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MR 4R Innodb WIATSLHL Insert Buffer, U153 Checkpoint? Al i FH 528 Aio?
R ATR A A ?

1 HEH

BT RRUAR
Mysql 5.5.16
Mysql 5.6.4

MR L1
mysql> show create table nkeys;

4 4
T T

| Table | Create Table

4 4
T T

| nkeys | CREATE TABLE “nkeys" (
*c1int(11) NOT NULL,
‘c2" int(11) DEFAULT NULL,
“c3"int(11) DEFAULT NULL,
“c4” int(11) DEFAULT NULL,
*c5"int(11) DEFAULT NULL,
PRIMARY KEY (‘c1),
UNIQUE KEY ‘¢4 ('c4),
KEY “nkeyl ('c3’,°c5’)
) ENGINE=InnoDB DEFAULT CHARSET=gbk |

4 4
T T

I HAE nkeys T H FISGHE A 50000 28085, fRIERIIAWE.

2 Insert Buffer

Insert Buffer, 7& Innodb AbFRAEME— 28 5] BFTHRAERT ) —AMILAL -

Insert Buffer, 2/ 2 IXIIRARIE, HITGEERKEE. 51 Insert Buffer, {X{ZEIN Insert
PEAEIF) Buffer, IXtH2 Insert Buffer ZFRIF K. ZE/GEEAA T, Innodb Z % Insert Buffer
HAT R, ] Innodb 5.5 K A, Insert Buffer [& 7 L £F Insert, & FI T AIE
Update/Delete/Purge Z5#4E ] buffer ThAE, Insert Buffer 2 5 44y Change Buffer. {Hj&
7 Innodb5.5-5.6 ARG 2 /1, Insert Buffer X[ SCA-ATI IH &2 ibuf, BT A RIEREL, WHATLL ibuf

(IE SEEZP

Mysql 5.5 FJ Insert Buffer ZhEE, R]Z% W#4: MYSQL 5.5: InnoDB Change Buffering [1].
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2.1 Insert Buffer 8

insert into nkeys values (20,20,20,20,20);

BRECH R (BFXT5 nkeys R nkeyl 5[, HARMANELI, —F4H, — Unique, &
1248 H insert buffer):

write_row -> ha_innobase::write_row -> row_insert_for_mysql -> ... -> row_insert_entry low ->

1.

A nkeyl R5l, e Bos Biike

btrOcur.cc::btr_cur_search_to_nth_level ->

2.

insert buffer Tk, 7E search path PREH 52
ibuf_should_try ->
a)  HIWr4RTRS], EEATLMEH insert buffer. dET8E%R5, JEME—KS|, B LUE

insert buffer

buf page_get gen ->
b) RHELIH, % AE buffer pool H1, [FIN A LLIFEAT insert buffer, I3 [5] NULL

ibuf_insert -> ibuf_insert_low -> ibuf_entry_build ->

btr_pcur_open(btr_pcur_open_func - > btr_cur_search_to_nth_level) ->

ibuf_get volume_bufferd ->

ibuf_bitmap_get_map_page -> ibuf_bitmap_page_get_bits ->
ibuf_index_page_calc_free_from_bits ->

c) M IHATLE buffer pool Z 1, AT insert buffer

d) ibuf_entry build: #Ji& insert buffer FIFICE, CFRHRERUT:
i 4 bytes: space_id
ii. 1byte: marker=0
iii. 4 bytes: page number
iv. type info:
1. 2bytes: counter, FRIHMHTICKE T [F— I HIEE )L insert buffer ic
X
2. 1 byte: ¥ {F 25 7% . |BUF_OP_INSERT; IBUF_OP_DELETE_MARK;
IBUF_OP_DELETE;
3. 1lbyte: Flags. 41l R figs& IBUF_REC_COMPACT
V. entry fields: < J5 /&R 510
vi. 1T 1T 9 I~ [space_id, marker, page_numer, counter]2H &, B =7, #
7] DL TR A2 —FE ), X ARIE 7R DU B)idsk, — & A e k. SR04 T
Bt AR TR S T LCE R, ARUER]— U buffer FHAE, 4 IRRUF 774 o

e) btr_pcur_open: R insert buffer 3 SYS_IBUF_TABLE [¥]% 5| CLUST_IND, 1T search
path $& 2| A1 MAZEAE ) insert buffer T
(A, MEARE, ¥ SYSIBUF_TABLE N W TE R, M4 thMiz A
os_aio_ibuf_array 7 %t)SYS_IBUF_TABLE, CLUST_IND /&MNFESNFRS], Kkt



AEWEFF AR BRIEHFEICKHE, HRGHBI, FEKE, I H merge
FIX NI 5]

f)  ibuf_get volume_ bufferd: 1 insert buffer H B AEE I, [F] B3 [B] X $6 10 &5 Y i =5
(B K/ buffered. B 5677 2410 DU ARG DL,  LLARAT LRI,  # [space_id,
page_numlAH[A], NN buffered; AR5 P74 5 UL 1) 5 DU, [FAERE DoAH R 0T
(AR

g) HRAR bitmap, AN UM R MEARN, BT RBEHCIIER, AT
T 422

i buffered + entry_size + reserved_space <= ibuf_index_page_calc_free_from_bits

ibuf_insert -> ibuf_insert_low -> btr_cur_optimistic_insert ->

a) B entry # A\ F SYS_IBUF_TABLE RGEZH, ZRGRLILT insert buffer [ HE
Thfe

b)

2.2 Insert Buffer Merge 12
2.2.1 FE3Z Merge

2.2.1.1 E3) Merge JR#

T3} merge 7E Innodb -2 (srv0srv.c::srv_master_thread) K7, ) Wi R 3 AR (87 20 5 18
LA 1s ZWKAERT IO, DT REEI/O FEZHT 5%, JE5)7 71X Insert buffer /] merge
#efF. Merge AT E( % A 25 1/0 GETTHT 5%, 135K page >R/ async io #45(.

£ 10s, W EMA /X insert buffer merge z01F. Merge H 7 [EIEVIIH A Z 45 1/0 FEZTHT 5% .

