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SERIAL

-
SE}wc -
SOxcﬁlzaéu 4
c0107d6e <j@intf> ¢
$O>f10600[} = [

$0xc, 9
(SOXS, 2ESpP

%ebx
$0xc, %ea
$0xc, %esp

%eax

P 1 <_kernel_post_init+0x32>
kalloc_init>

ael_post_init+0x5a>

i 5 SATA
RN SATA 1Y

$0xU, %esp
- EP 13-1
$0xcP12a0af
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HE [ ks 4

3. CPU ER7E5:
7 [ HEVEBURE

P1O

Programmed Input/Output

s PCI (10 24%)
2. CPU EF i3

N/ LR
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R [ ik B2

2. HERFRNES
N | EEERE

DMA

Direct Memory Access
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PIO

1.CPU xS

2.
%

BIMNIES,
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— PH[ERYR)

EAERA

, MATF

SNMeImIBE R A&

|:|

AT I

DMA

1.CPU Tixi5<
2. MEmMNVIES, RIEELE CPUB

TEUFHIMAL, , B
ERREEIEE NKE.

L BN, IEIERE?
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SATA .

SERIAL

Al A 2003
=2 ¥ SATA 1

2011

21 MEENHEIRE £

2020
SATA 3.5
2018

SATA 3.4
2016

SATA 3.3

2013 ,
SATA 3.2 Lunaix@®S

SATA 3.1
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BT RS HRANHRY SATA !
mifs BE51

/ Frame Information Structure, FIS
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SATATERENX TEITBY FIS :

RN =782 rs (ENERE)
RAd =732 FIs (IBEEEH)
REFIZEEFIS (IREEFEMN)

DMA BZE FIS (X [A)

Dat

-
o
~

DMA BUGE FIS (IEFZEEM)

PIO EZE FIS (G&EEEH)

B FIS (3A)

B FIS (3XA)
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. .
i HIEEGR  REBER i
| oms.e  asEem  mamo i
i WE /WL HES-B HES-E XS i
i hES B BRLES-B HERES-E  FRAKS :

.
ESATAE%'J%% S EEEENE i

o | lFeE;tures{T:Ojl Corlrme;ndti?:ﬂi) | EHH PM Port FIS Type (27h)
| | |
Device(7:0) LBA(23:16) LBA(15:8) LBA(7:0)

Features(15:8) LBA(47:40) LBA(39:32) LBA(31:24)
Control(7:0) ICC({7:0) Count{15:8) Count(7:0)
- Auxiliary(31:24) Auxiliary(23:16) iliary(15:8) Auxiliary(7:0)

FFes FIS | EHNENKE - BFFREANE
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THEES - 1R YT Fan =EHIF T

I |
I |
I |
I I
I |
I |
I I ————————————————————————————————————————
' [ I I SRR AN,
3 N = [
| R&/Hk HES-#  HES -6 I
I |
I |
I |
I |
I |
I |
|

- Device(7:0) LBA(23:16) LBA(15:8) LBA(7:0)

- Reserved (0) Count({15:8) Count(7:0})
- Reserved (0) Reserved (0) Reserved (0)

TFas FIS | IREEEA - IS CikFFEE

n Featuras(7:0) Command(7:0) EHH PM Port FIS Type (27h)
- Device(7:0) LBA(23:16) LBA(15:8) LBA(7:0)
. Features(15:8) LBA(47:40) LBA(39:32) LBA(31:24)

MEES -/ EREES -5 EREES R BERBXS

N A ES BXEK -5 FRXER - 1

- Control(7:0) ICC({7:0) Count{15:8) Count(7:0)
- Auxiliary(31:24) Auxiliary(23:16) Auxiliary(15:8) Auxiliary(7:0)

HFes FIS . ENENEE - IFFSRSANE
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HRTFes RSEHFH
THEES - 1R LT Tin EHIF T
RE [ HhSk HES -5 HES -] BXS

MEES - EREES -5 EREES R BERBXS

1T SATAIRE . KBS Faam Rk

n Error(7:0) Status(7:0) HIEH PM Port FIS Type (34h)
Device(7:0) LBA(23:16) LBA(15:8) LBA(7:0)

.mi.m LBA(47:40) LBA(39:32) LBA(31:24)
N
- Reserved (0) Reserved (0) Count({15:8) Count(7:0})
~L
I i P i
-

TFas FIS | IREEEA - a2 CikFFEE

“ Features(7:0) Command(7:0) HHH PM Port FISType( :

h Device(7:0) LBA(23:16) LBA(15:8) LBA(7:0)

[N

.m“m LBA(47:40) LBA(39:32) LBA(31:24)
TSN

Control(7:0) ICC({7:0) Count{15:8) Count(7:0)
- Auxiliary(31:24) Auxiliary(23:16) Auxiliary(15:8) Auxiliary(7:0)

&fres FIS . ENERE - AFFERENE
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SATA 1T HI2S IR B X ST R B iER X
RErEIZERXNRESIHRBEX

LBA

HES: BXS: BXS
C: H:S
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HRTFes REFFER
THEES - 1R LT Tin EHIF T

|
|
|
|
|
|
!
e A ES HES-B HES - & BXS
|
S -E  RENES-B RERES-K  RERXS |

|

|

|

SATA 1541 BXH -3 RX# - 15
WNR{FEA LBA fRI FHit,

SATA fZ g =G HEnx

X CHS

n Error(7:0) Status(7:0) HIEH PM Port FIS Type (34h)
Device(7:0) LBA(23:16) LBA(15:8) LBA(7:0)

.mi.m LBA(47:40) LBA(39:32) LBA(31:24)
N
- Reserved (0) Reserved (0) Count({15:8) Count(7:0})
~L
I i P i
-

TFas FIS | IREEEA - a2 CikFFEE

“ Features(7:0) Command(7:0) HHH PM Port FISType( :

h Device(7:0) LBA(23:16) LBA(15:8) LBA(7:0)

[N

.m“m LBA(47:40) LBA(39:32) LBA(31:24)
TSN

Control(7:0) ‘ ICC({7:0) Count{15:8) Count(7:0)
-m Auxiliary(23:16) Auxiliary(15:8) Auxiliary(7:0)
=

&fres FIS . ENERE - AFFERENE
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SATA Y : DMA IEE

%& (SATA I=HlI28)

iG& 1B DMA BRE
FIS ZECEFEHHY
DMA 1Tl 28

R&EIET DMA R ENRIEEIE
E]S”: EEAIUBEERS 8K FTH
=

SeRE, RiEFFERFIS, IREZA
ISMAEHEIR

X

EM

B FFEs FIS TN LM EIREE
B, MZRNHE

ENREX M5 S AECE DMA 124
28, WFihgEigE

CRC 5% + JAN
AL
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%& (SATA I=HlI28) EM

X

B FFEE FIS TABLMETAN
R XA LBA stk

FNECEIRER DMA , FiEEHH
i

RERIXDMA BUEFIS , BRIEAN
A LU SRS

ENFIaE R

CRCIZLE + BN «€--- -
735

SeRlfE, RIXEFRFIS, RELH
WEMEENTEIR —— Rd
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—EAFIRRYIR S

BIENAIEENERNIEE (ATA I8F)

HAESHTHRE, SCERVIEME!

SATA 1Y <

~ ATA IR { BREE —> ATATMY

J¢t#& (CD/DVD)

L /%5 -
ATAPI 8% B AT —> SCSI ¥

o T EHIRE
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SATA 1, i< BT FES FIS Py
SCSI A, ¥R <THAR (CDB) £/
e |

OPERATION CODE
Miscellaneous CDB information SERVICE ACTION (if required)

OPERATION CODE
Miscellaneous CDB information

LOGICAL BLOCK ADDRESS

LOGICAL BLOCK ADDRESS (if required)

TRANSFER LENGTH (If required)
PARAMETER LIST LENGTH (if required)
ALLOCATION LENGTH (if required)

TRANSFER LENGTH (If required)
PARAMETER LIST LENGTH (if required)
ALLOCATION LENGTH (if required)

7]

l Miscellaneous CDB information

A o

Miscellaneous CDB information
Control

12 189 CDB 16 FT9HY CDB

AR WEHHE, FISERNZENERF, CDBEANZE

AR i COB ARIEA! ARARIEERFREX!
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SATA MY {E A PACKET 5%, X SCSIep<# T3, MigH
SATA ¥=HI23fEF SCSI BT &

%% (SATA #=4128) FA

BidZE 1728 FIS 5\ PACKET &7 <

A2 PIOECE FIS , iERENIE
& PIO 95 AKIX SCSI 8% \B\
) 3
EAIE CDB FHEEHEWEFIS , B

///‘DB’/ Dat — g pio ot
=&

FIFAIFZBEURT SCSI spo
ﬁga DMA 'EEHYEEIEEE)\’ *Dﬁﬁﬁ_*qé
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AU XIFRY, (EXUEFRIIRIERS L NE 5o ARAT R !

