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Linux Inside Ha pycckom

OpUrHHa/IBHBIH MPOEKT
Cepus crareii o siipe Linux 1 ero BHyTpeHHeM yCTpOMCTBe.

Iens nmpocra (0T aBTOPA) - NMO/Ie/IMTHCS CBOMM CKPOMHBIM 3HaHHEM O BHYTPEHHOCTSX siZipa Linux ¥ MoMoub JIFo/isiM, KOTOpbIe

3aMHTePeCOBaHbl HU3KOYPOBHEBBIMU MMOAPo6GocTsimMu Linux.
Bonpocsr/IIpeanoxenusi no nepeBojy: He crecHsiiiTech 3a/jaBath 1t00ble BOMPOCHI ¥ NPe//I0XKeHUst MHe Ha email.

DJ/IeKTPOHHBIe BepCHH KHMIH: Bbl MokeTe Haiitu PDE/EPUB/MOBI B GitBook umu B nanke peniosuropust Ebooks

(nepriozruecky 06HOBIIsIeTCsT). TakKe BbI MOXKeTe CreHepHUpOBaTh MX CAMOCTOSITE/BHO.

IToapepxka

Eciv BaM HpaBUTCs linux-insides-ru , BbI MOXKETE MO/A€PKaTh aBTOPaA mepeBo/ja CeyoiuMy criocobamu. Ecu y Bac
BO3HUKJ/IU ITPOGJIEMBI C OT/IATOM WTH BbI XOTHTE TIOXKEPTBOBAThH WHBIM CTIOCOOOM, CBSDKATECH CO MHO:

proninyaroslav@mail.ru . Crracu6o!

e Yandex Money: 410011738561939

Donate
o paypal: v+ N I R

e Amazon.com eGift Cards: npocto BbiGepuTe CyMMy ¥ BBeAWTe e-mail proninyaroslav@mail.ru B gift card details

https://www.amazon.com/gp/product/BO0O4LLIKVU/

TakkKe Bbl MOJKeTe N0/iepkaTb OPUTHHAIBHOr0 aBTOpa C/IeYIOIIUMU CIIOCO0aMM:

YuacTue

Ecmu y Bac BO3HHKHYT Kakue-100 po6sieMsl, He CTeCHsTITECh CO37aBarth issues wim pull-request.

Ioxanyiicra, npourure CONTRIBUTING.md, npexx/je yeM BHeCTH U3MEeHEHHsI.


https://github.com/0xAX/linux-insides
mailto:proninyaroslav@mail.ru
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CnMCcoK pacchblUIKH

OpHrvHaIBHbIN ITPOEKT MeeT CITUCOK pacchutku Google Group Ay1st M3yueHHst HCXOAHOTO KoAia sifipa. BoT HeckombKo

MHCTPYKLIMH O TOM, KaK ero UCI0/Ib30BaTh.

IIpucoefMHUTHCA K CIIUCKY

OTrpaBbTe MUCHMO C JIFOOBIM BOITPOCOM/COAEPKUMBIM T10 afjpecy kernelhacking+subscribe@googlegroups.com . 3aTeM BbI

TIOJTy4Te [TOATBepIKeHNe T10 3/1eKTPOHHOH route. OTBETbTe Ha HEro C J00ObIM COZEP>KUMBIM.

Ecmu Yy BacC eCTb yqéTnaﬂ 3aITMCh GOO‘D’|€, BbI TAKXKe MOXKeTe OTKPBITb CTPAHULYY apXUBA U HAXKATh Yro0bI OTNpPaB/IATH

COOGH.[EHHH, BCTymnuTe B Irpynimy. Bri 6}’,[[8']"6 dBTOMATHUYECKH go()anr{enm B CITMCOK PAaCCbIJIKH.

OTl'[paBKa NnUuceM B CITUCOK PACCBIJIKH

HpOCTO OTHpaBHHﬁTe TMCbMa M0 agpecy kernelhacking@googlegroups.com . OCHOBBI UCITO/Tb30BaHME Te )Ke CaMble, YTO U y

JIPYTHX CIIMCKOB PAcChIIOK, paboTaroiux Ha mailman.
ApxuB

https://groups.google.com/forum/#!forum/kernelhacking
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@0xAX

ITepeBoguuk

proninyaroslav
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IIpowecc 3arpysku sjapa

3JTa riaBa ONMChIBaeT MpOLece 3arpy3ku sigpa Linux. 34eck Bbl YBUAWTE CEPUIO CTaTel, KOTOPbIe OMUCHIBAIOT MOJIHBIN LUK/

3arpy3KH sipa:

Ot 3arpysurka K siipy - OIXChIBaeT BCe CTa/jUX OT BK/IIOUEHNsI KOMIIbIOTepa fI0 3arycKa IepBoii MHCTPYKLHH s/pa.
[TepBele mary B KoJje HACTPOMKMY si/jpa - OMMCHIBAET I1epBble 1Iary B KOZle HaCTPOMKY AApa. Bel yBUANTe HHULMAIA3ALIUIO
JVHaMHUUeCKOM IamMsTH, 3allpockl pa3/IMYHbIX [1apaMeTpoB, Takux Kak EDD, IST u gp.

Vinuiuanusanys BUJeope)xumMa 1 1epexo/ B 3aljUILEHHbIN Pe)K1M - ONUChIBaeT MHULMA/IN3aLi1I0 BUIeOpeXXrMa B Kofle
HaCTPOWKHU s/ipa U Nepexo/, B 3aLL{UILEHHbIA PeXXUM.

[Tepexo/; B 64-0UTHBIN PEXKKM - ONUCHIBAET MOATOTOBKY K I1epexofy B 64-0UTHBIN PeXHUM U ieTa/li [epexoa.
[lexomMmpeccus siZipa - ONUChIBaeT MIOATOTOBKY Iepe/ leKOMIIpecCHelt sifipa U JeTalu CaMoi J1eKOMIIPeCCHu.

Panyjomu3zanus azpeca sijipa - ONMCbIBaeT paH/[0MH3al{1Io ajpeca 3arpy3ku sjpa Linux.

JTa r/1aBa COOTBETCTBYeT sapy Linux v4.17 .



IIponecc 3arpys3ku sajapa. Hacrs 1.

Ot 3arpy3uMka K sgpy

Om asmopa:

Ecsit BbI uMTanu NpefplayLiye CTaTbi MOero 6;10ra, To MOTJIM 3aMeTHThb, UYTO HEKOTOPOe BpeMsi Ha3a sl Hauasl yB/eKaThCs
HU3KOYPOBHEBbIM [1POrpaMMHUpOBaHKeM. I Hamucasm HeCKOJ/IbKO cTaTeil 0 porpaMMUpoBaHuu nog, x86_64 B Linux. B To xe
BpeMsi s1 Hauasl "[orpy»KaTecs”" B MCXOAHBIH Koz Linux. S ncnbiThiBaro 60sIbLION HHTEpeC K MOHUMaHHIO TOro, Kak paboTaror
HU3KOYPOBHEBbIE BelllY, KaK 3allyCKaroTCsl IpOrpaMMbl Ha MOeM KOMIIbIOTepe, KaK OHU PacIio/IoXKeHbl B AMSATH, KaK sIpo
yIIpaB/sieT IIpoLieccaMy U NaMsThi0, Kak paboTaeT ceTeBOH CTeK Ha HU3KOM YPOBHE U MHOTMe Apyrue Bellju. [losTomy s pern

Hamnucarb ellé ofjHy ceputo cTarei o sape Linux a1 x86_64.

3ameuy, 4To s He ITpoeCcCUOHAIBLHBINA XaKep sipa U He MHIITY 10/, Hero Koz Ha pabore. 3To npocto x066u. MHe npocto
HPABSITCs] HU3KOYPOBHEBBIE BEIL[M ¥ MHe HHTepecHO Hab/roaTh 3a TeM, Kak OHU paboTarot. Tak uTo, ecsiv Bac uTo-To Gyzer
CMyILaTh UM Y Bac MOSBATCSA BONPOCH] UM 3aMeYaHMsl, TULLIUTe MHe B TBUTTep OxAX, pucbulaiiTe mMcbMa Ha email 1M npocro

co3zaBaiiTe issue. §1 11eH:o 3TO.

Bce crartbu Taxke OyayT foCTynHEI B perio3uTopun Github, 1, ecstit BbI 0OHapy>KuTe Kakyro-HAOY /b OIMOKY B COZEePKUMOM

CTaThH, He CTecHsHTeCh npuchbuiaTh pull request.
3amembme, umo 3mo He oguyuanbHAas AOKyMeHmayus, a npocmo mamepuan 015 o0yueHusi U 06MeHa 3HaHUSIMU.
TpelOyemble 3HAaHUSA

o [lonnmanue koza Ha si3bike C

e TloHmMMaHMe Kozia Ha si3bike accembiiepa (AT&T cvHTaKCHUC)

B nmr060M citydae, eci BbI TOJIBKO HAUMHAETe U3yuyaTh 0/{00HbIe HHCTPYMEHTE, 5 I0CTaparoCh 00BSICHUTD HEKOTOPBIE JleTald B
3TOM U TIOC/IeAYIOMUX YacTsx. JIafHo, mpocToe BBe/ieHHe 3aKOHUMIIOCh, ¥ TeIlepb MOYKHO HayaTh "'Morpy’keHne"” B SApo U

HU3KOYPOBHEBbIE BeIIH.

1 Hauas nMcaTh 3TY KHUTY, KOTJja aKTya/IbHOM Bepcueit sizipa Linux 6su1a 3.18, U ¢ 3TOro MoMeHTa MHOTOe MOTIJIO U3MeHUThCSI.

ITpy BO3HUKHOBEHUH M3MEHEeHHH 51 6yly COOTBETCTBYIOIIMM 06pa3oM 0OHOBISATD CTaThU.

Marunueckass KHONIKa BK/IOYE€HHUSA, UTO IMPOUCXOAUT ]J[aJ'[bIJ.IE?

HecmoTpst Ha TO, UTO 3TO cepHs cTateld o sizipe Linux, Mbl He OyZieM HaUMHATEL HEITOCPeJCTBEHHO C ero UCXOLHOr0 Koza (Io
KpaiiHeli Mepe B 3ToM rnaparpacge). Kak To/bK0 BBl HAXKMETe Marn4ecKyto KHOIKY BK/IIOUeHHs Ha BallleM HOYTOyKe Ui
HACTOJILHOM KOMITBIOTepe, OH HaurHaeT paboTatb. MaTepHHCKasl 1/1aTa MOChUIaeT CUTHAM K MCTOUHKKY THTaHus. IToce
TOJTy4YeHHsI CHTHaJIa, NCTOYHHK TUTaHUs 00ecrieuriBaeT KOMIBIOTED Ha/IeXKalliM KOIMUeCTBOM 3J/IeKTpruecTBa. ITocie Toro Kak
MaTepUHCKast 1/1aTa roJsiyyaeT curian 'muranve B Hopme' (Power good signal), oHa mbiTaetcst 3anyctuth CPU. CPU cOpacbiBaeT

BC€ OCTATOYHbIe IdHHbI€ B PErvCTpax M 3alyChbIBa€T MpeAyCTaHOBJ/IEHHbIE 3HAYE€HUA KaXKA0T0 U3 HUX.

CPU cepuu Intel 80386 u cTapiiie rnoce nepesanycka KOMIbIOTepa 3arl0/HSIIOT PeruCTphbl CeAYHOLMMU Ipe/ly CTaHOB/IeHHBIMU

3HAaUeHUSAMU:

IP oxfffo
CS selector 0xf000
CS base Oxffffeooo


https://0xax.github.io/categories/assembler/
https://twitter.com/0xAX
https://github.com/0xAX/linux-insides/issues/new
https://github.com/0xAX/linux-insides
https://en.wikipedia.org/wiki/Power_supply
https://en.wikipedia.org/wiki/Power_good_signal
https://en.wikipedia.org/wiki/Intel_80386

TMporieccop HaUMHAET CBOIO PaboTy B peskriMe peasbHbIX afpecos. JlaBaiiTe HEMHOTO 3a/IeP>KUMCS U TIOTBITAEMCS TIOHSITh
CerMeHTaLUIO NIaMATH B 3TOM pekuMe. PeXXuM peasibHBIX aZlpecoB T0/4ep)KUBaeTcst BceMy X86-COBMeCTUMBIMYU MPOLiecCopamy,
ot 8086 o cambix HOBbIX 64-6utHBIX CPU Intel. TIporjeccop 8086 nmesn 20-6uTHyIO IIKHY agpeca, T.e. OH MOr paboTath ¢
a/IpecHbIM MpocTpaHCcTBOM B AuanasoHe 0-0xFFFFF (1 merabaiit). Ho perucTpel y Hero 6buti TOJBKO 16-GUTHBIE, a B TaKOM

C/lyuae MakCHMaJIbHBIN pa3Mep aZipecyeMoii aMsTH COCTaB/seT 2716 - 1 Wil OxFfff (64 kunobaiita).

CermeHrarysi amMsiTH UCIOJb3YeTCs [/ TOro, 4ToObI 3a/ieICTBOBATL BCE JOCTYIHOE a/jpecHOe MPOCTPaHCTBO. Besi namsaTh
Jienutcs Ha HebostbIne, (PUKCUPOBAHHOTO pa3Mepa CerMeHThI 0 65536 0alT (64 K6) kaxk/plid. [TOCKOJIbKY MBI HE MOYKEM

a/|pecoBaTh MaMsTh CBBILIE 64 K6 C MOMOLbIO 16-OMTHBIX PerrCTpOB, ObUT MPHUAYMaH ajbTepHATHBHBINA METOJ,.

AJpec coCTOUT U3 IBYX UaCTeil: cesleKTopa CerMeHTa, KOTOPbIH COePXKUT 6a3oBbIit aipec, U CMeLLieHHe OT 3Toro 6a3oBoro
anpeca. B pexxuMe peasibHbIX aZipecoB 6a30BbIi aipec CeeKTOpa CErMeHTa 3T0 Cenektop Cermenta * 16 . TakuM 06pasom,

4T06bI OYyUNTh HU3HUUECKHIT aZipec B IaMsITH, HY’)KHO YMHOXKUTB CEeIeKTOp cerMeHTa Ha 16 U NpubaBHUTh K HEMY CMelljeHHe:

dusnyecknii agpec = CefnlekTop cermeHta * 16 + CmeuweHue

Hampumep, ecii CS:IP COZEPKUT 0x2000:0x00160 , TO COOTBETCTBYIOLMI (HDU3UUECKuUii afpec OyzerT:

>>> hex(( << 4) + )
'0x20010"'

Ho ec/iv MbI BO3bMEM MaKCHUMaJ/IbHO [JOCTYITHBIN CeJIEKTOP CErMEHTOB U CMelljeHre: Oxffff:oxffff , TO UTOroBbIM azpec OyzaeT:

>>> hex(( << 4) + )
'Ox10ffef’

yTo Hosibiiie iepBoro Merabaiita Ha 65520 6aiiT. TTIOCKO/IBKY B PeXXHMe peasibHBIX a/IpecoB JOCTYIEH TOJbKO OJJUH Merabair, c

OTKJIFOUEHHOM a/jpecHoi uHneid A20 ox10ffef CTaHOBUTCS 0x00ffef .

Xopol1o, Terepb MbI HEMHOTO 3HaeM O PeXXHMe peasIbHBIX aipecoB U a/jpecaliiyl IIaMsITh B 3TOM pe>kuMe. [laBaiite BepHEMCS K

00Cy>KIeHHI0 3HAUeHHUI PerucTpoB Tocsie copoca.

Peructp €S COCTOMT U3 [BYX YacTel: BUJUMbIH CeIeKTOp CErMeHTa M CKPBIThIN 6a30BbIi azpec. B To Bpems Kak 6a30BbIi
azipec, Kak 1paBuio, GopMHUpYyeTCs IyTéM YMHOKeHHsI 3HaUeHHsI Ce/leKTopa cerMeHTa Ha 16, Bo BpeMsI aIrapaTHOro Iepe3amnycka
B CeJIeKTOD CeTMeHTa B PErNCTpe CS 3alMChIBaeTcs 0xfoeo , a B 6a30BbIi azipec - oxffffoeee . [Iporjeccop UCMOMB3yeT 3TOT

CrelabHBIN 0a30BbIN afipec, TI0Ka perucTp CS He U3MeHUTCS.

HavaneHeli azfpec dopmupyeTcs yTéM jobaBieHHst 6a30BOro afipeca K 3HaUeHUIO B PErUCTpe EIP :

>>> +
'Oxfffffffo’

Mel onyuniu  exffFFfffe , T.e. 16 6aiT Hke 4 I'6. TTo 3TOMy afipecy pacriojiaraeTcsi Tak Ha3bIBaeMbIH BEKTOD TPEPbIBAHMI.
310 06/1acTh MamsTH, B KoTopoii CPU oXujaeT HalTH NIepBYI0 HHCTPYKLIMIO Zi/Is BBINOMHeHHs rocsie cobpoca. OHa COAep>KUT
MHCTPYKUMIO jump ( jmp ), KOTOpasi 06BIYHO YKa3bIBaeT Ha TOUKY BXoza B BIOS. Hamprimep, ectit MbI B3T/ISTHEM Ha MCXOZHBIHA

Koz, coreboot ( src/cpu/x86/16bit/reset16.inc ), TO YBUAUM CJle[yroLLee:

.section ".reset", "ax", %progbits
.codel6
.globl _start
_start:
.byte 0xe9
.int _starti6bit - ( . + 2 )


https://en.wikipedia.org/wiki/Real_mode
https://en.wikipedia.org/wiki/Intel_8086
https://en.wikipedia.org/wiki/Memory_segmentation
https://en.wikipedia.org/wiki/A20_line
https://en.wikipedia.org/wiki/Reset_vector
https://en.wikipedia.org/wiki/JMP_%28x86_instruction%29
https://www.coreboot.org/

34ech MbI MOXKEM BHJIETH OTIKO/| MHCTPYKLIMK jMp - 0xe9 , U €ro aJjpec Ha3HAuUeHHsl _starti6bit - ( . + 2) .

MBI TaK)Ke MOXKEM BU/IETh, UTO CEKL[Usl reset 3aHUMAET 16 OalT U HAUMHAETCSI C OxFFFFFFfo

( src/cpu/x86/16bit/reset16.1d ):

SECTIONS {
/* Trigger an error if I have an unuseable start address */
_bogus = ASSERT(_starti6bit >= Oxffffeee0, "_starti6bit too low. Please report.");
_ROMTOP = oxfffffffo;
= _ROMTOP;
.reset . : {
*(.reset);
. = 15;
BYTE(0x00);

Teneps 3anyckaercst BIOS; mocsie HHUIHATN3AI[MN U TPOBEPKY 060pyqoBanust, BIOS Hy)KHO HaiiTi 3arpy30uHOE YCTPOMCTBO.
IMopsizok 3arpysku XpaHuTcs: B KoHburypauu BIOS, koTopast onpefiesnisieT, ¢ Kakux ycrpoiicts BIOS nbITaeTcst 3arpy3uThbesi.
[1pu nomeITKe 3arpy3UThCS € XECTKOro aucka, BIOS mneitaercs HaliTy 3arpy30uHblil cekTop. Ha pasmeueHHBIX KECTKUX JUCKaX
co cxeMoii pazziennoB MBR, 3arpy304HbIi CeKTOp pacrionoykeH B repBbIx 446 Halitax mepBoro cekropa, pasmep Kotoporo 512
Gaiir. ITocnesHye ABa Gaiita IepBOro ceKTopa - 0x55 U Oxaa , KOTOpBIE oroBelraroT BIOS o ToM, UTO YCTPOHCTBO SIB/ISETCS

3arpy304HbIM.

Hanpumep:

;
; 3ameyaHue: 3TOT MNpuMep HanucaH C ucnonb3oBaHuem Intel cuHTakcuca
’

[BITS 16]

boot:
mov al, '!'
mov ah, Ox0e
mov bh, 0x00
mov bl, Ox07

int Ox10
jmp $

times 510-($-$$) db ©
db 0x55

db Oxaa

Co0partb | 3aMyCTUTB 3TOT KO, MOXKHO TaKUM 00pa3oM:

nasm -f bin boot.nasm && gemu-system-x86_64 boot

Komanzia omnogeriaet smyssitop QEMU o Heo6X0IUMOCTH HCITONB30BaTh B KayecTBe 00pasa AWCKa CO3JaHHBIN TOJIBKO UTO
OunapHbIi daiin. [Toka moceAHI MPOBEpPSIeT, YOBIETBOPSIET JIU 3arPY30UHbINA CeKTOp BCeM HeoOX0AUMBIM TpeOOBaHUSM (B
origin 3anuceIBaeTcs ©x7c00 , a B KOHLe Maruueckas nocyiejoparebHocTh), QEMU OyzeT paboTath ¢ GUHApHBIM (aiinoM Kak C

TJIaBHOM 3arpy304Hoii 3anuceto (MBR) obpa3sa fuicka.

Be! yBUpinTE:


https://qemu.org

SeaBI0S (versiom 1.7.5-20140531 _171129-lamiak)

iPXE (http:r-ipxe.org) O00:03.0 C980 FCIZ.10 PnP PHM+OYFI0BAO+Q7EFOBAGD CIBO

Booting from Hard Disk...

B 3TOM npuMepe Mbl MOXKEM BUZETb, UTO KOZ Oy/eT BbITIOJIHEH B 16-0UTHOM pPeXXHUMe peasibHbIX a[peCoB U HAUHET BBITIOJIHEHHUE C
azpeca 0x7c00 . [Tocsie 3amycka OH BbI3biBaeT npepbiBaHue 0x10, KoTopoe pocTo nevataetr cumBon ! . OcraBiurecs 510 Gairt

3aroJIHAKOTCA HYJ/IAMH, U KO 3aKaHUYUBAETCA ABYMS MarnieCKUuMH baliTaMu Oxaa M 0x55 .

Bel MoKeTe yBUZIeTh OMHAPHBIH AaMIT C TIOMOI[BIO YTHIUTB  objdump :

nasm -f bin boot.nasm
objdump -D -b binary -mi386 -Maddri16,datal6,intel boot

PeanbHbIN 3arpy30uHbIi CEKTOP IMeeT KOZ, /i7Is TPOJJ0JDKEHHS TIPOLiecca 3arpy3KH U Tab/MLly pasziesioB BMECTO Kyud HyJel U

BOCK/IMI]aTebHOTO 3Haka :) C sToro momenTa BIOS nepezaéT yripaByieHue 3arpy3umKy.

3AMEYAHHE: Kak y»xe 0b110 ynioMsiHyTo paHee, CPU HaXOJUTCS B pe)KUMe peasibHbIX a[peCOB; B 3TOM PeXKMMe BbIUMC/IEHHEe

¢)H3I/ILIECKOFO aJipeca B IMaMsATHU BBITIO/IHAETCA C/IeAYHOLUM 06pa30M:

dusnyeckunin agpec = Cenektop cermeHta * 16 + CmeleHue

TakK e, KakK ObII0 YIIOMSHYTO BBIIIIE. Y Hac ecTh TOJILKO 16-01THBIE PEerucTpsl 06I.L[EFO Ha3HauyeHus; MaKCMMaJIbHOe 3HaueHue 16-
OUTHOTO peructpa - oxffff . HOBTOMy, eC/I1 Mbl BO3bMEM MaKCUMa/IbHOe BO3MOXKHOe 3HaueHue, TO pe3y/bTaT 6yﬂeT

CIIe Iy OLLIA:

>>> hex(( * 16) + )
'Ox10ffef’

rge oxi1effef paBeH 1 M6 + 64 K6 - 16 6aitt . [Iporjeccop 8086 (KOTOPBIH OB TIEPBBIM MPOLIECCOPOM C PEXXHMOM PeabHbIX
aZipecoB), B OT/IMUMH OT 3TOr0, MMeeT 20-OUTHYIO IIVHY afpecaliuu. IIOCKONBKY 2/20 = 1048576 3T0 1 M6, mosyuaeTcs, uTo

thaxkTHUeCKHi 00bEM JOCTYITHON MaMsTH cocTapysteT 1 MO.

B wesiom, KapTa pa3jie/ioB B pe)KMMe peaslbHbIX aZipeCoB BBITTIAUT CIeAYIOIUM 0Opa3om:

Ox00000000 - OXOOOOO3FF - Tabnuua BEKTOPOB NpepbiBaHWUi
0X00000400 - OXOO0004FF - [aHHble BIOS

0X00000500 - OXO0007BFF - He ucnonb3lyeTtcs

0OX00007COO - OXOOOO7DFF - Haw 3arpysuuk


http://www.ctyme.com/intr/rb-0106.htm
https://en.wikipedia.org/wiki/Intel_8086

OXOOOO7EOO - OXOOO9FFFF - He ucnonb3yeTtcs

OX000A0000 - OxOOOBFFFF - RAM (VRAM) BugeonavmsaTb
0x000BOOOO - OxO0OB7777 - MNamATb A1 MOHOXPOMHOrO BUAEO
0x000BBOOO - OXOOOBFFFF - NamAaTb A1 UBETHOrO BUAEO
OXx000CO000 - OXxOOOC7FFF - BIOS ROM BugeonamaTun
0x000C8000 - OXOOOEFFFF - CkpbiTas o6nactb BIOS
OX000FOEO0 - OXOOOFFFFF - CucTtemHaa BIOS

B Hauase craTby 51 HanMcasl, YTo NepBasi MHCTPYKLUS, BelnosHsieMast CPU, pacrionioxkeHa 1o afipecy OxFFFFFFFO , 3HaueHue
KOTOpOro HamMHoOro Gosbiie, ueM 0xFFFFF (1 M6). Kakum o6pazom CPU nosyyaeT ZOCTYI K 3TOMY YYacTKy B PeXKrMe

peanbHbIX afpecoB? OTBeT Ha 3TOT BONPOC HAaXOAUTCS B IOKyMeHTaluu coreboot:

OXFFFE_0000 - OXFFFF_FFFF: 128 K6 ROM oTO6paxanTcs Ha ajpecHoe MpoCTPaHCTBO

B Hauarne BeinosHeHust BIOS Haxogutcest He B RAM, a B ROM.

