xv6FRRYEEEE 3 (4

asm.h

EXT—HRATEIENEKE x86 RIBAFFATCRE. XLRERFRATRTRERESRIG, 55!
27 x86 ZRHGRIRIFIEIUT.

75 x86 2B, PTFETRIKHT ERISIAR (Segment Descriptor) **SREMARMIMEER (0LH
B HiEE. HERS) . SIMREEFEAUTES:

1. Bl (Base Address) : ERFEMIIERFCRIOIZAAMILL,

2. R (Limit) : BROA/NGKE,

3.8 (Type) : B, ATATHUTIIBEE. ATIEEE,

4. 1R (Access Flags) : ENEMOHARIRAEIE, MEETE. T5. AHTS.

bio.c

SKHLY xv6 BMERFPRI*EITXERF (Buffer Cache) **Hlfl. ZPXEFRERFRETRTEHE
B ERLENERE M.

EHXEEFNERN

EPXEFEERTIATUATS@E:
1. ROHRIBRRE . BIEATHEFRERNEIR, BONHBISIZEEERE, NMESRR
ERE.
2. BEEZHEAE: ZNHETRERNETERNEER, BPRKEFRET LR, WREEN
—EUERNTEE L,
3. IRBIRRIRNEE: AFELRERERRT#ENE, BIEFRAREE, JUSERESEELEN
J\EEO

EHNREFNEFES

FPXEFR—EZTX (struct buf) AR, XEEPXLGERTNER. SMEFRAR—AH
BRIVBEIAR, AESEXNTEE TRES. RS, KSIRSE.

bootasm.S

xv6 BERRENIFEFRIREA N, RENEEX (Real Mode) tEEIRIPIEL (Protected
Mode) , F¥IIAHEBREARTR (GDT) . ZXHEEENS I SNEEFIN—ED, AT ERIERSKNY
RIRE.
o MEtEIDIRBNRIFET: x86 AIREEEEIATATLES,, ERARAIIIEFIHELEZSE., ATZ
EIMARIRMERFIER, SEIHRENFIFEDR, LFBEXAbIZSEFIERAI R TREIPE,

o IRELBHANTE (GDT) : GDT EXTHREFREN, WELL, FRMGEMR, 2RFPEIT
REFEERRYER.

o RLERSEER: ELIER. HERFRSFR, FHIENERNAER.
o AR CiESHRBRAOES: THEFIRER, BiEE CIESRERINZEHERE bootmain,
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bootmain.c

XV6 IRFFRGEE| SMEER: (Boot Loader) HI—2E8SY, THERISIRMERITOPIX (Kernel) MEAALIIZE)
PEER, SRS, BINTIS, XERATSTIIT 3 ISIISRFARIAe, IEmam e
BRI, EEMRFEREINED. LUREEIR RN ST ERS.

o EEPHING: MNEERIOREIE (BRREANSE—MSRE) N ELF ESHPRIE.

o B ELF 5 WVESIOMISREEMA ELF ATHUTSTH,

o DNEIERRER: {RUE ELF SLoRRORRIFERSE, 15 MER RIS EIPEIOI SR bt

o DBSEIRIRADE: SAPBIIES, BEEIREMALS, TR TR ERGRIRRAR,

buf.h

EXT—NEBA struct buf RIS, DR PMNETFIRRE TXIRESIZ B_VALID 1 B_DIRTY ., IX
PNERFIZATE xv6 BERFH BT+ E P XERF (Buffer Cache) **Hl#l. BEMXEFEXHR
FIMEAEENZOEE, RSBt E IR ERAEEFIS NIZE,

cat.c

xv6 BERFEPRI— AP TERERF, SEMT **cat** @pORITIEE. cat 2—1MEIAI Unix @<, A
FERHATHBERHEMERH (BEE%R) .

console.c

SLHL T+ RERFPRIEFIGMASHH (Console Input and Output) **IhgE, Bk, X2 xv6
BERGHATHERREANIFER LR OAN. EHeaiEFRsNE2RBREN, 75
HEMHEIETE, RRGEEXNRSIIEREE.

date.h

AILAES SD RZf5, MAUFHANHRANBE T, RIFINE, MHRAMZAFESR—LEN
MITT, EROZARXAINF, FRSBRSIESTEHKI].

BT SDRERzhzfE, BAIRILAARBIRT xv6 RS, HITTLBAEMHNHEHRSR, SEBCEXH
g, SRR EEREBE LIFRIHEREAR.

WRAEBR, JLBRRIEEBAE: linuxgnulover@gmail.com .

defs.h

BET—RYEEARNRIRERIISZSMNESE (30 bio.c. console.c. file.c &) FRFREE
BH. XMEERIS B EEIRERRIZAIL I

BT EARRRIRX 4 [AHEERRERIE XL

echo.c

ST —MERNAFTERER, RIUT Unix REHRY **echo** a3, ZIEFE xv6 EERR T
TRapHMTSEGTNENERE (BEERR) .
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elf.h

TFEXT**ELF (Executable and Linkable Format, RIHTSRISEHEIET) **AHITXHRIEH, BEX
3k (elfhdr) FIEFERSk (proghdr) , LARAEXRAIZREN. ELF BIMURIERSGEH 2 ERRIAHR
17380, HFRIRTE Unix #0128 Unix RS (40 Linux 1 xv6) i,

FEAHMERS
BREX

® ELF_MAGIC:ELF XHRIES, BFIRRXERENBEREN ELF alhiTxd. EERN
0x464C457F , YIRIAY ASCII =458 "\X7FELF" , X2 ELF AR ESS.

SZiaEX
e struct elfhdr: ELF XXk, B TXTEND ELF XHHESER.
e struct proghdr:fBFEL, AT MHHENMEFRNEMKEE.
BEX
® ELF_PROG_LOAD : FEFFRREER, RNZEBRFEEMIMNEEIRFHHIT.

e ELF_PROG_FLAG_EXEC, ELF_PROG_FLAG_WRITE, ELF_PROG_FLAG_READ : T2 FERHINRITE, P
AFRAHIT. 5. AESR.
entry.S

xv6 RERFE ARNEINOR, EERFERRS |ISITETHTRIEHRENNGTERE, AEK
EHERAERRIARZAIERE mainQ . EXHESTILRESHAEN, BTS5ISNEER (1
GRUB) #f7RE, FREVER CPU FEIAFIR, LBREERSESBIER ST,

entryother.S

xv6 MERF FRTENFINRHESLIER (21%2) RARTIFSISIESS (Application Processors,
APs) HOEENEE. ZRBEETILRESIIAENY, EBIES|ISAIEEMNITES (Real Mode) 1
EfRIP1ET (Protected Mode) HERS TG, AREHEHINGEEBEINZAISIRBRALO R

( mpenter) ,

KBS R
1. SHEA SFRIPRR

o SR (Real Mode) : x86 SMESSHRHEITAER, MH=SIEIRALS 1MB, HEMFRIPHIES
IS,
o {RiPHEsL (Protected Mode) @ STRFERAINE. POFIRIP. SAESHIEAMIZE, TRIIER
AR TIER,
2. 2FHEAFER (GDT)

o {EM: ENRIEAFT, =HAFHESPRIIRIVEL.
s AE: SRETHERN. IBBREmAFFEIRRIEATT, HRARERIVIERILRFERE.
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3. {Z#I557728 (CRO, CR3, CR4)
e CRO:
o **CRO_PE** : {RIFHRI{(ERE.
o **CRO_PG** : 73TA{ERE,
o #*cRO_WP** : B{RiP, PrlERFEIATHERRIER,
e CR3: FEXFITIERAIEINE, AT REIEIEERIBIFAIBRET,
e CR4:

o **CR4_PSE** : TNA/MIFE, f#RE4MB I,

4. AERS 3 TNH

o TAHF (Page Directory) : €2TIH=ZRIN (Page Directory Entries, PDEs) , & PDE {g[a—
NIEREE MRS —INKIR (W1 4MB )

o HTINH: FEMBIZSESEIAR, FERNBERMIRE THELEE, SCREMNAFHIRER
.

5. P S ZARREE

e [Pl (Inter-Processor Interrupts) : FFEZAIESRR AP RS BAEEMEL, flanE
SR habIEEE,

e STARTUP IPI: RERIFINES, BTEMAESISAER, BEEEIEERIENEIbIL,
exec.c

LY *rexect* RFEEA, XE xv6 IRMERS HHETEHRLRIHATEMS (Process Image) AFEIAT
HUTIEFHIREREL, exec RFAARAATF—NHEIIEFHIT—DHIER, SHESEIRRE. 5
B, (BIREEHERRR (PID) FOELEEM,

1. BHTEIRER

exec REEBNEE(FRERSRIEEAMI=EERAFIATHIIT MRS, Bl ™MES:

o DNEWFFROTTHATIE: BRI ELF X4, INEEEREREINETH.

o IREHENRERE: MIEFSRAT, RERE.

o RIS E. HEEAFHE, ERERSTSH.

o EIMHRRAVRS. EMHENAORFMERET, REFITHIT ETX.

2. 3THFSESTIHIEER

B exec, BFRFHEBER—HEIRRFT (PID) PEITABNER, LUSESLEHEEE.
XESRERFEBEIMERRR, FARIFBFER—RESSIETE TSI FEER.

3. AFERSENAF

exec KITTRERFRIEMNATEERNG, BEREKEE. REFESTANRFP. BYIREHNIITTERN
INBAEFFER, exec HRITERFEIRMAIMBIIZETIET, BRARHERNAT PSRN EE,
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4. X RFSHFFRE

exec SYTHRGEEIME, BT namei I readi ZEEELHIFNIEINAHTSING. THAZH
RS AIRSIE, HSNEEERGIETIE, SRS InE:.
fcntl.h

EXT—HR, XERRATRFNHEFIRILEEINITA., XERBREERERFINARSLI
PER, FBRIREGIEXAFTIF (open) RETERRT.

file.c

LT xv6 EERR FRISUHEATEERRR, XA ABAREERRTMEFINE, LEXXH
RISES. SIFLTEL. SRR KIS 4FINRE.

1. (iR fF (File Descriptor)
o EN: MHHARRE—EY, BTSRRI RISFeHEM /0 R (WEE. 88%) .
* {EA: ERFT=EMNNZZRZEESEXHEFER, WIZBE SRR EERIIGIRENAT
HER,

2. X% (File Table)

o &18: frable 85— ERIFI—HEE, BTEERRPAEIFFAIG.
o R¥: BledifRESHRESEIENET, WXHRILRARLGIELZEMN, BIEEERFIA—
.

3. 5|it#% (Reference Counting)
o L& BT ref FERIRESSALEMMNMES |FHRORE, BIENEERE— 5| FEBRNET EfXE
EERE,
o SCIR: filealloc. filedup F1 fileclose FREFVEITIEH ref FEXREIES|FITEL

4. {38y

e ¥¥FD_NONE** | R MR RER.
e *¥FD_PIPE** ! FRRNIHBIATHEAEE, BTHZEES.
e #¥ED_INODE** : FSAHEIATHER inode, BHEXNFHE FRISEHTHISE.

5. MIHEE

o **fileread** FO **filewrite** : DBISCHINAHANEEFIENINEE, STFAEEENE (B
8. inode) .

o **filestat** : JREBUHAITTEIE, FEHATF stat RAFEHA.

o =*filedup* : SHIXMHEANSIA, BHEE fork REEAPER, AFFHERRHEZN
SRS,
o **fileclose** : XFANMHEARF, EESIAITE, WRBFENBHBEIHER,
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file.h

ENT **struct file**_, **struct inode** ¥ **struct devsw**
£, FEIPT—/MESE (Device Switch Table) **devsw** , X4k
ZEAUBTE xv6 IRMERA PAFXEHEAFTERE. XARFIRELIRISSFIEIAYSE
imo

struct file {
enum { FD_NONE, FD_PIPE, FD_INODE } type;
int ref; // reference count
char readable;
char writable;
struct pipe *pipe;
struct inode *ip;
uint off;

struct file FMRRR—MIFRISEHHEAR, HRTSXHRFRXIER. S MNHEA A
5% (File Descriptor Table) HHISZBEEBXIR— struct file S,
FERREHT
**enum { FD_NONE, FD_PIPE, FD_INODE } type;*¥*
o BN MHRIRE, FEMZNIHERSEAIRISREE,
O *¥FD_NONE** ! FRINZMX{HEATFARMIER.
o **FD_PIPE** ! FNZMIHHHIATHER—MEE (Pipe) , BTHIZEIER.
O **FD_INODE** : FINZMMHHHARFFEE— inode, BHEXN TR FAIXHEIRE.
xxint ref;**
o BX: 5|, BTIRIRZSHEARTRS | BIRE.
o {ER: MRNHRREABRTASHEATTS | RS IEREL.
**char readable;**
e BX: &, BmzXHRETIE.
o {EM: EHTISEUR(FRIIGERIR, BHLERIZAANEE.
**char writable;**
e BX: IF&, ETmZXHRETE.
o {EM: EHUTENEIFEHMEENIR, FILERIFNAIBA.
*#struct pipe *pipe;**
° BX: IEE—EBEIRIEE.
o {ER: HIIHHEARFEEYS Fo_pIpE BY, IEMAEMMEE, BTHEEEE,
**struct inode *ip;**

e BW: EEM— inode EIRRIISET.
o {EM: IMHEARRFEEYY Fo_INoDE BY, EAEENAY inode, FTRNAHEHE CRIMVENBEMY.
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:'::'cu-i nt O-F-F; e

e BX: MHmEE (Offset) .
o {ER: ICRIMHEATFEGTREENE, BT 3FEREEERF.

// in-memory copy of an inode
struct inode {

uint dev; // Device number
uint inum; // Inode number
int ref; // Reference count

struct sleeplock Tock; // protects everything below here
int valid; // inode has been read from disk?

short type; // copy of disk inode
short major;

short minor;

short nlink;

uint size;

uint addrs[NDIRECT+1];

struct inode FEHIAZRT— inode FIRFEIA, IHET XXM RFTRITTEIRFIEUERIBIL,
inode M MARFFRATHEAXHBIUAFE SR XRBEIRSA.
FERMEHT
wxyint dev;**

s BX: RES, WRNMAENIRE.

* {EA: XOARIRE LA, IFLREXHFRS.
®%yint qnum;**

* BX: inode 5, ME—HRRIZE LAY— inode,

» {EF: RTEHMSIARER inode,
**int ref;**

° BX: 5IFIT#, IRERZ inode %5 |FAADREL,

* {EA: R inode TEARBRUEAISUHEIARRTS | RETHRIERRRREL,
x#struct sleeplock Tock;#*

o BX: RS, TR inode EHIRRLITFERIF & IHIE,

o {EM: PHLEZMHIESEIZEREHMER inode, FRREUE—EUL,
**int valid;**

e BY: IFE, 18R inode RBECMNHEIEEEINTE.

o {EM: HRARABEXNRT inode #fEMA, FHLLERIZRMIRMCAT inode,

**short type;**
e BX: inode BT, SHIEHAE LAY inode,
o {EA: IECIHEEE, MEENXH. BR. REXYSE.
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**short major;**

e BX: FRFES, WRIREREL

o {EMA: BFRENY, ErERIREKNER.
**short minor;**

e BY: RigRFES, WRRIREHIEMARLS,

o {EM: BFREXH, ERENRENRS.

**short nlink;**

o BX: BT, BTASONIHEAFFERIZ inode,
o {ER: EIENMROTHES, MRIRSHTETHEZATHMER.

**uint size;**
o BY: MR/, LIFHREAL
o {EH: ICRUHNEIEKE, BT XHHEISHIFHEETE.

**uint addrs[NDIRECT+1];**

o BN HIELUIEE, BIERRI— AR,
o {EM: ICRMUREIEFENE, SHSEEMIEEbIRET,

// table mapping major device number to
// device functions
struct devsw {
int (*read) (struct inode*, char*, int);
int (*write) (struct inode*, char*, int);

I3

extern struct devsw devsw[];

struct devsw EHAATREFREFNETE, MENHRBNTRESIENANEERE, RBTIRER
(Device Switch Table) RIFRERFABITIRFSAAIERIREIRNEREL, LIRSS,
FERfEIT
**int (*read) (struct inode*, char*, int);**

o EX: IEMNREIRNENEREEIEET.

o {EM: ATEENUREEUE, SEEEGIE inode 88T, B MXHEUEANEENFT524.
**int (*write) (struct inode*, char*, int);**

o BY: IEMIEEIINERERIEE.

o {EM: ATFENREEUE, SEHBEESE inode 185, BPXMUFNIBEANFTEL
**axtern struct devsw devsw[];**

o B FEERIMNEBE X ANREIRREIA.

o {ER: TESUHRAARTEENSHEFREFS I BIRERD, hiSARREINEEREL.
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ERERFRRER

1. XIHEIRTEE

M{HHAFF (File Descriptor) ZEMFRAHBTIRAMEETAXHIMSHEES. B struct file
ER, BERFREBIRES NIRRT, KB, SRMME. TR HEA T EENEED

ge:
S ECFIEER R TS -

o (ERISIAITER (ref) EENMHHEAFFRIEREN, WIRMRIREABRYTAHES | FBETHIER

XIERENXHY:

o B type FER, SUFARERERIY, WEE (rFo_pIpe) #inode 34 (FD_INoDE) , LAK
ARKAJREN FRANRE M.

IRBRIE
* @Y readable fl writable fid, HEHIUANESINR, FRIHTERREETIRINISHEE.
2. U RGHFE

struct inode FIHBFAISTIHER/ERREL (40 fileread . filewrite. filestat) LM T HEHZRSH
ZIhEE

XHEEFISA

o RIEN(HEE (FigEL inode) , ARMBENANEEREL, SCIEURERIESIERF.
IRENC (TR

o @Y filestat REFRESHHITTEEE (AISXMHA/N. BUR) , BATSHF stat REEA,
SIFRHEERE:

o TEMHEATISE. SRAXATRET, B3| BEHEEERN R RIVIEREIEIIRL.

3. IR EIRENZIF

struct devsw EHRNIRBHREAIHHMFRASIBL EIRESHSHBBENANRSIXNEE, LIS
FENRERIHSACIEE. Fan:

EHees:

o JBITEN consoLE FiRFES, BIFRFEALAER devsw[CONSOLE] . read #
devsw[CONSOLE] .write SCHIXHSHISHEUMANGL.

i RigE=R:

o BUEY R devsw ¥, IFESIRERE, MHE. WEEO., BinF, ERRFHIREINILE
.
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4. ZESSHE

BT ERES (spinTock ) FIREARSN (sleeplock) , AR inode BIESISSHIMNSE
RIS RO &), TR — SRS,

forktest.c

FBF xv6 RS BUNKTERE, SEWIE **fork** RFEEAAEHIER (Process Table) EiFiItEE
BEIBH AT,

**]1. fork** ZRFEH
o INEE: BIE—NNTFHIE, FHERREAHE (HE) NEIK, HERRNRE. iR
.
o REE:
o 0: FEFHEFIRME],
o FHIE PID: ERHETIRE],
o fifH: FREIBEFHIELY.

2. 1HfE¥&E (Process Table)

o B BIFRARZEFISIEEN, AT REFEEBE TR,
o BRE BHEROANEREEIRN, BMREKSH (W NeroC) RE, BIIIRHAT, fork MiZEE
£,
3. 5|Hit%E! (Reference Counting)
o B BURENROIARY, SERERNSTAEN, LTS,
o EFEFEHWEE: SO FHHHEIRAMEING A, RSB, MR B
5| FRRHRERRRERL.

4. FESHINE
o EIHEH (Spinlock) : —FMTS(SROSE], FIT/ESHENE FRPLSHIREN,
o GAEERNEA: BERAET ARSI AR, BRI AR5
4,
5. **wait** RAEH

o INgE: FEFHEER, KNEBRHIRE.
o HEFEFPHINA: THIEET wait BRI FHIZHCEREL, BREFHE.

fs.c

xv6 IRERF FXHRFALIAORS, FE T XHRRNSPERIR I, XLERBREER
BERNDESEN. BECRUSSHEERKES. inode NHESEE. BRIBMELUREBERTS,

MHRFHANEREN:
1.8 (Blocks) : BT oECHEERIAHER,
2. BE (Log) : ATELREFRIFRKE.
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3. X4 (Files) : inode g, EE. BAMTTHIEETE,
4. B% (Directories) : 455380 inode, B&HE( inode BUFIZE.
5. &% (Names) : IREM#MT, 20 /usr/rtm/xv6/fs.c, AT EEDR.

