& EEIE BN R BRGS0 2012 %
K= EMAFEE

1 S£IRH4Y
o T REE LA G Page Fault 7 7 AL 22 55 AL
o THAKRBIEEBRERATHEN

2 FRAX

MEFEE G, KETAT BFERMEA G ES TS B EQGEARRILAR e
MBI BNk, AREBRAAFRH AL, T REMNGARE—F B RGP F57 L
HLH, T APage Faults+ % A AFIFOT %k k09523, Z0mMARENE F 20, Kmieas
IHBEARERE, RE—ANLEFEHWEAFTEZRGEMAFZTALZRMERN. FRBIFRL
RAEPHEMANGERITERAAME A0, PRINEFABLETHEAL, IHZFAEHRI LT
Flo R KEARN, TUZIRTRY K%, % Mextended clock W #4% H ik,

2.1 43
%30: RWELHER
ARBARBKIE/20 WACARBAY 5K I 1289 RAGIAN AR K 5o X2 A “LABL” “LAB2” 49 ‘2 B 40 12
Do
%31 AARBBRAAHAEBEN EMER (F2R4E)

7. A% do_pgfault (mm/ivmm.c) &3k, % RABBRATA LI BS L4 T, & E 7 PR A& E
ZA5FE N @AE VMA AR, FiTE ZEZERGHE NN T ZRMEAN G54 SRR THTE,
MARAEY N A, i2&: £ LAB2 EXERCISE 1 &3 5 K4, #47“make gemu” )G, =R i@ it
check_pgfault & & 69X &, & A “check pgfault() succeeded!” 894k, &4 1 AR EH,

$%32: AARZREATFIFON R @Bk (F2%4)

% mvmm.c¥ 49do pgfaults £, F E & 5 AFIFOH & ¢9swap_fifo.cF % smap_ swappablef=
swap out vistimefy# . B idiFswapdgM]iX., & : Z£LAB2 EXERCISE 2434 5 R4, AT “make
qemu” /&, 4= i@ ifcheck_swap £ 89K &, 4 A “check swap() succeeded!” 894 i, &£ 7% 32
KA EH,
¥ B 4% 3] Challenge: 3= #LiRAdirty bitéyextended clock R &4 H % (F &%42)

challenge3f 75 R 2 L35, RiTA EARERFF Y. &5 EA#Emeyiit. S #Amli
HRERE, TRBEHNTRFES Iy, (ARFRIRE AR TR, FRIR) .

2.2 3 B A&,
(1 ER=XH#HI %

|-- swapfs.c
*-- swapfs.h
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- init.c

-- default _pmm.c
-- default pmm.h
-- memlayout.h
-- mmu.h
-- pmm.c
-- pmm.h
-- swap.c
-- swap.h
-- swap_fifo.c
-- swap_fifo.h
-- vmm.c
- vmm.h
- sync
trap
|-- trap.c

-- libs
|-- list.h

tools

ﬁﬁ%+“’,+L;1%W%%xﬁﬁiiﬁ@%\ﬁf,1%%&%x#ﬁi%%@%ﬁﬁ

=, ANEERANEEIHARNLE AT EE2AFH T

+ kern/mm/default_pmm.[ch]: %5 2L X F struct pmm_ manager%#&%’x%é’]Flst Fitir 32 N A o B 5% %
N (HERANFAZAT, BP4096FT) , AAXH BT AR T F 5% A4 )42 4k kmalloc/kfree %
o) ZAE R o

« kern/mm/pmm.[ch]: pmm.hE X 432 ) & % B £ 4E 4 struct pmm_manager. pmm.céL 4 7 ik
MERNGELREERGTE, UAERZS, R, TR AEAMXGEMHIRERL, ERFER
¥ 2 A 2 kmalloc/kfree 5 o #4 .

o libs/listh: & X T@AM@EEEMUARIRO TR, EAFARENE, IREZIATEES
EMENGEE (AREANZAER) . Zlab0LAS P A XML, Zof LG
AR ERKGABARARERT AL Alisthd 2 XL a9 fdk, ARFBRFTRLZRADNIEN, Mk
FRAE L H

. kern/driver/ide.[ch] X AEILT NG RswaphLhl PrE e i K 093 B4R AF L+, ARSI
Wb Rl it swapfs * e 2 ) 4R 4E B AT A9 R . 3T REBP T

o kern/fs/*: X AeFIT A A RswaphL#| T & Mz & K Z 2N A N F 5 N GRIEB 2L L
9.5 & swapfs_read/swapfs_write. £ &% W 2@ AL B X AN E 2o

« kern/mm/memlayout.h: 447 T struct Page, *$/= 7 #3Rpra_*m& R 44, ¥ pra_page_ IkaM
RARZZFHAEZENTFEFIL (AR ABi7 R RE) 69kt k, ERER T AH A& AX
R M), VAR le2paged £

« kern/mm/vmm.[ch]: vmm.h#5 £ T mm_struct, vma_struct$ % if =7 77 7] 89 & & o ik 7 7] 69 — 3k
T8, Toast—F#Emitit. vmm.cib Zmm,vmazs 44 338 69 6] 32 /85 2%/ & RIENF B 3,
iX 2k £ check_vma. check vmm& 4k {& B, JZAFBF T, wmpage faultak 22 48 % #9do_pgfault
B A RREREZT B LR

