83 ec Oc
68 U4 a2 12 c@
e8 ed 1c 00 00

$0x106b. ™
$0xc,%esi

83 cu 08

68 6¢c a2 12 cO

LunaixOsS

bb 00 60 00 00 $0x¥, bx ﬁ EI

cd 10
eb 14 jmp c01060b5 <_kernel_post_init+0xud6>

89 d8 o\ %ebx  %eax

cl e@ Oc ' $0xc, X n

83 ec B¢ sub $0xc,%esp

50 usl %eax l n

e8 9f 0a 00 00 all c0106bde <vmm_unmap_page> / \

83 ¢ @ dd  $0x1, %ebx - IL.'

(
83 c. $0-10, %
39 3 F L, %X
72 e8 P~ .1 <_kernel_post_init+0x32>
e8 5l e kalloc_init>
T L) O Brave New Kernel
74 07 : : ael_post_init+0x5a> T—

o
on
=+
C

K. EILARlT: SMFRETS APIC

$0xU, %esp
EP 8-1
$0xcP12a0af
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JIF

Ol - CPU BY3

g2
HELP! “EiSaasa.. .
R o
BB

INTEL(R) CORE™ i7
i7-6700K

SR2L0 4.00GHZ
X611A978 (&)
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RTE CPU & P RELIER I

#BE) CPU E1F RO IERY AR
FRE CPU BYHIT Pin

Well, You might guess.... P I C !

o] {miE P i 28

( Programmable Interrupt Controller )
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Those Good Old Days

C

-csl]1 28 [ ]vcce e
“WRL]2 27 1 A0 MicroProcessor NMI
-RD[]3 26 [_]-INTA -
D7 |: 4 25 :| |R7 CTLR 1 CTLR 2
D6 |5 24 1IR6 IRQO
D5 |6 l 23 [ ]IIR5
D4l |7 Intel 27[]IR4
p3[s 8%° 210Ir3
D2[ |9 20 | 1IR2
D1[ |10 19 [ 1IR1
Do |11 18 [ 1IRO
CASO[]12 17 [ 1INT
CAS1[ |13 16 [ 1-SP/-EN
35 CpU 2 GND[ | 14 15[ 1 CAS2
JL= ARl

H/RCPUF  JhEbiRE iR
FR

BENX EHEHRES — CPU REfEE AYMREY

Function

Parity or I/O Channel Check

| NOI1D23S

Timer Output 0

Keyboard (Output Buffer Full)
Interrupt from CTLR 2
Realtime Clock Interrupt
Software Redirected to INT @AH (IRQ 2)
Reserved

Reserved

Reserved

Coprocessor

Fixed Disk Controller
Reserved

Serial Port 2

Serial Port 1

Parallel Port 2

Diskette Controller

Parallel Port | IBM PC / AT
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APIC !

SR eI TR T 58
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PIC42{E5, BNV
NZZORIERITIE,
ABMZIOEE AR L TTZR

Processor #1 Processor #2 Processor #3 Processor #3
CPU

Local APIC Local APIC Local APIC Local APIC

Interrupt Pls Interrupt IPls Interrupt 1Pl Interrupt

Messages

Messages Messages Messages

Processor System Bus
ANEGR, EBH=Z
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LVT 5&F 1723

AimExR ( Local Vector Table)
—2H APIC REF 728, EX APIC
AHhErE CPU RitiE =S BYARET

APIC Z3h T
CMC

APIC 1TB28

RIFIRSTREY I/O
( MMIO )

REE in,out , FEH
RTEFEIEE R e] LURIEX

Thermal Monitor EEFET!

Performance Counter

LINTO & LINT1

APIC Error

3 18 18 17 16 15 1312 1 0

S

Address: FEEQ 0320H
Timer Mode Value after Reset: 0001 0000H

01: Periodic

10: TSC-Deadline Delivery Status

0: Idle
1: Send Pending

=

Delivery Mode
000: Fixed
010: SMI
100: NMI
Remote 111: ExtINT
IRR 101: INIT
All other combinations
are reserved

Mask"
0: Not Masked
1: Masked

Interru pt In put
Pin Polarity

Trigger Mode
0: Edge
1: Level

Performance Vech
Mon. Counters ecior
Thermal
Sensor Vﬂrtor

I:l Reserved Address FEEO 02FOH
Address: FEEO 0350H

An:l-:lress FEEO 0360H
Address: FEEO 0370H
Address: FEEQ 0340H
Address: FEEO 0330H

Valde After Reset 0001 0000H

t (Pentium 4 and Intel Xecn processors.) When a
performance monitering counters interrupt is generated,
the mask bit for its associated LVT entry is set.
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FATRY IR0-7 EMPE T? SRz B P BT 1%
EAT? FATEABREST IRQ 1]?