3arpy3sumkK

CyliecTByeT HeCKO/IbKO 3arpy3urkoB Linux, Takve kak GRUB 2 u syslinux. Agpo Linux uMeeT npoTokos 3arpy3Kku, KOTOPbIA

onpezensieT TpeOOBaHUS K 3arpy34MKy /ISl peasu3auyu noajaep>kku Linux. B aTom npumepe Oyzet onvcan GRUB 2.

Teneps, korga BIOS BbiOpan 3arpy30uHoe yCTPOMCTBO U IIepefia/l KOHTPOJIb YIIPAB/IeHNs KOJY B 3arpy304HOM CEKTOpe,
HauMHAeTCs BBINOHeHHe boot.img. DTOT KOZ 04eHb IIPOCTOH B CBSI3U C OTPaHHUeHHBIM KOJIMYECTBOM CBOOOHOTO ITPOCTPAaHCTBa
Y COJIEP>KUT yKa3aTelb, KOTOPbIN UCIIO/b3YeTCs JJ1s epexofa K ocHoBHOMY 06pa3y GRUB 2. OcHoBHO#M 00pa3 HauMHaeTcs ¢
diskboot.img, KoTOpEBII 0OBIYHO pacrosaraeTcst cpasy IMoCIe epBOro CeKTopa B HEMCII0/Ib3yeMol 06/1acTH niepef IepBbIM
paszesioM. IIpyBe€HHBIN BBILIe KOZ 3arpy’kaeT OCTABIIYIOCS YaCTh OCHOBHOTO 00pasa, KOTOPBIN COAEPIKHUT SZJPO U JipaiiBephl
GRUB 2 g yripaBieHus aisioBoi cucteMoit. ITocsie 3arpy3Ku 0CTaIbHOM YaCTH OCHOBHOTO 00pa3a, KO, BBITOHSET (QyHKLIUS

grub_main.

OyHKIMSA grub_main WHHIMATH3MUPYeET KOHCOJb, TO/IyJaeT 6a30BbIi a/ipec /il MOAYyJlel, yCcTaHaB/IMBaeT KOPHEBOE YCTPOMCTBO,
3arpy>kaet/obpabaTtbiBaeT ¢aiin HacTpoek grub, 3arpy>kaeT MOJY/HU U T.A. B KOHL|e BBINIO/IHEHHUS, grub_main TepeBOAMT grub
006paTHO B HOPMaJIbHBIN peXXuM. DYHKIUS grub_normal_execute (U3 grub-core/normal/main.c ) 3aBepIUAeT MOC/IeJHHE
MIPUTOTOBJIEHNS ¥ 0TOOpaKaeT MeHI0 BEIOOpa oreparjiioHHOM crcTeMbl. Korza Mbl BEIOWpaeM OJWH U3 IyHKTOB MEHIO,
3amyckaeTcsl QyHKIWS grub_menu_execute_entry , KOTOpasi B CBOIO ouepeZib 3aIycKaeT KOMaHzy grub boot , 3arpysKaromiyro

BBIODAHHYIO OTepaIjiOHHYI0 CUCTEMY.

"3 TIPOTOKO/JIA 3arpy3Ky BUAHO, UTO 3arpy34uuK AO/DKEH YATATh U 3all0/THATH HEKOTOPbIE I10J/1 B 3ar0J/IOBKe d/pa, KOTOprﬁ
HAUYMHAETCsI CO CMeILleHUsI 0x01f1l B KOJe HaCTpPOeK. Bre1 MoxxeTe TIOCMOTpPETh 3arpy30qHLH71 CKPHIIT KOMIIOHOBIIIMKa, 4TOOBI

yOeAnuTbCS B 3TOM. 3aroyioBoK siipa arch/x86/boot/header.S HaunHaeTcs c:

.globl hdr

hdr:
setup_sects: .byte 0
root_flags: .word ROOT_RDONLY

syssize: .long ©
ram_size: .word ©
vid_mode: .word SVGA_MODE
root_dev: .word ©
boot_flag: .word OxAA55

3arpy34rK JOJDKEH 3ar0HUTh 3TOT U APYTHe 3arojIoBKY (KOTOpBIe TIOMeueHHbIe KaK THIT write B IPOTOKOJIe 3arpy3ku Linux,
HarpUMep, B [[AHHOM TpHMepe) 3HaYeHUsIMH, KOTOpbIe OH TOJTYYM/T U3 KOMaHZHOM CTPOKY WU 3HAYEeHUSIMH, BBIUMC/IEHHBIMH BO
BpeMsi 3arpy3ku. (Mbl He OyieT BAaBaThCs B TOAPOOHOCTH M OMMCHIBATD BCE TMOJIS 3ar0JI0BKA sipa, HO MBI CAe/IaeM 3To, KOrja
Oyzem 00CyXaTh KaK UX UCIOIB3YET SpOo; TeM He MeHee Bbl MOJKETe HalTH MOJTHOe OTMCAHKE BCeX ToJield B TIPOTOKO/Ie

3arpysKu.)


https://www.coreboot.org/Developer_Manual/Memory_map
https://www.gnu.org/software/grub/
https://www.syslinux.org/wiki/index.php/The_Syslinux_Project
https://github.com/torvalds/linux/blob/v4.16/Documentation/x86/boot.txt
https://git.savannah.gnu.org/gitweb/?p=grub.git;a=blob;f=grub-core/boot/i386/pc/boot.S;hb=HEAD
https://git.savannah.gnu.org/gitweb/?p=grub.git;a=blob;f=grub-core/boot/i386/pc/diskboot.S;hb=HEAD
https://git.savannah.gnu.org/gitweb/?p=grub.git;a=blob;f=grub-core/kern/main.c
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/setup.ld#L16
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/header.S
https://github.com/torvalds/linux/blob/v4.16/Documentation/x86/boot.txt#L354
https://github.com/torvalds/linux/blob/v4.16/Documentation/x86/boot.txt#L156

Kak Mbl BU/UM U3 I[POTOKOJIA, IMOC/Ie 3arpy3KHu A/jpa KapTa pacripe/ie/ieHus rnaMsaTH 6y,£[eT BBIIVIAAETh C/1eyHOLIUM 06p330MI

| Aapo 3awuwéHHoro pexuma |

100000  H--- - - mmmmm o e o oo +
| Namate I/0 |
[0)Yo]0]o] N +
| PesepB gna BIOS | OcTaBneH mMakcumasibHO AOMYCTUMbIA pa3mep
| KomaHaHas cTpoka | (MoxeT 6bITb HUKe X+10000)
X+10000  H------mm oo oo +
| CTek/Kyua | WUcnonb3yeTcsa KOAOM AApa B pexuMme peasbHbX afpecos
X+08000 +-----------ooeoaoaoo L
| HacTpoiiku agpa | Kog sppa pexuma peasibHbIX afpecos.
| 3arpy3ou4Hbiii CeKTOp fAgpa | YHacnepoBaHHbIi 3arpy304Hbii CeKTOp fapa.
D, G e R +
| 3arpysuuk | <- Touyka Bxoga 3arpy304yHOro cekTopa 0x7C00
001000  H----------meoeoao oo +
| Pe3eps ans MBR/BIOS |
000800  H----------meoeoooooo +
| 06bl4HO Mcnonb3yeTcs MBR |
000600  HF----------oeoooaoooo +
| WUcnonb3yeTcsa Tonbko BIOS |
000000  H--------ememeoio oo +

WTak, Korja 3arpy3urk 1epesjaéT yrpasJjieHue s7ipy, OH 3aIlyCKaeTcs C:

X + sizeof(KernelBootSector) + 1

rfe X - 3TO ajpec 3arpy’KeHHOro CEKTOpa 3arpy3Ku szpa. B MoeM ciiyuae X 3TO ©x10000 , KAK MBI MOXKEM BU/ETh B [laMITe

TMaMsTH:

00010000:
00010010:
000100620:
00010030:
00010040: Direct floppy bo
00010050: ot is not suppor

00010060: ted. Use a boot
00010070: loader program i
00010080: nstead. .. .Remove
00010090: disk and press

000100a0: any key to reboo
- (-) (-) = (]

Celiuac 3arpy3yuK IoMeCTHu/1 14po Linux B namsiTh, 3ar10/THW/I 110JIS1 3ar0JI0BKa, a 3aTeM TIepeK/IFOYUJ/ICA Ha Hero. Tenepb MBI

MO>KeM TTepeliTH HeroCpeCTBeHHO K KOJly HaCTPOMKH sifipa.

HauanbHbIN 3Tanl HACTPOUKHU si/ipa

HakoHer|, MbI HaxoguMmcs B siipe! TeXHHUUeCKH, siApo elljé He paboTaeT; BO-TIePBLIX, YaCTb si/jpa, OTBECTBEHHAs 3a HACTPOKKY,
JI0/KHA TOJrOTOBUTH IeKOMIIPECCOp, Belly CBsi3aHHbIe C yIpaB/ieHHeM MaMsThio U T.J. [loc/e Bcex MOArOTOBOK KO HACTPOHKHU
sijpa Jo/DKeH pacnakoBbIBaTh (pakTHUeCcKoe spo U COBepIIUTh Iepexo/| Ha Hero. BoiroHeHre HaCcTpOMKY HaurHaeTcsl B (aiine
arch/x86/boot/header.S, HaunHas ¢ MeTKH _start. 9To HEMHOTO CTPaHHO Ha TepPBbIN B3IJISI, TaK KaK Mepefi STHUM eCTb el

HeCKOJIbKO MHCTPYKLMH.

IaBHBIM-IaBHO y Linux 611 CBOM 3arpy3urK, HO Ceifyac, ecsii BbI 3allyCTUTe, HallpHUMep:

gemu-system-x86_64 vmlinuz-3.18-generic


https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/header.S
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/header.S#L292

TO yBUUTE:

SeaBI0S (wversion 1.7.5-20140531 _171129-1lamiak)

iPXE (http:-rripxe.org) 00:03.0 C980 PCIZ.10 PnP PMM+OYFI90BAO+O7EFOBA® CIBO

Booting from Hard Disk...
se a boot loader.

emove disk and press any key to reboot...

Ha camom fienie, header.S HaumHaeTcsi ¢ MZ (CM. KApTHHKY BblILlIe), BEIBOJA coo0LieHus 06 omnbke 1 PE 3arosioBka:

#ifdef CONFIG_EFI_STUB
# "MZ", MS-DOS header
.byte 0x4d

.byte 0x5a

#endif

pe_header:
.ascii "PE"
.word ©

OTO0 Hy’KHO, YTOOBI 3arpy3UTh OIepaLIOHHYI0 CUCTeMY C roAepkkoii UEFL. MelI He 6yieM pacCMaTpUBaTh €r0 BHYTPEHHIOK

paboTy mpsIMo cefiuac; MBI CZie/laeM 3TO B OJHOM U3 CJIe[[YIOLUX I71aB.

HaCTOHLL[aH HaCTpOﬁKa AApa HAYWHaAeTCd C:

// header.S cTpoka 292
.globl _start
_start:

3arpy3uuik (grub2 vmu gpyroii) 3HaeT 06 3Toi MeTKe (TIpY CMEIeHHH 0x200 OT MZ ) U cpa3y Mepexo/UT Ha Heé, HeCMOTps Ha

TO, UTO header.S HAUYMHAETCS C CEKLIMU .bstext , KOTOprﬁ BBIBOAUT COOGH.{EHI/IE 06 ormbKe:

//

// arch/x86/boot/setup.1ld

//

. = 0; // TeKywas nosuvuus

.bstext : { *(.bstext) } // nomecTuTb cekuuw .bstext B nosuuuio 0
.bsdata : { *(.bsdata) }


https://en.wikipedia.org/wiki/DOS_MZ_executable
https://en.wikipedia.org/wiki/Portable_Executable
https://en.wikipedia.org/wiki/Unified_Extensible_Firmware_Interface

Touka BX0Zla HACTPOMKH sijjpa:

.globl _start
_start:
.byte 0Oxeb
.byte start_of_setup-1f

//
// ocTanbHaa 4acTb 3arosioBka
//

3[ecb Mbl MOKeM BU/IeThb ONKOJ UHCTPYKLMK jmp ( Oxeb ) K MeTKe start_of_setup-1f . HoTauuss Nf o3Hauyaert, uTo 2f
CCbUIAeTCs Ha C/IeflyIOLLYHO0 JIOKa/AbHYIO METKY 2: ; B HallleM C/ly4yae 3TO MeTKa 1 , KoTopas pacliojioKeHa cpasy 1ocie
VHCTPYKLIMH jump U COZeP>KUT OCTaBIIYIOCS YacTh 3aro/ioBka. Cpasy Iocsie 3arojioBKa HaCTPOEK Mbl BUAUIM CEKLIHIO

.entrytext , KOTOpasi HQUMHAETCS C METKHU start_of_setup .

JTO TepBBIN KOJ], KOTOPBIM Ha caMOM jiefle 3amycKaeTcs (0T/e/IbHO OT IpeAblAylieil MHCTPYKLMU jump, KoHeuHo). [Tocsie Toro
KaK HaCTpOMILMK siipa MOJIyYnsI yIpaB/ieHHe OT 3arpy3uMKa, IiepBasi MHCTPYKLMsl jmp pacriojiaraeTcs Mo CMeleHHI0 0x200 OT
Hauasia peasbHBIX aZIpecos, T.e Mocie repBbix 512 GaiiT. O6 3TOM MOXKHO y3HaTh U3 IIPOTOKOJIA 3arpy3KH sijpa Linux, a Takke

YBUZETh B UICXOJHOM Kojie grub2:

segment = grub_linux_real_target >> 4;
state.gs = state.fs = state.es = state.ds = state.ss = segment;
state.cs = segment + 3

B MoéM cityuae, sipo 3arpy’kaercs o GU3HIeCcKOMy aJipecy 0x10000 . DTO O3HAJaeT, uTo T0C/Ie Hauaia HaCTPOUKHM sfpa

PErucTpbl CerMeHTa Oy/[yT UMeThb CIeAYyOLe 3HaUeHUsT:

gs = fs = es = ds = ss = Ox1000
cs = 0x1020
TMocne mepexo/ia Ha METKY start_of_setup , HEOOXOAUMO COOJIIOCTH CIIeAYIOLIME YC/IOBUS:

e Y0eauThbCs, UTO BCE 3HAUEHMS BCEX CETMEHTHBIX PETCTPOB PaBHBI
e [IpaBUIBHO HACTPOUTH CTEK, ECITH 3TO HEOOXOAUMO
e Hactpouts BSS

e [Ilepeiitu k C-KOZy B main.c

,E[aBaI\/’ITe TTOCMOTPHM, KdK 3TU YC/JIOBHA BBITTIOJIHAKOTCH.

BblpaBHI/IBaHHe CErME€HTHBIX PEerucrpoB

IMpexxze BCero, PO rapaHTUPYeT, UTO CeTMeHTHBIe PErUCTPbl ds M es YKa3bIBAIOT Ha OJVH U TOT JKe aZipec. 3aTeM OHO

cOpachiBaeT (hiar HarpaBJieHHs! C IOMOILBI0 HHCTPYKIMK cld :

movw %ds, %ax
movw %ax, %es
cld

Kak 51 y>ke mvcan paHee, grub2 3arpy)kaeT KOJ HACTPOWKH si7ipa 1o aZipecy 0x1000 (azpec 1o yMOTYaHHIO) U cs 10 aJpecy

0x1020 , TIOTOMY UTO BBITIO/IHEHHE He HAaUMHAaeTCA C Havyajia (baﬁna, a C MeTKHM _start :

_start:
.byte 0xeb
.byte start_of_setup-1f


https://github.com/torvalds/linux/blob/v4.16/Documentation/x86/boot.txt#L156
https://en.wikipedia.org/wiki/.bss
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/main.c

pacrniosioxkeHol B 512 6aiitax oT 4d 5a. Ham Takxe He0OXO/MMO BBIPOBHSTh cs C 0x1020 Ha 0x1000 M OCTa/bHbIe

CerMeHTHbIe PerucTphbl. TTocnie 3TOrO MBI HaCTpanBaeM CTeK:

pushw  %ds
pushw  $6f
lretw

KJ'IB,E[éM 3HaueHue ds B CTeK II0 azpecy MeTKu 6 1 BbIMOJ/IHSIEM HUHCTPYKLIWIO lretw . Kor,qa MBI BbI3bIBaéM lretw , OHa
3arpy’kaet ajipeCc METKM 6 B pPerucTp cuéturka komas/ (IP), u 3arpy>kaer cs co 3HaueHueM ds .Ilocsie sToro ds U cs

OyyT UMeTh O/IMHAKOBbIe 3HAYEHMUSL.

Hacrpouka creka

ITouTu Bechb Koz, HaCTpOﬁKH - 3TO MOATrOTOBKA /i1 CPpe/bl A3bIKa CsB PeXXume peasbHbBIX ajpeCcoB. CJIEAy}OLL[I/IM [11arom sBJI€TCs

TPpOBePKa 3HAUEeHUSA PerucTpa ss U CO3[aHHWe KODPEKTHOI'o CTeKa, eC/ii 3HaUeHHe ss HEeBEePHO:

movw %Ss, %dx
cmpw %ax, %dx
movw %sp, %dx
je 2f

3TO MOXKeT MPHUBECTH K TPEM pas/IMuHbI CLieHapHUsIM:

® ss HMeeT BepHOe 3HauUeHHe 0x1000 (KaK M BCe OCTa/lbHbIE CErMEHTHbIE PETUCTPHI PIAOM C cs )
® ss SB/ISIeTCS HEKOPPEKTHBIM U YCTaHOB/IEH (biar CAN_USE_HEAP (CM. HIXKe)

® ss SB/ISIETCS HEKOPPEKTHBIM U (pilar  CAN_USE_HEAP He YCTaHOBJIEH (CM. HIDKe)
[laBaliTe pacCMOTPUM BCe TPU CLieHapus:

® ss HMeeT BepHbIH azpec ( 0x1000 ). B aToM cityyae MBI IepexojiM Ha METKY 2:

2: andw $~3, %dx

jnz 3f

movw $oxfffc, %dx
3: movw %ax, %Ss

movzwl %dx, %esp

sti

3mech MBI BUZMIM BHIpAaBHHMBaHHe CeTMeHTa dx (CcofepiKalljero 3HaueHWe sp , IIOJyueHHOe 3arpy3urKoM) 10 4 GaliT U POBEpKy
- SIBJISIETCSI JIW TIOJTyUeHHOe 3HaueHHe Hy/1éM. Eciim Hosb, TO roMeljaeM Oxfffx (BBIDOBHEHHBIN 0 4 OaiiT agpec o
MAaKCHMaJIbHOTO 3HaueHust cerMeHTa B 64 K6) B dx . Ec/iii He HOJb, IPOZI0/KAeM HUCIIOb30BaTh sp , TIOJIyYeHHBIH OT
3arpy3urka (B MoéM ciydae 0xf7f4 ). [Iociie 3TOro MBI IIOMelljaeM 3HaueHHe ax B ss , KOTOPBIM XpaHHUT KOPPEKTHBIHN azipec

CerMeHTa 0x1000 H yCTaHaB/IMBAaeT KOPDPEKTHOe 3HaueHHe sp . Tenepb MBI UMeeM KOppeKTHbIPII CTeK:


https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/header.S#L46
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/header.S#L494
https://en.wikipedia.org/wiki/Program_counter
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/header.S#L569
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/header.S#L583

OT 3arpy3uuka K s7py

esp
_end
Kernel setup
Kernel legacy boot sector (4d 5a) %ss - 0x10000
e Bropoii crieHapuii (kora ss != ds ). Bo-miepBbix, moMeljaeM 3HaueHue _end (azipec OKOHUaHHUS KO/la HACTPOWKH) B dx

Y [IpOBepsieM I10J1e 3arojioBKa loadflags HHCTPYKLHMei testb , yTOOBI MOHSATB, MOXKEM JIM MbI HCIO/IB30BaTh Kydy (heap).
loadflags siBisieTcst 3aro/loBKOM € GUTOBOM MacKO#, KOTOPbIH OTIPeieNiEH Kak:

#define LOADED_HIGH (1<<0)
#define QUIET_FLAG (1<<5)
#define KEEP_SEGMENTS (1<<6)
#define CAN_USE_HEAP (1<<7)

1, KaK MBI MO>KEM y3HaTb U3 IIPOTOKOJIA 3arpy3KH:

Wva nons: loadflags
JAaHHOe none sBNAeTCA GUTOBOW MacKOWi.

But 7 (3anucb): CAN_USE_HEAP
BUT, ycCTaHOB/EHHbli B 1, yKka3biBaeT Ha KOppekTHocTb heap_end_ptr.
ECnu none o4uMWeHO, TO HEKOTOPbI $YHKLMOHaN Kofa HACTPOWKM GyAeT OTKIIOYEH.

Ecmu GUT CAN_USE_HEAP yCTaHOBJIEH, MbI TIOMelljaeM heap_end_ptr B dx (KOTOpBIH yKa3biBaeT Ha _end ) M j00aB/isieM K
HeMy STACK_SIZE (MMHHMMasbHBIA pa3Mep cTeKa, 512 0aift). [Tocse atoro, ecii dx 6e3 mepeHoca (6yzet 6e3 mepeHoca,

TOCKOJIBKY dx = _end + 512 ), IepexojyM Ha MeTKy 2 (Kak B Ipe/iblAyllieM Cydae) U Co3,aéM KOPPEeKTHBIM CTeK.

esp - 0xfffc
_end
Kernel setup
ernel legacy boot sector (4d 5a) %ss, %ds ... - 0x10000

e FEcmu (’pnar CAN_USE_HEAP He yCTaHOBJIE€H, MbI IIPOCTO MCII0J/Ib3yeM MUHUMAJIBHBIA CTeK OT _end [0 _end + STACK_SIZE :

18


https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/setup.ld#L52
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/header.S#L321

Ot 3arpy3uuka K spy

esp: _end+ STACK_SIZE

_end

Kernel setup

Kernel legacy boot sector (4d 5a) Uss - 0x10000

Hacrpoiika BSS

IMocnenHue fBa 11ara, KOTOpble HY>KHO BBINOJHUT IIepefi TeM, Kak Mbl CMO’KeM IepeliTi K OCHOBHOMY KoZly Ha C, 3T0 HacTpoiika

BSS u npoBepka "mMarnueckux" ynces. CHayasa rpoBepKa unces:

cmpl $0x5a5aaas5, setup_sig
jne setup_bad

3T0 rpocToe cpaBHeHUe setup_sig ¢ MarHuecKnM YMCJIOM 0x5a5aaa55 . EC/M OHM He paBHBI, Co001aeTcst 0 (aTanbHOM ormbKe.

Ecsi Marnueckyie 41cia COBIAZA0T, 3Hasi, UTO ¥ HAC eCTb Habop TPaBU/IBHO HACTPOEHHBIX CErMEHTHBIX PETHCTPOB U CTEK, HaM

BCETO JIMILIb HY>KHO HacTPouTh BSS.

Cexuust BSS ucnosnb3yeTcst /151 XpaHeHUs CTaTUUeCKH BblZle/IeHHbIX, HEMHULMA/IM3UPOBAHHbIX JaHHBIX. Linux TjareasHO

06HyJIs1eT 3Ty 06/1aCTh MAMSITH, UCIIOMNB3Ysl CIeAYIOLIUI KOJ:

movw $_ bss_start, %di
movw $_end+3, %cx

xorl %eax, %eax

subw %di, %Cx

shrw $2, %CX

rep; stosl

Bo-niepBbIX, afipec __bss_start moMenjaercs B di . [anee, agpec _end + 3 (+3 - BbIpaBHMBaeT /0 4 6aiiT) MoMeLaeTCA B cx .
Peructp eax ouMirjaeTcs (C MOMOLIBIO MHCTPYKLIMK xor ), @ pasMep ceKluu BSS ( cx - di ) BBIUMC/ISETCS U TIOMeLaeTcs B
cx .3areM cx gemutcs Ha 4 (pa3mep 'cioBa’ (aHrL. word)), a UHCTPYKIMS stosl HCIOJB3YeTCsl IOBTOPHO, COXPaHsIst
3HaueHWe eax (HOJMB) B a/ipec, Ha KOTOPBIH yKa3blBaeT di , aBTOMAaTHYeCKU yBeluuMBas di Ha 4 (3TO MPOJ0J/DKAeTCs [0 TexX
Top, 1T0Ka cx He IOCTUTHeT HyJis). DbdeKT OT 3TOro KoZia B TOM, UTO Tellepb BCe 'C/IOBA’ B MAaMATH OT __bss_start Z0 _end

3ar0J/IHEHBI HYJIAMU:
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https://en.wikipedia.org/wiki/.bss
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/setup.ld#L39
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/setup.ld#L47

Ot 3arpy3uuka K spy

_end
BSS section
__bss_start
Kernel setup
Kernel legacy boot sector (4d 5a) %ss - 0x10000

ITepexox K 0CHOBHOMY KOAY

Bort u Bce, Tenepb y Hac eCTb cTeK U BSS, mo3atomy mMbl MoxkeM miepeliTt K C-QyHKIMKA main() :

calll main

OyHKLUMS main() HaxoguTcs B ¢aiine arch/x86/boot/main.c. O TOM, UTO OHa Jje/laeT, Bbl CMOKeTe y3HaTb B C/IeAYyIOLIel yacTH.