PRI B BN T

buf get total stat (&buf stat):

n pend ios = buf get n pending ios()
+ log sys—>n pending writes;

n ios = log sys—>n log ios + buf stat.n pages read
+ buf stat.n pages written;

if (n_pend ios < SRV_PEND T0 THRESHOLD
& (n_ios — n_ios old < SRV_RECENT I0 ACTIVITY)) {
srv_main_thread op info = “doing insert buffer merge”;

ibuf contract for n pages(FALSE, PCT I0(5));



/* Flush logs if needed */
srv_sync_log buffer in background() ;

}

n_pend ios: Z 4 BT pend 7 1/0 #AEEL

n ios: RGENFH B — 3T R 1/0 #E5
SRV_PEND TO_ THRESHOLD: %% pend () 1/0 LR

SRV_RECENT IO ACTIVITY: ARG HT— BN T2 RS RR 1/0 25

#define SRV_PEND I0 THRESHOLD (PCT_10(3))

#tdefine SRV_RECENT IO ACTIVITY (PCT_I0(5))

#tdefine PCT I0(p) ((ulong) (srv_io capacity * ((double) p / 100.0)))
/* Number of I0 operations per second the server can do */
UNIV_INTERN ulong srv_io_ capacity = 200;

RS 1/0 8871, Innodb BRINIRE Sy 200, A LAARYE E B () R Geik A7 AH L 1 4

FETS T 3) Merge BAFRIIRBEZ J5, # TR 13 Merge BRAFRISEIL. 50 merge 5K
PR, FE M.

WHE . BEREKE D /0 TR, AP EA merge [ UL

JWHE . 1/O handler Zif%, fEHRICEIZERUIN P 1/0 Z )5, #E1T merge

2.2.1.2 B —: BRI 1/0 HifE

2R B2 ibuf_contract_for_n_pages HEATZR 5] TUHI A 520 1/O 52HL, #E1T insert buffer
] merge #1F .

PRI%Y ibuf_contract_for_n_pages i FEl T :
srvOsrv.c::srv_master_thread ->

ibufOibuf.c::ibuf_contract_for_n_pages( RSt HE /11 5%, 200*5% = 10 /> page) ->

ibuf_contract_ext -> btr_pcur_open_at_rnd_pos -> ibuf_get_merge_page_nos ->
> BEHLENL— insert buffer [ UL, S2HX L H AT A 7% E5 11 insert buffer 1d3%, LA
1O M) space_id, page_no % space_ids, page_nos H(ZH 2

bufOrea.c::buf_read_ibuf_merge_pages -> buf_read_page_low ->
>  BEE A (space_id, page_no)ZH & RHE H

fil_io -> os_aio_func(type, mode) ->

> BAK Innodb aio ILFESM T, B H._Innodb Aio FY.

> Ak, type = OS_FILE_READ; mode = OS_AIO_NORMAL; f#iH os_aio_read_array
H1T mode != OS_AIO_SYNC, [FUtitib/ i AlO v &2 )5, A 7aE55AF 1/0 #RESE K,
BEER E R,
A0 58 B Z J& , io_handler_thread £ & ¥ < 4 Wt B 1/0 % K B E 5



(os_aio_windows/linux_handle Fi%L), Kb T insert buffer merge #4E, & Nk
WETH) IR Merge ifE.

2.2.1.3 FSB . Merge Hif&

Innodb f] io_handler thread Z8f%, FEREUSEFLFE K I FAE 1/0 BRRIE S 2 5, R
HE4T merge #1E -

AT s insert into nkeys values (60,60,60,60,60); X 5| nkeyl 2x{# Fi insert buffer, 7E insert buffer
BESERZ JG, 1o handler thread ZRFEUH L, it merge 2 JF A TLIH .

RECH AR TR

srvOstart.c::io_handler_thread ->

1. innodb ] io £, TEXEE B Bh(innodb/innobase_start_or_create_for_mysql)it 61 2,
BT 2% innodb/innobase_file_io_threads %45 ] io L HIE &

filofil.c::fil_aio_wait() ->
2. Z5f¥ asycio, MR¥E block 28R AT 41K, buf_page_io_complete or log_io_complete ?

osOfile.cc::os_aio_linux/windows_handle(&fil_node, &message) ->

3. HMEBERGHRIITE, B aio #1E, JFIHATE file k5 block k

bufObuf.c::buf_page_io_complete(message) ->

4. message 23, fil_io_wait f£\, bufObufh:buf_page struct 4544, block il k454,
HATPAJEYER space:32, offset:32, 737l 0, 405, i/ insert buffer HX B[] nkeyl
K51 page

ibufOibuf.c::ibuf_merge_or_delete_for_page -> ibuf_bitmap_page_get_bits(| W1 =4 A 71 [ /& 73
7 fE£ insert buffer T ) -> ibuf new_search_tuple_build(insert buffer ic 3% & £z ) ->
btr_pcur_open_on_user_rec(index scan , fE insert buffer | & H — % id &%) >
page_update_max_trx_id -> ibuf_insert_to_index_page -> ibuf_delete_rec
5. VHILEREL ¥ insert buffer FME, merge 2|F A page 2 (0, 405).

a) T SEHIE ST DU 2 B AFELE Insert buffer T

b) H¥E T space_id, page_no f4if search key 5Ef7# insert buffer i.5%, search key

o} insert buffer 1c 3% [ HT =& P (space_id, marker, page_no)

c) 1B index page H [ max_trx_id &4t5

d) MEEEERLIT, I AT index page 2

e) MIER ibuf H¥Ic SR

f) & H ibuf bitmap

buf_pool->n_pend_reads--;

buf_pool->stat.n_pages_read++;



6. —{K aio merge #E1E5E, ¥ n_pend_reads ZHUHIH
n_pend_reads Z %, 7t buf page_get gen -> buf read_page -> buf read_page low ->
buf_page_init_for_read PR E .

