] BRI ENLR BE RS  2012 B
FH=. BRMAAETHE

1 R Aa
o T HRE LA FayPage Fault 5+ 5 4b 32 52 31
o TRABBALEBRERATHEL

2 FILHAZR

MEERZ)E, KETAT MFFERMENE TP &S T 0 B H 6 BARKIVAR Lo
MEI BNk, RREBRRIAFRH A E, F8T R AR FRI— P 5 R 6P B 5% &
HHH, ZTaxPage Fault# A& AFIFOM Ak H A 0958, LB ARBNE AF T, Amieas
IFREEE, RE—NWUEGFHEAGFTRZ R OBEMAGTANLZEER. FIRRERA
FAATHEMANGEZLTEEARA Y AR, PRESHABRELZL., IHRAFHILF
Flo MR KXKEARN, TUZKTAY K%, 5 Aextended clock W #H 4 H %,

2.1 %3

%30: AELAHEER
ARIBARM K I/2, FIRARME K I 1/289 RAGAN A 5 5o F R+ A “LABL” “LAB2” 4 2 848 &
5
%31 SABRHNHIE EWER (F2%42)

7k do_pgfault (mm/ivmm.c) 3k, A ARAABAGHAEMH EHIE R, X E 7 FARR RS
ZAET @A VMA AR, B E ZEZ TN E ERMEAN G126 SHTHBEHT L,
MmMAZRNZ MKk, £&: £ LAB2 EXERCISE 1 &3 B KA, #H47“make gemu” /G, 4= Ridid
check_pgfault & £ 89X &, 4 # “check pgfault() succeeded!”#9#m i, & F=% 3 1 A K EH,

%32: MAEAZARETFIFO® R @H®AE (F2%4)

% Avmm.c'F #9do pgfaultdy & , FF B & 5% AFIFOH & &swap fifo.cF T sumap swappablef=
swap_out_vistimef £k . i@ id tFswapay MK . E&: Z£LAB2 EXERCISE 243 5 K4, #AT“make
qemu” /5, 4= R il idcheck_swap:f £k 69 MiX &, 2 7A “check swap() succeeded!” &9 % i, & 7% 32
A K IEH,
¥ B % 3 Challenge: % #LiR %ldirty bitéyextended clock R &% H % (F2%4%)

challengef 5 R R L35, RTEEHREREFMLS. 55 HAFMGILT. HHFN K
HRIBERE, TRBEEHTRFES Wy, (AREFRZRE—FARNTR, LRI .

2.2 I E 48 p%,
k1: EBR_XHAF %

|-- boot
-- kern
|-- driver
|- ...
| |--1ide.c
| ‘--ide.h
|- fs
| |--fs.h
| |- swapfs.c
| *-- swapfs.h
|-- init
|
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| '--init.c
|-- mm
| |-- 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
|- listh

-- tools

Mt H R, RIHZF R I LR LGSR, ERGRA e R EIR AT
T, ANEERNINEEI N L E LA T TEAFHWT:

« kern/mm/default_pmm.[ch]: %% L& Fstruct pmm_manager £ 1€ 22 &9 Fist-Fit 32 ) 5 5 B 5 % 5
N (B ANEAZA T, BP4096F F) , 48X B A= T % 52 24 18] 444 kmalloc/kfree 3¢
o) ZAE R o

« kern/mm/pmm.[ch]: pmm.h:E X 47 32 A A %" B £ 4E 2 struct pmm_manager. pmm.c&. 2 T Xt
MR RNGRBRERGITE, AREET, BK. FRINEMAELGEF[RFER. £RFR
F 4 #lkmalloc/kfree 5 o 44 o

o libs/listh: @ XL T@EBAMNGEREMURF AN TR, BAFERARE, IREZIATELRT
EOMBEANAEEE (UREIENEARE) ek, KR XM Gtk KA R
T A Alisthd 2 Lo R$. EARBRT LS RAAEN, BRFERERLHK,

 kern/driver/ide.[ch]: & X A= T N A& WswaphLfl BT & 69 245 X 6935 Btk L 48; AAE R
T 2 b B il i swapfs_*ofy 2 ] i 4% B S P A9 B A, BT RERP T,

o kern/fs/*: & X F=FIT M B T swaphLh) BT & Mk & KRB AN G WA 5 N GRIER B EL
9 o %% swapfs_read/swapfs_write. £ A %360 23 BA% B AR £,

« kern/mm/memlayout.h: 142 7 struct Page, %7407 M pra_*m R\ 4547, H Fpra_page_link =T A
RAREZRHASAATIGREIHFL (e iRBirFIRE) L, ERERF LT RERAXIAAN
AR R 4EH), VAR le2paged & .

