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The contents of this file are subject to the terms of the
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See the License for the specific |anguage governing pernissions

and linmtations under the License.

When distributing Covered Code, include this CDDL HEADER i n each
file and include the License file at usr/src/ OPENSOLARI S. LI CENSE.
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28 /*
29 * DVA-based Adjustable Repl acenent Cache
30 *
31 * Wiile nuch of the theory of operation used here is
32 * based on the self-tuning, |ow overhead replacenent cache
33 * presented by Megiddo and Mbdha at FAST 2003, there are sone
34 * significant differences:
35 *
36 * 1. The Megiddo and Mbdha nodel assunmes any page is evictable.
37 * Pages in its cache cannot be "l ocked" into menory. This makes
38 * the eviction algorithmsinple: evict the last page in the list.
39 * This also nake the perfornmance characteristics easy to reason
40 * about. Qur cache is not so sinple. At any given nonent, some
41 * subset of the blocks in the cache are un-evictable because we
42 * have handed out a reference to them Blocks are only evictable
43 * when there are no external references active. This nakes
44 * eviction far nore problenatic: we choose to evict the evictable
45 * blocks that are the "lowest" in the |ist.
46 *
47 * There are tines when it is not possible to evict the requested
48 * space. In these circunstances we are unable to adjust the cache
49 * size. To prevent the cache growi ng unbounded at these tines we
50 * inplement a "cache throttle" that slows the flow of new data
51 * into the cache until we can nake space avail able.
52 *
53 * 2. The Megiddo and Mddha nodel assunmes a fixed cache size.
54 * Pages are evicted when the cache is full and there is a cache
55 * miss. Qur nodel has a variable sized cache. It grows with
56 * high use, but also tries to react to nmenory pressure fromthe
57 * operating system decreasing its size when systemnenory is
58 * tight.

*

*

3. The Megi ddo and Mbdha nodel assunes a fixed page size. Al
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el ements of the cache are therefore exactly the same size. So
when adj usting the cache size following a cache mss, its sinply

a matter of choosing a single page to evict. |In our nodel, we
have vari abl e sized cache bl ocks (rangeing from512 bytes to

128K bytes). W therefore choose a set of blocks to evict to make
space for a cache mi ss that approxi mates as closely as possible
the space used by the new bl ock.

See al so: "ARC. A Sel f-Tuning, Low Overhead Repl acenent Cache"
by N. Megiddo & D. Mvdha, FAST 2003

The | ocki ng nodel :

A new reference to a cache buffer can be obtained in two
ways: 1) via a hash table | ookup using the DVA as a key,

or 2) via one of the ARC lists. The arc_read() interface
uses nethod 1, while the internal arc algorithns for

adj usting the cache use nethod 2. W therefore provide tw
types of locks: 1) the hash table lock array, and 2) the
arc |ist |ocks.

Buf fers do not have their own nutexes, rather they rely on the
hash tabl e nmutexes for the bulk of their protection (i.e. nost
fields in the arc_buf_hdr_t are protected by these nutexes).

buf _hash_find() returns the appropriate mutex (held) when it
| ocates the requested buffer in the hash table. It returns
NULL for the nutex if the buffer was not in the table.

buf _hash_renmove() expects the appropriate hash nutex to be
already held before it is invoked.

Each arc state also has a nmutex which is used to protect the
buffer list associated with the state. Wen attenpting to
obtain a hash table lock while holding an arc list |ock you

nmust use: nutex_tryenter() to avoid deadl ock. Al so note that
the active state nutex nust be held before the ghost state nutex.

Arc buffers nmay have an associ ated eviction callback function.

This function will be invoked prior to renmoving the buffer (e.g.

in arc_do_user_evicts()). Note however that the data associ ated

with the buffer nay be evicted prior to the callback. The call back
must be nade with *no | ocks held* (to prevent deadl ock). Additionally,
the users of callbacks nust ensure that their private data is
protected from sinmul taneous cal | backs from arc_buf_evict ()

and arc_do_user_evicts().

Note that the nmagjority of the performance stats are nanipul ated
with atom c operations.

The L2ARC uses the |2arc_buflist_ntx global nutex for the follow ng:

- L2ARC buflist creation

- L2ARC buflist eviction

- L2ARC wite conpletion, which wal ks L2ARC buflists

- ARC header destruction, as it renmpbves from L2ARC buflists
- ARC header release, as it renpves from L2ARC buflists

Pl ease note that if you first grab the |2arc_buflist_ntx, you can’'t do a
mutex_enter on a buffer’s hash_l ock anynore due to | ock inversion. To grab
the hash_l ock you nust use mutex_tryenter and possibly deal with the buffer
not being available (due to e.g. sone other thread holding it while trying
to unconditionally grab the |2arc_buflist_ntx which you are hol ding). The
inverse situation (first grab hash_lock, then | 2arc_buflist_ntx) is safe.
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*/

#i ncl ude <sys/spa. h>

#i ncl ude <sys/zio. h>

#i ncl ude <sys/zi o_conpress. h>
#i ncl ude <sys/zfs_context.h>
#i ncl ude <sys/arc. h>

#i ncl ude <sys/refcount.h>

#i ncl ude <sys/vdev. h>

#i ncl ude <sys/vdev_inpl.h>
#i fdef _KERNEL

#i ncl ude <sys/vnsystm h>

#i ncl ude <vni anon. h>

#i ncl ude <sys/fs/swapnode. h>
#i ncl ude <sys/dnlc. h>

#endi f

#i ncl ude <sys/callb. h>

#i ncl ude <sys/kstat. h>

#i ncl ude <zfs_fletcher. h>

#i fndef _KERNEL

/* set with ZFS_DEBUG=wat ch, to enabl e watchpoints on frozen buffers */
bool ean_t arc_watch = B_FALSE;

int arc_procfd;

#endi f

static krmutex_t
static kcondvar_t
static uint8_t

arc_recl ai mthr_| ock;
arc_reclaimthr_cv;
arc_thread_exit;

