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DVA- based Adj ustabl e Repl acement Cache

While nuch of the theory of operation used here is

based on the self-tuning, |ow overhead replacenent cache
presented by Megi ddo and Mbodha at FAST 2003, there are some
significant differences:

1. The Megi ddo and Mbdha nodel assunmes any page is evictable.
Pages in its cache cannot be "locked" into nmenory. This makes
the eviction algorithmsinple: evict the |ast page in the |ist.
This al so nake the performance characteristics easy to reason
about. Qur cache is not so sinple. At any given nonent, sone
subset of the blocks in the cache are un-evictable because we
have handed out a reference to them Blocks are only evictable
when there are no external references active. This nmakes
eviction far nore problematic: we choose to evict the evictable
bl ocks that are the "lowest" in the list.

There are tines when it is not possible to evict the requested
space. |In these circunstances we are unable to adjust the cache
size. To prevent the cache growi ng unbounded at these tines we
inpl erent a “"cache throttle" that slows the flow of new data
into the cache until we can nmake space avail abl e.

2. The Megi ddo and Mbdha nodel assunes a fixed cache size.
Pages are evicted when the cache is full and there is a cache
mss. Qur nodel has a variable sized cache. It grows with
high use, but also tries to react to nenory pressure fromthe
opeLati ng system decreasing its size when systemnenory is
tight.

3. The Megi ddo and Mdha nodel assunes a fixed page size. Al
el ements of the cache are therefore exactly the sane size. So
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when adjusting the cache size following a cache miss, its sinply

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

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

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

The | ocki ng nodel :

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

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

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

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

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

buf _hash_renove() expects the appropriate hash nutex to be
al ready held before it is invoked.

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

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

Arc buffers nay have an associated eviction callback function.

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

in arc_do_user_evicts()). Note however that the data associ ated
with the buffer nay be evicted prior to the callback. The call back

must be made with *no Iocks held* (to prevent deadlock). Additionally,

the users of callbacks nust ensure that their private data is
protected from sinul taneous cal |l backs from arc_buf _evict()
and arc_do_user_evicts().

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

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

- L2ARC buflist creation

- L2ARC buflist eviction

- L2ARC wite conpletion, which wal ks L2ARC buflists

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

/

ncl ude <sys/spa. h>

ncl ude <sys/zio. h>

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

ncl ude <sys/refcount. h>
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#i ncl ude <sys/vdev. h>
#i ncl ude <sys/vdev_inpl.h>

#i f def

_KERNEL

#i ncl ude <sys/vmsystm h>

#i ncl ude <vni anon. h>

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

#endi f

#i ncl ude <sys/callb. h>

#i ncl ude <sys/kstat.h>

#i ncl ude <zfs_fletcher. h>
#i ncl ude <sys/ byt eorder. h>

#i f ndef

_KERNEL
/* set with ZFS_DEBUG=wat ch,

to enabl e wat chpoints on frozen buffers */

bool ean_t arc_watch = B_FALSE;
int arc_procfd;

#endi f

static kmutex_t
static kcondvar _t
static uint8_t

extern int

arc_reclai mthr_| ock;
arc_reclaimthr_cv;
arc_thread_exit;

/* used to signal reclaimthr

zfs_wite_limt_shift;

extern uint64_t zfs_ wite_limt_nmax;
extern kmutex_t zfs_write_limt_|ock;

#def i ne ARC_REDUCE_DNLC_PERCENT 3
uint_t arc_reduce_dnl c_percent = ARC_REDUCE_DNLC_PERCENT;

typedef enum arc_reclaimstrategy {

ARC_RECLAI M AGGR,
ARC_RECLAI M_CONS

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

161 } arc_reclai mstrategy_t;
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235
236
237
238
239
240
241

243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264

/* The 6 states: */

stati
stati
stati
stati
stati

c
c
c
c
c

static

arc_state_t ARC anon;
arc_state_t ARC nru;
arc_state_t ARC | nru_ _ghost;
arc_state_t ARC nfu
arc_state_t ARC nf u_ghost ;
arc_state_t ARC_|2c_only;

typedef struct arc_stats {
kstat_naned_t arcstat_hits;
kstat _named_t arcstat_m sses;
kstat _nanmed_t arcstat_demand_data_hits;
kstat _nanmed_t arcstat_demand_dat a_m sses;
kstat _naned_t arcstat_demand_netadata_hits;
kstat _named_t arcstat_denmand_net adat a_mi sses;
kstat _named_t arcstat_prefetch_data_hits;
kstat _named_t arcstat_prefetch_data_nisses;
kstat_naned_t arcstat_prefetch_netadata_hits;
kstat_named_t arcstat_prefetch_netadata_m sses;
kstat_named_t arcstat_nru_hits;
kstat_named_t arcstat_nru ghost hits;
kstat _nanmed_t arcstat_nfu_hits;
kstat _named_t arcstat_nf ufghost _hits;
kstat _named_t arcstat_del eted;
kstat _nanmed_t arcstat_recycl e_m ss;

| *

*

* ok *

Nunber of buffers that could not be evicted because the hash |ock
was held by another thread. The |ock may not necessarily be held
by sonet hing using the same buffer, since hash | ocks are shared
by multiple buffers.

*/
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/

kstat _named_t arcstat_nutex_m ss;

/*
* Nunber of buffers skipped because they have I/O in progress,
* indrect prefetch buffers that have not |ived | ong enough, or
* not fromthe spa we're trying to evict from
*

/

kstat_naned_t arcstat_evict_skip;

kstat_named_t arcstat_evict_| 2_cached;

kstat _named_t arcstat_evict_|2 eli gi b e;

kstat _named_t arcstat_evict_| 2 ineligi bl e;

kstat _nanmed_t arcstat_hash_el enents;

kstat _nanmed_t arcstat_hash_el enents_nax;

kstat _named_t arcstat_hash_col | i sions;

kst at _nanmed_t arcstat_hash_chai ns;

kstat _naned_t arcstat_hash_chai n_nax;

kstat_nanmed_t arcstat_p;

kstat _named_t arcstat_c;

kstat_named_t arcstat_c_min;

kstat _nanmed_t arcstat_c_nax;

kstat_naned_t arcstat_si ze;

kstat_named_t arcstat_hdr_size;

kstat _nanmed_t arcstat_data_size;

kst at _naned_t arcstat_ot her_size;

kstat_naned_t arcstat_|2_hits;

kstat_nanmed_t arcstat_| 2_mi sses;

kstat_named_t arcstat_| 2_feeds;

kstat _naned_t arcstat_|2_rw cl ash;
kstat_naned_t arcstat_| read_bytes;
kstat_nanmed_t arcstat_|2_write_bytes;
kstat_nanmed_t arcstat_|2_wites_sent;
kstat_named_t arcstat_|2_wites done;
kstat_nanmed_t arcstat_|2 wites_error;
kstat _named_t arcstat_| 2_wites_hdr_mss;

kstat _named_t arcstat_| 2 _evict_Tock_retry;
kstat _nanmed_t arcstat_| evi ct _readi ng;
kstat _nanmed_t arcstat |2 free_on_ wite;
kstat _named_t arcstat_| 2_abort_| owrem
kstat _named_t arcstat_| cksum_bad;
kstat _nanmed_t arcstat_| io_error;
kstat_nanmed_t arcstat_| 2_si ze;
kstat_naned_t arcstat_| 2_asi ze;
kstat _named_t arcstat_| hdr _si ze;
—conpress_successes;
kstat _nanmed_t arcstat_| 2_conpress_zeros;
kstat _named_t arcstat_| 2_conpress_failures;

kstat_named_t arcstat_|
kstat _named_t arcstat_|
kstat _naned_t arcstat_|
kstat _named_t arcstat_|
kstat_nanmed_t arcstat_|
kstat _nanmed_t arcstat_|
kstat _nanmed_t arcstat_|
kstat_naned_t arcstat_|
kstat_nanmed_t arcstat_|
kstat _nanmed_t arcstat_|
kstat _named_t arcstat_|
kstat _naned_t arcstat_|
kstat_naned_t arcstat_|
kstat _nanmed_t arcstat_| rebui | d_uberbl k_errors;
kstat _named_t arcstat_|2 rebuild_io_errors;
kstat_nanmed_t arcstat_| 2_rebuild_cksumerrors;
kstat_nanmed_t arcstat_|2_rebuil d_|l oop_errors;
kstat_named_t arcstat_| 2_rebuil d_abort_| ownem
kstat _nanmed_t arcstat mem)ry throttle_count;
kstat _named_t arcstat_duplicate_buffers;

neta_wites;

met a_avg_si ze;
“nmeta_avg_asi ze;
_asize_to_neta_ratio;
rebui | d_attenpts;
rebui | d_successes;
“rebui | d_unsupport ed
_rebui | d_tinmeout;
rebui | d_arc_byt es;
rebui | d_| 2arc_bytes;
rebui | d_bufs;

“rebui | d_bufs_precached;

12_
12_
12_
|27
|27
|27
12
|27
|2~
|2~
12
12
12
12
|2
| 2”
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kstat _named_t arcstat_|2_
12
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| 2_rebui | d_net abuf s;
|27
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331 kstat_nanmed_t arcstat_duplicate_buffers_size; 397 "l 2_meta_avg_asi ze" KSTAT_DATA_UI NT64 },
332 kstat _named_t arcstat_duplicate_reads; 398 "| 2_asize _to_neta_| ratl o" KSTAT_DATA Ul NT64 },
333 kstat _nanmed_t arcstat_neta_used; 399 "I 2_rebuilTd attenpts" KSTAT_DATA Ul NT64 },
334 kstat_naned_t arcstat_neta_limt; 400 "I 2_rebuil d_successes KSTAT_DATA Ul NT64 },
335 kstat _nanmed_t arcstat_neta_nax; 401 "I 2_rebuild _unsuppor t ed", KSTAT_DATA_UI NT64 },
336 } arc_stats_t; 402 "I 2_rebuil d_timeout" KSTAT_DATA Ul NT64 },
403 "I 2_rebuil d_arc_byt es” KSTAT_DATA Ul NT64 },
338 static arc_ _stats_t arc_stats = { 404 "1 2_rebui | d_I 2arc_byt es” , KSTAT_DATA Ul NT64 },
339 Thits" KSTAT_DATA_UI NT64 }, 405 "I 2_rebui | d_buf s", KSTAT_DATA Ul NT64 },
340 "m sses s KSTAT_DATA Ul NT64 }, 406 "I 2_rebuil d_pr ecached KSTAT_DATA Ul NT64 },
341 "demand_dat a_hi ts" KSTAT_DATA_UI NT64 }, 407 "| 2_r ebui | d_net abuf s" KSTAT_DATA_UI NT64 },
342 "demand_dat a_mi sses” KSTAT_DATA_Ul NT64 1}, 408 "| 2_r ebui | d_uber bl k_er rors", KSTAT_DATA Ul NT64 },
343 "demand_net adat a_hi t s" KSTAT_DATA_UI NT64 }, 409 "I 2 rebuild_io_errors” KSTAT_DATA_UI NT64 },
344 derrand_net adat a_mi sses s KSTAT_DATA Ul NT64 }, 410 “ 2 rebuil d cksum errors KSTAT_DATA Ul NT64 },
345 pr efetch_data_hits" KSTAT_DATA_UI NT64 }, 411 "I 2 rebuil d_l oop_errors" KSTAT_DATA_UI NT64 },
346 pr ef etch_dat a_nmi sses” KSTAT_DATA_UI NT64 }, 412 " 2_rebuil d_abort_| owrrerﬂ' KSTAT_DATA_UI NT64 },
347 pr ef et ch_nmet adat a_hi ts” KSTAT_DATA_UI NT64 }, 413 "menory_throttle_count” KSTAT_DATA_UI NT64 },
348 " pref et ch_met adat a_ni sses” KSTAT_DATA Ul NT64 }, 414 "duplicate_buffers", KSTAT_DATA Ul NT64 },
349 "mru_hits", KSTAT_DATA_UI NT64 }, 415 "duplicate_buffers_size", KSTAT_DATA_UI NT64 },
350 "nru_ghost _hits", KSTAT_DATA_UI NT64 1}, 416 "duplicate_reads", KSTAT_DATA_UI NT64 1},
351 "nfu_hits", KSTAT_DATA_UI NT64 }, 417 "arc_neta_used", KSTAT_DATA_UI NT64 },
352 “nfu_ghost _hits", KSTAT_DATA Ul NT64 }, 418 "arc_meta limt", KSTAT_DATA_UI NT64 },
353 "del eted", KSTAT_DATA_UI NT64 }, 419 "arc_neta_max", KSTAT_DATA Ul NT64
354 "recycl e_m ss", KSTAT_DATA_UI NT64 }, 420 };
355 "mut ex_m ss", KSTAT_DATA_UI NT64 }, __unchanged_portion_omtted_
356 "evi ct _skip", KSTAT_DATA_UI NT64 },
357 "evict_|2_cached", KSTAT_DATA Ul NT64 }, 437 #define ARCSTAT_MAXSTAT(stat) \
358 "evict_l2_eligible", KSTAT_DATA Ul NT64 }, 438 ARCSTAT_MAX( st at ##_nmax, arc_stats. stat.val ue. ui 64)
359 "evict_l2_ineligible", KSTAT_DATA_UI NT64 },
360 "hash_el ements", KSTAT_DATA_UI NT64 }, 440 [ *
361 "hash_el enent s_nmax", KSTAT_DATA Ul NT64 }, 441 * W define a macro to allow ARC hits/ m sses to be easily broken down by
362 "hash_col |'i si ons", KSTAT_DATA_UI NT64 }, 442 * two separate conditions, giving a total of four different subtypes for
363 "hash_chai ns", KSTAT_DATA_Ul NT64 }, 443 * each of hits and misses (so eight statistics total).
364 "hash_chai n_max", KSTAT_DATA_UI NT64 }, 444  */
365 "p", KSTAT_DATA Ul NT64 }, 445 #defi ne ARCSTAT_CONDSTAT(condl, statl, notstatl, cond2, stat2, notstat2, stat) \
366 "c", KSTAT_DATA_UI NT64 }, 446 if (condl)
367 "c_min", KSTAT_DATA_Ul NT64 }, 447 if (cond2) {
368 "c_max", KSTAT_DATA_UI NT64 }, 448 ARCSTAT_BUMP( ar cst at _##st at 1##_##st at 2##_##stat); \
369 "size", KSTAT_DATA Ul NT64 }, 449 } else { \
370 "hdr _si ze", KSTAT_DATA_UI NT64 }, 450 ARCSTAT_BUVP( ar cst at _##st at 1##_##not st at 2##_##stat); \
371 "dat a_si ze", KSTAT_DATA_UI NT64 }, 451 \
372 "ot her _si ze", KSTAT_DATA_UI NT64 }, 452 } else { \
373 "12_hits", KSTAT_DATA_UI NT64 }, 453 if (cond2) { \
374 "l 2_m sses", KSTAT_DATA_UI NT64 }, 454 ARCSTAT_BUVP( ar cst at _##not st at 1## _ ##st at 2##_##stat); \
375 "l 2_feeds", KSTAT_DATA_UI NT64 }, 455 } else {
376 "l 2_rw_clash", KSTAT_DATA_UI NT64 }, 456 ARCSTAT_BUMP( ar cst at _##not st at 1##_##not st at 2##_##tstat ) ; \
377 "l 2_read_bytes" KSTAT_DATA Ul NT64 }, 457 } \
378 "1 2-wite_ byt eS KSTAT_DATA_UI NT64 }, 458 }
379 "I 2 wites_sent" KSTAT_DATA_UI NT64 },
380 "I 2_writ es_done KSTAT_DATA_Ul NT64 }, 460 /*
381 " 2” wrltes_error", KSTAT_DATA_UI NT64 }, 461 * This macro allows us to use kstats as floating averages. Each tine we
382 "12_writes_hdr_niss", KSTAT_DATA Ul NT64 }, 462 * update this kstat, we first factor it and the update val ue by
383 "l 2_evict_lock_r et ry", KSTAT_DATA Ul NT64 }, 463 * ARCSTAT_AVG | FACT(J? to shrink the new value's contribution to the overall
384 "| 2_evi ct _readi ng" KSTAT_DATA_UI NT64 }, 464 * average. This macro assunes that integer |oads and stores are atonic, but
385 "I2 free_on_wite" KSTAT_DATA_UI NT64 }, 465 * is not safe for nultiple witers updating the kstat in parallel (onIy the
386 "I 2_abort _| owrent, KSTAT_DATA Ul NT64 }, 466 * last witer’'s update will remain).
387 "1 2 cksum | bad KSTAT_DATA Ul NT64 }, 467 */
388 "2 0_ err or" KSTAT_DATA Ul NT64 }, 468 #defi ne ARCSTAT_F_AVG FACTOR 3
389 "I 2 size", KSTAT_DATA Ul NT64 }, 469 #define ARCSTAT_F_AVGE stat, value) \
390 "1 2 asi ze", KSTAT_DATA Ul NT64 }, 470 do { \
391 "I 2"hdr_si ze" KSTAT_DATA Ul NT64 }, 471 uint64_t x = ARCSTAT(stat); \
392 "| 2_conpress successes KSTAT_DATA Ul NT64 }, 472 X =x - x/ ARCSTAT F_AVG_ FACTCR + \
393 "I 2_conpress_zeros" KSTAT_DATA_UI NT64 }, 473 (val ue) / ARCSTAT_F_AVG FACTOR \
394 "1 2_conpress_fai l ures” KSTAT_DATA Ul NT64 }, 474 ARCSTAT(stat) = x; \
395 "I 2 meta_writes" KSTAT_DATA Ul NT64 }, 475 _NOTE( NOTREACHED) \
396 "| 2_net a_avg_si Ze KSTAT_DATA Ul NT64 }, 476 _NOTE( CONSTCOND) \
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477 } while (0) 663 * our headroom for the next scanning cycle by this percentage nultiple.
664 */
479 kstat _t *arc_ksp; 665 #defi ne L2ARC_HEADROOM BOOST 200
480 static arc_state_t *arc_anon; 666 #define L2ARC_FEED SECS 1 /* caching interval secs */
481 static arc_state_t *arc_nru; 667 #define L2ARC_FEED M N_Ms 200 /* mn caching interval ns */
482 static arc_state_t *arc_nru_ghost;
483 static arc_state_t *arc_nfu; 669 #define | 2arc_wites_sent ARCSTAT(arcstat _| 2_wites_sent)
484 static arc_state_t *ar c_nf u_ghost ; 670 #define |2arc_wites_done ARCSTAT(arcstat _| 2_wri tes_done)
485 static arc_state_t *arc_| 2c_only;
672 /* L2ARC Performance Tunables */
487 | * 673 uint64_t |2arc_wite_ rmx:LZARCV\RITE S| ZE; /* default max write size */
488 * There are several ARC variables that are critical to export as kstats -- 674 uint64_t |2arc_wite boost = L2ARC WRITE_SIZE; /* extra wite during warmup */
489 * but we don't want to have to grovel around in the kstat whenever we wish to 675 uint64_t |2arc_headroom = L2ARC_HEADROOM /* nunber of dev wites */
490 * panipulate them For these variables, we therefore define themto be in 676 uint64_t |2arc_headroom boost = L2ARC HEADROOM BOOST;
491 * terns of the statistic variable. This assures that we are not introducing 677 uint64_t |2arc_feed_secs = L2ARC FEED_SECS; /* interval seconds */
492 * the possibility of inconsistency by having shadow copi es of the variables, 678 uint64_t |2arc_feed_min_nms = L2ARC FEED MN_MS; /* min interval nilliseconds */
493 * while still allowi ng the code to be readable. 679 bool ean_t | 2arc_noprefetch = B_TRUE, /* don’t cache prefetch bufs */
494 */ 680 bool ean_t |2arc_feed_again = B_TRUE; /* turbo warmup *
495 #define arc_size ARCSTAT( ar cst at _si ze) /* actual total arc size */ 681 bool ean_t | 2arc_norw = B_TRUE; /* no reads during wites */
496 #define arc_p ARCSTAT( ar cst at _p) /* target size of MRU */
497 #define arc_c ARCSTAT( arcstat _c) /* target size of cache */ 683 /*
498 #define arc_c_mn ARCSTAT(arcstat_c_nmin) /* mn target cache size */ 684 * L2ARC Internals
499 #define arc_c_max ARCSTAT(arcstat_c_max) /* max target cache size */ 685 */
500 #define arc_neta_linmit ARCSTAT(arcstat_neta limit) /* max size for nmetadata */ 686 typedef struct |2arc_dev |2arc_dev_t;
501 #define arc_neta_used ARCSTAT(arcstat_neta_used) /* size of netadata */ 630 typedef struct |2arc_dev {
502 #define arc_neta_nmax ARCSTAT(arcstat_neta_max) /* max size of netadata */ 631 vdev_t *| 2ad_vdev; /* vdev */
632 spa_t *| 2ad_spa; /* spa */
504 #define L2ARC_ IS VALI D_COVPRESS( _c 633 ui nt 64_t | 2ad_hand; /* next wite |ocation */
505 ((_c_) == ZI O COWRESS_LZ4 || (_c_) == ZI O_COWPRESS_EMPTY) 634 ui nt 64_t | 2ad_start; /* first addr on device */
635 ui nt 64_t | 2ad_end; /* last addr on device */
507 static int arc_no_grow, /* Don't try to grow cache size */ 636 ui nt 64_t | 2ad_evi ct; /* last addr eviction reached */
508 static uint64_t ar c_t enpreserve; 637 bool ean_t | 2ad_first; /* first sweep through */
509 static uint64_t ar c_| oaned_byt es; 638 bool ean_t | 2ad_writing; /* currently witing */
639 list_t *| 2ad_buflist; /* buffer list */
511 typedef struct |2arc_buf_hdr |2arc_buf_hdr_t; 640 I'ist_node_t | 2ad_node; /* device |list node */
641 } |2arc_dev_t;
513 typedef struct arc_call back arc_call back_t;
687 static list_t L2ARC dev_list; /* device list */
515 struct arc_call back { 688 static list_t *l2arc_dev_list; /* device list pointer */
516 voi d *acb_private; 689 static knmutex_t |2arc_dev_ntx; /* device list nutex */
517 arc_done_func_t *acb_done; 690 static |2arc_dev_t *|2arc_dev_| ast; /* last device used */
518 arc_buf _t *acb_buf; 691 static kmutex_t T2arc_buflist_ntx; /* mutex for all buflists */
519 zio_t *acb_zi o_dumy; 692 static list_t L2ARC free_on_write; /* free after wite buf list */
520 arc_cal | back_t *acb_next; 693 static list_t *l2arc_free_on_wite; /* free after wite list ptr */
521 }; 694 static kmutex_t |2arc_free_on_wite_ntx; /* mutex for list */
__unchanged_portion_omtted_ 695 static uint64_t |2arc_ndev; /* nunber of devices */
644 static buf_hash_table_t buf_hash_table; 697 typedef struct |2arc_read_call back {
698 arc_buf _t *| 2rcb_buf; /* read buffer */
646 #define BUF_HASH | NDEX(spa, dva, birth) \ 699 spa_t *| 2rcb_spa; /* spa */
647 (buf _hash(spa, dva, birth) & buf_hash_tabl e.ht_nask) 700 bl kptr_t | 2r cb_bp; /* original blkptr */
648 #define BUF_HASH LOCK NTRY(I dx) (buf_hash_table.ht_|ocks[idx & (BUF_LOCKS-1)]) 701 zbooknmar k_t | 2rcb_zb; /* original bookmark */
649 #define BUF_HASH_ LOOK(| dx) ( & BUF_HASH_LOCK_NTRY(i dx) . ht _I ock)) 702 int | 2rcb_f1 ags; /* original flags */
650 #define HDR_LOCK(hdr) \ 703 enum zi o_conpr ess | 2rcb_conpress; /* applied conpress */
651 ( BUF_HASH_LOCK( BUF_HASH | NDEX( hdr->b_spa, &hdr->b_dva, hdr->b_birth))) 704 } |2arc_read_cal | back_t;
653 uint64_t zfs_crc64_tabl e[ 256]; 706 typedef struct |2arc_wite_callback {
707 | 2arc_dev_t *| 2wecb_dev; /* device info */
655 /* 708 arc_buf _hdr _t *| 2wcb_head; /* head of wite buflist */
656 * Level 2 ARC 709 uint8_t *| 2web_pbuf; /* pbuf sent in this wite */
657 */ 710 ui nt 32_t | 2wcb_pbuf _si ze; /* size of committed pbuf */
711 ui nt 8_t *| 2wcb_ub_buf ; /* uberblock in this wite */
659 #define L2ARC_WRI TE_SI ZE (8 * 1024 * 1024) /* initial wite max */ 712 } | 2arc_write_call back_t;
660 #define L2ARC_HEADROOM 2 /* numof wites */ " unchanged_portion omtted
661 /*
662 * |f we discover during ARC scan any buffers to be conpressed, we boost 734 static kmutex_t |2arc_feed_thr_|ock;
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static kcondvar_t |2arc_feed_thr_cv;
static uint8_t T2arc_thread_exit;

static void | 2arc_read_done(zio_t *zio);
static void |2arc_hdr_stat_add(bool ean_t from arc);
static void | 2arc_hdr_stat _add(void);

static void | 2arc_hdr_stat _r ermve(voi d);

static bool ean_t | 2arc_conpress_buf (I 2arc_buf _hdr_t *|2hdr);

