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Of course, the primary motivation for caching is speed, so Memcached is designed to be as fast as
possible. The initial prototype of Memcached was written in Perl. Although | love Perl, the
prototype was laughably slow and bloated. Perl trades off memory usage for everything, so a lot
of precious memory was wasted, and Perl can't handle tons of network connections at once.

The current version is written in C as a single-process, single-threaded, asynchronous 1/0,
event-based d?mon. For portability and speed, we use libevent (see the on-line Resources section)
for event notification. The advantage of libevent is that it picks the best available strategy for
dealing with file descriptors at runtime. For example, it chooses kqueue on BSD and epoll on
Linux 2.6, which are efficient when dealing with thousands of concurrent connections. On other
systems, libevent falls back to the traditional poll and select methods.

Inside Memcached, all algorithms are O(1). That is, the runtime of the algorithms and CPU used
never varies with the number of concurrent clients, at least when using kqueue or epoll, or with
the size of the data or any other factor.

Of note, Memcached uses a slab allocator for memory allocation. Early versions of Memcached
used the malloc from glibc and ended up falling on their faces after about a week, eating up a lot
of CPU space due to address space fragmentation. A slab allocator allocates only large chunks of
memory, slicing them up into little chunks for particular classes of items, then maintaining
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freelists for each class whenever an object is freed. See the Bonwick paper in Resources for more
details. Memcached currently generates slab classes for all power-of-two sizes from 64 bytes to
1MB, and it allocates an object of the smallest size that can hold a submitted item. As a result of
using a slab allocator, we can guarantee performance over any length of time. Indeed, we've had
production Memcached servers up for 4-5 months at a time, averaging 7,000 queries/second,
without problems and maintaining consistently low CPU usage.

Another key requirement for Memcached was that it be lockless. All objects are multiversioned
internally and reference counted, so no client can block any other client's actions. If one client is
updating an object stored in Memcached while a dozen others are downloading it, even with one
client on a lossy network connection dropping half its packets, nobody has to wait for anybody
else.

A final optimization worth noting is that the protocol allows fetching multiple keys at once. This
is useful if your application knows it needs to load a few hundred keys. Instead of retrieving them
all sequentially, which would take a fraction of a second in network round-trips, the application
can fetch them all in one request. When necessary, the client libraries automatically split
multi-key loads from the application into separate parallel multi-key loads to the Memcached
instances. Alternatively, applications can provide explicit hash values with keys to keep groups of
data on the same instance. That also saves the client library a bit of CPU time by not needing to
calculate hash values.

Ref:
http://www.linuxjournal.com/article/7451?page=0,2

Memcached & danga.com (i LiveJournal FIEiAREIN) FF R —BE A RN AExT RZEAT
ARG, ATIENE RGO EARE R, IR XTXANRE, HERZ NEHT,
AR EAEIEIE R memcached [ SE I ARRS 2341, SRAFRTXAN H E I IR KA IR N T 1
FErT AR IR AT 20 KT Bt — 2D k. K T i@ X BSM_Memcache 37 Ji& (1) 43
Br, X memcached Fr)4i 7 AR

ARSI 3 PN 25 0] Be 75 22 DU LT ) B s B b AR i Bl
© Memcached &4

FEFPR XA 2 AT, FATESLEREE “NRta”. R ALEZH1EM SharedMemory
HRFP I IR A RAE ], BAR memcached {3 1 [RIFER) “Key=>Value” 75 WAL 24
2 EMILENTE . APC SEAMZEA AT IR R KIMIX 5. Memcached /&7 A s Ui, &kt
EARA] . BT MAER (HRE A LUEA localhost) 77 5eiikss, AL —
AT R BORE PP <F P #ERE (Daemon J5 0.

Memcached 1§ [ libevent &SIl 4% &EH AR SS, FRS AT UG TCRR 2 ERE, (H2'e Ml

Apache AN[A], ‘& 2 I 2 T 1 R E AR SRR 1Y, AT DA'E SEBR F FE & RE 12 BR 1
TEARSFIE LT memcached (19 K R I IEREECA 200, Xf1 Linux ZRFERE 1A KRR, XMUE
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& nl LA . 5T libevent 1] AZ 5 AH S0k . Memcached P 4745 A 77 20t Al APC AN[F]
APC RIETHZ NTEA MMAP ), memcachd A H C.HI NS ECEEME TR, Mt
ERARA KRR, WEALZERAARRS], W8FEL T, 81 memcached 32 ] LU 2 2GB
IAAFEAS (], R R 2 (s a), w] ARG g

©Memcached & &4 454

EAR Z W%, memcached #R#EIEA T, XHRDAT I ERHL. REFERIZLENLE
NRWG, T “afr s er”, BER “H memcached”, £F/EAH, HAEME, H
KT 4 —A)KA . memcached N2 HRER, CHAREHENEE.

Memcached & “7r A" BINAEXN REAERG, Hameil, MLEAFTE “5Mm7 1, A
By, B TN B R — 6 RS A HIRH, memcached A2 KAT [ 4 ik,
FRIE2H6IS RGN, FEONMSEZ RN TR 25, RIEE UNIX AHERH—FE.  7F
T mr MR dE R, memcached A S B EE LG B PHP /AU JLT-0%, T
APC., N NEMBERRAEARZ . nTIL, W RS, 4 memcached
AEEARIE R

Memcached 7E1R 2 I i &R fe /5 4 PERT 3 cache AT Y. ON'E EE i /b T 1RZ SQL
SR RERLERIRSEITE, T H e AR RE BEE R, PTRVE AT DR b B R O
Yo P A PERE, AR ARG, Ui R A EEE 2 R, memcached 7T EAKKFEAR
BARER ), RFPATRCEIET . F4k, memcached W28 1 IR 55 2% 2 A1 HHE 3L 2 1
FEAEGESY, BIUFE SSO R GeH IRAF R G0 L i B IR ZS A Hedls 5t T LAARA7-E memcached A,
WA,

T EE RN A, memcached ff H WA EEE, FrLLER G AN, YRGB ESE, 3058
memcached #EREH 1L, FHEE S ESR, BTl memcached ASfAE R AR BdE . 1R 2 A
HiR R, memcached HIVEREAE T 4F, 43 1 NAF AR IS EURE RS, JSE memcached A
HAWFEHASBBINE E TS EERS, CRISEBRIE T W 2088z, R pi
MBI RS, e T EARGAER “B7, FONEH S 2T M E NS 7,
'© A LU RA RAT AR KB A e i, BT A2 & W B 2% T Ik X 4% 5 5 B3 77 17
memcached BEFEAS & F:AN 5 H 22> CPU B 11

©Memcached ] TAF J7 2

PLR IR o, 23 i i REHE 7% — 17 memcached FIYEARAD

Memcached &fE Gt 25 AR &5 F2 7, WERBENMEHEMEH T-d 248, ot m
AHAT. BIESFPHFEH daemon.c 52, XANFEF HA —A daemon pA%L, XANEREUR A
B CANERER B, RS LRL 1.2.1 HE):

CODE:

#include <fentl.h>
#include <stdlib.h>
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#include <unistd.h>

int

daemon(nochdir, noclose)
int nochdir, noclose;

int fd;

switch (fork()) {
case -1:

return (-1);
case O:

break;
default:

_exit(0);

if (setsid() ==-1)
return (-1);

if (Inochdir)
(void)chdir(/);

if (Inoclose && (fd = open(”/dev/null”, O_RDWR, 0)) I=-1) {
(void)dup2(fd, STDIN_FILENO);
(void)dup2(fd, STDOUT_FILENO);
(void)dup2(fd, STDERR_FILENO);
if (fd > STDERR_FILENO)
(void)close(fd);
}
return (0);

X fork TEANHREZ G, QHFEHEBE, BEEHEA STDIN . STDOUT .
STDERR #|%#4%, daemon St 7l T -

Memcached A& 1B 3hid e, 7£ memcached.c [¥] main pRECHIFR a1 -

« W settings_init() BERIIEILSEL

- MWEBm A RIS HOR K B setting

. BWE LIMIT 3%

TFUEMIZ% socket MAWT (WIERAE socketpath 777E) ( 1.2 ZJa32H UDP )
. BB 54y ( Memcached A A root B3 235D

. WA socketpath f74E, FFJE UNIX AHiZEH: (Sock HE1E)

WL -d RS, ISR (W LA daemon RRED

~N o o A WODN P
7/
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8 . WIiHtk item . event . JIRA(FE. hash . ZEH:. slab
9 . WXEH managed “EXL, GJE bucket %l

10 R E R T EHUE WAL

11« VIt s 5. R MERBAS

12 . Wik daemon 7z, AbFEFERE ID

13 . event FFUh, BohdFELE R,  main BREGIENTEIR,

fE daemon J7ZUH, RN stderr CL44%5E M3 2ETR, AT A2 SOARPAT A A AR RS B,

memcached.c F LG EEZ drive_machine , & NS U TR H) 24 5T FERE IS5 /485, R
i state B PIRAS RILEDIE

Memcached i F — & H & P58 BB =S¥, 'E 1 protocol L4 ] BL & 5% .

http://code.sixapart.com/svn/memcached/trunk/server/doc/protocol.txt

1E APL 1, #ATHRF5 48— A\n\n
©Memcached ¥ N A28 FE 7 3

Memcached H —/MEAFFEMNAE T, N TREICR, EEHBERIER AR5
EHNAAAE], AR IR T ES NBUE R EZE malloc, MHBREE I free — M8
¥, Memcached 1 FH slab->chunk 2237 REF N TE .

1.1 F1 1.2 1 slabs.c #1117 slab == (A% > HykH — LA EH, JFHES2mNH.

Slab ] LAFEf# A —AWAFH, —> slab 72 memcached — /R HIil N 17 B /N AL, A
memcached H1, —> slab [¥JK/NERIAA 1048576 715 (1IMB), FBL memcached #i/& % MB
(A N AE. B slab #kI140 A T4 chunk, A chunk BLRAFE— item, £ item
[FI L8 T item S5H94K | key 1 value (33 7 E memcached 1 (¥ value /& R A 745 1) slab
PR E O id 2 BIZLREE R, IX B R % id HAE — slabclass £l |, A LEHE LK
A B 4K . slabelass FOACEAE 1.1 i 21, 7 1.2 H1 2 200.

slab 5 —AMI4E chunk K7y, 1.1 J52 1 %95, 1.2 th2 80 %4y, 1.2 5 —> factor /&, 2
ANA 1.25

1E 1.1 v, chunk K/NEIRAVIEEK /N2, n N classid, Bl: id & 0 [£ slab, chunk X
/N1, id SN L slab, chunk X/ 2 =35, id SN 2 |19 slab, chunk /N 4 G eeeees
id 4 20 1) slab, 4 chunk KX/NA IMB, #ts& it id A 20 1 slab B 245 — chunk:

CODE:

void slabs_init(size_t limit) {
inti;
int size=1;
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mem_limit = limit;

for(i=0; i<=POWER_LARGEST; i++, size*=2) {
slabclass[i].size = size;
slabclass[i].perslab = POWER_BLOCK / size;
slabclass[i].slots = 0;
slabclass[i].sl_curr = slabclass[i].sl_total = slabclass[i].slabs = 0;
slabclass[i].end_page ptr = 0;
slabclass[i].end_page free =0;
slabclass[i].slab_list = 0;
slabclass[i].list_size = 0;
slabclass[i].killing = 0;

}
/* for the test suite:  faking of how much we’ve already malloc’d */
{
char *t_initial_malloc = getenv(”"T_MEMD_INITIAL_MALLOC");
if (t_initial_malloc) {
mem_malloced = atol(getenv(”T_MEMD_INITIAL_MALLOC”));
}
}

/* pre-allocate slabs by default, unless the environment variable
for testing is set to something non-zero */

{
char *pre_alloc = getenv("T_MEMD_SLABS_ALLOC”);
if (pre_alloc || atoi(pre_alloc)) {
slabs_preallocate(limit / POWER_BLOCK);
}
}

1E 1.2 1, chunk K/NRIR ARG KN n, f 4 factor, £E memcached.c 5 X, n A classid,
IS, 201 AN SKAS R4 BB EBE ARG, K factor FIAR, #IUAAL RAER BIHH5 H ik Nk
F| slab K/NJ— K1k, T HERM idl 461, BP: id 9 1 11 slab, % chunk K/ 80
F%, id 4 2 4 slab, 4% chunk K/ 80*f, id 4 3 [ slab, 4 chunk K/)s 80%F42, HFI4R1L A/
H—M&IE{i CHUNK_ALIGN _BYTES, H RfRiE n-byte #HE%1 (fRIE4 R 2
CHUNK_ALIGN_BYTES MI% 5400« 1XFF, fEARHEIENL T, memcachedl.2 > #J4R 4L 2] id40,
XA~ slab HHEES chunk K/ A 504692, slab ™ chunk. )5, slab_init RS TE
HEANE AN id4l, BRI, HEZIXA slab 1 HE A4 IMB K chunk:

CODE:
void slabs_init(size_t limit, double factor) {
inti = POWER_SMALLEST -1,
unsigned int size = sizeof(item) + settings.chunk_size;
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/* Factor of 2.0 means use the default memcached behavior */
if (factor == 2.0 && size < 128)
size = 128;

mem_limit = limit;
memset(slabclass, 0, sizeof(slabclass));

while (++i < POWER_LARGEST && size <= POWER_BLOCK / 2) {
/* Make sure items are always n-byte aligned */
if (size % CHUNK_ALIGN_BYTES)
size += CHUNK_ALIGN_BYTES - (size % CHUNK_ALIGN_BYTES);

slabclass[i].size = size;
slabclass[i].perslab = POWER_BLOCK / slabclass]i].size;
size *= factor;
if (settings.verbose > 1) {
fprintf(stderr, “slab class %3d: chunk size %6d perslab %5d\n”,
i, slabclass][i].size, slabclass[i].perslab);

power_largest = i;
slabclass[power_largest].size = POWER_BLOCK;
slabclass[power_largest].perslab = 1;

/* for the test suite:  faking of how much we’ve already malloc’d */

{
char *t_initial_malloc = getenv(”"T_MEMD_INITIAL_MALLOC”);
if (t_initial_malloc) {
mem_malloced = atol(getenv(”T_MEMD_INITIAL_MALLOC”));
}
}
#ifndef DONT_PREALLOC_SLABS
{
char *pre_alloc = getenv("T_MEMD_SLABS_ALLOC”);
if (!pre_alloc || atoi(pre_alloc)) {
slabs_preallocate(limit / POWER_BLOCK);
}
}
#endif

¥
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i ERTLLE Y, memcached N FED LB TN, 29— slab AEEME FTHAE 1 chunk
FTUNEERRES, slab EEFEIAZ M EF T, 40 id40 #, P chunk 5 F T 1009384 +
i, XA slab —ILF IMB, AR A 39192 FHHHIRTE T .

