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FRBEETUTE=RE :

1. **xv6-riscv**

- PHE  https://github.com/mit-pdos/xv6-riscv

2. **oskernel2023-avx**
- Fi&E ¢ e 10 #21E
- PEE

https://gitlab.eduxiji.net/202310487101114/0skernel20

23-avx


https://github.com/mit-pdos/xv6-riscv
https://gitlab.eduxiji.net/202310487101114/oskernel2023-avx
https://gitlab.eduxiji.net/202310487101114/oskernel2023-avx

3. **{FEHTH, FIHFE—TRISC-V LHIRERS - IR -
2021 F**
- HEiE

https://www.bilibili.com/video/BV105411w7z5/?seid=130

99150746000866207&vd source=e9be3150af06b69873c1f18be

fi5b2af


https://www.bilibili.com/video/BV1Q5411w7z5/?seid=13099150746000866207&vd_source=e9be3150af06b69873c1f18bef15b2af
https://www.bilibili.com/video/BV1Q5411w7z5/?seid=13099150746000866207&vd_source=e9be3150af06b69873c1f18bef15b2af
https://www.bilibili.com/video/BV1Q5411w7z5/?seid=13099150746000866207&vd_source=e9be3150af06b69873c1f18bef15b2af

B—E XHRSR

1.1 ext4 XHEFHR

Ext4 ( Fourth Extended File System ) , BDESIUARY B4R S |
2 Linux R TFRIEEXHRSE 2 ext2 M ext3 R GFRIFHEMR
7, Ext4 B Ext3 B4R Theodore Tso SASAIFARBASTIR , F
5IAZ] Linux 2.6.19 Pg#%Hh, Ext4 7E Ext3 RUER FiT 7 AE0H
iEsE , LURE SR AR RERAT R,



1.2 extd XHZRFITA
1.2.1 ext4 BERHR

BN extd BEREDHT , —1 2GB K/N\AIZ(E |, extd
M RFEE IR T 0~15 A9 16 4> Group,

extd RIRWMAEMBENT :

Group 0

Group 1
Group 2

Group 3

Group 4

ARSI ]

Group 14

Group 15
B 1.1 extd SR HRE

Hrbh 81 Group X H superblock, Group descriptors, bitmap,

Inode table, usrer data, AE—E{RE=E , o2/l EH

BaT -



‘Group 0 super block  |Group descriptors| Reserved GDT Block bitmap Inode bitmap Inode table user data
Group 1 super block  |Group descriptors| Reserved GDT Block bitmap Inode bitmap Inode table user data
Group 2 Block bitmap Inode bitmap Inode table user data
Group 3 super block |Gmup desl:riptmsl Reserved GDT Block bitmap Inode bitmap Inode table user data
Group 4 Block bitmap Inode bitmap Inode table user data
super block |Group descnptulsl Reserved GDT Block bitmap Inode bitmap Inode table user data

Block bitmap Inode bitmap Inode table user data

mﬁﬂfﬂ super block |Group descn‘ptulsl Reserved GDT Block bitmap Inode bitmap Inode table user data
Block bitmap Inode bitmap Inode table user data

super block |Group descnptulsl Reserved GDT Block bitmap Inode bitmap Inode table user data

Block bitmap Inode bitmap Inode table user data

super block leup descn‘ptulsl Reserved GDT Block bitmap Inode bitmap Inode table user data

Block bitmap Inode bitmap Inode table user data

super block leup descriptmsl Reserved GDT Block bitmap Inode bitmap Inode table user data

Group 14 Block bitmap Inode bitmap Inode table user data
Group 15 ‘ super block |Gmup descriptmsl Reserved GDT Block bitmap Inode bitmap Inode table user data

1.2 ext4 group /5

MERFA LR I RS
1.Backup Superblock, Group Descriptors, Reserved GDT B
BESH XEXBEHNRFTTEIRERHE DD B RFHNUTE
teadr , BIRZ 1. 30 5. 7S3RE , M 2. 4. 6 SRANFEZX
ESXRERE | ML T SRS Hh SIRERITRIRIT R,
2.Block Bitmap, Inode Bitmap, Inode Table IER{HE :
EE—RER |, Block Bitmap ( 347E ) . Inode Bitmap ( Z&35|

TRAZE ) LUK Inode Table ( R5|TRER ) SRETTIFAIIER
EFIFEEART  MEENTHZERAERNERUE  EME—FER
EART | BIARARIIEMBRAERINX LT EEE— Block
RI==iE) ( REERFREERECAIREREMEIILAT ) . XML
AT UG R GRIEGRRS | 185 T HERER,




sk , EETENE , §/183 superblock R4 (BP 1, 3, 5.
7 SR ) AR superblock IBR=2—HA9 , BIiIER L2
R E superblock ( fiiF group 0 ) HITTRER. XMIHEERT
WHZEFAR L |, BMEE superblock EMURIF , RRtBAEEIDX
L6521 superblock RIFRE XBRIRRTTENRS
RER eI ]

1.2.2 superblock #BZxiR

10.

11.

12.

13.

14.

