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1. IR H fair

1. 1 B H &

TATOMIERE 0 FEE /2 OS JFIFRIE, M7 R/ N NAZSEEL, ARAD )5
Rk B T AL AT MR R F 384 RGN AL SEE

AT B E HEZE DA KGR o PRARAD 2 A6 i 25 R K2R RN AL SE 56
H A, BRI 5 SEI A AZ . MRS, JERTIR LA S IR AL A —
NPT RE R G NZ, F i E B B R R, BiTE
B th AT, DL RGN

Kk, fEARTHF, RSHENERTLIEERGNZ ARG, N
B BRI AL HRAE, FESEI U TR, S T AHSRThRE . FEAR
i, B, B 2 SR AE A RIETILHISLE K guide book, Tl 16 %5 U H
BN B AT

1.2 WA RER

BEEE MIPS R R 00K, EARIRERGUR AL, 2R ELF JXAFRIZ5 T
Ao VAENAAVTREEE, 1R MIPS PAFBRI A R, B4 A5 25 IR R 1) 8 B
BRI, LRSI DB AR E B, SEELA A0 BOMVRETRU R 2, S8
LI B o by S R TR

2. [RFAEAR

2. 1 BERG R BITAE

MIEVE RG I EE, boot loader IR H i 2 IEAf LR A N AZ K HUAT . 7
4h, BT boot loader HISEHUKIG T cpu IR RZEH), PRI K 221 boot loader #B
7N stagel F stage2 P REIT o

7t stagel I, WIS FEZEHIMGALEEIT 4%, B45 watchdog timer. HUW7. I
Bl WAFEE. Stage2 1Z177E RAM H, HEAEWHIZITHEMNmM T LA C &
FORSEIB N E IR ) TIRE -

AVHE P ERE RS & Linux, 7E304T BIOS AUHS 5 B4 9] 461k
Ja, Linux ) BIOS =M MBR EHUFHLELE, Grub A1 Lilo IXPAHIFHLE B

1



FEP B2 AE MBR Bl #(F RGN AP o=~ EPR.

‘ CPUNNM, HIESF{FEs = U EEE }»

Stagel : ROMEKFLASH ( RiZEkAI S =4/
B MEER
s FStage2 £k M Stage2 -
[EE{CFFH‘“‘QJ _ESTJ#E{-E.RAI\J —[ Z1|RAM ]—E:ﬁ;‘%ﬁé]

stage2 : RAM (FIES , 2=5)

.

S B . N
SopiERE pEreEl ||
TR R PaRiFn 3 -
i ARSTF TR IS S W*"A‘:']
PESERE S FIE{E T E
SR 2 e IS Th SEAR

1 BENSEE
2.2.1 Wi ) R

FEA B WNATVG I B RT S5 /28 MMU,TLB, cache HIMSSHES .

MMU & NAFE BT, MMU 2 sg, &0 DR 2 08 5 ik By
REFAHBNE, JEERML T — BN HR LI N A7 U7 1] AR A A

TLB WSO R s, A R i AH A 2%, BUE TR, WH
B2 BeAE MMU BN, Hrhad % 1 R itk 20 B bk (R B, IF Houj s
BART WA

cache 0% | A BEHb IR 20V BE b BE B804 (R LSS, (RIS B I U5 A2 T AR T
1o

A AR — T WAV [ A

D Bk CPU $UTEE TN, 2ARIEAR P @ bkt B 0l 5
A 5 o

2) TLB #&if): CPU ¥l it Ak 45 8 i% o s 2z i X (TLB), TLB & —
MNEE S AE, H T AR TR, a5 TLB drrh, B4R 16 5T
KO, AT DL E SR B S

3) REW: R TLB A, B4 w Zilid NAFE BRI (MMU)D
Pil TR . MMU 2R YE 715 78 TR Fh B 0 M B S o XA FEPT REV A
FHERERGEIIN,  DLIRBUH R DUER B E o bk A0 DR T 2

4) PIEHAERUEE — B3R BB S, oW s, BT LIl H 5
k0L /BESE |

5) Cache #rifj: 4% Fk, fHYHHHELE Cache & 1], Cache & —PHE R
A JZ,  F T A7 A gl 1 1l R8s

6) Cache fiyH': W Cache 1y, BIFE Cache 3B 1 XN £, A4
M B HIRE IR Bl 45 CPU.



7) Cache ARfnH: 15 Cache RfgH, IAFTEVHENF (RAM) K3k
W . A, HR4E Cache Br#sKmG (U1 LRU, filii/ ), W]
SREUR BB BN Cache, 8 i [H 3R B
SR [A]: Toilk & M Cache ibJE T WAF SR Hidls , s #R <>k a1 45 CPU,
PAE AR B AT AR

LA 778

AP (A

B 2 AFEWERE

2. 2.2 MIPS FERREHAE R

* part 2.
=

N
¥

Q00QQQNANQNQRO00000000000000Q000000000000000

AR SR R BT

4G ——————————— >
VPT, KSTACKTOP - —— —— >
KERNBASE - ———— >
veTM - ———— >
ovePT - ———— >
UPAGES  ————— >
UTOP, UENVS - ———— >
UXSTACKTOP -/
USTACKTOP ————>
UTEXT  ————— >
il e e >

Our conventions.

AE 77 ZORE BT

A e — exl1o0000000
ra Fi kseg3
A e exeooe o00oo
F ! kseg2
B e — exceee oo
ra Interrupts & Exception ! ksegl
B e — exaoee oo
7 Tnvalid memory I P
B e f Physics Memory Max
! ! ksege
B e exsede 0996 — — — — — — — end
J Kernel Stack Fi | KSTKSIZE AN
e s e !
r Kernel Text ¥ r PDMAP
B e f exseel 0996 !
¥ Interrupts & Exception ! Ao L
A e — oxso0e 0800 —— —— — —
Fi User veT Fi PoMAR s B
e Hm e —— ex7fce oooe Fi
! PAGES Fa PDMAP !
e Fm e — = — exr7fse ooge !
r ENVS I PDMAP /!
e Hm exr7fae oooe !
Fa user exception stack Fi BY2PG !
e Fm = — ex7f3f fooe /!
Fa Invalid memory ! BY2PG Fi
B e H e —— ex7f3f eooe !
ra normal wuser stack ! BY2PG !
B Fm = — ex7f3f dooe /!
! ) !

