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1 Hht

FEBAVEHILinuxird, f Hlfreedy & M RGN ARG L, W F 1026 A48
66053100k. FIAEIR 2 NHSIE RN ANl i, R IUBEH I R RS, A7 freeififcfi /I,
iMicachedkiflR; TR AR H CHRETFAAENFIE, SFEREN. #1E RS
7Y SR, WNIZEEAB RS A AR, tAE N A Bugs B A 17 .
J IR A% I SC 1 Cache L. 5i2Br b S0 Cache e8Il T TH Cache, A3 424K LA T [
CachekHiliik .

[root@localhost ~]1# free

total used free shared buffers cached
Mem: 66053100 1727572 64325528 0 242492 409440
-/+ buffers/cache: 1075640 64977460
Swap: 2097144 0 2097144

2 FRE R A B O BRI, 184 RSB — LS NAE, RO A B
AFBIXEE LA, SRR B EEE > R NIRRT AR B SRR, #IER S
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IMAZITT HiCachert, I FH MR EE EIRR A BARARIATE U . WK A AFAT AL 0 1 P A7 25 1)
20 A] AE BT T Cache (I [ E B, FLAd HERE FEU7 i) 1250 70 Bdla i, AN ZE 05 Ml At . 1t
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B S XM

B S EEMNRBE SO (BRI SC R GED 1EH REEE T
BSOS U, BT R O R B

B R TR RS T, QEERE (R IEAE T R IR SO R Gishm

12 B & VOBAERAZ B, M PR AT DU H BAR SO R 48 (lext3/extd . xfsZ5) ,
1 5T AE XA Cache FIEAE W 46 2 (R AZ # il , A7 T Bk et R 42 BRI BRIt R4 VRS Hit
TEN T Cache z [alifiidread () /write () Zefz 0T #HEd .

Virtual Filesystem (VFS) Layer

Direct 10

Buffer Cache (Page

Disk
Filesystem

Disk
Filesystem

Generic Block Layer

I/O Scheduler Layer

Request Queue Request Queue

[ Block Device Driver } [ Block Device Driver }

Kernel Space

B AR s SRR
Ui Cache A (16E TUT AL & OB A2 & T2 301, XA SO CHERt s & SCAF Y

inode) B ZAMIMAEH. FHL b, FrfAfiread O Flwrite OO #K#T T fiCache; ME
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— B A SRR T SCARRS, ] 7 O_DIRECTHR&, TEXFEHL T, Ui CachetkBkid,
HAE 7R P S b 2 (e i g2 b X . A S B B B TR 4 HIO_DIRECTAR &, IXHE
fATAT BT B SRR S i

W A% LT Cache (1 SE B 32 B0 13 2 T TP 75 22

W BRIEE LS 4 E IR B A ORBAE R E . D 1RV R % LT Cache (FI L%
I TR D AR P 1 6

BRSSO BRI, Az A B T Cache FH KRR T, Bildn, A IE
SO B g SO R e DX — AN T, AU A RT3 TR N A 6 AR B
DU BRI AL B A BR AT o

AR, i Cache B BAL 2 B TR « 2488 — AN DI o A B AE AR AN 0 AR
SBH, TR T AN BE FH Ve 5 A SRR . BOAR 2 #/2, Cache i) 0T i A ) s i 1ot
A B AP EEE P RG], I8 2 inode MU RLSCA N ) (2 & .

A Cache s SCIFEEAE A7 P EIAS, PRk SO Cache s B 5 N A7 B AR SRR SCA &
kAR : — 7Sl Cache fEMIER NAF [ —#87), 522 5YE A AE 1) 7 e G 72
75— J5 10 3 Cache 1B KR T A7 i s a B ISCF, # ZEE R S R G5 A7 il e AT
FEERTH. NEERGHIMEHSRE, XkCacher] LE UL A E LRSI R G2 M
BRI, B, Xff Cachef B #AE R — DMEEHLHA >, EHITEREE I NE
A RGN E B ARG NTERE

2 CacheEEIBELEHFE M

2.1 address_space

i Cache % 0o #¥E 45 74 /L address_space, & X fEinclude/linux/fs.hi,
address_space&t f /A i NEHHA 1% T TH [finodeXt %+ . fECachert, W AEH £/ T [
J&T—"Ninode, XFEAATEL AT BESE [ [F]—address_spaceXt %o [FIRf, @Iz G4
A 3 [ DU FITE IX S8 DU b 3 777k RiEE K . address_spacest G H a8 & Lk

i
00664: struct address_space {
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00665: struct inode *host; /* owner: inode, block device */

00666: struct radix_tree_root page_tree;  /*radix tree of all pages */

00667: spinlock_t tree_lock; /* and lock protecting it */

00668: unsigned int i__mmap_writable;/* count VM_SHARED mappings */
00669: struct prio_tree_root i_mmap; /* tree of private and shared mappings */
00670: struct list_head i_mmap_nonlinear;/*list VM_NONLINEAR mappings */
00671: spinlock_t i_mmap_lock; /*protect tree, count, list */

00672: unsigned int truncate_count; /* Cover race condition with truncate */
00673: /* Protected by tree_lock together with the radix tree */

00674: unsigned long nrpages; /* number of total pages */

00675: pgoff_t writeback_index;/* writeback starts here */

00676: const struct address_space_operations *a_ops; /* methods */

00677: unsigned long flags; /* error bits/gfp mask */

00678: struct backing_dev_info *backing_dev_info; /* device readahead, etc */

00679: spinlock_t private_lock;/* for use by the address_space */
00680: struct list_head private_list; /*ditto*/
00681: struct address_space  *assoc_mapping; /*ditto*/

00682: } __ attribute___((aligned(sizeof(long))));

AT IR TF (struct page) & WA R AR Emappingflindex, EATTE H REEH:
LI # i Cache. mappingfmlinode (1% U1 [Jaddress_spaceXf%; index &
A CHHEE R GXFPEOLT T LA hE s (R B AR S R SO RS R, AR
T, 478 v Cache T A $RHEAN U, 5l 2 1 FH Al 2 48 E mapping fllindex.

%<1 address_spaceX Gk i Ar &2 X

R FB & X

struct inode * host i A 20 R R

struct page tree NI 1) T (radix tree) AR

radix_tree root

spinlock_t tree_lock Ry ER 1) B e

unsigned int i_mmap_writable [k =[] o 3 = Py A7 LS A3

struct i_mmap radixff5 /o 1% 2 B4 AR

prio_tree root

struct list_head i_mmap_nonlinear [Hiuhk 25 8] op JE 2 M 8 A7 X 1) 3R

spinlock_t i_mmap_lock CR3 radix 7t S 1 2= E et

unsigned int TRuncate_count [ ST A58 FH FA) I e it 2 2

unsigned long nrpages REER DI SE

unsigned long writeback_index (i 5 — kBl S H#AETEH TR 5]

struct a_ops o I 3 DUREAT BB I 1

address space_operations *

unsigned long flags (R R A e W

struct backing_dev_info * backing_dev_info [{& 47 & KIEE AT BB 45 1)
backing dev info

spinlock_t private_lock i 2 M private it 26 I A i B i

struct list head private_list I 2 5 R G| A O A B R i g2 (X
R

struct address_space * assoc_mapping [l $i5 n) (AR FT 7R e g 44 1)
address_spaceX} %

R, ARSI, T Cache il AE L & AL B8R 2 4048 UL Ry — S d SO
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AKKE, AL 7 A Al
W BROCCHRs SRR U A B Xl S inode
B EEEUR A SO (dn/devisdal) s XHE U A B AT AR BB SO

Finode.

