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YBOI

Uneja 3a oBaj pan mpousunuia je u3 ekcrensusHor kopuithema GNU /Linux cuc-
TeMa, Kao W W3 JKeJbe 33 Pa3yMeBameM Pajia padyHapa Ha HAJHUIKEM HUBOY.

eo xox je mucan y GNU Assembler-y u C-y u moxke ce nahu na GitHub-y na
crpanun https://github. com/aleksav013/mykernel. Ko, 3ajesno ca cBum asa-
THMa 3a HBeroBo Kopuirheme u ynorpedy, je mocryman nox GPLv3 aumenmom.

OBaj mpojekar ce KOHCTAHTHO yHampelyje n HeMoryhe je ojprkaBaTH CHHXPOHH3O-
BaHUM (DajaoBe KOjH CAUUIbaBajy OIEPATUBHH CHCTEM, a KOJU C€ UCTOBPEMEHO IOM-
Uy y 0BOM paJy. M3 ror pazjiora, paj he Ouru Haiucal 3a Bep3ujy OllepaTUBHOI
cucrema 1.0.0. Ha crpanunu GitHub-a oBa Bep3uja ce moxke Hahwu nox tag/s cexiu-
jOM Ha CTpaHWIN MPOjeKTa.

Pann nakmer npesoherma Koma, Kpeupat je toolchain - ckyn aJsiara, cnenududno 3a
npeBoherme 0BOr OMepaTUBHOT CUCTeMa, KOju ce Moxke Hahm Ha cTpaHuny https:
//github.com/aleksav013/aleksa-toolchain, Takohe mocrynan mox GPLv3 au-
neHtoM orBopenor koma. Ckyn amara aleksa-toolchain kpewpan je takohe w u3
pasJjiora IITO je 3alpaBo Hems0ezKaH IpoIllec m3paje cross-compiler-a - nmpeoguona
KOJU TPEBOJIN KOJ 33 JIPYTH CUCTEM/ApXUTEKTYPY Ha TPEHYTHOM CHCTeMY /apXHTeK-
Typu. Ha Taj HAUMH W JpyTrU JbyAM OCUM ayTopa MOTY na JONpPUHECY W3PajIud ’
1000JbIIIakby OBOI' OIIEPATUBHOI cucTeMa y OyayhHocTu.

OBaj mpojekat nMma 3a /b Ja MPUKayKe MOCTYTaK W3pajie jeaHor, 3a cala BPJIO je-
HOCTABHOT OII€PATUBHOT CHCTEMA, Ka0 M Ja HOTKPEIH YUTAOIE TEOPHjOM MOTPeOHOM
3a HeroBO Pa3yMeBame.


https://github.com/aleksav013/mykernel
https://github.com/aleksav013/aleksa-toolchain
https://github.com/aleksav013/aleksa-toolchain

2 1. V¥VBogxg

o caja ypabheno: [Lranupano y 6Jimzkoj OyayhHocTu:
* Boot e Filesystem
* VGA nanas e Framebuffer
e GDT
e Networking
e [IDT
e Real User Space
e IRQ & PIC
e PS/2 racrarypa
o PIT
e Heap
e Paging

o C oubimoTexka

O ¢dyHKIHOHAIHOCTHMA KOje Cy MMILIeMeHTHpaHe, Mohu here ga casHare BHIIe y
OBOM paJy.
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X86 apxurekTypa

X86 je dammamja apxurekrypa CISC ckyma MHCTpyKIHja pasBHjeHa O CTPaHe
Nuren-a xoja je 6asmpana Ha 8086 mukpornpornecopy. 8086 je macrao 1978. kao
mecHaectobuTHa ekcrensuja 8080 ocMobuTHOI MHUKpOIpolecopa, Aa 6u 1985. ro-
guHe Hactao 80386 ca BeJIMYMHOM perucTpa o Jak 32 omrta. CBH mpolecopu u3
oBe pamuiinje HOCE 3aje/THUYKU HA3uB ylpaBo 110 cydurcy 86 Koju ce mnojabsbyje y
HMEHUMa, CBUX OBHUX IIPOMECOPA.

Y mepuoxy ox 1999. mo 2003. AMD je npommupuo BeIM4uHY perucrpa Ha 64 6uta u
Ta apXUTEKTypa UMa BUIIe HA3WBa O]l KOjuX cy Hajrkopumhenuju: x86_64, amd64 n
x64. Besimka Behuna ypebaja ganac kopucru x86_64 apxuTeKTypy IHpoiiecopa.

Je3ro onepaTuBHOr CUCTEMa MPUKA3aHO Y OBOM pajy Oazupano je Ha X86 apXuTek-
TYPH ca perucTpoM Besmdune 32 6uta. Konkperna Bep3uja oBe apxurekType je i386.
OBa Bepsuja go6maa je ume 1o MuresosoM Mukponpoiecopy mnoa umerom 80386 1mTo
o3navaBa Tpehy remeparujy X86 apXutekType.

2.1 PerucTpu mnporiecopa

[Tocroju Bumie Bpcta perucrapa nporecopalll m. 75]. Heku o 0CHOBHEX perucrapa
KOje je MoTpeOHO MIOMEHYTH JATH CY ¥ TeKCTY KOju cJIenn. Pa3sor 300r Kojer cy HaBe-
JIeHa U UMeHa perucrapa ImpeTxoJHux Bep3uja X86 apxurekType, je 3001 TOra Iro
je moryhe ajipecupaTn IpBUX X OUTOBA, aKO C& KOPUCTH UME PErUCTpa 3a X-TOOUTHY
Bep3ujy X86 apxutekrype. HapaBHO, 0BO Bazku caMO YKOJUKO je Jy’KHHA Peruc-
Tpa Haimer cucrema (32 6ura), Belia WM jeHAKA JYKUHH PETUCTPA YU]y HOTAIU]Y
KOPHUCTUMO.
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Perucrpu ommre namene:

8bit | al | bl | el | dl |sil | dil | spl | bpl
16bit | ax | bx | ex [ dx | si | di | sp | bp
32bit | eax | ebx | ecx | edx | esi | edi | esp | ebp
64bit | rax | rbx | rex | rdx | rsi | rdi | rsp | rdp

CerMeHTHH PEruCTPH:

’cs\ds\ss\es\fs\gs‘

Konrposinu perucrpu:

’ cr0 \ cr2 \ crd \ crd \ cr8 ‘

Cucremckn peructpu (mokasmBadn Ha Tabese):

] gdtr \ ldtr \ idtr ‘

OcuM NOMeHYTHX, TT04YeB 01 IlecHaecTOONTHe X86 apXUTeKType, MOCTOje U PerUCTPU
ah, bh, ch, dh (h-higher) koju npescraBmbajy ropwmy monosuny (ox 9. mo 16. Gura)
ax, bx, cx, dx permcrapa pemsom. ¥ jasbeMm Tekcry Omhe nmpukasan ojHOC u3Mmelhy
perucrapa o0 KoMe je paHuje OUI0 pedr, Ka0 W IMPUKa3 U Ha TO OJI KOT' J0 KOT burta

perucTpa ce OJHOCH JaTa HOTAIH]a.

63-56

25-48

47-40

39-32

31-24

23-16

15-8

7-0

ah

al

ax

eax

rax

[Ipumernmo ma, YKOJIUKO HAC HHTEPECYje BpeaHOCT apyror 0ajTa y X86_64 apxuTek-
TYpPH, 10 e MoxkeMmo gohu Ha cieneha 4 maunna: ah, ax&0xFF00, eax&0x0000FF00
win rax&0x000000000000FF00.

2.2 PerucTtpu omnimnTe HaMeHe

Peructpu onmite HameHe UMajy YJIOTY Ja 9yBajy olepaHe W MOKasuBade:

e Ormepanjie 3a JOTHUKEe U aPUTMETHUKE OIlepallnje

e Omnepanjie 3a aJpecHe KaJKyJaruje

e [loka3uBade Ha MEMOPUJCKY JIOKAIU]Y
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Peructpu ommre HaMeHe ce MOTY KOPHCTHTH MPOU3BOJHHO mMpeMa moTpebu. Meby-
THM, JIW3ajHEPH XapJBepa cy YBUIETH JIa MOCTOjU MOTYNHOCT Ha/bUX ONTHMHU3AIN]a
VKOJIMKO C€ CBAaKOM OJI OBUX perHcTapa J0/e/H HeKa crenududHa yaora y Kojoj je
MaJIo 0OJBH O OCTATINX PErucTapa OIINTEe HaMeHe.

Ha Taj mauun npeBoguonu Behuny BpemMeHa Kpeupajy 60/bu aceMbJIepCKH KOJT HErO
JBYJH, IPOCTO U3 PA3JIOra IITO CBAKH O PErucTapa OIIITe HaMeHe Takolje KophcTe
U 3a HUXOBY crenmpuany OYHKIN]Y CBaKKA MyT IAe je To Moryhe.

CrermududHa yaora perucrapa OmirTe HaMeHe:
® €ax - AaKyMyJIaTOp 3a OIepaHje U MOJATKe Pe3yJITaTa
e chx - moka3mBa4 Ha MojaTKe y ds cerMenty
e ecx - Opojad 3a MeT/be U omepalije HaJ CTPUHTOBUMA,
e cdx - mokazmBay ma Y /U

e esi - MOKa3WBaY Ha MOJAATKe Ha KOjU MoKa3yje ds perncrap; movyeTHr MOKa3uBad
3a omepalifje HaJ CTPUHTOBIMA,

e cdi - IOKa3MBa4 Ha IOJATKE y CEIMEHTY Ha KOJU HIOKa3yje es perucrap; Kpajmbu
MOKa3WBaY 3a Omeparyje HaJ CTPUHTOBHMA

® €SP - IIOKa3HWBa4d Ha IIOY€TaK CTEKa

e ebp - moKa3WBa4 Ha MOJATKE y CTEKY

2.3 CermeHTHHU perucTpu

CerMeHnTHH PErucTpu CAPKe mecHaecToonTHe cejiekrope cermenta. CejiekTop cer-
MEHTA je CIIellijajiaH MOKa3uBa4d KOju naeHTu(UKYje cerMeHT y Memopuju. Jla 6mcmo
HPUCTYITUIN OJIpel)eHOM CerMeHTy y MeMOPHjU, CeJIEKTOP CerMEHTa KOjU IMOKa3yje Ha
Taj CerMeHT Mopa OUTH JIOCTYIIAH y OAroBapajyheM cerMeHTHOM PerucTpy.
Crerududna yjaora cermeHTHUX perucrapa:

e cs - code segment. cs perucrap caJprKu CeJeKTOD CerMeHTa KOji ToKa3yje Ha
CErMeHT KOJIa y KOMe ce Hajla3e MHCTPYKIHje Koje ce m3BPIIaBajy.

e ds - data segment. Ocum ds, cerMeHTHH PErucTPH 3a CEIMEHTE MOJaTaKa Cy 1
es, fs, kao u gs.
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e ss - stack segment. ss permcrap cajpKu celeKTOP CerMeHTa KOju MOKa3yje
Ha CEIMeHT CTeKa Ie ce YyBa CTeK MporpaMa KOju ce TPeHYTHO H3BPINaBa.
3a pas3luKy Ol PErUCTPA 3a CeTMEHT KOJA, SS PErucTap ce MO¥Ke eKCILTHUII-
UTHO TIOCTABUTHU IIITO JIO3BO/baBA AILIMKAIM]jaMa Jia IMOCTaBe BUIIE CTEKOBA W
Jla aJTepHupajy usmehy mux.

2.4 OmnepaTuBHU pexXKUMHU IIpoIecopa

OneparuBhu pexkumu mporecopa y X86 apXuTekTypu Cy:
e Real mode

Protected mode (16-bit)

Protected mode (32-bit)

Compatibility mode (camo x86-64)

Long mode (camo x86-64)

2.4.1 Real mode

Peaynu pexkum je crame mporecopa Koje Kapakrepuiine 20-ToOUTHA cerMeHTHPaHa,
MeMOpHja, MITO 3HAUM JIa Ce MOXKEe aJIPeCHPATH caMO MAJO BHIIE O jeTHOT Merada-
jra. CBu mpomecopu mo4es o 80286 3am04unmby y OBOM PEXKUMY HAKOH YKJbY YUNBAHa,
pauyHapa, 30or kommnaruouanocTu. /Jla 6Gucmo Moram ja ajgpecupamo BUIE MEMO-
puje, mOTpebHO je jla KOPUCTHMO CEIMEHTHE PEerucTpe.

[TocTymak KojuUM M3 PEAJHOT pexKMMa MPEeTa3uMO y 3aITUNeHNn pe:KuM, Ha3UBa Ce
Jastekn ckoK (far jump), rie npu mocTaB/bamby CErMEHTHUX perucrapa ”’ ckadeMo” u3
jensor cermenTa y apyru. /lajeku cKok Hajuernrhe mojpasymMeBa IpPOMeHy CeJIEKTOpa
cerMeHTa, KOju ce HaJla3u y CeIMeHTY KOJa, U KOjH MOKa3yje Ha CeIMeHT KOJa Y KOMe
ce HaJla3e HHCTPYKIFje Koje ce TPEHYTHO H3BPIIaBajy.

