
YCTPOHCTBO OyAeT MOKIIOYEHO K CHCTEMHOU
IIMHE

Tabn. 2. Ampubymoer o6wvexma JSON, onucwvlearowezo nepughepuiinvle ycmpoucmad.

[Mpoueccop B KoHPUrypauHoHHOM (haiiie mpencTaBieH B BUAE OTICIBHOTO
00BeKTa. Y HEero ecTh [Ba aTpulyTa:

1) «model default»: HaumeHOBaHHME MOJAENHM MPOIECCOPa, KOTOpas OyaeT
UCIIONB30BaThCs NMPU WHULMAIU3ALMK, €CIH Jpyras MOJACNIb He Oymer
yKa3zaHa Bo Bpems 3anmycka QEMU;

2) «id»: yHUKanbHBIA  WACHTU(PHUKATOpP, KOTOPBIA  HEOOXOAUM  JUIst
MOCJISAYIOET0  MCHOJB30BAHUS —IpoLeccopa MNpH  MHULMAIH3ALHN
YCTPOMCTB.

PaccmorpuM Ha mpumepe mmnatel Versatile WHHIMANIHW3aOUIO Tpoleccopa H
KoHTpoJuiepa npepeiBanuii PL190 (B naHHOM mprMepe MpomnyIeHa HHAIIHATU3aIus
MaMTH U YCTPOUCTB, OTIANUHBIX 0T PL190):

{
«Ccpu»: { «model default»: «arm926», «id»: «cpu»},
«devicex»:
[
{ «type»: «pll90», «addr»: «0x10140000», «id»:
«vectored interrupt controller»,

«irg»: { «device id»: «cpu», «num»: [0, 11 1}

}

W3 mpumepa BUIHO, YTO Ul CO3JIaHMSI KOHTPOJUIEpA MPEPhIBaHMH HE0O0XOIUMO
yKa3aTh ero Has3BaHue, aapec MMIO u HOmepa mpepbIBaHHH, KOTOpbIE OyIyT
moctynaTb Ha mpomueccop. IlpepemBanms ¢ Homepamu O w1 sBigrOTCA
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npepeiBanusMu Trrma  [RQ(Interruppt Request) m FIQ (Fast Interrapt Request)
cooTBeTCcTBeHHO. [locie nHUIMATM3alul KOHTPOJIepa MPpepbIBaHuiA U MpoLeccopa
MOSIBJISIETCS BO3MOYKHOCTh CO3/IaHHS M JIPYTHX YCTPOMCTB.

4. 3akKnrovyeHue

Pa3zpabotanHbIii crmoco® oOmNMcaHUS —anmapaTHBIX KOHGUrypaluid MO3BOJISIET
WHHULHAAIA3APOBATh TaMATh TOCTEBOW CHCTEMBI, IPOIECCOp M YCTPOWCTBA BHE
ucxonnoro koma QEMU. brnaromaps 3ToMy, TMOSBIAETCS BO3MOXXHOCTH 0e3
MEPEeKOMITMISIIIAN AMYJIATOpAa BHOCHUTh M3MEHEHUS B ammaparHble KOHPHUTypanuu
TOCTEBBIX CHCTEM, a TAKIKE ONMKMCHIBATH HOBBIE CHCTEMEI.

Januplit crmoco® onwcaHust ObUI MPOTECTHPOBAH Ha TOCTEBBIX CHCTEMax
apxutekTypsl ARM. Tak kak MHUIHATH3aHs TOCTEBBIX CHCTEM IPOMCXOIUT OJHH
pa3 mpu 3armrycke QEMU, To ucmonp3oBaHne KOHPUTYPAIIOHHOTO (haiiia HUKaK He
CKa3bIBaeTCsl HA CKOPOCTH pabOTHI AIMYJIATOPA.

OnucaHHBIN HOIX0/l YHUBEPCAIBHBIH, T03TOMY IO3BOJISIET JIETKO BKIIIOYATh B CBOIO
pean3alyio HOBBIE apXUTEKTYPhI TOCTEBBIX CUCTEM.
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Abstract. QEMU is an open-source full system emulator based on the dynamic binary
translation approach. QEMU emulates a complete hardware environment including CPUs,
peripheral devices (VGA cards, network interfaces, IDE controllers, sound and USB
components, and other). Guest system hardware configuration initialized at QEMU startup.
During initialization phase QEMU creates virtual CPUs, peripheral devices and memory
hierarchy. Hardware configuration is a part of QEMU source code. Being written in C
language hardware configuration can be difficult to edit. Also, QEMU must be recompiled
after any change in hardware configuration like addition of a new device. A method of the
guest system hardware configuration description as an external file is discussed in this paper.
JSON format was selected for configuration files. QEMU has parser for this format readily
available because JSON is used by QEMU Monitor Protocol. Each file describes hardware
configuration of one board. It consists of sequence of JSON objects. Each object describes
properties one peripheral device, bus, CPU or memory segment. Each object has a unique 1D
associated with it and can reference other objects by their IDs. An arbitrary board
configuration can be described with this format. The proposed method was implemented in
QEMU and tested on ARM guest systems. The method is generic and can be applied to any
board with any CPU architecture.
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