XFER B il RO N AN F R DT, i ANF address_space XS 1
7] o

47 Wi Cacheh T K T A5 & & 4, address_spaceXt R itk AEVFS inodeXt % i)
i_data 7Bt . i_mapping 7B 218 17 & Hinode s 1) 1L AT A # faddress_spaceX| 4,
address_spaceXt 4 H ffihost 7 Bt 45 [ H T G # llinode Xt % .

NTHAZVFS inode £ 4544 o

00766: struct inode {
00767: struct hlist_node i_hash;

00768: struct list_head i_list; /* backing dev 10 list */
00796: struct address_space *i_mapping;

00797: struct address_space i_data;

00833: void *i__private; /* fs or device private pointer */

00834: } « end inode » ;

Rk, #FH IR T — A0 GESCPREAERESE E X R, Wwextd) , IATHIFTE
Huh e - iinode; I BLxt N fladdress_spaceX G 47 AEVFS inodeXf £ [)i_data 7k
W, inodeffli_mapping7-BtiE Ml A —Ninodeffli_data¥ B, iMiaddress_spaceX} % flhost

FBAFRFIEADR T A
00868: if (inode_has_buffers(inode)) {

00869: struct address_space *mapping = &inode->i_data;

00870: struct list_head *list = &mapping->private_ list;

00871: struct address_space *buffer_mapping = mapping->assoc_mapping;
00872:

A DU AL B R RS ST, BRIV T T A TR B A B v (4 B AR B 84t
fladdress_spaceX] G ik A 2| 5 1% 8k £ A % IR R S R Sibdevrb U ) Finode .
I, B SO Rinode fri_mapping 7 B g 17 F2inode H [fjaddress_spaceXf 5. FHMN i,
address_spaceXt & i host+ Bt 4& 7] Finode. Xk, MBI & i BUEHE i) frd T B G A
[Flf)address_spacexf R, RIS LK T A [ i B & SCA

9
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A4k B4 Hraddress_spacet % o f#) L 1 AR B &

backing_dev_info'7-Bf§ [fstruct backing_dev_infoltiid 7, J& & &%t BT A # B % i
FEBRBE AT A IS A M B 4544 - backing_dev_info%4h F438 H i A TE L 15 4 (1175 3K B 21 3¢
BT

a_opsstaddress_spaceXf & R B, Efam— KR
address_space_operations[{]5&, 2 H e X BT # 1 01T /LB I S A .

2.2 address_space_operations

¥k 4 fjaddress_space_operationsf € X 1E X frinclude/linux/fs.h,

00600: struct address_space_operations {

00601: int (*writepage)(struct page *page, struct writeback_control *whbc);
00602: int (*readpage)(struct file *, struct page *);

00603: void (*sync_page)(struct page *);

00604:

00605: /* Write back some dirty pages from this mapping. */

00606: int (*writepages)(struct address_space *, struct writeback_control *);
00607:

00608: /* Set a page dirty. Return true if this dirtied it */
00609: int (*set_page_dirty)(struct page *page);

00610:
00611: int (*readpages)(struct file *filp, struct address_space *mapping,
00612: struct list_head *pages, unsigned nr__pages);
00613:
00614: int (*write_begin)(struct file *, struct address_space *mapping,
00615: loff_t pos, unsigned len, unsigned flags,
00616: struct page **pagep, void **fsdata);
00617: int (*write_end)(struct file *, struct address_space *mapping,
00618: loff_t pos, unsigned len, unsigned copied,
00619: struct page *page, void *fsdata);
00620:
00621: /* Unfortunately this kludge is needed for FIBMAP. Don't use it */
00622: sector_t (*bmap)(struct address_space *, sector_t);
00623: void (*invalidatepage) (struct page *, unsigned long);
00624: int (*releasepage) (struct page *, gfp_t);
00625: ssize_t (*direct_10)(int, struct kiocb *, const struct iovec *iov,
00626: loff_t offset, unsigned long nr_segs);
00627: int (*get_xip_mem)(struct address_space *, pgoff_t, int,
00628: void **, unsigned long *);
00629: /* migrate the contents of a page to the specified target */
00630: int (*migratepage) (struct address_space *,
00631: struct page *, struct page *);
00632: int (*launder_page) (struct page *);
00633: int (*is_partially_uptodate) (struct page *, read_descriptor_t *,
00634: unsigned long);
00635: int (*error_remove__page)(struct address_space *, struct page *);
00636: } « end address_space_operations » ;
00637:
F A AR B SR

10
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writepage: S#fE, RIS BIFTA H PE IR

readpage: EHRIE, MPIA & MR LB

sync_page: #i Xt A & AT 0 TR HER S, AL RIIT 451/ Ot A& s
writepages: T 102 TUS BIRGE
set_page_dirty: H§P7H M TUHPIRAS, B
readpages: MRLHE B AN TA T
prepare_write: & —MEEA (HBESCE RS
commit_write: SER—NEEAE (B S RSGHERD S

bmap: MICHFRZE S h, SREGZERS,
invalidatepage: {474 I TUERL (BB SCHERAERD
releasepage: MEFREIIL, HHEMFRGMEM;

direct_10: X} FT A # [ TUHT B H/OH &% (A&l TiiCache) .

B E 7 A readpage/readpages . writepage/writepages. prepare_write £/l
commit_write. fERKZEELL T, XEETVEIEITA # KinodeX G AN ] 1) BB 4% (1) K2 &
FIRENER R K. W1, @A inode SE Pl readpage /7 v 1 BR E I U] A e A DL
it N HRAE PR A E A

2.3  find_get_page O)

XTI Cache #1E IR A = 24 bR 850 B4 B INAIMNI R 0T o AR5 /28 D T 1 7 4K oR 4L
find_get_page O , PREIEmm/filemap.cfFH .
find_get_page OO HIZH AW : address_spaceXf R & AU T W2 . 47

FEFER R B 1R U, iz DU T

00681: /**

00682: *find_get_page - find and get a page reference

00683: * @mapping: the address_space to search

00684: * @offset: the page index

00685: *

00686: * Is there a pagecache struct page at the given (mapping, offset) tuple?
00687: * Ifyes, increment its refcount and return it; if no, return NULL.
00688: */

00689: struct page *find_get_page(struct address_space *mapping, pgoff t

offset)
00690: {
00691: void **pagep;
00692: struct page *page;
00693:
11
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00694:

00695

00696:
00697:
00698:
00699:
00700:
00701:
00702:
00703:

00704:
00705:
00706:
00707:
00708:
00709:
00710:
00711:
00712:
00713:
00714:
00715:
00716:
00717:
00718:
00719: } « end find_get_page »

00720 EXPORT_SYMBOLesina_get page:

PR E0 K AR m fEradix_tree_lookup_slot () , T [fiCache {11

rcu_read_lock();
: repeat:
page = NULL;
pagep = radix_tree_lookup_slot(&mapping->page_tree, offset);
if (pagep) {
page = radix_tree_deref_slot(pagep);
if (unlikely(! page || page == RADIX_TREE_RETRY))
goto Trepeat;
if (Ipage_cache_get_speculative( page))
goto Trepeat;
/*
* Has the page moved?
* This is part of the lockless pagecache protocol. See
* include/linux/pagemap.h for details.
*/
if (unlikely( page !=*pagep)) {
page_cache_release( page);
goto Trepeat;
}
}
rcu_read_unlock();
return page;

PLEEA (radix tree)

2
15 AR . FERM R &R F T, wifd Hradix_tree_lookup_slot () %, Z-THMAEN
AISEI, AMENH.

24

add_to_page cache ()

PR ¥tadd_to_page_cache (O HfE &K — N8 l4fi A i Cacherr, IS LE LA

include/linux/pagemap.h .

00469

00470:

00471
00472

00473:

00474:

00475:
00476:
00477:
00478:
00479:
00480:
00481:

00482:

: *Like add_to_page cache_locked, but used to add newly allocated pages:
* the page is new, so we can just run set_page_locked() against it.
L/
: static inline int add tO page CaChe(struct page *page,
struct address_space *mapping, pgoff t offset, gfp_t gfp__mask)
{
int error;
___set_page_locked(page);
error =add_to_page_cache_locked(page, mapping, offset, gfp__mask);
if (unlikely(error))
___clear_page_locked(page);
return error;
}

00483:

12
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R4 SHL

page: UUIHIHIRFTHREN, 1Z Ui A ST
mapping: address_spaceXf % 54T

offset: FKImiZ AL A T 28 51 5

ofp_mask: JyFEM 7y BCHTT RIS A 20 BE AR

¥ TUTHT A N FER (1 F 44 L radix_tree_insert (O, ix BLRATH i 4

T AR e AN B BRI 4l A B T Cache gl AT BA 1.

2.5 remove_from_page cache ()

AU G

p% %tremove_from_page_cache (O fER &M ItiiiCache iR IEANTT, JEASLESCHE

mm/filemap.c'.

00144: void remove_from_page_caChe(struct page *page)

00145: {
00146: struct address_space *mapping = page->mapping;
00147: void (*freepage)(struct page *) = NULL;

00148: struct inode *inode = mapping->host;

00149:

00150: BUG_ON(! PageLocked(page));

00151:

00152:  if (IS_AOP_EXT(inode))

00153: freepage = EXT_AOPS(mapping->a_ops)->freepage;
00154:

00155: spin__lock_irg(&mapping->tree_lock);

00156: __remove_from_page_cache(page);

00157: spin_unlock_irg(&mapping->tree_lock);

00158: mem__cgroup_uncharge_cache_page(page);
00159:

00160: if (freepage)

00161: freepage(page);

00162: }

00163: EXPO RT_SYM BO L(remove_from_page_cache);

00164:

M T Cache B - 70 - % Hiradix_tree_delete () BRER 72 K.
radix_tree_lookup () . radix_tree_insert () AFlradix_tree_delete ()

TENRZIE R 1) SEBL -

13
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3 LinuxPJ#ZTiEdlLHl

RZHWEALNOB S HR AT, HA B SAFFERL AL E AR S o5 RS B X . X
E

FESE S SCAFI, At n] DAk (R SR A, SRTH IS ERE . SRR 35— A SO, Bl
MEE—F A5 B a — DT IF Vi o BRI, (Rl SO g A b 22 A S8 0 s D 2t

B AT )

Tk (read ahead) mfi & 7E G # L IEA VT ) 2 F, AR SO BB & SR I 2
AN TR R N AF T . ZEUIEDL T, ARZEI TSR] DL B R s A RE, B9
T AR SR ER K i R, BT T AT B X . Ak, BEHLHIE IR = T RS
Mg 7 18

LER, FEBERE R Z B0 V5 ie) R BE NN, T RGAH FH, BN EIRY T N Cache
IE) e 2 AL E Bl H F IOV ia) AN U RO 5t el B0 OG P T3

Tl (read-ahead ) 53 T BICRE U5 7] (O LT, JF4R AT EA TR E IR AL AT

E I E BT REAME S B
mittE: JE/NM/OREIVRIO, IHEERAIFIAIR, T REHAF R,
mAEHT: XA PP R AL O/ OREIR ,  DUINRAE 71847 .
P X T EE RO AR S o BTN DI RE AIE B T HERA (Y I RE 7 -
i A fELinux. FreeBSDAISolaris®% i /F R Gt A0EAE 1 — 4> 1) 54 25 JEU:
FEA 7> BE AL AR 352 79 R 5 I R0 M 32 R AT P52 o 3K — B A0S £ ST
{EZ AT PLORIEAR R O s dir vh 2%, [RIIN A RCR /B aa R AR o R By 32 e
BRI P, T B AL P A Rt Aty S X DS )

FELLUREOLN, HAT L

® CYNIZACEEH PR RSO RS SR s ki i Fpage_cache_sync_readahead
() Hipage_cache_async_readahead () , IAICH FI'E 1k k%L
do_generic_file_read OO {H; ZREEANIME G = EA 3T -

® YNNI (memory mapping) 43t TUH I

o MM HIT RS Hreadahead O

o YRR HUITposix_fadvise () REG1H:
14



Linux P9 #% 3244 Cache AL

MH P REF R Tmadvise O R, I HHMADV_WILLNEED 4, K18 %1 P 1% 3L
1 PN A7 B B PR R S DX 30K SR 2 B U 1

X S P 5 A 2 R SR

& U R R U AT, ANTR S R N T P ) A% i, AN RSO U ] B
HiF

& BRI A, TSR] REIB AT Y -

TR i) 5 0T U7 A AN B CRIBERLYT IR, TR 4R /N s 1k

& YRR R SO R AN DU 005 18] SR — /N 43 B SO BT T
0¥ E1E T Hicache FR i), A2 1R FilEE.,

*

PAAZ T 5 G 7 T 2 R R b 2 = 375 SR ) 38— A DT 55 Uy 1) 0 8 J — A DL T o2
FHARE o V7] — N4 B SO, B A AN UM 4. 4 HTE 1 (current window)
AiEE O (ahead window)

MHTE - Courrent window) GLHE T HEFE i K 1) U2 THT B A R 32 AT 52 HL7E T T cache
MU . CHRETE R TR A D2 SRR, ORI OB AL IEAE#E4T . ) BTt
%11 (ahead window) & [f TUTH 2 S48 4 AT & H (current window) 1 A RZ S T 132 (1 70
T o I HE BT AP DT A O ARG R, E ARG BEREIR B2 ) X L T