2.4.2 CermeHTarnuja

CermenTanyja je pereme KOjuM ce omoryhasa aJpecuparme BUIITe MEMOPHje HEro MTo
je To xapasepcku npeasuheno. Cermenrainuja ce mnoctumke Kopuinhemem offset-a.
Offset je pasiuka (yIa/beHOCT) TPEHYTHE U MOYETHE ajpece. YIPABO MO y3 momoh
CerMeHaTIuje y PeaJlHOM PeKUMy ajipecupaJsiu MeMopujy ca 20, ymecTo npejisuhenux
16 6utona.
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2.4.3 Protected mode

Samruhern pekuM je crame IPorecopa y KojeM IMPoIecop UMa MyH MPUCTYII TeJI0M
OTICEry MeMODWje, 3a Pa3JuKy O peaaHor pexkuma. Makcumasana seananaa RAM
MeMOpHje Kojy apxuTekTypa 1386 moapzkasa je 4GB, ympaBo 300r BemdnHe peruc-
Tpa o 32 6ura (2*2B = 4G'B). Heku nponecopr Koju noapzxkasajy PAE - Physical
Address Extension, moap:kaBajy u agpecuparme MeMopuja npeko 64 outa. Kacuwmje
je Ha OBOM CTapH/IAp/ly yTeMe/beHO U ajipecuparbe Memopuja Ha X86_64.

Atpecuparbe cBux 32 Gurta MeMOpHje TOCTHKe ce KOopHihemeM cTpannderma (pag-
ing), Koje HaM JI03BOJbaBa JIa MaUpaMo (pU3HIKY MEMOPHUjY Ha BUPTYeaHy. Ha Taj
HAYWH, TPUJIAKOM HU3BPIIIaBambha CBAKOT ITPOTrpaMa MOKe ce 3aBapaTy IporpaM, TaKo
Jla MUCJIA JIa HeroBO u3BpliaBambe Kpehe oj nodeka memopuje. V3 Tor pasziiora,
3HAYAJHO HAM je OJIAKIIAHO M3BPIIaBaibe IMPOrpaMa jep HaM CBU HMPOTI'PAMU MOCTa]y
HE3aBUCHU OJ1 aJipece (pU3MIKe MEMOPHje I'Jle Ce OHU 3aIPaBo HaJla3e, JOK ITPUIUKOM
Kpenpama IporpaMa MozKeMo (PHKCHO MOCTABUATH aJpecy IpBe WHCTPYKIHje.

OBo je crame npornecopa Koju HaIle je3rpo TPEHYTHO KOPUCTH.

2.4.4 Compatibility mode

Pexxum komnaTudbmiaHocTu ce mokpehe TokoM mpeacka u3 3amTHieHOr pexKuMa y
JYTAUYKU PeKUM. PeykKuM KOMIATUOMTHOCTH PaId CJAMIHO 3AIMTHNEHOM PEKHUMY
U KOPHCTH ce 3a oMmoryhasame ydnTaBarma 64-OMTHHX CTPYKTypa, Ipe yJjackKa y
o/iroBapajyhum Jyradaku pezKum.

2.4.5 Long mode

Bpemenowm je mocrano jacmo na 4GB anpecubunne memopuje Kojy HaM TpyzKa 32-
burna X86 apxurekTypa HEje JioBO/bHO. I3 Tor passora nacrao je long mode.
JIyrauku pekKuM je 3ampaBo CaMO eKCTeH3Uja 32-OMTHOr CKyla WHCTPYKIUja, aJiu
3a pa3auKy o TpaH3ulyje ca 16-OuTHOr Ha 32-OMTHH CKYI MHCTPYKIHja, caja je
VKJIOE€H BeJTUKH J1e0 HHCTPYKIHja. OBO He yTHYe Ha KOMITATHOWTHOCT €A CTAPH)UM
Bep3ujaMa M3BpIIHUX (DajaoBa, aad Memha HAUYMH HA KOju aceMOJiep W IPeBOIUOIN
3a HOBH KOJI MODPajy /1a (PYHKITMOHMIILY.

Kpenpamem oBe ekcTeHsmje mporecopa, Hactaaa je m Hoba AMD64 apxurekrypa,
Koja je mobmia mme yupapo mo AMD koMmMmaHuju Koja je am3ajHEpaJa OBY CIEIH-
duxkanujy. To je 6uo nNpBU MyT Y UCTOPUJU Ja je BPJIO BarKHA OJJIYKA KOja ce THYe
X86 apxuTeKType JIOHECeHa O/ HEeKe JIpyre KoMmiaHuje, a He camor Mures-a, anu u
na je Mlanren ofjiy4dno jia TpUXBaTH TEXHOJOIU]Y OJ[ CTPAHOT U3BOPA.
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2.5 EkcreH3uje mporiecopa

Excrensuje nporecopa y X86 apXuTekTypu Cy:
o 86-64
e PAE/NX
o x87
e SSE
e AVX

2.5.1 x86-64

[Ipommupeme x86-64 je MPUINYHO €KCIAH3UBHO, NpuMeHa 64-OMTHOT OlepaTHBHOT
pexxkuma u 64-6urtHo ajipecupame. Jlanac je rorosBo nemoryhe nponahu padynap
KOju He ToApKaBa X86-64.

2.5.2 PAE/NX

PAE/NX npumersyje cTpaHnuvHe HOPYKe Ha YeTUPHU HUBOA U J0/aje TMPErpIiT CBO-
jcraBa crpaHunama Jia Ou ce npuMeHU/Ia ONCEKHA 3alITUTa MEMOpHUje, YK/by4yjyhu
NX, 3acraBuiry 3a oneMoryhapame uU3BpIIaBatba Ha oipehenoj crpanunu. Behuna
onepaTHBHUX padyHapa naxac moapxkaa PAE/NX.

2.5.3 x87

x87 je mpommupeme 3a floating point m3pauynasama. ako je TexHUYKH eKCTeH3H]a,
nojipzkana je na Behunu x86 mporecopa.

2.5.4 SSE

SSE je 128-6utHo npommupeme 3a nogatke. omaje 8-16 128-6utuux XMM peructpa
OMIIITe HAMEHEe W WHCTPYKIHja 3a u3Boheme maremaruke SIMD Bektopa. SSE nma
HEKOJINKO Bep3uja. x86-64 mporecopu cy obaBe3Hn a Moaprkapajy HajMame SSE2.

2.5.5 AVX

AVX je 256-6utHo npormpeme 3a nogarke. Obdasspa ¢Bpxy ciamany SSE u umiie-
MeHTHpa HeKoJnKo 256-6utHux YMM perucrapa.
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Boot

3.1 Penocien nmokperama

Op mpuTHCKa TacTepa 3a YK/bYUHBAE PadyHapa, 114 JI0 yIUTABAHa OHePATHBHOT
CECTeMa TIOCTOjU TIe0 je/ian mporec. HakoH npuTucKa Tacrepa, padyHap NpBO H3BP-
masa POST (Power On Self Test) pyruny, koja je jenna ox nouernux dasza BIOS-a
(Basic Input Output System). ¥ POST-y, pauyHap mokymasa Ja WHUIHjATAZY]e
KOMIIOHEHTE PadyHApCKOI CHCTeMa jeJHy IO jeJIHy, U HpoBepaBa Ja JIi OHE HCIIYH-
jaBajy cBe ycJioBe 3a CTaproBaibe padyHapa. Y KOJHKO je Ie0 Hpolec 1npoiiao oe3
rperraka, HacTaB/ba ce gasbe m3ppmasame BIOS-a. BIOS cama uma yiory ma mpos-
ahe Meanjym Koju caJIip:Ku mporpam Koju he yduTaTu je3rpo onepaTHBHOT CHUCTEMa
y RAM memopujy pauynapa. Taj mporpam ce nasusa Bootloader.

3.2 MBR

MBR (Master Boot Record) je npsu cexrop Ha xapsy gucky. Cazapzku bootloader u
tabeny maprunuja. Oa 512 6ajToBa Koje YMHU ceKTOp Xap/ aucka, 440-446 H6ajrosa
je npeasubeno 3a bootloader, 64 6ajTa 3a YeTupu TpuUMapHe MapTHIHje JTOK IMOCTe]I-
Ba JBa Oajra caapzxke xkorcranTe 0x55, OxAA koje naeHTHdUKY]jy 0Baj CEKTOP Kao
BaJIMIaH boot cekTop.

Hosuju UEFT (Unified Extensible Firmware Interface) cucremu ymecro MBR canpzxe
GPT (GUID partition table) Ta6esy maprunuja. GPT omoryhasa naprununonucame
xap/1 juckoBa Behux o1 2TB, kao u 1ocejioBame BUIIE OJ YeTUPU IPUMAPHE HAPTH-

nuje.



10 3. Boot

3.3 Bootloader

Bootloader je mporpam koju ce nHasasu y npsux 440-446 6ajroBa meaujyma y MBR
OJIe/bKY, W FHeTOB 33J[aTaK je Jia yUuTa je3rpo onepatuBHOr cuctemMa y RAM mem-
OpHjy, U IpeJa My Jajbe YIpaBbarmbe. 300T KOMILIEKCHOCTH TaHAIlmber codgTBepa,
440 6ajroBa je BpJIO MaJio 3a yuuTaBame 1esaor bootloader-a. M3 Tor pasjiora meku
bootloader-u pazaBojenu cy y Buiiie jesiosa, najuernthe asa. [Ipsu meo je BpJio maJmn,
ctaje y 440 6ajroBa MBR-a u on cay:ku camo fa O0M y4UTa0 JIPYTHU 70, y KOMe ce
HaJa3¥ TJIABHU KOJI KOJU JlaJhe TIpejiaje VIIpaB/balhe Je3rpy OMepaTHBHOT CHCTEMA.

Hekwu ox najmonymapuujux bootloader-a jecy: GRUB, LILO, systemd-boot, rEFInd,
ka0 u Windows Boot Manager. 3a morpebe oBOr OmepaTHBHOT CHCTEMa KOPUITNEH
je GRUB o xowme he 6utu Burite peun y onespKy Kopuiihienn anaru.

3.4 Multiboot cnermdukarmmja

Multiboot cnenmdukamnuja je orBopeHu cranaap/ Koju jesrpuma obesdbehyje yjen-
HaYeH HAYWH TOKpeTama 0 crpane bootloader-a ycariamienux ca OBOM CIEIH-
dukamymjom. JeaHa o1 NPBUX CTBApH KOjy CBAKO je3rpo YPaJH je MOCTaB/hake KOH-
crantu Aedunucanux multiboot crammapaom ga 6m OMJIO MPEIO3HATO OJ CTpaHe
bootloader-a u ma 6u My O6M10 TpeaaTo Ja/be YIPAB/hAIbe.

3.5 ELF

ELF je dbopmat 3a ckaajuiiTeme mporpaMa win (pparMenara mporpama Ha JUCKY,
KpernpaH Kao pe3yarar mpesohera u aunkoBama. ELF daja je mome/ben Ha ojesbKe.
3a mporpaM Koju MOKe JIa ¢e U3BPIIHU, TTOCToje caeaehn ogespiin: oe/bak ca TEKCTOM
3a KOJI, 0JIe/baK Ca IoJaIuMa 3a rjaobajiHe npoMeHsbuBe u ogesbak ~.rodata” (read
only data) koju obuuno caap:xku KoHcTanTHe HECKe. ELF dajn canpxu 3araasmba
KOja OIHCYjy KaKO OBHU OJie/blii Tpebda j1a OyLy YCKIQJIUIITCHH Y MEMOPHU]H.

Osaj dopmar nedunucan je y System V ABI (System V Application Binary Inter-
face)[2], koju upexcraspa ckyn cnenndukanuja koju nedbuHuIIe HO3UBaKe DYHKIT]A,
dopmar objekTHHUX dajioBa, popmaT (ajIoBa KOju MOTY Ja ce U3BPIIe, TUHAMUTHO
JINHKOBaFe Ka0 W MHOTE JIpyTe.

Qyukiuje apxuTekType 1386, 110 KOHBEHIHjH, IIOBpATHE BPEIHOCTH IEJT0OPOjHOT
THIIA 9yBajy Y €aX PerucTpy, 0K ce BPEJIHOCTH Koje He €Tajy v 32 OuTa eax perucrpa
"upesiuBajy” y edx perucrap. OBa undopmaruja he zam Outn K/bydHa KaJia OyaeMo
nosuBaan ¢gpyuknuje Hamucane y C-y w3 Assembler-a.
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Kopunthenn ajgarun

Y jma/beM TeKCTy Cce MOr'Yy BUJETH HEKH O] ajiaTa KOPHUITNEeHWX TOKOM H3paje OBOT
pana. Behuna kopunthennx anara noceayje GPLv3 smmeniry. GNU Public Licence
je JIIIeHtia OTBOPEHOT KOJIa KOja J03B0J/haBa MOIU(MUKOBARKE U THCTPUOYIPahe KOJa
CBe JIOK je Taj KOJ JaBHO JIOCTYNIaH. JeJWHW NporpaMu ca OBe JINCTe Koje HHje
kpeupao GNU cy: QEMU Buptyenna mamuna, git u NeoVim koju kopucte GPLv2

JINTICHITY .

