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[Mori;

o It's FUNI
o Efoikelwon pe 1o hardware.

o EuB&Buvon otov BaupaoTd KOOUO TWV AEITOUPYIKWY
CUCTNUATWY.

o Mix kaln dikatoloyia va ypdyoupe assembly (FUNIN).

o Post-apocalyptic computing syndrom...



TIc.

we;
TMaTedpua
IBM PC-cuupatoi pe 32bit intel CPU (80386 kou &vw).

Epyaieia
e GNU C compiler
o GNU binutils (assembler, linker, etc)
o GNU make
o GNU debugger
e GNU GRUB (legacy)
e QEMU




H exTéAeon Gexvder amwd tnv ROM (BIOS) oe 16 bit real mode.



H exTéAeon Gexvder amwd tnv ROM (BIOS) oe 16 bit real mode.

o QopTaver To mpwTo sector (512 bytes) orny ievBuvon 7c00.

e jump oTny deuBuvon 7c00.




H exTéAeon Gexvder amwd tnv ROM (BIOS) oe 16 bit real mode.

BIOS

o ®opTdvel To TpwTo sector (512 bytes) otnv dievBuvon 7c00.

e jump otnv dieubuvon 7c00.

<

o OQopTwvel Tov kernel otny pvnun.

o Evepyotroiei To A20 line.
o Baler Tov emelepyooTn o protected mode.

@ jump oTo entry point Tou kernel.




Multiboot header:

offset | uéyebos Tedio
0 4 magic identifier
4 4 flags
8 4 checksum
12 4 header address
16 4 load address
20 4 load end address
24 4 bss end address
28 4 entry address
32 4 video mode type
36 4 video mode width
40 4 video mode height
44 4 video mode color depth




Multiboot code

#define MAGIC 0x1badb002
#define FLAGS 0
.align 4
/% multiboot header */
.long MAGIC
.long FLAGS

.long -(MAGIC + FLAGS) /% checksum */



#define STACK_SIZE 0x4000
.text
.globl kentry
kentry:
/% setup a temporary kernel stack */
movl $(stack + STACK_SIZE), Yesp
/* reset eflags */
pushl $0
popf
/% call the kernel main function */
call kmain
/* dropped out of main, halt the CPU */
cli
hlt
/% space for the temporary kernel stack */
.comm stack, STACK_SIZE



Text output

VGA text mode video memory: b8000

b8000 b8002 b8004 bEffff
h S )
1 == -
I T~
115 12,11 8 T == _0
background | foreground character
color color ASCII code

N N e

4 bits

4 bits

8 bits



Text output - call graph

printf
(klibe/stdio.c)

putchar

(term.c)

set_char
(vid.c)



x86 memory model

@ Segments opilovtal amd 8-byte descriptors otov GDT (1) LDT).

o Noyikés dieuBlvoels amoTedoupeves atmd segment ko offset.
Segment selector registers emTiAéyouv Tolo segment

Xpnoigotoleiton oe k&be mepiTTOON.

o TlpoaipeTikd paging ue page tables 2 emimédcov.

Global Descriptor Table

gdtr segment descriptor
S
gdtr+s 3 242322212019 1616 14 1312 11 B 7 0
segment 1
Avon pxfic s bl A opwobits b o apvan opxic 4
gdtr+16 bits 24 £wg 31 LV g ee 19| P P |8| Tomog bits 16 £wg 23
segment 2 Bl L -
31 1615 0
MebBuvon apyhc bits 0 £wg 15 ©Oplo bits 0 £wg 15 0
gdtr+8n

segment n




cr3 register page table 0
Virtual address translation
page directory
: 31 22(21 1211 0
- page table page offset
. page table | page number
o Ta 10 aveytepa bits [22, 31] eivon
. index oTo page directory
) (S10Aéyouv page table).

o Ta emwdpeva 10 bits [12,21] eiven
index oTo emiAeypévo page table

page directory entry

31

12

address |

page table entry

12876543210
NS
address G|§|D‘A|EE‘DHP[ |

(Sr1oAéyouv page).

