-

':L) e5 asp, %ebp

56 IS kesi

83 ec Oc su %Gwc

68 U4 a2 12 c@ Is! 50)(0312?1414

e8 ed 1c 00 00 all c0107d6e <g@intf>
be 00 60 10 00 mov SOXIOGGOG

cl ee Oc 1 $0xc,%

83 cuy 08 1 $Ox3,qLJ;

56 | ]

68 6¢c a2 12 co
e8 d7 1c 00 00
83 cu 10

bb 60 00 00 00
eb 1t

89 d8

cl e@ Oc ' X n
83 ec Oc su Xc,%esp l n
0a 00 00 c0106bde <vmm_unmap_page> \
83 ¢ O -. $0x1, %ebx ;I. i : / - L’

( : $0- 10,.&_-,;__.
3 . % i,% X

e8 P 1 <_kernel_post_init+0x32>
54 . e kalloc_init>

: : ael_post_init+6x5a> ' T ————

EXPRESS'’

3 ec 04 ' $0xuU, %esp
S g e 5 EP 12
} af ]

ab 12 c $0xc0l12a0af

<_Rernel post_init+0Oxu6>
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PCl ¢

= pCl Family History

PCIl Express 1.1, ExpressModule

PCl v3.0 & PCI Express 1.0a, 5.0 GT/s
PCI Express x16 Graphics 150W-ATX 1.0

PCIl Express 1.0a
2003 * ExpressCard*

+ PCI| Express to PCI/PCI-X Bridge
Specification v1.0
PCI-X v2.0 & PCI Express v1.0, PCI v2.3 « PCI Express Mini Card v1.0

2002 + 533 MHz & 2.5 GHz
PCI-X v1.0 2001 - Standard Hot Plug v1.0
1999  + Mini PCI *133 MH
PCl v2.1 1998  * PCI Hot Plug v1.0
PCIl v2.0 1994 + PCI Power Management

PCIv1.0 1983« PCI Plug & Play Configuration Model
1992
* "ExpressCard” is a trademark, or registered trademark of PCMCIA in the United States and/or other countries.

PCI-SIG Developers Conference Copyright © 2008, PCI-SIG, All Rights Reserved
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RESWS....
52 B ERARAEA,
K2 FT (64 0Bi5E)

81 64 FTHEE T — 1Ko
BIE T IRERIFAEE B LUK PCIEXIR

Base Address Registers

Cardbus CIS Pointer
Subsystem ID Subsystem Vendor ID
Expansion ROM Base Address
Capabllmes
Interrupt Interrupt

A-0181

Figure 6-1: Type 00h Configuration Space Header
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PCI - EVEAEC 23R HRY 1I/0 O

#tdefine PCI_CONFIG_ADDR 0Oxc+8 #hit 1/0
##define PCI_CONFIG_DATA 0Oxcfc H1F821/0

inline pci_reg_t
pci_read_cspace(uint32_t base, int offset)
{
io_outl(PCI_CONFIG_ADDR, base | (offset & ~0x3));
return io_inl(PCI_CONFIG_DATA);
}
inline void FIEECER S A
pci_write_cspace(uint32_t base, int offset, pci_reg_t data)
{
io_outl(PCI_CONFIG_ADDR, base | (offset & ~0x3));
io_outl(PCI_CONFIG_DATA, data);
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SEHFTE R RIS ML, HITHR, a1 16

ORFFFE M.

Header . Cacheline

AY

256 Ko

BREEERS 32 MgE

ENEERS 8 T E;;:ET_L:% & B RAZIgE N2
EEETE] . T(n) = 256*32*8=65536 K ZHGEEE I —NIHEE,

FiYEfia): T(n) = 2048



void
pei_

{

probe()

// ROBWAEPCIIRE
/B8 RERS£H256RPCIEY , BHBFMS , REEbus HOHMEBT
for (int bus = 0; bus < 1; bus+) {
for (int dev = ©; dev < 32; dev+) {
pci_probe_device(bus, dev, 0);

void

pei_

{

probe_device(int bus, int dev, int funct)

uint32_t base = PCI_ADDRESS(bus, dev, funct);
pci_reg_t regl = pci_read_cspace(base, 0);

// Vendor=exffffMFERIZEEAREFE
if (PCI_DEV_VENDOR(regl) == PCI_VENDOR_INVLD) {
return;