OneparuBHE cUCTeM KOpPHUIITNEeH Y H3paJi OBOT IpojekTa je Artix Linux. Artix Linux
je GNU /Linux auctpubyuja 6azupana ma Arch Linux-y. Behuna kopumthennx mpo-
rpamMa je Beh mpeBeieHa W cIpeMHa 3a ynoTpeby W HaAJa3W ce Ha 3BAHUIHUM jJaBHO
JOCTYIHAM JIOKAIHjaMa.

3a mporpame Koju Cy MOpaJu OWTH TPEBEJEHU JaTe CYy WHCTPYKIHje Y FbUXOBO]
nopceknuju. Binutils u GCC cy Mopasu jga Oyay HaKHAJIHO IPEBEJICHH U TO Jia
He OM KOPHCTUJIM CTaHJIAPIHY OUOJIHOTEKY KOjy HaM je 06e30eau0 OlepaTUuBHU CHC-
rem joMahun (OHAj Ha KOME ce IPEeBOJAM OBaj mpojekar), Beh mocebny 6GubIoTEKY
KpenpaHy 3a OBO je3rpo. 3a ocraje mporpame KOju €y KOpHITNEeHH IPernopydeHa
je ymorpeba OHWX KOjU Cy JOCTYIHH KaO CHPEMHHU MaKeTH y W3BOpHMMa ojabpane
muctpybynuje GNU /Linux-a.

4.1 Binutils

W3zBopHU KO/ codpTBepa ce Mozke Hahu Ha cTpaHumy https://www.gnu.org/software/
binutils/, 3ajeJHO ca YIYTCTBOM 3a IpeBoheme u Kopuinheme.

OBaj codTBepCKH TMAKET CAAPZKN MPOTPaMe HEOMXOIHE 33 H3PaJLy MporpaMa oj KO-
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jux cy Hajropuifienuju acembiep (as), qunkep (ld), kKao u mporpam 3a Kpeuparmbe
oubsmoreka (ar).

4.1.1 IIpe momaBama C bGubIMOTEKE

Kako ce nwe xopuctu crangap/aina oudbanoreka, eh OMOIMOTEKA KOja je caMOCTaIHO
Hanucana crenududHo 3a oBaj upojekar, mnmorpedmno je mpeectu GNU Binutils.
MehytuMm, mocroju moryhHnoct kopwuinherma Beli cIipeMHOI ITakeTa KOjU ce 3a JIUC-
Tpubynuje 6azupane Ha Arch Linux-y mozke nahu Ha cranunm https://aur.archlinux.
org/packages/i686-elf-binutils/. Ilojemune qucTpudynuje Beh umajy oBaj maker
NpeBeJIeH, ajii je MPernopykKa JI0aTHO npeBoherme Aa Ou ce nzderjia HeKOMITaTHONI-
HOCT, a W 3aTo mTo he HakoHn dopmuparma Hame C 6ubanoreke OGUTU HEOIIXOTHO
MpPEBECTH OBAj MPOTPaM 3a CBAKH CUCTEM TTOCeOHO.

3a oHe Koje Kejle caMu Ja mpeBeay binutils, gaT je meo mHCTpyKIHja KOju ce pas-
JUKYje OJ YIIyTCTBa JAaTOT Ha, 3BAHWYHOM CajTy, a TUYe ce MoJieniaBarba Mpe mpe-
Boherba.

mkdir build
cd build

../ configure \
—target=i686—elf \
—with—sysroot \
—prefix=/usr \
—bindir=/usr/bin \
—libdir=/usr/lib/i686—elf \
—disable—nls \
—disable—werror

make
make install

4.1.2 Hakon gogaBama C d6mubinoreke

Hakon momasama narie C 6ubaunoreke norpebno je mpesectu GNU Binutils Tako ma
Ty OMOJIMOTEKY M KOPUCTH IPUJIMKOM IIPEBOherha, Halllel' OllePATUBHOI CHCTEMA.
Hanomena: ITorpe6no je nocrapuru $SYSROOT na jokanmjy Koja caapzxm 0mO-
smoreky. To je moryhe ypajutu na ciejgehun naunmn:

export SYSROOT=/put/do/biblioteke

Nucrpyxkimje 3a npesoheme jgare cy y HaCTaBKY.
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../ configure \
—target=i686—elf \
—with—sysroot=$SYSROOT \
—prefix=/usr \
—bindir=/usr/bin \
—libdir=/usr/lib/i686—elf \
—disable—nls \

—disable—werror

4.1.3 GNU Assembler

Nako TpeHyTHO mocToje MHOrO nomysapHuje aarepraruse nomyT NASM (Netwide
Assembler) u MASM (Microsoft Assembler) koju kopucre HOBHjy VIHTETOBY CHH-
Takcy, ayTop ce unak oayano 3a GASM 36or kommnatubuanoctu ca GCC mpeBouro-
em. GASM kopuctu crapujy AT&T cunrakcy Kojy KapakTepuiine: 0OpHYT MOpeIaK
napamerapa, npeduKc npe UMeHa PerucTapa U BPeJIHOCTH KOHCTAHTH, a U BEJIUIUHA
napaMeTrapa MoOpa ONTH eKCILTUIUTHO aeduHncaHa. 300r Tora he MoXkKmaa HEKHM
quTaonuMa OMTH KOpHUCTaH mporpaMm intel2gas xoju ce 3a Arch Linux moxke mahm
Ha cTaHWnM https://aur.archlinux.org/packages/intel2gas/, a Koju npeBOIH
pacupoctpamennjy UutenoBy cunatakcy y AT&T cunrtakcy.

GNU Assembler je kopurihen 3a npeBoheme mesa Koja HAIICAHOD y aceMOJepy.

4.1.4 GNU Linker

GNU Linker je xkopumnihen 3a JquHKOBambe, Tj. ~chajame” CBOT MPEBEIEHOT KOMA Y
jemny Gunapry gartoreky tuma ELF koja npeacrammpa jesrpo (kepuen). JluHkep
kopuctu src/linker.ld ckpunry koja gedunuIle Ha KOjU HAYMH Ce MAKYjy CEKIHje
o0jekTHUX dajaoBa, O] Koje MEMOPHjCKe JIOKAIIHje MOYUIbe YIUTABAILE je3rpa, Kao
1 Koja je noderHa dpyHKIHja o1 Koje kpehe u3BpmraBame. OBa CKpHITa y CTBApU
npejicraBiba perenT 3a Kpeuparme nasejgene ELFE naroreke xoja y mariem ciydajy
YUHU OllepaTUBHU CUCTEM.

4.2 GCC

NzBopuu kox codrBepa ce moxke nahu na crpanunu https://gcc.gnu.org/, 3a-
jeJIHO ca YIIyTCTBOM 3a TIpeBoherbe n Kopuiherne.

Ucero kao m 3a GNU Binutils, moryhe je mponahm Beh cmnpeman maker y moje-
JIMHUM JUCTPUOyInjaMa, aju je IpernopyKa MaHyeJ HO [IPEeBECTH U3 IIPETXO/IHO HaBe-
nenux passiora. 3a Arch Linux oBaj nmaxer ce moxke nahm wa cranumm https:
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//aur.archlinux.org/packages/i686-elf-gcc/.

GCC je GNU-oB ckyn mpeBoinoIa Koju je KopuirheH 3a mpeBoheme OBOr omepa-
TUBHOI' cUCTEMaA.
4.2.1 IIpe mopaBama C dOubIMOTEKE

3a ome Koje xkeqe camu jga npeseay GCC, 1ar je 1eo MHCTPYKITHja KOJU ce PA3IUKY]je
0J1 YIIYTCTBA JATOT Ha 3BAHUYHOM CajTy, a THUYEe Ce MoJellaBamba 1mpe npepohema.

mkdir build
cd build

../ configure \
—target=1686—elf \
—prefix=/usr \
—disable—nls \
——disable—plugin \
—enable—languages=c, c++ \
—without—headers

make all—gcc
make all—target—libgcc

make —k check || true

make install —gcc
make install —target—libgcc

4.2.2 HakoH nogaBama C ombanoreke

Nucrpykuuje 3a npesoheme HAKOH JogaBamba OubIMOTEKe j1are ¢y Y HACTABKY.

../ configure \
—target=i686—elf \
—prefix=/usr \
—with—sysroot=$SYSROOT \
—disable—nls \
——disable—plugin \
—enable—languages=c, c++

[Ipesoheme GCC-a ca garum omujama 06e30ehyje Ham Kopuiherme gare OndImoTeKe,
YMeCTO cTaH ap/He KOjy HaMm je 06e30e/ 10 ornepaTuBHA cucTeM jjomahu.


https://aur.archlinux.org/packages/i686-elf-gcc/
https://aur.archlinux.org/packages/i686-elf-gcc/

4.3. GRUB 15

4.3 GRUB

N3BopHum kox codprBepa ce Mozke nHahu Ha cTpanumu https://www.gnu.org/software/
grub/, 3aje/iHO ca yIyTCTBOM 3a IpPeBOheme  KOpUIiheme.

GRUB (GRand Unified Bootloader) je bootloader koju je kopumuihien Ha 0BOM mpo-
jekty. TpenyTHOo Kopunihena Bep3uja oBor codprBepa je GRUB 2.

Koudurypanuonu dajn grub.cfg nedpunume omakse osaj bootloader yaurasa jesrpo,
Ka0 W KOJUKHU je BPEMEeHCKH OKBHUD u3Mely m30opa jesrapa, OJHOCHO OTepPaTHBHUX
cucTeMa.

4.4 QEMU

Bumie nundopmanuja o codpreepy ce moxke Hahu na crpanunu https://www.gemu.
org/, 3aje/IHO ca yIYyTCTBOM 3a KOpPHIIherhe.

QEMU je BupryenHa ManmHa y Kojoj he je3arpo OUTH TeCTUPAHO W MTPUKA3AHO 3aPa/l
npakTuaaux pasjiora. QEMU je omabpan 3a oBaj mpojekar, jep 3a Pa3JHKY O
JIPYIUX BUpTYyeHuX Maiuna nocejyje cli (command line interface), us kora ce jiako
MOKe mo3uBaTu nomohy ckpuntu kao mro cy Makefile-osu.

4.5 Make

N3BopHuu ko1 codprBepa ce Mozke Hahu Ha cTpanumy https://www.gnu.org/software/
make/| 3ajeJlHO ca YIYTCTBOM 3a 1peBoheme u kopuiihemne.

Make[3] mam omoryhiasa fa ca 1akohioM ofpzKaBaMo U MAHUILYTHITEMO H3BOPHUM a-
jioBuma. Moryhe je cBe npepecTu, obpucaTu, KpeupaTu iso (aji Kao ¥ MOKPEHYTH
QEMU BupTyesny MaIUHY ca caMo jeTHOM KJbYYHOM peun y Tepmunany. Hanucann
Makefile 3a morpebde oBor npojexra 6uhe gerasbno objammen y cexiuju Build system.

4.6 Mame OUTHHU ajIaT!

4.6.1 NeoVim

NeoVim je ypebusau rexcra macrao ox Vim-a (Vi improved) [4]. Koudurypaun-
jexu ajyioBu aytopa, mory ce mHahu na https://github.com/aleksav013/nvim, u
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NMajy 3a IUJb Jla CTBOPE OKPYZKeme MOT0JHO 3a PaJi Ha OBOM IIPOJEKTY.

4.6.2 git

Kpearop oBor nporpama je Linus Torvalds, koju je kpeupao Linux jesrpo. N3Bopuu
Ko codTsepa ce Moxke Hahm Ha crpanunu https://git.kernel.org/pub/scm/
git/git.git.

Git je mporpaM KOjH HaM IOMazke jia OJIpKaBaMo u3BopHe dajaoBe CHHXPOHH30-
BaHUM ca peno3uTopujymMoM. OcuM Tora 3HA4YajaH je W FHErOB CHCTeM KOHTPOJIe
Bep3uja - MoryhHoCT j1a ce 3a ¢Baky mpoMmeHy (commit), BUAM TAYHO KOjU Cy ce
¢aj/ioBH U3MEHWIN U KOja je pa3/jiuKa m3Mely HeKe JBe Bep3uje IMPOjeKTa.

4.6.3 xorriso (libisoburn)

M3BopHM KON copTBEpa ce moyke Hahm Ha cTpaHuy https://www.gnu.org/software/
xorriso/) 3ajeJlHo ca YIIyTCTBOM 3a IIpeBoljerbe u Kopuimheme.

Cayxu 3a kpeupamme [SO dajrosa koju ce mory "Hapesarn” #a CD guck wiun USB
dternr, u Koju ce KacHUje MOI'y KOPUCTUTHU K0 ONTUYKHU JUCK KOJU CAJIPZKU CBE IITO
j€ HEOIIXO/IHO 3a YCIIEITHO TOIN3aHhe CUCTEMA.