543210
S22
HEE8E

o Ta katwTepa |2 bits eivar To

offset uéoa oTo page.



TUTrol interrupts
e Hardware interrupts

@ Software interrupts

@ Exceptions

Interrupt Descriptor Table
idtr 3 16 15 14 13 12 8 7 5 4 0
int 0 E =
idtr+8 Offset bits 16 €wg 31 Pl P |0OD11 21000 4
int 1 \ .
idtr+16 - 3 1815 0
int 2
Segment Selector Offset bits 0 éwg 15 0

Interrupt/trap gate descriptor

idtr+8n R
mntn




# | name type error code
0 | divide error fault no

I | debug trap/fault | no

2 | NMI N/A N/A

3 | breakpoint trap no

4 | overflow trap no

5 | bound range exceeded fault no

6 | invalid opcode fault no

7 | device not available fault no

8 | double fault abort 0

9 | co-proc segment overrun | abort no
10 | invalid TSS fault selector
I'l | segment not present fault selector
12 | stack fault fault selector or O
13 | general protection fault selector or O
14 | page fault fault special flags
15 | reserved N/A N/A
16 | floating point fault no
17 | alignment check fault EXT bit
18 | machine check abort no
19 | SIMD floating point fault no

Ta interrupts O €ws 31 elvon
reserved y1a CPU exceptions.



Hardware interrupts

2 cascaded intel 8259A PIC chips

INT

INTA

IR7

IRO) IRQ 0
IRife———IRQ 1
R2 ——TRQ 2
T 8259
PIC IR3 IRQ 3
INTA  laster  IRY IRQ 4
0x20 TR5 1RQ 5
¥ 1RQ 6
IR7 1RQ 7
CASO_CASI CAS2
CASO CAST CASZ
IRO) IRQ 8
IRt
IR2[«=———IRQ 10
INT 8259
PIC IR3|=—IRQ 11
INTA  glave IR4|«~———————IRQ 12
0xA0 IR5|~—————————IRQ 13
IR6[«=——IRQ 14

IRQ 15




ware interrupts

2 cascaded intel 8259A PIC chips

RO IRQ 0 static void init_pic(int offset)
{
L /% send ICW1 saying we’ll follow with ICW4
IR2 —IRQ 2 later on */
INT e 89 RQ3 outb (ICW1_INIT | ICWi_ICW4_NEEDED, PIC1_CMD);
i outb(ICW1_INIT | ICW1_ICW4_NEEDED, PIC2_CMD);
INTA INTA e ™ 1RQ 4
0x20 RS RQ 5 /* send ICW2 with IRQ remapping */
outb(offset, PIC1_DATA);
Ik 1RQ 6 outb(offset + 8, PIC2_DATA);
IR7 1RQ 7
CASO_CAS1 CAS2 /* send ICW3 to setup the master/slave rel */
/% ... set bit3 = 3rd int pin cascaded */
outb (4, PIC1_DATA);
A CAST CASa /* ... set slave ID to 2 */
TRQ 8 outb(2, PIC2_DATA);
IRt
/% send ICW4 to set 8086 mode (mo calls) */
8959 IR2|«=—IRQ 10 outb(ICW4_8086, PIC1_DATA);
INT PIC Ri— R outb (ICW4_8086, PIC2_DATA);
INTA IR4[~—————IRQ 12
Slave /* done, reset the data port to 0 */
s D outb (0, PIC1_DATA);
outb (0, PIC2_DATA);
IR6|«=—IRQ 14 3}
IR7 1RQ 15




Emépeva PrupaTa;

Moxeipion uvnuns (kernel malloc).
Processes.
ATA driver & filesystem.

o Aiagopa: tty, timers, rtc.



THE END

EpwTnosis;

http://nuclear.sdf-eu.org/articles/kerneldev

http://codelab.wordpress.com

http://www.linuxinside.gr
IRC: #osdev oto GRnet.
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