3aK/IloueHue

JTO KOHeL] IepBOii UacTy 0 BHYTPeHHOCTSX sigpa Linux. B ciiefyroiieit yacti Mbl yBUUM TePBbIA Ko7 Ha si3bike C, KOTOPBIN
BBITIOJIHSIETCSI TIPU HAaCTPO#iKe sifpa Linux, peanm3atyio mpoteayp Ajst paboThl C MaMsIThIO, TaKUX KaK memset , memcpy ,

earlyprintk , MHUIJMA/IM3aLii0 KOHCO/IM ¥ MHOTO€ JIpyTOe.

OT nepeBoUHKaA: MOXKAIYHCTa, MMeiiTe B BUAY, YTO aHIVIMIICKUH - He MO POJHOM SI3bIK, U 5l 0U€Hb N3BUHAKChH 3a
BO3MO)XHbIe Hey00cTBa. Ec/iu BbI HaliiéTe Kakue-1M00 OINHOKY M/IH HETOUHOCTH B IepeBo/ie, M0XKaIyHCTa, MPHILJINTe

pull request B linux-insides-ru.

CchLIKH

e CnpaBounHwuK rporpammructa Intel 80386 1986

o MuHUMAsBHBIN 3arpy3uuK /JIsi apXUTeKTyphI Intel®
e 38086

e 380386

e BekTop npepbiBaHUi

® PeXXuM peasibHbIX a/lpecoB

e [Iporokos 3arpysku sigpa Linux

e CripaBouHHK pa3paborurka CoreBoot

e Criucok rpepeiBanuii Pansga bpayHa

® VICTOUHMK NUTAHUS

e CurHan "[lutanve B Hopme"
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https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/main.c
https://github.com/proninyaroslav/linux-insides-ru
https://css.csail.mit.edu/6.858/2014/readings/i386.pdf
https://www.cs.cmu.edu/~410/doc/minimal_boot.pdf
https://en.wikipedia.org/wiki/Intel_8086
https://en.wikipedia.org/wiki/Intel_80386
https://en.wikipedia.org/wiki/Reset_vector
https://en.wikipedia.org/wiki/Real_mode
https://www.kernel.org/doc/Documentation/x86/boot.txt
https://www.coreboot.org/Developer_Manual
http://www.ctyme.com/intr/int.htm
https://en.wikipedia.org/wiki/Power_supply
https://en.wikipedia.org/wiki/Power_good_signal

IIponecc 3arpy3ku siipa. Yacrs 2.

IlepBble H1aru B HaCTPOMKe Apa

MBpI Haua/ii u3ydyeHue BHyTpeHHOCTel Linux B nmpeAblAyILei uacTy ¥ yBU/e/IM HaYa/IbHYIO UYacTh KO/la HACTPOWKY sifjpa. Mbl
OCTaHOBUJIMChH Ha BbI30Be PYHKLUMM main (3TO mepBas ¢yHKIMs, HanrMcaHHas Ha C) u3 arch/x86/boot/main.c.

B 5T0}i yacTH MBI NIPOJJO/DKUM MCC/Ie/[0BaTh KOJ, yCTAHOBKH s17jpa, 8 UMEHHO

®  3aAUNWEHHLI pexum ,

e [1epexo/ B Hero,

® UJHUIWA/IM3alUI0 Ky4Yrd U KOHCOJIH,

e oOHapy>xeHue namsTH, npoBepky CPU, MHHUL[MAIM3aLUI0 K/IaBUATYPhbI

® 1l MHOTO€ JIpyroe.

Wrtak, faBaiiTe HAUHEM.

3alMILEHHbIU PeXUuM
ITpexxze ueM MbI CMO>KeM TiepelTH K HaThBHOMY /151 Intel64 pexxumy Long Mode, simpo fomkHo nepekmounts CPU B
3ALUIEHHBINA PEXHM.

YTo TaKoe 3allUIEHHbIN PeXM? 3alMIIEHHbIA PeXXUM ObL BriepBbie Zo0aByieH B apxuTekType x86 B 1982 roay u 6611

OCHOBHBIM PEXMMOM Tiporieccopos Intel, HaurnHas ¢ 80286, moka B Intel64 He nosiBrncs pexkum Long Mode.

OcHoBHast TPUYHHA He KCIT0/Ib30BATh PE)KMM peaJIbHBIX a/IpeCOB 3aK/IK04YaeTCd B TOM, UYTO BO3MOJKEH JIMIb OYeHb OFpaHI/I‘JEHHLIﬁ
. o 20 - . o
AOCTYII K OTIePaTUBHOU IMaMATH. Kak BbI TOMHUTE 13 npeapigyinen 4acTy, eCTb TO/IBKO 2 6aiT wm 1 Mera6am, d MHOI'ZIa Jayke

640 Ku106aiT orepaTUBHOMN MaMSITH, AOCTYITHOM B pe)KMMe peabHbIX a[JpecoB.

3auMIEHHBINA peXkKUM TIPUHEC MHOTO H3MeHeHUH, HO TJIaBHBIM SIBJISIeTCS. OT/IMUKe B YIIPABIeHNH TaMsAThi0. 20-0UTHas afipecHast
IMHa Obl1a 3aMeHeHa Ha 32-6MTHY0. ITO M03BO/IUIIO 06ecreunTh AOCTyI K 4 I'6 mamsiT mpoTuB 1 Merabaiita B pexxume
peasbHBIX azipecoB. Takke 6bUIa 00aBIeHa MOAAEP)KKA CTPAHUUHOM OpraHn3aliiy 1aMsTH, IPO KOTOPYIO BbI MOKeTe IIPOUHTATh

B CJIeZIyIOIMX pasfiesiax.
VYripaB/ieHre TaMATHIO B 3aI{MIIEHHOM PEXXUMe pasziesisieTcs Ha /iBe, TI0UTH He3aBUCHMBbIe YaCTH:

o (CermeHrauus

o CTpaHWYHast OpraHU3aLyisI
3ech MBI TOJIBKO O cerMeHTaly. CTpaHWYHast OpraHy3aLyst OyZeT 00Cy)KAaTbCs B C/IeYIOLINUX pa3zjenax.
Kak BBl MOKeTe TIOMHHUTE 13 Mpe/bIAYIIel YacTH, ajipeca B peXKuMe peaibHBIX ajpecoB COCTOST U3 [BYX YacTel:

e bBa30Bblii agpec cermMeHTa

o CMELLIEHI/IG ot 6a30BOro cermMeHTa

Y MBI MOXeM TOJIy4YUThb (1)H3PILIGCKHI>II azpec, eCJii HaM U3Be€CTHBI 3THU [IB€ YaCTU:

dU3NUeCKnii agpec = CenekTop cermMeHta * 16 + CmeuweHue

CermMeHTaLUs IaMATH B 3aLLUIIEHHOM pe)KUMe Oblia TIOTHOCTHIO Nepe/ieniaHa. B HEM HeT pUKCHPOBaHHBIX 64 KUI00aWTHBIX
cerMeHTOB. BMecTo 3T0ro, pa3mMep U pacriosioykeHHe KaXI0ro CerMeHTa OMUCHIBAeTCsI CTPYKTYPOH JaHHBIX, Ha3bIBaeMOM

aeCKleanpOM cezmeHma. ,HECKPI/IHTOPBI CEerMeHTOB XPaHSATCS B CTPYKTYPe JaHHBIX MO/ Ha3BaHUEM rnobanbHas AeCKpunTopHas


https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/main.c
http://en.wikipedia.org/wiki/Long_mode
https://en.wikipedia.org/wiki/Protected_mode
http://en.wikipedia.org/wiki/Intel_80286
http://wiki.osdev.org/Real_Mode
http://en.wikipedia.org/wiki/Paging

ta6mua (GDT).

GDT nipeacTapisieT coboi CTPyKTYpY, KOTOpasi HaXOAUTCs B amsT. OHa He MIMeeT IOCTOSIHHOTO MeCTa B NaMsITH, [I09TOMY eé
afipec XpaHUTCs B CHIELMATbHOM perucTpe GDTR . [To3xke Mbl yBuauMm 3arpy3ky GDT B koge siapa Linux. Tam 6yet oneparis

J/1s1 e 3arpy3Ky B aMsITh, UTO-TO BPOJe:

lgdt gdt

Tle MHCTPYKLWsI lgdt 3arpykaeT 6a30BbIi afipec u rpefies (pa3mep) r106aabHO eCKPUNITOPHO#H Tab/IMLbl B PETUCTP GDTR .

GDTR siBJIsIeTCst 48-GUTHBIM PErMCTPOM U COCTOMT U3 [IBYX YacTeii:

e pasmep (16 6uT) ri06aabHOM AECKPUTITOPHOM TabHLIBL;

e anpec (32 6urta) rin06anbHOM IeCKPUIITOPHON TabJTHI[BI.

Kak ynomunanocs panee, GDT cofiep>KUT peckpuntopsl cermeHToB , KOTOPbIE OMKCHIBAIOT CEIMEHTHI MaMsaTH. Kakaplit

JleCKpHUITOp siByisieTcs 64-6uTHEIM. Ob111ast cxeMa IeCKPUNTOpPA TaKoBa:

63 56 51 48 45 39 32
| | 1B [A] [ 1 | [elE]W][A] |
| BA30BbIA AIPEC 31:24 |G|/|L|V| MPEAEN |P|DPL|S| TWN | BA30BbIi AIPEC 23:16 |
| [ ID] [L] 19:16 | | | [1|C|RIA] |
31 16 15 0
| I |
| BA30BbIl APEC 15:0 | NPEJEN 15:0 |

He BosHylTeCH, 51 3Hat0, MOC/Ie peXkuMa peaslbHbIX aZlpecoB 3TO BBIT/IAUT HEMHOIO CTpPAllIHO, HO Ha CAaMOM JieJle BCé J0BOJIbHO
nerko. Hanipumep, ITPEJEJT 15:0 o3HauaeT, uto 6uthl 0-15 npe/esia pacrosio)KeHbl B Hauase geckpunropa. OcTanbHasi yacTh
Haxogutcs B TIPEJTEJT 19:16, KoTopbIii pacrioniokeH B butax 48-51 geckpunrtopa. Takum o6pa3oM, pa3mep rpeje/na CoCTaB/sieT

0-19, T.e 20 6ut. [JaBaiiTe BHUMAaTe/IbHO B3TJISIHEM Ha CTPYKTYPY A€CKPHIITOpPA:

1. TIpenen (20 6ut) HaxoguTcs B nipefenax 0-15, 48-51 6ut. OH onpefieNisieT anuHy_cermeHta - 1 . 3aBUCHT OT OUTa G

(TpaHyJISIPHOCTB).

o Eom (6ut 55) u pefien cermeHTa paBeH 0, TO pa3Mep cerMeHTa cocTtap/sieT 1 6aiT

o Eum paBeH 1, a ipefien1 cermeHTa paBeH 0, To pa3mMep cerMeHTa cocrtassisietT 4096 6aiT

paBeH 0, a ipefient cermenTa paseH Oxfffff, To pasmep cermenTta cocraBnsier 1 Merabaiit

G
G
o Eoum 6
G

o Eum paBeH 1, a ipesien1 cermenTa paseH Oxfffff, To pasmep cermenTa cocrapsnsier 4 rurabariTa

Takum obpasom, ecsii

o G pageH 0, pesies1 UHTEPIIPETUPYETCS B TePMHHAX 1 OaliTa, a MaKCUMa/IbHBIM pa3Mep cerMeHTa MOXKeT COCTaB/IATh 1
Merabaiir.

o G paBeH 1, pesien1 uaTepripeTUpyetcs B TepMuHax 4096 6aiT = 4 kunobakita = 1 cTpaHULIa, a MAaKCUMaJTbHBINA pa3mep
cerMeHTa MOJKeT COCTaBJ/IATh 4 rurabaiita. Ha camom fiernte, korzia G paBeH 1, 3HaueHHe ripefiesia CZiBUraeTcs Ha 12 6ut

32 4 rurabaiiTa.

BaeBo. Takum obpasom, 20 6ut + 12 6ut = 32 6uta u 2
2. Ba3soBelii agpec (32 6ura) HaxoAUTCs B nipefenax 16-31, 32-39 u 56-63 6ut. OH onpeesisieT prU3nNUeCKUii aZipec HayaabHOTO

PAacIo/IoXKeHHsl cerMeHTa.
3. Tun/Atpubyt (5 6ut) B npezenax 40-47 GUT orpeie/isieT TAT CETMEHTa U BUZBI JOCTYIIA K HEMY.

o @mnar s (6bur 44) onpezensier Tvn geckpuntopa. Ecnu s paseH 0, TO 3TOT CErMEHT SIB/ISIETCS CUCTEMHBIM
CErMeHTOM, a eC/IM S PaBeH 1, TO 3TOT CerMeHT SIBJ/ISIETCS] CErMEHTOM KOJla MJIH CEerMEeHTOM JJaHHBIX (CerMeHThI CTeKa

SBJIAIOTCS CerMEHTaMU JadHHBIX, KOTOPbIE NO/DKHBI OBITH CErMEHTaMHU AN ‘{TeHI/IH/Bal'II/ICI/I).



,Elfli{ TOr0 UTOOLI OIpe/e/IuTh, ABAETCA /I CeCMEeHT CerMeHTOM KOo/Jja WM CerMEHTOM [JaHHBIX, Mbl MOXXE€M ITPOBEPUTH anI/16yT

(6ur 43), 0b603HaueHHbIH Kak 0 B IPUBEAEHHOMH Bbillie cxeme. Ecii oH paBeH 0, TO CEIMEHT SBJISIETCSI CErMEHTOM JIaHHBIX, B

TIPOTMBHOM CJIyyae 3TO CerMeHT KoJa.

CerMeHT MOXXeT OBbITb OJHOTO U3 CIeJyIOLUX THUIIOB:

Mone Tuna | Tun pgeckpuntopa | OnucaHue

_____________________________ |_________________|__________________
JecsaTnyHoe | |

0 E w A |
0 0 0 0 0 | JaHHble | Tonbko AnA 4TeHus
1 0 0 0 1 | JAaHHble | TonbKo AnA 4TeHusa, 6bino obpaweHune
2 (¢} 0 1 0 | JAaHHble | UTeHune/3anuceb
3 0 0 1 1 | JAaHHble | YTeHune/3anuckb, 6bi10 obpaweHue
4 (¢} 1 (¢} 0 | JaHHble | TonbKo ANA 4YTeHus, pacTéT BHU3I
5! 0 1 (¢} 1 | [AaHHble | Tonbko AnA 4TeHusa, pacTET BHU3, 6bNO obpaueHune
6 (¢} 1 1 0 | JaHHble | UTeHune/3anucb, pacTéT BHU3
7 0 1 1 1 | JAaHHble | YTeHue/3anucb, pacTET BHU3, ObNO obpaweHue

c R A | |

8 1 0 0 0 | Koa | TonbKo ANA BLINOHEHWA
9 1 0 0 1 | Kog | TonbKO ANA BLIMO/IHEHWUA, 6b10 Ob6palweHve
10 1 0 1 0 | Koa | BbinosiHeHWe/uTeHue
11 1 0 1 1 | Kog | BbinonHeHne/4TeHue, 6b10 o6paweHne
12 1 1 0 0 | Kog | TONbKO ANA BLINOHEHWA, MNOAUYUHEHHbIN
14 1 1 0 1 | Kog | TonbKO ANA BLINOHEHWA, MNOAUYMHEHHLIA, 6b10 obpaueHue
13 1 1 1 0 | Kog | BbinoAHeHWe/4YTeHue, MNOAYUNHEHHbIA
15 1 1 1 1 | Kog | BbinoHeHWe/4YTeHue, NOAYMHEHHEIA, 6blN0 obpauweHune

Kak MbI MO>XeM BU/IETb, MEPBbIH OUT (OUT 43) paBeH 0 [/ CerMeHTa OaHHbIX U 1 Jiis cerMeHTa koda. Criefyrolye Tpu bura

(40, 41, 42): 6o 6utel EwA (6HT HarpaBsieHMs pacumpenus (Expansion), 6ur 3anmcu (Writable), 6ut obparenus

(Accessible)), nn6o cra (6ut nogumnHenus (Conforming), 6ut urenus (Readable), 6ut goctyma (Accessible)).

Ecmm E (6ut 42) paBeH 0, To cerMeHT pacTéT BBepPX, B MPOTUBHOM CJydae pacTéT BHU3. [TofpobOHee 3/1eCh.

Ecmn W (6uT 41) (/151 cerMeHTa JaHHBIX) paBeH 1, TO 3aMuch B CerMeHT paspelieHa. ObpaTuTe BHUMaHHe, UTO MPaBo Ha
YTeHHe BCer/ia paspelleHo /ISl CEerMeHTOB JlaHHbIX.

A (6uT 40) - 66110 /1M OOpallieHHe TIPOLeCCOpa K CerMeHTY.

C (6ur 43) - 6ut nogurHenus (7151 cermenTa Koga). Ecmm C paBeH 1, To cerMeHT Ko/ja MOKET OBITb BBITIO/IHEH U3 Oosiee
HH3KOT'0 YPOBHSI TPUBUJIETHH, HaNIprMep, U3 YPOBHs 1o/b3oBatesist. Ecy C paBHO 0, TO CerMeHT MOXKeT OBITh BHITTOTHEH
TOJILKO U3 TOT'O >Ke YPOBHSI IPUBUJIETUH.

R (6uT 41) KOHTpPO/IMPYeT ZOCTYII UTeHNs CerMeHTaM KO/ja; KOT/la OH paBeH 1, To UTeHHe cerMeHTa pa3sperieHo. IIpaBo Ha

3alTIiChb BCera 3arpeileHo Ajad CerMeHTa KoJd.

. DPL [2 6uTa] (ypoBeHnb npuBuiernii cermenTa (Descriptor Privilege Level)) Haxogurcs B 45-46 6utax. OnpeziensieT

YPOBeEHb HpI/IBI/IHeFI/Iﬁ cermeHTa ot 0 pife] 3, raoe 0 siB/ISIeTCSI CaMbIM TIpUBUJIETMPOBAHHBIM.

. @nar P (6ut 47) - yka3bIBaeT Ha MPUCYTCTBHE cerMeHTa B namsATH. Eciiu P paBeH 0, TO CerMeHT sIB/ISI€TCS

Hedelicmeume/ibHbIM 1 TIpOLIeCCOP OTKAXKeTCS YUTAThb 3TOT CEIrMEHT.

. @nar AVL (6uT 52) - A0CTYIHBIN 1 3ape3epBUPOBaHHbIN 0uT. UrHOpupyeTcs B Linux.

. @nar L (6ut 53) - yKa3bIBaeT Ha TO, COZEPIKUT JIX CETMEHT KOZla HaTUBHBIN 64-6KTHBIN KoZ. Ec/ii oH paBeH 1, To cerMeHT

KoJia OyZeT BBITO/HEH B 64-0UTHOM peXXuMe.

. ®gnar D/B (6burt 54) - dnar pa3psgHoctu (Default/Big), onpezensier pasmep onepasza, T.e 16/32 6ut. EC/iv OH yCTaHOBIIEH,

TO HaXOZSIHeCs B CErMeHTe OTepaHZbl CYMTAIOTCS UMEROIIMMU pasmep 32 6uta, nHaue 16 6UT.

CermeHTHBIe PEerucTphbl CoJep>KaT CeJIEKTOPbl CErMEHTOB, TdK K€ KdK U B pe)XKHMMe pead/IbHbIX ajpeCcoB. Tem He MeHee, B

3alHIIEHHOM PEXHMe CeleKTop cermeHTa obpabarteiBaeTcs HHaue. Kaxk/ibplil JeCKpUNTOp CerMeHTa UMeeT COOTBEeTCTBYFOLIUI

CeJleKTop cerMeHTa, KOTOPBIN Npe/icTaBsieT coboit 16-6UTHYI0 CTPYKTYpY:


http://www.sudleyplace.com/dpmione/expanddown.html

o Index onpenensier Homep Aeckpunrtopa B GDT.

o TI (ykasaress Tabmuiist (Table Indicator)) orpefensieT Tabuily, B KOTOPOI HY>KHO UCKaTh Aeckpumtop. Eciu o paBeH 0,
TO TOUCK TIPOMCXOAUT B 1/I06abHOM AeckpuntopHoit Tabutie (GDT), B IPOTUBHOM C/Iydae B JIOKaJbHOM €CKPUTITOPHOM
tabsutie (LDT).

e RPL omnpegensieT ypoBeHb NPUBUJIETUH.
Kaxaplil cerMeHTHBII PerncTp UMeeT BUAUMYIO U CKPBITYIO YacCTb.

® Buaumas - 3[1eCb XPaHUTCS CeJIEKTOP CerMeHTa.

o CKpbITas - 3/1eCh XPaHUTCS AECKPUTITOP CETMEHTa, KOTOPhIH CO/iepKUT 6a3oBbIit afpec, ripeser, aTpubyThl, uiary.
Heo0OxouMBbI cieiytoIIye ard, YTo0bl MOyUUTh GU3NUYeCKHUH aJjpec B 3alIUIIEHHOM peKUMe:

o CeJieKTOp cerMeHTa J0J/DKeH ObITh 3arpyskeH B OJJMH 13 CErMEHTHBIX PETUCTPOB

e CPU nbITaercs HalTH JeCKPUIITOP CerMeHTa I0 ajpecy GDT + Index W3 CeJIeKTOpa U 3arpy3UTh JJeCKPUIITOP B CKPbIMYIO
4YacTb CEIMEHTHOIO perucrpa

e Ecmu cTpaHryYHas OpraHu3alys NaMsITH OTKIIFOUeHa, JIMHeHHBIH afipec ceTMeHTa WK ero (GU3NJIecKri agpec 3afaeTcs

¢hopmyioit: Ba3oBblii azpec (HalifieHHBIHM B eCKPUIITOPE, TIOJIyYeHHOM Ha Ipe/ipiiyIeM mare) + CMelneHue.

CxeMaTHUUHO 3T0 OyZeT BBII/ISAZETh CIe/[yIOM 00pa3oM:



selector : offset

— target

segment

- descriptor

GDT

GDTR

AJITOpUTM Iepexo/ia U3 PeKrMa peanbHbIX aJjpecoB B 3aLUIEHHbINA PeXXUM:

e OTK/IIOUNTE NPepLIBaHHUs
e Ormmcats u 3arpy3utb GDT uHCTpyKIjueld lgdt
e YcraHoButh 6ut PE (Protection Enable) B CRO (peructp ynpasnenus 0 (Control Register 0))

e [lepeiiTH K KOZy 3aIUIIEHHOTO PEXXHUMa

TMosHBIN Mepexo/, B 3alIMIEHHBIN DKM Mbl YBUAWM B CJIeIOLIel YacTH, HO TIPeXK/ie YeM MbI CMOYKeM TIepeiTH B

3aIUIIEHHBIA PEXXUM, HY)KHO COBEPILHTH elrfé HeCKOJILKO TIPUTOTOB/IEHHH.

[Hagaiite mocMoTpuM Ha arch/x86/boot/main.c. Mbl MO>keM BUJIeTb HEKOTODBIe TTOIPOrPaMMBbl, KOTOPbIe BHITO/THSFOT

VHHULMAIM3aLHI0 K/1aBUaTyPbl, HHULIUA/IM3aLUI0 KYUH U T.J. PaccMOTpUM HX.

KonupoBaHue napamMeTpoB 3arpy3kKu B ''HyJ/IeByH0 CTpaHuULly "
(zeropage)

MBslI cTapTyeM 13 nofnporpaMmbl main B "main.c". [TepBast ¢yHKLMS, KOTOpast BbI3bIBAeTCSI B main -
copy_boot_params(void) . OHa KOIMpYyeT 3aro/I0BOK HaCTPOMKH sifipa B MOJIe CTPYKTYPbl boot_params , KOTOpasi OIpejiesieHa B

arch/x86/include/uapi/asm/bootparam.h.

CTpyKTypa boot_params COZEp)KHUT I0JIe struct setup_header hdr . DTa CTPYKTypa COZEPXKUT Te >Ke I10JIsl, UTO U B
MPOTOKOJIe 3arpy3KK Linux ¥ 3arosHsIeTcsl 3arpy3urKOoM, a TaK >Ke BO BPeMsi KOMITH/ISILIK/COOPKH siijpa. copy_boot_params

[iesiaeT [iBe Bellu:


https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/main.c
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/main.c#L30
https://github.com/torvalds/linux/blob/v4.16/arch/x86/include/uapi/asm/bootparam.h#L113
https://www.kernel.org/doc/Documentation/x86/boot.txt

1. Kornmpyer hdr wu3header.S Bmone setup_header B CTPYKType boot_params

2. OGHOBIIsIET yKa3aTe/Ib Ha KOMaHAHYO CTPOKY s1jpa, eC/IH sijpo ObLI0 3arPy)KeHO CO CTapbIM MPOTOKOIOM KOMaHZHOW

CTPOKH.