4.6.4 GDB

NzBopuu koj codrTBepa ce mMoxKe Hahm Ha cTpaHunu https://www.sourceware.
org/gdb/, 3aje/IHO ca YIYTCTBOM 3a TpeBoheme U KOpUIheme.

GDB je GNU-oB debugger, koju ciyzKu 3a IpOHAJAKEH-E TPelraka y Kooy, Kao 1
aKTHBHO Tpahieme W3BpIaBama mporpaMa (y OBOM CIydajy jesrpa). Y3 momoh oBor
IporpaMa YCTaHOBJBEHO je IITa CBAKHW TacTep Ha TacTarypu Bpaha HaKOH IPUTHCKA,
IITO je 3HAaYajHO YO3aJI0 IPoIlec Malupambha TacTaType.
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Nucoupaiuija

5.1 Minix

Minix je oneparuBau cucteMm Oasupan Ha UNIX-y Koju KOPHUCTH MHKPOKEPHEJICKY
apxurekrypy. [loues ox Bepsuje 2.0 3ai0B0o/baBa POSIX (Portable Operating Sys-
tem Interface) crangapsa. Tlouerne Bepsuje Minix omepaTruBHOr cucrema, Kpempao
je Enapjy C. Tanenbaym xao mpodecop Bpuje yausepsurera y Amcrepmamy. IIpo-
decop Tamendaym Kpewpao je olepaTHBHE CUCTEM Kao IPUMEpP NPHHIUIA KOJU Cy
NPUKA3aHN y HeroBoj Kibu3u ~Onepatubau cuctemu: lwsaju n Vmnnemenrtanmja”
(Operating Systems: Design and Implementation)[5]. Ocum oBe kmure, Tanentaym
HAIICAO je W MHOTE JIPyre KOje MOry OUTH 0J KOPUCTH CBUMA KOjU 2Keje /ia ce DaBe
au3ajHom onepatuaux cucremal6][7]. SaruMiprBa unmenuna je ga je Minix Hajmon-
VJIAPHUJU OIEPATHBHU CHUCTEM YHje je3IPO KOPHUCTU MUKPOKEPHEJICKY apXUTEKTYpYy.

Cuekynute ce na csu utenosn nponecopu nakon Core2Duo cepuje Koju umajy ani
nox uazusom Intel ME (Intel Managment Engine), 3anpaso nokpehy Minix onepa-
tuBHu cucteM. OBo 6m Minix yYnHNI0 HAjKOPUITNEHUjUM OTIEPATUBHAM CHCTEMOM
UKaJa.

5.2 Linux

Ayrop pasa Beh gyzke of ABe TOMHE KOPUCTH OTIEPATUBHEU CUCTeM ca Linux jearpowm,
mTo je 6Mo W IJIaBHUW Pa3Jjor 3aliTo je n3abdpao paj Ha OBy Temy. ¥ TOKY U3pae
OBOT IIPOjEKTa, ayTOp je mozKe1eo j1a 60/be pazyMe Kako pyHKIMOHHUIIEe n3paa Linux
je3rpa m Kako je To ”3ajeanuna’ oHa Koja ra mokpehe m ogprkaBa, a He HeKa BEJIMKA,
koproparnuja. Crora je ojjIyduo J1a J0IPUHECe TOM IPOJEKTY, U HOCJIA0 j& HEKOJIHKO
3akpma (patch-eBa) Koju cy IpuM/beHN U UMILIEMeTHPAHU y HOBO] 5.17 Bepauju Linux

17



18 5. WMucnuparmnuja

jesrpa. OBO MCKYCTBO MOKA3aJI0 MY je KOJTUKO je 030M/bHA OpTaHW3aIyja Koja CTOju
U3a [EeJIOT TOT MIPOjeKTa U KOJUKO je OUTHO paIuTH Ha CBUM cdhepama HEKOT IPOjeKTa,
Kao IMTO Cy W M3PaJa JOKYMeHTAIlje W CIPEeMHOCT Ja ce eAyKy]y W 3anHTepecyjy
MJIAJIN JBYIU KOjuMa he OBAKBO MCKYCTBO 3HAYUTH Y Ja/beM IPO(PECHOHATHOM yC-
appmraBamy. Ayrtop je cpehan mTo ra je oBaj mpojekar 0BayKWO J1a HAYUHU Taj
KODaK U JI0IpuHece MOXKIa HajseheM codpTBEPCKOM MPOJEKTy HKaJIA.

5.3 BSD

Hajnonyrapauju BSD oneparusan cucremn cy pemom FreeBSDI§|, OpenBSD wu
NetBSD. CBaku o 1UX uMa pa3iuduTe MUHEBE, aji CY CBH CAIJIACHU Y jE/IHOM:
codTBep MOpa ocTaTu MUHUMaJaH. CBM OBM ONEPATHBHU CHCTEMH CBOje CUCTEMCKe
nporpame u OUOJMOTEKe UMajy HAIMCAHO y JAYIJIO, aKO HE W HEKOJUKO MyTa Marbe
muauja koga Hero GNU/Linux. To ux 9uHE MHOTO JIAKIITHM 3a OApKaBarbe, ald u
MHOTO CUTYPHUjUAM.

BSD oneparupau cucremu pasaukyjy ce on GNU/Linux-a, mo ToMe mTo €y KO
BSD-a je3rpo m KOpHUCHHYKH NPOrpaMu IIeJHHA KOja je HacTajga OJ CTpaHe jeJIHOT
TUMa, JbYJIU U OJpKaBajy ce ynopeo, 10K je koj, GNU/Linux-a jesrpo Linux, a GNU
Coreutils unHE KOpHCcHIYKe mporpame (User space) U BUXOB Pa3Boj je MOTIYHO He3a-
BrcaH. 300r Te ynmennie, BSD je MHOrO Jaxime oaprKaBaTu U MHOTO OpsKe ¢e MOry
UMILIEMEHTHPATH HOBE UJeje U MOTYNHOCTH, IIPOCTO U3 pazJjiora IITO He 3aBHCH O]
JIpyTe cTpaHe Ja ce Ipe cBera yCKJIadd, a MOTOM U MMILIEMEeHTHPA ATy IPOMEHY.

Takobhe ocum rope HaBejeHNUX pa3JidKa, jOII jegHa BeoMa OWTHA pa3/MKa je TO IITO
BSD kopuctu MIT smnenny nok GNU/Linux kopuctn GPLv2/GPLv3 nunenmy.
To 3naum ja 3a BSD cucreme nHakon Mojaudukaluje e MOpaMo YIXHATH KOJI jaBHO
goctynauM. Ta gumenuna guau BSD BpJ/io npuMaM/bUBHM 3a BeJIMKE KOPIIOpaIluje
KOje HA Taj HAUMH CBOja codTBepCKa pelera MOry 0asuparu Ha Beh moctojehmw.
Taxo wHa mpuMep MHOTe KOH307€e ToKpehy yupaso usmemeny Bepsujy FreeBSD-a, 1ok
ca Jpyre cTpaHe mMaMo U Komnanuje monyT Apple-a, koja Takohe kopuctu FreeBSD,
aJIi Kao IOJIJIOTY 3a CBOje OllepaTHBHE CHCTeMe 3a padyHape u MobuiHe Tejedone.
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Build system

CucreM Koju Kpeupa toolchain Koju ce KopucTu 3a npeBoheme, THHKOBAILE U U3PALY
ynorpebspuBor oneparuBHOr cucteMa y ISO dbopmary. OcuMm ckyma anata MoxKe ce
Bugern u Makefile Koju nmamTu Ha KOju ce TAYHO HAYMH KOPUCTH Taj CKYIl aJara Jia
Ou ce M3rpaiuao je3rpo.

6.1 aleksa-toolchain

VY ckutomy oBor mpojekta Hacrao je u aleksa-toolchain, kao u shell[9] ckpunra Koja
Kpenpa Taj toolchain (ckym asara) Koju ce Jabe KOPUCTH 3a MpeBohere jesrpa.

Y TeKCTy KOju cJieIln MOXKe ce BHJIeTH KOje cBe (DYHKITHje CKPUIITa CaIPIKH.

main ()

{
download
extract
patch_gnu

build_binutils
install_headers
build_gcc
setup_compiler

}

Ckpunra npBo ckuma u3BopHu koj binutils-a m GCC-a, pacnakyje ra u3 apxuse,
a 3aTuM je patch-yje (mpmmemsyje ckym m3mena). Hakon tora kopumihemem GCC
npesojuoiia Ha host cucremy, npesogu ce mocedan GCC mpeBoaUOI KOJH CJIYKH
3a mpeBohere N3BOPHOT KOJIa HAMEH-EHOT je3rPy OBOT ONepaTHBHOT cucTeMa. Hakon
TOra OH ce nHcTampa Ha uyr /opt/aleksa/usr/bin/, rue ce nanazu vosu $SYSROOT
koju Kopuctu Makefile 3a usrpaammy jesrpa.
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6.2 Makefile

Makefile je daja koju KoHTpoJmine noHamame make komanae y repmunaniy. Caku
Makefile cagprku Hekn ckyn npaBusia KOju JeduHUIITY MPOTEC KOju ce mokpehe yky-
naBameM komaHje make <ime_pravila>. ¥ TekcTy KOju cJeu MOYKEMO 1a BUIIMO
KOjH je TO CKYII IIpaBuJia Koja cy JedHHUCAHA 33 OBaj IIPOjeKar.

Makefile:

# RULES
.PHONY: all clean compile install_headers iso run run—iso
all: compile

clean:
$(RM) $(BUILD_DIR) $(ISO_DIR) $(ISO)

$(BINARY): $(OBJ)
$(CC) —T $(LINKER) —o $(BINARY) $(CFLAGS) —nostdlib —lgcc $(OBJ)

install_headers:
./scripts/install_headers.sh

compile:
$(MAKE) install_headers
@$(MAKE) —directory $(SOURCE.DIR)
$ (MAKE) $ (BINARY)
( SO): $(OBJ) $(GRUB.CFG)
($(shell ./scripts/is_multiboot.sh), 0)
(MKDIR) $(ISO_DIR)/boot/grub
(CP) $(BINARY) $(ISO_DIR)/boot/$(TARGET). bin
(CP) $(GRUB.CFG) $(ISO_DIR)/boot/grub/grub.cfg
grub—mkrescue —o $(ISO) $(ISO_DIR)
else
@echo ”$(BINARY) is not x86 multiboot compatible”
$(RM) $(BINARY)
endif

iso: compile

$ (MAKE) $(ISO)

run: compile

$ (QEMU) $ (QEMUFLAGS) —kernel $(BINARY) $(QEMUDEBUG)
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OcumM HaBeIeHOT CKyIIa paBuia, y Makefile-y mozxkemo nedunncarn Heke mIpoMeH/bUBE
Koje 6um Ham omoryhuie xkpahu 3anuc, msderaBarbe IMOHAB/bAaa KOHCTAHTH, KAO U
3HAYAJHO JaKIIe Memharbhe nctuX. OHe (DyHKIMOHUIITY HA CJIMYAH HAUYMH KAO U HPeT-
nporecopcke gupektupe y C-y. Ilpumernmo ma mcmpes HEKUX JUHHjA Y KOjUMa
JIOZEBY]EMO BPEIHOCTH MPOMEH/bIUBAMA, HMaMO U KJby4uHY ped export. To 3Haunm ma
he ce BpeaHoCT maTe IPOMEH/bHUBE, IPEHETH U Y peKyp3uBHHU mo3uB Makefile-a.

# HOST ARCH
ARCH=1686 —aleksa—

# GCC CROSS COMPILER
export CC=$(ARCH) gcc
export AS=$(ARCH) as

WARNINGS := —Wall —Wextra —pedantic —Wshadow —Wpointer—arith —Wcast—align \
—Wwrite—strings —Wmissing—prototypes —Wmissing—declarations \
—Wredundant—decls —Wnested—externs —Winline —Wno-long—long \
—Wconversion —Wstrict—prototypes

export CFLAGS=—std=gnu99 —O3 $(WARNINGS) —ffreestanding —fstack—protector—all

# TOOLS

export MKDIR=mkdir —p
export RMErm —rf

export CP=cp —r
QEMU=gemu—system—x86_64
QEMU FLAGS=—enable—kvm

# DIRS

## SOURCE
SOURCE_DIR=src

44 BUILD

ISO_DIR=isodir

BUILD_DIR=$ {CURDIR} / build

export AS_.OBJECT_DIR=$(BUILD_DIR)/ as
export C_.OBJECT_DIR=$ (BUILD.DIR)/c

## GCC USR
GCC_USR.DIR=$ (shell $(CC) —print—file —name=)

MozkeMo J1a BHIEMO Ja je oBo KoMILteKkcHHja (popma Makefile-a, jep cajpzku nporec
pekyp3ustor nosusama $(MAKE) komange. To 3Haum ja oBaj OPOjEKAT CAIPIKK
Buie pazanantux Makefile-oBa 3a ¢cBakm j1€0 pojekTa, IITO je U CTaH AP/ IHA ITPOIe-
JIypa IIpU BEJIUKUM ITPOJEKTUMAa Kao IITO je 0Baj. IKOHKPEeTHO KOJ1 0BOT je3Tpa MoCToje
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jomr nBa Makefile-a, a Tuuy ce kosia nanucanor y C-y, kao u koja nanucanor y GNU
Assembler-y 3a X86 apXuTekTypy.

src/as/Makefile:

.PHONY: all
all: $(AS.OBJECTS)

$(AS_OBJECTDIR)/%.0: %.s Makefile
$(AS) $< —o $@

src/c/Makefile:

.PHONY: all
all: $(C.OBJECTS)

$(C.OBJECTDIR)/%.0: %.c Makefile
$(CC) $(CFLAGS) -MD —MP —c¢ $< —o0 $@

—include $(C.OBJECTS:.o=.d)

Ha Taj mauwn O6m ca jJakohoMm mpojekaT Morao OUTH HPOIIUPEH Ha BUIIE PA3IUUH-
THX apXUTEKTYPa MPOIecopa, IMTo je u ayTopos mian y oyayhuaocru. bubmmoreke,
nnrepakTuau shell, kao u JpajBep 3a TacTraTypy HalHCaH 3& OBO je3ro ce He Ou
MemaJIn, JIOK 61 300T CHerudUIHOCTH JAPYyTre apXUTEeKType Oujie mpoMerheHe KOM-
MOHEHTe 3a/y2KeHe 3a MOYeTHY WHUIMjAJTN3aIijy U KOHTOJINCakhe Xap/Bepa Ha Ha-
JHUZKEM HUBOY.