0000000 0000 0000 0000 0000 0000 0000 0000 0000

0000400 0000 0002 0000 0008 6666 0000 cd90 0000

0000410 f2f5 0001 0000 0000 0002 0000 0002 0000

0000420 8000 0000 8000 0000 2000 0000 fdc2 66a4

0000430 fdc2 66a4 001d ffff ef53 0001 0001 0000

0000440 42cd 665d 0000 0000 0000 0000 0001 0000

0000450 0000 0000 000b 0000 0100 0000 003c 0000

0000460 02c6 0000 046b 0000 8432 e80b 2f52 9b45

0000470 7489 ce05 39da b8ef 0000 0000 0000 0000

0000480 0000 0000 0000 0000 6d2f 746e 652f 2e2f

0000490 4141 4141 4141 4141 e641 94af b5e8 2f9b

0000420 6e6d 0074 0000 0000 0000 0000 0000 0000

00004b0 0000 0000 0000 0000 0000 0000 0000 0000

B MiREEIE



15.  00004c0 0000 0000 0000 0000 0000 0000 0000 00ff
16.  00004d0 0000 0000 0000 0000 0000 0000 0000 0000
17.  00004e0 0008 0000 0000 0000 0000 0000 3473 70a8
18. 0000410 140a dc41 520 c5e8 03b2 2702 0101 0040
19. 0000500 000c 0000 0000 0000 42cd 665d f30a 0001
20. 0000510 0004 0000 0000 0000 0000 0000 4000 0000
271. 0000520 0000 0004 0000 0000 0000 0000 0000 0000
22. 0000530 0000 0000 0000 0000 0000 0000 0000 0000
23. 0000540 0000 0000 0000 0000 0000 0000 0000 0400
24. 0000550 0000 0000 0000 0000 0000 0000 0020 0020
25. 0000560 0001 0000 0000 0000 0000 0000 0000 0000
26. 0000570 0000 0000 0104 0000 4601 001b 0000 0000
27. 0000580 0000 0000 0000 0000 0000 0000 0000 0000
28. =

29. 0000640 0000 0000 0000 0000 6626 0000 0000 0000
30. 0000650 0000 0000 0000 0000 0000 0000 0000 0000
31. -

32. 000070 0000 0000 0000 0000 0000 0000 dbca Tecf
33. 0000800 0000 0000 0000 0000 0000 0000 0000 0000
34. -

35. 0001000

STERRAIER D SR TR A iR T extd superblock AYHE3X




ARG

struct ext4 sblock {
//char pad[1024];
/* 0 */ uint32_t inodes_count; /* I-nodes count */
/* 4 */ uint32_t blocks count lo;  /* Blocks count */
/* 8 */ uint32_t reserved blocks count lo; /* Reserved blocks count */
/* ¢ */ uint32_t free_blocks count lo;  /* Free blocks count */
/*10 */ uint32_t free_inodes_count; /* Free inodes count */
/*14 */ uint32_t first_data_block; /* First Data Block */
/*18 */ uint32_t log block size; /* Block size */
/*1c */ uint32_t log _cluster size; /* Obsoleted fragment size */
/*20 */ uint32_t blocks per group; /* Number of blocks per group */
/*24 */ uint32_t frags_per group;  /* Obsoleted fragments per group */
/*28 */ uint32_t inodes per group; /* Number of inodes per group */

/*2c */ uint32_t mount time; /* Mount time */
/*30 */ uint32_t write_time; /* Write time */
/* 0 */ uint16_t mount_count; /* Mount count */

/* 0 */ uint16_t max_mount count;  /* Maximal mount count */

/* 0 */ uint16_t magic; /* Magic signature */

/* 0 */ uint16 _t state; /* File system state */

/* 0 */ uint16_t errors; /* Behavior when detecting errors */
/* 0 */ uint16_t minor_rev_level;  /* Minor revision level */

/* 0 */ uint32_t last check time;  /* Time of last check */

/* 0 */ uint32_t check interval; /* Maximum time between checks */
/* 0 */ uint32_t creator os; /* Creator OS */

/* 0 */ uint32_t rev level; /* Revision level */

/* 0 */ uint16_t def resuid; /* Default uid for reserved blocks */
/* 0 */ uint16_t def resgid; /* Default gid for reserved blocks */

/* Fields for EXT4 DYNAMIC_REV superblocks only. */
/* 0 */ uint32_t first inode;  /* First non-reserved inode */
/* 0 */ uint16_t inode_size; /* Size of inode structure */
/* 0 */ uint16_t block group index; /* Block group index of this superblock */
/* 0 */ uint32_t features_compatible; /* Compatible feature set */
/* 0 */ uint32_t features_incompatible; /* Incompatible feature set */

/* 0 */ uint32_t features read only; /* Readonly-compatible feature set */

/* 0 */ uint8_t uuid[UUID_SIZE]; /* 128-bit uuid for volume */
/* 0 */ char volume_name[16]; /* Volume name */
/* 0 */ char last mounted[64]; /* Directory where last mounted */

/* 0 */ uint32_t algorithm_usage bitmap; /* For compression */

/*




* Performance hints. Directory preallocation should only
* happen if the EXT4 FEATURE_ COMPAT DIR PREALLOC flag is on.
*/
/* 0 */ uint8_t s prealloc_blocks; /* Number of blocks to try to preallocate */
/* 0 */ uint8 _t s prealloc_dir blocks; /* Number to preallocate for dirs */

/* 0 */ uint16_t s reserved gdt blocks; /* Per group desc for online growth */

/*
* Journaling support valid if EXT4 FEATURE COMPAT HAS JOURNAL set.
*/

/* 0 */ uint8_t journal_uuid[UUID_SIZE]; /* UUID of journal superblock */

/* 0 */ uint32_t journal inode number; /* Inode number of journal file */

/* 0 */ uint32_t journal dev;  /* Device number of journal file */

/* 0 */ uint32_t last orphan;  /* Head of list of inodes to delete */

/* 0 */ uint32_t hash_seed[4]; /* HTREE hash seed */

/* 0 */ uint8_t default_hash version; /* Default hash version to use */

/* 0 */ uint8_t journal backup type;