DS E BN T RGBS AR, RAEBNSESSIUGT sysfile.c &,
fs.h

ENT xv6 EERS 10 BT RIHER, X— RIS IA T S RAERL R RO BRI
RGN, (PRI ER LR R,
1. ZEX

#**¥ROOTINO®* *u **¥BSIZE**

#define ROOTINO 1 // root i-number
#define BSIZE 512 // block size

e **ROOTINO** : EMIRERM inode B4 1. AXHRESRF, REREMEEMIV4FIE RAVE

\\\\\

o **BSIZE** 1 EMRANA 512 15, RENHRFRIEAMERN, FIEXHEFEHRELIRS
B TRY,

N REREIRGEN
// Disk Tlayout:

// [ boot block | super block | Tog | inode blocks |
// free bit map | data blocks]

o WRBHRE: WMATXHRFEHELRYIERE, BB (boot block) | &R (super
block) . HE (log) . inode R, Z#{UE (free bit map) FOEWEHR (data blocks) ,

BR#l inode 1BXE

#define NDIRECT 12
#define NINDIRECT (BSIZE / sizeof(uint))
#define MAXFILE (NDIRECT + NINDIRECT)

o **NDIRECT** : 8 inode BSRIEIREIRIIIEE N 12 . ERRERIERNHIVEUER,

e *:NINDIRECT** : & inode B EZEURERIBLIZENE Y BSIZE / sizeof(uint) ., [BIELRES
[—MR, 1ZHREE S SRR,

#define IPB (BSIZE / sizeof(struct dinode))
#define IBLOCK(i, sb) (i) / IPB + sb.inodestart)

o EMAXFILE** | — P9 AEUEIREIE 9 NDIRECT + NINDIRECT, B 12 + (512 / 4) =
12 + 128 = 140 MR,

o xx1pp** : NP EH inode #{H, I BsizE BBRLIEA dinode BIA/N,
e **TBLOCK(i, sh)**: ITEES inode i PHLE, EF#BR&KIE sb AY inode LSS

inodestart,
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#define BPB

(BSIZE*8)

#define BBLOCK(b, sb) (b/BPB + sb.bmapstart)

o x¥ppR¥* 1 ENTRUEIRESHINEL, 5 BSIZE *

ITEESR b NTRUEIRS, ETFERIR sb =HMEREIRME

e **BBLOCK(b, sb)**:

bmapstart,

BREWEXE

#define DIRSIZ 14

8, BIERE 4096 fi.

e **pIRSIZ** : HRIMBMMREAKEN 14 F15.

2. ZE18EN

**struct superblock**

struct superblock {
uint size; // Size of file system image (bTocks)
uint nblocks; // Number of data blocks
uint ninodes; // Number of inodes.
uint nlog; // Number of log blocks
uint logstart; // Block number of first Tog block
uint inodestart; // Block number of first inode block
uint bmapstart; // Block number of first free map block
i
e {EH: BRREANHRFHNEBRER, BESXXEREFHIZIRE.
o ZFERRRMT:
o **size** ! NHRFMRAIAN (LARAEAL) .
o **nblocks** : EWEHRAIZEL,
o **ninodes** : inode PIRZ].
o **nlog** : HEHRIEE, BFERIKE.
o *¥)ogstart** : HERAGEEIRRE,
o **inodestart** : inode HAGIEIBILE,
o **bmapstart** : ZRERAGEIARES,

**struct dinode**

struct dinode {
short type;
short major;

short

short

minor;
nlink;

uint size;

uint addrs[NDIRECT+1];
55

//
/7
//
//
/7

File type

Major device number (T_DEV only)

Minor device number (T_DEV only)

Number of 1links to inode in file system
Size of file (bytes)

// Data block addresses

o {EM: dinode HFRMAAR ERY inode £51, HHASUHAITTEIRFISUEIRIBL,
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o FERMRF:
o rtypers : YRR (MIER. BEIM. BEIHS) .

o *tmajortt Fl *fminor+t . FRESFIRES, (UHEIEN, ATRREKNLS
IR

o **nlink** : {g[MAl% inode AUSEELE, FRTEZ/PBERMS|AZ inode,
o ®*size** : AKX/, LAFETNENL
o **addrs** : HUEHMHIEA, B NDIRECT PNELEZSMHHRN—/NEEitt,

**struct dirent**

struct dirent {
ushort inum;
char name[DIRSIZ];
it

o {EF: BRI, FRESPN—EE, DETHEAMAL node S,
o ZFERREMT:
o *xipnum** : FEEAHY inode £,

o **name** : N{#H, BRAKEN DIRSIZ FTJ,

grep.c

—MEERRY **grep** TRAISLH, ATEXHEIRERAPERMNSIFEENFRATUEAT.
grep /2 Unix #138 Unix BERFEHERNG ST IR, BT NARZILE.

AT T — NEAIRAHS grep TH, (G RENZARIBIER:
o wenws s CURRTAOFEIA,
o wx wx: ORYEEEANTA,
o wrenr: UEBI—AFHBRRSR,

o wxgEx: PURBITRULEIR,

ide.c

—/ f@5RYPIO (Programmed Input/Output) BEFHIIDERENER, AT SIDE#EHTRE., %K
HEF AR RESIRE, SEEEIEKAG, FOIEE R, LIRREIRAIEREmAR
&,

1.PIO (Programmed Input/Output)

EX: PIOR—MiBIECPUERREH/OIRBNVEIEERSN, HIEECPUNNREZEET!/ O5Fas
HATIEH.

5=

e AIfFEFADMA (Direct Memory Access) , #iBEMBECPUEIZEIE,
o S, (BXERR, ERTRSHEAE.
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2. BlbEdi (Spinlock) SEEARE (Sleeplock)

o EhE:
o FFRIFHZEREN (AIEKRAG) FESZIME THIFHRGIE.,
o T, ITEF (RIMOESURES, EZIREEY) .
o EARE:
o FAFRFEHK (bufEHIMK) RISIEL.,
o ERMNGAR, HESHANERRS, SEIREN, BRILES, ReCPURIRE,

3. FRERIRENI/O

o FRlfAME:
o WiEBIR{FE/R, |IDERBESAHFIES, IKiEFiET PR ERREL ideintr MK, STAY
IR ERMH B T —MEK,
o 2X1/0:
o I/OBRMERIREME, IRFEFET R AIEAEIZI 0%, EERAMFEIERE,
4. EHPXER (Buffer Cache)
o EHE (**bufrr) :
o ATEGFNHRFREE, FONHMENERRE, BSI/OMEE,
o BKPATI:
o ETPEREIRGLHIER/OEK, BIREFIITIIESNA AT,
5. I/0iRO5 S 51F=
e |/0¥%O:
o |IDERFZBIT—ELSFENI/OROSCPUB(E (80 0x1f0 & 0x1f7 )
o MOHFFE:

o EUBAMGS (M. B, ZEKESE) 2 ox1f7, #=H|DEREHITHENMEE.

6. SHRSTFF

o IBFIEE:
o JBiZI/OumO 0x1f6 FS4NNEFEARMIDERE (E8/ME) .
o IOMBEE:

o TEAHEIS IS AFES — NDERERSE, FS AR T,
init.c
ST TIR(ERAT *+inite 12/, XERPRIE— R, EEEFRA init#iE, 7ERUnIEME

B (axve) B, init HIEEEXREAE, ARENRFEMBIAE, MEsishell, FREE
BHERE e EHA.
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RREE

e kkopen¥ :

o FIFXMHELIRE, IREISUHERRT,

o FEHIEHRATHIH=HIAIRE,
*xmknod** :

o BlE—MEIAXM (WRESH) .

o FEHIEHRATARERISIRE .
o wrdupt

o SHISHHEARFRT,

o FELHIEHRATEIRERAS T RRER HiREE R,
SRR X

o BIE—NEAFIRHE, FHIERHZEAEIA.
o JREIFHIEAIPIDISRHE, IR[E 0 L5FIHIE,

o Frexeck¥ :
o EHRHpTHIERIRBIIEUETE, FUTHIVER.
o FEUARFRATHITsheliER.
o TEpyaitEE
o FfFFHEEIL, BINTFHERIR.
o IREILEIEAIFHAZPID,
o ‘**printfe*:
o TRV EISERYSIHERTT.
o wEexitE :
o #&|FHFHIE,
HiEEE
o wxfork¥* Fll **execk* :
o fork BT CIEHFIHIE, exec BTHUTINER, MBSSLIHERICIEIIE R,
o [EPFHIE (Zombie Process) :
o IFHERINE, HPIDMIBRHRSHREERSS, SRR wait [EIL,
o WIRXHERNEFAB wait, REHEFHERR, RERRLZR.
MRS
o XA
o 0: FREBA (stdin)
o 1: tnEHE (stdout)
o 2: fnEEEIREH (stderr)

° :'::'rdupv'ﬁ': .
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o F—MNHEAEHE T— BRI HERRT L, R stdout A stderr IEAEHGIR
&

initcode.S
— MRAREHE, ARTRERRENEIT /init B, XMHETERFRTEET, 2525
IR EXEEN—BD, BEWRIRS ~Hiniv #HiE,
AXHEE:
e syscall.h: EXREFEAS.
e traps.h: EXFEISRIEXER.
IRETNEEER
o *start** . FERAL, RARBPA exec RFPAHAT /init.
o Fexitd¥ : QME exec KWUSHIRLIBIE, HATIRMBERLBIILHZEIMELL,
o *xinitdx . FRFREER, HEEHUTIRERER /init.

o wrarguer : BOTEMUE, S exec B /init TR,

ioapic.c

SCHLY 1/0 APIC (1/0 Advanced Programmable Interrupt Controller) AI#IIR{CFIETREINEE, 1/0
APIC RIMCZ4LHERE (SMP, Symmetric Multiprocessing) FRgth AT EIRME4RITHIREAM.

TIgERTT
IZAFSSCIL T —/ a8 PIO (Programmed Input/Output) EF#91/0 APICIREIER, TEME:

1. ¥15R461/0 APIC: REFREERZER, BAZRRETIT.

2. BASERET: BCEH SRS ENTRRT, HISHEEREIFSERICPU,

3. E1EFRERIEE . 1@i121/0 APICHIRTZIRETI/O (MMIO) EOESEHFes, BEHRRIMASFIE
FRCPU,

X445t
AHESHNEEN
o AEVEBRNRFLMH, dtypes.h, defs.h. traps.h,
o FEMTI/O APICHIIERINE, HEFRRERS ILIRFHEERE,
iR
e struct joapic: ZFRI/O APICKIMMIOLHS, 35S 1FES reg #ll data.,
o 2/F3FE joapic: $8MAI/O APICEIMMIOLE,
ERESEM -
* ioapicread(int reg) : EEUSESFaaAIE.
e Jjoapicwrite(int reg, uint data) : [ISESFEBENE,
e doapicinit(Q : #J¥AI/O APIC, ZEFERTEER.
* ioapicenable(int irq, int cpunum) : SRHEREFETNT, BHIEHEHEENCPU,
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kalloc.c

ST TIRERFFH YIBAFESESE (Physical Memory Allocator) , TREEEMSEIENFR.
ZoEeEEERT ARRHE. Ak, TRIUUKEBETX O EFIEWA4096=FT5 (4KB) BIYIIEA
ﬁﬁo
INgERE7
ZARBEEI 7 — ERNYIEBERGES TR, EEEREEE:

1. aIRRTE: ERSGR, S0 EYEAFEIURNEIS HEERP.

2. PEYIIBRTER: 12H kalloc BREY, HE—1ZHEY4KBYIIEAFR.

3. EIIBARTFER: Bt kfree RE, BIKABFERIOYERNER, REFIZHERS,

4. FEIEH: BidELEs (spinlock) HRESIZGESIME THIH AL E.

X445
AXHBEMEEN:
o BEMENRGL M, MEREN. RABAEN. NEFEME. REREHE. B,
o ENTK/N. YIENFELIEEE,
RS
o EXNTATFRTTHRAIERT REM struct run,
o EXNT—MEEEIEHM. FRIHREITSRERIEHNSBEE knen,
ERENSEI -
e kinitl #1 kinit2 : ¥IAHATFDERR, DHARTHER.
o freerange : HHEEEERMERFIINATHER,
o Kkfree: BEWHIERTR, REIZI=HERF.
* kalloc: HE—=HAERFR,

kbd.c

ST BRERFRRRBIRDER, RGN IERERENE T, BITREEA, FEEERaeH
BERFMBFERFERNTA. 2R TR BRI EE R T—ERR, F5RF6E
BEIRESRARE.

IIEEREN
ZABLAT— REWALEE, HEBREQT:

1. QeIBFRl: IERSRERENTITES, SRR,
2. PR EUIRENERD . SIS YA, ARBIRE (FOShift, Ctrl. Caps Lock) 7.
3. HEHIEEREF: BRTERFHERAEHamACERE, HAFERER.
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X451
REBEBH RTINS
AXHEE:

e types.h. x86.h. defs.h. kbd.h: SREARELIFEN. x86ZRMIEXEN. RFERAEOLL
RREBERIE N .

2RESNEE:

o *xshifte* . FBFICRUANENRHE (fAShift, Ctrl. Caps Lock) APAZS.

o **charcode** : FFFIRGIR, TRIELAHEIMEIASIEERRIRIFRIBRGT,
ERESEM :

o *xkbdgetc** : MBEIEENHAEITZRT,

o xkbdintr** : FRETRRTAMERE, BRTENFRHEBEEFISBNGIRREL,

kbd.h

EXT PCEBIENMNESNFRMEIR, SRERF+ BRWNIERF (Keyboard Driver) HI—3B
. ZXHFERRNIERERBAVMID (Scan Codes) , BHEIEGANI NN FARITIHERD, FE
SR (40 Shift, Ctrl, Caps Lock) AOIRZ.
Ny
ZREX M EEREUA TN AE:

1. EXERENTE: 9EEERESRO. $ERORSZMHEISIFE.

2. EXFERIRGIR : ISEHH IR RN NAYFRTEAS AR, SHFRRRMEIRRIAS (10
Shift, Ctrl, Caps Lock) .

3. BNHENE: WiEHFRRREN.

X5t

1. kNXHES:
o FTEAFRRERIBRAIENFIRE, M types.h. x86.h. defs.h. kbd.h,
2.BENX:
o ENEaiEHlERmO. IKSINE, EBINRIRS AR IFIRERD,
3. FIIRGIZR:
o f}E normalmap. shiftmap F1 ctimap , DBINIEIEBEIRE., Shift § TR Ctrl g
RS RIBRGS,
4. SHENE :
ot cO) &, BTFERMIEHIFH.
kill.c

ST BERFHRY ~kil** BP&GS, BTE— P EZSMNHEAERILES, NMERXEHERN
1T, ZEFERENRERFBFTREN—ED, AR SEMEFEFIEERRTRIHE.
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THRERTY

ZARRBSCI T —/ BB ki1l HTIE, FER=GE:
1. BFRSITEH: EZ— 1 EZ N HED (PID) {FASH.
2. RiZFIHES: BARSGAER ki1 AEEHERIXEILES, EREERET,
3. (EIRAE: TESENESTCREY, MtiERRAFHEL.,

X5
RBEESALUTIUANERS
AXHEE:
e types.h: EMERHIEEEL,
e stat.h: EMMIPREEN.
e user.h: EXAFZERIRSERROMERLL.
*rmaint* HREL:
o MRTARLTTEEL
o WIFSHHE.
o BHEAPIDHER ki1l RFEEA.
o RUER.

lapic.c

ST FERRPRIFSRIREREIEHREE (Local APIC) EIEIRIR. AbAPICRIINSAERR
FErPRBAE(HAM, ASMERE JF/0) iR, SIRERIER-RET. WHREEFET (IP) SRS,
ZRRERMERFRTAIFEERFR, HRPMISIEENSZOIERE TR,

IIREEN

AT B LTSS
1. BHAPICHOMIRHIRE : SIEEMAPIC, RETINE, EEEHES,
2. FRBRANIE: EIERINIREREAPICHIFRINISS, AR S-SR,

3. ZABETS: BB EE RS (AP, Application Processors) .
4. SERSEIER (RTC) BIE: BECMOSIERNRSZATE,

pratiein
KBEED RLATILAERSD
1. AXHEE: GAVENRFLY, W param.h, types.h. defs.h. memlayout.h.
traps.h, mmu.h_, x86.h,
2. BEMNMEE: EXTAMAPICNSFEREE. EHfITimES.
3. 2BTE: FPTIEEAMAPICEIZREMISE Tapic.
4. ERERSEIR:
o **lapicw** : [EAMAPICHEFREANE.
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o #*lapicinit** : {JIBLAIUIAPIC,

o **Tapicid** : JRENAMIAPICID,

o **lapiceoi** : FMfLEER (End Of Interrupt) .
o **microdelay** : }GAJIEIENEIEIR,

o **)apicstartap** : [SaiEEILIERE (AP) .

o **cmostime** : SEEENCMOSHRIZRFeATIE],

In.c

ST ERFHRRY << 1n++ BRGS, BTENHRSETOEMEGEE,. EHEATES I HRERRE
— " XHEGE (inode) , MMISEIRXH-BRIZES|A.
LIREEN
IZIBEI 7 —MERN 1n ST IR, TRIREEE:
1. B SITS8: BRWANSE, 2BIREXG (1B3XM) MBI (3 .
2. QUEREEEHE . WARFER 1ink BIRSXEMBIRHREER, FE(HERR—HEE.
3. EIRAE: ESHAREGEHERMRS, MHBENASEREREL.

X445
REBEESALUTIUANERS
AXHEE:

* types.h: ENEREIERDY,

o stat.h: EMHIRELE,

o user.h: EXBPZENRREBZEOMERE,
wxmainr FHEY:

o MRTARLTTEEL
WIFSHHE.
AR Tink REVEAFREIE R,
SLIERTRERYEIR A RN SR,
o BHFER.

log.c

BRERFEPXHRERNELAT (Logging) NFl. ZBATERAITFNHRFNS MEIELUIES
(transaction) AIFZZUEHTETE, MMBRERXXERFN—SREFL,

TIREfRT

IZRBESEI 7 — BRNATRSR, HIXTREaE:

1. JSER: B MRS (FS) BEIERA—NFS, MRXERFEASINT], BEASERK
W, MRS R SR — 2.

2. H&EER: RIS M NARGEREAFANT, RIEZATSR SRRSO
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3 RIS ERGHRNESR, MAETRESRIE—IIORT, WLLMIRIRA, ST
AEXHIEIRGH
HEHEXEE

#define LOGSIZE 1024 // {R¥tHE A/ N10245k

EXT BEPRZHLUCRATREL,
BESLEREISE

struct logheader {
int n;
int block[LOGSIZE];
i

o winer MBTEETICSHANE,
o siblock** : DRENESTH RIS,

BEEEEEE

struct log {

struct spinlock lock;

int start;

int size;

int outstanding; // MHETIETEHATHIFS RGu1H %A
int committing; // ZBIEAERLZHS

int dev;

struct logheader 1h;

s

o *®Nock**:. HEHl, HT LRI HEEMERIIF KT .

o wrstart*r : AEIERLER FAGEEIRTLE,

o *¥sizerr : HERLAAIHREL

o **outstanding** : HFIIEEHUTRIMHRRIRIEHE,
e *committing** : IRGHBIERIEERREEES.

o wxdevir : HEFERIRES.

o xxhx . HELER, ICRABAMBZHEE.

1. XHRF—HESRFIE

s FSERE:
o BTSN XHRFRMEEIRN—NES, HRXLERFEASTNY, EALHBEY, L
EBD AR SERVETEARA—EL
o ERRiRE:
o ERGFHIRE ASEFILUFRESHIERNREXXHRRE—ERIRT, BREUERA.
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2. FH&EH

o HEMIT:
o RSN NHRFIREHEWIT, @D begin_op() 1 end_op() ZHIFHEEE, BHIEAE
TEFER.
o Shit:

o {EFBNEM (spinlock) RIFATEIIR, WIRESHLEREFETIHLRZE.

