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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...



Booting



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 (1badb002)
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




#define MAGIC Ox1badb002
#define FLAGS 2
#define STACK_SIZE 0x4000
.text
/* multiboot header */
.long MAGIC
.long FLAGS
.long -(MAGIC + FLAGS) /* checksum */
.globl kentry
kentry: /* setup a temporary kernel stack */
movl $(stack + STACK_SIZE), Yesp
pushl $0 /* reset eflags register */
popf
/* call the kernel main function. ebz points to
* the multiboot information structure */
push %ebx
call kmain
/* dropped out of main, halt the CPU */
cli
hlt
/* space for the temporary kernel stack */
.comm stack, STACK_SIZE



VGA Text Mode Driver



Text output

printf
(klibe/stdio.c)

putchar

(term.c)

set_char
(vid.c)



Text output - putchar

int putchar(int c)
{
switch(c) {
case '\mn':
cursor_y++;
case '\r':

cursor_x = 0;
break;
/* ... more ... */
default:

if (isprint(c)) {
set_char(c, cursor_x, cursor_y, fg, bg);
if (++cursor_x >= WIDTH) {
cursor_x = 0;
cursor_y++;

}
if (cursor_y >= HEIGHT) {
scroll_scr();
cursor_y--;
}
set_cursor (cursor_x, cursor_y); /* set VGA cursor */
return c;



Text output - set_char

VGA text mode video memory: b8000

b8000 b8002 b8004 bEffff

L [ & [ & [ - ] ¢

1 ==

| -

I
115 12,11 8,7 T -=-0

background | foreground character
color color ASCII code
4 bits 4 bits 8 bits

#define VMEM_CHAR(c, fg, bg) \
((uint16_t)(c) | (((uint16_t) (fg) & Oxf) << 8) | \
(((uint16_t) (bg) & Oxf) << 12))

void set_char(char c, int x, int y, int fg, int bg)
{

vmem[(y + start_line) * WIDTH + x] = VMEM_CHAR(c, fg, bg);
}



Interrupts



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.



ware interrupts

2 cascaded intel 8259A PIC chips

IR0

IRQ 0 static void init_pic(int offset)
{
IRife———1RQ 1

/% send ICW1 saying we'll follow with ICW4 later
IR2| —IRQ 2 on */

INT e 89 RQ3 outb(ICWi_INIT | ICW1_ICW4_NEEDED, PIC1_CHMD);
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);
FASO CAST CAS3 /% ... set slave ID to 2 */
1RO 1RQ 8 outb(2, PIC2_DATA);
IRt
/% send ICW/ to set 8086 mode (no calls) */
4959 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 */
0xA0 1R5|< RQ 13 outb (0, PIC1_DATA);

outb(0, PIC2_DATA);
IR6|~——————IRQ 14 4

IR7 IRQ 15




Interrupt stack

Eicodos ot interrupt xepis
aMayny privilege level

kernel stack

- ESP mpiv tnv petoapopd
ekTEAeoT¢ oTov handler

EFLAGS
Cs
EIP ) )
" Error Code et ESP petd tnv petagopi
eKTEAEOTG oToV handler

Eicodos ot interrupt ps
aMayn privilege level

user stack kernel stack

ESP mpiv Tnv petapopd
ekTEAECT)G oTOoV handler

SS

ESP
EFLAGS

[ofS]

EIP
Error Code

ESP petd tnv petagopd
ekTEAEONG oTov handler




Interrupt entry

/* common code used by all entry points */
.extern dispatch_intr
intr_entry_common:
pushl %gs /* save the current */

/% interrupt entry with error code */
.macro ientry_err n name
.globl intr_entry_\name

. ° pushl %fs /* data segment */
1ntr_en;iy§tname. pushl %es /* selectors */
pus n .
s X pushl %ds
Jjmp intr_entry_common pusha /# save general purpose regs */
-endm mov Y%ss, %heax /* set the kernel */

mov Yeax, %ds /* data segment to */
mov %eax, %hes /¥ all data segment */
mov Yeax, 4fs /* selectors */
mov %eax, hgs
call dispatch_intr

intr_ret_local:
popa /* restore general purpose regs */

/* interrupt entry without error code
* pushes a dummy error code (0) */
.macro ientry_noerr n name
.globl intr_entry_\name

intr_entry_\name: popl %ds /* restore data */
;ushl §o popl %es /* segment selectors */
pushl $\n popl ffs
jmp intr_entry_common popl Jgs )
.endm /* pop error code and intr num */

add $8, Y%esp
iret



Interrupt entry macros

#ifdef ASM

/* included from intr-asm.S */

#define INTR_ENTRY_EC(n, name) ientry_err n, name
#define INTR_ENTRY_NOEC(n, name) ientry_noerr n, name
#else