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

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

typedef enum {
L2UBLK BIG ENDIAN = (1 << 0), /*
L2UBLK_EVICT_FIRST = (1 << 1) [*
} 1 2uberbl ock_flags_t;

little endian assumed ot herw se */
mrror of |2ad_first in |2dev */

typedef struct |2uberblock {

ui nt 32_t ub_magi c;
uint8_t ub_versi on;
| 2uberb| ock_flags_t ub_f1l ags;
ui nt 64_t ub_spa_gui d;
ui nt 64_t ub_birth;
ui nt 64_t ub_evict _tail; /* current evict pointer */
ui nt 64_t ub_al | oc space /* vdev space alloc status */
ui nt 64_t ub_pbuf daddr; /* address of newest pbuf */
ui nt 32_t ub_pbuf_asize; /* size of newest pbuf */
zi o_cksum t ub_pbuf _cksum /* fletcher4 of newest pbuf */
zi o_cksum t ub_cksum /* cksum of uberbl ock */

} 1 2uberbl ock_t;

typedef enum {
L2PBUF_BI G ENDI AN = (1 << 0), /* little endian assuned ot herwi se */
L2PBUF_COWPRESSED = (1 << 1) /* pbuf data itens are conpressed */

} 1 2pbuf _flags_t;
typedef struct |2pbuf {

ui nt 32_t pb_magi c;
unsi gned i nt pb_version;
| 2pbuf _fl ags_t pb_fl ags;

ui nt 64_t pb_prev_daddr; /* address of previous pbuf */
ui nt32_t pb_prev_asize; /* size of previous pbuf */
zi o_cksum t pb_prev_cksum /* fletcher4 of prev. pbuf */

/
This is a set of itemlists that are contained in this pbuf. Each
L2ARC write appends a new | 2pbuf_buflist_t array of |2pbuf_buf_t’s.
This serves as a soft tineout feature - once the linit of the
nunber of itemlists that a pbuf can hold is reached, the pbuf is
*/fl ushed to stable storage, regardless of its total size.

*
list_t

/

* ok ok ok ¥

*pb_buflists_list;

Nurmber of conpressed bytes referenced by items in this pbuf and
the nunber of lists present.

This is not actually witten to storage, it is only used by
internal algorithms which check for when a pbuf reaches a
certain size limt, after which it is flushed in a wite.

B T S

/
nt 64_t pb_payl oad_asz;

ui
/* Sanme thing for nunmber of buflists */

800
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int pb_nbuflists;
/*
* Filled in by |2arc_pbuf_read to hold this pbuf’s alloc’d size.
* This is then used by |2arc_pbuf_restore to update used space
* on the L2ARC vdev.
*
/
size_t pb_asi ze;
} 1 2pbuf _t;
typedef struct | 2pbuf_buf | 2pbuf_buf _t;
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typedef struct |2pbuf_buflist {

ui nt32_t | 2pbl _nbufs;
| 2pbuf _buf _t *| 2pbl _buf s;
list_node_t | 2pbl _node;

} | 2pbuf _bufTist_t;
struct | 2pbuf_buf {

dva_t b_dva; /* dva of buffer */
ui nt 64_t b_birth; /* birth txg of buffer */
ui nt64_t b_cksunD;
zi o_cksum t b_freeze_cksum
ui nt 32_t b_si ze; /* unconpressed buf size */
ui nt 64_t b_I 2daddr ; /* buf location on |2dev */
ui nt32_t b_| 2asi ze; /* actual buf data size */
enum zi o_conpr ess b_I 2conpress; /* conpression applied */
uint16_t b_contents_type;
ui nt 32_t b_fl ags;

ik

struct |2arc_dev {
vdev_t *| 2ad_vdev; /* vdev */

spa LT *| 2ad_spa; /* spa */

ui nt 64_t | 2ad_hand; /* next wite |ocation */
ui nt 64_t | 2ad_start; /* first addr on device */
ui nt 64_t | 2ad_end; /* last addr on device */
ui nt 64_t | 2ad_evi ct; /* last addr eviction reached */
bool ean_t | 2ad_first; /* first sweep through */
bool ean_t | 2ad_writing; /* currently witing */
list_t *| 2ad_buflist; /* buffer list */
l'i st _node_t | 2ad_node; /* device list node */
| 2pbuf _t | 2ad_pbuf; /* currently open pbuf */
ui nt 64_t | 2ad_pbuf _daddr; /* prev pbuf daddr */
ui nt 64_t | 2ad_pbuf _asi ze; /* prev pbuf asize */
zi o_cksum t | 2ad_pbuf _ cksum /* prev pbuf cksum */
/* uberbl ock birth counter - incremented for each conmitted uberblk */
ui nt 64_t | 2ad_uber bl ock_bi rt h;
/* flag indicating whether a rebuild is currently goi ng on */

) bool ean_t | 2ad_r ebui | di ng;

/* Stores information about an L2ARC prefetch zio */

typedef struct |2arc_prefetch_info {
ui nt8_t *pi _buf; /* where the zio wites to */
ui nt 64_t pi _buflen; /* length of ‘buf’ */
zio_t *pi _hdr_i o; /* see | 2arc_pbuf _read bel ow */
} I2arc_prefetch_info_t;

/* 256 x 4k of | 2uberbl ocks */

#def i ne L2UBERBLOCK_SI ZE 4096

#def i ne L2UBERBLOCK_MAG C 0x12bab10c

#def i ne L2UBERBLOCK_MAX_VERSI ON 1 /* our maxi mum uber bl ock version */
#def i ne L2PBUF_MAG C 0xdbOf aba6

#defi ne L2PBUF_MAX_VERSI ON 1 /* our maxi mum pbuf version */
#defi ne L2PBUF_BUF_SI ZE 88 /* size of one pbuf buf entry */
#defi ne L2PBUF_HDR_SI ZE 56 /* pbuf header excluding any payl oad */
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#def i ne L2PBUF_ENCODED_SI ZE( _pb) \
(L2PBUF_HDR_SI ZE + | 2arc_pbuf _itenms_encoded_si ze(_pb))
/

* %k

*
*
/

#defi ne L2PBUF_MAX_PAYLOAD SI ZE (24 * 1024 * 1024)
#defi ne L2PBUF_MAX_BUFS (L2PBUF_MAX_PAYLOAD_SI ZE / L2PBUF_BUF_SI ZE)
#def i ne L2PBUF_COMPRESS M NSZ 8192 /* mninmumsize to conpress a pbuf */
#def i ne L2PBUF_MAXSZ 100 * 1024 * 1024 /* maxi mum pbuf size */
#def i ne L2PBUF_MAX_BUFLI STS 128 /* max nunber of buflists per pbuf */
#defi ne L2ARC_REBUI LD_TI MEQUT 60 /* a rebuild may take at nost 60s */
#define L2PBUF_I S_FULL(_pb) \

((_pb) - >pb_payl oad_asz > | 2arc_pbuf _max_sz || \

(_pb)->pb_nbuflists + 1 >= |2arc_pbuf _max_buflists)

Al location limt for the payload of a pbuf. This also fundanmentally
limts the nunber of bufs we can reference in a pbuf.

/*

* These are the flags we allow to persist in L2ARC pbufs. The other flags
* of an ARC buffer pertain to the buffer’s runtime behavior.

*/

#define L2ARC_PERSI ST_FLAGS \
(ARC_TN_HASH TABLE | ARC_L2CACHE | ARC_L2COWPRESS | ARC_PREFETCH)

/*

* Used during L2ARC rebuild after each read operation to check whet her we
* haven't exceeded the rebuild tinmeout val ue.

S

#defi ne L2ARC_CHK_REBUI LD _TI MEQUT(_deadline_, ...) \
do { \
if ((_deadline_ ) != 0 & (_deadline_) < ddi_get_lbolt64()) { \
VA _ARGS__; \

ARCSTAT_BUWP(arcstat _|2_rebuild_timeout); \
crm_err (CE_WARN, "L2ARC rebuild is taking too long, " \
"droppi ng remai ning L2ARC net adata.");
return; \
P\
"~ NOTE( NOTREACHED) \
_NOTE( CONSTCOND) \
} while (0)

Per f ormance tuning of L2ARC persi stency:

| 2ar c_pbuf _conpress_m nsz :
conpressing it.

| 2arc_pbuf _max_sz : Upper bound on the physical size of L2ARC buffers
referenced froma pbuf. Once a pbuf reaches this size, it is
committed to stable storage. Ideally, there should be approx.
| 2arc_dev_si ze / |2arc_pbuf _nmax_sz pbufs on an L2ARC devi ce.

| 2ar c_pbuf _max_buflists : Maxi mum nunber of L2ARC feed cycles that wll
be buffered in a pbuf before it is commtted to L2ARC. This
puts a soft tenporal upper bound on pbuf commit intervals.

| 2arc_rebuil d_enabl ed : Controls whet her L2ARC devi ce adds (either at
pool inport or when adding one manually later) will attenpt
to rebuild L2ARC buffer contents. In special circunstances,
the adm nistrator may want to set this to B_FALSE, if they
are having trouble inporting a pool or attaching an L2ARC
device (e.g. the L2ARC device is slowto read in stored pbuf
netadata, or the netadata has becorme sonehow
fragnent ed/ unusabl e) .

| 2arc_rebui | d_ti meout A hard tineout value on L2ARC rebuilding to help
avoi d a sl ow L2ARC device from preventing pool inport. If we
are not done rebuil ding an L2ARC device by this tine, we
stop the rebuild and return i mediately.

M ni mum si ze of a pbuf in order to attenpt

%ok Gk ok ok b Rk Sk Sk SRk Sk S Rk bk Ok % ok % ok

*/
ui nt64_t | 2arc_pbuf_conpress_m nsz = L2PBUF_COWRESS_M NSZ;
ui nt64_t | 2arc_pbuf _max_sz = L2PBUF_MAXSZ;
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ui nt 64_t | 2arc_pbuf _max_bufli sts = L2PBUF_MAX_BUFLI STS;
bool ean_t | 2arc_rebuil d_enabl ed = B_TRUE,
uint64_t 12arc_rebuild_tinmeout = L2ARC_REBU LD _TI MEOUT;

static void | 2arc_rebuild_start(l2arc_dev_t *dev);

static void | 2arc_rebuil d(l2arc_dev_t *dev);

static void | 2arc_pbuf _restore(l 2arc_dev_t *dev, |2pbuf_t *pb);

static void | 2arc_hdr_restore(const |2pbuf_buf_t *buf, |2arc_dev_t *dev,
uint64_t guid);

static int |2arc_uberblock find(l2arc_dev_t *dev, |2uberblock_t *ub);
static int |2arc_pbuf_read(l2arc_dev_t *dev, uint64_t daddr, uint32_t asize,
zio_cksumt cksum |2pbuf _t ¥pb, zio_t *thls io, zio_t **next_io);
static int |2arc_pbuf _ptr_valid(l2arc_dev_t *dev, uint64_t daddr,
uint32_t asize);
static zio_t *I2arc_pbuf_prefetch(vdev_t *vd, uint64_t daddr,
static void |2arc_pbuf_prefetch_abort(zio_t *2|o)

uint32_t asize);

static void | 2arc_uberbl ock_encode(const | 2uberbl ock_t *ub, uint8_t *buf);

static void | 2arc_uberbl ock_decode(const uint8_t *buf, |2uberblock_t *ub);

static int |2arc_uberblock_verify(const uint8_t *buf, const |2uberblock_t *ub,
uint64_t guid);

static void | 2arc_uberbl ock_updat e(l 2arc_dev_t *dev,
| 2arc_write_cal l back_t *cb);

zio_t *pio,

static uint32_t |2arc_pbuf_encode(l2pbuf t *pb, uint8_t *buf, uint32_t buflen);

958 static int I2arc_pbuf_decode(ui nt8_t *buf, uint32_t buflen,
959 | 2pbuf _t *pbuf);
960 static int |2arc pbuf decode_prev_ptr(const uint8_t *buf, size_t buflen,
961 uint64_t *daddr, uint32_t *asize, zio_cksumt *cksun)
962 static void |2arc pbuf _init(l2pbuf _t pb)
963 static void | 2arc_pbuf _destroy(| 2pbuf _t pb)
964 static void |2arc_pbuf _commit (| 2arc_dev_t *dev zio_t *pio,
965 | 2arc_write_cal | back_t *cb);
966 static I2pbuf buflist_t *l2arc pbuf buflist_alloc(l2pbuf_t *pb, int nbufs);
967 static void | 2arc_pbuflist_insert(l2pbuf _t *pb, |2pbuf_buflist_t *pbl,
968 const arc_buf_hdr_t *ab, int index);
969 static uint32_t |2arc_pbuf_itenms_encoded_size(l 2pbuf _t *pb);
971 static uint64_t
972 buf _hash(uint64_t spa, const dva_t *dva, uint64_t birth)
973 {
974 uint8_t *vdva = (uint8_t *)dva;
975 uint64_t crc = -1ULL;
976 int i;
978 ASSERT( zfs_crc64_tabl e[ 128] == ZFS_CRC64_PQLY) ;
980 for (i =0; i < sizeof (dva_t); i++)
981 crc = (crc >> 8) M zfs_crc64_table[(crc » vdva[i]) & OxFF];
983 crc "= (spa>>8) " birth;
985 return (crc);
986 }
__unchanged_portion_onitted_
1425 /| *
1426 * Move the supplied buffer to the indicated state. The nutex
1427 * for the buffer nmust be held by the caller.
1428 */
1429 static void
1430 arc_change_state(arc_state_t *new state, arc_buf_hdr_t *ab, knutex_t *hash_| ock)
1431 {
1432 arc_state_t *old_state = ab->b_state;
1433 int64_t refcnt = refcount_count(&ab- >b_refcnt);
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uint64_t fromdelta, to_delta;

ASSERT( MUTEX_HELD( hash_I ock) ) ;

ASSERT(new state != ol d_state);

ASSERT(refcnt == 0 || ab >b_datacnt > 0);

ASSERT( ab- >b dat acnt == 0 || ! GHOST STATE(neW state));
ASSERT(ab->b_datacnt <= 1 || old_state != arc_anon);

fromdelta = to_delta = ab->b_datacnt * ab->b_size;
/*

* If this buffer is evictable, transfer it fromthe
* old state list to the new state |ist.
*/

if (refecnt == 0) {
if (old_state != arc anon)
int use_nutex = IMJ'I'E)( ( HELD( &ol d_st at e- >arcs_nt x) ;
uint64_t *size = &ol d_state->arcs_|size[ab->b type]

if (use_mutex)
mut ex_ent er (&ol d_state->arcs_ntx);

ASSERT(list_link_active(&b->b_arc_node));
list_remove(&ol d_state->arcs_list[ab->b_type], ab);

/*

* |f prefetching out of the ghost cache,
* we will have a non-zero datacnt.
*
f

(GHOST_STATE(ol d_state) && ab->b_datacnt == 0) {
/* ghost el enents have a ghost size */
ASSERT(ab- >b_buf == NULL)
fromdelta = ab->b_si ze;

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

if (use_nutex)
mut ex_exi t (&ol d_state->arcs_ntx);

if (new_state != arc_anon) {
int use_nutex = ! MUTEX_HELD( &new st ate->arcs_ntXx);
uint64_t *size = &ew_state->arcs_|size[ab->b_type];

if (use_mutex)
nmut ex_ent er (&new_st at e->arcs_nt x) ;

list_insert_head(&new state->arcs_list[ab->b_type],

/* ghost el enents have a ghost size */
i f (GHOST_STATE(new state)) {
ASSERT( ab- >b_dat acnt == 0);
ASSERT(ab->b_buf == NULL);
to_delta = ab->b_si ze;

}
atom c_add_64(size, to_delta);

i f (use_nutex)
mut ex_exi t (&ew_state->arcs_ntx);

}

ASSERT( ! BUF_EMPTY(ab));
if (new state == arc_anon && HDR_ | N_HASH TABLE( ab))
buf hash _renpve(ab);

13

ab);
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1500 /* adjust state sizes */
1501 if (to_delta)
1502 at om c_add_64( &ew_state->arcs_size, to_delta);
1503 if (fromdelta)
1504 ASSERT3U( ol d_st ate->arcs_size, >=, fromdelta);
1505 at oni ¢_add_64( &ol d_st at e->arcs_si ze, -from del ta);
1506 }
1507 ab->b_state = new_ state;
1509 /* adjust |2arc hdr stats */
1510 if (new state == arc_| 2c_only)
1511 | 2arc_hdr_stat_add(ol d_state != arc_anon);
1240 | 2arc_hdr _stat_add();
1512 else if (old_state == arc_I2c_only)
1513 | 2arc_hdr_stat _renove();
1514 }
__unchanged_portion_omtted_
1615 /*
1616 * Allocates an enpty arc_buf _hdr structure (lacking any data buffer).
1617 * This is used during |2arc reconstruction to make enpty ARC buffers
1618 * which circunvent the regul ar disk->arc->l2arc path and instead come
1619 * into being in the reverse order, i.e. |2arc->arc->(disk).
1620 */
1621 arc_buf _hdr_t *

1622

arc_buf _hdr_al | oc(uint64_t guid, int size, arc_buf_contents_t type)

1623 {

1624 arc_buf _hdr _t *hdr;

1626 ASSERTSU( size, >, 0);

1627 hdr = knmem cache_al | oc(hdr cache, KM PUSHPAGE) ;

1628 ASSERT( BUF_EMPTY(hdr));

1629 hdr->b_si ze = size;

1630 hdr->b_type = type;

1631 hdr->b_spa = gui d;

1632 hdr->b_state = arc_anon;

1633 hdr->b_arc_access = 0;

1634 hdr - >b_buf = NULL;

1635 hdr - >b_dat acnt = 0;

1636 hdr->b_flags = 0;

1637 ASSERT(refcount _is_zero(&hdr->b_refcnt));

1639 return (hdr);

1640 }

1642 static char *arc_onl oan_tag = "onl oan";

1644 | *

1645 * Loan out an anonynous arc buffer. Loaned buffers are not counted as in
1646 * flight data by arc_tenpreserve_space() until they are "returned". Loaned
1647 * buffers nust be returned to the arc before they can be used by the DWMJ or
1648 * freed.

1649 */

1650 arc_buf_t *

1651 arc_| oan_buf (spa_t *spa, int size)

1652 {

1653 arc_buf _t *buf;

1655 buf = arc_buf_all oc(spa, size, arc_onloan_tag, ARC_BUFC_DATA);
1657 atom c_add_64( &arc_| oaned_bytes, size);

1658 return (buf);

1659 }

4131

__unchanged_portion_onitted_

| *

14
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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 at ed
using large infrequent wites. The main role of this cache is to boost
the perfornmance of random read workl oads. The intended L2ARC devices

include short-stroked disks, solid state disks, and other nedia with
substantially faster read | atency than disk.
Fom e e e +
| ARC |
e +
I N N
| |
| 2arc_feed_t hread() arc_read()
|
| l2arc read |
|
B + |
| L2ARC | |
Fommmmmmeemaaas + |
N n |
l2arc_wite() | |
| | |
v |
[ RS + R +
| vdev | | vdev |
| cache |
Hoemme oo +
- |
| Disks |
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

Some L2ARC device types exhibit extrenely slow wite performance.
To accommpdate for this there are some significant differences between
the L2ARC and traditional cache design:

1. There is no eviction path fromthe ARC to the L2ARC. Evictions from
the ARC behave as usual, freeing buffers and pl aci ng headers on ghost
lists. The ARC does not send buffers to the L2ARC during eviction as
this would add inflated wite latencies for all ARC menory 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 device, we
tenmporarily boost scanning headroom during the next scan cycle to make
sure we adapt to conpression effects (which might 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

# al ready on L2ARC

15

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

4198
4199
4200
4201
4202
4203
4204
4205
4206
4207
4208
4209
4210
4211
4212
4213
4214
4215
4216
4217
4218
4219
4220
4221
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4224
4225
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4230
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4234
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4241
4242
4243
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4245
4246
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4248
4249
4250
4251
4252
4253
4254
4255
4256
4257
4258
4259
4260
4261
4262
4263

B i I I T T T A T

LR + 0 L2ARC eligible
| #o#ooo####| - - >| ARC buf fer
Fommmmmeaa +
15.9 Ghytes N 32 Moytes |
headr oom

| 2arc_feed_t hread()

| 2arc wite hand <--[o0000]--’
8 Moyte
| wite max
\%

+ +
L2ARC dev | ##t##| #| #iH| ##| | #a ... |
+ +

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
the ARC |ists have noved there due to inactivity.

4. 1If the ARC evicts faster than the L2ARC can mai ntain a headroom

then the L2ARC sinply m sses copying sonme buffers. This serves as a
pressure valve to prevent heavy read workl oads fromboth stalling the ARC
with waits and cl ogging the L2ZARC with wites. This also hel ps prevent
the potential for the L2ARC to churn if it attenpts to cache content too
qui ckly, such as during backups of the entire pool.

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

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

so that
Each

6. Wites to the L2ARC devices are grouped and sent in-sequence,
the vdev queue can aggregate theminto |arger and fewer wites.
device is witten to in a rotor fashion, sweeping wites through
avai | abl e space then repeating.

needs to flush

7. The L2ARC does not store dirty content. It never

wite buffers back to di sk based storage.

8. If an ARC buffer
L2ARC

is witten (and dirtied) which also exists in the
the now stale L2ARC buffer is inmediately dropped.