/* 0 */ uint16_t desc_size; /* Size of group descriptor */

/* 0 */ uint32_t default mount opts; /* Default mount options */

/* 0 */ uint32_t first meta_bg; /* First metablock block group */

/* 0 */ uint32_t mkfs_time; /* When the filesystem was created */

/* 0 */ uint32_t journal blocks[17]; /* Backup of the journal inode */

/* 64bit support valid if EXT4 FEATURE_ COMPAT 64BIT */
/* 0 */ uint32_t blocks count_hi;  /* Blocks count */
/* 0 */ uint32_t reserved blocks count hi; /* Reserved blocks count */
/* 0 */ uint32_t free blocks count hi;  /* Free blocks count */
/* 0 */ uint16_t min_extra_isize; /* All inodes have at least # bytes */

/* 0 */ uint16_t want_extra isize; /* New inodes should reserve # bytes */

/* 0 */ uint32_t flags; /* Miscellaneous flags */
/* 0 */ uint16_t raid_stride; /* RAID stride */
/* 0 */ uint16_t mmp interval; /* # seconds to wait in MMP checking */

/* 0 */ uint64_t mmp block; /* Block for multi-mount protection */

/* 0 */ uint32_t raid_stripe width; /* Blocks on all data disks (N * stride) */

/* 0 */ uint8_t log_groups_per flex; /* FLEX BG group size */

/* 0 */ uint8_t checksum _type;

/* 0 */ uint16_t reserved pad;

/* 0 */ uint64_t kbytes written; /* Number of lifetime kilobytes written */

/* 0 */ uint32_t snapshot_inum; /* I-node number of active snapshot */

/* 0 */ uint32_t snapshot id; /* Sequential ID of active snapshot */

/* 0 */ uint64_t snapshot r blocks count; /* Reserved blocks for active snapshot's future use */

/* 0 */ uint32_t snapshot list; /* I-node number of the head of the on-disk snapshot list */




/* 0 */ uint32_t error_count; /* Number of file system errors */

/* 0 */ uint32_t first_error time;  /* First time an error happened */

/* 0 */ uint32_t first_error_ino;  /* I-node involved in first error */

/* 0 */ uint64 t first_error block; /* Block involved of first error */

/* 0 */ uint8_t first_error_func[32]; /* Function where the error happened */
/* 0 */ uint32_t first_error _line; /* Line number where error happened */
/* 0 */ uint32_t last_error time;  /* Most recent time of an error */

/* 0 */ uint32_t last_error _ino; /* I-node involved in last error */

/* 0 */ uint32_t last_error line;  /* Line number where error happened */
/* 0 */ uint64 t last_error block; /* Block involved of last error */

/* 0 */ uint8_t last_error_func[32]; /* Function where the error happened */
/* 0 */ uint8_t mount_opts[64];

/* 0 */ uint32_t usr_quota_inum; /* inode for tracking user quota */

/* 0 */ uint32_t grp_quota inum; /* inode for tracking group quota */

/* 0 */ uint32_t overhead clusters; /* overhead blocks/clusters in fs */

/* 0 */ uint32_t backup_bgs[2]; /* groups with sparse_super2 SBs */

/* 0 */ uint8_t encrypt_algos[4]; /* Encryption algorithms in use */

/* 0 */ uint8 t encrypt pw salt[16]; /* Salt used for string2key algorithm */
/* 0 */ uint32_t Ipf ino; /* Location of the lost+found inode */

/* 0 */ uint32_t padding[100]; /* Padding to the end of the block */

/* 0 */ uint32_t checksum; /* crc32c(superblock) */

Fefi 1ize ¥ EEVRERRIFERIA THER

® inodes count (uint32 t): 3{4H 5 inodes BIZEY, inodes
2 Linux HRFHRTEE 4 TEdE (IRR. Fra&E. X
N MRS ) SRS,

® blocks_count lo (uint32_t): S4EFFERAISEL K 3247 ).
extd HRGHERRFKFMEETE.

® reserved blocks count lo (uint32 t): {REBHRAVEE (K 32
i) . XERBARFHAFTEAENEN , EBAEFLE R,

® free blocks count lo (uint32 t): HRRAEE (€32147) .

® free inodes count (uint32_t): & inodes FUEIE.




first data_block (uint32 t): F— N EUERAVRS ., 7£ extd
HBRRMERIATHERORE T S RFRIBITL TR |,
first_data_block 1§ 7 E— N IRHRAEIAAIE.
log_block_size (uint32_t): RA/NFIHYE( LA 1024 FH 9
7). 55N 4NER log_block size 9 10 ,HRA/NA 1024 * 1024
= 1MB,

log_cluster_size (uint32_t): BRFAIEHA/NIIXIEIE. £
ext4 B, XNMFREZAHERA.

blocks per group (uint32_t): §MREFHIREL, extd 34
RRBHUBENDHRZNRE | LIRSS EZRAIREE.
frags_per_group (uint32_t): BEFNEMRAFEFRIZE.
inodes per group (uint32_t): &/ R4EH inodes HIEE.
first inode (uint32_t): F— 1N KR inode BY%RS., £ ext4
o, —LUSERY inode SRRBBATISRBERY , RER. TRE

&=
=Jo

inode_size (uint16_t): inode Z5MIRIA/N, IXANA/NATLUIRIESL
HRFRIEETRM (EFAILLR 256 F15) .

block group index (uint16_t): HaiBRRFEIIHREZS],
features compatible (uint32 t): F#FFHE, XNFZERATF
R R GG SRS ERANTIE.