/* used to signal reclaimthr */

extern int zfs_wite_limt_shift;
extern uint64_t zfs wite Tinit ma,
extern knutex_t zfs_wite_limt_|ock;

#def i ne ARC_REDUCE_DNLC_ PERCENT 3
uint_t arc_reduce_dnl c_percent = ARC REDUCE DNLC_PERCENT;
typedef enumarc_reclaimstrategy {
ARC_RECLAI M_AGGR,
ARC_RECLAI M_CONS
} arc_reclaimstrategy_t;

/* Aggressive reclaimstrategy */
/* Conservative reclaimstrategy */

_~unchanged_portion_om tted_

static buf_hash_table_t buf_hash_table;

#defi ne BUF_HASH | NDEX(spa, dva, birth) \
(buf _hash(spa, dva, birth) & buf_hash_tabl e. ht _nask)
#defi ne BUF_HASH LOCK NTRY(l dx) (buf_hash_table.ht_l|ocks[idx & (BUF_LOCKS-1)])
#define BUF_HASH_ Locx(| dx) ( & BUF_HASH LOCK_NTRY(i dx) . ht _| ock))
#defi ne HDR_LOCK( hdr) \
( BUF_HASH_LOCK( BUF_HASH | NDEX( hdr->b_spa, &hdr->b_dva, hdr->b_birth)))

uint64_t zfs_crc64_tabl e[ 256];

/*
* Level 2 ARC
*/

#define L2ARC VRl TE_SI ZE

(8 * 1024 * 1024) /* initial wite max */
#def i ne L2ARC_HEADROOM 2 /*

num of writes */

612 /*

613
614
615
616
617

* |f we discover during ARC scan any buffers to be conpressed, we boost
* our headroom for the next scanning cycle by this percentage nultiple.
*/

#def i ne L2ARC_HEADROOM BOOST 200

#defi ne L2ARC_FEED_SECS 1 /* caching interval secs */
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#defi ne L2ARC_FEED M N_Ms 200 /* mn caching interval ns */

#define | 2arc_wites_sent
#define | 2arc_writes_done

ARCSTAT(arcstat _| 2_writes_sent)
ARCSTAT(arcstat_| 2_wites_done)

/* L2ARC Performance Tunables */

uint64_t |2arc_wite_nmax = L2ARC WRI TE_SI ZE; /* default max wite size */
uint64_t l2arc_wite_boost = L2ARC WRITE_SIZE; /* extra wite during warnmup */
ui nt 64_t | 2arc_headroom = L2ARC_HEADROOM /* nunber of dev wites */

ui nt 64_t | 2arc_headroom boost =" L2ARC_HEADROOM BOOST;

uint64_t |2arc_feed_secs = L2ARC FEED SECS; /* interval seconds */

uint64_t l2arc_feed_nmin_ms = L2ARC FEED MN_MS; /* nin interval milliseconds */
bool ean_t | 2arc_noprefetch = B_TRUE; /* don’t cache prefetch bufs */
bool ean_t | 2arc_feed_again = B_TRUE; /* turbo warmup *

bool ean_t | 2arc_norw = B_FALSE; /* no reads during wites */
bool ean_t | 2arc_norw = B_TRUE; /* no reads during wites */

/*

* L2ARC Internal s

*

typedef struct |2arc_dev {

vdev_t *| 2ad_vdev; /* vdev */

spa_t *| 2ad_spa; /* spa */

ui nt 64_t | 2ad_hand; /* next wite |ocation */

ui nt64_t | 2ad_start; /* first addr on device */

ui nt 64_t | 2ad_end; /* last addr on device */

ui nt 64_t | 2ad_evi ct; /* last addr eviction reached */
bool ean_t | 2ad_first; /* first sweep through */

bool ean_t | 2ad_writing; /* currently witing */

list_t *| 2ad_buflist; /* buffer list */

Iist_node_t | 2ad_node; /* device list node */

} l2arc_dev_t;

__unchanged_portion_omtted_

struct | 2arc_buf _hdr

/* protected by arc_buf_hdr nmutex */
| 2arc_dev_t *b_dev; * L2ARC device */
ui nt 64_t b_daddr; /* di sk address, offset byte */
/* conpression applied to “buffer data */
enum zi o_conpr ess b_conpress;
/* real alloc'd buffer size dependl ng on b_conpress applied */
int b_asi ze;
/* tenporary buffer holder for in—flight conpressed data */
voi d *b_t np_cdat a;

b

__unchanged_portion_omtted_

static kmutex_t |2arc_feed_thr_I ock;

static kcondvar_t |2arc_feed_thr_cv;
static uint8_t |2arc_thread_exit;

static void | 2arc_read_done(zio_t *zio);
static void | 2arc_hdr_stat_add(void);
static void | 2arc_hdr_stat_renove(void);

static bool ean_t |2arc_conpress_buf(void *in_data, uint64_t in_sz,
void **out _data, uint64_t *out_ sz, enum zi o_conpress *corrpress)
static bool ean_t | 2arc _conpress_| buf(l2arc buf _hdr_t *| 2hdr);

702 static void |2arc_deconmpress_zio(zio_t *zio, arc_buf_hdr_t *hdr,
703 enum zi o_conpress c);

698 static void | 2arc_rel ease_cdat a_buf (arc_buf _hdr_t *ab);

705 static uint64_t

706 buf _hash(uint64_t spa, const dva_t *dva, uint64_t birth)

707 {

708 uint8_t *vdva = (uint8_t *)dva;
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709 uint64_t crc = -1ULL;

710 int i;

712 ASSERT(zfs_crc64_tabl e[ 128] == ZFS_CRC64_POLY) ;

714 for (i = 0; i < sizeof (dva_t); i++)

715 crc = (crc >> 8) M zfs_crc64_table[(crc N vdvali]) & OxFF];
717 crc A= (spa>>8) ” birth;

719 return (crc);

720 }

__unchanged_portion_omtted_

4121 /*

4122 * Free buffers that were tagged for destruction.