/O APIC !

— IR R APIC, TRTAEI MBI EBI ST



€ Lunaix 0s Dev Tutorial /O APIC 5 Local APIC (LAPIC)

I"FOCGSSOF #1 Frocessor #£ Hrocessor #3 Processor #4

Local APIC Local APIC Local APIC l Local APIC

Interrupt IPls Interrupt IPIs Interrupt’ IPls Interrupt
Messages Messages Messages Messages

3-wire APIC Bus
¥ |~

External
Interrupts E /0 APIC I

System Chip Set

HRRAY PIC , EERTFARSIMESHMTE S
IFZ 1 I0APIC BXZR

BEANZIK 241N IRQ !
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LunaixOS Kz LU T Z B 4151 APIC

#0. ZHAAFHT (c14)

#1. 2/ 8259 PIC

#2. BEFF LAPIC

#3. #1851 LAPIC

#3.1 IRE R ATR

#3.2 81 LVT

#4. 3RS LAPIC

#5. F]951% 1/0 APIC

#5.1 BRES IRQ EHENXMHMIS

#6. ¥TFFRlRT (std)
#7. Let's party !!

AR BNRZEEZIER
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MEEfFEE LB Local APIC ASIEXLEEE (MSR), ATEE
LR S AE X AITHRE
—MEHRIE1ES8: |A32_APIC_BASE

—BERREXHA, TSBXITH!

$@XlB 1 — When IA32 APIC BASE[11].is setto 0, processor APICs based on the 3-wire APIC bus cannot be generall
re-enabled until a system hardware reset. The 3-wire bus loses track of arbitration that would be necessary

for complete re-enabling. Certain APIC functionality can be enabled (for example: performance and
$@X8@0 p thermal monitoring interrupt generation).

I1A32_APIC_BASE This register holds the APIC base address,

(APIC_BASE) permitting the relocation of the APIC
memory map. See Section 10.4.4, “Local
APIC Status and Location” and Section
10.4.5, "Relocating the Local APIC
Registers”.

Operation rdmsr

EDX:EAX := MSR[ECX];

b lewwew
[ T—
o wcomewen]

[(MAXPHYADDR-1}12 | APICBase (R/W)
63: MAXPHYADDR

Operation WImMsr
MSR[ECX] := EDX:EAX;
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movb $Oxff, %al
outb %al, $06xal
outb %al, $0x21
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Task-Priority Class

Address: FEEO 0080H Task-Priority Sub-Class
Value after reset: OH

¢ 10-18. Task-Priority Register (TPR)

256 NRI=, 73 16 N H4H 16

OB THRIS RN = 16 * TC + TSC HyHhHf



€ Lunaix 0s Dev Tutorial B APIC Z=H_": #J181¥, LVT

Address: FEEQ 0320H
Timer Mode Value after Reset: 0001 0000H
01: Periodic

10: TSC-Deadline Delivery Status
0: Idle

1: Send Pending

Mask'
0: Not Masked

1: Masked

Interrupt Input Delivery Mode
Pin Polarity 000: Fixed

010: SMI
100: NMI
Remote 111: ExtINT
IRR 101 INIT
All other combinations
are reserved

Trigger Mode
0: Edge
1: Level

a8

| P T ] e | Fixed (#201)
| LTI [ e

| LT ] e NMI (REE)
I N .

Vector
Performance

i G ] Fixed (#200)

Sensor

16 15 14 13 12 Address: FEED 02F0H
Address: FEEQ 0350H
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Al ( Spurious Interrupt) : FARN X KIS |R_ERY
25, ATEIF CPU XN EIRMANIE R,

121110 9 8 7

EOI-Broadcast Suppression
0: Disabled
1: Enabled

Focus Processor Checking2
0: Enabled
1: Disabled

APIC Software Enable/Disable
0: APIC Disabled
1: APIC Enabled

Spurious Vector?