1.2.3 Group descriptors

A1 1&11HH9 group descriptors Z5¥ARINT :

struct ext4_bgroup {
uint32_t block bitmap lo; /* Blocks bitmap block */
uint32_t inode_bitmap lo; /* Inodes bitmap block */
uint32_t inode_table first _block lo; /* Inodes table block */
uint16_t free_blocks_count lo; /* Free blocks count */
uint16_t free_inodes_count _lo; /* Free inodes count */
uint16_t used_dirs_count lo;  /* Directories count */
uint16_t flags; /* EXT4 BG flags (INODE_UNINIT, etc) */
uint32_t exclude bitmap lo; /* Exclude bitmap for snapshots */
uint16_t block bitmap _csum lo; /* crc32c(s_uuid+grp_num+bbitmap) LE */
uint16_t inode_bitmap _csum lo; /* crc32c(s_uuid+grp_num+ibitmap) LE */
uint16_t itable unused lo;  /* Unused inodes count */

uint16_t checksum; /* crc16(sb_uuid +group+desc) */

uint32_t block bitmap_hi; /* Blocks bitmap block MSB */
uint32_t inode_bitmap_hi; /* 1-nodes bitmap block MSB */
uint32_t inode table first block hi; /* I-nodes table block MSB */
uint16 _t free_blocks count hi; /* Free blocks count MSB */
uint16_t free inodes_count hi; /* Free i-nodes count MSB */
uint16_t used_dirs count_hi;  /* Directories count MSB */
uint16_t itable unused hi;  /* Unused inodes count MSB */
uint32_t exclude _bitmap_hi; /* Exclude bitmap block MSB */
uint16_t block_bitmap_csum_hi; /* crc32c(s_uuid+grp_num+bbitmap) BE */
uint16_t inode_bitmap_csum_hi; /* crc32c(s_uuid+grp_num+ibitmap) BE */
uint32_t reserved; /* Padding */
Y

FEFERAVERAT

® block_bitmap_lo: SR{VERIE 32 fizithit, SRAEZE—MUEA |
AT IRERREFIFLLRZ SRR , BERETHN. XPFE
RIPRNUEENHRFEPRUBEERRS (£32147) .

® inode_bitmap_lo: inode {\ZERYK 32 fiz3tiE, inode (B SHR

B , (BEREAE inodes BERBER. XNFERER

inode MEENHRFHRICIARS (K3214) .



inode table first block lo: inode FREHRAYE 32 ittt
inode REE THRAEPE inode FNIFMAER. XNFERFR
inode FRENHRFFATRIGRS (£32147) .

free blocks count lo: ZRREHNE 16 i, IXNFERICRT
AP HRIEHAIREL (K16 147) .

free inodes count lo: =[#) inode #AYME 16 I, XNNFERIC
F T RBEPHFITH inode £ (K16 47) ,
used_dirs_count lo: E{ERABZRIANRK 16 L, XNFERAIEE
ATIREERESTEFERIEREE (K1647) , BFEER, X
NFERAYEAT) IR R e S R G AN LI =

flags: RABRE, XNMFREST—RIIESA , BTamRE
FSFERMTIAE | W inode BERVIBHE.
exclude_bitmap_lo: HEBRIEIRIE 32 fizithiit, FESIFRIRIN
BERY extd ARG  HEBRAER TR R R RIS A T A
IZAHEBRTESD,

block bitmap csum lo 1 inode bitmap csum lo: HR{i[E
1 inode \/EIRY CRC32 REGFIRYE 16 (i, IXEFER A FIRIER
{ZEF0 inode {ERITSEEME.

itable unused lo: Zf&FH inode #HYE 16 17, X NFERATAE
ICR 7T HRAEPREERR inode & (€16 42) , EXERTX
HERFRIBIRSLIL,



checksum: CRC16 5GF0, X NFEREEMRARIARTAY

CRC16 BIE&H0 , AT IGIHEATTHICEM,

ETRIFER (8 _hi 5 ) R LIAFERAYS 32 (8IS 16 i
2850  BTSZFRERT 4GB RIS ERSE , HFHRSH inode S7]
BedBId 32 (UASSEHE.

block bitmap hi, inode bitmap hi, inode table first blo
ck_hi: DBIZRAE. inode (EF] inode RERAVE 32 {iith
1k,

free blocks count hi, free inodes count hi, used dirs ¢
ount _hi, itable unused hi: DRIEHREL. A inode £4.
EEABREFIRAEER inode RIS 16 {iL
exclude_bitmap_hi: HE&(ERNS 32 [t

block bitmap csum hi [ inode bitmap csum hi: H{i;[E]
1 inode A9 CRC32 BKELFIRYS 16 U( FEXEEEA=H
2, B9 CRC32 2 32 UKy , 1BAJgeR /9T 51K 16 ARI35Ek R
BARKITRE ) .

reserved: {(REBFE , BTFEREMY EBEXIT.

1.2.4 Block bitmap Bpr

Block Bitmap 2—F7E5R4E ( Block Group ) EfE_LRF =R
HIRPERINSRIEEREN., BEEMERR | FEREIER THRE



hE—EHERECTEERRGERTARE., EXMilE4 &
MU ( bit ) EIIRRBPAI—PEER |, MBS 1 FRRZEGER
EWAA (BERER ) | BN 0 WFRFZEWERSR=A , Ao
Fc.

LHEAE extd( HRMLSHBRUEEERISUG RS ) LOESU4RT

MHRFHUTATERIESRFIF Block Bitmap

o BTN : Bt , HRRKLEE Block Bitmap , SHARMESE
FRRYEUEIR (BMAMEN 0RO ) . X—EEARES RIBHE M
EE A AR S E SR REEA SRR,

o SR | —ERFBBEMNTHR , MHERRLXLERSECLETH
BUEERYSZMY , FHE Block Bitmap HISIIRALRE A 1, LIFRICIX
LRAEFERRE.

o EEFINMTENE - BR T2 Block Bitmap 4) , X RGFES
F Y inode (R5IT9MA) | IERXHHIRSEER | a3
P T BLEE IR,

o Ak , TEMIERIERT , XIERERASHITIERANEERFIRRA

o [ER | B , XHERFESNUGRY inode FIZEVRRSEER |
HEMB AR R Z S 5 .