24 A% NI U5 [ RO 46 DU 24 10 & N, sk A Tk o 2 S S A g
Ak FFAREEN, PWAEEEL— SRR O, I ELAS R SO D i & e . 7EEEAR
RO, FERR IEAE 5 il ¥ DU #RAE 24 1 8 v, T 32 2 1 v e SR DT IEAE AR . 4 RR

7 10 F T T /E B HE T 1 PR, TR DA R
3.1 file_ra_state#iE4E#a

TRSE L yAAE B 3 BRI 45 1) & file_ra_state, &G G E8E —AM ralfl. HiE X
1 AFinclude/linux/fs.h 7,

00935: /*

00936: * Track a single file's readahead state

00937: */

00938: struct file__ra_state {

00939: pgoff_t start; /* where readahead started */

00940: unsigned int size; /* # of readahead pages */

00941: unsigned int async_size; /* do asynchronous readahead when
00942: there are only # of pages ahead */

00943:

15
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00944: unsigned int ra_pages; /* Maximum readahead window */
00945: unsigned int mmap__miss; /* Cache miss stat for mmap accesses */
00946: loff_t prev_pos; /* Cache last read() position */
00947: };
=2 file_ra_stateZi(4E 454 A L 5 & X
FB & X
start ST E S R I
size T TR . AE -SRI I N OGP, 038R | & 1A%
async_size S0 TS LT A
ra_pages T T K DT B . O TS 87 i) G P
mmap_miss T 2K R4
prev_pos Cache 1 it il — IR B

ra_pages# /N 4T & I BRI AL, Wl el xd iz ook i iU %G 2wk
{8 %S0 e % b fibacking_dev_infoffiik 4 m1. A2 T DL T 2 40 H
posix_fadvise () SRAE L S Hra_page ki It Flis ik

3.2 do_generic_file_read ()

BLAEFRA BB — N do_generic_mapping_read () BREHATHFLAN

page_cache_async_readahead () &¥ifi .

[<ffffffff8112a790>] ? page_cache_async_readahead+0x90/0xc0
[<ffffffff81115e13>] ? generic_file_aio_read+0x503/0x700
[<ffffffff8117aeaa>] ? do_sync_read+0xfa/0x140
[<ffffffff810920d0>] ? autoremove_wake_function+0x0/0x40
[<ffffffff810edfc2>] ? ring_buffer_lock reserve+0xa2/0x160
[<ffffffff810d69e2>] ? audit_syscall_entry+0x272/0x2a0
[<ffffffff81213136>] ? security_file_permission+0x16/0x20
[<ffffffff8117b8b5>] ? vfs_read+0xb5/0x1a0

[<ffffffff8117b9f1>] ? sys_read+0x51/0x90

[<ffffffff8100b308>] ? tracesys+0xd9/0xde

WAZ AR B 2 i RE e s 15 SR I, {3 i 2 1 /2 1 H page_cache_sync_readahead

() flpage_cache_async_readahead () pR¥{RIAT I,

01038: static void dO generic file read(struct file *filp, loff_t *ppos,

01039: read_descriptor_t *desc, read_actor_t actor)
01040: {

01041: struct address_space *mapping = filp->f_mapping;
01042: struct inode *inode = mapping->host;

01043: struct file_ra_state *ra = &filp->f_ra;

01063: cond_resched();
01064: find__page:
16
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01065: page = find__get__page(mapping, index);

01066: if (Ipage) {

01067: page_cache_sync_readahead(mapping,
01068: ra, filp,

01069: index, last_index - index);

01070: page = find__get__page(mapping, index);

01071: if (unlikely(page == NULL))

01072: goto yno_cached_page;

01073: }

01074: if (PageReadahead(page)) {

01075: page_cache_async_readahead(mapping,
01076: ra, filp, page,

01077: index, last_index - index);

01078: }

01079: if (1PageUptodate(page)) {

01080: if (inode->i_blkbits == PAGE_CACHE_SHIFT ||
01081: I'mapping->a_ops->is_partially_uptodate)
01082: goto Ypage_not_up_to_date;

01083: if ('trylock_page(page))

01084: goto Ypage_not_up_to_date;

01085: /* Did it get truncated before we got the lock? */
01086: if (!page->mapping)

01087: goto Ypage _not_up_to_date locked;

01088: if (!mapping->a_ops->is_partially _uptodate(page,
01089: desc, offset))

01090: goto Ypage_not_up_to_date locked;

01091: unlock_page(page);

01092: }

do_generic_file_read OO ¥4 Hfind_get_page () K7 T2 O 440 & 7 A7 .
R % i i page_cache_sync_readahead () & —ANEIBTEEE R . TSR K
FEE FRERS MRS At N7, Kbk Hfind_get_page () &I ZIT. XIKAHA
BB R MR, I AR 2k 5 no_cached_pageib B TR EUIRAE . Kl TR &
W E PG _readahead, WIR&EE | %45 &5 Hpage_cache_async_readahead ()
JAB) AP TSR, X5 AT A FE R EAN R, X IR E IR A . R
IRUTERATH T, (HRHEEEA—E RN, X Hi#idPageUptodate(page) ks . 4
REAEARBCH R, W i $umapping->a_ops->readpage () #E47 FR B 32 HL

AT AT E g T I

3.3 page_cache_sync readahead ()

A5 Hrpage_cache_sync_readahead (O &%, W4 E X, mife RSB iL i
THI 2 A AEH

page_cache_sync_readahead () ‘& B ¥rish i & LRI 1, AR sk d e
FRFEHE KA. REESNTSE

mapping: (A # addresss_spacesf 4

17
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ra: A& I U ) SCHfile_ra_statedfiid 5F
filp: SCHER %

offset: TUHIZE S/ (¥ A% &

req_size: SRRV EHRAE 7 B T THIAL

00482: /**

00483: * page_cache_sync_readahead - generic file readahead

00484: * @mapping: address_space which holds the pagecache and 1/0 vectors
00485: * @ra: file_ra_state which holds the readahead state

00486: * @filp: passed on to ->readpage() and ->readpages()

00487: * @offset: start offset into @mapping, in pagecache page-sized units

00488: * @req_size: hint: total size of the read which the caller is performing in
00489: * pagecache pages

00490: *

00491: *page_cache_sync_readahead() should be called when a cache miss happened:
00492: =it will submit the read. The readahead logic may decide to piggyback more
00493: * pages onto the read request if access patterns suggest it will improve
00494: * performance.