}

pci_reg_t hdr_type = pci_read_cspace(base, 0xc);
hdr_type = (hdr_type >> 16) & 0xff;

// BALEHEEREE
1/ QEHuBﬂIcugqssiim{DA?ﬁﬁlﬁlﬂ ._ﬁ%gmsgi&gam—ﬁ\msgaﬁheauer type

if ((hdr_type & 0x80) & funct == 8) {
hdr_type = hdr_type & ~0x80;
// EMNESAEIEE (multi-function device)
for (int i = 1; i < 7; i+) {
pci_probe_device(bus, dev, i);

}

if (hdr_type ¥ PCI_TDEV) {
// BRR: ERIZFEIRSEEE | tLINPCI-PCIFFES | & ECardBusifiizss

return;

pci_reg_t intr = pci_read_cspace(base, 0x3c);
pci_reg_t class = peci_read_cspace(base, 0x8);

struct pci_device* device = lxmalloc(sizeof(struct pci_device));
*xdevice = (struct pci_device){ .cspace_base = base,

.class_info = class,

.device_info = regl,

.intr_info = intr };

pci_probe_msi_info(device);

llist_append(&pci_devices, &device—dev_chain);
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31 16 15 0
s N .
PCI #HXRI#D%a1K: Command Vendor D
. e
B R
15 10 9 8 7 6 5 4 3 2 1 0
| e LI T L TT]] i
Reserved
Header :
BIST Latency Timer
Interrupt Disable -
Fast Back-to-Back Enable

SERR# Enable

Reserved

Parity Error Response

VGA Palette Snoop

Memory Write and Invalidate Enable Base Address Registers
Special Cycles
Bus Master
Memaory Space
I/O Space

Figure 6-2: Command Register Layout

Cardbus CIS Pointer

BEIRE, FENEE, HEMIBAHEET—

Expansion ROM Base Address
Capabilities
; Interrupt Interrupt

A9

o

Figure 6-1: Type 00h Configuration Space Header




‘4 Lunaix OS Dev Tutorial EI:?T'%{/E PC| iﬁ%

3 0

1
IR HXAYIAL,

e e
ARNZESRENENEGFS, OSBUAXEEFFHRES
o mEERm—

R &R MBI IR I 275 BAR LA

Base Address Registers
31

X FRIFMET A & 1728
(MMIO)

Cardbus CIS Pointer
Subsystem 1D Subsystem Vendor ID
Expansion ROM Base Address

Capabilities
Pointer

Memory Space Indicator
Figure 6-5: Base Address Register for Memory

Reserved

N':_F I/O H%ET_I-E,\J%@%% Reserved

; Interrupt Interrupt

A9

10

Reserved
I/0 Space Indicator

Figure 6-6: Base Address Register for I/O

Figure 6-1: Type 00h Configuration Space Header
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— RSB PUER CPU B,
Interrupt Line : {SMH IRQ
ABAFATAT LUEID ACPI Z18Z IRQ — IOAPIC
FHHIRIBRSY X ZR, MIMIEE IOAPIC REIBX L i -

=a]i8

Base Address Registers

==Y
1.IRQ HHANE Cardbus CIS Pointer
. A Subsystem 1D Subsystem Vendor ID
2. BFMH
Expansion ROM Base Address
R

Reserved

Interrupt Interrupt
Pln I

A0

Figure 6-1: Type 00h Configuration Space Header
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1.1, ZHXEHE BEEHNT

BRENAEF

2. Hl CPU

EFERTIRE: 112122

MR PCIEIC, REHREBENIUE:
112211
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£ PCI TE: MSI AE%EINEE, 7£ PCle B
M) ZaaEIE K,

Expansion ROM Base Address

g
Capabilities y
IE

Reserved

. L\

Figure 6-1: Type 00h Configyration Space Header

Capability Structure for 32-bit Message Address

16 15
A se1BER"EEF MSI o Message Control Capability ID | Capability Pointer
Message Address Capability Pointer + 04h
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pci_reg_t status =
pci_read_cspace(device—cspace_base, PCI_REG_STATUS_CMD) >> 16;

status 3?’3"-%%%’3:111 if (!(status & 0x10)) {
LIRBFNNZgEE device—msi_loc = 0;
FEREEER return;