2.2.2 #3) Merge

=T R B T8 Merge, $R 112 Innodb RE1E FLEFE T, #8322 R 51 1 page,
SR JEH insert buffer FMEEL merge RXT 1) page < H1 . P ERAE TGN

MR ATE B 5) Merge, U 3= ZL24BTEH PRFEPAT IS REF, BFFIFH R, 7520 insert
buffer [F1f&4 merge % page < 1. #3)) Merge H1FH 7 Z6FE5¢ B, R H F g% BN £ merge
ERAE A R BERZ M

W7l Merge EEA LU JLFFE L.
2.2.2.14 3l Merge-1§H.—

Insert #fF, SEOUHTRIAL, FEPHE. BT insert buffer REEETXT LTI, ANAE buffer
page split, PRI 512 TR #5h Merge.
R BT AR LR
ibufOibuf.cc::ibuf_insert_low
do_merge = FALSE;
if (ouffered + entry_size + reserved_space <= ibuf_index_page_calc_free_from_bits)
do_merge = TRUE;
ibuf_get_merge_page_nos();
func_exit:
if (do_merge)
buf _read_ibuf_merge_pages();

fE btrOcur.cc:: btr_cur_search_to_nth_level BRE(H, # AW insert buffer K, NIt
buf_mode % & N BUF_GET, W 5EiEH page, #RJ5 HHTIHHEAT search path, 24 HT TLH -

[F#, I&F update #/E FELH 2 HAE; purge SR N T,
52, HETERES| U split or merge, A S SE W) Merge.

2.2.2.2%3)) Merge-1&in —

insert #21F, BT HASFEE, insert buffer flLALiR B R, 75 EEH IEFEEL page B,
P AT H8) Merge

A AL BERFE AR

bufObuf.c::buf_page_get_gen



if (UNIV_LIKELY(!recv no ibuf operations))
ibuf merge or delete for page (block, space, offset, zip size, TRUE):

Z#$ recv_no ibuf operations fFEVKEM B E N TRUE, 1E%i84TH Bai%k B N FALSE;
K IE BT B, WSS i 7 —A4> ZIP_PAGE, #is Z AW H 2B R insert bufferMerge

B0 E5IE— AR ZAAE T, B —RIW U split 25, < 3T —Ik Merge,
search path restart I, page C&AfENAFZH ;s 1HH =, TIHIIELE disk £, S E, H
Wi 2R AN ZIP_PAGE, fREZ )5, 47—k Merge #4F.

2.2.2.3%3) Merge-fEn=

TEHEAT insert buffer #/ERS, KIN insert buffer LK, 75 EE4E insert buffer
FIWrRAEI T«
if (ibuf->size >= ibuf->max_size + IBUF_CONTRACT_DO_NOT_INSERT)
ibuf_contract(sync = TRUE);
ibuf_contract_ext();
btr pcur open at rnd pos(ibuf—>index, BTR SEARCH LEAF, &pcur, &mtr);
buf read ibuf merge pages(sync, space ids, space versions, page nos,
*n_pages) ;
»  ibuf->max_size
ibuf->max size = buf pool get curr size() / UNIV PAGE SIZE
/ IBUF_POOL_SIZE PER MAX_ SIZE;
IBUF_POOL_SIZE PER MAX SIZE = 2;
FE . ibuf K K/NA buf_pool H) 1/2

>  IBUF_CONTRACT_DO_NOT_INSERT = 10
I ibuf KK/ 10 AN page, T ERFIHAT SN Merge

» sync=TRUE
Merge #AE[FID 1/0, A RVF Insert #AEdH 1T

> ik

fE insert buffer tree H R AL 57—~ DU, W4 1% LI buffer 158 4585 -2 IR page
2, I HIR [R5 merge T £/ page.

2.2.2.44% %)) Merge-151.09



3 Checkpoint

3.1 Checkpoint [F#

T Innodb Checkpoint FJJEH, AN/ 4H, #EFE How InnoDB performs a checkpoint [2]
—, EEFEMIHET Innodb ) Checkpoint 5,

3.2 Checkpoint fill & &4

> 1S
B buffer pool HAJNETT L T srv_max_buf_pool_modified_pct = 75, Ni#EAT
Checkpoint, HIJJE U1, flush PCT_IO(100)[] dirty pages = 200
B 7K adaptive flushing, JITH5 flush rate, 3E47 0 EE 1) flush
> 10S
B 7 buffer pool H DT LE RIS T 70%, flush PCT_IO(100)f) dirty pages
B 5 buffer pool FHINE T L2 A id 70%, flush PCT_IO(10)) dirty pages = 20

KT PCT_I0 2 X, VEEW WL 2.2.1.1 15 Merge JAFE #77,

Innodb WA T METIEL 2 ? adaptive flushing B WA 147 flush rate? WAl 34T H I flush 4
£, R—EMH A0, HEMFEFFH——4%.

3.3 Checkpoint Jif&

3.3.17FEAE R LR

srvOsrv.c::srv_master_thread -> bufObuf.c::buf _get modified_ratio_pct -> buf_get_total_list_len

for (i = 0; i < srv buf pool instances; i++) {

buf pool t*  buf pool;

buf pool = buf pool from array(i);
*LRU len += UT LIST GET LEN(buf pool->LRU) ;
#free len += UT LIST GET LEN(buf pool->free) ;
#flush list len += UT LIST GET LEN(buf pool->flush list);
}
ratio = (100 * flush list len) / (1 + lru len + free len);

AEUTELA = T ZE4 flush B TTHEEL / (BEF RO TR + 2SS + 1)
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b, FrARME, 1 buf_pool_t Z5M G Si1E, T SLbRiE buffer pool #E4T 115

3.3.2 it adaptive flush rate

bufObuf.c::buf flush_get_desired_flush_rate ->

1.

M buf_pool_t Z5#)H, 3k dirty page %=

THERIE— BRI 2 N, redo H &A1 V1458
redo avg = (ulint) (buf flush stat sum. redo
/ BUF_FLUSH_STAT N INTERVAL
+ (Isn — buf flush stat cur.redo));

A1, BUF FLUSH STAT N_INTERVAL = 20S, 20S P I~F4 redo F=A il &

/%% Number of intervals for which we keep the history of these stats.
Each interval is 1 second, defined by the rate at which

srv_error monitor thread() calls buf flush stat update(). 3/

ftdefine BUF FLUSH STAT N INTERVAL 20
flush WM E R, &FF 20S <4 buf flush stat update FEEE

THEE 2 — B E N, flush BSPIIEEE ;s 5 Y9 AT 2 flush THRE
lru flush avg = buf flush stat sum.n flushed
/ BUF_FLUSH_STAT N _INTERVAL
+ (buf lru flush page count
- buf flush stat cur.n flushed);

n flush req = (n dirty * redo avg) / log capacity;
H:rp, BUF_FLUSH_STAT N_INTERVAL = 208 4%, HEITIHZIT 3 20S A -FH) flush @

AT I > 208 WIISPYEE, T adaptive flushing 23 23R HE4T— K flush 24 .
flush [¥] dirty pages Z&=1/51H /2 PCT_10(100), 200 4™ dirty pages.