00495: */

00496: void page CaChe SynC readahead(struct address_space
00497: *mapping, struct file_ra_state *ra, struct file *filp,

00498: pgoff t offset, unsigned long req_size)

00499: {

00500: /* no read-ahead */
00501: if (lra->ra_pages)
00502: return;
00503:

00504: /* be dumb */

00505: if (filp && (filp->f_mode & FMODE_RANDOM)) {

00506: force_page_cache_readahead(mapping, filp, offset, req_size);
00507: return;

00508: }

00509:

00510: /* do read-ahead */

00511: ondemand_readahead(mapping, ra, filp, false, offset, req_size);
00512: }

00513: EXPORT SYM BOL GPL(page_cache_sync_readahead);
00514:

A5 H FMODE_RANDOMIN, &7 SO FIUA A BEAL U 1] o X Pl I LL i I,
KRR, B s ondemand_readahead () #3,

3.4 page_cache_async_readahead ()

page_cache_async_readahead O Jfi%ti7Emm/readahead.c3C i, F B4 T ELEL
ZA TR N
PRE 364124k, ltpage_cache_sync_readahead () £ —/~Z#ipage.

00530: void

18
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00531: Pa e CaChe async readahead(struct address_space
pPag y

00532:
00533:
00534:
00535:
00536:
00537:
00538:
00539:
00540:
00541:
00542:
00543:
00544:
00545:
00546:
00547:
00548:
00549:
00550:
00551:
00552:
00553:
00554:
00555:
00556:
00557:
00558:
00559:
00560:
00561:
00562:
00563:
00564:
00565:
00566:

*mappmg struct flle ra_state *ra, struct file *filp,
struct page *page, pgoff_t offset,
unsigned long reqg_size)

/* no read-ahead */
if ('ra->ra_pages)
return;

/*
* Same bit is used for PG_readahead and PG__reclaim.
*/
if (PageWriteback(page))
return;

ClearPageReadahead(page);

/*

* Defer asynchronous read-ahead on 10 congestion.

*/

if (bdi_read_congested(mapping->backing_dev_info))
return;

/* do read-ahead */
ondemand_readahead(mapping, ra, filp, true, offset, req_size);

#ifdef CONFIG_BLOCK

/*

* Normally the current page is !uptodate and lock_page() will be

* immediately called to implicitly unplug the device. However this

* is not always true for RAID conifgurations, where data arrives

* not strictly in their submission order. In this case we need to

* explicitly kick off the 10.

*/

if (PageUptodate(page))
blk_run_backing_dev(mapping->backing_dev_info, NULL);

00567: #endif
00568: } « end page_cache_async_readahead »

00569: EXPO RT_SYM BO L_G P L(page_cache_async_readahead);

AATFRERE (53747) HiE WA T RIEIRE (54317) , miE IR M

AT A, BERR L PG_readaheadbri& (546417) .

FEPATTELHT, SR A Y ATHAAE/OR AL T ZLIRES, #5740 T ZE A B P HEAT Tl
L. 4% Nkt Hondemand_readahead () EIFFAT L.

3.5 ondemand_readahead ()

ondemand_readahead () B¥(SLIIAE L - mm/readahead.c.
%R B EAR P file_ra_state iR 7 HH I B AR TR BT — B

C1 B S AR U SR8 WSS IT AR B WA A T AE 2. o BRIV E T 941 page
(2) GERANESCAESL, AW B IESE AR IUE R, WY KHiREE. —Be

T BRI EX2,
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(3) BN, NG, Rikisys_readif K IHE .

(4) #RJ5 1 Hra_submitfésg SEE K .

00385: /*

00386: * A minimal readahead algorithm for trivial sequential/random reads.

00387: */

00388: static unsigned long

00389: Ondema nd readahead(struct address_space *mapping,

00390:
00391:
00392:
00393: {
00394:
00395:
00396:
00397:
00398:
00399:
00400:
00401:
00402:
00403:
00404:
00405:

00406:

00407:
00408:
00409:
00410:
00411:
00412:
00413:
00414:
00415:
00416:
00417:
00418:
004109:
00420:
00421:
00422:
00423:
00424:
00425:
00426:
00427:
00428:
00429:
00430:
00431:
00432:
00433:
00434:
00435:
00436:
00437:
00438:
00439:
00440:
00441:

struct file_ra__state *ra, struct file *filp,
bool hit_readahead_ marker, pgoff t offset,

unsigned long reqg_size)

unsigned long max = max_sane_readahead(ra->ra_pages);

/*
* start of file
*/
if (loffset)
goto linitial_readahead:;

/*

* It's the expected callback offset, assume sequential access.

* Ramp up sizes, and push forward the readahead window.

*/

if ((offset == (ra->start + ra->size - ra->async_size) ||

offset == (ra->start + ra—>size))) {
ra->start += ra->size;
ra->size = get_next_ra_size(ra, max);
ra->async_size = ra->size;
goto lreadit;
}

/*
* Hit a marked page without valid readahead state.
* E.g. interleaved reads.
* Query the pagecache for async_size, which normally equals to
* readahead size. Ramp it up and use it as the new readahead size.
*/
if (hit_readahead_marker) {
pgoff_t start;

rcu_read_lock();
start = radix_tree_next_hole(&mapping->page_tree, offset+1,max);
rcu_read_unlock();

if (Istart || start - offset > max)
return O;

ra->start = start;
ra->size = start - offset; /* old async_size */
ra->size += req_size;
ra->size = get_next_ra_size(ra, max);
ra->async_size = ra->size;
goto readit;

}

/*

* oversize read

*/

if (req_size > max)
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00442: goto Jinitial_readahead:;

00443:

00444 /*

00445: * sequential cache miss

00446: */

00447: if (offset - (ra->prev_pos >> PAGE_CACHE_SHIFT) <=1UL)
00448: goto linitial_readahead:;

00449:

00450: r*

00451: * Query the page cache and look for the traces(cached history pages)
00452: * that a sequential stream would leave behind.

00453: */

00454: if (try_context_readahead(mapping, ra, offset, req_size, max))
00455: goto readit;

00456:

00457: r*

00458: * standalone, small random read

00459: * Read as is, and do not pollute the readahead state.

00460: */

00461: return __ do_page_ cache_readahead(mapping, filp, offset, req_size, 0);
00462:

00463: initial_readahead:

00464 ra->start = offset;

00465: ra->size = get_init_ra_size(req_size, max);

00466: ra->async_size = ra->size > req_size ? ra->size - req_size : ra->size;
00467:

00468: readit:

00469: /*

00470: * Will this read hit the readahead marker made by itself?
00471: * If so, trigger the readahead marker hit now, and merge
00472: * the resulted next readahead window into the current one.
00473: */

00474: if (offset == ra->start && ra->size == ra->async_size) {
00475: ra->async_size = get_next_ra_size(ra, max);
00476: ra->size += ra->async_size;

00477: }

00478:

00479: return ra_submit(ra, mapping, filp);
00480: } « end ondemand_readahead »
00481:

get_init_ra_size () TIHEYIMHTELE 1K/, get_next_ra_size OO i15H F— ATl
RN

SRR 5 — U IR SO I ELE SR AR 88— LT E SO AR i B8 522 O
ondemand_readahead () M%<\ At RE S AT T 17 in) SO T2 BREN 38— i
THABIEEHI AR o 250 AR E RN — ORI TT, 8 SRR — IR
TR 5% R TUIEZ , AT & DK, s KEREEra->ra_pagesH. i,
BERR S5 — RV IR SCA, B SR A LTI E SO A ) (i F8 B AN 2O, A it R AN e i3k 4T
WAV o SRR BT 5GP TR Th B (B Era->sizeMIEAN-1) o SRIMT A% B3 R BN Ui 1A
SO, e T, BT AT

AAIEE O (ahead window) ANAFAE, 24 b8 MU IR BUBERE L 24 1 &7 1 EAT UV R 1

21



Linux P9 #% 3244 Cache AL

el '8 Tt ol ped e P e W oS50 = AN 1 i o i M N 5= = Rt AN
FR/N 5 20 8 1R R

— B BRI TR AS M (¥ CRAE BT — IV D, 2481 1 ARt 2 st 2
7 BTN Th R BB OGP o 2 R I Vs ) B, gl £ =R i P s .