/* included from intr.c inside init_intr() */
#define INTR_ENTRY_EC(n, name) \
void intr_entry_##name(void); \
set_intr_entry(n, intr_entry_##name);
#define INTR_ENTRY_NOEC(n, name) INTR_ENTRY_EC(n, name)
#endif /* ASM */

INTR_ENTRY_NOEC (0, div)
INTR_ENTRY_NOEC (1, debug)
INTR_ENTRY_NOEC(2, nmi)

INTR_ENTRY_EC (12, stack)
INTR_ENTRY_EC(13, prot)
INTR_ENTRY_EC(14, page)



Memory Management



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




Physical Memory Management

Multiboot memory map (amo To GRUB)

meEmory map
free: 0 - 9fcOO0 (654336 bytes)
hole: 9fcO0 - a@OOO® (1024 bytes)
hole: eGOO0 - 100000 (131072 bytes)
free: 100000 - bf?780000 (3211264000 bytes)
hole: bf780000 - bf?8e000 (57344 bytes)
hole: bf78e000 - bf?7d0O00 (270336 bytes)
hole: bf740000 - bf7e0000 (65536 bytes)
hole: bf7ed00O - bfBOOEOO (77824 bytes)
hole: bfB8OOOEO - cOOEOEEO (8388608 bytes)
hole: fee00O00 - fec01000 (4096 bytes)
hole: ffa@EOEO - ffffffff (6291455 bytes)

marking pages up to 120e?f (page: 288) inclusive as used



Physical Memory Management

Multiboot memory map (amo To GRUB)

meEmory map
free: 0 - 9fcOO0 (654336 bytes)
hole: 9fcO0 - a@OOO® (1024 bytes)
hole: eGOO0 - 100000 (131072 bytes)
free: 100000 - bf?780000 (3211264000 bytes)
hole: bf780000 - bf?8e000 (57344 bytes)
hole: bf78e000 - bf?7d0O00 (270336 bytes)
hole: bf740000 - bf7e0000 (65536 bytes)
hole: bf7ed00O - bfBOOEOO (77824 bytes)
hole: bfB8OOOEO - cOOEOEEO (8388608 bytes)
hole: fee00O00 - fec01000 (4096 bytes)
hole: ffa@EOEO - ffffffff (6291455 bytes)

marking pages up to 120e?f (page: 288) inclusive as used

Bitmap allocator (alloc_phys_page / free_phys_page)

#define BM_IDX(pg) ((pg) / 32)
#define BM_BIT(pg) ((pg) & Ox1f)
#define ISFREE(pg) ((bmap[BM_IDX(pg)]l & (1 << BM_BIT(pg))) == 0)



Page Translation

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 table 1023

B page directory entry
31 12

5432010
S22
address | HE’%‘D‘EH

(Sr1oAéyouv page).

o Ta katwTepa |2 bits eivar To

page table entry . offset uéoa oTo page.
12 876543210
= ol 54 " A *
address G|§|D‘A|EE‘DHP[ .




Virtual Memory Management

EEEPEEEE
e map_page / unmap_page Kernel memory
e TLB management
<0000000
(flush_tib / flush_tlb_addr)
e Page range list allocator
(pgalloc / pgfree)
e Higher level allocator User memory
(malloc / free)
e Page fault handling
(more on that later)
@ Recursive page tables Kernel image
100000
(cont’d next slide...) ————
00000000 ]




Recursive page tables

table O
cr3 register pRge ==
page directory
. page table |
2,
%
-
66/0




Processes



Kernel entry / exit

e 4 priviledge levels [0, 3]
o ANayn Tou priviledge level étav gopTaoveTon segment descriptor
pe drapopeTikd dpl.
o interrupts (int/iret)
o call gates (intersegment call/ret)
e sysenter/sysexit and friends

o Kd&Be priviledge level < 3 éxer 81kd Tou stack (ss/esp) oto TSS.