The perfornmance of the L2ARC can be tweaked by a nunber of tunables, which
may be necessary for different workl oads:

| 2arc_writ e_max

| 2arc_write_boost

| 2ar c_nopref et ch

| 2ar c_headr oom

| 2ar c_headr oom boost

max wite bytes per interval

extra wite bytes during device warnmup

skip caching prefetched buffers

nunber of max device wites to precache
when we find conpressed buffers during ARC
scanning, we nultiply headroomby this
percentage factor for the next scan cycle,
since nore conpressed buffers are likely to
be present

| 2arc_f eed_secs seconds between L2ARC writing

Tunabl es may be renoved or added as future performance inprovenents are
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integrated, and al so nay becone zpool properties.
There are three key functions that control how the L2ARC warnms up:
I 2arc_write_eligible()

| 2arc_write_size()
l2arc_wite_interval ()

check if a buffer is eligible to cache
cal cul ate how much to wite
cal cul ate sleep delay between wites

These three functions determne what to wite, how nuch, and how quickly
to send writes.

L2ARC per si st ency:

Wien witing buffers to L2ARC, we periodically add some netadata to
make sure we can pick themup after reboot, thus dramatically reducing
the inpact that any downtine has on the performance of storage systens
with |arge caches.

The inplenentation works fairly sinply by integrating the foll ow ng two
nodi fi cations:

*) Every now and then, at end of an L2ARC feed cycle, we append a piece
of metadata (called a "pbuf", or "persistency buffer") to the L2ARC
wite. This allows us to understand what what’s been witten, so that
we can rebuild the arc_buf_hdr_t structures of the main ARC buffers.
The pbuf also includes a "back-reference" pointer to the previous
pbuf, forming a linked |list of pbufs on the L2ARC devi ce.

*) We reserve 4k of space at the start of each L2ARC device for our
header bookkeepi ng purposes. This contains a single 4k uberbl ock, which
contains our top-level reference structures. We update it on each pbuf
wite. If this wite results in an inconsistent uberblock (e.g. due to
power failure), we detect this by verifying the uberblock’s checksum
and sinply drop the entries from L2ARC. Once an L2ARC pbuf update
conpl etes, we update the uberblock to point to it.

I npl enent ati on di agram

+=== L2ARC device (not to scale) i
| newest pbuf poi nter |
| / \ |
| v |
| | I 2uber bl ock] - - - | buf s| pbuf | buf s| pbuf | buf s| pbuf | buf s| pbuf | ---(enpty)---|
[ A AR 7R / |
| ‘-prev-’ ‘-prev-' ‘-prev-’ |
[ pbuf pbuf pbuf |
& +

On-devi ce data structures:

(L2ARC persi stent uber bl ock)

struct | 2uberbl ock {
(these fields are in network byte order)
uint32_t magi c = O0x12bab10c; | 2- ber - bl ock
uint8_t version = 0x1;
uint8 t reserved = 0xO0;
uint16_t ubl k_fl ags; see | 2uberbl ock_fl ags_t

(byte order of fields bel ow determned by ‘ublk_flags’)

uint64_t spa_guid; what pool this |2arc dev belongs to
uint64_t birth_txg; ubl k with highest birth_txg is newest
uint64_t evict_tail; current evict pointer on |2arc dev
uint64_t all oc_space; how much space is alloc’d on the dev
ui nt 64_t pbuf_daddr; dev addr of the newest | 2pbuf_t

ui nt 32_t pbuf _asi ze; si ze of newest pbuf

ui nt 64_t pbuf_cksuni4]; fletcher4 of newest pbuf
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4330 *

4331 * uint8_t reserved[3996] = {0x0, 0xO, 0x0};

4332 *

4333 * uint64_t ubl k_cksuni4] = fletcher4(of the 4064 bytes above);

4334 * } |2dev_uberbl ock;

4335 *

4336 * (L2ARC persistent buffer list)

4337 * typedef struct |2pbuf_t

4338 * (these fields are in network byte order)

4339 * uint32_t magi ¢ = OxdbOf aba6; t he- buf f er - bag

4340 * uint8_t version = 0x1;

4341 * uint8 t reserved = 0xO0;

4342 * uint16_t pbuf_fl ags; see | 2pbuf _flags_t

4343 *

4344 * (byte order of fields bel ow determ ned by ‘ pbuf_flags’)

4345 * uint64_t prev_pbuf_daddr; previ ous pbuf dev addr

4346 * ui nt32_t prev_pbuf_asize; previ ous pbuf size

4347 * uint64_t prev_pbuf_cksuni4]; fl etcher4(of previous pbuf)

4348 *

4349 * uint32_t itens_size; unconpressed size of ‘itens’ bel ow
4350 * (if (pbuf_flags & conpress) deconpress ‘itenms’ prior to decoding)
4351 * struct | 2pbuf _buf _item {

4352 * (these fields mrror [|2]arc_buf_hdr fields)

4353 * uint64_t dva[2]; buffer’s DVA

4354 * uint64_t birth; buffer’s birth TXGin ARC
4355 * ui nt64_t cksunD; | ower 64-bits of buffer’s cksum
4356 * uint64_t freeze_cksuni4]; buffer’s freeze cksum

4357 * uint32_t size; unconpr essed buffer data size
4358 * uint64_t | 2daddr; devi ce address (offset) of buf
4359 * uint32_t | 2asi ze; actual space occupi ed by buf
4360 * uint8_t conpress; conpress al go used on data
4361 * uint8_t contents_type; buffer’s contents type

4362 * uint16_t reserved = 0xO; for alignment and future use
4363 * uint32_t flags; buffer’s persistent flags
4364 * } itens[]; continues for remainder of pbuf
4365 * } |2pbuf t;

4366 *

4367 * L2ARC reconstruction:

4368 *

4369 * When witing data, we sinply wite in the standard rotary fashion,

4370 * evicting buffers as we go and sinply witing new data over them (appending
4371 * an updated | 2pbuf _t every now and then). This obviously neans that once we
4372 * |oop around the end of the device, we will start cutting into an already
4373 * committed | 2pbuf (and its referenced data buffers), |ike so:

4374 *

4375 * current wite head__ _old tail

4376 * \

4377 * \% \Y

4378 * <--| bufs| pbuf | buf s| pbuf | | buf s| pbuf | buf s| pbuf|-->

4379 * N ANNANNNNANN

4380 * | \

4381 * <<nextwrite>> - will overwite this pbuf --/

4382 *

4383 * \WWen inporting the pool, we detect this situation and use it to stop

4384 * our scanning process:

4385 * 1) Let ‘this_pbuf’ refer to the current |2pbuf_t and ‘prev_pbuf’ to the
4386 * previ ous one.

4387 * 2) if (fletcher4(prev_pbuf) != this_pbuf->prev_pbuf_cksum

4388 * then the pbuf is invalid and stop scanning (goto step 3 bel ow).

4389 * 3) if (this is the last valid pbuf)

4390 * discard this pbuf as well (its ARC bufs may have been damaged by a
4391 * partial overwite).

4392 * (We could potentially salvage the remaining good arc bufs above in step 3,
4393 * buf the cost of doing so probably outweighs the value of the entire pbuf).
4394 *

4395 * There is one significant caveat to consider when rebuilding ARC contents
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4396 * from an L2ARC device: what about invalidated buffers? Gven the above
4397 * construction, we cannot update pbufs which we've already witten to anmend 4513 first = NULL;
4398 * themto renove buffers which were invalidated. Thus, during reconstruction, 4514 next = |2arc_dev_| ast;
4399 * we might be populating the cache with buffers for data that’s not on the 4515 do {
4400 * main pool anynore, or may have been overwitten! 4516 1=
4401 * 4517 * Loop around the list |ooking for a non-faulted vdev
4402 * As it turns out, this isn't a problem Every arc_read request includes 4518 * and one that isn't currently doing an L2ARC rebuil d.
4403 * both the DVA and, crucially, the birth TXG of the BP the caller is 4519 */
4404 * looking for. So even if the cache were popul ated by conpletely rotten 4079 /* 1oop around the list |ooking for a non-faulted vdev */
4405 * blocks for data that had been | ong del eted and/or overwitten, we'll 4520 if (next == NULL)
4406 * never actually return bad data fromthe cache, since the DVA with the 4521 next = |ist_head(l?2arc_dev_list);
4407 * birth TXG uniquely identify a block in space and time - once created, 4522 } else {
4408 * a block is immutable on disk. The worst thing we have done is wasted 4523 next = list_next(l2arc_dev_list, next);
4409 * sone tine and nenory at |2arc rebuild to reconstruct outdated ARC 4524 if (next == NULL)
4410 * entries that will get dropped fromthe |2arc as it is being updated 4525 next = list_head(l2arc_dev_list);
4411 * with new bl ocks. 4526 }
4412 */
4528 /* if we have cone back to the start, bail out */
4414 static bool ean_t 4529 if (first == NULL)
4415 | 2arc_wite_eligible(uint64_t spa_guid, arc_buf_hdr_t *ab) 4530 first = next;
4416 { 4531 else if (next == first)
4417 l* 4532 break;
4418 * A buffer is *not* eligible for the L2ARC if it:
4419 * 1. belongs to a different spa. 4534 } while (vdev_is_dead(next->l2ad_vdev) || next->|2ad_rebuilding);
4420 * 2. is already cached on the L2ARC. 4094 } while (vdev_is_dead(next->l 2ad_vdev));
4421 * 3. has an 1/Oin progress (it may be an inconplete read).
4422 * 4. is flagged not eligible (zfs property). 4536 /* if we were unable to find any usabl e vdevs, return NULL */
4423 * 4537 if (vdev_is_dead(next->l2ad_vdev) || next->|2ad_rebuilding)
4424 if (ab- >b _spa != spa_guid || ab->b_|2hdr !'= NULL || 4097 if (vdev_is_dead(next->l2ad_vdev))
4425 HDR | O I N_PROGRESS(ab) || !HDR _L2CACHE(ab)) 4538 next = NULL;
4426 return (B_FALSE);
4540 | 2arc_dev_l ast = next;
4428 return (B_TRUE);
4429 } 4542 out:
__unchanged_portion_onitted_ 4543 mut ex_exit (& 2arc_dev_ntx);
4477 static void 4545 /*
4478 | 2arc_hdr_st at _add(bool ean_t from arc) 4546 * Grab the config lock to prevent the 'next’ device from being
4042 | 2arc_hdr _st at _add( voi d) 4547 * renoved while we are witing to it.
4479 { 4548 */
4480 ARCSTAT_I NCR(ar cst at _| 2_hdr _si ze, HDR SI ZE + L2HDR_SI ZE); 4549 if (next != NULL)
4481 if (fromarc) 4550 spa_confi g_enter(next->l 2ad_spa, SCL_L2ARC, next, RW READER);
4482 ARCSTAT_I NCR(ar cst at _hdr _si ze, -HDR_SI ZE); 4551 mut ex_exi t (&spa_nanmespace_| ock) ;
4483 }
__unchanged_portion_onitted_ 4553 return (next);
4554 }
4492 | * ____unchanged_portion_onitted_
4493 * Cycle through L2ARC devices. This is how L2ARC | oad bal ances.
4494 * |f a device is returned, this also returns holding the spa config | ock. 4580 /*
4495 */ 4581 * A wite to a cache device has conpleted. Update all headers to allow
4496 static |2arc_dev_t * 4582 * reads fromthese buffers to begin.
4497 | 2ar c_dev_get _next (voi d) 4583 */
4498 { 4584 static void
4499 | 2arc_dev_t *first, *next = NULL; 4585 | 2arc_write_done(zio_t *zio)
4586 {
4501 /* 4587 | 2arc_write_cal |l back_t *cb;
4502 * Lock out the renpval of spas (spa_nanespace_l ock), then renoval 4588 | 2arc_dev_t *dev;
4503 * of cache devices (l2arc_dev_ntx). Once a device has been sel ected, 4589 list_t *buflist;
4504 * both locks will be dropped and a spa config | ock held instead. 4590 arc_buf _hdr _t *head, *ab, *ab_prev;
4505 */ 4591 | 2arc_buf _hdr_t *abl 2;
4506 mut ex_ent er (&spa_nanespace_| ock); 4592 kmut ex_t *hash_l| ock;
4507 mut ex_ent er (& 2arc_dev_ntx);
4594 cb = zio-> o_private;
4509 /* if there are no vdevs, there is nothing to do */ 4595 ASSERT(cb != NULL);
4510 if (l2arc_ndev == 0) 4596 dev = cb->l 2wcb_dev;
4511 goto out; 4597 ASSERT(dev !|= NULL);
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4598
4599
4600
4601
4602
4603

4605
4606

4608

4610
4611
4612
4613
4614
4615

4617
4618
4619
4620
4621

4623
4624
4625
4626
4627
4628
4629
4630
4631
4632

4187

4189
4190
4191
4192
4193

4634
4635
4636
4637
4638
4639
4640
4641
4642
4643

4645
4646
4647
4648

4650
4651

4653
4654
4655

head = cb->l 2wcb_head;

ASSERT(head != NULL)

buflist = dev->|2ad_buflist;

ASSERT(buflist != NULL);

DTRACE_PROBE2(| 2arc__i odone, zio_t *, zio,
| 2arc_wite_call back_t *, cb);

if (zio->o_error = 0)
ARCSTAT_BUMP(arcstat _| 2_wites_error);

mut ex_enter (& 2arc_buflist_ntx);

/*
* AIll wites conpleted, or an error was hit.
*
/
for (ab = 1list prev(bufl ist, head); ab; ab = ab_prev) {
ab_prev = Ilst_prev(buflist, ab) ;
abl 2 = ab->b_| 2hdr;
/*
* Rel ease the tenporary conpressed buffer as soon as possible.
*
/
if (abl2->b_conpress != ZI O COWPRESS_OFF)
| 2arc_rel ease_cdat a_buf (ab);
hash_| ock = HDR _LOCK( ab);
if (Tnutex_tryenter(hash_lock)) {
/*
* This buffer misses out. It nay be in a stage
* of eviction. Its ARCL2_ WRITING flag will be
* left set, denying reads to this buffer.
*
/
ARCSTAT_BUMP(arcstat _| 2_writes_hdr_m ss);
conti nue;
}
abl 2 = ab->b_| 2hdr;
/'k
* Rel ease the tenporary conpressed buffer as soon as possible.
*
if (abl2->b_conpress != ZI O COWPRESS_OFF)
| 2arc_rel ease_cdat a_buf (ab);
if (zio->io_error I=0) {
/*
* Error - drop L2ARC entry.
*
/
l'ist_remove(buflist, ab);
ARCSTAT_I NCR(arcstat _| 2_asi ze, -abl 2->b_asi ze);
ab->b_| 2hdr = NULL;
kmem free(abl 2, sizeof (l2arc_buf_hdr_t));
ARCSTAT_I NCR(arcstat _| 2_si ze, -ab->b_size);
}
*
* Allow ARC to begin reads to this L2ARC entry.
*
/
ab->b_flags & ~ARC_L2_WRI TI NG
mut ex_exi t (hash_l ock);
}

atomi c_inc_64(& 2arc_wites_done);
list_renmove(buflist, head);
kmem cache_free(hdr_cache, head);
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4656 mut ex_exi t (& 2arc_buflist_ntx);
4658 | 2arc_do_free_on_wite();
4660 if (cb->l2wcb_pbuf)
4661 kmem free(ch->l 2wcb_pbuf, cb->l2wcb_pbuf _si ze);
4662 if (cb->I2wcb_ub_buf)
4663 kmem f ree( cb->l 2web_ub_buf, L2UBERBLOCK_SI ZE);
4664 kmem free(ch, sizeof (l2arc_wit e_cal | back_t));
4665 }
__unchanged_portion_onitted_
4918 /*
4919 * Find and wite ARC buffers to the L2ARC devi ce.
4920 *
4921 * An ARC L2 WRITING flag is set so that the L2ARC buffers are not valid
4922 * for reading until they have conpleted writing.
4923 * The headroom boost is an in-out parameter used to maintain headroom boost
4924 * state between calls to this function.
4925 *
4926 * Returns the nunber of bytes actually witten (which may be snaller than
4927 * the delta by which the device hand has changed due to alignment)
4928 */

4929 static uint64_t
4930 | 2arc_write_buffers(spa_t *spa, |2arc_dev_t *dev, uint64_t target_sz,

4931
4932 {
4933
4934
4935
4936
4937
4938
4939
4940
4941
4942
4943

4945
4946
4947
4948

4950

4952
4953

4955
4956
4957
4958
4959
4960

4962
4963
4964
4965
4966

4968
4969

4971

bool ean_t *headr oom boost)

arc_buf _hdr_t *ab, *ab_prev, *head;

list_t *list;

uint64_t wite_asize, wite_psize, wite_sz, headroom
buf _conpress_mi nsz;

voi d *buf _dat a;

kmutex_t *list_| ock;

bool ean_t full;

| 2arc write cal | back_t *cb;

zio_t *pio, *wzio;

uint64_t guid = spa_l oad_gui d(spa);

const bool ean_t do_headroom boost = *headr oom boost ;

| * persistency-related */

| 2pbuf _t *pb;

| 2pbuf “buflist_t *pb_buflist;
int num bufs, buf_index;
ASSERT( dev- >l 2ad_vdev != NULL);

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

pi o = NULL;

cb = NULL;

Wite_sz = wite_asize = wite_psize = 0;

full = B_FALSE;

head = knem cache_al | oc(hdr_cache, KM PUSHPAGE);

head->b_flags | = ARC_L2_WRlI TE_HEAD,

/*

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

*/

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

pb = &dev->| 2ad_pbuf;
num bufs = 0;

| *
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4972
4973
4974
4975

4977
4978
4979
4980
4981
4982

4984

4986
4987
4988
4989
4990
4991
4992
4993
4994
4995

4997
4998
4999

5001
5002
5003
5004

5006
5007
5008
5009

5011
5012
5013
5014
5015
5016
5017

5019
5020
5021
5022
5023
5024
5025
5026

5028
5029
5030
5031

5033
5034
5035
5036
5037

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

*/

buf _conpress_minsz = 2 << dev->| 2ad_vdev->vdev_ashift;

/*

* Copy buffers for L2ARC witing.

*/

mut ex_enter (& 2arc_buflist_ntx);

for (int try = 0; try <= 3; try++) {
uint64_t passed_sz = 0;

23
2x the

list = 12arc_list_locked(try, & ist_Ilock);

/*

* L2ARC fast warnup.

*

* Until the ARCis warmand starts to evict, read fromthe
*

head of the ARC lists rather than the tail.
*
/
if (arc_warm == B_FALSE)
ab = Ilst _head(list);
el se
ab = list_tail(list);

headroom = target_sz * |2arc_headroom
if (do_headroom boost)

headr oom = (headroom * | 2arc_headroom boost) / 100;

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

if (arc_warm == B_FALSE)

ab_prev = list_next(list, ab);
el se

ab_prev = list_prev(list, ab);

hash_l ock = HDR_LOCK( ab) ;
if (lnutex _tryenter(hash_l ock)) {
/*

* Skip this buffer rather than waiting.
*
/

conti nue;

}

passed_sz += ab->b_si ze;
i f (passed sz > headroon) {
/*

* Searched too far.
*
/

mut ex_exi t (hash_I ock);
br eak;

}

if ('l12arc_wite_eligible(guid, ab)) {
mut ex_exi t (hash_| ock);

conti nue;
}
if ((mwite_sz + ab->b_size) > target_sz) {
full = B_TRUE;
mut ex_exi t (hash_l ock);
break;
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5039 if (pio == NULL) {

5040 /*

5041 * Insert a dummy header on the buflist so
5042 * | 2arc_write_done() can find where the
5043 * wite buffers begin without searching.
5044 */

5045 l'i st_insert_head(dev->l 2ad_buflist, head);
5047 cb = kmem zal | oc(

4589 cb = knmem al | oc(

5048 si zeof (l2arc_write_callback_t), KM SLEEP)
5049 ch->l 2wcbh_dev = dev;

5050 cb- >l 2wcb_head head;

5051 pio = zio root(spa I 2arc _write_done, cb,
5052 ZI O_FLAG CANFAI L) ;

5053 }

5055 /*

5056 * Create and add a new L2ARC header.

5057 */

5058 | 2hdr = kmem zal | oc(si zeof (I|2arc_buf_hdr_t), KM SLEEP);
5059 | 2hdr - >b_dev = dev;

5060 ab->b_flags | = ARC_L2_WRI TI NG

5062 /*

5063 * Tenporarily stash the data buffer in b_tnp_cdata.
5064 * The subsequent wite step will pick it up from
5065 * there. This is because can't access ab->b_buf
5066 * wi thout hol ding the hash_|l ock, which we in turn
5067 * can’'t access without holding the ARC |ist |ocks
5068 * (which we want to avoid during conpression/witing).
5069 */

5070 | 2hdr - >b_conpress = ZI O COMPRESS_OFF;

5071 | 2hdr - >b_asi ze = ab->b_si ze;

5072 | 2hdr->b_tnp_cdata = ab->b_| buf - >b_dat a;

5074 buf _sz = ab->b_si ze;

5075 ab->b_| 2hdr = T2hdr;

5077 l'ist_insert_head(dev->l2ad_buflist, ab);

5079 /*

5080 * Conpute and store the buffer cksum before

5081 * writing. On debug the cksumis verified first.
5082 */

5083 arc_cksum verify(ab->b_buf);

5084 ar c_cksum conput e(ab->b_buf, B_TRUE);

5086 nut ex_exi t (hash_| ock);

5088 wite_sz += buf_sz;

5089 num buf s++;

5090 }

5092 mut ex_exit(list_Ilock);

5094 if (full == B_TRUE)

5095 br eak;

5096

5098 /* Nobuffers selected for witing? */

5099 if (pio == NULL)

5100 ASSERTO(write_sz);

5101 mut ex_exi t (& 2arc_buflist_ntx);

5102 kmem cache_free(hdr_cache, head);
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5103
5104

5106
5107

5109
5110
5111
5112
5113
5114
5iLilE
4652
4653
5116
5117

5119
5120
5121
5122
5123
5124
5125
5126

5128
5129
5130
5131
5132
5133
5134
5135
5136
5137

5139
5140
5141
5142
5143
5144

5146
5147
5148

5150
5151
5152
5153

5155
5156
5157

5159
5160
5161
5162
5163
5164
5165
5166

return (0);

}

/* expand the pbuf to include a new list */
pb_buflist = |2arc_pbuf_buflist_alloc(pb, numbufs);

/*

* 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 (ab = list_prev(dev->l2ad_buflist, head), buf_index = 0; ab;
ab = list_prev(dev->| 2ad_buflist, ab), buf _i ndex++) {
for (ab = list_prev(dev->l2ad_buflist, head) ab;
ab = list_prev(dev->l2ad_buflist, ab)) {

| 2arc_buf _hdr_t *I 2hdr;
uint64_t buf_sz;

/*

* We shouldn’t need to lock the buffer here, since we flagged
* it as ARC_L2 WRITING in the previous step, but we nust take
* care to only access its L2 cache paranmeters. |n particular,
* ab->b_buf nmay be invalid by now due to ARC eviction.