Address: FEEO 00FOH
Value after reset: 0000 00FFH

1. Not supported on all processors. See bit 24 of Local APIC Version Register.
2. Not supported in Pentium 4 and Intel Xeon processors.
3. For the P6 family and Pentium processors, bits O through 3

are always 0.

Figure 10-23. Spurious-Interrupt Vector Register (SVR)
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5 APIC ZzPY: 3= Local APIC

EOI-Broadcast Suppression
0: Disabled
1: Enabled

Focus Processor Checking2
0: Enabled
1: Disabled

APIC Software Enable/Disable
0: APIC Disabled
1: APIC Enabled

Spurious Vector?

Address: FEEO 00FOH
Value after reset: 0000 00FFH

121110 9 8 7

1. Not supported on all processors. See bit 24 of Local APIC Version Register.
2. Not supported in Pentium 4 and Intel Xeon processors.
3. For the P6 family and Pentium processors, bits 0 through 3

are always 0.

Figure 10-23. Spurious-Interrupt Vector Register (SVR)
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Local APIC BYFT B & 1F7es k=8I £ RN 7EAY 0XFEE00000
|/O APIC HN&FFes B ERNFEF!

Bial@lg: - HE?

Table 1. Memory Mapped Registers For Accessing IOAPIC Registers

IOREGSEL | 1/O Register Select (index)

D/I# Slgnal

NOTES: 27?
xy are determined by the x and y fields in the APIC Base Address Relocation Register located in the PIIX3. Range for x = 0-Fh
and the range fory = 0,4,8,Ch. WTF??
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ACPI

SRECES BiREO

( Advanced Configuration & Power Interface )

BEXFERHNER (FEHREE ~)
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BREY IRQ EFAIBV P M=

32.4.  IOREDTBL[23:0]—//O REDIRECTION TABLE REGISTERS
A A Address Offset: 10-11h {IOREDTBLO) 28-29h (IOREDTBL12)
/O APIC B 247 IRQ DN 12-13h {IOREDTBL1) 2A-2Bh (IOREDTBL13)
14-15h {IOREDTBL2) 2C-2Dh (IOREDTBL14)
=0 16-17h {IOREDTBL3) 2E-2Fh (IOREDTBL15)
IOREDTBLEL fa s IRO #k 18-19h {IOREDTBL4) 30-31h (IOREDTBL16)
=1F T IRQ —1Bh|(IOREDTBLS5) 32-33Fh (IOREDTBL17)
1C—1Dh|(IOREDTBLS) 34-35h (IOREDTBL18)
=N = . 1E-1Fh (IOREDTBL?) 36-37h (IOREDTBL19)
1> IOREDTBLk 79 64bits 20-21h IOREDTBLS) 38-39h (IOREDTBL20)
22-23h IOREDTBLY) 3A-3Bh (IOREDTBL21)
— 24-25h {IOREDTBL10) 3C-3Dh (IOREDTBL22)
ISPNTlEZ U 52 26-27h {IOREDTBL11) 3E-3Fh (IOREDTBL23)

Default Value: xxx1 0000 xxxx xxxxh
Attribute: Read/Write

o _ Table 1. Memory Mapped Registers For Accessing IOA
E ettt fRIE S N -

IOREGSEL Memory Address | Mnemonic |  RegisterName |
o ' FECO xy00h IOREGSEL I/O Register Select (index)
IOV G S FECO xy10h IOWIN /O Window (dat

VEged Yol il ndow (data)
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63 55 17 16 12 11 10 8 7

DEST IM T X P X DESTMOD DELMOD INTVEC
IM: 25 Rk
DELMOD : &=, ( b000: Fixed , b100 NMI)

INTVEC : BREIRY CPU HRlfimIE S
DEST . X BB, FKATE 0 7ieF
DESTMOD : #XxBaIg=, E+E, 1 0 fisf
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Code Time
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Intel® 64 and IA-32 Architectures SDM, Vol 3A, Chapter 10
82093AA 1/O APIC Datasheet
8259A PIC (8259A/8259A-2) Datasheet

ACPI Specification v6.4, Section 5.2
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