4123 */

4124 static void

4125 | 2arc_do_free_on_wite(void)
4120 | 2arc_do_free_on_wite()

4126 {

4127 list_t *buflist;

4128 | 2arc_data_free_t *df, *df_prev;

4130 mut ex_enter (& 2arc_free_on_wite_ntx);

4131 buflist = l2arc_free_on_wite;

4133 for (df = list_tail(buflist); df; df = df_prev) {
4134 df _prev = list_ rev(bufllst df);

4135 ASSERT(df - >l 2df_data ! = NULL)

4136 ASSERT(df - >l 2df func != NULL);

4137 df - > 2df _f unc(df- >l 2df _dat a, df - >I 2df _size);
4138 list_renove(buflist, df);

4139 kmem free(df, si zeof (l2arc_data_free_t));
4140 1

4142 mutex_exit(& 2arc_free_on_wite_ntx);

4143 }

4145 | *

4146 * A wite to a cache device has conpl eted.
4147 * reads fromthese buffers to begin.

4148 */

4149 static void

4150 | 2arc_write_done(zio_t *zio)

4151 {

4152 | 2arc_write_cal |l back_t *cb;
4153 | 2arc_dev_t *dev;

4154 list_t *buflist;

4155 arc_buf _hdr_t *head, *ab;

4150 arc_buf _hdr_t *head, *ab, *ab_prev;
4151 | 2arc_buf _hdr _t *abl 2;

4152 kmut ex_t *hash_l| ock;

4157 struct defer_done_entry {

4158 arc_buf _hdr_t *dde_buf;
4159 list_node_t dde_node;
4160 } *dde, *dde_next;

4161 list_t defer_done_list;

4163 cb = zio->io_private;

4164 ASSERT(cb != NULL);

4165 dev = cbh->l 2wcb_dev;

4166 ASSERT(dev != NULL);

4167 head = cb->l 2wcb_head;

4168 ASSERT(head != NULL);

Update all headers to allow
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4169 buflist = dev->l2ad_bufli st;

4170 ASSERT(buflist != NULL);

4171 DTRACE_PROBE2(| 2arc__i odone, zio_t *, zio,

4172 | 2arc_write_call back_t *, cb);

4174 if (zio->o_error !'=0)

4175 ARCSTAT_BUMP(arcstat _| 2_wites_error);

4177 mut ex_enter (& 2arc_buflist_ntx);

4179 /*

4180 * All wites conpleted, or an error was hit.

4181 */

4182 list_create(&defer_done_list, sizeof (*dde),

4183 of f set of (struct defer_done_entry, dde_node));

4184 for (ab = list_prev(buflist, head); ab; ab = list_prev(buflist, ab)) {
4173 for (ab = list_prev(buflist, head); ab; ab = ab_prev) {

4174 ab_prev = list_prev(buflist, ab);

4176 hash_| ock = HDR_LOCK( ab) ;

4177 if (Tnutex_tryenter(hash_l ock)) {

4185 /*

4186 * Can’t pause here to grab hash_|l ock while al so hol di ng
4187 * | 2arc_buflist_ntx, so place the buffers on a tenporary
4188 * hread—l ocal Tist for later processing.

4179 This buffer misses out. It may be in a age
4180 * of eviction. Its ARC L2 WRITING flag will be
4181 * |eft set, denying reads to this buffer.

4189 */

4190 dde = knmem al | oc(si zeof (*dde), KM SLEEP);

4191 dde- >dde_buf = ab;

4192 list_insert_tail (& efer_done_|ist, dde);

4183 ARCSTAT_BUMP(arcstat _| 2_writes_hdr_m ss);

4184 conti nue;

4193 }

4195 atom c_inc_64(& 2arc_wites_done);

4196 l'ist_renove(buflist, head);

4197 kmem cache_free(hdr_cache, head);

4198 mut ex_exit (& 2arc_buflist_mntx);

4187 abl 2 = ab->b_| 2hdr;

4200 /*

4201 * Now process the buffers. W' re not holding |2arc_buflist_ntx
4202 * anynore, so we can do a regular nutex_enter on the hash_Tock.
4190 ; * Rel ease the tenporary conpressed buffer as soon as possible.
4203 *

4204 for (dde = list_head(&defer_done_list); dde != NULL; dde = dde_next) {
4205 kmut ex_t *hash_| ock;

4192 if (abl2->b_conpress != ZI O COWPRESS_OFF)

4193 | 2arc_rel ease_cdat a_buf (ab);

4207 dde_next = |ist_next(&defer_done_list, dde);

4208 ab = dde- >dde_buf;

4209 hash_| ock = HDR _LOCK( ab);

4211 mut ex_ent er (hash_l ock) ;

4213 if (zio->io_error !'=0) {

4214 /*

4215 * Error - drop L2ARC entry.

4216 */

4217 | 2arc_buf _hdr _t *I2hdr = ab->b_| 2hdr;

4218 mut ex_ent er (& 2arc_buf | i st_ntx);

4219 list_remove(buflist, ab);

4220 mut ex_exit (& 2ar c_bufl ist_ntx);
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4214
4215
4216
4217

4238

4240
4241 }

ARCSTAT_I NCR(ar cstat _| 2_asi ze, -I|2hdr->b_asi ze);
ARCSTAT_I NCR(arcstat _| 2_asi ze, -abl 2->b_asi ze);
ab->b | 2hdr = NULL;
kmem free(l 2hdr, sizeof (l2arc_buf_hdr_t));
kmem free(abl 2, sizeof (l2arc_buf_hdr_t));
ARCSTAT_I NCR(arcstat _| 2_si ze, -ab->b_size);