« kern/mm/vmm.[ch]: vmm.h#5i£ T mm_struct, vma_struct% & i = i7 [] &9 B 4 o bt 37 9] 49 — 2k
28, Tods#t—FFEmiEfE. vmm.cib Zmm,vmass #3038 69 6 32/ 45 8/ & B3 N5 B 4,
iX e f) 4% fE check_vma. check_vmm3 F 4k 4% Fl, 2 #ERP<T., Mpage faulta 2 48 X 49do_pgfault
B A RRFLEZB TR

«  kern/mm/swap.[ch]: & X T 52 8L H 4% H % 69 £ AE 4 struct swap_manager. swap.ceL-a T Af ik
M H R RERG WIS, RN/ d FE A B FE N, F 52 2T F swap_out
Faswap_indy 4k o Fode T A AER T 48 B ARG WA H A 5K I, check_swap s 3 A B A%t oy
A R 89 _fifo_check_swap £ % 7 3t Ak K3 P 6945 5] 2. FIFO T 4 H & 2L K E 4 M 69
¥, TTM, BT 4l 7 AR
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& HEERFITEIR BRERGIRERR 2012 HF
« kern/mm/swap_fifo.[ch]: FIFO R # # 5 ik &9 3L T £ AE Kstruct swap_manageréy B L= 2, &
Aswap.coy A K FHF AR . T fifo_map swappablefd (FTHA THEZM 75 E&Hfx 7,
Yo dm i 9] B ) 69 22 G IR - ) A= fifo_swap_out_victim& 4k (TR TR Ak 2B eI )
3R B b IRAN R E 245 8 Ffifo_map_swappable b # £ 2 a9 E A B X R, Tkl SEH T,
« kern'mm/mmu.h: 2 LB T & R G & A& 4, H4ePTE_P\PET_D\PET_A%, *F T 5%
Y F W egclockF k2 A F 8.

AR F IR0y £ 22 5 &+ £vmm.c ¥ 49do_pgfaults $x F=swap_fifo.c ¥ #9_fifo_map_swappable & £ |
_fifo_swap_out_victim %,

HERAT

Gy 1% I 1547 RAD Y b A T
make

make gemu

W T AR B de i FATT 2T E (UEAE, RERAELSEE)

3EMAAEE

2R BN E? BERT, RIEAEHFRRCPU “F27" R AEFH"WANE, ZEERTT
e 1. BEMAGEAR—EH LR EAEEM S, BPRIRGHIEN G LT R GLE;
2. R EMANBEEAN A ETRGHEANLEET, F_HWat— R R 2mE, BTRFER%
HEMANGERREPBRTELEMANGERIROMERNGFOT X R, 35 R RCPUF
5] 69 2 40 ) B R A5 R 5 S — AN I A bt

ARAZACEIVE R REXLLERERIAR? ERERLET, EMANELEOAS SN EME
K, ERBIGERKRLT TRGER. Ak, EATHANFE, 425 1 RCPUREF B 6y x4t
CATRREIROHEIT, RCBHF—EEML, EMNTAARIASGREEML. HT HER
BEEE AL, RATI T GBI E N AR KRR T a5 =N, ARG ET TR, 2
R 17 B R AP 69 T AR o