Memcached i X F0 5 KR EC N AT, 2o 1ol LpRs ol item KR e A2 H slab 1)
classid, 71— 15l hash, [K24 item P EE & T AT,  bhin—A item K& 300 =
A AE 1.2 T AR E N AL AEALE id7 8 slab T, R A% IR T A5 3%, id6 ) chunk
K/ 252 75, id7 1 chunk K72 316 715, id8 1 chunk K/hA2 396 7717, RRATA
252 | 316 7K item FRIAZIRAZAE id7 . [FIFE, 7F 1.1 7, e L5 s H T 256
1512 2 [f], MAZHAE chunk_size Jy 512 K id9 H1(32 7 &%)

Memcached W) U544 RIS {5, 22414644 slabCHif T AT LA 3, 7£ main i A 1 slabs_init()).
‘B21E slabs_init() A5 — N B DONT_PREALLOC_SLABS, WX MNEHHE X, ¥t
WA FH T30 i N A7 07 ST 6 44 slab, SXFELE TR C 4 € i slabclass H, &F—> id G
—A~slabe XFEHLER, 1.2 AEBRIAMIRES R SRR 5 2240 IE 41MB (1) slab 25 [A],  7EX
HFEH, memcached (5 ZAMWAETURKE T, BIOAAFHE—A id IRARA WAL, H
e WMBINFGE T slab, 4> slab 2% IMB A 17

M—Aslab S, XA item BHENXAS id, I EHSER IR slab, HiEH
(1) slab B, %P7 id [ slab SR EIGK, XAEERE MG, 7Rk grow_slab_list
BRECR, XAMEERKE N L AR 2, A2 ABRR 4, M 4 AZRR 8-eeeee:

CODE:
static int grow_slab_list (unsigned int id) {
slabclass_t *p = &slabclass[id];
if (p->slabs == p->list_size) {
size_tnew_size = p->list_size ? p->list_size * 2 : 16;
void *new_list = realloc(p->slab_list, new_size*sizeof(void*));
if (new_list == 0) return 0;
p->list_size = new_size;
p->slab_list = new_list;
}
return 1;
}
TEENT item B, #SZ A H slabs_clsid %L, & ANSHCH item K/, IR[FEHEN classid, HiX
AMIFERTLAE H, memcached 28 = AN WAFTUR K AELEORAF item IR, item B2/ T
AT chunk R/, 4 item /T chunk R/, BESOR AR T AR 3%

©Memcached ] NewHash %&y2:
Memcached (1] item {5473 T — 4 K hash 6, ‘B HIszFrHbE g2 slab H 1 chunk fk#s, {2

S E I E N ARKEERT key i hash 145 5, 7F primary_hashtable #3821 . 7F assoc.c 1 items.c
H5E T T ) hash A1 item 4 .
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Memcached 1 F 7 —/NIU 45 NewHash A5V, ERIZCRIBEF, #CeRMIRE. 1.1 A1 1.2 1Y
NewHash 4 26 [q], FE K7 b2 —FER, 1.2 A hash BREUE AT BB,
SR o /s St =8

NewHash [#)J5 %! 2% . http://burtleburtle.net/bob/hash/evahash.html. 2% 5 WA B AT,
] ] ~

NTARBITE, BT ud Ful PAEEERA, ud SRR IKEE, ul §E RS
char(0-255).

HARRIG T PAS % 1.1 1 1.2 P,
VERIX B hashtable &, 1.1 fl 1.2 2 A XHH, 1.1 F2E X T HASHPOWER ¥ & A

20, hashtable K4 hashsize(HASHPOWER), #t/e 4MB (hashsize & —1~%, Fn 1 HK
nfd , 1.2 245 16, B hashtable %K 65536:

CODE:
typedef unsigned bng int ub4; /* ursigned 4byte quantities */
typedef unsigned char bl; /* ursigned tbyte quantities */

#define hashsize(n) ((ub4)1<<(n))
#define hashmask(n) (hashsize(n)-1)

£ assoc_init()4, <% primary_hashtable #1461k, X[ hash #:/Ef4f: assoc_find().
assoc_expand(). assoc_move_next_bucket(). assoc_insert(). assoc_delete(), XI/F item fJisE
HHAE. Hr assoc_find() /2R 4E key Ml key SRS M item suhk R GEEAE C
1R Z AR 2 RN B N AP MR KR, AR B A strien), 3z [=] (1) 2
item S5 FREr, B HEIRE HLELE slab H I HEAS chunk L.

items.c & HUE W IRVERE T, A58 501 item G35 JLAN 84>, 7F item_make_header() - &
XA

key: B

nkey: B

flags: FH /i 11 flag (FL52iX AN flag 78 memcached H %45 Je FD
nbytes: fH CEFEHRATHF5\\n)

suffix: J54% Buffer

nsuffix: JE4%K

—ANREA item K REK HEK A+ EER K +item 458K/ (32 75, item HAEEAR
PEIXAKE R slab 17 classid .

hashtable H ) 4F— AN 5 — S XEESR , item_init() IR 4414614 T heads. tails. sizes

SN 0, X =AM RN B LARGEST_IDCER WAy 255, 3X /ME 75 240 & factor
KRIZHO, FEREHX item_assoc() RN 1, B2 E Jas il slab *FERE—H 2/ i) chunk, 40
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BAE T chunk, S7EFER P 50 Yk, PISEI—/M LRU B3R item, K€ unlink,
SRIG T RN item FEANBER T

VEE item f refcount f A . item 4% unlink 2 J5 R MR Eft, NEILZI free ),
OB e B MR s F s CGitem_unlink_q() B %0

)

item Xf B — L6 S HE, fU4E remove. update. replace, 4¥R#HE EKIHSE alloc FR1E.

item IBA — MR T A T WIN E], 3X & memcached B—AMEH B, 1R 2 N FHHD
AT memcached f item 3, EL 40 session A7t ERAES%. item_flush_expired() 2 %
BRERR PR item, XL item BT unlink #:4E, S8R HE—ANEIEhE, SR b
£ get PG B3R AT I ] 4 B «

CODE:
[* expires items that are more recent than the oldest_live setting. */
void item_flush_expired() {
inti;
item *iter, *next;
if (I settings.oldest_live)
return;
for (i=0; i < LARGEST_ID; i++) {
/* The LRU is sorted in decreasing time order, and an item’s timestamp
*is never newer than its last access time, so we only need to walk
* pack until we hit an item older than the oldest_live time.
* The oldest_live checking will auto-expire the remaining items.
*/
for (iter = heads[i]; iter != NULL,; iter = next) {
if (iter->time >= settings.oldest_live) {
next = iter->next;
if ((iter->it_flags & ITEM_SLABBED) == 0) {
item_unlink(iter);

}
}else {
/* We’ve hit the first old item. Continue to the next queue. */
break;
}
}
}
}
CODE:

/* wrapper around assoc_find which does the lazy expiration/deletion logic */
item *get_item_notedeleted(char *key, size_t nkey, int *delete_locked) {
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}

item *it = assoc_find(key, nkey);
if (delete_locked) *delete_locked = 0;
if (it && (it->it_flags & ITEM_DELETED)) {

/* it’s flagged as delete-locked. let’s see if that condition
is past due, and the 5-second delete_timer just hasn’t
gotten to it yet... */

if (!item_delete_lock over(it)) {

if (delete_locked) *delete_locked = 1;
it=0;

}
if (it && settings.oldest_live && settings.oldest _live <= current_time &&

it->time <= settings.oldest_live) {
item_unlink(it);
it=0;
}
if (it && it->exptime && it->exptime <= current_time) {
item_unlink(it);
it=0;
}

return it;

Memcached [ N A7 # 5 AR IEH RS I E 00T, R KRR L/ 7 HEz alloc R4 N AT
FIREL B EREOTF A N R T2 A LR, BARX MO el il — U RIR T, (HRAX
PR R AE KT R G0N H RS B

©Memcached ¥ iESH0HH 7 2

i memcached TAEMI LS

# i REALTIME_MAXDELTA 60*60*24*30
Bk 30 K 3 S 1)

conn_init() - ] freetotal (=200)
= ONEIEBEE 72

B KEY_MAX_LENGTH 250
PN

settings.factor (=1.25)
factor K52 chunk [ 3E K/

settings.maxconns (=1024)
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BRI

settings.chunk_size (=48)
—AMEFAE T key+value KB, FISRAERK id1 FF ) chunk K (1.2). idl B9 chunk K 2%
TRABUEN L item SRR (32), HIBRINK 80 F75.

% & POWER_SMALLEST 1
/) classid (1.2)

i B POWER_LARGEST 200
%K classid (1.2)

B POWER_BLOCK 1048576
RN slab K/

% CHUNK_ALIGN_BYTES (sizeof(void *))
PRIE chunk /N XA EUE VB, Bk (void *IKEEANF RS EA—FE, 1Eix
3R MR8 F2 4

H & ITEM_UPDATE_INTERVAL 60
BAB1 s 1] o

% & LARGEST_ID 255
IR item BERAL GXAMEARE LR K classid /M)

A% & hashpower (7E 1.1 A &% & HASHPOWER)
YL5E hashtable 1)/

W EEA RN E LS EBOE, AT e

1. 7£ memcached HA] EALRAFH] item R A AT BRI, ZATIRE 100 5T 245
PRIE

2. B NewHash 5y AEA#I 5], 24K item FIFEFRREGE item S ZBR LA hashtable K/ (Hi
hashpower 7€), 24k,

3. Memcached BR#I 1 7] LLEESZ (KK item 42 IMB, KT IMB MIEHEA TH 2>,

4. Memcached %5 [AIF R ANEERFE A IR KIS %R, X5 DONT_PREALLOC_SLABS
WEARK. EREBIT, A 198 1 slab SR (BT f item #REEH7E— slab #, 199
A id A FL D o

©Memcached 5 KAtk
R4 i LT Ik, £ /0% memcached A 7 — AN ELERA RN . FEIRNIRAI SRR
FhFxt e AT
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Memcached A5 & N KEAR B UHE), WIEEARRHE, LIRS “Hm KA Wit
ERRZ R, FRATEIE A RIXFER “i”, MG LS, —M2desndm, |
BYEKFEPEILD XA (U fR-AEF 7 Session); 55—l 8 AR FRPIR A5 & S KB s (i
EREE, K, 20TV, ELATHEHITD .

X FER T E KREEAI T R (1.2), A A KA IS %, Seiliktd
RE 5o

e KB, BT B slab I BCI @, 2 — A 7 EA A A TAF 2 A
Z AN chunk K EER] slab, O 1 BORREESBAI I BEIR, & lf chunk AT item &84, FrPAE %G
T item K.

HEZRTOAE TiHE item KERHED, FEERNZ, B 7 KEA, EZhL item
ZERKE 32 5.