O6patrTe BHUMaHKe Ha TO, YTO OH KOMUPYeT hdr C IOMOLIBIO GYHKLMK memcpy , KOTOpasi OnpefesieHa B copy.S. B3risHeM Ha

Heé:

GLOBAL (memcpy)
pushw  %si
pushw  %di
movw %ax, %di
movw %dx, %si
pushw  %cx
shrw $2, %Cx
rep; movsl
popw %CX
andw $3, %Cx
rep; movsb
popw %di
popw %si
retl

ENDPROC (memcpy )

[la, MBI TO/IBKO UTO TTepeni B C-KOJ, ¥ CHOBa BePHYJIMCh K acceMOiepy :) IIpexie Bcero Mbl BUZIM, UTO memcpy H ApYyTHe

MOATIPOrpaMMbl, PacIo/Io’KeHHble 3[jeCb, HAUMHAIOTCS 1 3aKaHUMBAIOTCS IByMsl MaKpocaMU: GLOBAL M ENDPROC . Makpoc
GLoBAL onwMcaH B arch/x86/include/asm/linkage.h u onpegensier ;upekTUBY globl , a Tak ke MeTKY /i1 HErO. ENDPROC

onucaH B include/linux/linkage.h; otMedyaeT cuMBOn name B KauecTBe UMeHU (YHKLIUM U 3aKaHUMBAETCS pa3MEPOM CHMBOJIA

name .

Peanu3sanyisi memcpy ZAOCTaTOUHO IPOCTa. Bo-TiepBBIX, OHA TIOMeII|aeT 3HaUeHHsI PETMCTPOB si M di B CTeK JIsl UX
COXpaHeHHs], TaK Kak OHU OyyT MeHATHCS B TeueHHH paboThl. Kak MbI BUMM U3 REALMODE_CFLAGS B arch/x86/Makefile
crcTeMa cOOpKH siipa ucrnosb3yet napamerp GCC  -mregparm = 3 , M03TOMY (YHKL{MH [10/Ty4arOT IIePBBIe TPY I1apaMeTpa U3

DETUCTPOB ax , dx M cx . BBI30B memcpy BBIIVISIUT C/IeYIOLM 00pa3oM:

(&boot_params.hdr, &hdr, sizeof hdr);

Taxk,

e ax Oyjer coepxaTh afjpec boot_params.hdr
e dx Oygjer coiep>kath azipec hdr

e cx Oypmer comepxaTb pasmep hdr B OaiiTax.

memcpy TOMeILjaeT aJjpec boot_params.hdr B di U COXpaHsieT pa3Mep B cTeke. ITocsie 3TOro OHa CJBUTAeTCs BITPABO Ha 2
pasmepa (W1 e/nT Ha 4) ¥ KonupyeT U3 si B di 110 4 Gaiita. [Jajiee CHOBa BOCCTaHaB/IMBaeT pa3Mep hdr , BEIDABHHBAET IO
4 Gaiita ¥ KOTIMPYyeT OCTa/lBHYIO YacTh 6alTOB M3 si B di M0OOAlTOBO (eC/iH OHM ecThb). B KOHIle BOCCTaHaB/IMBaeT 3HAYeHUS

si M di M3 CTeKa Y Iocje 3TOro 3aBepllaeT KOIMMpOBaHHe.

I/IHHHHEIJIHBEII.[I/IH KOHCOJ/IN

TTocse Toro Kak hdr CKOMHPOBAH B boot_params.hdr , C/IeAyHOIIMM IIaroMm sIB/II€TCS UHULMA/IM3alisl KOHCOJ/IM C IOMOILbIO

BbI30Ba QYHKIUM console_init , onpezenénHoM B arch/x86/boot/early_serial _console.c.

CDyHKLlI/IH MBITAeTCS HAUTH OMLMI0 earlyprintk B KOMaHﬁ[HOﬁ CTPOKeE U, €CJ/IY ITOMCK 3aBepIInJICd yCIieXoM, [MapCuT ajpec
TopTa, CKOPOCTh nepeAayuu JaHHbIX U WTHULIUAIU3UPDYET HOCHE/I[OB&TE]'ILHLII‘/JI TI0pT. 3HaueHUe OMNUMM earlyprintk MOXXeT OBITh

OJJHUM U3 CJIeIyIOIHX:


https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/header.S#L281
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/copy.S
https://github.com/torvalds/linux/blob/v4.16/arch/x86/include/asm/linkage.h
https://github.com/torvalds/linux/blob/v4.16/include/linux/linkage.h
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/early_serial_console.c

e serial,0x3f8,115200
e serial,ttyS0,115200
e ttyS0,115200

[Mocnie MHULIMAIM3ALMY TT0C/IEI0BATE/IBHOTO TOPTA MbI MOXKEM YBH/ZI€Th TIEPBLII BBIBO/:

if (cmdline_find_option_bool("debug"))
("early console in setup code\n");

OnpejenieHne puts HaxOAWTCA B tty.c. Kak Mbl BUZMM, OHa MeyaTaeT CUMBOJI 32 CUMBOJIOM B LIUKJIe, BbI3bIBast YHKLIUIO

putchar . [laBaliTe MOCMOTPUM Ha peanu3alidio putchar :

void __attribute__((section(".inittext"))) (int ch)
{
if (ch == '\n")
("\r);

bios_putchar(ch);

if (early_serial base != 0)
serial_putchar(ch);

__attribute__ ((section(".inittext"))) O3HAuaeT, UTO KOJ 6y,qu HaxOJUThCS B CEKITMU . inittext . MBI MOXKeM HalTH ero

B (paiisie KOMITOHOBIIMKA setup.ld.

IIpexkae Bcero, putchar TMpOBEPsIET Ha/IMUKE CUMBOJIA \n W, €C/IM OH Hak/ieH, rieyaTtaeT nepej HUM \r . [Tocsie 3TOro oHa

BBIBOJIUT CUMBOJI Ha 3KkpaHe VGA, Bb13BaB BIOS c npepeiBaHreM 0x10 :

static void __attribute__ ((section(".inittext"))) bios_putchar(int ch)

{

struct biosregs ireg;

initregs(&ireg);

ireg.bx = ;

ireg.cx = ;

ireg.ah = ;

ireg.al = ch;

intcall( , &ireg, );

initregs NPHHFMAeT CTPYKTYPY biosregs U B IIeDPBYIO OuepeZib 3allOJIHsET biosregs HYJISMH, HCIOIB3YS GYHKLHIO

memset , a 3aTeM 3allOJIHAET ero 3HaYeHUsAMU PerucTpoB:

(reg, 0, sizeof *reg);
reg->eflags |= X86_EFLAGS_CF;
reg->ds = ds();
reg->es = ds();
reg->fs = fs();
reg->gs = gs();

,D;aBElﬁTe TMOCMOTPHU Ha peaM3alyro memset:

GLOBAL (memset)
pushw  %di
movw %ax, %di

movzbl %dl, %eax

imull  $60x01010101, %eax
pushw  %cx

shrw $2, %CX


https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/tty.c
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/setup.ld#L19
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/copy.S#L36

rep; stosl
popw %CX
andw $3, %Cx
rep; stosb

popw %di
retl
ENDPROC (memset)

Kak Mb1 MOxem BUETb, memset WCIIOJb3yeT TOXKEe CaMOe COrJiallleHHe O BbI30BaX, KaK U memcpy : 3TO O3HAyaeT, UTO beHKL[I/IH

ToJTyyaeT CBOU MapaMeTpbl U3 PETUCTPOB ax , dx U CX .

Kak rnpaBusio, peanusaiiyisi memset M0J00Ha peanr3anii memcpy . OHa COXpaHsieT 3HaUeHKe PerucTpa di B CTEKe U
TOMeIljaeT 3HaYeHWe ax B di , KOTOPOE SIB/ISIETCS afipecoM CTPYKTYPBI biosregs . [lanee HAET HHCTPYKLUS movzbl , KOTOpas

KOIMpYyeT 3HaueHHe dl B Myajumii 6aiiT peructpa eax . OcraBiuuecs 3 BepxHUX Oaiita eax OyAyT 3aroJyiHeHbI HYJISIMU.

Crefiyrolijasi MHCTPYKLIUSI yMHOXKAeT eax Ha 0x01010101 . DTO HEOGXOJMMO, Tak KaK memset Oy/JeT KOMUPOBaTh 4 Gaiita

oJiHOBpeMeHHO. Harprmep, HaMm Hy>KHO 3aIOJIHUTh CTPYKTYPY, pPa3sMep KOTOpO#t cocTassisieT 4 Gaiita, 3HaUeHHEM 0x7 C

MOMOILbI0 memset . B 3TOM ciiyuae eax OyZeT coAepkaTh 3HaueHHe 0x00000007 . Tak UTO eC/IM Mbl YMHOXKMM eax Ha
0x01010101 , MbI TIOJIYUHM ©x07070707 U TETIePh MBI MO>KEM CKOITMPOBAaTh 3TH 4 0aiiTa B CTPYKTypy. memset WCIIOB3YET

UHCTPYKLIMIO rep; stosl /i KOIMMPDOBAaHUs eax B es:di .
OcraspHas yacTb memset JleslaeT IIOUTH TO XKe CaMoe, YTO U memcpy .

ITocse Toro Kak CTpyKTypa biosregs 3aroJIHeHa C IIOMOLIbI0 memset , bios_putchar BbI3bIBaeT npepbiBanue 0x10 gis
BbIBOZIa CUMBO/JIA. 3aTeM OHa TIpoBepseT, MHULMA/IM3UPOBaH JIk HOCHEAOB&TEHBHbIﬁ TI0PT, U B C/Iy4yae eC/Id OH MHULJUA/IM3UPOBaH,

3anuchiBaeT B HEro CUMBOJI C TOMOILbIO MHCTPYKLMHM serial_putchar m inb/outb .

NMuavnuanusanusa Kyumu
ITocne moaroroBku creka v BSS B header.S (cMoTpute npefpigyIyto uacTs), SApo AO/DKHO MHUAL[MAIM3UPOBATE KYUY C TIOMOIL[BI0
(YHKUMU init_heap .

B nepByto ouepefb init_heap TIpoBepsieT uiar CAN_USE _HEAP B loadflags B 3aroJIOBKe HaCTPOWKH siipa U ecu (ar Obut

YCTaHOBJIEH, BBIYMC/IAET KOHell CTeKa:

char *stack_end;
if (boot_params.hdr.loadflags & CAN_USE_HEAP) {
asm("leal %P1(%%esp),%0"
"=r" (stack_end) : "i" (-STACK_SIZE));

APYTrMMH C/IOBaMM stack_end = esp - STACK_SIZE .

3areM UAET pacuéTt heap_end :

heap_end = (char *)((size_t)boot_params.hdr.heap_end_ptr + )8

YTO O3HauaeT heap_end_ptr Wi _end + 512 ( 0x200h ). [TocseHsIst MpoBepKa 3aK/IFOYaeTCs B CpaBHEHWH heap_end |
stack_end . Ecii heap_end 6osblle stack_end , TO TMpUCBavMBaeM stack_end 3HaueHHe heap_end ,qTOﬁLICAenaTL ux

PaBHBIMH.

Tenepb Kyda MHUL[UA/IM3MPOBdHA U Mbl MOXXEM HCI10/Ib30BaTh eé c TIOMOIIbIO MeTOoA4a GET_HEAP . B C/1eyroniux rnocrax Mbl

YBUAWM KdK OHA UCTI0J/Ib3YyeTCs, KaK €€ UCI0/Ib30BaTh U KaK OHa pea/siM30BaHa.

IIpoBepka CPU


http://www.ctyme.com/intr/rb-0106.htm
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/tty.c#L30
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/header.S
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/main.c#L116
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/main.c#L116
https://github.com/torvalds/linux/blob/v4.16/arch/x86/include/uapi/asm/bootparam.h#L22
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/header.S#L321

CrepyroluM 11arom siejisiercst npoBepka CPU c moMolipio GyHKIMU validate_cpu U3 arch/x86/boot/cpu.c.

OHa BbI3bIBaeT GYHKLMIO check cpu U IepefjaéT eif fBa napamerpa: ypoBeHb CPU u Heobxoaumelii ypoBeHb CPU; check_cpu

TIpOBepsieT, 3alylieHo /U SApOo Ha Hy>KHOM ypoBHe CPU.

check_cpu(&cpu_level, &reqg_level, &err_flags);
if (cpu_level < reg_level) {

return ;

check_cpu mipoBepsiet ¢uiaru CPU, Hammuue long mode B cnyuae x86_64 (64-6utHoro) CPU, npoBepsieT MoCTaBIUKa
TipoLieccopa U JieflaeT crieljiasbHble TIOAT0TOBKH [ HEKOTOPbIX IIPOU3BOAUTEEeH, Takie Kak oTKroueHre SSE+SSE2 nns AMD

B CJ/Iy4ae UX OTCYTCTBUS U T.J.

Ha cnepytoiem sTane Bbl BUJUM BbI30B PYHKIUM set_bios_mode . DTa QYHKIMS peaq30BaHa TOBKO ISl DEKUMA x86_64 :

static void set_bios_mode(void

{
#ifdef CONFIG_X86_64
struct biosregs ireg;

initregs(&ireg);

ireg.ax = 7

ireg.bx = 2;

intcall( , &ireg, )8
#endif

}

OyHKIMS set_bios_mode BBITIOJHSET ITPEPBIBaHUE 0x15 , YT0OBI coobumTh BIOS, uro OyzeT ucnosmb3oBaThes long mode

(ecmt bx == 2 ).

OOHapy)KeHHe MaMATH

CreiyIOILIM I1aroM siBisieTcsl oOHapy KeHre TIaMsITH C TIOMOIIBI0 GYHKLK detect_memory . detect_memory B OCHOBHOM
TIpeJj0CTaBIsIeT KapTy JOCTYITHOH orepaTtiBHOM namsity fyisi CPU. OHa HCTonb3yeT pa3/iMdHble IIPOrpaMMHbIe HHTepGheNchl A

00OHapy>keHHsI TTaMsTH, TaKHe KaK 0xe820 , 0xe801 U ©x88 . 3[eCh Mbl OyJjeM pacCMaTpUBaTh TOJBKO peanu3anyio 0XE820.

JaBaiiTe MTOCMOTPUM Ha peay3ayio QYLHKIUA detect_memory_e820 B arch/x86/boot/memory.c. [Ipexze Bcero, QyHKIus
detect_memory_e820 HHHULMAIM3UPYeT CTPYKTYPY biosregs , KaK Mbl BH/€/U BblLlIe, U 3aI0/THSIET PETUCTPhI ClieldalbHbIMU

3HAUE€HHUSIMU /171 BbI30OBA 0xe820 :

initregs(&ireg);
ireg.ax = 0xe820;
ireg.cx = sizeof buf;

ireg.edx = SMAP;
ireg.di = (size_t)&buf;

® ax cofiepXkuT HoMep (GyHKLuHM (B HauleM ciydae 0xe820)

® cx COZepKHT pa3Mmep Oydepa, KOTODEIH OyeT cofep)KaTh JaHHBIE O TIaMSATH

® edx JIO/DKEH COZlep>KaTh Maruueckoe Yucyio SMAP

® es:di J0/DKeH cofiep>kath azipec Oycdepa, KOTOpEIi OyeT cofep)aTh JaHHbIE U3 MaMSITH

° ebx AoO/mDKeH OBITH PaBeH HYJIO.


https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/cpu.c
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/cpucheck.c#L112
http://en.wikipedia.org/wiki/Long_mode
https://en.wikipedia.org/wiki/Long_mode
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/memory.c

Ianee UAET LUKJI, B KOTOPOM OyayT cobpaHbl JaHHbIe 0 amsati. OH HauuHaeTcs C Bbi3oBa BIOS nipephiBaHus 0x15 , KOTODBIi
3anuchbIBaeT OAHY CTPOKY M3 Tab/uLibl pacnpeziesieHUst aApecos. [is1 TIoTyyeHus CIefytoliel CTPOKU Mbl JOJDKHBI CHOBA BbI3BaTh
3TO MpephiBaHue (UTO Mbl U [lefiaeM B 1jUK/Ie). [lo ciefyroliero Bbl3oBa ebx [OJ/DKEH COJiepyKaTh 3HaueHNe, BO3BpalljéHHOe

paHee:

intcall( , &lreg, &oreg);
ireg.ebx = oreg.ebx;

B KOHEUHOM CuéTe MbI Jie/laeéM UTepaLiiy B [UKJIe /171 cOopa JaHHBIX M3 TabUIbI pacrpe/iesieHust aipecoB U 3alMChIBAeM 3TH

JlaHHbIEe B MaCCHUB e820entry :

® Hauaslo cerMeHTa NnamsTh
® pasMep cerMeHTa NaMsiTH

® TUIl CerMeHTa rnamsTty (MOKeT JI1 KOHKPETHbIM CerMeHT ObITh UCIIO/b30BaH WM OH 3ape3epBUPOBaH).

BbI MOXKeTe yBU/ieTb pe3y/bTar B BbIBOJe dmesg , UTO-TO BPOJe:

.000000] e820: BIOS-provided physical RAM map:

.000000] BIOS-e820: [mem 0x0000000000000000-0x000000000009fbff] usable
.000000] BIOS-e820: [mem 0x000000000009fcOO-Ox000000000009ffff] reserved
.000000] BIOS-e820: [mem 0x00000000000f0000-0x00000000000Fffff] reserved
.000000] BIOS-e820: [mem 0x0000000000100000-0x000000003ffdffff] usable
.000000] BIOS-e820: [mem Ox000000003ffe0000-0XxO00000003FFFFfff] reserved
.000000] BIOS-e820: [mem Ox00000000fffcOO00-OXO0000000FFFFfff] reserved

N B W B B W}
© 0 © © © © 0

Nuannuanu3anus KjlaBUaTyphbl

Cre[yIOIL¥IM I1aroM sIB/ISIeTCs] MHULMA/IM3alis KIIaBUaTyphl C IOMOIIIBIO BbI30Ba GYHKLUN keyboard_init() . BHawane
keyboard_init WMHHWLIMAIM3UPYET PETUCTPBI C TIOMOILBIO QYHKIMK initregs . 3aTeM OH BbI3bIBaeT NpepbiBanue 0x 16 as

TOJTy4eHNsI CTaTyca KiaBUaTyphlL.

initregs(&ireg);
ireg.ah = 5 /* TNony4yeHne cTaTtyca KnasuaTtypsl */
intcall( , &lireg, &oreg);

boot_params.kbd_status = oreg.al;

IMocsie 3TOrO OHA eIjé pa3 BeI3bIBaeT 0x 16 A1 yCTaHOBKM YacCTOTHI IOBTOPEHHS U 3a/IePyKKH.

ireg.ax = g /* YcTaHOBKa 4acTOTbl MOBTOPEHUA KnasuaTypbl */
intcall( , &ireg, );

BbinosiHeHue 3anpocoB

Crepiyro1ijyie HeCKOJIBKO 1I1ar0B - 3aITPOCHI /IS pa3/IMYHBIX TapaMeTpoB. Mbl He Oy/ieM MOTpy»KaThCsl B ITOAPOOHOCTH 3THX

3aTpoCoB, HO BEPHEMCS K 3TOMY B MOC/IEYIOLIMX YacTsX. [laBaliTe KOPOTKO B3IJITHEM Ha 3TH (QYHKLUK:

[MepBEIM IIAaroM sBJIsieTCs MomydyeHue uHbopMmarmu Intel SpeedStep ¢ mOMOIBIO BBI30Ba QYHKIMK query_ist . OHa IpoBepsieT
ypoBeHb CPU, U ec/i OH BepHBIl, BbI3bIBAET MIPEPhIBAHHE 0x15 JIIsl OTy4YeHUs: THHOPMALY U COXPAHSIeT pPe3yJibTaT B

boot_params .

Cnepyrowast GyHKIus - query_apm_bios monydaet u3z BIOS undopmauuro 06 Advanced Power Management. query_apm_bios
Take BbI3biBaeT BIOS mpepriBaHMe 0x15 ,HO C ah = 0x53 JiIs IPOBEPKU MOAAEP>KKH APM . [Tocse BHIMOMHEHUsT 0x15 ,

GYHKOUS query_apm_bios IIpOBepsieT CUTHAaTypy PM (OHA JOJDKHA ObITH paBHa 0x504d ), (Iar mepeHoca (OH JJ0JKeH ObITh


https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/main.c#L65
http://www.ctyme.com/intr/rb-1756.htm
http://www.ctyme.com/intr/rb-1757.htm
http://en.wikipedia.org/wiki/SpeedStep
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/apm.c#L21
http://en.wikipedia.org/wiki/Advanced_Power_Management

paBeH 0, ec/iv eCThb TIOAJEP)KKA APM ) M 3HaueHMe peructpa cx (OHO JOJDKeHO ObITh paBHBIM 0X02, ec/ii MMeeTcst oA epyKKa

3alLUIIEHHOTO PeXXUMa).

[lanee oHa CHOBA BbI3bIBaeT 0x15 , HOC ax = 0x5304 [JIs OTCOeAMHEHUs OT UHTepdelica APM U NMNOAKIIOUYEHUIO K UHTepdelicy
32-6uTHOrO 3alUILEHHOrO peXkuMa. B rtore oHa 3amonHseT boot_params.apm_bios_info 3HaueHWSIMH, [10/lyUYeHHbIMU U3
BIOS.

O6patnTe BHUMaHKe: query_apm_bios Oy/|eT BHINOMHATHCS TOMBKO B TOM C/Iydae, eC/ii B KOH(GUTypaLioHHOM aiiie

yCTaHOBJIeH (J1ar BpeMeH! KOMITA/ISILUA CONFIG_APM WJId CONFIG_APM_MODULE :

#if defined(CONFIG_APM) || defined(CONFIG_APM_MODULE)
query_apm_bios();
#endif

IMocnepssis GyHKIMA - query_edd , 3anpamuBaeT U3 BIOS uxdopmanuo 06 Enhanced Disk Drive . JlaBaiiTe B3T/IsiHEM Ha

peanu3anulo query_edd .

B niepByto ouepeap oHa unTaet orniuio edd U3 KOMaHJHOMN CTPOKU si/jpa U eC/ly OHa yCTaHOBJIeHa B of f , TO query_edd

3aBepluaeT CBOK pabory.

Ecm EDD BK/IOUEH, query_edd CKaHUpYyeT nopgepkvBaemblie BIOS kécTkue JUCKHM U 3anpaiivBaeTt uHpopmanuio o EDD B

CIleyIoLIeM LUKIe:

for (devno = ; devno < +EDD_MBR_SIG_MAX; devno++) {
if ('!'get_edd_info(devno, &ei) && boot_params.eddbuf_entries < EDDMAXNR) {
(edp, &ei, sizeof ei);
edp++;
boot_params.eddbuf_entries++;

rje 0x80 - IepBbIi )KECTKUH MCK, @ 3HAUeHHe MakKpoca EDD_MBR_SIG_MAX paBHO 16. OHa coOupaeT laHHbIe B MacCHB
cTpyktyp edd_info. get_edd_info mpoBepsieT Hamurie EDD myTéM BbI30Ba MpepbiBaHusl 0x13 C ah = 0x41 W ecid EDD
TIPUCYTCTBYeT, get_edd_info CHOBA BBI3BIBAeT 0x13 ,HOC ah = 0x48 U si , COfiepKaluM agpec 6ydepa, rae Oyzer

XpaHuTbCs nHopmarus o EDD.

3aK/IIoueHue

3OTo KOHeL| BTOPOI YacTH 0 BHYTPeHHOCTSX sifipa Linux. B csiefyroirieil yacTi Mbl YBHMM HACTPOWKH PEXKHMa BHEO U

OCTa/bHbIE MOArOTOBKY Tepe/] Iepexo/0M B 3all{MIIEHHBIN PeKUM U HeIloCpeCTBEHHO ITepexo/| B HeTo.

OT nepeBoYHKa: NMOXKAJIyHCTa, UMeliTe B BUJY, YTO aHIVIMWICKUH - He MO POJHOM SI3bIK, U 5l 0U€Hb N3BUHAKCH 3a
BO3MO)XHBbIe HeyA00cTBa. Ec/i BbI HalAéTe KaKue-/1i00 OIMOKH WM HETOYHOCTH B TIepeBo/ie, M0XKa/IyiCcTa, NPUILINTe

pull request B linux-insides-ru.

CchLIKH

e 3amuIéHHbIN pexxum (Bukumeust)
e 3aumiéHHeli pexxum (OSDEV)
e [ong mode

e Heroxoe o6bsicHenue pexxumoB CPU c Kojiom


https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/edd.c#L122
https://github.com/torvalds/linux/blob/v4.16/Documentation/kernel-parameters.txt#L1023
https://github.com/torvalds/linux/blob/v4.16/include/uapi/linux/edd.h#L172
https://github.com/proninyaroslav/linux-insides-ru
http://en.wikipedia.org/wiki/Protected_mode
http://wiki.osdev.org/Protected_Mode
http://en.wikipedia.org/wiki/Long_mode
http://www.codeproject.com/Articles/45788/The-Real-Protected-Long-mode-assembly-tutorial-for

[lepBble 1m1ary B Ko/ie HACTPOWKHU s1/ipa

e Kak ucrosib3oBath cermeHTsi ¢ poctoM BHI3 Ha CPU Intel 386 u Gosiee mo3aHux
e [lokymeHTauus o earlyprintk

e [lapameTps! spa

e [locnesoBarenbHas KOHCOMb

e Intel SpeedStep

e APM

e Crnenudukauus EDD

e JlokymenTanus TLDP g5 nporjecca 3arpysku Linux (crapast)

e [lpeawigyias yacTb
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http://www.sudleyplace.com/dpmione/expanddown.html
http://lxr.free-electrons.com/source/Documentation/x86/earlyprintk.txt
https://github.com/torvalds/linux/blob/v4.16/Documentation/kernel-parameters.txt
https://github.com/torvalds/linux/blob/v4.16/Documentation/serial-console.txt
http://en.wikipedia.org/wiki/SpeedStep
https://en.wikipedia.org/wiki/Advanced_Power_Management
http://www.t13.org/documents/UploadedDocuments/docs2004/d1572r3-EDD3.pdf
http://www.tldp.org/HOWTO/Linux-i386-Boot-Code-HOWTO/setup.html

IIponecc 3arpy3ku sigpa. Yacrs 3.