!
- - !
= - kuseg
- - !
! ! !
! ! !
N e + !
v i ! 2 * pPpMmAaP \V Ve
B e B

& 3 MIPS AEFREH &



kuseg:(0x0000 0000—0x7FFF FFFF) 1X— Bt H P 0 Nl sk, Kb
N 2G, W2 MIPS 295€ [ WA (A], 7525l MMU SEIRRE 0Lk 30 4 24
bk ) 4

kseg0:(0x8000 0000—0x9FFF FFFF) : 1X— B2 WAZHhE, H N7 A7k
SR P A7 HBE ) WS e R I MMU, A R s R 55 R i ) A e 6
TX L bk S B A d o B L o R U, X B A bk Bl 3 A b LS B A Py
ARG S12MB 75 (8] o X IX Bk i) A7 BUET 2> il i =i 2847 (cached). B TE
BH MMU I R2GH, 1X BARHS F T2 50K 2 200 R 5 A8 - F T MMU 1)
RG, HAERFNZSAATBHERZA X

kseg1:(0xA000 0000—0xBFFF FFFF).5 kseg0 &1L, X BiHbht th & Py itk
W Rz B HE A = = AE R, BT AR BB, X B AR Hhohk 2 % S LT
B N AE RS S12M 2508 246 ksegl ANEFIZEAE, V7 A1k FE L mg, B}
T /0 Z7 4788 KT FAAELE Cache —BUHER IR 8L T, IX B PN A7 8 4 L 21
VO FFf7a%, FRSEIIX MR 7] o

kseg2:(0xC000 0000—O0xFFFF FFFF)iX Btttk H GETE AZ S, JF H R 2
MMU #% .

2.2. SIENFEE

(1) WIEEAAE 16 -
BRAE R GR35 2 58 N A7 8 FEAE S B s S5 0 BT AR Ak o 32 S BL R =4
BRI E S
mips delete memory () /*WNAEIET*/
mips_vm_init () /RRTIEA — G T e/
page_init () /% GG S5 A0 BRI R e/

(2) AAFFERER:
£ MIPS CPU ', & — AR/ 4KBo K2 U A7 70 Fo 2 L TUN #
PEAT AN o IS BTk 75 B2 Page Hdi 5 KAk — LN A7 M A5 R
typedef LIST_ENTRY(Page) Page_LIST_entry_t;
struct Page {
Page_LIST entry_t pp_link; /* free list link */
u_short pp_ref;

i

4 Page R



pp_ref FSRICSKIX NPT 5| FHIREL . pp_link #2& 24/ s 48 ) BE &
N9 548 %r . 7E include\queue.h H1E X T — R FINFFBER FIERAE

£ queue.h HE ST PRI ER SR BF (LIST) AR I (Tail Queue)

HAEISE R /& List. ENTRY (type)H [ **le_pre, & & Z i & T — N 5
G — T, T8 S 2R TR I H TR R, XANEAN S LIST R I
i S 2 S A FH

(3) WAFZ BRI :
B, AT EFE R mm/pmap.c HIE XIS WA K 4 52 &

u_long maxpa; /* Mazimum physical address */

u_long npage; /% Amount of memory(in pages) */

u_long basemem; /% Amount of base ory(in bytes) =/
u_long extmem; /% Amount of extended memory(in bytes) #+/

& 5pmap.c L FEE
TERIEAL R FE iR BN W R TR :

void mips_detect_memory()

{

/* Step 1: Initialize basemem.
* (When use real computer, CMOS tells us how many kilobytes there are). */
maxpa = 0x4000000;
npage = Ox4000;
basemem = 9x4000000;
extmem = @;
// Step 2: Calculate corresponding npage value.
printf("Physical memory: %dK available, ", (int)(maxpa / 1@24));
printf("base = %dK, extended = %dK\n", (int)(basemem / 1824),
(int) (extmem / 1©24));

6 mips_detect_memory()

AT 72 3 5 Geemul I 82 B 1977 20 P9 770K/ 64MIB, 7 L Jgk K8 k1
SR P 17/ 0x4000000,77 % P 77 TTBOR & P 47 KNI R (4KB),
PRMTLE N 0.

2.2. 4 RMAFEE

(1) PR ITRML



Oox000

0x001

Oox3ff

SO I B

1023

1023

—iRDaFE (mEFR> = e AR T2

31 22 21 iz 11 o

7 R RREMTER

B—HRBNTLHZ (page directory), —3£ 1024 N5 H W, HANTTHZ
i 32 Az (4Byte), TUH I fift (B 9 HOR R — 4 TR N I (R B k. %
AN H FAFAE— NI (4KB) 1, a2 A TFE mips_vm_init B A H 5
BC T AR DB N AT . 28 RN TR (page table), f—iKTIEKA 1024 1T
RKIT, WA GIERI 32 AL (4 Byte) , JUR I fifs (1) 72 68 B 0L [T ) TUAE 5 (20 £ir)
PABAREAL (12 60D BEHKR TR A H— DL R/ N (4KB) I AE.
(2) T1H 5 H g

S UK, TUH A 1024 ANTUH 3, fR4N 00 H SR 4B, 7 2 4KB
WAF, “RITRFFADTRA 1024 NIERD, —IHF 1024 AN HIR, AR
I 4B, 3L 72 AMB WAF. AL F R % 4KB+4MB N AE. (H3EBR ENAFA—IE
RE IM AT, B0l f) k75 2 4B F5iR, FrbAN % A 2 4MB #ial LR 1M
NI IR A THE 4KB FINAE?

KRN A — 3L 4GB, 1% dmbik 75 2 4G M HudE, gl 32 A7) ik
A RebRIR— ANk . 7R IR, AT R M A — ROOTER AN R, (HSE
bR R B — S il (4B) [ 10 AR A — K, KE 10 fi/E N 2 2%
TR, a2 AEARERE. K, —FKIERM IR AR kiR,
R TATBE A 1X 5K TUR 7 B PR TR L3R, PR R 7R 2 AMB A7 3k 7] DAL
4GB WAF. BT 4MB TURIENAFH, 11 4MBd R /NNIEF & —5k —Zh ik n]
DARLS (O P A7 Rk, RGN AF 2 AMB ASRERS 5, IX 4AMB IR ZERLE TM M)
I, ~EEWT:

OxTEEF FEFE




(3) Bgdm*

K RE A S 45 Ry Py R b 1k () R b, SR A R SO 1k 0T B ) — 4R R
AAFAE, BB, TATATRE T B A b G 8 — B TR . AT 2
— U NAER AP TUR, AR5 KAt R P B b i T 25 55 2 1) T H SR,
B Jo BB I U H SR IR BR AL B AT

2.3.1 &

B R AR IR, WRAREARPITHIC. EREESI (PCB) £& %
NTERHFRRE NN LTSRS, & RIC I FR I BRRE, iR
FERIZS NS . RGFH PCB RIEHIFIE IR, Fril PCB & &S50t
FEAFLERIME—ArE . HEFES PCB & ——Xf M. PCB HI%HE 454 PR AS B 1
AT 48

TESERRAEVE S, — G B2 A R 2 PAT A FES R R AEE, Frid
FTEBE RN Gd) SRR PLX 43

TEXAFEEFRRINCAIX 4 J5, SRR CLBERERE 7, QR R T

OHIEF—AN=IN K PCB

QF W EBHABEMANEEE, FEFIHVILHIL PCB

@ JTFT AR ELBEUR, g B e A DL 2 H AR 4y BC o B N AE

@¥ PCB W\ T INEER F B2, RIATHEAMEH .

e WA TEM AR Rt RGOIEAE, IR fork SRR QIR RE N T
G

QIR HFE 58 @5 & Sk, 3X B I B T WA 4B A2 iy ok = (] DA K M FH
FUASTRTE R N AZAS R 8. AT A, HRAE RS B P AR AZ A X A
o, WS RRRES, mips PIRFRUTE 2SN NZA . ATTH K6 52
2G2G i3, RIS SN S 2G. M FASFREFET 5, 75l
ULIM L By, 5 SEmu o6 22 —FE, 2G 1R 0025 A1 40 2 A 3,
FEIXFRA RN, IR TR = X R AZ R, RUNBIMEEN T %4, He
HEAR A AR, FEA I CR3 ZF(E48