3. TEEEfiiit

o BRI
o EITERESICRIERRINEN, REAERERFNVER, RO/ OBRIE.
o HLEIRE:

o HERTEXMRSGF NG, #HEBRRAE, BOHEENKE, RBSttaE.

4. REREBEO

* APZE5AEZERRZE:

o MNHRGHR(EEIIIAR begin_op() M end_op() FARCESHIFFATIER, SCMBFZE
FERFXI S R G — BRI TR F,

Is.c

ST FMERFPRY 15+ %, BTFIHEEEBRFTNENFERER. Zw<ERFZEIE
17, BISZZTENMNHRARZE, FRARRERAS.

1.3{4¥5i2FF (File Descriptor)
o EX:
o WHBARE— NN EREH, BT HRREHFNSULE/OEE,
o {ER:
o open EFGFERRE—NHEIART, BFEEEH read. write. close FHERE,

2. IR (File Status)

R “*struct stat** :
o BAMMEHBRAITAYE, WRE (XHHER) . inodesS, KINF,
gﬁi‘ﬁlm :'::':-Fstat-.':-.': *u "“"“stat** :

o fstat: SRENEFIFFNIHERFHIRSER.
o stat: FREUEERENNHRSER.

3. HFIER
ESHGIE **struct direnttt :

o« REBRPN—IRE, BEAMASHIRIGHL inode 2,
FGAA **read s :
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o FAFIRHUEENEREKEH, 8/XER— struct dirent,

4. FRIBRMERXEE
o Mt
o fEF fitnane EEEXHEIEHCHERKE, WIRMULTF.
. HRE:

o MISHIEENFENTERRZE, ETEA stat SREGFEHES.

main.c

ST RERFERZSISNSLERNRA, Bifckix, XERERFEMIIHTIEEAOR, A
S EMROFRR. REANTEE. kKETifizHR. SaZ0EENE (SRR
HHENANIERR, APs) |, FREBMNMAESRITRIETRFHE.

THRERTY
ZHBEERSRLUTES:
PR :
o REVMENESEREFNZIE,
o YARFEIESEIT (MMU) FIERMEART,
o ¥nltrhitTizdlEE (AHEAPICATIO APIC)
o tattiEHIG. BO. HER. BHEE. BPREF. HRIEE (IDE) .
ZAEBRETIT
o MMFHIIACEABALIERRE (APS)
o [EEEMANEREFHI TV ERE,
BEAFi#E:
o RSB —TABFHE (BERshellsinitiiz) .
o [EEBERRLFHARTIHIEEE,

XI5
REBEBHHIATAES
AXHEE:

#include "types.h"
#include "defs.h"
#include "param.h"
#include "memlayout.h"
#include "mmu.h"
#include "proc.h"
#include "x86.h"

o ARBRMFRRAAZATRIIEARAREEN. BE. AFMRE. HIEEE. x8eRIEXENS.
BHSHRENRSER:
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static void startothers(void);
static void mpmain(void) __attribute__((noreturn));

e startothers : [BEIEftAEEE (APs) .
e mpmain: SPCIESE (BEESNEIESE, BSP) HARERRR, KNERE,
YhERIEEFEER:

extern pde_t *kpgdir;
extern char end[]; // first address after kernel loaded from ELF file

e kpgdir: FEEMZITE RIS,
* end: WZIIBAERBHE— Db, BFRCIERESECES.

REE:
pde_t entrypgdir[] __attribute__((__aligned_(PGSIZE))) = { ... };

e entrypgdir : S5|SAERFHEMERRERVIHRTNER, MEHEREFHIRZTE.

1. main &H#: AEAOS

int

main(void)

{
kinitl(end, P2v(4*1024*1024)); // WAL, fH MendFIAMBHI N 17
kvmallocQ); // VIR NIZ IR

mpinitQ; // RO 2 A B AR R b
lapicinitQ; // WIEACAHMAPTIC (gl 4 Ft o i 2 il 2 )
seginit(Q); // VIR B IR RF

picinit(Q; // BEFRESINTT R R W RIAE (PIO

ioapicinit(); // WIEALIO APIC (FIF4hah b
consoleinit();  // ¥lsaIEHE

uartinitQ; // WiafeE n (HF R ATERED
pinitQ; // WIHAERER

tvinit(Q; // WIEEEBE R R ORISR R
binitQ); // VIR X A7

fileinit(Q; // VIR R

ideinit(); // WIUEALIDERE AL BRS)

startothers(); // BahHAbATEZE (APS)
kinit2(P2v(4%1024%1024), P2V(PHYSTOP)); // SciMIsuliirmc#s Mwiiatl, 785 MAMBE|Y)HE
WAFEEE R

userinit(Q; // VIR — AN R
mpmain(); // JAENEERS, HENEIES
}
INRERER

PIETE BECRRAIAM (**kind tl *xyk+:
o ERAM end FAMBRIIEREFXIEEVIIRRIYIIERE S ECRS.
o P2V : IGYPIEMBHIEERRI R,
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PIRZTTRADIAH ( **kvmallocxs **)**:

o GBIV ZATI B RAIIR, REREINFEMIERFAIMET.
SUIRERAIRME (**mpini o= **)F*:

o IGMRFHIEMIERE (APs) FEHTHEAWIIAK.

FRifiE IR R :
o FMAPIC (**Tapicinits* *¥*)v*: YU AMSRAIRIEITHTEIRE, BATEER (KSR +

o BUEIRTHDIBN (**seginits* ¥ )+ R EEHHATF, FERFER.
o EAPIC (**picinits **y*: ZEREGATRTIRIZHUTIZHIRE, BRSAPICHSR,
* 10 APICHISAME (**ioapicinits* **)**: FIa(lIO APIC, FEFALIRINGB-PUT (AR, W%

F) .

RS

o {EFI& (**consoleinit+* ¥*)**: YatizEIEHH,

o EO (*ruartinits* **yx*: YHAEEBRDN, BATEHESRTERS.
RRERNRL:

o HIBRAIAM (**pini e **)&*: YIALHZETREIREM.,

o [EBRESEMIAM (**tvinites **)*+. REhUHHARTR (IDT) , EcEREMHAITMTIERER.

o EMXEFMRM (**binitex ¥y IMEENXER, ATHERNETFERE.

o SRR (< Fileinites ©*)**: FIUIHHIARTR, SEFTFIG.

o WEBUIGAML (**ideinit * **)**: FIHAVIDEMLERIRG, ESHERI/OBR(E,
EENELBALIERS (**startothers# = **)**:

o EEFHUIAEREHEILIESE (APs) |, HFRSHEFAEHITUHEES.
YHIETUE S ECRRAIHE—EIAML (**kinit2sx Fyk+:

o TRIETNEDECRRAIINAIL, BEMAMBEAIERFERIXE,
FFHIEIAME (“*userini s ¥ )k

o BIEFIAUE— N RFEE, BHEEshellsinitiHiz,
FEENRRERS (**mpmains ¥y

o EnEERE, HENHEREEER, FHAITRFHE,



2. mpenter EREY: SHEADACIEREROAOS

static void
mpenter (void)

{
switchkvm(Q); // VIBBINZ IR
seginit(); // WIGaA B R R
TapicinitQ; // WIEALAHAPIC
mpmain(); // FENFEEA
}
TNgeRRtr

o HATAER (**switchkvm** **)** . FafREERnANER SR FAIEFARINZAR.

o EREEIRTFHIGAL (**seginite* ¥*)**: (g EIHENAMERRRYBRIEIARST.

o FMAPICHIIAML (**apicinitss **y**: FIREAMAPIC, HRCRIEENAIEREETEALIRIT,
o HENEGEIR (<*mpmain*x ¥ ¥y FEERE, HAHEEEERER.

3. mpmain HEY: WIEEHFERER

static void
mpmain(void)
{
cprintf("cpu%d: starting %d\n", cpuid(), cpuid());
idtinitQ; // BRI R
xchg(&(mycpu()->started), 1); // % “startothers  %ZCPULCJH3)
scheduler(); // JEEH A

TDRERFHR
FIEDEEER

o f#M cprintf HIHIBICPURIID, FRIFZAIEECSFIAEIT.
FRERERFFRAIAMN (< *idtinites *x)**:

o DNEFFHIIRCHRTHEATTR (IDT) |, EETHEER.
trichER R

o (A xchg RFREEHRIIEREAY started FREIRENT, 18X startothers REIZALERRE
BT,

BinBEEESE (“*schedulers* **)**:
o HANBAESRTRER, FREEFIHITHE.

4. startothers &H%q: BihidEhobIESE

static void
startothers(void)
{

extern uchar _binary_entryother_start[], _binary_entryother_size[];
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uchar *code;

&

struct cpu *c;
char *stack;

// ¥tentryother. SKIfUHYSE H1#]0x70004k
code = P2v(0x7000);
memmove (code, _binary_entryother_start, (uint)_binary_entryother_size);

for(c = cpus; c < cpus+ncpu; c++){
if(c == mycpuQ)) // BhidEshstE e (BSP)
continue;

// VEE AL S I HERR RN D55

stack = kalloc(Q);

*(void**) (code-4) = stack + KSTACKSIZE;
*(void(**) (void)) (code-8) = mpenter;

*(int**) (code-12) = (void *) v2P(entrypgdir);

Tapicstartap(c->apicid, v2P(code)); // KiEEFNIPI

// ERFE AL RS 5E AT AR 1L
while(c->started == 0)

TIREREH
SHIBNRE:

o JSIBBNAIERRAIEENES (entryother.s RIFERBI—EHENED) SHEMWIEREIE 0x7000 LAY
REfAtEE,

IERFFACPU:

o EHRFTANCPU (BIAEsNIERS BSP MBI ERS APs) .
o BRIHAIRLEERS (BSP) , RECERGENAMIESS.
BB RS AT O S
o SEME: HHEEIGIREE ST — L,
o REANOMA:
o BEIREHR B RMIBARELE.
o BAOREIKES mpenter,
o HHRBERIREN entrypgdir (FIIARER) .
RIiERTHIPI:

o HERAZAMEAPICEY Tapicstartap REAGHEEINIERSAXERIHMT (Startup IPl) |, 1ERENEED
HE (0x7000) FFEEHAT,

S IER R
o EERr, EEIMHBENAIERRN started INGHIREN, RIBHETHHIRHFFHNERER.
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5. entrypgdir: {IIATRES

__attribute__((__aligned__(PGSIZE)))
pde_t entrypgdir[NPDENTRIES] = {
// W ERAhE [0, 4mB) F|#Eidibk [0, 4MB)
[0] = (0) | PTE_P | PTE_W | PTE_PS,
// WAl ikl [KERNBASE, KERNBASE+4MB) FI#¥thih: [0, 4MB)
[KERNBASE>>PDXSHIFT] = (0) | PTE_P | PTE_W | PTE_PS,
i

TIRERRHT
RERMF:

e {#F __attribute__((__aligned__(PGSIZE))) FHRITEFIZTAR/INITF, FFEMMUEK,

RERI:
o ZB0IR: BEMIBLSERE [0, 4mB) EEMRGIZIMIRMEIE [0, 4mB) , fEF4MBAI
( PTE_PS)
o SEKERNBASEIR: [SEHUtHSEE [KERNBASE, KERNBASE+4MB) BRESZEIAPIEBHE [0, 4mB) , &
FE(FFAMBKIR,
KL SRR

TmEF (Page Directory) :

BIERBEREETNINE, BTEEtEizsEiREs 4Rt zsa).,
e B/ BRM (PDE) mILUMEMA—RFREEZEMGT— AR,
A& (4MB]) :

o {§M PTE_PS tri&, AIFHNBRINEIEMETAMBINESYIENT, HORERER, SRy

P&ttt 25 EIBRES

o ISRZAIEMBIEESA] (A KERNBASE FHR) BREFEMWIIEAFRYEIELLERSY, HRAXEESE LRI
RHMIENTE,

memide.c

SKHL T #RMERRPAIREIDERE (Fake IDE Disk) |, iZHEBIERFHEMER (blocks) FEHIE
SCRYIDERER, IXMPSLIL DAL T LB ARIER T, RIFRZFSE RS TITATT A,

memlayout.h

EXT H#ERFRHHRERR, oI 2EMHBUAYIE I BIRGEEERTLE], XEE ERIERFIIN
FEEFRRATEEESXERNER, HRAKIIBFHEZERSIER. FXutihaNEERNTRR.
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IDEEREN
B EA TS

1. EXAEREHKEIL: BERRPSIAFXE (T BAT. MEREIRS. RETAE)
ENFEl e S

2. el SYIRBEER . IRATREN, BT ERKTRBEMIIAERAYIEIE, RKZTFA,

3. REREME: SAZMAFPTENATOERMEL, BRARAEIRAEIIEE, &5
FEF 2RIt ZSE) e,

X5

RBEESHLUTILANES

EX:

o EXTAEFKIESHAGRIATILTRIBL,

o IRMT ERUBLE SYIRIE Y BIEHRAR,
HrhbsEigmE

e V2P 1 P2v: FITFENZAHITEIEIE SRRV,
e Vv2p_wo 0 P2v_wo : 5 v2pr #1 p2v L, (BGOSR,

D

[ \J
1. REFERIZENX
#define EXTMEM 0x100000 // VRN GEE (1vB)
#define PHYSTOP OxE000000 // VBN (224MB)
#define DEVSPACE OxFE000000 // WA ALT EE (254MB)
INEEREt

**EXTMEM (0x100000)**:

o T ERFRERIIE, BIMIMBHA, ERLE, x86ZMERYET1MBARIRTFATFBIOSHIEME
FREEIE, T RATNRTRERFEMNBER.

**PHYSTOP (OXEO00000)**:

o EMTYIEAFRIIRER, BI224MB, XEMRERFHIEAFBEM0X0ZI0XE000000.

**DEVSPACE (OxFEOO0000)**:

o IEETRETAOE, [TAA25AMBLL, RETET USRS/ OB FES,
2. KEEPIIEE X

#define KERNBASE 0x80000000 // WS —A e (2GB)
#define KERNLINK (KERNBASE+EXTMEM) // Piix#E#iiit (2GB + 1MB = 0x80100000)
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TDHERET

**KERNBASE (0x80000000)**:

o EXTRZAYBE—NEMMEIL, BI2GB, XIHR T NARAEIIEIIEE, SAFEHEtD
Ht=siE) (BEMOFR) £F, ERitilhsMZ AR,

**KERNLINK (KERNBASE+EXTMEM)**:
o RTNIZGHRAGHINE, BIPZARAEIRTEE IS A hRGEafE. BEBAREHEEI— S
FEUMBAE, M FRARES BTt EIEAFAIRIP R,

3. RIS YIEBIEIRE

#define v2P(a) ((Cuint) (a)) - KERNBASE)
#define P2v(a) ((void *)(((char *) (a)) + KERNBASE))

#define V2P_WO(x) ((x) - KERNBASE) // 5 V2P tFE, EARAT ISR
#define P2v_wo(x) ((x) + KERNBASE) // 5 P2v MF, (EAHATIRA

TNRERET
**V2P(a)**:

o BMRZEAIEIL a FRIRAOYIIEMNL, BT MEIIEIEFIRZE KERNBASE , {SEIXIRAGIERIELE,

o mfl: IR a 2 0x80001000 (PIFZEEHMMEAL) , M v2r(a) £55RJ9 0x1000 (4EEithilt) .
*%P2V(a)**:

o BYIERHbHE a FEMEANZEBUE, BITEYIE L N E KERNBASE , SEIRIRIAYREIAMELE,

o Bl: GNR a 2 0x1000 (H7ERMEAE) , W p2v(a) LEHRFI 0x80001000 (PIHZREHAMAIL) .
V2P_WO(x) 0 **P2V_WO(x)**:

o INRES vep # p2v 1HE, ERFHTHREELR, XWRERZERRBEMRN FTRPER, LUR

RN R By R RIS EY B,

4. AFIREIFITIRETE

XEZRANIEE ER SHZAARTEEST (MMU) MIREREEREER. BYEXAFREMitbit
AR, AREEB AR EIEEINRFIIIERTZERIBRETX R,

mkdir.c

EXT BERFRHRHREGR, Sl 2EIMUAIYIEbIEZ BRGNS, IXLE MIERERGRIN
FEEREFRATEEESXEENFER, HRARIBFHEZESIER. BXutihaNEERATRR.

ZIBEERERLUTES:

1. EXAERIERXEIL: MERFTSTIAEXRE (W RAT. YEEREFIRES. RETEF)
AUECIATOLEERIBAL,
2. el SYIEEEER . RATREN, BT ERGRTRBEMBIIAERAYIEIE, RZTFA,

3. WERRME: SAZMARTENATSERAEL, RERRNZAEIRINEITE, &5
FAFBRERIMEIE =S ),
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X445t
RIBEZD ALUTIVANEBD
EX:
o ENTWEFXIGAGICIATILERIbIL,
o IRMLT REHBLE SYIIEbIE 2 [BIEEHRAOZR,
libtit ez
o v2pr F p2v: AITHERKPHITEIMI SYIEEIATEER,

e Vv2pr_wo 0 P2v_wo : 5 v2p 0 P2v (L, BREEKBLHR,

D

mkfs.c

SHT —ARTFUEXHRARR (Filesystem Image) BITH **mkfs** ., x TEFERTEERIF
RREPER—MXHRFRGY, ZRETLSEES. EREE—EE.

FEEH

RGN

o BIICIEEBRIR, (UEF inode &R, FIACNHRFHIEALEN, HIRXGRFNIERZIT.
BREGIEIE:

o SIERERNEVENERER, BUXHRFNEREREN.

TN
o FEEEISUGERINEISER S S, MG RFRIES 8.
HERIRETE:

o EENHRFTRIMEIRSE, HREIEREEIERRFMETNIAIE,

mmu.h

ENT x865MATRIRFEERIT (Memory Management Unit, MMU) BIEXEE. R
K, XLENERMERANNZTREXRIER, RRENBEEIINE. STWH. BIEAR. E
SZIREER (Task State Segment, TSS) LA FWHiEiA® 2 (Interrupt Descriptor Table, IDT) £,

IREE N
ZABM M EERTEN x865 I TMMUREXEE. EMMRSE, BEERRT:
1. EFLAGSHFRatnS . & X FHilEREFInEAL,
2. {55 F=R (CROFICRY) 1R&E: EHIRIFIRIN. BRIF. DRFIRE.
3. B EFHRIERTT: EXRRNARNE. SUERISEFREMARTEN,
4. [ HERFF: BT hUAORaEpHALIE,

5. AEFRMRESIA: BT EMEIEHEEBIRIREHR,
6. (ESSIREER (TSS) &8 REFESIIRITHILTER.
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X5t
RIBEBHHIATILAES
1LEEN: ENEERING. BERT. MARKNERE,

2. EBIEN: EXEBIHART (struct segdesc) . ESIRESER (struct taskstate ) FiJiA
(struct gatedesc) £,

3. WENEMEL: EXETRERMATNZ, W0 SETGATE,
4. FERRFMEER: XIEPUBLEEYS, MESAEREESHTIFEMRE.

& iy

mp.c

ST S4EEE (Multiprocessor, MP) 328§, FESEXS6IEE MEUFFIIR RS HAIZCPU
(hHEE8) . ZABEIERANFFRIMPHIALN, FITMPEER, FECEAMIAPIC (Advanced
Programmable Interrupt Controller) &, SLIEMERAXISIZEZUIERRAIZIF.