B R AR B AL, T AR AT B AR AR TR B ) AR R A ) A B R B EAR B M B A
PR EFFRIGEIERA AN, BEZABRHSRSRMWIENGF, ZLRENAFEHEN
BT X 7, XAHEAKE Tlazy load# K, #&#+#%FE 5 W (demand paging) . &% % 715 4
KB LN EGZREREIRAE L IHETUBE I ZHTRAANGTRLE T TROKIE: 4
CPU7 ¥ 8| N2 % 17 B 69 R AB B, Bl X R HBRAREIRNE A G T, EAFERARAY TIN5 H
(page swap infout) o EXAFA A EEERLTAZAF R X KGR AZNE”, KAVFARA XA 2RI,

ucore£ F I LR B R, FR2MANANXERAL: 1. SR FIETFITF A F 7 £page
fault# & B, 4o fT P2 XA A2 3 69 B M bk ) 537 P B ARST . B RiE W e <JE ik d bk 735 P i &
B TR G B s R H SBL A B Ae Rt R ? 2, AR #EAT R KA /WA
b 32?3, defTAEILAucoredy K ak E R M E L?

ST H ARG BN, ETREFA XA GHIIEEN IR KRR L ALB4 TR IRE
EFTR-HENGEZEGEIL, XAK—E RAERFTAFE K F R, BEEH4XOHKIE
LEA Fe iR A RARIL— A2 AR 73 AN B89 <F K7 — R AAZF 83T IR A A 09« K 54 32
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IN

“o

R A ] By Atk
i,

A AEM R X R, ucore il idpage faultF % AL 32 Kk 8] 4 7 R iX =% 2 8] 49

ucoreill it & = mm_structfevma_struct K £ 2549, K T ucoretZ M AIALF BT P& 696k A

3 s

#E ), %35 A & Apage faultF & B8, T

RATFIA G T X GEREF) AR AR E

N GHAE, XAFucorest ™l AR bt , B A2 % B Tvma struct# 4E 2 #) b K 69 & ik hk e B o,

o R A, W ST ARIE BARME DL AT 97 KA T/ AR AN 232 (
VB &2

FEucore P #5318 B AL 5 3 R AR GF K0 AR M A vma struct

A fvma_ structdy F # AR A . X 24— AN vma_ structZE #49 T
4T .

R AL LD ARG L) 5 R,

(2 X Avmmh¥P), AR
AR Avma® . vma_ structdy &£ X

a2 ri

)

struct vma_struct {
// the set of vma using the same PDT

struct mm_struct *vm_ mm;

uintptr tvm_start;  // start addr of vma

uintptr_t vm_end; // end addr of vma
uint32 tvm flags;  // flags of vma
/Minear list link which sorted by start addr of vima
list_entry t list link;

}s

vm_startfevm_end#iE T —ANZE LA R WA B2 [ 69464 B fetE R Az B, X AAMEAR 2
%2 PGSIZE 749, M BfKeR — NS agxat = e E (B A& 44 vm_start < vim_end #9
X A ); list linkZ —ANé 4t &, 4B 2] KR A2 — % ] Alvma_struct& 7= 69 £ 44 A 74 = 1)
sRAEAC R, JFHIL KX s R E) vma struct B 1% A AR Y, BPvmaz ] 63 ht 2 8] 3 JE

vm flags & 7 TX/NEMA G206 &M, BATe)E M e iE:

#define VM_READ 0x00000001 // 2 35
#define VM_WRITE  0x00000002 /] i 5
#define VM_EXEC 0x00000004 // =T #4T

vm_mmA — N4, 456 — /N tbvma_ struct £ = 69 R E K 69 2 3B 45 #ymm_struct, X 2 ie—

A=A

Amm_structZE ) 49 % & 14

AR Z 4T

HRAMMEE, XA

BB R R T QAP AL A2 B8 R FLB 1E,

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

}s

mmap_listZ Wbtk Kk, #HET AL TR —N A Tk

89 AN A 2 18], mmap cacheZ 15 1)

YAT Bl R AR A A2, & THRAERARPIATHRIRWERE, BATEAABGREMANER

B T ROREFTRLA AL, ZIHHREZETHEL,
ZRE RPN AFZ R, 8T mmap cache #95] N, *T1&4F

WA B4R R L8 AL TR B T — &
mm_struct £ 4% 25 H)69 9 Ak 30%

Ak, pgdir Fr48 @ 693K & mm_struct KB PTLAP 69 M & . 181337 19 pedir™T WA & 4R I & 03 bk
St 6 T &R ARG B VAR T &R B PESF . map countit.sk mmap list £ & 4£4£49 vma struct 49