*

/
| 2hdr = ab->b_| 2hdr;
| 2hdr - >b_daddr = dev- >l 2ad_hand;

if ((ab >b_flags & ARC_L2COVPRESS) &&
2hdr->b_asi ze >= buf_conpress_mi nsz
if (T2arc_conpress_buf (I 2hdr)) {
/*

* | f conpression succeeded, enabl e headroom
* boost on the next scan cycle.
*/

*headr oom boost = B_TRUE;

}

/*

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

*/

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

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

wzi o = zio_wite_phys(pio, dev->l2ad_vdev,
dev->| 2ad_hand, “buf _sz, buf_data, ZI O CHECKSUM_OFF,
NULL, NULL, zI O PRI ORI TY_ASYNC_WRI TE,
ZI' O FLAG CANFAIL, B FALSE);

DTRACE_PROBE2(| 2arc__wite, vdev_t *, dev->|2ad_vdev,
zio_t *, wzio);

(void) zio_nowait(wzio);
wite_asize += buf_sz;

*

* Keep the clock hand suitably device-aligned.

*

/

buf _p_sz = vdev_psi ze_t o_asi ze(dev->| 2ad_vdev, buf_sz);

wite_psize += buf_p_sz;
dev->I2ad_hand += buf_p_sz;
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5168 | 2arc_pbuflist_insert(pb, pb_buflist, ab, buf_index);
5169 }
5170 ASSERT( buf _i ndex == num bufs);
5171 mut ex_exi t (& 2arc_buflist_ntx);
5173 ASSERT3U(wri te_asi ze, <=, target_sz);
5174 ARCSTAT_BUWMP(arcstat |2 wites_sent);
5175 ARCSTAT_I NCR(arcstat_| 2_wite_bytes, wite_asize);
5176 ARCSTAT_I NCR(arcstat _| 2_size, wite_sz);
5177 ARCSTAT_I NCR(ar cst at _| 2_asi ze, write_asi ze);
5178 vdev_space_updat e( dev->[ 2ad_ vdev wite_psize, 0, 0);
5180 /* Is it time to commt this pbuf? */
5181 if (L2PBUF_I'S_FULL(pb) &&
5182 dev- >l 2ad_hand + L2PBUF_ENCODED_SI ZE(pb) < dev->| 2ad_end) {
5183 | 2ar c_pbuf _commi t (dev, pio, cb);
5184 | 2ar c_pbuf _destroy(pb);
5185 | 2ar c_pbuf _i ni t (pb) ;
5186 }
5188 /*
5189 * Bunp device hand to the device start if it is approaching the end.
5190 * | 2arc_evict() will already have evicted ahead for this case.
5191 */
5192 if (dev->l2ad_hand >= (dev->l2ad_end - target_sz)) {
5193 vdev_space_updat e(dev- >l 2ad_vdev,
5194 dev->| 2ad_end - dev->| 2ad_hand, 0, 0);
5195 dev->| 2ad_hand = dev->| 2ad_start;
5196 dev->| 2ad_evi ct = dev->l 2ad_start
5197 dev->l 2ad_first = B_FALSE;
5198 }
5200 dev->| 2ad_witing = B_TRUE;
5201 (void) zio_wait(pio);
5202 dev->| 2ad_writing = B_FALSE;
5204 return (wite_asize);
5205 }
__unchanged_portion_onitted_
5467 | *

5468 * Add a vdev for use by the L2ARC. By this point the spa has already
5469 * validated the vdev and opened it. The ‘rebuild flag iIndicates whether
5470 * we should attenpt an L2ARC persistency rebuil d.

4997 * validated the vdev and opened it.

5471 */

5472 void

5473 | 2arc_add_vdev(spa_t *spa, vdev_t *vd, boolean_t rebuil d)

5000 | 2arc_add_vdev(spa_t *spa, vdev_t *vd)

5474 {

5475 | 2arc_dev_t *adddev;

5477 ASSERT(! | 2arc_vdev_present (vd));

5479 I*

5480 * Create a new | 2arc device entry.

5481 */

5482 adddev = knmem zal | oc(si zeof (I2arc_dev_t), KM SLEEP);

5483 adddev- >l 2ad_spa = spa;

5484 adddev- >| 2ad_vdev = vd;

5485 adddev- >| 2ad_start = VDEV_LABEL_START_SI ZE + L2UBERBLOCK_SI ZE;
5012 adddev- >l 2ad_st art = VDEV_LABEL_START_SI ZE;

5486 adddev- >l 2ad_end = VDEV_LABEL_START_SI ZE + vdev_get _ni n_asi ze(vd);
5487 adddev- >l 2ad_hand = adddev->| 2ad_start;
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5488 adddev- >| 2ad_evi ct = adddev->| 2ad_start;

5489 adddev->| 2ad_first = B_TRUE;

5490 adddev- >l 2ad_writing = B_FALSE,

5491 | 2ar c_pbuf _i ni t (&adddev- >l 2ad_pbuf ) ;

5493 /*

5494 * This is alist of all ARC buffers that are still valid on the
5495 * devi ce.

5496 */

5497 adddev- >l 2ad_buflist = kmem zal | oc(sizeof (list_t), KM SLEEP);
5498 I'i st_create(adddev- >l 2ad buflist, sizeof (ar c_buf_hdr_t ),

5499 of fsetof (arc_buf _hdr_t, b_| 2n0de));

5501 vdev_space_update(vd, 0, 0, adddev->|2ad_end - adddev->| 2ad_hand);
5503 *

5504 * Add device to global Iist

5505 */

5506 mut ex_ent er (& 2arc_dev_ntx) ;

5507 list_insert_head(l?2arc_dev_list, adddev);

5508 atom c_i nc_64( & 2arc_ndev);

5509 if (rebuild & |2arc rebui | d_enabl ed) {

5510 adddev- >l 2ad_rebui | ding = B_TRUE;

5511 (void) thread_create(NULL, O, |2arc_rebuild_start, adddev,
5512 0, &p0, TS_RUN, mincl syspri )

5513

5514 mut ex_exit (& 2arc_dev_ntx);

5515 }

5517 [ *

5518 * Renobve a vdev fromthe L2ARC

5519 */

5520 void

5521 | 2arc_renove_vdev(vdev_t *vd)

5522 {

5523 | 2arc_dev_t *dev, *nextdev, *rendev = NULL;

5525 /*

5526 * Find the device by vdev

5527 */

5528 mut ex_ent er (& 2arc_dev_nt x) ;

5529 for (dev = Iist_head(IZarc dev_list); dev; dev = nextdev) {
5530 nextdev = |ist_next(l2arc dev list, dev);

5531 if (vd == dev->l2ad_vdev) {

5532 rendev = dev;

5533 br eak;

5534 }

5535 }

5536 ASSERT(rendev != NULL);

5538 /*

5539 * Renove device from gl obal Iist

5540 */

5541 l'ist_renove(l 2arc_dev_list, rendev);

5542 I2arc dev_l ast = NULL; /* may have been invalidated */
5543 at omi ¢_dec_64( & 2ar c_ndev) ;

5544 mut ex_exit (& 2arc_dev_ntx);

5546 /*

5547 * Clear all buflists and ARC references. L2ARC device flush.
5548 */

5549 | 2ar c_pbuf _destroy( & endev- >l 2ad_pbuf) ;

5550 | 2arc_evict(rendev, 0, B_TRUE);

5551 list_destroy(rendev->l 2ad_bufli st);

5552 kmem free(remdev- >l 2ad_buflist, si zeof (list_t));

5553 kmem free(rendev, sizeof (I 2arc _dev_t));
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5554 }
__unchanged_portion_onitted_
5609 void
5610 | 2arc_st op(void)
5611 {
5612 if (!(spa_npde_global & FWRITE))
5613 return;
5615 mut ex_enter (& 2arc_feed_thr_| ock);
5616 cv_signal (& 2arc_feed_thr_cv); [/* kick thread out of startup */
5617 | 2arc_thread_exit = 1;
5618 while (l2arc_thread_exit != 0)
5619 cv_wait(& 2arc_feed thr_cv, & 2arc_feed_thr_lock);
5620 mut ex_exit (& 2arc_feed_thr_Tock);
5621 }
5623 /*
5624 * Main entry point for L2ARC netadata rebuilding. This function nust be
5625 * called via thread_create so that the L2ARC netadata rebuild doesn’t bl ock
5626 * pool inport and may proceed in parallel on all avail able L2ARC devi ces.
5627 */
5628 static void
5629 | 2arc_rebuild_start(l2arc_dev_t *dev)
5630 {
5631 vdev_t *vd = dev->| 2ad_vdev;
5632 spa_t *spa = dev->| 2ad_spa;
5634 /* Lock out device renoval. */
5635 spa_config_enter(spa, SCL_L2ARC, vd, RW READER);
5636 ASSERT( dev- >l 2ad_rebui | di ng == B_TRUE)
5637 | 2arc_rebui | d(dev);
5638 dev->I2ad_rebui | ding = B_FALSE;
5639 spa_config_exit(spa, SCL_L2ARC, vd);
5640 thread_exit();
5641 }
5643 [ *
5644 * This function inplenents the actual L2ARC netadata rebuild. It:
5645 *
5646 * 1) scans the device for valid | 2uberbl ocks
5647 * 2) if it finds a good uberblock, starts reading the pbuf chain
5648 * 3) restores each pbuf’s contents to menory
5649 *
5650 * QOperation stops under any of the follow ng conditions:
5651 *
5652 * 1) W reach the end of the pbuf chain (the previous-buffer reference
5653 * in the pbuf is zero).
5654 * 2) W encounter *any* error condition (cksumerrors, io errors, |ooped
5655 * pbufs, etc.).
5656 * 3) The l2arc_rebuild_tinmeout is hit - this is a final resort to protect
5657 * from maki ng severely fragnmented L2ARC pbufs or slow L2ARC devi ces
5658 * prevent a machine frominporting the pool (and letting the
5659 * adm ni strator take corrective action, e.g. by kicking the m sbehaving
5660 * L2ARC devi ce out of the pool, or by reinporting the pool with L2ARC
5661 * rebui | di ng di sabl ed).
5662 */
5663 static void
5664 | 2arc_rebuil d(l2arc_dev_t *dev)
5665 {
5666 int err;
5667 | 2uber bl ock_t ub;
5668 | 2pbuf _t pb;
5669 ziot *this_ io = NULL, *next |o = NULL;
5670 int64_t deadline = ddi _get _|Ibolt64() + hz * |2arc_rebuild_tinmeout;



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

5672
5673
5674

5676
5677

5679
5680
5681
5682
5683
5684
5685
5686
5687
5688
5689
5690
5691
5692

5694

5696
5697
5698
5699
5700
5701
5702

5704
5705
5706

5708
5709
5710
5711
5712
5713
5714
5715
5716
5717
5718
5719
5720
5721
5722
5723
5724
5725
5726
5727
5728
5729

5731
5732
5733
5734
5735
5736
5737

if ((err = 12arc_uberblock_find(dev, &ib)) != 0)
return;

L2ARC_CHK_| REBUI LD_TI MEQUT(deadl ine, /* nop */);

/* set up uberbl ock update info */
dev->| 2ad_uberbl ock_birth = ub.ub_birth + 1;

/* initial sanity checks */
| 2arc pbuf i nit(&pb);
if ((err =12arc pbuf _read(dev, ub.ub_pbuf_daddr,
ub. ub_pbuf _cksum ~&pb, NULL, &th|s “io0)) != O)
/* root pbuf is bad, we can’t do anything about that */
if (err == EINVAL)
ARCSTAT_BUWP(arcstat _| 2_rebui |l d_cksumerrors);
} else {
ARCSTAT_BUMP(arcstat _|2_rebuild_io_errors);

}
| 2ar c_pbuf _destr oy( &pb) ;
return;

}
L2ARC_CHK_REBUI LD_TI MEQUT(deadl i ne, | 2arc_pbuf_destroy(&pb));

dev->| 2ad_evict = ub.ub_evict_tail;

dev->| 2ad_pbuf _daddr ub. ub_pbuf _daddr;
dev->| 2ad_pbuf _asi ze ub. ub_pbuf _asi ze;
dev- >l 2ad_pbuf _cksum ub. ub_pbuf _cksum
dev->| 2ad_hand = vdev_psi ze_t o_asi ze(dev- >l 2ad_vdev,
ub. ub_pbuf _ daddr + ub. ub_pbuf _asi ze);
dev->l 2ad_first = ((ub.ub_flags & L2UBLK_EVI CT_FIRST) = 0);

/* keep on chaining in new bl ocks */

/* start the rebuild process */
for (;;) {
| 2pbuf _t pb_prev;

| 2ar c_pbuf _i ni t (&b_prev)

if ((err =12arc_pbuf_read(dev, pb.pb_prev_daddr,

pb. pb_prev_asi ze, pb.pb_prev_cksum &pb_prev, this_

&nex;_i 0)) '=0) {

* We are done reading, discard the |last good buffer.

*/
if (pb.pb_prev_daddr > dev->| 2ad_hand &&
pb. pb_prev_asi ze > L2PBUF_HDR S| ZE) {
/* this is an error, we stopped too ear
if (err == EINVAL) {
ARCSTAT_BUMP(
arcstat_| 2_rebuil d_cksum er
} else {
ARCSTAT_BUMP(
arcstat_|2_rebuild_io_error

}

}

| 2ar c_pbuf _destroy(&pb_prev);
| 2ar c_pbuf _dest roy( &pb);
break;

}

/*
* Protection against infinite |oops of pbufs. This is
* our primary term nation nechani sm- once the buffer
* | oops around our starting pbuf, we can stop.
*/
if (pb.pb_prev_daddr >= ub.ub_pbuf_daddr &&
pb_prev. pb_prev_daddr <= ub. ub_pbuf_daddr) {

ub. ub_pbuf _asi ze,

io,

ly */

rors);

s);

al so
list
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5738
5739
5740
5741
5742
5743
5744

5746
5747
5748
5749
5750
5751
5752
5753
5754
5755
5756
5757
5758
5759
5760
5761
5762
5763
5764

5766
5767
5768
5769
5770
5771
5772

5774
5775
5776
5777
5778

5780
5781

5783
5784

5786
5787
5788
5789
5790
5791
5792

ARCSTAT_BUMP(arcstat _| 2_rebui |l d_| oop_errors);
| 2ar c_pbuf _dest r oy(&pb);
| 2ar c_pbuf _dest roy( &b_| prev)
if (next_io)

| 2ar c_pbuf _pref et ch_abort (next_i 0);
return;

*

* Qur nmenory pressure valve. |If the systemis running | ow
* on nmenory, rather than swanping nmenory with new ARC buf

* hdrs, we opt not to reconstruct the L2ARC. At this point,
* however we have already set up our L2ARC dev to chain in
* new net adat a pbufs, so the user may choose to re-add the
* L2ARC dev at a later tine to reconstruct it (when there's
* | ess menory pressure).

*
f

(arc_recl ai mneeded()) {
ARCSTAT_BUWP( ar cst at_| 2_rebuil d_abort_| ownen);
cmm_err (CE_NOTE, "System running | ow on nenory,
"aborting L2ARC rebuild.");
| 2ar c_pbuf _destroy( &pb) ;
| 2ar c_pbuf _dest roy( &pb_prev);
if (next_io)
| 2ar c_pbuf _prefetch_abort (next_io);

br eak;

*

* Now that we know that the prev_pbuf checks out alright, we
* can start reconstruction fromthis pbuf - we can be sure

* that the L2ARC wite hand has not yet reached any of our

* buffers.

*/

| 2ar c_pbuf _restore(dev, &pb);

/* pbuf restored, continue with next one in the list */
| 2ar c_pbuf _destroy( &pb);

pb = pb_prev;

this_io = next_io;

next _i o = NULL;

L2ARC_CHK_REBUI LD _TI MEQUT( deadl i ne, | 2arc_pbuf _destroy(&pb));
}

ARCSTAT_BUMP(ar cstat _| 2_rebui | d_successes);

Restores the payl oad of a pbuf to ARC. This creates enpty ARC hdr entries
which only contain an |2arc hdr, essentially restoring the buffers to
their L2ARC evicted state. This function al so updates space usage on the
L2ARC vdev to make sure it tracks restored buffers.

* Ok ok k%

static void

5793 | 2arc_pbuf _restore(l 2arc_dev_t *dev, |2pbuf_t *pb)
5794 {

5795 spa_t *spa;

5796 uint64_t guid;

5797 list_t *buflists_list;

5798 | 2pbuf _buflist_t *buflist;

5800 mut ex_enter (& 2arc_buflist_ntx);

5801 spa = dev->| 2ad_vdev->vdev_spa;

5802 gui d = spa_| oad_gui d(spa);

5803 buflists_list = pb->pb_buflists_list;
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5804 for (buflist = list_head(buflists_list); buf I ist; 5870 ASSERT( hdr->b_| 2hdr == NULL);
5805 buflist = I i st_next (buflists Tist, buf | st)) { 5871 | 2hdr = knmem zal | oc(si zeof (I 2arc_buf_hdr_t), KM SLEEP);
5806 int i; 5872 | 2hdr - >b_dev = dev;
5807 uint64_t size, asize, psize; 5873 | 2hdr - >b_daddr = buf ->b_| 2daddr;
5874 | 2hdr - >b_asi ze = buf->b_| 2asi ze;
5809 size = asize = psize = 0; 5875 | 2hdr - >b_conpress = buf->b_| 2conpr ess;
5810 for (i =0; i < buflist->2pbl_nbufs; i++) { 5876 hdr->b_| 2hdr = | 2hdr;
5811 | 2arc_hdr_restore(&buflist->l2pbl _bufs[i], dev, 5877 list_insert_head(dev->l 2ad_buflist, hdr);
5812 gui d); 5878 ARCSTAT_I NCR(ar cstat _| 2_si ze, hdr->b_size);
5813 size += buflist->l 2pbl _bufs[i].b_size; 5879 ARCSTAT_I NCR(arcstat _| 2_asi ze, |2hdr->b_asi ze);
5814 asi ze += buflist->l2pbl _bufs[i].Db_| 2asi ze;
5815 psi ze += vdev_psi ze_t o_asi ze(dev- >l 2ad vdev 5881 arc_change_state(arc_|l 2c_only, hdr, hash_| ock);
5816 bufl i st->I2pbl _bufs[i].b_| 2asi ze); 5882 }
5817 } 5883 mut ex_exi t (hash_| ock) ;
5818 ARCSTAT_I NCR(arcstat _| 2_rebui | d_arc_bytes, size); 5884 }
5819 ARCSTAT_I NCR(arcstat _| 2_rebui |l d_| 2arc_bytes, asize);
5820 ARCSTAT_I NCR(ar cstat _| 2_rebui | d_bufs, buflist->l 2pr nbuf s) ; 5886 /*
5821 vdev_space_updat e(dev- >l 2ad_vdev, psize, 0, 0); 5887 * Attenpts to locate and read the newest valid uberbl ock on the provided
5822 } 5888 * L2ARC device and wites it to ‘ub’. On success, this function returns O,
5823 mut ex_exi t (& 2arc_buflist_ntx); 5889 * otherw se the appropriate error code is returned.
5824 ARCSTAT_BUWP( ar cstat _| 2_rebui | d_net abuf S); 5890 */
5825 vdev_space_updat e(dev->[2ad_vdev, vdev_p5| ze_t o_asi ze(dev->| 2ad_vdev, 5891 static int
5826 pb- >pb_asi ze), 0, 0); 5892 | 2arc_uberbl ock_find(l 2arc_dev_t *dev, |2uberbl ock_t *ub)
5827 } 5893 {
5894 int err = 0;
5829 /* 5895 uint8_t *ub_buf;
5830 * Restores a single ARC buf hdr froma pbuf. The ARC buffer is put into 5896 uint64_t guid;
5831 * a state indicating that it has been evicted to L2ARC.
5832 * The ‘guid here is the ARC-load-guid from spa_| oad_guid. 5898 ARCSTAT BUI\/P(arcst at_|2_rebuild_attenpts);
5833 */ 5899 ub_buf = kmem al | oc( L2UBERBLOCK_SI ZE, KM SLEEP)
5834 static void 5900 guid = spa_gui d(dev- >l 2ad_vdev->vdev_spa);
5835 | 2arc_hdr _restore(const |2pbuf_buf_t *buf, |2arc_dev_t *dev, uint64_t guid)
5836 { 5902 if ((err = zio_wait(zio_read_phys(NULL, dev->|_2ad_vdev,
5837 arc_buf _hdr_t *hdr; 5903 VDEV_LABEL_START_SI ZE, L2UBERBLOCK_SI ZE, ub_buf,
5838 kmut ex_t *hash_| ock; 5904 ZI O CHECKSUM OFF, NULL, NULL, ZI O PRI ORI TY_, ASYNC READ,
5839 dva_t dva = {buf->b_dva.dva_word[ 0], buf->b_dva.dva_word[1]}; 5905 ZI O FLAG DONT_CACHE | ZI O FLAG CANFAI L |
5906 ZI O_FLAG _DONT_PROPAGATE |~ ZI O FLAG DONT_RETRY, B FALSE))) != 0)
5841 hdr = buf _hash_find(guid, &dva, buf->b_birth, &hash_|ock); 5907 TARCSTAT_BUMP(arcstat _| 2 _rebuild_io_errors);
5842 if (hdr == NULL ) { 5908 goto cl eanup;
5843 /* not in cache, try to insert */ 5909
5844 ar c_buf _hdr _t * exi sts;
5845 arc_buf_contents_t type = buf->b_contents_type; 5911 g
5846 | 2ar c_buf _hdr_t *I 2hdr; 5912 * Initial peek - does the device even have any usabl e uberbl ocks?
5913 * |If not, don’t bother continuing.
5848 hdr = arc_buf_hdr_al | oc(guid, buf->b_size, type); 5914 *
5849 hdr - >b dva = buf->b_dva; 5915 | 2ar c_uber bl ock_decode(ub_buf, ub);
5850 hdr->b_birth = buf->b_bi rth; 5916 if (ub->ub_magic != L2UBERBLOCK_MAG C || ub->ub_version == 0 ||
5851 hdr ->b_ cksurm = buf->b_ cksurTD 5917 ub->ub_versi on > L2UBERBLOCK_MAX_VERSI ON | |
5852 hdr ->b_ SI ze = buf->b_size; 5918 ub->ub_ _spa_ guid !'= guid) {
5853 exi sts = buf_hash_i nsert(hdr, &hash_| ock); 5919 err = ENOTSUP;
5854 if (exists) { 5920 ARCSTAT_BUMP( ar cstat _| 2_rebui | d_unsupport ed);
5855 /* sonebody beat us to the hash insert */ 5921 goto cl eanup;
5856 mut ex_exi t (hash_l ock) ; 5922 }
5857 arc_hdr_destroy(hdr);
5858 ARCSTAT_BUMP( ar cst at_l 2_rebui | d_bufs_precached); 5924 /* now check to make sure that what we selected is okay */
5859 return; 5925 if ((err = 12arc_uberbl ock_verify(ub_buf, ub, guid)) !'= 0) {
5860 } 5926 if (err == EINVAL)
5861 hdr->b_flags = buf->b_flags; 5927 ARCSTAT_BUMP(arcstat _| 2_rebui | d_cksum errors);
5862 nmut ex_ent er (&dr->b_freeze_| ock); 5928 } else {
5863 ASSERT( hdr - >b_freeze_cksum == NULL) ; 5929 ARCSTAT_BUWP(arcstat _| 2_rebui | d_uberbl k_errors);
5864 hdr->b_freeze_cksum = knem al | oc(si zeof (zio_cksumt), 5930 }
5865 KM_SLEEP) ; 5931 got o cl eanup;
5866 *hdr—>b_freeze_cksum = buf->b_freeze_cksum 5932 }
5867 mut ex_exi t (&dr->b_freeze_| ock);
5934 /* this uberblock is valid */
5869 /* now rebuild the | 2arc entry */
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5936 cl eanup:

5937
5938
5939

5941
5942
5943
5944
5945
5946
5947
5948
5949
5950
5951
5952
5953
5954
5955
5956
5957
5958
5959
5960
5961
5962
5963
5964
5965
5966
5967
5968
5969
5970
5971
5972
5973
5974
5975
5976
5977
5978
5979

5981
5982
5983

5985
5986
5987
5988
5989

5991
5992
5993
5994
5995
5996

5998
5999
6000
6001

T I T N S I

kmem f ree(ub_buf,
return (err);

L2UBERBLOCK_SI ZE) ;

Reads a pbuf from storage, decodes it and validates its contents agai nst
the provided checksum The result is placed in ‘pb’.