W2, — RN P ASTETE B N AZ A I, RS DI 21
T AAZERE, TR TR AR, X ARG E T AR . 4
B, WA TERBRREAA SO PP ATIE R CIEET AL RS, #ET LK H
BN A PR . AR o7 sk i “ KRG,



HiiE L
RiES T

HiEEL
P&

£ e

f \g f

| mE mEe \ w1 mEe |
| mrs mPE |\ | mPz mes
| m® EX \ [ | =& mER

[

“ -
9 HIETTRFALTIR

PRULZ A, b T EAE A N R B status. FEPHX RZHT, 1HRE
TUTHI SR A AR E K
SR Register

31 30 29 28 27 6 25 M4 23 22 1 20 19 18 17 16

|cu3‘cuz[cu1]cuu| 0 ]RE| 0 ]BEv|T5[FE]CM|P2[5wciIsc]
15 g 7 6 5 4 3 2 1 o
| M | 0 |xua[ IEo 1HUp| IEp | Ku-:i IE¢ |

E 10 SR HFELEH

JefRRE— N1 B B R OB A

28 WE N1, RoabreH P

12 WHE N1, For 4 -5 rpWrmr DLk v

R3000 [ SR ZF 72 MK 6 A7 454 /2 k. KUo M 1Eo & —4, H4h
Wr A, TELE2 H 3K KUp AT IEp MIEUE 5 U1 21X B ; KUp A1 IEp & —4H,
e ey, LS KUc Al IEe MOBUE % N EIX 5,

KU B8 SRR ANTE NS, 1 AR AR B SRR 2 BT E
0 M 17F.

524 rfe T 2RI, B idf AT BT R ERAE . FrDAVEARDIE M, &
% & T status J5 750228 000100b, & 4iaAT 5 — MR ZHT, BT E] rfe
fa A m %, e KUp 1 IEp #5 UL[El KUc #1 IEc, 4 status 24 000001b,,
JEWAL KUce A1 1Ec N [0, 1), KIRFFEFHr.

QUEERE, SEPR BRI R E 2. D EL— AT Env S50 1%



B PCB, FF¥ —dbHARRLARN 25 B bk 25 8]

HEALIH Y, env_run RHFFEATIEH I EARRE, W& RESATHE LT
SCRNE AR B R R SO AN TRE . fEIX B, 18T AR I R Al
[PEFRIZAT, T/ BRE R TI. fEERRIRET, H R 7T ZEORAEA U0 i AR
M5 B IR, DME N — IR )3 sk s N BS JF I 7 4k 8, 75 B A7 15 B A
BEFEAS B (IR S FBEFE ) BBl AR S

HEREA 5 PR H Sk 2 PCB W AR LS, T FE I EFSC (FFfEa) RE
{173 7 J& TIMES-TACK [X 1.

struct Trapframe +*old;
old = {struct Trapframe =*) (TIMESTACK - sizeof (struct Trapframe));
11 TIMES-TACK X1
B old B A Y BT ERE BN ST AR IO X 3
2.3.2 7T 5 RE

FEWNRZ T RE R, BERE K A WA 2 5 I 25 e B, — FURAE 1k RE
Ry T Bl A e, AR N 24T RE T EAT AL

JodzEE= s 3 SR AL ERRR
TfEX W . FH -
HBEAE A B
AR
SRR B
- ( aTknd )

E 12 RELIERIE

SR AENR S L LR AN RERS K. REREL. Mok
R -

FH S RHAE:

O F 1, X2 XA R 7 1) B R &

@ LS 2 ) 5 154 N2 51 2% exception handlers % 2H 38 21 %65 W ) A b7 Ak
B PR A

(DB Z11 505 7 (1) F W Ak TR B A, AT 0 7 S 5, 8% S i S8 4 1 O IR R e
A T PR B 2 b B



AR

SEIRT 4 J5 AR U A AR A AR, I Sl A S 7 (1 Ak 22 R 5 b 3 )
X N E 20 T 24 vh

4 H BT -

4 o DRI R B 8] P A8 3 SV DA O . B SE IR B8, CPU AT LA — N3k
PRI A] AT 5 5, I e = 2R I 4, 4TS AT b FE G R AT, 72 18 5 A
PR — A G & R REAT, BN RR R E .

HRERE:

TEARTH H, e HUI [8) e 3 LA AR A P i o A S v B T (]
AR, 1RR I KR, 28R 2 AR AKE, Pk, o454
AR ENV_RUNNABLE, #t# HAGAZE — Mt goRaS#H R IR . WH
sched_yield pRALI%, Ja W7 S arit (8] A2 75 A 58, WA s Tt dE A —
MR GIRS AR . 2 JE AW ST RS IR RS BN, RN
B R — AR

3. Wamih
3. 1 AR LM EIE

(1) #BAE RS A B
*h 4= scse 03.1ds -

- [ +] b (% B jovyan@f77644b24be2: ~/2 X | £ scse0_3.ds X
B / 20221616-lab / tools / N e s
Name - Last Modified 2 /¥

3 Set the architecture to mips.
[ scse0_3.dds seconds ago L %y

5 ENTRY{_start)
& | /*

7 Set the ENTRY point of the program to _start.
g *f

%  SECTIONS

1@ {
1 = @x5001000a;

Jdext o *(.text) }
.data : { *(.data) }
.bss : { *(.bss) }

16  /* To do:
fill in the correct address of the key sections
such as text, data, bss...
f
}1 (end = . ;

2 5

&l 13 scse_03.Ids HI#h2
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52k boot/start.S FIZSHERLEL /)

| + .4 & B jovwyan@f77644b24k X scsed_3.dds X X queueh X
B / 20221616-ab / boat / 1 #include <asm/regdef.h> .
) Name ~ Last Modified #include <asm/cp@regdef.h>
D starts S #include <asm/asm.h>
starts 2 minutes ago
™ start.o 2 hours ago 5
3 & # “.section .data.stk
[ Makefile 2 minutes ago 7 KERNEL_STACK:
1 8 H d “.space @x3@2a
g
10
11 J . text
12 LEAF(_start) /*LEAF is defined in asm.h and LEAF functions don't call other functions®/

‘.set ‘mips2 /*.set is used to instruct how the assembler works and control
the order of instructions */
15 .set “reorder

7 +/* Disable interrupts */
“mtcer “zero, CP@_STATUS

/* Disable watch exception. */
1 mtc@ zero, CP@_WATCHLO
mtcd zero, CP@_WATCHHI

/* disable kernel mode cache */
“mf cer “t@, CP8_CONFIG

‘andt@, ~Bx7

‘ori+te, ex2

mtcl 418, CP@_CONFIG

/*To do:
set up stack
you can reference the memory layout in the include/mmu.h
*
1i sp, ex8e4e0000
jal main
nop

loop:
*j—1oop
‘nop
END(_start) /*the function defined in asm.h*/

14 =R boot/start.S HIZSELERSY
*h4 lib/print.c HHI) 1p Print() B& U SRR 7 K SEE A PR