(5
=

3.6 ra_submit ()

ra_submit () f/Z%f__do_page_cache_readahead () 133,

00241: /*

00242: * Submit 10 for the read-ahead request in file_ra_state.

00243: */

00244: unsigned long ra Smert(struct file_ra_state *ra,
00245: struct address_space *mapping, struct file *filp)
00246: {

00247: int actual;

00248:

00249: actual = ___do_page_cache_readahead(mapping, filp,
00250: ra->start, ra->size, ra->async_size);

00251:

00252: return actual;

00253: }

3.7 __do_page _cache_readahead ()

__do_page_cache_readahead () H4/1Z4:
mapping: (A # [Jaddresss_spaceX| 4
filp: SCHER %

offset: T 7E ST N s &

nr_to_read: S8R AT RAE RF 0 DU 2L

lookahead_size: Sk

00135: /*

00136: * do_page_cache_readahead() actually reads a chunk of disk. It allocates all
00137: *the pages first, then submits them all for 1/0. This avoids the very bad

00138: * behaviour which would occur if page allocations are causing VM writeback.
00139: *We really don't want to intermingle reads and writes like that.

00140: *

00141: * Returns the number of pages requested, or the maximum amount of 1/0 allowed.
00142: */

00143: static int

s o page cache readaheadsiruct address space
*mapping, struct file *filp,

00145:  pgoff_t offset, unsigned long nr_to_read,
00146: unsigned long lookahead_ size)
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00147: {
00148:
00149:
00150:
00151:
00152:
00153:
00154
00155:
00156:
00157:
00158:
00159:
00160:
00161:
00162:
00163:
00164
00165:
00166:
00167:
00168:
001609:
00170:
00171:
00172:
00173:
00174
00175:
00176:
00177:
00178:
00179:
00180:
00181:
00182:
00183:
00184:
00185:

struct inode *inode = mapping->host;

struct page *page;

unsigned long end_index;  /* The last page we want to read */
LIST_HEAD( page_pool);

int page_idx;

int ret=0;

loff_tisize = i_size_read(inode);

if (isize == 0)
goto Jout;

end_index = ((isize - 1) >> PAGE_CACHE_SHIFT);

/*

* Preallocate as many pages as we will need.

*/

for (page_idx = 0; page_idx < nr_to_read; page_idx++) {
pgoff_t page_offset = offset + page_idx;

if (page_offset > end_index)
break;

rcu_read_lock();
page = radix_tree_lookup(&mapping->page_tree, page_offset);
rcu_read_unlock();
if (page)
continue;

page = page_cache_alloc_cold(mapping);

if (Ipage)
break;

page->index = page_offset;

list_add(&page->Iru, &page_pool);

if (page_idx == nr_to_read - lookahead_size)
SetPageReadahead(page);

ret++;

} « end for page_idx=0;page_idx<n... »

164~ 18447 FE AL LB, B SR oIl — S8 N AF DT, FHORAF TS B AR S A2
o FEPEOLAESY, ATREA HALBERE C AR R L DU Bt A A7, DR e A 7 DT 7
C.4fECache (170~1721T). # BUTH Cache H & ATl R BT, W43 Ac A7 DL (176
1), K TURIMN S TR (18047).

53 BL 25 nr_to_read - lookahead_size ™ UL IfI I, 51 B 1% UL [ 45 & PG_readahead, LA
1R RAT AP TIE (181~1821T).

00186: r*

00187: * Now start the 10. We ignore 1/0 errors - if the page is not
00188: * uptodate then the caller will launch readpage again, and
00189: *will then handle the error.

00190: */

00191: if (ret)

00192: read_pages(mapping, filp, &page_pool, ret);
00193: BUG_ON(! list_empty(& page_pool));

00194: out:

00195: return ret;

00196: } « end do_page_cache_readahead »

00197:
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TSI )G, JiHread_pages () $UATI/O¥EME, MBERL SEHUCCH-E4k .

3.8 read_pages ()

read_pages () REUJEIS{Emm/readahead.cH .

00108: static int read pageS(struct address_space *mapping, struct file *filp,

00109: struct list_head *pages, unsigned Nr_pages)
00110: {

00111: unsigned page_idx;

00112: int ret;

00113:

00114: if (mapping->a_ops->readpages) {

00115: ret = mapping->a_ops->readpages(filp, mapping, pages, nr__pages);
00116: /* Clean up the remaining pages */

00117: put_pages_list(pages);

00118: goto lout;

00119: }

00120:

00121: for (page_idx = 0; page_idx < nr_pages; page_idx++) {
00122: struct page *page = list_to_page(pages);
00123: list_del(&page->Iru);

00124: if (ladd_to_page_cache_Iru(page, mapping,
00125: page->index, GFP_KERNEL)) {
00126: mapping->a_ops->readpage(filp, page);
00127:

00128: page_cache_release(page);

00129: }

00130: ret = 0;

00131: out:

00132: return ret;
00133: } « end read_pages »

extd {4 & i fJaddress_space_operations ¥} % 41 ffireadpages /5 1% S Hl A
ext4d_readpages () . #readpages/iiE¥A & X, Mireadpage /5 i K EIKIZE—T1. M
TiEL T, BAVRESELWENX 5], readpagesst — kAl LLEEENZ AN, readpage
SRR R — AN T . BN JESEI EZRIAK, AT lextd SCUF RGN, K%
readpages /7%

ext4_readpages () fE3fffs/extd/inode.c .
03555: static int

03556: eXt4 readpageS(struct file *file, struct address_space *mapping,

03557: struct list_head *pages, unsigned nr_pages)

03558: {

03559: return mpage_readpages(mapping, pages, nr_pages, ext4_get_block);
03560: }

03561:

ext4_readpages () & Xfmpage _readpages () fEI%% ., &L R get_block _t/7i%, extd
A R GE R N R B2 ext4_get_block O
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3.9 mpage_readpages ()

mpage_readpages () K5Il {Efs/mpage.cHs

00371: int

00372: mpage I‘ead pageS(struct address_space *mapping, struct
00373: list_head *pages, unsigned nr_pages, get_block_t get_block)