3.3.3 flush dirty pages &%

BRI EAAR -
bufOflu.c::buf_flush_list -> buf_flush_start -> buf flush_batch -> buf flush_end ->

buf_flush_common

1.

2.

B, BRI S A IEESAT FIAE R 2T flush (buf_flush_start), £ 0 EL#21E H

buf_flush_batch -> buf _flush_flush_list_batch -> buf flush_page_and_try_neighbors ->

11



buf flush_try neighbors -> buf flush_page -> buf_flush_buffered_writes ->

a) M flush_list B85 —/ N UL F46, AR DUH & flush

b) X}F a)f i page, =ik flush, Jf H =4 flush i% page ] neighbors pages

(buf_flush_try neighbors)
i B 2e B A& K neighbors YLl . AT neighbors YL, $81K7/2& space_id #HIH],
page_no AN[AI¥) page, RAIXLE page A e iELET.
buf flush_area = ut_min(

ut_min(64, ut_2_power_up((b)->curr_size / 32)),
buf_pool->curr_size / 16);

low = (offset / buf _flush_area) * buf _flush_area;
high = (offset / buf_flush_area + 1) * buf_flush_area;

low 247 page, neighbors HIE I BE AN buf_flush_area, A 64
neighbors 5247 page H4f, page_no iEZ2iHIE K] buf_flush_area /™ pages

i, AT dirty pages, fE buffer pool H[AIIFLL hash F£AEfiE, A (space_id,
[page_no_low, page_no_high])E| hash K HFEATER, #4774, N flush Bt dirty
page

buf_flush_page -> buf_flush_write_block_low ->log_write_up_to ->
a) flush JE0T 2 A, DAZRERUEAE v B2 H & O 45 1 H &S0 (log_write_up_to)
b) KW 7248 double write
i.  AATE double write &Y, EIEWHA fil_io #H47 flush #1E, & type =
0S_FILE_WRITE; mode = OS_AIO_SIMULATED_WAKE_LATER
i. i 75 B double write &9, I buf_flush_post_to_doublewrite_buf B&%{
1. EZ#| double write L5 5/, 1BH buf flush_page

buf_flush_batch -> buf_flush_buffered_writes
a) buf_flush_batch & %, fE5E & 2, 3 ¥, batch flush 2 5, i H
buf_flush_buffered_writes pREIEAT H IEM write #:/E

b) buf_flush_buffered_writes: '} double write memory 5 H 21 disk
i. FETR A, A 7 4> dirty pages, BE> page K/ 16k = 16384, [A . doublewrite
buffer (K7 16384 * 7 = 114688

i.  doublewrite buffer )5, M[F*P5, {H fil_io(OS_FILE_WRITE, TRUE)

iii. F 52 JE, A fil_flush %L F doublewrite buffer 1PN flush 2| disk
1. windows:
FlushFileBuffers(file);
2.  linux:
os_file_fsync(file); or
fentl(file, F_FULLFSYNC, NULL);

12



iv. 7 doublewrite buffer #% 5%l flush % disk 2 J5, XFSi[# dirty pages N2> 2k
Bl . B doublewrite buffer Xt RifH) dirty pages 5 Hi % disk
1. fil io(0S FILE WRITE | 0S AIO SIMULATED WAKE LATER, FALSE);
2. 5 dirty pages, KIS AlO

V. 1E dirty pages #5870 10 2 J5, A buf flush_sync_datafiles A%, K5 E
UFL 10 #4E, flush 2IREEE
/* Wake simulated aio thread to actually post the writes to the operating system */
os aio simulated wake handler threads();
/* Wait that all async writes to tablespaces have been posted to the 0S */
os aio wait until no pending writes() ;
/* Now we flush the data to disk (for example, with fsync) */
fil flush file spaces(FIL TABLESPACE) :

5. FRIHSHET flush #REZS W (buf_flush_end)

6. WLHEHET flush #:4E 5 11HE B (buf_flush_common)

3.4 Checkpoint info X% #T

TE5E % Checkpoint A FEH [ flush dirty pages 2 J&,» Innodb Checkpoint ] KB4 E CL 4 5¢
%, AR NG R1EH Checkpoint Info 15 B«

3.4.1.1GE—

HH3HT Checkpoint Info JitfE—, iiFE—%E 10S A —IK:

srv_master_thread -> logOlog.c::log_checkpoint ->

log_buf _pool_get_oldest_modification ->

> ARG, REMHEFSS. LIRS, B2 Isn flush list F1E H SRR 1sn B
Al

log_write_up_to(oldest_Isn, LOG_WAIT_ALL_GROUPS, TRUE) ->
> K HE flush 3 oldest_lsn

log_groups_write_checkpoint_info -> log_group_checkpoint ->
fil_io(OS_FILE_WRITE | OS_FILE_LOG, FALSE) ->

> A HEL, 0l SRS H B4 RE) Checkpoint Info

> HJitk Checkpoint Info, {#/ os_aio_log_array #47F0 5 1/0 #AE
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3.4.1.2RE—

FEHT Checkpoint Info iiFE —, 7E 1/0 BEAEIT I RGH, HikE & 1S HH—IX:

srv_master_thread -> log0log.ic::log_free_check -> log0Olog.c::log_check_margins ->
log_checkpoint_margin -> log_preflush_pool_modified_pages -> log_checkpoint
> EECEETHE RGP EE HEFFHS Isn
4 oldest_Isn 5 log->Isn(current Isn)Z [A] ) 2258, HIW H B3 M2 5 208, &7 552t
1T flush dirty pages BE1E

> EHCYHETH B RGH HE M Checkpoint Lsn
HEH last_checkpoint_lsn 45 log->Isn Z [A [ 22 5E, W 15 75 22 m) 5 HE A 25 51