The ‘this_io and ‘prefetch_io arguments are used for pbuf prefetching.
When issuing the first pbuf 10 during rebuild, you should pass NULL for
‘this_io . This function will then issue a sync 10to read the pbuf and
al so issue an async 10 to fetch the next pbuf in the pbuf chain. The
prefetch 1Ois returned in ‘prefetch_io. On subsequent calls to this
function, pass the value returned in ‘prefetch_io fromthe previous
call as ‘this_io’ and a fresh ‘prefetch_io’ pointer to hold the next
prefetch 10 Prior to the call, you should initialize your ‘prefetch_io’
pointer to be NULL. If no prefetch 1O was issued, the pointer is |eft
set at NULL.

Actual prefetching takes place in tw steps: a header |0 (pi_hdr_io)
and the main pbuf payload IO (placed in prefetch_io). The pi_hdr_io

10 is used internally in this function to be able to ‘peek’ at the next
buffer’s header before the main IOto read it in conpletely has finished.
We can then begin to issue the 10 for the next buffer in the chain before
we are done reading, keeping the L2ARC device's pipeline saturated with
reads (rather than issuing an 1O, waiting for it to conplete, validating
the returned buffer and issuing the next one). This will nake sure that
the rebuild proceeds at maxi mumread throughput.

On success, this function returns O, otherwise it returns an appropriate
error code. On error the prefetching 10is aborted and cl eared before
returning fromthis function. Therefore, if we return ‘success’, the
caller can assune that we have taken care of cleanup of prefetch |GCs.

*/

static int

| 2ar c_pbuf _read(l 2arc_dev_t *dev, uint64_t daddr, uint32_t asize,
zio_cksumt cksum | 2pbuf_t *pb, zio_t *this_io, zio_t **prefetch_io)

{

int err = 0;

uint64_t prev_pb_start;

uint32_t prev_pb_asi ze;

zi o_cksumt cal c_cksum prev_pb_cksum
| 2arc_prefetch_info_t *pi = NULL;

ASSERT(dev != NULL);
ASSERT(pb !'= NULL);
ASSERT(*prefetch_io == NULL);

if (!l2arc_pbuf_ptr_valid(dev, daddr, asize))
/* We coul d not have issued a prefetch 10 for this */
ASSERT(t his_io == NULL);
return (EINVAL);

}

/*

* Check to see if we have issued the 10 for this pbuf in a previous

* run. If not, issue it now.
*/
if (this_io == NULL)
this_io = |2arc_pbuf_prefetch(dev->l 2ad_vdev, daddr, asize);
/* Pick up the prefetch info buffer and read its contents */
pi = this_io->o_private;
ASSERT(pi !'= NULL);

ASSERT( asi ze <= pi->pi _buflen);
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6003 /* Wait for the 10to read this pbuf’s header to conplete */

6004 if ((err = zio_wait(pi->pi_hdr_io)) !'=0) {

6005 (void) zio_wait(this_io);

6006 goto cl eanup;

6007 }

6009 /*

6010 * Peek to see if we can start issuing the next pbuf 10 imediately.
6011 * At this point, only the current pbuf’s header has been read.
6012 */

6013 if (12arc_pbuf_decode_prev_ptr(pi->pi_buf, asize, &rev_pb_start,
6014 &prev_pb_asi ze, &prev_pb_cksun) == 0)

6015 uint64_t this_pb_start, this_pb_end, prev_pb_end;

6016 /* Detect nul forned pbuf references and | oops */

6017 this_pb_start = daddr;

6018 this_pb_end = daddr + asize;

6019 prev_pb_end = prev_pb_start + prev_pb_asi ze;

6020 1f ((prev_pb_start >= this_pb_start &% prev_pb_start <
6021 this_pb_end) ||

6022 prev_pb_end >= this_pb_start && prev_pb_end <

6023 this_pb_end))

6024 ARCSTAT_BUWP(arcstat _| 2_rebuild_|l oop_errors);

6025 cmrm_err (CE_WARN, "Loopi ng L2ARC net adata reference "
6026 "detected, aborting rebuild.");

6027 err = ElI NVAL;

6028 got o cl eanup;

6029 }

6030 /*

6031 * Start issuing 10 for the next pbuf early - this should
6032 * hel p keep the L2ARC device busy while we read, decode
6033 * and restore this pbuf.

6034 i

6035 if (l2arc_pbuf_ptr_valid(dev, prev_pb_start, prev_pb_asize))
6036 *prefetch_io = |2arc_pbuf_prefetch(dev->l 2ad_vdev,
6037 prev_pb_start, prev_pb_asize);

6038 }

6040 /* Wait for the main pbuf 1Oto conplete */

6041 if ((err = zio wait(this_io)) !=0)

6042 got o cl eanup;

6044 /* Make sure the buffer checks out ok */

6045 fletcher_4_native(pi->pi_buf, asize, &calc_cksum;

6046 if (!Zl O CHECKSUM EQUAL(cal c_cksum cksum)) {

6047 err = EINVAL;

6048 goto cl eanup;

6049 1

6051 /* Now we can take our tine decoding this buffer */

6052 if ((err = 12arc_pbuf_decode(pi->pi_buf, asize, pb)) !=0)

6053 goto cl eanup;

6055 /* This will be used in |2arc_pbuf_restore for space accounting */
6056 pb->pb_asi ze = asi ze;

6058 ARCSTAT_F_AVG arcstat _| 2_nmeta_avg_si ze, L2PBUF_ENCODED_SI ZE( pb)) ;
6059 ARCSTAT_F_AV@ arcstat _| 2_neta_avg_asi ze, asize);

6060 ARCSTAT_F_AVG@ arcstat _| 2_asize_to_neta_ratio,

6061 pb- >pb_payl oad_asz / asize);

6063 cl eanup:

6064 kmem f ree(pi - >pi _buf, pi->pi_buflen);

6065 pi - >pi _buf = NULL;

6066 kmem free(pi, sizeof (l2arc_prefetch_info_t));

6067 /* Abort an in-flight prefetch in case of error */
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6068 if (err 1= 0 & *prefetch_io !'= NULL) {

6069 | 2ar c_pbuf _prefetch_abort(*prefetch_io);

6070 *prefetch_io = NULL;

6071 }

6072 return (err);

6073 }

6075 /*

6076 * Validates a pbuf device address to nmake sure that it can be read
6077 * fromthe provided L2ARC device. Returns 1 if the address is within
6078 * the device's bounds, or O if not.

6079 */

6080 static int

6081 | 2arc_pbuf _ptr_valid(l2arc_dev_t *dev, uint64_t daddr, uint32_t asize)
6082 {

6083 uint32_t psize;

6084 uint64_t end;

6086 psi ze = vdev_psi ze_to_asi ze(dev- >l 2ad_vdev, asize);

6087 end = daddr + psize;

6089 if (end > dev->l2ad_end || asize < L2PBUF_HDR SI ZE | |

6090 asi ze > L2PBUF_MAX_PAYLOAD SI ZE |l daddr < dev->|2ad_start ||
6091 /* check that the buffer address is correctly aligned */
6092 (daddr & (vdev_psize_to_asi ze(dev- >l 2ad_vdev,

6093 SPA_M NBLOCKSI ZE) 1)) '=0

6094 return (0);

6095 el se

6096 return (1);

6097 }

6099 /*

6100 * Starts an asynchronous read 10 to read a pbuf. This is used in pbuf
6101 * reconstruction to start reading the next pbuf before we are done
6102 * decoding and reconstructing the current pbuf, to keep the |2arc device
6103 * nice and hot with read 10 to process.

6104 * The returned zio will contain a newy allocated nenory buffers for the 10
6105 * data which should then be freed by the caller once the zio is no | onger
6106 * needed (i.e. due to it having conpleted). If you wish to abort this
6107 * zio, you should do so using |2arc_pbuf_prefetch_abort, which takes care
6108 * of disposing of the allocated buffers correctly.

6109 */

6110 static zio_t *

6111 | 2arc_pbuf _prefetch(vdev_t *vd, uint64_t daddr, uint32_t asize)

6112 {

6113 uint32_t i, psize;

6114 zio_t *pio, *hdr_io;

6115 uint64_t hdr_rsize;

6116 uint8_t *buf;

6117 | 2arc_prefetch_info_t *pinfo;

6119 psi ze = vdev_psi ze_to_asi ze(vd, asize);

6120 buf = knem al | oc(psize, KM SLEEP);

6121 pinfo = kmem al | oc(si zeof (l2arc_prefetch_info_t), KM SLEEP);
6122 pi nf o- >pi _buf = buf;

6123 pi nfo->pi _bufl en = psi ze;

6125 /*

6126 * We start issuing the 10 for the pbuf header early. This
6127 * allows | 2arc_pbuf_read to start 1ssuing 1O for the next
6128 * puffer before the current pbuf is read in conpletely.

6129 */

6131 hdr _rsi ze = vdev_psi ze_to_asi ze(vd, SPA M NBLOCKSI ZE) ;

6132 ASSERT(hdr rsize <= psi ize);

6133 pi nfo->pi _hdr_io = zi o_root(vd->vdev_spa, NULL, NULL,
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6134 ZI O_FLAG DONT_CACHE | ZI O FLAG CANFAIL |

6135 Zl O FLAG_DONT_PROPAGATE |~ ZI O FLAG DONT_RETRY) ;

6136 hdr_i o = zi o_read_phys(pi nfo->pi _hdr_io, vd, daddr, hdr_rsize, buf,
6137 ~ZI O CHECKSUM OFF, NULL, NULL, ZI O PRI ORI TY_. SYNC READ,

6138 ZI O_FLAG DONT_CACHE | ZI O FLAG CANFAIL | ZI O FLAG DONT_PROPAGATE |
6139 ZI O_FLAG DONT_RETRY, B _FALSE);

6140 (void) zio_nowait(hdr_io);

6142 /*

6143 * Read in the rest of the pbuf - this can take |onger than just
6144 * having a peek at the header.

6145 */

6146 pio = zio_root(vd->vdev_spa, NULL, pinfo, ZI O FLAG DONT_CACHE |
6147 ZI O_FLAG CANFAI L | ZI O FLAG DONT_PROPAGATE |

6148 ZI O FLAG _DONT_RETRY) ;

6149 for (i hdr _rsize; i < psize; ) {

6150 ui nt64_t rsize = psize - I;

6151 zio_t *rzio;

6153 if (psize - i > SPA NMAXBLOCKSI ZE)

6154 rsize = SPA_MAXBLOCKSI ZE;

6155 ASSERT(rsi ze >= SPA_M NBLOCKSI ZE) ;

6156 rzio = zio_read_| phys(pl o, vd, daddr + i,

6157 rsize, buf +i, ZI O CHEOKSUM OFF, Nu_L NULL,

6158 ZI O_PRI ORI TY_ASYNC READ, ZI O FLAG DONT_CACHE |

6159 ZI O_FLAG CANFAI L |~ ZI O FLAG DONT_PROPAGATE |

6160 ZI O_FLAG DONT_RETRY, B_FALSE);

6161 (void) zio _nowai t (rzio);

6162 i += rsize;

6163 }

6165 return (pio);

6166 }

6168 /*

6169 * Aborts a zio returned from | 2arc_pbuf_prefetch and frees the data
6170 * buffers allocated for it.

6171 */

6172 static void

6173 | 2arc_pbuf _prefetch_abort(zio_t *zio)

6174 {

6175 | 2arc_prefetch_info_t *pi;

6177 pi = zio->o_private;

6178 ASSERT(pi !'= NULL);

6179 if (pi->pi_hdr_io i= NULL)

6180 (void) zio_wait(pi->pi_hdr_io);

6181 (void) zio_walt(zio);

6182 kmem f ree(pi - >pi _buf, pi->pi_buflen);

6183 pi - >pi _buf = NULL;

6184 kmem free(pi, sizeof (l2arc_prefetch_info_t));

6185 }

6187 /*

6188 * Encodes an | 2uberbl ock_t structure into a destination buffer. This
6189 * buffer nust be at |east L2UBERBLOCK SI ZE bytes |ong. The resulting
6190 * uberblock is always of this constant size.

6191 */

6192 static void

6193 | 2ar c_uber bl ock_encode(const | 2uber bl ock_t *ub, uint8_t *buf)
g%gg 1 zi o_cksumt cksum

6197 bzer o(buf, L2UBERBLOCK_SI ZE);

6199 #if defined(_BI G ENDI AN)
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6200
6201
6202 #el se
6203
6204
6205 #endi f
6206

6208
6209
6210
6211
6212
6213
6214
6215

6217
6218
6219 }

6221 /*

6222 * Decodes an | 2uberbl ock_t from an on-di sk representation.
6223 * that this function does not

*(uint32_t *)buf = L2UBERBLOCK_MAG C;
*(uint16_t *)(buf + 6) = L2UB Bl G_ENDI AN

/* 1defined(_BI G ENDI AN */

*(uint32_t *)buf = BSWAP_32(L2UBERBLOCK_MAG C);
/* zero flags is ok */

/* ldefi ned( Bl G_ENDI AN) */

buf [4] = L2UBERBLOCK_MAX_VERSI ON;

/* rest in native byte order */

*(uint64_t *)(buf + 8) = ub->ub_spa_gui d;
*(uint64_t *)(buf + 16) = ub->ub_birth;
*(uint64_t *)(buf + 24) = ub->ub_evict _tail;
*(uint64_t *)(buf + 32) = ub->ub_alloc_space;
*(uint64_t *)(buf + 40) = ub->ub_pbuf_daddr;
*(uint32_t *)(buf + 48) = ub->ub_pbuf_asi ze;

bcopy( &ub- >ub_pbuf _cksum buf + 52, 32);

fletcher_4_native(buf, L2UBERBLOCK S| ZE - 32, &cksum;
bcopy(&ksum buf + L2UBERBLOCK SIZE - 32, 32)

6224 * checksumming - call |2arc_uberbl ock_verify() for that.
*/

6225

6226 static void
6227 | 2arc_uber bl ock_decode(const uint8_t *buf, |2uberbl ock_t *ub)

6228 {
6229

6231

bool ean_t bswap_needed;

/* these always conme in big endian */

6232 #if defined(_Bl G ENDI AN)

6233
6234
6235
6236 t#el se
6237
6238
6239
6240 #endi f
6241

6243
6244
6245
6246
6247
6248
6249
6250

6252
6253
6254
6255
6256
6257
6258
6259
6260
6261
6262
6263 }

6265 /*

ub->ub_magic = *(uint32_t *)buf;

ub->ub_flags = *(uint16_t *)(buf + 6);

bswap_needed = ((ub->ub_flags & L2UBLK Bl G_ENDI AN) !
/* 1defined(_BlI G ENDI AN) */

ub->ub_rmagi ¢ = BSWAP_32(*(ui nt32_t *)buf);
ub->ub_flags = BSWAP_16(*(uint16_t *)(buf + 6));
bswap_needed = ((ub->ub_flags & L2UBLK_BI G_ENDI AN) !
/* ldefined(_BI G ENDI AN) */

ub->ub_versi on = buf[4];

ub->ub_spa_guid = *
ub->ub_birth = *(ui
ub->ub_evict_tail =

_t *)(buf + 8);

*) (buf + 16);

64_t *)(buf + 24);

ub->ub_al | oc_space = t64_t *)(buf + 32);

ub- >ub_pbuf _daddr = * t64_t *)(buf + 40);
ub->ub_pbuf _asize = *(uint32_t *)(buf + 48);

bcopy(buf + 52, &ub->ub_pbuf_cksum 36);

bcopy(buf + L2UBERBLOCK_SI ZE - 32, &ub->ub_cksum 32);

ui
t
*

—~ Sk~ —

/* swap the rest if endianness doesn’t match us */

if (bswap_needed) {
ub->ub_spa_gui d = BSWAP_64( ub- >ub_spa_gui d);
ub->ub_birth = BSV\AP > 64(ub->ub_birth);
ub->ub_evict_tail = BSWAP_64(ub->ub_evict_tail);

ub->ub_al | oc _space = BSWAP_64( ub->ub_al | oc space)

ub->ub_pbuf _daddr = BSWAP_64( ub- >ub_pbuf _daddr);
ub- >ub_pbuf _asi ze = BSWAP_32( ub- >ub_pbuf _asi ze) ;
ZI O _CHECKSUM BSWAP( &ub- >ub_pbuf _cksum ;

ZI O_CHECKSUM_BSWAP( &ub- >ub_cksumn) ;

Pl ease note
perform any uberbl ock validation and

1)

0)

37

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

6266 * Verifies whether a decoded uberbl ock (
6267 * valid and nmatches its checksum

6268 */

6269 static int

6270 | 2arc_uber bl ock_verify(const uint8_t *buf,
i d)

6271 uint64_t gui

6272 {

6273 zi o_cksumt cksum

6275 if (ub->ub_magic != L2UBERBLOCK_MAG C | |

6276 ub->ub_version == 0 || ub->ub_version > L2UBERBLOCK_MAX_VERSI ON)
6277 /*

6278 * bad magic or invalid version => persistent |2arc not
6279 * supported

6280 */

6281 return (ENOTSUP);

6283 if (ub->ub_spa_guid != guid)

6284 /* this |2arc dev isn’t ours */

6285 return (EINVAL);

6287 fletcher_4_native(buf, L2UBERBLOCK S| ZE - 32, &cksum;

6288 if (!2ZlI O CHECKSUM EQJAL(cksum ub->ub cksunj)

6289 7* bad checksum corrupt uberbl ock */

6290 return (EINVAL);

6292 return (0);

6293 }

6295 /*

via | 2arc_uberbl ock_decode()) is

const | 2uberbl ock_t *ub,

6296 * Schedules a zio to update the uberblock on an |2arc device. The zio is

6297 * initiated as a child of ‘pio’ and ‘cb’
6298 * needed to free the uberbl ock data buff
6299 */

6300 static void

6301 | 2arc_uber bl ock_updat e(l 2arc_dev_t *dev,

is filled with the infornmation
er after witing.

zio_t *pio, l2arc_wite_callback_t

6302 {

6303 uint8_t *ub_buf;

6304 | 2uber bl ock_t ub;

6305 zio_t *wzio;

6306 vdev_stat _t st;

6308 ASSERT( cb- >l 2wch_ub_buf == NULL);

6309 vdev_get _st at s(dev- >l 2ad_vdev, &st);

6311 bzer o(&ub, sizeof (ub));

6312 ub. ub_spa_ gw d = spa_gui d(dev->l 2ad_vdev- >vdev_spa);

6313 ub. ub_birth dev- >l 2ad_uber bl ock_bi rt h++;

6314 ub. ub_evi ct _t ai |l = dev->l 2ad_evi ct;

6315 ub. ub_al | oc_space = st.vs_alloc;

6316 ub. ub_pbuf _daddr = dev->| 2ad_pbuf _daddr;

6317 ub. ub_pbuf _asi ze = dev->| 2ad_pbuf _asi ze;

6318 ub. ub_pbuf _cksum = dev- >l 2ad_pbuf _ cksum

6319 if (dev->l2ad_first)

6320 ub. ub_flags | = L2UBLK_EVI CT_FI RST;

6322 ub_buf = kmem al | oc( L2UBERBLOCK_SI ZE, KM SLEEP);

6323 cb->l 2wcb_ub_buf = ub_buf;

6324 | 2ar c_uber bl ock encode(&ub ub_buf);

6325 wzio = zio_write_phys(pio, dev->|2ad_vdev, VDEV_LABEL_START_SI ZE,
6326 L2UBERBLOCK_SI ZE, ub buf ZI O CHECKSUM OFF, "NULL, “NULL,
6327 ZI O PRI ORI TY_ASYNC WRI TE ZI O FLAG CANFAIL, B FALSE)
6328 DTRACE_PROBE2(| 2arc__write, vdev *, dev->| 2ad _vdev,
6329 zio_t *, wzio);

6330 (void) zio_nowait(wzio);

6331 }

38

*cb)
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6333
6334
6335
6336
6337
6338
6339
6340
6341
6342
6343
6344
6345
6346
6347

/

*
*
*
*
*
*
*
*
*
*
*
*

*/

Encodes a | 2pbuf _t structure into the portable on-disk format. The
‘buf’ buffer nmust be suitably sized to hold the entire unconpressed
structure (use L2PBUF_ENCCDED SI ZE()). If requested, this function
al so conpresses the buffer.