+ * c jovyan®f7 x scse0_3.d X * printe % printfc X queueh X
mm / 20221616-lab / lib s Tt aiee =i
Name ~ Last Modified char padc;
O printf.o 2 hours ago B
O printf.c 3 minutes ago
N " for (5:) {
™ printo 3 minutes ago
[ printc 3 minutes ago while ((*fmt) I- %' && (*fmt) - "‘o@') 4
[ Makefile 3 minutes ago DUTBUTC e, T )2
fmt+s;
if (*Fmt == @'y {
break;
¥
fmt+sj
if (Fmt == "-") {
ladjust = 1, Fmtes;
} else if (=fmt —— ‘@') {
padc = ‘@', fmts+s;

for (; IsDigit(*fmt); fmtes) {
width = width = 1@ + Ctod(*fmt);

¥
if (*Fmt == ".") {

for (5 IsDigit(*fmt); fmt++) {
prec = prec * 1@ + Ctod(~fmt);

T

+E /e = S §
longFlag = 1
Fmtas;

¥
longFlag
width =
ladjust
prec =
pade = * '3
“negFlag = @;

= “switch (*fmt) {
99 case ‘b’:
100 if (longFlag) {

B

)

num = va_arg(ap, long int);

& 15 lib/print.c FEEHAF 2

11



(2) BAAI (LIST)
SERE S

LIST_HEAD(name, type): & X—Mo1%Kk, W& —NMERE TR ME
kT

LIST _ENTRY(type): & X —MFIRITCEWT A, BEER T o RE
EFAIR )BT — A Ju R IR B B L

Y (ER
LIST EMPTY (head): &% &H A%
LIST FIRST(head): R[AI5)FRMIZE—DITK.
LIST FOREACH(var, head, field): i 5P HIFTH LK.
LIST INIT(head): #I4HtbalzRk, MHBECA—DTEFIEK,
LIST INSERT AFTER(listelm, elm, field): 7E48ECRIGIHN—ANHILR.
LIST INSERT HEAD(head, elm, field): 7E#Z LEBTHN —DHGHK.
LIST INSERT TAIL(head, elm, field): 7£5&EHHHN—ANF LR
LIST NEXT(elm, field): ZRECHATICERII T —NILHR.
LIST REMOVE(elm, field): MFIFEFBHE—NI0EK.

JEB\%] (Tail Queue)
SEHE X

TAILQ _HEAD(name, type): & X — MBSk, @& IEMAE— N IuR AN
JG—ANTCERNIRE .

TAILQ_ENTRY((type): & X —NREBAFITCRI T A, BEFRR F—AIoEMN
BET AN A T — N JC R ARSI

Y (ER

B AR A ) BAR A e S, ARE B B FE AN IR A it [T 44
FALT FIRAERAE

Page list &5 REUIT -

ERERENESE

[ 16 page_list &%

12



Page Zi R K25 Bk, € AR TN ITAFRER, EX5
FEAFED B A7 UL IE L page2ppn BRECKHFEET O ITS, RS HE OB L,
R e LA £2 12 A7 5 In 1 00 H SR dn ik w2 DU B A7 bl A b AY
TR LA XS L 5 () SE B

(3) PCB CHEFEf=#HIHY)

struct Enwv {
struct Trapframe enwv_tf;
LIST_ENTRY{Env) env_limnl;
w_int emnw_id;
u_int env_parent id;
u_int emnv_status;
Pde *emv_pgdir;
u_int enw_cr3;

};

B 17 PCB £

BRI AL H K PCB 4514, T RN X LE 34 fa] S 150

env_tf: FEHEFEF IS E] 5 G FHEATE, K SRR BRSO
RAFEBUZEE ST . B P B2 N Z B AR, At RFERE BT
3, bt AR IR Bl B SCA R IR E

@env link: {HH'E Al env free list A4 it 25 A BE R 5E =

@env_id: BRI —TC AR IRST

@env_parent id: 17 J QA IRER id

Benv_status: 7 AN —=Ff

ENV_FREE: F{WHEAEZN, PCB AT HERE A NEER

ENV_NOT RUNNABLE: B iEF2E4bF-BH %E

ENV_RUNNABLE: RS, EESERHRE, H2 A mMRRER
—E IE{EIs 1T

®env_pgdir: PRAFIZEEFE UL H 1 0L AL

Menv_cr3: {RAFZHFE T H 03 H ki

®env_sched_link: it g R SFERER

©@env_pri: LRAF T ZFE LSS

3. 2 REARY

(1) PI#%. BOOT 1 PRINT #553

Scse 03.1dp ARAS LI 120 PLR 2 ACHS 1 ff R o

XEARRLE N MIPS 2245 I gt A, FEIIRe 8 e RTF MmN
AR RN A5

OUTPUT ARCH(mips): ¥ & HARZLHA MIPS.

13



ENTRY( start): & XFEFFIIANI SN start, F27 MM B IFIHAT
SECTIONS: & XFEFHISABL (U0 text. .datas .bss) HINAFAR ) :
text BT HAT RS

data BAZ il CHILA LTI &

bss B RWIIEH I & .

.=0x80010000: W% 7 K dh L E Y 0x80010000.,

end=.: EX M5 end, FRFEFHGEHRAE.

A R, X BARAY B E TR B AR A R RN [ A

Start.S fRAG LI 13, LN 2 XHCHD Ak

KBRS IR FH 2 B B HERR IR A main BRZK:

li sp, 0x80400000: #4541 sp BB N 0x80400000, R ANFEFF/rHoke =516,
jal main: Bk¥%E| main PREIEORATIR [FIHIAL o

nop: PAT DT HERAE, WEH T RARTUKL MR

SRR, AASERCER, Pk IR AT main BRI

Print.c AURS LKl 14, PR RIS R iR .

KBRS s A AT R, BB T A EESRAL printf (RA% 2
s s . BARRAELR

ks A TR PRI, HRIED] % BUFATER AR, B AR
AT g BAREE

BE] % J5 bR U A

MR bR, WAExtsE () MHZE R (0,

AT B A B AR SRAFAE R T B D

A BN (D

5 B IR AR SRS RIS U I AT 5, E B AR OGRS
AR, PAMER AT — %

AR, X BACRD 2 — e A A5 S AT A, T SR R 2k
T CANTEE . RS, IRV IR B4 AT HE

(2) WNAFE BT
static inline u_long
page2ppn(struct Page *pp)/* ¥4 &5 M AR i £ 5 i Py 5T 5%/
{

return pp - pages;

14



/* Get the physical address of Page 'pp'.*/
static inline u_long
page2pa(struct Page *pp)/* I 45 M A4 T £ 4 4 My L s ik */

{
return page2ppn(pp) << PGSHIFT;

/* Get the Page struct whose physical address is 'pa'.*/
static inline struct Page *
pa2page(u_long pa)/* K P B hE #4511 5 M AR TR £/
{
if (PPN(pa) >= npage) {
panic("pa2page called with invalid pa: %x", pa);

return &pages[PPN(pa)];

/* Get the kernel virtual address of Page 'pp'. */
static inline u_long
page2kva(struct Page *pp)/* 547 35t hik 3% 45 04 P A% i FU i k- +/

{
return KADDR (page2pa(pp));

int
page alloc(struct Page **pp)
{

struct Page *ppage temp;
/* Step 1: Get a page from free memory. If fails, return the error code.*/
if (LIST_EMPTY (&page free list)) {

return -E NO MEM;

15



}

ppage temp = LIST FIRST(&page free list);
LIST REMOVE(ppage temp,pp_link);

/* Step 2: Initialize this page.