IDEEREN
AT EB R EIATES:

1. EEMBAMPIEIREEN . ERFEDRERIIIZSESESHAT, LSRR SHFEEAICPUTIIO
APICHISE.

2. A CPULEE: RIBMEITHIMPIEIAER., ¥R HIRIERSHRICPUSHRLEA.
3. BEEAHAPICHNIO APIC: REHITIZHIEE, RS IREERFTHIFRIEEISIER S RFILLIE,
4. RIBREFHRPE: BESRFETR, LSHSSA NS THFREE.

mp.h

ENT B8 (Multiprocessor, MP) HIiB 1HXRISIREIIINEE, IXLENIE x865I THIERIE
REPrh BEXRIER. Bk, XUENARTRTNEES MRS ERPNSFEGEM, 0
QbIREE (CPU) . I/O APIC (BRAIImiEHUTEHIes) &, XUENBFER TR ERRESIMNFIY]
YRS IEREIAE, LASTHRIFRSAME (Symmetric Multiprocessing, SMP)

TIgeEr

ZRIEX M EER R TES:

1. EXMPHECRIEURSENS : SIEMPEIEEEE (struct mp) | BEERSL (struct
mpconf ) . QhIEEEERIM (struct mpproc ) F1I/0 APICERIA ( struct mpioapic) .

2. EXMPIEEHRRNISZSHEEIE: WIFRDEEE (vPPROC, MPIOAPIC &) FIMEXIRE.
3. P ERRRIACIREERY: EXLEERIEE, BIERFNIZESETMPEEZR, 1R5
ZFHHRICPURNI/O APIC, FHH{TIENASYIAELE.

X445t
RBEZELALLTIAERS
SEEEN:
o **struct mp** : MPEaEtHEN, ATEMMPEESR.
e **struct mpconf** : MPEIEZRL, BANHRANEALERER.
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o **struct mpproc** : QMEEERIN, MWARFKHEMIERANFMEE.

e *¥struct mpioapic** : I/O APICEKIR, HIARZHEN/O APICRIEMSE.
BEENEEN:

o EXTMPHECHRISFPRIZEE (JAMPPROC, MPIOAPIC ) |,

o HitgBZRsER, AT I5SMERRE THSMIRIE,

param.h

BET—RIBEN, XEENATFRERMERFARNZTNSHEENSH. XERENTERIERA
FEERPDEFEEERE, BRAGTRENSESEEE,
ThgER7
XLTREN FERTEN B ERFERZTPNSTHEENRS, ®E 7 AT UANSE:
1. HIEEE: SAHEH. BMHENNZIERNE,
2. CPUER: SACPUHE.
3. XHEE: SMHENRARISEATIFXXHE. Ekinode 8%,
4. 8BEE: BEATRES. RXHRARESS,
5. XHFEREE: XHEFAN. BHEKN. HEIEFEXNE,
6. MITEE: SANTSHEE.

BEXFIER

#define NPROC 64 // WKHREHE

#define KSTACKSIZE 4096 // &AHEFRMZH KN

#define NCPU 8 // fwKcpufis

#define NOFILE 16 // SAUFRETHT IS E

#define NFILE 100 // RGEHONVIFT IS4

#define NINODE 50 // WEERi-nodeffi KEE

#define NDEV 10 // ®mKRERKS

#define ROOTDEV 1 // MRS RS S

#define MAXARG 32 // execliHERARSEE =

#define MAXOPBLOCKS 10 // XM RSGEIEEE T ANMEEL

#define LOGSIZE (MAXOPBLOCKS*3)  // 44k H & H iy KB e

#define NBUF (MAXOPBLOCKS*3)  // BEBLHLZAFIIR /N

#define FSSIZE 1000 // RGP
picirq.c

FEER hEHERIERRIGM, BIkinE BRERS250ATRIZPIIEHER (PIC) , EABER
8 (Wxv6) RRFEFLFATRSLIE (SMP) B, FKT SRUREREIEHERE (APIC) KEIE
chET.
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KBS
1. TRTEHIRIEEISE (PIC) vs. SRTRIEHERESE (APIC)
PIC (Programmable Interrupt Controller) :
o BRNPEEENG, BEFERA8259ATH,
o SEETFEHEMIRQL (EPICEHEIRQ0-7, MPICEERIRQ 8-15) .
o ESWMERRFTHEET, AT R,
APIC (Advanced Programmable Interrupt Controller) :
o IUCHETEIENS], SIFZLERMESRAITE DA,
o SAAMAPICHIIO APIC, HHXEERFITE.
o IFEZHUTRAIE RIEFRRILITR.
2. JFRSLLIE (SMP)
o EX: RFFZANCPURBIERIAEMI/ORASIR, seiEFEE I TIESTIIEFHT,
o {fi%5:
o RERFAIFITUHIEGENMIEIRMERE.

o RMHEBRIRIRMESERS.

3. FERERdR
o EX: BHREHMIETHIEEERS 17y, ZRSENTENR, PhlhXLechRriRatE,
o BHY:

o PBELEFRBAhSE: EEGRSATRRTEEIRE RIS IR RIAY TR,
o IRERFRIEN: WRRBAPICREHT, BRERPICHIRSTITET,

IDEEREN
I EB R

1. EX{E4i8259A PICKYI/Othhit,
2. #lafePIC, B FBAIEFETREATE], MRARFERAPICTIARESRIIPICHITHITETE,

pipe.c
ST EiE (pipe) BITHEE, XERERSK+HFT B2EiE(S (Inter-Process Communication,
IPC) H—FEARNE, EEATF—MNHIEEEIEBASENSR, B— N HENEERIDRERIXLE
B, MMSEIERIEEmNHE=S,
INEEREIT
ZRB G EER LI ERZRIZTHNEENF, BERgE:
1. EXEERNEIEEN: struct pipe,
EENPESWIRI: pipealloc FEL.
BRYXH]: pipeclose EREL,
. BEREIEEAN: pipewrite EREL

R

2
3.
4
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5. EIBRIEMRIEAN: piperead HEL

1. XREUREE

struct pipe

struct pipe {
struct spinlock Tock;
char data[PIPESIZE];
uint nread; // AT
uint nwrite; // BT
int readopen; // B EARITIT
int writeopen; // SR
s
FE ST

Tock : Bhe, AT RIFEBEIRGHNFLINA, BRESERRGEHEEN—EL.

e data[PIPESIZE] : BEMETX, ATEFMEEIE. PIpEsizE BN TEEE TXAIAN, It
51215,

nread : ICRESIEEIFETE, BTFEESEEE.
nwrite : IEREESANNFTLE, BFEEEENSE.
readopen : FRREBEANERESARITH. A0, FREREXA.

e writeopen : TRREENSmESNAFIF. R0, TREimEKE.
2. BHEASESVIEWL

pipeclose E#k

int
pipealloc(struct file **f0, struct file **fl)
{

struct pipe *p;

p = 0;

*f0 = *fl = 0;

if((*f0 = filealloc()) == 0 || (*f1l = filealloc()) == 0)
goto bad;

if((p = (struct pipe*)kalloc()) == 0)
goto bad;

p->readopen = 1;
p->writeopen = 1;

p->nwrite = 0;

p->nread = 0;
initTock(&p->1ock, "pipe");
(*f0)->type = FD_PIPE;
(*f0)->readable = 1;
(*f0)->writable = 0;
(*f0)->pipe = p;
(*fl)->type = FD_PIPE;
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(*fl)->readable 0;
(*f1l)->writable 1;
(*f1)->pipe = p;
return 0;

//PAGEBREAK: 20
bad:

if(p)
kfree((char*)p);

if(*f0)
fileclose(*f0);

if(*fl)
fileclose(*fl);

return -1;

}

TgE:
o DEHBK—NFNEE, REIRNXHEART, 53X NEBEIEmIIS R,
SRR
alt:
o & *f0 F *FL ¥JWAA 0, FRIRIRES FXUHBARTAZ,
S ESIHEIRTT
o AR fileallocO PRIDERNIIHEARF. MRDECKM, BEER bad HREFHITHIRALEE,
PEEESE:
* AR kallocO HE—MTHEBELEN, MROECLM, BEE bad 17,
Rt EE:
o ZREEIEMY readopen F writeopen A 1, FREmRINSimIINFIFFIRES.
o ¥¥AHL nread F nwrite 1 0, FREBEEHIXAZE,
o AR initlockO #IACEBERNBEIEN, WREEMNFRNDEE.
IREXHER TR :
ol (wnFQuE FR)RE
O type = FD_PIPE : #RFRSIHEAFFREIAEE,
1 PRRZSUHEARTETIE.
0 FFRIZXHHERFAT S,
o pipe = p: XEXEIEEEA.
o i (FrrfLe wpkE;
© type = FD_PIPE : fRRANXHEIARTREIANEIE,
o readable = 0: FRRIZIHERRFARNE,
o writable = 1: FRRIZSHEARFAE,
o pipe = p: KEXZIEBELEA.
FYIDIRE]:

o readable

o writable



o WRFTELSEAL, RE 0 FrREEDER.
FERALIR (**bad** **FRED)**:

RS BEIFRPHIEEAKY, BREHEHNER (EESETHEAR) |, FHiRE -1 FRREM.
INgE:

PEADBH—IHNEE, REFNHEART, 233N EBERTISTR.
ST

Doaft:
£ *f0 30 *F1 FDEAL 0, RIS T XX R =
DECSHHEIAFT:

3R filealloc() D RIS ECR N HEATRF. GRS ECKRY, BEEER bad tRESFHITHEIRLIE.,
PECEIELE:

A kalloc() PE—NFEVEELEM. WRDELY, BEEER bad R7Es.
Vst EE:

IREEIBRY readopen F1 writeopen 7 1, FRNELmANSimtdHFTFHAE.
¥tadk nread #1 nwrite 8 0, RREBEEHIX A=,

JEA initlock() ¥R EBRIBIES, MREENHARLE.

REN BRI

158 (*f0):

type = FD_PIPE: #RAN{HEARTER AER,

readable = 1: FRRIZSGHEIART AL,

writable = 0: FRRIZMXHEARFAAE,

pipe = p: XKEXEIEBLEN.

B (*f1):

type = FD_PIPE: #RAN{HEARTER AER,

readable = 0: #RIRIZHHHARFAATIE,

writable = 1: TRRIZSHEARFAI S,

pipe = p: XKEXEIEBLEN.

B ImRE]:

WMEFFBEL BN, RE 0 ZREBEDEMKI.

FEIRALIR (bad 11%%):

MRS EIFRHHIHAIEM, BHESENRR (BBEMIFNHEART) , FHRE] -1 FRREM,

3. EiBRYXHA

pipeclose ¥

void
pipeclose(struct pipe *p, int writable)
{
acquire(&p->Tock);
if(writable) {
p->writeopen = 0;
wakeup (&p->nread) ;
} else {
p->readopen = 0;
wakeup (&p->nwrite);

3
if(p->readopen == 0 && p->writeopen == 0){
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release(&p->lock);

kfree((char*)p);
} else
release(&p->lock);
3
Inge:
o XAEENERNEIR, HEVENBRNEBSEM.
85

e struct pipe *p: IEREXANEESM,

e int writable: IEREXFASiE (writable = 1) A2iER (writable = 0)
SERE:

1. SRENE :
o YA acquire(&p->lock) FRENENEMIENEM, MHEFEMIEBELEIAR S5,
2. KA RLiRO :
o WIR writable A 1, FXXA5iH:
® & p->writeopen &/ 0,
= A wakeup(&p->nread) MEERIREESimXAMSRAEEAIHE,
o BN, FRKHILH:
® % p->readopen i&AH 0,
= A wakeup(&p->nwrite) IERER]REREIEHAAMEFE NRIHIE.
3. EEERERSXA:
o MNREHINSimES KA
w BEAEL
= B kfree((char®)p) BHEBLEMEIINTE,

o BN, FEHEA,
4. SERIEURE A
pipewrite ]

int
pipewrite(struct pipe *p, char *addr, int n)
{

int i;

acquire(&p->Tock);
for(i = 0; i < n; i++){
while(p->nwrite == p->nread + PIPESIZE){ //DOC: pipewrite-full
if(p->readopen == 0 || myproc()->killed){
release(&p->1ock);
return -1;
}
wakeup (&p->nread) ;
sTeep(&p->nwrite, &p->lock); //DOC: pipewrite-sleep
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3

p->datal[p->nwrite++ % PIPESIZE] = addr[i];
}
wakeup(&p->nread); //DOC: pipewrite-wakeupl
release(&p->1ock);
return n;

Thge:
o AFEFENIE, MNBFZEEHIKX addr E§ n FHAEBEE DX,
o
e struct pipe *p: IEMEELA.
e char *addr: {ERRAFZEEEEETX.
e int n: BEENREUEFE,
SRR
1. SRENEH:
o A acquire(&p->lock) FRENEERIBIEH, WHIRNEEEPXAYRLSIEL.
2. EARSNEE:
o BHEBANENF:
» HEEIXREECH:
= Y02 p->nwrite == p->nread + PIPESIZE, FNRTXEH, TEREEA.,
» QIRERXFEHRIER:

= WNERFEHE XA (p->readopen == 0) HHFIHFESHRIE (myproc -
>killed), BMBPHEE -1 FREALM.

= &N, VAR wakeup(&p->nread) MHEERIEEEHEENEURRIHEE.

= sleep(&->nwrite, &p->lock) LIEHEHNERRT, FEFETHTX
BETR=TE.
= ENHE:

= EHEIFED addr[i] BAEEETXOHFIMNE, VEET p->nwrite %
PIPESIZE itH, SLHIAFEHX,

0 p->nwrite , IEREBARIFTEL
3. IREREHER :
o &M wakeup(&p->nread) MEEERTRERIZ T X AT TIHFALEEURRIHIE,
4. EHEHFHEE] :
o JHF release(&p->Tock) FEIMENEH,
o IREIEANHFTE n, TRENHM.



5. EERIENIEEEEN
piperead ERE]

int
piperead(struct pipe *p, char *addr, int n)
{

int i;

acquire(&p->lock);
while(p->nread == p->nwrite && p->writeopen){ //DOC: pipe-empty
if(myproc()->killed){
release(&p->lock);

return -1;
3
sleep(&p->nread, &p->lock); //DOC: piperead-sleep
}
for(i = 0; i < n; i++){ //DOC: piperead-copy
if(p->nread == p->nwrite)
break;
addr[i] = p->data[p->nread++ % PIPESIZE];
}

wakeup (&p->nwrite); //DOC: piperead-wakeup
release(&p->1ock);
return i;

TgE:
o NEETEEEEE, & n FONEEETXEFZBRTAZTX addr,
S
e struct pipe *p: JEMEEL.
e char *addr : {ERARAFZEEUEETX.
o int n: EFNAEIEFTE.
LIRARR
1. SRENEN:
o YA acquire(&p->Tock) RENENERIBENEH, MRRXEBEEPXAPRETE.
2. FFEERNE:
o X p->nread == p->nwrite, RRBBEEFXAT, BEIH{HIAFIFF (p->writeopen):
 QEBFEPRER:
» WNRIRIHIECHRIE (myprocO->killed ), BMHHFHRE -1 FoEEEM,
= BN, JEA sleep(&p->nread, &->Tock) ILEHEHNIEIRRT, FRAEEUE
CIj=S
3. TEIRSEENENE
o BHEERNENFD:
" EEEARRENE:


af://n1732
af://n1733

» Y15 p->nread == p->nwrite , FTRENPXAZ, (F1EEEL,
= SEENENE:
» BHAFONEEETXEFEIAFRSEEYX, (EBI p->nread %
PIPESIZE itH, SLHIINFE X,

= 180 p->nread , IEREIERIFTEL
4. IRFESIHTE
o EF wakeup(&p->nwrite) MEEERIREREIZE YK IHMEFTENEIRANHTE.
5. BHHHRE]
o i release(&p->Tlock) FERIENEH.

o IRMEISCRREENRIFTIE 1, FaaEEEI.

pr.pl
— PerlliF, BFHMARNASIEH TSR, BRI, ZWATIT R, ERTEN
HEELILIRL BUTRE.

TDRERITY
ZPerlAEEZRERLUTES:
1. BHSITEH: BTN -h 3%, BTFRENEER.
2. ZEEBAGRE: MRERAN (BEREYEBEBNXHRTS) ENMBEIT.
3. AMETR: BRASERERSTHITOR.
4 FRIE: EBTPBMRLL //ooc FELRUEREES.

5. ARINCIFEFATIR . S ARENRINSRIRTE. EERIEEREMITE, ERERN Sheet5R
(UIRFEFEEN) .

ERERFRRER

1. XHHEMR S
ZHATURT ERARMERAPRIRRRT S, BFRRaE:
o RIS BT //0oc TR, ALVERENEHNIBRT, BTITESEE.

o HTEL: BRXMHENHE, HEITEHS K.

o RINSHIRM: BSAIEBAIRT, BEITRAEHIFISAIED.
2. FRBLETH
ARG RIRER, AL HEITR, BT

o BIEBIFRIE: BITETRE, EREIHRATRE .

o UBHE: KREERB, EFHEMITL.

o fIENE(R: ERUESIEDINNTRA, FIEBLIEIIED.
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3. BEHHREERK
ZHABAURT ERETHRE, BHOENSTWE, EREHEREMEE,

printf.c

ST BEXK **printf< BE, BTERERFMNETEHERNNXHEAFT (fd) WHE
WHFRFER, XPMBEENXRY printf RECSHFFEARGERIURAR, W0 %d (THHEEEED) . %x (T3
HIEEED) . %p (FEEMMBUL) . %s (FRFER) . %c (FFF) LR %% (BDSEE) .

IIEERN

ZAIE X EERERTIM—MEUIRE printf REL, REESROEIVCERLHINEE. BIATIEEEE:
1. Fifiat: B putc REEEEXIHERFENBENFH.
2. 28t BT printint RELASERIEEL (10 8 16) BIUFFHIHEEEL,
3. iERMF TR B printf REWTEINFRER, FRESIRBRE AN,

EFERFPRIER

1. X {eiat

EEXH printf REATERFRADSIMESRMEINGE. RTFSRERS (TREMBRER
FIRIRERG, W xv6) AHEREERINERSS, WISRr R R EC IR AR LA T
s, ARCRWSAPRE.
2. AEicR5EIR

« BEER:

o B printf BRE, AZRILIAHELER. BRATIRSIRE. XY TIFRII4ERERE
RREXEER, HIPFAREEEAZINETINSIIBER TR,

. BitEs:
o IEFFEISRET, FABTIMEEBIEEN printf 56, MHTERE. REERMRSES
B, EFEREaEEaL
3. BFRiEFiH

e AP%XAH:
o FAFPZTERERFAILMER printf REMKRinsEMEHRATTHHER, REBFREMNR

=,
o HIZRNES:
o BYEEHEEH, AFEFILUE printf MHSEMhHGOGER:, SSHEGREHTIE,

4. HEIR TS5

o ZEIFEL:

o BEIIEEARRINHEATT (WnERL 1. ERR 2 BIEENHHEARF) , printf
FEA LR ESEHAXZIARNER (Bin, X, BE%F) .
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5. ZHER
. NEFHNEPRESE:

o MTHZRZTEMNREFEER, BEX printf RYEFESIEERFNETX, HREHIER
1RSSR R RFEFETR.

printpcs

2 shellifld, BT BBIFERAMLIERER (panic) BIERRIEIP (EIESTE) Hbtt5IzRp
BFFSER. ZWATEBIER addr2Tine TEGAZMUIIRNRNZAIREAZMRIRTS, N
M AE BB ZUENFIRIN AR SRR,

INgE™ET
iZShel IAFEERFLUTES:
1. EHREER **addr2line** TH: {fLfi%E 1386-jos-elf-addr2line , SN1RARIA, NIER
RFEBIAR addr2line,

2.BeE **addr2line** RYSEHHEEIR: RETREEA addr2line STHFAIRTEMIEIN, LEKSEEM
Ay,

3. $T **addr2line** : {FERIEEM addr21ine TEXHREAIMZIBUEHITHED, 4ERRNENRT

SEE.

(£ ba iy
1. Shebang fiE§

#1/bin/sh

# Decode the symbols from a panic EIP Tist

o ¢l /bin/sh** : ISEMAERRIShellfBfEeR sh , BRMIAIEFREAIShel FMEZHHIT.

o R RBMANEEINEER RISREpanic EIPFIRNASER", EIERIZERITICRAVEIPiBlE
HARNRIERSER.