> e E flush dirty pages, 1 %L log_preflush_pool_modified_pages
log_preflush_pool_modified_pages -> buf_flush_list(ULINT_MAX, new_oldest)
B new oldest %, 157EMHi# dirty pages flush F Isn? sync SEHE E 2407 flush
BAE R AN AE? HEREL log_checkpoint_margin 115, CHGU1F:
oldest 1sn = log buf pool get oldest modification();
e = log—>1lsn — oldest lsn;
if (age > log—>max modified age sync) {
/% A flush is urgent: we have to do a synchronous preflush */
sync = TRUE;
advance = 2 * (age — log—>max modified age sync);
} else if (age > log—>max modified age async) {
/% A flush is not urgent: we do an asynchronous preflush */
advance = age — log—>max modified age async;
} else {
advance = 0;
}
ib uint64 t new oldest = oldest lsn + advance;
if (checkpoint age > log—>max checkpoint age) {
/% A checkpoint is urgent: we do it synchronously */
checkpoint sync = TRUE;
do checkpoint = TRUE;

B log->max_modified_age_(a)sync; log->max_checkpoint_age
PLESHUH T 60 2 5 75 BT log flush, LA TS 75 B i##4T Checkpoint.
ZHMTHE, 7E logOlog.c::log_calc_max_ages B 5E 8, URBECNTE 8, Wi pr

7N

margin = smallest capacity — free;

margin = margin — margin / 10; /% Add still some extra safety */

log—>log group capacity = smallest capacity;
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log—>max modified age async = margin—margin / LOG POOL PREFLUSH RATIO ASYNC;
log—>max modified age sync = margin — margin / LOG POOL PREFLUSH RATIO SYNC;
log—>max checkpoint age async = margin—margin/LOG_POOL CHECKPOINT RATIO ASYNC;

log—>max checkpoint age = margin;

#tdefine LOG_POOL_CHECKPOINT RATIO ASYNC 32
#tdefine LOG_POOL_PREFLUSH RATIO_SYNC 16
#tdefine LOG_POOL_PREFLUSH RATIO_ASYNC 8

fa] B, margin IELA N &2 Innodb R4t 1] Y H E =S8 9/10;
HEZRNEFEREIET 7/8 I, — & ZidAT %4 Flush H;
H &S A FE 15/16 I, — @ ZHAT R Flush H &
H S ()AL 31/32 I, — € k4T 720 Flush Buffer Pool;
H E 20 VE#EIE S margin LRI, — @ ZHE1T A2 Flush Buffer Pool

LL_FHIBT I LE log_checkpoint_margin BRI 52, 1S A — k.

> AT B AR A A, R FH B %L log_checkpoint, log_checkpoint PRELHIFE, 7ERT—
AT AT

3.5 innodb_flush_method

TR, R H B, 1R write BAEZ S, RIGHRTEE flush 3] disk.

2 flush? WHATIEAT flush? H & SO S5 SCHE flush #AEA AN ? @it 24
innodb_flush_method %l

KT innodb_flush_method X MZHIMNE XL BE, W EARKERN . Bik]s%
innodb flush method 5 File I/O 5 SAN vs Local-disk: : innodb flush method performance
benchmarks 3.

BN R MR Z T 047 LT innodb_flush_method Z%((¥){# I (7 innodb 5.5-5.6
th, B E 4L FAEE0N innobase_file_flush_method).

3.5.1 H]EE4k

BR H AL R <
srvOstart.cc::innobase_start_or_create_for_mysql
if (srv_file_flush_method_str == NULL) {
/* These are the default options */
srv_unix_file_flush_method = SRV_UNIX_FSYNGC;
srv_win_file_flush_method = SRV_WIN_IO_UNBUFFERED;
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http://themattreid.com/wordpress/2012/01/06/san-vs-local-disk-innodb_flush_method-performance-benchmarks/?utm_source=feedburner&utm_medium=feed&utm_campaign=Feed%3A+Themattreid+%28TheMattReid+-+MySQL+DBA%29
http://themattreid.com/wordpress/2012/01/06/san-vs-local-disk-innodb_flush_method-performance-benchmarks/?utm_source=feedburner&utm_medium=feed&utm_campaign=Feed%3A+Themattreid+%28TheMattReid+-+MySQL+DBA%29

} else if (0 == ut_strcmp(srv_file_flush_method_str, "fsync")) {
srv_unix_file_flush_method = SRV_UNIX_FSYNGC;

} else if (0 == ut_strcmp(srv_file_flush_method_str, "O_DSYNC")) {
srv_unix_file_flush_method = SRV_UNIX_O_ DSYNC;

} else if (0 == ut_strcmp(srv_file_flush_method_str, "O_DIRECT")) {
srv_unix_file_flush_method = SRV_UNIX_O_DIRECT;

} else if (0 == ut_strcmp(srv_file_flush_method_str, "littlesync")) {
srv_unix_file_flush_method = SRV_UNIX_LITTLESYNC;

} else if (0 == ut_strcmp(srv_file_flush_method_str, "nosync")) {
srv_unix_file_flush_method = SRV_UNIX_NOSYNC;

A5 48 7€ 19 srv_file_flush_method_str [IANA], % & srv_unix_file_flush_method fJAN[R]HX
fE, innodb N, AT ZEL, KA E AR open file, DLIZ T flush write.

T I, SEAE R EE DL T linux 5640 AL ERARAY, RAHE windows 43 .
3.5.2 open file

Innodb RGBT B, WE S srv_unix_file_flush_method ¥ J5, A LAHEAT 1/0 #1E,
I/0 BAERLE N NREL filofil.c:fil_io, MAERKXCELED LMotz )E, MikmEchs
FEAE

filofil.c::fil_io B %, AbEE T file open HUILAE, PRECAFELIT -
filofil.c::fil_io -> fil_node_perpare_for_io -> fil_node_open_file ->
if (space—>purpose == FIL LOG) {
node—>handle = os file create(innodb file log key, node—>name, 0S FILE OPEN,
0S_FILE_ATO, 0S LOG FILE, &ret);
} else if (node—>is raw disk) {
node—>handle

os file create(innodb file data key, node—>name

OS_FILE_OPEN_RAW, O0S FILE ATO, OS DATA FILE, &ret);

} else {
node—>handle

os file create(innodb file data key, node—>name, OS FILE OPEN,
0S FILE AIO, OS DATA FILE, &ret);