WEYOLL, Intel A& T AHCI MY, RRERGMIERERER 7N E
MR T kK, AWHEREMNESKNEEERF.

BN VESE TR BUAIX AHCI H#HI1THRTE
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C

SERIAL

-
SE}wc -
SOxcﬁlzaéu 4
c0107d6e <j@intf> 4
$Ox106000 = [

$0xc, 9
(SOXS, 2ESpP

VAN
l:l

$0xc, %eax

$0xc, %esp l

%eax

c0106bde <vmm_unmap_page=> \

$0x1, %ebx ;I. i : / L’

P 1 <_kernel_post_init+0x32>
kalloc_init>

XJ AHCI FH{TRIE

$0xU, %esp
- EP 13-2
$0xcP12a0af
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Base Address Registers

Cardbus CIS Pointer

Subsystem |D Subsystem Vendor 1D

Expansion ROM Base Address

*
Inte rupt .
Line

" : Inte rupt

Caj

im0
EfFdei

CAP

GHC

IS

Pl

VS

AHCI #fti Ry ZF 17231 ]

CAP
GHC
| Interrupt Status |

VS

> AHCl 25175 CCC _CTL
CCGC_PORTS

EM_LOC
EM CTL
CAP2
BOHC

| Symbol |
| CAP |
| GHC |
I
. vs |
| CCC CTL |
|_CCC_PORTS |
|_EMLOC |
|_EMCTL |
| cAp2 |
| __BOHC |

Port O

Port 1

Port 31

PxCLB
PxCLBU
PxFBU
PxIS
PXIE
| 18h | 1Bh |  PxCMD
| 40h || 43h |  PxFBS | Portx FiS-based Switching Control |
| 48h |
L_7on || 7Fh | PxVS___| Portx Vendor Specific |

o
a5}

AR AR (U
(BN FEHBENF AN
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7 LunaixOS §

hba.base[HBA_RGHC] |= HBA_RGHC_ACHI_ENABLE;
hba.base[HBA_RGHC] |= HBA_RGHC_INTR_ENABLE;

// As per section 3.1.1, this is 0 based value.
hba_reg_t cap = hba.base[HBA_RCAP];
hba_reg_t pmap = hba.base[HBA_RPI];

AHCI BIFR B HEF2R R —1 uint32
o]

F—PimOEFFRANE

1afits (NFHNEMAD)

BNROFFSRAENK

N (REF ML)

#define
#define
#define
#define
#define

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

\\\\\\\\\\

;;;;;;;;;;

HBA_RIS 2
HBA_RPI 3

\\\\\\\\\\\\\\

;;;;;;;;;;;;;;

HBA_RPXCLB 0
HBA_RPXFB 2
HBA_RPxIS 4
HBA_RPXIE 5
HBA_RPXCMD 6
HBA_RPXTFD 8
HBA_RPxSIG 9
HBA_RPxSSTS 10
HBA_RPxSCTL 11
HBA_RPXSERR 12
HBA_RPxSACT 13
HBA_RPxCI 14
HBA_RPxSNTF 15
HBA_RPxFBS 16
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RE®, mEki] LErEIbRiE! AHC #1E
B EHCHAE, EAD?
BIERG DB D!

EXNBAE
{B2 AHCI;

| 00h | PxCLB Port x Command List Base Address |
PxCLBU Port x Command List Base Address Upper 32-Bits
| 08h | OBh | PxFB | Portx FIS Base Address

[ Portx FIS Baso Address ________ |
' | Forx Interruptstatus ]
|_27h |

AHCI| 5 SATA BY381

=y

)
AR
i
S

i3

I

ETE #32

i< PAT

Command List

Port x Command lssue
3C| 3F| PxSNTF Port x Serial ATA Notification (SCR4: SNotification
PxFBS Port x FIS-based Switching Control

PxDEVSLP Port x Device Sleep
48
Port x Vendor Specific

PxCLB
AN 1KiB
3% 1KiB

PxFB
A\ 256B
¥$5F: 256B

DMAFRE FIs | Ds
PIO BEE FIS
ZrzsgFis | Rh Rd
EHft FIS
&
REE==(d]
FIS

EEEX

oh
>
oy
=

o
e
o5
=
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AHCI BUFRAEZSR R ZDHITUTIUNTSE (10.1.2) , LASTEE AHC
BIRI4E1E

1. GHC &7F28M AE &1, FREAF(MERE AHCI
B, MAE IDEH#BER,
2. =B PI 57728, PTG ERENRO

3. B CAP FH1F28HI NCS FE, i NmOMam<S
FAFIRTREERIKE (M 0 FFIEE)

NFE— 1 ima:
1. #ITROEE
2. ECHERIE=IE], 1&E PxCLB A PxFB
3. ¥ PXSERR HEHRET
4. BEEFRAHELEE PXIE FFSRAR

4. =¥ GHCBY IE L&, MMfERF HBA ATLLME
CPU & iXHif
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1Bi315:EY PCI B & = 18]8Y BAR#6 ZF1F253KBX AHCI Z1F250I2 bk, @ IMPLEMENTATION NOTE

B2 R EBEE XA S E Sizing a 32-bit Base Address Register Example

Decode (I/0 or memory) of a register is disabled via the command register before sizing a
Base Address register. Software saves the original value of the Base Address register, w rites

0 FFFF FFFFh to the register, then reads it back. Size calculation can be done from the

size_t read by first cle: aring encoding information bits (bit 0 for I/O, bits 0-3 for
pci_bar_sizing(struct pci_devices , uint32_t=* , uint32_t erting all 32 bits ]()olcﬂ NOT), then incrementing by 1. The resultant 32-bit
< memory/I/O range size decoded by the register. Note that the upper 16 bits
5 . . ignored if the Base Address register is for 1/O and bits 16-31 returned zero
pci_reg_t = pci_read_cspace a2 , PCI_REG_BAR( The original value in the Bz Address register is restored before re-enabling
it (! ) { e command register of the device. ) )
- G ;

i PCI IR BEE R T R A M

pci_write_cspace(dev— , PCI_REG_BAR( ), TR EREE)
pci_reg_t
pci_read_cspace(dev—csp , PCI_REG_BAR( & 1Lz

(PCI_BAR_MMIO(
= PCI_BAR_ADDR_MM(

- i
pci_write_cspace(dev—
return -~ i

, PCI_REG_BAR(

()
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AEMEERNZZEFHE— NS EEIMUSEE, KFERG I A Virtual Address Space Mappings

L S PR

HATEIEXNEERNEHTIZR, fERA Next Fit

vk ; BTG ATEX N K
%%*ﬁiu /%guﬂ-% E’Jﬁ%lﬁ mi&?i’%?ﬁ 0xFFFFFFFF

0xFFC00000
size_t L1_INDEX i
g Cnd— )
OXD1BFFFFF
MEM_UMB; 0xD1403000 /
=[] : ffc00000) MEM_UMB; 0xD1402000|  PG_MOUNT_3 o

o 0xD1401000|  PG_MOUNT_Z 0xD1000000

x86_page_table- = (x86_page_tablex)(L2_VADDR ); o1l PO MEL ,).XDDC(,OU,X,

size_t L2_INDEX( );

fo PG_MAX_ENTRIES && < : ) { Oxnoanoooo

== !

PG_SIZE;

( - OXSFFFFFFF
+ PROC_TABLE y -
e if J 1 iﬁ%i& IOl'ema P - 0xD0400000 ;
an apais
+ - D ———— .. 0x9FFO0000

KERNEL_CODE
} 0XC0000000

«< 12;
.
USER_SPACE
- { 0x400000

o done; :

0x3F0000 -
- VMAP_END) | v

Shared Libr:
i i 0x4D000000

1 ; DMA (1:1)
VMAP_START; User
Code & data
ioremap(uintptr_t , uint32_t )
{ 0X400000
1 vmm_vmap . , PG_PREM_RW | PG_DISABLE_CACHE);

ol
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0x10601

struct pci_device* ahci_dev = pci_get_device_by_class(AHCI_HBA_CLASS);
assert_msg(ahci_dev, "AHCI: Not found.");

uintptr_t bar6, size;
size = pci_bar_sizing(ahci_dev, &bar6, 6);
assert_msg(bar6 & PCI_BAR_MMIO(bar6), "AHCI: BAR#6 is not MMIO.");

pci_reg_t cmd = pci_read_cspace(ahci_dev—cspace_base, PCI_REG_STATUS_CMD);

cmd |= (PCI_RCMD_MM_ACCESS | PCI_RCMD_DISABLE_INTR | PCI_RCMD_BUS_MASTER);
pci_write_cspace(ahci_dev—>cspace_base, PCI_REG_STATUS_CMD, cmd);

pci_setup_msi(ahci_dev, AHCI_HBA_IV);
intr_subscribe (AHCI_HBA_IV, __ahci_hba_isr);

memset(&hba, 0, sizeof(hba));

hba.base = (hba_reg_t*)ioremap(PCI_BAR_ADDR_MM(bar6), size);
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HBA_RGHC HBA_RGHC_ACHI_ENABLE;
[HBA_RGHC HBA_RGHC_INTR_ENABLE;

hba_reg_t HBA_RCAP];

hba_reg_t HBA_RPI];
R* 1$;
HBA_RVER] ;

IR E—HEZDD
SATA O Ea—

—MiE, FERAPLE SATA

AR EEEERY

351t AHCI

GHC
| Bit | Type [ Reset [ Descr

CAP

ERFFHECE

cleared FISes are not posted to memory and no commands are sent via AHCI
mechanisms.