}

pci_reg_t cap_ptr = pci_read_cspace(device—cspace_base, 0x34) & Oxff;
uint32_t cap_hdr;

while (cap_ptr) {
cap_hdr = pci_read_cspace(device—cspace_base, cap_ptr);
if ((cap_hdr & Oxff) == 0x5) {
// MSI
device—msi_loc = cap_ptr;
return;
}
cap_ptr = (cap_hdr >> 8) & 0Oxff;
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Capability Structure for 32-bit Message Address

15 8 7 0
I Message Control I Capability ID Capability Pointer

_ Message Address Capability Pointer + 04h

15 : : : : : : : : T 6 : : 3 : : 1 0
: MME : : MMC : EN
. . 2 F MSI IhEE
B AVEEE BEESEE =
B il 3 B B b 2 2
( 16 70) 1 16

FFFF);
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Capability Structure for 32-bit Message Address
63 32

31 16 15
Message Address Capability Pointer + 04h 1 11 10 8

31 16 15 14 3 7 0
Reserved Reserved Vector
== o]0l Joo0 [** |

Trigger Mode Delivery Mode
0 - Edge 000 - Fixed
1 - Level 001 - Lowest Priority
010 - SMI

: = - 011 - Reserved
Level for Trigger Mode =0
X - Don't care 100 - NMI

i = 101-INIT
Level for Trigger Mode = 1
0 - Deassert 110 - Reserved

1- Assert 111 - ExtNT

Figure 10-24. Layout of the MSI Message Address Register Figure 10-25. Layout of the MSI Message Data Register
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OxFEEO00000

// Dest: APIC#0, Physical Destjnhation, No redirection
uint32_t msi_addr = (__APIC_BASE_PADDR | 0x8);

// Edge trigger, Fixed delivery
uint32_t msi_data = vector;

pci_write_cspace(
device—cspace_base, PCI_MSI_ADDR(device—msi_loc), msi_addr);

pci_write_cspace(
device—cspace_base, PCI_MSI_DATA(device—msi_loc), msi_data & Oxffff);
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void
pci_

{

Tutorial — FAE MSI . £EPFFEEE—IEL

setup_msi(struct pci_device* device, int vector)

// Dest: APIC#0, Physical Destination, No redirection
uint32_t msi_addr = (__APIC_BASE_PADDR | 0x8);

// Edge trigger, Fixed delivery
uint32_t msi_data = vector;

pci_write_cspace(

device—cspace_base, PCI_MSI_ADDR(device—msi_loc), msi_addr);
pci_write_cspace(

device—cspace_base, PCI_MSI_DATA(device—msi_loc), msi_data & Oxffff);

pci_reg_t regl = pci_read_cspace(device—cspace_base, device—msi_loc);
// manipulate the MSI_CTRL to allow device using MSI to request service.

regl = ((((regl >> 16) & ~0x70) | 0x1) << 16) | (regl & Oxffff);
pci_write_cspace(device—cspace_base, device—msi_loc, regl);
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SNBEITE—FHIGESFRIR, 3R PCIRYFGIETE PCle iE
HER, FREEHITERBEN,

AEW—m=: PCle WECEZTEIY B2 4096 11, &
EEH PCIe %%E’\Juﬂﬂﬁft%mmﬂo

BREY 2 N FRVEC & =5 [E)

i@ id & ACPI B9 MCFG &
EIpsl

PRGN I R

PCle U5

Table 4-2: MCFG Table to Support Enhanced Configuration Space Access

Field

Header
Signature

Length

Revision
Checksum
OEMID

OEM Table ID

OEM Revision

Creator ID
Creator Revision
Reserved

Configuration space
base address

allocation structure [n]

Byte Byle Description
L

“MCFG". Signature for the Memory mapped
configuration space base address Description
Table. (refer to Note 1)

Length, in bytes, of the entire MCFG Description
table including the memory mapped configuration
space base address allocation structures.

| s [
“ Entire table must sum to zero
0 Jorum
- For the MCFG Description Table, the table ID is
the manufacture model ID
- OEM revision of MCFG table for supplied OEM
Table 1D

Vendor 1D of utility that created the table
_ Revision of utility that created the table
_ Reserved

A list of the memory mapped configuration base
address allocation structures. This list will
contain one entry corresponding to each PCI
Segment Group present in the platform. The
structure of this entry is defined in Table 4-3.

B& #O
IRE #O R #31

TEEO  ...... TOEE ThEEO  ......

~

ab
AE

~

Sk #255

4k

256M
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SERIAL
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