« kern/mm/swap.[ch]: =& LT 5% 3 7 % 4% H ok 69 £ 4E Zstruct swap_manager. swap.ctL4 7 it
MR R EAERGMAENL, WIEN/d FEMF R R F N, F 52 22T F swap_out
Faswap_indy £k o Fode T £ AR R T iE 4 BARG M H - H A F M. check_swapF) £ AR 4% st o
A B 69 _fifo_check_swap i # T T 3t Ak LI P 69453 2: FIFOR B4 5 Sk K A E 4 M 69
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¥, TTR, BT 4l R AR

«  kern/mm/swap_fifo.[ch]: FIFO T # % 5 & 69 & T £4E Xstruct swap_manageréy i L £, T &
#swap.chyAa % KA M. £.EA fifo_ map swappableskh 3t (FTH FEZRiFFAMf % F,
Yo de i I B 1A) 849 SR G IR ) A= _fifo_swap_out_victimFak (T A TRt s 24 hain)
LR BT E 2448 Tfifo_map_swappable i Z ey M EHR X F, B ESENTA,

«  kern/mm/mmu.h: PR SCEAL TR LAY & A B A, H4ePTE_P\PET_D\PET_A%F, *FF %
WY I tclock k2 A W,

AR FEI 0y £ 2% 5] & F £vmm.cF &9do_pgfault £ F=swap_fifo.c ¥ 49 _fifo_map_swappable & 4 |
_fifo_swap_out_victim.f £,

BB AT
Gyt H 1B AT KA 4 G o dn T

make

make gemu

W T AFF B I RFT T 8 B T AR (A FE, RERBEEEHE)
SEMAAEHE

31 A A RAEMMEL

H2AREMAGF? BHEHGL, RERFRKCPU “F2 R AEFI"OALF, ZELERTT
e 1. BEMAAEATR— A RIRGHEA GRS, BPRIRGHIEN A TT RN G,
2. R EMANAEEAN A EIRGHIENEE T, R Eh— R AT, BiTEEE %
EMAANGERAEFERTELENMANGEERROMEAGFON X R, #3485 R RCPUF
1) 89 B A P) B HLAE A AR 3R A B I — AN IR R Ak,

ARAZACTRIGIE R RE XL ERIAR? BRFRET, BEMAGEECAS SN EME
K, ERBGERKRLT ARGER. AL, A THANFE, 425 3 KCPUAEF 2”4yt
CETAREROYIEIAT, RCZ2A—EEML, KRNTHAANAGRAEEML. AT A ER
BEE AL, RAMATIAB LR E N R R KRBT E T H, ARKFETIIER, T
AP B 1B Bk AP 69 T Ak o

WA AR E A, T ME AR LR 7 B R R A AR ik i R Bl AR ag I A

PHAEERIGRIEEMA G, BEZAFBNESSRMEANE, EZEMANGRHER
BO AT X R, IABEARE Tlazy load# K, B4 E 45 W (demand paging) o &% % 79 49
KB LN EGERERERREL IFETUBHEZZHNTRANETNLETIFRPIGHKIE; H
CPUi7 7 8| 7 42 % i7 1o 69 4 3B B, B ie X e RBMAEENB A A F, TABEARARA A S
(page swap infout) » XA GFEEZRRLTHERESRZ KRG A G, KRANARA A G Z 8 EDIL,

3.2 RBPATRAZME
AR FI R R RUcore AT RN A 89 E L T, BRI ER LR ILERE, AL
TR ISR DL G B IZIR], BERREITAERNE ZRENENET, BERKE ZAEN
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HANAET, MATHBEEBREL FHERATEEINARS. TWHBRFTAERESFIHHE A,

KRG IAT — 837 MK, A A RMNZE LGN ERAR S Y EHTRE RIS, &5 EHRD

1\7 BOMABENENENEFTLAAERAELE, RERBEHEENA G RN ANERN G F8 &2 1
AT, REEHRFRNT REHRL LS, 1ab38y BARPATRAEL T,

B AR MIEIEAL, S Fucore 15 K Ainitay KA, T AA B 2B R 2R E DL G A4 6y
vmm_init® 8 Z A7, F 2 H L Apmm_initd 3 X s N A ey g L, X R A Alab2 € 2 7oAk Y
N, EHZWRATF Ao 48 X 6904540 T4E, BP9A A pic_initd & A=idt_initf 44 3, X T 1%
Slab1 8 ¥ #7 5+ % Ar45 40 TAE 69 1) B A AR 49,

ERR Zidtinitd &z B, ¥t —F A= /lab3 ¥ 4 A & #FH K Hvmm_init, ide_initF=
swap_inite X =ANBHART T ARFRF AL . F—ABEvmm_init 2 E KNG %I 1R
FERELT e ATEARATRENEALGEFE “0F7 BN, F2ARBEENEMAIHEGT,
# feucore £ 2 T mm_structfevma_struct# 8454 (£330 TP A#—FiFmfhL) , Bk
ZRAEITT XA AT BT, Hucoreir FliX s “AK” BN, AW TIKA E L dhkk
Hin A NERFF . mRAMEALLT %41, Ndo_pgfaultdy &2 Fis— A2 RHER, ﬁ}%
SAFRFEMA KR, AmAEFEAEE “SX7 BEMUA ELRGHE RN S, IHEIIHELZ