Eicodog oe interrupt xwpis Eicodos o interrupt pe
oAy privilege level oAAay 1 privilege level
kernel stack
ESP mpis . user stack kernel stack
< > Tply TNV PeTagopd
I EFiAcs | exTéheong otov handler  E— ESP mpiv TV petagopd
— | exTéheong otov handler
Ccs ss
EIP ) ) ESP
Error Code ESP perd tnv petagopd EFLAGS
exTéhgon otov handler I — cs
ESP petd tnv petagopd EIP
exTéAeong otov handler - Error Gode




System calls

@ interrupt 128
@ system call number — eax
@ arguments —> ebx, ecx, edx, esi, edi

@ result — eax

sys_func [SYS_HELLO] = sys_hello;

sys_func [SYS_SLEEP] = sys_sleep; /* timer.c */
sys_func [SYS_FORK] = sys_fork; /* proc.c */
sys_func [SYS_EXIT] = sys_exit; /* proc.c */
sys_func [SYS_WAITPID] = sys_waitpid; /* proc.c */
sys_func [SYS_GETPID] = sys_getpid; /* proc.c */
sys_func [SYS_GETPPID] = sys_getppid; /* proc.c */



System call interrupt handler

static void syscall(int inum)

{

struct intr_frame *frm = get_intr_frame();
int idx = frm->regs.eax;

if (idx < 0 || idx >= NUM_SYSCALLS) {
printf ("invalid syscall: %d\n", idx);
return;
}
/* the return value goes into the interrupt frame copy of
* the user's eax so that it'll be restored into eax before
* returning to userland.
*/
frm->regs.eax = sys_func[idx] (frm->regs.ebx, frm->regs.ecx,
frm->regs.edx, frm->regs.esi, frm->regs.edi);

/* we don't necessarily want to return to the same process
* might have blocked or ezited or whatever, so call
* schedule to decide what's going to run next.
*/

schedule () ;



Scheduler

ZuvapTnon schedule:
o AloAéyel TGVTA TO TPWTO process aTmo TNy AloTa.

o Av efavTAfioel To timeslice Tou, agaipeiton ato umpooT& Ka
utradvel Tiow.

o KoAei v context_switch.

o Av To runqueue elvor &8elo kadei Ty idle_proc Tou kd&vel
halt Tnv CPU.



Context Switching

Ta context switches exivouv pe kAfjon oTtnv context_switch, n
oTroia:

o AMNA&(el page tables (cr3).
o O¢fter To kernel stack Tou kavouplou user process oTo TSS.
o Kavel push To state Tou current process oTo stack Tou.

o KoAel Ty switch_stack n omoia emoTpéper oTO Kavoupio
context!

Emravogépel To state atro To kavouplo stack.



Context Switching

Ta context switches exivouv pe kAfjon oTtnv context_switch, n
oTroia:

o AMNA&(el page tables (cr3).
o O¢fter To kernel stack Tou kavouplou user process oTo TSS.
o Kavel push To state Tou current process oTo stack Tou.

o KoAel Ty switch_stack n omoia emoTpéper oTO Kavoupio
context!

Emravogépel To state atro To kavouplo stack.

Metd amo fork n swich_stack AEN emioTpéper oTo 1810 onueio kot
dev ekTeAeiTal To umdlolTTo Tns context_ switch.




Context switch code

void context_switch(int pid)

{

static struct process *prev, *new;
prev = proc + last_pid;
new = proc + pid;

set_current_pid(new->id);
/* switch to the new process' address space */
set_pgdir_addr (new->ctx.pgtbl_paddr) ;

/* make sure we'll return to the correct kernel
* stack next time we enter from userspace */
tss->esp0 = PAGE_TO_ADDR(new->kern_stack_pg) +

KERN_STACK_SIZE;
/* push all registers onto the stack before
* switching stacks */

push_regs () ;
/* XXX: when switching to mnewly forked processes this
* switch_stack call WILL NOT RETURN HERE. It will
* return to just_forked instead. */
switch_stack(new->ctx.stack_ptr, &prev->ctx.stack_ptr);
/* restore registers from the *new* stack */
pop_regs ) ;



Process creation - fork

Processes dnuioupyouvton pe To system call fork.
o Allocate entry oTo process table.
o Allocate kernel stack yix To process.

o AvTiypdgel To current interrupt frame oTo kouvoupio stack, woTe
EMOTPEPWVTAS OF USer space VA CUVEXIOTEL 1) EKTEAEOT) XTTO TO
id10 onpeio.

o AMN&(er Tnv T Tou eax oTo interrupt frame oe O.

o TomobBetel Tnv dievBuvon Tns just_forked oTo xouvoupio stack
yia va eTioTpéyel ekel 1 switch_stacks.

o KoAei Ty clone_vm yix va T&pEL TO KAlvouplo process,
avTlypago Tns pvfiuns Tou current process.

o TlpooféTtel To KavoUplo process GTO runqueue.



Process creation - clone_vm

Kd&be process €xel eva vmmap Tou Teplexel eva vin_page sturcture yio
k&be mapped virtual page oTo memory space Tou.