}

*
* Allow ARC to begin reads to this L2ARC entry.
*
/
ab->b_flags & ~ARC_L2_WRI TI NG
mut ex_exi t (hash_l ock);
list_renove(&defer_done_list, dde);
}
Iist_destroy(&defer_done_list);
atom c_inc_64(& 2arc_wites_done);
l'ist_renove(buflist, head);
kmem cache_free(hdr_cache, head);
mut ex_exit (& 2arc_buflist_ntx);
| 2arc_do_free_on_wite();

kmem free(ch, sizeof (l2arc_wite_callback_t));

__unchanged_portion_omtted_

4362 /
4363
4364
4365
4366
4367

*
*
*
*

*

*/

byt es.

buffers fromthe device wite hand to the distance specified in

4368 static void
4369 | 2arc_evict(l2arc_dev_t *dev, uint64_t distance, boolean_t all)

4370 {
4371
4372
4353
4373
4374
4375

4377

4379
4380

4382
4383
4384
4385
4386
4387
4388

4390
4391
4392
4393
4394
4395
4396

list_t *buflist;

| 2arc_buf _hdr_t *| 2hdr;

| 2arc_buf _hdr_t *abl 2;
arc_buf _hdr_t *ab, *ab_prev;
kmut ex_t *hash_| ock;
uint64_t taddr;

buflist = dev->|2ad_buflist;

if (buflist == NULL)
return;
if (tall &% dev->|2ad_first) {
/*
* This is the first sweep through the device. There is
* nothing to evict.
*/
return;

}
if (dev->l2ad_hand >= (dev->l2ad_end - (2 * distance))) {
/*

* When nearing the end of the device, evict to the end
* before the device wite hand junps to the start.
*/
taddr = dev->| 2ad_end;
} else {

Thi s distance may span popul ated buffers, it nmay span not hing.
This is clearing a region on the L2ARC device ready for witing.
If the "all’ boolean is set, every buffer is evicted.
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4397
4398
4399
4400

4402
4403
4404
4405

4407
4408
4409
4410
4411
4412
4413
4414
4415
4416
4417

4419
4420
4421
4422
4423
4424
4425
4426
4427

4429
4430
4431
4432
4433
4434
4435
4436
4437
4438

4440
4441
4442
4443
4444
4445
4446

4448
4449
4450
4451
4452
4453
4454
4455
4456
4457
4458
4459
4460
4461
4462

top:

taddr = dev->| 2ad_hand + di stance;

}
DTRACE_PROBE4(1 2arc__evict, |2arc_dev_t *, dev, list_t *
uint64_t, taddr, boolean_t, all);

mut ex_enter (& 2arc_buflist_ntx);
for (ab = list_tail(buflist); ab; ab = ab_prev) {
ab_prev = list_prev(buflist, ab);

hash_l ock = HDR_LOCK( ab) ;
if (I'mutex_tryenter(hash_lock)) {
/*

* Mssed the hash I ock.
*
/

Retry.

ARCSTAT_BUWP(arcstat _| 2_evict_lock_retry);

nut ex_exi t (& 2arc_buflist_ntx);
mut ex_ent er (hash_| ock) ;
mut ex_exi t (hash_l ock) ;

) goto top;

if(HG%JJHT&ﬁ&ﬂaM){

* W hit a wite head node.
* | 2arc_write_done().
*
/
list_remove(buflist, ab);
nut ex_exi t (hash_| ock);
conti nue;

}

if (tall && ab->b_|2hdr != NULL &&

(ab->b_| 2hdr->b_daddr > taddr ||

ab->b_| 2hdr->b_daddr < dev->| 2ad_hand)) {
/*
* W've evicted to the target address,
* or the end of the device.
*

/

mut ex_exi t (hash_l ock) ;
br eak;

}

if (HDR_FREE_I N_PROGRESS(ab)) {
/*
* Already on the path to destruction.
*/

mut ex_exi t (hash_| ock) ;

Leave it for

buflist,

conti nue;
}
if (ab->b_state == arc_l2c_only) {
ASSERT(! HDR_L2_READI N& ab) ) ;
/*
* This doesn't exist in the ARC. Destroy.
* arc_hdr_destroy() will call list_renpve()
* and decrenent arcstat_|2_size.
*
/
arc_change_st ate(arc_anon, ab, hash_| ock);
ar c_hdr _destroy(ab);
} else {

/

reads, since we nmay be about to wite
over this location.
/

* Ok Ok Ok

Inval i date issued or about to be issued
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-1 2hdr - >b_asi ze);

- abl 2->b_asi ze);

-ab->b_si ze);

evict), 0, 0);

headr oom boost

smal | er than

4463 i f (HDR_L2_READI NG ab))

4464 ARCSTAT_BUMP( ar cstat _| 2_evi ct _readi ng) ;
4465 ab->b_fTags |= ARC_L2_EVI CTED,

4466 }

4468 /*

4469 * Tell ARC this no l|onger exists in L2ARC.
4470 */

4471 if (ab- >b I2hdr I'= NULL)

4472 = ab->b_| 2hdr;

4473 ARCSTAT_I NCR( ar cst at _12_asi ze,

4453 abl 2 = ab->b_| 2hdr;

4454 ARCSTAT_I NCR(ar cstat _| 2_asi ze,

4474 ab->b_| 2hdr = NULL

4475 kmem free(l 2hdr, sizeof (l2arc_buf_hdr_t));
4456 kmem free(abl 2, sizeof (l2arc_buf_hdr_t))
4476 ARCSTAT_| NCR(ar cst at _| 2_si ze,

4477

4478 l'ist_remove(buflist, ab);

4480 /*

4481 * This may have been | eftover after a
4482 * failed wite.

4483 */

4484 ab->b_flags & ~ARC_L2_WRI TI NG

4485

4486 mut ex_exi t (hash_l ock);

4487 }

4488 mut ex_exi t (& 2arc_buflist_ntx);

4490 vdev_space_updat e(dev- >| 2ad_vdev, -(taddr - dev->| 2ad_
4491 dev->| 2ad_evict = taddr;

4492 }

4494 | *

4495 * Find and wite ARC buffers to the L2ARC devi ce.