* Hint: use ‘bzero". */
bzero((void*)page2kva(ppage temp),BY2PG);//i5 &5 [ /& Xf I 1) 4k 75 8]
HIAR— 00, AR JRA A7 i A 2 B i 4

*pp = ppage_temp;

return 0;

/*Overview:
Release a page, mark it as free if it's "pp_ref” reaches 0.
Hint:
When to free a page, just insert it to the page free list.*/
void
page free(struct Page *pp)
{
/* Step 1: If there's still virtual address refers to this page, do nothing. */
if (pp->pp_ref>=1) return;

/* Step 2: If the "pp_ref" reaches to 0, mark this page as free and return. */
if (pp->pp_ref==0) {
LIST INSERT HEAD(&page free list,pp,pp_link);

return;

/* If the value of "pp_ref” less than 0, some error must occurred before,
* so PANIC !!! */
panic("cgh:pp->pp_ref is less than zero\n");

}

(3) 25 WrEs sy
Iw kO,TF_STATUS(KO) # %% CP0_STATUS % {74¢
mtc0 k0,CPO_STATUS

16
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rfe

ZBAUSTEIZAT 3 — DR AR — € BEPATHY, 1 rfe 382 M T AT HAE
R ERAF I X BACHS R B 82018 i, 495 — bR Iz AT e, X ki
{E R G AT LA IE 1A S A 7

3. 3 BB T

BFEiTHE: fEre

AE VAR LR SO o 3O, e SCfF, Makefile SCfF, .mk 3Cf, ELF SCAF,
Gxemul 25755,

Gxemul 727181 makefile 5 il g PR4EHZ o

# Main makefile

ks

# Copyright (C) 2007 Bethang University

# Written by Zhu Like ( zlike@cse.buaa.edu.cn )

#

drivers_dir := drivers

boot_dir = boot

init_dir := init

1lib_dir := 1lib

tools_dir := tools

vmlinux_elf := gxemul/vmlinux

link_script := $(tools_dir)/scse0_3.1lds

modules = boot drivers init 1lib

objects = $(boot_dir)/start.o A%
$(init_dir)/main.o X
$(init_dir)/init.o \

$(driversidir)/gxconsole/console.o X
$(1lib_dir)/*.0

.PHONY: all $(modules) clean
all: $(modules) wvmlinux

vmlinux: $(modules)
$(LD) -o $(vmlinux_elf) -N -T $(link_script) $(objects)

$ (modules) :
$(MAKE) --directory=$@

clean:
for d in $(modules); \
do \
$(MAKE) --directory=%$3d clean; \
done; \
rm -rf *.o0 *~ $(vmlinux_elf)

include include.mk

& 18 makefile 34
1H i AT gexmul -E testmips -C R3000 -M 64 vmlinux SZE N 1% J3 3 A1 N 17
RIRTEEAL, -
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4. MRAELE R
4.1 P9#%. BOOT FI PRINT 543

FEFNE scse 03.1dp Iﬁ:z}:ﬁuﬁﬁul@ 16 AR, BATERUT,

L} readelf -5 vmlinux
There are 14 sectlun headers, startlng at offzet Ox3f6o:

Section Headers:

[Nr] Name Tvpe Lddr Off Size ES Flg Lk Inf Al
[ 0] NULL 00000000 oooooo oooooo oo o oo
[ 1] .text FROGBITS 00000000 DOOOR0 000950 00 WA O 0O 16
[ 2] .reginfo MIPS_REGINFO Qo0Q0ss0 0OOS9d0 Oooo1s 18 A 0O 0O 4
[ 3] .rodata strl.4 FEOGBITS Q0000S68 D00%ed OO000a2 01 AMS O 0O 4
[ 4] .rodata FEOGBITS 0o000a10 0D00a90 000200 00O 4 O O 16
[ 6] .data FROGBITS 00000ci0 DOOc90 000000 OO Wa O 0O 16
[ 6] .data. =tk FREOGBITS 00000cid 0O0O0c90 008000 00 Wa 0 0 1
[ 7] .bas NOBITS Q0008ci0 00Sc90 Q00000 00 Wa 0 0 16
[ 8] .pdr PROGBITS 00000000 DO8c90 D001a0 OO o o 4
[ 9] .mdebug. abi32 FROGBITS Q0000000 00Se30 Q00000 00 oo
[10] .comment FEOGBITS QooQoo00 00Se30 00O00cE 0O oo
[11] .zhstrtab STRETAR 00000000 DDBefd DOOOYZ 00 o o1
[12] .=symtab STMTAR 00000000 DO0919c DO0O25B0 10 13 24 4
[13] .=strtab STRTAR 00000000 0093ec 0O000c2 OO oo

Kevy to Flags:
W (write), A (alloc), X (execute), M (merge), 5 (strings), I {info).
L (link order), O (extra 035 processing required), G (group), T (TLS),
C (compressed). x (unknown), o (05 specific), E (exclude),

p lprocessor specific) -

& 19 readIf -S vmlinux
EANA start.S SCHFRAIE 2 JEHAT N EI TR IEAE, Bird R,

: b ogxemul -E testmips -C KSUUU -ME4 zzemul/vmlimos
Gemul 0.4.6 Capyrlght (C) 2003-2007  Anderz Gavare
Read the zource code and/or documentation for other Copyright messages

Simple setup...

net: simalating 10.0.0.0/8 (max outgoing: TCP=100, UDP=100)

zimulated gateway: 10.0.0,254 (A0:50:40:30:20: 10}
uzing nameserver 210.30.88.5

machine “default”:
memory: 64 ME
cpul: R3000 (I+D = 4+4 EB)
machine: MIFS test machine
loading gxemul/vmlim
gtarting cpul at 0xB80010000

main.: main imain. main iz start ..
2 ztart ...

tart ...
20 gxemul -E testmips -C R3000 -M64 gxemul/vmlinux
M4 print.c ARG G117, S/5iEL git add. commit. push F&5Z
.