3a cBaku mpojekar Moryhe je ayroMarm3oBaTH JIe0 mocaa Kpenpamem Makefile-a, ma
TAKO HA MPUMEP U 0Baj MAaTypCKu paJ Koju je uckynan y LaTeX-y uma cBoj Makefile:

NAME=kernel

TEX_FILE=$ (NAME) . tex
BIB_FILE=$ (NAME) . bib
PDF_FILE=$ (NAME) . pdf

.PHONY: all clean
all: $(PDF_FILE)

$(PDF_FILE): $(TEX_FILE) $(BIB_FILE)
pdflatex $(TEX_FILE)
bibtex $(NAME)
pdflatex $(TEX_FILE)

clean:
git clean —dfx
rm —f $(PDF_FILE)
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Je3rpo onepaTuBHOI' cUCTEMA

Pan je npBobuTHO OMO 3aMUIIL/bEH KAO MMOCTYIIHO M3JIaramke HacTajarba OBOI Olepa-
TUBHOT CHCTEMa, aJii Ce KACHUje ayTop OJJIYYHO /1 UIMAK U3JO0XKH CAMO TPEHYTHY
Bep3ujy pajia, ¢ 0Op3upoM Ha TO Ja Ou paj, 6Mo HemoTpeOHO JIyzKHu. Je3rpo je, Kao
mTo je Beli pedeHo Hanucano y acemOuepy u nporpamckom jesuky C [10][11].

7.1 Ilouyerak

src/as/boot.s:

Y IpBOM JIeJTy MOCTaB/hbaMO IIPOMEHJ/bUBE Ha BPeIHOCTH Koje cy ojapehene multiboot
cTangapIoM, jga 6u bootloader mpeno3nao Haire je3rpo.

.set ALIGN, 1<<0

.set MEMINFO, 1<<1

.set FLAGS, ALIGN | MEMINFO
.set MAGIC, 0x1BADB002

.set CHECKSUM, —(MAGIC + FLAGS)

Hakon Tora mocras/haMoO IpBUX Iap OUTOBA Ha IPETXOJIHO IHOMEHYTe BPEIHOCTH,
aJIM TAaKO Jla 33 CBAKy HMPOMEHJBUBY OCTaB/haMo 32 OHTa IPOCTOPA.

.section .multiboot
.align 4

.long MAGIC

.long FLAGS

.long CHECKSUM

[TocraB/baMo pOMEHJ/bEBE KOj€ YyBajy ajipece Ha KOjUMa IMOYHMibY CEeIMEHTH KOja 1
nofaTaKa, pPeioM.

23
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.set CODESEGMENT, 0x08
.set DATASEGMENT, 0x10

Hedunumniemo ceknujy .bss y Kojoj Kpenpamo cTeK u Jo/ie/byjeMo My 16 kuiaobajra.

.section .bss
.align 16
stack_bottom :
.skip 16384
stack_top:

Hedunntemo nouerny dyHknujy _start moswsajyhu dyHKIMjy 3a HHUIN]a T3]y
gdt Tabene m "ckauemo” Ha cerMeHT Koma. OBaj mocTynak mMma Has3up ~far jump”
jep ckadeMmo BaH TeKyher cermenra.

.section .text
.global _start
.type _start , Qfunction
_start:
call init_gdt_table
ljmp $CODESEGMENT, $code

Y cerMeHTy KOJIa MOCTaB/haMO CeTMEHTHEe PerucTpe Ha aJIpecy cerMeHTa IMOoJaTaKa.
3aTUM TMOCTAaB/HAMO €SP PerucTap Ha IMOYeTaK cTeKa KOJH CMO WHHIH]AJA30BAINA Y
.bss cekmuju M mpegajeMo yupasbame kernel_main dbyHKInju.

code:
movw $DATA SEGMENT, %ax
movw %ax, %ds
movw %ax, %es
movw %ax, %fs
movw %ax, %gs
movw %ax, %ss
movl $stack_top, %esp
cli

call _init
call kernel_main
hlt

[Tocrap/bamo Besimunny dyHKIHje _start mro HaMm KacHUje MOyKe OUTH KOPUCHO NPHU
debug-oBamby.

.size _start, . — _start

7.2 MHWcnouc va ekpan - VGA

src/c/vga.c:
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Kopumiherne 6ubanorexe:

#include<source /vga.h>
#include<types.h>
#include<source/string .h>
#include<asm.h>

[Mpumerumo ga y C-y kopuctumo uintX _t npomenspuse. To je 3060r Tora mro HAM je y
OBAKBOM OKPYZKeIby BPJI0 OUTHO /13 Ma3UMO Ha BEJTUYUHY KOjy 3ay3UMajy IMPOMEH/bUBE.

size_t terminal_row;
size_t terminal_column;
uint8_t terminal_color;
uintl6_t* terminal_buffer;

Yerupu 3HaUajHEja OMTa 03HA4YaBajy 00jy MO3aJMHE, JIOK IIPeocTasd deTupu OuTa
o3HauaBajy 00jy Kapakrepa.

void set_color (enum vga_color fg, enum vga_color bg)

{
}

terminal_color = (uint8_t)(fg|bg<<4);

static inline uintl6_-t vga_entry(char uc, uint8_-t color);
static inline uintl6_t vga_entry(char uc, uint8_t color)

{
}

return (uintl6_-t)(uc|color <<8);

Ha VGA m31a3 ucnucyjemo Kapakrepe Tako mro nodes of agpece 0xB80000 mumremo
IeCHaeCTOONTHE BPEJHOCTU KOje Ce MPEBOJE y Kapakrepe u muxoBy 00jy. Ocam
3HauajHUjuX OmTOBa O/pelyjy 00jy KapakTepa, A0K HPEOCTAINX OCAM OUTOBA 03-
HaYaBajy KapakTep.

void terminal_initialize (void)
{
terminal _row=0;
terminal_column=0;
set_color (VGA_.COLORLIGHT GREY, VGA COLORBLACK);
terminal_buffer=(uintl16_t*) 0xB8000;
for (size_t y=0;y<VGAHEIGHT; y++)
{
for(size_t x=0;x<VGAWIDTH; x++)
{
const size_t index=yxVGA WIDTH}x ;

terminal_buffer [index]=vga_entry (’ ~’

, terminal_color);

}

dyukiuja Koja ucnucyje oapehenn kapakTep Ha eKpany.
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void terminal_putentryat(char ¢, uint8_t color, size_t x, size_t y)

{
const size_t index=y*xVGAWIDTH+}x;

terminal_buffer [index]=vga_entry (¢, color);

dyukIMja Koja rmoMepa cBe JI0 CaJia UCIUCAHO 32 jeJlaH pejl Ha Tope u ocjiaobaha HoBU
peJi 3a MCIHUC KaJla MOHECTAHEe MeCTa Ha eKpaHy.

void movescreen (void)

{
terminal_row ——;
for (size_t 1=0;i<VGAHEIGHT; i++) for (size_t j=0;j<VGAWIDTH; j++)
terminal_buffer [ i*VGAWIDTH+j|=terminal_buffer [(i+1)xVGAWIDTH+] |;
}

QyuKIMja Koja mocTaB/ba Opojade KOJIOHE W peja Ha ciejaehe, yriiaBHOM INpasHO,
N0Jbe HA €KPaHY.

void next_field (void)

{
}

if(++terminal_column=—VGA WIDTH) terminal_column=0,terminal_row++;

OyuKIMja Koja MOoCTaB/ba Opojade KOJOHE U pejla Ha MPEeTXOJTHO MOJbe HA eKpaHy U
KODHUCTHU ce MPUJINKOM OpHCama MPeTXOHO NCIUCAHUX KapaKTepa.

void previous_field (void)
{
if (terminal_column) terminal_column——;
else terminal_row —— terminal_column=VGA WIDTH—1;

PyHKIIja KOja WCHUCYje jeJaH KapakTep Ha ekpaHy. PyHKIHja mpoBepaBa Ja JH
je moTpeOHO MCTHMCATH HOBH PeJl yMECTO KapakTepa '\n’, Kao u Ja Jiu je MOTpebHO
0CJI0D0IUTH HOBU PeJi YKOJIMKO Ce €KpaH IOIYHHO.

void terminal_putchar(char c)

{
if(c="\n’) terminal_column=0,terminal_row++;
else
{
terminal_putentryat(c, terminal_color, terminal_column, terminal_row)
next_field ();
if (terminal_row==VGAHEIGHT) movescreen ();
}

dyukIrja Koja UCHUCYje HU3 KapaKTepa Ha eKpaH.
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void terminal_writestring (const charx data)

{
}

for (int i=0;data[i]!="\0";i++) terminal_putchar(data[i]);

DyukImja Koja uCnucyje meo00pojuy BpeTHOCT Ha €KPaH TAKo IITO je TPBO IPEeTBOPH
y HU3 KapakTepa, a 3aTUM UCKOPHCTHU TPETXOAHY (PYHKIIU]Y.

void terminal_writeint (uint32_t num)

{
char string [100];
for (int 1=0;i <100;i++) string[i]="\0";
char *str=string;
itos (num, str);
terminal_writestring (str);

}

dyukIMja Koja UCIHUCYje peasaH OpPoj Ha eKpaH TaKo IITO je TPBO MPETBOPH y HU3
KapakTepa, a 3aTUM HCKOPHUCTH (DYHKIH]Y 38 UCIUC HU3a KapaKTepa.

void terminal_writefloat (double num)

{
char string [100];
for (int 1=0;i <100;i++) string[i]="\0";
char *str=string;
ftos (num, str);
terminal_writestring (str);

}

PyukIuja Koja Opuile cBe JO cajla UCIHUCAHE KapaKTepe ca eKpaHa M IMOCTaB/ba
Opojaye KOJIOHE M pejia Ha MOYeTHY HO3UIIH]Y.

void clear (void)

{
for (size_t i=0;i<VGAHEIGHT;i++) for(size_-t j=0;j<VGAWIDTH; j++)
terminal_putchar(’ 7);
terminal_column =0;
terminal_row=0;
}

7.3 Global Desctiptor Table

['mobasira Tabesia AeckpunTopa je CTPYKTypa v K0joj ce uyBajy nHdOpMaIje o cer-
MeHTHMa MeMOpH]e.

src/include /source/gdt.h:
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Kopuctumo #ifndef nu #define nupekTuBe Kako OMCMO OCHTYpaJiH Jia ce 0Baj aji
yrspyuyje (include-yje) camo jemHoM y TOKY TIeJI0T pajia onepaTusHOr cucteMa. OBe
JUPEKTUBE Y]y Kao OCUTYpad KOjH MpecKade CBe JeKJapalirje YKOJIUKO Cy OHe
Beh jeduHmcane 110 THM HMEHOM.

#ifndef SOURCE.GDT_H
#define SOURCE.GDT_H

Ayrop je kpeupao 6ubsmoreky types.h ma 6u omjemrHoM 10120 cBe OHOIHOTEKE KOje
JiebuHUIITY BpCTe NPOMEHJBUBHUX Kao mTo cy int, uint16_t, bool,..., kao u KoHncranrte
kao mto cy true, false, UINT16_MAX.... Ha Taj Ha4uun y jeiHoM pejy ce 10/1ajy cBe
oubIMoTeKe 3a/Iy>KeHe 3a TO, JIOK ¢e YUT/bHUBOCT PaJia moBehasa.