4496 *

4497 * An ARC L2_WRITING flag is set so that the L2ARC buffers are not valid
4498 * for reading until they have conpleted witing.

4499 * The headroom boost is an in-out paraneter used to maintain

4500 * state between calls to this function.

4501 *

4502 * Returns the nunber of bytes actually witten (which may be

4503 * the delta by which the device hand has changed due to alignnent).
4504 */

4505 static uint64_t

4506 | 2arc_write_buffers(spa_t *spa, |2arc_dev_t *dev, uint64_t target_sz,
4507 bool ean_t *headr oom boost)

4508 {

4509 arc_buf _hdr_t *ab, *ab_prev, *head;

4510 list_t *list;

4511 uint64 t wi te asize, wite_psize, wite_sz, headroom

4512 buf_conpress_ninsz;

4513 voi d *buf _dat a;

4514 kmutex_t *list_I ock;

4515 bool ean_t full;

4516 | 2arc_write_cal |l back_t *cb;

4517 zio_t *pio, *wzio;

4518 uint64_t guid = spa_| oad_gui d(spa);

4519 const bool ean_t do_headroom boost = *headroom boost;

4520 struct defer_wite_entry {

4521 arc_buf _hdr_t *dwe_buf;

4522 void *dwe_ori g_dat a;

4523 uint64_t dwe_orig_size;

4524 list_node_t *dwe_node;

4525 } *dwe, *dwe_next;
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4526
4528

4530
4531

4533
4534
4535
4536
4537

4539
4540
4541
4542
4543

4545
4546
4547
4548
4549
4550
4551
4552

4554

4556
4557
4558
4559
4560
4561
4562
4563
4564
4565

4567
4568
4569

4571
4572
4573
4546

4575
4576
4577
4578

4580
4581
4582
4583
4584
4585
4586

4588
4589
4590

list_t defer_wite_list;
ASSERT( dev- >l 2ad_vdev != NULL);

/* Lower the flag now, we might want to raise it again later. */
*headr oom boost = B_FALSE;

pio = NULL
wite_sz = wite_asize = wite_psize = 0;
full B_FALSE;

head = kr_rem_cache_al I oc(hdr_cache, KM PUSHPAGE);
head->b_flags | = ARC_L2_WRlI TE_HEAD;,

/*

* W will want to try to conpress buffers that are at |east 2x the
* device sector size.
*/

buf _conpress_minsz = 2 << dev->| 2ad_vdev->vdev_ashi ft;

*

* Copy buffers for L2ARC witing.
*/

list_create(&defer_wite_list, sizeof (*dwe),
of fsetof (struct defer_wite_entry, dwe_node));
mut ex_enter (& 2arc_buflist_ntx);
for (int try = 0; try <= 3; try++) {
uint64_t passed_sz = 0;

list =12arc_list_|locked(try, & ist_Iock);
/*
* L2ARC fast warnup.
*
* Until the ARCis warmand starts to evict, read fromthe
* head of the ARC lists rather than the tail.
*/
if (arc_warm == B_FALSE)
ab = list_head(list);
el se
ab = list_tail(list);

headroom = target_sz * |2arc_headroom
if (do_headroom boost)
headr oom = (headroom * | 2arc_headr oom boost) / 100;

for (; ab; ab = ab_prev) {
| 2arc_buf _hdr_t *I 2hdr;
kmut ex_t *hash_l ock;
uint64_t buf_sz;

if (arc_warm == B_FALSE)
ab_prev = list_next(list, ab);
el se
ab_prev = list_prev(list, ab);
hash_l ock = HDR_LOCK( ab) ;
if (Tmutex_tryenter(hash_l ock)) {
/*
* Skip this buffer rather than waiting.
*
/

conti nue;