18



E $ make
make ——directory=boot
make[1]: Entering directory *Shome/joviran/20221616-1ab/boaot”
make[1]: Nothing to be done for “all’.
make[1]: Leaving directory *Sfhome/jovyan/20221616-1ab/boot’
make ——directory=drivers
make[1]: Entering directory */home/jovyan/20221616-1ab/drivers’
make ——directory=gzconsole
make[2]: Entering directory */home/jovyan/20221616-1ab/drivers/gzconsole’
make[2]: Nothing to be done for "all’.
make[2]: Leaving directory ' /home/jovyan/20221616-1ab/drivers/gxconsole’
make[1]: Leaving directory *JShomefjovyan/20221616-1ab/drivers’
make ——directory=init
make[1]: Entering directory *Shome/joviran/20221616-1ab/init”
make[1]: Nothing to be done for *all’.
make[1]: Leaving directory */home/jovyan/20221616-1ab/init”
make ——directory=1ib
make[1]: Entering directory */home/jovyan/20221616-1ab/1ib”
SOSLABfcompiler/usr/bin/mips_4KC-goc -0 -G 0 -mno—abicalls —fno-builtin —Wa,-xgot —Wall —fPIC -I./ -I../ -I../include/ -c print.c
makel[1]: Leaving directory ~/home/jovyan/20221616-1ab/1ib’
SOSLAB/compiler/usr/bin/mips_4KC-1d —o gzemul/vmlinux -N -T toolsf/=csel_3.1lds boot/start.o init/main.o init/init.o drivers/gxconso
lefconsole.o lib/#*. o
3 [ b$ gxemul -E testmips —C RE3000 -M64 zxemul/vmlimax
GXemul 0.4.6 Copyright (C) 2003-2007 Anders Gavare
Read the source code and/or documentation for other Copyright messages.

Simple setup...

net: simulating 10.0.0.0/8 (max outgoing: ICP=100, UDP=100}

simulated gateway: 10.0.0.254 (60:50:40:30: 20: 10}
using nameserver 210.35.88.5

machine “default”
memory: 64 MB
cpul: R3000 (I+D = 4+4 KB}
machine: MIPS test machine
loading gxemul/wmlimx
starting cpul at Ox80010000

main. G: main 1is start

init.c: mips_init() is called

panic at %=:%d:

21 gxemul -E testmips -C R3000 -M64 gxemul/vmlinux

- S G DaX |[EpX BAjoX [EpmX EtX [EsxX | EinX EinX ErX | EhX |[EfX |[EMX |[EhX | =X
m/ - .
remote: make[2]: Entering directory ~/usr/src/workdir/drivers/gzconsole
Jame - Last Modified | remste: rm —rf %o * )
remote: make[2]: Leaving directory  /usr/sre/workdir/drivers/gzconsole’
B 20221616712 29 MINUtES 80 | remote: make[l]: Leaving directory "fusr/sre/workdir/drivers’
" remote: make[1]: Emtering directory ~Jfuse/srefworkdir/init’
m work 23 days ago remote: rm -rf ¥ %o
[ appendix.pdf 2hoursago || remste: make([l]: Leaving directory "fust/sre/vorkdic/init’
remote: make[l]: Entering directory Jfusr/src/workdir/lib’
[ contents.pdf 2 hours ago remote: rm -rf ¥ %o
[ guide-book.pdf 38 minutes ago || TEReter makelll: Leaving directory *fusy/srefvorkdiz/1ib’
R remote
[ prefacapdf 2 hours ago remote: Building the praject..................
remote

remote: make —directory=boot
remote: make[1]: Emtering directory ~Jfuse/srefworkdir/boot’
remote: f0SLAB/compiler/usr/bin/mips_KC-gce =0 =G 0 -mno-abicalls —fno-builtin -Wa,-xgot -Wall —fFIC -L./include/ -c start.$
remote: make[l]: Leaving directory ~/usr/srefworkdir/boot’
remote: make ——directory=drivers
remote: make[1]: Entering directory ~/usr/src/workdir/drivers’
remote: make ——directory=gzconsole
remote: make[2]: Entering directory Jusr/srefworkdir/drivers/gxzconsole’
remote: fOSLAB/compiler/usr/bin/mips_dKC-gee -0 —G 0 -mmo-zbicalls —fno-builtin —Wa,-xgot —Wall ~fPIC  -c -0 console.o console.c
remote: make[2]: Leaving directory /usr/sre/workdir/drivers/gzconsole’
remote: make[1]: Leaving directory "/usr/src/workdir/drivers’
remote: make —directory=init
remote: make[1]: Entering directory ~/usr/sroc/workdir/init’
remote: fOSLAB/compiler/usr/bin/mips_dKC-gcc ~DFTEST=abed ~0 ~G 0 -muo-abicalls ~fno-builtin —Wa,~xget —Wall ~£PIC -I../include —c
init.c
remote: init.c: In function 'mips_init’
remote: init.c:17: warning: implicit declaration of function "abcd'
remote: fOSLAB/compiler/usr/bin/mips_dKC-gcec ~DFTEST=abcd —0 ~G 0 -mno-abicalls ~fno-builtin —Wa,-xget -Wall ~£PIC -I../include —c
nain.
zemote: make[l]: Leaving directory ~/usr/sre/workdir/init’
remote: make ——directory=lib
remote: make[1]: Entering directory ~Jusr/srefworkdir/1lib’
remote: f0SLAB/compiler/usr/bin/mips_KC-goe =0 =G 0 -mno-abicalls ~fno-builtin -Wa,-xgot -Wall ~fFIC -L.J =L../ -L./include/ -c
print.c
remote: fOSLAB/compiler/usr/bin/mips_dKC-gee -0 —G 0 -mmo-sbicalls —fno-builtin —Wa,-xgot —Wall ~fPIC -1/ -I../ -I../include/ -c
printf.c
remote: make[l]: Leaving directory ~/usr/src/workdir/lib’
remote: make —directory=/usr/sreftestdirI06T4
remote: make[1]: Entering directory ~/usr/src/testdir30574°
remote: make[l]: Nothing to be dene for “all’.
remote: make[l]: Leaving directory ~fusr/src/testdir30574°
remote: fOSLAB/compiler/usr/bin/mips_dKC-1d -o gxemulfwmlimw -N -T tools/scse0_3.1ds boot/start.o init/main. o initfinit.o drivers
/euconsole/console.o 1ib/* 0 fusr/sro/testdir30574/+ o
remote
remote: End build at Thu Dec 19 14:07:15 CST 2024
remote: [ PASSED:G ]
remote: [ TOTAL:S ]
remote: [ Yom have passed all testcases of extra printf. ]
remote
remote
remote
remote: »>>>> Collecting autotest results >>»ob>
remote: Switched to a new branch 'labl-result’
remote: Branch labl-result set up to track remote branch labl-result from origin.
remote: Already up—to-date.
remote: [labl-result 4dfifcd3] Judgement for labl at 2024-12-19T1d:07: 25+0800
remote: 1 file changed, 133 insertions(+
remote: create mode 100644 log/2024-12-19T14: 06: 53+0800. Log
remote: To git@localhost: 20221616-1ab
remote £236384.. 4d6fc43  labl-result -> labl-result
remote: Please find the autotest log in lahl-result branch.
remote
remote: [ Congratulations! Vou have passed the current lab. ]
remote: Switched to a new branch ’lab2’
remote: Bramch 1ab2 set up to track remote branch 1zb2 from origin.
remote: [ labZ already exists. ]
Ta 102.166. 1. 112: 20221616-1ab
Ocel800.. 4428806 labl -> labl