2. B SER addr21line ITH

# Find a working addr2Tine
for p in i386-jos-elf-addr2line addr2line; do
if which $p 2>&1 >/dev/null && \
$p -h 2>&1 | grep -q '\belf32-i1386\b'; then
break
fi
done

o By WAFE—EEBRKAIIERNTSEERIE, addr2line ZGNU BinutilsHpI—4
TH, BRETIRES.

o ERIGRF:

1. **i386-jos-elf-addr2line** : XE—MFETIOS (— M FHIRERSE) SSEIMERIZZ
IREIRAH addr21ine , FAFAMNBELFRETAYI38658K 4314,
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2. **addr2line** : RFEEIAR addr21ine TE, BEBFUIRAMZEMAIELF Z#HE304,
o SIS
o **which $p 2>&1 >/dev/null** : BT EERB/EFETRFIREZT,

o **$p -h 2>&1 | grep -q '\belf32-i386\b'** : HITTENEHHS, MERHIES
B2 e1f32-1386 , LAFBA T ESTHFAME B HHISU4HE.

o tbreaktt : —EHREISARINTE, BHIER, EMEZTEHTEERIE.
3. EgEHH1T addr2line

# Enable as much pretty-printing as this addr21ine can do
$p $(Sp -h | grep ' -[aipsf] ' | awk '{print $1}') -e kernel "$@"

o B#Y: ECE addr21ine RUMIHIEIN, LIURATRESE(WI, REHFEEANEIHNSER.
o SCHATS:
1. RENSZIFAGIEIN:
m *x$p -h¥x : JREX addr21ine TEAVFENER.

m ¥¥grep ' -[aipsf] '**: TEEHSHFAISEMIEIN, 0 -a (BRMgEsgiell) | -4
(BTHEXER) . -p (BEXRER) . -s (BREXHER) . - (ERRER)
&,

= wkauk '{print $1}'** : IREUEIAIE—NFER, FREERNEINIRS.

2. 4T **addr2line**
m swgper s (FEAEREIRY addr21ine TH,

m ¥%$($p -h | grep ' -[aipsf] ' | awk '{print $1}')** : EFEELHANETIESN
SEUEIBLS addr21ine , BRIRATREZAISE(IEIN,

m wr_e kernel** : IBEEDITAITHITIUE I kernel , BIPZ IS4,
m eRtgEUEr o (EEBRHARNIESE (BERpanicBHCRAYEIPHIITIZR) |, /EA
addr21ine BUEIN.

ERMERFPRUER
RS SRS

ERERFENZEERR (panic) Y, BESICR—EXEER, SIEFRINNEP (EIE<SIEH)
ol IXEHBUENI N FRZAREFHERUE (REFI1TS) . A, FRefuiHERNFAERRA
BN, MELARIERERICERFTE.,

o SR ZMAET addr21ine TEBEIPIUHEENRIRIGSER (REETIRIIGT
8) , R TERISE, BIFFREREEAIEENZFNEE.
2. Bat TREEI—E8SD

ERERFFRABIIRET, FSERE—ELELENSR. BX—IEBM, EREFAT
B, AJLURFF AR,

o SREIRAR: ZMATUSEMWRN TESMAESER, F— 1 2rEinE, MEiRE
CEREIFFSEBRNEMIITIE.
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3. B¥&5RRmENXIS
ST IR URE TR (WEITi386RAOMIOSIMERSE) MFFATNS, (EFRFEN addr2line TH
AR SHREDH R,
. BEARE: BTN addr2line TH, WABEERRNFLRSRERET,
B TER TR SRS,
proc.c

ST HEREIR AXAYTIRE, R T HIERAVEER. MG (fork) . BIE (exit) . FfF
(wait) . YE (scheduler) LINEMSHEERBEMERANRE. XLINERIBMFRANZT £
(ESSAIR A9 OERERSD, TRIRRFREB AU EIEMERE SN FH RS TRIHE.

THRERTY

ZRI R RERUTES:
1. HERERE: P EOSEHEEREHER (ptable) .
2. HE2RUESINMAM: BT allocproc Fl userinit ERERGIEFIVILAMEHTE,
3. #HBAE: IMSMENE THOHZERSIE, MRS MNHEATESRUEIRS CPU BYE,
4. HIZEREPEE: 8% fork. exit. wait ZRE, ATFEEHRENCE. KRILIES.
5. REHE: ERBIEM (spinTock ) RIFHIER, WRFFAMNANZEM.

EFERFPAIER
1. HEEEESS(FSLE
.« BESR EIVEPHERISARSES, WREBRNEES MR, SNSESHAR
.
o #HEOMBSHIE: 126t fork. exit FI wait S0, AFAPEFARTIHE KIEASUR
ST IR,

o HERY: ERBRMRIFHER, WRESRARTHEEENHRZS.

2. iFEHH
o AFEE: BERBIHIESR, SERIREH RUNNABLE FUHTBHTIERE, HIRENHEEEISK
18 CPU BY1E,
o ETNMR: BT swtch REECH ETIOME, MEARFEREBEHE CPU RIR.
o FhERRLIE: TERAEESHSRTET, RIREFREBIRINBEHFIFRTIEK,

3. itz as FAHAETE

o JRFSLEH: SIEHIEEARIRSZEHYEEHE, W0 EMBRYO . RUNNABLE . RUNNING. SLEEPING .
ZOMBIE £,
o FENESEML: TAECIENSENZRINNER, MHELRIEARIKIXLEE, HLEFRE T
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4. HES5RES

o BhEHi: ERBIEIRIPRREURSN (HER) | WIRESIZNME TR —SUE M.
o MEIRSIREENG: BT sleep 1 wakeup FRESCIUHENRLESE, SISEr-E- HBREELE
HERTR.

proc.h

TENXT CPU 1 iHE HHXAIOEUREN, B1EE CPU IO, MR LT, HIEIRSHKEE LS OHTE
=R (Process Control Block, PCB) , XTI ER AN ZF AT EBENAE SN ARG TR
2, MREFNREENEME.

1. CPU &#3(# (struct cpu)

// Per-CPU state
struct cpu {

uchar apicid; // Local APIC ID
struct context *scheduler; // swtch() here to enter scheduler
struct taskstate ts; // Used by x86 to find stack for interrupt
struct segdesc gdt[NSEGS]; // x86 global descriptor table
volatile uint started; // Has the CPU started?
int ncli; // Depth of pushcli nesting.
int intena; // Were interrupts enabled before pushcli?
struct proc *proc; // The process running on this cpu or null
s
1.1 FERAFr

**uchar apicid** :

o Fi&: TFfEAHE APIC (Advanced Programmable Interrupt Controller) B9 1D, FBFH—trRE
/N CPU,

* {ER: EZ&EST, APICID BT RIEIEM CPUIRA,
**struct context *scheduler®* :

* Mig: IEMEERs L TXRYEEH,

o {EM: 7EHHT LTSRS, (ERZETHSERSGEREIEERS,
**struct taskstate ts**:

o Fig: (IINEER, T x86 ZRGTEAIEUTHIHEIZR CPU AR,

o {EM: ERUTALIEEES, CPU R ts EEMUAZME, MRPITMMEERIENZ M.
**struct segdesc gdt[NSEGS]** :

o Mi%: &BHAME (Global Descriptor Table) , X T RFERHIEL.

o {EFM: 7£x86 Z2t9rh, GDT ATHIARFERAVELL. RK. TIREER, BERFHENGEMY.
**yolatile uint started** :

* Big: &M, Fix CPURBERM.

o EM: BT ZZEsdiEHR, WBIRAE CPU ZEIEMIMRFHESTFLIRES.

*=ilnt nelhi==):


af://n2007
af://n2013
af://n2015
af://n2017

e Mi&: FK pushcli ERNRERE.
o {EM: AT EETWEZRANGERER, BIRESXZEATHEERRKSFIRE.

**int intena*¥* :

o Mi&: FRMEERA pushcli ZRIFHTESHERA.
* {EA: EREFUTIRER, SEIIFRSABRPEPRSIERIKS.
**struct proc *proc** :

* Mg {EMZRITEZ CPU LiEfTHIBIE.
e {EM: REZEA CPU IRIEMEHTRIHE, BT RAEMZREE.

2. HIZE ETEME (struct context)

// Saved registers for kernel context switches.
// bon't need to save all the segment registers (%cs, etc),
// because they are constant across kernel contexts.
// Don't need to save %eax, %ecx, %edx, because the
// x86 convention is that the caller has saved them.
// Contexts are stored at the bottom of the stack they
// describe; the stack pointer is the address of the context.
// The layout of the context matches the Tayout of the stack in swtch.s
// at the "Switch stacks" comment. Switch doesn't save eip explicitly,
// but it is on the stack and allocproc() manipulates it.
struct context {
uint edi;
uint esi;
uint ebx;
uint ebp;
uint eip;

13

iy
2.1 FERRER
e **yint edi, esi, ebx, ebp, eip**:

o Mi#: REFHFRNE, BT LT HRIIREHEIHITIAS.

o {EM:
B wxedikx | kkesikk | kwephxkk | wrebprr 1 XUCEIFESTETERLIEPHM AR
HRENSEES. mHT ET X, (REXESFSENEMEER SIS ek
1T,

n sreiper  IRONEHT, RIFAERIPUTAE. ELTXRG, eip RIRFFIKEHER
HAZREE M IR RUFRIIE T AR EE AT,

2.2 EFXINRAISEIR

o TFhE(iE:
o ETNIEFEHIZRINZIRILIRES, RI8EHEA struct context AYMBAL,
o LTXiNikiSEE:
1. (REHAHENETX: 7 swech B, LRIHRNSESRERFFSEE struct

context i,
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2. IRET—MNHEERN LTI NT—MNEHER struct context HREFFERE, BIF eip,
M EINEE R R REA TR &,

3. IHEBIKSHEE (enum procstate)
enum procstate { UNUSED, EMBRYO, SLEEPING, RUNNABLE, RUNNING, ZOMBIE };

3.1 RERERE
e F¥UNUSED** :
o IR ZHIEERIER, IRBREKAIHIE,
® *¥EMBRYO** :
o MR HEERCES, HERTEVAIL,
® **S| EEPING*¥ :
o ifik: HIEATERRTS, SHEEANSEME (W0 =K. F5%) .
e *¥RUNNABLE** :
o iik: HIECHERIFIEIT, SRRERRSE CPU BYE,
o #¥RUNNING** :
o iR HEMRAIER CPU LiBfT,
® *¥ZOMBIE** :

o fiiiR: HECKIL, EEIHEHKREWETR (BIEA wait RE) .

4. HIZ=HIREE (struct proc)

// Per-process state
struct proc {

uint sz; // Size of process memory (bytes)
pde_t* pgdir; // Page table
char *kstack; // Bottom of kernel stack for this process
enum procstate state; // Process state
int pid; // Process ID
struct proc *parent; // Parent process
struct trapframe *tf; // Trap frame for current syscall
struct context *context; // swtch() here to run process
void *chan; // If non-zero, sleeping on chan
int killed; // If non-zero, have been killed
struct file *ofile[NOFILE]; // Open files
struct inode *cwd; // Current directory
char name[16]; // Process name (debugging)

s

4.1 FERRER

**yint sz** :

o g HENATA), LIFTHSRML
* {EA: BTAFEE, REIEHEERNRNEFEZE.,

7':7':pde_t:': pgd-l P
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o Mi&: ERHEMNTER (Page Directory) .

° {EH: BTEMAEFEE, AGHERIEIMIRGEAIEI I,
**char *kstack®** :

o M IEMAATRAIPIZIEIRIRSD.

o {EM: EWIZEN THUTHER, ERIZERREAZEN LT ER.
**enum procstate state** :

o Hif: FRHEIRIFAE.

o {EM: ATHARERAENSEE, REHENEHAEFNT.
*Fnt pid®®):

o FHif: HERR® (Process D) ,

* {EH: E—IRRARFHISNHE, BTHERBEHNEE.
**struct proc *parent®* :

o MHiE: 1ERHEATIEE .

o {EM: ATHARENERXRERE, 155 2EARL TR RRIAT.
**struct trapframe *tf+**:

o Hi&: 1ERZRIARSE A RTAIRER T,

* {FA: REHEERARZEANNSTZRRTS, ETFERSEIRENIT LTI,
**struct context *context*¥* :

o MiE: fERFEN LTSN, BT LTSN,

o {EH: HEWRAERN, REMKEEIITIRE.
**void *chan** :

o MiE: WRIFE, FHEREEFSIEE.

* {EA: BT HEERFIIGEEN S, HEASEENSHHRRFRN, SAEtEE FER,
**int killed** :

o Mg WS, FHIERBWRIL.

o {EA: ZREHIEFRT, HEBE M2 RIZLL,
**struct file *ofile[NOFILE]** :

o Fi&: 1SRRI SRV,

o {EH: EIERHARISHEARRE, STHFUF 1/0 B1E,
**struct inode *cwd** .

o MiE: ERHEIAITEERA inode,

° {EA: BT XHRFERE, REHENSIIBERUE.
**char name[16]** :

o Mi&: HEEWR, AFEHAMER.

o {EM: FEBEAASTIRATERRFIFISEEHAE.



4.2 HIERFHR

// Process memory 1is laid out contiguously, Tow addresses first:
// text

// original data and bss

//  fixed-size stack

// expandable heap

o (FFEext¥%):
o iR HIEAVIDER, BATTHUTAIESES,
e #*original data and bss** :
o fEik:
= Data Segment: FEHIAHUNEBEEENHESEE.
= BSS Segment: FHERVIBUNESEEENFHETEE, MHRHEAT.
o #*fixed-size stack** :

o fiiR: AZRIVTRIBEEAIMER, BTRIERSERAMHT.

e **expandable heap** :

o ifiR: AFEATHRENT, FTTLIEIRNMEK, ATFaSHESE (10 malloc)

rm.c

wrrmir @, XE—PAET MR BRPRER. E3K Unixk BEREH, rm 2—1MEFIBS
17TE, BTAHRGEPRIPREERISXHE.

ZIEFRNEEINRER :
1. B ST28: FEBBFEGSTHEENEMPRIVSHFIE.
2. ESSTH: @ISR unlink REOABMRIEERIH

3. $EIRAMIE: EMPRTIES, MRBIWER (NXEAFESRIRNE) |, WaHEREREF IR
1.

EFERFPAIER

1. STHRBRIE(E
o wirmex @S ERPZENEE, BSHRERISMEN unlink REOERE, SISO,
o runlink** RGHEA: EECUERFFHIERTRGEEE, SEEMEEHCHTRIERCIHY
iR,
2. BR&EO

o EA—TAFRIR, rm BHT—MEEREO, RFRAPBEHHTRYE, MATEERS
WZRE.
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3. {HIRLIES RIR

o TEMBRITFEF, rm OEEBENESER WIXHEAFE. NRAESE)  ARMEAFPRR, &
FHRFPR,

runoff

IIEEEN
ZIEFNEEINRER :
1. B ST28: REBPEGSTHEErNEMPRIVIHIIE.
2. ESSTH: ISR unlink REOABMRIEERIH
3. $EIRAIE: FEMPRTIET, MRBIWER XHAFESRIRAE) |, WiaHERERSF IR
1.

ERERFRRER

1. XIIPRIRIE

o xrme* gi% ZRPTANER, BIERREIRMN unlink REGER, SCIXISHAAIMIER.

o =Funlink** RFFAM: ESCUHRFETRIERIMINEETEL, SESEEETHEUVTRBROIGH
R,

2. ARP%EO

o EA—TAFRIR, rm BHT—NMEEREO, RFRPBEHSHTMMY, MATEERS
WZRE,

3. {HIRMIES RIR

o EMFRITFEF, rm OBEBENERER WXHEARFE. RAESE)  ARNEAPKRR, &
FHRPRIE. ERERSTHIER

runoff.list

T xv6 RERF RURAIBEN. xv6 B—MEAY Unix 75k (Version 6) Wik, TERTHE
B, BEFEERRMFRGERESFILIL.

1. BARL34 (basic headers)

types.h
param.h
memTlayout.h
defs.h
x86.h

asm.h

mmu . h

elf.h
date.h
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1.1 3{¥i%EE

o rtypes.h** : ENTEAREIERE, W uint. uchar. ushort &, FHREFESH—ELE.
o **param.h** . ARRFSHNEEEN, PINHEHNE. HEATHE., AFRANE,

o **memlayout.h** : EXTHNEFME, SENZAMAFPTERMISTEE. RREPE,
#*defs.h** . BENZRHNFPNLBETENEN, EEMSSUEGFIFSUHIIET,
**x86.h** . BN TS x86 ZAIHEXAVATIREL, NhHiEE. RS,

o wrasm.h** 1 YT SICHABRENED, B8aNKLRENEMREFERE,

o wFmmu.h*x o RIFEERERT (MMU) HEXRIEX, BERERIMER. TARE.

**a]1f.h** : 5 ELF (Executable and Linkable Format) S{&EXHEN, BFINEaHT
X5,

e **date.h** : FEXT BEIFIRIEERAVEIIIRMIEREL,
1.2{ER

XL IR T xvb PIZRIERL, EX TEMFRFEH T ZERvEUESS. BEMNRSIEN, BHRE
BRI 4EP L,

2.1#H\ xv6 (entering xv6)

entry.sS
entryother.sS
main.c

2.1 X iR
o *rentry.s*: [ERESHEMNXM, MERBNRIINDR, MAl CPUFIRFEE, #AR
BERH,

e **entryother.s** : FIREEBRMFETHTEME TAORIRE, HIRNXEEREREGEE
TIEEED.

o **main.c** : REZRIEANORE, REHEAEMDGRERE, MRETER. MRHER. Bl

2.2 kR

XL RIS HIUG SINEFER (Bootloader) 38! xv6 Wi, TR PIZAIERIGL,
ERFRGEH TIH—TRURF,

3. it (1ocks)

spinlock.h
spinlock.c
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3.1 {45 EH
o #¥spinlock.h** : BN TEHEM (Spinlock) BISIEEMFIEORE, FATFESEANE FRPLt

=R
o xspinlock.c* : SKUUT EINEMAOTIAE, EIBEAIMAML. SKENGH. BERBISIRIE.
3.2{FH

BIediE xv6 FRTEMESFNESTER, WIRESZMIERS EMHERFIHLIDRNAR51R
R FA—EE.

4. #HIZEH (processes)

vm.c
proc.h
proc.c
swtch.s
kalloc.c

4.1 X {4588

o xwym, c¥¥ ;. EHINEEIRER, QEMITSENSE. ERNEE. AFEREE,
o **proc.h** : EX THEESIER (Process Control Block, PCB) HIZMAAFIIEXEE.

o wiproc.ctt : THITHRMOBIE. Kb BESROMEE, GIF fork. exit. wait ZRGUH
%O

o **swtch.s** : [LHRIESRERI LT INMREL, AFRRFIRAHEARSHITREIS— I
o **kalloc.c** : WZAEFHEER, LI T RRATRINS BCFIEMIIHEE.

4.2 M

XEHHBELIT xvo HISHIEEERRSE, WRRFERFREBEE. AR, KILHE, ARNEES
MNHIZRIRFAIRIR.

5. RFEAMH (system calls)

traps.h
vectors.pl
trapasm.sS
trap.c
syscall.h
syscall.c
sysproc.c

5.1 X{HikER
o *rtraps.her EXTIEM (Trap) EXIREBAIEIRGEN, WARRTAE. EHINGIERS.
o **vectors.pl* : Perl I, FATAERLRUTRRRAEMIERATCHRD.

o *trapasm.s** : [LIRIESRSAIEMNIERER, ARMBIRERFERMTSET, FHERtuEssEn
TZROBERHALIRER AL,

o ¥trap.c** : SLMTIEMAIEEIE, SERFEBNDIR. FHLES,
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e *¥*syscall.h** . BN TRSGHEAS (Syscall Numbers) FIRSZERZEO.
o *¥syscall.c** : LT RABFRANDIRE, RERERAREESERENAYPZERE,
ST T SHEEEERNASRER, 0 fork. exit. wait &,

® *¥sysproc.c**

5.2 {EH

XLESZHHEMIBL T xv6 RRERIE, AR =EEFETRARRREOBERRRRAAIRS,
HRAFP SR BENZEIERES.