}

passed_sz += ab->b_si ze;
i f (passed sz > headroon) {
/*
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4591 * Searched too far. 4650 list_insert_tail(&Jefer_wite_list, dwe);
4592 */
4593 mut ex_exi t (hash_l ock); 4652 /*
4594 br eak; 4653 * Conpute and store the buffer cksum before
4595 } 4654 * writing. On debug the cksumis verified first.
4655 */
4597 if (!l2arc_wite_eligible(guid, ab)) { 4656 arc_cksumverify(ab->b_buf);
4598 mut ex_exi t (hash_| ock); 4657 arc_cksum conput e(ab- >b_buf, B_TRUE);
4599 continue;
4600 } 4659 mut ex_exi t (hash_l ock) ;
4602 if ((mwite_sz + ab->b_size) > target_sz) { 4661 wite_sz += dwe->dwe_orig_si ze;
4603 full = B_TRUE; 4630 wite_sz += buf_sz;
4604 mut ex_exi t (hash_l ock) ; 4662 }
4605 break;
4606 } 4664 mut ex_exi t (list_Ilock);
4608 if (pio == NULL) { 4666 if (full == B_TRUE)
4609 I* 4667 br eak;
4610 * Insert a dummy header on the buflist so 4668 }
4611 * | 2arc_write_done() can find where the
4612 * wite buffers begin without searching. 4670 /* No buffers selected for witing? */
4613 */ 4671 if (pio == NULL)
4614 l'i st_insert_head(dev->l 2ad_buflist, head); 4672 ASSERTO(Write_sz);
4673 mut ex_exit (& 2arc_buflist_ntx);
4616 cb = kmem al | oc( 4674 kmem cache_free(hdr_cache, head)
4617 sizeof (l2arc_wite_callback_t), KM SLEEP); 4675 list_destroy(&defer_wite list);
4618 cb->l 2wcb_dev = dev; 4676 return (0);
4619 cb- >l 2wcb_head = head; 4677 }
4620 pio = zio_root(spa, I 2arc _wite_done, cb,
4621 ZI O_FLAG CANFAI L) ; 4679 mut ex_exit (& 2arc_buflist_mntx);
4622 }
4681 /*
4624 /* 4682 * Now start witing the buffers. W're starting at the wite head
4625 * Create and add a new L2ARC header. 4683 * and work backwards, retracing the course of the buffer selector
4626 */ 4684 * | oop above.
4627 | 2hdr = krmem zal | oc(si zeof (I2arc_buf_hdr_t), KM SLEEP); 4685 */
4628 | 2hdr->b_dev = dev; 4686 for (dwe = |ist_head(&efer_wite_list); dwe != NULL; dwe = dwe_next) {
4629 ab->b_flags | = ARC_L2_WRI TI NG 4652 for (ab = |ist_prev(dev->l 2ad_buflist, head); ab;
4630 | 2hdr - >b_conpress = ZI O COWRESS_OFF; 4653 ab = list_prev(dev->l2ad_buflist, ab)) {
4631 | 2hdr - >b_asi ze = ab->b_si ze; 4687 | 2arc_buf _hdr_t *I 2hdr;
4688 uint64_t buf_sz;
4633 /*
4634 * Tenporarily stash the buffer in defer_wite_entries. 4690 dwe_next = list_next(&Jefer_wite_list, dwe);
4605 * Tenporarily stash the data buffer in b_tnp_cdata. 4691 ab = dwe- >dwe _buf;
4635 * The subsequent wite step will pick it up from
4636 * there. This is because we can’'t access ab->b_buf 4693 /*
4607 * there. This is because can’t access ab->b_buf 4694 * Accessing ab->b_| 2hdr without |ocking is safe here because
4637 * wi thout hol ding the hash_l ock, which we in turn 4695 * we’'re holding the |2arc_buflist_ntx and no other thread wll
4638 * can’'t access w thout holding the ARC |ist |ocks 4696 * ever directly nmodify the L2 fields. In particular ab->b_buf
4639 * while wal king the ARC lists (we want to avoid 4697 * may be invalid by now due to ARC eviction.
4640 * hol ding these | ocks during conpression/witing). 4658 * We shouldn’t need to |ock the buffer here, since we flagged
4610 * (which we want to avoid during conpression/witing). 4659 * it as ARC_L2 WRITING in the previous step, but we nust take
4641 */ 4660 * care to only access its L2 cache paraneters. In particular,
4642 dwe = kmem al | oc(si zeof (*dwe), KM SLEEP); 4661 * ab->b_buf may be invalid by now due to ARC eviction.
4643 dwe- >dwe_buf = ab; 4698 */
4644 dwe- >dwe_orig_data = ab- >b_buf - >b_dat a; 4699 | 2hdr = ab->b_| 2hdr;
4645 dwe- >dwe_ori g_si ze = ab->b_si ze; 4700 | 2hdr - >b_daddr = dev- >l 2ad_hand;
4612 | 2hdr - >b_conpress = ZI O COVPRESS_OFF;
4613 | 2hdr - >b_asi ze = ab->b_si ze; 4702 if ((ab->b_flags & ARC_L2COWPRESS) &&
4614 | 2hdr->b_t rrp_cdata = ab- >b_buf—>b_dat a; 4703 | 2hdr - >b_asi ze >= buf _conpress_mi nsz &&
4704 | 2ar c_conpr ess_buf (dwe- >dwe_ori g_data, dwe->dwe_orig_si ze,
4616 buf _sz = ab- >b si ze; 4705 &uf _data, &buf_sz, &l 2hdr->b_conpress)) {
4647 ab->b_| 2hdr = T2hdr; 4667 | 2hdr->b_asi ze >= buf _conpress_m nsz)
4668 if (T2arc_conpress_buf (1 2hdr)) {
4649 l'ist_insert_head(dev->l2ad_buflist, ab); 4706 /*
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4707
4708
4709
4710
4711
4712
4713
4714
4715
4716
4675

4677
4678
4679
4680
4681
4682

4718
4719
4720

4722
4723
4724
4725
4726
4689
4690
4691

4728
4729
4730

4732
4697
4733
4734
4735
4736
4737
4738
4739

4741
4742
4743

4745
4707

4747
4748
4749
4750
4751
4752

4754
4755
4756
4757
4758
4759

* | f conpression succeeded, enabl e headroom
* boost on the next scan cycle.
*
/
*headr oom boost = B _TRUE;
| 2hdr - >b_asi ze = buf _sz;
} else {
buf data = dwe- >dwe_ori g_dat a;
buf _sz = dwe- >dwe _orig_size;
| 2hdr - >b_asi ze = dwe->dwe_ori g_si ze;

*

* Pick up the buffer data we had previously stashed away
* (and now potentially al so conpressed).
*/

~ e

buf _data = | 2hdr->b_t np_cdat a;
buf _sz = | 2hdr->b_asi ze;

/* Conpression may have squashed the buffer to zero length. */
if (buf_sz I=0
uint64_t buf_p_sz;

wzio = zio_wite_phys(pio, dev->l2ad_vdev,
dev->| 2ad_hand, | 2hdr->b_asi ze, buf_dat a,
ZI O_CHECKSUM OFF, NULL, NuLL
ZI O_ PRI ORI TY_ASYNC_WRI TE, ZI O FLAG CANFAI L,
B FALSE) ;
dev- >l 2ad hand, buf_sz, buf_data, ZI O CHECKSUM OFF,
NULL, NULL, ZI O PRI ORI TY ASYNC WRI TE,
ZI O FLAG CANFAIL, B FALSE);

DTRACE_PROBE2(| 2arc__write, vdev_t *, dev->| 2ad_vdev,
zio_t *, wzio);
(void) zio_nowait(wzio);

write_asize += | 2hdr->b_asi ze;
wite_asize += buf_sz;
/*
* Keep the clock hand suitably device-aligned.
*
/
buf _p_sz = vdev_psi ze_to_asi ze(dev->| 2ad_vdev, buf_sz);

wite_psize += buf_p_sz;
dev->| 2ad_hand += buf _p_sz;