To vmmap eivar éva balanced binary search tree, yia yptyopn
avalfiTnon pe P&on To page number.

H clone_vm:
e Avtiyp&esl T page tables (yia To user memory space) Tou

current process agou kaBaproel Ta write bits.

o AvTiypdgel To kernel kopu&Tl Tou page directory woTe va
xpnoipotoinfouy Ta 181 page tables yia Ty pvfiun Tou TuUpTva
oe OAa Ta processes.

o Anuioupyei kovoUpio vmmap pe pointers oTa idia vm_page
apoU auffjoel To reference count Tous (nref).



Copy on Write

Eyypagn ot k&molo amo Ta kowd pages onkovel pagefault. O page
fault handler k&ver Ta €7

o Avalnt& To Vm_page ToU QVTIOTOIXEl OTO CUYKEKPIUEVO page.

e Av To vm_page éivon writable &AM\ onkefnke write fault
mpokelTan yia CoW fault.

e 2Ttnyv omola mepimTwomn k&vel allocate kavoupio physical page
KOl To KA&VEL map.

o AvTiypdgel T Treplexopeva Tou page tou faultape oTo
Kaivouplo.

o Anuioupyei kaivoupio vm_page (pe nref=0) ka1 To avTiKaBnoT&
TO TaAIO OTO vmmap he TO KOLVouplo.

o uewwvel To reference count Tou original vm_page.



Copy on Write - diagra

Merté to fork 6o T pages eivan kowvd... AvTiypo@n povo e atdmELpaL EYYPOPNG.
vm_page vm_page
proc 1 proc 1
vm_page
proc 2 proc 2
virtual pages physical pages virtual pages physical pages



Copy on Write - page fault handling

int pgnum = ADDR_TO_PAGE(fault_addr);

if ((frm->err & PG_WRITABLE) && (get_page_bit(pgnum, PG_WRITABLE,
0) == 0)) {
/* write permission fault might be a CoW fault or just an
* error. fetch the vm_page permissions to check if this 1is
* suppoosed to be a writable page (meaning we should CoW)
*/

struct vm_page *page = get_vm_page_proc (proc, pgnum);

if (page->flags & PG_WRITABLE) {
/* ok this is a CoW fault */
if (copy_on_write(page) == -1) {
panic("copy on write failed!");

}
return; /* done, allow the process to restart the
instruction and continue */
} else {

/* TODO: SIGSEGV the process, for now just panic */
goto unhandled;



To mpwTo process To kaTookeud(el n start_first_proc
o [p&oeel To process image oTn PVNUN.
o Kaver allocate user stack kou kernel stack.
o Tomofetel To kernel stack oto TSS.
@ Tou Bdivel To uTapywy page table.
o Anuioupyei vmmap pe Pdon To uTdpxwv page table.
@ To kd&vel current kal To TpooBéTel 0TO runqueue.
o KaTaokeualel weuTiko interrupt frame.

o KoAel TNV intr_ret yia va kavel fake emioTpogn oo interrupt
OTO KAWOUPLO process, woTe va yivel 1 TpwTn ocAAaymn priviledge
level 0 — 3.



Blocking

@ Ta processes block&pouv oe kernel space koAwvTas wait pe Tnv
BievBuvon autou Trou Tepipévouv (wait channel).

o H wakeup fumvdel dAa Ta processes TTOU TTEPIYEVOUV OF €V
ouykekpiuévo wait channel.

e Hash table yia avTioToixia wait channel — process.



Wait and wakeup

void wakeup(void *wait_addr)

void wait(void *wait_addr) {

struct process *p;
int hash_idx;

disable_intr();

p = get_current_proc();

assert (p);

/% remove it from the runqueue ... */
remove (&runq, p);

/% and place it in the wait hash table
* based on sleep_addr

int hash_idx;
struct process xiter;
struct proc_list *1list;

hash_idx = hash_addr(wait_addr);
list = wait_htable + hash_idx;

iter = list->head;
while(iter) {
if (iter->wait_addr == wait_addr)
/* found ome, remove it, and
* make %t runnable

*/ :/ t * it
struc rocess = iter;
hash_idx = hash_addr(wait_addr); . P P
iter = iter->next;

ins_back(wait_htable + hash_idx, p);

p->state = STATE_BLOCKED;
p->wait_addr = wait_addr;

/% call the scheduler to give time to
another process */
schedule () ;

remove (list, p);
p->state = STATE_RUNNABLE;
ins_back(&runq, p);
} else {
iter = iter->next;