To

ide_initf=swap_initZ A2 &6, BTN @ERF LG FNGEMNRERIEIEGIRE, AT
Aide_init#t 2 T AR A T A A E 6942 3% (8 Arswapi #) a9 45 T4E. Zoakide_initd 5,
ucore 3£ T VA 3t iX A~ swap A2 & #t 1T 3 5 B AF T o swap_init &b £ & & 3 = swap_manager ,
swap_manager# £ N B kid R T 2k, b abTRI@RERLELENERL (AARAE
TAESNT) o KRB eBE— R M ATcheck swap i AN 9 BL— 2R, EMITX LR 4917
B, T2 AEANBEFT. WRERMNEALALT %32, 3 7T i@ ddo pgfaultk 8 A
swap_map_swappable sk £ R & 783X 2 T 4997 B 1 DU A AR R K AL Ml B ke A X B, Je
“TE R AR B A b,

ucoref£ M LA B K, FEMEZANKBFA:

1. BA2FE 47 P 7R N4~ Lpage fault 5% B, 4o 3] 2 XA 5] A2 75 69 Sk ik i
BBl AARS . B RE T a“dE A b7 918 % B T3 4B 4006 B 4 B s b Rt %k
A BN B g h kAL 9] ?
2. ATEFEBEATIH KA /NI 232 ?
3. el I A ucoret Hah F R T k7
BT R —F o2 oxlabd 202 F 09 R R4S R XA RIABLEN,

3.3 XA KE LMt X BB
AT H—AFAGEN, ETFER_FA XA AGRIELEM s KRR LB EIRE
T R--MENGZ AT, THK— ﬁx/lﬁ]ﬁf_}?ﬁl"]ﬁﬁ’]“* KFE, BEEAARKGHIE
LEM A AR AR RARI— AL MAZ 3T R G 09<F Ko — A MAL A 09T B LA B0 F £ 5432
N Ao ) 69«25 B a9 3t 8 % &, ucore® i@ i page faultF 7 4b 22 & 18] 48 2 ik iX = 2 1A] 88
i
page_faultly £ R fmid R & “H0R7 AR M, JR E A ucoreil sk ) — € 49 RIE LEH) R AL X
ATREMEN G P A7 EM R . Htucoreidl i # Zmm_structFevma,_struct2c 4B 24, Fik
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Tucoret g MAZ R BT E & E N A2 0. S5 R R A& F Apage faultF % BF, TiRMFi719 69
NAEW T X (ERE) LA BEKGE A ik, X F ucorest 7 LA %‘1’3 Wb, HREET
vma_StructZk 4B 2 M P R K 69 Sk ntSE B P, e R A, W TR LRF NS TH LA T/ TN
b2 (XA 2B RS ) 5 R A&, MWIRE . mm_structArvma_struct & £ #) 48 5 N

F A TR AL R W Fedp 1 e bt F ] 6 E B e T PR

JEAUL PN A7 A 1A] Wy FR N A7 = 6]
mm_struet TR IR A 42 B4 DT 1t
mmap struct B « s
[Tmap_ — R I LT .|
prev next | /V #%}Eﬁmﬁ
.<// page in vma 1 ll// o |
vma struct 1 '/
— page in vma 1 ¢
vm_mm Ta ) B 5 1t
list 1link —
prev next (- /v < =N #%}Eﬁﬂ]ﬁ
vma_struct 2 ///' page in vma 2 ll//
vm mm ] : W o o | 47 B T i
_ = page in vma 2 ¢ /v L
list 1link
prev next ¢ page in vma 2 ll/

B 4 bk o 18] Ae Ay 2k 2 18] 69 < B )

Fucore FHE N RAZ R 3 WA BCF KK AE LM A vma struct (£ L AEVvmmhT ), AR
4 afvma_structdy B #4E A . X 24— A vma structZE M a9 E = F AR A vmaZ . vma_structfd £ L
4T .
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struct vma_struct {
// the set of vma using the same PDT
struct mm_struct *vm_mm;

uintptr_t vm_start; // start addr of vma
uintptr_t vm_end; // end addr of vma
uint32 t vm flags; // flags of vma

/Minear list link which sorted by start addr of vma
list_entry t list link;

1
vm_startfrvm_end#iE T —ANZE LAY R WA B F ] GG AhE s B fe s R4z B, X AAMEAR L
1% PGSIZE 5689, m Bk 692 — NS exnt = We B (BP =48 444% vm start < vm_end 9
X A); list linkZ2 —AA stk , B E KR FIe—F 7 Alvma_structk 7 49 & 4 A 4 % 18]
ATk, S HiL & KX esdAe k69 vma struct MiZ A RA8 A9, BPvmaz 18] 69 # bt = 18] £ 4R
vm_flagsk T T ENEMAFZ R AN, BT EEEIE:
#define VM_READ 0x00000001 // 2 33