A% o sm privds | B ka8 3210 K T 37 B L & Sk
swap_managerZ_ [f] 898K % ,
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& B ovma structd9 R4 L AL E R, T ROIEZA:
® vma create--4]# vma
® insert vma_struct--#& A\ —4> vma
® find vma--#& 74 vma.

vma_create ) 2 AR & #r A & 4vm_ start. vm_end. vm flagsk @) 3 - 45 RE — AN B LA H
72 18] f9vma_structZs #) T £ . insert vma_structsfy £ T mx f& — ASvma® = &% B H F B {2 & [vma-
>vm_start,yma->vm_end]A > B X 69 5 4 N 2] BT B A9mmE £ F d9mmap list® &) 45 & F
find vma#k % #r A A HaddrFemmE £, FRAMME = F d9mmap list =) 4% & F £ AHSvmad 2 2t
addr, BPvma->vm_start<= addr <vma->end. X =K% 55 43 2| d9page faultF 7 432 AH K F I

& Amm_structd9 R 4E H FOL R E E, R Amm createArmm_destroy® Nk H, AF @ E LT
A A& T smm_structZE #4689 T @) EF MR . Emm_createF Flkmallocsy B T —3k 2 8], A
AEmm_destroy ¥ A& 3t 5 #ATHE K. fucoreizfTiEAE Y, & F AR E A A B 4gvma_struct
&M, ArAEmm_destroy ¥ ALt 31X 2emmap list'P 69 vmait 82,

4 Page Faultf % & 2

T ZFARB G AR AP, MRSty KR page fault B F AR TR F ARG LK -
- do_pgfaulte ZEAZFeHATIAZF B FEMNRRE (MEREGAEIE R ERNF) Mk CPU LERL T
7] 2 A8 B2 69 4 3L ) A L, BP Rk TR AR Ak B A s Bk R A B, CPU & 7 A — KRBT FF,
i & BB AT AR L 69 B TR G o X ANER T S AL PR A B AURE & KR TU/ T B N B b /4L 32 Y
PATE AL, FMXLETRE, A FFIRG AL B EE] = 4 FF 454 THRAT, AR
BT VA 42 0 7 35 4T TF o

AT, BB UMFUE, doR— 5154 RAIE 69 R WL hk BT 3t 2 6940 32 AR R £ A
BEARF TR ERERIR (M5 AR RARAPSEFTRARSHERESF) , e R4E
BRAFAF. AN BFFOREEZEH:
® HirMENALE (WEAMLAN0, BPiZ&MHut 50 bt dy K32 5 B4t R 2 4H4);
® HMEWWEREANENLGEFT (REAFRIET, 12Presentin E42=0, rbhefEswaps X R # & L4

L), AT @B T AR 5 I — F A T 4 32
® I FE RIS W AMPARE=L, thedBE RN |E).

L E@miFaz—, A Li4e 4R @page fault (#PF) F% . ~ 4 5% 9 R EH AL G6E 1
CR2%¥, 7 B ¥ Zpage faultéy =4 XA LR A& & error code ¥, tb4e bit 0 £ =2% PTE_PA0, bit1l
kAL write #&1%

FABRNFFE, CPURMEfd A M — L FH R IF, TR FF LA —FFF,
FIT AAT 5 — % 57+ 69 AL A A 3 ARAE R L M 248G, BPCPUE % AT A AR PR & 5 AT A 4T B 6942 /5 20
%, BPARORE N Y AT 3T BT AL 5 1% H @9 eflags, cs, eip, errorCode; W T4 W &% &9 P i 5 &
OXE, CPUde  BrOXEMR 417142 89 3k (vectors.S P 49 4= 5 vectorld&l) Ao FlcsheeipF A £+, 7
36 AT P BTIR -4, X Bfucore T4 FF P, AAFERARMBEARAENTASE. £
vectors.S¥ #9475 vectorld 4t e de F i 5 E N A AR, RJE B fEtrapentry. S+ 49475 alltraps&tdeds.
eshe L ALE A & A BAVEAR . B, MATHI A F G MR AL ABAR T HE TR, ftrap.chitrap
R IHE T FEIIR S PIAZOG A IRAAL, RBOAA XA N
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trap--> trap_dispatch-->pgfault_handler-->do_pgfault

