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LR R R R EEEEEREREREREEEEEEEEEEEEEEEEREEEREREREEEEEEEEEESES] 1305 If (hdr_>b Ilhdr b thav\ed |: NULL) {
194390 Fri Sep 11 10: 32: 14 2015 1306 kmem free(hdr->b_| 1hdr. b_t hawed, 1);
new usr/src/uts/comon/fs/zfs/arc.c 1307 hdr->b_| 1hdr. b_t hawed = NULL;
6220 nmem eak in | 2arc on debug build 1308 }
LEEE R R R R EE SRR EEEEEEEEEEE R REEEEEEEEEEEEEEEEEEEREREEEEEEEEESE] 1309 #endlf
____unchanged_portion_onitted_
1311 #endif /* | codereview */
1246 | * 1312 nhdr->b_flags & ~ARC FLAG HAS L1HDR
1247 * Transition between the two allocation states for the arc_buf_hdr struct. 1313 }
1248 * The arc_buf_hdr struct can be allocated with (hdr_full_cache) or w thout 1314 I*
1249 * (hdr_l 2only_cache) the fields necessary for the L1 cache - the smaller 1315 * The header has been reallocated so we need to re-insert it into any
1250 * version is used when a cache buffer is only in the L2ARC in order to reduce 1316 * lists it was on.
1251 * menory usage. 1317
1252 */ 1318 (voi d) buf_hash_insert(nhdr, NULL);
1253 static arc_buf_hdr_t *
1254 ?r c_hdr_realloc(arc_buf _hdr_t *hdr, knemcache_t *old, kmem cache_t *new) 1320 ASSERT(list_link_active(&hdr->b_|2hdr.b_| 2node));
1255
1256 ASSERT( HDR_HAS_L2HDR( hdr)); 1322 mut ex_ent er (&dev->| 2ad_nt x) ;
1258 arc_buf _hdr _t *nhdr; 1324 /*
1259 | 2arc_dev_t *dev = hdr->b_| 2hdr. b_dev; 1325 * We nust place the realloc’ ed header back into the list at
1326 * the sane spot. Otherwise, if it's placed earlier in the |ist,
1261 ASSERT( (ol d == hdr_full_cache && new == hdr_| 2only_cache) || 1327 * |2arc_wite_buffers() could find it during the function’s
1262 (old == hdr_l 2only_cache && new == hdr_full _cache)); 1328 */wri te phase, and try to wite it out to the |2arc.
1329 *
1264 nhdr = kmem cache_al | oc(new, KM PUSHPAGE); 1330 l'ist_insert_after(&dev->l 2ad_buflist, hdr, nhdr);
1331 I'ist_renmove(&dev->l 2ad_buflist, hdr);
1266 ASSERT( MUTEX_HELD( HDR_LOCK( hdr)));
1267 buf _hash_renove(hdr); 1333 mut ex_exi t (&dev->| 2ad_nt x) ;
1269 bcopy(hdr, nhdr, HDR_L2ONLY_SI ZE); 1335 /*
1336 * Since we're using the pointer address as the tag when
1271 if (new == hdr_full_cache) { 1337 * incrementing and decrenenting the |2ad_alloc refcount, we
1272 nhdr->b_flags | = ARC_FLAG HAS_L1HDR; 1338 * must renpve the old pointer (that we're about to destroy) and
1273 /* 1339 * add the new pointer to the refcount. Otherwi se we'd renove
1274 * arc_access and arc_change_state need to be aware that a 1340 * the wong pointer address when calling arc_hdr_destroy() later.
1275 * header has just cone out of L2ARC, so we set its state to 1341 “f
1276 * | 2c_only even though it’'s about to change.
1277 */ 1343 (voi d) refcount_renove_many(&dev->| 2ad_al | oc,
1278 nhdr->b_| 1hdr.b_state = arc_| 2c_only; 1344 hdr - >b_| 2hdr. b_asi ze, hdr);
1280 /* Verify previous threads set to NULL before freeing */ 1346 (voi d) refcount_add_nany(&dev->| 2ad_al | oc,
1281 ASSERT3P(nhdr->b_| 1hdr. b_t np_cdata, ==, NULL); 1347 nhdr - >b_| 2hdr . b_asi ze, nhdr);
1282 } else {
1283 ASSERT(hdr->b_| 1hdr. b_buf == NULL); 1349 buf _di scard_i dentity(hdr);
1284 ASSERTO( hdr->b_| 1hdr. b_dat acnt); 1350 hdr->b_freeze_cksum = NULL;
1351 kmem cache_free(ol d, hdr);
1286 /*
1287 * |f we’ve reached here, W nust have been called from 1353 return (nhdr);
1288 * arc_evict_hdr(), as such we should have al ready been 1354 }
1289 * renoved from any ghost |ist we were previously on
1290 * (which protects us fromracing with arc_evict_state),
1291 * thus no locking is needed during this check. 1357 #define ARC_M NTI ME (hz>>4) /* 62 ms */
1292 *
1293 ASSERT(!mul tilist_link_active(&hdr->b_I1hdr.b_arc_node)); 1359 static void
1360 arc_cksumverify(arc_buf_t *buf)
1295 /* 1361 {
1296 * A buffer nust not be noved into the arc_| 2c_only 1362 zi o_cksumt zc;
1297 * state if it’s not finished being witten out to the
1298 * | 2arc device. Otherwise, the b_| 1hdr.b_tnp_cdata field 1364 if (!(zfs_flags & ZFS_DEBUG MODI FY))
1299 * mght try to be accessed, even though it was renoved. 1365 return;
1300 */
1301 VERI FY(! HDR_L2_WRI TI NG( hdr) ) ; 1367 nmut ex_ent er (&uf - >b_hdr->b_| 1hdr. b_freeze_| ock);
1302 VERI FY3P(hdr->b_I 1hdr. b_t np_cdata, ==, NULL); 1368 if (buf->b_hdr->b_freeze_cksum == NULL || HDR_| O ERROR(buf->b_hdr)) {
1369 mut ex_exit (&uf->b_hdr->b_| 1hdr.b_freeze_| ock);
1304 #i fdef ZFS_DEBUG 1370 return;
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1371 }

1372 fletcher_2_native(buf->b_data, buf->b_hdr->b_size, &zc);
1373 if (!2ZlI O CHECKSUM EQUAL(*buf - >b_hdr->b freeze_cksum zc))
1374 pani c("buffer nodified while frozen!");

1375 mut ex_exi t (&uf->b_hdr->b_| 1hdr. b_freeze_| ock);

1376 }

1378 static int
1379 arc_cksum equal (arc_buf _t *buf)

1380 {

1381 zi o_cksumt zc;

1382 int equal;

1384 mut ex_ent er (&uf - >b_hdr->b_| 1hdr. b_freeze_| ock);

1385 fletcher 2 native(buf->b_data, buf->b_hdr->b_size, &zc);
1386 equal ZI O_CHECKSUM EQUAL ( * buf ->b_hdr->b_freeze cksum 7@)) 3
1387 nmut ex eX|t(&buf >b_hdr->b_I 1hdr. b_freeze_Tock);

1389 return (equal);

1390 }

1392 static void
1393 arc_cksum conput e(arc_buf _t *buf, boolean_t force)
1394 {

1395 if (Iforce & !(zfs_flags & ZFS_DEBUG MODI FY))

1396 return;

1398 nmut ex_ent er (&uf - >b_hdr->b_| 1hdr. b_freeze_Il ock);

1399 if (buf->b_hdr->b_freeze_cksum!= NULL)

1400 mut ex_exi t (&uf->b_hdr->b_| 1hdr. b_freeze_| ock);
1401 return;

1402 1

1403 buf - >b_hdr->b_freeze_cksum = kmem al | oc(si zeof (zio_cksumt),
1404 fletcher_2 native(buf->b_data, buf->b_hdr->b_size,

1405 buf ->b_hdr->b_freeze_cksum;

1406 mut ex_exi t (&uf->b_hdr->b_| 1hdr. b_freeze_ | ock);

1407 arc_buf _wat ch(buf);

1408 }

1410 #ifndef _KERNEL
1411 typedef struct procctl {

1412 | ong cnd;

1413 prwat ch_t prwatch;
1414 } procctl _t;

1415 #endi f

1417 /* ARGSUSED */
1418 static void
1419 arc_buf _unwat ch(arc_buf _t *buf)

1420 {

1421 #ifndef _KERNEL

1422 if (arc_watch) {

1423 int result;

1424 procctl _t ctl;

1425 ctl.cmd = PCWATCH,

1426 ctl.prwatch. pr_vaddr = (uintptr_t)buf->b_dat a;
1427 ctl.prwatch. pr_size = 0;

1428 ctl. prwatch pr_wilags = O;

1429 result = wite(arc_procfd, &ctl, sizeof (ctl));
1430 ASSERT3U(result, ==, sizeof (ctl));

1431

1432 #endi f

1433 }

1435 /* ARGSUSED */
1436 static void

KM _SLEEP) ;
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1437 arc_buf_watch(arc_buf_t *buf)

1438 {

1439 #ifndef _KERNEL

1440 if (arc_watch) {

1441 int result;

1442 procctl _t ctl;

1443 ctl.cmd = PCWATCH;

1444 ctl.prwatch. pr_vaddr = (uintptr_t)buf->b_data;
1445 ctl.prwatch. pr_size = buf->b_hdr->b_size;
1446 ctl.prwatch. pr_wflags = WA WRI TE;

1447 result = wite(arc_procfd, “&ctl, sizeof (ctl));
1448 ASSERT3U(resul t, ==, sizeof (ct i ));

1449

1450 #endi f

1451 }

1453 static arc_buf_contents_t

1454 arc_buf _type(arc_buf _hdr_t *hdr)

1455 {

1456 i f (HDR_I STYPE_METADATA(hdr)) {
1457 return (ARC_BUFC_METADATA) ;
1458 } else {

1459 return (ARC_BUFC _DATA);
1460 }

1461 }

1463 static uint32_t
1464 arc_bufc_to_flags(arc_buf_contents_t type)

1465 {

1466 switch (type) {

1467 case ARC_BUFC_DATA:

1468 7* metadata field is 0 if buffer contains normal data */
1469 return (0);

1470 case ARC_BUFC_METADATA:

1471 return (ARC FLAG BUFC METADATA) ;

1472 defaul t:

1473 br eak;

1474 }

1475 pani c("undefined ARC buffer type!");

1476 return ((uint32_t)-1);

1477 }

1479 voi d

1480 arc_buf_thaw arc_buf_t *buf)

1481 {

1482 if (zfs_flags & ZFS_DEBUG MODI FY)

1483 if (buf->b_hdr->b_| 1hdr.b_state != arc_anon)

1484 pani ¢("rodi fyi ng non-anon buffer!");

1485 if (HDR_I O_| N_PROGRESS( buf - >b_hdr))

1486 pani c("nodi fying buffer while i/o in progress!");
1487 arc_cksumverify(buf);

1488 }

1490 nut ex_ent er (&buf - >b_hdr->b_I| 1hdr. b_freeze_| ock);

1491 if (buf->b_hdr->b_freeze_cksum!= NULL) {

1492 kmem free(buf->b_hdr->b_freeze_cksum sizeof (zio_cksumt));
1493 buf ->b_hdr->b_freeze_cksum = NULL;

1494 }

1496 #ifdef ZFS_DEBUG

1497 if (zfs_flags & ZFS_DEBUG MODI FY) {

1498 if (buf->b_hdr->b_| 1hdr.b_t hawed != NULL)

1499 kmem free(buf->b_hdr->b_| 1hdr. b_t hawed, 1);
1500 buf->b_hdr->b_I 1hdr.b_t hawed = knem al | oc(1, KM SLEEP);
1501

1502 #endi f
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1504 mut ex_exi t (&uf->b_hdr->b_| 1hdr.b_freeze_| ock);

1506 ar c_buf _unwat ch(buf);

1507 }

1509 void

1510 arc_buf_freeze(arc_buf_t *buf)

1511 {

1512 kmut ex_t *hash_| ock;

1514 if (!(zfs_flags & ZFS_DEBUG MODI FY))

1515 return;

1517 hash_l ock = HDR_LOCK( buf - >b_hdr);

1518 mut ex_ent er (hash_l ock) ;

1520 ASSERT( buf - >b_hdr->b_freeze_cksum ! = NULL ||

1521 buf->b_hdr->b_| 1hdr. b_state == arc_anon);

1522 arc_cksum conput e(buf, B_FALSE);

1523 mut ex_exi t (hash_| ock);

1525 }

1527 static void

1528 add_reference(arc_buf_hdr_t *hdr, knutex_t *hash_l ock, void *tag)
1529 {

1530 ASSERT(HDR_HAS_L1HDR(hdr));

1531 ASSERT( MUTEX_HELD( hash_| ock))

1532 arc_state_t *state = hdr->b_| Lhdr. b_state;

1534 if ((refcount_add(&hdr->b_| 1hdr.b_refcnt, tag) == 1) &&
1535 (state !'= arc_anon))

1536 We don’t use the L2-only state list. */

1537 if (state !'= arc_|l2c_only) {

1538 arc_buf _contents_t type = arc_buf _type(hdr);
1539 uint64_t delta = hdr->b_size * hdr->b_| 1hdr.b_dat acnt;
1540 multilist_t *list = &tate->arcs_list[type];
1541 uint64_t *size = &state->arcs_|size[type];
1543 multilist_renmove(list, hdr);

1545 if (CGHOST_STATE(state)) {

1546 ASSERTO( hdr - >b_| 1hdr. b_dat acnt) ;
1547 ASSERT3P( hdr->b_| 1hdr. b_buf, ==, NULL);
1548 delta = hdr->b_si ze;

1549 }

1550 ASSERT(delta > 0);

1551 ASSERT3U( *si ze, >=, delta);

1552 atomi c_add_64(size, -delta);

1553

1554 /* renove the prefetch flag if we get a reference */
1555 hdr->b_flags & ~ARC_FLAG PREFETCH,

1556 }

1557 }

1559 static int

1560 renpve_reference(arc_buf_hdr_t *hdr, krmutex_t *hash_l ock, void *tag)
1561 {

1562 int cnt;

1563 arc_state_t *state = hdr->b_| 1hdr.b_state;

1565 ASSERT( HDR_HAS_L1HDR( hdr));

1566 ASSERT(state == arc_anon | | MUTEX_HELD( hash_| ock));

1567 ASSERT( ! GHOST_STATE(state));
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1633

}
/

/*
* arc_l 2c_only counts as a ghost state so we don’t need to explicitly
*/check to prevent usage of the arc_l2c_only list.
*
if (((cnt = refcount_renove(&hdr->b_| 1hdr.b_refcnt, tag)) == 0) &&
(state !'= arc_anon)) {
arc_buf_contents_t type = arc_buf_type(hdr);
multilist_t *list = &tate->arcs_list[type];
uint64_t *size = &state->arcs_|size[type];

multilist_insert(list, hdr);

ASSERT( hdr->b_| 1hdr. b_datacnt > 0);

atom c_add_64(si ze, hdr->b_size *
hdr->b_| 1hdr. b_dat acnt);

}
return (cnt);

Move the supplied buffer to the indicated state. The hash | ock
for the buffer nust be held by the caller.
/

static void
arc_change_state(arc_state_t *new state, arc_buf_hdr_t *hdr,

{

kmut ex_t *hash_I ock)

arc_state_t *old_state;

int64_t refcnt;

uint32_t datacnt;

ui nt 64_t fromdelta o_del t

arc_buf_contents_t ype = arc_buf_type(hdr);

/
We al nost al ways have an L1 hdr here, since we call arc_hdr_realloc()
in arc_read() when bringing a buffer out of the L2ARC “However, the
L1 hdr doesn’t always exi st when we change state to arc_anon bef ore
destroying a header, in which case reallocating to add the L1 hdr is
* pointless.
*/
if (HDR_HAS_L1HDR(hdr)) {

old_state = hdr->b_| 1hdr. b_state;

refcnt = refcount_count (&hdr->b_I 1hdr.b_refcnt);

datacnt = hdr->b_| 1hdr. b_dat acnt;
} else {

old_state = arc_| 2c_only;

refcnt = 0;

datacnt = 0;

EE

}
ASSERT( MUTEX_HELD( hash_| ock) ) ;
ASSERT3P(new _state, !=, old_state);

ASSERT(refcnt == 0 || datacnt > 0);
ASSERT( ! GHOST_STATE(new_state) || datacnt == 0);
ASSERT(ol d_state != arc_anon || datacnt <= 1);

fromdelta = to_delta = datacnt * hdr->b_size;

/*
* If this buffer is evictable, transfer it fromthe
* old state list to the new state |ist.
*/
if (refcnt ==
if (old state = arc anon &% ol d_state !'= arc_| 2c_only) {
uint64_t *size = &ol d_state->arcs_|size[buftype];
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1635
1636

1638
1639
1640
1641
1642
1643
1644
1645
1646
1647
1648
1649
1650
1651

1653
1654
1655
1656
1657
1658
1659
1660

1662
1663
1664
1665
1666
1667
1668
1669
1670

1672
1673
1674

1676

1678
1679
1680
1681

1683
1684
1685
1686
1687
1688
1689
1690
1691
1692
1693

1695
1696
1697
1698
1699
1700

ASSERT( HDR_HAS_L1HDR( hdr));
multilist_renmove(&ol d_state->arcs_list[buftype], hdr);

/*

* |f prefetching out of the ghost cache,

* we will have a non-zero datacnt.

*

/

if (GHOST_STATE(ol d_state) && datacnt ==
/* ghost el enents have a ghost size */
ASSERT( hdr->b_| 1hdr. b_buf == NULL)
fromdelta = hdr->b_size;

}
ASSERT3U( *si ze, >=, fromdelta);
at om c_add_64(size, -fromdelta);

}
if (new state != arc_anon && new state != arc_l2c_only) {
uint64_t *size = &new state->arcs_|size[buftype];

/*

* An L1 header always exists here, since if we're

* moving to some L1-cached state (i.e. not |2c_only or
* anonynous), we realloc the header to add an Lilhdr

* bef or ehand.

*/

ASSERT( HDR_HAS_L1HDR( hdr));

mul tilist_insert(&ew state->arcs_|list[buftype], hdr);

/* ghost el enents have a ghost size */

i f (GHOST_STATE(new state))
ASSERTO( dat acnt ) ;
ASSERT( hdr - >b_I| 1hdr. b_buf == NULL);
to_delta = hdr->b_size;

}
atom c_add_64(size, to_delta);

}

ASSERT( ! BUF_EMPTY( hdr));
if (new state == arc_anon && HDR_| N_HASH TABLE( hdr))
buf _hash_renove(hdr);

/* adjust state sizes (ignore arc_|2c_only)

if (to_delta & new state != arc_l2c_only) {
ASSERT( HDR_HAS_L1HDR( hdr));
i f (GHOST_STATE(new st at e)) {
ASSERTO( dat acnt ) ;

/
We noving a header to a ghost state, we first
renove all arc buffers. Thus, we’ll have a
dat acnt of zero, and no arc buffer to use for
the reference. As a result, we use the arc
header pointer for the reference.

* ok kb % Ok
-~

(voi d) refcount_add_many(&new_st at e- >ar cs_si ze,
hdr - >b_si ze, hdr);

} else {
ASSERT3U( dat acnt, !=, 0);
/*
* Each individual buffer holds a unique reference,
* thus we nust renpve each of these references one
* at a tinme
o/

for (arc_buf_t *buf = hdr->b_| 1hdr.b_buf; buf != NULL;
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1701
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1708
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1753

AN55)
1756

1758

1760
1761
1762
1763
1764
1765
1766

}

voi d

buf = buf->b_next) {
(voi d) refcount_add_many(&new_st at e- >arcs_si ze,
hdr - >b_si ze, buf);

}

if (fromdelta & old_state != arc_l2c_only) {

ASSERT( HDR_HAS_L1HDR(hdr));

if (GHOST_STATE(ol d_ state)) {

/

When noving a header off of a ghost state,
there's the possibility for datacnt to be
non-zero. This is because we first add the
arc buffer to the header prior to changing
the header’s state. Since we used the header
for the reference when putting the header on
the ghost state, we nust bal ance that and use
t he header when renoving off the ghost state
(even though datacnt is non zero).

* Ok Gk Gk Gk Ok F R F X X

-~

| MPLY(dat acnt == 0, new_state == arc_anon ||
new_state == arc_| 2c_only);

(void) refcount_renmove_many(&ol d_st at e->arcs_si ze,
hdr - >b_si ze, hdr);
} else {

ASSERT3P(datacnt, !=, 0);

/*
* Each individual buffer holds a unique reference,
* thus we r'rust renove each of these references one
* at a ti
*/
for (arc buf _t *buf = hdr->b_| 1hdr.b_buf; buf != NULL;
buf = buf->b_next)
(void) refcount_renove_many(
&ol d_st ate->arcs_si ze, hdr->b_size, buf);

}

if (HDR_HAS_L1HDR(hdr))
hdr->b_| 1hdr. b_state = new_state;

/*

* L2 headers shoul d never be on the L2 state list since they don't

* have L1 headers allocated.

*/

ASSERT(rmul tilist | s_enpty(&arc_| 2c_onl y->arcs_| i st[ ARC_BUFC DATA]) &&
mul tilist_is_enpty(&rc_| 2c_only->arcs_| i st[ ARC_ BUFC METADATA]));

ar c_space_consune(ui nt 64_t space, arc_space_type_t type)
1757 {

ASSERT(type >= 0 && type < ARC_SPACE_NUMIYPES) ;

switch (type) {
case ARC SPACE DATA:
ARCSTAT_| NCR( ar cst at _dat a_si ze, space);
br eak;
case ARC_SPACE_META:
ARCSTAT_I NCR( ar cst at _net adat a_si ze, space);
br eak;
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1767
1768
1769
1770
1771
1772
1773
1774
1775
1776

1778
1779

1781
1782 }

1784 void

case ARC_SPACE_OTHER:
ARCSTAT_I NCR( ar cst at _ot her _si ze, space);
br eak;

case ARC_SPACE_HDRS:
ARCSTAT_I NCR( ar cst at _hdr _si ze, space);
br eak;

case ARC_SPACE_L2HDRS:
ARCSTAT_I NCR(ar cstat _| 2_hdr _si ze, space);
br eak;

}

if (type != ARC SPACE DATA)
ARCSTAT_I NCR(ar cst at _met a_used, space);

at om c_add_64( &arc_si ze, space);

1785 arc_space_return(uint64_t space, arc_space_type_t type)

1786 {
1787

1789
1790
1791
1792
1793
1794
1795
1796
1797
1798
1799
1800
1801
1802
1803
1804
1805

1807
1808
1809
1810
1811
1812

1814
1815
1816 }

1818 arc_buf
1819 arc_buf
1820 {

1821

1822

1824
1825
1826
1827
1828
1829

1831
1832

ASSERT(type >= 0 && type < ARC_SPACE_NUMTYPES)

switch (type) {
case ARC_SPACE DATA:
ARCSTAT_| NCR( ar cst at _dat a_si ze, -space);
br eak;
case ARC_SPACE_META:
ARCSTAT_I NCR( ar cst at _net adat a_si ze, -space);

br eak;

case ARC_SPACE_OTHER:
ARCSTAT_| NCR( ar cst at _ot her _si ze, -space);
br eak;

case ARC_SPACE_HDRS:
ARCSTAT_I NCR( ar cst at _hdr _si ze, -space);
br eak;

case ARC SPACE_L2HDRS:
ARCSTAT_I NCR(arcstat _| 2_hdr_si ze, -space);
br eak;

}

if (type != ARC SPACE_DATA) {
ASSERT(arc_neta_used >= space);
if (arc_meta_max < arc_neta_used)
arc_neta_max = arc_neta_used;
) ARCSTAT_| NCR(ar cst at _met a_used, -space);

ASSERT(ar c_si ze >= space);
atom c_add_64( &arc_si ze, -space);

t *
—alloc(spa_t *spa, int32_t size, void *tag, arc_buf_contents_t type)

arc_buf _hdr _t *hdr;
arc_buf _t *buf;

ASSERTSU(Sl ze, >, 0);

hdr = knem cache al | oc(hdr full _cache, KM PUSHPAGE);
ASSERT(BUF_EMPTY( hdr));

ASSERTSP(hdr->b_freeze_cksum ==, NULL);

hdr - >b_si ze = si ze;

hdr->b_spa = spa_| oad_gui d(spa);

buf = kmem cache_al | oc(buf _cache, KM PUSHPAGE);
buf - >b_hdr = hdr;
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1833
1834
1835
1836

1838
1839

1841
1842
1843
1844
1845

1847
1848
1849

1851
1852

1854

1856
1857
1858
1859
1860
1861
1862

buf - >b_data = NULL;
buf - >b_efunc = NULL;
buf->b_private = NULL;
buf - >b_next = NULL;

hdr->b_flags = arc_bufc_to flags(type)
hdr->b_flags |= ARC FLAG HAS L ;

hdr->b_| 1hdr. b_buf = buf;
hdr->b_| 1hdr. b_state = arc_anon;
hdr->b_| 1hdr. b_arc_access = 0;
hdr->b_| 1hdr. b_datacnt = 1;
hdr->b_| 1hdr. b_t np_cdata = NULL;

arc_get _dat a_buf (buf);
ASSERT(refcount _is zero(&hdr->b I 1hdr.b_refcnt));
(void) refcount_add(&hdr->b_| 1hdr.b_refcnt, tag);

return (buf);

}
static char *arc_onl oan_t ag

/

= "onl oan";

Loan out an anonynous arc buffer. Loaned buffers are not counted as in
flight data by arc_tenpreserve_space() until they are "returned". Loaned
buffers must be returned to the arc before they can be used by the DWMJ or
freed.

* Ok ok ok k k

arc_buf _t *

1863 arc_| oan_buf (spa_t *spa, int size)

1864 {

1865 arc_buf _t *buf;

1867 buf = arc_buf_all oc(spa, size, arc_onloan_tag, ARC BUFC DATA);
1869 at om c_add_64( &arc_| oaned_bytes, size);

1870 return (buf);

1871 }

1873 /*

1874 * Return a |oaned arc buffer to the arc.