#define VM_WRITE  0x00000002 /¥ 32 5
#define VM_EXEC 0x00000004 // T 4T
vm mmA — /N4, fFe—A bbvma struct{ = 69t R OR B R AR LS mm_struct, X i —
Amm_structZF M T ZAARAMME Z. INRKBELENETT LA RN A2 B 6EF &K,
HEARE LT
struct mm_struct {
// linear list link which sorted by start addr of vma
list entry t mmap list;
// current accessed vma, used for speed purpose
struct vma_struct *mmap_cache;
pde _t *pgdir; // the PDT of these vima

int map_count; // the count of these vma
void *sm_priv; // the private data for swap manager

I

mmap_list2 @4tk Kk, 44T AL TR —N B XL EMAAZH, mmap_cache£ 4519
YA EAEAGEMAGSNR, BTREZARTHHIIERIZ, YA ELRAIGEMA LGS

AT ROBMETTREAANE, IHARTEEHE, MALEEANLBHLTRE T —K

ZREG BN F B, BT mmap cache 895 N, “T4E£/F mm_struct K IELEH &9 T /iR 30%

AL, pgdir Fr48 @ 6932 mm_struct K IBLZEMPTLL 69 M & . 8197 19 pedir™T WA F 3R FE R W3k

St AR A L B VAR RN /Z M. map countit. 3k mmap list Z @ 424249 vma_ struct 9
AR o sm privig e Al R IT K N R H ALK, X T T mm structhe 5 4 & 3 2| &9

swap_managerZ ] 898K % .

& B vma_structdyEA/E HF AR FE, T ROIE=AN

® vma create--4]# vma

® insert vma_struct--# A —/> vma

® find vma--#F 14 vma.

vma_created) AR 4 #r A & #vm_start. vm_end. vm_flagsk &) Z - mds K — /N E LA F
72 18] Ayvma_structZs #) T £ . insert vma_structsfy K % Ak f& — NvmaZ £ 4% B K 7 9] 4= & [vma-
>ym_start,vma->vm_end]A /> #| K 691 5 4& N\ 2] A7 & 49mmE = P 49mmap lista &) & & F
find vmaAk # i A A FaddrfrmmE =, F R AmMmE = F @9mmap list @) & & F 7)?5 ANvmatl 4 it
addr, BPvma->vm_start<= addr <vma->end. X =ANF#k 5 44 2| 69 page faultF 7 & 32 A % % I
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& Bmm_structdy 3AF KR L H £, R A mm_createfemm_destroy B AN Rk, AF @ E LT
A A& R smm_structZE 469 T & @ Fe MR . Emm_createf Alkmalloc/y B T —3k = W], A
AEmm_destroy ¥ L&t 5 AT HE K . fucoreizATHEAR Y, & F A MK E AN A B 4gvma_struct
254, PrAfEmm_destroy F AL -F 3 33X Semmap list¥ 89vmait 7820,

4 Page Fault® % & 32

T HZTARENGGF A KR, k69X &page faultF: 7 A3 A2 £ & R a9 HHK -
- do_pgfault. ZALfa9ATEAZF & FREARE (RAEREE/ERERF) mik CPU LERA
) B AR 2 694N AL, B R R R AR R AL B4 s bk At E, CPU & 2 A — R AR R
W, A E BT A MR FFIRFBIAL, XA TR & AL LA B AL & K8 T/ T #e A3k
B HATI L. HARART ARG, TARIRFHIRFPIAZ 2L S 2] > £ 57 5 6944 & Z 3
I, ARAFER AT AU S E R BT £

EhdmeT, BN AMF G, o R —F1E45 KA E WAL T3 N 694 32 WAE N2
HERE TG AR HR (b E—ANARERNRA P SEFTPIABSHRESF) , taRkE
MEEFF. PANEOFFTHRELER:

0 HMFNAENAELE (RAMEAH0, FPiZ&RPEibl 54539 s bk ¥ A 32 0k 4 3% 254

® MyWMERNEAENAT (RARIEST, 12PresentirE42=0, rbheiEswaps X 3z & L

b)), THEET @AB R TR 5 I3t — 5 e T 4 52

® G MRS N AAPHRE=L, b BE R0 @)

L @ iEz—, AR Lie 742 R @page fault (#PF) F% . &4 7% 69 R EH b 56k 12
CR2¥, # H ¥4 A& page faultddy = 4 £ AR A £ error code ¥, b4 bit 0 £ T~2% PTE_P#0, bit1l
T AL write 445,

FANBEFFE, CPURMFS RS — L F R R LE, AR NERT T LA —F
F, AT oAt — AR SR A9 R A AL S ARAR R LN R A, BPCPUAE AT W AR A AT A AT BT 89
AL I, BPAROK R N G AT AL AT BT A2 5 4% F 69eflags, cs, eip, errorCode; T JUR 5+ 69 F Bf
TROXE, CPUAES# B 5 OXEXS iz 49 F BT 7+ IR -l 4269 b ik (vectors.S+ 4947 5 vector144:)
A Blcshreipd A BV, FIEPAT P BRS04, X Bfucore 45 LS % T T, BATE BARAR
ARG F H5 . fvectors.ST #9475 vectorl4 4k e 42 ¥ b7 5 E NN A AR, KRG B trapentry.S
T AR 5 alltrapsibdeds. esfe HAbid Bl & A BAEAR . B, ATH 9425 G MR AL A AR
o TR, ftrapchitrapd I T PR S BAZE I AAL, KEAMARA:

trap--> trap_dispatch-->pgfault_handler-->do_pgfault

T & F & B4Rk A — T do_pgfault 4. do_pgfaultéyi8 A X £ 4= F B B
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find_vma

get_pte

swapfs_read

swap_in

\ page_ref_inc
"

page_insert

S

padir_alloc_page page_remove_pte

A\

trap

trap_dispatch »  pgfault_handler do_pgfault

A4
Y

swap_map_swappable

page_ref

A do_pgfaultty 78 A % & B

FARERFFE, CPURIIAR T EEF TR MR F A BCR2Y, F4E T HESD
(tf->tf err) , BTN RFTTFTOGHETRIGERAE, mPBIRSHIAZ2A R 4R 77 K
& 4do_pgfaulti#t /7 BARL 3, WAFEFF AR FAEE 2 . swap infoutty X &

ucore ¥ do_pgfault.® £ & % s W42 F % LB £ 2 H4H, CAREMACPULIEH F 4 BCR2F
FRERE T AR 57 % 69 8 AR BE A R ARFE error codefd 4R £ A R & Kb E b it # & £ EAVMAS
ok TE B W AR AT it R EAG R B ARIR, do R AR N AR ES, ZTIAAHLR—KE
EIR, BAREIEENRERR. TAFTEZLER—ATHGAGER, 5K R E T RERIEE
Y o pk &g gt, RIAFTLB, AJG A Riretd B, &= 2] > 4 AR FF 694845 EHPATIIE S
d R %R AR FIEVMATEE A, XIAA A —KRIEEXTE .,

5 W& & HbLbl bk
51 M &

BEZAANTEZH TN EOERR? IR THEEZARLA PSR ARZFRET —/ANE W06
“REZNAZN, mEIRGHIEALGZERAIRA K FTOARE R AR HE L AEZF, R
g AR Fm R KB AR R AN ERNEF, mAF R OREFRDRAET REXIFG G
AR L. ke RN RAAZFFRIARCE AR BEARD, TARERACEZKRELEAEYT, &
SHAM 2R, 2S5 ARG R CIANA R IZERN G T 690 RARADER, 4o R I HAA
ITERNGEF, NHEL—DNTENE, 25 ETNERFTT. X0, R4E R ALY AT XA
MAERFH, BRI 425 S AT E 2R ERRLHEE AT Rk, REEHWAT R ALELR
4 FFWIT LS. R AR E R ROHIERRDBANN G, BERALAMEN G2
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AHZRNEZBT, THBREZRARLALCANRE RGN BERHEEEL WEHAAZTRAT
8] 25 7. RV AZ 5 P & 69 248 R AR
BEZARTF I ZIANGERZT N MLAZLEREAGTENTERAGRGHEL . 4o
TR0 A G PR R F RO, FRERRFE A R, fF A NERBFENGT, EWEAG
FRERARBGHFEALT, T FERAORNERI A LARAS BT EEETF EWOEA, ZHHAE
fE, N FOREBEBEEFRFHRANBRFT RIS, L ERE TR REGRE LY, K EiF
BRAFPITOEERZT . RRERT RN AL L (BT R%):
® bt st i (First In First Out, FIFO)R %3k : ZHE 28 ARARAEZENALGH R, LR
ERAGPERGHBRAGT T AEKR. RERL—ARALFEDTIALT CHANNEHR
BRG R EFER AT, NI KB @A AP IEG IR AT, IR @RI
ANABE T XHEZHKRKNE, ARIIKRESHERIEZHKYG N . FIFOH %R L
R AR &R B ik = R T4, ENAERG. BAARLHEHITEE T,
BAAEAGPLIZEERA, EXCNBAL X R NMFRKEH#E L. FIFOH X695 —/A
BEA, CH—MFFIRE (BeladyILE), BRAM L E N TNMEGHFELT, KAk
IR FHREIE S,
® if4r (Clock) M#HA#H k. ARRU KL A (Not Used Recently, NUR) M4 H 5k, &K
ZRMAHER—ANBLEGHE &, ReEFERAREATEHI NG, XFMBIERT X
. OXRTLEN, —DNRIFHDEREEANTBALRA LG X, 2T A4
Wik E, REle—NadHRaREX 0 AT E, KA, RASRGIRATN @, 4 HE
EAeH R A AN R R T LY, ARELKRFEAEAHTR., N FEEEEAE
M&N (PTE) PRET 272k EZATHAEAN LY RN LA EAHIFT T, BiZR
7 P, CPUY 68IMMUAR - de iz P4z <17, KRG F N &7 BT A 69 AR 8 i 454 42 4
AR I R —ANEIR AT e, RE NS AR HEmER (bR EXGRAT
) RERAT ZE AT, N LATH445G 00 WATAT L4 N AR H#ATEWR, 4= K79
{24407, MEXRZRN, Lekb B mAE L, mRiGREMZ A, ZHFZ N ARG AL E
“07, MEIGTFIT— /NN ZAFAMAARINLTLRUKER, BB TRAN, FHY. 2%
HEAE2MMAIHRLEITPME, LizH A& AR ESFIFOH &R LMy, E—TFRRA®
R AeclockH AP LT HFFMZ R8T o
® X uttyit4r (Enhanced Clock) MBI Hik: A4S BRI AP, HAA—I N @K RFE
TREALHITFE, BERREFLY, TEFERARGNEAEMS KL, BRHEK
BRI BEEELEDRE, FHALERRN KT ARSI @, R4 ERH
ERTHFIERN@AITRIEN, BFEFXERN@OEFEN, BPizH A Me A 2HKG N @A
REAKMERNGN, W BEAZRARGTAELIFEGIE LN EAZERESE L, X
FERAB MO AR A BT I —Az 5] AfeFe—4245 842, % Waki7 B i, CPU
F AGMMUARL 4K Jei7 P42 B« B 3% WAL, CPUYT dMMUAL #4254z £ <17,
XX AR AEEATRGESFNL: (0, 0) R TFREAMG ALABEBEK, AL
FRWAEK; (0, 1) RAEKBAER, 12sigk, Lka#F; (1, 0) RAMEAREABEK,
Bor#EF; (1, 1) RN EBR, ReadF. A 54 L kmk, T#—FR)
B OVORMEREK, BATERI —ANRTRESA RGN G, ThEZRZ2T S L8,
¥ T HR AR G AT I A
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5.2 W & & A4