T & % & AR5 — Fdo_pgfaultsfy 3. CPUJE 3| A28 T3 69 B S uk 3% 3] F 4 B CR2 ¥,
el T L (>t err) | A4RE1 AL T RN 0 A BITF AR, @b BRSP4 T8 R S
W 4 32 ok $do_pgfaultdt AT AR 22, SR+ % AL PR KM FE 5 M. swap infouthy x4 4.

ucore ¥ do_pgfaultsf £ & 2 sk T S+ 43269 £ &R/ ¥, CHRBACPUR I=%) o A R CR2¥ 3k
TG R TS+ 69 % Mk VAR ARSE error codedy s ik £ AR HROLE ek 2 G A X NVMAS 3 ak
TEN AR HL EHGEE L, de B /aE BN AR EH, KA H X2 —k Ak
B, AR ESEENEEFE. FAEEHT—ATRGNER, HERTE T REH L) 432
W RO RS, RIFFTLB, RJEAMiretb i, BEH| =4 BT HEHIKRALTHFRT AL . B
PRI ERVMAR A K, kA R — ki

5 W & & Bpudl 6y £ AL
5.1 m&#H &
BYERZGATMERITNOERR? IAGTREZLALH PN A FRET —AENE
“KESNBEEN, MEROWENEEESEAINL K. iRk & Gttt i E7 5 45, A
de &2 RAL A <k R M R AN N AT, TR E R 8 S KA T SR8 A
AR Lo 4o BB AL TR 8 RH N EE AR, ARG RACEHELENETT, R
SEAMA 2R, 2% 5 AR E AN LR N AP 0 6 Y SRS BT, e B AR SR
BEAENEY, MAREE— L FOAE, &5 ASTHE. X0, HAF F L 5 2 3
R4, A BAL R MAEF ST E 2o HBRRDLE A AT R, REEHRITERNER > 2R
BT A4S . o RAEIR AP HBRRBIANRN AN, B FRARANIELALCERA
FREET, XANBEEELAILCTAATE A G TR B2 2E L, UBEAGTRTHL
. AL P ) 038 SR A
BAE R SR PR S A P A7 IR 2 ) o A B e Ao AT G TR, o
FTHINT P 25 b IR V6 T, AR AV, de R e MR EA AP, EWIEZNE
R RS AR, JeR o R B BB A AR AR A B RN, B
W, —AFEOTRBRI AR FHAT R E ORI, Lk ERAFEREGLIL Y, KRREFE
RALF BAT B F L B AR KR A6y A 5
® sttt i (First In First Out, FIFO) R A #ef ik R H ZERBARKRAZANFHT, PPisF
ANGPIRGHARANR T LA K. REL—ARRALERERTIEATCANREER
BRI RITEFER AN, IRFIKBER A A TG R B RAG R, PRI KL
ANABG T, IHEEHATH, ARFKRESD SR EEH AN T, FIFOE £ 2
TR AL B 2 PR 37 19 M b oS 1A B 2R A 4F, TR ERS. BHREFERIFTFGR,
BEENGTLEGERA, SRECNALE R RAERKERE 5. FIFOLH4 5 A4
HeZ, CA—MAFFAEL (BeladyILE), BPAME 0K E NG R MEGHFLT, R WmiLsk
NF#RHE S,