® EHFf Block Bitmap : 7Af5 , R FSTE Block Bitmap #i&
XEEURRIINMAINM 1 EE A 0, FRCEI ARG |, LUE
[RERISUHEER LA R FRIX LR,



o TIRRYHIRIRE - ERLERT , ATMUSXERFRIEREEE
[EERRE | MPRSUG R RTBER S TR M BIEE G FHE(E |
AnESOESL SRR AR DR

o EEIXLLR  Block Bitmap MR 7 IR AP EUERAYE
ETR | 28 7 )RS AIMIPRIR(E,

1.2.5 Inode bitmap ¢ LR =V A

5 Block Bitmap BT {ERIEHERIL , Inode Bitmap £ ext4 HHR
FErpiyEEEIERA inode ERRESRIXEAE. Inode Bitmap
B—MUE  EhE—(EYRIREAFHI— inode , BT AR
IRPRLE inode HRTE#M D ECHIEAEERF , LURIEBLE inode {24bF
FTRARE | BIEETSCEE B RAYBIZRR(ERA.

XM E BRAY , M RFAFRENXEFHELE DB — PSS
inode, LAY , HRFEETMEE Inode Bitmap , SH—1 8
MRCAZTHAY inode i, —B#HEFIZRAY inode , XHRFHS
XL NERREELAEERIRT | FHSHENAY inode #dE4E
MR F UGS B RAVEME. IXEF | FielERI e B REE 7
BHEh inode /S , HRILIFMERISERSERT inode R,

R EMBRHERERET | M RFESHFITIERAVERE. ERB%T
RO S B FHERER inode ATHIAZS , 1E Inode Bitmap



FRENANNEERRESERATHRE. XiF , XL inode 57
EMREAUA | AJLERFKRI e B R eI R E o .

Zx EF& , Inode Bitmap 2 ext4 MHRFH—NEXEERIEHERK
4, CEBEEEERED inode FISECFIEIN , HHR T SUER
FHIRSEEFIER, T BRAVCIEFIMRTRES |, X Inode
Bitmap RUEFEERMNA T DT,

1.2.6 Inode table 3|37 5 &

XIF extd B9 inode , I IEZRS =R (inode table ) AIK/NER
B8, RIBRSME , Eittb s 256 =1, IMBEE =1
IR XigitT inode (¥718 ) BUELEH -

struct ext4_inode {

uintl6_t mode; /* File mode */

uintl16_t uid; /* Low 16 bits of owner uid */
uint32_t size_lo; /* Size in bytes */

uint32_t access_time; /* Access time */

uint32_t change_inode_time; /* I-node change time */

uint32_t modification_time; /* Modification time */

uint32_t deletion_time; /* Deletion time */
uintile6_t gid; /* Low 16 bits of group id */
uint16_t links_count; /* Links count */

uint32_t blocks_count_lo; /* Blocks count */

uint32_t flags; /* File flags */

uint32_t unused_osd1l; /* 0S dependent - not used in HelenOS */
struct i_block i_block; /* Pointers to blocks */

uint32_t generation; /* File version (for NFS) */
uint32_t file_acl_lo; /* File ACL */

uint32_t size_hi;

uint32_t obso_faddr; /* Obsoleted fragment address */

union {
struct {
uintl6_t blocks_high;




uint16_t file_acl_high;
uint16_t uid_high;
uint16_t gid_high;
uintl6_t checksum_lo; /* crc32c(uuid+inum+inode) LE */
uint16_t reserved2;

} linux2;

struct {
uint16_t reservedi;
uint16_t mode_high;
uint16_t uid_high;
uint16_t gid_high;
uint32_t author;

} hurd2;

} osd2;

uintl16_t extra_isize;

uint16_t checksum_hi; /* crc32c(uuid+inum+inode) BE */

uint32_t ctime_extra; /* Extra change time (nsec << 2 | epoch) */

uint32_t mtime_extra; /* Extra Modification time (nsec << 2 | epoch) */
uint32_t atime_extra; /* Extra Access time (nsec << 2 | epoch) */

uint32_t crtime; /* File creation time */

uint32_t crtime_extra; /* Extra file creation time (nsec << 2 | epoch) */
uint32_t version_hi; /* High 32 bits for 64-bit version */

};

HARNFERICEGFIER  BREPIEREZERNZ i_block FR |, X8
[ 7 STH4RTTERT user data &, XJTARANGINH |, i_block AY
BXWAR , BHATiRIHT i_block 4584

struct ext4_extent{
uint32_t ee_block;
uintl6_t ee_len;
uintl6_t ee_start_hi;
uint32_t ee_start_lo;

};

struct ext4_extent_idx{
uint32_t ei_block;
uint32_t ei_leaf_lo;
uintl6_t ei_leaf_hi;
uint16_t unused;

};




struct i_block {
struct {
uintl6_t magic;
uintl6_t entries;
uint16_t max;
uintl6_t depth;
uint32_t generation;
}extent_header;
union {
struct ext4_extent ext4_extent[4];

struct ext4_extent_idx ext4_extent_idx[4];

};

Hp— 1 2E#E8M user data fiEIE , Z— 1 EEIMEVEN |,
SRIEESERIE AR ( block , KN 4096)

BREFHNNIFEN sdcard.img 1, #EE—FHI0 , B4 data
RIS TR ERY.,

Bid exta_extent B9 ee start hi F] ee start lo FATTLUERZ!

user data block 51,

1.2.6 I REZF

fEextdd, 0~11 B inode B, RE 2 2EREBRA | EREE
{REE. (BEERRBZRME inode table FVES |8 1, BEILtERAY inode
HZS|EBE inode EiF—.