22 git &M
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4.2 WHFEEHR S

167 void boot_map_segment(Pde *pgdir, u long wva, u_long size, u_long pa, int perm)

168  {

169 int i, va_temp;

17@ Pte *pgtable entry;

171

172 /% Step 1: Check if “size™ is a multiple of BY2PG. ¥/
173 if (size ¥ BY2PG != @) {

174 panic(”Size must be a multiple of BYZPG\n");

175 return;

176 1

177 A* Step 2: Map virtwal eddress space to physical address. */
178 £* Hint: Use “boot pgdir walk®™ to get the page table entry of virtual address “va™.
179 for (i = @; 1 < size; i += BYZ2PG) {

180 S WA AY vard 85T E SR

181 pgtable_entry = boot_pgdir walk{pgdir, va + i, 1});
182 if (pgtable_entry == NULL) {

183 panic("boot_pgdir_walk failed\n");

184 return;

185 ¥

186 S RERRE, B A EERY, KRS
187 *pgtable entry = (pa + i) | (perm | PTE_V);

188

189 1

198 |}

191

23 boot_map_segment

void mips_detect_memory()
1
/* Step 1: Initialize basemem.
* Base memory is set to 64ME (64 * 1924 * 1824 bytes).
b d
basemem = 64 * 1824 * 1824;

e

/% Step 2: Set maxpa to basemem (assuming the system only has 64MB physical memary).

maxpa = basemem;

/* Step 3: Calculate npage.
* Fach page is 4KB, so npage = maxpa / 4KB.
*/

npage = maxpa / (4 * 1824);

/¥ Step 4: Calculate extmem.
* Since the entire memory is considered base memory, extmem = 8.
a4

extmem = 8;
/% Print memory information. */
printf("Physical memory: ¥dK available, ", (int){maxpa / 1824));

printf(“base = ¥dK, extended = XdK\n", (int)(basemem / 124},
(int)(extmem / 10824));

24 mips_detect_memory

20
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int page_insert(Pde *pgdir, struct Page *pp, u_long va, u_int perm)
i

Pte *pgtable _entry;

u_int PERM = perm | PTE_V;

/* Step 1: Get corresponding page table entry. */
if (pgdir walk(pgdir, va, 1, &pgtable entry) < @) {

return -E_NO MEM; // WEEBHERF, ESATFTERE
¥

/* Check if there is already a valid mapping at ‘va'. */

if (*pgtable_entry & PTE_V) {
struct Page *existing pp = paZpage(PTE_ADDR({*pgtable_entry));
if (existing pp != pp) {

A4 If the existing mapping is different from the one we want to insert, remove it.

page_remove(pgdir, va);
} else {

£ If the existing mapping is the same as the one we want to insert, only update

permissions.
tlb_invalidate(pgdir, wva);
*pgtable entry = pageZpa(pp) | PERM;
return 8;

r

/* Step 2: Insert the new page and increment its reference count. */
*pgtable_entry = pags2pa(pp) | PERM;
pp->pp_ref++; // Increment the reference count of the physical page.

/* Step 3: Update TLB. */
tlb_invalidate(pgdir, va);

/* Step 4: Validate the insertion by re-checking the page table entry. */
if ((*pgtable_entry & PTE_V) == @ || pa2page(PTE_ADDR(*pgtable_entry)) != pp) {
/Y If the insertion failed for some reason, decrement the ref count and return error.

pp->pp_ref--;
return -E_NO_MEM;

}

return @; // Success.

25 page_inisert

main.c: main is start

init.c: mips_init() is called
Physical n
to memory 50401000 for struct page directory.

to memory £50431000 for struct Pages.
mips_vm_init:beot_pgdir is 80400000
pmap.c: mips vm init success

start page_insert
va2pa(boot_pgdir, 0x0) is 3£fe000
page2pa(ppl) is 3££e000
pp2->pp_ref 0

end page_insert

page_check() succeeded!

panic at init.c:55:

26 PITEHRE
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4. 3 HBESRER T

vold mips_wm_init()

{

void

env_

{

extern char end[];
extern int mCOMNTEXT;
extern struct Env *envs;

Pde *pgdir;
u_int n;

/* 5tep 1: Allocate o page for page directory(first level page table). */
pedir = alloc{BY2PG, BY2PG, 1);

printf({"to memory &x for struct page directory.‘wn", freemem);

mCONTEXT = (int)pgdir;

boot_pgdir = pgdir;

A* Step 2: Allocate proper size of physical memory for global array "pages”,
* for physical memory manogement. Then, map virtual aoddress “UPAGES™ to
* physical oddress “pages™ allocated before. For consideration of alignment,
* you should round up the memory size before map. */

pages = (struct Page *)alloc(npage * sizeof(struct Page), BY2PG, 1);

printf{"to memory ¥x for struct Pages.\n", freemem);

n = ROUND(npage * sizeof(struct Page), BY2PG);

boot_map_sepgment(pgdir, UPAGES, n, PADDR({pages), PTE_R);

/* Step 3, Allocate proper size of physical memory for global array “envs’,
* for process management. Then map the physical address to "UENVS . %/

envs = {struct Env *)alloc(MENV * sizeof(struct Env), BY2PG, 1);

n = ROUND(MNENY * sizeof(struct Env), BY2PG);

boot_map_segment(pgdir, UENVS, n, PADDR(envs), PTE_R);

printf("pmap.c:\t mips vm init success\n");

27 mips_vm_init, AT %3 envs #A S BLZE (8]

init(void)

+int 1;

/3Step 1: Initial env_free list. ¥/
LIST_INIT(&env_free list);

/3Step 2: Travel the elements in 'envs', init every element(mainly initiol its status, mark it as free)
* and inserts them inte the env_free list as reverse order. ¥/
for(i = NENV - 1; 1 »=8; -- 1)
{
envs[i].env_status = ENV_FREE; // initiol status as free
LIST_INSERT_HEAD{(Renv_free list), (envs + i), env_link);

28 env_init

22



int envid2env(u int envid, struct Env **penv, int checkperm)
{
struct Env *e;
/? Hint:
* If envid is zero, return the current environment.?/
/*Step 1: Assign value to e using envid, ¥/
if(envid == @) {
*nenv = curenv;
return @,

}

e = denvs[ENVX(envid)];

if (e-»env status == ENV FREE || e->env id != envid) {
“oeny = 9
return -E BAD ENV;
}
/* Hint:
* (Check that the calling environment has Legitimate permissions
? ¥ to mnipulate the specified environment,
¥ If checkperm is set, the specified environment
¥ must be either the current environment,
* or an immedigte child of the current environment.If not, error! ¥
[¥Step 2: Make o check according to checkpern, *4
if (checkperm == 1 & ¢ != curenv &8 curenv-3env id != e-denv parent id) {
*penv = 0
return -E_BAD ENV;

*penv = g
return @

29 envid2env, SCELEE—EY id SREUZRT R AU AR EHIERA T BE
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static int

env_setup vm(struct Env *e)
{

—iint i, r}

—istruct Page *p = NULL;
—4Pde *pgdir;