R EEAN BB, REERNERLEORT RN ABE, LFF BN
AR

@ IR T T IAML R ?

& —NEMM A ATERE LORERINE KR?

® ATHFBHAT N Aot th 4 4E 2

® nfTiXitHELMC I HAH BRI X?

® o fTE R M g N Fe il 1A ?

P AT | A k”&ﬁ\ﬁo&%,ﬁfﬁa¢ﬁ%%7ﬁ$%ﬁ@§ﬁm% LB A
LR BRFECF LI A F R AZEARAR P42, AL L E BT A ERAEIH R I —
N EEL LG EMA G R @ BRI,

1. TRABEBZBEER

BB RGBT, —ARRRN A : FAEPTH QR TUART AR e d £ 69, RA bt
AP REEMA PAZS AZG RGN E T A, mAAZAEERNGABE TG &I
Wik, LEHEGREAZMTAR? EZFAAMTHXENRDY, FR2RIEETH&HKEFFIFE,
I RERMEZAPATIAEAY, RETHTUNE, WEERZATHFRFRKETE (BH 7P % E
W B85 LR R 23R, B FRENRLETEK. M, THEAR, LEHTL
AP B 69 M AZ AL R B84 R, AN NAZE & G A 5 ﬁ’J}%I‘i‘o

12 %I = F M gucore, KRAMARAFAT HEABLBIH, LXFIZITH P SIITHES,
BT A BRAVE R 3o = P AALE i3 AT check swapfy 8 £ A F o BL— 2 M, A iX & T a9 37 19,
R G il iddo_pgfaultk 78 Flswap_map_swappable® #k & & 143X 2 | 69 37 9] 1 LI 18] 4298 ) 4R K o 2K,
BN E RO R B B L,

2. BAPHRERE L BRZ B eGpA X F

o R AN ERD TARELE, REER L MERERETIAAHAR? Lucorety ikt £,
APAAT REAFHPTER A TRXAMIFN: ¥—4 PTE MAME—HZEL LGHERE, 2RT
R A% Y AP B AP AT An B AT X R, VAR R %A PTE P 4Rit; 125 ¢ R R#E — A B el L a94p32
T, CHAREFIZHWIET Y swap # & LB Xmat % &, H LiZz PTE REiZd MMU ¥ ¢ #
B A TSt (BP %A PTE P ARit), SR EFaf & a9k 8 mm_ struct k447, 3z F 1%
T 69 N A Hunk 34777 9] 69 B 4%, 22 2R F 2 page fault, R Bucoreft 9544 PTE #i£ 69 swap A48
REG RN EHE AR, ARG RE A ITREE IR E IR ELF PTE 1£4F A G417 B Re95 2k 48 B
#A7

IR —AT (4KB/M) ME#E TRAELINBEX (0.5KB/BKX), % PTE#KAKIZ--presentfs
% A0 (B PTE P ARt A%, R TEFHIAMFRRANEGRL), BT ROELEE, TUAA
E&F T B mBREARETAM S 52445000, BIFT AR R &2 T TAR & R4S H K
092 E (AANFEIUNABEFIE). AT AERERAFREF 0 F= swap 5 X ay e s, F swap 49 K o9 —A
page T H AT A, LHRZH—ANZ2HMETH0, WmRIKAZHOGPTER T T — AN AERA Lo T 89

A 45 B X5 (Wswap.h¥ *fswap entry tég4Hik):
| swap entry t |
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| offset | reserved |0 |

24 bits 7 bits 1 bit
FRBRAGR DGR RZLZ—ARE, d—ANAHRXEGKDH512 (2°8) FT, FIlEZA
# B AR E —/NKBM . fucoret, AT % A IDER A RKAMILE 69X, RIEFEE
N L 1 R EC
“ide 1:  262144(sectors), 'QEMU HARDDISK".”