MHaunuanu3anys Bujeope)xuMa 4 rnepexoj B 3alUIéHHbIA
PeXuM

3T0 TpeTbsl UaCTh CepUM [pouecca 3arpysku sigpa . B Hpe,qblﬂyu_[ef/'l 4dCTHU MbI OCTAHOBUWIKCH IIPSAMO Iepe] BbI30BOM beHKLlI/II/I

set_video M3 main.c. B 3Tol YacTu MBI yBUUM:

e MHMLMA/M3ALMIO BUJEOPeKUMa B KOJle HACTPOUKH 57pa,
e TIOJrOTOBKY, CZIeJIAHHYIO Iepe/| MePeK/II0YeHUeM B 3aLUIIEHHbIA PEeXXKUM,

e Tepexo/ B 3aLMIIEHHBINA PEXKUM

IIPUMEYAHWUE: ecnu Bbl HUUEro He 3HaeTe O 3alIUIEHHOM PeXXHUMe, BbI MOXKETe HalTH HEKOTOPY!0 MH(OPMALIUIO 0 HEM B

l'[pe,[[blﬂy]l[eﬁ yactu. Tak)Ke eCTb HECKOJIBKO CCBIJIOK, KOTOPbI€ MOTYT BaM ITOMOYb.

Kaxk 51 yrke nvcan paHee, Mbl HAUHEM C QYHKIMH set_video , KOTOpasi orpefiesieHa B arch/x86/boot/video.c. Kak Mbl MOXXeM

BU/IETb, OHAa HAYMHAET PaboTy C MOJyUYeHUs] BUJEOPeKUMa U3 CTPYKTYPhl boot_params.hdr :

ul6é mode = boot_params.hdr.vid_mode;

KOTODYO MBI 3alIOJIHWIHA B PYHKIIMKM copy_boot_params (BBl MOXKETe MPOUUTATh 06 3TOM B IIPeABIAYIIeM IOCTe). vid_mode
SIBJISIeTCST 00s13aTe/IbHBIM T10J1eM, KOTOpPOe 3arlo/HAeTCs 3arpy3urKoM. Bel MoykeTe HalTi MH(OpMALI0 06 3TOM B IIPOTOKOJIE

3arpys3Ku sapa:

Offset Proto Name Meaning
/Size
01FA/2 ALL vid_mode Video mode control

Kak MBI MO>keM IpoYecThb M3 IPOTOKO/1a 3arpy3Ku sifpa Linux:

vga=<mode>
<mode> MOXeT OblTb /NGO LENOYUCNEHHbIM 3HavyeHueMm (B C-HoTauuu,
AECATWYHOW, BOCbMEPUYHOW UAWN WeCTHaAuaTepuyHoi), NMbo OAHON M3 CTPOK:
"normal" (o3HavyaeT OXFFFF), "ext" (o3HavyaeT OXFFFE) wam "ask"
(o3HavyaeT OXFFFD). 3TO 3HayeHWe AOMXHO GbiTb BBEAEHO B none
vid_mode field, Tak Kak OHO ucnonb3yeTcs SA4POM A0
napcuHra KOMaHAHOW CTPOKM.

TakuM 06pa3oM, MbI MOXKeM 100aBHUTh ITapaMeTp vga B KOH(UTyparuoHHEIH ¢aiin GRUB (wm mroboro Apyroro 3arpysurka) 1
OH I1epeJiacT ero B KOMaHJHYIO CTPOKY siipa. Kak roBOpUTCS B ONMCAHWH, STOT TIapaMeTp MOKeT UMeThb pa3Hble 3HAUeHHsI.
Harmprimep, 3TO MOXKeT OBITB LieJIbIM UHC/IOM OxFFFD WM ask . EC/ii mepesjath ask B vga , BBl YBUAWTE IPUMEPHO Takoe

MEeHHO:


https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/main.c#L181
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/video.c#L315

SeaBI03 (wversion 1.7.5-20140531_171129-lamiak)

iPXE (http:rripxe.org) 00:03.0 C980 PCIZ.10 PnP PMM+3FFI90A40+3FEFOA40 CI30

Booting from ROM...
early console in setup code
see video modes available, <SPACE> to continue, or wait 30 sec
Resolution: Type:
80x25 UGA
80x50 UGA
80x43 UGA
80x28 UGA
gox30 UGA
80x34 UGA
80x60 UGA
40x25 UVE3A
40x25 UVE3nA
B80x25 UE3A
B8Ox25 UE3nA
80x25 UE3A
nter a video mode or “scan" to scan for additional modes:

KOTOpOE TOTMPOCUT BbIOPATh BUAECOPEXXHUM. MbI TOCMOTPHM Ha €T0 peayu3aliyio, HO repej 3TMM pacCMOTPUM HEKOTOpBIE Ipyrye

BeILH.

TUnbl JaHHBIX AApaA

Panee mb1 BHJEJ/IN Orpe/ie/IeHrA Pa3/IMYHbIX TUIIOB JAaHHBIX B KOZe HaCTpOFIKPI sAnpa, TAKMX KaK ulé U T.n. ,Z[aBaf/iTe B3IJ/ITHEM Ha

HECKOJIBKO THIIOB JaHHBIX, MPeA0CTaB/IsIeMbIX AIPOM:

Tun char short int long u8 ul6 u32 u64

Pasmep 1 2 4 8 1 2 4 8

Bo BpeMs UTeHHs UCXOAHOr'o KoJa siipa Bbl 6y,£[ETe YaCTO BCTPeYATh 3TU TUIILI, TAK UTO ObUTO OBI HETIZIOXO 3aIIOMHUTE HX.

API kyumn

TTocsie TOro Kak mMbl MOJIyUyMM vid_mode H3 boot_params.hdr B (byHKL[I/II/I set_video , Mbl MOXX€M BU/IETh BbI30B

RESET_HEAP . RESET_HEAP TpeJcTaB/isieT c060i Makpoc, orpezenéHHbIi B boot.h

#define RESET_HEAP() ((void *)( HEAP = _end ))

Ecnu BbI unTanu BTOPYIO 4aCTb, TO [IOMHUTE, UTO Mbl HHULIHA/IU3UPOBAJIK KyUy C ITOMOLLBIO (byHKL[I/II/I init_heap .Y Hac ecThb

HeCKOJTBKO TM071e3HbIX (GYHKLHHN [J1s1 Ky4d, KOTOpBIe OTpe/ie/ieHbl B boot.h :

#define RESET_HEAP()

Kak mbI BU/€/IM UyTh BbIlIE, OH C6paCbIBBET Kyuy, YCTaHOBHMB I1€PEMEHHYIO HEAP B _end , rae _end IIpOCTO extern char
_end[];

CrepyroIuii MakpoC - GET_HEAP :


https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/boot.h#L199
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/main.c#L116

#define GET_HEAP(type, n) \
((type *)__get_heap(sizeof(type),__alignof__(type),(n)))
Tipe/iHa3HaueH J1s1 BbiJesieHust Kyur. OH BbI3bIBaeT BHYTPEHHIOIO QYHKIMIO _ get_heap C TpeMsi [lapaMeTpaMu:

e pasMep THMA [IAHHBIX, KOTOPBIH J0/KeH ObITh BbIIe/IEH
e _ alignof_ (type) OIpeessieT, KaK MepeMeHHbIe STOTO TUIA A0/DKHBI ObITh BHIDOBHEHbI

° n orpeaesdeT CKOJIbKO 3/IEMeHTOB HY>KHO BbI/J€/IUTh

Peanuzanus __get_heap :

static inline char *__get_heap(size_t s, size_t a, size_t n)

{
char *tmp;
HEAP = (char *)(((size t)HEAP+(a-1)) & ~(a-1));
tmp = HEAP;
HEAP += s*n;
return tmp;
}

B panbHelieM Mbl YBUIUM e€ HCII0/Ib30BaHKe, YTO-TO BPOJe:

saved.data = GET_HEAP(ul6, saved.x * saved.y);

IaBaiiTe nornpo6yem NOHATH IIPUHLMI paboThl __get_heap . MBI BUAUM, UTO HEAP (KOTOpBI paBeH _end IIOC/IE
RESET_HEAP() ) sIBJISIETCS a/lpeCcOM BbIDOBHEHHOM MaMsITH B COOTBETCTBUU C rapamMeTpoM a . Ilocsie 3TOro Mel coxpaHsieM azipec
MaMATH HEAP B IIeDEMEHHYIO tmp , TlepeMelljlaeM HEAP B KOHeL] BblZle/IeHHOr0 0JI0Ka ¥ BO3BpalljaeM tmp , KOTOpast sIBISIETCS

Ha4da/IbHBIM aZipeCcoM BbI,HEHEHHOﬁ IIaMATHU.

U nocnepssist GyHKIMS:

static inline bool heap_free

{
return (int)(heap_end - HEAP) >= (int)n;

KOTOpasi BBIUMTaeT 3HaUeHre yKa3aTeass HEAP U3 heap_end (MBI BEIYMC/IS/IA 3TO B ITpeJBIAYIeH uacTi) ¥ Bo3Bpaljaer 1, ecinu

HUMeeTCd JOCTAaTOYHO INaMATH JId n .

Ha stom Bcé. Tereps y Hac ectb ipocToit API a1t Kyuu ¥ MO>KeM ITepelTH K HaCTPOHKe BH/eOPeXIMa.

HacTtpoiika Bujeopexxuma

Tenepb Mbl MOKEM TIeDEHTH HETIOCPe/[CTBEHHO K MHULMAIM3aliH BIeOopeXXUMa. Mbl OCTAHOBU/IMCH Ha BBI30Be RESET_HEAP() B
¢yHKUMM set_video . [lamee MJET BBI30B PYHKIMM store_mode_params , KOTOpasi COXpaHseT MTapaMeTphbl BUZEOPEKHMa B

oot_params.screen_info , é MBI api/li reen_info.h.
CTPYKType boot fo , onpefenéHHoi B include/uapi/linux/screen_info.h

Ecny Mbl TTOCMOTPHM Ha (byHKL{I/II-O store_mode_params , TO YBH/IUM, UTO OHAa HaUMHAETCs C BbI30BA store_cursor_position .

Kak Bbl MOYKeTe MOHSITh U3 Ha3BaHUsI (GYHKLMH, OHA IO/TyYaeT HH(POPMALMIO 0 KypCope U COXPaHsIeT eé.

B nepByto ouepess store_cursor_position HHHULMATU3MPYeT ABe MepeMeHHbIe, KOTOPbIe UIMEIOT TUIl biosregs C AH = 0x3 ,
v Bei3biBaeT BIOS npepbiBanre 0x16 . ITocsie TOro Kak npephiBaHKe YCIEHO BEIIOJHEHO, OHa BO3BpAlLlaeT CTPOKY U CToJibeL] B
peructpax DL U DH . CTpoka u crosnber OyAyT COXpaHeHHI B MOMAX orig_x W orig_y CTPYKTYPBI

boot_params.screen_info


https://github.com/0xAX/linux/blob/master/include/uapi/linux/screen_info.h

TTocrie BBINO/IHEHUsI store_cursor_position BbI3bIBaeTCs PYHKIMsST store_video_mode . OHa IIPOCTO MOTyYaeT TeKYLIM

BUIEOPE)XUM M COXPAHSIET €r0 B boot_params.screen_info.orig_video_mode .

[anee oHa npoBepsieT TeKYIIMI BUEOPEXXHM U yCTaHaB/IMBaeT video_segment . ITocse Toro kak BIOS nepefaét KOHTpPO/b B

3arpy30uHblii CEKTOP, /151 BUe0NaMsITH BbIe/ISI0TCS C/le[yIoliye ajpeca:

OXxBOOO : 0Xx0000 32 K6 BugeonamMATb A/19 MOHOXPOMHOrO TeKcTa
OxB800: 0x0000 32 K6 BugeonamATb 418 LUBETHOro TeKcTa

Takum 06pa3oM, Mbl YCTaHAB/IMBAEM TIEDEMEHHYIO video_segment B 0xb00® , eC/M TeKyluii Bugeopexkum MDA, HGC, uum
VGA B MOHOXPOMHOM PEXUME, U B 0xb800 , €C/IM TEKYLLMH BUeOpeXKUM LiBeTHOM. [Toc/ie HaCTpoKy afpeca BugeodparmeHra,

pa3mep wpudra Jo/mKeH ObITb COXPaHEH B boot_params.screen_info.orig_video_points :

set_fs(0);
font_size = rdfsi16( e
boot_params.screen_info.orig_video_points = font_size;

B niepByto ouepe/ib MbI yCTaHaB/IMBaeM peructp FS B 0 c ToMolsio GYHKIMK set_fs . B IIpeZplAyIIieil yacTy Mbl yoKe BHZeIH
Takue (QYHKLUHY, Kak set_fs . Bce oHu onpefiesiens! B boot.h. [Jasee MbI unTaeM 3HaueHHe, KOTOPOe HAXOUTCS T10 aJjpecy
0x485 (9Ta 06/1aCTH AMSTH HCIIO/IB3YeTCs /1S MOJIydeHusI pa3Mepa MpUdTa) ¥ cOXpaHseT pasMep LiprudTa B

boot_params.screen_info.orig_video_points .

X = rdfs16(0x44a);
y = (adapter == ADAPTER_CGA) ? 25 : rdfs8(0x484)+1;

[asnee MbI TIO/TyyaeM KOJIMUECTBO CTOJIOIIOB 10 afipecy ©x44a , M CTPOK I10 a/IpeCy ©x484 U COXPaHseM UX B
boot_params.screen_info.orig_video_cols W boot_params.screen_info.orig_video_lines . Ilocse 3TOro BLITIOJTHEHHE

store_mode_params 3aBepIIAeTCs.

Ianee MbI BUAUM GYHKLMIO save_screen , KOTOpasi IPOCTO COXPaHsIeT COAEP>KUMOe KpaHa B Kyue. JTa GyHKIMs cobrpaeT Bce
[JaHHbIE, KOTOPBIe MbI TIOJIYUH/IN B TIpeAbIayiiel GYHKLNY, TaKHe KaK KOJMUeCTBO CTPOK M CTOJIOLIOB U T.Jj, ¥ COXPaHsIeT UX B

CTPYKType saved_screen

static struct saved_screen {
int x, y;
int curx, cury;
ulé *data;

} saved;

3aTeM OHa rpoBepseT, eCTb JIh CB06OAHOE MeCTO B Kyue:

if (!'heap_free(saved.x*saved.y*sizeof(ul6)+512))
return;
U ec/Iv MeCTa B Kyue [J0CTaTOYHO, BblJ|e/IsieT ero ¥ CoXpaHsieT B HEM saved_screen .

CrepyroIyii BEI30B - probe_cards(0) u3 arch/x86/boot/video-mode.c. OHa MPOXOAWT 10 BceM video_cards U cobupaeT

KOJIN4YeCTBO PEe>XUMOB, ITpeJOoCTaB/IA€MbIX KapTOﬁ. " BoT 371ecb I/IHTEpECHbIﬁ MOMEHT. MbI MOXKeM BUETH LIUKIT:

for (card = video_cards; card < video_cards_end; card++) {

/* 3pecb cobupaem KO/MMHECTBO PexXuMmoB */

HO video_cards Hur[e He 00bsiB/ieH. OTBeT MPOCT: KaXKbIH BU/IEOPEXKUM, MPe/ICTaB/IeHHBIN B X86-K0je HaCTPOWKH sijjpa,

oTpefiesIéH C/IeflyIOmUM 06pazom:


https://github.com/0xAX/linux/blob/master/arch/x86/boot/boot.h
https://github.com/0xAX/linux/blob/master/arch/x86/boot/video-mode.c#L33

static __videocard video_vga = {

.card_name = "VGA",
.probe = vga_probe,
.set_mode = vga_set_mode,

}

rae __videocard - MakpocC:

#define __videocard struct card_info __attribute_ ((used,section(".videocards")))

KOTOPBI1 OIpefiensieT CTPYKTYpy card_info :

struct card_info {
const char *card_name;
int (*set_mode)(struct mode_info *mode);
int (*probe)(void);
struct mode_info *modes;
int nmodes;
int unsafe;
ulé xmode_first;
ul6é xmode_n;
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KOTOpast HAXOUTCS B cerMeHTe .videocards . [laBaiiTe MOCMOTPUM Ha CKPUMIIT KOMITOHOBIIMKA arch/x86/boot/setup.ld, B

KOTOPOM MBI MOKEM HaMTH:

.videocards 3 &
video_cards = .;
*(.videocards)
video_cards_end = .;

OTO 3HAUMUT, YTO video_cards - IPOCTO afpec B aMATH, X BCe CTPYKTYPbI card_info pa3sMeIaroTCs B 3TOM CerMeHTe. 3TO
TAaK>Ke 03HauaeT, YTO BCe CTPYKTYPhbl card_info pa3MellaloTcsd MeXXAy video_cards M video_cards_end , M Mbl MOXKEM
BOCII0/Ib30BaThCsI 3THM, UTOOBI IPORTHUCE 110 HUM B IMKITe. [Tocie BEITIO/THEHNST probe_cards Y Hac eCTb BCe CTPYKTYPBl static

__videocard video_vga C 3aro/HeHHbIMU nmodes (YHC/IO BUJEOPEKUMOB).

IToce 3aBepIiieHVs BBIMIOMHEHNST probe_cards , MBI TIePeXO/¥M B T7IaBHBIN LUK/ QYHKIUN set_video . DTO GeCKOHEUHBIH
LJVIK/I, KOTOPBIH ITBITAeTCsI YCTaHOBUTE BH/IEOPEXKUM C TIOMOIIBIO GYHKLM set_mode U BBIBOAWT MEHIO, €C/IM YCTaHOBJIEH (iar

vid_mode=ask KOMaH[HOW CTPOKH si/jpa W/IM eCJIH BHZIeOPEeXXUM He OIpe/iesiéH.

OyHKIUS set_mode OIpejeseHa B video-mode.c ¥ IpUHMMAET TOJBLKO OZIMH IapaMeTp - mode , KOTODBIH OrpesiesisieT

KOJIN4eCTBO BHUEO0PEXXHMMOB (Mbl TIOJIyUH/IM €r0 U3 MEHIO M/IM B Hauajse setup_video , U3 3arojioBKa HaCTpOﬁKH H,qpa).

set_mode TIpOBepsieT mode | BbI3bIBaeT GYHKLMIO raw_set_mode . raw_set_mode BBI3bIBAeT set_mode [ijisl BHIOpaHHOM
KapThl, T.e. card->set_mode(struct mode_info*) . MBI MOKeM IOJIyUHTh AOCTYTI K 3TON QYHKIUK U3 CTPYKTYPHI card_info .
KaxxapIii BUZieope)XuM orpe/iesisieT 3Ty CTPYKTYPY CO 3HauUeHHsIMH, 3arl0/IHeHHBIMU B 3aBUCUMOCTHU OT peXkruMa Bu/ieo (Haripumep,
s vga 3TO QYHKIMS video_vga.set_mode . CM. Bblllle IpUMep CTPYKTYpbl card_info s vga ). video_vga.set_mode

SIBIIETCST  vga_set_mode , KOTOPBIN rpoBepsieT VGA-DeKUM U BBI3bIBA€T COOTBETCTBYIOILYIO QYHKLIHIO:

static int vga_set_mode(struct

{

vga_set_basic_mode();

force_x = mode->x;
force_y = mode->y;

switch (mode->mode) {


https://github.com/0xAX/linux/blob/master/arch/x86/boot/setup.ld
https://github.com/0xAX/linux/blob/master/arch/x86/boot/video-mode.c#L147

case VIDEO_80x25:
break;

case VIDEO_8POINT:
vga_set_8font();
break;

case VIDEO_80x43:
vga_set_80x43();
break;

case VIDEO_80x28:
vga_set_14font();
break;

case VIDEO_80x30:
vga_set_80x30();
break;

case VIDEO_80x34:
vga_set_80x34();
break;

case VIDEO_80x60:
vga_set_80x60();
break;

}

return 0;

Kaxxaas QpyHKLMS, KOTOpasi yCTaHaB/IMBaeT BUAEOPEXXUM, TIPOCTO Bbi3biBaeT BIOS mnpepbiBaHHe 0x10 C ONpeen&éHHbIM

3HaYeHUEM B DETUCTPe AH .
ITocne Toro Kak Mbl YCTAHOBUA/IM BUZICOPEXXNM, MBI IlepefiaéM ero B boot_params.hdr.vid_mode .

[Hanee BbI3bIBaeTCsl vesa_store_edid . OTa pyHKUus coxpansieT nHpopMmauuio o EDID (Extended Display Identification Data)
[JIsI KCTI0/Tb30BaHust siApoM. I1ocsie 3TOro CHOBa BBI3BIBAETCSI store_mode_params . V1 HAKOHEL], €C/IM YCTAHOB/IEH do_restore

9KPaH BOCCTaHAB/IMBACTCA B IMpeJblAyllee COCTOAHHE.

CpernaB 3T0, MBI 3aBeplllaeM HaCTPOHMKY BH/EOPEeXXUMA U MBI MOXKEM ITePEK/TFOUNTCS B 3aIUIIEHHBIN PEXKHIM.

IToc/iegHsAs MOArOTOBKA IMepej Mepexo oM B 3allUIIéHHbIA PeXXUM

MB&I MOKeM BH/IETh TIOC/IeAHHI BBI30B QYHKIUH - go_to_protected_mode - B main.c. Kak rOBOpUTCS B KOMMEHTapUu: Do the
last things and invoke protected mode , TaK 4TO JjaBaiTe IIOCMOTPUM Ha 3T [TOC/IeJHHE BEIH U NepeiiéM B 3aIUIEHHBIN

PEXUM.

DyHKIUS go_to_protected_mode orpegesieHa B arch/x86/boot/pm.c. OHa cofiepuT (YHKLMH, KOTOPbIe COBEPIIAI0T TOC/IeHHe
TIPUTOTOB/IEHYS], TIPEX/e YeM Mbl CMOYKeM I1epeiTH B 3aLlUIIEHHbIA Pe>KUM, TaK UTO JaBaiiTe TIOCMOTPUM Ha HUX M MOMbITaTbCs

TIOHATB, UTO OHM [€/1al0T U KaK 3TO pa60TaeT.

Bo-niepBbIX, 3T0 BbI30B GYHKLUM realmode_switch_hook B go_to_protected_mode . OTa yHKLUS BBI3bIBAET XYK
TIepeK/IF0UeHUs pe)KMMa peaslbHBIX aZipecoB, eC/Id OH MPUCYTCTBYeT, U BelkItoyaeT NMI. XyKy UCIO/IB3YIOTCS, €C/IN 3arPy34YnK
paboTaeT Bo "BpaxkaebHOM" cpesie. Bel MoxkeTe npounTaTh 60JIblIIE 0 XyKax B rpoTokosie 3arpy3ku (cv. ADVANCED BOOT
LOADER HOOKS).

XyK realmode_switch TIpefcTaBseT cob0i yKa3areb Ha 16-OUTHYIO yanéHHYO OAIPOrpaMMy PeXXHUMa peasTbHBIX afpecoB,
KOTOpasi OTK/IF0YaeT HeMacKHpyeMble MpepbIBaHus. I1oc/ie MpOBepKU XyKa realmode_switch , TPOMCXOJUT BHIKTIOUeHHe Non-
Maskable Interrupts (NMI):

asm volatile("cli");
outb(0x80, 0x70); /* BblknodeHne NMI */
io_delay();


https://en.wikipedia.org/wiki/Extended_Display_Identification_Data
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/main.c#L184
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/pm.c#L104
http://en.wikipedia.org/wiki/Non-maskable_interrupt
https://www.kernel.org/doc/Documentation/x86/boot.txt

ITepBoii BEI3bIBaeTCsl acceMbiiepHasi MHCTPYKLMsL cli , KOTOpast ouMiiaeT ¢yiar npepbiBaHus ( IF ). ITocsie 3TOro BHelIHMe

npepbIBaHUs OTK/ItOueHbl. Criefytoiias cTpoka oTkaoyaeT NMI (HemackupyeMble IIpephbIBaHNs).