#include<types.h>

[Tpumerumo __attribute_((packed)), na xkpajy medwunummje crpykrype. To nam 03-
HauyaBa Ja ce Helie ocraB/baTu MecTa y MeMopuju u3mehy HpOMEeHJbHBHX yHyTap
cTpykType, Beh he ce "makoBaTu” jejana Jio Apyre y MEMOPHUjH.

struct gdt_entry

{
uintl6_-t limit;
uintl6_t basel;
uint8_t base2;
uint8_t access;
uint8_t limit_flags;
uint8_t base3;

} _-attribute__((packed));

dopmar KOju padyHap npuxsara 3a Tabe/y cBuUX JeUHUIM]a CEIMEHATa MEMOpPHje.

struct gdt_pointer

{
uintl6_t size;
uint32_t offset;

} _-attribute__((packed));

Dyukmuje xoje ¢y gedunucane y src/c/gdt.c, a THIY ce HHANHUjATA3ANK]E TIIODAITHE
Tabesae JeCKPUITOPA.

void init_gdt_entry(size_t num, uintl6_t limit, uint32_t base, uint8_t access
uint8_t limit_flags);
void init_gdt_table (void);

JlupekTuBa 3a 3aTBapaibe Koja ce HaJas3W Ha Kpajy ajia, m KojoM ce 3aBpliaBa
CerMeHT KOJIa IpeJBUleH 3a JIeKIapaluje.

#endif

src/c/gdt.c:
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VY source/ doagepy ce Hasiaze mpororuiu 3a ¢yHkKuuje ucroumenor C M3BOPHOT
daja.

#include<source/gdt.h>
#include<types.h>

Oyuknuja Hanucana y Assembler-y koja yuntasa Tabesy J1eCKpUNITOPa Y TpeIBUheHN
perucrap.

extern void load_gdt (struct gdt_pointer xgdtp);

Tabena cermenaTa W IOKa3WBad Ha by, KOjU ce Ipociehyje mperxoiHo moMeHyToj
bYHKIH)H.

struct gdt_entry gdt[5];
struct gdt_pointer gdtp;

dyukIimja Koja Ha OCHOBY IapaMeTapa WHHUIUjaanu3yje jejlad r1006a Hu CerMeHT MeM-
opuje.

void init_gdt_entry(size_t num, uintl6_t limit, uint32_t base, uint8_t access
uint8_t limit_flags)

{

gdt [num]. limit=limit ;

gdt [num]. basel=(base & 0xffff);

gdt [num]. base2=(uint8_t ) ((base & 0xff0000) >> 16);

gdt [num]. access=access;

gdt [num]. limit_flags=limit_flags;

gdt [num]. base3=(uint8_t ) ((base & 0xff000000) >> 24);
}

[naBuna dyHKIHja Koja MOCTaB/ba BEJIUUMHY MOKa3UBava Koju ce mpocielhyje,

void init_gdt_table (void)

{
gdtp.size=sizeof(gdt)—1;
gdtp. offset=(uint32_t)&gdt;

UHUIMjAJTU3Yje CBe CerMeHTe MeMOpHje Koju he ce KOpucTuTH,

init_gdt_entry (0,0,0,0,0); // null segment
init_gdt_entry (1,0xffff ;0,0x9a,0xcf); // code segment
init_gdt_entry (2,0 xffff ;0,0x92,0xcf); // data segment
init_gdt_entry (3,0xffff ,0,0xfa,0xcf); // user mode code segment
init_gdt_entry (4,0 xffff ;0,0xf2,0xcf); // user mode data segment

Kao ¥ 1mo3uBa pYHKIU]Y K0joj mpocielyje nokazupad Ha rjodaany tabeay cerMeHara
MeMopHje.

load_gdt (&gdtp );
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7.4 Interrupt Desctiptor Table

[nobasina Tabesia npeku/ia je CTpyKTypa KOja HaM I'OBOPHU KoOja PYHKIIHja 3aipaBo
pearyje KaJja mporecop nobuje 3axres 3a npeku (interrupt request). Tama mpore-
COp Tay3upa OHO IMITO TPEHYTHO PaJu U Tpeaje yipaB/barmke ojapeheno] dbyHkImju.

dyukuuja je AyxKHa ga aojau mporecopy Ja he ona mpeysern (handle-oBatu) Taj
MPEeKU/] U YKOJHUKO je mpekn datasan (gemerme nynowm, triple fault,...) dyukmmja
uMa 33/IaTaK Jia YKJOHU HOBOHACTa/M Mpod/eM u 00e36e/i OnepaTuBHOM CHCTEMY
OMOpPaBaK OJ1 TPETIIKe.

src/include /source/idt.h:

JlupekTHBe KOje ce jlajbe 1OHAB/BAjJy y cBakoMm header dajay. /laspe mo3uBambe jau-
pexTupa he 6utn m3ocraB/peHO, 3001 0OMMa paJja.

#ifndef SOURCEIDT_H
#define SOURCEIDT_H

Koncranra Kojy ja/be KOPUCTUMO IIPH JAepUHUCAY TPEeKHIA.

#define INTERRUPT_GATE_32 0x8E

CerMeHTH y MEMOPHUjU O KOJUMA je Y MPOIILIOj CeKIUjU OUIO0 PedH.

#define KERNEL.CODE 0x08
#define KERNELDATA 0x10

KoncranTe koje 4yBajy BpeIHOCTH aJipeca MPeKo KOjux Jgajbe KomyHunupamo ca PIC
(Programmable Interrupt Controller)-om.

#define PIC1.COMMAND_PORT 0x20
#define PIC1.DATA PORT 0x21
#define PIC2.COMMAND_PORT 0xAO0
#define PIC2.DATA_PORT 0xAl

CrpyKTypa y KOjoj padyHap HpuxBara rIobaaHy Tabedy MPeKuia.

struct idt_entry

{
uintl6_-t offsetl;
uintl6_t selector;
uint8_t zero;
uint8_t type_attr;
uintl6_t offset2;

} __attribute__((packed));

[TokazuBadu Ha Tabesry mpeku1a Koja ce upociehyje dpyuknuju nanncanoj y Assembler-y,
a Koja yuuraBa Tabesy npekuja y oiarosapajyhu perucrap.
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struct idt_pointer

{
uintl6_t size;
uint32_t offset;

} __attribute__((packed));

[Tpororunmu ¢yuknuja Koju cy xkopunihenu y cjiejgehem moriaasiby.

void init_idt_entry (size_t num, uint32_t offset, uintl6_t selector , uint8_t
type-attr);

void add_idt_entry(size_t num,uint32_t offset);

void init_pic (void);

void init_idt_table (void);

JlupekTuBe Koje ce Jasbe MOHABBajy v cBakKoM header dajay. Jlame mo3uBame mau-
pekTuBa he Outn m3ocraB/heHO, 3001 OOUMa pa/ia.

#endif

7.5 IRQ u PIC

src/c/idt.c:

Kopumtherne 6ubanorexe:

#include<source/idt .h>
#include<types.h>
#include<source/irq.h>
#include<asm.h>

Acembiepcka (pyHKIIH]a KOja yInTaBa MOKA3WBAa4 HA TabeIy MpeKna y mpeapuhern
perucrap.

extern void load_idt (struct idt_pointer xidtp);

Tabena mpeku/ia U IOKa3WBa4 Ha by, KOjH ce Ipociehyje MpeTxogHo IOMEHYTO)
bYHKIA]H.

struct idt_entry idt[256];
struct idt_pointer idtp;

DyukIimja Koja Ha OCHOBY NPYZKEHUX HapamMerapa jedunuiine npekus y tadbeim.
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void init_idt_entry (size_t num, uint32_t offset , uintl6_t selector, uint8_t

type_attr)

{

idt [num]. offsetl=(uintl6_t)(offset & Oxffff);

idt [num]. selector=selector;

idt [num]. zero=0;

idt [num]. type_attr=type_attr;

idt [num]. offset2=(uintl6_t)((offset & Oxffff0000)>>16);
}

OyHKIMja Koja d0/aje TPeKuI y Tabeay Koja caIp:Kh CBe MPEKH/Ie.

void add_idt_entry (size_t num, uint32_.t offset)

{
}

init_idt_entry (num, offset ,KERNEL.CODE,INTERRUPT_GATE.32);

dyukIiyja Koja MHHUIMjAIN3Yje KOHTPOJEp Mpekuaa. 10 je jejaH o HajOMTHHjUX
qunoBa Koju jgedunuiie X86 apxuTekTypy. bes3 mera oBa apxuTekTypa He Ou Ouiia
BoDeHa MPUHIUIIUMA TTPEKHIA.

void init_pic (void)

{
ioport_out (PIC1.COMMAND_PORT, 0x11);
ioport-out (PIC2.COMMAND_PORT, 0x11);
ioport_out (PICI.DATA PORT, 0x20);
ioport_out (PIC2.DATA PORT, 0x28);
ioport_out (PICI.DATA PORT, 0x04);
ioport_out (PIC2.DATA_PORT, 0x02);
ioport_out (PICI.DATA PORT, 0x01);
ioport_out (PIC2.DATA PORT, 0x01);
ioport_out (PICI.DATA PORT, 0xff);
ioport_out (PIC2.DATA PORT, 0xff);
ioport_out (PICI.DATA PORT, O0xFC);

}

OyukIiuja Koja JeduHUIIe CBe IPeKH e Koje heMo KOpUCTUTH, Y3 IOMON IPETX0IHO
HOMEeHYTHX (DbYHKIIH]A.

void init_idt_-table (void)

{
init_pic ();
add_idt_entry
add_idt_entry
add_idt_entry

(0,(uint32_t)irq0);
(1
(2
add_idt_entry (3
(3
(3
(3

,(uint32_t)irql);
,(uint32_t)irq2);
0,(uint32_t)irq30);
1,(uint32_t)irq31);
2,(uint32_t)timer_irq);
3,(uint32_t)keyboard_irq);

add_idt_entry
add_idt_entry
add_idt_entry

OBa dyHKIMja CBE MOJaTKe 0 TPEKUUMA, CKAQJIUIITEHUM y HU3, TPoc/iehyje nocebHo
dopMupaHoj CTPYKTYypH MOKa3uBada Ha TaOETy MPEKUIA,
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idtp . size=sizeof (struct idt_entry)*256—1;
idtp.offset=(uint32_t)&idt;

KOju ce 3aTuM npociehyje acemOepckoj PYHKIH]H KOja yanTaBa Ty Tabesy IpeKuia.

load_idt(&idtp );

7.6 Tacratypa

src/c/keyboard.c:

Kopumnthene 6ubimnoreke:

#include<source /keyboard .h>
#include<types.h>
#include<asm.h>
#include<source/stdio .h>
#include<source /keymap . h>
#include<source/vga.h>
#include<source/tty .h>

Badep koju dyBa nperxoHO I03BaHEe KOMAH/IE PaJii UMILIEMEHTAIlAje UCTOPUje KO-
MaHJa, Kao u O6pojad 3a Hadep TpeHyTHE KOMAaH/IE.

char buffer [BUFFERLOG|[BUFFER_SIZE | ;
size_t buffer_size [BUFFERLOG];
size_t buffer_current=0;

size_t buffer_all=0;

size_t buffer_index=0;

Tabesa koja mpeBoIu KOJIoBe Koje Bpaha Ipeku, y Kapakrepe Koje pyHKIIja HCITICY]e.
Takobe, ayBa ce u undopmalmja 1a Ju je JaTu KapakTep TPEHYTHO IPUTHCHYT, HITO
HAM MOKe TIOCTYZKUATH TPUIMKOM MAMUPaha MPUTHCKA BUITE KAPAKTEPA, OJIJeTHOM.

char charcode [256];
char shift_charcode [256];
bool ispressed[128];

Oyukimja 3a wHUIAjaan3anmjy Tacrarype. Oa (DyHKIMja TTOCTaB/ha jE3UK Tac-
TaType U Malmpa Kojiose Koje Bpaha handler interrupt request-a, na kapakrepe Koju
ce UCIUCY]y Ha eKpaHy.

void init_keyboard ()

{

us_en (charcode);
us_en_shift (shift_charcode);
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QyHKIMja KOja KOPUCTH IPETXOMHO jJedunucane dyHKIHje y ApajBepy 3a HCIHC HA
eKpaH, KaKo Om obpucasa MOCJae HhH HCIUCAH KapaKTep W BPATHIA Ce jJe/THO MOJbe
yHA3a1I1.

void deletelast ()

{
previous_field ();
printf(” 7);
previous_field ();

}

QyukIumja Koja Opuiie mocjae b HCIHCaH KapaKTep IPUTHCKOM Ha backspace, mpurom
nasehn ;a He McmajHe BaH OKBUpa Koju je Moryhe obpucaru.

void backspace ()

{

if (buffer_index <=0) return;

Taxkobhe, dyukiuja axxkypupa 6adep Koju dyBa JI0 cajia MO3UBaHe KOMAaH/IE.

deletelast ();
buffer [buffer_current][——buffer_index]="\0";
return;

}

Oyuknuja Koja jedUHHINEe MOHAIIAE je3rpa HAKOH IPUTUCKA enter Tacrepa Ha Tac-
tarypu. [Ipumernmo jia ce u3BpiraBa KOMaH/1a KOja je y TOM TPeHYTKY y 6adepy,
a HaKOH Tora ce jgatu badep aysa y ncropuju dadepa.