1875 */

1876 void

1877 arc_return_buf (arc_buf _t *buf, void *tag)

1878 {

1879 arc_buf _hdr_t *hdr = buf->b_hdr;

1881 ASSERT(buf->b_data != NULL);

1882 ASSERT( HDR_HAS_L1HDR( hdr));

1883 (voi d) refcount_add(&hdr- >b | 1hdr.b_refcnt, tag);

1884 (voi d) refcount_renove(&hdr->b_| 1hdr. b_refcnt, arc_onl oan_t ag) ;
1886 atomi c_add_64(&arc_| oaned_bytes, -hdr->b_size);

1887 }

1889 /* Detach an arc_buf froma dbuf (tag) */

1890 void

1891 arc_| oan_i nuse_buf (arc_buf _t *buf, void *tag)

1892 {

1893 arc_buf _hdr _t *hdr = buf->b_hdr;

1895 ASSERT( buf->b_data != NULL);

1896 ASSERT( HDR_HAS_L1HDR( hdr));

1897 (voi d) refcount_add(&hdr- >b I 1hdr. b_refcnt, arc_onl oan_tag);
1898 (voi d) refcount_renpve(&hdr->b_| 1hdr. b_refcnt, tag);
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1899 buf - >b_efunc = NULL; 1965 add_r ef erence(hdr, hash_l ock, tag);
1900 buf->b_private = NULL; 1966 DTRACE_PROBE1(arc__hit, arc_ buf hdr _t *, hdr);
1967 arc_access(hdr, hash Iock)
1902 atomi c_add_64( &arc_| oaned_bytes, hdr->b_size); 1968 mut ex_exi t ( hash_l ock) ;
1903 } 1969 ARCSTAT_BUMP(ar cst at _| hi ts);
1970 ARCSTAT_CONDSTAT( ! HDR_PREFETCH( hdr ) ,
1905 static arc_buf_t * 1971 demand, prefetch, !'HDR | STYPE l\/El'ADATA( hdr),
1906 arc_buf_clone(arc_buf_t *from 1972 data, netadata, hlts)
1907 { 1973 }
1908 arc_buf _t *buf;
1909 arc_buf _hdr _t *hdr = from>b_hdr; 1975 static void
1910 uint64_t size = hdr->b_si ze; 1976 arc_buf_free_on_wite(void *data, size_t size,
1977 “void (*free_func)(void *, S|ze_t))
1912 ASSERT( HDR_HAS_L1HDR( hdr)); 1978 {
1913 ASSERT(hdr->b_T1hdr.b_state != arc_anon); 1979 | 2arc_data_free_t *df;
1915 buf = knem cache_al | oc(buf_cache, KM PUSHPAGE); 1981 df = kmem al | oc(5| zeof (*df), KM SLEEP);
1916 buf - >b_hdr = hdr; 1982 df ->| 2df _data = dat a;
1917 buf ->b_data = NULL; 1983 df ->| 2df “si ze = si ze;
1918 buf - >b_efunc = NULL; 1984 df - >l 2df _func = free_func;
1919 buf->b_private = NULL; 1985 mut ex_enter (& 2arc_free_on_wite_ntx);
1920 buf - >b_next = hdr—>b | 1hdr . b_buf ; 1986 list_insert_head(l2arc_free_on_wite, df);
1921 hdr->b_| 1hdr. b_buf = buf; 1987 mut ex_exit (& 2arc_free_on_wite_ntx);
1922 arc_get _data_buf (buf); 1988 }
1923 bcopy(from >b_dat a, buf - >b_data, size);
1990 /*
1925 /* 1991 * Free the arc data buffer. |If it is an l2arc wite in progress,
1926 * This buffer already exists in the arc so create a duplicate 1992 * the buffer is placed on |2arc_free_on_wite to be freed later.
1927 * copy for the caller. |If the buffer is associated with user data 1993 */
1928 * then track the size and nunmber of duplicates. These stats will be 1994 static void
1929 * updated as duplicate buffers are created and destroyed. 1995 arc_buf_data_free(arc_buf _t *buf, void (*free_func)(void *, size_t))
1930 */ 1996 {
1931 i f (HDR_I STYPE_DATA(hdr)) { 1997 arc_buf _hdr_t *hdr = buf->b_hdr;
1932 ARCSTAT_BUMP( ar cst at _dupl i cate_buffers);
1933 ARCSTAT_I NCR(ar cstat _dupl i cate_buffers_si ze, size); 1999 if (HDR_L2_WRI TI NG hdr))
1934 } 2000 arc_buf _free_on_wite(buf->b_data, hdr->b_size, free_func);
1935 hdr->b_| 1hdr. b_datacnt += 1; 2001 ARCSTAT_BUMP(arcstat _|2_free_on_wite);
1936 return (buf); 2002 } else {
1937 } 2003 free_func(buf->b_data, hdr->b_size);
2004 }
1939 voi d 2005 }
1940 arc_buf_add_ref (arc_buf_t *buf, void* tag)
1941 { 2007 static void
1942 arc_buf _hdr_t *hdr; 2008 arc_buf _| 2_cdata_free(arc_buf_hdr_t *hdr)
1943 kmut ex_t *hash_| ock; 2009 {
2010 ASSERT( HDR_HAS_L2HDR( hdr)) ;
1945 /* 2011 ASSERT( MUTEX_HELD( &hdr - >b_I| 2hdr. b_dev- >l 2ad_nt x) ) ;
1946 * Check to see if this buffer is evicted. Callers
1947 * must verify b_data !'= NULL to know if the add_ref 2013 /*
1948 * was successful. 2014 * The b_tnp_cdata field is linked off of the b_l1hdr, so if
1949 */ 2015 * that doesn’'t exist, the header is in the arc_|2c onIy state,
1950 mut ex_ent er (&buf - >b_evi ct _I| ock) ; 2016 * and there isn't anythl ng to free (it’s already been freed).
1951 if (buf->b_data == NULL) { 2017 *
1952 nut ex_exi t (&uf - >b_evi ct _| ock) ; 2018 if (!HDR_HAS_L1HDR( hdr))
1953 return; 2019 return;
1954 1
1955 hash_l ock = HDR_LOCK( buf - >b_hdr); 2021 /*
1956 nmut ex_ent er (hash_l ock) ; 2022 * The header isn't being witten to the |2arc device, thus it
1957 hdr = buf->b_hdr; 2023 * shouldn’t have a b_tnp_cdata to free.
1958 ASSERT( HDR_HAS L1HDR( hdr)); 2024 */
1959 ASSERT3P( hash_Tock, ==, HDR_LOCK(hdr)); 2025 if (IHDR L2 WRI TING hdr)) {
1960 mut ex_exi t (&uf - >b_evi ct _| ock) ; 2026 ASSERT3P( hdr->b_| 1hdr. b_t np_cdata, ==, NULL);
2027 return;
1962 ASSERT( hdr->b_| 1hdr. b_state == arc nu || 2028 }
1963 hdr->b_| 1hdr.b_state == arc_nfu);

2030 /*
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2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042

2044
2045
2046
2047
2048
2049
2050
2051

2053

2055
2056

2058
2059
2060

2062
2063
2064
2065
2066
2067

}

/*

* Free up buf->b_data and if
* arc_buf_t off of the the arc_buf_hdr_t’s list and free it.
=

static void
arc_buf _destroy(arc_buf _t *buf,

2068 {

2069

2071
2072
2073
2074
2075

2077
2078

2080
2081
2082
2083
2084
2085
2086
2087

2089
2090
2091

2093
2094
2095

* ok ok ok kb ¥

*

if

}
/*

*
*

if

}

The header does not have conpression enabl ed. This can be due
to the buffer not being conpressible, or because we're
freeing the buffer before the second phase of

| 2arc_write_buffer() has started (which does the conpression
step). In either case, b_tnp_cdata does not point to a
separately conpressed buffer, so there’s nothing to free (it
points to the same buffer as the arc_buf_t’'s b_data field).

(hdr->b_| 2hdr. b con"press == ZI O_COWPRESS_OFF) {

hdr->b_| 1hdr. b_t np_ cdata = NULL;
return;

There’s nothing to free since the buffer was all zero's and

conpressed to a zero length buffer.
*

(hdr->b_| 2hdr. b_conpress == ZI O COMPRESS_EMPTY) {
ASSERT3P( hdr->b_| 1hdr.b_t np_cdata, ==, NULL);
return;

ASSERT(L2ARC_| S_VALI D_COVPRESS( hdr - >b_| 2hdr. b_conpress));

arc_buf _free_on_wite(hdr->b_| 1hdr. b_t np_cdat a,

hdr->b_si ze, zio_data_buf_free);

ARCSTAT_BUWP(arcstat _| 2_cdata_free_on_wite);
hdr->b_T1hdr.b_t np_cdata = NULL;

‘renove’ is set, then pull the

bool ean_t renove)

arc_buf _t **buf p;

| *
if

free up data associated with the buf */
(buf->b_data !'= NULL) {
arc_state_t *state = buf->b_hdr->b_| 1hdr. b_st at e;
uint64_t size = buf->b_hdr->b_size;
arc_buf_contents_t type = arc_buf type(buf >b_hdr);

arc_cksumverify(buf);
ar c_buf _unwat ch(buf);

if (type == ARC_BUFC_METADATA) {
arc_buf _data_free(buf, zio_buf_free);
arc_space_return(size, ARC_SPACE_META);

} else {
ASSERT(type == ARC_BUFC_DATA)
arc_buf_data_free(buf, zio_data_buf_free);
arc_space_return(size, ARC_SPACE_DATA);

}

/* protected by hash lock, if in the hash table */
if (multilist_link actlve(&buf >b_hdr->b_| 1hdr. b_arc_node)) {
uint64_t *cnt = &state->arcs_|size[type];

ASSERT( r ef count _i s_zer o(
&buf ->b_hdr->b_I| 1hdr. b_refcnt));
ASSERT(state != arc_anon && state != arc_l 2c_only);
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2097
2098
2099

2101
2102

2104
2105
2106
2107
2108
2109
2110
2111
2112
2113
2114
2115

2117
2118
2119

2121
2122
2123
2124
2125
2126

2128

2130
2131
2132
2133

2135
2136

}

ASSERT3U(*cnt, >=, size);
at om c_add_64(cnt, -size);

}

(void) refcount_renove_nmany(&state->arcs_size, size, buf);
buf->b_data = NULL;

/*
* |f we're destroying a duplicate buffer make sure
* that the appropriate statistics are updated.
*/
if (buf->b_hdr->b_| 1hdr.b_datacnt > 1 &&
HDR_| STYPE_DATA( buf - >b_hdr))
TARCSTAT_BUMPDOMN( ar cst at _duplicate_buffers);
ARCSTAT_I NCR(ar cstat _dupli cate_buffers_size, -size);

}
ASSERT( buf ->b_hdr->b_| 1hdr. b_datacnt > 0);
buf - >b_hdr->b_| 1hdr. b_datacnt -= 1;

}

/* only rempbve the buf if requested */
if (!renove)
return;

/* renove the buf fromthe hdr list */
r (bufp = &uf->b_hdr->b_| 1hdr. b_buf;
bufp = &(*buf p)->b_next)

conti nue;

*bufp = buf->b_next;

buf - >b_next = NULL;

*bufp !'= buf;

ASSERT( buf - >b_efunc == NULL);

-

/* clean up the buf *
buf - >b_hdr = NULL;
kmem cache_free(buf _cache, buf);

static void

ar c_hdr

2137 {

2138
2139

2141
2142

2144

2146
2147
2148
2149
2150

2152
2153
2154
2155
2156
2157
2158
2159
2160
2161
2162

_I 2hdr _destroy(arc_buf_hdr_t *hdr)

| 2arc_buf _hdr_t *12hdr = &hdr->b_| 2hdr;
| 2arc_dev_t *dev = | 2hdr->b_dev;

ASSERT( MUTEX_HELD( &dev- >| 2ad_nt x)) ;
ASSERT( HDR_HAS_L2HDR( hdr) ) ;

list_renmove(&dev->l 2ad_buflist, hdr);

/*

* We don’t want to leak the b_tnp_cdata buffer that was
* allocated in |2arc_wite_buffers()

*

arc_buf _| 2_cdata_free(hdr);

/
If the |2hdr’s b_daddr is equal to L2ARC_ADDR UNSET, then

this header is being processed by |2arc_wite buffers() (i.e
it’s inthe first stage of |2arc_wite buffers()).

Re-affirmng that truth here, just to serve as a renminder. |f
b_daddr does not equal L2ARC _ADDR UNSET, then the header may or
may not have its HDR L2_WRI TING flag set. (the wite may have
conpl eted, in which case HDOR L2_WRITING wi I | be false and the
b_daddr field will point to the address of the buffer on disk).

* kK ok % ok * ok ¥ ok

I MPLY(| 2hdr - >b_daddr == L2ARC_ADDR UNSET, HDR L2 WRI TI NG hdr))
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2164
2165
2166
2167
2168
2169
2170
2171
2172
2173
2174

2176
2177

2179
2180
2181

2183
2184 }

2186 static void

/

}

*
*
*
*
*
*
*
*
f

If b_daddr is equal to L2ARC _ADDR UNSET, we’'re racing with

| 2arc_write_buffers(). Since we've just renpved this header
fromthe | 2arc buffer list, this header will never reach the
second stage of |2arc_wite_buffers(), which increments the
accounting stats for this header. Thus, we nust be careful
not to decrement themfor this header either.

(1 2hdr - >b_daddr != L2ARC_ADDR UNSET) {
ARCSTAT_|I NCR(arcstat _| 2_asi ze, -1 2hdr->b_asi ze);
ARCSTAT_|I NCR(arcstat _| 2_si ze, -hdr->b_size);

vdev_space_updat e(dev- >l 2ad_vdev,
-1 2hdr->b_asi ze, 0, 0);

(void) refcount_renove_nmany(&dev- >l 2ad_al | oc,
| 2hdr - >b_asi ze, hdr);

hdr->b_fl ags & ~ARC FLAG HAS_L2HDR;

2187 arc_hdr_destroy(arc_buf_hdr_t *hdr)

2188 {
2189
2190
2191
2192
2193
2194
2195
2196

2198
2199
2200

2202
2203

2205
2206
2207
2208
2209
2210
2211
2212
2213
2214
2215

2217
2218
2219

2221
2222

2224
2225
2226
2227

if (HDR_HAS L1HDR(hdr))

ASSERT( hdr->b_| 1hdr. b_buf == NULL ||

hdr->b_| 1hdr. b_dat. acnt > O)
ASSERT(r ef count _i s_zero(&hdr->b_| 1hdr.b_refcnt));
ASSERT3P( hdr->b_| 1hdr. b_state, ==, arc_anon);

}
ASSERT(! HDR_| O | N_PROGRESS( hdr)) ;
ASSERT( ! HDR_| N_HASH_TABLE( hdr))

if (HDR HAS L2HDR(hdr))

}

{
| 2arc_dev_t *dev = hdr->b_I| 2hdr. b_dev;
bool ean_t “buflist_hel d = MJTEX_HELD( &dev- > 2ad_nt x);

if (!buflist_held)
nmut ex_ent er (&dev- >l 2ad_nt x) ;

Even though we checked this conditional above, we
need to check this again now that we have the

| 2ad_ntx. This is because we could be racing with
anot her thread calling | 2arc_evict() which mght have
destroyed this header’s L2 portion as we were waiting
to acquire the |2ad_ntx. If that happens, we don’t
*/V\ant to re-destroy the header’s L2 portion.

*

if (HDR_HAS_L2HDR(hdr))

arc_hdr_| 2hdr _destroy(hdr);

if (!buflist_held)
mut ex_exi t (&dev- >l 2ad_nt x) ;

* ok ok ok % ok F

if (!BUF_EMPTY(hdr))

buf _di scard_i dentity(hdr);

if (hdr->b_freeze_cksum!= NULL) {

knmem free(hdr->b_freeze_cksum sizeof (zio_cksumt));
hdr->b_freeze_cksum = NULL;
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2229
2230
2231

2233
2234
2235
2236
2237
2238
2239
2240
2241
2242
2243
2244
2245
2246
2247
2248
2249
2250
2251
2252
2253
2254
2255

2257
2258
2259
2260
2261
2262
2263
2264
2265

2267
2268

if (HDR_ Has , L1HDR( hdr))

}
#i fdef ZFS_DEBUG
if (hdr->b_| 1hdr.b_thawed != NULL) {

#endi f

voi d
ar c_buf

2269 {

2270
2271

2273
2274

2276
2277

2279
2280
2281

2283
2284
2285
2286
2287
2288
2289
2290
2291
2292
2293
2294

{
le (hdr->b_Il 1hdr.b buf) {
arc_buf _t *buf = hdr->b_| 1hdr. b_buf;

if (buf->b_efunc !'= NULL) {
mut ex_ent er (&ar c_user _evi cts_| ock) ;
nmut ex_ent er (&buf - >b_evi ct _| ock);
ASSERT(buf - >b_hdr !'= NULL);
arc_buf _dest roy(hdr - >b I 1hdr. b buf ,
hdr-=>b_T1hdr. b_buf = buf->b_next;
buf ->b_hdr = &arc_eviction_hdr;
buf->b_next = arc_eviction_ Ilst
arc_eviction_list = buf;
mut ex_exi t (&uf - >b_evi ct _| ock);
cv_signal (&rc_user_evicts_cv);
mut ex_exi t (&arc_user_evicts_| ock);

FALSE) ;

} else {

arc_buf _destroy(hdr->b_I 1hdr. b_buf, TRUE);
}

knem free(hdr->b_I| 1hdr. b_t hawed, 1);
hdr->b_| 1hdr. b_t hawed = NULL;

ASSERTSP(hdr->b hash_next, ==, NULL);
f (HDR_HAS L1HDR(hdr)) {
ASSERT(!nul tilist_link_active(&hdr->b_| 1hdr.b_arc_node));
ASSERT3P( hdr->b_| Thdr.b_ach, ==, NULL)
kmem cache_free(hdr _ful T cache| hdr) ;

} else {
kmem cache_free(hdr_| 2onl y_cache, hdr);
}
_free(arc_buf_t *buf, void *tag)
arc_buf _hdr_t *hdr = buf->b_hdr;
int hashed = hdr->b_| 1hdr.b_state != arc_anon;

ASSERT( buf ->b_efunc == NULL);
ASSERT( buf ->b_data != NULL);

if ( hashed)

{

kmut ex_t *hash_| ock = HDR_LOCK( hdr);

mut ex_ent er (hash_| ock);

hdr

= buf->b_hdr;

ASSERT3P( hash_| ock, ==, HDR_LOCK(hdr));

(void) renove_reference(hdr,

hash_l ock, tag);

if (hdr->b_l 1hdr.b_datacnt > 1)

ar c_buf _destroy(buf, TRUE);

} else {

ASSERT( buf == hdr->b_| 1hdr.b_buf);
ASSERT( buf - >b_efunc == NULL);
hdr->b_fl ags [= ARC FLAG BUF_AVAI LABLE;

mut ex_exi t (hash_I ock);
} elseif (HDRIOINPROGRESS(hdr)) {

int
/*

destroy_hdr;



new usr/src/uts/comon/fs/zfs/arc.c 17 new usr/src/uts/comon/fs/zfs/arc.c 18
2295 * W are in the niddle of an async wite. Don't destroy 2361 bool ean_t
2296 * this buffer unless the wite conpletes before we finish 2362 arc_buf _eviction_needed(arc_buf_t *buf)
2297 * decrenenting the reference count. 2363 {
2298 */ 2364 arc_buf _hdr _t *hdr;
2299 mut ex_ent er (&arc_user _evi cts_| ock); 2365 bool ean_t evi ct needed B_FALSE;
2300 (voi d) renove_reference(hdr, NULL, tag);
2301 ASSERT( r ef count _i s_zer o(&hdr ->b_| 1hdr . b_refcnt)); 2367 if (zfs_disable_dup_eviction)
2302 destroy_hdr = ' HDR_| O | N_PROGRESS( hdr) ; 2368 return (B_FALSE);
2303 mut ex_exi t (&ar c_user _evicts_| ock);
2304 if (destroy_hdr) 2370 mut ex ent er (&uf - >b_evi ct _| ock);
2305 arc_hdr_destroy(hdr); 2371 hdr = buf - >b hdr ;
2306 } else { 2372 if (hdr == NULL) {
2307 if (remove_reference(hdr, NULL, tag) > 0) 2373 /*
2308 ar c_buf _destroy(buf, TRUE); 2374 * W are in arc_do_user_evicts(); let that function
2309 el se 2375 * performthe eviction.
2310 arc_hdr_destroy(hdr); 2376 =f
2311 } 2377 ASSERT( buf - >b_data == NULL);
2312 } 2378 mut ex_exi t (&uf - >b_evi ct _| ock);
2379 return (B_ FALSE
2314 bool ean_t 2380 } else if (buf->b_data == NULL) {
2315 arc_buf _renpve_ref (arc_buf _t *buf, void* tag) 2381 /*
2316 { 2382 * We have already been added to the arc eviction |list;
2317 arc_buf _hdr_t *hdr = buf->b_hdr; 2383 * recomrend eviction.
2318 kmutex_t *hash Iock = HDR LCI:K(hdr) 2384 */
2319 bool ean_t no_cal | back = (buf->b_efunc == NULL); 2385 ASSERT3P( hdr, ==, &arc_eviction_hdr);
2386 mut ex_exi t (&uf->b_evi ct _| ock);
2321 if (hdr->b_l 1hdr.b_state == arc_anon) { 2387 return (B_TRUE);
2322 ASSERT( hdr - >b I1hdr b_datacnt == 1); 2388 }
2323 arc_buf _free(buf, tag);
2324 return (no_call back); 2390 if (hdr->b_| 1hdr.b_datacnt > 1 && HDR_| STYPE_DATA( hdr))
2325 } 2391 evi ct _needed = B_TRUE;
2327 mut ex_ ent er (hash_| ock); 2393 mut ex_exi t (&uf->b_evict _| ock);
2328 hdr = buf->b_hdr; 2394 return (evict_needed);
2329 ASSERT(hdr - >b_| 1hdr. b_dat acnt > 0); 2395 }
2330 ASSERT3P( hash_| ock, ==, HDR _LOCK(hdr));
2331 ASSERT( hdr - >b_| | 1hdr . b_state != arc_anon); 2397 | *
2332 ASSERT( buf ->b_data != NULL); 2398 * Evict the arc_buf_hdr that is provided as a paraneter. The resultant
2399 * state of the header is dependent on it’s state prior to entering this
2334 (void) renove_reference(hdr, hash_|l ock, tag); 2400 * function. The following transitions are possible:
2335 if (hdr->b_|l 1hdr.b_datacnt > 1) { 2401 *
2336 if (no_callback) 2402 * - arc_nru -> arc_nru_ghost
2337 ar c_buf _destroy(buf, TRUE); 2403 * - arc_nfu -> arc_nfu_ghost
2338 } else if (no_callback) { 2404 * - arc_mru_ghost -> arc_| 2c_only
2339 ASSERT( hdr->b_I 1hdr. b buf == buf && buf->b_next == NULL); 2405 * - arc_nmru_ghost -> del eted
2340 ASSERT( buf - >b_ef unc == NULL) 2406 * - arc_nfu_ghost -> arc_|l2c_only
2341 hdr->b_flags [= ARC FLAG BUF_AVAI LABLE; 2407 * - arc_nfu_ghost -> del eted
2342 } 2408 */
2343 ASSERT(no_cal | back || hdr->b_| 1hdr.b_datacnt > 1 || 2409 static int64_t
2344 refcount _is_zero(&hdr->b_| 1hdr.b_refcnt)); 2410 arc_evict_hdr(arc_buf _hdr_t *hdr, kmutex_t *hash_| ock)
2345 mut ex_exi t (hash_I ock); 2411 {
2346 return (no_call back); 2412 arc_state_t *evicted_state, *state;
2347 } 2413 int64_t bytes_evicted = O;
2349 int32_t 2415 ASSERT( MUTEX_HELD( hash_| ock)) ;
2350 arc_buf _size(arc_buf _t *buf) 2416 ASSERT( HDR_HAS_L1HDR(hdr));
2351 {
2352 return (buf->b_hdr->b_size); 2418 state = hdr->b_| 1hdr. b_state;
2353 } 2419 i f (GHOST_STATE(state))
2420 ASSERT(! HDR | O | N PROGRESS( hdr) ) ;
2355 /* 2421 ASSERT( hdr->b_T1hdr.b_buf == NULL);
2356 * Called fromthe DMJ to determine if the current buffer should be
2357 * evicted. In order to ensure proper |ocking, the eviction nust be initiated 2423 /*
2358 * fromthe DMJ. Return true if the buffer is associated with user data and 2424 * I2arc _write_buffers() relies on a header’s L1 portion
2359 * duplicate buffers still exist. 2425 * (i.e. it’s b_tnp_cdata field) during it’s wite phase.
2360 */ 2426 * Thus, we cannot push a header onto the arc_l2c_only
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2427
2428
2429
2430
2431
2432
2433

2435
2436

2438

2440
2441
2442
2443
2444
2445
2446
2447
2448
2449
2450
2451
2452
2453
2454
2455
2456
2457

2459
2460

2462
2463
2464
2465
2466
2467
2468
2469

2471
2472
2473
2474
2475
2476
2477
2478
2479
2480
2481
2482
2483
2484
2485
2486
2487
2488
2489
2490
2491
2492

* state (renoving it’s L1 piece) until the header is
* done being witten to the |2arc.
*/

if (HDR_HAS_L2HDR(hdr) && HDR L2_WRI TI NG hdr)) {
ARCSTAT_BUMP( ar cst at _evi ct _| 2_ski p);
return (bytes_evicted);

}

ARCSTAT_BUMP( ar cst at _del et ed) ;
byt es_evicted += hdr->b_si ze;

DTRACE_PROBE1(arc__del ete, arc_buf_hdr_t *, hdr);
if (HDR_HAS_L2HDR(hdr)) {
/*

* This buffer is cached on the 2nd Level ARC,
* don’'t destroy the header.
*

/

arc_change_state(arc_| 2c_only, hdr, hash_I ock);
/*
* dropping fromL1+L2 cached to L2-only,
* realloc to remove the L1 header.
*
/
hdr = arc_hdr_reall oc(hdr, hdr_full _cache,
hdr _I 2onl y_cache);
} else {
ar c_change_state(arc_anon, hdr, hash_I ock);
arc_hdr_destroy(hdr);

}
return (bytes_evicted);

}
ASSERT(state == arc_nru || state == arc_nfu);
evicted_state = (state == arc_nru) ? arc_nru_ghost ar c_nf u_ghost ;

/* prefetch buffers have a mnimumlifespan */
i f (HDR_I O | N_PROGRESS( hdr)
((hdr->b_flags & (ARC_FLAG PREFETCH | ARC_FLAG | NDI RECT)) &&
ddi _get _Tholt() - hdr->b_| Thdr.b_arc_access <
arc_mn_prefetch_lifespan))
T ARCSTAT_BUMP(ar cst at _evi ct _ski p);
return (bytes_evicted);

}

ASSERTO( r ef count _count (&hdr->b_| 1hdr.b_refcnt));
ASSERT3U( hdr->b_| 1hdr. b_datacnt, >, 0);
while (hdr->b_| 1hdr.b_buf) {
arc_buf _t *buf = hdr->b_I| 1hdr. b_buf;
if ("mutex_tryenter(&buf->b_evict_lock)) {
QRCS‘Ik'AT_BUNP( arcstat _nutex_i ss);
reak;

}

1f (buf->b_data != NULL)
bytes_evicted += hdr->b_si ze;

if (buf->b_efunc !'= NULL)
mut ex_ent er (&ar c_user _evi cts_| ock) ;
arc_buf _destroy(buf, FALSE);
hdr=>b_T1hdr.b_buf = buf->b_next;
buf ->b_hdr = &ar cievi ction_hdr;
buf->b_next = arc evi ction_list;
arc_eviction_list = buf;
cv_si gnal (&arc_user_evi cts _CcVv);
mut ex_exi t (&arc_user_evicts_| ock) ;
mut ex_exi t (&buf - >b_evi ct _| ock) ;

} else {
mut ex_exi t (&buf - >b_evi ct _| ock) ;
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2493
2494
2495

2497
2498
2499
2500
2501
2502
2503
2504

2506
2507
2508
2509
2510
2511
2512

2514
2515

2517
2518

arc_buf _destroy(buf, TRUE);
}
}
if (HDR_HAS_L2HDR(hdr)) {
ARCSTAT | NCR(ar cstat _evi ct _| 2_cached, hdr->b_si ze);
} else {
if (l2arc_wite_eligible(hdr->b_spa, hdr))
ARCSTAT_I NCR(arcstat _evict_|2_eligible, hdr->b_size);
el se
ARCSTAT_|I NCR(arcstat _evict_|2_ineligible, hdr->b_size);
}
if (hdr->b_l 1hdr.b_datacnt == 0) {
arc_change_state(evicted_state, hdr, hash_I ock);
ASSERT(HDR_| N_HASH _TABLE(hdr)) ;
hdr->b_flags |= ARC_FLAG | N HASH TABLE;
hdr->b_fl ags & ~ARC_FLAG BUF_AVAI LABLE;
DTRACE_PROBE1(arc__evict, arc_buf_hdr_t *, hdr);
}
return (bytes_evicted);
}
static uint64_t

arc_evict_state _inpl (mul tilist_t *m, int idx, arc_buf_hdr_t *marker,

2519 uint64_t spa, Int64_t bytes)

2520 {

2521 multilist_sublist_t *nls;

2522 uint64_t bytes_evicted = 0;

2523 arc_buf_hdr_t *hdr;

2524 kmutex_t *hash Iock

2525 int evict_count = 0;

2527 ASSERT3P( mar ker, !=, NULL)

2528 IMPLY(bytes < 0, bytes == ARC_EVI CT_ALL):

2530 ms = mltilist_sublist_lock(m, idx);

2532 for (hdr = multilist_sublist_prev(ms, marker); hdr != NULL;
2533 hdr = multilist_sublist_prev(ms, nmarker))

2534 if ((bytes '= ARC_EVICT_ALL && bytes_evicted >= bytes) ||
2535 (evict_count >= zfs_arc_evict_batch_limt))

2536 break;

2538 /*

2539 * To keep our iteration l|ocation, nove the marker

2540 * forward. Since we’'re not holding hdr’'s hash |ock, we
2541 * nmust be very careful and not renpve 'hdr’ fromthe
2542 * sublist. Otherw se, other consumers m ght mstake the
2543 * "hdr’ as not being on a sublist when they call the
2544 * multilist_link_active() function (they all rely on
2545 * the hash lock protecting concurrent insertions and
2546 * renoval s). multilist_sublist_nove_forward() was

2547 * specifically inplemented to ensure this is the case
2548 * (only "marker’ will be renpved and re-inserted).
2549 */

2550 mul tilist_sublist_nove_forward(m s, narker);

2552 /*

2553 * The only case where the b_spa field should ever be
2554 * zero, is the marker headers inserted by

2555 * arc_evict_state(). It's possible for multiple threads
2556 * to be calling arc_evict_state() concurrently (e.g
2557 * dsl _pool _close() and zio_inject_fault()), so we nust
2558 * skip any markers we see fromthese other threads.
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2559
2560
2561

2563
2564
2565
2566
2567

2569

2571
2572
2573
2574
2575
2576
2577
2578
2579
2580

2582
2583
2584

2586

2588
2589
2590
2591
2592
2593
2594

2596
2597
2598
2599
2600
2601
2602
2603
2604
2605
2606
2607
2608
2609
2610
2611
2612
2613
2614
2615
2616
2617
2618
2619
2620
2621

2623

*
if (hdr->b_spa == 0)
conti nue;

/* we're only interested in evicting buffers of a certain spa */
if (spa!=0 & hdr->b_spa != spa)

ARCSTAT_BUMP( ar cst at _evi ct _ski p);

conti nue;

}
hash_l ock = HDR_LOCK( hdr);

/
We aren’t calling this function fromany code path
that woul d al ready be hol ding a hash |ock, so we're
asserting on this assunption to be defensive in case
this ever changes. Wthout this check, it would be
possible to incorrectly increment arcstat_nutex_m ss
bel ow (e.g. if the code changed such that we called
this function with a hash lock held).