Software shall set this bit to ‘1" before accessing other AHCI registers. When software
clears this bit to ‘0" from a previous value of ‘1", it shall set no other bit in the GHC
register as part of that operation (i.e., clearing the AE bit requires software to write
00000000h to the register).

The implementation of this bit is dependent upon the value of the CAP.SAM bit. If
CAP.SAM |s '[I' then GHC.AE shall be read-write and shall have a reset value of '0". If

AHCI Enable (AE): When set, indicates that communication to the HBA shall be via
AHCI mechanisms. This can be used by an HBA that supports both legacy
mechanisms (such as SFF-8038i) and AHCI to know when the HBA is running under an
AHCI driver.
When set, software shall only communicate with the HBA using AHCI. When cleared,
software shall only communicate with the HBA using legacy mechanisms. When
Impl
Spec

1 lerrupt Enable (IE) This global bit enables |nlerrupts iro the HBA When cleared
set default), all interrupt sources from all ports are disabled. When set, interrupts are
enabled.

Number of Comand Slots (NCS): 0's based value indicating the number of

command slots per port supported by this HBA. A minimum of 1 and maximum of 32
slots per port can be supported. The same number of command slots is available on
each implemented port.

Number of Ports (NP): 0's based value indicating the maximum number of ports
supported by the HBA silicon. A maximum of 32 ports can be supported. A value of
‘Oh’, indicating one port, is the minimum requirement. Note that the number of ports
indicated in this field may be more than the number of ports indicated in the Pl register.

Port Implemented (Pl): This register is bit significant. If a bit is set to 1, the
corresponding port is available for software fo use. If a bit is cleared to '0’, the port is

not available for software to use. The maximum number of bits set to ‘1" shall not

exceed CAP.NP + 1, although the number of bits set in this register may be fewer than
CAP.NP + 1. Atleast one bit shall be setto 1"
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struct hba_port* port =

951, AHCI @ I/

(struct hba port*]valloc(;lzeoﬂstlu.ct hba_port));

ZIEcE

hba_reg_t* port_rec

» ITEHIROF 74

(hba_reg_ t*)(&m-m. >ase[HBA_RPBASE + i * HBA_RPSIZE]); E’Ji?‘*ﬂi’iﬂ:
#ifndef DO_HBA_FULL_RESET N
__hba_reset_port(port_regs); > E%uﬁdﬁm
#endif
if (lclbp) {
cl pmm auoc_pa%egﬁERNEL_\PID, PP_FGLOCKED); 58S FIS X&R 9 3 B & | IR0 IE
clb_pg r = ioremap(clb_pa, Ox s
memset(clb_pg_addr, 8, 0x1000); ﬁ’ {%-LIETJ%
1.
J
if (!fisp) { EEEEEE—— ’é/l\%fiﬁffa%ﬂﬂﬁﬂj:
2N S |
fis_pa = pmm_alloc_page(HERNEL_PID, PP_FGLOCKED) ; ESZ 47 HPVBA;;J
fis_p ddr = ioremap(fis_pa, Ox N p—
g_addr, 0, 0x1000); 16 I FIS EEKX

—rt

bp * HBA_CLB_SIZE;
isp * HBA_FIS_SIZE;

| FEf PxCLB 0 PxFB

CER, DN YEMIL)

*port = (struct hba_port){ .regs
.ssts
.cmdlst

ifish=—" Edc

[HBA RPxSSTS],

dr + clbp * HBA_CLB_SIZE,
fisp * HBA_FIS_SIZE };



‘4 Lunaix OS Dev Tutorial %}Jil.‘:?ﬂ.’, AHCI : EIFJI'JE %Iﬁ@ﬂ%

pcrt_regs[HEA_RPkCI] = Ef

port_regs[HBA_RPXSERR] = -1;
port_regs[HBA_RPxIE] |= (HBA_PxINTR_D2HR);

hba.ports[i] = port;

if (!HBA_RPxSSTS_IF(port—ssts)) {
continue;

3
wait_until(! (port_regs[HBA_RPxCMD] & HBA_PxCMD_CR)); R L B (1 89 DMA 35I| 32 Gh 7 S IR S
port_reqgs[HBA_RPxCMD] |= HBA_PxCMD_FRE; L

port_regs[HBA_RPxCMD] |= HBA_PxCMD_ST; SAfG @i FRE M ST &I, FF/3 Port
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PxCMD

[HBA_RPxCMD]
[HBA_RPxCMD]
= wait_until_expire(!

[HBA_RPxSCTL]

| [HBA_RPXSCTL] e ~oxf,

351t AHCI

port(hba_reg_t )

HBA_PxCMD_ST;
HBA_PxCMD_FRE;

[HBA_RPxCMD] HBA_PxCMD_CR) ,

[HBA_RPxSCTL]
100000)

Start (ST): When set, the HBA may process the command list. When cleared, the
HBA may not process the command list. Whenever this bit is changed from a ‘0" to a
‘1", the HBA starts processing the command list at entry ‘0. Whenever this bit is
changed from a ‘1" to a ‘0", the PxCl reqgister is cleared by the HBA upon the HBA
putting the controller into an idle state. This bit shall only be set to 1" by software after
PxCMD.FRE has been set to ‘1". Refer to section 10.3.1 for important restrictions on
when ST can be set fo 1",

FIS Receive Enable (FRE): When set, the HBA may post received FlSes into the FIS
receive area pointed to by PxFB (and for 64-bit HBAs, PxFBU). When cleared,
received FISes are not accepted by the HBA, except for the first D2H register FIS after
the initialization sequence, and no FISes are posted to the FIS receive area.

System software must not set this bit until PxFB (PxFBU) have been programmed with
a valid pointer to the FIS receive area, and if software wishes to move the base, this bit
must first be cleared, and software must wait for the FR bit in this register to be cleared.
Refer to section 10.3.2 for important restrictions on when FRE can be set and cleared.

=

H
.
i

10.4.2 Port Reset

If a port is not functioning properly after a software reset, software may attempt to re-initialize
communication with the port via a COMRESET. It must first clear PxCMD.ST, and wait for PxCMD.CR to
clear to ‘0’ before re-initializing communication. However, if PxCMD.CR does not clear within a
reasonable time (500 milliseconds), it may assume the interface is in a hung condition and may continue
with issuing the port reset.

Software causes a port reset (COMRESET) by writing 1h to the PxSCTL.DET field to invoke a
COMRESET on the interface and start a re-establishment of Phy layer communications. Software shall

wait at least 1 millisecond before clearing PxSCTL.DET to Oh; this ensures that at least one COMRESET
signal is sent over the interface. After clearing PxSCTL.DET to Oh, software should wait for
communication to be re-established as indicated by PxSSTS.DET being set to 3h. Then software should
write all 1s to the PxSERR register to clear any bits that were set as part of the port reset.

PxSCTL

Device Detection Initialization (DET): Controls the HBA's device detection and
interface initialization.

[l
Perform interface commumcatlon initialization sequence to establish
communication. This is functionally equivalent fo a hard reset and results in
the interface being reset and communications reinitialized. While this field is
1h, COMRESET is transmitted on the interface. Software should leave the
DET field set to 1h for a minimum of 1 millisecond to ensure that a
COMRESET is sent on the interface.

All other values reserved

This field may only be modified when PxCMD.ST is ‘0". Changing this field while the
PxCMD.ST bit is set to “1’ results in undefined behavior. When PxCMD.ST is set to ‘1",
this field should have a value of Oh.