TTpepbIBaHue SIB/SIETCS CUTHA/IOM, KOTOpBIH oTrpassiercst CPU oT anmnapaTHOro Wiy porpaMMHoro obecreuenust. [Tocne
nosiyueHus: curdana, CPU npuocraHaB/ivBaeT TeKyllyo 110C/e/[0BaTeIbHOCTb KOMaH[|, COXpaHsieT CBO& COCTOsTHYe U repefiaéT
yrnpassieHre 06paboTumKy rpepbiBaHuid. ITocsie Toro kak 06paboTuMK MpepbIBaHMsI 3aKOHUMIT CBOIO paboTy, OH repesjaéT
yrpaBjieHHe TIpepBaHHOM MHCTpyKLmK. Hemackupyemble npepsiBanust (NMI) - 3To pepbiBaHMs, KOTOPble 06pabaThIBAIOTCS
BCer/ia, He3aBUCUMO OT 3alpeToB Ha Apyrue npepeiBaHusl. VX Heb3s UTHOPUPOBATh, U, KaK MPaBU/IO, OHU UCIIO/b3yHOTCS AJIS
MO/ja4H CHTHa/Ia 0 HEeBOCCTAHAB/IMBAeMbIX arnapaTHbIX omMboK. Ceffuac Mbl He Gy/ieM IOTPY)KaThCsl B A€TaIM IIpephIBaHU, HO

06Ccy UM 3TO B C/Ie/IOLMX TOCTaX.

[laBaiiTe BepHEMCS K KOAy. MBI BU/IM, UTO BTOpasi CTPOKA IHUIIET OaliT 0x80 (OTK/IFOUEHHBIN 6UT) B 0x70 (peructp CMOS
Address). ITocsie 3TOro MPOUCXOJUT BBI30B PYHKLMU io_delay . io_delay BbI3bIBAeT HEOOJIBLIYIO 3a[i€PXKKY U BBITJISIUT

C/IeIyIOLIM 00pa3oM:

static inline void io_delay(void)

{
const ul6é DELAY_PORT = 0x80;
asm volatile("outb %%al,%@" : : "dN" (DELAY_PORT));

151 BbIBOZA JiF0OOrO GakiTa B MOpT 0x80 HeobxonuMa 3azep)kka B 1 MKC. TakuM 00pa3oM, Mbl MOXKEM 3arucath Jiroboe
3HaueHue (B HallleM CJTydae 3HaueHHe U3 perucrpa AL ) BTIOPT 0x80 . [Tocsie 3aepkku, PyHKLUsST realmode_switch_hook

3aBeplIIaeT BHINOJHEHNE U MBI MOYKEM TIePEHTH K CIeAyIomlel GyHKIMH.

Cnenyroujast GyHKIUMS - enable_a20 - BKmouaeT jimHnio A20. OHa onpefiesieHa B arch/x86/boot/a20.c u coBepiIaeT MOMbITKY
BKJTFOUEHUS 1IIJTF03a a/[pecHOM JIMHUU A20 pa3uuHbIMUA MeTOAaMU. [1epBbIM U3 HUX B/IsSeTCs PYyHKIUsS a20_test_short ,

KOTOpasi IPOBepsIT, siB/steTcst Td A20 BKIIOUEHHOM MM HET C TIOMOIIBI0 GYHKLMN a20_test :

static int a20_test(int

{
int ok = 0;
int saved, ctr;

set_fs( );
set_gs( )i

saved = ctr = rdfs32(A20_TEST_ADDR);

while (loops--) {
wrfs32(++ctr, A20_TEST_ADDR);
io_delay(); /* Serialize and make delay constant */
ok = rdgs32(A20_TEST_ADDR+ ) N ctr;
if (ok)
break;

wrfs32(saved, A20_TEST_ADDR);
return ok;

B MnepByl0 ouepe/ib Mbl YCTaHAB/IMBA€M DETUCTD FS B 0x0000 M DerMcTp GS B Oxffff . ,Z[anee MBI UMTaeM 3HaueHue 110

azipecy A20_TEST_ADDR ( 0x200 ) M COXpaHseM ero B IepeMeHHYI0 saved U ctr .

ITocsie 3TOro Mbl 3aruceiBaeM 0OHOBIEHHOE 3HAUeHWe ctr B fs:A20_TEST_ADDR WM fs:0x200 C TToOMOL]bHO (byHKLII/II/I
wrfs32 , COBepIIaeM 3a/Iep>XKKy B 1 Mc, a 3aTeM uMTaeM 3HaueHue 13 perucrpa GS TIIO ajpecy A20_TEST_ADDR+0x10 . B C/1y4ae,

eci yimHKsL A20 OTK/TIOY€eHa, ajipec OyZeT IepeKphIT, B IPOTUBHOM C/Tyudae, eC/Ii OH He paBeH HyJ0, MuHUsS A20 yKe BK/TFOUeHa.


http://en.wikipedia.org/wiki/A20_line
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/a20.c

Ecmu nuaust A20 oTK/IIOUeHa, Mbl TILITAEMCS BK/IFOUUTh €€ C TIOMOLIBIO APYTUX METO0B, KOTOPbIE Bbl MOXKeTe HaWTU B a20.c .

Harnpumep, 5T0 MOXXeT ObITh C€/IaHO C IIOMOLLbIO Bbi3oBa BIOS mpepbiBaHMsl 0x15 C AH=0x2041 U T.J.

Ecnu ¢yHKUuMst enabled_a20 3aBepIIaeTCs Hey/auei, BEIBOAUTCS coobiieHue 06 olrbKe v BbI3bIBaeTCs PyHKIMSA die . Bbl

MO>KeTe BCIIOMHUTB e€ 13 IepBoro (aiina NCXofHOro Koja, OTKy/a Mbl Hauanu - arch/x86/boot/header.S:

die:
hlt
jmp die
.size die, .-die

IMocsie Toro Kak 1103 MuHUK A20 yCIelHO BK/IIOYEH, BbI3bIBaeTcsi PyHKIUsI reset_coprocessor :

outb (0, )i
outb (o, )i

OHa OuHIIjaeT MaTeMaTHUeCKHI COTPOLIECCOP TTyTéM 3alici @ B OxfO , a 3aTeM COPAChIBAET €ro MpH MOMOLLM 3alCH 6 B

oxf1 .

ITocse sTOrO BHI3BIBAETCS PYHKIMS mask_all_interrupts :

outb( ' )i
outb( ' )i

OHa MacKkupyeT Bce npepbiBaHus Ha BropruHoM PIC (mporpaMmupyeMslii KOHTpOJIIep NpepbiBaHuii) U nepBuuHoM PIC, 3a

nckmouenrem IRQ2 Ha nepsuunom PIC.

U Temneps, 1ocsie BCeX IIPUTOTOBJIEHNH, MbI MOYKeM YBH/ieTh (DaKTHIeCKUi IIepexoZ, B 3alljUIIEHHBIA PEXXUM.

HacTtpoiika Ta0/1MIbl BEKTOPOB NpepbIBaHUI

Ternepb Mbl HacTpavBaeM Tab/MLy BeKTOpOB npepbiBanuil (IDT). OyHKUMS setup_idt :

static void setup_idt(void)

{
static const struct gdt_ptr null_idt = {0, 0};
asm volatile("lidtl %0" : : "m" (null_idt));

HacTpauBaeT TabJIHLy BeKTOPOB ITpephIBaHU (OmUChIBaeT 00pabOTUMKY NIpephIBaHuM U T.1). B Hactosiiee Bpemst IDT He
yCTaHOBJIeHa (MBI YBUZIUM 3TO I03)Ke), celiuac MbI TpocTo 3arpy3uid IDT uHCTpyKimel lidtl . null_idt COZEP)KUT afjpec u

pasmep IDT, Ho celiuac OHM paBHBI HyJ/IFO. null_idt sIB/IsieTCS CTPYKTYPOH gdt_ptr U ompezesieHa CaeAyompM obpa3om:

struct gdt_ptr {
ul6é len;
u32 ptr;
} __attribute__((packed));

rJe MbI MOXKeM BH/ieTh 16-0utHyt0 AnmuHy ( len ) IDT u 32-OutHbll yKa3aTens Ha Heé (6osiee moapo6HO o IDT u npeprIBaHUSX
Bbl YBU/IUTE B C/Ie/IyIOLIMX NIOCTax). _ attribute_ ((packed)) O3HauaeT, YTo pasMep gdt_ptr sIB/s€TCS MUHUMAaJIbHBIM
TpebyembiM pasmepoM. TakuMm ob6pa3oM, pasmep gdt_ptr J0/DKeH ObITh paBeH 6 Oaiitam umu 48 6utam. ([Janee Ml 6ynem
3arpy’kaThb yKa3aTe/lb Ha gdt_ptr B PErucTp GDTR U Bbl, BOSMOXXHO, [IOMHHUTE W3 MPeJBIAYILEro MoCTa, 4To 3T0 48-6UTHBII

pEerucTp).


https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/header.S

HacTpoiika ri100a/16H0# Ta0/IUILbI JeCKPUIITOPOB

Manee UaET HACTPOIKA r7106ambHOM Tabumib! Aeckpuntopos (GDT). Mbl MoXXeM BHAETb QYHKLUIO setup_gdt , KOTOpast
HactpauBaeT GDT (Bbl MOXKeTe MPOUYMTATH MPO 3TO B mocTe [Ipotiecc 3arpysku sizipa. Yacts 2.). B aTol GpyHKUMM orpesienéH

MaccuB boot_gdt , KOTOPBIH COZEP)KUT OIpe/ieNieHre TPEX CeTMEHTOB:

static const u64 boot_gdt[] __attribute_ ((aligned(16))) = {

[GDT_ENTRY_BOOT_CS] = GDT_ENTRY/( , 0, ),
[GDT_ENTRY_BOOT_DS] = GDT_ENTRY/( , 0, ),
[GDT_ENTRY_BOOT_TSS] = GDT_ENTRY( , , ),

}i

IU1s1 TIOJTyYeHust Koga, faHHbiX ¥ TSS (Task State Segment, cerMeHT cOCTOsIHUS 3a/iauu). B JaHHBIM MOMEHT Mbl He Oyzem
HCI10/Ib30BaTh CErMEHT COCTOSAHUSA 3a/lauu. Kak Mbl MOxemM BUJETh B CTDOKE KOMMeHTapus, OH 6]:1]1 /I[O6HBJIEH crieqqya/JibHO OJ1st
Intel VT (371eCh BbI MOXKeTe HAWTH KOMMMT, KOTOPBIH OMUCHIBaeT ero). JJaBaiiTe mocMOTpU Ha boot_gdt . IIpexxze Bcero
OTMETHUM, UTO OHa MMeeT aTpubyT _ attribute_ ((aligned(16))) . OTO 03HAYaeT, yToO CTPYKTypa Oy/eT BbIpOBHeHa 1o 16

Gatitam. []aBaiiTe TOCMOTPUM Ha MPOCTOM MPUMep:

#include <stdio.h>
struct aligned {
int a;

}__attribute_ ((aligned(16)));

struct nonaligned {

int b;
¥
int main(void
{
struct aligned a;
struct nonaligned na;
("Not aligned - %zu \n", sizeof(na));
("Aligned - %zu \n", sizeof(a));
return 0;
}

TexXHUYeCKH, CTPYKTYPa, KOTOpast COZePKUT OZHO T0JTe THIa int , IOJDKHA UMeThb pa3mMep 4 Gaiita, HO /i1 aligned

CTPYKTYpBI ToTpebyetcst 16 GalT A/ XpaHeHHs B AMSITH:

$ gcc test.c -0 test && test
Not aligned - 4
Aligned - 16

3AECL GDT_ENTRY_BOOT_CS HMeeT UH/EeKC - 2, GDT_ENTRY_BOOT_DS SBJ/sIeTCS GDT_ENTRY_BOOT_CS + 1 U T.O. OH HauMHaeTcs C

2, TIOCKOJIBKY TIepBEIi SBJIsieTCsl 00s13aTe/IbHBIM HYJIEBBIM JIeCKPUNITOPOM (MHZEKC - 0), a BTOpOi He HCIIOb3yeTcst (MHAEKC - 1).

GDT_ENTRY - 3TO MaKpoC, KOTODBIH MPHHUMaeT ¢iary, 6a30BbIi azpec, pefen v co34aéT 3amuck B GDT. s npuMepa

TIOCMOTPHM Ha 3alurcChb CerMeHTa Koja. GDT_ENTRY TIpUHHMMaeT C/IeAyIol[ie 3HaYeHU:

e 0a30BbIN azipec - ©
e mpenen - OxFFFFf

® (iaru - 0©xco9b

Yro 370 3HauMT? ba3oBhbIii agpec cermenTa paBeH 0, a ipefien (pa3mep cermenTa) paBeH Oxfffff (1 MO). [laBaiiTe MOCMOTPUM

Ha ¢iary. B JBoMYHOM BH/le 3HaUeHHe 0xc09b Oy/eT BHITJISJETh CeAYIOIUM 00pa3om:


https://github.com/torvalds/linux/commit/88089519f302f1296b4739be45699f06f728ec31

1100 0600 1001 1011

TToripo6yeM MOHSATH, UTO 03HauaeT Kablid 61T. Mbl poiAéMest 1o BceM GuTaM CieBa HarpaBo

e 1-(G) 6uT rpaHy/ISIPHOCTH

e 1-(D)ecu paBeH 0 - 16-6uTHBIN cerMeHT; 1 - 32-OUTHBII CerMeHT
o 0-(L)ecm 1 - BoinosiHsteTcsi B 64-0UTHOM peXUMe

e 0-(AVL) nocTyneH sl UCTIO/Ib30BaHUs cucTeMHbIM 10

e 0000 - 4 6urta npegena B 19:16 6ut B geckpurrope

e 1-(P) npucyTcTBue cerMeHTa B TaMsATU

e 00 - (DPL) - ypoBeHb npuBUierui, 0 siB/isieTCsl BbICILIEH TIPUBUIETHeN
e 1-(S) cermeHT KOfia W/ IaHHBIX, He CUCTEMHBII CETMEHT

e 101 - Tum cermeHTa 4 BUAbI OCTYIA K HeMY (UTeHue, BbIIIOJIHEHHE)

e 1 - 6ur obpaueHus

BbI MoskeTe npounTaTh 60IbLLE 0 KaXKJOM OUTe B MpeAbIAyLieM 10CTe WK B J0KyMeHTalyn yist paspaborunkos 10 Ha

apxurekType Intel® 64 1 IA-32.

[Mocne 3Toro msl noydaem AnuHy GDT:

gdt.len = sizeof(boot_gdt)-1;

31ech MBI TIOy4aeM pa3mMep boot_gdt ¥ BbiuuTaeM 1 (rocnegHuii AefictBurenbHbIN agpec B GDT).

Janee nonyuaem ykasatesnb Ha GDT:

gdt.ptr = (u32)&boot_gdt + (ds() << 4);

34ech MBI IIPOCTO MOJIydaeM afipeC boot_gdt ¥ j00aB/isieM ero K aZipecy cerMeHTa JaHHBIX, CABUHYTOrO B/IeBO Ha 4 6uTa (He

3abbIBaiiTe, UTO Ceilyac Mbl HAXOJUMCS B PE)KUME PeasIbHBIX a/[peCOB).

W HakoHell, MbI BBITIOJIHSIEM UHCTPYKLMIO 1gdtl uis 3arpy3ku GDT B peructp GDTR:

asm volatile("lgdtl %0" : : "m" (gdt));

dakTHUeCKHH Nepexoj B 3alMILEHHbIN Pe)XXUuM

JT0 KOHel| QYHKLUKN go_to_protected_mode . Mol 3arpy3umu IDT, GDT, oTK/IHOuM/IM NpepeIBaHus U Terepb MOXKeM

niepekmounts CPU B 3alMIEéHHBINA pexkuM. TToc/iejHui 1iar - BbI30B QYHKLUU protected_mode_jump C ABYMs NapaMeTpaMH:

protected_mode_jump(boot_params.hdr.code32_start, (u32)&boot_params + (ds() << 4));

KoTOpast oripefenieHa B arch/x86/boot/pmjump.S. OHa momy4JaeT JjBa rapamerpa:

e a/[pec TOYKHY BXO/a B 3aIUIIEHHBIA PEXXUM

® ajpec boot_params

,E[aBaPITe 3ar/issHeM BHYTPb protected_mode_jump . Kak s Yy>Ke rucal Bblllie, Bbl MOXKeTe HalTHU ero B arch/x86/boot/pmjump.S .

IMepBeIii MapamMeTp HAXOJUTCS B PETUCTPe eax , BTOPOM B edx .

B nepByto ouepess MbI TOMEILAeM aJjpeC  boot_params B PErHCTD esi U afipec PerHMCTpa CerMeHTa Koja cs B bx . [lanee
!

MBI CIBUTaeM bx Ha 4 6uTa 1 [06aB/sieM K HeMy ajjpec MeTKH 2 ( (cs << 4) + in_pm32 , GM3WUECKUI afpec AJ1s "MpbDKKa'

Trocrie niepexo/ia B 32-OUTHBII PeXXKHM) U TTepex0AuM Ha MeTKy 1 . ITocsie sToro in_pm32 B MeTKe 2 Oy/eT nepesarnucaH


http://www.intel.com/content/www/us/en/processors/architectures-software-developer-manuals.html
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/pmjump.S#L26

C/IeAyIOIM 00pa3oM: (cs << 4) + in_pm32 .

[Jlanee Mbl oMelllaeM CerMeHT JJaHHBIX Y CETMEHT COCTOSIHUS 3a/laui B PeTUCTPbl cx M di :

movw $__BOOT_DS, %cx
movw $__BOOT_TSS, %di

Kak Bbl MOKeTe MpoYecTb Bblllle, GDT_ENTRY_BOOT_CS HMeeT UH/eKC 2 U Kaxzas 3anicb GDT umeet pa3mep 8 6aiiT, mostomy

cs Oymer 2 * 8 = 16 , _ BOOT_DS paBeH 24 U T.[.

[anee mbl ycraHaBiBaeM 6ut PE (Protection Enable) B peructpe ympasneHusi CRO :

movl %Ccro, %edx
orb $X86_CRO_PE, %d1
movl %edx, %cro

Y COBeplIaeM JJIMHHBIN Nlepexo/] B 3allMILEHHBIN PeXXUM:

.byte 0x66, Oxea
2: .long in_pm32
.word __BOOT_CS

rze

® 0x66 - IpeUKC pa3Mepa OrnepaH/a, KOTOPBIi I03BOJIsIeT CMEIMBaTh Kak 16-OWTHBIH, Tak ¥ 32-OUTHBIH Kof,

® Oxea - OIKOJ MHCTPYKLMH I1epexoja,

® in_pm32 - CMeLLeHHe CerMeHTa B 3alMIIEHHOM DeXXuMe, KOTOpOoe MMeeT 3Ha4eHue (cs << 4) + in_pm32 , IIOJly4eHHOe U3
pexkuMa peasibHbIX aZlpecoB

® _ BOOT_CS - CerMeHT KO/ja, Ha KOTOPbII MbI XOTUM TIepeUTH.

ITocsie 5TOro MBI HAKOHEII-TO B 3aIlJUIIIEHHOM PEKHMe:

.code32
.section ".text32","ax"

ITaBaiiTe MOCMOTPUM Ha IepBbIe LIary B 3aIUIIEHHOM peXXuMe. IIpeXkzie Bcero Mbl yCTaHaB/IMBaeM CErMEHT JJAHHBIX CJIeAyOIM

obpazom:
movl %ecx, %ds
movl %ecx, %es
movl %ecx, %fs
movl %ecx, %gs
movl %ecx, %Sss

Ecnu BeI 06paTi/iv BHUMaHKe, TO MOKeTe BCIIOMHHTb, UTO MbI COXPAHSUIA $__BOOT_DS B DETHCTpe cx . Terepb MbI 3alIOTHHWIN
BCe CerMeHTHBIe PerucTpel, KpoMe cs ( cs YKe _ BOOT_CS ). [lamee Mbl 0OHY/IsieM BCe pErMCTpBI 00Iero Ha3HaueHwsl, KpoMe

eax .

xorl %ecx, %ecx
xorl %edx, %edx
xorl %ebx, %ebx
xorl %ebp, %ebp
xorl %edi, %edi

U B KOHL|e TIepex0AnM K 32-OUTHOH TOuKe BXOZa:



jmpl *%eax

Kak Bbl MIOMHHUTE, eax COJEPXKUT afpec 32-OUTHOI 3amucy (Mbl epe/iaiv ero Kak MepBbii lapaMeTp B protected_mode_jump ).

Ha 3ToM Bcé. Ternepb Mbl HAXOIUMCS B 3alL{UILIEHHOM pPeXXHMe U OCTaHaB/IMBAeMCsl Ha 3TOM Touke BXoja. UTo MpoU30HAET

Jiasblile, Mbl YBUAUM B C/lefyrollieii yacTH.

3aK/TI0UeHue

3TO KOHeL| TPeTbell YaCTH 0 BHYTPeHHOCTSX ajpa Linux. B cnepytolieii yactv Mbl pacCMOTPUM IepBble 11ary B 3all{ULEHHOM

pexxume u repexof, B long mode.

OT nepeBoAYMKa: MOXKA/IyHCTa, UMelTe B BUAY, UTO AHIJIMMCKUH - He MOI POJHOH fA3BIK, U A 0YeHb U3BHHAIOCH 3a
BO3MOXXHBIE HeyAo0cTBa. EC/in BbI HaliiéTe Kakue-1n00 OIMOKH /1M HETOUHOCTH B IEPEBO/E, MOXKAIYHCTa, MPHUILLIATE

pull request B linux-insides-ru.

CcuUIKH

o VGA

e VESA BIOS Extensions

e BripaBHUBaHMe JlaHHBIX

e Hemackupyemoe npepbiBaHue

o Jlunusa A20

o GCC designated inits (Ha3HaueHHbIE HHULMATA3aTOPbI)
e ATpubytsl THoB GCC

e [Ipezbiayuii noct


https://en.wikipedia.org/wiki/Long_mode
https://github.com/proninyaroslav/linux-insides-ru
http://en.wikipedia.org/wiki/Video_Graphics_Array
http://en.wikipedia.org/wiki/VESA_BIOS_Extensions
http://en.wikipedia.org/wiki/Data_structure_alignment
http://en.wikipedia.org/wiki/Non-maskable_interrupt
http://en.wikipedia.org/wiki/A20_line
https://gcc.gnu.org/onlinedocs/gcc-4.1.2/gcc/Designated-Inits.html
https://gcc.gnu.org/onlinedocs/gcc/Type-Attributes.html

IIponecc 3arpys3ku sajapa. HYacrs 4.

ITepexo/ B 64-0MTHBINH Pe)XXUM

3TO ueTBEPTAs UACTh Mpouecca 3arpyskn sapa , B KOTOPOU Bbl YBU/WTE TepBbIe IIard B 3all[UIEHHOM PeXXrMe, TaKue Kak
MpOBepKa Mo//iep>KKu mpoijeccopom long mode u SSE, cTpaHnuHast OpraHy3ayis naMsTy, MHALUATH3aL¥s TabI|L] CTPAHUI] U B

KOHL{e MbI 06CyzuM nepexof B long mode.

3AMEYAHUE: faHHas 4acThb COJAeP)KUT MHOr0 acceM0/IepHOro K0/a, TaK YTO €C/IM BbI He 3HAKOMBI C HUM, BbI MO)KeTe

MPOYMUTATH COOTBETCTBYIOLIYIO JIUTEPATypPy

B npefpiayieli uacty Mbl OCTAaHOBU/IMCH Ha Tiepexo/ie K 32-6uTHoi Touke Bxoga B arch/x86/boot/pmjump.S:

jmpl *%eax

BbI TIOMHUTE, UTO PETUCTP eax COZEPKUT afipec 32-OUTHOM TOUYKM BX0fa. MBI MOXKeM ITPOYUTATh 00 3TOM B [IPOTOKOJIE

3arpysku agpa Linux x86:

Npu ucnone3oBaHuun bzImage sA4p0 B 3aWuuEHHOM pexuve nepevewaeTcs Ha 0x100000

IlaBaiiTe y/[0CTOBEPHMCS B TOM, UTO 3TO IIPaB/a, IOCMOTPEB Ha 3HaUeHHsI PETUCTPOB B 32-OMTHOM TOUKe BXOza:

eax 0x100000 1048576
ecx 0x0 0

edx 0x0 0

ebx 0x0 0

esp Ox1ff5c Ox1ff5c
ebp 0x0 0x0

esi 0x14470 83056

edi 0x0 0

eip 0x100000 0x100000
eflags 0x46 [ PF ZF ]
cs 0x10 16

Ss 0x18 24

ds 0x18 24

es 0x18 24

fs 0x18 24

gs 0x18 24

MBI BHIWM, UTO DETHCTP cs COZEPXKUT 0x10 (Kak Bbl [IOMHHUTE W3 ITpe/bIAYIel UacTH, 3TO BTOPOW MH/EKC B T100aIbHOM
TabsIHLe ZeCKPUNITOPOB), PETHCTD eip COJEP)KUT 0x100000 , U 6a30BBIi aZpec BceX CerMeHTOB, B TOM UKC/Ie CerMeHTa KOZa,
paBeH Hymo. TakiM 06pa3oM, MBI MOXKEM TIOTYUHTh (DM3UUECKUH aZipec - 3T0 OyZeT 0:0x100000 MM IIPOCTO 0x100000 , KaK

yKa3aHo B ITPOTOKOJIe 3arpy3ku. laBaiite HAUHEM C 32-OUTHOH TOUKHU BXOJA.