* ok ok k% R % k%
-

ASSERT( ! MUTEX_HELD( hash_I ock));

if (mutex_tryenter(hash_| Iock)) {
uint64_t evicted = arc_evict_hdr(hdr, hash_| ock);
mut ex_exi t (hash_| ock) ;

bytes_evicted += evicted;

/*

* |f evicted is zero, arc_evict_hdr() must have
* decided to skip this header, don't increnent
* evict_count in this case.

*/

if (evicted != 0)
evi ct _count ++;

-~
*

If arc_size isn't overflow ng, signal any
threads that m ght happen to be waiting.

For each header evicted, we wake up a single
thread. If we used cv_broadcast, we could
wake up "too many" threads causi ng arc_size
to significantly overflow arc_c; since
arc_get_data_buf() doesn’t check for overflow
when it’'s woken up (it doesn’t because it’'s
possible for the ARC to be overflowi ng while
full of un-evictable buffers, and the
function should proceed in this case).

If threads are |left sleeping, due to not
usi ng cv_broadcast, they will be woken up
/j ust before arc_reclai mthread() sleeps.
tex_enter(&arc_reclaimlock);
(tarc_is_overflowi ng())
cv_signal (&rc_reclai mwaiters_cv);
nut ex_exi t (&arc_recl ai m | ock);
} else {
ARCSTAT_BUMWP( ar cst at _nut ex_mi ss) ;
}

éx—x—x—x-*:(—x—x-x-:(—x—x-x-x—x—x-x-

—

mul tilist_sublist_unlock(ns);
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2626

2628
2629
2630
2631
2632
2633
2634
2635
2636
2637
2638
2639
2640
2641
2642
2643

* Ok kR Ok Rk ok % R % b %
-~

return (bytes_evicted);

Evict buffers fromthe given arc state, until we’ve renoved the
speci fi ed nunber of bytes. Myve the renoved buffers to the
appropriate evict state.

This function makes a "best effort”. It skips over any buffers
it can’t get a hash_lock on, and so, nmay not catch all candidates.
It may also return without evicting as nmuch space as requested.

If bytes is specified using the speci al value ARC EVI CT_ALL, this
will evict all available (i. unl ocked and evictable) buffers from
the given arc state; which |s used by arc_flush().

static uint64_t
arc_evict_state(arc_state_t *state, uint64_t spa, int64_t bytes,

2644 {

2645
2646
2647
2648

2650
2652

2654
2655
2656
2657
2658
2659
2660
2661
2662
2663

2665
2666
2667
2668
2669
2670

2672
2673
2674
2675

2677
2678
2679
2680
2681
2682
2683
2684
2685
2686
2687
2688
2689
2690

arc_buf _contents_t type)
uint64_t total _evicted = 0;
multilist_t *m = &state->arcs_list[type];
int numsublists;
arc_buf _hdr_t **narkers;
| MPLY(bytes < 0, bytes == ARC EVICT_ALL);

numsublists = nultilist_get_numsublists(nm);

/*
* |f we've tried to evict fromeach sublist, nade sone
* progress, but still have not hit the target nunmber of bytes
* to evict, we want to keep trying. The markers allow us to
* pick up where we left off for each individual sublist, rather
* than starting fromthe tail each tine.
*/
markers = kmem zal | oc(si zeof (*markers) * numsublists, KM SLEEP);
for (int i =0; i < numsublists; i++)
markers[i] = kmem cache_al | oc(hdr_full _cache, KM SLEEP);
/*
* A b_spa of 0 is used to indicate that this header is
* a marker. This fact is used in arc_adjust_type() and
* arc_evict_state_inpl ().
*
mar kers[i]->b_spa = 0;
Itilist_sublist_t *mls = nultilist_sublist_lock(m, i);
multilist_sublist_insert_tail(ms, markers[i]);
Itilist_sublist_unlock(ms);
}
*
* While we haven’t hit our target nunber of bytes to evict, or
* we're evicting all available buffers.
*
while (total _evicted < bytes || bytes == ARC EVICT_ALL) {
*
* Start eviction using a randonly sel ected sublist,
* this is to try and evenly bal ance eviction across all
* sublists. Always starting at the sane subli st
* (e.g. index 0) would cause evictions to favor certain
* sublists over others.
*/

int sublist_idx = multilist_get_random.index(m);
uint64_t scan_evicted = O;
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2692
2693
2694

2696
2697
2698
2699
2700
2701

2703
2704

2706
2707

2709
2710
2711
2712

2714
2715
2716
2717
2718
2719
2720
2721

2723
2724
2725
2726
2727
2728
2729
2730
2731
2732

2734
2735
2736

2738
2739
2740
2741

2743
2744
2745

2747
2748

2750
2751
2752
2753
2754
2755
2756

* Ok %k %k F

for (int 0; i < numsublists; i++) {
4_t bytes_renuining;

4_t bytes_evicted,;

if (bytes == ARC EVI CT_ALL)

bytes_renaining = ARC EVI CT_ALL;
else if (total_evicted < bytes)

bytes_remaining = bytes - total _evicted;
el se

br eak;

bytes_evicted = arc_evict_state_inpl (m, sublist_idx,
mar ker s[ subl i st_i dx], spa, bytes_rensining);

scan_evi cted += bytes_evi cted;
total _evicted += bytes_evicted;

/* we’ve reached the end, wap to the begi nning */
if (++sublist_idx >= numsublists)

sublist_idx = 0;

}
/*
* |f we didn't evict anything during this scan, we have
* no reason to believe we'll evict nore during another
* scan, so break the |oop.
*
if (scan_evicted == 0) {
/* This isn't possible, let’'s make that obvious */
ASSERT3S(bytes, !=, 0);
/*
* \Wen bytes is ARC_EVICT_ALL, the only way to
* break the |oop is when scan_evicted I1s zero.
* In that case, we actually have evicted enough,
* so we don’t want to increment the kstat.
*/
if (bytes !'= ARC EVI CT_ALL)
ASSERT3S(total _evicted, <, bytes);
ARCSTAT_BUMP( ar cst at _evi ct _not _enough) ;
}
break;
}
}
for (int i =0; i < numsublists; i++)
multilist_sublist_t *ms = multilist_sublist_lock(m, i);
mul tilist_sublist_remove(ms, markers[i]);
mul tilist_sublist_unlock(ms);

kmem cache_free(hdr_full _cache, markers[i]);
kmem free(markers, sizeof (*markers) * numsublists);

return (total _evicted);

Flush all "evictable" data of the given type fromthe arc state
specified. This will not evict any "active" buffers (i.e. referenced).

Wien 'retry’ is set to FALSE, the function will make a single pass
over the state and evict any buffers that it can. Since it doesn't
continually retry the eviction, it mght end up | eaving sone buffers

new usr/src/uts/comon/fs/zfs/arc.c 24
2757 * in the ARC due to |ock mi sses.

2758 *

2759 * Wen 'retry’ is set to TRUE, the function will continually retry the
2760 * eviction until *all* evictable buffers have been renpved fromthe
2761 * state. As a result, if concurrent insertions into the state are
2762 * allowed (e.g. if the ARCisn't shutting down), this function m ght
2763 * wind up in an infinite loop, continually trying to evict buffers.
2764 */

2765 static uint64_t

2766 arc_flush_state(arc_state_t *state, uint64_t spa, arc_buf_contents_t type,
2767 bool ean_t retry)

2768 {

2769 uint64_t evicted = 0;

2771 while (state->arcs_|size[type] != 0)

2772 evicted += arc_evict_state(state, spa, ARC EVICT_ALL, type);
2774 if (lretry)

2775 break;

2776 }

2778 return (evicted);

2779 }

2781 [ *

2782 * Evict the specified nunber of bytes fromthe state specified,

2783 * restricting eviction to the spa and type given. This function
2784 * prevents us fromtrying to evict nore froma state’s list than
2785 * 1s "evictable", and to skip evicting al together when passed a
2786 * negative value for "bytes". In contrast, arc_evict_state() wll
2787 * evict everything it can, when passed a negative value for "bytes".
2788 */

2789 static uint64_t

2790 arc_adjust_inpl (arc_state_t *state, uint64_t spa, int64_t bytes,

2791 arc_buf _contents_t type)

2792 {

2793 int64_t delta;

2795 if (bytes > 0 & state->arcs_|size[type] > 0) {

2796 delta = M N(state->arcs_| size[type], bytes);

2797 return (arc_evict_state(state, spa, delta, type));
2798 }

2800 return (0);

2801 }

2803 /*

2804 * Evict netadata buffers fromthe cache, such that arc_neta_used is
2805 * capped by the arc_neta_limt tunable.

2806 */

2807 static uint64_t

2808 arc_adj ust _net a(voi d)

2809 {

2810 uint64_t total _evicted = 0;

2811 int64_t target;

2813 I*

2814 * |f we're over the nmeta limt, we want to evict enough
2815 * metadata to get back under the nmeta limt. W don't want to
2816 * evict so nuch that we drop the MRU bel ow arc_p, though. If
2817 * we're over the neta limt nore than we're over arc_p, we
2818 */evi ct some fromthe MRU here, and sonme fromthe MU bel ow
2819 *

2820 target = MN((int64_t)(arc_meta_used - arc_neta_limt),

2821 (int64_t) (refcount_count (&arc_anon->arcs_size) +

2822 ref count _count (&rc_nru->arcs_size) - arc_p));
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2824 total _evicted += arc_adjust_inpl (arc_nru, 0, target, ARC BUFC METADATA);
2826 /*

2827 * Simlar to the above, we want to evict enough bytes to get us
2828 * below the neta limt, but not so nmuch as to drop us bel ow t he
2829 * space alloted to the MFU (which is defined as arc_c - arc_p).
2830 *

2831 target = MN((int64_t)(arc_nmeta_used - arc_neta_limt),

2832 (int64_t)(refcount_count(&arc_nfu->arcs_size) - (arc_c - arc_p)));
2834 total _evicted += arc_adjust_inpl (arc_nfu, 0, target, ARC BUFC METADATA);
2836 return (total _evicted);

2837 }

2839 /*

2840 * Return the type of the ol dest buffer in the given arc state

2841 *

2842 * This function will select a random sublist of type ARC BUFC _DATA and
2843 * a random sublist of type ARC BUFC METADATA. The tail of each subli st
2844 * is conpared, and the type which contains the "ol der" buffer will be
2845 * returned.

2846 *

2847 static arc_buf_contents_t

2848 arc_adjust_type(arc_state_t *state)

2849 {

2850 mul tilist_t *data_m = &state->arcs_|ist[ARC_BUFC _DATA];

2851 multilist_t *meta_m = &state->arcs_|ist[ARC_BUFC_METADATA] ;
2852 int data_idx = nultilist_get_random.index(data_nml);

2853 int meta_idx = multilist_get_random.index(neta_nl);

2854 multilist_sublist_t *data_nis;

2855 multilist_sublist_t *meta_nis;

2856 arc_buf _contents_t type;

2857 arc_buf _hdr_t *data_hdr;

2858 arc_buf _hdr_t *neta_hdr;

2860 /*

2861 * W keep the sublist lock until we're finished, to prevent
2862 * the headers from being destroyed via arc_evict_state().

2863 */

2864 data_ms = nultilist_sublist_|lock(data_m, data_idx);

2865 meta_ms = multilist_sublist_|lock(meta_nl, neta_idx);

2867 *

2868 * These two | oops are to ensure we skip any narkers that

2869 * mght be at the tail of the lists due to arc_evict_state().
2870 */

2872 for (data_hdr = multilist_sublist_tail(data_ms); data_hdr != NULL;
2873 data_hdr = nultilist_sublist_prev(data_ms, data_hdr)) {
2874 if (data_hdr->b_spa != 0)

2875 br eak;

2876 }

2878 for (nmeta_hdr = nmultilist_sublist_tail(meta_ms); meta_hdr != NULL;
2879 meta_hdr = nmultilist_sublist_prev(neta_ms, neta_hdr)) {
2880 if (meta_hdr->b_spa != 0)

2881 br eak;

2882 }

2884 if (data_hdr == NULL && meta_hdr == NULL) {

2885 type = ARC_BUFC_DATA;

2886 } else if (data_hdr == NULL)

2887 ASSERT3P(neta_hdr, != NULL);

2888 type = ARC_BUFC_NMETADATA;

2889
2890
2891
2892
2893
2894

2896
2897
2898

2900
2901
2902
2903
2904
2905
2906

2908
2909

2911
2912

2914
2915
2916
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} else if (meta_hdr == NULL)
ASSERT3P(dat a_hdr, !=, NULL)
type = ARC_BUFC_DATA
} else {
ASSERT3P(dat a_hdr, !=, NULL);
ASSERT3P(neta_hdr, !'=, NULL);
/* The headers can’t be on the sublist w thout an L1 header */
ASSERT( HDR_HAS_L1HDR(data_hdr));
ASSERT( HDR_HAS_L1HDR(neta_hdr));
if (data_hdr->b_I 1hdr.b_arc_access <
neta_hdr->b_| 1hdr. b_arc_access) {
type = ARC_BUFC_DATA;
} else {
type = ARC_BUFC_METADATA;
}
}
mul tilist_sublist_unlock(meta_ms);
mul tilist_sublist_unlock(data_ms);
return (type);
}
/*
* Evict buffers fromthe cache, such that arc_size is capped by arc_c.
*
/
static uint64_t

2917

2918 arc_adj ust (voi d)

2919 {

2920 uint64_t total _evicted = 0;

2921 uint64_t bytes;

2922 int64_t target;

2924 /*

2925 * |f we're over arc_neta_limt, we want to correct that before
2926 * potentially evicting data buffers bel ow.

2927 /

2928 total _evicted += arc_adjust_neta();

2930 /*

2931 * Adjust MRU size

2932 *

2933 * |f we're over the target cache size, we want to evict enough
2934 * fromthe list to get back to our target size. W don’t want
2935 * to evict too much fromthe MRU, such that it drops bel ow
2936 * arc_p. So, if we're over our target cache size nore than
2937 * the MRU is over arc_p, we'll evict enough to get back to
2938 * arc_p here, and then evict nore fromthe MU bel ow

2939 */

2940 target = MN((int64_t)(arc_size - arc_c),

2941 (int64_t)(refcount_count(&arc_anon->arcs_size) +

2942 refcount _count (&rc_nru->arcs_size) + arc_neta_used - arc_p));
2944 /*

2945 * If we're below arc_neta_min, always prefer to evict data.
2946 * Otherwi se, try to satisfy the requested nunber of bytes to
2947 * evict fromthe type which contains older buffers; in an

2948 * effort to keep newer buffers in the cache regardl ess of their
2949 * type. If we cannot satisfy the nunber of bytes fromthis
2950 * type, spill over into the next type.

2951 */

2952 if (arc_adjust_type(arc_nru) == ARC_BUFC_METADATA &&

2953 arc_nmeta_used > arc_neta_mnin) {

2954 bytes = arc_adjust_inpl (arc_nru, O, target, ARC BUFC METADATA);
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2955

2957
2958
2959
2960
2961

2963
2964
2965
2966
2967

2969
2970
2971
2972
2973

2975
2976
2977

2979
2980
2981
2982
2983
2984
2985
2986

2988
2989
2990
2991

2993
2994
2995
2996
2997

2999
3000
3001
3002
3003

3005
3006
3007
3008
3009

3011
3012
3013

3015
3016
3017
3018
3019
3020

total _evicted += bytes;

/*

* |f we couldn’t evict our target nunber of bytes from
* metadata, we try to get the rest from data.

)

target -= bytes;

total _evicted +=
arc_adj ust _inpl (arc_nru, O, target, ARC BUFC DATA);
} else {
bytes = arc_adjust_inpl (arc_nru, 0, target, ARC BUFC DATA);
total _evicted += bytes;

/*

* |f we couldn’t evict our target nunber of bytes from
* data, we try to get the rest from netadata.

&/

target -= bytes;

total _evicted +=
arc_adjust_inpl (arc_nru, O, target, ARC BUFC METADATA);

}

/*

* Adj ust MU size

*

* Now that we’ve tried to evict enough fromthe MRU to get its
* size back to arc_p, if we're still above the target cache

* size, we evict the rest fromthe MU

*/

target = arc_size - arc_c;

if (arc_adjust_type(arc_nfu) == ARC BUFC_METADATA &&
arc_neta_used > arc_neta_mn) {
bytes = arc_adjust_inpl (arc_nfu, O, target, ARC BUFC METADATA);
total _evicted += bytes;

/*

* If we couldn’t evict our target nunber of bytes from
* metadata, we try to get the rest from data.

*/

target -= bytes;

total _evicted +=
arc_adjust _inpl (arc_nfu, 0, target, ARC BUFC _DATA);
} else {
bytes = arc_adjust_inpl (arc_nfu, O, target, ARC BUFC DATA);
total _evicted += bytes;

/*

* If we couldn’t evict our target nunber of bytes from
* data, we try to get the rest from data.

*/

target -= bytes;

total _evicted +=
arc_adjust _inpl (arc_nfu, 0, target, ARC _BUFC_METADATA);

}
/*
* Adjust ghost lists
*
* In addition to the above, the ARC al so defines target val ues
* for the ghost lists. The sumof the nru list and nru ghost
*

i st should never exceed the target size of the cache, and

27
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3021 * the sumof the nru list, nfu list, ntu ghost list, and nfu
3022 * ghost list should never exceed tw ce the target size of the
3023 * cache. The following logic enforces these limts on the ghost
3024 * caches, and evicts fromthem as needed.

3025 */

3026 target = refcount_count(&arc_nru->arcs_size) +

3027 ref count _count (&ar c_nru_ghost - >arcs_si ze) - arc_c;

3029 bytes = arc_adjust_inpl (arc_nru_ghost, 0, target, ARC BUFC DATA);
3030 total _evicted += bytes;

3032 target -= bytes;

3034 total _evicted +=

3035 arc_adj ust _i npl (arc_nru_ghost, 0, target, ARC BUFC METADATA);
3037 /*

3038 * We assume the sumof the nru list and nfu list is less than
3039 * or equal to arc_c (we enforced this above), which nmeans we
3040 * can use the sinpler of the two equations bel ow

3041 *

3042 * nmu + nfu + nru ghost + nfu ghost <= 2 * arc_c

3043 * nru ghost + nfu ghost <= arc_c

3044 */

3045 target = refcount_count(&arc_nru_ghost->arcs_size) +

3046 ref count _count (&ar c_nf u_ghost - >arcs_si ze) - arc_c;

3048 bytes = arc_adjust_inpl (arc_nfu_ghost, 0, target, ARC BUFC DATA);
3049 total _evicted += bytes;

3051 target -= bytes;

3053 total _evicted +=

3054 arc_adj ust _i npl (arc_nfu_ghost, 0, target, ARC_BUFC_METADATA);
3056 return (total _evicted);

3057 }

3059 static void

3060 arc_do_user_evi cts(void)

3061 {

3062 nmut ex_ent er (&arc_user _evi cts_| ock);

3063 while (arc_eviction_|list !'= NULL)

3064 arc_buf _t *buf = arc_eviction_list;

3065 arc_eviction_list = buf->b_next;

3066 nmut ex_ent er (&buf->b_evi ct _| ock);

3067 buf->b_hdr = NULL;

3068 mut ex_exi t (&buf - >b_evi ct _| ock);

3069 mut ex_exi t (&ar c_user _evicts_| ock);

3071 if (buf->b_efunc !'= NULL)

3072 VERI FYO( buf - >b_ef unc(buf->b_private));

3074 buf - >b_efunc = NULL;

3075 buf->b_private = NULL;

3076 kmem cache_free(buf _cache, buf);

3077 mut ex_ent er (&ar c_user _evi cts_I ock);

3078

3079 mut ex_exi t (&arc_user _evi cts_| ock);

3080 }

3082 void

3083 arc_flush(spa_t *spa, boolean_t retry)

3084 {

3085 uinté4_t guid =0
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3087 /*

3088 * If retry is TRUE, a spa nust not be specified since we have
3089 * no good way to determne if all of a spa’s buffers have been
3090 * evicted froman arc state.

3091 *

3092 ASSERT(!retry || spa == 0);

3094 if (spa != NULL)

3095 guid = spa_| oad_gui d(spa);

3097 (void) arc_flush_state(arc_nru, guid, ARC BUFC DATA, retry);
3098 (void) arc_flush_state(arc_nru, guid, ARC BUFC METADATA, retry);
3100 (void) arc_flush_state(arc_nfu, guid, ARC BUFC DATA, retry);
3101 (void) arc_flush_state(arc_nfu, guid, ARC_BUFC_METADATA, retry);
3103 (void) arc_flush_state(arc_nru_ghost, guid, ARC BUFC DATA, retry);
3104 (void) arc_flush_state(arc_nru_ghost, guid, ARC BUFC METADATA, retry);
3106 (void) arc_flush_state(arc_nfu_ghost, guid, ARC BUFC DATA, retry);
3107 (void) arc_flush_state(arc_nfu_ghost, guid, ARC BUFC METADATA, retry);
3109 arc_do_user_evicts();

3110 ASSERT(spa || arc_eviction_list == NULL);

3111 }

3113 void

3114 arc_shrink(int64_t to_free)

3115 {

3116 if (arc_c > arc_c_mn) {

3118 if (arc_c > arc_c_mn + to_free

3119 atomi c_add_64(&arc_c, -to_free);

3120 el se

3121 arc_c = arc_c_nmin;

3123 atom c_add_64(&arc_p, -(arc_p >> arc_shrink_shift));
3124 if (arc_c > arc_si ze)

3125 arc_c = MAX(arc_size, arc_c_nin);

3126 if (arc_| p>arc c)

3127 arc_p = (arc_c >> 1);

3128 ASSERT(arc_c >= arc_c_min);

3129 ASSERT((int64_t)arc_p >= 0);

3130 1

3132 if (arc_size > arc_c)

3133 (void) arc_adjust();

3134 }

3136 typedef enum free_nenory_reason_t {

3137 FMR_UNKNOWW,

3138 FMR_NEEDFREE,

3139 FMR_LOTSFREE,

3140 FMR_SWAPFS_M NFREE,

3141 FMR_PAGES_PP_MAXI MUM

3142 FMR_HEAP_ARENA,

3143 FMR_ZI O _ARENA,

3144 } free_nenory_reason_t;

3146 int64_t |ast_free_nenory;

3147 free_nenory_reason_t |ast_free_reason;

3149 /*

3150 * Additional reserve of pages for pp_reserve.

3151 */

3152 int64_t arc_pages_pp_reserve = 64;
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3154 /*

3155 * Additional reserve of pages for swapfs.

3156 */

3157 int64_t arc_swapfs_reserve = 64;

3159 /*

3160 * Return the anpunt of nenory that can be consuned before reclaimwill be
3161 * needed. Positive if there is sufficient free menory, negative indicates
3162 * the anount of nenory that needs to be freed up.

3163 */

3164 static int64_t

3165 arc_avai | abl e_nmenory(voi d)

3166 {

3167 int64_t |owest = | NT64_NAX;

3168 int64_t n;

3169 free_menory_reason_t r = FMR_UNKNOM;

3171 #ifdef _KERNEL

3172 if (needfree > 0) {

3173 n = PAGESI ZE * (-needfree);

3174 if (n < lowest) {

3175 | onest = n;

3176 r = FMR_NEEDFREE;

3177 }

3178 }

3180 /*

3181 * check that we’re out of range of the pageout scanner. It starts to
3182 * schedul e paging if freememis |ess than |otsfree and needfree.
3183 * |otsfree is the high-water mark for pageout, and needfree is the
3184 * nunber of needed free pages. W add extra pages here to make sure
3185 */the scanner doesn’t start up while we’'re freeing nmenory.

3186 *

3187 n = PAGESI ZE * (freemem - |otsfree - needfree - desfree);

3188 if (n < lowest) {

3189 | owest = n;

3190 r = FMR_ LOTSFREE;

3191 }

3193 /*

3194 * check to nake sure that swapfs has enough space so that anon
3195 * reservations can still succeed. anon_resvmen() checks that the
3196 * availrmemis greater than swapfs_nminfree, and the nunmber of reserved
3197 * swap pages. W also add a bit of extra her e just to prevent
3198 * circunmstances fromgetting really dire.

3199 */

3200 n = PAGESI ZE * (availrmem - swapfs_minfree - swapfs_reserve -

3201 desfree - arc_swapfs_reserve);

3202 if (n < lowest) {

3203 | onest = n;

3204 r = FMR_SWAPFS M NFREE;

3205 }

3208 /*

3209 * Check that we have enough availrmemthat menory |ocking (e.g., via
3210 * mock(3C) or mentntl(2)) can still succeed. (pages_pp_nmaxi mum
3211 * stores the nunmber of pages that cannot be |ocked; when availrnem
3212 * drops bel ow pages_pp_maxi mum page | ocki ng mechani sms such as
3213 * page_pp_lock() will fail.)

3214 */

3215 n = PAGESI ZE * (availrnmem - pages_pp_naxi mum -

3216 ar c_pages_pp_reserve);

3217 if (n <lowest) {

3218 | owest = n;
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3219 r = FMR_PAGES PP_NAXI MUM

3220 1

3222 #if defined(__i386)

3223 /*

3224 * If we're on an 1386 platform it's possible that we'll exhaust the
3225 * kernel heap space before we ever run out of avail abl e physical
3226 * menory. Mst checks of the size of the heap_area conpare agai nst
3227 * tune.t_minarmem which is the mininmmavailable real menory that we
3228 * can have in the system However, this is generally fixed at 25 pages
3229 * which is so lowthat it's useless. |In this conparison, we seek to
3230 * calculate the total heap-size, and reclaimif nore than 3/4ths of the
3231 * heap is allocated. (O, in the calculation, if less than 1/4th is
3232 * free)

3233 */

3234 n = vmem si ze(heap_arena, VMEM FREE) -

3235 (vmem si ze(heap_arena, VMEM FREE | VMEM ALLCC) >> 2);

3236 if (n < lowest) {

3237 | onest = n;

3238 r = FMR_HEAP_ARENA;

3239

3240 #endi f

3242 /*

3243 * If zio data pages are being allocated out of a separate heap segment,
3244 * then enforce that the size of available vmemfor this arena remains
3245 * above about 1/16th free.