void enter ()
{
printf(”\n”);
if (buffer_index >0)
{
tty (buffer [buffer_current]);
buffer_size [buffer_current]=buffer_index;
if (buffer_.current=buffer_all) buffer_current=(++buffer_all);
else
{
for(size_t 1=0;i<BUFFERSIZE;i++) buffer [buffer_all][i]="\0";
buffer_current=buffer_all;
}
buffer_index=0;
}
prompt () ;
return;
}

dyukiuja Koja ojipehyje nonaliame je3rpa HAKOH PUTUCKA Space Tacrepa Ha Tac-
TaATYPH.
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void space ()

{

buffer [buffer_current ][ buffer_index++|=" ’;
printf(” 7);

}

OyukIiuja Koja ojapehyje moHAIIAme je3rpa HAKOH IPUTUCKA TACTEPA €& CTPEJTUIIOM
OKPEHYTOM Ka rope, Ha Tactrarypu. Hakon mpuTtucka tactepa, y TpenyTHH Oadep ce
y4duTaBa UPETXO/HO U3BpIIeHa KoMan a. Ha Taj HauyuH KOPUCHUK MOZKE JOILYHUTU
UJIN U3MEHUTH IIPETXOJHY KOMaHIY.

void keyup ()

{
if (buffer_current >0)
buffer_size [buffer_current]=buffer_index;
for(size_t i=0;i<buffer_index;i++) deletelast ();
buffer_current ——;
buffer_index=buffer_size [buffer_current |;
printf ("%s” ,buffer [buffer_current]);
}
}

dyukiuja Koja ojpehyje moHamame je3rpa HAKOH MPUTUCKA TACTEPa Ca CTPEJTUIIOM
OKPEHYTOM Ka J10JIe, Ha TacTaTypH.

void keydown ()

{
if (buffer_current<buffer_all)
buffer_size [buffer_current]=buffer_index;
for(size_t i=0;i<buffer_index;i++) deletelast ();
buffer_current++;
buffer_index=buffer_size [buffer_current |;
printf ("%s” ,buffer [buffer_current]);
}
}

PyHKIMja KOja je TocTaB/heHa y Tabean NMPeKua jJda OJNOBOPH HA TPEKHuIe KOju
ce Tuay Ttactarype. Ilpumernmo ioport_in m ioport_out dynukuje. Ilomohy mux
Mu komyHunupamo ca PIC koHTposiepoM m ofroBapamMo Ha jaTe MpeKuje, Kao W
HpuMaMo MHGOpMalUje 0l UCTUX.

void keyboard_handler ()
{
ioport_out (PICLCOMMAND_PORT, 0x20);
uint8_t status = ioport_in (KEYBOARDSTATUSPORT);

YKOJWKO je MpeKuJ M3a3BaH MPUTHCKOM HEKOI TacTepa Ha TACTATYPH OH ce YUH-
raBa nmomohy PIC kourTposiepa, a 3atum ce y3 1mOMON HPEXOAHO HOCTAB/HEHOT HU3A
o/ipehyje Koju je KapakTep MPUTUCHYT Ha TaCTaTyPH.
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if (status & 0x1)

uint8_t keycode = ioport_in (KEYBOARDDATAPORT);
if (keycode <0x80)
{

char c=charcode [keycode];

ispressed [keycode]=1;

// printf(”%d 7,6keycode );

OyHKNHja y3uMa KoJ Koju Bpaha TpeKW T U MpeTBapa ra y KapakTep WJIN U3BPIIaBa
HEKY OJI MPeTXOJIHO HaBeldeHuX (PYHKIMja Y 3aBHCHOCTHU O TOTa KOju KapakTep je
HPUTUCHYT HA TACTATYyPU.

switch (keycode)
{

case O0x0E:
backspace ();
break;

case 0x1C:
enter ();
break;

case 0x39:
space ()
break;

case 72:
keyup ();
break;

case 80:
keydown () ;
break;

case 75:
keyleft ();
break;

case T77:
keyright ();
break;

Y Koy KOjH CJIeJin MOYKe JIa Ce BHJIM KAKO Ce HeKa KOMOMHAIM]a KapaKTepa MOKe
UCKOPUCTUTH 3a jie(DUHUCAFHe TIPEYHUIA Ha TaCTaTyPH.

Ha npumep ykommko KopucHUK Apzku shift TacTep Ha TacTaTypu JTOK IPUTHCKA JpyTe
TacTepe, ucnucupahe ce BeJMKa CJIOBA, WM CeKYHIAPHU KapaKTepH, KOjU Cy Mpe/l-
Bubenu 3a Taj Tacrep. VMcro Tako, yKOJIMKO KOPUCHUK JIpKuU ctrl racTep u npurucHe
L ma Tacrarypu, mo3zsahe ce ¢ynknuja koja ”ouucTu’ €Kpa.




7.7. PIT - Programmable Interval Timer 37

default:
if(cl=" ")
{

if (ispressed[lctrl]||ispressed[rctrl])
if(e="1")
clear ();
prompt ()

printf ("%s” ,buffer [buffer_current]);
return;

}
if (ispressed [lshift ||| ispressed|[rshift])

c=shift_charcode [keycode];

if (buffer_index <BUFFER_SIZE)

buffer [buffer_current ][ buffer_index++|=c;
printf ("%c” ,c);

}
}
break;
}
}
else
{
ispressed [keycode—0x80]=0;
}

7.7 PIT - Programmable Interval Timer

PIT (Programmable Interval Timer) je mporpamMabuiau TajMep KOju ce MOZKe ToIe-
CUTH TAKO JIa Ha Ta4HO JIe(DUHUCAHU MTEPUOJ BPEMEHA MAJhE 3aXTEB 33 MPEKUIOM.
Ha Taj Haunn Moxke ce MEPUTH KOJMKO BPEMEHA je MPOTEKJI0 Of YK/bY YNBAHA PATy-
Hapa WJIN KOJUKO Ce TAYHO BPEMEHA YTPOIIMIO HA W3BPIIABAHE HEKOT MPOrpaMa.

src/c/timer.c:

Kopumnthene 6udinoreke:
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#include<source/timer.h>
#include<types.h>
#include<asm.h>
#include<source/stdio.h>

[TpomenspbuBe KOje UyBajy OpPOj OTKyIlaja TajMepa Kao U BpeMe IIPOTEKJIO O/ YKJ/bY UNBakha

padynapa. llpumernmo KOHCTAaHTY KOja JeUHUIIE KOJUKA je 3aIIPaBO yUeCcTaaoCcT
OBOT' TajMepa.

uint32_t tick=0;

const uint32_t TICKS_PER_SECOND=50;
extern uint32_t time;

uint32_t time=0;

dyukimja koja handle-yje mpexkun koju Tajmep ymyhyje jesrpy. Osa dyHIKIja mva
3aJlaTaK Ja axKypupa BpeMe IPOTEKJIO 0J YK/bYUnBambha padyHapa.

void timer_handler (void)

{
tick++;
if (tick=TICKS_PER_SECOND)
{
tick =0;
time++;
}
ioport_out (0x20, 0x20);
ioport_out (0xa0,0x20);
}

Hare jesrpo mnunujanusyje tajmep tako ja uma 20 orkynaja y cekyuau. PIT gun
cacToju ce oj OocIuIaTopa Koju paju Ha dpeksennuju oia 1.193182 MHz. VYko-
JIHKO TY BPEIHOCT IMOJETUMO ca OpojeM Ke/beHHUX OTKyIaja y ceKyHau, aobuhemo
dpexBeHNINjy Ha KOjoj YuI Tpeda Ja paand Ja OU reHepHcao MPEeKHIE V KeHeHOM
BPEMEHCKOM HHTEPBaJY.

void init_timer (uint32_t frequency)

{

uint32_t divisor = 1193180 / frequency;
ioport_out (0x43, 0x36);

uint8_t 1 = (uint8_t)(divisor & 0xFF);
uint8_t h = (uint8_t)( (divisor >>8) & OxFF );

ioport_out (0x40, 1);
ioport_out (0x40, h);
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7.8 Xun

Xum 3a 0BO je3rpo kopucru aaropuram|12] 6urmarne jga 6u Ha HajeUKaCHU]jH HAYNH
cavyBao TMoJaTKe O TPEeHYyTHO KopuiitheHnM OJIOKOBHUMA. XHIT HaAM CJIYKHU J1a OUCMO
JIMHAMHYIKA aJIOIUPAJTH MEMOPHU]Y, Tj. Ja OHCMO MOIVIH Jia KOPHCTUMO IJI0DAJIHE
HpPOMEH/bHBE, Ka0 M NPOMEH/bUBE YHjH *KHUBOTHH BEK MOpa OUTH JIYTOTPAjHHjU O
dyHKIMje Y KOjoj je Ta HPOMEH/bHUBA HACTAJIA.

src/c/heap.c:

#include<source /heap.h>
#include<types.h>

void k_heapBMInit (KHEAPBM xheap)

{
heap—>fblock = 0;
}
int k_ heapBMAddBlock (KHEAPBM sxheap, uintptr_t addr, uint32_t size, uint32_t
bsize)
{
KHEAPBLOCKBM *xb;
uint32_t bent
uint32_t X;
uint8_t «bm ;

b = (KHEAPBLOCKBMzx ) addr ;
b—>size = size — sizeof (KHEAPBLOCKBM);
b—>bsize = bsize;

b—>next = heap—>fblock;
heap—>fblock = b;

bent = b—>size / b—>bsize;
bm = (uint8_t*)&b[1];

/* clear bitmap =/

for (x = 0; x < bent; +Hx) {
bm[x] = 0;

}

/* reserve room for bitmap */
bent = (bent / bsize) x bsize < bent ? bent / bsize + 1 : bent / bsize;
for (x = 0; x < bent; +x) {
bm[x] = 5;
}
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b—>I1fb = bcnt — 1;
b—>used = bcnt;
return 1;

}

static uint8_t k_heapBMGetNID(uint8_t a, uint8_-t b);
static uint8_t k_heapBMGetNID(uint8_t a, uint8_t b)

{
uint8_t C;
for (c=a+1l;c=b||c==0/4++c);
return c;

}

void xk_heapBMAlloc (KHEAPBM sheap, uint32_t size)

{
KHEAPBLOCKBM *b;
uint8_t +*bm ;
uint32_t bent
uint32_t X, yV, z;
uint32_t bneed ;
uint8_t nid ;

/* iterate blocks =/
for (b = heap—>fblock; b; b = b—>next)

/* check if block has enough room x*/
if (b—>size — (b—>used * b—>bsize) >= size)

{

bent = b—>size / b—>bsize;

bneed = (size / b—>bsize) % b—>bsize < size 7 size / b—>bsize + 1
size / b—>bsize;

bm = (uint8_t*)&b[1];

for (x = (b—>1fb + 1 >= bent ? 0 : b—>I1fb + 1); x != b—>Ifb; +4x)
{

/* just wrap around x/

if (x >= bent) x = 0;

if (bm[x] = 0)
/* count free blocks =/
for (y = 0; bm[x + y] = 0 && y < bneed && (x + y) < becnt
)

/+* we have enough, now allocate them =/
if (y = bneed)

/* find ID that does not match left or right */
nid = k-heapBMGetNID (bm[x — 1], bm[x + y]);
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/* allocate by setting id x/
for (z = 0; z < y; ++z) bm[x + z] = nid;

/* optimization x/
b—>1fb = (x + bneed) — 2;

/* count used blocks NOT bytes x/
b—>used 4= y;

return (void*)(x % b—>bsize + (uintptr_t)&b[1]);

}
/* ¢ will be incremented by one ONCE more in our FOR loop
* %/
x += (y — 1);
continue;
}
}
}
}
return 0;
}
void k_heapBMFree (KHEAPBM xheap, void *ptr)
{
KHEAPBLOCKBM *b;
uintptr_t ptroff;
uint32_t bi, x;
uint8_t +*bm ;
uint8_t id;
uint32_t max ;

for (b = heap—>fblock; b; b = b—>next)
{
if ((uintptr_t)ptr > (uintptr_t)b && (uintptr_t)ptr < (uintptr_t)b +
sizeof (KHEAPBLOCKBM) + b—>size) {
/* found block x/
ptroff = (uintptr_t)ptr — (uintptr_t)&b[1];
/* get offset to get
block =/
/* block offset in BM x/
bi = ptroff / b—>bsize;
bm (uint8_t*)&b[1];
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/#* clear allocation x/

id = bm|[bi];

/* oddly.. GCC did not optimize this x*/
max = b—>size / b—>Dbsize;

for (x = bi; bm[x] = id && x < max; ++x) bm[x] = 0;
/* update free block count x/

b—>used —= x — bi;

return;

}

/* this error needs to be raised or reported somehow x/
return;

KHEAPBM kheap ;

void kheapinit ()

{
}

k_heapBMInit(&kheap );

int kheapaddblock(uintptr_t addr,uint32_t size ,uint32_t bsize)

{
return k_-heapBMAddBlock(&kheap ,addr, size ,bsize);

}

void xkmalloc(uint32_t size)

{ return k_heapBMAlloc(&kheap , size );
}

void kfree (void #ptr)

{ k_heapBMFree(&kheap , ptr);

}

7.9 Paging

CrpaHuueme je cuCTeM KOjU JT03BO/baBa CBAKOM MPOIECY Jla KOPUCTH TEO TPOC-
TOp BUpTYyeJHe Memopuje, 6e3 jia je TOJUMKO MEMOpPHje 3a CBaKu Iponec Pu3nydKu
JIOCTYTHO. 32-0MTHU TPOTECOPH TOApPIKaBajy 32-OutHe BupyTeane anpece u 4GB
BUPTYeJTHE MEMOpPH]e.