The return value is the length of the resulting encoded pbuf structure.
This can be either equal to L2PBUF_ENCODED_SI ZE(pb) if no conpression
was applied, or smaller if conpression was applied. In either case,
prior to writing to disk, the caller nust suitably pad the output
buffer so that it is aligned on a nultiple of the underlying storage
systenis bl ock size.

static uint32_t

| 2ar c_pbuf _encode(| 2pbuf _t *pb,

6348 {

6349
6350
6351
6352

6354
6355
6356

6358
6359
6360
6361
6362

6364
6365
6366
6367
6368

6370
6371
6372

6374
6375
6376
6377
6378
6379
6380
6381
6382
6383
6384
6385
6386
6387
6388
6389

6391
6392
6393
6394

6396
6397

uint8_t *buf, uint32_t buflen)
uintl6_t flags = 0;

uint8_t *dst_buf;

uint32_t enclen;

| 2pbuf _buflist_t *buflist;

encl en = L2PBUF_ENCODED_SI ZE( pb) ;
ASSERT( bufl en >= enclen);
bzero(buf, enclen);

/* non-header portions of pbufs are in native byte order */
*(uint64_t *)(buf + 8) pb >pb_prev_daddr;

*(uint32_t *)(buf + 16) = pb->pb_prev_. aS|ze

bcopy(&pb- >pb_prev_cksum buf + 20, 32

*(ulnt32_t *)(buf + 52)

= enclen - L2PBUF_HDR_SI ZE;

/* first e encode the buflists unconpressed */

dst _buf = buf + L2PBUF_HDR_SI ZE;
for (buflist = |ist_head(pb->pb_buflists |ist); buflist;
bufli st ;Ilst _next (pb->pb_buflists_Tist, buflist)) {

int i;

ASSERT( buf I'i st->I 2pbl _nbufs !'= 0);
for (i :O; i < buflist->l2pbl nbufs; i++) {

| 2pbuf _buf _t *pbl _buf = &buflist->l2pbl _bufs[i];
ASSERT( pbl _|
*(uint64_t *)dst_buf = pbl _|

buf - >b S|ze 1= 0);
buf ->b_dva. dva_word[ 0] ;

*(uint64_t *)(dst_buf + 8) = pbl _buf->b_dva.dva_word[1];
*(uint64_t *)(dst_buf + 16) = pbl_buf->b_birth;
*(uint64_t *)(dst_buf + 24) = pbl _buf->b_ cksunO

bcopy( &bl _buf->b_freeze_cksum dst_buf + 32, 32);
*(uint32_t *)(dst_buf + 64) = pbl _buf->b_size;
*(uint64_t *)(dst_buf + 68) = pbl _buf->b_ I2daddr
*(uint32_t *)(dst_buf + 76) = pbl _buf->b_| 2asi ze;

dst _buf [ 80] pbl _buf->b_| 2conpress;

dst _buf[81] = pbl _buf->b_contents_type;

*(uint32_t *)(dst buf + 84) = pbl
dst _buf += L2PBUF_BUF_SI ZE;

_buf->b_f1I ags;
}

ASSERT( (ui nt32_t) (dst_buf - buf) == enclen);

/* and then conpress themif necessary */

if (enclen >=1|2arc_pbuf_conpress_minsz) {
uint8_t *cbuf;

size t slen, cl en;
slen = | 2arc_pbuf _itens_encoded_si ze(pb);
cbuf = kmem al | oc(sl en, KM SLEEP) ;
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6398 clen = |1z4_conpress(buf + L2PBUF_HDR S| ZE, cbuf, slen, slen, 0);
6399 ASSERT(clen != 0);

6400 if (clen < slen) {

6401 bcopy(cbuf, buf + L2PBUF_HDR S| ZE, clen);

6402 flags | = L2PBUF_COVPRESSED;

6403 /* zero out the rest of the input buffer */
6404 bzero(buf + L2PBUF_HDR SIZE + cl en,

6405 buflen - (L2PBUF_HDR SIZE + clen));

6406 /* adjust our buffer length nowthat it’'s shortened */
6407 encl en = L2PBUF_HDR SI ZE + cl en;

6408

6409 kmem free(cbuf, slen);

6410 }

6412 /* the header goes |last since ‘flags’ may change due to conpression */
6413 #if defined(_BI G_ENDI AN)

6414 *(uint32_t *)buf = L2PBUF_MAG C

6415 flags | = L2PBUF_BI G ENDI AN,

6416 *(uint16_t *)(buf + 6) flags;

6417 t#el se /* 1defined(_BlI G ENDI AN) */

6418 *(uint32_t *)buf = BSWAP_32(L2PBUF_MAG O);

6419 *(uint16_t *)(buf + 6) = BSWAP_16(fl ags);

6420 #endif /* !defined(_Bl G ENDI AN) */

6421 buf [ 4] = L2PBUF_MAX_VERSI ON,

6423 return (enclen);

6424 }

6426 /*

6427 * Decodes a stored |2pbuf_t structure previously encoded using

6428 * | 2arc_pbuf _encode. The source buffer is not nodified. The passed pbuf
6429 * nust be initialized by |2arc_pbuf_init by the caller beforehand, but
6430 * nust not have been used to store any buffers yet.

6431 *

6432 * Please note that we don’t do checksum verification here, as we don’t
6433 * know our own checksum (that’s know by the previous block in the |inked
6434 * |ist, or by the uberblock). This should be perfornmed by the caller
6435 * prior to calling |2arc_pbuf_decode.

6436 */

6437 static int

6438 I{2ar c_pbuf _decode(uint8_t *input_buf, uint32_t buflen, |2pbuf_t *pb)
6439

6440 bool ean_t bswap_needed;

6441 uint32_t payl oad_sz, payl oad_asz;

6442 uint8_t *src_bufs;

6443 | 2pbuf _buflist_t *buf | i st;

6444 int i, nbufs;

6446 ASSERT(i nput _buf != NULL)

6447 ASSERT(pb !'= NULL);

6448 ASSERT( pb- >pb_version ! = 0)

6449 ASSERT( pb- >pb_nbuflists == 0)

6451 /* no valid buffer can be this snall */

6452 if (buflen < L2PBUF_HDR_SI ZE)

6453 return (EINVAL);

6455 /* these always cone in big endian */

6456 #if defined(_BlI G_ENDI AN)

6457 pb->pb_magic = *(uint32_t *)input_buf;

6458 pb->pb_flags = *(uint16_t *)(input_ buf + 6);

6459 bswap_needed = ((pb->pb_flags & L2PBUF_BI G ENDIAN) 1= 1);

6460 #else /* !defined(_BlI G ENDI AN) */

6461 pb->pb_magi ¢ = BSWAP_32(*(ui nt32_t *)input_buf);

6462 pb->pb_fl ags = BSWAP_16(*(uint16_t *)(input_buf + 6));

6463 bswap_needed = ((pb->pb_flags & L2PBUF_BI G ENDIAN) [= 0);
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6464 #endi f
6465

6467
6468
6469
6470

6472
6473
6474
6475
6476
6477

6479
6480
6481
6482
6483
6484

6486
6487
6488
6489
6490
6491

6493
6494
6495
6496
6497
6498
6499
6500
6501
6502
6503

6505
6506
6507
6508
6509

6511
6512
6513
6514
6515
6516
6517
6518
6519
6520
6521

6523
6524
6525
6526
6527
6528
6529

/* Vdefined(_BI G ENDI AN) */
pb->pb_versi on = input_buf[4];

if (pb->pb_magic != L2PBUF_MAG C || pb->pb_version == 0)
return (EINVAL);

if (pb->pb_version > L2PBUF MAX_VERSI ON)
return (ENOTSUP);

/* renmui nder of pbuf may need bswap’ ping */
pb->pb_prev_daddr = *(uint64_t *)(Input_buf + 8);
pb->pb_prev_asize = *(uint64_t *)(input_buf + 16)
bcopy(input _buf + 20, &pb->pb_prev_cksum 32);
payl oad_sz = *(uint32_t *)(input_buf + 52);

payl oad_asz = buflen - L2PBUF_HDR_SI ZE;

if (bswap_needed) {
pb->pb_prev_daddr BSWAP_64( pb- >pb_prev_daddr);
pb->pb_prev_asi ze = BSWAP_64( pb- >pb_prev_asi ze) ;
ZI O_CHECKSUM BSWAP( &pb- >pb_prev_cksun;
payl oad_sz = BSWAP_32( payl oad_sz);

}

/* check for sensible buffer allocation limts */

if (((pb->pb_flags & L2PBUF_COWPRESSED) && payl oad_sz <= payl oad_asz)
(payl oad_sz > L2PBUF_MAX_PAYLOAD_ SI ZE)
(payl oad_sz % L2PBUF_BUF_SI ZE) != 0 ||

return (EINVAL);

= payl oad_sz / L2PBUF BUF_SI ZE;

[
payl oad_sz == 0)
nbuf s

/* deconpression mght be needed */
if (pb->pb_flags & L2PBUF_COVWPRESSED) {
src_bufs kmem al' | oc(payl oad_sz, KM SLEEP);
if (lz4 decon'pr ess(input _buf + L2PBUF HDR _ Si zE,
payl oad_asz, payload_sz, 0) != 0) {
knmem fr ee(src_buf s, payl oad_sz);
return (EINVAL);

src_bufs,

} else {
src_bufs = input_buf + L2PBUF_HDR S| ZE;
}

/* Decode individual pbuf items fromour source buffer. */
buflist = |2arc_pbuf_buflist_alloc(pb, nbufs);
for (i =0; i < nbufs; i++) {
| 2pbuf _buf _t *pbl _buf = &buflist->I2pbl _bufs[i];
const uint8_t *src = src_bufs + i * L2PBUF_BUF_SI ZE;

pbl _buf ->b_dva. dva_wor d[ O]
pbl _buf ->b_dva. dva_word[ 1]
pbl _buf->b_birth = *(uint64_t *)(src + 16);
pbl “buf->b_cksumD = *(uint64_t *)(src + 24);
bcopy(src + 32, &pbl _buf->b_freeze_cksum 32);
pbl _buf->b_size = *(uint32_t *)(src + 64);
pbl “buf - >b_| 2daddr = *(uint64_t *)(src + 68);
pbl “buf->b_| 2asi ze = *(uint32_t *)(src + 76);
pbl _buf ->b_| 2conpress = src[80] ;

pbl _buf->b_contents_type = src[81];

pbl _buf->b_flags = *(uint32_t *)(src + 84);

*(uint64_t *)src;
*(uint64_t *)(src + 8);

if (bswap_needed) {
pbl _buf->b_dva. dva_word[ 0] =
BSWAP_64( pbl _buf->b_dva. dva_word[0]);
pbl _buf->b_dva. dva_word[1] =
BSWAP_64( pbl _| buf >b_dva. dva_word[1]);
pbl _buf->b_birth = BSWAP_64( pbl _buf - >b bi rth);
pbl “buf ->b_cksunD = BSWAP_64( pbl _buf - >b cksur'rO);
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6530 ZI O_CHECKSUM_ BSV\AP(&pr buf ->b_freeze_cksum;
6531 pbl “buf->b_size = BSWAP_32(pbl _buf->b_si ze);
6532 pbl “buf - >b_| 2daddr = BSWAP_64( pbl _buf->b I2daddr)
6533 pbl “buf ->b_| 2asi ze = BSWAP_32( pbl _buf - >b_| 2asi ze) ;
6534 pbl “buf->b_flags = BSV\AP_32( pbl _buf->b_fTags);
6535 }

6537 pb->pb_payl oad_asz += pbl _buf->b_| 2asi ze;

6538 }

6540 if (pb->pb_flags & L2PBUF_COVPRESSED)

6541 kmem free(src_bufs, payload_sz);

6543 return (0);

6544 }

6546 /*

6547 * Decodes the previous buffer pointer encoded in a pbuf. This is used
6548 * during L2ARC reconstruction to "peek" at the next buffer and start
6549 * issuing 10to fetch it early, before decoding of the current buffer
6550 * is done (which can take time due to deconpression).

6551 * Returns O on success (and fills in the return paraneters ‘daddr’,
6552 * ‘asize’ and ‘cksumi with the info of the previous pbuf), and an errno
6553 * on error.

6554 *

6555 static int

6556 | 2arc_pbuf _decode_prev_ptr(const uint8_t *buf, size_t buflen, uint64_t *daddr,
6557 uint32_t *asize, zio_cksumt *cksum

6558 {

6559 bool ean_t bswap_needed;

6560 uint16_t version, flags;

6561 uint32_t magic;

6563 ASSERT(buf !'= NULL);

6565 /* no valid buffer can be this snmall */

6566 if (buflen <= L2PBUF_HDR_SI ZE)

6567 return (EINVAL);

6569 /* these always conme in big endian */

6570 #if defined(_BI G ENDI AN)

6571 magi ¢ = *(uint32_t *)buf;

6572 fl ags =*(U|nt16t *)(buf + 6);

6573 bswap_needed = ((flags & L2PBUF BI G ENDI AN) != 1);

6574 #else /* !defined(_BlI G ENDIAN) */

6575 magi ¢ = BSWAP_32(*(uint32_t *)buf);

6576 flags = BSWAP_16(*(uint16_t *)(buf + 6));

6577 bswap_needed = ((flags & L2PBUF_BI G ENDI AN) != 0);

6578 #endif /* !defined(_BlI G ENDIAN) */

6579 version = buf[4];

6581 if (magic !'= L2PBUF_MAG C || version == 0)

6582 return (EINVAL);

6583 if (version > L2PBUF_| W VERSI ON)

6584 return (ENOTSUP);

6586 *daddr = *(uint64_t *)(buf + 4);

6587 *asize = *(uint64_t *)(buf + 12);

6588 bcopy(buf + 16, cksum 32);

6590 if (bswap_needed) {

6591 *daddr = BSWAP_64(*daddr) ;

6592 *asi ze = BSWAP_64(*asi ze);

6593 Z| O_CHECKSUM BSWAP( cksun) ;

6594 1
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6596 return (0);

6597 }

6599 /*

6600 * Initializes a pbuf structure into a clean state. Al version and flags
6601 * fields are filled in as appropriate for this architecture.

6602 * |f the structure was used before, first call |2arc_pbuf_destroy on it,
6603 * as this function assunes the structure is uninitialized.

6604 *

6605 static void

6606 | 2ar c_pbuf _i nit (I 2pbuf _t *pb)

6607 {

6608 bzero(pb, sizeof (I2pbuf_t));

6609 pb- >pb_versi on = L2PBUF_NMAX_ VERSI oN;

6610 #if defined(_BI'G ENDI AN)

6611 pb->pb_fTags |= L2PB_BI G ENDI AN;

6612 #endif

6613 pb->pb_buflists_list = kmem zal | oc(sizeof (list_t), KM SLEEP);
6614 list_create(pb->pb_buflists_list, sizeof (I2pbuf_buflist_t),
6615 of f set of (I 2pbuf _buflist_t, |2pbl_node));

6616 }

6618 /*

6619 * Destroys a pbuf structure and puts it into a clean state ready to be
6620 * initialized by |2arc_pbuf_init. Al buflists created by

6621 * |2arc_pbuf_buflist_alloc are rel eased as well.

6622 */

6623 st atl c void

6624 | 2ar c_pbuf _destroy(Il 2pbuf _t *pb)

6625 {

6626 list_t *buflist_list = pb->pb_buflists_list;

6627 | 2pbuf _buflist_t *buflist;

6629 while ((buflist = list_head(buflist_list)) !'= NULL) {

6630 ASSERT( buf | i st->I 2pbl _nbufs™ > 0);

6631 kmem free(buflist->| 2pbl _bufs, sizeof (I|2pbuf_buf t) *
6632 bufli st->l 2pbl _nbufs);

6633 list_remove(buflist_list, buflist);

6634 kmem free(buflist, sizeof (I2pbuf_buflist_t));

6635 }

6636 pb->pb_nbuflists = 0;

6637 i st _destroy(pb->pb_buflists_li st)

6638 knmem free(pb->pb_buflists_list si zeof (list_t));

6639 bzero(pb, sizeof (I2pbuf_t));

6640 }

6642 [ *

6643 * Allocates a new buflist inside of a pbuf, which can hold up to ‘nbufs’
6644 * buffers. This is used durin g the buffer wite cycle - each cycle allocates
6645 * a new buflist and fills it with buffers it wites. Then, when the pbuf
6646 * reaches its buflist limt, it is conmted to stable storage.

6647 *

6648 static | 2pbuf_buflist_t *

6649 | 2arc_pbuf _buflist_alToc(l2pbuf_t *pb, int nbufs)

6650 {

6651 | 2pbuf _buflist_t *buflist;

6653 ASSERT( pb >pb_buflists_list I'= NULL);

6654 buflist = kmem zal | OC(SI zeof (| 2pbuf_buflist_t), KM SLEEP);

6655 buflist->l 2pbl _nbufs = nbufs;

6656 buflist->l 2pbl “bufs = krrem_zal I oc(sizeof (I2pbuf_buf_t) * nbufs,
6657 KM_SLEEP) ;

6658 list_insert_tail (pb->pb_buflists_list, buflist);

6659 pb- >pb_nbuf | i st s++;

6661 return (buflist);
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6662 }

6664 /*

6665 * Inserts ARC buffer ‘ab’ into the pbuf
6666 * The buffer being inserted nmust be present in L2ARC.
6667 */

6668 static void

6669 | 2arc_pbuflist_insert(l2pbuf_t *pb, |2pbuf_buflist_t *pbl,

44

‘pb’ buflist ‘pbl’ at index ‘“idx’ .

6670 const arc_buf _hdr_t *ab, int index)

6671 {

6672 | 2pbuf _buf _t *pb_buf;

6673 const [2arc_buf _hdr t *| 2hdr;

6675 | 2hdr = ab->b_| 2hdr;

6676 ASSERT(| 2hdr != NULL);

6677 ASSERT( pbl - > 2pbl _nbufs > index);

6679 pb_buf = &pbl ->| 2pbl _buf s[i ndex] ;

6680 pb_buf - >b dva = ab->b_dva;

6681 pb_buf->b_birth = ab->b blrth

6682 pb_buf ->b_cksunD = ab->b cksurrO;

6683 pb_buf->b_freeze_cksum = *ab->b_freeze cksum

6684 pb_buf ->b_si ze = ab->b_si ze;

6685 pb_buf ->b_| 2daddr = | 2hdr->b_daddr;

6686 pb_buf ->b_| 2asi ze = | 2hdr - >b_asi ze;

6687 pb_buf->b_| 2conpress = | 2hdr->b _conpr ess;

6688 pb_buf->b_contents_type = ab->b_type;

6689 pb_buf->b flags = ab->b_flags & L2ARC PERSI ST_FLAGS;

6690 pb->pb_payl oad_asz += | 2hdr->b_asi ze;

6691 }

6693 /*

6694 * Commits a pbuf to stable storage. This routine is invoked when witing
6695 * ARC buffers to an L2ARC device. Wien the pbuf associated with the device
6696 * has reached its limts (either in size or in nunmber of wites), it is
6697 * schedul ed here for witing.

6698 * This function allocates sone nenory to tenporarily hold the serialized
6699 * buffer to be witten. This is then released in |2arc_wite_done.

6700 */

6701 static void

6702 | 2arc_pbuf _commi t (I 2arc_dev_t *dev, zio_t *pio, |2arc_wite_callback_t

6703 {

6704 | 2pbuf _t *pb = &dev->| 2ad_pbuf;

6705 uint64_t i, est_encsize, bufsize, encsize, io_size;

6706 uint8_t *pb_buf;

6708 pb->pb_prev_daddr = dev->| 2ad_pbuf _daddr;

6709 pb- >pb_prev_asi ze = dev->| 2ad_pbuf _asi ze;

6710 pb- >pb_prev_cksum = dev->| 2ad_pbuf _ cksum

6712 est_encsi ze = L2PBUF_ENCODED_SI ZE( pb) ;

6713 buf'si ze = vdev_psi ze_to_asi ze(dev- >l 2ad _vdev, est_encsize);
6714 pb_buf = krrem zal | oc(bufsize, KM SLEEP);

6715 encsi ze = | 2arc pbuf encode(pb, pb_buf, bufsize);

6716 ch- >l 2wcb_pbuf = pb_buf;

6717 cb->l 2wcb_pbuf _si ze = bufsi ze;

6719 dev->| 2ad_pbuf _daddr = dev- >l 2ad_hand;

6720 dev->| 2ad_pbuf _asi ze = encsi ze;

6721 fletcher_4_native(pb_buf, encsize, &dev->|2ad_pbuf_cksum;
6723 io_si ze = vdev_psi ze_t o_asi ze(dev- >l 2ad_vdev, encsi ze);
6724 for (i =0; i <io_size; ) {

6725 zio_t *wzio;

6726 U|n64tw3|ze:io_size»i;

*cb)
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6728 if (wsize > SPA MAXBLOCKSI ZE)

6729 wsi ze = SPA_MAXBLOCKSI ZE;

6730 ASSERT(wsi ze >= SPA_M NBLOCKSI ZE) ;

6731 wzi o = zio_write_phys(pio, dev->|2ad_vdev, dev->|2ad_hand + i,
6732 wsi ze, pb_buf + i, ZI O CHECKSUM OFF, NULL, NULL,
6733 ZIO PRI ORI TY_ASYNC WRI TE, ZI O FLAG CANFAI L, B_FALSE);
6734 DTRACE_PROBE2(| 2arc__write, vdev_t *, dev->|2ad_vdev,
6735 zio_t *, wzio);

6736 (void) zio_nowait(wzio);

6737 i += wsi ze;

6738 1

6740 dev->| 2ad_hand += i o_si ze;

6741 vdev_space_updat e(dev- >| 2ad_vdev, io_size, 0, 0);

6742 | 2ar c_uber bl ock_updat e(dev, pio, cb);

6744 ARCSTAT_I NCR(arcstat _| 2_write_bytes, io_size);

6745 ARCSTAT_BUWP(arcstat _| 2_meta_writes);

6746 ARCSTAT_F_AV@ arcstat _| 2_nmeta_avg_si ze, est_encsi ze);

6747 ARCSTAT_F_AVG@ arcstat _| 2_nmeta_avg_asi ze, encsi ze);

6748 ARCSTAT_F_AVGQ arcstat _| 2_asize_to_neta_ratio,

6749 pb- >pb_payl oad_asz / encsize);

6750 }

6752 [ *

6753 * Returns the nunber of bytes occupied by the payload buffer itens of
6754 * a pbuf in portable (on-disk) encoded form i.e. the bytes foll ow ng
6755 * L2PBUF_HDR S| ZE.

6756 */

6757 static uint32_t

6758 | 2arc_pbuf _i t ens_encoded_si ze(| 2pbuf _t *pb)

6759 {

6760 uint32_t size = 0;

6761 | 2pbuf _buflist_t *buflist;

6763 for (buflist = 1ist_head(pb->pb_buflists_list); buflist !'= NULL;
6764 buflist = list_next(pb->pb_buflists_list, buflist))

6765 size += L2PBUF_BUF_SI ZE * bufli st->| 2pbl _nbufs;

6767 return (size);

6768 }

____unchanged_portion_onitted_
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1403 /*
1404 *
1405 *
1406 *
1407 *
1408 *
1409 *
1410

Load (or re-load) the current |ist of vdevs describing the active |2cache for
this pool . i i
"spa_l 2cache. sav_config’.
then re-generate a nore conplete list including status information.

Devi ces which are already active have their details numintained, and are

When this is called, we have sone formof basic information in
We parse this into vdevs, try to open them and

re- opened.