Note: It is perm|55|ble to implement any of the Serial ATA defined behaviors for
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AHCI B9 SHLHI S0

PxCl IE—{UX N
E\F P —NMIE

AHCI A EiFEan < PATI,
PWATESRIE PxCl M BEE
IAyes<

7

— LI

jowo|  PROTL | PmP [RcBRIPWA[ CFL |

PRDBC: PRD Byte Count

CTBAO: Command Table Base Address

ows | GTBA Uo: Gommand Table Base Ad Upper 32-its |
ows|  Resees |
W] Reenea |
N o | Reeed |

PRDT

(IR X R %)

(0]

ACMD CFIS
(scsl &%) (ATA % %)

65535

m DBA: Data Base Address F

m DBAU: Data Base Addr Upper 32- blts

Reserved

[ Resered |
(o5 |[ Reserved| 0BG Byte Count
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R 5& | pw1 | PRDBC: PRD Byte Count
\ _ R A28 65535 1 #
S 01 | e uo: Comman Tabie Base At Upper s2.bits| BN
W o meeees SCSI &9 CDB -
O ovs | meeenes H1FERFIS
\ | Y
I T A
0x80 0x50 0x40 0x0
PRDT ACMD CFIS PRDT ACMD CFIS

(RIS A ) (SCSI &% (ATA®S) [€ (MR ERR) (ATAPI 8%) (ATA E %)

I \

m DBA: Data Base Address

m DBAU: Data Base Addr Upper 32- blts

Reserved

ove|  mesemed |
(55 [ Reserved] B Byt Gourt i

oo ata Base Adaress 4
Bl D —> s (37

m-W_
(0w | [ Roserved] ec: Byto Cownt i

XigayA/N (21:00)

MOFHAE, E0n1,
I (31) BRAREE EeanitbsbiE 15 £ 16 FHEIK/N

%;?&Eﬁiﬁﬂgﬁmﬁbfﬁﬁﬁfﬁﬁﬂ A Ox3FFFFF , B 4MiB,
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| DW3 | CTBA_UO: Command Table Base Adr Upper 32-bits

Reserved
Reserved
Reserved
Reserved

PRDT ACMD CFIS
(EXIFHEIRR) (SCSI &) (ATA &%)

DBA: Data Base Address F

m DBAU: Data Base Addr Upper 32- ms

Reserved

owe[  Resewed |
[ oWs [{[ Reserved] 0Bc: Byte Comt

= EIKELAE— < IE!

A: ZmTEERE ATAPIIRSE

P: ¥EEXIEHAIET

W : i%?%%‘%%ﬁiﬁ%g)\%ﬁ%

C: PHITERGE, FBE

PXTFD B9 BSY iBEE
HRRKE

< FIS A/)
[owo[[  proTL | pwp [RBRiPMA] crL < eI RS
Owil|  PRDBC:PRD Byte Count |

m\a;ﬁ:
ow| meenes R
W[ eenes
ow | eenes
w7 eenes

IEHIT
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FLE, FAHCRER (55.1) , BEIFEFANERT @IKELIE

CEAcge o iy

1. S LATFHE— P =RUE
2. FE— a3k, RIEFKREFRELFTER

SIS EL
3. Hfit—1 ER®SR, >

A Uxmalloc UFRIE T IR ZELE
4, RIFPFEKRIGEFTHLSER (GREFIS, 18E PRDT)

ENEBE—IHREDEDRE......
5. BamSRM HEHIGSLE

6. X PxCl RN E Lo
7. F55, HE PxClHINNALES, XKREASFSHITTTM.

8. REX PxXTFD FfFes, RENILHITER, UKIEIRAES
(AR K EFHIR)
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SERIAL

-
SE}wc -
SOxcﬁlzaéu 4
c0107d6e <j@intf> 4
$Ox106000 = [

$0xc, 9
(SOXS, 2ESpP

VAN
l:l

$0xc, %eax

$0xc, %esp l

%eax

c0106bde <vmm_unmap_page=> \

$0x1, %ebx ;I. i : / L’

P 1 <_kernel_post_init+0x32>
kalloc_init>

G ANiRE

$0xU, %esp
- EP 13-3
$0xcP12a0af
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S EREME—

/| struct cake_s
/ // {
struct llist_header cakes;

F—RAVIEH

void* first_piece;

F—IR(IFZ unsigned int used_pieces;
ERIR S ¢ piece_index_t free_list[e];
Y S } ;
BRSNS | T
Bt YRR o
FREERHEEN BE—1TERERNSR) LA/NEFE

k SPERSEED - ESNYIER
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struct cake_pile

{

— 3

Tiba

%""“ J éjz‘f;_ E/\J EEE

struct llist_header piles;

unsigned int offset; ) F—RMIFE
unsigned int piece_size;

unsigned int cakes_count; ERRTIREE
unsigned int alloced_pieces; .

unsigned int pieces_per_cake; EEIRAIA)
unsigned int pg_per_cake; = =
char pile_name[PILE_NAME_MAXLEN]; — ERoEVERNGE
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offset

EH—IR) LERE

piece_index_t found_index
pos—next_free = pos—>free_list[found_index];

e —R) L&

pos—>free_list[piece_index] = pos—next_free;
pos—next_free = piece_index;

FIRAVERETIRIEHE?

free_list A—MKEN N 89K,
B ENRSIAEER) LNERS
B ENENS P ITENRS
-1 RINBEIHERKE

struct cake_s

{
struct llist_header cakes;
void* first_piece;
unsigned int used_pieces;

unsigned int next_free: |
piece_index_t free_list[0];
b

BT ERIERE TR LBES
— next_free JKiZEA= RRFERBILS

— O(1) BB EZE #i #3 #K

pos—next_free; . e .l

next_free

next_free
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struct cake_pile
_________________________________________ {
I I ‘ (PR, struct llist _header piles;
EH > i ® rei struct llist_header full;
B ! struct llist_header partial;
struct llist_header free;

E . unsigned int offset,

IM """" : AP unsigned int piece_size;

ety ; unsigned int cakes_count;
unsigned int alloced_pieces;
unsigned int pieces_per_cake;

unsigned int pg_per_cake;
char pile_name[PILE_NAME_MAXLEN];
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void*
cake_grab(struct cake_pilex pile)

{

struct cake_s *pos, =*n;
if (!llist_empty(&pile—partial)) {

pos = list_entry(pile—partial.next, typeof(*pos), cakes);

} else if (llist_empty(&pile—free)) {

pos = __neuw_cake(pile);
} else {

pos = list_entry(pile—free.next, typeof(*pos), cakes);
}

piece_index_t found_index = pos—>next_free;
pos—next_free = pos—free_list[found_index];
pos—used_pieces++;

pile—alloced_pieces+;

1list_delete(&pos—cakes);
if (pos—next_free == EO_FREE_PIECE) {
llist_append(&pile—full, &pos—>cakes);
} else {
1list_append(&pile—partial, &pos—>cakes);
}

return (void*)((uintptr_t)pos—first_piece +
found_index * pile—piece_size);

MTEERE, MAE—R)LER
O(1) Bia]!

int
cake_release(struct cake_pile* pile, void* area)
i
piece_index_t piece_index;
struct cake_s *pos, *n;
struct 1list_header* hdrs[2] = { &pile—full, &pile—dpartial };
forifsizet 4 — B4 < 3] tE)
1llist_for_each(pos, n, hdrs[i], cakes)
{
if (pos—first_piece > area) {
continue;
}
piece_index =
(uintptr_t)(area - pos—first_piece) / pile—piece_size;
if (piece_index < pile—pieces_per_cake) {
goto found;
}
¥
I
return 0;
found:
pos—>free_list[piece_index] = pos—next_free;

pos—next_free = piece_index;
pos—used_pieces--;
pile—alloced_pieces—-;

llist_delete(pos);

if (!pos—used_pieces) {
1list_append(&pile—>free, &pos—>cakes);

} else {
llist_append(&pile—partial, &pos—>cakes);

¥

return 1;

RIS ENELREE
O(M+N) BJia]......
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void

__init_pile(struct cake_pilex* pile,
char* name,
unsigned int piece_size,
unsigned int pg_per_cake,
int options)

unsigned int offset = sizeof(long);

J ERAER) LSRR A g
if (Coptions & PILE CACHELINE})
// WFE12BFHEFTAN , 3

offset = CACHE_ LINE SIZE

} . pg_per_cake * PG_SIZE ,
€ >
¢ P
piece_size = ROUNDUP(piece_size, offset); ' :
*pile = (struct cake_pile){ .piece_size = piece_size, ' '
.cakes_count = 1, ! !
.pieces_per_cake = : I
- reeise [ 1] - [T
(piece_size + sizeof(piece_index_t)), ' | .
.pg_per_cake = pg_per_cake }; : ]
I
unsigned int free_list_size = pile—pieces_per_cake * sizeof(piece_index_t); (\\L_
pile—offset = ROUNDUP(sizeo-FCstluct cake_s) + free_list_size, offset); » sizeof(cake_s) + gap

pile—pieces_per_cake —= ICEIL((pile—offset - free_list 51ze} piece_size);

strncpy(&pile—pile_name, name, PILE_NAME_MAXLEN);

llist_init_head(&pile—>free);
1list_init_head(&pile—full);
llist_init_head(&pile—partial);
1list_append(&piles, &pile—piles);
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void*

_alloc_cake(unsigned int cake_pg)

{
uintptr_t pa = pmm_alloc_cpage(KERNEL_PID, cake_pg, 0);
return vmm_vmap(pa, cake_pg * PG_SIZE, PG_PREM_RW);

}

You, 2 weeks ago | 1 author (You)
struct cake_s*
__new_cake(struct cake_pilex pile)

{

struct cake_s* cake = __alloc_cake(pile—pg_per_cake);

int max_piece = pile—pieces_per_cake;

cake—first_piece = (void*)((uintptr_t)cake + pile—offset);

cake—next_free = 0;

piece_index_t* free_list = &cake—free_list;
for (size_t i = 0; i < max_piece - 1; i+) {
frea b sEiE] — s

}

free_list[max_piece - 1] = EO_FREE_PIECE;

llist_append(&pile—>free, &cake—rcakes);

return cake;
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i9F 7 &S, A REEER—R) LIFAARE,
— BAFEEMERMER

— ERERE R LAEREFR......
BARZE. BIFEE— TSR EM

struct cake_pile master_pile;

AR TRE R R ?