32-0uTHasA TOUKa BXo/a

MbI MOKeM HalTH ornpeziesieHue 32-6UTHOM TOUKM BXoza B arch/x86/boot/compressed/head_64.S:

__HEAD
.code32
ENTRY(startup_32)


http://en.wikipedia.org/wiki/Protected_mode
http://en.wikipedia.org/wiki/Long_mode
http://en.wikipedia.org/wiki/Streaming_SIMD_Extensions
http://en.wikipedia.org/wiki/Paging
https://en.wikipedia.org/wiki/Long_mode
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/pmjump.S
https://www.kernel.org/doc/Documentation/x86/boot.txt
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/compressed/head_64.S

ENDPROC (startup_32)

[Ipexxze Bcero, nouemy Aupekropusi compressed ? Ha camoM fienie, bzimage $SIB/SIeTCSI OKAaTbIM vmlinux + 3aronoBoK + KOp
HacTpoiiku agpa . Mbl BUZEH KOJ HACTPOUKH si/ipa BO BCEX MPeAbIAYIKX YacTsx. Takum o6pasom, IyiaBHas Liesib  head_64.S -
MOAroTOBKa repexo/a B long mode, nepexo/ B HEro U IEKOMIPECcHs siipa. B 3TOM YaCTH Mbl yBUUM BCe ILIArH, BIUIOTh [0

JeKOMIIPeCCUU aapa.
B pupekTopuu arch/x86/boot/compressed COLEPIXUTCS [Ba (bai/’ma:

e head_32.S
o head_64.S

HO MbI OyZieM paccMaTpuBaTh TOJIBKO head_64.S , TIOTOMY UTO, KaK Bbl [IOMHHUTE, 3Ta KHUTa TOMBKO O x86_64 ; head_32.S B
HallleM cjIydae He ucrosb3yetcs. [laBaiiTe mocMoTpuM Ha arch/x86/boot/compressed/Makefile. 3mecs MbI MOXKeM YBUAWTB

C/IeIyIOLIyIO Le/ib COOPKU:

vmlinux-objs-y := $(obj)/vmlinux.lds $(obj)/head_$(BITS).o0 $(obj)/misc.o \
$(obj)/string.o $(obj)/cmdline.o \
$(obj)/piggy.o $(obj)/cpuflags.o

OOparuTe BHUMaHue Ha $(obj)/head_$(BITS).o . OTO 03HauaeT, uTo BiOOp (aiina (head_32.0 wmm head_64.0) a5t TUHKOBKU

OyzeT 3aBUCeTh OT 3HaueHus1 $(BITS) . $(BITS) ompeaenéH B arch/x86/Makefile, ocHoBaHHOM Ha .config ¢aiine:

ifeq ($(CONFIG_X86_32),y)
BITS := 32

else
BITS := 64

endif

Ilepe3arpy3ka cerMeHTOB, eC/IM 3TO He00X0ANMO

Kak ObI710 0TMeueHO BbIllIe, Mbl HaUMHaeM ¢ accembsiepHoro ¢aiina arch/x86/boot/compressed/head_64.S. Bo-niepBbIX, Mbl BUAUM

orpeziesieHNe CIIelaabHOTO aTpHOyTa CeKLUU Iepes orpesie/ieHreM startup_32 :

__HEAD
.code32
ENTRY(startup_32)

__HEAD sIBJISIETCSI MAaKpOCOM, orpefenéHHbIM B include/linux/init.h u mpegcrapsier cob0# cieAyIONIYIO CEKLIUIO:

#define __ HEAD .section ".head.text", "ax"

CUMeHeM .head.text U (uaramMu ax . B HamieMm ciydae 3TH ¢Jiarv 03Ha4aroT, UTO CEKLHIS SIBJISIETCS VICTIO/THSIeMO HITH,
IPYTMMH CJIOBaMH, COZEPKUT KOZ. MBI MO>KeM HalTH OTIpefie/ieHHe 3TOW CEeKIUK B CKPHUITTe KOMITOHOBIIIMKA

arch/x86/boot/compressed/vmlinux.lds.S:

SECTIONS
{
.= 0;
.head.text : {
_head = . ;
HEAD_TEXT


https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/compressed/head_32.S
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/compressed/head_64.S
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/compressed/Makefile
https://github.com/torvalds/linux/blob/v4.16/arch/x86/Makefile
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/compressed/head_64.S
https://github.com/torvalds/linux/blob/v4.16/include/linux/init.h
https://en.wikipedia.org/wiki/Executable
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/compressed/vmlinux.lds.S

_ehead = . ;

Ec/i BbI HE 3HAKOMbBI C CHHTAKCHCOM CKPHITTOBOT'O 53bIKa KOMITOHOBII[KA GNU LD , BbI MOKeTe HaiTu 6osiee ogpobHyto
MH(OPMALUIO B [0KyMeHTali1. BKpaTiie, CAMBO/T . SIB/ISIETCS CieL{Ua/IbHOM 1epeMeHHOM KOMIOHOBILMKA - CUETYUNKOM
MeCTOIO/I0KeHusl. 3HaueHue, IPUCBOEHHOE eMy - 3TO CMelljeHHe M0 OTHOLLIEHUIO K CMell|eHUI0 cerMeHTa. B Halllem ciyuae Mbl
yCTaHaB/IMBaeM CUETUMK MeCTOII0J/I0)KeHHs B HOJIb. DTO O3HauaeT, UTO Halll KOJ, CTMHKOBAH /ISl 3alycKa B IaMsITH CO CMellleHUst

o . Kpome TOro, Mbl MO>KeM HalTH 3Ty HH(OPMALHIO B KOMMEHTapHH:

Be careful parts of head_64.S assume startup_32 is at address 0.

Xopol1o, Terepb Mbl 3HaeM, I/ie Mbl HAXOAUMCS, U ceffiuac caMmoe BpeMs 3arIsiHyTh BHYTPb PYHKIMK startup_32 .

B Hauane startup_32 Mbl BUAUM MHCTPYKIMIO cld , KOTOpasi ouMinaer 6UT DF B peructpe ¢iaros. Korga ¢oar HarnpaBieHus
OUMIIeH, BCe CTPOKOBBIE OIepariyy, TakKe Kak stos, scas U Ap. 0yAyT HHKpeMeHTHPOBaTh MHJEKCHBIE DETHCTPbl esi WM edi .
HaM Hy’>KHO OuMCTUTSH (h/1ar HarpaB/ieH!s], IOTOMY UTO II03Ke MbI Oy/ieM HCII0/Ib30BaTh CTPOKOBBIE OIepaLjuy AJIsI OUUCTKU

MPOCTPAHCTBA /IS TaOJIHL] CTPaHMUL] U T.J.

ITocse Toro Kak OGUT DF OYHIL|EH, C/IEAYIOLIMM ILIaroM sIBJISIETCSI IpOBepKa (iara  KEEP_SEGMENTS U3 IOt loadflags
3aroJioBKa HaCTpOMKY siipa. Ec/iv Bbl TOMHUTe, MBI y>Ke BUJie/IM loadflags B CaMOW MepBOM uacTy KHUTU. Tam Mbl IpoBepsiiu
¢hmar CAN_USE_HEAP UTOOBI y3HaTh, MOYKEM JIA MBI UCIIO/TB30BaTh Kydy. Tereps HaM HY>KHO IIPOBEPUTD (iar  KEEP_SEGMENTS .

JlaHHBIH ¢uiar onvcaH B TIPOTOKOJIE 3arPY3KI:

BuT 6 (3anuck): KEEP_SEGMENTS
MpoTokon: 2.07+
- Ecnm 0, nepe3arpys3uTb perucTpbl cermeHTa B 32-6MTHOW TO4YKe BXoja.
- Ecom 1, He nepesarpyxaTb perucTpel cermeHta B 32-6MTHON TO4Ke BXoAa.
MpegnonaraeTcsa, 4TO %CS %ds %SS %eS yCTaHOB/EHbl B MNJIOCKME CErMeHThl
Cc 6a30BbiM agpecoMm O (UNU 3KBUBANEHT AN UX Cpeapl).

Takum 06pa30M, ec/ii OUT KEEP_SEGMENTS B loadflags He yCTAHOBJIEH, TO CE(TMEHTHbIE DETMCTPbl ds , ss U es [JOJDKHBI

OBITH YCTaHOBJIEHBI B UHAEKC CerMeHTa JaHHBIX C 6a30BbIM azipecoMm 0 . UT0 MBI U AejiaemM:

testb $KEEP_SEGMENTS, BP_loadflags(%esi)

jnz

cli

movl $(__BOOT_DS), %eax
movl %eax, %ds

movl %eax, %es

movl %eax, %Ss

BrI MOMHUTE, UTO __BOOT_DS paBeH 0x18 (MHJEKC CerMeHTa JaHHBIX B I7100anibHO0M Tabiie 1ecKkpuntopos). Ecm
KEEP_SEGMENTS yCTaHOBJIEH, MbI TIeEPeX0/IUM Ha O/IIDKaHIIIyto MeTKy 1f , Haue OOHOBIsieM CerMeHTHbIe PerMCTpPhI 3HauUeHHeM
_ B0OT_DS . Caenarb 3TO [JOBOJIBLHO JIETKO, HO €CTh O/IUH MHTepeCHbIM MOMeHT. Ec/ii Bbl UWTaaM NpejbIAYLIyI0 YacThb, TO

TIOMHHTE, UTO MBI Y)Ke 0OHOBHJIM CeTMeHTHBIe PErMCTPhI CPa3y TI0C/Ie Mepexo/ia B 3allUIIEHHEIN PeXKUM B

arch/x86/boot/pmjump.S. Tak moueMy >Ke HaM CHOBa HY>KHO OOHOBHTH 3HaYeHHUs B CETMeHTHBIX peructpax? OTBeT npocT. SIxpo

Linux Take uMeeT 32-6UTHBIN MPOTOKOJI 3arPy3KU U €CJTH 3arPy34rK UCTIONB3YeT ero [/ 3arpy3KH s17ipa, TO Beck KOJ 10
startup_32 Oyger mponyuieH. B 3Tom ciyyae startup_32 OyZeT rmepBoii TOUKOW BXOZa B PO, ¥ HET HUKAKKUX rapaHTHi, UTo

CerMeHTHbIe€ PermucTpbl 6yﬁ[yT HaXOJHWUTbCA B O)KUJa€MOM COCTOAHUH.


https://sourceware.org/binutils/docs/ld/Scripts.html#Scripts
https://en.wikipedia.org/wiki/FLAGS_register
http://x86.renejeschke.de/html/file_module_x86_id_306.html
http://x86.renejeschke.de/html/file_module_x86_id_287.html
https://www.kernel.org/doc/Documentation/x86/boot.txt
https://en.wikipedia.org/wiki/Global_Descriptor_Table
https://en.wikipedia.org/wiki/Protected_mode
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/pmjump.S

IMocsie TOro Kak Mbl poBepu/y ¢uiar KEEP_SEGMENTS M yCTaHOBWJIM MPaBUIbHOE 3HaYeHHe B CEerMeHTHbIe PertCTphl,

CJIeYIOLIUM IaroM Oy/ieT BbIUMC/IeHHE PAa3HHULIBI MEXKY a[ipeCOM, 10 KOTOPOMY MBI 3arpy KeHbl, U afipeCcoM, KOTODBIH ObLI

yKasaH BO BpeMsi KOMIW/ISILIMYU. Bbl MOMHUTe, UTO setup.ld.S COZAEPXKUT CeAyrolliee orpe/e/ieHre B Hauae CeKLMu:
.head.text : . = 0 . DTO 3HAUMT, UTO KOJ, B 3TOM CeKLM CKOMIIM/IUPOBAH /I 3aMycKa 110 agpecy © . Mbl MOKeM BUZETb 3TO

B BBIBOZIE objdump :

arch/x86/boot/compressed/vmlinux: file format elf64-x86-64

Disassembly of section .head.text:

0000000000000000 <startup_32>:
0: fc cld
1: f6 86 11 02 00 00 40 testb $0x40,0x211(%rsi)

YTtunura objdump TOBOPUT HaM O TOM, UTO afipeC startup_32 paBeH 0 .Ho Ha camoMm fene 310 He Tak. Haia Tekyias resb
COCTOUT B TOM, UTOObI Y3HATh HACTOSII[Ee MECTOIO/I0XKeH e, JJOBOIBHO TIPOCTO CAe/iaTh 3T0 B long mode, TOCKOIBKY OH

M0 Aep>KUBAeT OTHOCUTE/IbHYHO afpecaLivro C TIOMOLLBIO yKa3aTe/s rip , HO B HACTOsLee BpeMs Mbl HAXOAUMCH B 3alL[MILEHHOM
pexkume. [iist Toro uToObI y3HATh afjpec startup_32 , Mbl Oy/ieM HUCII0/1b30BaTh 001ienprHsAThIH m1abnoH. Ham HeobxoaumMo

OTpeJe/IiTh MEeTKY, IePeITH Ha 3Ty MeTKY U BBITOJKHYTb BepLIMHY CTeKa B PerUCTp:

call label
label: pop %reg

ITocse sTOrO perucTp %reg OyZJeT cofiep>kaTh afipec METKH. JJaBaiiTe IOCMOTPHM Ha aHaJIOTMYHBIN KO, TIONCKa afpeca

startup_32 B sjpe Linux:

leal (BP_scratch+4)(%esi), %esp
call 1f

1: popl %ebp
subl $1b, %ebp

Kax BbI TOMHHTe U3 ITpe/pIAYINeH YacTy, PETUCTP esi COZEPKUT afipec CTPYKTYPHI boot params, KoTopasi Obla 3arosiHeHa /0
repexo/ia B 3alUIEHHbINA pexkuM. CTPYKTypa boot_params COZED)KHT CIleL{albHOe 1I0JIe  scratch CO CMeIleHHeM 0xle4 .
370 4 6aiiTHOe mosie 6y/ieT BpeMeHHBIM CTEKOM /Il MHCTPYKLMK call . MBI osiydaeM azipec osisi scratch + 4 Gaiira u
TIOMeILjaeM ero B PerHCTp esp . Mbl fo6aBim 4 6aiita kK 6a30BOMy afjpecy ronsi BP_scratch , TOCKOJIBKY TI0JIe SIBJISI€TCSI
BpPeMeHHBIM CTEKOM, a CTeK Ha apXUTEKType x86_64 DaCTET CBepxy BHM3. TakuM o0Opa3oMm, Halll yKasartesb cTeka Oyzer
VKa3bIBaTh Ha BepIIMHY CTeKa. [lanee Mbl BUAWUM Halll [1a6JI0H, KOTOPHIH 1 OImvican paHee. MBI epexoJM Ha MeTKy 1f H
TIOMeILjaeM e€ aZipec B PECUCTP ebp , TOTOMY UTO TIOC/Ie BHITIOJIHEHUSI HHCTPYKLMM call Ha BepIIMHE CTeKa HaXOAWUTCS afipec
Bo3BpaTa. Tereps y Hac eCTh aJjpeCc METKU 1f U MBI JIETKO CMOXKEM TIOJIyUHTh afipec startup_32 . HaM MpoCTo HY>KHO BBIUECTh

aJipeCc METKH U3 aZipeca, KOTOpLIﬁ MBI TTOJTYYUJIU U3 CTEKA:

startup_32 (0x0) e +
| |
| I
| I
| |
| I
| |
| |
| I

1f (cmeweHne OXOQ + 1f) +----mmmmmmmi i + %ebp - peanbHblii pusnyeckuii agpec
| |
| |


https://en.wikipedia.org/wiki/Long_mode
https://en.wikipedia.org/wiki/Protected_mode
https://github.com/torvalds/linux/blob/v4.16/arch/x86/include/uapi/asm/bootparam.h#L113

startup_32 C/IMHKOBaH [ijisl 3aITyCKa IO afipeCcy 0x@ U 3TO 3HAUWT, UTO 1f HMEeT aipeC 0x0 + cmeweHne 1f , IPUMEPHO

0x21 0GalT. Pernctp ebp COZep)KUT peanbHbIi (r3MUecKuil afpec MeTkr 1f . Takum o6pa3oM, ec/i BbIYeCTb 1f U3 ebp ,
MBI TTOJIyYMM peasbHbIi GU3ndYecKuii agpec startup_32 . B nportokose 3arpysku sizipa Linux onvcaHo, uto 6a30Bblii azpec sapa
B 3alIMIIEHHOM PeXXUMe PaBeH 0x100000 . Mbl MOXeM IIPOBEPUTSH 3TO ¢ oMokt gdb. [laBaiiTe 3amycTuM OTIaAuMK U
MIOCTaBUM TOUKY OCTaHOBA Ha afipece 1f , KOTODBIi paBeH 0x100021 . Ec/i BCE BepHO, TO Mbl YBUAUM 0x100021 B PerHCTpe

ebp :

$ gdb

(gdb)$ target remote :1234
Remote debugging using :1234
0x0000fffO in ?? ()

(gdb)$ br *0x100022
Breakpoint 1 at 0x100022
(gdb)$ c

Continuing.

Breakpoint 1, 0x00100022 in ?? ()

(gdb)$ i r

eax 0x18 0x18

ecx 0x0 0x0

edx 0x0 0x0

ebx 0x0 0x0

esp 0x144a8 0x144a8
ebp 0x100021 0x100021
esi 0x142cO 0x142c6
edi 0x0 0x0

eip 0x100022 0x100022
eflags 0x46 [ PF ZF ]

cs 0x10 0x10

Ss 0x18 0x18

ds 0x18 0x18

es 0x18 0x18

fs 0x18 0x18

gs 0x18 0x18

Ec/y MBI BBIIIOJTHUAM CJIeAYIOIIYI0 HHCTPYKIMIO, subl $1b, %ebp , MBI YBUAWM CJIeAyoIee:

(gdb) nexti

ebp 0x100000 0x100000

ITa, BCé BepHO. Afjpec startup_32 paBeH 0x100000 . ITocie TOro Kak Mbl y3Ha/IM aipeCc MeTKU startup_32 , MBI MOXKEM
HayaTh IOJTOTOBKY K repexofy B long mode. Hama ciiegyrormmas 1je/ib - HaCTPOUTH CTeK U ybeauTcs B Tom, uto CPU

nofmep>kuBaet long mode u SSE.

HacTtpouka creka u npoBepka CPU

MBI He MOTJIH HaACTPOUTH CTEK, IT0Ka He 3Ha/Ik aJjpeCc MeTKU startup_32 . MBI MOXXeM npeacTaBUTh cebe CTeK Kak MacCCuB, U
PErucTp ykKasaressd CTeKa esp [J0OJ/DKeH yKa3blBaTbh Ha KOHEL] 3TOr0 MdaCCHUBa. KoHeuHO, MbI MOXXeM Oorpezie/;iInTb MaCCYB B HallleM
KO/ie, HO Mbl JO/DKHBI 3HaTb €ro d)aKTI/I'-IECKI/Iﬁ ajzpec, YTOOBI TNpaBU/IbHO HACTPOUTD YKa3aTe/Ib CTEKa. ,ﬂaBElI;lITe TIOCMOTPHM Ha

KOZ:

movl $boot_stack_end, %eax
addl %ebp, %eax


https://www.kernel.org/doc/Documentation/x86/boot.txt
https://en.wikipedia.org/wiki/GNU_Debugger
https://en.wikipedia.org/wiki/Long_mode
http://en.wikipedia.org/wiki/Streaming_SIMD_Extensions

movl %eax, %esp

MeTka boot_stack_end ompefeneHa B arch/x86/boot/compressed/head 64.S u pacniosio>keHa B ceKLuH .bss:

.bss

.balign 4
boot_heap:

.fill BOOT_HEAP_SIZE, 1, ©
boot_stack:

.fill BOOT_STACK_SIZE, 1, 0
boot_stack_end:

[Ipexxzie BCero, Mbl IioMelllaeM azipec  boot_stack_end B PerucTp eax , T.e PeTMCTP eax COJIEPXKUT afipeCc 0x0 +
boot_stack_end . UTOOBI OyunTh peasbHbIN aipec boot_stack_end , HAM HY>KHO no6aBUThH peasnbHbIM aipec startup_32 .
Kak BbI TOMHHTE, MbI Hall/I{ 3TOT a/[PEC BBIIIIE ¥ [IOMECTHIIU €I0 B PETMCTP ebp . B urtore peructp eax 6yzeT comepkarh

peasbHBIN afjpec boot_stack_end ¥ HaM IIPOCTO HY)KHO ITIOMECTUTH €T0 B yKa3aTeslb CTeKa.

ITocsie TOro Kak MblI CO3/ia/H CTeK, CIeYyIOIMM I1aroM siBasiercs nposepka CPU. Tak Kak Mbl cobrpaeMcs TlepeTi B long
mode , HAM He0OXOJUMO MPOBEPUTH, NoAdepkuBaeT 1 CPU long mode M SSE . MbI Oy/eM AenaTh 3TO C IOMOLIBIO BEI30Ba

¢$yHKUMM verify_cpu :

call verify_cpu
testl %eax, %eax
jnz no_longmode

OmHa orpefienieHa B arch/x86/kernel/verify cpu.S u cogepxut napy BbI30BoB HHCTpYKUuu CPUID. /laHHAasI HHCTPYKLHS
WCIIO/Ib3YeTCst /I TIOMyveHust iH(GOPMAL{|H O Tporjeccope. B HarlleM ciiyuae oHa IpoBepsieT MO//epKKy long mode M SSE M C

MOMOLIBIO PETUCTPA eax BO3BpalllaeT @ B (JIydae ycriexa WM 1 B C/Iydae HeyJauu.

Ecnu 3HaueHne eax He paBHO HYJIIO, TO MbI [IepeX0OZMM Ha MeTKy no_longmode , KoTopast ocraHaBauBaeT CPU BbI30BOM

WHCTPYKLUMH hlt [0 TeX I0p, TI0Ka He MPOM30MET anmnapaTHOe IpepbIBaHue:

no_longmode:
a3
hlt
jmp 1b

Ecny 3HaueHue eax PaBHO HYJ/IIO, TO BCE B TIopsAJKe U Mbl MOXXeM IPOAO0J/DKUTh.

PacuéT aapeca pesioKanyu

Cre [y OILHIM [1aroM $IBJISIeTCS] BEIYMC/IEHHE aZipeca peoKalyH s leKOMIIPeCChH, ecyii 3To HeobxoaumMo. MBI yyke 3HaeM, UTO
6a30BblIii agpec 32-OUTHOM TOUKH BXO/Ia B A1po Linux - ©x100000 , HO 3TO 32-0MTHast Touka Bxoza. ba3oBblii ajpec siipa o
YMOJTYaHHIO OTIpe/iesisieTcs 3HaueHneM rapameTrpa KOH(UrypaLuu siipa  CONFIG_PHYSICAL_START . Ero 3HaueHue 1o yMOo/4aHUIO
0x1000000 WM 16 M6 . OcHOBHas mpo6sieMa 3aK/IFOUaeTCsi B TOM, UTO eC/IM ITPOMCXOJUT Kpalll siapa, pa3paboTurK J0/mkeH
UMeTh rescue sgpo ("cracaresnbHoe" sApo) s kdump, KoTopoe CKOH(UIyprpoBaHO AJIs 3arpy3Ku U3 ipyroro agpeca. s
pelLeHus 3Toit pobsieMsl siapo Linux rpefocTaBsieT crielidanbHbIN TapaMeTp KOHGUTypali - CONFIG_RELOCATABLE . Kak BbI

MOXXeTe ITpoYeCThb B JOKYMEHTALUU Apa:

3T0 co3paeT o6pa3 sApa, KOTOpbIi coxpaHseT uHdopmauuio o penokauuu
NoaTOMYy OH MOXeT 6biTb 3arpyxeH rge-nu6o, Kpome cTaHgapTHoro 1 M6.

Mpumevanue: Ecnu CONFIG_RELOCATABLE=y, TO s4p0o 3anyckaeTcs C agpeca,
Ha KOTOpbIi OH 6bil 3arpyxeH, a OU3MYEeCKWii agpec BPemMeHu KOMMUAALu
(CONFIG_PHYSICAL_START) MCMO/Mb3YyeTCsH KaK MAHUMA/IbHAs NIOKaLus .


https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/compressed/head_64.S
https://en.wikipedia.org/wiki/.bss
https://github.com/torvalds/linux/blob/v4.16/arch/x86/kernel/verify_cpu.S
https://en.wikipedia.org/wiki/CPUID
https://www.kernel.org/doc/Documentation/kdump/kdump.txt

TTpotirie roBOps, 3TO 03HAUaeT, YTO SZPO C TOH XKe KOH(Uryparyell MoXKeT 3arpy»KaTbCsl C pasHbIX azipecoB. C TEXHUUECKOH TOUKU
3peHUst 3TO Jie/1aeTCst IyTEM KOMITH/ISALIMM JeKOMITIPeccopa Kak a/|peCHO-He3aB1CHMOro Ko/a. Ec/u Mbl mOCMOTpUM Ha

arch/x86/boot/compressed/Makefile, To Mbl yBUAKM, UTO 1€KOMIIPECCOP €MCTBUTE/ILHO CKOMITUIMPOBAH C ¢yiarom -fPIC :

KBUILD_CFLAGS += -fno-strict-aliasing -fPIC

Kora MbI KCTI0/Ib3y€eM afipeCHO-He3aBUCUMBbIH KOJI, afIpec oJIyyaeTcs MyTéM A006aB/IeH s afjpeCHOTO T0Jist MHCTPYKIMH U
3HaueHUs CUETUMKa KOMaHZ nporpamMmsel. Koz, Hcrosb3yromuii mofo6Hy 0 ajpecarjyio, BO3MOXKHO 3arpy3HTh C JIF060ro ajpeca.
BoT nouemy Mbl JO/DKHBI ObUIM TIOTyUMTh peabHbIM GU3NUYeCKuii agpec startup_32 . [laBaiiTe BepHEMCS K Koy siapa Linux.
Hariia Tekyiiiast 1je/ib COCTOUT B TOM, UTOOBI BEIYHC/IUTE afipec, Ha KOTOPBIHA MbI MOXKEM IT€PEMECTUTS SIPO /IS A€KOMITPECCHH.