00374: {

00375: struct bio *bio = NULL;

00376: unsigned page_idx;

00377: sector_t last_block_in_bio =0;

00378: struct buffer_head map_bh;

00379: unsigned long first_logical_block =0;

00380:

00381: map_bh.b_state = 0;

00382: map_bh.b_size =0;

00383: for (page_idx = 0; page_idx < nr_pages; page_idx++) {

00384: struct page *page = list_entry(pages->prev, struct page, Iru);
00385:

00386: prefetchw(&page->flags);

00387: list_del(&page->Iru);

00388: if (ladd_to_page_cache_Iru(page, mapping,
00389: page->index, GFP_KERNEL)) {
00390: bio = do_mpage_readpage(bio, page,
00391: nr_pages - page_idx,

00392: &last_block_in_bio, &map_bh,
00393: &first_logical_block,

00394: get_block);

00395: }

00396: page_cache_release(page);

00397: 1

00398: BUG_ON(! list_empty(pages));
00399: if (bio)

00400: mpage_bio_submit(READ, bio);
00401: return O;

00402: } « end mpage_readpages »

00403: EXPO RT_SYM BO L(mpage_read pages);

XA BREC AR R 5L, 383472 MorfE 3, Il X BUM & BRI T . PEFAMA T 3
% Hdo_mpage_readpage () , BRREEL—/NUUH (A ELiE R T E AR FiEsk,
4>do_mpage_readpage () 2K& 3 — N biolER) « MIXERATATLLE H, W3z E
F& L —AN DU Ay e R A s R 1 o 7R SRR AT, S8 T NN 2 T EiCache
(38817) -

mpage_readpages /S & /b (14 iEbiosR IR A S K . BRI EE 8N page, FHAHA]
TERGARY EHAEESEN, A4 mpage_readpagesiV £ #)i&— - bio, il [ pageid K £ FF7Ebio
fbio_vecARIBH. ARIRLIHE, mpage_readpagesZ page<:i~ 4 £ 1 bio.

399~40017 4 Hif 1 3% fbio, $EAZTETE R
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do_mpage_readpage O eREK 2GR, A% linux W% SO FE

4 NHIEBIO0GEFESCachetlil

R AT #7 1 Wi Cache Y HERAME], PALAH R E B B 45 . AT, 34T
P BB 73 A1 SO 5 /O AL 5 U i Cache {1 5% &

4.1 EXHIEIE

N AL SO R ORI R BRATTRT ASRICeR O WU o 3 A ik SO A2 A0 T
CacheZ AR %, WG LTCHKAR Y. WL SCHF 281, 7T AZ 2 Linux W A% 1330

o

Pid: 3823, comm: md5sum Tainted: G =~ —==——mmmemmeme HT 2.6.32279.debug #46

Call Trace:
[<ffffffff812572ed>] ? submit_bio+0x11d/0x1b0
[<ffffffff8112b560>] ? _ Iru_cache_add+0x40/0x90
[<ffffffff811b6c67>] ? mpage_bio_submit+0x27/0x30
[<ffffffff811b7565>] ? mpage_readpages+0x115/0x130
[<ffffffffa00e0730>] ? ext4 get block+0x0/0x120 [ext4]
[<ffffffffa00e0730>] ? ext4 get block+0x0/0x120 [ext4]
[<ffffffff8115c1da>] ? alloc_pages_current+0xaa/0x110
[<ffffffffa00dcafd>] ? ext4_readpages+0x1d/0x20 [ext4]
[<ffffffff8112a1b5>] ? _ do_page_ cache readahead+0x185/0x210
[<ffffffff8112a261>] ? ra_submit+0x21/0x30
[<ffffffff8112a5d5>] ? ondemand_readahead+0x115/0x240
[<ffffffff810724c7>] ? current_fs_time+0x27/0x30
[<ffffffff8112a790>] ? page_cache_async_readahead+0x90/0xc0
[<ffffffff81115e13>] ? generic_file_aio_read+0x503/0x700
[<ffffffff8117aeaa>] ? do_sync_read+0xfa/0x140
[<ffffffff810920d0>] ? autoremove_wake_function+0x0/0x40
[<ffffffff810edfc2>] ? ring_buffer_lock_reserve+0xa2/0x160
[<ffffffff810d69e2>] ? audit_syscall_entry+0x272/0x2a0
[<ffffffff81213136>] ? security_file_permission+0x16/0x20
[<ffffffff8117b8b5>] ? vfs_read+0xb5/0x1a0
[<ffffffff8117b9f1>] ? sys_read+0x51/0x90
[<ffffffff8100b308>] ? tracesys+0xd9/0xde

PP RSO S, A PIA S IE -

(1) i EREE AN T, MRIAE T Cache . XN At 7 22 B 3% AL F
B

(2> PFrif 8l CemENAT, B A 7 AT Cache H R BB AR B, 285 H %K
s VLB i IX o AT EEEAT AR/ OFRAE
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411

BIEAFETIHE Cache ™

FP 5 R8s ANE T Cachet, IR B R 1 SR 1O SO 8k 28— Ui e B (B A
G .

EAEDIRECT _IOMIE I K, R4 Hread O R 43147 3 5 %do_generic_file_read
O CCfEmmifilemap.cH) I TTFRA Tk LAEHE A 7E UL T Cache H >k 43
do_generic_file_read () MY,

01038

01039:
01040:
01041:
01042:
01043:

01064

01065:
01066:
01067:
01068:
01069:
01070:
01071:
01072:
01073:
01074:
01075:
01076:
01077:
01078:

: static void dO_geneI‘iC file read(struct file *filp, loff_t *ppos,

read_descriptor_t *desc, read_actor_t actor)

struct address_space *mapping = filp->f_mapping;
struct inode *inode = mapping->host;
struct file_ra_state *ra = &filp->f_ra;

for () {
struct page *page;
pgoff_t end_index;
loff_tisize;
unsigned long nr, ret;

: cond_resched();
: find__page:
page = find__get__page(mapping, index);
if (!page) {
page_cache_sync_readahead(mapping,
ra, filp,
index, last_index - index);
page = find__get_page(mapping, index);
if (unlikely(page == NULL))
goto yno_cached_page;
}
if (PageReadahead(page)) {
page_cache_async_readahead(mapping,
ra, filp, page,
index, last_index - index);

Bt find_get_page (O EHIEREHE & & D4 AL L iCacherr, fECache#k A%,
Wtk Fflpage_cache_sync_readahead () Ki¥¥s T2 A7+ .

EE: RERAPIFROHERT L AN @Cached, #4 M A @Cache b BRAMMT N, w3t A

A 04 STALFE AR BB i 43 2] W @ Cache, AR @Cache# N | A P&+ R+,

SRS, AEEANER . FIRESCE G, iz Bs it 72N LN A\ 2 i1 Cache

T

AL T Cache i}, WA SHAT K $iread_pages () , BRI

mpage_readpages () .
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k¥ mpage_readpages () MIZhEESE EHnr_pages Ui [ #| Ui i Cache ', FHK&EA
FRIMAZ T fiCache o IXAF UG AL AT — MEERRTE RAZ A 7 B, AT DAE R M i
Cache i HL 1.