}



Test process run

#include <syscall.h> copied init process at: 112000
.text DBG:page fault in user space (pid:1)
.globl test_proc process 1 says hellot
test_proc: process 1 will sleep for 2 seconds
7* {oggyg";’ﬂtgzr f/’”cess */ DBG:page fault in user space (pid:2)
ot $SYSCALL, INT reax process Z says hellot
/% getpid */ process £ will =leep for 4 seconds
movl $SYS_GETPID, %eax idle loop is ruwnning
int $SYSCALL_INT timer going offttt
push %eax process 1 says hello?t
T hecx, Yhecx /* zero iter counter */ process 1 will sleep for 2 seconds
infloop: : : :
movl $SYS_HELLO, %eax 11;(.11& IDDI.J 1S ::;.“:]::“g
int $SYSCALL_INT Imer going otr=>=:
/* sleep for (pid * 2) seconds */ timer going off11!
movl (%esp), %ebx process 1 says hello
shl $1, 7%ebx process 1 will sleep for seconds
movl $SYS_SLEEP, Jeax process Z says hellot

int $SYSCALL_INT process Z will sleep for seconds

inc %ecx /* inc loop counter */ idle loop is rumming
/* let proc 2 exit after 2 iter */ - A
timer going off1t?

cmpl $2, (%esp)

jne 1f process 1 says hellot
cmpl $2, %ecx process 1 will =leep for seconds
je exit_proc idle loop is ruwnning

1: jmp infloop timer going offttt

exit_proc:
movl $SYS_EXIT, Y%eax
movl $0, Y%ebx

timer going of fttt

process 1 says hellot?
int $SYSCALL INT process 1 will sleep for seconds
.globl test_proc_end process 2 exit(0)

test_proc_end: idle loop is ruwnning




Timekeeping



8253 Programmable Interval Timer

@ Driven amo kpuotaAlo 1.193182 MHz
@ 3 16bit binary counters

o Channel O: lMevikns xpfoews, IRQ O oTo underflow
o Channel 1: DRAM refresh (unusable)
o Channel 2: PC speaker

o TToMamA& modes Aertoupyias (one shot, rate, square wave,

strobe...).
#define OSC_FREQ_HZ 1193182
#define TICK_FREQ_HZ 250

reload = DIV_ROUND(OSC_FREQ_HZ, TICK_FREQ_HZ);



Timer handling

o Global ticks counter (nticks).

o AioTa pe events, XpOvos OXETIKOS e TTPOTMYOUUEVO oTN AloTa.

evlist»z>
| dt: 120 >—|—>| dt: 10 >—|—>| dt: 42 +1

oe 120 ticks oe 130 ticks oe 172 ticks




Timer handling

o Global ticks counter (nticks).

o AioTa pe events, XpOvos OXETIKOS e TTPOTMYOUUEVO oTN AloTa.

evlist
ZI dt: 120

>—|—>| dt: 10

>—|—>| dt: 42

&)

oe 120 ticks

Interrupt handling

oe 130 ticks

@ increment nticks

oe 172 ticks

o decrement dt Tou mpwToU event kou wakeup av eiven O.

o call schedule



Timer handling code

static void timer_handler (int inum)

{

struct process *p;
nticks++; /* increment global tick counter */

/* find out if there are any timers that have to go off */
if (evlist) {
evlist->dt--;

while(evlist && evlist->dt <= 0) {
struct timer_event *ev = evlist;
evlist = evlist->next;
/* wake up all processes watiting on this address */
wakeup (ev) ;
free(ev);

}

}

/* decrement the process' ticks_left and call the scheduler
* to decide if 4t's time to switch processes */
if ((p = get_current_proc())) {
p->ticks_left--;
}
schedule () ;



Real Time Clock

e RTC registers o€ battery-backed static RAM (CMOS)

o ThbBavés poppés dedouévawv oTous RTC registers, opileTar oTov
status register:
e BCD 1 decimal (cuvnhfws BCD !7@7!)
o 24h 1) 12h pe high-order bit AM/PM
o E1os 20117 74 "1 I’ (ouvhiBes "I 17 7Q@7#!)

e >Tov kernel: seconds amd UNIX epoch & standard C
mktime/asctime k.T.A oTnv klibc.

System real-time clock: Sun Jun 12 02:20:42 2011
Sun Jun 12 02:20:43 2011
Sun Jun 12 02:20:44 2011
Sun Jun 12 02:20:45 2011

Sun Jun 12 02:20:46 2011




THE END

EpwTnosis;

o https://nuclear.mutantstargoat.com/hg/kern

@ http://nuclear.mutantstargoat.com/articles/kerneldev
@ http://codelab.wordpress.com

@ http://www.linuxinside.gr
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