ATE #1 R #2 AT #n

void
cake_init()
i
—init_pile(&master_pile, "pinkamina", sizeof(master_pile), 1, 0);
1
3

WO MAHE, RI1RE
Firhe—) |HteF 7!

EHEM

You, 2 weeks ago | 1 author (You)

struct cake_pilex*

cake_new_pile(char* name,
unsigned int piece_size,
unsigned int pg_per_cake,
int options)

struct cake_pilex pile = (struct cake_pilex*)cake_grab(&master_pile);

__init_pile(pile, name, piece_size, pg_per_cake, options);

return pile;
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7 é 4 N o e . N é én,;!;.\
Ixmalloc R FRfCHiiE £ A9 explicit free list 73 AR = INAR static char piles_names[MAX_CLASS][PILE_NAME_MAXLEN] = {
_ ) . "valloc_16", "valloc_32", ™valloc_64",
valloc—— XM segregated free list 5%, "valloc_128", "valloc_256", "valloc_512"

T

static char piles_names_dma[MAX_CLASS][PILE_NAME_MAXLEN] = {
"valloc_dma_128", "valloc_dma_256", "valloc_dma_512",
"valloc_dma_1k", "valloc_dma_2k", "valloc_dma_uk"

ki

static struct cake_pile* piles[MAX_CLASS];
static struct cake_pile* piles_dma[MAX_CLASS];

void
valloc_init()
{
for (size_t i = 0; i < MAX_CLASS; i+) {
int size = 1 <«< (i + 4);
piles[i]l = cake_new_pile(&piles_names[il, size, 1, 0);

h

......

// DMA ATFRIE128F T35
for (size_t i = @; i < MAX_CLASS; i+) {
intsize = =< =T
piles_dmal[i] = cake_new_pile(
&piles_names_dma[i], size, size > 1024 ? 8 : 1, PILE_CACHELINE);



void*
_valloc(unsigned int size, struct cake_pilex* segregate_list)

{

void
__vfree(void* ptr, struct cake_pile** segregate_list)

{

size_t i = 0;
for (; i < MAX_CLASS; i+) {
if (segregate_list[i]—>piece_size = size) {

goto found_class; size_t i = 0;

} for (; i < MAX_CLASS; i+) {

1 if (cake_release(segregate_list[i], ptr)) {
return;
return NULL; ¥

found_class:
return cake_grab(segregate_list[i]);

}




[DEBG] (CAKE) <mame> <cake> <pgsc> <prsc> <alloced>
[INFO]1 (CAKE) walloc_dma_4k 1 8 7 0
[INFO]1 (CAKE) walloc_dma_Zk 1 8 15 @
[INFO]1 (CAKE) walloc_dma_1k 1 1 3 0
[INFO]1 (CAKE) walloc_dma_512 1 1 7 @
[INFO]1 (CAKE) walloc_dma_256 1 1 15 @
'[INFO1 (CAKE) valloc_dma_128 1 1 31 0
[INFO]1 (CAKE) walloc_ 5172 1 1 7 @
[INFO]1 (CAKE) walloc_256 1 1 15 @
[INFO]1 (CAKE) walloc_128 1 1 31 1
[INFO]1 (CAKE) walloc_b64 1 1 60 @
[INFO]1 (CAKE) walloc_32 1 1 113 6
[INFO]1 (CAKE) walloc 16 1 1 704 @

[INFO1 (CAKE) pinkamina 1 1 51 1Z
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SERIAL

-
SE}wc -
SOxcﬁlzaéu 4
c0107d6e <j@intf> 4
$Ox106000 = [

$0xc, 9
(SOXS, 2ESpP

VAN
l:l

$0xc, %eax

$0xc, %esp l

%eax

c0106bde <vmm_unmap_page=> \

$0x1, %ebx ;I. i : / L’

P 1 <_kernel_post_init+0x32>
kalloc_init>

R

$0xU, %esp
- EP 13-4
$0xcP12a0af
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FEW—MER, EERXEHNZRLNEN,

BT ERE
HRNEMER: £7RER, BSEE,
ENMERNBEZ D
X MEEXFBHIUART: 32 L 48 L LBA?

XNHERZER: ATAIRZ ATAPI ?
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a

FF FF
LBA {ii%k / ATA i85 ATAPI fE£2
28 / 12
FENSERER IDENTIFY DEVICE ECh IDENTIFY PACKET DEVICE Alh
48 / 16
28 / 12 READ DMA C8h A8h
BEBKX READ
ug / 16 READ DMA EX 25h 88h
28 / 12 WRITE DMA CAh AAh
EANBKX WRITE
ug / 16 WRITE DMA EX 35h 8Ah
28 / 12
NEiFEY ; IDENTIFY DEVICE ECh READ CAPACITY 9Eh
ug / 16
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{& M IDENTIFY DEVICE X IDENTIFY PACKET DEVICE EiRNEEER

WA LEREI—MKERN 512 FTHH, SHBEEERERIL, 28%
RENFERES.

SMERUFREAFME, 8TFRIKEFNT (217FH)
FNIROATINERBER:

s R i = B i

=

AR FHUNTIERBXEL *

B . ATAP| 1% & FEEY
BHERBEAN READ_CAPACITY g3 3KEY

BNZEBXESHYIERXE *
MR —RS (WWN)
(ATAPI) 1Z&FEKBI CDB X/

5 Y5 48 (i LBA
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struct hba_device

{

char serial_num[20];
char model[u40];
uint32_t flags;
uinted_t max_lba;
uint32_t block_size;
uintéd_t wwn;
uint8_t cbhd_size;
uint8_t last_error;
uint8_t last_status;
uint32_t alignment_offset;
uint32_t block_per_sec;
uint32_t capabilities;
struct hba_port* port;

RIFXEE

You, 4 weeks ago | 1 author (You)
struct hba_port

i
volatile hba_reg_t* regs;
unsigned int ssts;
struct hba_cmdh* cmdlst;
voidx fis;
struct hba_device* device;
H
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A RBTE: [10.19] M [ B [F [Serial number (see 7.12.7.10) |
o 2021 | [XlRewed
-  » | [X[oeoes

25,26 M | B | F |Fimwere revison (se0 712713) |
| 27.46]| M | B | F [Model number (see 7.12.7.14) | |

Tm%:uiwam

BE :
ahci_parsestr(char* str, uintl6_t* reg_start, int size_word)
et {
LE O|PJ|Y|N]JJI|V]|IL]|L . | E or (int = 0; size_word; , 2]
uintlée_t reg_start + :
str = (chax > 8);
stel] ok a chaz & Oxff);
0 P | uintie str] 1] = "\o';

7 N\ } AN

5%/ \fiL =\ AR BEFAM 0 KL !
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106 Physical sector size / logical sector size (see 7.12.7.56)
15 Shall be cleared to zero
14 Shall be set to one

F
wes Wl owewen

General configuration
15:14 10b = ATAPI device
11b = Reserved 13 Device has multiple logical sectors per physical sector.
13 Reserved 12 Device Logical Sector longer than 256 words
12:8 Indicates command set used by the device 11:4 Reserved
7 Otsot {5750 2 ogoa secorsper pryscasoctr
6:5 00b = Device shall set DRQ to one within 3 ms of receiving PACKET
commard. SRR S 0iE
10b = Device shall set DRQ to one within 50 us of receiving PACKET ET?J Ey&E
IlI 1xb = Reserved