MR AT SO RAAR], TR E R A AR SEAN ], PR os_file_create %7€ X open XJ R[]
XA os_file_create 7% € XA NI R A2 os_file_create_func.

os_file_create_func PR EALEE open file [ILFE:
16



Log file 4 O_DSYNC %1k O _SYNC, O_DSYNC % B R %} data file 5 FH
if (type == OS_LOG_FILE && srv_unix_file flush_method == SRV_UNIX_O_DSYNC) {
create_flag = create_flag | O_SYNC;
file = open(name, create_flag, os_innodb_umask);

Data file 5 O_DIRECT &, TFEZEHJKZ os file cache
/* We disable OS caching (O_DIRECT) only on data files */
if (type != OS_LOG_FILE && srv_unix_file_flush_method == SRV_UNIX_O_DIRECT)
os_file_set_nocache(file, name, mode_str);

3.5.3 flush data

filofil.c::fil_io BREATIT file 2 J5, 1] LAHEAT file f) write 5 B[ flush 4, write #EZERT
T () 245 R L5007, AR# EEE srv_unix_file_flush_method Z406 T flush 2 4E (K152 .

>

>

srv_unix_file_flush_method = SRV_UNIX_NOSYNC
T2 log file, I&s2 data file, —3E R write, 1HA flush
srv_unix_file_flush_method = SRV_UNIX_O_DSYNC
Log file: A~ flush
if (srv_unix_file_flush_method != SRV_UNIX_O_DSYNC
&& srv_unix_file_flush_method != SRV_UNIX_NOSYNC)
fil_flush(group->space_id);
28R, HAEN T, Log file /2 75— € flush? I8 554 srv_flush_log_at_trx_commit HJ¥
IEREPS
Data file:
srv_unix_file_flush_method = SRV_UNIX_LITTLESYNC
Data file: A~ flush
srv_unix_file_flush_method =

3.5.4 KRB Z 4k

innodb_flush_method Z#(, 1E{# ] &4t native aio i, 1% %f T data file 5 &L W, &7
B — 5 I PR AR R A

4 Innodb Aio

insert into nkeys values (71,71,71,71,71);

17



4.1 BEES 10

insert #AF, EPURAER 51 Ui, o8 K0 R

buf_page get gen -> buf_read_page -> buf read_page_low -> fil _io ->

os_aio_func(type, mode) ->
type = OS_FILE_READ; mode = OS_AIO_SYNC; f# [ os_aio_sync_array (F: 4] array f.4:
os_aio_read_array; os_aio_write_array; os_aio_ibuf_array; os_aio_log_array)

1.

a)

b)

B> aio array, 7E RS0 s A osOfile.c::os_aio_init BREH A1k
os_aio_init(io_limit,

srv_n_read_io_threads,

srv_n_write_io_threads,

SRV_MAX_N_PENDING_SYNC_IOS);

io_limit:  FEANEFE W] LAFF K AL BE 2 /b pending I/0

windows -> io_limit = SRV_N_PENDING_|OS_PER_THREAD = 32

linux -> io_limit = 8 * SRV_N_PENDING_IOS_PER_THREAD = 8 * 32
#tdefine SRV N _PENDING T0S PER THREAD 0S_ATO N PENDING T0S PER THREAD = 32

srv_n_read_io_threads
A H T read 1/0 AR AL E
innobase_read_io_threads/innodb_read_io_threads: @il Z¥4=H
PALItE R 40T A R AL BRI 5720 read page 15K A:
io_limit * innodb_read_io_threads
os_aio_read_array = os_aio_array_create(n_read_segs * n_per_seg, n_read_segs);
S 1/0 FEAFEH KK
—. Tk page
S 58 1/0 J7 AT
. F3) Merge
Innodb FZRFEXT 75 2 merge [ page K H F 15 #4E, 7F read_thread H1i3H1T
SRR merge Ab#E

VE: G0l K MR LS read io T SR AL 4R WL read thread ?

1. W%, % readthread 7177 os_aio_read_array H4H A 1 —% 50
%l4n: threado 43 read_array[0, io_limit-1]; threadl AL read_array[io_limit,
2%io_limit - 1], PAESHE

2. os_aio_array_reserve_slot PR SLIL T array F 4 BL SRS (array AT o
4558 — Aio read page, [space_id, page_no], H%tit% local_seg(local_thd):
local_seg = (offset >> (UNIV_PAGE_SIZE_SHIFT + 6)) % array->n_segments;
SR J5 M read_array ff) local_seg * io_limit AU R 58 7 array, E.2|#E 3] —4>
XN slot.
—RAREAHATH] page, AEBER W] RESFICZA [ —A thread 403, $&75 aio(merge
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io request)ERE ;

TR TRIEA T, WEAR ELRIE TR thread A io A —F,

d) srv_n_write_io_threads
AL FSR D write 1/0 2RI E =
innobase_write_io_threads/innodb_write_io_threads: @it
Rl R G0 mT LA R AR EE (1) 570 write 13K
io_limit * innodb_write_io_threads

IR, A DA R 1/0 J0 S AL, A ReALEHTIIE K

e) SRV_MAX_N_PENDING_SYNC_IOS
[ 1/0 array 1 slots N4, [F25 1/0 AN B kb B 26 5

f) logthread, ibufthread M4¥4 1

os_aio_array_reserve_slot ->
2. {F aioarray H &N — 2N array, aio FIHAAER TAE
a) array G
i. native aio:  os_wait_event(array->not_full); native aio, Z5£¥F not_full {55
i. 4E native aio: os_aio_simulated_wake_handler_threads; 54l
b) array A
i, WIN_ASYNC_IO(windows AIO)
L H OVERLAPPED 4544, f# /2 Windows Overlapped 1/0 [5,6]
ResetEvent(slot->handle)

ii. LINUX_NATIVE_AIO(Linux AlO)
W H ioch 451
SRIG AR type HIWT:  io_prep_pread orio_prep_pwrite [7]