PacuéT 3TOro afpeca 3aBUCUT OT ITapameTpa KOH(UIypaLuHy sijpa  CONFIG_RELOCATABLE . [laBaiiTe TOCMOTPHUM Ha KOJ:

#ifdef CONFIG_RELOCATABLE
movl %ebp, %ebx

movl BP_kernel_alignment(%esi), %eax
decl %eax
addl %eax, %ebx
notl %eax
andl %eax, %ebx
cmpl $LOAD_PHYSICAL_ADDR, %ebx
jge 1f
#endif

movl $LOAD_PHYSICAL_ADDR, %ebx

CrefiyeT TIOMHHUTD, UTO PETUCTD ebp COAEP>KUT (PU3MUeCKU afjpeCc METKH startup_32 . EC/i mapamMeTp CONFIG_RELOCATABLE
BKJ/TIOUEH BO BpeMsl KOHGHI'YPaL{iH s7pa, TO MbI IIOMeIIjaeM 3TOT afipec B PETUCTP ebx , BHIDABHUBAEM IIO IPaHMIle, KDAaTHOH 2
M6 I CDaBHHBAeM ero CO 3HaueHHeM LOAD_PHYSICAL_ADDR . LOAD_PHYSICAL_ADDR SIB/ISIETCSI MAKPOCOM, OIIpe/ie/IEHHBIM B

arch/x86/include/asm/boot.h u BeIrISIAUT Cieaytomum obpaszom:

#define LOAD_PHYSICAL_ADDR ((CONFIG_PHYSICAL_START \
+ (CONFIG_PHYSICAL_ALIGN - 1)) \
& ~(CONFIG_PHYSICAL_ALIGN - 1))

Kak MBI MO>KeM BHIETh, OH MPOCTO PaCIIHpPSIeT aJjpec 0 3HaueHVs BLIDABHUBAHUSI CONFIG_PHYSICAL_ALIGN U IIpe/|CTaBIsIeT

coboii usndeckuii agpec, Mo KOTopoMy OyzeT 3arpyskeHo siipo. ITocie cpaBHEHHsT LOAD_PHYSICAL_ADDR ¥ 3HAaUeHHs PerrcTpa
ebx , MBI 00aB/IsieM CMelljeHHe OT startup_32 , TI0 KOTOPOMY OyZieT MponcXofuTh JeKoMIipeccHst obpasa sifipa. Ecii Bo Bpemst

KOMIWISILIAY TTapaMeTp CONFIG_RELOCATABLE He BK/TIOUEH, MBI ITPOCTO TIOMeI[aeM aJjpec 10 YMOJIYaHHIO U 00aB/isieM K HeMy

z_extract_offset .

IMocsie Bcex pacuéToB y HAC B PACTIOPsDKEHUH ebp , COZIEPrKalIWi afjpec, 0 KOTOPOMY OyZleT IIPOUCXOAUTE 3arpy3kKa, U ebx ,
CoZiep>Kallyii azjpec, Mo KOTOpoMy siipo Oyzet rmepemelrieHo nocie fekoMnpeccur. Ho 370 emje He KoHell. CxaTblii 06pa3 sifpa
[IOJDKeH OBITB IepeMelléH B KoHel] Oydepa JeKOMIpeCCHH, YTOObI YIIPOCTHTE BBIYMC/IEHHS] MECTOIIOIOKEHHSs], TI0 KOTOPOMY sIipO

OyZieT pacrionokeHo Mmo3xe:

movl BP_init_size(%esi), %eax
subl $_end, %eax
addl %eax, %ebx

MBI [TOMeIljaeM 3HaueHre U3 boot_params.BP_init_size (WM 3HAUeHHe 3ar0JIOBKA HACTPOWKHM sijpa U3 hdr.init_size ) B
DETUCTp eax . BP_init_size COJEP)KUT HaUDOJbILee 3HAUEHHE MeXK/Y C)KaThbIM U PacliakoBaHHBIM vimlinux. 3aTteM Mbl
BBIYMTAeM afipec CUMBOJIAa _end W3 3TOTO 3HaYeHHUs U obaB/isieM pe3y/bTaT BLIUUTAHUS B PECUCTD ebx , KOTOPBIA XpaHUT

6a30BbIif afpec /1S AeKOMITPECCHH SApa.


https://en.wikipedia.org/wiki/Position-independent_code
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/compressed/Makefile
https://github.com/torvalds/linux/blob/v4.16/arch/x86/include/asm/boot.h
https://en.wikipedia.org/wiki/Vmlinux

IToaroroBka nepej BxoAoM B long mode

Tenepb, Korja y Hac ecTh 6a30BBbIi afipec, Ha KOTOPBIH Mbl Oy/ieM MepeMellaTh CKaToe sipo, HaM HeoOX0AUMO CAes1aTh
TMOC/IeJHUH 11ar, TIPeX/ie YeM Mbl CMOYKeM IepeiTy B 64-6UTHBI pexkuM. Bo-niepBbIx, HaM He06X0AUMO 0GHOBUTD I/100a/IbHY0
Tab/uily JecKpunTopos ¢ 64-6UTHBIMU CerMeHTaMHM, IOTOMY UTO MepeMeljaeMoe siJpo MOXKET ObITh 3aIyLleHo 110 Jiro6oMy

azppecy Hwke 512 I'6:

addl %ebp, gdt+2(%ebp)
lgdt gdt (%ebp)

31eck Mbl HacTpavBaeM 0a30BbIHM a/IpeC rno6anbHoii Ta6aMuHl AeCKpUNTOpoB Ha ajipec, TAe Mbl GaKTUUeCKH 3arpy’KeHbl, 1

3arpy>kaem TabJMLly C MOMOILbI0 MHCTPYKLIMM lgdt .

Yr0o06bl MOHATH Maruto CMeu_]eHI/Iﬁ gdt , HaM HY>KHO B3IJISSHYTb Ha OIpefieJieHUe rno6asbHoii Tabnuupl geckpuntopos . Mbl

MO’KeM HaliTH ero orpejiesieHre B TOM e (haiisie HICXOAHOTO0 Kofia:

.data
gdt64:
.word gdt_end - gdt
.long 0
.word 0
.quad 0
gdt:
.word gdt_end - gdt
.long gdt
.word 0
.quad 0x00cT9a000000ffff /* __KERNEL32_CS *//
.quad 0x00af9a00e000ffff /* __KERNEL_CS */
.quad 0x00cf92000000ffff /* __KERNEL_DS */
.quad 0x0080890000000000 /* feckpuntop TS */
.quad 0x0000000000000000 /* MNpogonxeHne TS */
gdt_end:

MBI BHAWM, UTO OHA PACToJIOKeHa B CeKIIMM  .data W COJEPIKUT ISATh AeCKPUITOPOB: 32-6uTHbii  IECKPUTITOP JiIsl CErMeHTa

KOJIa sjpa, 64-6uTHbli CETMEHT sifjpa, CeTMEHT [JaHHBIX si/ipa U [iBa JeCKPHUITTOpa 3a/ad.

MBI yoKe 3aTpy3WIN  rno6anbHyl Tabauuy AeCKpUnTopos B IPeABIAYIIEH uacTi, U Terepb MBI /leJlaéM TIOUTH TO JKe CaMoe 37eCh,
HO Terepb JIeCKPUNTOPBI C CS.L = 1 W CS.D = 0 [yIs BBITIOJHEHHUs B 64-6UTHOM pexkrMe. Kak Mbl BUZIUM, oripefiesieHre gdt
HauMHAaeTcs C ABYX OalT: gdt_end - gdt , KOTODPBIN ITpe/CTaB/ISIeT MOCIefHIAN 6T gdt ¥M MHT Tab/miel. Criegyromye 4

GaliTa cofep>kaT 6a30BbIi agpec gdt .

TTocse Toro Kak rno6anbHas Tabnmua AeckpunTopos 3arpy’keHa C IIOMOLbI0O MHCTPYKWH lgdt , HAaM HEO6XOAI/IMO BK/TFOUHUTH

pexxuM PAE, OMeCTHB 3HaueHHe PErMCTpa cr4 B eax , YCTAHOBUTH B HEM IISATHIN OUT U 3arpy3uThb ero CHOBa B cr4 :

movl %Cra, %eax
orl $X86_CR4_PAE, %eax
movl %eax, %cra

MBI TIOYTH 3aKOHUMJ/IH BCe TIOATOTOBKHU ITepe]] BXOJOM B 64-0UTHBIN pexxuM. TTocieJHUH 1I1ar 3aK/II0YaeTcst B CO37IaHUM TabMULIbI

CTpaHUL], HO TIPEXe UeM C/lesiaTh 3T0, HeoOX0IUMO pacckasaTth o long mode

Long mode

Long mode - HaTUBHBIN PeXXUM Jiis1 poLieccopoB x86_64. TIpex/ie Bcero moCMOTPUM Ha HEKOTODBIE Pa3/nuMsl MEXY x86_64

U x86 .


https://en.wikipedia.org/wiki/Global_Descriptor_Table
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/compressed/head_64.S
http://en.wikipedia.org/wiki/Physical_Address_Extension
https://en.wikipedia.org/wiki/Long_mode
https://en.wikipedia.org/wiki/X86-64

64-6UTHbIA PEXKUM TIPEIOCTABIISIET C/IeAyrole 0CODEHHOCTHU:

® 8 HOBBIX PerMcTpOB 00IL|ero Ha3HaYeHUs C r8 MO ri5 + BCe PerdcTphl 001ero Ha3HaueHys Tereps 64-6UTHbIE;
® 64-OGUTHBIN yKa3aTe/lb MHCTPYKLIUH - RIP ;

e Hogblii pexxuM paboTs! - Long mode;

® 64-6uTHble ajpeca 1 OTlepaH/bl;

e OtHocuTesbHas agpecauus RIP (Mbl yBUUM NpyMep 3TOTO B C/Ie/lyIOIIMX YaCTsX).
Long mode siBisieTcst paciivpeHHeM yHac/Ie/J0BaHHOTO 3alUIIEHHOr0 peskiMa. OH COCTOUT U3 [IBYX [OPEXXUMOB:

® 64-OUTHBIIN peXxuM;

® DEeXHUM COBMECTUMOCTH.
J1715 TIlepeK/TIOYeHHsI B 64-6uTHbii  PEXXKMM He0OX0UMO cJieNaTh Crefyrollee:

e Bximouuts PAE;
e Co3paTb Tabnuily CTpaHUI] U 3arpy3UTh afpec Tab/lulibl CTPAHUL] BEDXHEr0 YPOBHS B PETUCTD cr3 ;
o BK/IHOUUTH EFER.LME ;

e BK/HOUMTH CTPaHUYHYIO OpPraHU3aLMI0 MaMsTH.

MBI yKe BK/IFOUIM PAE TIyTEM YCTAaHOBKU OMTa PAE B pervcTpe yrpaBieHus cr4 . Haiua ciefyroriast Liesb - Co3/ath

CTPYKTYPY A/ CTPaHNUUHOM OpraHu3arii. Mbl yBUAUM 3TO B C/IeZyIOIeM r1aparpade.

PaHHsisA MHUIHA/IM3AI[UA Ta0/MIIbI CTPAHUI]
VTak, MBI yoKe 3HaeM, UTO TIPeXZe YeM Mbl CMOKEM IePeiTH B 64-6uTHblii  PEXKUM, HOOXOMMO CO3/aTh Tab/luIly CTpaHHULI.
[laBaiiTe MOCMOTPH Ha CO3/jaHHe PAHHUX 4 rurabaiiTHbix 3arpy30UHBIX TabJIUI] CTPaHULI.

INPUMEYAHUE: 5 He OyAy onMCHIBaTh TEOPUI0 BUPTYa/IbHOM namaATH. Ec/in BaM Heo0xoauMo 00.1b1ie HH(GOPMAaL|H 110

BUPTYa/JIbHOM NaMATH, CM. CCBUIKHM B KOHI[e 3TOH YacCTH.
SInpo Linux UCMO/b3yeT 4 yposHeBylo CTPAHUYHYIO OPraHU3ALIUIO, ¥ B LIEJIOM MbI CO3/a[uM 6 Tab/vL] CTPAHULL:

o Opny Ta6nI/IL[y PML4 (kapTa cTpaHuy 4 ypoBHA, Page Map Level 4) CO,E[HOi/'I 3allMChIO,
o Opny Ta6nI/IL[y PDP (yka3aTenlb AUpeKTopuit cTpaHuy, Page Directory Pointer) C YeTbIpbMS 3allMCIMH,

e UYeTsIpe Tab/UIIbI JUPEKTOPHI CTPAHUL] C 2048 3aITHCSIMHU.

IlaBaiiTe MOCMOTPUM Ha peay3aniyio. IIpexxzie Bcero, Mel oumiiiaeM 6ydep z1st Tabsv] ctpaHuL] B namsTy. Kaxkzas Tabuia

MMeeT pa3Mep B 4096 0alT, MO3TOMY HaM He0OX0UMO OuMCTUTL 24 KOG Oydepa:

leal pgtable(%ebx), %edi

xorl %eax, %eax
movl $(BOOT_INIT_PGT_SIZE/4), %ecx
rep stosl

M-&I ioMelriaeM afipec pgtable + ebx (BbI TIOMHHTE, UTO ebx COZIEPKHT afipec, 0 KOTOPOMY siipo Oy/ieT epeMelLeHo rocie

ZIeKOMIPeCCHH) B PETUCTD edi , OUMIL[AEM DETHICTP eax W YCTaHAB/MBAeM DETHUCTP ecx B 6144 .

VIHCTpPYKUMS rep stosl 3alMChIBaeT 3HaUeHWEe eax B edi , yBelMUMBaeT 3HaueHWe B PETMCTPe edi HAa 4 U yMeHbIIaeT
3HaueHUe B PETUCTPe ecx Ha 1 . DTa omepanys Oy[eT OBTOPSITCS /10 TeX 0P, [T0Ka 3HAUeHHe PerucTpa ecx OOJble HyJIS.

BoT nouemMy Mbl YCTaHOBUIM ecx B 6144 (WM BOOT_INIT_PGT_SIZE/4 ).

CTpyKTypa pgtable oripeZeneHa B KoHLe (aitna arch/x86/boot/compressed/head 64.S:

.section ".pgtable","a",@nobits
.balign 4096

pgtable:
.fill BOOT_PGT_SIZE, 1, ©


https://en.wikipedia.org/wiki/Physical_Address_Extension
https://en.wikipedia.org/wiki/Paging
https://github.com/torvalds/linux/blob/v4.16/arch/x86/boot/compressed/head_64.S

Kax MbI BU/IIM, OHa HaXOJUTCS B CeKLIMM .pgtable U ero pasMep 3aBUCUT OT OMLUK KOHGUI'YpaLUH s/pa

CONFIG_X86_VERBOSE_BOOTUP :

# 1ifdef CONFIG_X86_VERBOSE_BOOTUP

# define BOOT_PGT_SIZE (19*4096)

# else /* !CONFIG_X86_VERBOSE_BOOTUP */

# define BOOT_PGT_SIZE (17*4096)

# endif

# else /* !CONFIG_RANDOMIZE BASE */

# define BOOT_PGT_SIZE BOOT_INIT_PGT_SIZE
# endif

TMocsie TOro Kak MbI mojtyunid 6ydep asist pgtable , MbI MOXKEM HAauaTh C CO3JAHMs Tab/IUI[BI CTPAHUI] BEDXHETO YPOBHS -

PML4 - CIeAyHOLIMM 0Opa3oM:

leal pgtable + O(%ebx), %edi
leal 0x1007 (%edi), %eax
movl %eax, 0O(%edi)

31eck Mbl CHOBa IOMeIljaeM OTHOCHUTE/IBHBIN afjpec pgtable B ebx WM, APYTUMHU CJIOBAMH, OTHOCUTE/IBHBIN afipec
startup_32 B perucTp edi . Jlasee Mbl IOMeIIjaeM 3TOT afipec CO CMeIljeHHeM 0x1007 B PerucTp eax . CMelljeHHe 0x1007
pPaBHO 4096 OaiiTam, KOTOpBIE MPEACTAB/ISIOT COO0M pa3Mep PML4 TUTIOC 7 . 7 37€Ch NPeJCTaB/seT ¢uiard PML4 . B Haiem

c/1y4dae 3TO (I)]IaI‘I/I PRESENT+RW+USER . B KOHeUHOM CuéTe Mbl TIPOCTO 3anycasid aapec nmepBoro 3jieMeHTa PDP B PML4 .

Cﬂe,quOH_[Hﬁ LLIAr - CO3/laHNe YeThIPEX 3amMced pgupekTopum cTpaHuy B Ta6]II/IL[e yKasaTensa AUPeKTopuii cTpaHuy C TEMU XKe

¢aramMu  PRESENT+RW+USE :

leal pgtable + 0x1000(%ebx), %edi
leal 0x1007(%edi), %eax
movl $4, %ecx
1: movl %eax, 0O(%edi)
addl $0x00001000, %eax
addl $8, %edi
decl %ecx
jnz 1b

M-z iomerrjaeM 6a30BbIi aipec yKasaresst JUPEKTOPHIA CTPAHHL], KOTOPBI paBeH 4096 WIIH, JPYTUMH CJIOBaMH, CMellleHHe
0x1000 OT TaO/IMIBI pgtable B edi , M afjpec IepBOM 3aIlFCH yKa3aTess JUPeKTOPHI CTPAHWL] B PETUCTP eax . 3HaUeHHe
4 , TIOMeLIEHHOe B PETUCTP ecx , OyJeT CUETUMKOM B C/IeJyOLIeM IMK/Ie, B KOTOPOM MBI 3alllChIBaeM afipec TIepBOii 3alicy

TabJIHLBI YKa3aTesis AUPeKTOPUH CTPAHHL] B PeTUCTp edi . [Tocse sToro edi 6yzeT cofepikaTb afpec MepBoi 3ammcH

yKazaTesisi JUPeKTOPUH CTpaHuI] ¢ ¢uiaramMu  0x7 . Jlajiee MBI IPOCTO BBIUKC/ISIEM a/ipecC CIeAyIOINX 3allicell yKka3ares

[VIDEKTOPHIA CTPAHMUL], TZie KayKZast 3alTiUCh UMeeT pa3Mep 8 O0aiT, U 3amMchiBaeM UX afipeca B eax . [1ocyieHUH miar B

CO3JaHHU CTpaHI/ILIHOPII OpraHv3alyy IaMsATH - CO3laHre 2048 3aMKUCeN C 2 mMera6aiTHbIMM CTpaHULlaMU:

leal pgtable + 0x2000(%ebx), %edi
movl $0x00000183, %eax
movl $2048, %ecx
1: movl %eax, 0(%edi)
addl $0x00200000, %eax
addl $8, %edi
decl %ecx
jnz 1b

3ech MBI [jeJlaeM TIOUTH TOXKe CaMoe, KaK U B TIpebIAyLIeM MPUMepe; BCe 3aliCH ¢ (araMy  $0x00000183 : PRESENT + WRITE +

MBZ . B urore Mbl OyzileM UMeTh 2048 2 mera6aiiTHbix CTPaHHILI:



WIM 4 rura6aiithyn TabmMLy cTpaHuLl. Mbl 3aKOHUYW/IM CO37laHKe Halllel paHHeH CTPYKTYpbI Tab/IULbI CTPaHML], KOTOpast
orobpakaer 4 I'6 Ha MamsTh U Terepb Mbl MOXKEM TIOMECTHTh afipec TabIMLIbl CTPAaHHUL] BEDXHETO YPOBHSI - PML4 - B PETHCTP

ynpaB/eHust cr3 :

leal pgtable(%ebx), %eax
movl %eax, %Cr3

Ha 3ToM BCé. Bce oJroToBKY 3aBeplleHbI U Terlepb Mbl MOXKeM IepeiTH B long mode.

Ilepexo/ B 64-0MTHBIH Pe)XXUM

B niepByto ouepe/ib HaM HY>)KHO yCTaHOBUTB (siar EFER.LME B VISR, paBHBI 0xC0000080 :

movl $MSR_EFER, %ecx
rdmsr
btsl $_EFER_LME, %eax
wrmsr

3pech MblI ToMeliaeM iar MSR_EFER (KOTOpBIi ompefieniéH B arch/x86/include/uapi/asm/msr-index.h) B peructp ecx u
BBI3bIBAEM MHCTPYKLMIO rdmsr , KOTOpast cuuThIBaeT peructp MSR. ITocsie BBINOMHEHNsT rdmsr , TIOJIy4eHHbIe jaHHbIe OyAyT
HaxOJWUTCSA B edx:eax , KOTOpbIe OyAyT 3aBHCETh OT 3HaUeHWsl ecx . Jlajiee Mbl poBepsieM OUT EFER_LME WHCTPYKLHMeH btsl

U C MIOMOILIBK0 UHCTPYKLIMU wrmsr 3allMCbIBaeM [IaHHbIE U3 eax B DETUCTD MSR .

Ha cniegyroirem 1are Mbl TIoMelljaeM afipec cerMeHTa Ko/fia sifipa B crek (Mbl oripegeninu ero B GDT) u nomerrjaem afpec

(YHKUMM startup_64 B eax .

pushl $__ KERNEL_CS
leal startup_64(%ebp), %eax

ITocsie 3TOrO MBI ITOMeIIIaeM afipec B CTeK U BKJIFOUaeM IO/iepKKy CTPaHWYHOM OpraHM3al{iy MyTéM yCTaHOBKU OUTOB PG U

PE B perucTpe cre :

pushl %eax
movl $(X86_CRO_PG | X86_CRO_PE), %eax
movl %eax, %Cro

U BBITIO/IHAEM MHCTPYKIUIO:

lret

BBI JO/DKHBI TOMHHTB, UTO Ha MPe/BIAYIIeM IIare MbI TIOMECTUH a/ipeC QYHKLMK startup_64 B CTeK, U [0C/Ie HHCTPYKLMH

lret , CPU wu3Bnekaet afipec ¥ NepexofuT 110 HeMy.

ITocsie Bcero 3Toro, Mbl, HAKOHeL], B 64-0UTHOM peXkuMme:

.code64
.org 0x200
ENTRY(startup_64)


http://en.wikipedia.org/wiki/Model-specific_register
https://github.com/torvalds/linux/blob/v4.16/arch/x86/include/uapi/asm/msr-index.h#L7
http://en.wikipedia.org/wiki/Model-specific_register

Ha sToM Bcé!

3aK/IIoUeHue

3TO KOHeL| UeTBEPTOM YacTH O rpotiecce 3arpy3ku sigpa Linux. B cieayroieli uacti Mbl YBUMM [JeKOMITPECCHIO siipa U MHOTOe

Zipyroe.

OT nepeBoAYMKa: MOXKA/IyHCTa, MMeliTe B BUAY, UTO AQHIJIMMCKUH - He MOI POJHOH A3BIK, U A1 0YeHb U3BHHAIOCH 3a
BO3MOXXHBIE HeyAo0cTBa. EC/in BbI HaliiéTe Kakue-1n00 OIMGKH W/IH HETOUYHOCTH B IEPEBO/E, MOXKAIYHCTa, IPHUILIATE

pull request B linux-insides-ru.

CchlIKH

o 3auUIIEHHBIN peXKUM

e JlokymeHTauus Asist pa3paboTturkoB I10 Ha apxutekTtype Intel® 64 1 [A-32
o GNU KOMIOHOBIIMK

e SSE

e (CrpaHuyHas opraHusanys namaty (Bukuneus)

e Mo/ene3aBUCUMBbII PerucTp

e Uucrpykuws .fill

e [lpespigymias 4yacTb

e (CrpannuHas opranusanus namsatu (OSDEV)

e (CucTeMbl CTpaHUYHOMN OpraHU3aLUy MamsTH

e Tlocobwue 1Mo CTPAHUUHOM OpraHM3arvu Ha Xx86


https://github.com/proninyaroslav/linux-insides-ru
http://en.wikipedia.org/wiki/Protected_mode
http://www.intel.com/content/www/us/en/processors/architectures-software-developer-manuals.html
http://www.eecs.umich.edu/courses/eecs373/readings/Linker.pdf
http://en.wikipedia.org/wiki/Streaming_SIMD_Extensions
http://en.wikipedia.org/wiki/Paging
http://en.wikipedia.org/wiki/Model-specific_register
http://www.chemie.fu-berlin.de/chemnet/use/info/gas/gas_7.html
http://wiki.osdev.org/Paging
https://www.cs.rutgers.edu/~pxk/416/notes/09a-paging.html
http://www.cirosantilli.com/x86-paging/

IIponecc 3arpys3ku sajapa. Yacrs 5.

Jexkommnpeccus sajapa
OTo msiTast yacTh CepUM Mpouecca 3arpysku sapa . Mbl BUJeH 1iepexof; B 64-6UTHBIN PeXXUM B MpeAbIAYILel uacTy U B 9TOR

YaCTU MbI TIPOJIOJDKUM C 3TOr0 MOMeHTa. IIpex/ie ueM Mbl riepeiiiéM K KOAY sipa, Mbl YBUIUM TOC/IeJHHE LIark: TIOATOTOBKY K

JIeKOMIIpeCCUH si7ipa, TlepeMelileHre U, HeIIoCPeICTBEHHO, JeKOMIIpeCcuto siipa. MTaxK... jaBaiiTe CHOBa IIOTPy3UMCs B KOJ, pa.

IToaroToBKa K JeKoMImpeccu