}
list_remove(&defer_wite_list, dwe);
kmem free(dwe, sizeof (*dwe));
}
l'ist_destroy(&defer_wite_ | st);
mut ex_exit (& 2arc_buflist_ntx);
ASSERT3U(wri te_asi ze, , target_sz);
ARCSTAT_BUMP( ar cst at wites_sent);

ite_bytes, wite_asize);
size, wite_sz),
_asize, wite_asize);
| 2ad_ vdev wite_psize, 0, 0);

ARCSTAT_| NCR( ar cst at _|
ARCSTAT_I NCR(ar cst at _|
vdev_space_updat e( dev-

/

<=
12_wr
ARCSTAT_|I NCR(arcstat _| 2_wr
12~
12~
>

*

* Bunp device hand to the device start if it is approaching the end.
* | 2arc_evict() will already have evicted ahead for this case.
*
f

(dev->l 2ad_hand >= (dev->l 2ad_end - target_sz)) {
vdev_space_updat e(dev- >l 2ad_vdev,
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4760
4761
4762
4763
4764

4766
4767
4768

4770
4771

4773
4774
4775
4776
4777
4778
4779
4737
4738
4739
4740
4741
4780
4781
4782
4783
4784
4785
4786
4787
4788
4743
4744
4745
4746
4747
4748
4749
4750
4751
4752
4789
4790
4791
4792
4755
4793
4794
4758

4796
4797
4760
4761

4799
4800
4801
4802
4803
4763
4764
4765

B T T A
-~

dev->| 2ad end - dev->| 2ad_hand, 0, 0);
dev->l 2ad_hand = dev->| 2ad_start;
dev- >l 2ad_evi ct dev->| 2ad_start
dev->| 2ad _first B_FALSE;

}

dev->l2ad_witing =
(void) zio_wait(pio);
dev->| 2ad_writing =

return (wite_asize);

Conpresses an L2ARC buffer.

The data to be conpressed is in in_data and its size in in_sz. This routine

tries to conpress the data and dependi ng on the conpression result there

are three possible outcones:

*) The buffer was inconpressible. The function returns with B_FALSE and
does not hing el se.

The data to be conpressed nust be prefilled in | 2hdr->b_tnp_cdata and its

size in | 2hdr->b_asize. This routine tries to conpress the data and

dependi ng on the conpression result there are three possible outcones:

*) The buffer was inconpressible. The original |2hdr contents were left
untouched and are ready for witing to an L2 device.

*) The buffer was all-zeros, so there is no need to wite it to an L2
device. To indicate this situation, the *out_data is set to NULL,
*out_sz is set to zero, *conpress is set to ZI O COWRESS_EMPTY and
the function returns B_TRUE.

*) Conpression succeeded and *out_data was set to point to a buffer holding
the conpressed data buffer, *out_sz was set to Indicate the output size,
*conpress was set to the appropriate conpression algorithmand B TRUE is
returned. Once witing is done the buffer will be autonatically freed by
| 2arc_do_free_on_wite().
device. To indicate this situation b_tnp_cdata is NULL'ed, b_asize is
set to zero and b_conpress is set to ZI O COWRESS EMPTY.

*) Conpression succeeded and b_tnp_cdata was replaced with a tenporary
data buffer which holds the conpressed data to be witten, and b_asize
tells us how much data there is. b_conpress is set to the appropriate
conpression algorithm Once witing is done, invoke
| 2arc_rel ease_cdata_buf on this |2hdr to free this tenporary buffer.

Returns B_TRUE if conpression succeeded, or B_FALSE if it didn't (the
buffer was inconpressible).

static bool ean_t
| 2ar c_conpress_buf (void *in_data, uint64_t in_sz, void **out_data,

uint64 t *out Sz, enum Zi 0_COMPress *compress)

| 2ar c_conpress_| buf(|2arc buf _hdr_t *I 2hdr)
{

voi d *cdat a;
size_t csize, len;

cdata = zio_data_buf_alloc(in_sz);

*out _sz = zio_conpress_dat a(ZI O _COVPRESS LZ4, in_data, cdata, in_sz);
ASSERT( | 2hdr - >b_conpress == ZI O COVMPRESS_OFF) ;

ASSERT(| 2hdr->b_t np_cdata ! = NULL);

if (*out_sz == {
/* Zero block, indicate that there’s nothing to wite. */
zi o_data_| buf free(cdata in_sz);
*conpress = ZI O COVPRESS EMPTY;
*out _data = NULL;
I en = | 2hdr->b_asi ze;
cdata zi o_data_buf _all oc(len);
csi ze zi o_conpress_data(Zl O_ OOVPRESS LZ4, |2hdr->b_t np_cdat a,



new usr/src/uts/comon/fs/zfs/arc.c

4766

4768
4769
4770
4771
4772
4773
4804
4805
4806
4776
4807
4808
4809
4779
4810
4811

4813
4814

4816
4817
4818
4819
4820
4821
4822

4781
4782
4783
4824
4825
4826
4827
4828
4829
4789
4830
4831
4791
4832

cdata, | 2hdr->b_asize);

if (csize == 0)
/* zero block, indicate that there’s nothing to wite */
zi o_dat a_buf free(cdata len);
| 2hdr - >b_ _conpress = ZIO_ CC]\/PRESS EMPTY;
| 2hdr - >b_asi ze = 0;
| 2hdr ->b_t np_cdata = NULL;
ARCSTAT_BUMP( ar cst at _| 2_conpress_zeros);
return (B_TRUE);

} else if (*out_sz >0 3% *out_sz < in_sz) {

} else i; (csize > 0 && csize < len) {
*

* Conpression succeeded, we’'ll keep the cdata around for
* witing and release it after witing.

* witing and release it afterwards.