EBLEA T Ot 5 I 75 ZORAFE 200 71 SR K HE

FER R EAZIL slab 1 classid #1 chunk KFERIC R, EIGRA S, chunk KEEF classid
Fe XN, BUE AN SRAC AT 1) chunk & N 200 7715, IBARXAN KR RMAGLET
BANFEEH X ZENKR. —MIe, BMAEEH R AE M id, B
fEH 199 MEHE 14, FERXMRAT, H—x2e X DONT_PREALLOC_SLABS i
FANIFRNEIR D . BRI AL A hash £ &, KM item i 52 classid, ASAEfH K
FERAsE, mT LA key () NewHash 25 555 A e Hidl, B HAEARYE key SKfit hash (E
AR key tH—@ 55K XEFHEN, EFEE—FOE, EMINERA R AT R
F—Aid, fEXdE SRR KELL T, slab 852 B K (FONFra SR aiHE— 48 L T),
s 3 S R AR L

RO/ AH T =PI 4, W chunk KEESET item KPE, MU 128 — P (VR 2% 7,
ANTR RIS 2 AL fif e T 28 R s (IR B A1 R, A2 T2 —Fh n) @ Cslab YRR D e fig el
Xt 75 EfZ 2 POWER_BLOCK &, 455 —4> slab KX/NELF5ET chunk K £ £5,
XFE—A slab gt AT LLELF R0 B n A chunke XANEUE N % ELEE AMB, 1 KGRI RE
B RTUA, /NG SIE RBGE £ 1 alloc, AR¥E chunk K% 2y 200, #E68% 1000000 1E Ky
POWER_BLOCK KIfE, iXHE—/ slab 5t /& 100 /3775, A 1048576, =ANTUA ) AR fiF
WY, AR RS KRR

B slabs_clsid p&%, ibEEIZIRE—EME (Hhn 1 ):

CODE:

unsigned int slabs_clsid(size_t size) {
return 1,

}

&4 slabs_init %, ARG GIEATA classid JEPERIES S, E3EAIN slabelass[1]:

CODE:
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slabclass[1].size = 200; [1%F chunk200 5
slabclass[1].perslab = 5000; //1000000/200
© Memcached % J ¥

Memcached J& — MRS FE 5, A A B fige v DORR & () B, 742231 memcached k252§ L,
RIEMAE IR AR, winT DURAE BTREAE . S T 5 E(EA, memcached AR Z A
I AR AT DM, R T &AE S, AEMES % . 2T C 155 A libmemcache.
APR_Memcache; 3T Perl i) Cache::Memcached; 73 4M&# Python. Ruby. Java. C#Z%
HE MR, PHP % Puie i 2 1, A )6H mcache #1 PECL memcache BN /&, &7
KACHIH PHP g 536K, NHA2H— F4E PHP 1 ffi A memcached ¥ 77 -

mcache ¥ & /& 3T libmemcache Fi3 2% (). liomemcache — EL¥ A5 & i stable A, H R AR
A2 1.4.0-rc2, A[LAFEIX B F. libmemcache 5 — MRALFHIHRFYE, #2211 stderr 518
ZAMRE R, I, VB lib 18 %, stderr — HR < 1 & B e # 7, Hhin Apache
s H &, 1fi H libmemcache 2 H A4, FRe FERT, AdERIMEREEZIRIFH.

mcache ¥ & J5 S #T # 1.2.0-betal0, 1EZE RBEZBIR T, ASGIFIETR, EMEEHITATF
T (==, REeRIet )y RN TTHIY R 7. fRIEG %575 phpize &
configure & make & make install, — & %4 %225 libmemcache. d FiX /N 1R 7 24 .

CODE:

<?php

$mc =memcache();  // BIE—/> memcache N %, EREIXHEAZH new!
$mc->add_server( ‘localhost’ , 1211);  // ¥h0— MRS HEFE

$mc->add_server( ‘localhost’ , 1212); /I #INEE ARG IEFE

$me->set( ‘keyl’ , ‘Hello’ ); Il 5 keyl => Hello

$me->set( ‘key2’ , ‘World” , 10y  // B A key2 =>World, 10 #bid 1

$me->set( ‘arrl’ ,array( ‘Hello” , ‘World” )); 1/ EA—E

$keyl = $me->get( ‘keyl’ ); M FREU keyl' MIMH, NkZ5$keyl

$key2 = $me->get( ‘key2' ); M FREU key2' M{E, TkZhSkey2, WIRELL 10 #5, mLEX
i

$arrl = $me->get( ‘arrl’ );  // FREU arrl’ A

$mc->delete( ‘arrl’ );  // MR arrl’

$me->flush_all(); /1 B FT A %8s

$stats = $me->stats(); /1 FREURS2HE R

var_dump($stats);  // AR5 E(E Bt

>

XA F B4 A 2 T AR T (68 4 SR 23 AT A7 G AN A7 2381, TR R e ] DAV I 22 A il 55 s
hE, BARAELRAT B3 2 2R hash 45 58 A1 B3 6 RS54 B, X2 libmemcache 1)
F#PE . libmemcache 324+ hash 7730, .5 CRC32. ELF # Perl hash.

PECL memcache & PECL KATHIY &, HEIEBRAL 2.1.0, ATLAE pecl Muifss],
memcache 3 J& )48 FF 5 v A] DAZE 35— 281K PHP T3k 3, ‘&A1 mcache 1R1%, EAIIRE:
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CODE:

<?php

$memcache = new Memcache;

$memcache->connect(‘localhost’, 11211) or die (“Could not connect™);

$version = $memcache->get\ersion();
echo “Server’s version: ”.$version.“n”;

$tmp_object = new stdClass;
$tmp_object->str_attr = “test’;
$tmp_object->int_attr = 123;

$memcache->set(‘key’, $tmp_object, false, 10) or die (“Failed to save data at the server”);
echo “Store data in the cache (data will expire in 10 seconds)n”;

$get_result = $memcache->get(‘key’);
echo “Data from the cache:n”;

var_dump($get_result);

”>

XA 2 215 ) php ) stream B 4%3%4% memcached R 55 %% 3852 socket K& 4 H . BA
1% libmemcache JSHE 573, AN HF add_server X Fh /3 i tAE, {H2 A E AU E 4
FREFT, WA, HERE. 27808, ZHIARMERK.

54, HIRZ 1 PHP class AT LM FH, Lk MemcacheClient.inc.php, phpclasses.org _F A DA$R
FRZ, —FEREXT perl client API T35, {3 FH 5 S0AR 4

©BSM_Memcache

M C client >k ut, APR_Memcache »& —/MEEIRERE B client #2177, SCRPAFEBIANE T2
AR, BRI AT IR B P AN e /R 5T APR ICAPR B TE I 5 — T /48D, %A libmemcache
IS RYERE), HArtRARZETEHRNIET, WA M2 1L Apache Module, K4
EANBENLE APR MBEIZAT . {HJ2 APR B2 1T LUBL 25 Apache BBl 223611, 75 APR Wik Faf
PLR % APR A1 APR-util, AN75E45 Apache, A DAEFE%%:, 1 HE B TFE1.

BSM_Memcache & 3&AE BS.Magic i H H1 - & 1] — M4 T APR_Memcache [¥] PHP &, it
A M, 2/ EH APRHEE T PHP & @ . XAMRFIRMI L, Wik 2 ke,
Hog—MiE sk, BRIk S 284,

F1 mcache ¥ & SZFE 2 R &5 28 0 A7 Ak AN [H], BSM_Memcache 72 4R &% 4%, &4 AN

JIR 55 #5302 H2 8 hash 5 2R DR AF B, (ER N b ORAF RO B R — RE R, /e sk
BTG, BRI — GRS & R A B R S B TR, BRARTA Bk S5 AR A
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AR (BB AE D . RSB A ThRE AR W2 PERE LA AL, AR RE IS NI BR %
& HH AR AT R T A 2, 7 get 2 I ik 2 BEN L £ — AR 585 T RRe i, — E Rk

FPEAE R, IR — 0T DORES 2
BSM_Memcache H 7 H7iX J1 /> o $i:

CODE:
zend_function_entry bsm_memcache_functions[] =

{

PHP_FE(mc_get, NULL)
PHP_FE(mc_set, NULL)
PHP_FE(mc_del, NULL)

PHP_FE(mc_add_group, NULL)
PHP_FE(mc_add_server, NULL)
PHP_FE(mc_shutdown, NULL)
{NULL, NULL, NULL}

}

mc_add_group ERER[El—ANEER (FLSEMZA2E—A object, Al 7~ _~) 1E N4 ID,

mc_add_server [ B AR LA 25, — 24l ID,

CODE:
/*-k
* Add a server group
*/
PHP_FUNCTION(mc_add_group)
{
apr_int32_t group_id;
apr_status_t rv;
if (0!'=ZEND_NUM_ARGS())
{
WRONG_PARAM_COUNT;
RETURN_NULL();

group_id = free_group_id();
if (-1 ==group_id)
{

RETURN_FALSE;

apr_memcache_t *mc;

— AR RS Ze il (ADDRORT).

rv = apr_memcache_create(p, MAX_G_SERVER, 0, &mc);

add_group(group_id, mc);

T34 (MSN: Ixp8@sina.com) 418 T 4t 83 T
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RETURN_DOUBLE(group_id);

CODE:
/**
* Add a server into group
*/
PHP_FUNCTION(mc_add_server)
{

apr_status_t rv;

apr_int32_t group_id;

double g;

char *srv_str;

intsrv_str_I;

if (2'=ZEND_NUM_ARGS())

{

WRONG_PARAM_COUNT;

if (zend_parse_parameters(ZEND_NUM_ARGS() TSRMLS_CC, “ds”, &g, &srv_str,
&srv_str_1) == FAILURE)

{
RETURN_FALSE;

group_id = (apr_int32_t) g;

if (-1 ==is_validate_group(group_id))

{
RETURN_FALSE;

char *host, *scope;
apr_port_t port;

rv = apr_parse_addr_port(&host, &scope, &port, srv_str, p);
if (APR_SUCCESS ==1rv)
{
/I Create this server object
apr_memcache_server_t *st;
rv = apr_memcache_server_create(p, host, port, 0, 64, 1024, 600, &st);
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if (APR_SUCCESS == rv)

{
if (NULL == mc_groups[group_id])
{
RETURN_FALSE;
}
// Add server
rv = apr_memcache_add_server(mc_groups[group_id], st);
if (APR_SUCCESS ==rv)
{
RETURN_TRUE;
}
}

RETURN_FALSE;

1 set A1 del EdE I, AR TA 4L

CODE:
/-k*
* Store item into all groups
*/
PHP_FUNCTION(mc_set)
{
char *key, *value;
int key_I, value_I;
double ttl = 0;
double set_ct=0;
if (2= ZEND_NUM_ARGS())

{
WRONG_PARAM_COUNT;

if (zend_parse_parameters(ZEND_NUM_ARGS() TSRMLS_CC, “ss|d”, &key, &key I,
&value, &value_|, ttl) == FAILURE)

{
RETURN_FALSE;

/[ Write data into every object

T4 F (MSN: Ixp8@sina.com) 20
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apr_int32_ti=0;

if (ttl < 0)
{

ttl = 0;
}

apr_status_t rv;

for (i = 0; i < MAX_GROUP; i++)

{
if (0 ==is_validate_group(i))
{
/I Write it!
rv = apr_memcache_add(mc_groups[i], key, value, value_I, (apr_uint32_t) ttl, 0);
if (APR_SUCCESS ==1rv)
{
set_ct++;
}
}
}

RETURN_DOUBLE(set_ct);

£ me_get 1, HARERENLIEFE DA, RJE AT IR

CODE:

/**

* Fetch a item from a random group

*/
PHP_FUNCTION(mc_get)
{
char *key, *value = NULL,;
int key_I;
apr_size_tvalue_l;
if (1'=ZEND_NUM_ARGS())
{
WRONG_PARAM_COUNT;
}
if (zend_parse_parameters(ZEND_NUM_ARGS() TSRMLS_CC, “s”, &key, &key |) ==
FAILURE)

{
RETURN_MULL();
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I Twill try ...

// Random read

apr_int32_t curr_group_id = random_group();
apr_int32_ti=0;

apr_int32_ttry=0;

apr_uint32_t flag;

apr_memcache_t *oper;

apr_status_t rv;

for (i = 0; i < MAX_GROUP; i++)

{
try =i + curr_group_id;
try = try % MAX_GROUP;
if (0 ==is_validate_group(try))
{
I/l Get a value
oper = mc_groups[try];
rv = apr_memcache_getp(mc_groups[try], p, (const char *) key, &value, &value_lI,
0);
if (APR_SUCCESS ==1rv)
{
RETURN_STRING(value, 1);
}
}
}
RETURN_FALSE;
}
CODE:
/**

* Random group id
* For mc_get()
*/
apr_int32_t random_group()
{
struct timeval tv;
struct timezone tz;
int usec;
gettimeofday(&tv, &tz);
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usec = tv.tv_usec;
int curr = usec % count_group();

return (apr_int32_t) curr;

}
BSM_Memcache )45 F 77 2R HE 1 client 28481

CODE:

<?php

$g1 =mc_add_group();  // #INEE—NH

$g2 =mc_add_group();  // #INEE AN

mc_add_server($gl, ‘localhost:11211" ); /| #EH—MNHPERINE — GRS %%
mc_add_server($gl, ‘localhost:11212' ); /I A —NHPEINE GRS 5
mc_add_server($g2, 10.0.0.16:11211" );  // EHE ANHPEINE — GRS 5
mc_add_server($g2, 10.0.0.17:11211" );  / - AHPEINE ~EIR%S 5
mc_set( ‘key’ , ‘Hello” ); /I HAIE

$key =mc_get( ‘key’ ); /I pEHiEdE

mc_del( ‘key’ );  // MHBREE

mc_shutdown();  // }HIFTE

»>

APR_Memcache [{JAHCBR AT DLZEIX B4k 5, BSM_Memcache 7] LAZE A 4.
OAPR 85444

APR [1J4FK: Apache Portable Runtime. ‘&/& Apache {42 G @ H4ERF 1 — BT &
f) C 15 5 i« "B A Apache httpd1.x i HCHI SR I AA7 T hitpd 2 #h, Apache httpd2.x 5t /2 &
STAE APR Lo APR R4 TR Z (01 AP 2 ORI, IS, e EiE. M
2%, B, hash £EZESZHIThAE. JT & Apache2 Module Bl % APR %k, 4%R APR
AT DT 23S A, ATUVHRS A SRR HFRT, A—E & Apache httpd FIFH ST K%

ref: http://www.54np.com/

122 A ELEH

Memcached -4 ?