® u+4F (Clock) MA#H ik LARKLELAAEF (Not Used Recently, NUR) M #H ik, &K
SRMEFEA ARG R G E, BCERERERLP ARG, THMEERT &
BOIRRNLEW, —NRFGIERIREANT@EL IR LT X, T —/ 4
WE®, RER—AMEABERELOIAT @, RAH, RALRGIAT @, o5
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FFef R HEENOHRA T LN, AREAKREIA LA AR, WL EE 24
M&R (PTE) PiXET 27 Pz k2 THRERAT LGN LT EMIFTF L. Bz
A7 B, CPUY &9MMUAR AR 4237 P4z B <17, RGN G F A o9 WARE 15442 42
REHFF R AR s, RE—ASATHAAROER GbRFZGIRAR
w)o BERZATEZHRNK, X LATI4 48669 AT 69 WA RSATEH, mRiF
{2 R«0”, MEARKZR, ocHEd gt wEiFR4EAD, IFZRERAGIEE
“07, WGP T —ANAN. ZHEFLMMAARITLRUMER, BH5HTEN, F4). 2%
HEE R LFERRE Tz, BixHre AR ESFIFOH A2 LM, B—FR
A fEclockH AP kit TiFR4Z A1 R,

® k3t aynt4y (Enhanced Clock) M3 H k. A4 BRI ETd, ARk—A AN @ REZE
TREAGHITEE, RERRFILF, LEFEMERGTNEEAEHSEZT. BHEK
M&Q%A@im%5@&ﬁ FIFELEBRAMNKT ARG LN @, AaynrsrE 8 H
ERTEFERN@AIFRIFEN, LEXEN@OEELERN, Pizd kR ehm 28 K00 a4
ﬁgi&m%A,%ﬂiﬁ P RN N AL ELAEG LT E A EAAE L6, X
EENHF—NEIF T ERAEF I —{2 5] Az fe— {25 A Az, Hz W7 P, CPU
FAOMMUAL - Jei7 P42 B«1”. S % WAL 0, CPUY 49MMUAZ K de 5 74z E 17,
XA A A AWA TR MAEN: (0, 0) AFREAKS AL A#HSK, Aok
FRHE K (0, 1) RAABER, fBasek, EohksE:, (1, 0) RAEMEAmASK,
BoRES, (1, 1) RAMERNBMSHK, REEf. ZHE 5454, TH—F R
B OVOREREK, BATERI - ANRATRHRESHAGTE, TiEE2LL5 KM,
¥ T H kARG G PAT I

5.2 W& & &puF

Jo R BRIV G EH-AE, AFEAFBIL LG EEARLTTABE, LF5FELEF

A :

AR T RT AR A ?

—ANEM AT 5 G LA RRE I RR?
A7 BF AT # N Fe 3 th 4R A 2

Yo T HABE MO L HF N L2

AT AR T B9 4 N H by 2R A ?

XL RAETEAE—FHTOMN. EF, EFBZFRFERT HEQG A @ E RG], 204E
LER B RERAE I A A RGN EARF R P A2, PPV R kB i AR & AZALH] 55 I —
MR EEL L RN E T & E R
1. TUAKBBEER

ERER G F, —ANAKGRNR: FAEPTAHOHIE AT A d K09, RA A
AP EAR AR B FRO RN E T AR, mRNZAEE R ARSI T &R
wikd, XEMAYREALHLAR? BIERAARIUTO XERD, FERIEBTHSHAEAFEIE,
o RARFRGPITEAEF, RATHRAEL, WEREREARNERFRKEE (A&7 PR E
Fe R A0y in 19 B3NN ER), BRFERENRZRARBITKRZ, mE, TERE, AEeRid
LT 2 69 ARG R B de RAR R, AN AZAR @ 1S A 5T 69 L6
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12 2 52 36 = % M hJucore P, KM ARFIAT H-ABBE A, XA XTH P APTOES,
BT A SRATVAE 52 3 = AR AR 38 id kAT check swap R B £ N AZ P £ BL— 2 R, AT 8 | ey 35 9],
G il iddo_pgfaultk 78 Flswap map_ swappable 3 & & 143X 2 T 69 37 15 H JU - 18] 4298 A A8 K B 4K,
BHCRE RO M B A L,