6. XIEZEF (file system)

buf.h
sleeplock.h
fcntl.h
stat.h

fs.h

file.h
ide.c

bio.c
sleeplock.c
Tlog.c

fs.c

file.c
sysfile.c
exec.c

6.1 3C{Hi5tAR

o xpuf.h*¥ 1 EMTENXEN, ATEEMERNET.

o *¥sleeplock.h** : EXTHEIRH (Sleeplock) AUEIREIDINIEN, ATESHKIINIEL.
o sxfentl.h** 1 BT NHEHIGSHEE, WFTFAHEI. XHEHE,

o *stat.h¥* . ENTIHIREEEER, ATEEXHRTTEE, AN SR, EXEtEE.
o #xfs. h¥x . ENTNHRFHIROEIEEHFMEE, W inode &1, BRENME,

o wxfile.h** . BN TNHHEAFENE, ATEEITFRINM.

e *¥ide.c** : SCINT IDE (Integrated Drive Electronics) fE&IK5, A SHARANE,
o **bio.c*¥ ! BRI/O BIEER, AREEHARIESERIFIIET.

o **sleeplock.c** : SCHNTRERRHIAITNAE, 1RAE RIBEAIBWNHEILUSER I HRFRIT K,

o **log.c** : LT HEINEE, ATRIEXHRFTEMM—EE, ShlRERRIKER.
o wxfs.cv . RGOS, RERSHRICIE. MER. B BAFERE

o wxfile.cr* . BIEFTHNMHNEGEE, SESEXMHEAR. SIRAHESE.

o *¥sysfile.c** : LT EXHRFIEXRNERIEA, W open. read. write. close &,
o **exec.c** : LI THUTHIERFRIINEE, B exec RABAMEFEITHFER.
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6.2 {EM

XESHHBELI T xv6 RIXHRS, BTV, SEMILET0EE, HIRAATIAE
. REHHITIHEF,

g
mJD

BB

at

Ei& (pipes)

pipe.c

7.1 X {4588

o **pipe.c** . SLPTEE (Pipe) i, RIFHEZEHTARBE (IPC) , BUEELIENE
RS,

7.2 {E@

EERHEEBENEEFR, pipe.c RHTEZEMEEEEINGE, SIFESMHEZAREIEER
MIME.

8. F1FHRIE(E (string operations)

string.c

8.1 X4 BB

o **string.c** : SCEL T FRFRLIRIERAIREL, W strien. strcpy. stramp &, RHETE
RHYFRFERIRIEDDRE,

8.2 {EH
ISR PP ZS BTN RES ERR 2 M, RERURERMT R, S ERFHRNEER,
9.

(KBREHETIE (Tow-Tevel hardware)

mp.h

mp.c
Tapic.c
ioapic.c
kbd.h
kbd.c
console.c
uart.c

9.1 X{¥i% BB
o kdmp.h¥* F] *Fmp.crr o BIERZAMERE (Multiprocessor) 1BXHIINEE, SHFSIZAIRERRIVIIA
EFIETE,
e *¥lapic.c** : EIEAM APIC (Local APIC) , FASRAMEARMFHIFIERE.

e **joapic.c** : &I /0O APIC (I/0 Advanced Programmable Interrupt Controller) , fags4h
IR B RTETE,

*kbd.h** F[ **kbd.c** : $ERRIXFNAVSLIVAFOSCIL, KHIBEREN.
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e **console.c** : EIREHIGWANGL, WERAPEZRIVESATIEHER.

o *ryart.c** : BRITIB(SIKGN, REETE UART (Universal Asynchronous
Receiver/Transmitter) , 3FERITIHOARYENGEL.

9.2 {EH

XEHRRSEARRERE, EETEEHRE. #REAN. EHaRHMBTERE, RRRZEES
IEFIR N AR S SRAPRE,

10. AHR%IZEF (user-Tlevel)

initcode.sS

usys.sS
init.c
sh.c

10.1 X {#i5 B

o *winitcode.sv : CARESRHEINIMEFTES, BFENRANE— EFHE,
o weusys.sv: BPREGTBRROMTAII, RUEFERSHRE TR,
o winit.on: IARAFEEENE, EHRGNSE—EFEE (0 init) .
o w¥sh.cxe: [EEEAY Unix Shell, SCIUMOTIRIESE, AP @ATINTSHS.

10.2 {EF3

XEHEI T AR ENEAEFNREERED, SRAPSRERFENRE, WEMRSE. YT
aSTHITREIARA.

11. 5| SN ER (bootloader)

bootasm.S
bootmain.c

11.1 344588

e **pootasm.s** : [[IRIESRERISISINEIET, ASMNHEENNBRZREEINFHBEEZIRZA
M.

e **pootmain.c** : 5|SNNFAEFAI CIESLI, AEAZRERINNFAIMSGNL.
11.2 /B

XL AHFESLI T RRISISITIE, M BIOS MNES ISINEAER, BHESISMBEFINEAEHNAZ,
SER R G B RAR.

12. $ERIA (Tink)

kernel.ld
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12.1 4588
o wikernel.ld** : HHEMA, BT ENNESGNNGERR. Boitlt, PRABS, BSHzs
HIUATIG AN BRSO SRR A SR R A PIARRT U T ST

12.2 {EH
HERM ARSI IRREN AT BIEMIER, SISARIEI0ET.

runoff.spec

— XHEHRIEX Y, HATIES AR Shell BIF (T4 xv6 BAERFARY) A
. XMEHHBEIEES MR EREEMAISETRGEIAUE (AR, AR, B,
ETE05Y) SRIEHISERIHRFN RS,
ZAVERAAY Shell BIZ TAZtRIE runoff.Tist A runoff.spec HAERLERLERT PDF X, LITE
R EX A S AR IE:
HRIESHRIER:
o **runoff.spec** Xff ([RIREIRMAIFIZRE runoff.spec) BN TEHNFEIMAEEFHID
BEX.
o Perl FIATEAE runoff.spec B, HIEXEHBERIGEERMAIEFIALEXHFRINIFREIE
B, BRRSESTURF S TER.
A RgtEXERS
o IigE: BAER Perl BIZAET runoff.spec X4, MESMANMEESHSEENNE (U
MER. AR, BE5. SEGIFE) .
o HRRE: URLKIHBAFENTE, WASRHENNESER, BrBAPETEE,

HEHIERIRIA -

o RIEMBEILE, MIATEEMERLA] PostScript KRS, HIREBNUGMNEERIEFA, TSI
FRERRI SR 3.

# check for bad alignments
perl -e '

# f#MT runoff.spec AR RHTE
' fmt/tocdata runoff.spec

runoff1

2R Perl {iA 2— AT STRITSHFN IR, SETEZAHERIN Shell A (TR xv6
BERGNR) INATRMELE, ZHANFENEEEE R EoEIREEKENRE (B8R 50
17) . BINTS, FRIESENES (M0 PAGEBREAK! EY PAGEBREAK: <number>) EHEEHHIHEANS TR
5.
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I
iZ Perl BIAREEINREEIE:
1. IBHSITEE: SF -v (verbose, FHEMET) ] -n <number> (EEIH1TS) HULELR,
2. TKRERE: RESTIKERSEY 75 M55, BilmHEEER.
3. TR
o IR {HZ 50 T—TUHHTH T,
o SHHRIERFEISS (W0 PAGEBREAK! ) FAfHEAND T,
o ERESHAENDTME, MRELERLETIT.
A T8RN ABITHRINERYTS.
5. g ERFERITSHNOTNE, EaRERSIEENLSE.

sh.c

% C 2R LM 7T —MEBRAE ST Shell, STHFEANGSHIT. BE. EEOiEaRIT. i
SREIT. PUTIEEAN— LRI EL,

KERINEERFHT

ISR
o **parsecmd** : TP RANG ST, WEBSEIER (cnd)
o **parseline**: QMEEE & 1 ; NEd1T, IFEEHITMHSTIZE.
o **parsepipe** : {MBEISEER | NmSIT, IFEBEERF.
o **parseexec**: QMEHITIORESE, SHFETEM,
e **parseredirs** AMEMNBHEERFS < 1 >.
o **parseblock**: {MBEIES (f1 ) , SHFFMIR,
NUL £1F:

o **pulterminate**  FipSSHEMHEPNEEFZFNREN \0, BIRFFFBEAIERLSR.

ST
e **runcmd** : IREMSRBHITHNAVRIE, SEITHS. EERE. BB. ERITE.
EEK:

o wrmaints EEVEFEINGIGST, BT, BHANE od £, BEA chdir BEEQHE
AT,
show1

IRMHAY Shell BIAR—A SEER T EE B9—8B0, BTE xv6 BAERFERIRARE SRR ER R
4FAY PostScript 344, FHEREZIE Ghostview (gv) HEE.

sign.pl

IRALHY Perl AR TALESISER (boot block) |, HEREA/NFEED 510 15, FHEREMMRERTS
SEZFT5 0x55AA,
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sleep1.p

—/M&#EFS Promela (Process Meta Language) fREHY Spin &8, FIFIRIUE xv6 IRERFHRIEEM
#l. Bk, ZRBUHEILT acquire, release, sleep 1 wakeup #E, HER T —MERNEE-
HZRE T,

1. HERIEHA
1.1 BHY
IZIBE STEIIIE xv6 BIERFFEENFIRIERYE, 53 SESHENE NERITSRRS ST,
BIIEMEFE-BHENE, BREARERSINF FRATSEHRAMTAESR.

1.2 48
BB

acquire(lk): FREX S,

release(Ik): BEHEM,

sleep(cond, |k): HEMRHERT, BRBGFHENERRS.
wakeup(): IREERTBE SFAIHTE.,

HFEEE:

producer: £F=EHIE, ARIEMEZEIR value RY(E.
consumer: jHZEHIE, ARMPHLZRIR value BYE.
eFETE:

bit Ik: Zi#HI8, FAFRSIHEHERE,

byte value: £=&HiR, EF-EFEBEXEHHITERE.
bit sleeping[N]: {RICEMNMHER BT RERIRE,

BE:

ITER: S MHEHUTRNEREL (4R) .

N: SESIHEAIESE 21 — MEFHE—NEZRSE) .

sleeplock.c

SEILT xv6 BRAERG PR BERD (sleep locks) , XE—MRATRLSHAHZERFNTS. ERHSE
IiEgd (spinlocks) AR, EERRSIIFHIEET ZIRENBIETHNBEIRIRS, MM eitERF (busy
waiting) #53RAY CPU BIRRE,

RERAE IR

1.1 (A REERH?

FERSE—TI RS, RF— PRSI HNERRTS, BB EEALE
F=IBREE. XS EEHAE, BIesifEdiR O BRSNMEEEHIRE, S8 CPU RIRITRE,
155 REHIFERBRIKRIER T,

1.2 BT A(EFIREARN?

ESHIENZEAENETD, SPHETREFENIHERR. A TERIERSFNA—E3, TEER
MRELSHE, ERMEE IR RN ER, 1887 RFHUERIMALE), THERT
BFERERRAIER.
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HHRGIENX

BRIIRHAIRE FERHZEES struct sleeplock BIENX, ERIEABTLUMENELEGE, 8%, struct
sleeplock 7£ xv6 HRTEEENX AT :

struct sleeplock {
struct spinlock Tk; // FJe8i, FH-T0RHHEAREH 100 4544

char *name; // B, BT
int Tocked; // BFPRES, 1 £REBE, 0 BREDUE
int pid; // HETREEBUNERER PID
i
2.1 EEFRTE

struct spinlock Tk: WA BB, TR HEIRBUEARLEM, BHIRTE 2 LI R RS AT
JE A

char *name: BiMZHK, [T 7ETHRA R

int locked: BiFPIRA, 1 FRBIEPWEANREFE, 0 RRBERMEIFE.

int pid: FFEBIRHER PID, HFRINBIFE#.

B ERERE, TLABMERICE G RINRIRRE, ReRAIEMMAERE]. LU TRIZSEIAY
KEERRLE:

¥Italk: (A initsleeplock BREHIGAMEL, IRESIRIBTRFIVIIAIA.

SREXEA: M acquiresleep BRE=ITGRENEL, EUCHIFE, WHEHNERIAS, EZISHRER.
FERBA: 5558 releasesleep BRENFEBL, FHIREEFTBESAZANHTE.

FERE: £/ holdingsleep FREGE LRIATZERESRIFE M.

WEBENEEL: R BNEE k-> 1k (RIFPIEIRBIAVEURELSY, FHRBUASAYR IR —EUE.

sleeplock.h

TEXT xv6 BAFRGHEY EERHL (sleeplock) £MA(K. XE—MPRTRSHELAHZFIRAINS,
S5 T BIEHifIERTE, SDEM B er0MiERE.

struct sleeplock £5t3{ R

struct sleeplock {
uint Tocked; // Is the lock held?
struct spinlock 1k; // spinlock protecting this sleep lock

// For debugging:

char *name; // Name of Tock.
int pid; // Process holding lock
i
BRI

uint Tocked:

KRB TRFSEE (uint),
1B FEPRE. locked = 1 FRBEHRIFE, locked = 0 RBERBIFH.
Big: BTHEEEHRSA.
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struct spinlock Tk:

ZE8Y: BhEsd (spinlock) Z5HE1K,

YER: ERERNBLIER, TR sleeplock EMAFAS, HBIFEXNHURSHNAERRFE, BLEEER
%,
Fi&: TESREFIRRHGEIRDIRT, £RIPRT locked F0 pid AIIEEL.

char *name:

R R,
FRE: SHEOEHR, AT IBIRAMRBIRRAIH,
g BEFFAETERATREEAARRN,

int pid:

REY: AR,

B ICRIRHFFAMAIHIZAY PID (HERRET) .

g RTRRAIHCUBHRFEE, WRBIAIIERRGER.

ERRIR

sleeplock SSRGS T EIestFiEIRTLS, /T —eiIRE S, BIRERIENEH (k), S
R HHRSHNZR e, SHESTERIGRT, WRUCHIFE, HEBHNERIRS, SFEHM0R
M, TS TS A5R0FF 8.

spinlock.c

SKELT xve BMERLTHAY Bhed (spinlock) ##l. BiegiR—MATESAMERRSHLIE /LR
HERFHELSIRIE.

spinlock.h
BN T—MEIHESH (spinlock) 454, IXFE xv6 R ER G- AT AE I S A R R L

.
ERIRFER

uint Tocked

& ZrRUHERHIFE (1 TrREFa, 0 /X535 H) .«
KB FERFSEE (uint)

% WFRURFRENANIRE, BIRZS/ CPU BE&REELINZ M.
char *name

Fi&: BRIAERTR, FERTERMmEA.
KA ERFHFAHRRE.
A% FRETUASMUDE—MEEXHNER, LIRCERIPRIRIR.

struct cpu *cpu


af://n2586
af://n2588

Fig: 18RHRHEFEIZHAY CPU E1afIisET.
A 15[ struct cpu B9IEET.
FEi%k: #ENEREIXES CPU IMEFIRBIBA CPU LailEiZit.

uint pcs[10]

FRi%: FHESIX 10 MERITEES (REMENE) M92E, BTFESBHRIABAHIEREK.
KA KEN 10 NAFSEEEEE.
Bi%: ZFBRATEL, FTLIBERMEE PRI MIEHREREAT.

spinp

ATFizi7 Spin TR (—MATRIEFARFIVERRER) FERFMIsTEENEETH, MAE
22— .p XHHERBA, X2 Promela REI {4,

stat.h
TN T TSR] stat 54, BEETXHRGRE (FIRIREANTES) .

stat Z543(F

struct stat {
short type; // Type of file

int dev; // File system's disk device
uint ino; // Inode number
short nlink; // Number of links to file
uint size; // Size of file in bytes
i
FEIRRE:
short type:

TR, BUERTLAUR T_DIR, T_FILE 8% T_DEV,

int dev:

MBI RS RERES, ATROTENREHSX.

uint ino:

M{4HY inode #S, inode BMMHARFFHI— MRS, BTEFEXEAITER.
short nlink:

SHRIREGERESY, AR —XHABH AR B E.,

uint size:

SHRIRN, AT,
1R ZEERRRFMESHRITTER (metadata) |, Z¥UT Unix RE0HER stat REIRIES.

stressfs.c

B —MMFENRRFMER, BIFEXGRFRFPNRA R ERITESEGESE™ (race

conditions) ,
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FEB/IF:
JENME iderw EREFIE acquire FEENEIPASITEFR (idequeue IBA) ZEAIRESHAIRSIARA,
BEYHAESRMEMARSEYE, BRAERESIAISE RS B RS A—EE.

LT
Bs.

NHERFHIHRIRE (FINSANHZRNESEXE) HRZERFIISHNEIRE, SUTRENRESE
14:0

iderw 22 xv6 B9 IDE £ I/0 iEKAMREREL, FEIFBER T, ZRHEEERCESURIPEZESRR (20
idequeue) .

string.c

ST —EERNFAENRTRERE, XERE O ZRTRERFETAS, BRGERNFER.
FRBILR. ERIFES.
RETERER AP HAEE

BEiliTFRE:

memset F1 memmove BFRZIIBNK. BIEEHIZE.
BNt NERER. EEEERKIEE,

FRIREE:

strncmp. strnepy. safestrcpy FERTRRTRAPRASEEELE,
GN7E shell PAMERG SIS FRIEBHITHRHEH.

TR :

[EFERISHRIE (40 stos!) 1RESPITRIRMEROEE,
XEERZR:

FEEAT EBAE, KRR,
swtch.S

BT ETIHREEL swich, BT AR ERFEPIHRR NEZATHIIT E T,

ERENLEE

FELBLTX:

FEYEERENSESESRS BT ETX) .«
B FRRSREERZAHEIATESBCAY struct context A,

TN -
THRE|S— MEFEA0HER,
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REFETX:
MERHEN E X HIRESFFERES, IEIITRE Bz,

syscall.c

SEFLT xv6 BERGE PRNB RGBT A,
R E]=]:Y)

REERZEO:

RMH—FPE, AP SIEFRE BB RKRZARSS.
SHERPSIEFEENSE, FRIEHITIOE.
PITS RGOSR AR,

ZFREARNE:
e BT a4 Rl (5140 INT T_SYSCALL) fA&ZZEMA.
RS EREERREINZ, R IRIEK,

KiEAM
1. S IRERE
fetchint:

MR HERNNFHRE— L,
BRAFEIERESEASEERN (curproc->sz)
fetchstr:

MRAFHENAFHREI— I LEZFR (\0) SBRINFHRER,
WIHEH MR AR EER.
argint:

NEGFIBRIRMAIREES n MNEESEH,
SEUUTHEIEE (esp) HURBBALE.
argptr:

SREUEEHEEIIS 4, ARIDZIEH RREREENNMIBHREFR,

argstr:
SRINFRERRBINSE, BIdLES argint # fetchstr LI,

2. RGvAAER

static int (*syscalls[])(void) = {
[sys_fork] sys_fork,
[sys_exit] sys_exit,

18

ZEBBRFARRS (B0 SYS_fork) BRESTRIRTRIAIPZEREL (40 sys_fork) .
{EF8 NELEM(syscalls) AERFIcEIEE, BT IARERE.
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3. RRRARS RS

syscall():

M eax HERTPREEFFERRS (HEFEFRE) .
WIFRSARRS, FRAMA syscalls B FHRITT R REL,
NRRXFERARS LS, 1ERAE, FBREEIRES -1.

syscall.h

RERERARSHEN, BNMRSHN—MEFIRRERERE:

// RS
#define sys_fork
#define Sys_exit
#define SYS_wait // ST FRE
#define SYS_pipe // BlE—AEIE

1 // B

2

3

4
#define SYs_read 5 // MO B T R i B I

6

7

8

9

// B HTHERE

#define Sys_kill // bR E iR

#define SYs_exec /] PIT =AW
#define sys_fstat // BB BPIRESAE B
#define Ssys_chdir // BT LAEH 3%
#define sys_dup 10 // RIS AR
#define sys_getpid 11 // FRECUATHERER PID
#define Sys_sbrk 12 // SEIHERR BN AR A )
#define SyS_sleep 13 // LR AR — B (A
#define Sys_uptime 14 // FRELR LA B LK ]
#define sys_open 15 // FIF—A30:

#define Sys_write 16 [/ SO TE R B N
#define Sys_mknod 17 // BB

#define sys_unlink 18 // MBR—A3CAF

#define sys_link 19 // OISR REE
#define sys_mkdir 20 // GE—AEE

#define Sys_close 21 // RSB

sysfile.c

S RFNEFTEARRISCI, FEBREXEFIRENSEHTRIE, FHERZOREGTHSErE
E. REEFERSNHRENREA BRI, W dup, read. write, open, close &,

ESka'batiin
argfd # fdalloc

argfd: SRENRABABFAISMHEAR, WIEBHE, FREIIBAISUHEETHEET.
fdalloc: HEC—NIHERRT, XSRS IRIHERN X HEIATTRKER,

sys_dup
SESHHEIAFTRIER], RS RRE— A,
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sys_read #[1 sys_write
EEFIS N GEE, @it fileread #0 filewrite SCHISCRRIRLE.
sys_close
RASAHEIATF, FRNESZ REAIS A,
sys_fstat
SRECUHIRSER., 1ER filestat SCHR,
sys_link
SUEREGER:, B dirlink $§E825F— inode XX,
sys_unlink
BRI, SEMIPRERIN, AR inode RUSERREN.
sys_open
FIFF RIS, SRIESRFME (4 O_CREATE) |, REXX{445H,
sys_mkdir #1 sys_mknod
SRIATeIEBRIMRE .
sys_chdir

THRITIEER, BEFHHEN owd,
sys_exec
BRI EAI S EUARTIER, SHSSHIEE.
sys_pipe
BEEE, RE—XNNHEAFFRATIES.
sysproc.c

ST SN RGERNERZE, NAFHERMRFRRSEO.