. Memcached {1 T libevent (4n5in] LARTE, 7E linux {5 epoll) SRIHATA 2L
HFT R, AT AEBHZE R4 110, X Pk G S B 5| T H (IR 0k, X 2 R 7 v
XA UATE ZFERPIRES), R A QTR ERMG AR,  FUILB NS A
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Fi JF H B AL A7 73 B I 18] 5225 2 AT BLERAIEDS O(2)..

Danga Interactive 942+ Danga Interactive [i# £ & | Memcached. H i, LiveJournal.com
ROKERN — 7 A RAEZ AT AR TR VA . XL, ZH—H web k%4
FUBHE P R 55 A 2 R O B2 5 B . Memcached 158 4 FE 1 AEAR) B 35 M B 126 152 Y
77, [FIRS, BIL4Ek 7P AR U RS PR BT X, B Memcache
2 AR of H8HE ) U T S
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Slab Allocation ALl : B2 P A7 DA 5 & 1

BT ) memcached BRINIE 0L TSR] T 44 Slab Allocator fINLHI NS &N,  FEZHL
il B LAHT, A7 B 2 P2 e X BT 0 S5 i B HE AT malloc A1 free SKiEATI .  (HJE, X
P N FENAARE T, INEERERENAE BRI, SIRMELT, SSBRER
4; Lt memcached 3 FE A< & & 18 . Slab Allocator Ht /& A iR k1% vl F HE A= /) o

N RAEF Slab Allocator [fJJREE . N H+& memcached X4+ 1) slab allocator 1] H #5:

the primary goal of the slabs subsystem in memcached was to eliminate memory fragmentation
issues totally by using fixed-size memory chunks coming from a few predetermined size classes.

Wt 2, Slab Allocator fJHEA B AZ MTSEHE KRN, R 73 BE 1 A7 73 1SR €
FERIBL,  LASE i o N AE I8 T i) L

Slab Allocation )R EEAH S 8T 5. W2 FCR P AF 0 B RS RS Cchunk), R RS
HAE R E A H (chunk IS (K 1),

Slab Class: 1 Slab Class: 2
Chunks: | Chunks:
88 bytes | | 88 bytes 112 bytes| |112 bytes
88 bytes | ... lots more! 112 bytes| ... lots more!
Slab Class: 3 Slab Class: n
Chunks: ' Chunks:
144 bytes| |144 bytes nbytes | | nbytes
144 bytes| . lots more! n bytes | . more!

1.2.3 ¥£ Slab P EAFEFH R

T memcached Q&5 & P i K% FIEHRILE R slab 28472 chunk .

memcached RIFR B IR KA, ERRESHEXR I slab (K 2) . memcached {17
% slab W2 chunk %1€, RIEZFIFRERE chunk, REEBEIRZGETHA.

3
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Slab Classes

88 bytes
SRR AMA0E i1z bytes
100 bytes item ]/'
~ 144 bytes
184 bytes |

1.2.4 Slab Allocator 8k 5

Slab Allocator fi# ¥ 7 I PIAFRE 1R, (EHT ML .45 memcached #1871 1]

&
o

A A, BT E K ERAALE, FIEEA B RN, B, R
100 B BEAF B 128 F 151 chunk v, Rl 28 FHtiR?: 7 (K 3)

e—— 128 bytes chunk ——— |
% /
100 bytes record 4%
28FTIHIRE

K 3 chunk 4= a] 4%

b AT E PSS PRTS 1) 137 SR SR e =L ek T A S SR dib) VT
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The most efficient way to reduce the waste is to use a list of size classes that
closely matches (if that's at all possible) common sizes of objects that the clients

of this particular installation of memcached are likely to store.

AL, PR TS RITE B ) S A3 A PR 2 RN, B0 A G A7 DR/ I PR S0 ) 156
T, REEARE SR RN FIER, BT s 3%.

(ERARERIE, DRI A REBATAEATIAO0, HAEMIR LS RIRRA 7o (B2, JATRTLLMY slab

class FIR/MIZERl.  $2 N kUL growth factor 1T,

1.2.5 memcached 7R M F& 75 T B 3R FH &R
1.2.6 IEALSEIEN memcached Fif %k

A, memcached NEB B BKINAS. B G, B mHICIERE WiZid3%
(invisible, #EB) ,  HAFEAS R RIAT EEZAEH .

1.2.7Lazy Expiration

memcached A2 ISAIC TR TR, TRTE get I A B ic kiR L, M Arid R &, X
FhE AR N lazy ($51%) expiration. [Kit, memcached A&7 MM EAES CPU A,

1.2.8LRU: MZFHH R brEE i R 2

memcached £t 568 1 RN AT 23 18], (ERIAEdn bl 2 % A 38 g i s i 43 1a) A 2 H A5
eI B 444 Least Recently Used (LRU) HLHIIRAECZS ], Wi 8 S, X e Mlkk“ Bl e /b
LR AL . Rk, 4 memcached PR IRIARN R CE7EM slab class SRECEH 23
[, BRI R, GRS RE IR, NEAENLHMERE,
A it i b

Aid, ALEREHLT LRU WLE S 22 1E BRI . memcached jE 3 -M"240] DLIAE IR LRU, 40
THIR:

$ memcached -M -m 1024

JR BN AR AL, /NG I - m7 B I T RAR E SR WA K/ AN e BAASUE AR FTBRAME
64MB.

3
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http://tech.idv2.com/2008/07/11/memcached-002/�
http://tech.idv2.com/2008/07/11/memcached-002/�

g -M"s28UashE, WM memcached iR RI4HR . 1HIEISKE, memcached YR
fitie%, MR, FrLERERH LRU.

1.3memcached WS E RS

memcached [¥] roadmap LB BRI B AR, — A2 3R SERIFISEIL, 5 — AN 24 5] 3
I InE I 6e .

1.3.1 % F 3k B

i HE RO HE R e AT B SORH T AL B, (/5 R AR E AT memcached RUTERERE I
—ZF, BRI SCARMIRI . B RS ER B, R RS E B T TR
memcached (¥~ DL _- A AR 2R 1 4E R o

http://danga.com/memcached/download.bml

1.3.2 IR =

PRI 24 TR, HRTH BT MEdE (Unstructured Data) «  SEFRRIRE R (5]
H MRS -

Byte/ 0 | 1 | 2 | 3 |
/ | | | |

01234567/01234567/01234567/01234567|

0/ HEADER /
/ /
/ /
/ /
24/ COMMAND-SPECIFIC EXTRAS (as needed) /
+/ (note length in th extras length header field) /

b=
b
&
=
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W EATR, Ak R FEE RS, ST 16 FAHL I (HEADER) 4 i3k (Request
Header) FimuRisk (Response Header) Wiff. Skifirpfus 7R/AEAARPER Magic #75. #r
AR, BKE, HRESEE, KT

T34 (MSN: Ixp8@sina.com) 2010-4-27




Response Header

Byte/ 0 | 1 | 2 | 3 |

01234567/01234567/01234567/01234567|

0| Magic | Opcode | Key Length

4| Extras length | Data type | Status

8| Total body length

12| Opaque

16| CAS |

WA T RS RIVEA N E, TTLL checkout 1t memcached i) — #EHI PR RACIDRT, S H
) docs R protocol_binary.txt 3CkS.

1.3.3HEADER # 5| A\iE H KI5

EF| HEADER #5205 T IMEARZ, B FIRAK T ! IAER) memcached i, KRN
250 7, AHZEERIPRCP AN 2 i RoR. ik, B EERCK AT 65536 7T
(2<sup>16</sup>) K[k, RE 250 F 1L LIS T, ISR A 2 Ja T
DS R T
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THERIPPON T R 1.3 RITFA S -

1.45M3B5 | EE X %5

TEFE LRI memcached 77 ESUER T P19 JEH (pluggable)

http://alpha.mixi.co.jp/blog/?p=129

MySQL ) Brian Aker & Fix ANt 2 J5 , A% & 2 T memcached FIHEEE5K . memcached
HITT & B0 R, i3 7 roadmap 4. BIZEH A memcached 7T % & Trond Norbye
AE AN FEITE R 28N K 8, (HEEMFNES, &

WETFR R B SEBATINRD .

JE 2T R LUK AT R AR B SR T A A0

1.4.1 SNBSS RN B

5 EHWZ memcached RIVRA ST, HILH R ERAMRAEEIE . KIBIE IS, WIEEHE:
— oA HAE R AT . RIETT K memcached 21, 7E mixi FIBER St 82 % it 55 &

memcached.

HNER B EE L] fe 3 3 memcached KP4 THAE

ARG EETT LA memcached [# R E0L _Ea] .

H AR . Rk, BiBBoE

S8R ) T B B i 457 S0 memcached FIAEA# S ZBE SR INE ALl =i, Sl Mo 2

RBRGRMHY T .

1.4.2 81 B8 APl ¥t R Th ) o< g8t

B H h AR EALE APL . BB 2, S5 5T R EEIRRL

TR, LG

IR e . Uk, RATRRAIIEE R R 13 4. AR AERTRE, X ERA T, 5

B — 1 S BE R 24 SE KR A -

FIEEE RAS)
FIEERIR AL
ElE-SNCil
SIEMGTHE R

R, TRA LTS AT

A item (GigsR) S54RI TE

P item GEs) N AFE
LilIESTRES

RAF LR

Ell gt

BT SR RN AT R

A flush
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http://alpha.mixi.co.jp/blog/?p=129�
http://danga.com/memcached/download.bml�

STVEAEIAR A MHRK1E, AL checkout engine T H 4CHD, [543 41 f¢) engine.h.

1.4.3 EFFURENER

memcached SCRFAMEIAARIRIME S, IEERIEEAFACERAR R IS (DRSS 48D 5 AR AR
MR EL . XA IR AR tightly coupled CEFRE) o AU A AA A AR MAZ 0 iR 55 23
ThARSLHR, A RERIEH I RRANES S . PRk, BETIRATBIHR APL, memcached BEEE R AT T

(KIHE T

Mg L R

Corea Server
+

Slabbed Memory Store

1aAlag 3109
aulBu3 ge|s

interchangeable

" o

HMZE, BA15 1.2.5 B R SCCRR AT TR L, UESE T E A2 s s RERZ A .
122 PR AN SRR AR 51 48 n#kit, ik memcached #HT3F17#4 (concurrency control) 5% 2
BONEGW, AR TIIEME, HATEGIER MR, RILRITRA Tk 2 &2 e
EE MR TR

PLE G, 23818 memcached FR 3G ISR )02 .

3t 2010-4-27
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1.5 /B4

1.5.1 Memcached H14% 5

Memcached FIZeA7 A& — R A, ATPAEARRFENL B Z AP EBIR, Rtk 7
FLZ A R e LN R R PR, AN B B P B0 B (A 5 A e, A 8 A0 B
FEMRE.

1.5.2 53 A B

memcached A~ B AHIEAF 77 A 20

memcached RE & “ A AR Ss 2%, (RS as i A A hEgE. %1 memcached
AEHMBEULEEE. W4, BT AANE? XU T P i i seil. A%
MK 48 memcached 15076 o

memcached ][ memcached ][ memcached

EFRIEFRE

NIRRT
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o
MysOL: |

How Does Memcached Work?
Hash Function

« Ahash is a procedure for turning data into a small integer
that serves as an index into an array

* Speeds up table lookup or data comparison tasks

Memcached

* Two-stage hash, like a giant hash table looking up key =
value pairs

« Client hashes the key against a list of servers

= When the server is identified, the client sends its request

= Server performs a hash key lookup for the actual data

FHE A node SE 7 hash Ey%:N: CRC, —#ME hash

1.6 memcached 9% R,

W 1 RN ERIRE,  memcached BARFRAN DA " EBAEIRS 2%, (HARSS 28 im 1%

i

“OARTIEE. MRS RS 25 2 . 3 UK RTRAE N AAAEETh RS, HseElk
HHH., ZF memcached A, NE5ESHEE P mfeFELZIE .  XMomiE

memcached & K4 .