3. AT aio #fE
a) type=0S_FILE_READ
i. use native aio

1. windows: ReadFile

2. Linux:  os_aio_linux_dispatch(array, slot);
a) B asyncio iR AKIEZ linux kernel
b) M io_submit BREHEAT aio K%
iocb = &slot->control;
io_ctx_index = (slot->pos * array->n_segments) / array->n_slots;
ret = io_submit(array->aio_ctx[io_ctx_index], 1, &iocb);
c) iochb FEHITE slot ZH'; io_context 454, AH[E segment JLH—

ii. use simulated aio
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b) type = OS_FILE_WRITE
i use native aio
1. windows: WriteFile
2. Linux:  os_aio_linux_dispatch(array, slot)

ii. use simulated aio

os_aio_windows_handle
4, KRR AL B O A2, windows T, # mode = OS_AIO_SYNC , W 7 % i H
os_aio_windows_handle PR#Z5£F aio 45
a)  FIWrYET &N sync_array
i. FAE, HERFFEER slot aio #AE 5K WaitForSingleObject
i, FAIE, FAF array HHTH I aio #EFERL:  WaitForMultipleObjects

b) FKHL aio HEAEMILE

i GetOverlappedResult
c)  EJEREICAET slot

i os_aio_array_free_slot

os_aio_linux_handle
5. 4> M1 5¢ os_aio_windows_handle & #(, %% 4 A1 Linux & [F FE I 6 B9 B8 AL
os_aio_linux_handle
a) CERPEIR, W array, EEENLE]—5EHHT 1/0 #:4E (slot->io_already_done) 41k
b) M TR 1/0, [FEEFE 1/0 13K, MIZEA os_aio_linux_collect B4
i. os_aio_linux_collect: M kernel FHINLEETE Z 1) 1/0 1K
1. 4 M io_getevents R, H AT FE, FHEN KEN
0S_AIO_REAP_TIMEOUT
/** timeout for each io_getevents() call = 500ms. */
#define OS_AIO_REAP_TIMEOUT (500000000UL)
2. %5 io_getevents ERER[E] ret > 0, P 52N 1/0, BHAT—EEIRE, &
FEZH slot->io_already_done ¥ & A TRUE
slot->io_already_done = TRUE;
3. LA 10 T TRIRE, 4 io_thread ZEFEM = Ef[A], #BAE
io_getevents BRELHVHFE.

4.2 Unique &3] 10

H5RBERG 10 Be 8, BT EWMLIIT, ARERET Insert Buffer L4k,

4.3 Non-unique &5| 10
5ERERG 10 A8, XL T K% buf_page_get_gen

20



buf_page get _gen
if (mode == BUF_GET_IF_IN_POOL || mode == BUF_PEEK_IF_IN_POOL || mode ==
BUF_GET_IF_IN_POOL_OR_WATCH)
return NULL;

%t non-unique & 5|, I mode = BUF_GET_IF_IN_POOL; # page fE buffer pool H1, iz
[6] page, 5 MASSTEILEL page, #H4T insert buffer 4k .

H T A2 H buf_read_page B, BIILAZ=AYH 10, HA non-unique 2 5| 1 T THI {r] i)
2 BEN buffer pool, 4 insert buffer 31T merge We? WL 2] Merge i,

5 Percona MRA1L4L

KT Percona XtraDB fIfEAL., HEFFE— w170 4F 13 &: XtraDB: The Top 10 enhancements [11].
ZOCVEA B 45 T XtraDB AT A4 InnoDB 5] 25 {1 i B 221 10 /MILfk, EARSCH A 2009 4F
8 AN, HEFEMUWEEHAET, B NAMES 12,

IR, TEAR SO, T OR FEL5 8 XtraDB 7E Checkpoint 5 Insert Buffer N J5 THI 5 AL
Checkpoint 5 Insert Buffer ik, #BJE T XtraDB AL IH)—ANK3S: /o thitk, v XS
Improved InnoDB I/O Scalability [12].

411 innodb_io_capacity #%£2i. JR4E innodb HIZH srv_io_capacity, S4B/ 200, XtraDB
HRE I, P ] DURYE R R EA R T B AR io_capacity. {H/&, io_capacity
5RG M LER 1/0 ge ik 2/ X onl, M35 HA)3He: MYSQL 5.5.8 and Percona Server:
being adaptive [13]25H! T fusion-io I, innodb_io_capacity & 5 B4R Ui 15 B 50 438 .

BT, =% 8 A S HE Percona-Server-5.5.15-rel21.0; Percona-Server-5.5.18-rel23.0;
Percona-Server-5.1.60;

5.1 Flush & Checkpoint {ft{k

XtraDB X§ T Flush &  Checkpoint MI Lt , F EE T H M 7 RH L & :
innodb_adaptive_checkpoint

HAF A B HEAFE: none, reflex, estimate, keep_average, 435N 0/1/2/3; [FIFEL
AZEH 5 Innodb H 7] innodb_adaptive_flushing A% &= it &1#

KT FMEEMARE X 121 ATHERNA, Hebgh H 3

> none
J5 4= innodb adaptive flushing Z% 1%
> reflex

5 innodb T innodb_max_dirty_pages_pct ) flush ZRESRML. AN[EZAATET, JFAE
innodb MR dirty pages &K flush; 1 bLALARYE dirty pages 1] age #EAT flush. &EIK
flush 1Y) pages #2 4 innodb_io_capacity i1 %

» estimate
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5 reflex SRIERML, A A2FET dirty page ) age K flushe ANEZALZET, HEIK flush [
pages AHER#E innodb_io_capacity TT5, 1M /Z&HR#E[number of modified blocks], [LSN
progress speed]fll[average age of all modified blocks] it

> keep_average
J5E Innodb % 1S i & — X dirty page I flush, IESEERK T flush RS E]EIRE, M 1S

PN 0.1S

V¥ 7EHT I Percona XtraDB iitA 1, reflex TRIG WK FE: estimate, keep_average TRI%
Ik, B2 a/b Wt SR RBIFETE N, MiZeEi i arg R, BREESHED
LA /NETT

5.1.1 reflex

I3RS, Percona XtraDB 5.1.60 A H /AL, {HJETE 5.5 RRAFHMIBR, YEACAL LR 544 i Al
B, "TREFHTLARNZHIE L, ThEES estimate A, AEUEH.