2. BATPHRERE LW B REZ A eypi X #

I R AT BB T AL, ARRAE R Sde TR W SR A TR EAHILR? Aucoredyikit |,
AAIAT A FOPTERE TEAMIN: H—A PTE AA#E —REL LOHERE, ALY
K% EA AR TR A X R, VAR M iZA PTE P 4Rit; 125 ¢ Ak — A B b L ahdn
R, CHAREIZHIER L swap #5 L Regmgt £ 2, HF HLiz PTE I~ 2% MMU ¢ f#
BRI TS (BPXA PTE P 4Ri), Gk R 3t 2 69 RN X mm_ struct R B4, B34 Fi%
T 69 R B Hunk 34777 9] 69 8- 4%, 22 AR F 8 page fault, R Bucoreft 9544 PTE #i 49 swap K48
KA RN EAE AR, HARIER ARG R AR E IR EAF PTE 1£/5 N A7 B e B 48 4L B %
BEAT o

R —AT (4KB/M) A E#F T RAEINHEX (0.5KB/BX), % PTEAY R IK4Z--presentis
BiZA0 (Bp PTE P ARt A s, ATEFAUABHTXRREE), BT ROGTEF ARG, TAA
&SI R mMBERARETAMT 2420, BEFT AR R &R T U AR Z Eageds B X
Wl (ARFEIANARREFIE). AT ARERF XA 04 swap 5 KBS, HF swap 5 K a9 —A4>
page ZHRRA, LHAHL—NZH2M2 R A0, wRKIZAOYPTER T T — AN A& L& T8
#24E B X5 (Wswap.hF *Fswap entry t&944ik):

swap_entry t
\ offset | reserved |0 |
24 bits 7 bits 1 bit

FIEB AW RN IT R —ABK, m—ANBREGKRDASI2 28) FH, FFAEEA
H 5 X e E —A4KB& Mo fucoret, AT % A IDEAR SRR A ML 695X, RIERE
N R R N

“ide 1:  262144(sectors), ' QEMU HARDDISK".”

FATT VASn 38 5 B = 5T VAPK 5-262144/8=327684~ T, BF128MB#Y N A = ], swap 7 X &9 K]
A swapfs_init 2 @ ARIE 2 A IR F 93 2 i+ H k49, B AT ucore i &K swap #A £ 6,4 1000
AN page, FHZE %AAEF 1<<24 4 page.
3. PATRAIBLE GG

FAFEI =, check mm struct® X N AELEME T T B AT ucoreih A &R0 T A B LA A=
M &4, mmmYP a9FANAvmak T —HEHAE LS KE T . Bucore X & H AL T 17 9] Hu bk B
EWTAERN G, sta ™4 page faultF %, 314278 Fldo pgfaultfy &, b5 & FI8F = £ 1755 F
% 09 bt B T check mm_structd: ANvmak 769 &k B A bk = W], AR A AR AR Sswap A (BP
3t &2 G9PTER) 52442 TR0, w g AKAZA0), N AZ AT WA, K8 Fswap indy £ 7 & T @
N

¥ W dg i pLAR T B A — 2 AF3E AR A9 R A R B 89 B AL, ucore Bl AT K BA AP R K,
PRARAR 3ty SR wg A il AR AR th R w8 . AR R R AR RE R AR B e (A R AT 89 %)
EFHERANATE RN E R RE L KnARRAATEA — TR ENTRARNGLE, IHF
YEETRAN, ARAEREBRTHIER, HREEEBRENE, ALY XBEFITRHTE, A
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NEAMEATRNOGHERTHSER, T FEERTT AN @, Fle— RS ANXFN T i
hE AL,

HEFRBE=Z ARG P, IHFLERE MFFRL, T H—FABREERE, BERIAIR
F— RO F ARG e Rk, THEELAY REI PSRN, ST H A HRGBE R, WAL
ucore? Alalloc_pages:f# 3K BUZ R M EE, sy e R KL ENBIEA G N 58S (tbdefirst fit)
RFZRM, Hast—F A Hswap outdR# il X W, FI—FE MG E KL,