1.2.7 B

£ extd |, BRIMAFTEFAK fat32 —=FEE , XBREEHRE
A FERHFRHAEKERRILL , BRENERIEREERN , F
EREXHNEFRRERE  MEFEEXGEFRII—MRER.
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ELFEANRIT T extd BRSNS -

struct dirent {
uint32_t inum;
uint16_t 1len;
uint8_t name_len;
uint8_t file_type;
char name[0x20];

};

XERATHE , HENXHEBFRERENT 3250, BEEEN
ERIET , EHEERE name_len FHigEN \0' | IXER/9EKA]
REHEMFRFIRIES Y AIReaBF i TR ATRE
BANERX A,

Ext4 BRIAE— MR, IRRE— 1 BRI , BAY len Z2ERAT
KINARET 4+2+1+1+name_len ,TIESTMNERIFHAZE block
ERAIF %

1.2.8 R HF

SHBERIEEERIREIFRITTEEZ—HFRY | 1RIE linux AYTR
H, HRRIRELL /1 Tk, WNRBRFRERK , SN
ER "SRIER" HTEK.

BANRIEXERAY inode SHKEILZBERAY data block , AFEMNE
BRI : MNRIBEI E@mATA len ZFEREL 8+name len (8 2T
name FENFHE ) K, SER len 80, NiER T BRIRE—
MNERIM , SHHER | RKEDRUY  SUEHERIVER | %1E
inode 5, S4t% data block , {EEXERXHRZA.




1.2.9 ReBR

XJF/proc BiE/syslog iXFS Y, EBRAFRFIETE disk ERIRFIASL
%, BAIFEAMMIERZTEIZER.

1.2.10 exec BZEX elf X4

RN RRT | BANEE T —LERR elf SHEMBIEARS block
size (4096 ) XI5F , FAIfER readelf &I elf HZHTRESEME
B, TRNBIESGZE elf HHANZLE

if((sz1l = uvmalloc(pagetable, sz, ph.vaddr + v_off - 1, flags2perm(ph.flags))) == 0) {
printf("uvmalloc failed\n");
goto bad;
}

//printf("exec: vaddr: %p %p\n", sz, ph.vaddr);
if(loadseg(pagetable, ph.vaddr, ip, ph.off, v_off) < 0) {
printf("loadseg failed\n");
goto bad;
}

//printf("v_off: %d\n", v_off);

sz = szl;

ph.vaddr = ph.vaddr + v_off;
if((sz1 = uvmalloc(pagetable, sz, ph.vaddr + ph.memsz - v_off, flags2perm(ph.flags))) == 0)

printf("uvmalloc failed\n");
goto bad;
}
sz = szl;
//printf("ph.vaddr: %p %p %p\n", ph.vaddr, ph.vaddr + ph.memsz - v_off, sz);
if(loadseg(pagetable, ph.vaddr, ip, ph.off + v_off, ph.filesz - v_off) < 0) {
printf("loadseg failed\n");
goto bad;
}
} else {
/1*/




//printf("sz: %d %p %p %p %p\n", sz, ph.vaddr, ph.memsz, ph.filesz, ph.off);

if((sz1 = uvmalloc(pagetable, sz, ph.vaddr + ph.memsz, flags2perm(ph.flags))) == 0) {
printf("uvmalloc failed\n");
goto bad;

}

//printf("exec: %p\n", ph.vaddr + ph.memsz);

sz = szl;

if(loadseg(pagetable, ph.vaddr, ip, ph.off, ph.filesz) < @) {
printf("loadseg error\n");
goto bad;

}

}

XS Fefi JHABEIRIR pghdr BYRIZEEII KA elf MHREE
i% AL loadseg tWEEHMERE REFELSARIITTERDRIA.
BERETHINESDER loadseg , FoEBCRRIZFERS | loadseg FNER

load By size FFEE load B size FiE#E return FNSHI bug,
1.2.11 QI

BB EME L EHRRY data PRI HNBE R G block
map #[1 inode map FHIFE—{L , XFZHIE 1 block #1 inode |, #2
&1L inode table FIENBXER , IRBEIFGHEERINE |, i)
REAENHRY data ESERN " A " BRI

1.2.12 BRI

BRI S eI SUH AR EIEIF B | (BRER TR, F(IEIUE
RWERAE , MBI EHESE,

1.2.13 XHERGHERARGHA




BE WEE

2.1 AFEXFEELE

2.1.1 13. 15 5%

Eriscv &b 13 SRBE load BF 15 S2& store B&E W TFER :



2.1 riscv Exception Code
Eit , HNFEARTTAEMIEIE map — MR, SR
B BATERIEES T —FRERERTIIENAE |, 5—M2
MERIHIZRT size LeFFIRGNE | —BRBEESTHR IR ERIA],
Bt RAE—NRRERAECEFE | BENRART , Bt , X
T/INTERIRE size RIEMIELE | BAITFREIESEUR

if(va < PGROUNDUP(myproc()->sz) || va > MAXUVA) {

pte_t *pte = walk(myproc()->pagetable, va, 0);
if(pte == 0) {

char *mem = kalloc();



//printf("pte==0: %p %d\n", va, myproc()->pid);
if(mappages(myproc()->pagetable, PGROUNDDOWN(va), PGSIZE, (uint64_t)mem,
PTE_W|PTE_R|PTE_U) != 0){
printf("mappages failed\n");
kfree(mem);
p->killed = 1;
}
} else {
*pte |= PTE_U | PTE_R | PTE_W;
}
} else {
// allocate one physical page
if(!namecmp(myproc()->name, "iozone")) {
char *mem = kalloc();
if(mem == 0)
panic("usertrap: no more physical mem!");
// zero the physical page
memset(mem, ©, PGSIZE);
// add the mappings
//printf("mappages: va: %p pa: %p\n", va, mem);
if(mappages(myproc()->pagetable, PGROUNDDOWN(va), PGSIZE, (uint64_t)mem,
PTE_W|PTE_R|PTE_U) != 0){
printf("mappages failed\n");
kfree(mem);
p->killed = 1;
}
myproc()->sz = PGROUNDDOWN(va) + PGSIZE;
} else {
uinte4_t a;
for(a = p->sz; a <= va; a+=PGSIZE) {
char *mem = kalloc();
if(mem == 0)
panic("usertrap: no more physical mem!");
// zero the physical page
memset(mem, ©, PGSIZE);
// add the mappings
//printf("mappages: va: %p pa: %p\n", va, mem);
if(mappages(p->pagetable, a, PGSIZE, (uint64_t)mem, PTE_W|PTE_R|PTE_U)
printf("mappages failed\n");
kfree(mem);
p->killed = 1;
}
myproc()->sz = PGROUNDDOWN(a) + PGSIZE;