LIRSt
HIEEE
sys_fork

JEAFPIZE] fork ERERBIEFTHIZ.
IR[EFHFERT PID L5422, IRME] 0 L5 F 1R,

sys_exit

2 I ljeax N
T exit() FASIRE], BiEAEFE return 0,
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sys_wait

WA wait [HEXEHHE, BEE—PMNFHERE.
REIERHE FH7ER9 PID.

sys_kill

£1HETE PID HIHTE.

argint(0, &pid) NRFEFRS LR PID,
sys_getpid

IR [E ZHFTHEAY PID,

REFER

sys_sbrk

THEEHIZIRER/N.

MESERIER n, HEINEgR/ D HBEESE),
REFRIATEAN (BHEKZEIR s2)
& growproc SEIISERRIARTFEEE,

RIREE
sys_sleep

HIEZRIHE—ERRNE (LR ERARNM) .
Wi ticks SCHRiHAY,

{3 sleep EHIERNRIREAZ!.
WNERHAFERRTE, WHRE] -1,

sys_uptime

REIRFBEILSEAIRT SR hBTR S,
FRALBEE ticks FitATE,
BT tickslock SifRIPRT ticks FYFH&IFIAE],

toc.ftr

X5 |FEEER 2 xv6 IFRBFIFEERS|, JIHTHREEENMS (NEE. Sk, 2BTENNR
) HEMIERER. X—4EAFRERMTEEINE, FTERESMISHEERRAER
BRIRIE.

toc.hdr

MG ZHRIEFRAS (sheet numbers)

IRACTBLAGURSZUHTED, 85185 5017, EIER (8¢ 5K sheet) &5 100 17, XFEZUIRIHEM T
—MERRIXE:

TSRS ZERIGR KR :

7SBREA 100, BPRJHEEFRERRS,
BRAYTSEEN (TT5x%100) Z (]8S%100+99),
a0

NRITER 374:

TS |374/100|=3, BIEM TS 3 1A,
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WRITSE 2658:
TS5 |2658/100]=26, BPENIT5E 26 1A,

trap.c

S xv6 IBRAFRFRIFUIAIREHALIENLS] . EEERE UEARTER (10T) RIIHEH 1 AEARRISEE G
WTANBERARTIZEE,

EREEMEE

struct gatedesc idt[256]: IDT #*, f{ 256 ArlimE (XN —AFBraifEp .
uint vectors[]: HIL4fIY vectors.s #ft, 17 h Wb #FEF I Dk

struct spinlock tickslock: FATF{#H ticks AFEMHFES .

uint ticks: RGN B BIKEL.

trapasm.S

XEGCERIEER xv6 BERGHHTAIFEH RN —3D, 53R IERBREM (Fla0Hir. REH
%) REWIRLSER. XRAURBALT vectors.S 3R, FERMAIEARERARS, CPU RIGIEHIHEREIX
g,

traps.h

TEXT x86 ZRAPRIEMAMTETFEE, BT RRTRZENRE. ERMPl. ERERS (20 xv6)
&, JMERBIIXERETTRT, SMASERERER.

1. IEREXNRE

XLHEENTHLER (CPU) EXHNREREE, EREXLEFERN, CPUSHHTHRIRRFATHIT,
FrRkEERIERN AT ISR

T_DIVIDE (0): BRiEAR, B RAEERICHER .

T_DEBUG (1): VIR, 0% T P43 a% U B b sn .

T_NMI (2): AEBRilchWr, 8 R, ToIEREOCH .

T_BRKPT (3): #EMIMI&.

T_OFLOW (4): ¥R, 0 KAETE R AZ H 4 R A GGV I .
T_BOUND (5): JuFlKArssizt.

T_ILLOP (6): HRidRfEfDefin, @% BAEIIT LIRS .
T_DEVICE (7): WA, Ifee s & wIih R I
T_DBLFLT (8): XUEEiftf, #57E b3 rp i it F R A 5 o

T_TSS (10): TEHULH VB R .

T_SEGNP (11): BAFIER, FlEVin— AR B
T_STACK (12): HEMeRH, 5 BHARRE 45 5 R i

T_GPFLT (13): —MfR9 R, @RV T ARV A7 L.
T_PGFLT (14): TUMIHR, 8% KATE AT Ui i
T_FPERR (16): ¥ fifiRk.

T_ALIGN (17): XJSRASEraiR, o Il AAeE R ERXT 55 .

T_MCHK (18): HLasfEassin, 0w SR EEEe.

T_SIMDERR (19): SIMD VFsi4fiz, ¥WAZF| SIMD f5A4EMITF /B4,

XEEERMEM (CPU) EXA, BESMA il o FHEMERER, IHRMFRFEBIMNF XL

IR,
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2 RERGEEXNESE
XL R R ERARENN, ARNESENEBKRARRS.

#define T_SYSCALL 64  // system call

#define T_DEFAULT 500 // catchall

T_SYSCALL (64): KA. ZARBATEFPEFERIEERFIRMNIRS (GIRSHEIE. #HiZEH
%),

T_DEFAULT (500): BUARTIARERS. JBETEARAISENSER, JLUERXNEEEAZIA
%EEO

3. NS (IRQ) &
XieE B AT IRRRE R RIS,

#define T_IRQO 32 // IRQ 0 corresponds to int T_IRQ
#define IRQ_TIMER 0
#define IRQ_KBD 1
#define IRQ_COM1 4
#define IRQ_IDE 14
#define IRQ_ERROR 19

#define IRQ_SPURIOUS 31

T_IRQO (32): IRQ 0 RIAIFEES, BEESATERFET. FUERSM 32 Frig, ALk T_IRQO #HigEN 32,
IRQ_TIMER (0): ZERT28H M (THATESHT) .

IRQ_KBD (1): f2&2rhHT, AFRRERHLA.,

IRQ_COM1 (4): 88 1 iy, BERTEE.

IRQ_IDE (14): IDE f@&2izlashiy, i AmHR/EftAR.

IRQ_ERROR (19): f5iRlf, BEFNMEHREHIER.

IRQ_SPURIOUS (31): fB=ltf, FRr=£ T — MRS,

TRICKS
BN ARSI TSIV EOR PR BB B A0 — LU, AFUAANER. ENHERIAAAREE,
KRR

1. forkret1 FIPEFHIGRIZ 214

BJRR: forkret1EREfEtrapasm.SHEER%espETFas (RIS 1ER—NEMHI (FIEHTZEPEMATR
SHYZERS) . AISRIEEPEMHMIEET (mov tf, %esp) EFIF] %esp FHiFReSHAT iret 5 ZIARLEHT,
A RES SRR B SR E IR E N AR,

P ARZER: forkret! (VI HEEXREIRFZE SVEAE. 7R, H2A0ERT (tf) HHIE
NHENAZE, XE—MERIIREX, TTLUREFICATS. B, sTLARSMEREHNTER %esp
T EFRT, FAXMEERERHIB LM HRHATS.

BUARYETRENME . GN5R forkret1 {EFE T EMBBERMA, WBTLAE mov tf, %esp ZEIANL cli (ZERHHT) &
BhLE A4,
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2. pushcli flREiZ2

[ fEpushcli#, WNRZET CPU BIFBTERELTEL (ncli) AT, AZAFH. B2, XM
A ARE, EAEREFTHCRESE, CPUIRESRENTARE, SEUMMERIIRER SR T,
At oaAze: MRTHCEREER, SEA cpu() BERT, FJRESERMAMNMEDHELZATY, %
BIREEIRER, #Y CPU ATRELERIERIIFRTIRE,

fRIRTSZ: IEFERIMIERIAERGER cli) 25T, FIESPITERELTE nli. XEERTLABRIERZATA
LR AR,

3. pushcli PRIEESFEMG

[BJ#: £ pushcli PIFE—MERHAESSEM. REFA readeflags() SRIGEFBTIRS, ZAFEHAT li)
SKREFNT, IIRHEEEIIRSZ BRI OHENRE, TRSBUCRAIFMRSAIER,
IHARTEN: BARNRSEUIRESHFHRNCRALER, (BXiF EAa5IRE, NREL
TATHERISCITF MR, BPATE L TR ESREEI TR PR AR TSN, BEELUANRESER
FhiTE B JIIERART,

TTREROBGH : AT IHMIXANEIE, FJLAMRRIETEA swich() ZBi, c->intena = 1; RS, IXEFMABIK
#F pushcli FRYFETHREIERL,

4. BREFINTEHER

R BiegiATELSBEIERX, BEERERMNEEIVONFREF. x86 NNFRELSBEiEiE:
AERY, ELE acquire fl release FAFEEXNNIAFRELIES.

PHLARZERY: x86 RIEEMA CPU Z[EHITUI FIIRIBFSIRY, LAT&EEMZH9:

7£ CPUO HHUSHME (U0 release(lk)) BT lk->locked = 0 X—S#B{EHEALE CPU BEZ,

ERY, CPU1 HFEZRIEE! lk->locked =0 [, AR CPUO EAREMBAETERZA.

FRATRERIZAL . TRIBSAF/RAOFM, B NRMTIREFEL release FIMA—NFIMLIES, LR
RFEBUR IR, M0, IIERISEE/RMESHASIZRUREER, BXRRANERTESH
XMERNEL,

5. fork FRHFRIASIR ERYIETRIGE

BJRR: 7 fork R, HEAVAZS (np->state) #IREJI RUNNABLE ZETREIHEE ID (np->pid), X
AL Ee, ENEEH2IRSIRES RUNNABLE 5, HETTatamiEERIT. BY, AEHEMHE
BHA, NMSEURER np->pid 2R,

P AAZE: NBRIRSHIZREN RUNNABLE 5, #ERRESTEARIRE pid ZBI#ERNIT, XAT
AIREIRHHMEER. Ak, np->pid ATREARRAHILERYE. RIERE np->pid EIAEAZE, B
MRS BE S EFHIFED.,

fRRTTER: IEFMRIIMER £ 1REIAZE 9 RUNNABLE ZHl, {R1F np->pid NEIA, FEH, SILUETHE
5 np->state ZBISRENSISER LEEAD CPU EESHEFHE SR,

types.h
T xv6 BFRFEERMBFRFRZT, BEEAEHMRSABNTEMMENXA. 81
typedef EX T —MHHISEEIER, Eir EE(1RR 7 BT SEEERE,
1. typedef unsigned int uint;
iBH: 48 unsigned int RBUFEN I uint, BIFCRFSEEEERE,

Fi&: uint BEARESSEILHSEY, BEXNNA4FE (324) EASHTFELE. BR
THRERREEAERARIEERHTS.
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2. typedef unsigned short ushort;

158BA: ¥ unsigned short ZRBURE N /9 ushort, RITCRFSTEEEEER

FHi&: ushort BEEF— 16 (INERSEE, AN 27,
SEH (0% 65535) . AN, FriwOS., HERSIF.

3. typedef unsigned char uchar;
WiBA: $F unsigned char ZERIEN A uchar, BILGRSFEREE,
Fig: uchar FETFRT— 8 IAUFMERE, AN 135,
PHFNE. HTERLMSH, HUETEEM 0 F) 255,

4. typedef uint pde_t;

i)

EEERTERRR/INEENER

CERRTESFLEE. 5

EA: & uint 28 (AIRFRFSEE) TN pde_t, BERTRZRERI (Page Directory

Entry) .

FI&: pde_t B— 32 (IEFFSEEEE, RrRERETEARPII—FE. XM EEBEREESE

ARFEIEEXATGER, HaIRESLI D RIS ALHIRT.

uart.c

SCHI T3 Intel 8250 S8 (UART) HUEAIRGSTRE, TESRANAN. SIS SKEEE. LR ikt
i,

ulib.c

ST —ELENNFRFRNRFERERE, BT CiES+, BEATERERFETIBFRER.

1. strcpy — FFRiEN

char* strcpy(char *s, const char *t)
{

char *os;
0S=s;
while((*s++ = *t++) 1= 0)

return os;

}

THRE: =R t ERIEIFRFER s .

AR

os = s; (RfF 7 BinFArERRUEInE, IEREIRME,

while((*s++ = *t++) I= 0) RIFRFATEH t PRIBNFAENEHRBinFriaE s b, HEIBEIFRHRE

RFF (\0) .

EEREFIRBEMEST os, XEEAERAEEBirTrTRRIRIaHEIL,

2. stremp — FEFHRELE

int strcmp(const char *p, const char q)

{
while(p && *p == q)
p++, g+t
return (uchar)p - (uchar)*q;
}

IhgEE: LA ERTEE p 0 q.
EZAi] e
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while(*p && *p == *q) BFFFLLERMNFITER, BRHREIREFTSIAZIFFFRRIERAT \0
RE] *p - *q, WMRFFFEEER, &EO; MNRFABARRE, REAFEFFFRI ASCIEE.

3.strlen — ZFEKE

uint strlen(const char *s)

{

intn;
for(n = 0; s[n]; n++)

return n;

}
TORE: IHEFAE s BIKE.

AR

£/ for(n = 0; s[n]; n++) BHFFFER s, BRBEIFMFRERT \0', FRBEITHEES n, X7 rFHEn
KE.
&EIRE n, BIFRFEKE.

4. memset — HFEEER

void* memset(void *dst, int ¢, uint n)

{
stosb(dst, ¢, n);
return dst;
}
IhgE: B n METIREAN C
AR

stosb(dst, ¢, n) RRFERFICRIES, BTHE n MFHIRENE ¢, dst 2ERtiE. XM EEEH
iCIRES R,
R [E BAritbiE dst,

5.strchr — EF&S

char* strchr(const char *s, char c)
{

for(; s; s++)

ifts ==¢)
return (char®)s;

return O;
}
ThgE: R s PERB IRHNFR c IS,

AR

for(; s; s++) B 1G5, MBS NFEEES R c HHE,
YIFRHF T, RELZFFFEIHELLE (char)s,
NERIBHTFEHARERREHKE, &RE 0, XTRREKEBIFFEA.
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6. gets — IRV

char* gets(char *buf, int max)
{

inti, cc;

charc;

for(i=0; i+1 < max; ){
cc =read(0, &c, 1);
if(cc< 1)
break;
buf[i++] =¢;
iflc=="\n"|| c=="\r")
break;
}
buffi] = "\0";
return buf;
}
TRe: MIRERNIERN— (T RFHTZMETE buf H,

JE )T

read(0, &c, 1) NIRERIN (SUHEIARFRF 0) EEN—NFFF.

if(cc < 1) ANERIEERIML, LE5ERTEFR.

HEENERIF RS buf(i++] B, EEIBEHITR \n SEIZERF \r, SEENTH&AFREL max-1,
REMIFRIERERRT \0',

7. stat — SRENC RS

int stat(const char *n, struct stat *st)
{

int fd;

intr;

fd = open(n, O_RDONLY);
if(fd < 0)
return -1;

r = fstat(fd, st);

close(fd);

returnr;
}
IR SREBSUHAYRSER.
TR
{$5A3 open(n, O_RDONLY) T34 n, FHERIGSUHEIART fd,
NERFTFFRW (fd <0) , iRE -1,

{£FA fstat(fd, st) SRENMHAIRSER, FIBERAREFE st .
KA HERRF fd FHR[E fstat AIRENE.,
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8. atoi — FIFREEEL

int atoi(const char *s)

{

intn;

n=0;
while('0' <= *s && s <="'9’)
n=n10+*s++-'0",

return n;
}
TR B RTER s B0 EEEL.
E2A S

while('0' <= *s && s <='9)) WEFIFEPHIF N FITEENHFF1T
n=n10 + *s++ - '0" G N EIFF TR MAYEELFFINE n .
IREIFEHRERYEESI n.

9. memmove — RIFIEE

void* memmove(void *vdst, const void *vsrc, int n)
{
char *dst;

const char *src;

dst = vdst;

Src = vsrg;

while(n-- > 0)
*dst++ = *src++,

return vdst;

}
ThgE: BREFHRIEERMNIRIELL vsrc FBaZI BiRttbit vdst,
AR

char *dst 0 const char *src FsZFE~BinF0iE b,
5 while(n-- > 0) BIREHUAIENFZ=1HZE—EHIZ) BFRitbit,
&EIRE| Bt vdst,

umalloc.c

ST —MERAIRFDECRR, B T Kernighan # Ritchie (K&R) (CEEFIRITES) SMRFHIA
FEEFEE (5$8.719)

typedef long Align;

union header {
struct {
union header *ptr;
uint size;
}os;
Align x;
s
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typedef union header Header;

Align: ATRIEAREXIST, Align #EEX A long 8, IXFMEIERRER © Header ZHARINED TCEXT
SFEY.

header: XE—MEXEIR (union) , BEE—NEEEFI— Align 28, MK s FETRNFER:
—/MEET ptr, IEET—MRNARENE; — size FRR, TRZFIRERIIAN. BREFRGRITH#E
Header BEBEEA— N TEREVIEIATE, BBE(E LR NEEIEFAE.

Header: TEXT header BXGRIIBIE, (EERBEREE.

usertests.c

usertest.c XHHFEIZTESMATIUR xv6 BAFRFTIHRSE. HEEHFIRSEAIERTUITA
/8

XLEMHRGIEBREPEHRFRISTHEE (WIXHEEE. 1. BA. k. BRIEFSF) ME
B (W0 fork. exec. exit F) L. BNUHREHEIEIURRRR ERIERIGIHRMERFIVMEX
DIRERBIERTLE, HIREHRFNES—EE. #HENTREE. LURRSEMBIIERE.