1.6.1 memcached KA AEE?

XEZ AR T A XN, EHIERMOEAER . B a T A aH — T 5,
BN i I S A ]
TR % memcached % %54 nodel ~node3 =&, MNHAMEFEMRIEHSL N

“tokyo™“kanagawa“chiba™saitama”“gunma” ¥ .
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nodel node2 ][ node3 ]

EFImiEE

ARSS 87 IF=

nodel
_ node2

—
node3

—

| mmEs |

B A g

56 1A memcached s in“tokyo”. ¥i“tokyo ™ 485 P AL F o, %) s I ) Sk
AR R e B RAEBE ) memcached RS 58. RSBk EE, WA EHag

“tokyo” K HAH
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[ nodel ][ node2 node3

X
[ set tokyo
_ EFIRIERE

RS EEPIZ=

nodel

node2
—

node3
—

t

'tokyo’,data) ]

| mEEr |

B2 s Aaafaisr: Iines
[[#E, “kanagawa”chiba™saitama™ gunma”#i /e ok £ AR 55 2% F AR A7 .

N RIRIURAF Bl - FRIDUN B ZOR BRI B “tokyo (R 45 R B . R B il 5
Bl RAF AR R A S0, IR B e B g5 ds . AT, AtREE T 5 ORAF I HR F]

MR S5 &%, RJERIE get fn. W EHIRAAT RO R AR, mtae RS IRAFHI(E -
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[ nodel ][

X

[ get tokyo ]

t

[ get('tokyo’)

| mmE

-,

K3 A s SRIUN

IXEE, KA E B PRAE B R I AR 45-4% b 3iSEEl 7 memcached 10 4i=. memcached

MR&S #8225, B, BME— G memcached IR R A MR ik, AR
AR GAF, ROMRIRBEARELIZAT .

BERRAAE 1 U PR BIE Perl % 7 i B EU%E Cache::Memcached SZELA) 43 A X 772

1.7Cache::Memcached B4 HR 5%

Perl () memcached % /7 ifii & 5 ZE Cache::Memcached & memcached f#/£3# Brad

Fitzpatrick fIfEdh, 7T LA JFCRE ) R 0% T

Cache::Memcached - search.cpan.org
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R ESEI T ATl BE, 2 memcached AR 44 T 1.

1.7V RERBOH 8L

Cache::Memcached #4734 X 5L I SRR, B0 BRI k5548 & 0 R BOHAT 7080 K
BRI A A (E, FRRDUIRS 28 620 MRIEHRFORIERR SR

T~ Cache::Memcached 4L L R Perl AR AT UL A
use strict;

use warnings;

use String::CRC32;

my @nodes = ('nodel’, node2’,’ node3’);

my @keys = ( tokyo , ’kanagawa', ’chiba’, ’saitama’, ’gunma’);

foreach my $key (@keys) {
my $crc = cre32($key) ; # CRC ff
my $mod = $crc % ( $#nodes + 1 );
my $server = $nodes[ $mod 1; # MRIE RBOEFENSS

printf “%s => %s\n”, $key, $server;

Cache::Memcached ek A ER{EH T CRC.
String::CRC32 - search.cpan.org

EHAERE TR ERK CRCAH, ARG IZELR LIRSS &5 R 8 H BRI R AE i ds 45 b
HIARAS PAT JE A\ DA R 45 2R
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tokyo => node2

kanagawa => node3

chiba => node2
saitama => nodel
gunma => nodel

WHEiZ4EH, “tokyo”/r#F) node2, “kanagawa’/rii%| node3 2., Zii—f), HikF
MIAR 55 28 ToiE AR, Cache::Memcached 2R E IInBN# Y f5, HRAHEE A
1B I+ 28R . XA BIEFR N rehash. A7 rehash B 7] PLEE A % Cache::Memcached

Xt R i 48 2 “rehash => 0",

1.7 2R EREHH o B8R A

ARBOTERTER R R, BRI BE RS, AR, R SIS R
Faht, SAAEARRMALER. SRS HE, RESEEER, ZFEIERI

SORAI AR RS 4S, M2 A7 1 dr i . Hl Perl 5 BUCRSRIIEHAC T

use strict;
use warnings;

use String::CRC32;

my @nodes = @ARGV;
my @keys = Ca’ ..’z );

my %nodes;

foreach my $key ( @keys ) {
my $hash = crc32 (§key) ;
my $mod = $hash % ( $#nodes + 1 );
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my $server = $nodes[ $mod ];

push @{ $nodes{ $server } }, $key;

foreach my $node ( sort keys %nodes ) {

printf “%s: %s\n”, $node, join ”,”, @{ $nodes{$node} };

X B Perl AR 144 Q" 22" R A7 2] memcached FFU7 RIS OL. K HAREN
mod.pl FH4T.

B, RS RA =60

$ mod. pl nodel node2 nod3

nodel: a,c,d,e, h, j,n,uwx

node2: g,i,k,1,p, 1,8,y

node3: b, f,m,0,q,t,v,z

22l

il k-, nodel fiffa. ¢, d. e...... , node2 fRf7 g. i k..., B MR A B ORAT

T 8 ANF] 10 M

PRk IN—4 memcached 5555

$ mod. pl nodel node2 node3 node4
nodel: d,f,mo,t,v
node2: b,i,k,p,r,y
node3: e, g, 1,n,u,w

node4: a,c,h, j,q,s, X,z
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AT noded. W, RAEd. i k. p.rvy a7 RIXEE, WIS BOBEIN
R4y RAEB RN, 26 NP EANANET MESRI RS %,  HAremss 7
MR SS 2% . PR K E] 23%. £ Web N FH{EH memcached i, 7E7RIN

memcached Hi5% & HBF 0 2 7 RO 2 RIBE T, TR Eh 2 8udE ER S 45 £, A
RE 2 K AR TR IR B IR RS TG O o

mixi 1] Web T2 H A XAN R, SEICERMN memcached k%4, HET
R T B i A 051k, BAER] DL I S 25 5 i memcached IR%538 7. X Fh A =007

#:# N Consistent Hashing.

1.8Consistent Hashing

KT Consistent Hashing 1A, mixi tk XA HFF K& blog 1 27 # N 4it, X
B R B — R,

mixi Engineers' Blog - A ~v— & BCHRIEF v v v 254 7

ConsistentHashing - 2> v 27> b /Ny ¥ 23k

1.8.1Consistent Hashing )& 8.3 85

Consistent Hashing I Fff7n: B 46K H memcached IR%548 (FA) KIRRAE, 304

HEEF 0~232 (continuum) . SRJ5 FRIRE R 792K H A4 B0 B G 7518
FERRET R o SRS M B B B A7 BT AR IR &1 A 4K, R R 2R B B 5 — AR
FKag b R 232 R RA RIS 28, S RAF RS — & memcached k%45 L.
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[ node3 ] [ nodel ]
~ , 7
it=hash

—
—+
i
=
]

5

=

it=hash !

-
| it=hash

| itEhash | I~ _ it®hash |

| noded ] [ node2 J

K 4 Consistent Hashing: J&A 5

M EBRPIRZS s In— & memcached k5548 B ULl T IRAFRAIIR 588 2 K

A E KA TR E R frh ., {H Consistent Hashing ', R 7 continuum 1%
IR 2% 25% 0 s L7 Y 28— 6 RSs A% b st 2 B,
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[ node3 ]
AN

| it8hash
S
_ it&hash ]

_itShash |

| noded4 ] i?ﬁ?ll].nodeﬁﬁﬂ node2
[ nodes ENEE

K 5 Consistent Hashing: #shnjiiRss 2%

Ak, Consistent Hashing s KRR EE NS 78R E ¥ 0 4. M H, A/ Consistent

Hashing HISEELEIER AT 1 AT sl K REAR . ] —BLHT hash RIS, IS5 as Ik
SR A AR A S BRI, EAERY SRR, VR R OIRSS A fE
continuum EZ7AE 100~200 A rile IXAFEmBESMHI AT AL 5], SRR EE sl /N R 55 23
B RIS (AT BT 0 AT

BN A A4 Consistent Hashing 5% (%) memcached %% 7 S 28 5% 33847 013K

s, HRSEEE (n) MRS 8650 (m) THEBINIR S 28 )5 b R it
HARXWTR:

(1 = n/(n+m)) * 100
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1.8.2 X ¥ Consistent Hashing [ & ¥

AER T ZIRA-4RI) Cache::Memcached B4 SZHF Consistent Hashing, {HAJL
AN i BRSO T XM A B . 55— S EF Consistent Hashing FlEE R

E i memcached % Fim i BE S 4400 libketama 1 PHP ZE, i last.fm JF % .

libketama - a consistent hashing algo for memcache clients -R} 7 o7/ -

Users at Last.fm

ZF Perl &P, EFHRIE 1 A4t R) Cache::Memcached::Fast #il

Cache::Memcached::libmemcached 37 £f Consistent Hashing.

Cache::Memcached::Fast - search.cpan.org

Cache::Memcached::libmemcached - search.cpan.org

P 048 Cache::Memcached JUFAHIE, @S IEE{EH Cache::Memcached, #i
2RI LT [ H B it >k . Cache::Memcached::Fast #5281 libketama, f#iH
Consistent Hashing @il i Xt i) 1] LL#E & ketama_points 1T,

my $memcached = Cache: :Memcached: : Fast—>new ({

servers => [7192.168.0.1:112117, “192.168. 0. 2:11211"],

ketama points => 150

4k, Cache::Memcached::libmemcached 2 —/#H T Brain Aker JF % ¢ C sR¥%E
libmemcached [ Perl #3t. libmemcached 2= & 323 LR A B, HHE

Consistent Hashing, 3 Perl 4§52 th % #F Consistent Hashing.
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Tangent Software: libmemcached

1.9 Memcached #pEALER

1.9.1 MR AR,

— 4 Memcached 4528 :A 41
— & Memcached fi 55 25 &b P E IF
— & Memcached A 55 %% 0 X 28 AN T] FH Bl 2 4 e 18] TR W

L

1.9.2 Rehash A-FE A&

1.10 Memcached R

1.10.1 MFH ¥

memcached /& —E AL RS, 24412 Danga Interactive & 1 LiveJournal it & &),
HHB# T2 5 (il MediaWiki) Frffi . X2 — BTS84, L BSD license %
BOREH

memcached = IAIE P S 22 2 ], X AR M 1K memcached il 55 #5 CEL £ BT K3 5
memcached ] API 5 ] =+ A7 su B TU RS (CRC-32) THESE G, B Rl 9 8E
ANFERILES b o 3Rk 1 LU, 3 NI Bk BL LRU HL| B e . BT memcached
R G EPREL R GG, BT LS memcached (8 FH AR I0AE B R Y R GiT (1802
Ja i EE D 7B FE RS BE B memcached Y B BT

1.10.2 ML FH E45)

Digg

Facebook C[RR A4 T 1F 2 #2 3005)

Meetup.com (2t memcached X Java fIi%4L 8 %)
Slashdot

Wikipedia
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LiveJournal Backend: Today
Roughly.