*

| 2arc_data_free_t *df;

*conpress = ZI O COVPRESS_L74
*out _data = cdat a;

df = kmem al | oc(si zeof (l2arc_data_free_t),
df - >I 2df _data = cdat a;

df - >| 2df _si ze *out _sz;

df ->l 2df _func = zi o_data_buf_free;

nmut ex_enter (& 2arc_free_on_ wite mx)
list_insert_head(l2arc_free_on_wite, df);
mut ex_exi t (& 2arc_free_on_write_ntx);

KM _SLEEP) ;

| 2hdr - >b_conpress = ZI O COWRESS_LZ4;
| 2hdr ->b_asi ze = csi ze;
| 2hdr ->b_t np_cdata = cdat a;
ARCSTAT_BUMP( ar cst at _| 2_conpr ess_successes) ;
ARCSTAT_BUMP(arcstat _| 2 free_on_wite);
return (B_TRUE);

} else {/

* Conpression failed, release the conpressed buffer.
* | 2hdr will be left unnodified.
*
/
zi o_data_buf _free(cdata, in_sz);
zi o_data_buf _free(cdata, len);
ARCSTAT_BUMP(arcstat _| 2_conpress_failures);
return (B_FALSE);

}

__unchanged_portion_onitted_

4859 /
4860
4861
4862
4863
4864

*
*
*
*

*

*/

Rel eases the tenporary b_tnp_cdata buffer in an |2arc header structure.

This buffer serves as a tenporary hol der of conpressed data while
the buffer entry is being witten to an |2arc device. Once that is
done, we can di spose of it.

4865 static void
4866 | 2arc_rel ease_cdat a_buf (arc_buf _hdr_t *ab)

4867 {
4868

4870
4871
4872
4873
4874
4875

| 2arc_buf _hdr_t *12hdr = ab->b_| 2hdr;
if (12hdr->b_conpress == ZI O COWRESS _Lz4) {
/ *

* |f the data was conpressed, then we’ve allocated a
* tenporary buffer for it, so now we need to release it.
*/

ASSERT(| 2hdr->b_t np_cdata != NULL);
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4876
4877
4878
4879

4899
4900
4901
4902
4903
4904

4906
4907
4908
4909
4910
4911

4913
4915

4917
4918
4919
4920
4921
4922

4924
4925
4926
4927
4928
4929
4930
4931
4932
4933

4935
4936
4937
4938
4939
4940
4941
4942
4943
4944
4945
4946

4948
4949

4951
4952
4953
4954
4955
4956
4957
4958
4959

* This thread feeds the L2ARC at regular intervals.
* heart of the L2ARC.
/

zi o_data_buf _free(l 2hdr->b_tnp_cdata, ab->b_size);
}
| 2hdr - >b_t np_cdata = NULL;

This is the beating

static void
| 2arc_f eed_t hread(voi d)
4905 {

callb_cpr_t cpr;

| 2arc_dev_t *dev;

spa_t *spa;

uint64_t size, wote;

clock_t begin, next = ddi get _Ibolt();
bool ean_t headr oom boost = B_FALSE;

CALLB CPR_I NI T(&cpr, & 2arc_feed_thr_lock, callb_generic_cpr, FTAG;

mut ex_enter (& 2arc_feed_thr_Il ock);

while (l2arc_thread_exit == 0) {
CALLB_CPR_SAFE_ BEGI N( &cpr);

(void) cv_tinedwait (& 2arc _feed_thr_cv, & 2arc_feed_thr_|ock,

next);
CALLB_CPR_SAFE_END( &cpr,
next = ddi_get_lbolt() +

& 2arc_feed_thr_Iock);
+ hz;

/*
* Qui ck check for L2ARC devi ces.
*/

mut ex_enter (& 2arc_dev_ntx);

if (l2arc_ndev == 0)
mut ex_exi t (& 2arc_dev_ntx);
conti nue;

mut ex_exi t (& 2arc_dev_ntx);
begin = ddi _get _l bolt();

/
This selects the next |2arc device to wite to, and in
doing so the next spa to feed from dev->l2ad_spa. Thi s
wWill return NULL if there are now no | 2arc devices or if
they are all faulted.

If a device is returned, its spa’s config lock is also
held to prevent device renoval. |2arc_dev_get_next()
* will grab and rel ease |2arc_dev_ntx

*/

if ((dev

* ok kb H bk ok

= | 2arc_dev_get _next()) == NULL)
conti nue;

spa = dev->| 2ad_spa;
ASSERT(spa != NULL);

/*

* |f the pool is read-only then force the feed thread to
* sleep a little longer.

*/

if (!spa_witeabl e(spa))
next = ddi_get_Ibolt() + 5 * |2arc_feed_secs * hz;
spa_config_exit(spa, SCL_L2ARC, dev);
cont i nue;
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4961 /*

4962 * Avoid contributing to nenory pressure.

4963 *

4964 if (arc_reclai mneeded()) {

4965 ARCSTAT_BUWP(ar cstat _| 2_abort _| owmren) ;
4966 spa_config_exit(spa, SCL_L2ARC, dev);
4967 conti nue;

4968 }

4970 ARCSTAT_BUMP(arcstat _| 2_f eeds);

4972 size = | 2arc_wite_size();

4974 /*

4975 * Evict L2ARC buffers that will be overwitten.
4976 *

4977 | 2arc_evi ct (dev, size, B_FALSE);

4979 /*

4980 * Wite ARC buffers.

4981 */

4982 wote = | 2arc_wite_buffers(spa, dev, size, &headroom boost);
4984 /*

4985 * Calculate interval between wites.

4986 */

4987 next = l2arc_write_interval (begin, size, wote);
4988 spa_config_exit(spa, SCL_L2ARC, dev);

4989 }

4991 | 2arc_thread_exit = 0;

4992 cv_broadcast (& 2arc_feed_thr_cv);

4993 CALLB_CPR_EXI T(&cpr); /* drops |2arc_feed_thr_lock */
4994 thread_exit();

4995 }

__unchanged_portion_onitted_
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