[ve v e ve R v v

command.
11b = Reserved
4:3 Reserved
2 Incomplete response

1:0 00b = 12 byte command packet
01b = 16 byte command packet

CDB X/

M X M M X m

Additional Supported (see 7.12.7.30)

15 Reserved for CFA

14 Deterministic data in trimmed LBA range(s) is supported

13 Long Physical Sector Alignment Error Reporting Control is supported

12 Obsolete
READ BUFFER DMA is supported
WRITE BUFFER DMA is supported
Obsolete
DOWNLOAD MICROCODE DMA is supported
Reserved for IEEE 1667
0 = Optional ATA device 28-bit commands supported

F Trimmed LBA range(s) retumning zeroed data is supported
B 4 Device Encrvpts A er Data on the device
IR DGR r——"]

Vv 2 All write cache is non-volatile
1:0 Reserved

SEE8 %% 48 i LBA
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void . . #define IDDEV_OFFMAXLBA 60

ahci_parse_dev_info(struct hba_device* dev_info, uintlé_t* data -

f #de-FJ‘.ne IDDEV_OFFMAXLBA_EXT 230
dev_info—>max_lba = *((uint32_t*)(data + IDDEV_OFFMAXLBA)); #define IDDEV_OFFLSECSIZE 117
dev_info—block_size = *((uint32_t*)(data + IDDEV_OFFLSECSIZE)); #idefine IDDEV_OFFWWN 108

dev_info—cbd_size = (xdata & 0x3) ? 16 : 12; .
dev_info—wwn = *(uintéd_t*)(data + IDDEV_OFFWWN); #define IDDEV_OFFSERIALNUM 16

dev_info—block_per_sec = 1 << (x(data + IDDEV_OFFLPP) & Oxf); #idefine IDDEV_OFFMODELNUM 27

dev_info—alignment_offset = *(data + IDDEV_OFFALIGN) & Ox3fff; #idefine IDDEV OFFADDSUPPORT 69
dev_info—capabilities = *((uint32_t*)(data + IDDEV_OFFCAPABILITIES)); S oEne IDDEV_OFF}QLIGN 209

if (ldev_info—block_size) { #tdefine IDDEV_OFFLPP 106

| dev-infooblock size = 512; #define IDDEV_OFFCAPABILITIES 49

if ((x(data + IDDEV_OFFADDSUPPORT) & ©x8)) {
dev_inf 1ba = *((uinteu_t*)(dat IDDEV_OFFMAXLBA_EXT)): . 5 i .
oot | s b e RTINS B S @R SIERNIES, TS
} B B ' 1% ATA/ATAPI Command Set -3 (ACS-3) , /\T¥

7.12.7.1, 1 7.13.6.1

ahci_parsestr(&dev_info—>serial_num, data + IDDEV_OFFSERIALNUM, 16);
ahci_parsestr(&dev_info—model, data + IDDEV_OFFMODELNUM, 20);
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BIIEREZHIEE N ATAPI 1&HF

 Start | End | Symbol | Description
| 00h [ 03h | PxCLB Port x Command List Base Address ATA . 0x00000101

| 04h | 07h | PxCLBU Port x Command List Base Address Upper 32-Bits
T 0Bh | PxFB | PortxFIS Base Address ATAPI i8%: 0Oxeblu40101

_08h |

| 0OCh [ OFh |  PxFBU | Port x FIS Base Address Upper 32-Bits

| 10h | 13h | PxIS | PortxinteruptStatts 00|
_18h [ 1Bh |

[ iCh | iFh | Reserved |Reseved | ATAPI [ Reserved | Reserved

mmmm_ dewce device @ for SATA 2 | for SATA 2 | Obsolete 2
o7h | PxSIG | PotxSignate |

[2th | 2h | PxSIG_[PorxSigmawre . COUNT field (7:0) _ — oin | oih |

“m
—2ch | PxSCTL Port x SenalATAControl (SCR2: SContro N LBA field (27r 24) | Reserved | Reserved Reserved
30h | 33h PXSERR | Port x Serial ATA Error (SCRI: SE
_

—adn | 4h | PXOEVSLP | Porix Dovien Siemp o
“a8h | 6Fh | Resored |Resved

Slgnature (SIG): Contains the signature received from a device on the first
D2H Register FIS. The bit order is as follows:
| Bit |Fied
| 31:24 | LBA High Register
FFFFFFFFD 23-15 LBA Mid Register
LBA Low Register
07: 00 Sector Count Register
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struct hba_cmdt* cmd_table;
struct hba_cmdh* cmd_header;

wait_until(! (port—regs[HBA_RPxTFD] & (HBA_PxXTFD_BSY)));

uintl6_t* data_in = (uintlé_t*)valloc_dma(512);

int slot = hba_prepare_cmd(port, &cmd_table, &cmd_header, data_in, 512);

port—regs[HBA_RPxIS] = 0;

port—device = vzalloc(sizeof(struct hba_device));
port—device—port = port;

struct sata_reg_fis* cmd_fis = (struct sata_reg_fis*)cmd_table—commaid_fis;

if (port—regs[HBA_RPxSIG] == HBA_DEV_SIG_ATA) {

sata_create_fis(cmd_fis, ATA_IDENTIFY_DEVICE, 0, @);
} else {
goto fail;
port—device—flags |= HBA_DEV_FATAPI; ¥
sata_create_fis(cmd_fis, ATA_IDENTIFY_PAKCET_DEVICE, 0, 0);

P
>

sata_read_error(port);

void

sata_create_fis(struct sata_reg_fis* cmd_fis,
uint8_t command,
uintéd_t 1ba,
uintl6_t sector_count)

cmd_fis—head.type = SATA_REG_FIS_H2D;
cmd_fis—head.options = SATA_REG_FIS_COMMAND;
cmd_fis—head.status_cmd = command;
cmd_fis—dev = 0;

cmd_fis—1ba® = SATA_LBA_COMPONENT(lba, ©8);
cmd_fis—1ba8 = SATA_LBA_COMPONENT(lba, 8);
cmd_fis—1bal6 = SATA_LBA_COMPONENT(lba, 16);

cmd_fis—1ba2y

cmd_fis—1ba32
cmd_fis—1baue

cmd_fis—count

SATA_LBA_COMPONENT(lba, 24);

SATA_LBA_COMPONENT(lba, 32);
SATA_LBA_COMPONENT(lba, 40);

sector_count;

= port—regs[HBA_RPxCI] = (1 <« slot);
wait_until(!(port—regs[HBA_RPxCI] & (1 << slot)));

if ((port—regs[HBA_RPxTFD] & HBA_PxTFD_ERR)) {

ahci_parse_dev_info(port—device, data_in);

if (!(port—device—flags & HBA_DEV_FATAPI)) {

goto done;

}
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B F, 7FAHC FRER (5.5.1) , BEELIFEFANERT MR RIE

Y EENRE
1. ER AT PHE— TR E

M

- RWHE—Ek, REFRREFEZIEFR
. PR ESENMEZEIENH IR,
REZKIEEFHSR (REFIS, %E PRDT)
. BHoREIHERTIS S E

. B PxcI IR AT E L

. &R, BF PxCl HEMIES. XRBGSHITTN

. EY PXTFD H7788, REEMLRITER, UREIRAE
(IIREREER)

W

IS

[ ]

()]

-....l

[o2]

REVERER: RXm<

int

hba_prepare_cmd(struct hba_port* port,

struct hba_cmdt** emdt,
struct hba_cmdh** cmdh,
void* buffer,

unsigned int size)

int slot = __get_free_slot(port);
assert_msg(slot = 0, "HBA: No free slot");
assert_msg(size = 0x400000, "HBA: buffer too big");

struct hba_cmdh* cmd_header = &port—cmdlst[slot];
struct hba_cmdt* cmd_table = vzalloc_dma(sizeof(struct hba_cmdt));

memset(cmd_header, 0, sizeof(xcmd_header));

cmd_header—cmd_table_base = vmm_v2p(cmd_table);

cmd_header—options =
HBA_CMDH_FIS_LEN(sizeof(struct sata_reg_fis)) | HBA_CMDH_CLR_BUSY;

if (buffer) {
cmd_header—prdt_len = 1;
cmd_table—entries[0] =
(struct hba_prdte){ .data_base = vmm_v2p(buffer),
bytel counti=Ssize= R1W1 ]

1
i

*cmdh
xcmdt

cmd_header;

cmd_table;

return slot;
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Table 110. READ CAPACITY (16) command

OPERATION CODE (9Eh)

FE:
RIS cDB WK EERRE
BITE Mo

LOGICAL BLOCK ADDRESS 0

ALLOCATION LENGTH

U
Reserved o1y
SPRRREEREAT

port— [HBA_RPXTFD] & (t

uintle_t uintlé_t*)v:

nd(port, ; Z 512



€ Lunatx oS Dev Tutorial g2 = —IKERS: FERURS ATAPIIREHIE S IREY

READ CAPACITY =iR[El— P #iER) L, &MU HEBEHEIE (Parameter Data)