[Topen oBora, cTpaHuder-e UMa U IIPEIHOCT 3AINTUTE HA HHUBOY CTpaHuUIe. Y OBOM
CUCTEMY, KOPUCHUYIKH ITPOIECH MOTY Jia BU/I€ U H3MEHE CaMO HOJIaTKe KOju Ce HaJIa3e
Ha COIICTBEHOM IIPOCTOPY ajipece, 00e30ehyjyhu u3osanmjy Ha XapaBepckoM HUBOY
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uzMmebhy mporeca.

src/c/paging.c:

Kopumnthene 6ubinoreke:

#include<source /paging . h>
#include<types.h>

Acembitepcke dpyHKIITje KOje yanTaBajy Tabemy, koja oapehyje koja Bupryesana aapeca
ce OJHOCH Ha KOJy (pu3MUKy, a 3aTUM YK/bY4Yjy CTPaAHUYCHE.

extern void loadPageDirectory (uint32_t *);
extern void enablePaging(void);

Huz y xome ce uyBajy ampekropujymu crpanura. CBaKd AUPEKTOPUJYM MOZKE J1a
caznpxku 1024 tabesie cTpanuia.

uint32_t page_directory[1024] __attribute__((aligned (4096)));

QyHKIMja KOja MOCTaB/ha BPEJIHOCTH CBUX JUPEKTOPHUjYMa CTPAHUIA KOJU ce He
KOpHCTe, Ha KOHCTAHTY Koja oapelyje ma Ji je DUPEKTOPUjYM y yHOTpeOH U JIa
JIN YOIIIITe CaJIpzKu Tabesie CTPaAHUIA.

void set_pd(void)

//set each entry to not present
for(size_t 1=0;i<1024;i++)

{
// This sets the following flags to the pages:
// Supervisor: Only kernel-—mode can access them
// Write Enabled: It can be both read from and written to
//  Not Present: The page table is not present
page_directory [i] = 0x00000002;

}

}

Hu3z y kome ce uyBajy Tabejie crpaHura.

uint32_t page_table[1024][1024] __attribute__((aligned (4096)));

dyukIimja Koja 1moCTaB/ba BPEJJIHOCTH jeJiHe Tabese cTpanuna Ha ojapehenu omncer y
PUBNIKO] MEMOPHUjU J0/Ie/beH JIATOM TPOIIECY .

void set_pt(size_-t num,uint32_t address)

{

// holds the physical address where we want to start mapping these pages

// to.

// in this case, we want to map these pages to the wvery beginning of
// memory.
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J/we will fill all 1024 entries in the table, mapping 4 megabytes
for(size_t 1=0;i<1024;i++)

{
// As the address is page aligned, it will always leave 12 bits zeroe
// Those bits are used by the attributes ;)
page_table [num][i] = (address + i * 0x1000) | 3;
// attributes: supervisor level, read/write, present.
}
page_directory [num] = ((uint32_t)page_-table [num]) | 3;

// attributes: supervisor level, read/write, present

['maBua dynkmmja koja manupa cBux 4GB dusnuke Memopuje Ha BUPTYETHY MEMO-
pHjy Ca UCTOM a/[pecoM, a 3aTUM YKJby4dyje CIPaHUYerbe.

void set_paging (void)

{
set_pd ();
for(size_t 1=0;i<1024;i++4) set_pt (i,0x00400000 = i); // all 4GB mapped
loadPageDirectory (page_directory );
enablePaging ();
}

7.10 Munuaumaauaa C oubimoreka

36or Beh 70 cajia BeIMKe ONMIMUPHOCTU Pajia, OBze he OUTH nMpuKa3aHa CaMO MUHU-
mastaa C 6ubmoreka morpebHa 3a mpeBoheme je3rpa omepaTuBHOT cuctema. [Ipume-
THMO J1a HeKU of ¢ajioBa MOpajy caMo HOCTOjaTu, Tj. Mory omtu u mpa3Hu. OBa
oubimoTeKa ocuM mocTojama ojapehenux header (ajioBa mojapasymeBa U IPOTOTHUIIE
dyHKITja 1 cTPYKTypa 0e3 Kojux ce Hehe nmpepoauTu.

src/include/errno.h:

src/include/stdio.h:
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#ifndef _STDIO_H
#define _STDIO_H

#include <stdarg.h>
#include <stddef.h>

#define SEEK.SET 0
typedef struct { int unused; } FILE;

extern FILEx stderr;

#define stderr stderr

int fclose (FILEx);

int fflush (FILEx);

FILE+ fopen (const char*, const charx);

int fprintf(FILE*, const charx, ...);
size_t fread(voidx, size_t , size_t , FILEx);
int fseek (FILEx, long, int);

long ftell (FILEx);

size_t fwrite(const voidx, size_t , size_t , FILEx);
void setbuf (FILEx, charx);

int viprintf(FILEx, const charx, va_list);

#endif

src/include/stdlib.h:

#ifndef _STDLIB.H
#define _STDLIB_H

void abort (void);

int atexit(void (x)(void));
int atoi(const charx);
void free (voidx*);

charx getenv (const charx);
void* malloc(size_t);

#endif

src/include/string.h:

#ifndef _STRING_H
#define _STRING_H

#include <stddef.h>
void* memcpy(void#*, const voidx, size_t);
void* memset (voidx, int, size_t);

charx strcpy (char*, const charx);
size_t strlen (const charx);

#endif

src/include/time.h:




46 7. Je3rpo omepaTuBHOI cucTreMa

src/include /unistd.h:

#ifndef _UNISTD_H
#define _UNISTD_H

#include <sys/types.h>

)

)

int execv(const charx, charx const[])
int execve(const charx, charx const[]
int execvp(const charx, charx const []
pid_t fork(void);

charx const[]);

#endif

src/include/sys/types.h:

#ifndef _SYS_TYPES_H
#define SYS_TYPES_H

typedef int pid_t;

#endif

7.11 Ilomohuma C doubJ/imoreka

src/include/types.h:

#ifndef SOURCE_TYPESH
#define SOURCE_TYPES H

#include<stdbool .h>
#include<stddef.h>
#include<stdint .h>

#endif

src/include/asm.h:
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#ifndef SOURCE_ASM_H
#define SOURCE_ASM H

#include<types.h>
#define PIC1.COMMAND_PORT 0x20
#define PIC1.DATA PORT 0x21

#define PIC2.COMMAND_PORT 0xAOQ
#define PIC2.DATA_PORT 0xAl

extern uint8_t ioport_in(uint8_-t port);
extern void ioport_out(uint8_-t port, int data);

#endif

7.12 TI'naBHa dbyHKNOHIja

[naBra dyHKIHja KOjoj ce mpejaje ynpasbame y src/as/boot.s acembiepckom da-
j7Iy, KOjJH CMO MMAaJId IPUJIHKEe 13 BHAUMO Ha ModeTKy. PyHKIMja 00jeaumbyje cBe
(byHKITOHATTHOCTH KOje CMO JI0 €aJia UMIIJIeMEeHTHDAJIH.

src/c/kernel.c:

#include<source/kernel .h>
#include<source /paging . h>
#include<source/idt .h>
#include<source/timer .h>
#include<source /keyboard .h>
#include<source /heap.h>
#include<source/vga.h>
#include<source/tty .h>

void kernel_main (void)
{

set_paging ();

init_-idt_table ();

init_timer (50);

init_keyboard ();

kheapinit ();

kheapaddblock (0x00200000, 0x00100000, 16);

terminal_initialize ();
prompt () ;

while (1) __asm__(”hlt\n\t”);
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3akJpy4dak

Jlanac, Ka/ia mocToje MHOrOOPOjHH BUIIIU ITPOTPAMCKH Je3UIIH, U3Pajia OlNePaTHBHOT
CUCTEMa je BPJIO TeXKAaK M3a30B 33 KOjU Ce BPJIO MAJIO JbyAu onpejesbyje. Mehyrum,
OBO je jeIHO BpJio oXpabpyjyhe HCKYCcTBO ca KOJUM TeK HEKOJHUIUHA MOXKE JIa e
noxBaau. Ayrop 6u xkejeo ga y Oyayhnoctu mpuMapHO MporpaMupa y HUKHM TPO-
IpaMCKUM je3unuma Kao 1ro ¢y Assembler u C, nupocro u3 pasjora mro cMarpa, aa
je TO jeIMHW HAYWH Jia ce Ha JyKe CTase U3BOjeBa 1mobejia 1mo nuTamy mepdopmMancu
y OJIHOCY Ha HeKe alncTpaKTHHje nmporpamcke jesuke. Ocehaj Koju 10HOCH YNEHEHUIIA
Jla ce BeroB KOJI W3BPINaBa JUPEKTHO Ha XapaBepy 0e3 OMJI0 KaKBOT TOCPETHUKA,
ayTopy je O HeNPOIeH/bUBOT 3HAYA]ja.

Jla 6u ojBaxkmo YuTaole, Kao M CBe JIpyre KOje OBa TeMa 3aHWMa, Ja Ce W CaMu
orpobajy y u3paju ONepaTHuBHOI CHCTEMa, ayTop je CBe M3BOpHe (ajioBe 0BOT
npojekrta objapuo moj GPLv3 numeHmoM, Kao u cBe CBOje JI0CAIAIIbe MIPOjeKTe,
Ha cTpaHury https://github.com/aleksav013. CBu ayTopoBU MPOjEKTH CYy open
source IITO 3HAYN JIa KO MOZKe MOCTYKUTH CBAKOME KO YKeJIH J1a Ca3Ha HEeIlITo BHUIIIE.

Y TOKy m3paje ayTop ce CyouHno ca MHOroOpojuum mpodsemMuma. Hajrexku mgeo 6mo
MY je HCILIOB/baBaibe, U 3all0UnIbalbe oBe ekcreauije. Mope undopmanuja u cTan-
Jlap/ia KOju cy MopaJu OUTH 33J0BOJHEHH CaAMO J1a OW ce CHCTeM MOKPEeHYO, & 3aTHM
U UCIUCA0 HEKy KOpucHy HHMOpPMAINjy, a KaMmosu Herito sumre. Hajsehn npobdiem
je mpejicraB/baJio TO MTO HUje 6uao moryhe jogarn OUI0 KakBY (PYyHKIMOHAIHOCT
6e3 jia ce y MOTIYHOCTH pa3yMe CBaka JIMHUja Koja. lIpemycsioB 3a cBaky, Makap
U HAJCUTHH]Y U3MeHY, OWJIO je JIeTa/bHO W UCI[PIHO WIMTYUTABAHE JOKYMEHTAIje 34
npeasuhery o0JacT, ako Ta JJOKYMEHTAIja YOIIITe U THOCTOjH.
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https://github.com/aleksav013

OBaj mpojekar je OMO cjajaH MOKa3aTe/b KOJIWKO je 3alpaBO KOMILIEKCHA W3Paja
je3rpa olepaTuBHOI CHCTeMa KOjH Tpeba ja IpeacTaB/ba MOCT m3Melhy Xapiasepa u
codTBepa. Ayrtop je cpehan mTo je omabpao 0BaKoO TexKakK MpOjeKaT 3a MATYPCKH
paJjl U3 pasJjiora MITO My je TO IIOMOIJIO Ja Ipoduje bapujepy u yJa0XKu IYHO TPyIa
J1a 61 3a1rpaBo pa3yMeo Kako Pajie OMepaTuBHY CUCTEMH U KOJUKO je copucTunmpan
BUXOB TU3ajH.

AyTopoB mwiaaH je ma mpeactojelie ca000qHO BpeMe HAKOH MATypPHPama U TOKOM
CTy/Mja, HCKOPUCTH Ha yHalpeheme OBOr MaJyior ONEpaTuBHOI CHUCTEMa, U JIa Y My
OBaj pa/i Kao Takas Oyjie OCHOBA 3a HAaPEHU.

AyTop je m3abpao 0By TeMmy H3 pas3Jiora IITO UCTOBpeMeHO IoBe3yje Linux u mpo-
rpamuparme y C mNporpaMcKkoM je3WKy, HeroBe TPeHYTHO JIBe OMHJbeHe CTBAapH, Ha
PeJIOr HeroBor MeHTopa. Ayrop 6mM BOJIEO Jla UCKOPUCTH OBY ILPUJIUKY Jia Ce
3axBaju npodecopy Munomy Apcuhy, kao u npodecopy Puanny Xapuhy ma cja-
JHUM HJiejaMa U ycMepaBarby MPUJINKOM U3Pajie OBOI MaTYPCKOT Pajia, Kao U CBUM
JpyrapuMa, nmpodecopuMa u MOPOIUIY KOJU CY Ta MOIPZKAJIH.
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