Global Database

perlbal (httpd/proxy)

proxy2

‘ master_a “master_b‘

proxy3

User DB Cluster 1
ucla H uc1b

User DB Cluster 2

Mogile Storage Nodes ucZa [==| uc2b
m- User DB Cluster 3
Jv uc3a H uc3b
i AN
Mogile Trackers User DB Cluster 4
tracker1 || tracker2 N ota O Lotb

\ User DB Cluster 5§
ucba H uc5b

http://www.danga.com/words/
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1.10.3mixi ZHHFR

mixi 7EFR LR S5 BT I Bosh A T memcached.  BEZE M5 ) & R =UR 3 b, B gl R 8 R v
i slave B AL FE, KHIL5IANT memcached. B4l FRATHMIEInaT ™ 1 5 T T
B0UE, WERH T memcached [ EERIAR E HEARREIR E 2. BIFE, memcached A mixi k%%
rp el E B ARG

App p App ] App ]

( node )( node ] node ]
node H node || node
[ node )( node ][ node |

( node )( node ]( node )

Bac

user partitioning
memcached databased

Ref:
http://tech.idv2.com/2008/07/31/memcached-005/

1.10.4 Fotolog

Fotolog FIZRAF 4R

L1 E HEGATARA I E AR E I BAR ZAE A EA, WEAFEEARE T, TEMRMmIA
TRI% H17) memcached, FREMIAH 2 BARRAE S ? FoATAZL I EAEHT, memcached
HVFRUA I BAIR, R0 T, B e, VR ZE B P B A iy 23R T,
1X& memcached RN . FEMNHAE: 1.8 2008006 B2 R E, IRIEEE M T
g3 B bR, AN RO A G R AR — AR KRS, IROK AT DA L4
PEEH Sk 2 J5 17 2] memcached H
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2.mysql query cache FJ—"MFERTTSER, XEEHE EHAR 1M 17, REA CBRSCE
Bl R R PR ) I, ST E)D

3K RBHIIREFEK, WM E FHE R ESIFR

A2 A T I BARUERAR R AR, sl e ST IR AR A8, Lt se s SR T4
5.4 cache T4 BB SRAN AT 4, B4 A7

6. 57525 2= il F Bl E (S5 181 google sugest)

flhn: SN2 e —AE A, XA G T EARES XK E AR, ARATE
AT

TEALE ) 8

memcached JHFERT £ R MRS 2R NAFE, X CPU YHAEIR /N, FTLL Fotolog 48 memcached ¥
FEABATHO R P IR S5 2% F (RAIRATH X R, fBATiE3) T CPU 3 90% M E (E4
SR ? BB RS TR NAE R GRS KRR 555 R,

RS EAFAER RS Y RTPIRASTEAE memcached R BERFLE: 1. “B8t” BUERE, T4y
KEJHEEAE

2.sessions 2x1, Flickr 4% session fA7EEHE FEH, N NIEGLIE 2 AF memcached Lh# “{HE”
e 15 memecached AR 25 4% down #5 7, ASA4 BT & SR,

30 PR AS B (FRA T X FER)

Tff 5 PR RAF N T ekl e s R i N 25, #2R A7 2] memcached, A —AN& 17119 IR
25 SRR AR 1 B #R7E memcached H,  HoAh S IR 2% B 42 AN memcached A 3R B 10 A
TR, BB E 24 AR R] memcached 3 (RFREIE . FEMNFHAE: 1.3%H
ffFE, Fra I EzELE N memcached H3k43, Hods 2 BA 112

2.7 KA “OHXT)IEE, i TBOR RIS G, A shR /e

3.4H AN A

4. H P HRAERE R

5. H 7 L ELE B

6. P IS E

7 TR R EAASCEAER, R P I E A

8B, NEHIEE, HiE memcached (M ABAFXANAKE, ExRfERERFERA
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1K), FAZEAL BDB X FERURAAED
ik i 5 3K

LENLTINGAFMI AR — D KI5 &, ZAEAFMORE Tl e, — A
BB 1AM ZRAE L], A S-S 1, AEEE . (W THEEE ZE TAMEN_

2T I EAF IO Y S ™, LTSGR P SRR, Y 1 I S 1 4 2 5
AL

3B )G, AFEILMb e R s, Rt ERE LMul Qe msl 1, P A #n]
H

4 USR] A B i B 2 AN RAF SRR &, mlkfe, minld

7l

3
TELE [ 17
LR AL 2 I A RAT AR 4 2 (K

28 ¥E IATIC S H, 117 memcached DT RORAF BRI, IR IVIE AR ZHEAT 51 1) Bt e e ok
AT XS G

3. Yk ZANGEAF- 5245 A BRI Fotolog ] Java/Hibernate, flifi1E C.5 7 AN/ i K461

4.8 PR A GAT S 2 BE I LR PP (VR 2 08, (RIXES T EAEN T 2 N RAEAS BRI LF Ab ok
YEA T4

F AN GAFHAE BE A R BE A, SR E G TR g, SR E L D IE T, B
B pE A T REMESE & (b —RHTCE, BRI UARZ), IR E R —Fh A
JE(JESCHE It s non-deterministic caching with a twist. 8,5 75 X FERH A BRI1) o 32 BN FHALE -
LTUEAZAF: ik memcached /< AT G2/ A mysql 405 &S EIL i .

2. “TRINT GRAE: AURTR EEESEE RO B IR

1.11 Memcached it

1.12 Memcached §ts5

T4 F (MSN: Ixp8@sina.com) % 50

b=
b
&
=

2010-4-27



1.13 Memcached t4§E

2 Sina Memcached BDB

2.1 RGHRM
2.1.1 SEINEE

Client Client
setfadd getiner set/add get/incr
replca fdecr fmeplcae fdacr
Communication Communication
Layer Layer
—t -
. MPCOL
assu-c_ o [tems *Tnﬂgﬂ Wﬂrf
— 1w (slabs) : :
Disk
_+ e —
—— Berkeley DB
Memcached Picture Memcachedb Picture
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MemcacheDB

BDB backed memcache

We use it for statistics

« Can't use Cassandra because it doesn't
er ly c

)

nt increment and

retty much impossibl

3 Tokyo Tyrant

3.1 ARG ARSI

3.2 ErAfER

Tokyo Tyrant i | Tokyo Cabinet, 4% I — 3K Rem IR BI040 RFFALAE RS, XF
fEAT 45 Memcached % F i skitt, 7 LA% Tokyo Tyrant & Hi&—> Memcached, 1H/Z, &
HIEHE 2 AT ARE AL . 1X— R3, ERFTIR A Memcachedb 45T —#% .
http://www.oschina.net/p/tokyo+tyrant Tokyo Tyrant 7= Tokyo Cabinet iz M4 42 1 . &4l
A Memcached FEA W, W] LU HTTP WS AT 2 22 4t
http://www.oschina.net/docs/article/11606 F| ] Tokyo Tyrant 47 3% Memcached HhiX . SZ#F
MR . &I R oA X key-value FEALFAE RSt -

TC A TT BT K& & H A N Mikio Hirabayashi, == Z 4 F £ H A 5k 9 SNS W5 mixi.jp
b, TC KBRS, BECER— AR BT, 12 Kye-Value ¥ e ek i
KIFRL, ER) Z N HERZREZ WG, E. TC B2 — AN mtERerfEg 512, m TT #2
BT 2RI RS, MERetAEE H e, BT RIA R 4-5 TS Ak

TC F& 7 3 #F Key-Valwe itz o, i SZRFRATE Hashtable 24 258, ARG —A 161
AR ER, I HIEFFEET column (&2 W, A WAHTIIRE, BA FAHYST
XFFRRM AR AR IIRE 7, i LART DA B ) B AOC R B FE AR 2 45 4E, X2 TC 323
REMDFE B IR K 2 —, H—/ Ruby [ H miyazakiresistance ¥ TT ) hashtable [j#
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YR 325 B A ActiveRecord —RERERE, AR RIARH 3.,

TC/TT £ mixi [SZBRMN 2, 724 T 2000 1546 LA EREE, R 08 7 B AN IR ER,
R MAEERIIIH. TC fERIE T HRm RS R MR, HAWRENEIERFA
ML, [RIIE S RN 5% R 0 122 R 45 4 ) hashtable DA &1 52644, 40 D AHE - #54
= MEFEN NoSQL #dls .

Tokyo Tyrant & Hi[A—1E# T &) Tokyo Cabinet %#EZE M %8411, & ## Memcached 3
UM, WA PLUE HTTP PG AT 3525 3. Tokyo Tyrant Jii_b Tokyo Cabinet, 5% T
— I CRF IR o A N A7 R G, AHTEAT A Memcached & 7 ik ik, FTLLKE Tokyo
Tyrant & /2 —1> Memcached, {HZ&, B HIEHEL AT AREAAMR . X — 5 BBTR
Memcachedb 4 i —#¥ .

FHEL Memcachedb 15, Tokyo Tyrant BA DL R4 #4:

3.2.1 MR

Tokyo Tyrant SCRFXUHL B i, FHZES RIS, M Memcachedb H i SC 1L
MySQL =4 Fe [R5 1 77 LI 5 40 85, SCRF “ EMRSH s . SRS a8 R i s,

XHAFH $memcache->addServer A s& $memcache->connect %£3%E$; Tokyo Tyrant A4
2, RN Memcache % /7 Ui il addServer AR 45#3iiny, ZHEHE “crc32(key) %
current_server_num” P57 HiEK key Fa A BIANFE B RS 4, PHP. C Al python (1%
SR AL B2 . Memcache %5 P addserver FLAT #EFEF2HLE], 24 addserver T 2
£ Memcached fR%5%%, A 1 G517, A4 current_server_num 2 i RS 2 A% 1.

<fphp

fmemcache = new Memcache;
Fmemecache—raddSerwer [ 192, 163.1. 917, 11211);
Ememcache—raddSerwer (192, 163. 1. 92", 11211);

Tolgyo Tyrant Tolgyo Tyrant
192 188.1.91:11211 192 188.1.92:11211

3.2.2 HESTHAERR /N

Tokyo Tyrant FI-T F 8 [F 2 ) H & SO N, KL & 308 BE e 1.3 /%, T
Memcachedb #[F2 H ESCHER K, WRAEIHEH, 1BE 5K 5.
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323 BREHER TRIAHE

{H/&, Tokyo Tyrant tHAER: 7 32 FEIERA T, 1EH Tokyo Tyrant J&uif7-fik
Tokyo Cabinet i 22 BN SCAEANREREIL 2G, 17 64 L ERME RGENIARZ X — R4, Fred, o
FAEH Tokyo Tyrant, HEFEAE 64 fif CPU. #:1F R4 b 2351817,

TC/TT £ mixi (KIS2Br™ 24, fE4% 7 2000 526 UL E R, RINSCHE T EAAIER
EE, R—MAGFERMIH. TC ERIE 7RIS G MFER, BATEERE
PERE ML, RIS IE SC RO R 50 FE R 4544011 hashtable DL fai 500 2614, 43 DU A
FPEEE, R MR NoSQL s .

3.2.4 HEEER

TC R— A mtERerfEf o1 %, T TT 124t 7 2 &M & kR, thetides h,
TR AT LAALER 4-5 U SHE . BRI E AR, A KE A 100 J7&8dE R F
0.643 #b, 2HX 100 /54 %¥s A 7 0.773 #, J& Berkeley DB % DBM KIJLf%.

TC EEMBRAEHRA scale FIRES, AR PNLICIER C 2K, HAgEd = NE KTy
XY, M NIRE] TC Pk RE = FEE Bl BRI N R, dda s BACScbs, 1
RE AT LLACHT I R

4 Redis

Redis & —MREHHITH, WINIAAR T 1.0 fiA. Redis A5 L& — Key-Value 2R [ A 17
B EE, 1R1% memcached, BEANEWRES SINEAEN A2 R RMTEAE, @ il R b E
O AT flush BURERE EREATORAE. RN AENAEERAE, Redis TEREIES it HE1D
A DLAL I 10 RS BRAE, R ARAE K PERE S TR 1) Key-Value DB.

Redis [ H 42 AR 1 B8, Redis 5 Kk /72 SCRFORAT List B8 AN Set £ & IEHR S,
He), T EESCREXS List JEAT #-FRERAE, 140 M List Pidf push F1 pop #idE, HY List [X[H],
A5, Xt Set P& TR G I IFEEZE#RAE, LA value 15 R R IZ 1GB, AM%
memcached HE{RAE IMB %4, it Redis o] LARSRSCHVE 24 BTG, LTt At
[ List SRfH FIFO X ks, scBl—MREHRI &M feil B AFIIRS:, AR Set T LA
rFEREI tag RASESE. 14 Redis thA] LK 77 AT Key-Value % B expire B [a], [l m]
DAHE M AE— AN ThReInsE R memcached Sk H .

Redis ) 3 22k f 2 HUR RS B2 BV BN A BR ST, AseHEE EEUR K &Itk s, If
HeEEARAENTY R, AEA scale (AT B8 71, TR bk SEEL 70 A7 20
5, Pt Redis & & 37 5 2 R BRAE BN B s PERE R EAE 5 . HAT{EA Redis
FIM%E4  github, Engine Yard.
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Redis #1 Memcached 2810, W] 24/F Memcached /i FH, {H2 b Memcached £ —4>
T AAFE TN RE o

5 Facebook Memcached MySQL

5.1 MySQL Sharding

M Shard 3| Sharding

"Shard" XA SESCHYRBAE T T NEEE FEASCBOR TS, P T
KB 2 NAEL A B (MMORPG) . "Sharding” 4 HFRZ "7 s

Sharding A& —TTHHEAR, M — A BN S, Wi, MySQLS5 2
JEAH THIER S X IhRE, AR AT, 1R% MySQL I 7EH P #ix MySQL HI¥ fi
PEG RIS, T2 B Ao XDt i 1 & — MR T i e th 5 B i — A OB AR (A
SRAN R ME—4BbR) . BUR Y MR — A EIIER, MySQL [ &4 S 2.
FE . — K0l e b A B R B SAE L IRT T 55 EE AT o XA R AR B, el Jp 3 (g 2

2= JE: Sharding.