1411 static void
1412 spa_l oad_| 2cache(spa_t *spa)

1413 {
1414
1415
1416
1417
1418
1419

1421

1423
1424
1425
1426
1427
1428
1429
1430

1432
1433
1434
1435

1437
1438
1439
1440
1441
1442

1444
1445
1446
1447
1448
1449
1450
1451
1452
1453
1454
1455

1457
1458
1459
1460
1461

nvlist_t **|2cache;

uint_t nl 2cache;

int i, j, oldnvdevs;

uint64_t guid;

vdev_t *vd, **ol dvdevs, **newdevs;
spa_aux_vdev_t *sav = &spa->spa_| 2cache;

ASSERT(spa_confi g_hel d(spa, SCL_ALL, RWWRI TER) == SCL_ALL);

if (sav->sav_config !'= NULL) {
VERI FY(nvlist_| ookup_nvlist_array(sav->sav_config,
ZPOOL_CONFI G_L2CACHE, &l 2cache, &nl 2cache) == 0);
newdevs = kmem al | oc(nl 2cache * sizeof (void *), KM SLEEP);
} else {
nl 2cache
newdevs

0
NULL;
}

ol dvdevs = sav->sav_vdevs;
ol dnvdevs = sav->sav_count;

sav->sav_vdevs = NULL;
sav->sav_count = O;
/*
* Process new nvlist of vdevs.
*
for (i = 0; i < nl2cache; i++) {
VERI FY(nvlist_| ookup_ui nt 64(1 2cache[i], ZPOOL_CONFI G _GU D,
&guid) == 0);
newdevs[i] = NULL;
for (j =0; j < oldnvdevs; j++) {
vd = ol dvdevs[j];
if (vd !'= NULL && guid == vd->vdev_guid) {
/*

* Retain previous vdev for add/renove ops.
*/

newdevs][i]
ol dvdevs][j ]
br eak;

vd;
NULL

}
if (newdevs[i] == NULL) {
/*
* Create new vdev
*
/

VERI FY(spa_confi g_parse(spa, &d, |2cache[i], NULL, O
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1462
1463
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1466
1467
1468
1469
1470
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1502
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1504

1506
1507
1508

1510
1511
1512
1513
1514
1515
1516

1518
1519

1521
1522

1524
1525

}

*

VDEV_ALLOC L2CACHE) == 0);
ASSERT(vd != NULL)
newdevs[i] = vd;

/*
* Commt this vdev as an | 2cache devi ce,
* even if it fails to open.
*
/
spa_| 2cache_add(vd);

vd->vdev_top = vd;
vd->vdev_aux = sav;

spa_l 2cache_acti vate(vd);

if (vdev_open(vd) != 0)
conti nue;

(voi d) vdev_validate_aux(vd);

if (!vdev_is_dead(vd)) {
bool ean_t persist = B_FALSE;

if (spa->spa_l oad_state != SPA_LQOAD TRYI MPORT)
/ *

* Only allow to do the L2ARC rebuild
* when not doing a spa try-I oad.
*

(void) nvlist_|ookup_bool ean_val ue(
| 2cacheli ],
ZPOOL_CONFI G_L2CACHE_PERSI STENT
&persist);
if (!vdev_is_dead(vd))
| 2arc_add_vdev(spa, vd);

}
| 2arc_add_vdev(spa, vd, persist);

* Purge vdevs that were dropped
*/

for (i =0; i

<

ol dnvdevs; i++) {

uint64_t pool;

vd = ol dvdevs[i];
if (vd !'= NULL)

}

if (ol dvdevs)

ASSERT( vd- >vdev_i sl 2cache) ;

if (spa_l 2cache_exi sts(vd->vdev_guid, &pool) &&
pool != OULL && | 2arc_vdev_present(vd))
| 2arc_renove_vdev(vd);
vdev_cl ear_stats(vd);
vdev_free(vd);

kmem free(ol dvdevs, ol dnvdevs * sizeof (void *));

if (sav->sav_config == NULL)
goto out;

sav- >sav_vdevs
sav- >sav_count

newdevs;
(i nt)nl 2cache;
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1527 /*
1528 * Reconpute the stashed list of |2cache devices, with status
1529 * information this tine.
1530 */
1531 VERI FY(nvlist_renove(sav->sav_config, ZPOOL_CONFI G L2CACHE,
1532 DATA_TYPE_NVLI ST_ARRAY) == 0);
1534 | 2cache = kmem al | oc(sav->sav_count * sizeof (void *), KM SLEEP);
1535 for (i = 0; i < sav->sav_count; i++)
1536 | 2cache[i] = vdev_confi g_gener at e(spa,
1537 sav->sav_vdevs[i], B _TRUE, VDEV_CONFI G L2CACHE)
1538 VERI FY(nvlist_add_nvlist_array(sav->sav_config,
1539 ZPOOL_CONFI G_L2CACHE, | 2cache, sav->sav_count) == 0);
1540 out:
1541 for (i = 0; i < sav->sav_count; i++)
1542 nvlist_free(l2cache[i ])
1543 if (sav->sav_count)
1544 kmem free(l 2cache, sav->sav_count * sizeof (void *));
1545 }
__unchanged_portion_omtted_
3801 #endif
3803 /*
3804 * Inport a non-root pool into the system
3805 */
3806 int
3807 {spa_i nmport (const char *pool, nvlist_t *config, nvlist_t *props, uint64_t flags)
3808
3809 spa_t *spa;
3810 char *altroot = NULL;
3811 spa_l oad_state_t state = SPA LOAD_| MPORT;
3812 zpool _rewi nd _policy._t pol icy;
3813 uint64_t node = spa_node_gl obal ;
3814 uint64_t readonly = B_FALSE,
3815 int error;
3816 nvlist_t *nvroot;
3817 nvlist_t **spares, **|2cache;
3818 uint_t nspares, nl2cache;
3820 /*
3821 * |f a pool with this name exists, return failure.
3822 */
3823 mut ex_ent er (&spa_nanespace_| ock);
3824 if (spa_l ookup(pool) != NULL) {
3825 mut ex_exi t (&pa_nanmespace_| ock) ;
3826 return (SET_ERROR(EEXI ST));
3827 }
3829 /*
3830 * Create and initialize the spa structure.
3831 *
3832 (void) nvlist_|ookup_string(props,
3833 zpool _prop_to_nane(ZPOOL_PROP_ALTROOT), &altroot);
3834 (void) nvlist_l ookup_ui nt 64(props,
3835 zpool _prop_t o_nane(ZPOOL_PROP_READONLY), &readonly);
3836 if (readonly)
3837 node = FREAD;
3838 spa = spa_add(pool, config, altroot);
3839 spa->spa_i nport _flags = fl ags;
3841 /*
3842 * Verbatiminport - Take a pool and insert it into the namespace
3843 * as if it had been | oaded at boot.
3844 */
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if (spa->spa_inport_flags & ZFS_| MPORT_VERBATI M {
if (props !'= NULL)
spa_configfil e_set(spa, props, B_FALSE);

spa_config_sync(spa, B_FALSE, B _TRUE);

mut ex_exi t (& pa_nanmespace_| ock) ;
spa_hi story_l og_version(spa, "inport");

return (0);

}
spa_activate(spa, node);

/*

* Don't start async tasks until we know everything is healthy.
*/

spa_async_suspend(spa) ;

zpool _get _rewind_policy(config, &policy);
if (policy.zrp_request & ZPOOL_DO_ REWN
state = SPA_LOAD RECOVER;

Pass of f the heavy lifting to spa_load(). Pass TRUE for nposconfig
because the user-supplied config is actually the one to trust when
doi ng an inport.

* ok ok ok

if (state !'= SPA_LOAD_RECOVER)
spa- >spa_| ast _ubsync_t xg = spa->spa_| oad_txg =

error = spa_|l oad_best (spa, state, B _TRUE, policy.zrp_txg,
policy. zrp_request);

/*
* Propagate anything | earned while |oading the pool and pass it
*

back to caller (i.e. rewind info, mssing devices, etc).
*/
VERI FY(nvlist_add_nvli st ( config, ZPOOL_CONFI G LQOAD_I NFQ,
spa->spa_l oad_i nfo) == 0);

spa_config_enter(spa, SCL_ALL, FTAG RWMWRI TER);
/*

* Toss any existing sparelist, as it doesn’t have any validity
* anynore, and conflicts with spa_has_spare()
*/

if (spa->spa_spares.sav_config) {
nvlist_free(spa->spa_spares.sav_config);
spa- >spa_spar es. sav_config = NULL;
spa_|l oad_spar es(spa);

}

i f (spa->spa_| 2cache. sav_config) {
nvlist_free(spa->spa_|l 2cache. sav_ confl a);
spa- >spa_| 2cache. sav_config =
spa_l oad_| 2cache(spa);

}

VERI FY(nvlist_l ookup_nvlist(config, ZPOOL_CONFIG_VDEV_TREE,
&vroot) == 0);
if (error == 0)
error = spa_validate_aux(spa, nvroot, -1ULL,
VDEV ALLOC_SPARE) ;
if (error ==
error = spa_validate_aux(spa, nvroot, -1ULL,
VDEV_ALLOC L2CACHE) ;
spa_config_exit(spa, SCL_ALL, FTAG;
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if (props !'= NULL)
spa_configfile_set(spa, props, B FALSE);

if (error '=0 || (props & spa_writeabl e(spa) &&
(error = spa_prop_set(spa, props))))
spa_unl oad(spa);
spa_deacti vat e(spa);
spa_renove(spa);
mut ex_exi t (&pa_nanmespace_| ock) ;
return (error);

}
spa_async_resune(spa);

/*
* Override any spares and | evel 2 cache devices as specified by
* the user, as these may have correct device nanes/devids, etc.
*
/
if (nvlist_lookup_nvlist_array(nvroot, ZPOOL_CONFI G _SPARES
&spares, &nspares) == 0
if (spa->spa_spares.sav_config)
VERI FY(nvlist_renpve(spa->spa_spares. sav_config,
ZPOOL_CONFI G_SPARES, DATA_TYPE_NVLI ST_ARRAY) == 0);
el se
VERI FY(nvlist_alloc(&spa->spa_ spares sav_confi g,
NV_UNI QUE_NANE, KM SLEEP) == 0);
VERI FY(nvl i st _add_nvl i st array(spa- >spa spar es sav _config,
ZPOOL_CONFI G SPARES, “spares, nspares) ==
spa_config_enter(spa, SCL_ALL, FTAG RWWRI TER)
spa_| oad_spares(spa);
spa_config_exit(spa, SCL_ALL, FTAG;
spa- >spa_spares. sav_sync = B_TRUE;

}
i f (nvlist_lookup_nvlist_array(nvroot, ZPOOL_CONFI G L2CACHE,
& 2cache, &nl 2cache) == 0) {
if (spa->spa_l 2cache. sav_config)
VERI FY(nvlist_renpve(spa->spa_| 2cache. sav_confi g,
ZPOOL_CONFI G_L2CACHE, DATA _TYPE_NVLI ST_ARRAY) == 0);
el se
VERI FY(nvlist_alloc(&spa->spa_| 2cache sav_confi g,
NV UNICUE NAME, KM SLEEP) == 0);
VERI FY(nvlist_add_nvlist_array(spa->spa_ IZCache sav_config,
ZPOOL_CONFI G L2CACHE, | 2cache, nl 2cache) == 0);
spa_config_enter(spa, SCL_ALL, FTAG RW VRI TER) ;
spa_| oad_| 2cache(spa);
spa_config_exit(spa, SCL_ALL, FTAG) ;
spa- >spa_| 2cache. sav_sync = B_TRUE;

}

/*
* Check for any renpved devices.
*
if (spa->spa_autoreplace) {
spa_aux_check_r enbved( &spa- >spa_spares);
spa_aux_check_r enpved( &pa- >spa_| 2cache) ;
}
if (spa_witeable(spa)) {
/ *
* Update the config cache to include the new y-inported pool.
*
/

spa_config_update(spa, SPA_CONFI G_UPDATE_POOQL) ;
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3973
3974
3975

3977
3978

3980
3981 }

* |t's possible that the pool

was expanded while it was exported.

* We kick off an async task to handle this for us.

*/

spa_async_request (spa, SPA_ASYNC_AUTOEXPAND) ;

mut ex_exi t (&spa_nanmespace_| ock) ;

spa_hi story_| og_version(spa,

return (0);

__unchanged_portion_onitted_

"inmport");
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LR R R R EEEEEREREREREEEEEEEEEEEEEEEEREEEREREREEEEEEEEEESES] 142 #Ifdef Cpl USp| us
4516 Mon Aug 5 21:59:09 2013 143 } -
new usr/src/uts/comon/fs/zfs/sys/arc.h __unchanged_portion_onitted_

3525 Persistent L2ARC

R R R R R

__unchanged_portion_onitted_

84 void arc_space_consune(ui nt64_t space, arc_space_type_t type);
85 void arc_space_return(uint64_t space, arc_space_type_t type);
86 void *arc_data_buf _alloc(uint64_t space);
87 void arc_data_buf_free(void *buf, uint64_t space);
88 arc_buf _t *arc_buf _alloc(spa_t *spa, int size, void *tag,
89 arc_buf _contents_t type);
90 arc_buf _t *arc_l oan_buf (spa_t *spa, int size);
91 void arc_return_buf(arc_buf_t *buf, void *tag);
92 void arc_|l oan_i nuse_buf (arc_buf _t *buf, void *tag);
93 void arc_buf_add_ref (arc_buf_t *buf, void *tag);
94 bool ean_t arc_buf _renove_ref(arc_buf_t *buf, void *tag);
95 int arc_buf_size(arc_buf_t *buf);
96 void arc_rel ease(arc_buf _t *buf, void *tag);
97 int arc_rel eased(arc_buf_t *buf);
98 int arc_has_cal |l back(arc_buf_t *buf);
99 void arc_buf_freeze(arc_buf _t *buf);
100 void arc_buf_thaw arc_buf _t *buf);
101 bool ean_t arc_buf _eviction_needed(arc_buf_t *buf);
102 #ifdef ZFS_DEBUG
103 int arc_referenced(arc_buf_t *buf);

104 #endi f

106 int arc_read(zio_t *pio, spa_t *spa, const blkptr_t *bp,

107 arc_done_func_t *done, void *private, int priority, int flags,

108 uint32_t *arc_flags, const zbookmark_t *zb);

109 zio_t *arc_wite(zio_t *pio, spa_t *spa, uint64_t txg,

110 bl kptr_t *bp, arc_buf_t *buf, boolean_t |2arc, bool ean_t |2arc_conpress,
111 const zio_prop_t *zp, arc_done_func_t *ready, arc_done_func_t *done,
112 void *private, int priority, int zio_flags, const zbookmark_t *zb);

113 void arc_freed(spa_t *spa, const blkptr_t *bp);

115 void arc_set_cal | back(arc_buf _t *buf, arc_evict_func_t *func, void *private);
116 int arc_buf_evict(arc_buf_t *buf);

118 void arc_flush(spa_t *spa);
119 void arc_tenpreserve_clear(uint64_t reserve);
120 int arc_tenpreserve_space(uint64_t reserve, uint64_t txg);

122 void arc_init(void);
123 void arc_fini(void);

125 /*
126 * Level 2 ARC
127 */

129 void | 2arc_add_vdev(spa_t *spa, vdev_t *vd, boolean_t rebuild);
129 void | 2arc_add_vdev(spa_t *spa, vdev_t *vd);

130 void | 2arc_renove_vdev(vdev_t *vd);

131 bool ean_t | 2arc_vdev_present (vdev_t *vd);

132 void | 2arc_init(void);

133 void | 2arc_fini(void);

134 void | 2arc_start(void);

135 void | 2arc_stop(void);

137 #ifndef _KERNEL

138 extern bool ean_t arc_watch;
139 extern int arc_procfd;

140 #endi f
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LR R R R EEEEEREREREREEEEEEEEEEEEEEEEREEEREREREEEEEEEEEESES] 62 #defl ne BF64 DECODE(X IOW, Ien) PZP'_'ASE((X) >> (I OV\O, lULL << (I en))
25969 Mon Aug 5 21:59:09 2013 63 #define BF32_ENCODE(x, |ow, |en) (P2PHASE( (x), 1U << (len)) << (low))
new usr/src/uts/comon/fs/zfs/sys/spa.h 64 #define BF64_ENCODE(x, |ow, |en) (P2PHASE( (x), 1ULL << (len)) << (low))
3525 Persistent L2ARC
LEEE R R R EE SRR EEEEEEEEEEE R EREEEEEEEEEEEEEEEEEEREEEEEEEEEESEE] 66 #define BF32_ET(X, |0\N, Ien) BF32 Em(x |O\N, |en)
1/* 67 #define BF64_CET(x, |low, |en) BF64_DECODE(x, |ow, |en)
2 * CDDL HEADER START
3 = 69 #define BF32_SET(x, low, len, val)
4 * The contents of this file are subject to the terms of the 70 ((x) ~= BF32 ENOODE((X >> | ow) " (vaI) low, len))
5 * Common Devel opnent and Distribution License (the "License"). 71 #define BF64_SET(x, Tow, len, val)
6 * You may not use this file except in conpliance with the License. 72 ((x) "= BF64 ENC(DE((x >> | ow) /\ (val), low, len))
7 *
8 * You can obtain a copy of the license at usr/src/ OPENSOLARI S. LI CENSE 74 #define BF32_CET_SB(x, low, len, shift, bias) \
9 * or http://ww. opensol aris.org/os/licensing. 75 ((BF32_GET(x, low, |en) +(b|as)) << (shift))
10 * See the License for the specific |anguage governi ng perm ssions 76 #define BF64_GET_SB(x, low, len, shift, bias) \
11 * and limtations under the License. 77 ((BF64_GET(x, low, |en) +(bias)) << (shift))
12 =
13 * When distributing Covered Code, include this CDDL HEADER in each 79 #define BF32_SET_SB(x, low, len, shift, bias, val) \
14 * file and include the License file at usr/src/OPENSOLARI S. LI CENSE. 80 BF32_SET(x, low, len, ((val) >> (shift)) - (bias))
15 * |f applicable, add the follow ng below this CODL HEADER, wth the 81 #define BF64_SET_SB(x, | ow, Ien shift, bias, ) \
16 * fields enclosed by brackets "[]" replaced with your own identifying 82 BF64_SET(x, |ow, |en, ((val) >> (shlft)) (bias))
17 * information: Portions Copyright [yyyy]l [nane of copyright owner]
18 * 84 [ *
19 * CDDL HEADER END 85 * W currently support nine block sizes, fromb512 bytes to 128K
20 */ 86 * W could go higher, but the benefits are near-zero and the cost
21 | * 87 * of COWNnNg a giant block to nodify one byte woul d become excessi ve.
22 * Copyright (c) 2005, 2010, Oracle and/or its affiliates. Al rights reserved. 88 */
23 * Copyright (c) 2012 by Del phix. Al rights reserved. 89 #define SPA_M NBLOCKSHI FT 9
24 * Copyright 2011 Nexenta Systenms, Inc. Al rights reserved. 90 #define SPA_MAXBLOCKSHI FT 17
25 * Copyright 2013 Saso Kisel kov. Al rights reserved. 91 #define SPA_M NBLOCKSI ZE (1ULL << SPA_M NBLOCKSHI FT)
26 */ 92 #define SPA_MAXBLOCKSI ZE (1ULL << SPA_NMAXBLOCKSHI FT)
28 #ifndef _SYS SPA H 94 #define SPA_BLOCKSI ZES ( SPA_MAXBLOCKSHI FT - SPA_M NBLOCKSHI FT + 1)
29 #define _SYS_SPA_H
96 /*
31 #include <sys/avl.h> 97 * Size of block to hold the configuration data (a packed nvlist)
32 #include <sys/zfs_context.h> 98 */
33 #include <sys/nvpair. h> 99 #define SPA_CONFI G BLOCKSI ZE (1ULL << 14)
34 #include <sys/sysnmacros. h>
35 #include <sys/types. h> 101 /*
36 #include <sys/fs/zfs. h> 102 * The DVA size encodings for LSIZE and PSI ZE support bl ocks up to 32MB.
103 * The ASIZE encodi ng should be at |east 64 times larger (6 nore bits)
38 #ifdef __cplusplus 104 * to support up to 4-way RAID-Z nmirror node with worst-case gang bl ock
39 extern "C' { 105 * overhead, three DVAs per bp, plus one nore bit in case we do anything
40 #endi f 106 */el se that expands the ASIZE.
107 *
42 /* 108 #define SPA_LSI ZEBI TS 16 /* LSIZE up to 32M (2716 * 512) */
43 * Forward references that |ots of things need. 109 #define SPA _PSI ZEBI TS 16 /* PSIZE up to 32M (2716 * 512) */
44 110 #define SPA_ASI ZEBI TS 24 /* ASIZE up to 64 times larger */
45 typedef struct spa spa_t;
46 typedef struct vdev vdev_t; 112 /*
47 typedef struct netaslab netaslab_t; 113 * Al SPA data is represented by 128-bit data virtual addresses (DVAs).
48 typedef struct netaslab_group netaslab_group_t; 114 * The menbers of the dva_t shoul d be considered opaque outside the SPA
49 typedef struct netaslab_class netaslab_class_t; 115 */
50 typedef struct zio zio_t; 116 typedef struct dva {
51 typedef struct zilog zilog_t; 117 ui nt 64_t dva_word[ 2] ;
52 typedef struct spa_aux_vdev spa aux_vdev_t; 118 } dva_t;
53 typedef struct ddt ddt_t; __unchanged_portion_omtted_
54 typedef struct ddtfentry ddt _entry_t;
55 struct dsl_pool; 262 #define BP_CET_ASI ZE( bp) \
56 struct dsl_dat aset 263 (DVA_GET_ASI ZE( & bp) - >bl k_dva[ 0] ) + DVA GET_ASI ZE( &(bp) - >bl k_dva[1]) + \
) 264 DVA_GET_ASI ZE( & bp) - >bl k_dva[ 2]))
58 /*
59 * Ceneral -purpose 32-bit and 64-bit bitfield encodings. 266 #define BP_CGET_UCSI ZE(bp) \
60 */ 267 ((BP_GET_LEVEL(bp) > 0 || DMJ OT | S METADATA(BP_GET _TYPE(bp))) 2 \
61 #define BF32_DECODE(x, |ow, |en) P2PHASE( (x) >> (low), 1U << (len)) 268 BP_GET_PSI ZE(bp) : BP_GET_LSI ZE(bp))
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271
272
273

275
276
277
278

280
281
282

284
285
286
287
288

290
291
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293
294

296
297
298
299
300
301
302
303
304
305

307
309

#defi ne

#defi ne

#defi ne

#defi ne

#defi ne

#defi ne

#defi ne
#defi ne

310 {

311
312
313
314
315

BP_GET_NDVAS( bp)
(' TDVA_GET_ASI ZE( & bp) - >b|k _dva[0]) + \
I DVA GET_AS| ZE( & bp) - >bl k_dva[1]) + \
11 DVA_GET_ASI ZE( & bp) - >bl k_dva[ 2] ))

BP_COUNT_GANG( bp) \
(DVA_GET &(bp) - >bl k_dva +\
DVA GET +\

_GANG( [0]
A_GET_GANG( & bp) - >bl k_dva[ 1])
DVA_GET_GANG & bp) - >bl k_dva[ 2] )
DVA

\ EQUAL(dval, dva2) \
((dval)->dva_word[1] == (dva2)->dva_word[1]
(dval)->dva_word[ 0] == (dva2)->dva_word[0])

)
)
&& \

BP_EQUAL(bpl, bp2) \

(BP_PHYSI CAL_BI RTH(bp1) == BP_PHYSI CAL_BI RTH(bp2) &&
DVA_EQUAL( & bp1) - >bl k dva[ 0], “&(bp2) - >bl k_dva[0]) &&
DVA_EQUAL( & bp1) - >bl k_dva[ 1], & bp2)->bl k dva[1]) &&
DVA_EQUAL( & bp1) - >bl k_dva[ 2], &(bp2)->bl k_dva[2]))

ZI O_CHECKSUM EQUAL(zcl, zc2) \

(0 == (((zc1).zc_word[0] - (zc2).zc
((zcl).zc_word[1] - (zc2).zc_word[1])
((zcl).zc_word[2] - (zc2).zc_word[2])
((zcl).zc_word[3] - (zc2).zc_word[3])

ZI O_CHECKSUM BSWAP( _zc) \
do { \

zi o_cksum t

*zc = (_zc); \
zc->zc_wor d[ 0]

BSWAP_64(zc->zc_word[0]);
BSWAP_64(zc->zc_word[ 1]);
zc->zc_word[ 2] BSWAP_64(zc->zc_word[ 2] );
zc->zc_word[ 3] BSWAP_64(zc->zc_word[ 3]);
_NOTE( NOTREACHED) \
“NOTE( CONSTCOND)  \
} while (0)

——— —

DVA | S VALI { dva) (DVA_GET_ASI ZE(dva) != 0)
ZI O SET_CHECKSUM zcp, WO, wi, w2, w@)

(zcp) ->zc_word[
(zcp)->zc_word[
(zcp) ->zc_word[
(zcp) - >zc_wor d[

\
\
\
\
\
\

BREB

__unchanged_portion_onitted_

———
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1487 /| *

1488 * Reopen all interior vdevs and any unopened | eaves. W don't actually
1489 * reopen | eaf vdevs which had previously been opened as they m ght deadl ock
1490 * on the spa_config_lock. Instead we only obtain the |eaf’s physical size.
1491 * |f the |l eaf has never been opened then open it, as usual.