FATT ASn 38 5 B = 5T VAGK 5-262144/8=327684~ T, BF128MB#Y N A = 1], swap 7 X &9 K]
A swapfs_init 2 @ ARIE 2 A IR 693 2 i+ Hoh k49, B AT ucore &K swap A £ 6,4 1000
A~ page, FEHZE % AAEF 1<<24 4 page.

3. PATIABE BT

FEFE=F, check mm structT =X ANHAELEMETT B AT ucoreth ARG TH BN H =
&S, mmmP a5 N vmak T —HEHAE LA S K BT, Bucorek & B AL 517 9] 3 bk BT
AV AERNA, e F 4 page faulth %, 3142 Ado pglaultdy £, st FIwF = 497 9
# 09k & T check mm_structd: ANvmak 7= 69 & I ML F ], HAR A /£ A2 swap L AFF (Bp
3t 2 @GPTER) #2442 R A0, MR AKAZA0), N ZFT RN, FA Aswap indfy £ 2k W &
BN

Beh T @ e B ALAR RS B A — 2k A R B A9 RS R Bl A9 B AL, ucore B AT K BUA AT R 9,
PPARAR 3 s SR wB A Il AR AR R w8 . AR RS R MG RF R R A (BE R AR I ETE)
EHRELNATE AN EBNRE L, KMmARRATPEA SR EOTRANEGL£, ZHF
LEZZRANEN, AALRGANHELER, HREERBEL, ALZLEXEAFITANN, X
MEBATEAZTRGHERTHSE, T FBEERTFERA NG, Fle—ARSEANEIHFG T %
a2 s ol

ERB= PR ERED T, IHFEEE ZAFRL ST H AR E R %, &R
— R FARMA I h Rk, THFERAETEGIFER. T H A ARG E R, NEAE
ucore ] Flalloc_pages:fy # KA Z R MW B, bl Bie R A AL EFNMIZ AN G R 5 Bs (tbdefirst fit)
REZRN, tadt—F 8 Fswap out R h T, FA—AHRGHEE K%,

4, REBIEEOHIELEMILF
R AL, KMNeEBNEATAGEYHERAERAFLGE 2L THIELEMPagetI 2 5
T Epages# 48, pagestIH—REAT T HHEMART —ANHERAGERNFL. AT EATHERTH

Pl RO E AGF I, T Page KB LM BAITY K -
struct Page {

list_entry t pra_page_link;

uintptr_t pra_vaddr;

1
pra_page link T Fl R A& 4 W69 5 —Rp P A M ST HEp 09 — ANk R, IANBEGTFIBERTH
—RIGFEIHAREGN, BEALRRTE —RFPIHRAIRZON . FRERXKTURTREN
pra_list head (€ /& swap fifo.c W), #3iEEJIFHLE £ page fault K A£G, 24T do pgfault F & B,
pra_vaddr =T VA B K38 R A 3 AT & 69 5 4L T A 45 Mo dk

L — AT (struct Page) & 4% swap H A0 1iE, BAEZEHRCCESBRT — ML T
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7% % Fbgswap page (WMELWSNBRAER), XEZAHT MLk, AEswap checkf K P LT A
AR AT R — 3 & 6gswap page, HIT X FIRZH: RN ZAPTES & 5118 = swap page®d B
X A2 4512 & *8,

AT FEAEA BRI E, KA T —ADN B H 69 £ 4E R swap_manager:

struct swap_manager
{
const char *name;
/* Global initialization for the swap manager */
int (*init) (void);
/* Initialize the priv data inside mm_struct */
int (*init_mm) (struct mm_struct *mm);
/* Called when tick interrupt occured */
int (*tick_event)  (struct mm_struct *mm);
/* Called when map a swappable page into the mm_struct */
int (*map_swappable) (struct mm_struct *mm, uintptr t addr, struct Page *page, int swap_in);
/* When a page is marked as shared, this routine is called to delete the addr entry from the swap manager */
int (*set_unswappable) (struct mm_struct *mm, uintptr_t addr);
/* Try to swap out a page, return then victim */
int (*swap_out_victim) (struct mm_struct *mm, struct Page **ptr_page, int in_tick);
/* check the page relpacement algorithm */
int (*check swap)(void);
1

X E XA a9 A R B 454 A map swappablefeswap out vistim, A —ANHEK A FILE N5 FEE
AKX BN, B—NHEATHREFTEHEHT. ZARAE ANJHBARME F —ADJHBOTEG N7
Fl M. tick eventB B AGAT LR T &, SR Z A TR, T AF I —FAMREY 35T R %,

5. swap_check#y# % 52 2L
TEAEKHFE-—TREZFERAERI IO D ERNEEPTIHE, BT RREERLEI2,
RI=ZN & EH a4 B iIAZ £ K M swap check (kern/mm/swap.c) ¥, L KZAALT,
1. A Bmm create mm% ¥, 4 Flvma createt| EvmaZ £, XE S EFWITFICEA
4KB~24KB;
2. AR free page FiRAE, IR —/ A A4/ ZIH physical page; X E T A4KB~24KB#Y
FESA R MY 7 B 4R AE
3. R E T F A M KL T Epgfault num=0, H#ATcheck content setsfy &k, 1% FFAT 45 31k 5 A
St AZ A& H bk A 0x1000, 0x2000, 0x3000, 0x40004% &2 404 T 4% B MR 5 & )6 5 4 AF 75 19, & T
ZATRA TR, FTAR * 4Apage fault? %, e RZ A1, NX & A4KB~20KB 494
JE WL 2 Hucoretk A 0944 2 TUMUE LAt X 7
. ORGSR U AT AR WA AT S ENA S
5. ARJGHNMK T H % H &6 i R, AT F Hcheck content access, JF it — 7 18 A 2|
_fifo_check swapdh#k, 4= Ri@id T FrA #9asserto X3t —F & TFFIFOR %#ﬁﬁiz{igi\f—‘ﬁ
5
6. JzMKk HucoredfI.