1= 0){




}
}

Z LA FRERTUAN A5, | IXBEAFAIELLE iozone UiT
RAEHE |, MHRFEE fork Hi2 , HFHE size I X, FREAHIL Y
YIEERNFEATEARYIER , BILEHREE fork text F data Ez (elf XX
Ry ) |, BERAIIRT iozone HFERAMEHII S EAIHIE,

212 75RE

HEERLESL 7 SREEMNREIMEIR | Rt IFEATERIT
EFmA IR

uint64_t va = r_stval();
pte_t *pte;
pte = walk(myproc()->pagetable, va, 9);
char *mem = kalloc();
*pte |= PTE_U | PTE_LR | PTE_W | PA2PTE(mem);
if(myproc()->sz < PGROUNDDOWN(va + PGSIZE)){
myproc()->sz = PGROUNDDOWN(va + PGSIZE);
}

2.2 free AfF

XJT fork HRAYHIE RHIBBRE SR wait BiE waitod KERF
FHE (442 ) 1B , At , RIARBEESBERFHE (22 ) (&R
R BRENE EER(ITHETLENESRY NRERIUFHERIE |,

FEER lazy 4012 ) EIHFEA RS AREYERTF map HENRE

FA LR "B .

iE : uvmunmap 2¥EMHNESIIERTFENE map BIREL , Lik

FENE continue,

|void uvmunmap(pagetable_t pagetable, uint64_t va, uint64_t npages, int do_free){

2



uint64_t a;

pte_t *pte;

if((va % PGSIZE) != 0){
panic("uvmunmap : not aligned");

}

for(a = va; a < va + npages * PGSIZE; a += PGSIZE){
if ((pte = walk(pagetable, a, 0)) == 0) {

continue;

panic("vmunmap: walk");

if ((*pte & PTE_V) == 0) {
//printf("uvmunmap: %p %p %p\n", a, pte, *pte);

continue;

if (PTE_FLAGS(*pte) == PTE_V)
panic("vmunmap: not a leaf");

if(do_free){
uint64_t pa = PTE2PA(*pte);
kfree((void*)pa);

}

*pte = 0;

2.3 BRZEEHE

TERHNIENRATEANANEEE




Virtual Address
MAXVA »

Trampoline
Trapframe
Kstack 0 argument 0
heup argument N
0
stack address of argument O
data address of argument N
. argc
tText

22 FAFZAREFER
(BREFKA1Z1T libc-bench WiRl=AT , FMNAIMAZ=IIEN text
B2 . (BR text FAAILE , RIZAEERLGAENETE | B
WU stack BIRIEE AR data 5 stack RE—1 pgsize( 4096
F1 ) KN

FEH , BIZEERPEN—EHEER

uint64_t aux[MAXARG * 2 + 3] = {@, @, 0};
alloc_aux(aux, AT_HWCAP, 0);
alloc_aux(aux, AT_PAGESZ, PGSIZE);
alloc_aux(aux, AT_PHDR, ph.vaddr);
alloc_aux(aux, AT_PHENT, elf.phentsize);
alloc_aux(aux, AT_PHNUM, elf.phnum);
alloc_aux(aux, AT_BASE, @/*interp_start_addr*/);
alloc_aux(aux, AT_ENTRY, elf.entry);

alloc_aux(aux,
alloc_aux(aux,
alloc_aux(aux,
alloc_aux(aux,
alloc_aux(aux,

alloc_aux(aux,

AT_UID, 0);
AT_EUID, 0);
AT_GID, 0);
AT_EGID, 0);
AT_SECURE, 0);
AT_RANDOM, sp);




2.4 AEERRXRSRFER






B=F HIEE

*EZIEj/ \?mﬁ

T iozone Jliftsx , FBRIT shmget, shmat EEZRFEA | Xt
TEAEA fork FHEN , FEBHENFXRSEFHEFR
SIZEHERAMIERNEX |, XHMBER( &N fork B9HEXEIE.

for(int id = 0; id < 4096; id++) {
if(shm.pid[id] == p->pid && p->pid != 9) {
//printf("fork: id: %d\n", id);
for(int i = @; i < shm.shm_length[id]; i+=PGSIZE) {
//printf("fork: %p %p\n", shm.addr[id] + i, shm.pa[id][i / PGSIZE]);
mappages (np->pagetable, shm.addr[id] + i, PGSIZE, shm.pa[id][i / PGSIZE], PTE_R | PTE_U
| PTELV | PTE_W | PTE_X);
}
}
}

3.2 &5

ZIE2IEY clone RAER , REEE thread clone EIEERY |, F
MNELZENA "SERXEESEEEZRENFHE" | AL
thread _clone B85 fork 18{l , REGRQHRIRA =BT IRETHY




YR Se e S S IRGT R FIARERIYIEE L,

int thread_clone(uint64_t addr)

{
int i, pid;
struct proc *np;

struct proc *p = myproc();

// Allocate process.
if((np = allocproc()) == 0){

return -1;

// Copy user memory from parent to child.
if(uvmcopyl(p->pagetable, np->pagetable, p->sz) < 0){
freeproc(np);
release(&np->lock);
return -1;

}

np-»>sz = p->sz;

// copy saved user registers.