Table 111. READ CAPACITY (16) parameter data

Bit 7 6 5 4

RETURNED LOGICAL BLOCK ADDRESS

LOGICAL BLOCK LENGTH IN BYTES

(LSB) 3

=
FRBE B KIGFR NTEE

Reserved P_TYPE PROT_EN

P_I_EXPONENT LOGICAL BLOCKS PER PHYSICAL BLOCK
EXPONENT

(MSB)

LOWEST ALIGNED LOGICAL BLOCK ADDRESS

(LSB)

Reserved
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void

scsi_create_packetl6(struct scsi_cdbl6éx cdb,
uint8_t opcode,
uinted_t 1ba,
uint32_t alloc_size)

{ : e struct scsi_cdbl6* cdbl6 = (struct scsi_cdblé*)cmd_table—atapi_cmd;
memset(cdb, ©, sizeof(xcdb));
cdb—opcode = opcode;
cdb—1ba_be_hi = SCSI_FLIP((uint32_t)(lba > 32)); [sata_create_fis(cmd_fis, ATA_PACKET, 512 < 8, 0); |

cdb—1ba_be_lo = SCSI_FLIP((uint32_t)lba); scsi_create_packet16(cdbl6, SCSI_READ_CAPACITY_16, 0, 512);
cdb—length = SCSI_FLIP(alloc_size);

cdbl6—miscl = 0x10;
cmd_header—transferred_size = 0;
cmd_header—options |= HBA_CMDH_ATAPI;

SCSI_FLIP : B¥EFnINF (mFFEiR) port—sregs[HBA_RPXCI] = (1 < slot):

#define SCSI_FLIP(val) wait_until(!(port—regs[HBA_RPxCI] & (1 << slot)));
((((val)50x000000Ff) << 24) | (((val)s0x0000ff00) << 8) |
(((val)sox0effeeee) > 8) | (((val)&exffeeeeee) > 24))

if ((port—regs[HBA_RPxTFD] & HBA_PxTFD_ERR)) {

sata_read_error(port);

goto fail;
void
2:51_parse_capac1ty(struct hba_device# device, uint32_t* parameter) / SCSi_parse_capaci‘ty(Port—>devi¢e, (uint32_t *)data_in):
device—max_lba = SCSI_FLIP(x(parameter + 1));

device—block_size = SCSI_FLIP(x(parameter + 2));
}
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¢ BT RITERFAUFREERXT!
HiTEe&LrEmERN— 1 ERE, HEFERERNGSIRENE—L
Hitz 8.
HEWEEF ATA 5 ATAP IS B Z IR ERFEX 9,
EFTF—HRISRE, BITBESNERI T MEEBXAIES,
LBA (2% / ATA FER2 ATAPI FE#E
SCSI CDB A&/ (ATA H5%) 121ERS (SCSI &% 121ERS
28 / 12
FENSEER IDENTIFY DEVICE ECh IDENTIFY PACKET DEVICE Alh
u8 / 16
28 / 12 READ DMA C8h A8h
EHREX READ
ug8 / 16 READ DMA EX 25h 88h
28 / 12 WRITE DMA CAh AAh
BEANRX WRITE
ug8 / 16 WRITE DMA EX 35h 8Ah
28 / 12
Ae=i5EY VR IDENTIFY DEVICE ECh READ CAPACITY 9Eh




» ec

i

ed
00

o

ee

Oc

a2 1.
1c 6

60
Oc

)8

ci 08

8 d7

Q

3 ec

af

a2

Ieh

o

Oc
Oc

Oa 00

"=
8]

o N

00

ad 12

4L

cO
e]e]
00

(o]
00

00

00

C

SERIAL

—
SGwc
SOxcﬁlzaéu 4
c0107d6e <j@intf> 4
$Ox106000 - [ |

$0xc, %
$0x3,ﬂhJ;

Q

%ebx
$0xc, %ea
$0xc,%esp

%eax

P 1 <_kernel_post_init+0x32>
kalloc_init>

ael_post_init+0x5a>

WG5S SATA

_ S==
EEREX
$0xU, %esp
2 EP 13-5
$0xcP12a0af
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EUtiREE : HMERTHNRIMEMERUERE (2R, ZBREX)

LBA {124 / ATA FE#Z ATAPI &£

28 / 12
FENSEER IDENTIFY DEVICE ECh IDENTIFY PACKET DEVICE Alh
48 / 16
28 / 12 READ DMA Cc8h A8h
BEUBKX READ
ug / 16 READ DMA EX 25h 88h
28 / 12 WRITE DMA CAh AAh
EANBKX WRITE
48 / 16 WRITE DMA EX 35h 8Ah
28 / 12
NEiFE - IDENTIFY DEVICE ECh READ CAPACITY 9Eh
ug / 16
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REEEMEERFRVREEI truct hba_device
BAIFERM MR EE. ... char s

char model[40];
EMAX RO (interface) B e

uinted_t max_lba,
uint32_t bl size;
uintéd_t :
uint8_t ;
uint8_t last_error;
uint8_t statu
uint32_t alignment_c ot;
uint32_t er_st
uint32_t capabili ;
struct hba_port* por

= N

.[20"

SELLCE
int ic if struct hba_devicex* dev);
int ad_buffer)(struct hba_device* dev,
s identify : IRFIXM&E (BTRERER)
void* buffer,
uint32_t size); . sE [ 452
int te_buffer)(struct hba_devicex dev, read—bUﬂ:er' I*HXEZIZIU%'EFIZ
uintéd_t 1ba, . . —
void* buffer, write_buffer : MEHXENBEX
uint32_t size);
i
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WSR2+ 28 i LBA : READ/WRITE DMA

INSRHER T +5 48 (i LBA : READ/WRITE DMA (EXT) — > AJ[@ 3% A READ/WRITE DMA

N
1. 284 LBA it — LBA LBA LBA + count - 1

count
2. EEFAMIBIEREE > count l »l
3. $UEIVTEEIIE — buffer

Y

buffer EE7EYIBMIIE FiFELE, H=H7F
PRDT EmE,
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=W

Device % 6 {URE,
KEARAERRIZ LBA
FHUHRIC, TIE CHS

=5 ATA BMENBRX

C8h: READ DMA
25h: READ DMA EXT
CAh: WRITE DMA
35h: WRITE DMA EXT

“ Features(7:0) Command(7:0) EEH PM Port FIS Type (27h)

[, | Device(7:0) I LBA(23:16) LBA(1538) LBA(T0) #2148 LBA
|

. Features(15:8) LBA(47:40) LBA(39:32) LBA(31:24)

Auxiliary(31:24) Auxiliary(23:16) iliary(15: Auxiliary(7:0] A= N =
S PR b i e s

R LEX
&7as FIS . ENEILE - AFEFERSENE
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MZai—#, ERRAEHSKNHSEN (HER) ,
HHIZE PRDT

struct hba_port* port = dev—port;

struct hba_cmdh* header;

struct hba_cmdt* table;

int slot = hba_prepare_cmd(port, &table, &header, buffer, size);
int bitmask = 1 << slot;

EE ATA BN

— B

int

hba_prepare_cmd(struct hba_port* port,

struct hba_cmdt** ecmdt,
struct hba_cmdh** cmdh,
void* buffer,

unsigned int size)

int slot = __get_free_slot(port);
assert_msg(slot = 0, "HBA: No free slot");
assert_msg(size = 0xU400000, "HBA: buffer too big");

struct hba_cmdh* cmd_header = &port—cmdlst[slot];

struct hba_cmdt* cmd_table = vzalloc_dma(sizeof(struct hba_cmdt));
memset(cmd_header, 0, sizeof(xcmd_header));
cmd_header—ycmd_table_base = vmm_v2p(cmd_table);

cmd_header—options =
HBA_CMDH_FIS_LEN(sizeof(struct sata_reg_fis)) | HBA_CMDH_CLR_BUSY;

if (buffer) {
cmd_header—prdt_len = 1;
cmd_table—entries[0] =
(struct hba_prdte){ .data_base = vmm_v2p(buffer),
.byte_count = size - 1 };