3246 *

3247 * Note: The 1/16th arena free requirenent was put in place

3248 * to aggressively evict nenory fromthe arc in order to avoid

3249 * nenory fragnentation issues.

3250 */

3251 if (zio_arena != NULL)

3252 n = vem si ze(zi o_arena, VMEM FREE) -

3253 (vem si ze(zi o_arena, VMEM ALLOC) >> 4);

3254 if (n <lowest) {

3255 Iowest =n;

3256 r = FMR_ ZIO ARENA;

3257 }

3258

3259 t#el se

3260 /* Every 100 calls, free a small armount */

3261 if (spa_l get _randon( 100) == 0)

3262 | onest = -1024

3263 #endi f

3265 | ast _free_menory = | owest;

3266 | ast_free_reason = r;

3268 return (|l owest);

3269 }

3272 | *

3273 * Determine if the systemis under nmenory pressure and is asking

3274 * to reclaimnenory. A return value of TRUE indicates that the system

3275 * is under nenory pressure and that the arc shoul d adjust accordingly.

3276 */

3277 static bool ean_t

3278 arc_recl ai m needed(voi d)

3279 {

3280 return (arc_avail abl e_nmenory() < 0);

3281 }

3283 static void

3284 arc_knmem reap_now voi d)
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3285
3286
3287
3288
3289
3290
3291

3293
3294
3295
3296
3297
3298
3299
3300
3301
3302
3303
3304
3305
3306
3307

3309
3310
3311
3312
3313
3314
3315
3316
3317
3318
3319
3320
3321
3322

3324
3325
3326
3327
3328
3329
3330
3331

3333
3334
3335
3336
3337
3338
3339
3340
3341
3342
3343
3344
3345
3346
3347
3348

{
size_t [
kmem cache_t *prev_cache = NULL;
kmem cache_t *prev_data_cache = NULL;
extern knmem cache_t *zi o_buf _cache[];
extern kmem cache_t *zi 0_dat a_buf cache[]
extern kmem cache_t *range_seg_cache;
#i f def _KERNEL
if (arc_meta_used >= arc_neta_limt) {
/*
* We are exceeding our neta-data cache limt.
* Purge sonme DNLC entries to rel ease hol ds on neta-data.
*/
dnl c_reduce_cache((void *)(uintptr_t)arc_reduce_dnl c_percent);

}
#if defined(__i386)
/*

* Recl ai munused nenory fromall kmem caches.
*
/
kmem reap();
#endi f
#endi f
(i = 0; i < SPA_MAXBLOCKSI ZE >> SPA M NBLOCKSHI FT; i++) {
if (zio_buf cache[i] I'= prev_cache) {
prev_cache = zio_buf_cache[i];
kmem_cache_r eap_now( zi o_buf cache[l])
}
if (zio_data_buf_cache[i] != prev_data_cache) {
prev_data_cache = zio_data_buf _cache[i];
kmem cache_r eap_now( zi o_dat a_buf _cache[i]);
}
kmem cache_r eap_now buf _cache);
kmem cache_r eap_now hdr _ful | _cache);
kmem cache_r eap_now hdr _I| 2only_cache);
kmem cache_r eap_now( r ange_seg_cache);
if (zio_arena != NULL) {
*
* Ask the vmem arena to reclai munused menory fromits
* quantum caches.
*
/
vimem qcache_r eap(zi o_arena);
}
}
/*
* Threads can block in arc_get_data_buf() waiting for this thread to evict
* enough data and signal themto proceed. \WWen this happens, the threads in
* arc_get _data_buf() are sleeping while holding the hash lock for their
* particular arc header. Thus, we nmust be careful to never sleep on a
* hash lock in this thread. This is to prevent the follow ng deadl ock:
*
* - Thread A sleeps on CV in arc_get_data_buf() hol ding hash |l ock "L",
* waiting for the reclaimthread to signal it.
*
* - arc_reclaimthread() tries to acquire hash lock "L" using nutex_enter,
* fails, and goes to sleep forever.
*
* This possibl e deadl ock is avoi ded by al ways acquiring a hash | ock
* using mutex_tryenter() fromarc_reclaimthread().
*

3349 static void
3350 arc_recl ai m thread(void)
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3351
3352
3353

3355

3357
3358
3359
3360

3362
3364

3366
3367

3369
3370
3371
3372
3373

3375

3377
3378
3379
3380
3381

3383
3384
3385
3386
3387
3388
3389
3390
3391
3392
3393
3394
3395

3397
3399

3401
3402
3403
3404
3405
3406
3407
3408
3409
3410
3411
3412
3413
3414
3415
3416

{

#i f def
#endi f

cl ock_t growinme = 0O;
call b_cpr_t cpr;

CALLB_CPR I NI T(&cpr, &arc_reclaimlock, callb_generic_cpr, FTAG;
nmut ex_ent er (&arc_r ecl ai m | ock);
while (larc_reclaimthread_exit)

int64_t free_menory = arc_avail abl e_nenory();

uint64_t evicted = 0;

mut ex_exi t (&arc_recl ai m | ock);

if (free_menmory < 0) {

arc_no_grow = B_TRUE
arc_warm = B_TRUE;
/*
* Wit at least zfs_growretry (default 60) seconds
* before considering grow ng.
*
/
growinme = ddi _get_lbolt() + (arc_growretry * hz);
arc_kmem reap_now() ;

/*

* |f we are still low on nenory, shrink the ARC
* so that we have arc_shrink_mn free space.

*/

free_nenory = arc_avail abl e_nmenory();
int64_t to free =

(arc_c >> arc_shrink_shift) - free_nenory;
if (to_free > 0) {

_KERNEL

to_free = MAX(to_free, ptob(needfree));
arc_shrink(to_free);

}

} elseif (free_nmenory < arc_c >> arc_no_grow shift) {
arc_no_grow = B_TRUE;

} else if (ddi_get_Ibolt() >= growtine) {
arc_no_grow = B_FALSE;

}

evicted = arc_adjust();
mut ex_ent er (&ar c_recl ai m | ock) ;

/
If evicted is zero, we couldn’t evict anything via
arc_adjust(). This could be due to hash | ock
collisions, but nore likely due to the majority of
arc buffers being unevictable. Therefore, even if
arc_size is above arc_c, another pass is unlikely to
be hel pful and could potentially cause us to enter an
* infinite | oop.
*/
if (arc_size <= arc_c || evicted == 0) {

/*

* ok Ok ok F ok ¥

* We're either no |onger overflow ng, or we

* can’'t evict anything nore, so we shoul d wake
* up any threads before we go to sl eep.

*/

cv_broadcast (&arc_reclaimwaiters_cv);

33
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3418
3419
3420
3421
3422
3423
3424
3425
3426
3427
3428

3430
3431
3432
3433
3434 }

3436 static void

}

/*
* Block until signaled, or after one second (we
* mght need to performarc_knmemreap_now )

* even if we aren’t being signalled)

S

CALLB_CPR_SAFE_BEG N( &cpr) ;

(void) cv_timedwait(&rc_reclaimthread_cv,
&arc_reclaimlock, ddi_get_lbolt() + hz);

CALLB_CPR_SAFE_END( &cpr, &arc_reclai m| ock);

arc_reclaimthread_exit = FALSE;
cv_broadcast (&arc_reclaimthread_cv);

CALLB_CPR_EXI T( &cpr);

/* drops arc_reclaimlock */

thread_exit();

3437 arc_user_evicts_thread(void)

3438
3439

3441

3443
3444
3445

3447

3449
3450
3451
3452
3453
3454
3455
3456
3457
3458
3459
3460
3461

3463

3465
3466
3467
3468
3469
3470
3471
3472
3473

3475
3476
3477
3478
3479 }

3481 /*

callb_cpr_t cpr;

CALLB_CPR I NI T(&cpr, &arc_user_evicts_lock, callb_generic_cpr, FTAG;

mut ex_ent er (&ar c_user _evi cts_| ock);
while (!arc_user_evicts_thread_exit)

}

mut ex_exi t (&ar c_user _evi cts_| ock) ;
arc_do_user_evicts();

/
This is necessary in order for the ndb ::arc dcmd to
show up to date information. Since the ::arc conmand
does not call the kstat’s update function, w thout
this call, the command may show stale stats for the
anon, nru, nru_ghost, nfu, and nfu_ghost |ists. Even
with this change, the data might be up to 1 second
out of date; but that should suffice. The arc_state_t
structures can be queried directly if nore accurate
information is needed.

* ok % ok kb ok ok k% ok

if (arc_ksp !'= NULL)
ar c_ksp->ks_updat e(arc_ksp, KSTAT_READ);

mut ex_ent er (&ar c_user _evi cts_| ock);

*

* Block until signaled, or after one second (we need to

* call the arc’s kstat update function regularly).

*

/
CALLB_CPR_SAFE_BEG N( &cpr) ;
(void) cv_tinmedwait(&arc_user_evicts_cv,
&arc_user _evicts_l ock, ddi_get_lbolt() + hz);

CALLB_CPR_SAFE_END( &cpr, &arc_user_evicts_| ock);

arc_user_evicts_thread_exit = FALSE;
cv_broadcast (&arc_user _evicts_cv);

CALLB_CPR EXI T(&cpr)

/* drops arc_user_evicts_|lock */

thread_exit();

3482 * Adapt arc info given the nunber of bytes we are trying to add and
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3483 * the state that we are comming from This function is only called
3484 * when we are addi ng new content to the cache.

3485 */

3486 static void

3487 arc_adapt (int bytes, arc_state_t *state)

3488 {

3489 int nult;

3490 uint64_t arc_p_mn = (arc_c >> arc_p_mn_shift);

3491 int64_t nrug_size = refcount_count(&arc_ntu_ghost->arcs_si ze);
3492 int64_t nfug_size = refcount_count(&arc_nfu_ghost->arcs_size);
3494 if (state == arc_l 2c_only)

3495 return;

3497 ASSERT(bytes > 0);

3498 /*

3499 * Adapt the target size of the MRU list:

3500 * - if we just hit in the MRU ghost list, then increase
3501 * thetarget size of the MRU |list.

3502 * - if we just hit in the MFU ghost list, then increase
3503 * the target size of the MFU |ist by decreasing the
3504 * target size of the MRU |ist.

3505 */

3506 if (state == arc_nmu _ghost)

3507 mult = (nrug_size >= nfug_size) ? 1 : (nfug_size / nrug_size);
3508 mult = MN(rmult, 10); /* avoid wild arc_p adjustnent */
3510 arcp:MN(arcc- arc_p_mn, arc_p + bytes * nult);
3511 } else if (state == arc_nfu_ghost) {

3512 uint64_t delta;

3514 mult = (nfug_size >= nrug_size) ? 1 : (nmrug_size / nfug_size);
3515 mlt = MN(rmult, 10);

3517 delta = MN(bytes * mult, arc_p);

3518 arc_p = MAX(arc_p_min, arc _p - delta);

3519 }

3520 ASSERT((int64_t)arc_p >= 0);

3522 if (arc_reclaimneeded()) {

3523 cv_signal (&rc_reclaimthread_cv);

3524 return;

3525 }

3527 if (arc_no_grow)

3528 return;

3530 if (arc_c >= arc_c_nax)

3531 return;

3533 /*

3534 *If we're within (2 * maxbl ocksi ze) bytes of the target
3535 * cache size, increnent the target cache size

3536 */

3537 if (arc_size > arc_c - (2ULL << SPA_MAXBLOCKSHI FT)) {

3538 atonmi c_add_64(&arc_c, (int64_t)bytes);

3539 if (arc_c > ar c_c_rrax)

3540 arc_c = arc_c_nax;

3541 else if (state == arc anon)

3542 atom c_add_64(&arc_p, (int64_t)bytes);

3543 if (arc_p > arc_c)

3544 arc_p = arc_c;

3545 }

3546 ASSERT( (i nt64_t)arc_p >= 0);

3547 }
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3549 [ *

3550 * Check if arc_size has grown past our upper threshold, determ ned by
3551 * zfs_arc_overflow shift.

3552 */

3553 static bool ean_t

3554 arc_is_overfl ow ng(void)

3555 {

3556 /* Always allow at |east one block of overflow */

3557 uint64_t overflow = MAX( SPA_MAXBLOCKSI ZE,

3558 arc_c >> zfs_arc_overflow shift);

3560 return (arc_size >= arc_c + overflow);

3561 }

3563 /*

3564 * The buffer, supplied as the first argument, needs a data block. If we
3565 * are hlttlng the hard limt for the cache size, we nust sleep, waiting
3566 * for the eviction thread to catch up. If we’'re past the target size
3567 * but below the hard linmt, we'll only signal the reclaimthread and
3568 * continue on.

3569 */
3570 static void
3571 arc_get _data_buf (arc_buf _t *buf)

3572 {

3573 arc_state_t *state = buf->b_hdr->b_| 1hdr. b_st at e;
3574 ui nt64_t size = buf->b_hdr->b_size;

3575 arc_buf _contents_t type = arc_buf_type(buf - >b _hdr);

3577 arc_adapt (size, state);

3579 /*

3580 * If arc_size is currently overflow ng, and has grown past our
3581 * upper Timt, we nust be adding data faster than the evict
3582 * thread can evict. Thus, to ensure we don’t conpound the

3583 * probl em by adding nore data and forcing arc_size to grow even
3584 * further past it's target size, we halt and wait for the

3585 * eviction thread to catch up.

3586 *

3587 * It's also possible that the reclaimthread is unable to evict
3588 * enough buffers to get arc_size below the overflowlimt (e.g.
3589 * due to buffers being un-evictable, or hash I ock coI lisions).
3590 * In this case, we want to proceed regardl ess if we're

3591 * overflowi ng; thus we don't use a while |oop here.

3592 */

3593 if (arc_is_overflowi ng()) {

3594 mut ex_ent er (&arc_recl ai m | ock);

3596 /*

3597 * Now that we’ve acquired the | ock, we may no | onger be
3598 * over the overflow limt, |lets check.

3599 *

3600 * W're ignoring the case of spurious wake ups. |f that
3601 * were to happen, it'd let this thread consume an ARC
3602 * buffer before it should have (i.e. before we’'re under
3603 * the overflow limt and were signalled by the reclaim
3604 * thread). As long as that is a rare occurrence, it
3605 * shoul dn’t cause any harm

3606 */

3607 if (arc_is_overflow ng())

3608 cv_signal (&rc_reclai mthread_cv);

3609 cv_wait(&arc_reclaimwaiters_cv, &arc_reclaimlock);
3610 }

3612 mut ex_exi t (&arc_recl ai m | ock);

3613 1

36
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3615 if (type == ARC_BUFC_METADATA) { 3681 arc_change_state(arc_nru, hdr, hash_I ock);
3616 buf ->b_data = zi o_buf_al | oc(si ze);
3617 arc_space_consunme(si ze, ARC_SPACE_NETA); 3683 } else if (hdr->b_|l1hdr.b_state == arc_nru) {
3618 } else { 3684 now = ddi _get_Ibolt();
3619 ASSERT(type == ARC_BUFC_DATA);
3620 buf ->b_data = zi o_dat a_buf _al i oc(size); 3686 /*
3621 arc_space_consune(si ze, ARC_SPACE_DATA) 3687 * |f this buffer is here because of a prefetch, then either:
3622 } 3688 * - clear the flag if this is a "referencing" read
3689 * (any subsequent access will bump this into the MFU state).
3624 /* 3690 * or
3625 * Update the state size. Note that ghost states have a 3691 * - nove the buffer to the head of the list if this is
3626 */"ghost size" and so don’t need to be updated. 3692 L another prefetch (to make it less likely to be evicted).
3627 * 3693 *
3628 if (!GHOST_STATE(buf->b_hdr->b_| 1hdr.b_state)) { 3694 if (HDR_PREFETCH(hdr)) {
3629 arc_buf _hdr_t *hdr = buf->b_hdr; 3695 if (refcount_count(&hdr->b_| 1hdr.b_refcnt) == 0) {
3630 arc_state_t *state = hdr->b_| 1hdr . b_state; 3696 /* link protected by hash lock */
3697 ASSERT(mul tilist_link_active(
3632 (voi d) refcount_add_many(&st at e->arcs_si ze, size, buf); 3698 &hdr->b_| 1hdr. b_arc_node));
3699 } else {
3634 /* 3700 hdr->b_fl ags & ~ARC_FLAG PREFETCH,
3635 * |f this is reached via arc_read, the link is 3701 ARCSTAT_BUMP(arcstat_nru_hits);
3636 * protected by the hash lock. If reached via 3702 }
3637 * arc_buf_alloc, the header should not be accessed by 3703 hdr->b_| 1hdr. b_arc_access = now,
3638 * any other thread. And, if reached via arc_read_done, 3704 return;
3639 * the hash lock will protect it if it’s found in the 3705 }
3640 * hash table; otherw se no other thread shoul d be
3641 * trying to [add|renpove] reference it. 3707 /*
3642 * 3708 * This buffer has been "accessed" only once so far,
3643 if (multilist_link_active(&hdr->b_|1lhdr.b_arc_node)) { 3709 * but it is still in the cache. Mouve it to the MFU
3644 ASS| ERT(refcount is_zero(&dr->b_|Thdr b _refcnt)); 3710 * state.
3645 at omi ¢_add_64(&dr->b_| 1hdr. b_state->arcs_| si ze[ type], 3711 */
3646 si ze); 3712 if (now > hdr->b_I| 1hdr. b_arc_access + ARC_M NTI ME) {
3647 } 3713 /*
3648 /* 3714 * More than 125nms have passed since we
3649 * If we are growing the cache, and we are addi ng anonynous 3715 * instantiated this buffer. Mve it to the
3650 * data, and we have outgrown arc_p, update arc_p 3716 * nost frequently used state.
3651 */ 3717 S
3652 if (arc_size < arc_c & hdr->b_| 1hdr.b_state == arc_anon && 3718 hdr->b_| 1hdr. b_arc_access = now,
3653 (refcount _count (&arc_anon->arcs_si ze) + 3719 DTRACE_PROBE1( new_st at e nfu, arc_buf _hdr_t *, hdr);
3654 r ef count count(&arc nTu->arcs_size) > arc_p)) 3720 arc_change_state(arc_nfu, hdr, hash_| ock);
3655 arc_p = MN(arc_c, arc_p + size); 3721 }
3656 } 3722 ARCSTAT_BUMP(ar cstat _nru_hits);
3657 } 3723 } else if (hdr->b_|l1hdr.b_state == arc_nru_ghost) {
3724 arc_state_t *new_ st at e;
3659 /* 3725 *
3660 * This routine is called whenever a buffer is accessed. 3726 * This buffer has been "accessed" recently, but
3661 * NOTE: the hash lock is dropped in this function. 3727 * was evicted fromthe cache. Myve it to the
3662 */ 3728 * MFU state.
3663 static void 3729 */
3664 arc_access(arc_buf_hdr_t *hdr, knutex_t *hash_| ock)
3665 { 3731 if (HDR_PREFETCH(hdr)) {
3666 clock_t now, 3732 new state = arc_nru;
3733 if (refcount count(&hdr->b I 1hdr.b_refcnt) > 0)
3668 ASSERT( MUTEX_HELD( hash_l ock) ) ; 3734 hdr->b_flags & ~ARC _FLAG PREFETCH,
3669 ASSERT( HDR_HAS_L1HDR( hdr)); 3735 DTRACE_PROBE1(new state__ntu, arc_buf_hdr_t *, hdr);
3736 } else {
3671 if (hdr->b_l1hdr.b_state == arc_anon) { 3737 new state = arc_nfu;
3672 /* 3738 DTRACE_PROBE1(new_state__nfu, arc_buf_hdr_t *, hdr);
3673 * This buffer is not in the cache, and does not 3739 }
3674 * appear in our "ghost" list. Add the new buffer
3675 * to the MRU state. 3741 hdr->b_| 1hdr. b_arc_access = ddi _get | bolt();
3676 =[] 3742 arc_change_st at e( new_ state hdr, hash_| ock);
3678 ASSERTO( hdr->b_I| 1hdr.b_arc access); 3744 ARCSTAT_BUMP( ar cst at _nr u_ghost _hi ts);
3679 hdr->b_| 1hdr.b_arc_access = ddi _get | bolt(); 3745 } else if (hdr->b_I1hdr.b_state == arc_nfu) {
3680 DTRACE_PROBE1(new state__nru, arc_buf_hdr_t *, hdr); 3746 e
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3747 * This buffer has been accessed nore than once and is 3813 VERI FY(arc buf _renove_ref (buf, arg));
3748 * still in the cache. Keep it in the MFU state. 3814 *buf p = NULL;
3749 * 3815 } else {
3750 * NOTE: an add_reference() that occurred when we did 3816 *bufp = buf;
3751 * the arc_read() will have kicked this off the list. 3817 ASSERT( buf - >b dat a) ;
3752 *If it was a prefetch, we will explicitly nmove it to 3818 }
3753 * the head of the list now 3819 }
3754 */
3755 if ((HDR PREFETCH( hdr)) != 0) { 3821 static void
3756 SSERT(r ef count _i s_zero(&hdr->b_I 1hdr.b_refcnt)); 3822 arc_read_done(zio_t *zio)
3757 /* link protected by hash_| ock */ 3823 {
3758 ASSERT(nul tilist_link_active(&hdr->b | 1hdr.b_arc_node)); 3824 arc_buf _hdr _t *hdr ;
3759 } 3825 arc_buf _t *buf ;
3760 ARCSTAT_BUMP(arcstat _nfu hlts) 3826 arc_buf _t *abuf /* buffer we're assigning to callback */
3761 hdr->b_T1hdr.b_arc access ddi _get _Ibolt(); 3827 kmut ex_t *hash_l ock = NULL;
3762 } else if (hdr->b_| 1hdr.b_state == arc_nf u_ghost) { 3828 arc_cal | back_t *call back_list, *acbh;
3763 arc_state_t *new state = arc_nfu; 3829 int freeabl e = FALSE;
3764 /*
3765 * This buffer has been accessed nore than once but has 3831 buf = zio->io_private;
3766 * been evicted fromthe cache. Myve it back to the 3832 hdr = buf->b_hdr;
3767 * MFU state.
3768 */ 3834 /*
3835 * The hdr was inserted into hash-table and renoved fromlists
3770 if (HDR_PREFETCH(hdr)) { 3836 * prior to starting I/O W should find this header, since
3771 /* 3837 * 1t’s in the hash table, and it should be legit since it’s
3772 * This is a prefetch access. 3838 * not possible to evict it during the I1/O The only possible
3773 * move this bl ock back to the MRU state. 3839 * reason for it not to be found is if we were freed during the
3774 */ 3840 * read.
3775 ASSERTO( r ef count _count (&hdr->b_| 1hdr. b_refcnt)); 3841 */
3776 new_state = arc_nru; 3842 if (HDR_I N_HASH TABLE(hdr)) {
3777 } 3843 ASSERT3U( hdr->b_birth, ==, BP_| PHYSI CAL_BI RTH( zi o->i 0_bp) ) ;
3844 ASSERT3U( hdr - >b_dva. dva _wor d[ 0],
3779 hdr->b_| 1hdr. b_arc_access = ddi _get_|bolt(); 3845 BP_I DENTI TY( zi o- >i 0_bp) - Sdva word[O])
3780 DTRACE_PROBE1(new state__nfu, arc_buf_hdr_t *, hdr); 3846 ASSERT3U( hdr - >b_dva. dva_word[ 1], =
3781 arc_change_st at e(new_st at e, hdr hash_l ock); 3847 BP_I DENTI TY( zi o- >i 0_bp) - >dva word[l])
3783 ARCSTAT_BUMP( ar cst at _nf u_ghost _hits); 3849 arc_buf _hdr_t *found = buf _hash_find(hdr->b_spa, zio->io_bp,
3784 } else |f (hdr—>b | 1hdr. b_state == arc_| 2c onI y) { 3850 &hash_l ock);
3785
3786 * This buffer is on the 2nd Level ARC. 3852 ASSERT( (found == NULL & HDR FREED | N READ(hdr) &&
3787 */ 3853 hash_| ock == NULL) ||
3854 (found == hdr &&
3789 hdr->b_| 1hdr. b_arc_access = ddi _get | bolt(); 3855 DVA EQJAL(&hdr >b_dva, BP_I DENTI TY(zio->io_bp))) ||
3790 DTRACE_PROBE1( new_st at e m‘u, arc_buf _hdr_t *, hdr); 3856 (found == hdr && HDR | L2 READI NG( hdr)));
3791 arc_change_state(arc_nfu, hdr, hash_| ock); 3857 }
3792 } else {
3793 ASSERT(!"invalid arc state"); 3859 hdr->b_fl ags & ~ARC FLAG L2_EVI CTED;
3794 } 3860 if (l2arc_noprefetch & HDR PREFETCH( hdr))
3795 } 3861 hdr->b_flags & ~ARC_FLAG L2CACHE;
3797 /* a generic arc_done_func_t which you can use */ 3863 /* byteswap if necessary */
3798 /* ARGSUSED */ 3864 cal | back_l 1 st = hdr->b_I 1hdr. b_acbh;
3799 void 3865 ASSERT(cal | back_list !'= NULL);
3800 arc_bcopy_func(zio_t *zio, arc_buf_t *buf, void *arg) 3866 if (BP_SHOULD BYTESWAP(zi 0->i 0_bp) && zio->io_error == 0) {
3801 { 3867 dnu_obj ect _byteswap_t bswap =
3802 if (zio == NULL || zio->io_error == 0) 3868 DMJ_OT_BYTESWAP( BP_GET_TYPE( zi 0->i 0_bp));
3803 bcopy(buf->b_data, arg, buf->b_hdr->b_size); 3869 arc_byteswap_func_t *func = BP_GET_LEVEL(zio->o0_bp) > 0 ?
3804 VERI FY(arc_buf _rermove_ref (buf, arg)); 3870 byt eswap_ui nt64_array :
3805 } 3871 dmu_ot _byt eswap[ bswap] . ob_f unc;
3872 func(buf->b_data, hdr->b_size);
3807 /* a generic arc_done_func_t */ 3873 }
3808 void
3809 arc_getbuf_func(zio_t *zio, arc_buf_t *buf, void *arg) 3875 arc_cksum conput e(buf, B_FALSE);
3810 { 3876 ar c_buf _wat ch(buf);
3811 arc_buf _t **bufp = arg;
3812 if (zio & zio->io_error) { 3878 if (hash_lock & zio->io_error == 0 &&
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3879
3880
3881
3882
3883
3884
3885
3886
3887

3889
3890
3891
3892
3893
3894
3895
3896
3897
3898
3899
3900
3901
3902
3903
3904
3905
3906
3907
3908

3910
3911

3913
3914
3915
3916
3917
3918
3919
3920

3922
3923
3924
3925
3926
3927

3929
3930
3931
3932
3933
3934
3935
3936
3937
3938
3939
3940

3942
3943
3944

hdr->b_| 1hdr. b_state == arc_anon) {
/*

* Only call arc_access on anonynous buffers. This is because
* if we’ve issued an |/O for an evicted buffer, we’'ve already
* called arc_access (to prevent any sinultaneous readers from
* getting confused).
*

/

arc_access(hdr, hash_| ock);
}
/* create copies of the data buffer for the callers */
abuf = buf;

for (acb = callback_list; acb; acb = acb->acb_next) {
if (acb->ach done)
if (abuf == NULL)
ARCSTAT_BUMP( ar cst at _dupl i cat e_r eads) ;
abuf = arc_buf_cl one(buf);

ach->acb_buf = abuf;
abuf = NULL
}

hdr->b_| 1hdr. b_acb = NULL;
hdr->b_flags & ~ARC FLAG 1 O_I N_PROGRESS;
ASSERT( ! HDR_BUF_AVAI LABLE(hdr));
if (abuf == buf)
ASSERT( buf - >b_efunc == NULL);
ASSERT( hdr - >b_| 1hdr . b datacnt == )
) hdr->b_fl ags [= ARC_FLAG BUF_ AVAILABLE

ASSERT(refcount _is_zero(&hdr->b_| 1hdr.b_refcnt) ||
cal Il back_list I'= NULL);

if (zio->o_error !=0)
hdr->b_flags | = ARC_FLAG | O ERROR;
if (hdr->b_| 1hdr.b_state != arc_anon)
arc_change_st at e(arc_anon, hdr,
if (HDR_IN _HASH TABLE( hdr))
buf_hash_renove(hdr);
freeable = refcount _is_zero(&hdr->b_| 1hdr.b_refcnt);

hash_l ock);

}

/*

* Broadcast before we drop the hash_l ock to avoid the possibility
* that the hdr (and hence the cv) mght be freed before we get to
* the cv_broadcast ().