Sharding A& — NN E Sl e A IR DI RE, TR AE R AREORAR YT 2 BRI R
WeFE, ZIKTYFE(Scale Out, JRERMEIAIY &, [AISNS ) I 58, HAEZH IR NR
BRCERLYT R e AR 55 4 1) 1/O REJTRR M, At Rt Py ek i

HRYEEY R

VORBIREY R, KRNI KRR,  H AR R BEE A B SR AR Ty
%, AELEHRRUCLRRFA, (HREHE LRI md R e, ASAT i) 2ok — 25
P AR, IXFHMR 2 Tk R gt BBkt — S8 AN L 24kt Oracle 1) RAC
R R HIEEAAEDLR], 3T 170 SRS, HAURE 5 A% L, IXFERIHLAR e
JEEY 4 e Scale Up(lal Ly @) KA, X TREMRRA . TFR N RZESR ., 4E Ak
FARS E B

Sharding FE A F A2 ISR YT R T R, AR A Wi i Mk 250 e AT
Sharding . HunkAREHEIEAR FEIH Scale Out, Z#iM Scale Up HH it Hi ok
Sharding KR F37 5

EREARMREGIERISE NREKIENAMIEH. Sharding t—F. BHLIER. 1M,
BSP #i /& thEUE S Sharding FIR 5 o LR35 ok I BE X 5 2 18] DG BCA
et M, BN PR R — MR R, 58 A v RIS ARG EAT A — AN T
BiExt %2 Share Nothing f; FEL 0 Blog ARSSHRGLRE Al s N 2%, FEANH P A A
Z(UGC), 584 1] LIEAN R P RGBS 2N R A R s T 6 FH P SR b2 1 B 11
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iX4~"Share Nothing"/& WECHE B4R RE S FHIORES, 280K, A7 L RAU I8 b
FEZ [a A2 "Share Nothing™ ), HLUISRIIAZ Sl pr seR& 45 2, Wik — kit Bk
BERREREEAXEL, WARBENEHER, K. RS L e SE# TS,
IREANTT IR G 1 P AN S S K 5 B 2 0 A BIA ) Sharding DB, T3 I 40 X 5K 3%
XA, MPBEBELM Sharding, LB,

Sharding JEA R EY BT ZNRHE, HHAEA SR, b $ %8 1R
AtedEw R, STEAR DB MFHS, RAEMRIEERME, SRR Bl KA
FER Sharding B, ARAEWEEER .

Sharding 5% E 45X (Partition) KX 7

HHIEE, Sharding WL 55 R T-7K°F 7 X (Horizontal Partitioning), M FR%
A K4 X RARAR Sharding, HIRAN NN Z [ SERR Bk A Xl . 1,
Sharding (17 EAER M5 IX AR TR, (HECHE 22 4 X AR b B5dl o RO AL B, b
WMFRFMR G X, BAFHIEE LR G AR ERAEAEE I, 72 A4 Y
EEAE, 1M Sharding /2 ReMErs B Fe, LB PBRBNLER 1. (WX EERA)

A[EEEDE SRR, AR EE .
Al S =5 A-EEEDBTRE

FWAEE, EE. ERRSF JEEl Hash, JlzE . ES9oRKEF
FagihaM £

Scale Out Scale Up

o FEER(DB F5)

R iBER(DAS) EES=E(SAN)
ENT Web 2.0 g SEUEHR

Sharding K&

¥4 Sharding M5 570 X R NERZ RN T, AHTE. ID EHE.
W= A R SOA R ELE R AL T IR %55 2 07 SNk £ 1 5 & 4R 7 X 7 R
[ [f4&, Sharding FESFIY S 454 K%, BN Sharding %406 H C ik 4 2
R, AT ARZ ATV TR B BT, "B AR IR BN

Sharding SEIEFI/3HT: Digg Pk

YERRELIERN ) Web 2.0 Mtz —) Digg.com, SR BEGE R, (H /b5 &
B tdea, ZERM R KL R 30GB T, BIERIZE K—8%, [HMNZAZ
IR K, B ESER A MySQL 5.x. Digg.com (¥ 10 & A7dE% kK, i B2
BLAR R N FH (98% 11 10 2 1E1EK) . USRI M M MR 5%, X REHA H 3 S,
o AT B 1) B R 5 AR A A2 S TR ) B K
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FRA V5545 5, Digg.com AR B Ta)5E i 32 22 1)k 55 20 % Sharding, #8453 10%
1 R A R B ke, [ B XX 0 4 B FH DASE G R, SR AR SE L P AR T
4t Q0% I HHE IR AR Us ], BT U U5 inl B EER 18— i, 06T P SR, sEmiR .
it Sharding, Digg A% T HIHRCER .

YA Sharding AR

WAL Sharding AHK AL HSEA D, BT HARERE . DAO =, AFIES WA
AZZH]. BRTEE, (- NEZERNA.

MySQL Proxy + HSCALE

—EBWBAE MR H MySQL Proxy
(http://forge.mysql.com/wiki/MySQL_Proxy) +&M Lua JIASZHIN, A TF% s
MR %% i 2 6], 39 Proxy HIf€a, $ROLE 0T, RIS . EWdE. MEEIR.
H AT/ 0.6 A B AR B, 53 B . HSCALE &4 % MySQL Proxy #iff, ]
Lua SZHLH, %F Sharding A2k 17V % . 248 H 2, MySQL Proxy 5 HSCALE #%
Hami ok —E IR, HIXATFH 55 AR 377 20 % Bl I T A5 IE 2 2N 1

Hibernate Shards

X /& Google £ AR\ Tk H (http://www.hibernate.org/414.html), % H
e fEX) Google 45 &G4l Sharding i 241K PR ERESRZ LI, Frbf
HORE R RRE: ARUER) Hibernate 24, < H Hibernate slAEH €, HORBAEUL;
AEXT L) Sharding & DL SCRF 24 Shard %5

Spock Proxy

XA LIR TR AP — AN FRTH . Spock(http://www.spock.com/) & —
AMANREKN Web 2.0 Wi @i H O — DB #HTH 2 Sharding tt i/~ 7
Spock Proxy(http://spockproxy.sourceforge.net/ ) JjiH, Spock Proxy #75 F
MySQL Proxy fJ—AN 3%, #AETIEER Sharding L. Spock s&% T Rails K1,
Bk Spock Proxy 23T Rails ##, %F RoR M AA M IXANTE .

HiveDB

FHEHAA T RoR KIS, HiveDB (http://www.hivedb.org/) N2 %F Java [F)5E
W, S35k, WMAARRE, ZXATHEBEEA LA 7.

PL/Proxy

i TE JLAN#B 2 516 MySQL 1) Sharding 77 %, PL/Proxy M2 %%} PostgreSQL 1],
wit AR, Teradata 1) Hash #Liil,  HlE Ao 2 7 im 2 2P gk KIE 3
PL/Proxy J&, HIXBEAMXAAEERET, S—9 K. PL/Proxy (&3 & friXx—
JER R SR DT, FTRL, BRI B SCEAE R g, R TN 2
PL/Proxy R4 85B1R] . K42 i) Skype FIEZ PL/Proxy fIfE YT % .

Pyshards

http://code.google.com/p/pyshards/wiki/Pyshards iX &/ %F Python ffi#
W%, %L AT HAREA A Re-balancing 78 BN, X {EEA LSS AR, H
T H S RE MySQL $d &
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SWE

Sharding & —Hi{ik TEE Kk EHR"E"HA, s Web 2.0 H1k &, Sahrding
T IR R R A AR B b A S ) L, FRIRCRARAD R A K 45 Sharding A
HHGE S, S SA Sk Z I H R Sharding HoR, 44 58 £ i@ Sharding
J5 SEANKCHE e BRI BRI

R  Sharding 1472
JRSCH AL http://www.dbanotes.net/database/database_sharding.html

FEF 51 200807 W1: [ FFE%HEZE Sharding (4 ) oA L, oA X8 e 2 4%
http://hi.baidu.com/zeorliu/blog/item/fe3f13d7773543dbal44df41.html
http://forge.mysgl.com/wiki/MySQL_Proxy

6 Facebook Cassandra

6.1 BT

Cassandra & — MR A R 2, 454 1 Dynamo (1) Key/ Value 5 Bigtable )i 1]
1 HIHF R

6.1.1 Cassandra FI4E ST -

1. RiEH] schema
AN T B R B B — RE TS Wit schema, 38 sk MR - B AR E J5 (6 Con the fly).
2. ¥ range £ if]
A LA Key @E47 70 20D
3. mnH, nY R
BRI SERE RS, TTERMEY R
FATAT LUK Cassandra FOZLHEAR R AR G ple— N DU 4 55 FL4E Y Hash.
Apache Cassandra #& —&H A0 AR FEE B R 5. B &) H Facebook H &, HT
TEAERE IR B . Facebook H AT 7814 FH L R 4 .

DA

FF column 45 F4AL,

e etk

Cassandra F 3 ZRF Ut EA S — MR, 12— HEEE 220 s L R e — A4
AL RS, X Cassandra [— N5 #eME, S H 2 HART &2 12, XJ Cassandra [
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BRAE, otk B A A B . XA Cassandra BFEEKE, FfETERE 2
PR TR S, AR B AN AT Bl T

Cassandra & —MEA R AR R EHEE, KT Google 1) BigTable. H 3 ZE IR
Dynomite (7Ai\H Key-Valle 17 fiE 240) EFE, HZRFEEHA W% MongoDB
T 20 R B AR OC R B e 2 [ B IE =, AR R R B E YR e+ 5, &
BRZBIEE . CRFMBIRE AR, 220 json 1 bjson #63X, Rl A] DA% L
B X MBIEZETY ) Cassandra f ] Facebook JF &, o487 TR H . B4
AL T AR B E . LA Amazon A5 1) 5¢ 420 A K Dynamo AR, 454
Google BigTable % F-%1j% (Column Family) FIHERA, P2P e LHIfE-iG. RZJ7H
#B ] LAFRZ v Dynamo 2.0

e

Cassandra [ & ZERF AU 2 E AR — MR &, T2 i — eSO 2277 s 3 R R ) —
o34 NSRS, % Cassandra [—N5#4E, SR M3 HALS & E2, X Cassandra
FISEERAE , 2Bl B b 30 B AN 05 T 25 3R X F— Cassandra BEEE KL, MRS 2
P i s ) s, SRR RTRMA Sl LA T . X EARZ B kikd% Cassandra
FFA8 10 W3k

AN A AR R LU, A LA TR R

PR g - {1/ Cassandra, 15 SCHAAE, VRANLIRATHERIC T A A7 Bl /R LIAE R
ST R IS B 7B 12— MR NIRRT, Rl R & L.

FAER AT & - Cassandra 4R L BT . N ERBFNINE 2 &, L
&1 5 — Gk AR LEBARMERE, SRR, BT AR

2Bt AR URET LT SRR IR Y A R okl S 2 N R OlE K, — N
Kol by 2 RARIL RN E R R

— LB fifi Cassandra #& = 5%+ J1 1 A D RE «

VORI o ARARAE AR A, AT DA B Y R A A

YIRBAR N o EIREBAT DB YIS 5 4. X oMNHP RS, X&IE
T AE

A EERAE A DAEAR AT AT I (R R R R B S AR T Sl . I HAS A AT
R

6.2 RGHEHM
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SimpleGeo ¥ Cassandra

No single point of failure

Efficient online cluster rebalancing allows for
incremental scalability

Ref:
http://wiki.apache.org/cassandra/ArchitectureOverview

6.31,. 49

PR REARE . KEREYLAE S BRAE N 75T IR oK . R T SE RN

6.42, LJEEHTE

BigTable 17if £ #4J+Dynomo 434 A5 7Y
ZREIA

= A H

Gy R

& —EE

/ML

6.53, H#EXT A

Column
FB, A8 name, value, timestamp 1 isMarkedForDelete

SuperColumn
WEHEZANTFERTEL FB AColumn) PIEE & B 2N BYA R
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ColumnFamily
FEES, BUTFEIEES—17, Columnname £ IColumn [¥] Map
addColumn (i A\ 1Column): & AAEAEEE I TR IH, {537 1IColumn
addColumns (i N\ ColumnFamily): & X%F4E> 1Column fi addColumn
resolve i 7%:
FERESHEIE KBsE—4 ColumnFamily fi addColumns, #& J& 1 58T DeletionTime

Row
key F1 ColumnFamily Fr5 {f

[ name->value ) map, JCEE schema,—47H i LG (L £ 4 column, HAG4T1HY
column A AN[H] ]

L4~ 1Column FJ BEA & X & —> map]

[&E—> Column #{A H SRR, T 105 & IR ) ]

Keyspace
—M RN AR, ANREEIR, TR Keyspace T DARC B H FI A SEHS
ColumnFamily (RPRZEH)D, L2175

6.64, Partitioning

—EERS T HH X RN, AN S EANX R, key $RAZIX R E 2. 25 AR H B8R
BN Z 5212 55 R A0 X 8] F)

B AR ) — B G T A AT A8 &) BN BE AR 5 s AR S5 55 /0 FC 6k 4, Dynamo A& ik R
ME BRI ZAIE, 1 Cassandra J& Lk 571 1 s 7] AZERS | Move SRIIHHT 7 %K

Partitioner 257

RandomPartitioner: X7 key fft MD5 F/£ % BigintegerToken

OrderPreservingPartitioner: EL#%H key £ i StringToken

CollatingOrderPreservingPartitioner: X key fi getCollationKey /54 % BytesToken, Ziflif
Je 7T R ELRLEL StringToken

£ Jik Token J&, AbstractReplicationStrategy ) getReadStorageEndPoints [ Token B30 B 15

B [X} TokenMetadata 4= % Collections £ binarySearch, #& index 5 i A\ 3%y Master
R 2 R TR B A S 128 B A A7
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6.75, EIZXH#