*(np->trapframe) = *(p->trapframe);
//printf("%0x\n", addr);

np->trapframe->sp = addr;

//np->trapframe->tp = addr;

// Cause fork to return @ in the child.
np->trapframe->a@ = 9;
//printf("%@x\n", p->trapframe->epc);
// increment reference counts on open file descriptors.
for(i = @; i < NOFILE; i++)

if(p->ofile[i])

np->ofile[i] = filedup(p->ofile[i]);

np->cwd = idup(p->cwd);

safestrcpy(np->name, p->name, sizeof(p->name));

pid = np->pid;

release(&np->lock);

acquire(&wait_lock);

np->parent = p;




release(&wait_lock);

acquire(&np->lock);
np->state = RUNNABLE;
release(&np->lock);

return pid;

BHE [FSHE

4.1 (SSLENFIEE

£ Linux R4t |, (552l , BT EAHERE NS HK
. AEREEIESH  EULIERBIRZES. mR%ESHR
T ERIESAIEREL , BREPITEOANRIE (R IEHE ) . (554
BRI OET I EHERIER SR E R EMERYRIR T S E
HATIEFNALIRES

2 (55K ( Trampoline ) SE1}

SSHRE—TMSARINIEER  HERRENESAEREINITE
[ERIBKEE R | HRRIEHIRBEB 2R BIZIRFS, EERREI4
BEPREUEIS A sigreturn RETERRESELINIX—I108E. AT , TFEE
BERIE | sigreturn B&FHH rt_sigreturn ( BFEAHES ) ATEX
X BARERHTETFNIS  BEESHRFINKES




asm
.section .signalTrampoline
.globl signalTrampoline
.align 12
signalTrampoline:
# A rt_sigreturn REHS
lia7, [RT_SIGRETURN_SYSCALL_NUMBER]
ecall # HATRGH

4.3 (ESUERERINT

SHEEREIESH , RS EEZHERNIT  FRIEESREER
HAENAHSSAIRREL. WMRIRE TESHIERE , AR EIR
HRAFSLETY (BRSNS, RS ) | RatIRERN
ZSHITIESHIRRE. EESLHEREMITAT , RizaEiREltEI
IRE BRERAIIE | RO SRR REIE R [ EI AP,

4.4 (FSHRELNE

(ESHREMIFENREESUHIEREBTIIES HIEDTRERIREI
FESHIER. Linux RIZBEESHEMT ( signal mask ) SKETE
SSHIRELE, SESHERHFEITE  AZSBEmE SRt
ERESHIIEIHENESFERFF IOz ESENESRETEE
XL, BEIESAHEREHITREFRERIAFSE ZIE54%
MR |, SOTTHEIRAE,

4.5 EMESHATENE

FEFMESHATENEERNR  EESNIEREGATHAE | INRHRE




BXEREIEMES  WEAGABRT  ZESSH2E  BERISRE
SHERHNITRE., XBIEHESHECELSI (NREA
SA RESETHAND ) S EXNEEESFERFRKILIN. BIRE
SA_RESETHAND #5 | (S S4BREH TSNS | %S S H0MESS
ASWEENRA (BEEZLLHE ) , NmkLL T EMESHER
SZEPAbEE,

SFhE SEINEELARFRTE

5.1 iV RERIR

Ext4 block RIK/NA 4096 =75 , (ERHIFRERNENFTIANA
512 775, EFNEIZSHERIRELE.

5.2 exec pi#

AT LR, KINETERFRBGRIE—  TERIUEHKT exec BXIE

1B, IR THEER.

5.3 elf 3Z{4isEHY



BA BT elf SUHHZE , #HTARETH , RIS 2 HINRTIE,
ZIFEES  MERTANI ESET EUAFNREAE T | XixiE
HAERIRE elf SCAHEENHIN 7 iaIRR |, Rl JRURERATIS AR RS
elf 3214, BHTFIED , ABERTHSI TREE sdcard.img , MZRiE
R ERINVERBIER,

5.4 wait tHX#0

HAVERT wait REERRS |, F—NIERXDABE sys_wait 7
sys_waite4 , EA MRIERRAASXOXRNRFEREA ; F1H2
sys_wait64 RY pid BEIEER-1 , IXEFAIRARIBEALF , R
EFHERE  SOHE TR | EIFA NS T HEREE. XN
[B)ER(EEA 1B L pthread join BUIRRSATNAY , FHEIEBUEH.,

5.5 getdents64 ZFiEA(EY

BAIRIHIT getdents64 RGERERY , JTERE busybox Is B , ERHAAZRIER , T2

HAHEHEOEEE | sys_getdents64 FEIRE F—1BERIER BHRFHIRRE.

5.6 WFZRERIZI5F

NFIFREL , HAIFERTS mstatus FHITER , EBRENBENT :

li t5,-6145




and t6, t5, t6

li t5, 1024 * 2

or t6, t5, t6

li t5, 000006000

or t6, to6, t5

csrw mstatus, t6

ZRTLARZMER , RREIET time-test Uik mpT , SR2HIIERIE
<, FIED elf Z[RtEAILREIA , BB L opensbi JRISRT |, &
IFEERIRLT | LR riscv (I D A0 F 3T /R,

BNE FMERES
6.1 net $&{E

HATRIT T net IBREOLINEIREN (EBEHKEHTRRULSA
Wit , TR TTE net I2B(F.




6.2 MNIFRFHETE

EBN IR X HRFEXRIEE | FEAIMPRFIEIESY: | sdcard B
ARTLAERHRT mount B linux BISZ4E | iXiRBRRARNIRITIA RS
4k | FAsAREERIT |, 0 linux #24.

6.3 XIHLEIEEIR

A TERIN LSRG kernel IBIEBRT , iIRBERX , FRE
MBS,