*

/
cv_broadcast (&hdr->b_I 1hdr.b_cv);

if (hash_lock != NULL)
mut ex_exi t (hash_l ock) ;
} else {

This block was freed while we waited for the read to
conplete. It has been renpved fromthe hash table and
noved to the anonynous state (so that it won't show up
in the cache).

* Ok ok k% ok

ASSERT3P( hdr->b_I 1hdr.b_state, ==, arc on);
freeable = refcount _is zero(&hdr >b_| Ilhdr b refcnt)

}

/* execute each callback and free its structure */
while ((acb = callback_list) !'= NULL)
if (acb->acb_done)
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3945

3947
3948
3949
3950

3952
3953
3954

3956
3957
3958

3960
3961
3962
3963
3964
3965
3966
3967
3968
3969
3970
3971
3972
3973
3974
3975
3976
3977
3978
3979
3980
3981

* Ok Ok ok O % Ok Ok bk k% ok

*/

int

arc_|

3982 {

3983
3984
3985
3986
3987

3989
3990

3992
3993
3994
3995
3996
3997
3998
3999

4001
4003
4005
4007
4008

4009
4010

acb->acb_done(zi o, ach->ach_buf, acb->acb_private);
if (acb->acb_zio_dummy != NULL) {

acb->acb_zi o_dummy->io_error = zio->io_error;

zi o_nowai t (ach->acb_zi o_dumy);

}

cal I back_l i st = acb->acb_n
kmem free(ach, sizeof (arc cal | back_t));

}

if (freeable)
arc_hdr_destroy(hdr);

"Read" the block at the specified DVA (in bp) via the

cache. |If the block is found in the cache, iInvoke the provided
cal I back imredi ately and return. Note that the ‘zio paraneter
in the callback will be NULL in this case, since no | O was
required. If the block is not in the cache pass the read request
on to the spa with a substitute callback function, so that the
requested block will be added to the cache.

If a read request arrives for a block that has a read in-progress,
either wait for the in-progress read to conplete (and return the
results); or, if thisis aread with a "done" func, add a record
to the read to i nvoke the "done" func when the read conpl et es,
and return; or just return.

arc_read_done() will invoke all the requested "done" functions
for readers of this block.

read(zio_t *pio, spa_t *spa, const blkptr_t *bp, arc_done_func_t *done,
void *private, zio_priority_t priority, int zio_flags,
arc_flags_t *arc_flags, const zbookmark_phys_t *zb)

arc_buf _hdr _t *hdr = NULL;
arc_buf _t *buf = NULL;

kmut ex_t *hash_l ock = NULL;

zio_t *rzio;

uint64_t guid = spa_| oad_gui d(spa);

ASSERT(! BP_| S_EMBEDDED( bp) | |
BPE_GET_ETYPE(bp) == BP_ENMBEDDED_TYPE_DATA);

top:

if (!BP_} S_EMBEDDED( bp)) {

* Enbedded BP's have no DVA and require no I/Oto "read".
* Create an anonynous arc buf to back it.
*

hdr = buf_hash_find(guid, bp, &hash_| ock);

if (hdr !'= NULL & & HDR HAS L1HDR(hdr) && hdr->b_I 1hdr.b_datacnt > 0)
*arc_flags | = ARC_FLAG CACHED;
if (HDR IO I N PROGRESS(hdr)) {
if (*arc_flags & ARC FLAG WAIT)
cv_wai t (&hdr->b_| 1hdr. b_cv, hash_| ock);

mut ex_exi t (hash_l ock) ;
goto top;
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4011
4012

4014
4015

4017
4018
4019
4020
4021
4022
4023

4025
4026
4027
4028
4029
4030
4031
4032
4033
4034

4036
4037

4039
4040
4041
4042
4043
4044
4045
4046
4047
4048
4049
4050
4051
4052
4053
4054

4056
4057
4058
4059
4060
4061
4062
4063
4064
4065
4066
4067
4068
4069
4070

4072
4073
4074
4075
4076

}
ASSERT(*arc_fl ags & ARC_FLAG NOWMAI T) ;

if (done) {
arc_cal | back_t *acb = NULL;

acb = kmem zal | oc(si zeof (arc_callback_t),

KM _SLEEP) ;
acb- >acb_done = done;
acb->acbh_private = private;
if (pio !'= NULL)

acb->acb_zi o_dummy = zio_null
spa, NULL, NULL, NULL,

ASSERT( ach- >acb_done I'= NULL);

acb->acb_next = hdr->b_I| 1hdr. b_acb;

hdr->b_| Thdr. b_ach = acb;

Il (p
Zio_ f gs)

add_reference(hdr, hash_lock, private);

mut ex_exi t (hash_l ock)
return (0);

mut ex_exi t (hash_l ock) ;
return (0);

}

ASSERT(hdr->b_| 1hdr. b_state == arc_nru ||
hdr->b_| 1hdr.b_state == arc_nfu);

if (done) {
add_r ef erence(hdr, hash_l ock, private);
/*

* If this block is already in use, create a new
* copy of the data so that we will be guaranteed

* that arc_release() wll always succeed.

*

/
buf = hdr->b_| 1hdr.b_buf;
ASSERT( buf ) ;

ASSERT( buf - >b_dat a);
if (HDR BUF_AVAI LABLE(hdr)) {
ASSERT( buf - >b_efunc == NULL);

hdr->b_fl ags &= ~ARC FLAG BUF AVAI LABLE;

} else {
buf = arc_buf_cl one(buf);
}

} else if (*arc_flags & ARC_FLAG PREFETCH &&

ref count _count (&dr->b_| 1hdr.b_refcnt) == 0) {

hdr->b_flags | = ARC_FLAG PREFETCH;

}
DTRACE_PROBEl(arc__hit, arc_buf_hdr_t *, hdr);
arc_access(hdr, hash_| ock);
if (*arc_flags & ARC_FLAG L2CACHE)
hdr->b_flags | = ARC FLAG L2CACHE;
if (*arc_flags & ARC FLAG LZCCWPRESS
hdr->b_fl ags | = ARC_FLAG L2COWPRESS;
nmut ex_exi t (hash_| ock) ;
ARCSTAT_BUMP( ar cst at hlts)
ARCSTAT_CONDSTAT( ! HDR_ PREFETC}Khdr)
demand, prefetch, !'HDR | STYPE NETADATA(hdr)
dat a, net adat a, h| ts);

if (done)
done( NULL, buf, private);
} else {
uint64 t size = BP_GET_LSI ZE(bp)
arc_cal | back_t *ach;
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4077
4078
4079
4080
4081

4083
4084
4085
4086
4087
4088
4089
4090
4091
4092
4093
4094
4095
4096
4097
4098
4099
4100

4102
4103
4104
4105
4106
4107
4108
4109
4110
4111
4112
4113
4114
4115
4116
4117
4118
4119
4120
4121
4122
4123

4125
4126
4127
4128

4130
4131
4132
4133
4134
4135
4136
4137
4138
4139
4140
4141
4142

vdev_t *
ui nt 64_t
bool ean

vd = NULL;
addr = 0;

_t devw = B_FALSE

enum zi o_conpress b_conpress = ZI O COWRESS_OFF;

int32_t
if (hdr

} else {

b_asize = 0;

== NULL) {
/* this block is not in the cache */
arc_buf _hdr_t *exists = NULL;
arc_buf _contents_t type = BP_GET_BUFC TYPE(bp);
buf = arc_buf_alloc(spa, size, private, type);
hdr = buf->b_hdr;
if (!BP_I'S_EMBEDDED(bp)) {
hdr->b_dva = *BP_| DENTI TY(bp) ;
Mr>bbnth—BPPm6HMLBHWWbm
exi sts = buf_hash_insert(hdr, &hash Iock);

}

if (exists !'= NULL) {
/* sonebody beat us to the hash insert */
mut ex_exi t (hash_I ock);
buf discard |dent|ty(hdr)
(void) arc_buf_renove ref(buf private);
goto top; /* restart the IOrequest */

/* if this is a prefetch, we don't have a reference */
if (*arc_flags & ARC FLAG PREFETCH)
(voi d) rem)ve _reference(hdr, hash_| ock,
private);
hdr->b_flags | = ARC_FLAG PREFETCH;

}

if (*arc_flags & ARC FLAG L2CACHE)
hdr->b_flags | = ARC_FLAG L2CACHE;

if (*arc_flags & ARC FLAG_L2COVPRESS)
hdr->b_fl ags™ | = ARC FLAG L2COVPRESS;

if (BP_GET_LEVEL(bp) > 0)
hdr->b_flags | = ARC_FLAG | NDI RECT;

/*
* This block is in the ghost cache. If it was L2-only
* (and thus didn’'t have an L1 hdr), we realloc the
* header to add an L1 hdr.
*/
if (!HDR_HAS_L1HDR(hdr)) {
hdr = arc_hdr_real l oc(hdr, hdr_| 2only_cache,
) hdr _ful | _cache);

ASSERT( GHOST_STATE( hdr - >b_| 1hdr. b_state));
ASSERT(! HDR TO_| N_PROGRESS( hdr)) ;
ASSERT(r ef count _i s_zer o( &dr->b_| i 1hdr.b _refcnt));
ASSERT3P( hdr->b_| 1hdr . b_buf, == NULL);

/* if this is a prefetch, we don’t have a reference */
if (*arc_flags & ARC FLAG PREFETCH)
hdr->b_flags | = ARC_FLAG PREFETCH,
el se
add_ref erence(hdr, hash_l ock, private);
if (*arc_flags & ARC FLAG L2CACHE)
hdr->b_flags | = ARC_FLAG L2CACHE;
if (*arc_flags & ARC FLAG L2COVPRESS)
hdr->b_fl ags | = ARC_FLAG L2COVPRESS;
buf = kmem cache_al | oc(buf _cache, KM PUSHPAGE);
buf->b_hdr = hdr
buf->b_data = NULL;
buf - >b_efunc = NULL;
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4143
4144
4145
4146
4147
4148
4149
4150

4152

4154
4155
4156

4158
4159
4160

4162
4163
4164
4165
4166
4167
4168
4169
4170
4171
4172
4173
4174

4176
4177

4179
4180
4181
4182
4183
4184
4185
4186
4187
4188
4189

4191
4192
4193
4194
4195
4196
4197
4198
4199
4200
4201
4202
4203
4204

4206
4207

buf—>b_private = NULL;
buf->b_next = NULL;

hdr->b_| 1hdr. b_buf = buf;
ASSERTO( hdr - >b_| Ilhdr b_ dat acnt);
hdr->b_| 1hdr.b_datacnt = 1;

ar c_get _dat a_buf (buf);
arc_access(hdr, hash_l ock);

}
ASSERT( | GHOST_STATE(hdr->b_| 1hdr. b_state));

acb = knmem zal | oc(si zeof (arc_callback_t), KM SLEEP);
acbh- >acb_done = done;
ach->acb_private = private;

ASSERT(hdr->b_| 1hdr. b_acbh == NULL);
hdr->b_| 1hdr.b_acbh = acb;
hdr->b_flags | = ARC FLAG | O | N_PROGRESS;

if (HDR_HAS_L2HDR(hdr) &&

(vd = hdr->b_| 2hdr. b_dev- >l 2ad_vdev) != NULL) {
devw = hdr->b_| 2hdr. b_dev- >l 2ad _writing;
addr = hdr->b | 2hdr . b_daddr ;
b_conpress = hdr->b_| 2hdr. b_conpress;

/b_asi ze = hdr->b_| 2hdr. b_asi ze;
*

* Lock out device renoval.
*
if (vdev_is_dead(vd) ||
I'spa_config_tryenter(spa, SCL_L2ARC, vd, RW READER))
vd = NULL;

}

if (hash_lock !'= NULL)
mut ex_exi t (hash_l ock) ;

/*

* At this point, we have a level 1 cache miss. Try again in

* L2ARC if possible.

*

/

ASSERT3U( hdr - >b_si ze, ==, size);

DTRACE_PROBE4(arc__miss, arc_buf_hdr_t *, hdr, blkptr_t *, bp,
uint64_t, size, zbookmark_phys_t *, zb);

ARCSTAT BUNP( arcstat _m sses);

ARCSTAT_CONDSTAT( ! HDR PREFETCH( hdr),
denmand, prefetch, !'HDR | STYPE NETADATA(hdr)
dat a, metadata, msses)

if (vd !'= NULL && | 2arc_ndev != 0 && ! (Il 2arc_norw && devw)) {
/*

* Read fromthe L2ARC if the followi ng are true:
* 1. The L2ARC vdev was previously cached.
* 2. This buffer still has L2ARC net adat a.
* 3. This buffer isn't currently witing to the L2ARC
* 4. The L2ARC entry wasn’'t evicted, which nay
* al so have invalidated the vdev.
* 5. This isn't prefetch and | 2arc_noprefetch is set.
*
f (HDR_HAS_L2HDR(hdr) &&

I HDR_L2_WRI TI NG hdr) && ! HDR L2 _EVI CTED( hdr) &&

I (1 2arc_noprefetch & HDR PREFETCH(hdr))) {

| 2arc_read_cal | back_t *cb;

DTRACE_PROBEL(| 2arc__hit, arc_buf_hdr_t *, hdr);
ARCSTAT_BUWP(arcstat _| 2_ hi ts);
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4209
4210
4211
4212
4213
4214
4215
4216

4218
4219
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4255
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4258
4259
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4262
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4267
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4270
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4274

} else {

cb = kmem zal | oc(sizeof (I|Z2arc_read_callback_t),
KM SLEEP) ;

cb->l 2rcb_buf = buf;

cb->l 2rcb_spa = _spa;

ch->l 2rch_bp =

cb->l2rcb_zb = *zb

cb->l2rcb_flags = zio_flags;

cb->| 2rcb_conpress = b_conpress;

ASSERT(addr >= VDEV_LABEL_START_SI ZE &&
addr + size < vd->vdev_psize -
VDEV_LABEL_END_SI ZE) ;

/*
* | 2arc read. The SCL_L2ARC lock will be
* rel eased by |2arc_read_done().

* |ssue a null zio if the underlying buffer
* was squashed to zero size by conpression.
*
/
if (b_ conpress == = ZI O_COWPRESS_EMPTY) {
rzio = zio_null (pio, spa, vd,
| 2arc_r ead_done, cb,
zio_fTags | ZI O FLAG DONT_CACHE |
ZI O_FLAG_CANFAI L
ZI O_FLAG_DONT_PROPAGATE |
ZI O_FLAG_DONT_RETRY) ;
} else {
rzio = zio_read_phys(pio, vd, addr,
b_asi ze, buf->b_dat a,
ZI O_CHECKSUM OFF,
| 2arc_read_done, cb, priority,
zio flags | ZI O FLAG DONT_CACHE
ZI O_FLAG _CANFAI L
ZI O_FLAG_DONT_PROPAGATE |
ZI O_FLAG DONT_RETRY, B FALSE);

}

DTRACE_PROBE2(| 2arc__read, vdev_t *, vd,
zio_t *, rzio);

ARCSTAT_| NCR(arcstat _| 2_read_bytes, b_asize);

if (*arc_flags & ARC_FLAG NOWAIT) {
zi o_nowai t (rzio);
return (0);

}

ASSERT(*arc_flags & ARC_FLAG WAIT);
if (zio_wait(rzio) == 0)
return (0);

/* 12arc read error; goto zio_read()
} else {

DTRACE_PROBEL(| 2arc__mi ss,

arc_buf _hdr_t *, hdr);
ARCSTAT_BUMP(ar cst at _| 2_mi sses) ;
i f (HDR_L2_WRI TI NG( hdr))

ARCSTAT _BUMP(arcstat _| 2_rw cl ash);

spa_config_exit(spa, SCL_L2ARC, vd);

if (vd !'= NULL)
spa_config_exit(spa, SCL_L2ARC, vd);
if (l2arc_ndev !'=0
DTRACE_PROBE1(| 2arc__mi ss,
arc_buf _hdr_t *, hdr);
ARCSTAT_BUMP( ar cstat _| 2_m sses) ;

46
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4275 }

4277 rzio = zio_read(pio, spa, bp, buf->b_data, size,

4278 arc_read_done, buf, priority, zio_flags, zb);

4280 if (*arc_flags & ARC_FLAG WAIT)

4281 return (zio_wait(rzio));

4283 ASSERT(*arc_flags & ARC_FLAG_NOMIT);

4284 zi o_nowai t (rzio);

4285 1

4286 return (0);

4287 }

4289 void

4290 arc_set _cal | back(arc_buf _t *buf, arc_evict_func_t *func, void *private)
4291 {

4292 ASSERT( buf ->b_hdr != NULL);

4293 ASSERT( buf ->b_hdr->b_| 1hdr.b_state != arc_anon);

4294 ASSERT(Irefcount i s_zero(&buf->b_hdr->b_| Thdr. b_refcnt) |

4295 func == NULL);

4296 ASSERT( buf - >b efunc == NULL )

4297 ASSERT( ! HDR_BUF_AVAI LABLE( buf - >b_hdr))

4299 buf - >b_efunc = func;

4300 buf->b_private = private;

4301 }

4303 /*

4304 * Notify the arc that a block was freed, and thus will never be used again.
4305 */

4306 void

4307 arc_freed(spa_t *spa, const blkptr_t *bp)

4308 {

4309 arc_buf _hdr_t *hdr;

4310 knutex_t *hash_I ock;

4311 uint64_t guid = spa_l oad_gui d(spa);

4313 ASSERT(! BP_I S_EMBEDDED( bp) ) ;

4315 hdr = buf_hash_find(guid, bp, &hash_Il ock);

4316 if (hdr == NULL)

4317 return;

4318 i f (HDR BUF AVAILABLE(hdr)) {

4319 arc_buf _t *buf = hdr->b_| 1hdr. b_buf;

4320 add_ref erence(hdr, hash_l ock, FTAG);

4321 hdr - >b fIagS &= ~ARC FLAG BUF_AVAI LABLE;

4322 mut ex_exi t (hash_| ock);

4324 arc_rel ease(buf, FTAG;

4325 (void) arc_buf_renove_ref(buf, FTAG;

4326 } else {

4327 mut ex_exi t (hash_I ock);

4328 }

4330 }

4332 /| *

4333 * Clear the user eviction callback set by arc_set_callback(), first calling
4334 * jt if it exists. Because the presence of a callback keeps an arc_buf cached
4335 * clearing the callback may result in the arc_buf being destroyed. However,
4336 * it will not result in the *last* arc_buf being destroyed, hence the data
4337 * will remain cached in the ARC. W neke a copy of the arc buffer here so
4338 * that we can process the callback wi thout holding any | ocks.

4339 *

4340 * It's possible that the callback is already in the process of being cleared
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Thi s

4341 * by another thread. |In this case we can not clear the call back.
4342

4343 * Returns B_TRUE if the call back was successfully called and cl eared.
4344 *

4345 bool ean_t

4346 arc_cl ear _cal | back(arc_buf _t *buf)

4347 {

4348 arc_buf _hdr_t *hdr;

4349 kmut ex_t *hash_| ock;

4350 arc_evict_func_t *efunc = buf->b_efunc;

4351 void *private = buf->b_private;

4353 mut ex_ent er (&buf - >b_evi ct _| ock) ;

4354 hdr = buf->b_hdr;

4355 if (hdr == NULL) {

4356 /*

4357 * We are in arc_do_user_evicts().

4358 */

4359 ASSERT(buf - >b_data == NULL)

4360 mut ex_exi t (&uf - >b_evi ct _| ock);

4361 return (B_FALSE);

4362 } else if (buf->b_data == NULL) {

4363 /*

4364 * W are on the eviction list; process this buffer now
4365 * but let arc_do_user_evicts() do the reaping.
4366 */

4367 buf - >b_efunc = NULL;

4368 mut ex_exi t (&uf->b_evi ct _| ock);

4369 VERI FYO( ef unc(prl vate));

4370 return (B_TRUE);

4371 1

4372 hash_l ock = HDR_LOCK( hdr);

4373 nmut ex ent er (hash_| ock) ;

4374 hdr = buf->b_hdr;

4375 ASSERT3P( hash_| ock, ==, HDR_LOCK(hdr));

4377 ASSERT3U( r ef count _count (&hdr->b_| 1hdr.b_refcnt), <,
4378 hdr->b_| 1hdr. b_datacnt);

4379 ASSERT(hdr->b_| 1hdr.b_state == arc_nru ||

4380 hdr->b_| 1hdr. b_state == arc_nfu);

4382 buf - >b_efunc = NULL;

4383 buf->b_private = NULL;

4385 if (hdr->b_I 1hdr.b_datacnt > 1)

4386 mut ex_exi t (&uf->b_evi ct _| ock);

4387 arc_buf _destroy(buf, TRUE);

4388 } else {

4389 ASSERT(buf == hdr->b_| 1hdr. b_buf);

4390 hdr->b_f1| ags |— ARC_FLAG BUF_AVAI LABLE;

4391 mut ex_exi t (&uf - >b_evi ct _| ock) ;

4392 }

4394 mut ex_exi t (hash_| ock) ;

4395 VERI FYO( ef unc(pri vat e))

4396 return (B_TRUE);

4397 }

4399 /*

4400 * Release this buffer fromthe cache, making it an anonynous buffer.
4401 * nust be done after a read and prior to nodifying the buffer contents.
4402 * |f the buffer has nore than one reference, we nust make
4403 * a new hdr for the buffer.

4404 */

4405 void

4406 arc_rel ease(arc_buf _t *buf,

voi d *tag)
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4407 {
4408

4410
4411
4412
4413
4414

4416
4418

4420
4421
4422
4423
4424
4425
4426
4427
4428
4429
4430

4432
4433
4434

4436
4437

4439
4440

4442
4443

4445
4446

4448
4449
4450
4451
4452
4453
4454
4455

4457
4458

4460
4461

4463
4464
4465
4466
4467
4468
4469
4470
4471
4472

arc_buf _hdr_t *hdr = buf->b_hdr;

/
It would be nice to assert that if it’s DMJ netadata (level >
0 || it’s the dnode file), then it nust be syncing context.
But we don’t know that information at this |evel.

/

* ok k k¥

mut ex_ent er (&buf - >b_evi ct _I| ock) ;
ASSERT( HDR_HAS_L1HDR( hdr))

/
We don’t grab the hash lock prior to this check, because if
the buffer’s header is in the arc_anon state, it won't be
l'inked into the hash table.

R

if (hdr->b_l1hdr.b_state == arc_anon) {
mut ex_exi t (&uf - >b evi ct _| ock);
ASSERT(! HDR_| O_| N_PROGRESS( hdr))
ASSERT(! HDR_| N_HASH TABLE( hdr));
ASSERT(! HDR_HAS L2HDR( hdr));
ASSERT( BUF_EMPTY( hdr)) ;

ASSERT3U( hdr - >b_| 1hdr. b_datacnt, ==, 1);
ASSERTSS(refcount count(&hdr—>b | 1hdr . b_refcnt), == 1);
ASSERT(!l'ist_link_active(&hdr->b_|1hdr.b_arc_node));
ASSERT3P( buf - >b_efunc, ==, NULL);

ASSERT3P( buf ->b_private, ==, NULL);

hdr->b_| 1hdr. b_arc_access = 0;
ar c_buf _t haw( buf);

return;

}

kmut ex_t *hash_| ock = HDR_LOCK( hdr) ;
mut ex_ent er (hash_l ock) ;

/*

* This assignnent is only valid as long as the hash_lock is
* held, we nust be careful not to reference state or the

* b_state field after dropping the |ock.

*/

arc_state_t *state = hdr->b_| 1hdr.b_state;
ASSERT3P( hash_| ock, ==, HDR LOCK(hdr));
ASSERT3P(state, !=, arc_anon);

/* this buffer is not on any list */
ASSERT(r ef count _count (&hdr->b_| 1hdr.b_refcnt) > 0);

if (HDR_HAS_L2HDR(hdr)) {
mut ex_ent er (&hdr->b_| 2hdr. b_dev- >l 2ad_nt x) ;

/
We have to recheck this conditional again now that
we're holding the I2ad_ntx to prevent a race with
anot her thread which m ght be concurrently calling

| 2arc_evict(). In that case, |2arc_evict() m ght have
destroyed the header’s L2 portion as we were waiting
to acquire the | 2ad_ntx.

* ok % ok ok k%

if (HDR_HAS_ L2HDR( hdr))
ar c_hdr _| 2hdr _destroy(hdr);
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4474
4475

4477
4478
4479
4480
4481
4482
4483
4484
4485
4486

4488
4489
4490
4491
4492
4493
4494
4495
4496
4497
4498

4500

4502
4503

4505
4506
4507
4508
4509
4510

4512
4513
4514
4515
4516
4517
4518
4519
4520
4521
4522
4523

4525

4527
4528
4529

4531
4532
4533

4535
4536
4537
4538

mut ex_exi t (&dr->b_| 2hdr. b_dev- >l 2ad_nt x) ;
}

/*

* Do we have nore than one buf?

*

/

if (hdr->b_I 1hdr.b_datacnt > 1) {
arc_buf _hdr_t *nhdr;
arc_buf _t **bufp;
uint64_t blksz = hdr->b_size;
uint64_t spa = hdr->b _Spa;
arc_buf_contents_t type = arc_ _buf _type(hdr);
uint32_t flags = hdr->b_fl ags;

ASSERT( hdr->b_| 1hdr. b_buf !'= buf || buf->b_next != NULL);
/*

* Pull the data off of this hdr and attach it to
* a new anonynous hdr.

*

/
(void) renove_reference(hdr, hash_|lock, tag);
buf p = &hdr->b_| 1hdr. b_buf;
while (*bufp != buf)

bufp = & *bufp)->b_next;

*pbufp = buf->b_next;
buf->b_next = NULL;

ASSERT3P(state, !=, arc_|l2c_only);

(void) refcount_renove_many(
&st at e- >arcs_si ze, hdr->b_size, buf);

if (refcount_is_zero(&hdr->b_I 1hdr.b_refcnt)) {
ASSERT3P(st at e, ! =, arc_|l2c_only);
uint64_t *size = &state->arcs_| si ze[type]
ASSERT3U( *si ze, >=, hdr->b_size);
at omi c_add_64(si ze, -hdr->b_si ze) ;

}

/*

* We're rel easing a duplicate user data buffer, update

* our statistics accordingly.

