L4 Pager 01/06/01, 06/21

§1. L4 Pager

Pagefault

x86/exception.S x86/memory.c

ipagefault(eax, ecx,edx, err, ip)é

{

DPL=0

CALL pagefault(eax, ecx,

edx, err, ip) do_pagefault_ipc(current,

faultAdrs, ip) \

do_pagefault_ipc(current,
faultAdrs, ip)

sys_ipc(dest, snd_desc, rcv_desc)

{

{ Pager
dest = CurrentPager; /L e e
snd_desc = 0; //Reg-message
dwo = faultAdrs; Pager

dwl = ip;
rcv_desc = IPC_PAGEFAULT_DOPE;

&\\\\\\ sys_ipc(dest, snd_desc, rcv_desc);j

map_fpage(from, to, sndBase,
sndFpage, rcvFpage)

Page map
IPC_PAGEFAULT_DOPE =0x82 =Fpage(0,2**32-K)+RMAP
o Pager pager_thread wakeup
pager_thread system call IRET pager_thread
pager_thread
- pager( ) ‘
£ 3
© while(1) 5
f 3
: 14_ipc_wait(&client, 0, &dwO, &dwl, :
4////////¢/% I ; page fault Pager
§ § a map
5 5 awo = a ;

dwl =a | 12 << 2| 0x2 ;

| 3 msg_desc = 0x02;
“\\\\\\\\\\§ § 14_ipc_send( client, msg_desc, dw0, dwl ,,,);
3 14_ipc_send(client, RVMAP, ,,, ); ;

-

RMAP = 0x02 = Fpage map



§ 3.

IDT Gate Descriptor

186 3

Segment selector Offsetl5..0 00101 : Task Gate
01110 : Interrupt gate =* EFLAGS.IF clear
Offset31..16 P | DPL 01111 Trap gate
L4-Ka kernel
DPL
0,1, 4 19, 32 47 Interrupt gate 0 pagefault 14
20 31 Trap gate 0
3, 48 54 Interrupt gate 3
switch_to_thread (tch_t * tcb, tch_t current);
inline void switch_to_thread (tcb_t * tch, tcb_t current)
{
extern x86 tss t _ tss;
__tss.esp0 = (dword_t) get_tcb_stack top(tch); tch
Y R stack -
dword_t dmy;
(
"pushl Y%%ebp kernel
pushl $2f — stack
movl  Y%%esp, current->stack area
movl  tch->stack, $$esp
movl  %%cr3, ebx EIP
cmpl  tcb->page=dir, ebx CS
je 1f EFLAGS
movl  tcb->page_dir, %%cr3 ESP
1: ret stack top SS
2: popl  %%ebp" —
);
}
o TSS ESPO
o param
TSS ESPO entry
uip
X86_UCS
X86_FLAGS
usp
X86_UDS




Pagefaulting thread Pager thread

User-mode Kernel-mode Kernel-mode User-mode
int_48 ipc_wait( )
Trap save
sys_ipc( )

ipc_switch_to_idle( )

-

pagefault
IDT int_14: Trap Handler
> EIP/CS/EFLAGS/ESP/SS
2

> pagefault( ) == do_pagefault( ) == sys_ipc( )
» switch_to_thread( )

sys_ipc( ) trap handler

IRET
save pager
switch_to_thread( )
IRET
/’: save
§ 2 Sigma0
_start (14-ka/apps/sigma0/crt0-x86.S)
> page_array

> JUMP  siigma0_main
E 7 o
#1

#64K-1




sigma0_main(kernel_info_page_t *kip) (14-ka/apps/sigma0/sigma0.c:93 )

> free_mem = kip -> main_mem_low;
> kernel_mem = kip -> main_mem_hihg;
> page_array (Kernel , sigma0 )
S LOOP
> 14_ipc_wait(&client, 0, &dw0, &dwl, .... );
> msg = 2; // Fpage map
> IF client
THEN
.Y IF  dwO== OxXFFFFFFFC all"1*" 00
. THEN 7/
| Y page_array
SIF
| THEN dw0 = ;
dwl = dw0 | 1-page | Grant;
page_array ;
//=: 4K Grant
ELSE msg = dwO = dwl = O;
FI;
ELSIF dwO== 0x00000001 00 ----- 001
THEN
> IF dwl & OxFF == 0
. THEN 7/
msg=0; dw0=0x100; //Num of pages for kernel use.
/1=
ELSE
msg = dw0 = dwl = 0;
FI;
ELSE
© FI;
ELSE // client
.Y IF dwO== OXFFFFFFFC 11— 1100
. THEN // Map a 4K page writeable
. > page_array
SIF
| THEN dw0 = ;
dwl = dwO | 1-page | Map
page_array client
// (4K Map
ELSE msg = dw0 = dwl = 0;
FI;
ELSIF dwO== 0x00000001 00 ---------- 001
THEN
> IF dwl & OXFF == 0-01
. THEN /7 info
msg = 0; dw0 = 0;
dwl= info | 4K-page | Map
//=: info (4K) Map
ELSE
msg = dw0 = dwl = 0;
FI; 0G<=a <=16 1
ELSIF dw0 == 0 OR 0x00000002 <= dw0O <= 0x40000000 SP