£ xv6 BMERFH, XRENAEERTRIERGABNSIMESHEI, THEEMEAFIHIEH
RAGIRFRS, MHRFEN—EMAHEEENREEEXEE. XEWNEETRERRHIEEE
IRFHHRIBERFRIE R INREELAUERRNT.

user.h

FIHT—MRERFERZ (BAFPTREE) PEINNERSER (System Calls) #1—¥ CIESHERE
g‘%&o

RARAARISMERFIRMHARFERN—ARED, SlEEREPEREBHIITISIURIE, MHEETE,
MR, RENTE. UTEIHI—ERSEER:

HIEEE

fork()

BIE—HIE, SEHZRIHENTERNES, BIENHEAR. EFHES.
exit()

2 FHETHEATIIT, BIUEXER, HAERMERFERERIENRT,.
attribute((noreturn))

ZEMHE R mIERE, exit REARIRE],

wait()

PREIRIHE, BREHFHEZ —ER. ZRGRARTRIHESHAHENER, BES fork() &G
£/,

kill(int pid)

ESEAHE (BTEMHE ID pid) KXEES (Flln, RIHES) .
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getpid()

IREIZHRIHIZAIHIZE D (PID)
MAIHERE

pipe(int*)

BIE—EE (pipe) . BEER—RATHERBEROIH, REIRNUHEARF, BEEIRJLEH
TEEEBETE.

write(int fd, const void* buf, int n)

A AT fd FEERIEFBEAN n MFHRYETE.

read(int fd, void* buf, int n)

MIAHHEIART fd FEERIXMHPIENRS n M FTRIEERRIETX buf 4,
close(int fd)

KIASUHEARF fd, RERERIR.

open(const char* path, int flags)

FIFHEEREAISUY, FIREI— N HERTT. flags BEIEEHIAEHAR (MRE. RE%) ,
mknod(const char* path, short major, short minor)
BUER—MEFFRIZE, major F1 minor BIREHIFIRESTIRIRES.
unlink(const char* path)

PRI ERIZAISS.

fstat(int fd, struct stat* st)

SREUSHHEIAST fd SERRSUFRPIREMER. (ISR XHEES) |, FIBHEIEFRE] stat 5,
link(const char* old, const char* new)

BIE— N ETRYURENERR, (15 new A/9TERS old BRI IR — 1B,
mkdir(const char* path)

BIE— M FRIER.

chdir(const char* path)

ERERTIEERA path,

dup(int fd)

SHIHHEARF fd, RE—MFTRINHERRT, FSEERAIH.
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AEFEE

sbrk(int n)

EEEUEER (M) RO/, n HEENFDH. BERTISOERT.
malloc(uint size)

NSHEEERNNRFR, FREISEIZAFRIVE.

free(void* ptr)

Brz BiEd malloc HECHIARTFLR,

memmove(void* dest, const void* src, int n)

5 src i8RNATFREEFIE dest, E#) n =15, memmove BEMERFEENER.
memset(void* ptr, int value, uint size)

& ptr IEEAIARFXKIHATRD size MFHIREIIEER value,
FRIRLLIE

strcpy(char* dest, const char* src)

e=Frea src EHIZ] dest 1,

strcmp(const char* str1, const char* str2)

LU RF &R str1 # str2, WNSRAERERE 0, AENIREHFFE.
strchr(const char* str, char c)

BRFRAE str PEIRHINFR c BUME, MNREEINIREHSEIZFRA9EET, SIRE NULL,
strlen(const char* str)

THEFRE str (KE, FEEERR \0',

atoi(const char* str)

R str IR NEEEL,

printf(int fd, const char* format, ...)

AR, ST C EEPRY printf, SEEREHBISIHHEAR fd (UARERHSRERS

=) .

gets(char* buf, int max)

MIREBI N —{THFELE buf B, JRZIEE max-1 NFRF, LL\O' &R,
S EX

struct stat

RTEMEGRITTEEE (A, RBFER) . REEAA fstat() # stat() ERERAZEIAIRE G
RIER.
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struct rtcdate

FRFFFRBRENSEN, TREEE. B, B, M. S DEFR.
usys.S

BATEXZRGER (syscalls) FISLENG, BiAkin, XERABIERRZEIEZ syscALL(name) AE
— M REEAERMBENANCRAS, XEABRRMA— PRI THENAIRZINEE.

BNRRERAER:
FEIXERAREH, FIHT xve F—LERRFEER, 8 1NRAEAXINAITIEENT:
1. fork : BIE—NFIHE, FHIE/LFEHZNEIAR,
2. exit: ZIFMFIHHE, FHREI—MEHIASIBEHIE,
3. wait 1 SEF—NFHEER, FRNERHBRBRE,
4. pipe : BIE—MEE, RIFHEEERS.
read : MIHHEARFEZEETE.
write : [EM{HEATENEE,
close : KIFXHEHATT,
ki1l : EIEEHERIXES.
exec : FISEREFEIRLRIHZAIME, IIEFHIT—NAER.
open : ¥JFIXM, REI—NHHEART.
11. mknod : SIE—MHTR, BEBTOREHRE, NigE3Xt.
12. unlink : MBR—NXEHER.
13. fstat : SRENMPIRSER., a0, PR,
14. Tink : J9MEHEIEETEHEE,
15. mkdir : SIE—ER.
16. chdir : BEHFITIFER,
17. dup : SE—IHEARF, REFTRISHBHARRT,
18. getpid : FRENHAETHIZAYHEE 1D,
19. sbrk : JEEHFEAVHERN,
20. sleep : {EHFIHIEHEIRISEAIA A,
21. uptime : SRENRREaNERIZITRTEL.

v

S © ©® N o

1

vectors.pl

IXER Perl BIAYERL T xv6 IRERFGHANE FRB F1 B& BUCHAE. BAckR, B4 T — iR
& 52X+ IERER (vector functions) .

EAFNRITIREER—MRZAINARE, HRAESGESIERIRN AR, ERERTHET,
SRR BT E R EREERI A PETMEER, FISEEINGLLS alltraps , NMTHUTEZAILE
HZiE,
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1. RIAE13F0ThEE
SL &35 AE

per1Z#{iprint "# generated by vectors.pl - do not edit\n";
print "# handlers\n";
print ".globl alltraps\n";

XEpE TR, HBBZSE2H vectors.pl BIALRRY, HEANERERE, 15, ©EHT—
MBS alltraps , XRFAEFEHMERRFAIANC.

RS REIRENAL

per1 Z#lftiZfor(my $ = 0; $i < 256; $i++){
print ".globl vector$i\n";
print "vector$i:\n";
FIFCI (ST == 8 || ($i >= 10 && $1 <= 14) || $i == 17)){
print " pushl \$0\n";

3
print " pushl \$$i\n";
print " jmp alltraps\n";

o VB 256 AU (W OB 255) AT XIRIH) LIBESY, T FHEE—ME—) vector
BFR (/a0 vectoro, vectorl, ..., vector255) .
o WFB N HHIRE, BER:
1. FE—N2B/S vector$i , XHEMZHEER IS SIHE.
2. BIE—MFE vector$i , EABIMHRIOANO.
3. MNRPHIRSAZ 8. 10214 Z[AE 17, BFRTE 0 EAKL. XEA TS ENS TS
B (FlanisS) RESEL, UMEEMIEEREPEER.
4. BERITHERS ($1) EANR, XHEE alltraps REGHRILARNEFEHRS.
5. jmp alltraps BYERIG—AIFHTLIRREL alltraps.

ERHERER

per1 E#|f{iprint "\n# vector table\n";
print ".data\n";
print ".globl vectors\n";
print "vectors:\n";
for(my $i = 0; $i < 256; $i++){
print " .Tong vector$i\n";

}

o XEPDERM T —NENA vectors BIEURER, B8 —1MHFHAER. 81 vectorsi (BAHEEY
ANOBE) S EEEX RSP,

e H—17T .long vector$i SEHIEENHILFINZIRERS., XENTHFEEERESRIET, 7
PUBIS B i m 2R BRI M AP IBTE s
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2. ik IBgTE

xv6 [EFFRIREFRFMESMPMANSE., BARFRETIRT, MERSRIERETAYR S TR
AR IERE .

o HEREE—MERRELIEREFIET. SRERN UMY, MERSEIEK vectors &,
BREEZIRINAY vectorsi #r&E (RDIIRIAYHTALIERREL) .

e alltraps B2—M—HITEMERER, SRRELTHNTERS, 2AZIFRGESE, X2
— MBI IERE, EREEEANTERS, FRENEGLIEX NI,

3. R SHEIFLIE

RSP IRERERS, MARSRIE T LU LM ER:

o FEFS 8 (Double Fault): XE—MFHNIEE NEHFE) . $i = 8 FARRIXMER, F8H
AEN O,

o FERS 10 E 14 (5 10 E 14 4 rhith): XLEEREEFEERHT, RFEERIALIER,

o S 17 (System Call Trap): XERFAANTE, BEHAFEREBY int $T_SYSCALL K
A,

T IXEAFHRAFEERS, MARBEAN 0, XAURBREACNFTEFELE, SECIINRELE
BEAFTEXMAE,

4. EpRYE Gl

ERRIEEM B RUTIATAE:

asmE HI{Li%# handlers
.globT alltraps
.globT vector0O
vectorO:

push1 $0

push1 $0

jmp alltraps

# vector table
.data
.glob1 vectors
vectors:
.Tong vector0
.long vectorl
.Tong vector2

o B vector0. vectorl FFR—NHRHILIEANO. SITET pushl EHEmSEE, FHBk
% alltraps, B alltraps RERLIE,

5. xv6 FREYRERALIE

£ xv6 F, FRiTabiERYZ O REREE TR ERRSIE N PR S EIRINAYLIEREF. XMHARE)
BT 256 DAL, FEENIREIZEI— vectors FMiERT. BRKEFURT, LIEFRE
PR SEHPITmER, BHMEEHERNA vectorsi 178, RIEM alltraps H—RbHE,
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vim.cC

xv6 BERGPRIEMATFEERD, BINERIERERFENZAINESE (Page Table) &3, EHL
HBHEFNERIENEABRGT, LAIRHREAbiE =S ETE, HEEENRERENZT IS NHEEEREURE,
B TNERAA UG R ST, (RIEARBEZ BNNERS, URAZISHEFENE
H,

1. seginit()

ZHENIRE T BN CPURIBIEIART (Segment Descriptors) . x862RMARTERMERFHERMAITSANIRNUA
FEIRIRRIEART, LABRAZAMBFPEFIIATTERE. XEERT2BHEARER (GDT) KARZM
RPN AR D R IEA ST

® SEG_KCODE #] SEG_KDATA 23 BlIEPIIZCIBFIEUREER.
® SEG_UCODE ¥ SEG_UDATA EHFTEFACIZFISIRER.

2. walkpgdir(Q)

XE—NERRE, FARELTENTEESR (Page Directory) HEH—NESUBIE va XRAITIFRIT
(Page Table Entry, PTE) ., BEZG@ERERTPENNNRINESFE, NRFEFEHE alloc 5%
NE, WLzl E—NFIITRE.

o alloc BEEEEEHEFNAE, ESETFOEImsT,
e PTE_P RRKRIMNEFEIRESL.
3. mappages ()

IZEREUE— R BRES IR MbAE, FOZIEUEIRENR (perm) . ZEREERFSECHIKERR
93, FREUEE R B MR EATBRET .

o {HF walkpgdir() HREEIKEIN.
o RETRIAIEMHILARAENAOSERE (MRE. 95, BFAEEE) .

4. setupkvm()

ZREIRENZIITTER. ERRTRERITERT, BT, AREEI—EIRESE. kmap([]
AR N T A RGN, SIERREINE. iER. RETEF.

o IR mappages() ISIXLLIRIEH BRI TIPUREN R ES ],
5. kvmalloc()

IZRE R AR — M HIIRER (kpgdir ) . EEIEA setupkvm( ¥R, FiE
g switchkvm( TIHREFAIRRIAR. XNTRERZETENER.

6. switchkvm(Q)

HAEIRIZATIRER. ERBSIRELIERM R3 FHrss, BHEDNZNEESMIL, NEERZ
RIS ERRZAIRE IS A,
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7. switchuvm()

ZRE AT IREIRE NHZRIEIAT. E2IREMEXAITSS (Task State Segment) TR, HES
BICPUBEEEIAIANZHHEAE I =SE, B RIATER:

o IREMEFIEER (TSS) , SIEHHRISE.
o UMREIFHFEAITIR, R Tcr3 ESKEH CR3 FHFE,

8. inituvm()

e — M EEREINAT. XEERTHEIIIRATESE, FIUIINEFEFaoanRRiisdE. R
HPfEFAT mappagesO ROE—NAE, FHRBNHRABELZEIXRARZ,

9. Toaduvm()

B—MEFBRMNHEINSEHENENRES. BERAHEEASINEE ELMRGIIWIERE
. XPMREEEERI TR ERHRIER.

10. allocuvm()

HRSEESHENRE. EREINEEREMARTAN, FBISEA mappages O AFTDECHIENL
REXESEMERT. DENRFREREIGREAZE.

11. deallocuvm()
BHABERNELNERE., REISROHTRRINERE, EREHESGER I ERTE,
12. freevm()

BR— M HENEURE, BREDHEREINER. EoEDARHENMERERE, FRERERT
EZ =R

13. clearpteu()

BRI ENEAER, XEERTHILAFEENRARLAFRE, NP HERE— 2R
AL I,

14. copyuvm()

B— M HENEMRTEEERHEIS—MNEET, BERT forkOQ RFEA. BAFMHREEZE—H
AR, FRRHENATRESEHRFTTRT.

15. uva2ka()

R R HEBRES B PR RE A 2SR, X NREAE TS AP BRI IR S ERTHEIE, 78
AL AR EENAE.

16. copyout()

BT EREEEFZIAFATE. ZREABTER uvazkaQ SEIEMNRZIIEESERE IRtk
=),
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WC.C

SEMT—we (word count) ap<RITIRE, AR MRYITEL. BIFEMFY. EXE(ERER
xVEEIMEFRIUEM T UnixF i we 650, B, BIEBHREHRITETRTE. RIFEAFHR

wc BREL:

IZEREUEZNSE . — I HERRF (fd), FI—3E4E (name ), BRIIRERIEBSUHRBFH ST
MHRRITEL. BRIREFIFREL
KETE:
e 1: 137% (Line count) ,
e w: EAjF# (Word count) ,
e c: FFFEY (Character count) .
e inword : —MRE, AFIRRSAIFREEE—TREN, XNMEERATIHLEAERFEZ ENE
IR\ Z I,
main EREY:
L TDRE:
o while((n = read(fd, buf, sizeof(buf))) > 0) : BILIHFA read REWBEMIMHAS, B
EIEEGERTEAS. BREBIASHIERFER X buf H,
e for(i = 0; 1 < n; i++) : BEREHETXFRIGNFH.
o c++: BIEENEFERF, FRATELES 180,
o if(buf[i] == "\n') T++: WISEENENEITRF, 17807 h0—.

o if(strchr(" \r\t\n\v", buf[i])) inword = 0: WRIFIFFFETHE. BE. FIFE
. WITHSEEFIERS, WASRYEIAREE, inword HREH O,

o else if(linword) : MRYEFIFEHAETIZFHHE inword FRICAH0 (FRRZELRBEERIT
A) , BBARAIFHEEI T — N Fra08aiE, BEitEEs wigin, #i5 inword iIRE 1.

° if(n < 0): 9% read MEREER, NimHHREEFHBLHER.

e printf(1, "%d %d %d %s\n", 1, w, c, name) : FIT5EHE, FTEDHIHARYITEL. EREN

main REREFONOR, FREERSITEEFER we L
Tl TIRE:

e if(argc <= 1) : MIRRBEEMHE (BGpSTSEARE2TY) | NSIHRERARTE. B8iF
$AFTEL, BIEA we(0, "M,

e for(i = 1; i < argc; i++) : BRWHMTHHIENME (argvlil) , IFEMNUYE:
o fd = open(argv[il, 0) : ¥JFM, NRHTETF, NEBERER.
o wc(fd, argv[il) : VA wc RERHZIUHFFHITHRIT.
o close(fd) : RHEMHHEIATT,
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x86.h

iR x86ZEH FRIRERICImfs S SIEHEXRAVERME, TER—LRRBIRI/OBR(E. REFHREE. &
FIE TR ER R/ PR B AU AR,

1. inb, insl. outb., outw. outs]
IXLERREURML 7 Sx 86 B SR IR O THUREARAYRE D). BB S/ OwOxENRELSCR, TERATL
AL E RN H IR,
e inb(ushort port) : MIEERIROIEEN—1M=ET (8fi) #UE, FMA in18<S.
o in %1, %0 : Mim[O %1 SEEEUERIZSFRE %0 (Lb4bE data) .

e 1ins1(int port, void \*addr, int cnt) : METERIZW cnt NF (4FT) FIRTFHBHIE

addr ,
o cld; rep insl: cldBERAMRINE (BTEMAHRIEE) | rep TREEHITIESHEE! ecx
SiFsa9E R0,

o ins1 BiOERFAMEERIES.
e outb(ushort port, uchar data) : B— 1"FTHEIES A\Z 5ERO.
© out %0,%1 : 15 %0 IS AEimO %1 .
e outw(ushort port, ushort data) : F—PFRIZEUE (16(i) BAEHEERO.

e outsl(int port, const void \*addr, int cnt) : T cnt NF (4=FT) MAFIEIE addr
BEANEEEmRA.

o fEF cld; rep outs1 KF{THIEZUERIL.
2. stosb, stos]

XA REGRME T AR EFETIRE, BT SR RS ERIATFIbIL.

e stosb(void \*addr, int data, int cnt) : B&dE data (—NFP) FiER addr IBENA
FAE, EE cntiR,

o cld; rep stosb: BRAMEIFS, ESFUTEHEFTERIE.
e stosl(void \*addr, int data, int cnt) : $EHIE data (—\\F) FERIRFBYE addr
BEE cntR,

3. Tgdt, 1idt., 1tr. Tloadgs

XLEREGCREEGS M8 S F=0RE, BT IRESBMAFTR (GDT) | hlffEiAfrFER
(IDT) MESFER (R) F

e Tlgdt(struct segdesc \*p, int size) : IIFHEFBHEAFTE (GDT) . 1gdt IE5SIE p FEAAY
GDTENNZZE GDTR 728+, size-1IEE Y GDTHIKR/N, p RGDTHYEMELE,

e Tidt(struct gatedesc \*p, int size) : INEPHHEATER (IDT) . 5 1gdt L, {BIR{E
RYRIDTMIEGDT,

e ltr(ushort sel) : INEHESFFER (TR) . BFREHFMESHITSS ((EFIREER) 1®=ZFF.

e Toadgs(ushort v) : JNZKGs B51Fes, Gs BERATHINLIEEEEME (TLS) SiFERRAE
2.
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4. readeflags

readeflags AT IEENSRIAVIRSE 7% (EFLAGS) . 1EIZ pushfl # popl IESAILUSEFLAGS S 17a%
RRBERFEIRGEHHIZEEISFRS eflags .

5. cli., sti

XL A R AR T R TR S FRFNEE AR,
o cliQ : BEhrhlirS (RIZELEART) . A 11 §8<.
o stiQ : REJURE (BIRUFHHT) . £/ sti 82,

6. xchg
xchg BREBIT—NIIRIRIE, EAEIEIE addr BYES newval 334, FHHREIRZIERIFIFRIAE. Tock Al
FrRRIRERIRTERT,

e xchgl %0, %1: X% %1. %0 BARFUE, %12 newal , IREEFMETE result H,

7. rcr2 #1 1cr3

XN RECS Rz HlSFRs (CR2, CR3) HIEME.
° rcr2(Q) : EHURHIEFRRCR2AYE. CRABESSSETURIRAYEIBIL,
e Tlcr3(uint val) : # val BAZIEHIZFFRCR3, CRIBEEELRINERAMIEEIIL,

8. trapframe Zi3{f

trapframe AR RHEAHEPITEREA AR R BalRFISFRRRS. ST RIS NE Tk
BUREPREFNSFHERS.

o FfFAETFR

o edi, esi, ebp, ebx, edx, ecx, eax : XLREMNEFFEE, RF 7 AT R/EHITAMIR

=

G0N

o gs, fs, es, ds: FRE1FEE.
o ‘trapno: FRKHIFETE,
o err: {ERME, BEERELEEN,
o eip: HRETRLRINIIESISH.
o cs: RIBRSEE.
o eflags : HEHER, REHIHFE. HHFGE.
o esp. ss: HEFUIAEERPSEINEAIHES, XA TR RS e
BT,
zombie.c

ST —MEFHE, FHERAEAFERHAMEERZ (reparented) .

XERACIBRIBREY forkO BI—NFHIE, RERHESFH—RAYE (B sleep(s)) , fEIL
HAjE FHIERIR AR B IS,
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RFFRIRHRES, FHEMAIULHE, FE init HEKTR, &EH init FEERE.
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