2k, FAIG M T EEAE T Cache P 15 TR, {HLinux % 3 fFCachebl i, 2
ER R, IXPEI R BRSO CAE T Cache TSI, R IXHEMEREA &
BFESRTE . N HIRA TS s £E TR Cache (L FE .

.

4.1.2 HiEfErECaches

ey e T Cache i, FRBIPTE R AR Cu e B A . AT REZ 1Z8ERE B el
A FEAR B X Rt . AT RER AN (BFEE O NS U A s : AEE
B TERIEIE QN AT E B BT o AN A 20 M A 0 e R P SR
(K1 ¥d 2 752 Ui Cacher,  JFRE £t #5 DL G2 b X

ANEHHE & BAE N AZ S Cachett, read (O R EGuiIH &R & ZHAT
do_generic_mapping_read () pRE1, FATFH IR HTIZ R
01038: static void dO_genel‘iC file read(struct file *filp, loff_t *ppos,

01039: read_descriptor_t *desc, read_actor_t actor)
01040: {

01041: struct address_space *mapping = filp->f_mapping;
01042: struct inode *inode = mapping->host;

01043: struct file_ra_state *ra = &filp->f_ra;

01057: for (;;) {

01058: struct page *page;

01059: pgoff_t end_index;

01060: loff_tisize;

01061: unsigned long nr, ret;

01062:

01063: cond_resched();

01064: find__page:

01065: page = find__get_ page(mapping, index);
01066: if ('page) {

01067: page_cache_sync_readahead(mapping,
01068: ra, filp,

01069: index, last_index - index);

01070: page = find__get__page(mapping, index);
01071: if (unlikely(page == NULL))

01072: goto yno_cached_page;

01073: }

01074: if (PageReadahead(page)) {

01075: page_cache_async_readahead(mapping,
01076: ra, filp, page,

01077: index, last_index - index);

01078: }
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01093: page_ok:

01146: ret = actor(desc, page, offset, nr);
01147: offset += ret;

01148: index += offset >> PAGE_CACHE_SHIFT,;
01149: offset &= ~PAGE_CACHE_MASK;
01150: prev_offset = offset;

01151:

01152: page_cache_release(page);

01153: if (ret == nr && desc->count)

01154: continue;

01155: goto lout;

01246: out:

01247: ra->prev_pos = prev_index;

01248: ra->prev_pos <<= PAGE_CACHE_SHIFT;
01249: ra->prev_pos |= prev_offset;

01250:

01251: *ppos = ((loff_t)index << PAGE_CACHE_SHIFT) + offset;
01252: file_accessed(filp);

01253: } « end do_generic_file_read »

01254:

5047 R 1 T T L4 7E U Cache FR i, 106547 find_get_page () w2 #83i% 7T
EHAE R, BiZ %A X EPG _readaheadbrf (RIAKIEZLK, & FXiEE T
ZUbnE) , A Amie—Hirpage_okbr T, BHEHE MNP IZEE DRI P2 X, SR Bk

Floubrs, SERAIKBL.

-~

42 SBxHiLiE

KA WIS AR, MR S5 S iLinux W2 S SO d . XL
A5 R 5T Cache i K & .

X RANEARSE — TGRS, EokE R
[<ffffffffa00e4ac8>] ? extd da_write_begin+0x188/0x200 [ext4]
[<ffffffffa00ab63f>] ? jbd2_journal_dirty_metadata+0xff/0x150 [jbd2]
[<fFffffff814ff6f6>] ? down_read+0x16/0x30
[<ffffffff81114ab3>] ? generic_file_buffered_write+0x123/0x2e0
[<fFFffff810724c7>] ? current_fs_time+0x27/0x30
[<ffffffff81116450>] ? _ generic_file_aio_write+0x250/0x480
[<ffffffff8113f1c7>] ? handle_pte_fault+0xf7/0xb50
[<ffffffff811166ef>] ? generic_file_aio_write+0x6f/0xe0
[<ffffffffa00d9131>] ? ext4_file_write+0x61/0x1e0 [ext4]
[<ffffffff8117ad6a>] ? do_sync_write+0xfa/Ox140
[<ffffffff810920d0>] ? autoremove_wake_function+0x0/0x40

[<ffffffff810edfc2>] ? ring_buffer_lock_reserve+0xa2/0x160

[<fFffffff810d69e2>] ? audit_syscall_entry+0x272/0x2a0
29



Linux P9 #% 3244 Cache AL

[<fFffffff81213136>] ? security_file_permission+0x16/0x20
[<fFFffff8117b068>] ? vfs_write+0xb80x1a0
[<fFFffff8117ba81>] ? sys_write+0x51/0x90
[<fFffffff8100b308>] ? tracesys+0xd9/0xde

FELINnUXN 25 U R & v, RATE 215 N EdE, LR ATgeneric_perform_write
O .
02302: static ssize_t generic_perform_write(struct file *file,

02303: struct iov_iter *i, loff_t pos)

02304: {

02305: struct address_space *mapping = file->f _mapping;
02306: const struct address_space_operations *a_ ops =

mapping->a_ops;

02346: status = a_ops->write_begin(file, mapping, pos, bytes, flags,
02347: &page, &fsdata);

02348: if (unlikely(status))

02349: break;

02350

HEHTIE AR, £, a_ops->write_begin (O J5i%. X H Dlextd {4 £ Gideley
allocationti X %, FALSLEL.
03265: static int ext4_da_write_begin(struct file *file, struct

03265: address_space * mapping,

03266: loff t pos, unsigned len, unsigned flags,
03267: struct page **pagep, void **fsdata)
03268: {

03269: int ret, retries = 0;

03270: struct page *page;

03271: pgoff tindex;

03272: unsigned from, to;

03273: struct inode *inode = mapping->host;
03274: handle_t *handle;

03303: page = grab__cache_page_write_begin(mapping, index,

flags);
03304: if ('page) {
03305: ext4_journal_stop(handle);
03306: ret = -ENOMEM;
03307: goto Jout;
03328: out:

03329: return ret;
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03330:} 2

330317 Hgrab_cache_page write_begin () 7Epagecache s &£ Jif . WiRkL ] 1
ZOL, WO E PG _lockedbR . WA Z TUATETUICache dr,  JU 4Bt — AT 0L,
J#if FHadd_to_page_cache_lru () , #iZ 4l A iCacherr, XA ek3t 21 hn va 1 5
it 3% BPG_lockedbridi. #7grab_cache page write _begin () BHERL ) 8] T T,
YRGB THNNAE T, SRBOELR S s B .

5 NHIEEE TN\ Cache 5, 4G 32 7 Z U A TUI AR B CEOR %A F ik
B0, il LE MR fFCache ¥4 U1, A7 B2 AT 4 B 1SR
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