6 FRMEEK
KR sk T #lab3.zip/e, MEFEALAAFRLEB K lab3, TRFEFHENES] ., TAK
B At ARG, AR B R T 4T make handin 4£4-, BP4& 8 34 & lab3-handin.tar.gz. =&
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i — R RAT AT IR B W& F¥ E,

& A “LAB3 8 2 £, 4&5%‘#)%75 2 T ARG R T5 (challengelk 51) #F A “LAB3” #2“YOUR
CODE”#yx#, HAER I HHEERFER, HF“YOUR CODE R #A AT 855, LK
PR AR S R a6 38 B E AR a9 KA . PTA & & R 1 69 A 4 B A AR L1045
Mk EAA 69 5

yuchen@yuchen-PAl4:~/oscourse/2012spring/lab3/lab3-code-2012$ make gemu
(THU.CST) os is loading ...

Special kernel symbols:
entry 0xc010002c (phys)
etext 0xc010962b (phys)
edata 0xc0122ac8 (phys)
end 0xc0123c10 (phys)
Kernel executable memory footprint: 143KB
memory management: default_pmm_manager
e820map:
memory: 0009400, [00000000, 0009f3ff], type = 1.
memory: 00000c00, [0009f400, 0009ffff], type = 2.
memory: 00010000, [000f0000, 000fffff], type = 2.
memory: 07efd000, [00100000, 07ffcfff], type = 1.
memory: 00003000, [07ffd000, 07ffffff], type = 2.
memory: 00040000, [fffc0000, ffffffff], type = 2.
check_alloc_page() succeeded!
check_pgdir() succeeded!
check_boot_pgdir() succeeded!
BEGIN
PDE(0e0) c0000000-f8000000 38000000 urw
|-- PTE(38000) cO000000-f8000000 38000000 -rw
PDE(001) fac00000-fb000000 00400000 -rw
|-- PTE(000e0) faf00000-fafe0000 000e0000 urw
|-- PTE(00001) fafeb000-fafec000 00001000 -rw
END
check_vma_struct() succeeded!
page fault at 0x00000100: K/W [no page found].
check_pgfault() succeeded!
check_vmm() succeeded.
ide 0:  10000(sectors), 'QEMU HARDDISK'.
ide 1:  262144(sectors), 'QEMU HARDDISK'.
SWAP: manager = fifo swap manager
BEGIN check_swap: count 1, total 31992
mm->sm_priv c0123c04 in fifo_init_mm
setup Page Table for vaddr 0X1000, so alloc a page
setup Page Table vaddr 0~4MB OVER!
set up init env for check_swap begin!
page fault at 0x00001000: K/W [no page found].
page fault at 0x00002000: K/W [no page found].
page fault at 0x00003000: K/W [no page found].
page fault at 0x00004000: K/W [no page found].
set up init env for check_swap over!
write Virt Page c in fifo_check_swap
write Virt Page a in fifo_check_swap
write Virt Page d in fifo_check_swap
write Virt Page b in fifo_check_swap
write Virt Page e in fifo_check_swap
page fault at 0x00005000: K/W [no page found].
swap_out: i 0, store page in vaddr 0x1000 to disk swap entry 2
write Virt Page b in fifo_check_swap
write Virt Page a in fifo_check_swap
page fault at 0x00001000: K/W [no page found].
swap_out: i 0, store page in vaddr 0x2000 to disk swap entry 3
swap_in: load disk swap entry 2 with swap_page in vadr 0x1000
write Virt Page b in fifo_check_swap
page fault at 0x00002000: K/W [no page found].
swap_out: i 0, store page in vaddr 0x3000 to disk swap entry 4
swap_in: load disk swap entry 3 with swap_page in vadr 0x2000
write Virt Page c in fifo_check_swap
page fault at 0x00003000: K/W [no page found].
swap_out: i 0, store page in vaddr 0x4000 to disk swap entry 5
swap_in: load disk swap entry 4 with swap_page in vadr 0x3000
write Virt Page d in fifo_check_swap
page fault at 0x00004000: K/W [no page found].
swap_out: i 0, store page in vaddr 0x5000 to disk swap entry 6
swap_in: load disk swap entry 5 with swap_page in vadr 0x4000
check_swap() succeeded!
++ setup timer interrupts
100 ticks
End of Test.
kernel panic at kern/trap/trap.c:20:
EOT: kernel seems ok.

13/14



HEREHEIR BERZGRESLR 2012 FF

Welcome to the kernel debug monitor!!
Type 'help' for a list of commands.
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