1
5

xcmdh = 1% E PRDT

xcmdt =

cmd_header;
cmd_table;

return slot;
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void
sata_create_fis(struct sata_reg_fis* cmd_fis,
if ((port—device—flags & HBA_DEV_FEXTLBA)) { uint8_t command,
uintéd_t 1lba,
_ ALy uintl6_t sector_count)
satg_c1ea§e_¥15\ {
fis, write ? ATA_WRITE_DMA_EXT : ATA_READ_DMA_EXT, 1lba, count); cmd_fis—head.type = SATA_REG_FIS_H2D;
} else { — | cmd_fis—head.options = SATA_REG_FIS_COMMAND;
sata_create_fis(fis, write ? ATA_WRITE_DMA : ATA_READ_DMA, lba, count); cmd_fis—head. status_cmd = command;
1 cmd_fis—dev = 0;

cmd_fis—1ba® = SATA_LBA_COMPONENT(lba, ©);
fis—dev = (1 «< 6); cmd_fis—>1ba8 = SATA_LBA_COMPONENT(1lba, 8);
cmd_fis—1bal6 = SATA_LBA_COMPONENT(lba, 16);
cmd_fis—1ba24 = SATA_LBA_COMPONENT(lba, 24);

n

n

cmd_fis—1ba32
cmd_fis—1baue

SATA_LBA_COMPONENT(lba, 32);
SATA_LBA_COMPONENT(lba, 40);

n

cmd_fis—count = sector_count;

I
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HEAFATRTEE X ZEOF

int

sata_read_buffer(struct hba_device* dev,
uintéd_t 1lba,
void* buffer,
uint32_t size)

i

return __sata_buffer_io(dev, lba, buffer, size, 0);

}

int

sata_write_buffer(struct hba_devicex dev,
uintéd_t 1lba,
void* buffer,
uint32_t size)

return __sata_buffer_io(dev, lba, buffer, size, 1);
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FEER SCSI thiXAYdr<, fEFA PACKET s fifiEdis
MNREERLIF 28 I LBA ;. 12 FHEKER CDB

} READ/WRITE
WMNRMEELIF 48 I LBA . 16 FTHKER CDB

ATAPI &2
M ATA IKEN—1E, WEEFE=/13S: - 121ER
(scsI @)
1. 248 LBA
IDENTIFY PACKET DEVICE Alh
2. IRERNZEEIREL
A8Sh
3. FEEARK S READ ash
AAh
WRITE
8Ah
READ CAPACITY 9Eh

LBA32
LBA48
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READ/WRITE e5 2B E&—1$H CDB &=

Table 65 — WRITE (12) command

orewt| v | ¢ | s | ¢ | s | 2 |+ | ° |

OPERATION CODE (AAh)

WRPROTECT m Reserved | FUA_Nv | Obsolete

(MSB)
LOGICAL BLOCK ADDRESS
(LSB)

TRANSFER LENGTH
[ o s8)
Restricted

CONTROL
Table 31 — READ (12) command

e [ W [ B | & |8 | ® [ & [ 9

OPERATION CODE (A8h)

(MSB)
LOGICAL BLOCK ADDRESS

0]

[T

B

——

“ TRANSFER LENGTH

(LSB)

(LSB)

Restricted
for Reserved GROUP NUMBER
MMC-4

1
2
5
10
11
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LA WRITE(12) 2545 F

ATAPT REF2
(scsI ad) IRAF
IDENTIFY PACKET DEVICE Alh
Table 65 — WRITE (12) command
A8h

READ

AAR OPERATION CODE (AAh)
WRITE

READ CAPACITY ey LOGICAL BLOCK ADDRESS

(LSB)

TRANSFER LENGTH

(LSB)

Restricted
0| rorwwce —5—7 _—
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LA WRITE(12) 2545 F

Table 65 — WRITE (12) command

orewt| 7 | ¢ | s | 4 | 3 | 2 |+ | 0

OPERATION CODE (AAh)

WRPROTECT r- -I:-Il Reserved I FUA_ NV | Obsolete

LOGICAL BLOCK ADDRESS
(LSB)

(LSB)

Restricted Reserved 0
for MMC-4

E TRANSFER LENGTH
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?MHMNVﬁﬁ%F? EERENEFENE5E
FUA . /T REJc5&%351R) ( Force Unit Access ) ESKMEEF MBE
BURMATER)
FUA_NV . IEZKMEEFSTEG)HR ( Force Unit
Access on Non-Volatile cache )
FUA FUA_NV HRETH
0 0 RAERAEE (RiL£R) , NRNERR ;émﬁﬁgﬁfﬁfgﬁﬁé
+11 )I AL F11 A
SRS AE. P ANHIE, FARREE
0 1 HEFRIERANER, MBEERTEL | Fo
Kz, NEREBENS K MEF.
1 X HEEEN R, gfgﬁ@ﬁﬁﬁﬁengﬁ
=WANDA

EBAIBKRIAR, BAMERRIAER:
FUA=0 , FUA_NV=0
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LA WRITE(12) 2545 F

BIBRIPFER I TFiEUE{ENE RDPROTECT ) -
HABRNRERN. 0x3, EIZAFEAIBUERIFICE

Table 65 — WRITE (12) command

-“—————“

OPERATION CODE (AAh)

- WRPROTECT - DRO - Reserved FUA_NV Obsolete

(MSB)
LOGICAL BLOCK ADDRESS
(LSB)

TRANSFER LENGTH

Restricted Reserved o
for MMC-4 N

-
| 6
“ (LSB)
-“
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FEATURE
tr sata_regfi _ — : / PACKET 83<2 Bit Description
sata_create_fis( ATA_PACKET, (size 8), 0); 7:3 Reserved —
g 1 write) < 2); €— 2 DMADIR bit — See 7.18.4 { (1): BMQ i&
— - - 1 Obsolete ’ L
packet16((struct scsi_cdbl6+)cdb. 0 DMA bit— See 7.18.4 EE{ER DMA
write ? SCSI_WRITE_BLOCKS_16 : SCSI_READ_BLOCKS_16,
1ba,
)((struct scsi_cdbl2+ -
write ? SCSI_WRITE_BLOCKS_12 SCSI_READ_BLOCKS_12,
1ba,
c((uint8_t sl 3 5

Logical unit
formatted Field in Device )
with protection server If check fails 9 |, additional sense code
protection information check
information

LOGICAL BLOCK

) Yes © Shall not | No check performed
011b b APPLICATION TAG
LOGICAL BLOCK

RErerENCE Tae | Shallnot | No check performed

No protection information available to check
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B, EEEFEINTEXNG—
#O
void
scsi_read_buffer(struct hba_device* dev,
uintéd_t 1ba,
void* buffer,
uint32_t size)
{

__scsi_buffer_io(dev, lba, buffer, size, 0);

}

void

scsi_write_buffer(struct hba_device* dev,
uintéd_t 1lba,
void* buffer,
uint32_t size)

__scsi_buffer_io(dev, lba, buffer, size, 1);
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void
achi_register_ops(struct hba_port* port)
{
port—device—ops.identify = ahci_identify_device;
if (!(port—device—flags & HBA_DEV_FATAPI)) {
port—device—ops.read_buffer = sata_read_buffer;
port—device—ops.write_buffer = sata_write_buffer;
} else {
port—device—ops.read_buffer = scsi_read_buffer;
port—device—ops.write_buffer = scsi_write_buffer;
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o

char test_sequence[] = "Once upon a time, in a magical land of Equestria. "

"There were two regal sisters who ruled together "
"and created harmony for all the land.";

void

R
__test_disk_io() Mt EE

i

struct hba_port* port = ahci_get_port(0);

char* buffer = vcalloc_dma(port—device—block_size);
strcpy(buffer, test_sequence);

kprintf("WRITE: %s\n", buffer);

int result;

result =
port—device—ops.write_buffer(port, 0, buffer, port—device—block_size);
if (lresult) {
kprintf(KWARN "fail to write: %x\n", port—device—last_error);

¥

memset(buffer, @, port—device—block_size);

result =
port—device—ops.read_buffer(port, 0, buffer, port—device—block_size);
kprintf(KDEBUG "%x, %x\n", port—regs[HBA_RPxIS], port—regs[HBA_RPxTFDI)
if (lresult) {
Kprintf(KWARN "fail to read: %x\n", port—device—last_error);
} else {
kprint_hex(buffer, 256);

}

vfree_dma(buffer);
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SATA IRshFNEEER 1/O A— N REASNEE R S B ARA. ...
BLERARTRRE:
while (retries < MAX_RETRY) {
1. 1I/OESEAFIFIAE —regs[HBA_RPXCI] =
2 . AHCI E"]WBE'WE*)-L%U wait_until(!(port—regs[HBA_RPxCI] & bitmask));
if ((port—regs[HBA_RPxTFD] & HBA_PxTFD_ERR)
3. BEENGRLE IR S A IENH
sata_read_error(port);
4 . PIGEIR SATA IRERILIE else 1
vfree_dma(table);
return 1;

5. Port Multiplier B9z 3%

6. FZARERFHKM: SATA thiXHNERTEMAT
L 1/0 p SR, ClEFFEeSsAIXT
IVETRZN % 5= ! ERFEEIR!

AL, KSEBHE! )
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BEMREREALRTD, REE, KRER, HERERHERHN—ITEX!

XFRGE

The File System
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