1492 */

1493 voi d

1494 vdev_reopen(vdev_t *vd)

1495 {

1496 spa_t *spa = vd->vdev_spa;

1498 ASSERT(spa_confi g _hel d(spa, SCL_STATE ALL, RWWRI TER) == SCL_STATE ALL);
1500 /* set the reopening flag unless we’'re taking the vdev offline */
1501 vd->vdev_reopeni ng = !vd->vdev_offline;

1502 vdev_cl ose(vd);

1503 (voi d) vdev_open(vd);

1505 /*

1506 * Call vdev_validate() here to make sure we have the sanme device.
1507 * Otherwi se, a device with an invalid |abel could be successfully
1508 * opened in response to vdev_reopen().

1509 */

1510 if (vd->vdev_aux) {

1511 (void) vdev_validate_aux(vd);

1512 if (vdev_readabl e(vd) && vdev_writeabl e(vd) &&

1513 vd- >vdev_aux == &spa- >spa_| 2cache &&

1514 Il 2arc_vdev_present (vd)) {

1515 /*

1516 * \When reopening we can assune persistent L2ARC is
1517 * supported, since we've al ready opened the device
1518 * in the past and prepended an L2 uber bl ock.

1519 *

1520 | 2arc_add_vdev(spa, vd, B _TRUE);

1521

1514 'l 2arc_vdev_present (vd))

1515 | 2arc_add_vdev(spa, vd);

1522 } else {

1523 (voi d) vdev_validate(vd, B _TRUE);

1524 }

1526 /*

1527 * Reassess parent vdev's heal th.

1528 */

1529 vdev_propagat e_state(vd);

1530 }

__unchanged_portion_omtted_
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210 /*

211 * Generate the nvlist representing this vdev's config.

212 */

213 nvlist_t *

214 vdev_confi g_generate(spa_t *spa, vdev_t *vd, boolean_t getstats,

215 vdev_config_flag_t flags)

216 {

217 nvlist_t *nv = NULL;

219 VERI FY(nvlist_alloc(&v, NV_UNI QUE_NAME, KM SLEEP) == 0);

221 VERI FY(nvlist_add_string(nv, ZPOOL_CONFI G TYPE,

222 vd- >vdev_ops->vdev_op_type) == 0);

223 if (!(flags & (VDEV_CONFI G_SPARE | VDEV_CONFI G L2CACHE)))

224 VERI FY( nvlist_add_ui nt 64(nv, ZPOOL_CONFI G I D, vd->vdev_id)
225 0);

226 VERI FY(nvl i st add ui nt 64(nv, ZPOOL_CONFI G GQUI D, vd->vdev_guid) == 0);
228 if (vd->vdev_path !'= NULL)

229 VERI FY(nvlist_add_string(nv, ZPOOL_CONFI G PATH,

230 vd- >vdev_path) == 0);

232 if (vd->vdev_devid != NULL)

233 VERI FY(nvl i st_add_st r| ng(nv ZPOOL_CONFI G_DEVI D,

234 vd->vdev_devid) == 0);

236 if (vd->vdev_physpath != NULL)

237 VERI FY(nvlist_add_string(nv, ZPOOL_CONFI G PHYS PATH,

238 vd->vdev_physpat h) == O),

240 if (vd->vdev_fru !'= NULL)

241 VERI FY(nvlist_add_string(nv, ZPOOL_CONFI G FRU,

242 vd->vdev_fru) == 0);

244 if (vd->vdev_nparity != 0) {

245 ASSERT( st rcnp(vd- >vdev _ops- >vdev_op_type,

246 VDEV_TYPE_RAI DZ) == 0);

248 /*

249 * Make sure soneone hasn’t nmanaged to sneak a fancy new vdev
250 * into a crufty old storage pool .

251 *

252 ASSERT(vd- >vdev_nparity == 1 ||

253 (vd->vdev_nparity <= 2 &&

254 spa_versi on(spa) >= SPA_VERSI ON_RAI DZ2) ||

255 (vd->vdev_nparity <= 3 &&

256 spa_version(spa) >= SPA_VERSI ON_RAI DZ3));

258 /*

259 * Note that we’'ll add the nparity tag even on storage pools
260 * that only support a single parity device -- older software
261 * will just ignore it.

262 */

263 VERI FY(nvlist_add ui nt64(nv, ZPOOL_CONFI G NPARI TY,

264 vd->vdev_nparity) == 0),

265 }

267 if (vd->vdev_whol edi sk != -1ULL)

268 VERI EY(nvl i st_add_ui nt 64(nv, ZPOOL_CONFI G WHOLE DI SK,

new usr/src/uts/comon/ fs/zfs/vdev_| abel .c

269 vd- >vdev_whol edi sk) == 0);

271 if (vd->vdev_not_present)

272 VERI FY(nvl i st_add_ui nt 64(nv, ZPOOL_CONFI G_NOT_PRESENT, 1)
274 if (vd->vdev_isspare)

275 VERI FY(nvl i st _add_ui nt 64(nv, ZPOOL_CONFI G | S_SPARE, 1) == 0);
277 if (| (fI ags & (VDEV_CONFI G_SPARE | VDEV_CONFI G L2CACHE)) &&

278 == vd- >vdev_t op)

279 VERIFY(nvl st _add_ui nt 64(nv, ZPOOL_CONFI G_VETASLAB_ARRAY,
280 vd->vdev_ns_array) == 0

281 VERI FY(nvl i st_add_ui nt 64( nv ZPOO__C(]\IFI G_METASLAB_SHI FT,
282 vd- >vdev_ns shlft) ==

283 VERI FY(nvl i st_add_ui nt £ 64( nv ' ZPOOL_CONFI G_ASHI FT,

284 vd- >vdev ashlft) 0);

285 VERI FY(nvl i st_add_ui nt 64( nv, ZPOOL_CONFI G _ASI ZE,

286 vd- >vdev_asi ze) == 0);

287 VERI FY(nvl i st_add_ui nt64(nv, ZPOOL_CONFIG. IS _LOG

288 vd->vdev_islog) == 0);

289 if (vd->vdev_renovi ng)

290 VERI FY(nvlist_add_ui nt 64(nv, ZPOOL_CONFI G_REMOVI NG
291 vd- >vdev_renovi ng) == 0);

292 }

294 if (flags & VDEV_CONFI G_L2CACHE)

295 /* indicate that we support L2ARC persistency */

296 VERI FY(nvl i st _add_bool ean_val ue(nv,

297 ZPOOL_CONFI G_L2CACHE_PERSI STENT, B_TRUE) == 0);

299 if (vd->vdev_dtl_sno.sno_object != 0)

300 VERI FY(nvli st _add_ui nt 64(nv, ZPOOL_CONFI G DTL,

301 vd- >vdev_dt| _sno. sno Obj ect) == 0);

303 if (vd->vdev_crtxg)

304 VERI FY(nvlist_add_uint64(nv, ZPOOL_CONFI G CREATE TXG,

305 vd->vdev_crtxg) == 0);

307 if (getstats) {

308 vdev_stat _t vs;

309 pool _scan_stat _t ps;

311 vdev_get _stats(vd, &vs);

312 VERI FY(nvl i st_add_uint64_array(nv, ZPOOL_CONFl G VDEV_STATS,
313 (uint64_t *)&s, sizeof (vs) / sizeof (uint64_t)) == O)
315 /* provide either current or previous scan information */
316 if (spa_scan_get_stats(spa, &ps) == {

317 VERI FY(nvl i st _add_ui nt 64_array(nv,

318 ZPOOL_CONFI G_SCAN_STATS, (uint64_t *)&ps,

319 si zeof (pool _scan_stat _t) / sizeof (uint64_t))
320 == 0);

321 }

322 }

324 if (!vd->vdev_ops->vdev_op_l eaf) {

325 nvlist_t **child,

326 int c, idx;

328 ASSERT( ! vd- >vdev_i shol e) ;

330 child = knem al | oc(vd->vdev_children * sizeof (nvlist_t *),
331 KM_SLEEP) ;

333 for (c =0, idx = 0; ¢ < vd->vdev_children; c++) {

334 vdev_t *cvd = vd->vdev_child[c];

== 0);
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401 }
336 /* 402 }
337 * |f we’'re generating an nvlist of renoving
338 * vdevs then skip over any device which is 404 return (nv);
339 * not being renoved. 405 }
340 * __unchanged_portion_onitted_
341 if ((flags & VDEV_CONFI G REMWVING) &&
342 ! cvd- >vdev_r enovi ng)
343 continue;
345 child[idx++] = vdev_config_generate(spa, cvd,
346 getstats, flags);
347 }
349 if (idx) {
350 VERI FY(nvlist_add_nvlist_array(nv,
351 ZPOOL_CONFI G CHI LDREN, child, idx) == 0);
352 }
354 for (c =0; c <idx; c+4)
355 nvli st free(chl Idfc]);
357 kmem free(child, vd->vdev_children * sizeof (nvlist_t *));
359 } else {
360 const char *aux = NULL;
362 if (vd->vdev_offline & !vd->vdev_tnpoffline)
363 VERI FY(nvl i st add _ui nt64(nv, ZPOOL_CONFI G OFFLI NE,
364 B_TRUE) 0);
365 if (vd->vdev_resilveri ng)
366 VERI FY(nvlist_add_ui nt 64(nv, ZPOOL_CONFI G_RESI LVERI NG
367 B_TRUE) == 0);
368 if (vd->vdev_faulted)
369 VERI FY( nvli st add _ui nt64(nv, ZPOOL_CONFI G_FAULTED,
370 TRUE) == 0);
371 if (vd->vdev degraded)
372 VERI FY(nvlist_add_ui nt 64(nv, ZPOOL_CONFI G_DEGRADED,
373 B TRUE) == 0);
374 if (vd->vdev_renoved)
375 VERI FY(nvlist_add_ui nt 64(nv, ZPOOL_CONFI G_REMOVED,
376 B_TRUE) == 0);
377 if (vd->vdev_unspare)
378 VERI FY(nvl i st_add_ui nt64(nv, ZPOOL_CONFI G_UNSPARE,
379 B TRUE) == 0);
380 if (vd->vdev_ishol e)
381 VERI FY(nvl i st add _uint64(nv, ZPOOL_CONFIG_| S HOLE,
382 B TRUE) == 0);
384 switch (vd->vdev_stat.vs_aux) {
385 case VDEV_AUX_ERR_EXCEEDED:
386 aux = "err_exceeded";
387 br eak;
389 case VDEV_AUX_EXTERNAL:
390 aux = "external";
391 break;
392 }
394 if (aux !'= NULL)
395 VERI FY(nvlist_add_string(nv, ZPOOL_CONFI G AUX_STATE,
396 aux) == 0);
398 if (vd->vdev_splitting && vd->vdev_orig_guid != OLL)
399 VERI FY(nvl i st_add_ui nt 64(nv, ZPOOL_CONFI G ORI G GUI D,
400 vd->vdev_orig_guid) == 0);
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/ *
CDDL HEADER START

The contents of this file are subject to the ternms of the
Common Devel opment and Distribution License (the "License").
You may not use this file except in conpliance with the License.

You can obtain a copy of the license at usr/src/ OPENSOLARI S. LI CENSE
or http://ww. opensol aris.org/os/licensing.

See the License for the specific | anguage governing perm ssions

and limtations under the License.

When distributing Covered Code, include this CDDL HEADER in each
file and include the License file at usr/src/ OPENSOLARI S. LI CENSE.

If applicable, add the follow ng bel ow this CDDL HEADER, with the
fields enclosed by brackets "[]" replaced with your own identifying
information: Portions Copyright [yyyy]l [nane of copyright owner]

CDDL HEADER END

B A T
-~

Copyright (c) 2005, 2010, Oracle and/or its affiliates. Al
Copyri ght (c) 2012 by Del phix. Al rights reserved.
Copyright 2011 Nexenta Systens, Inc. Al rights reserved.
Copyright (c) 2012, Joyent, Inc. Al rights reserved.
Copyright (c) 2013, Saso Kiselkov. Al ri ghts reserved.

/

* Ok kR % ok F

/* Portions Copyright 2010 Robert M| kowski */

#i f ndef
#def i ne

_SYS FS ZFS H
_SYS_FS_ZFS_H

#i ncl ude <sys/tine. h>

#ifdef _ cplusplus
extern "C' {

#endi f

/*

* Types and constants shared between userland and the kernel.
*/

/*

* Each dataset can be one of the followi ng types. These constants can be
* conbi ned into nasks that can be passed to various functions.

*

typedef enum {

ZFS_TYPE_FI LESYSTEM = 0x1,
ZFS_TYPE_SNAPSHOT = 0x2,
ZFS_TYPE_VOLUVE = 0x4,
ZFS_TYPE_POOL = 0x8

} zfs_type_t;
__unchanged_ portl on_omtted_

| *

* The followi ng are configuration nanes used in the nvlist describing a pool’s

* configuration.

*/

#def i ne ZPOOL_CONFI G_VERSI ON "version"

rights reserved.
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484
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490
491
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493
494
495
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498
499
500
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502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547

#def i ne ZPOOL_CONFI G_POOL_NAVE
#def i ne ZPOOL_CONFI G_POOL_STATE
#def i ne ZPOOL_CONFI G_POOL_TXG "txg

#defi ne ZPOOL_CONFI G_POOL_GUI D "pool _gui d"
#def i ne ZPOOL_CONFI G_CREATE_TXG "create_txg"

“nane"
"state"

#define ZPOOL_CONFI G_TOP_GU D "top_gui d"
#def i ne ZPOOL_CONFI G_VDEV_TREE "vdev_tree"
#def i ne ZPOOL_CONFI G_TYPE "type"
#def i ne ZPOOL_CONFI G_CHI LDREN "children"
#defi ne ZPOOL_CONFI G_I D tid"

#defi ne ZPOOL_CONFI G_GUI D "gui d”

#def i ne ZPOOL_CONFI G_PATH "pat h"
#def i ne ZPOOL_CONFI G_DEVI D "devi d"

#def i ne ZPOOL_CONFI G_METASLAB_ARRAY
#defi ne ZPOOL_CONFI G_METASLAB_SHI FT
#defi ne ZPOOL_CONFI G_ASHI FT "ashift"

#def i ne ZPOOL_CONFI G_ASI ZE "asi ze"

#def i ne ZPOOL_CONFI G_DTL " DTL"

#defi ne ZPOOL_CONFI G_SCAN_STATS "scan_stats" I*
#def i ne ZPOOL_CONFI G_VDEV_STATS "vdev_stats" /*
#def i ne ZPOOL_CONFI G WHOLE DI SK "whol e_di sk"

#def i ne ZPOOL_CONFI G_ERRCOUNT “error_count"
#def i ne ZPOOL_CONFI G_NOT_PRESENT "not _present "

"met asl ab_array"
"met asl ab_shift"

not stored
not stored

#def i ne ZPOOL_CONFI G_SPARES "spares'

#define ZPOOL_CONFI G_| S_SPARE "is spare

#def i ne ZPOOL_CONFI G_NPARI TY "npari ty"

#def i ne ZPOOL_CONFI G_HOSTI D "hostid"

#def i ne ZPOOL_CONFI G_HOSTNAME "host nane"

#defi ne ZPOOL_CONFI G_LOADED_TI ME "initial _|oad_tine"
#def i ne ZPOOL_CONFI G_UNSPARE "unspare"

#def i ne ZPOOL_CONFI G_PHYS_PATH "phys_pat h"

#define ZPOOL_CONFI G_ I S_LOG "1s_l og"

#def i ne ZPOOL_CONFI G_L2CACHE "| 2cache"

#def i ne ZPOOL_CONFI G_L2CACHE_PERSI STENT "I 2cache_persistent”
#def i ne ZPOOL_CONFI G_HOLE_ARRAY "hol e_array"

#def i ne ZPOOL_CONFI G_VDEV_CHI LDREN "vdev_chil dren"
#defi ne ZPOOL_CONFI G_ "i s_hol e"

#defi ne ZPOOL_CONFI G_DDT_H STOGRAM "ddt _hi st ogrant
#def i ne ZPOOL_CONFI G "ddt _obj ect _stats"

#defi ne ZPOOL_CONFI G_DDT_STATS "ddt _stats”

#defi ne ZPOOL_CONFI G_SPLI T "splitcfg"

#def i ne ZPOOL_CONFI G_ ORI G _GUI D "orig_guid"

#define ZPOOL_CONFI G_SPLIT_GUI D "split_guid"

#define ZPOOL_CONFI G SPLIT_LI ST "guid Tist"

#def i ne ZPOOL_CONFI G_REMOVI NG "renovi ng"

#def i ne ZPOOL_CONFI G_RESI LVERI NG "resi I vering"

#def i ne ZPOOL_CONFI G_COVWENT “conmment "

#def i ne ZPOOL_CONFI G_SUSPENDED suspended /* not stored
#def i ne ZPOOL_CONFI G_TI MESTAWP "tinest anp /* not stored
#def i ne ZPOOL_CONFI G_BOOTFS "boot f s" /* not stored
#def i ne ZPOOL_CONFI G_M SSI NG_DEVI CES "m ssing_vdevs" /* not stored
#defi ne ZPOOL_CONFI G_LOAD | NFO "1 oad_i nf 0" /* not stored
#defi ne ZPOOL_CONFI G_REW ND_I NFO "rew nd_i nfo" /* not stored
#def i ne ZPOOL_CONFI G_UNSUP_FEAT "unsup_f eat" /* not stored
#def i ne ZPOOL_CONFI G_ENABLED_FEAT "enabl ed_feat" /* not stored
#def i ne ZPOOL_CONFI G_CAN_RDONLY "can_rdonl y" /* not stored
#defi ne ZPOOL_CONFI G_FEATURES FOR READ "features_for_read"

#def i ne ZPOOL_CONFI G_FEATURE_STATS "feature_stats" /* not stored

/*
* The persistent vdev state is stored as separate val ues rather than
* 'vdev_state’ entry.
*/as of fline and degraded.

*

#def i ne ZPOOL_CONFI G_OFFLI NE

#def i ne ZPOOL_CONFI G_FAULTED

#def i ne ZPOOL_CONFI G_DEGRADED

"of fline"
"faul ted"
"degr aded”

This is because a device can be in nmultiple states,

on disk */
on disk */

on disk */
on disk */
on disk */
on disk */
on disk */
on disk */
on disk */
on disk */
on disk */

on disk */

a single
such
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#def i ne ZPOOL_CONFI G_REMOVED
#def i ne ZPOOL_CONFI G_FRU
#def i ne ZPOOL_CONFI G_AUX_STATE

/* Rewind policy paranmeters */
#defi ne ZPOOL_REW ND_POLI CY
#def i ne ZPOOL_REW ND_REQUEST

#def i ne ZPOOL_REW ND_REQUEST_TXG
#def i ne ZPOOL_REW ND_META_THRESH
#def i ne ZPOOL_REW ND_DATA_THRESH

/* Rewi nd data di scovered */
#defi ne ZPOOL_CONFI G_LOAD TI ME

"renoved"
"fru
"aux_state"

"rew nd-policy"

"rew nd-request”
"rew nd-request -t xg"
"rew nd- neta-thresh”
"rew nd- dat a-t hresh"”

"rewi nd_txg_ts"

#defi ne ZPOOL_CONFI G_ LOAD DATA ERRORS "verify_data_errors”
#def i ne ZPOOL_CONFI G_REW ND_TI ME

#def i ne VDEV_TYPE_ROOT
#def i ne VDEV_TYPE_M RROR
#def i ne VDEV_TYPE_REPLACI NG
#def i ne VDEV_TYPE_RAI DZ
#def i ne VDEV_TYPE_DI SK
#define VDEV_TYPE_FI LE
#def i ne VDEV_TYPE_M SSI NG
#def i ne VDEV_TYPE_HOLE
#def i ne VDEV_TYPE_SPARE
#def i ne VDEV_TYPE_LOG
#def i ne VDEV_TYPE_L2CACHE

| *

"seconds_of _rew nd"

"root"
"mrror"
"repl aci ng"
"ral dz"

"di sk"
“file"

"] 2cache"

* This is needed in userland to report the mi ni mum necessary device size.
*/

#def i ne SPA_M NDEVSI ZE
/*

* The | ocation of the pool configuration repository,

* userl and.

*

#def i ne ZPOOL_CACHE
/*

(64ULL << 20)

"/ etcl zf s/ zpool . cache"

* vdev states are ordered fromleast to nost healthy.
* A vdev that’'s CANT_OPEN or bel ow is considered unusabl e.

*

/

typedef enum vdev_state {
VDEV_STATE_UNKNOM = 0,
VDEV_STATE_CLGSED,
VDEV_STATE_OFFLI NE,
VDEV_STATE_REMOVED,
VDEV_STATE_CANT_OPEN,
VDEV_STATE_FAULTED,
VDEV_STATE_DEGRADED,
VDEV_STATE_HEALTHY

} vdev_state_t;

unchanged_portion_onitted_

~———————

* ok ok ok k& * o

Uninitialized vdev

Not currently open

Not al |l owed to open

Explicitly renmoved from system
Tried to open, but failed

External request to fault device
Replicated vdev w th unheal thy kids
Presumed good

shared between ker nel

and
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CDDL HEADER START

The contents of this file are subject to the ternms of the
Common Devel opment and Distribution License (the "License").
You may not use this file except in conpliance with the License.

You can obtain a copy of the license at usr/src/ OPENSOLARI S. LI CENSE
or http://ww. opensol aris.org/os/licensing.

See the License for the specific | anguage governing perm ssions

and limtations under the License.

When distributing Covered Code, include this CDDL HEADER in each
file and include the License file at usr/src/ OPENSOLARI S. LI CENSE.

If applicable, add the follow ng bel ow this CDDL HEADER, with the
fields enclosed by brackets "[]" replaced with your own identifying
information: Portions Copyright [yyyy]l [nane of copyright owner]

CDDL HEADER END
Copyright 2008 Sun Mcrosystens, Inc. Al rights reserved.
Use is subject to license terns.
/*
* Copyright 2013 Saso Kisel kov, All rights reserved.
*
/

#i f ndef
#defi ne

_SYS_LIST_H
TSYSLIST_H

#pragnma i dent " Y90 N % YE% SM "

#i ncl ude <sys/list_inpl.h>

list_t

‘al

#i fdef _ cplusplus

extern "C' {

#endi f

/*

* Please note that a |list_node_t contains pointers back to its parent
* so you cannot copy the list_t around once it has been initialized.
* particular, this kind of construct won't work:

*

* struct { list_t I; } a, b;

* |ist_create(&.l, ...);

* b = a; <= ThIS WI|| break the list in ‘b, as the ‘I’ elenent in
* got copied to a different nmenory address.

*

* \When copying structures with lists use |list_nove_tail() to nmove the |ist
*

e/
typedef struct |ist_node |ist_node_t;
typedef struct list list_t;

void list_create(list_t *, size_t,
void list_destroy(list_t *);

size_t);

void list_insert_after(list_t *, void *, void *);
void list_insert_before(list_t *, void *, void *);
void list_insert_head(list_t *, void *);

fromthe src to dst (the source reference will then becone invalid).
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60 void list_insert_tail(list_t *,
61 void |

void *);

ist_renove(list_t *, “void *);
62 void *list_remove_head(list_t *);
63 void *list_renove_tail (list_t *);
64 void list_nove_tail(list_t *, list_t *);
66 void *list_head(list_t *);
67 void *list_tail(list_t *);
68 void *list_next(list_t *, void *);
69 void *list_prev(list_t *, void *);
70 int list_is_enmpty(list_t *);

72 void list_link_init(list_node_t *);
list

73 void
75 int list_link_active(list_node_t *);
77 #ifdef __cplusplus

__unchanged_portion_onitted_

“link_repl ace(list_node_t *,

list_node_t

*)s