*

/

if (HDR I STYPE DATA(hdr)) {
ARCSTAT_BUMPDOWN( ar cst at _dupl i cate_buffers);
ARCSTAT_I NCR( ar cst at _dupli cat e_buf fers_si ze,

-hdr->b_si ze);

}

hdr->b_| 1hdr. b_datacnt -= 1;
arc_cksumverify(buf);

ar c_buf _unwat ch(buf);

mut ex_exi t (hash_I ock);

nhdr = knem cache_al | oc(hdr_ful | _cache, KM PUSHPAGE);
nhdr - >b_si ze = bl ksz;
nhdr - >b_spa = spa;

nhdr->b_flags = flags & ARC FLAG L2_WRI TI NG
nhdr->b_flags |= arc_bufc_to_flags(type);
nhdr->b_flags | = ARC_FLAG HAS L1HDR;

nhdr->b_| 1hdr. b_buf = buf;
nhdr - >b_| 1hdr. b_dat acnt = 1;
nhdr->b_| 1hdr.b_state = arc_anon;
nhdr->b_| 1hdr. b_arc_access = 0;
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4539 nhdr->b_| 1hdr. b
4540 nhdr->b_freeze_c
4542 (void) ref count
4543 buf - >b_hdr nhdr
4544 nmut ex_exi t (&buf
4545 (voi d) refcount
4546 } else {

4547 mut ex_exi t ( &uf -
4548 ASSERT( r ef count
4549 /* protected by
4550 ASSERT(!mul tilis
4551 ASSERT(! HDR_| O |
4552 ar c_change_state
4553 hdr->b_| 1hdr. b_a|
4554 nmut ex_exi t (hash_|
4556 buf _di scard_i den
4557 arc_buf _t haw( buf
4558 }

4559 buf - >b_efunc = NULL;
4560 buf->b_private = NULL;
4561 }

4563 int

4564 arc_rel eased(arc_buf _t *buf)

4565 {

4566 int rel eased;

4568 nmut ex_ent er(&buf >b_evic
4569 rel eased = (buf->b_data
4570 buf ->b_hdr->b_T1hdr.
4571 mut ex_exi t (&uf - >b_evi ct
4572 return (rel eased);

4573 }

4575 #ifdef ZFS_DEBUG

4576 int

4577 arc_referenced(arc_buf _t *buf)
4578 {

4579 int referenced;

4581 mut ex_ent er(&buf >b_evic
4582 referenced = (refcount_c
4583 mut ex_exi t (&buf ->b_evi ct
4584 return (referenced);
4585 }

4586 #endi f

4588 static void

4589 arc_wite_ready(zio_t *zio)

4590 {

4591 arc_wite_call back_t *cal
4592 arc_buf _t *buf = call bac
4593 arc_buf _hdr _t *hdr = buf-
4595 ASSERT( HDR_HAS_L1HDR( hdr
4596 ASSERT(!refcount _is_zero
4597 ASSERT( hdr - >b_| 1hdr. b_da
4598 cal | back->awcb_r eady( zi o,
4600 /*

4601 * |f the 10is already
4602 * attenpt, so we need t
4603 * It is the responsibil
4604 * accounting for any re-

_tnp_cdata = NULL;

ksum = NULL;

add(&nhdr >b_| 1hdr.b_refcnt, tag);

>b_evi ct _lock);

_add_many(&arc_anon->arcs_si ze, bl ksz, buf);
>b_evi ct_| ock);

_count (&hdr->b_| | 1hdr. b_refcnt) == 1);
hash | ock, or hdr is on arc_anon */

t link acti ve(&hdr->b_| 1hdr. b_arc_node));
N_PROGRESS( hdr)) ;
(arc_anon, hdr
rc_access = 0;

| ock) ;

hash | ock) ;

§|ty(hdr)

t_l ock);

I'= NULL &&

b_state == arc_anon);
_Tock);

t _I ock);
ount(&buf >b_hdr->b_| 1hdr.b_refcnt));
_lock);

Il back = zio->io_private;
k- >awcb_buf ;
>b_hdr;

));

(&uf->b_hdr->b_| 1hdr. b_refcnt));
tacnt > 0);

buf, call back->awch_private);

in progress, then this is are-wite
o thaw and re-conpute the cksum

ity of the callback to handle the
wite attenpt.
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4605 *

4606 if (HDR IO I N PROGRESS( hdr))

4607 mut ex_ent er (&dr->b_| 1hdr. b_freeze_| ock);

4608 if (hdr->b_freeze_cksum!= NULL)

4609 kmem free(hdr->b_freeze_cksum sizeof (zio_cksumt));
4610 hdr->b_freeze_cksum = NULL;

4611 }

4612 mut ex_exi t (&dr->b_| 1hdr. b_freeze_| ock);

4613

4614 ar c_cksum conput e(buf, B_FALSE);

4615 hdr->b_flags |= ARC_ FLAG 10 IN_ PRCIBRESS

4616 }

4618 /*

4619 * The SPA calls this callback for each physical wite that happens on behal f
4620 */of a logical wite. See the comment in dbuf_wite_physdone() for details.
4621 *

4622 static void

4623 arc_write_physdone(zio_t *zio)

4624 {

4625 arc_wite_callback_t *cb = zio->io_private;

4626 if (cb->awcb_physdone != NULL)

4627 ch- >awcb_physdone(zi o, cb->awcb_buf, cb->awcb_private);
4628 }

4630 static void

4631 arc_write_done(zio_t *zio)

4632 {

4633 arc_wite_call back_t *callback = zio->io_private;

4634 arc_buf _t *buf = cal | back->awch_buf;

4635 arc_buf _hdr _t *hdr = buf->b_hdr;

4637 ASSERT( hdr->b_I 1hdr. b_acb == NULL);

4639 if (zio->o_error == 0) {

4640 if (BP_I'S HOLE(zio->io_bp) || BP_I'S EMBEDDED zio->i 0_bp)) {
4641 buf _di scard_identity(hdr);

4642 } else {

4643 hdr->b_dva = *BP_I DENTI TY( zi o->i o_bp);

4644 hdr->b_birth = BP_PHYSI CAL_BI RTH(zi o- >i 0_bp)

4645

4646 } else {

4647 ASSERT( BUF_EMPTY( hdr))

4648 1

4650 /*

4651 * |f the block to be witten was all-zero or conpressed enough to be
4652 * enbedded in the BP, no wite was performed so there will be no
4653 * dval/ birth/ checksum The buffer nust therefore remin anonynous
4654 * (and uncached).

4655 */

4656 if (!BUF EI\/PTY( hdr))

4657 buf _hdr _t *exists;

4658 knut ex_t *hash_| ock;

4660 ASSERT( zi o->i o_error == 0);

4662 arc_cksumverify(buf);

4664 exi sts = buf _hash_i nsert (hdr, &hash_I ock);

4665 i f (eXIStS 1= NULL) {

4666 /*

4667 * This can only happen if we overwite for

4668 * sync-to-convergence, because we renove

4669 * puffers fromthe hash table when we arc_free().
4670 */
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4671
4672
4673
4674
4675
4676
4677
4678
4679
4680
4681
4682
4683
4684
4685
4686
4687
4688
4689
4690
4691
4692
4693
4694
4695
4696
4697
4698
4699
4700
4701
4702
4703

4705
4706

4708
4709

4711
4712
4713
4714
4715
4716
4717
4718
4719
4720

4722
4723
4724
4725
4726
4727
4728
4729
4730
4731
4732
4733
4734
4735
4736

} else {

ASSERT( !

cal | back-

kmem fre

}

zio_t *

arc_wite(zio_t
bl kptr_t *bp,
const zio_pr
arc_done_fun
int zio_flag

ar c_buf
arc w[lt
zio_t *zi

ASSERT(r
ASSERT(d
ASSERT( !
ASSERT( !
ASSERT( h
ASSERT( h
if (I2ar

if (I2ar

cal | back

cal | back-
cal | back-
cal | back-
cal | back-

if (zio->io_flags & ZI O FLAG | O REWRI TE) {
if (!BP_| EQJAL(&Zlo > o_bp_orig, zio->io_bp))
pani c("bad overwite, hdr=% exists=%",
(void *)hdr, (voi d *)exists);
ASSERT(ref count _i s_zero
&exi sts->b_I 1hdr.b_refcnt));

arc_change_state(arc_anon, exists, hash_l ock);
nut ex_exi t (hash_I ock) ;

arc_hdr destroy(eX|sts)

exi sts = buf_hash |nsert(hdr &hash_I ock) ;

ASSERT3P(exi sts, ==, NULL);
} else if (zio->o_flags & ZIOFLAG 5 NOPWRI TE) {
/* nopwite */
ASSERT( zi 0->i o_prop. zp_nopwite);
if (!BP_EQUAL(&zi o->i0_bp_orig, zio->io_bp))
pani c("bad nopwite, hdr=% exists=%",
(void *)hdr, (void *)exists);
} else {
/* Dedup */
ASSERT( hdr - >b_| 1hdr. b_dat acnt == )
ASSERT( hdr->b_| 1hdr.b_state == arc anon)
ASSERT( BP_GET_DEDUP( zi 0->i 0 bp))
ASSERT( BP_GET_LEVEL( zi 0->i 0_bp) == 0);
}

hdr->b_fl ags & ~ARC_FLAG | O | N_PROGRESS;

/* if it’s not anon, we are doing a scrub */

if (exists == NULL && hdr - >b_| 1hdr.b_state == arc_anon)
arc_access(hdr, hash_l ock);

mut ex_exi t (hash_I ock);

hdr->b_flags & ~ARC_FLAG | O | N_PROGRESS;

refcount _is_zero(&hdr->b_| 1hdr.b_refcnt));

>awcb_done(zi o, buf, callback->awcb_private);

e(cal | back, sizeof (arc_wite_callback_t));

*pio, spa_t *spa, uint64_t txg,
arc_buf _t *buf, boolean_t |2arc, bool ean_t |2arc_conpress,
op_t *zp, arc_done_func_t *ready, arc_done_func_t *physdone,
c_t *done, void *private, zio_priority_t priority,
s, const zbookmark_phys_t *zb)
hdr_t *hdr = buf->b_hdr;
e_cal | back_ t *cal | back;
io;

eady != NULL);

one !'= NULL);

HDR_| O_ERROR(hdr)) ;

HDR_I O_I N PRCG?ESS( hdr));
dr->b_T1hdr.b_acbh == NULL);

dr->b_| 1hdr. b_datacnt > 0);

c)

hdr->b_flags | = ARC_FLAG L2CACHE;
c_conpress

hdr->b_fl ags | = ARC_FLAG L2COWPRESS;
= kmem zal | oc(5| zeof (arc_wite_ cal | back _t),
>awch_ready = ready;

>awcb_physdone = physdone;
>awcb_done = done;

>awchb_private = private;

KM SLEEP) ;
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4737

4739
4740
4741

4743
4744

4746
4747
4748
4749
4750
4751
4752

4754
4755
4756
4757

4759
4760

4762
4763
4764
4765
4766
4767
4768
4769
4770
4771
4772
4773
4774
4775
4776
4777
4778
4779
4780
4781
4782
4783
4784
4785

4787
4788

}

static i

arc_nenory_throttl e(uint64_t

{
#i f def

#if defi

#endi f

#endi f
}

voi d

arc_t enpreserve_cl ear (ui nt 64_t

4789 {

4790
4791
4792

4794
4795

}

int

arc_t enpreserve_space(uint64_t

4796 {

4797
4798

4800
4801
4802

cal | back- >awcb_buf = buf;

zio = zio_wite(pio,
arc_wite_ready,
priority,

spa, txg, bp, buf->b_data, hdr->b_size, zp,
arc_write_physdone, arc_wite_done, callback,
zio_flags, zb);

return (zio);

nt

reserve, uint64_t txg)

_ KERNEL

uint64_t avail abl e_menory = ptob(freenen;
static uint64_t page_load = O;
static uint64_t last_txg = O;

ned(__i 386)
avail abl e_nenory =

M N(avai | abl e_nenory, vmem size(heap_arena, VMEM FREE));

if (freemem > physmem* arc_| otsfree_percent / 100)
return (0);

if (txg > last_txg) {
last _txg = txg;
page_l oad = 0;

~—

*
* |f we are in pageout, we know that menory is already tight,
* the arc is already going to be evicting, so we just want to
*/conti nue to let page wites occur as quickly as possible.
*
if (curproc == proc_pageout) {
if (page_l oad > MAX(ptob(m nfree), avail able_nenory) / 4)
return (SET ERROR(ERESTART));
/* Note: reserve is inflated, so we deflate */
page_l oad += reserve / 8;
return (0);
} else if (page_load > 0 & arc_recl ai mneeded()) {
* menory is |ow, delay before restarting */
ARCSTAT_I NCR(arcstat _nenory_throttle_count, 1);
return (SET_ERROR(EAGAIN));

}
page_l oad = 0;

return (0);

reserve)

atomi c_add_64(&arc_tenpreserve, -reserve);
ASSERT( (i nt64_t)arc_tenpreserve >= 0);

reserve, uint64_t txg)
int error;
uint64_t anon_si ze;

if (reserve > arc_c/4 && !arc_no_grow)
arc_c = MN(arc_c_nax, reserve * 4);
if (reserve > arc_c)
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4803 return (SET_ERROR(ENOMVEM) ) ;

4805 /*

4806 * Don't count |oaned bufs as in flight dirty data to prevent |ong
4807 * network delays from bl ocking transactions that are ready to be
4808 * assigned to a txg.

4809 */

4810 anon_si ze = MAX( (i nt64 t)(refcount _count (&ar c_anon- >arcs_si ze) -
4811 arc_| oaned_bytes), ;

4813 I*

4814 * Wites will, alnpbst always, require additional nmenory allocations
4815 * in order to conpress/encrypt/etc the data. W therefore need to
4816 * make sure that there is sufficient available nmenory for this.
4817 */

4818 error = arc_menory_throttle(reserve, txg);

4819 if (error 1= 0)

4820 return (error);

4822 /*

4823 * Throttle wites when the ambunt of dirty data in the cache
4824 * gets too large. We try to keep the cache |ess than half full
4825 * of dirty blocks so that our sync tinmes don’t grow too |arge.
4826 * Note: if two requests come in concurrently, we mght let them
4827 * both succeed, when one of themshould fail. Not a huge deal.
4828 */

4830 if (reserve + arc_tenpreserve + anon_size > arc_c / 2 &&

4831 anon_size > arc_c / 4)

4832 dpri ntf("fal ling, arc_tenpreserve=%I| uK anon_neta=% | uK "
4833 "anon_dat a=% | uK tenpreserve=%| uK arc_c=% | uk\ n"
4834 ar c_t enpr eser ve>>10,

4835 ar c_anon- >ar cs_| si ze[ ARC_BUFC_METADATA] >>10,

4836 ar c_anon- >ar cs_| si ze[ ARC_BUFC_DATA] >>10,

4837 reserve>>10, arc_c>>10);

4838 return (SET_ERROR( ERESTART));

4839

4840 atomi c_add_64(&arc_t enpreserve, reserve);

4841 return (0);

4842 }

4844 static void

4845 arc_kstat _update_state(arc_state_t *state, kstat_named_t *size,

4846 kstat _named_t *evict_data, kstat_nanmed_t *evict_netadata)

4847 {

4848 si ze->val ue. ui 64 = refcount_count (&state->arcs_si ze);

4849 evi ct _dat a- >val ue. ui 64 = state->arcs_| si ze[ ARC_BUFC_DATA] ;

4850 evi ct _net adat a- >val ue. ui 64 = state->arcs_| si ze[ ARC_BUFC_METADATA] ;
4851 }

4853 static int

4854 arc_kstat _update(kstat _t *ksp, int rw

4855 {

4856 arc_stats_t *as = ksp->ks_dat a;

4858 if (rw == KSTAT_WRI TE) {

4859 return (EACCES);

4860 } else {

4861 arc_kstat _updat e_st at e(arc_anon,

4862 ~&as- >ar cst at _anon_si ze,

4863 &as->ar cst at _anon_evi ct abl e_dat a,

4864 &as- >ar cst at _anon_evi ct abl e_net adat a);

4865 arc_kstat _update_state(arc_nru,

4866 “&as->arcstat_nru_si ze,

4867 &as->ar cstat _nru_evi ctabl e dat a,

4868 &as- >arcst at _nrtu_evi ct abl e_net adat a);
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4869
4870
4871
4872
4873
4874
4875
4876
4877
4878
4879
4880
4881

4883
4884

4886
4887
4888
4889
4890
4891
4892
4893

}
/

*
*
*
*
*

*

arc_kstat _update_state(arc_nru_ghost,

“&as->arcstat_nru_ghost _si ze,

&as- >arcst at_ntu_ghost _evi ct abl e_dat a,

&as->ar cst at _nru_ghost _evi ct abl e_net adat a) ;
arc_kstat _update_state(arc_nfu,

“&as->arcstat_nfu_size,

&as- >ar cstat _nf u_evi ct abl e_dat a,

&as- >ar cst at _nf u_evi ct abl e_net adat a);
arc_kstat _update_state(arc_nfu_ghost,

“&as->ar cst at _nfu_ghost _si ze,

&as- >ar cst at _nf u_ghost _evi ctabl e dat a,

&as- >ar cst at _nf u_ghost _evi ct abl e_net adat a);

}

return (0);

This function *nust* return indices evenly distributed between all
sublists of the multilist. This is needed due to how the ARC eviction
code is laid out; arc_evict_state() assumes ARC buffers are evenly
distributed between all sublists and uses this assunption when

deci di ng which sublist to evict fromand how nuch to evict fromit.
*/

unsi gned i nt

4894 arc_state_multilist_index_func(multilist_t *nl, void *obj)

4895 {

4896 arc_buf _hdr_t *hdr = obj;

4898 /*

4899 * W rely on b_dva to generate evenly distributed index

4900 * nunbers using buf_hash bel ow. So, as an added precaution,
4901 */Iet’s nmake sure we never add enpty buffers to the arc lists.
4902 *

4903 ASSERT( ! BUF_EMPTY( hdr)) ;

4905 /*

4906 * The assunption here, is the hash value for a given

4907 * arc_buf _hdr_t will remain constant throughout it’s lifetine
4908 * (i.e. it's b_spa, b_dva, and b_birth fields don’t change).
4909 * Thus, we don’t need to store the header’s sublist index
4910 * on insertion, as this index can be recal cul ated on renoval .
4911 *

4912 * Also, the Iow order bits of the hash value are thought to be
4913 * distributed evenly. Gtherwise, in the case that the nultilist
4914 * has a power of two nunber of sublists, each sublists’ usage
4915 * woul d not be evenly distributed.

4916 */

4917 return (buf_hash(hdr->b_spa, &hdr->b_dva, hdr->b_birth) %
4918 mul tilist_get_numsublists(m));

4919 }

4921 void

4922 arc_init(void)

4923 {

4924 /*

4925 * allmemis "all nenory that we coul d possibly use".

4926 */

4927 #ifdef _KERNEL

4928 uint64_t allmem = ptob(physmem - swapfs_ninfree);

4929 el se

4930 uint64_t allmem = (physmem* PACESI ZE) / 2;

4931 #endi f

4933 mutex_init(&arc_reclaimlock, NULL, MJTEX_DEFAULT, NULL);

4934 cv_init(&rc_reclaimthread_cv, NULL CV_DEFAULT, NULL);
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4935

4937
4938

4940
4941

4943
4944

4946
4947
4948
4949
4950
4951
4952
4953

4955
4956
4957
4958
4959
4960
4961
4962

4964
4965
4966
4967
4968
4969
4970
4971

4973
4974

4976
4977

4979
4980
4981

4983
4984

4986
4987
4988
4989
4990

4992
4993

4995
4996

4998
4999
5000

#i f def

#endi f

cv_init(&rc_reclaimwaiters_cv, NULL, CV_DEFAULT, NULL);

mut ex_i ni t (&arc_user_evicts_lock, NULL, MJTEX DEFAULT, NULL);
cv_init(&rc_user_evicts_cv, NULL, CV_DEFAULT, NULL);

/* Convert seconds to clock ticks */
arc_mn_prefetch_lifespan = 1 * hz;

/* Start out with 1/8 of all nmenory */
arc_c = allmem/ 8;

_KERNEL
/*

* On architectures where the physical nmenory can be | arger
* than the addressabl e space (intel in 32-bit node), we nmay
* need to limt the cache to 1/8 of VM size.

*

arc_c = MNarc_c, vnemsize(heap_arena, VMEMALLOC | VMEM FREE) / 8);

/* set mn cache to 1/32 of all nenory, or 64MB, whichever is nore */
arc_c_mn = MAX(al I mem/ 32, 64 << 20);
/* set max to 3/4 of all nmenory, or all but 1GB, whichever is nore */
if (allmem>= 1 << 30)

arc_c_max = allnmem- (1 << 30);
el se

arc_c_max = arc_c_mn;
arc_c_max = MAX(al I mem* 3/ 4, arc_c_max);

/*

* Allow the tunables to override our calculations if they are
* reasonable (ie. over 64MB)

*

if (zfs_arc_max > 64 << 20 && zfs_arc_max < al |l nem
arc_c_max = zfs_arc_nax;

if (zfs_arc_mn > 64 << 20 8& zfs _arc_min <= arc_c_nax)
arc_c_mn = zfs_arc_nin;

arc_c = arc_c_nex;
arc_p = (arc_c >> 1);

/* limt nmeta-data to 1/4 of the arc capacity */
arc_meta_limt = arc_c_nmax / 4,

/* Allow the tunable to override if it is reasonable */
if (zfs_arc_meta_limt > 0 & zfs_arc_nmeta_limt <= arc_c_max)
arc_meta_limt = zfs_arc_neta_limt;

if (arc_c_mn < arc_neta_limt / 2 & zfs_arc_mn == 0)
arc_c_mn = arc_neta_limt / 2

if (zfs_arc_meta_mn > 0) {
arc_meta_mn = zfs_arc_neta_mn;
} else {
arc_meta_mn = arc_c_mn / 2;
}

if (zfs_arc_growretry > 0)
arc_grow retry = zfs_arc_grow retry;

if (zfs_arc_shrink_shift > 0)
arc_shrink_shift = zfs_arc_shrink_shift;
/*
* Ensure that arc_no_grow shift is less than arc_shrink_shift.
*/
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5001
5002

5004
5005

5007
5008

5010
5011
5012
5013
5014

5016
5017
5018
5019
5020
5021
5022

5024
5025
5026
5027
5028
5029
5030
5031
5032
5033
5034
5035
5036
5037
5038
5039
5040
5041
5042
5043
5044
5045
5046
5047
5048
5049
5050
5051
5052
5053
5054
5055
5056
5057
5058
5059
5060
5061
5062
5063

5065
5066

if (arc_no_grow shift >= arc_shrink_shift)
arc_no_grow_shift = arc_shrink_shift - 1;

if (zfs_arc_p_min_shift > 0)
arc_p_mn_shift = zfs_arc_p_mn_shift;

if (zfs_arc_numsublists_per_state < 1)
zfs_arc_numsublists_per_state = MAX(boot_ncpus, 1);

/* if knmemflags are set, lets try to use |less nenory */
if (kmem. debuggi ng())

arc_c = arc_c / 2;
if (arc_c < arc_c_min)

arc_c = arc_c_min;

arc_anon = &ARC_anon;

arc_nru = &ARC nru;
arc_nru_ghost &ARC nr u_ghost ;
arc_nfu = &ARC nfu

arc_nf u_ghost &ARC nf u_ghost;
arc_l2c_only = &ARC_I 2c_only;
arc_size = 0;

mul tilist_create(&rc_nru->arcs_|ist[ ARC_BUFC_METADATA],

si zeof (arc_buf_hdr_t

of f set of (arc_buf _hdr, t b_I 1hdr. b_arc_node),

zfs_arc_num sublists per state, arc_state_nultilist_index_func);
mul tilist_create(&arc_nru->arcs_|ist[ARC BUFC DATA],

si zeof (arc_buf_hdr_t),

of fsetof (arc_buf_hdr_t, b_|l1hdr.b_arc_node),

zfs_arc_num subl ists_per state, arc_state_nultilist_index_func);
mul tilist _create(&rc_nru ghost ->arcs_l i st [ ARC_BUFC_METADATA] ,

si zeof (arc_buf_hdr_t

of f set of (arc_buf _hdr, t b_I 1hdr. b_arc_node),

zfs_arc_num subl ists_per state, arc_state_nultilist_index_func);
mul tilist_create(&arc_nru_ghost->arcs_|ist[ARC BUFC DATA],

si zeof (arc_buf_hdr_t),

of fsetof (arc_buf_hdr_t, b_|l1hdr.b_arc_node),

zfs_arc_num subl ists_per_state, arc_state mul tilist _index_func);
mul tilist_create(&arc_nfu->arcs_|ist[ ARC_ BUFC_METADATA],

si zeof (arc_buf_hdr_t),

of fsetof (arc_buf_hdr_t, b_|l 1hdr.b_arc_node),

zfs_arc_num sublists_per _state, arc_state nultilist_index_func);
mul tilist_create(&arc_nfu->arcs_|ist[ ARC_BUFC _DATA],

si zeof (arc_buf_hdr_t),

of fsetof (arc_buf_hdr_t, b_|l1hdr.b_arc_node),

zfs_arc_num sublists_per_state, arc_state nultilist_index_func);
mul tilist_create(&arc_nfu_ghost->arcs_|ist[ ARC_BUFC METADATA] ,

si zeof (arc_buf_hdr_t),

of fsetof (arc_buf_hdr_t, b_|l 1hdr.b_arc_node),

zfs_arc_num sublists_per_state, arc_state_nultilist_index_func);
mul tilist_create(&arc_nfu_ghost->arcs_|ist[ARC BUFC DATA],

si zeof (arc_buf_hdr_t),

of fsetof (arc_buf_hdr_t, b_|l 1hdr.b_arc_node),

zfs_arc_num sublists_per _state, arc_state_nultilist_index_func);
mul tilist_create(&rc_| 2c_only->arcs_| i st[ ARC_BUFC_METADATA],

si zeof (arc_buf_hdr_t),

of fsetof (arc_buf_hdr_t, b_| 1hdr.b_arc_node),

zfs_arc_num sublists_per _state, arc_state_nultilist_index_func);
mul tilist_create(&rc_| 2c_only->arcs_| i st[ ARC_BUFC DATA],

si zeof (arc_buf_hdr_t),

of fsetof (arc_buf_hdr_t, b_I 1hdr.b_arc_node),

zfs_arc_num subl i st s_per_st ate, arc_state_nultilist_index_func);

ref count _creat e(&r c_anon- >arcs_si ze);
ref count _creat e(&arc_nru->arcs_si ze);
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5067
5068
5069
5070

5072

5074
5075
5076
5077

5079
5080

5082
5083
5084
5085
5086

5088
5089

5091
5092

5094
5095

5097
5098
5099
5100
5101
5102
5103
5104
5105
5106
5107
5108
5109
5110
5111

5113
5114

void
arc_fini

5115 {

5116
5117
5118
5119
5120
5121
5122
5123
5124
51l725
5126

5128
5129
5130
5131
5132

ref count _creat e(&arc_ntu_ghost - >arcs_si ze) ;
ref count _cr eat e( &r c_nf u->ar cs_si ze);

ref count _cr eat e( &r c_nf u_ghost - >arcs _size);
refcount _create(&arc_| 2c_onl y->arcs_si ze);

buf _init();

arc_reclaimthread_exit = FALSE;
arc_user_evicts_thread_exit = FALSE;
arc_eviction_list = NULL;
bzero(&arc_eviction_hdr, sizeof (arc_buf_hdr_t));
arc_ksp = kstat_create("zfs", 0, "arcstats",
sizeof (arc_stats) / si zeof (kstat_named_t),

"misc", KSTAT_TYPE_NAMED
KSTAT_FLAG VI RTUAL)

if (arc_ksp !'= NULL)
arc_ksp->ks_data = &arc_stats;
ar c_ksp- >ks “update = arc_kst at
kstat _install (arc_ksp);

_updat e;
}

(void) thread_create(NULL, O, arc_reclaimthread, NULL, 0, &pO,
TS_RUN, m ncl syspri);
(void) thread_create(NULL, O,
TS_RUN, minclsyspri);

arc_user_evicts_thread, NULL, O, &pO,

arc_dead = FALSE;
arc_warm = B_FALSE;

/*
* Cal cul ate maxi mum anobunt of dirty data per pool.

*

* |f it has been set by /etc/system take that.

* Otherwi se, use a percentage of physical nmenory defined by
* zfs_dirty_data_nax_percent (default 10% with a cap at

* zfs_dirty_data_max_nmax (default 4GB).