5.1.2 estimate

EARAQ GBI W
// 1. innodb_adaptive_checkpoint Z#{ 425 innodb_adaptive_flushing [F] ] 15 &
if (srv_adaptive_flushing && srv_adaptive_flushing_method == 1)
/] 2. YT EE dirty page [ Isn
oldest_Isn = buf_pool_get_oldest_modification();
// 3. & H4HIA flush ¥ dirty pages, #8id Checkpoint_age ) 1/4, WHEAT flush
if ((log_sys->Isn) — oldest_Isn) > (log_sys->max_checkpoint_age/4)
// 4. estimate flush TR &
® i J/j buffer pool [ flush_list 8%, ZiitLl TE R
B n_blocks: BER I page HE
B evel: BER T page WIS IE LT {515
level += log_sys->max_checkpoint_age —
(Isn — oldest_modification);
IRHTE UL page, level TTHRERR, BEFEFIH/N: BZH page, B
RIS F I DN

KT log_sys->max_checkpoint_age Mg, 7] 2% Checkpoint Info

SRR

® T E flush Y dirty pages £ bpl, HEARUT:
bpl = n_blocks * n_blocks * (Isn —Isn_old) / level;

HH: Isn_old A E—K flush B it T HJ Isn

® i buf flush_list %L, AT flush
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buf_flush_list(bpl, oldest_Isn + (Isn —Isn_old));

5.1.3 keep_average

keep_average %, B4 Innodb, &F 1S flush — X dirty pages, HMUNEE 0.1S fi—X.
if (srv_adaptive_flushing && srv_adpative_flushing_method == 2)
next_itr_time -= 900;

Innodb, 0K netx_itr_time JI1 1000ms, %4 )5 sleep iX 1000ms K} [f] . i3\ keep_average
HEWE, K next_itr_time 9825 900, LA N —IRHHEH £ sleep 100ms B[] .

N RNIE 31T keep_average FEBE WA T Y BT 75 2 flush 27D dirty pages. I EIREBEEN
T AU B keep_average TR :

- prev_flush info. count —_— new blocks sum
‘ - >
‘ - — < blocks_ sum > ‘
flushed blocks sum current dirty pages in buffer pool
‘ Next Round:
- —_—

prev_flush info. count

3R 5-1 Percona keep_average flush $RH&
SEEAT e
prev_flush_info.count
¥ flush i, buffer pool H1 1] dirty pages £ &
new_blocks_sum
b Rie5% prev_flush_info.count 2 J5, ZRGuHTr=E K dirty pags
blocks_sum
MHT RS, buffer pool H11) dirty pages £ &
flushed_blocks_sum
flushed_blocks_sum = new_blocks_sum + prev_flush_info.count — blocks_sum;
IR flush BCEHEIA AR flush (130
Next Round
AR flush dirty pages A, 1C3%#T prev_flush_info.count = blocks_sum
n_pages_flushed_prev
WESHCRbRE, For IR keep_average SEME D) flush T % /b dirty pages

TFRAIR L% flush
n_flush = blocks_sum * (Isn — Isn_old) / log_sys->max_maodified_age_async;
NSV IE
R dirty pages, A 2/ HEER T EAEBLHTHE flush
log_sys->max_modified_age_async
H&E R flush (G FUE, & 417 RGH Isn [BIFEKTUGE, W& 3052 flush.
WSHONEA Innodb T, Percona HEANME HKiHE .
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*TF log_sys->max_modified_age_async ZE({E Innodb F {EH KX E,
W[ 22 Checkpoint Info B #-Iife— =5,

flush =10 -

if (flushed_blocks_sum >n_pages_flushed_prev)

n_flush -= (flushed_blocks_sum - n_pages_flushed_prev);

# flushed_blocks_sum > n_pages_flushed_prev, PHIRZ[A]FSEFR flush & KT
K keep_average ] flush &, FBAAIK keep_average 5 2 flush &2 S AH NI/

5.2 Insert Buffer & Merge 1t{t

Percona XtraDB [ T .4k Checkpoint 5%, [FIES X} Insert Buffer [ Merge A T & /4

.

itk Insert Buffer 1 H 1, FEHMHA:

>

Hi—: Itk Insert Buffer ¥ Merge 5 N AZH [RIUA
BRI AR LR B, Insert Buffer £:{X Merge #:4F, 5% Merge —* Insert Buffer
T, ZACR RS, REZHIAR]T Insert Buffer 7] FH NAZHI LR .

B X% H ) — , Percona ¥ T W A~ R 4t = % : innodb_ibuf_accel_rate 5
innodb_ibuf_active_contract

Hi—: > Insert Buffer 1 N 7IT44
JZ4 Innodb 7] Insert Buffer, A7 #E_LBR N Buffer pool NAF—2F. TEBLMY BB
b, KNAEREALT] W . R O BRI Insert Buffer [ N AE F IR

Bt HIFIZ, Percona ¥4 T — N FR 4S540 innodb_ibuf_max_size

ST RIE W, DE4L Insert Buffer PN H 12 ARSI AR EOTT « A SEEL T B I —, A A b Insert
Buffer W AZ 45 AT BE -

5.2.1 innodb_ibuf_accel_rate

WRGSH N+ T8, 5% £ Merge 1, Percona H 2B K Merge #AE 1] pages
¥, e X PCT_I0 /&N PCT_IBUF_IO. 1 PCT_IBUF_IO f)5E XN F:
#define PCT_IBUF_IO(pct) \

((ulint) (srv_io_capacity * srv_ibuf_accel_rate * ((double) pct / 10000.0)))

Fit, anRAEInR Merge, W7 E % B KM innodb_ibuf_accel_rate Z4(HI 7],
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5.2.2 innodb_ibuf_active_contract

5 innodb_ibuf_accel_rate Z#251L, innodb_ibuf_active_contract Z& AL Bt &+ 43 i Fp
HJETE ibufOibuf.c::ibuf_contract_after_insert BREC, 34010 1 —47 4|
if (Isrv_ibuf_active_contract) {
// #define IBUF_CONTRACT_ON_INSERT_NON_SYNC 0
if (size < max_size + IBUF_CONTRACT_ON_INSERT_NON_SYNC) {

return;

LIRS Innodb B JEAEARED, IR Insert #:1E 52 Insert Buffer 122 5] T split, 724
SMO i, #ZH. 4 Insert Buffer I /MR H EFR, NWIABEAT Merge;

Percona M4}l innodb_ibuf_active_contract Z%( 2 J& , Wi Insert Buffer K LR, Insert Buffer
split SMO 2 J5#£= 1 ] Merge Thig.

6 Z% 3wk
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