THEN

.Y IF (dwo & 0X01) && (dwl & OXFF)==SuperPageBit << 2)

> adr = dw0 & SUPERPAGE_MASK;
Y page_array adr Superpage
S IF
THEN dwO =adr;
dwl = dwO | SuperPage | Map
page_array client
/1=
ELSE 23232322
msg = dw0 = dwl = 0;

FI;
ELSE
S IF

THEN msg = dw0 = dwl = O;

ELSE page_array client
dw0 &= PAGE_MASK;
dwl = dwO | 4K-page | Map ;
dw2 = 0;
//

FI

Fl

ELSIF 0x40000004 <= dw0 <= 0xC0000000

THEN  // Map 4M Superpage

3 dwO = (dwO & SUPERPAGE_MASK) + 0X40000000;
© dwl = dw0 | Superpage | Map;

L= 16 (4M)  Map
ELSE
FI;
FI;
14_ipc_reply(client, msg, dwO, dwl, .... );
ENDLOOP;
8 3. Pager
o
pager
§ 3.1 info
Sigma-0 RMGR. pager "Kernel info page"

14_ipc_call(rootpager, 0, 0, 0, O,
(void *)(INFO_BASE + 0x32), &dw0, &dwl, &dw2,
L4_IPC_NEVER, &result);

Sigma-0 RMGR. pager dw0 = 0, wdl =0

Sigma-0 RMGR. pager

THEN // Map Superpage writable and uncacheble

(4M)  Map

(4K)Map

16< o <=36

Pager

"Kernel info page"

: Chacm0OS



dw0 = 0; dwl = "Kernel info page"

recv-descriptor

| 4-Kpage | map;

size=4KB | 10

space_obj

Adrs=INFO_BASE
> Flex page
> page INFO_BASE
5 4KB
INRO_BASE "Kernel info page"
§ 3.2
Sigma-0 RMGR . pager

for (i = pagecnt; i >=0;

{

i++)

14_ipc_call (rootpager,
0, i*4096, 0, O,
(void*)(mapbase + 0x32),
&dwo, &dwl, &dw2,
L4_IPC_NEVER, &result);

mapbase += 4096;

rootpager 1*4096

IPC mapbase

§ 3.3 Pager

Pager

void pager_thread( )
I
while(1)
{
Page fault
14_ipc_receive (&client,

(void *) 0x01, &dwO

pages
root

space_obj

pages
root

, &dwl, &dw2,

L4_IPC_NEVER, &result);

(;ecv—descriptor = (void *) Ox01 :

nabl 1,

page-0

page-1

page-2

1.75 G
page-0
page-1
page-2

26



Lﬁwo: Page fault

info kernel info page
if (dw0 == 1) { // info
dwl = INFO_BASE + 0x30;
}
else {
( a )
a
dwl = 8 G + 4096 * a + 0x32;
}

14_ipc_send (client, (void *) L4_IPC_SHORT FPAGE,

dw0, dwl, dw2,
L4_IPC_NEVER, &result);

1PC a page fault
} //while
}//pager_thread
8§ 4 Page fault
Page fault do_pagefault_ipc( ) Pager
send-desc = 0; -- Register Only
dw0 = fault address;
dwl = ip; Fpage(0, 2**32 - KernelSpace);
dw2 = 0;
recv-desc = IPC_PAGEFAULT_DOPE = 0x82 Fpage adrs = 0 size=32 | 10
§ 4. Shared Pager
-A Shared Space R/W
-B R/W, R-only
-A -B 26 36 Pager

page mapping tables
- Kernel




§ 5. Copy on write Pager

8§ 6 Pager

UNIX FORK

Clone Share Copy-on-write

DMA