*/

f

(zfs_dirty_data_max == 0) {
zfs_dirty_ data max = physmem * PAGESI ZE *
“zfs_dirty_data_max_percent / 100;
zfs_dirty_data_max = M N(zfs_dirty_data_nmax,
zfs_dirty_data_max_nex) ;

(voi d)

mut ex_ent er (&arc_recl ai m | ock);
arc_reclaimthread_exit = TRUE;
/*
* The reclaimthread will set arc_reclaimthread_exit back to
* FALSE when it is finished exiting; we're waiting for that
*/
while (arc_reclaimthread_exit) {
cv_si gnal (&arc_reclaimthread_cv);
cv_wai t (&arc_recl ai mthread_cv, &ar c_reclai mlock);

}
mut ex_exi t (&arc_recl ai m | ock);

mut ex_ent er (&ar c_user _evi cts_| ock);
arc_user_evicts_thread_exit = TRUE;
/*

* The user evicts thread will
* to FALSE when it

set arc_user_evicts_thread_exit
is finished exiting; we're waiting for that
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*/
while (arc_user_evicts_thread_exit) {
cv_signal (&arc_user_evicts_cv);
cv_wait (&arc_user_evicts_cv, &arc_user_evicts_|ock);

mut ex_exi t (&arc_user_evi cts_| ock);

/* Use TRUE to ensure *all* buffers are evicted */
arc_flush(NULL, TRUE);
arc_dead = TRUE;
if (arc_ ksp I'= NULL) {
kst at _del ete(arc_ksp);
arc_ksp = NULL;
}

mut ex_destroy(&arc_recl ai m | ock);
cv_destroy(&arc_reclaimthread_cv);
cv_destroy(&arc_reclaimwaiters_cv);

mut ex_dest roy( &arc_user_evi cts_| ock);
cv_destroy(&arc_user_evicts_cv);

ref count _destroy(&arc_anon->arcs_si ze);
ref count _destroy(&arc_nru->arcs_si ze);
ref count _destroy(&arc_nru_ghost->arcs_si ze);
ref count _destroy(&arc_nfu->arcs_size);
ref count _dest roy( &r c_nf u_ghost - >ar cs_si ze);
ref count _destroy(&arc_| 2c_onl y->arcs_si ze);

mul tilist_destroy(&arc_nru->arcs_|ist[ARC_BUFC_METADATA] ) ;

mul tilist_destroy(&arc_nru_ghost->arcs_|ist[ARC_BUFC NETADATA])
mul tilist_destroy(&rc_nfu->arcs_li st[ARC BUFC_NMETADATA] ) ;

mul tilist_destroy(&arc_nfu_ghost->arcs_|ist[ARC BUFC NETADATA])
mul tilist_destroy(&arc_nru->arcs_list[ ARC_BUFC DATA]);

mul tilist_destroy(&arc_nru_ghost->arcs_list[ ARC_BUFC_DATA] );

mul tilist_destroy(&arc_nfu->arcs_|ist[ARC BUFC DATA]);

mul tilist_destroy(&arc_nfu_ghost->arcs_|ist[ARC BUFC DATA]);

buf _fini();

ASSERTO( ar c_| oaned_byt es) ;

Level 2 ARC

The level 2 ARC (L2ARC) is a cache layer in-between main nenory and di sk.
It uses dedicated storage devices to hold cached data, which are popul ated
using large infrequent wites. The main role of this cache is to boost
the performance of random read workl oads. The intended L2ARC devi ces
include short-stroked disks, solid state disks, and other nmedia with
substantially faster read | atency than disk.

| |
| 2arc_f eed_t hread() arc_read()
| l2arc read
\Y

|
|
Fom o + |
|
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\Y
Tooooooo + foocoono +
| vdev | | vdev |
| cache |
o +
L2ARC : - 7
devices : | Disks |
4=========+ £ - -7

Read requests are satisfied fromthe foll ow ng sources, in order:
1) ARC

2) vdev cache of L2ARC devices

3) L2ARC devices

4) vdev cache of disks

5) disks

Sonme L2ARC device types exhibit extrenely slow wite perfornmance.
To accommpdate for this there are sonme significant differences between
the L2ARC and traditional cache design:

1. There is no eviction path fromthe ARC to the L2ARC. Evictions from
t he ARC behave as usual, freeing buffers and pl aci ng headers on ghost
lists. The ARC does not send buffers to the L2ARC duri ng eviction as
this would add inflated wite latencies for all ARC nmenory pressure.

2. The L2ARC attenpts to cache data fromthe ARC before it is evicted.
It does this by periodically scanning buffers fromthe eviction-end of
the MFU and MRU ARC |ists, copying themto the L2ARC devices if they are
not already there. It scans until a headroom of buffers is satisfied,
which itself is a buffer for ARC eviction. If a conpressible buffer is
found during scanning and selected for witing to an L2ARC devi ce, we
tenmporarily boost scanning headroom during the next scan cycle to make
sure we adapt to conpression effects (which mght significantly reduce
the data volune we wite to L2ARC). The thread that does this is

| 2arc_feed_thread(), illustrated bel ow, exanple sizes are included to
provide a better sense of ratio than this diagram

# already on L2ARC
| o L2ARC eligible
ARC buf fer

15.9 Ghytes

" 32 Moyt es
headr oom

| 2arc_feed_t hread()

| 2arc wite hand <--[o0000]--’

8 Moyte
| wite nmax
\%
+ +
L2ARC dev | ####| #| ###| ###| | ##H1] L.
+ +

32 Goytes

3. If an ARC buffer is copied to the L2ARC but then hit instead of
evicted, then the L2ARC has cached a buffer nuch sooner than it probably
needed to, potentially wasting L2ARC devi ce bandwi dth and storage. It Is
safe to say that this is an unconmon case, since buffers at the end of
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5265 * the ARC |lists have nobved there due to inactivity.

5266 *

5267 * 4. If the ARC evicts faster than the L2ARC can maintain a headroom

5268 * then the L2ARC sinply mi sses copying sonme buffers. This serves as a
5269 * pressure valve to prevent heavy read workl oads from both stalling the ARC
5270 * with waits and clogging the L2ARC with wites. This also hel ps prevent
5271 * the potential for the L2ARC to churn if it attenpts to cache content too
5272 * quickly, such as during backups of the entire pool.

5273 *

5274 * 5. After system boot and before the ARC has filled main nenory, there are
5275 * no evictions fromthe ARC and so the tails of the ARC nfu and ARC nru
5276 * lists can remain nostly static. |Instead of searching fromtail of these
5277 * lists as pictured, the |2arc_feed_thread() will search fromthe |ist heads
5278 * for eligible buffers, greatly increasing its chance of finding them
5279 *

5280 * The L2ARC device wite speed is also boosted during this tinme so that
5281 * the L2ARC warns up faster. Since there have been no ARC evictions yet,
5282 * there are no L2ARC reads, and no fear of degrading read perfornmance
5283 * through increased wites.

5284 *

5285 * 6. Wites to the L2ARC devices are grouped and sent in-sequence, so that
5286 * the vdev queue can aggregate theminto |arger and fewer wites. Each
5287 * device is witten to in a rotor fashion, sweeping wites through

5288 * avail abl e space then repeating.

5289 *

5290 * 7. The L2ARC does not store dirty content. It never needs to flush
5291 * wite buffers back to di sk based storage.

5292 *

5293 * 8. If an ARC buffer is witten (and dirtied) which also exists in the
5294 * L2ARC, the now stale L2ARC buffer is inmmediately dropped.

5295 *

5296 * The perfornmance of the L2ARC can be tweaked by a nunber of tunables, which
5297 * may be necessary for different workloads:

5298 *

5299 * | 2arc_write_max max wite bytes per interval

5300 * | 2arc_write_boost extra wite bytes during device warnmup

5301 * | 2ar c_nopr efet ch skip caching prefetched buffers

5302 * | 2ar c_headr oom nunber of max device wites to precache
5303 * | 2ar c_headr oom boost when we find conpressed buffers during ARC
5304 * scanning, we nultiply headroom by this

5305 * percentage factor for the next scan cycle,
5306 * since nore conpressed buffers are likely to
5307 * be present

5308 * | 2arc_f eed_secs seconds between L2ARC writing

5309 *

5310 * Tunabl es nay be renoved or added as future perfornmance inprovenents are
5311 * integrated, and al so nay becone zpool properties.

5312 *

5313 * There are three key functions that control how the L2ARC warns up:

5314 *

5315 * |2arc_write_eligible() check if a buffer is eligible to cache

5316 * | 2arc_write_size() cal cul ate how nuch to wite

5317 * l2arc_wite_interval () calculate sleep delay between wites

5318 *

5319 * These three functions determ ne what to wite, how much, and how quickly
5320 * to send wites.

5321 */

5323 static bool ean_t

5324 | 2arc_wite_eligible(uint64_t spa_guid, arc_buf_hdr_t *hdr)

5325 {

5326 /*

5327 * A buffer is *not* eligible for the L2ARC if it:

5328 * 1. belongs to a different spa.

5329 * 2. is already cached on the L2ARC.

5330 * 3. has an 1/Oin progress (it may be an inconplete read).
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5331 * 4. is flagged not eligible (zfs property). 5397 * of cache devices (l2arc_dev_ntx). Once a device has been sel ected,
5332 */ 5398 * both locks will be dropped and a spa config | ock held instead.
5333 if (hdr->b_spa != spa_guid || HDR HAS_L2HDR(hdr) || 5399 */
5334 HDR_| O | N_PROGRESS(hdr) || !HDR _L2CACHE(hdr)) 5400 nmut ex_ent er (&spa_nanespace_| ock) ;
5335 return (B_FALSE); 5401 mut ex_ent er (& 2arc_dev_nt x);
5337 return (B_TRUE); 5403 /* if there are no vdevs, there is nothing to do */
5338 } 5404 if (l2arc_ndev == 0)
5405 goto out;
5340 static uint64_t
5341 | 2arc_write_size(void) 5407 first = NULL;
5342 { 5408 next = |2arc_dev_| ast;
5343 uint64_t size; 5409 do {
5410 /* loop around the list |ooking for a non-faulted vdev */
5345 I* 5411 if (next == NULL)
5346 * Make sure our globals have neani ngful values in case the user 5412 next = |ist_head(l2arc_dev_list);
5347 * altered them 5413 } else {
5348 */ 5414 next = |ist_next(l2arc_dev_list, next);
5349 size = | 2arc_wite_nax; 5415 if (next == NULL)
5350 if (size == 0) { 5416 next = list_head(l2arc_dev_list);
5351 cmm_err (CE_NOTE, "Bad value for |2arc_wite_max, value nust " 5417 }
5352 "be greater than zero, resetting it to the default (%)",
5353 L2ARC WRI TE_SI ZE) ; 5419 /* if we have cone back to the start, bail out */
5354 size = | 2arc_wite_max = L2ARC WRI TE_SI ZE; 5420 if (first == NULL)
5355 } 5421 first = next;
5422 else if (next == first)
5357 if (arc_warm == B_FALSE) 5423 br eak;
5358 size += | 2arc_write_boost;
5425 } while (vdev_is_dead(next->l2ad_vdev));
5360 return (size);
5427 /* if we were unable to find any usabl e vdevs, return NULL */
5362 } 5428 if (vdev_is_dead(next->l2ad_vdev))
5429 next = NULL;
5364 static clock_t
5365 | 2arc_wite_interval (cl ock_t began, uint64_t wanted, uint64_t wote) 5431 | 2arc_dev_l ast = next;
5366 {
5367 clock_t interval, next, now 5433 out:
5434 mut ex_exi t (& 2arc_dev_ntx);
5369 /*
5370 * |If the ARC lists are busy, increase our wite rate; if the 5436 s
5371 * |lists are stale, idle back. This is achieved by checking 5437 * Grab the config lock to prevent the 'next’ device from being
5372 * how nuch we previously wote - if it was nore than half of 5438 * renpved while we are witing to it.
5373 * what we wanted, schedule the next wite nuch sooner. 5439 g
5374 */ 5440 if (next != NULL)
5375 if (l2arc_feed_again & wote > (wanted / 2)) 5441 spa_config_enter(next->l 2ad_spa, SCL_L2ARC, next, RW READER);
5376 | interval = (hz * |2arc_feed_min_ns) / 1000; 5442 mut ex_exi t (&spa_nanmespace_| ock) ;
5377 el se
5378 interval = hz * |2arc_feed_secs; 5444 return (next);
5445 }
5380 now = ddi _get_| bol t();
5381 next = MAX(now, M N(now + interval, began + interval)); 5447 | *
5448 * Free buffers that were tagged for destruction.
5383 return (next); 5449 */
5384 } 5450 static void
5451 | 2arc_do_free_on_write()
5386 /* 5452 {
5387 * Cycle through L2ARC devices. This is how L2ARC | oad bal ances. 5453 list_t *buflist;
5388 */ If a device is returned, this also returns holding the spa config | ock. 5454 | 2arc_data_free_t *df, *df_prev;
5389 *
5390 static |2arc_dev_t * 5456 mut ex_enter (& 2arc_free_on_wite_ntx);
5391 | 2arc_dev_get _next (voi d) 5457 buflist = 12arc_free_on_wite;
5392 {
5393 | 2arc_dev_t *first, *next = NULL; 5459 for (df = list_tail(buflist); df; df = df _prev) {
5460 df _prev = list_prev(buflist, df);
5395 /* 5461 ASSERT( df - >l 2df _data != NULL);
5396 * Lock out the renpval of spas (spa_nanespace_l ock), then renoval 5462 ASSERT( df - >l 2df _func != NULL);




new usr/src/uts/comon/fs/zfs/arc.c 65 new usr/src/uts/comon/fs/zfs/arc.c 66
5463 df - >l 2df _func(df->| 2df _data, df->|2df_size);
5464 list_remove(buflist, df); 5530 mut ex_exi t (&dev- >l 2ad_nt x) ;
5465 kmem free(df, si zeof (l2arc_data_free_t));
5466 } 5532 /*
5533 * W wait for the hash |ock to beconme avail abl e
5468 mutex_exit (& 2arc_free_on_wite_ntx); 5534 * to try and prevent busy waiting, and increase
5469 } 5535 * the chance we’ Il be able to acquire the |ock
5536 * the next time around.
5471 [ * 5537 */
5472 * A wite to a cache device has conpleted. Update all headers to allow 5538 mut ex_ent er (hash_| ock) ;
5473 * reads fromthese buffers to begin. 5539 mut ex_exi t (hash_l ock) ;
5474 */ 5540 goto top;
5475 static void 5541 }
5476 | 2arc_write_done(zio_t *zio)
5477 { 5543 /*
5478 | 2arc_write_cal | back_t *cb; 5544 * We could not have been noved into the arc_l2c_only
5479 | 2arc_dev_t *dev; 5545 * state while in-flight due to our ARC_FLAG L2_WRI TI NG
5480 list_t *buflist; 5546 * bit being set. Let's just ensure that’s being enforced.
5481 arc_buf _hdr_t *head, *hdr, *hdr_prey; 5547 */
5482 kmutex_t *hash_| ock; 5548 ASSERT( HDR_HAS L1HDR( hdr));
5483 int64_t bytes_dr opped
5550 l*
5485 cb = zio->io_private; 5551 * W may have allocated a buffer for L2ARC conpression,
5486 ASSERT(cb != NULL); 5552 * we nust release it to avoid | eaking this data.
5487 dev = cb->l 2wcb_dev; 5553 =[]
5488 ASSERT( dev != NULL); 5554 | 2arc_r el ease_cdat a_buf (hdr);
5489 head = cb->l 2wcb_head;
5490 ASSERT(head 1= NULL); 5556 if (zio->o_error !'=0) {
5491 bufli st &dev->| 2ad_bufli st; 5557 /*
5492 ASSERT( bufllst 1= NULL); 5558 * Error - drop L2ARC entry.
5493 DTRACE_PROBE2(| 2arc__i odone zio_t *, zio, 5559 */
5494 I 2arc_write_cal |l back_t *, ch); 5560 l'ist_remove(buflist, hdr);
5561 hdr->b_fl ags &= ~ARC FLAG HAS_L2HDR;
5496 if (zio->io_error !'=0)
5497 ARCSTAT_BUMP(arcstat _| 2_wites_error); 5563 ARCSTAT_| NCR(arcstat _| 2_asi ze, -hdr->b_| 2hdr. b_asi ze);
5564 ARCSTAT_I NCR(ar cstat _| 2_si ze, -hdr->b_size);
5499 /*
5500 * All wites conpleted, or an error was hit. 5566 byt es_dropped += hdr->b_| 2hdr. b_asi ze;
5501 */ 5567 (voi d) refcount_renove_many(&dev->| 2ad_al | oc,
5502 top: 5568 hdr - >b_| 2hdr. b_asi ze, hdr);
5503 mut ex_ent er (&dev- >l 2ad_nt x) ; 5569 }
5504 for (hdr = list_prev(buflist, head); hdr; hdr = hdr_prev) {
5505 hdr_prev = list_prev(buflist, hdr); 5571 /*
5572 * Allow ARC to begin reads and ghost list evictions to
5507 hash_l ock = HDR_LOCK( hdr); 5573 */ this L2ARC entry.
5574 *
5509 /* 5575 hdr->b_flags & ~ARC FLAG L2 WRI TI NG
5510 * W cannot use nutex_enter or else we can deadl ock
5511 *with l2arc_wite_buffers (due to swapping the order 5577 mut ex_exi t (hash_I ock);
5512 * the hash lock and | 2ad_ntx are taken). 5578 }
5513 */
5514 if (!'mutex_tryenter(hash_l ock)) { 5580 atom c_inc_64(& 2arc_wites_done);
5515 /* 5581 list_renmove(buflist, head);
5516 * M ssed the hash lock. W nust retry so we 5582 ASSERT(! HDR_HAS_L1HDR( head)) ;
5517 * don't |eave the ARC FLAG L2_WRITING bit set. 5583 kmem cache_free(hdr_| 2onl y_cache, head);
5518 */ 5584 mut ex_exi t (&dev- >l 2ad_nt x) ;
5519 ARCSTAT_BUWP(arcstat _|2_wites_lock_ retry);
, 5586 vdev_space_updat e(dev- >l 2ad_vdev, -bytes_dropped, 0, 0);
5521 *
5522 * W don't want to rescan the headers we’ ve 5588 | 2arc_do_free_on_wite();
5523 * already narked as having been witten out, so
5524 * we reinsert the head node so we can pick up 5590 kmem free(ch, sizeof (l2arc_wite_callback_t));
5525 * where we left off. 5591 }
5526 */
5527 l'ist_remove(buflist, head); 5593 /*
5528 list_insert_after(buflist, hdr, head); 5594 * Aread to a cache device conpleted. Validate buffer contents before
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5595 * handing over to the regul ar ARC routines.
5596 */ 5662 ASSERT(!pio || pio->i o _child type == ZIO CH LD LOG CAL);
5597 static void
5598 | 2arc_read_done(zio_t *zio) 5664 zi o_nowai t (zi o_read(pi o, cb->l2rcb_spa, &cb->|2rcb_bp,
5599 { 5665 buf - >b_data, hdr->b_size, arc_read_done, buf,
5600 | 2arc_read_cal | back_t *cb; 5666 zio->o_priority, ch->l 2rcb flags, &cb->l2rcb_zb));
5601 arc_buf _hdr _t *hdr; 5667 }
5602 arc_buf _t *buf; 5668 }
5603 kmut ex_t *hash_| ock;
5604 int equal; 5670 kmem free(ch, sizeof (l2arc_read_callback_t));
5671 }
5606 ASSERT(zi 0->i o_vd != NULL);
5607 ASSERT( zi 0->i o_fl ags & ZI O_FLAG_DONT_PROPAGATE) ; 5673 /*
5674 * This is the list priority fromwhich the L2ARC will search for pages to
5609 spa_config_exit(zio-> o_spa, SCL_L2ARC, zio->io_vd); 5675 * cache. This is used within loops (0..3) to cycle through lists in the
5676 * desired order. This order can have a significant effect on cache
5611 cb = zio->io_private; 5677 * performance.
5612 ASSERT(cb != NULL); 5678 *
5613 buf = cb->l 2rcb_buf; 5679 * Currently the netadata lists are hit first, MU then MRU, followed by
5614 ASSERT( buf != NULL); 5680 * the data lists. This function returns a |locked list, and also returns
5681 * the |ock pointer.
5616 hash_| ock = HDR_LOCK( buf->b_hdr); 5682 */
5617 mut ex_ent er (hash_l ock) ; 5683 static nultilist_sublist_t *
5618 hdr = buf->b_hdr; 5684 | 2arc_sublist_lock(int |ist_num
5619 ASSERT3P( hash_l ock, ==, HDR_LOCK(hdr)); 5685 {
5686 mul tilist_t *m = NULL;
5621 [ 5687 unsi gned int idx;
5622 * |f the buffer was conpressed, deconpress it first.
5623 */ 5689 ASSERT(list_num>= 0 && i st_num <= 3);
5624 if (cb->l2rcb_conpress != ZI O COWRESS_OFF)
5625 | 2arc_deconpress_zi o(zi o, hdr, cb->l2rcb_conpress); 5691 switch (list_num {
5626 ASSERT(zi 0->i 0_data != NULL); 5692 case O:
5627 ASSERT3U( zi 0- >i 0_si ze, ==, hdr->b_si ze); 5693 m = &arc_nfu->arcs_list[ ARC_BUFC_METADATA] ;
5628 ASSERT3U( BP_GET_LSI ZE( &cb->l 2rcb_bp), ==, hdr->b_size); 5694 br eak;
5695 case 1:
5630 I* 5696 m = &arc_nru->arcs_|ist[ ARC_BUFC_ METADATA] ;
5631 * Check this survived the L2ARC j our ney. 5697 br eak;
5632 */ 5698 case 2:
5633 equal = arc_cksum equal (buf); 5699 m = &arc_nfu->arcs_|ist[ ARC_BUFC _DATA];
5634 if (equal &R zio->o_error == 0 & ! HDR L2_EVI CTED( hdr)) { 5700 br eak;
5635 nmut ex_exi t(hash Iock) 5701 case 3:
5636 zi o->i o_private = buf 5702 m = &arc_nru->arcs_|ist[ ARC_BUFC DATA];
5637 zi 0- > 0_bp_copy = ch- >I 2rcb_bp; /* XXX fix in L2ARC 2.0 */ 5703 br eak;
5638 zio->i 0_bp = &zi0->i0_bp_copy; /* XXX fix in L2ARC 2.0 */ 5704 }
5639 arc_read_done(zio);
5640 } else { 5706 /*
5641 mut ex_exi t (hash_I ock); 5707 * Return a random y-sel ected sublist. This is acceptable
5642 /* 5708 * because the caller feeds only a little bit of data for each
5643 * Buffer didn’t survive caching. |Increment stats and 5709 * call (8MB). Subsequent calls will result in different
5644 * reissue to the original storage device. 5710 * sublists being selected.
5645 */ 5711 */
5646 if (zio->o_error !'=0) { 5712 idx = rmlt I i st_get_random. i ndex(m);
5647 ARCSTAT_BUMP(arcstat _| 2_io_error); 5713 return (multilist_sublist_Tock(m, I dx));
5648 } else { 5714 }
5649 zio->io_error = SET_ERROR(EIO;
5650 } 5716 /*
5651 if (!lequal) 5717 * Evict buffers fromthe device wite hand to the distance specified in
5652 ARCSTAT_BUMP(ar cstat _| 2_cksum bad) ; 5718 * bytes. This distance nay span popul ated buffers, it may span not hing.
5719 * This is clearing a region on the L2ARC device ready for witing.
5654 /% 5720 * If the "all’ boolean is set, every buffer is evicted.
5655 * If there’s no waiter, issue an async i/o to the primry 5721 */
5656 * storage now. If there *is* a waiter, the caller nust 5722 static void
5657 * issue the i/o in a context where it's OK to bl ock. 5723 | 2arc_evict(l2arc_dev_t *dev, uint64_t distance, boolean_t all)
5658 */ 5724 {
5659 if (zio->o_waiter == NULL) { 5725 list_t *buflist;
5660 zio_t *pio = zio_unique_parent(zio); 5726 arc_buf _hdr_t *hdr, *hdr_prey;
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5727
5728

5730

5732
5733
5734
5735
5736
5737
5738

5740
5741
5742
5743
5744
5745
5746
5747
5748
5749
5750

5752
5753
5754
5755

5757

5759
5760
5761
5762
5763
5764
5765
5766
5767
5768
5769
5770
5771
5772
5773

5775
5776
5777
5778
5779
5780
5781
5782
5783

5785
5786
5787
5788
5789
5790
5791
5792

top:

kmut ex_t *hash_| ock;
uint64_t taddr;

buflist = &dev->| 2ad_buflist;
if (tall &% dev->|2ad_first) {
/*

* This is the first sweep through the device. There is
* nothing to evict.
Y

return;

}
if (dev->|2ad_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 {
taddr = dev->|l 2ad_hand + di st ance;

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

mut ex_ent er (&dev->| 2ad_nt x) ;
for (hdr = list_tail(buflist); hdr; hdr = hdr_prev) {
hdr_prev = list_prev(buflist, hdr);

hash_l ock = HDR_LOCK( hdr);

/
We cannot use nutex_enter or else we can deadl ock
with I 2arc_wite_buffers (due to swapping the order
the hash lock and | 2ad_ntx are taken).

* ok Ok ok %

if (!mutex_tryenter(hash_l ock)) {
/*
* Mssed the hash lock. Retry.
*

ARCSTAT_BUMP(arcstat _| 2_evict_lock_retry);
mut ex_exi t (&dev- >l 2ad_nt x) ;

mut ex_ent er (hash_l ock) ;

mut ex_exi t (hash_l ock) ;

goto top;

}
if UD{FJMHEﬁ&Mhmn{

* W hit a wite head node. Leave it for
* | 2arc_write_done().
*

l'ist_renove(buflist, hdr);
nut ex_exi t (hash_| ock);
conti nue;

}

if (lall & HDR HAS L2HDR(hdr) &&

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

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

/

mut ex_exi t (hash_l ock) ;
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5793 br eak;

5794 }

5796 ASSERT( HDR_HAS_L2HDR( hdr));

5797 if (!HDR_HAS_L1HDR(hdr))

5798 ASSERT(! HDR L2 READI NG( hdr)) ;

5799 /*

5800 * This doesn't exist in the ARC. Destroy.
5801 * arc_hdr_destroy() will call list_renove()
5802 * and decrenent arcstat | 2_size.

5803 */

5804 arc_change_state(arc_anon, hdr, hash_| ock);
5805 arc_hdr_destroy(hdr);

5806 } else {

5807 ASSERT( hdr->b_| 1hdr.b_state != arc_|l 2c_only);
5808 ARCSTAT_BUMWP(arcstat _| 2_evi ct_| 1cached);

5809 /*

5810 * |Invalidate issued or about to be issued
5811 * reads, since we nay be about to wite

5812 * over this location.

5813 *

5814 i f (HDR_L2_READI NG hdr)) {

5815 ARCSTAT_BUMP(ar cstat _| 2_evi ct_readi ng);
5816 hdr->b_flags | = ARC_FLAG L2_EVI CTED;
5817 }

5819 /* Ensure this header has finished being witten */
5820 ASSERT( ! HDR_L2_WRI TI NG hdr) ) ;

5821 ASSERT3P( hdr->b_| 1hdr. b_tnp_cdata, ==, NULL);
5823 ar c_hdr _| 2hdr _destroy(hdr);

5824 }

5825 mut ex_exi t (hash_I ock);

5826

5827 mut ex_exi t (&dev- >l 2ad_nt x) ;

5828 }

5830 /*

5831 * Find and wite ARC buffers to the L2ARC devi ce.

5832 *

5833 * An ARC FLAG L2 WRITING flag is set so that the L2ARC buffers are not valid
5834 * for reading until they have conpleted witing.

5835 * The headroom boost is an in-out paranmeter used to maintain headroom boost
5836 * state between calls to this function.

5837 *

5838 * Returns the nunber of bytes actually witten (which may be snaller than
5839 * the delta by which the device hand has changed due to alignnent).
5840 */

5841 static uint64_t

5842 | 2arc_write_buffers(spa_t *spa, |2arc_dev_t *dev, uint64_t target_sz,
5843 bool ean_t *headr oom boost)

5844 {

5845 arc_buf _hdr_t *hdr, *hdr_prev, *head;

5846 uint64_t wite_asize, wite_psize, wite_sz, headroom

5847 buf _conpress_m nsz;

5848 voi d *buf _dat a;

5849 bool ean_t full;

5850 | 2arc_write_call back_t *cb;

5851 zio_t *pio, *wzio;

5852 uint64_t guid = spa_| oad_gui d(spa);

5853 const bool ean_t do_headroom boost = *headroom boost ;

5855 ASSERT(dev- >l 2ad_vdev != NULL);

5857 /* Lower the flag now, we mght want to raise it again later. */
5858 *headr oom boost = B_FALSE;
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5860
5861
5862
5863
5864
5865

5867
5868
5869
5870
5871

5873
5874
5875
5876
5877
5878

5880
5881
5882
5883
5884
5885
5886
5887
5888
5889

5891
5892
5893

5895
5896
5897

5899
5900
5901
5902

5904
5905
5906
5907
5908
5909
5910

5912
5913
5914
5915
5916
5917
5918
5919

5921
5922
5923
5924

pi o = NULL;

wrlte_sz = wite_asize = wite_psize = 0;

full = B_FALSE;

head = kmem cache_al | oc(hdr_I 2only_cache, KM PUSHPAGE);
head->b_flags | = ARC FLAG L2_W\RI TE_HEAD;

head->b_fl ags | = ARC_FLAG HAS_L2HDR,

/*

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

*/

buf _conpress_m nsz = 2 << dev->| 2ad_vdev->vdev_ashift;

/*

* Copy buffers for L2ARC writing.