—+/*Step 1: Allocate o page for the page directory using o function you completed in the Lab2.
* and add its reference.
* pgdir is the page directory of Env e, ossign value for it. ¥/
if ( (r = page_alloc(&) ) == -E_NO MEM) {/* Todo here?/
panic("env setup vm - page alloc error\n”);
return r;

}
p - pp_ref ++ ;

pedir = (Pde *)pagezkva(p); /BN Ep#ESENEY

[*Step 2: Zero pgdir's field before UTOP. ¥/
for(i = 8; 1 < POX(UTOP); ++ 1) pedir[d] = @; // UTORZ fAIEE

/*Step 3: Copy kernel's boot pgdir to pgdir. ¥/

/* Hint:
* The VA space of all envs is identical above UTGP
* (except at VPT and UVPT, which we've set below).
¥ See ./include/mmu.h for Layout.
* Can you use boot pgdir os o template?
Y

for(i = POX(UTOP); 1 ¢ 1024; ++ 1) pedir[i] = boot pgdir[i];  //UToP.Z B8 E T

[ el

/*Step 4: Set e-env_pgdir ond e->env_cr3 accordingly. ¥/
e -»env_pgdir = pgdir; I ERMY
e -y env_cr3 = PADDR(pedir); /WA Y

/*VPT and UVPT map the env's own page taoble, with
¥ *different permissions. ¥/
—e-yenv_pgdir[PDX(VPT)] = e->env cr3;
e-senv_pgdir[POX(WVPT)] = e->env cr3 | PTEV | PTE R;
-“return 8;

}

30 env_setup_vm, & E#HiEiEHHR
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int
env_alloc(struct Env **new, u_int parent_id)
{

+#int rj;

—+ struct Env *e;

F¥5tep 1: Get g new Env from env_free List®/

e = LIST_FIRST(&env_free_list) ;
if{e == NULL) {

*new = NULL;

return - E_NO FREE_ENV;

S*step 2: Call certain function(has been implemented) to init kernel memory Layout for this new Env.
*The function mainly maps the kernel address to this new Env address. ¥/

if{ env_setup_wm(e) == -E_NO_MEM){
*new = NULL;
return - E_NO FREE_ENV;

/¥step 3: Imitialize every field of new Env with appropriate values*/

e-renv_id = mkenvid{e);
e-»env_parent_id = parent_id;
e-»env_status = ENV_RUNNABLE;

/*5tep 4: focus on initializing env_tf structure, located at this new Env.
* especially the sp register,CPU status. */

e-renv_tf.cp@_status = exleealeed;

e-»env_tf.regs[29] = USTACKTOP;

/*5tep 5: Remove the new Env from Env free List*/
*new = e;

LIST _REMOVE((e), env_link);

return @;

31 env_alloc

static int load icode mapper(u_long wva, u_int32 t sgsize,
—— “ - ‘ " “ u_char *bin, u_int32 t bin_size, woid *user _data)

SE AR S N Fe SR

SAPrintf( Tttt rrestit _srart Load icode_mapper()--*rEErirssseynT);
“struct Env *enw (struct Env *)user_datas

= struct Page *p = MULL:

vu_long i3

“int r3

“u_long offset = va - ROUNDDOWN(va, BY2PG);
if( bin == NULL ) return - 1;

u_long size = @;

«/*Step 1: Load all content of bin into memory. */

S AT, AT ER R E
if(offset > @) {
size = BY2PG - offset; // HF{IFL

if( page_alloc(&p) == - E_NO_MEM) return - E_NO_MEM;
p -> pp_ref ++ ;

ST FFEE A S va SRS I ST gt s
page_insert(env -> env_pgdir, p, va - offset, PTE_R);

S FFbin B Y PY B IE S A R A TEAT S
beopy( (void *)bin, (void *)(pageZkva(p) + offset), MIN(bin size, size) };

¥

SEH AT, SEEANF T, SEES LS

“for (i = size; i < bin size; i += BY2PG6) {

» “/* Hint: You should alloc a page and increase the reference count of it. */
if{ page_alloc(&p) == - E_NO_MEM) returm - E_NO_MEM;

p -> pp_ref ++ ;
ST SEEER A e + 1 SR RS T A v
page_insert(env -> env_pgdir, p, va + i, PTE_R) ;
S FEbin B S P T SR S R A TE AT S
bcopy((void * )(bin + i), (void *)pagezikva(p), MIN(bin_size - i, BY2PG) ); // .4 & & & P43 80 8, 78 7 & F A0
ol
«srStep 2: alloc pages to reach ~sgsize’ when “bin size~ < "“sgsize .
* i has the value of “bin_size™ now. =/
SR = S, T A et
wwhile (i < sgsize) {
if({ page_alloc(&p) —-— - E_NO_MEM) return - E_NO_MEM;
p -> pp_ref ++ ;
page_insert(env -> env_pgdir, p, va + i, PTE_R) ;
Arpage _alloc SE# T2 A TFeEH, S EMRTFTEFET v
i += BY2PG;
"3
SAprintf(TTrrrr ettt _gEnd Load icode mapper()--*trrrErrrsss\nT);
“return @;

32 load_icode_mapper

25



OUTPUT_ARCH({mips)
ENTRY {_start)

SECTIONS

I
- = xEE8002088 ;
-except wecz : {

*.text.exc wec3)

¥

- = Bx8801aa8a ;
~text : {
*{ . text)

¥

-bss SR £
*{.bss)

¥

~.data : {
={ .data)
¥

-sdata = {
*{ .sdata)

¥

- = xB2402888 ;

end = .

¥

Fl 33 123 Ids A8, EBREETLIHEIRES &R
5. B4
5. 1 Bt it 7 AR I 1 R R A R T

1) IBFIEE X G a8 B AR AN IE R ) ) 8

R I BB include.mk SR CROSS_COMPILE B A IE
PRI AR, R T IR AN ) R

2)  In'E AL ARAD

L IpD: E4ME boot/start. S W, 24 THUM4m'E  MIPS IL4wfCH,
FEERAR T2 2 18 ) R Bk

3)  TLB |52 W frr e (1) ?

TLB A ()T P 30 o0 R AR IR RS o A U R A7 T A2 R b () — 5045
11 3 P AT B TS « AR DR 5 B DA A — A Bh 5 B . Btk 5
TLB I [y m it 77 =0 = ARy a0, B a0, /4Ry .

DLE B it 7 SR e — A iUk X GBS 2 TLB o ik — (1 — MR I R
WNAFIUR/NZ 8KB, TLB Hi A 64 1, R FH BELHE iR 7 U (1) TLB A2 i J5 34 11 K]
TEATR:
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B

5.2 HIRAE1EIE N

HIBN S AR AR EE, KO SEIL A AZA S A REROR, I 8] AR 55, AR —
RPN 2 SRl S 2/ Rl Nty 2713 LT8R A o 1 I g =
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b AR R U 52 75 AT B AR, 72N R IR B ST R DU e
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5.4 DfR4Ee

RPN SCB I RE T, H A Z BV S, @ 7 i@ 2 &
FRAAE, 230 72, AFF Vim FiEa . Makefile SCHFIITIRE
make FHMIMA, LR ELF SCAFRIPERISE, IXEEEINER 7 XA R gL Bl
B
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