4. WBH#F FOKPEEHLH

B A, RMNAEBNETAGTWENERAFTANTERALTHIELEHPageti 25
T Zpages$ 28, pagestiH—REATT HHMAAT —ANWERNNIERAHFL. AT R THERTH
B R OB aGEN, T PagekBLEMBITY K

struct Page {

ii.s.t‘_”entry_t pra_page link;

uintptr t pra_vaddr;
praipage_link TR R E NG F— Ky BB RS ATHE R O — AN R, IANBENTBEATS
—RGEEAREGN, BEAZEREXTE —RFFIHBRZON ., SREXKRTUARTREA
pra_list head (;€ X4 swap_fifo.c ), #’JLé’J BFAUSE £ page fault K A5, 34T do_pgfault o £ B,
pra_vaddr T VAR &2 b A 3 A 2 69 B A A HE Mkt

G-I (struct Page) & %A% swap HLG90H1E, BAT ZHRRCCLEHSBRT — M2 T

7 # Ebswap page (HMELWINBEAR), XEZAHT HLkt, AEswap checkf K P LT H
AR AT —3 2 6gswap page, HAT X FIRZH: B ZGPTEN & 516 = swap pagetd B
X A2 4545 & *8,
AT FREANB BRI L, KT T — DN AH B H K69 £4EKswap_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);
s

X E XA A A AR A5 4 A map swappable?Fﬂswap_out vistim, A7 —ANHEA TILEK RN 7 B HF
HNARK B, B—ANHER THEEEZHEGON . BARE /N HBARG G FE — AN HEIT R W7

BlF Lo tick event B A AGA LR T &, LT & iéﬁ “P B, OT AR B — AP ARMLAY 3R TR
5. swap_check®# & 52

TEEKRHFE—TRE=ZFRAERL IO N B ERGEERATES, T RKREFAE]2,
R = & EH eyt T iIAZ £ & Hswap check (kern/mm/swap.c¥) ¥, H KEAAZ4 T,
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1. A Mmm create’ Zmm% ¥, A Mvma createt] EvmaZ 2, RIS FWFFIER A
4KB~24KB;

2. AR free page FiRAE, AR —/NAH4/NZIH physical page; X E T A4KB~24KB#Y
LRSS R DA T 69 17 9] 4R AE

3. X EITFE T KK E Zpefault num=0, M ATcheck content setsRy#k, 1% 4342453 hk 5 5l
% A2 45 H 3L 4 0x1000, 0x2000, 0x3000, 0x400049 & 01 T 4 B I - 4 )6 B Ak 71, & F
ZARHESTA, FAs® Apage faults %, R TR T, MiX & AAKB~20KBHI4
JE WL 2 Hucore bk A 094440 22 T L B A X A

4, KRG E TR 69H = A6 N EARA#ATEENRAESE;

5. ARBH NMIKX T A F X6 4K, W4T L FKcheck content access, F+ it — A A 2|
_fifo check swapdh %k, 4o RiBit T PTA @asserto Xt —F & FFIFO R & 3 5 ik & A E 4
KL

6. /G Kk Hucore iz,

2

6 FERREELK

M sE EF #lab3.zipa, MEMFBALAAFNKAD B K lab3, TREBRFHEN%ET . AKX
B FARE ARG, A3 B E T #4T make handin 4£%, BP4 & 34 & lab3-handin.tar.gz. &
B — R R RABETRLIINEEE L,

EEACLABY O E R, KRBT A E 7T RG9# 77 (challengefk 4F) #F A “LAB3”#=“YOUR
CODE”#yx#, #H AR HAz EhF2H, HI“YOUR CODE"#ith A T oy¥ 5, HHK
PR ARA St R a3 3 B E AR ag KA . PR & R R 1 by e 4 B Ae AL 105,

Mk EAAEH 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: 0009f400, [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, [fffcO000, ffffffff], type = 2.
check_alloc_page() succeeded!
check_pgdir() succeeded!
check_boot_pgdir() succeeded!
BEGIN
PDE(0e0) c0000000-f8000000 38000000 urw
|-- PTE(38000) c0000000-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".
ide1: 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!
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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.
Welcome to the kernel debug monitor!!
Type 'help' for a list of commands.
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