*/

for (int try = 0; try <= 3; ry++)

{
multilist_sublist_t *ms I 2arc_sublist_l ock(try);
uint64_t passed_sz = 0;

/
L2ARC fast war mup.

Until the ARCis warmand starts to evict, read fromthe
head of the ARC lists rather than the tail.

Lonon

if (arc_warm == B_FALSE)

hdr = nul tilist_sublist_head(ms);
el se

hdr = multilist_sublist_tail(ms);

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

for (; hdr; hdr = hdr_prev) {
kmut ex_t *hash_| ock;
uint64_t buf_sz;

if (arc_warm == B_FALSE)

hdr_prev = multilist_sublist_next(m's, hdr);

el se

hdr_prev = multilist_sublist_prev(ms, hdr);

hash_l ock = HDR_LOCK( hdr);
if (Tnutex_tryenter(hash_| Iock)) {
[

* Skip this buffer rather than waiting.
*
/

conti nue;

}

passed_sz += hdr->b_si ze;
I f (passed_sz > headroom {
/~k

* Searched too far.
*/

mut ex_exi t (hash_I ock);
br eak;

}

if (!l12arc_wite_eligible(guid, hdr)) {
mut ex_exi t (hash_| ock) ;
cont i nue;
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5926 if ((wite_sz + hdr->b_size) > target_sz) {

5927 full = B_TRUE

5928 mut ex_exi t (hash_| ock);

5929 br eak;

5930 }

5932 if (pio == NULL) {

5933 /*

5934 * Insert a dummy header on the buflist so
5935 * |2arc_write_done() can find where the
5936 * write buffers begin w thout searching.
5937 *

5938 mut ex_ent er (&dev->| 2ad_nt x) ;

5939 list_insert_head(&dev->l 2ad_buflist, head);
5940 mut ex_exi t (&ev- >l 2ad_nt x) ;

5942 cb = knmem al | oc(

5943 sizeof (l2arc_wite_callback_t), KM SLEEP);
5944 cb->l 2wcb_dev = dev;

5945 ch->l 2wcb_head = head;

5946 pio = zio_root(spa, | 2arc _write_done, cb,
5947 ZI O_FLAG CANFAI L) ;

5948 }

5950 /*

5951 * Create and add a new L2ARC header.

5952 */

5953 hdr->b_| 2hdr. b_dev = dev

5954 hdr->b _flags | = ARC | FLAG L2_WRI TI NG

5955

5956 * Tenporarily stash the data buffer in b_tnp_cdata.
5957 * The subsequent wite step will pick it up from
5958 * there. This is because can’t access b_| 1hdr. b_buf
5959 * without hol ding the hash_| ock, which we in turn
5960 * can’'t access w thout holding the ARC |ist |ocks
5961 */(V\hi ch we want to avoid during conpression/witing).
5962 *

5963 hdr->b_| 2hdr. b_conpr ess = Zl O CDVPRESS OFF;

5964 hdr - >b_| 2hdr. b_asi ze hdr >b_s

5965 hdr->b_I| 1hdr. b_t np_ cdata = hdr- >b | 1hdr. b_buf - >b_dat a;
5967 /*

5968 * Explicitly set thebdaddr field to a known
5969 * val ue which means "invalid address". This

5970 * enables us to differentiate which stage of

5971 * |2arc_write_buffers() the particul ar header
5972 * is in (e.g. this loop, or the one bel ow).

5973 * ARC_FLAG L2_WRITING i s not enough to make

5974 * this distinction, and we need to know in

5975 * order to do proper |2arc vdev accounting in
5976 * arc_rel ease() and arc_hdr_destroy().

5977 *

5978 * Note, we can’t use a new flag to distinguish
5979 * the two stages because we don’'t hold the

5980 * header’s hash_|l ock below, in the second stage
5981 * of this function. Thus, we can't sinply

5982 * change the b_flags field to denote that the
5983 * | O has been sent. W can change the b_daddr
5984 * field of the L2 portion, though, since we'll
5985 * be holding the |2ad_ntx; which is why we're
5986 * using it to denote the header’s state change.
5987 */

5988 hdr->b_| 2hdr. b_daddr = L2ARC_ADDR_UNSET;

5990 buf _sz = hdr->b_si ze;
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5991

5993
5994
5995

5997
5998
5999
6000
6001
6002

6004

6006
6007

6009

6011
6012
6013

6015
6016
6017
6018
6019
6020
6021

6023

6025
6026
6027
6028
6029
6030
6031
6032

6034
6035
6036
6037
6038
6039
6040

6042
6043
6044
6045
6046
6047
6048
6049

6051
6052
6053
6054
6055
6056

hdr->b_flags | = ARC_FLAG HAS_L2HDR;

mut ex_ent er (&dev- >l 2ad_nt x) ;
l'i st_insert_head(&dev->| 2ad_buflist, hdr);
nut ex_exi t (&dev->| 2ad_nt x) ;

/*
* Conpute and store the buffer cksum before
* writing. On debug the cksumis verified first.
*
/

arc_cksumverify(hdr->b_| 1hdr. b_buf);
ar c_cksum conput e(hdr->b_I 1hdr.b_buf, B TRUE);

mut ex_exi t (hash_l ock) ;

wite_sz += buf_sz;

}

mul tilist_sublist_unlock(nls);

if (full == B_TRUE)
break;

}

/* No buffers selected for witing? */
if (pio == NULL)
ASSERTO(write_sz);
ASSERT( ! HDR_HAS L1HDR(head))
kmem cache free( hdr _I 2onl y_ cache head) ;
return (0

}
mut ex_ent er (&dev- >l 2ad_nt x) ;

/*
* Now start witing the buffers. We're starting at the wite head
* and work backwards, retracing the course of the buffer selector
* | oop above.
*/
for (hdr Iist_prev(&dev->l2ad_buflist, head); hdr;

hdr = list_prev(&dev->l 2ad_buflist, hdr)) {

uint 64_t buf_sz;

/
We rely on the L1 portion of the header bel ow, so
it’s invalid for this header to have been evicted out
of the ghost cache, prior to being witten out. The
ARC FLAG L2_WRITING bit ensures this won’t happen.

ASSERT( HDR_HAS_L1HDR(hdr));
/

* ok ok ok F ok
-~

We shouldn’t need to lock the buffer here, since we flagged
it as ARC_FLAG L2_WRITING in the previous step, but we nust
take care to only access its L2 cache paraneters. In
particular, hdr->|1hdr.b_buf may be invalid by now due to

* ARC eviction.

*

/
hdr->b_| 2hdr. b_daddr = dev->| 2ad_hand;

* ok kb 3k

if ((HDR L2COVPRESS(hdr)) &&
hdr->b_| 2hdr. b_asi ze >= buf_conpress_mi nsz) {
i f (1 2arc_conpress_buf (hdr)) {

-
* kK|

| f conpression succeeded, enabl e headroom
boost on the next scan cycle.
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6057 *

6058 *headr oom boost = B_TRUE;

6059 }

6060 }

6062 /*

6063 * Pick up the buffer data we had previously stashed away
6064 * (and now potentially also conpressed).

6065 */

6066 buf _data = hdr->b_| 1hdr. b_t np_cdat a;

6067 buf _sz = hdr->b_| 2hdr. b_asi ze;

6069 /*

6070 * W need to do this regardless if buf_sz is zero or

6071 * not, otherw se, when this |I2hdr is evicted we'll

6072 * renopve a reference that was never added.

6073 *

6074 (voi d) refcount_add_nmany(&dev->l 2ad_al | oc, buf_sz, hdr);

6076 /* Conpression may have squashed the buffer to zero length. */
6077 if (buf_sz =0

6078 uint64_t buf_p_sz;

6080 wzio = zio_wite_phys(pio, dev->l2ad_vdev,

6081 dev- >l 2ad_hand, buf_sz, buf_data, ZI O CHECKSUM OFF,
6082 NULL, NULL, ZIO PRICRITY ASYNC WRI TE,

6083 ZI O | FLAG CANFAIL B_FALSE);

6085 DTRACE_PROBE2(| 2arc__write, vdev_t *, dev->|2ad_vdev,
6086 zio_t *, wzio);

6087 (voi d) zio_nowait(wzio);

6089 write_asize += buf_sz;

6091 /*

6092 * Keep the clock hand suitably device-aligned.

6093 */

6094 buf _p_sz = vdev_psi ze_to_asi ze(dev->| 2ad_vdev, buf_sz);
6095 wite_psize += buf_p_sz;

6096 dev->I2ad_hand += buf_p_sz;

6097 }

6098 }

6100 mut ex_exi t (&dev- >l 2ad_nt x) ;

6102 ASSERT3U(wri te_asi ze, <=, target_sz);

6103 ARCSTAT_BUMP(arcstat _| 2_writes_sent);

6104 ARCSTAT_I NCR(arcstat _| 2_wite_bytes, wite_asize);

6105 ARCSTAT_|I NCR(arcst at _| 2_si ze, write_sz);

6106 ARCSTAT_I NCR( arcst at _| 2_asi ze, wite_asize);

6107 vdev_space_updat e(dev- >l 2ad_vdev, wite_asize, 0, 0);

6109 /*

6110 * Bunp device hand to the device start if it is approaching the end.
6111 * | 2arc_evict() will already have evicted ahead for this case.

6112 *

6113 f (dev->l2ad_hand >= (dev >| 2ad_end - target_sz)) {

6114 dev->[2ad_hand = dev >| 2ad_start;

6115 dev->| 2ad_first = B_FALSE;

6116 }

6118 dev->| 2ad_writing = B_TRUE;

6119 (void) zio_wait(pio);

6120 dev->| 2ad_witing = B_FALSE;

6122 return (wite_asize);
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6123 } 6189 * | 2hdr will be left unnodified.
6190 */
6125 /* 6191 zi o_data_buf _free(cdata, len);
6126 * Conpresses an L2ARC buffer. 6192 ARCSTAT_BUMP(ar cstat _| 2_conpress_fail ures);
6127 * The data to be conpressed nmust be prefilled in | 1hdr.b_tnp_cdata and its 6193 return (B_FALSE);
6128 * size in |2hdr->b_asize. This routine tries to conpress the data and 6194 }
6129 * depending on the conpression result there are three possible outcones: 6195 }
6130 * *) The buffer was inconpressible. The original |2hdr contents were left
6131 * untouched and are ready for witing to an L2 device. 6197 /*
6132 * *) The buffer was all-zeros, so there is no need to wite it to an L2 6198 * Deconpresses a zio read back froman | 2arc device. On success, the
6133 * device. To indicate this situation b_tnp_cdata is NULL' ed, b_asize is 6199 * underlying zio's io_data buffer is overwitten by the unconpressed
6134 * set to zero and b_conpress is set to ZI O COWRESS EMPTY. 6200 * version. On deconpre55|on error (corrupt conpressed stream, the
6135 * *) Conpression succeeded and b_tnp_cdata was replaced with a tenporary 6201 * zio->io_error value is set to signal an I/Oerror.
6136 * data buffer which holds the conpressed data to be witten, and b_asize 6202 *
6137 * tells us how much data there is. b_conpress is set to the appropriate 6203 * Please note that the conpressed data streamis not checksumred, so
6138 * conpression algorithm Once witing is done, invoke 6204 * if the underlying device is experiencing data corruption, we may feed
6139 * | 2arc_rel ease_cdata_buf on this |2hdr to free this tenporary buffer. 6205 * corrupt data to the deconpressor, so the deconpressor needs to be
6140 * 6206 * able to handle this situation (LZ4 does).
6141 * Returns B_TRUE if conpression succeeded, or B FALSE if it didn't (the 6207 */
6142 * buffer was inconpressible). 6208 static void
6143 */ 6209 | 2arc_deconpress_zio(zio_t *zio, arc_buf_hdr_t *hdr, enum zi o_conpress c)
6144 static bool ean_t 6210 {
6145 | 2arc_conpress_buf (arc_buf _hdr _t *hdr) 6211 ASSERT(L2ARC | S VALI D COVWPRESS(cC) ) ;
6146 {
6147 voi d *cdat a; 6213 if (zio->io_error !'=0) {
6148 size_t csize, |en, rounded; 6214 /*
6149 ASSERT( HDR HAS L2HDR( hdr)) 6215 * An io error has occured, just restore the original io
6150 | 2arc_buf _hdr_t *I| 2hdr &hdr->b_| 2hdr; 6216 * size in preparation for a nain pool read.
6217 */
6152 ASSERT( HDR_HAS_L1HDR( hdr)); 6218 zio->i0_orig_size = zio-> o_size = hdr->b_size;
6153 ASSERT( | 2hdr - >b_conpress == ZlI O COVPRESS_OFF) ; 6219 return;
6154 ASSERT(hdr->b_| Thdr.b_tnp_cdata != NULL); 6220 }
6156 len = | 2hdr->b_asi ze; 6222 if (c == ZI O COWRESS_EMPTY) {
6157 cdata = zio_data_buf_alloc(len); 6223 /*
6158 ASSERT3P(cdata, !'=, NULL); 6224 * An enpty buffer results in a null zio, which nmeans we
6159 csize = zio_conpress_data(Zl O COWRESS LZ4, hdr->b_| 1hdr.b_t np_cdat a, 6225 * need to fill its io_data after we're done restoring the
6160 cdata, | 2hdr->b_asize); 6226 * puffer’s contents.
6227 */
6162 rounded = P2ROUNDUP( csi ze, (size t)SPA M NBLOCKSI ZE); 6228 ASSERT(hdr->b_| 1hdr.b_buf != NULL);
6163 if (rounded > csize) { 6229 bzer o( hdr - >b_T 1hdr. b_buf - >b_dat a, hdr->b_si ze);
6164 bzero((char *)cdata + csize, rounded - csize); 6230 zio->o_data = zio->o0_orig_data = hdr->b_ | 1hdr . b_buf - >b_dat a;
6165 csi ze = rounded; 6231 } else {
6166 1 6232 ASSERT(zi 0->i 0_data != NULL);
6233 /*
6168 if (csize == 0) { 6234 * We copy the conpressed data fromthe start of the arc buffer
6169 /* zero block, indicate that there's nothing to wite */ 6235 * (the zio_read will have pulled in only what we need, the
6170 zi o_dat a_buf free(cdata I en); 6236 * rest is garbage which we will overwite at deconpression)
6171 | 2hdr - >b_ _conpress = Zl O CO\/PRESS EMPTY; 6237 * and then deconpress back to the ARC data buffer. This way we
6172 | 2hdr - >b_asi ze = 0; 6238 * can mnimze copying by sinply deconpressing back over the
6173 hdr->b_| 1hdr. b_tnp_cdata = NULL; 6239 * original conpressed data (rather than deconpressing to an
6174 ARCSTAT_BUMP( ar cst at _| 2_conpress_zero0s) ; 6240 * aux buffer and then copying back the unconpressed buffer,
6175 return (B_TRUE); 6241 * which is likely to be nuch |arger)
6176 } else if (csize > 0 & csize < len) { 6242 */
6177 1= 6243 uint64_t csize;
6178 * Conpression succeeded, we’'ll keep the cdata around for 6244 voi d *cdat a;
6179 * witing and rel ease it afterwards.
6180 =[] 6246 csize = zio->i o_size;
6181 | 2hdr - >b_conpress = ZI O COWPRESS_LZ4; 6247 cdata = zio_data_buf_alloc(csize);
6182 | 2hdr - >b_asi ze = csi ze 6248 bcopy(zi o-> o_data, cdata, csize);
6183 hdr->b_| Thdr. b tnp cdata = cdat a; 6249 if (zio_deconpress_data(c, cdata, zio->io_data, csize,
6184 ARCSTAT_BUMP(ar cst at _| 2_conpress_successes); 6250 hdr->b_si ze) != 0)
6185 return (B_TRUE); 6251 zio->io_error = EIQ
6186 } else { 6252 zi o_data_buf _free(cdata, csize);
6187 /* 6253 }
6188 * Conpression failed, release the conpressed buffer.
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6255 /* Restore the expected unconpressed |0 size. */

6256 zio->io_orig_size = zio->io_size = hdr->b_size;

6257 }

6259 /*

6260 * Rel eases the tenporary b_tnp_cdata buffer in an |2arc header structure.
6261 * This buffer serves as a tenporary hol der of conpressed data while
6262 * the buffer entry is being witten to an |2arc device. Once that is
6263 * done, we can di spose of it.

6264 */

6265 static void

6266 I{Zar c_rel ease_cdat a_buf (arc_buf _hdr_t *hdr)

6267

6268 ASSERT( HDR_HAS_L2HDR( hdr)) ;

6269 enum zi o_conpress conp = hdr->b_| 2hdr.b_conpress;

6271 ASSERT( HDR _| HAS L1HDR( hdr));

6272 ASSERT(conp = COVPRESS OFF || L2ARC_I S_VALI D_COVPRESS(conp));
6274 if (comp == ZI O COWRESS_OFF) {

6275 /*

6276 * In this case, b_tnp_cdata points to the same buffer
6277 * as the arc_buf _t’'s b_data field. We don’'t want to
6278 * free it, since the arc_buf_t will handle that.

6279

6280 hdr >b Ilhdr b_tnp_cdata = NULL;

6281 } else if (comp == ZI O_COMPRESS EMPTY) {

6282 /*

6283 * In this case, b_tnp_cdata was conpressed to an enpty
6284 * buffer, thus there’s nothing to free and b_tnp_cdata
6285 * shoul d have been set to NULL in |2arc_wite_buffers().
6286 */

6287 ASSERT3P(hdr->b_| 1hdr.b_t np_cdata, ==, NULL);

6288 } else {

6289 /*

6290 * |f the data was conpressed, then we've allocated a
6291 */terrporary buffer for it, so now we need to release it.
6292

6293 ASSERT( hdr->b_I 1hdr. b_t np_cdata != NULL);

6294 zi o_data_buf _free(hdr->b_I 1hdr. b_t np_cdat a,

6295 “hdr->b_size);

6296 hdr->b_| 1hdr. b_t np_cdata = NULL;

6297 }

6299 }

6301 /*

6302 * This thread feeds the L2ARC at regular intervals. This is the beating
6303 * heart of the L2ARC.

6304 */

6305 static void

6306 | 2arc_feed_t hread(voi d)

6307 {

6308 callb_cpr_t cpr;

6309 | 2arc_dev_t *dev;

6310 spa_t *spa;

6311 uint64_t size, wwote

6312 clock_t begin, next = ddi_get_lbolt();

6313 bool ean_t headroomﬁboost = B_FALSE;

6315 CALLB_CPR I NI T(&cpr, & 2arc_feed_thr_lock, callb_generic_cpr, FTAQG;
6317 mut ex_enter (& 2arc_feed_thr_| ock);

6319 while (l2arc_thread_exit == 0) {

6320 CALLB_CPR_SAFE_ BEG N( &cpr) ;
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6321
6322
6323
6324

6326
6327
6328
6329
6330
6331
6332
6333
6334
6335

6337
6338
6339
6340
6341
6342
6343
6344
6345
6346
6347
6348

6350
6351

6353
6354
6355
6356
6357
6358
6359
6360
6361

6363
6364
6365
6366
6367
6368
6369
6370

6372
6374

6376
6377
6378
6379

6381
6382
6383
6384

6386

(void) cv_tinmedwait (& 2arc_feed_thr_cv, & 2arc_feed_thr_|ock,
next);

CALLB CPR_SAFE_END( &cpr, & 2arc_feed_thr_| ock);

next = ddi _get_|bolt() + hz;

/*
* Q.li ck check for L2ARC devi ces.

n"utex _enter (& 2arc_dev_ntXx);
if (l2arc_ndev == 0) {
mut ex_exi t (& 2arc_dev_nt x);
conti nue;

mut ex_exi t (& 2arc_dev_ntx);
begin = ddi _get _| 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
*will 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 renpval. |2arc_dev_get_next ()

* will grab and rel ease |2arc_dev_ntx.

*/

f ((dev = |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.
*
f

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

}
/*
* Avoid contributing to nenory pressure.
*
if (arc_reclaimneeded()) {
ARCSTAT_BUMP(ar cst at _| 2_abort_| owren);

spa_config_exit(spa, SCL_L2ARC, dev);
conti nue;

}
ARCSTAT_BUMP(arcstat _| 2_f eeds);
size = | 2arc_wite_size();

/Z Evict L2ARC buffers that will be overwitten.

| Zgr c_evict(dev, size, B FALSE);

| *

:/Wite ARC buffers.

wote = | 2arc_wite_buffers(spa, dev, size, &headroom boost);

/| *
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6387 * Calculate interval between wites.

6388 */

6389 next = l2arc_wite_interval (begin, size, wote);
6390 spa_config_exit(spa, SCL_L2ARC, dev);

6391 }

6393 | 2arc_thread_exit = 0;

6394 cv_broadcast (& 2arc_feed_thr_cv);

6395 CALLB_CPR EXI T(&cpr); /* drops |2arc_feed_thr_lock */
6396 thread_exit();

6397 }

6399 bool ean_t

6400 | 2arc_vdev_present (vdev_t *vd)

6401 {

6402 | 2arc_dev_t *dev;

6404 mut ex_ent er (& 2arc_dev_ntx);

6405 for (dev = list_head(l2arc_| dev _list); dev !'= NULL;

6406 dev = |ist_next(l2arc_dev_Tist, dev)) {

6407 if (dev->l2ad_vdev == vd)

6408 break;

6409 1

6410 mut ex_exit (& 2arc_dev_ntx);

6412 return (dev != NULL);

6413 }

6415 /*

6416 * Add a vdev for use by the L2ARC. By this point the spa has already
6417 * validated the vdev and opened it.

6418 */

6419 void

6420 | 2arc_add_vdev(spa_t *spa, vdev_t *vd)

6421 {

6422 | 2arc_dev_t *adddev;

6424 ASSERT(! | 2arc_vdev_present (vd));

6426 /*

6427 * Create a new | 2arc device entry.

6428 */

6429 adddev = knmem zal | oc(si zeof (I2arc_dev_t), KM SLEEP);

6430 adddev- >l 2ad_spa = spa;

6431 adddev- >l 2ad_vdev = vd

6432 adddev- >l 2ad_st art VDEV LABEL_START_SlI ZE;

6433 adddev- >l 2ad_end = VDEV LABEL_START_SIZE + vdev_get _nin_asi ze(vd);
6434 adddev- >l 2ad_hand = adddev- >l 2ad_start ;

6435 adddev->| 2ad_first = B_TRUE;

6436 adddev- >l 2ad_writing = B_FALSE;

6438 mut ex_i ni t (&dddev- >l 2ad_nt x, NULL, MJTEX_DEFAULT, NULL);
6439 /*

6440 * This is alist of all ARC buffers that are still valid on the
6441 * devi ce.

6442 */

6443 list_create(&dddev->| 2ad_buflist, sizeof (arc_buf_hdr_t),
6444 of fsetof (arc_buf _hdr_t, b_|2hdr.b_l 2node));

6446 vdev_space_update(vd, 0, 0, adddev->| 2ad_end - adddev->| 2ad_hand);
6447 ref count _creat e( &dddev- >l 2ad_al | oc) ;

6449 /*

6450 * Add device to global Iist

6451 */

6452 mut ex_ent er (& 2arc_dev_nt x);
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6453 l'ist_insert_head(l2arc_dev_|ist, adddev);

6454 at omi c¢_i nc_64( & 2arc_ndev);

6455 mut ex_exi t (& 2arc_dev_nt x) ;

6456 }

6458 [ *

6459 * Renpve a vdev fromthe L2ARC

6460 */

6461 void

6462 | 2arc_renove_vdev(vdev_t *vd)

6463 {

6464 | 2arc_dev_t *dev, *nextdev, *rendev = NULL;

6466 /*

6467 * Find the device by vdev

6468 */

6469 mut ex_ent er (& 2arc_dev_nt x

6470 for (dev = list_head(l2arc dev list); dev;, dev = nextdev) {
6471 nextdev = |ist_next(l2arc dev Ilst dev) ;

6472 if (vd == dev->l 2ad_vdev) {

6473 rendev = dev;

6474 break;

6475 }

6476 }

6477 ASSERT(rendev != NULL);

6479 /*

6480 * Renpve device fromglobal 1ist

6481 */

6482 l'ist_renove(l2arc_dev_|list, rendev);

6483 | 2arc_dev_l ast = NULL; /* may have been invalidated */
6484 at om c_dec_64( & 2arc_ndev);

6485 mut ex_exi t (& 2arc_dev_ntx);

6487 /*

6488 * Clear all buflists and ARC references. L2ARC device flush.
6489 */

6490 | 2arc_evict(rendev, 0, B_TRUE);

6491 |i st_destroy(& endev->| 2ad buf [ i st);

6492 mut ex_dest r oy( & endev- >l 2ad_nt x) ;

6493 r ef count _destroy(& endev->| 2ad_al | oc);

6494 kmem free(rendev, sizeof (l2arc_dev_t ) );

6495 }

6497 void

6498 | 2arc_init(void)

6499 {

6500 | 2arc_thread_exit = 0;

6501 | 2arc_ndev = 0;

6502 | 2arc_wites_sent = 0;

6503 | 2arc_writes_done = 0;

6505 mut ex_i ni t(&J 2arc_feed_thr_l ock, NULL, MJTEX_DEFAULT, NULL);
6506 cv_i nit( 2arc_feed_thr_cv, NULL CV_DEFAULT, NULL);

6507 mutex_i ni t (& 2arc_dev_ntx, NULL, MJTEX_DEFAULT, NULL);

6508 mutex_init(& 2arc_free_on_wite_ntx, NULL, MJTEX_DEFAULT, NULL);
6510 | 2arc_dev_list = & 2ARC dev_li st;

6511 | 2arc_free_on erte—&LZARCfree on_wite;

6512 list_create(l2arc_dev_list, sizeof (T2arc dev _t),

6513 of f setof (I 2arc_dev_t, i 2ad_node));

6514 list_create(l2arc_free_on_wite, si zeof (l2arc_data _free_t),
6515 of fsetof (1 2arc_data_free_t, |2df_list_node));

6516 }

6518 void
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6519 | 2arc_fini (void)

6520 {

6521 /*

6522 * This is called fromdmu_fini(), which is called fromspa_fini();
6523 * Because of this, we can assune that all |2arc devices have
6524 * already been renpved when the pools thensel ves were renoved.
6525 */

6527 | 2arc_do_free_on_wite();

6529 mut ex_destroy( & 2arc_feed_thr_Il ock);

6530 cv_destroy(& 2arc_feed_thr_cv);

6531 nmut ex_destroy(& 2arc_dev_ntx);

6532 mut ex_destroy(& 2arc_free_on_wite_ntx);

6534 list_destroy(l2arc_dev_list);

6535 l'ist_destroy(l2arc_free_on_wite);

6536 }

6538 void

6539 | 2arc_start (void)

6540

6541 if (!(spa_npde_gl obal & FWRITE))

6542 return;

6544 (void) thread_create(NULL, 0, |2arc_feed_thread, NULL, O, &pO,
6545 TS_RUN, m ncl syspri);

6546 }

6548 void

6549 | 2arc_stop(void)

6550

6551 if (!(spa_node_global & FWRITE))

6552 return;

6554 mut ex_enter (& 2arc_feed_thr_I ock);

6555 cv_signal (& 2arc_feed_thr_cv); [/* kick thread out of startup */
6556 | 2arc_thread_exit = 1;

6557 while (l2arc_thread_exit != 0)

6558 cv_wait (& 2arc_feed_thr_cv, & 2arc_feed_thr_|ock);
6559 mut ex_exi t (& 2arc_feed_thr_I ock);

6560 }
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