6.7.1 NWR

T T7 R — Bt
N——HI A4, N AR E 1) ReplicationFactor
W——EERARUES AN, WL

#\: naturalTargets, B[l N; hintedTargets, #itfEABEL, & 7MY S0 5,
ConsistencyLevel, — #1444 5

bootstrapTargets A hintedTargets 1 naturalTargets HZ1{H ,

WIS 2% 5~ ConsistencyLevel ANY, W 25T 1

W2 54 ConsistencyLevel ONE, W %5-F bootstrapTargets+1

W 2% 5]~ ConsistencyLevel. QUORUM, W %% (natural Targets/2)+bootstrapTargets+1,
I NEZ

B 2% 5 N ConsistencyLeve DCQUORUM % DCQUORUMSYNC, W % T
naturalTargets

WIR 245~ ConsistencyLevel ALL, W Z5-F bootstrapTargets+ natural Targets
R—— R DA BIASKAE N4, R AUEHL: weakRead & 1, strongRead #i :
naturalTargets= hintedTargets=ReplicationFactor, #5445 E4; ConsistencyLevel, —#iE
G, KA

W24 5]~ ConsistencyLevel ANY, RZ:F 1

W24 5]~ ConsistencyLevel. ONE, R Z:T 1

R 2K )N ConsistencyLeve. QUORUM, R Z:F-(naturalTargets/2)1, Hi k£ %

R 2% 5 ConsistencyLeve DCQUORUM &% % DCQUORUMSYNC, R % F
naturalTargets

W 254 ConsistencyLevel ALL, R %F naturalTargets

6.7.2 BRI

RackUnawareStrategy: A ENME R, M Token iz BAKIKEX N 4

RackAwareStrateqy: # JEHIAEKZ, fE primaryToken Z4b, adk—ANbTF A FEHE oo )
o REEAFRBLE

DatacenterShardStategy: Z{#iF(N-1)%2 &5 primaryToken ASF 7] — /N # ¥ oo

6.86., ALEFY &

AN FReRs S BT R AR A B IX R A 2R AR, 75 EEATLARAS I AN [F] 203X L6224
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6.8.1 BRHEEH

LG THAT I S IANFIREBR, Gossip BT s8] [F) 20 8% AR A (list Aok 45 HoAth s
s R list 175 RUE IFPIAS list)
"/Storage/Seeds/Seed e & H 1 & £ > seed {55, PLAEA Gossip i 15 HIEE

6.8.2 FETITH

D=V VNG
11 RSUTE bootstrapping i BEARE B A EKIX ], JAH N A7 B R R -
MR BT R B QB X A2 /T Br/EL B Multimap<Range, InetAddress>, 2R
St B i >R Collection<Range>
TR,
HRE Gossiper Al H ()15 s AR R BT R AL B, ARFEAZ PR Rk b 75 A 5 (1) [X ]
HELAHERNRACEHMOXME, AHREXEELBIEAE, RETEFENAEIGK

Collection<Range>

6.8.3 (Gossiper:

YEPORI [R5 SOIRAS R HH S 2.
55 J8 51 )5 B S5 538 localEndPoint, seed, localState 2515 K., 23 GossipTimerTask JT44 &
HA3EAT Gossip il ifl

f##F GossipDigest (EndPointState f#i#i#%, U7 EndPoint MMARAE S FIFRA R
GossipDigestSynMessage & 1%

— B F R, BT E push 1) EndPointState 513 (FRAZHT)) FIFEZE pool 1
GossipDigest 51 (FRZHHI), A2k GossipDigestAckMessage [ 5

— BB B, MRIE EndPointState 1 3 B BT AN M R A W FUIR S 440, HR R
GossipDigest 1| ¥ 3 1 %} 5 f] EndPointState %12 4E i GossipDigestAck2Message [7] 37

— HUSFIBLH R, AR4E EndPointState 1|2 5 57 A< A 5 4G IR 25 4k

6.97, Service

6.9.1 StorageProxy—— M IR%%

mutate
#i\: List<RowMutation>
it void
TAE:
¥4 table £ key f# getNaturalEndpoints % [5l3i# /& ) InetAddress %13
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1M getHintedEndpointMap i& [F] Map<InetAddress, InetAddress>, 1%L AyfE—
AR T — AN A il [ 405 Endpoint /& isAlive, 46 N H & £ isAlive,
YL R U VA= A M e P N R =oB: b R = X
SRJ5 %} HintedEndpointMap A A — Nt b ACFE . d iR bl A, BT
W E o, B4RRIE: IR E KB &bk, ARl Hint FRid oy ERdgRbE, K3 &0
kb CEPA AR, EHR BAE& G, EES AR KL M B, H2EFR BXZM A
1, mi B EHIE RS A
[EAE AT — E P LRAIE]
mutateBlocking
#i\: List<RowMutation>, ConsistencyLevel
it void
TAE: [F] mutate, ME— 22 51 T SRR HH 5 30 454 B]
LIRSS N A, e ZUE R I BT IE] WA e A g BT, 75 D4R

weakReadRemote
fiN: List<ReadCommand>
. List<Row>
TAE:
¥% key % findSuitableEndPoint (Jc#RAH:, PR AHIR] DataCenter, # /5K IK4K,
A5 HIBT 7 isAlive )
# Message fi sendRR | SuitableEndPoint, 452 List<IAsyncResult>
f# i 1AsyncResult (AsyncResult) H.1EZ: get £di, @R M E i (HEiK Todo)
X T 5114415 21 ReadResponse
PG —FE R &I R S HEBERIA (
LR, BB BRSNS, A5 AR get 225 R = ]
strongRead
#i\: List<ReadCommand>
. List<Row>
TAE:
% key 2% findSuitableEndPoint
i key 232 HAth Live BIA4E A getLiveNaturalEndpoints
¥ Message f# sendRR, X} SuitableEndPoint & ReadMessage, i H:Ath & DigestOnly
] Message, 75 %! List<QuorumResponseHandler>
{# ] QuorumResponseHandler ¥ 1E2: get [FIN%dE, H{# 4 IResponseResolver
(ReadResponseResolver )1 i 4 #1 Digest 72 15 ILHC, 75 )] throws DigestMismatchException
HiX—k
WA & isDigestQuery, ics% ColumnFamily %] rowList. EndPoint %I
endPoints, *FT-#H752f ColumnFamily, [f#F] rowList T HoAh 45 BT & 315 5] resolved
S5, S resolved 45 54 tH rowlist AN (1) 2% H A RS diff £ 3258 45 ReadRepairManager
1=l ]
I 52 isDigestQuery, 1SR rowList AR E 45 R K digest (MD5) 5
ReadResponse /~—%§, throws DigestMismatchException
LA R M ER IR R, RAMSa R, HREmEER ]
(ARG RAEE R A BB 32>R H<N 4y, BEFEK R 4y HAL % T ReadMessage
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I ML A A AR, 75 A

HFut, ST PR IR SR, —FCR AT thrift 8201, Bl A Hadoop Avro #2111

6.9.2 AntiEntropyService—— R / 4 = R R
%

%t ColumnFamily 4= B s 76, #E4E TreeRequest/Response <= i 5 H: Aih 4 A &8 #
MerkleTrees, *F T RILHIA—FREBEE .

6.9.3 EmbeddedCassandraService — — #% A 3,
in-memory 7R IR S

JR AR Rk B thrift #5217 A% 17 R

6.9.4 StoragelLoadBalancer——11 #5455

Gossiper #11& ApplicationState 7 Wi & 15 RURAS , RIS LA TF LS T S
5 Token.

6.10 Cassandra ¥iE#&E%EY

Cassandra Data Model

Column - a tuple containing a name, value,
and timestamp

Column Family - a group of columns that
2r on disk

.
dare stored toget
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Cassandra Data Model

Cassandra /& — M XEIEE, 454 7 Dynamo ) Key/Value 5 Bigtable FITHI[E 514 &
Cassandra HJ4F s Wi T

1. 235K schema: AT &8 —RETise ¥t schema, 39 InE 5 MR 7 B AEH 7 {F (on the fly) .
2.3 ¥ range #ifl: LIS Key HEATVE HI ).

3.E A, AR MBI RS, AT R
FATET LI Cassandra FIUEE R G bl — AN DU 458 % TL4E ) Hash.

6.10.1 Column

Column /& Cassandra H & /MU EHE BT . B2 —A 3 uiIEdE 2, A5 name, value #l timestamp.
#—~ Column Fj JISON FITERFD H KU T -

1: { /7 &E&Z&—" column

2< name: "HSHIERIH I,

3: value: "gpcuster@gmali.com”,
4: timestamp: 123456789
5: }

J9T IR, FRATELLZEE timestamp. HEE column 2245 — name/value EIA[,
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R, XEEAN name fl value #72 byte[1258111), KEAR .

6.10.2 SuperColumn

AT LUK SuperColumn 2% 5% Column %, B8 E— name, ULk —RFIFMNA Column,
¥—> SuperColumn H JSON /R FIaTF

1: { /7 &2 SuperColumn

2: name: “kEETEH A,

3: // 85— Z5If Columns

4: value: {

5: street: {name: "street", value: 1234 x street", timestamp: 123456789},
6: city: {name: "city", value: "san francisco", timestamp: 123456789},

7: zip: {name: "zip", value: 94107, timestamp: 123456789},

8 3

9: }

Columns F11 SuperColumns #& name 5 value I 4. B KKIAFEALT Column f] value &—4

“string”, T SuperColumn #] value #& Columns [ Map.

I — S FEEE AN SuperColumn’Z & A4 timestamp .

6.10.3Column Family

ColumnFamily £ M%7 % Row &5, RIS RDBMS H1() Table.
f— Row #&4 client 3:4LH) Key PLE A% Key <BE— £%1 Column.
BATTLLEF 4540

1: UserProfile = { // iX/&—/> ColumnFamily

2: phatduckk: { // XXM ColumnFamily ff] key
3: // Xt Key RN Column

4: username: ‘'‘gpcuster’,

5: email: "gpcuster@gmail.com",
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10:
11:
12:
13:
14:

15:

ColumnFamily [fJ2RME LA Standard, #A]PAf2 Super 28%,

}

phone: 6666

Y, /7 F—A row &l

ieure: { // iXj& ColumnFamily {15 —/ key

//iX3E 5 A Key %R column

username: '‘pengguo',

email: "pengguo@live.com™,

phone: '888"

age: '"66"

BFAININIE B FANMF 22— Standard 288/ ColumnFamily. Standard 2582 1) ColumnFamily
HE T —F5H Columns (A2 SuperColumn) .

Super 27 ColumnFamily % 7 — Z%Iff] SuperColumn, {E& I RAE(% SuperColumn MBFEEE
— %%l Standard ColumnFamily.

AR AR B

1: AddressBook = { // %2/ Super 2% (¥ ColumnFamily

2:

"CA"},

10:

11:

phatduckk: { // key

friendl: {street: "8th street", zip: '90210"

, city: "Beverley Hills", state:

John: {street: "Howard street", zip: '94404"™, city: "FC", state: "CA"},

Kim: {street: "X street", zip: "87876", city: "Balls", state: "VA"},

Tod: {street: "Jerry street", zip: "54556", city: "Cartoon', state: "CO"},

Bob: {street: "Q Blvd", zip: "24252", city:

Y, // row %R

ieure: { // key

joey: {street: "A ave", zip: "55485", city:

T34 (MSN: Ixp8@sina.com) 4 68 T 4t 83 T

“"Nowhere', state: "MN"},

"Hell", state: "NV"},
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12: William: {street: "ArmpitDr", zip: "93301", city: "Bakersfield", state: ""CA"},

13: }.
14: }
6.10.4 Keyspace

Keyspace A THEIRRAINE, RIFA R ColumnFamily #B)& T3 —4 Keyspace. —fkin, A

H—MEF R R <F—> Keyspace.

6.10.5 faj B,

FA ¥ Cassandra izfTi@ KL A, FEhi 4T, AT ERAE:
cassandra> set Keyspacel.Standard1['jsmith"][‘first'] = ‘John’
Value inserted.

cassandra> set Keyspacel.Standard1[‘jsmith'][last'] = 'Smith’
Value inserted.

cassandra> set Keyspacel.Standard1[‘jsmith']['age’] = '42*

Value inserted.

XANEHE, Cassandra B4 3 4HUET .

HARABI SN FBRE LT
et Eeyspacel. Standardl[Tjsmith™]["first™] = "John'
ki h Y ki Y
', ', Y key kY Y
, \ Y column

Y keyspace W column familwy

value

Bk, JATHAT A AT -

cassandra> get Keyspacel.Standard1['jsmith"]
(column=age, value=42; timestamp=1249930062801)
(column=first, value=John; timestamp=1249930053103)
(column=last, value=Smith; timestamp=1249930058345)

Returned 3 rows.

ZRE, FATHURT LUK AR R S R T

6.10.6 {7

B S FEEYM, RATEH Cassandra [ %, #3875 AN RIRHER 2 HHFIRF T .
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EH— Key WHIFTA Column #5212 & 1) Name SHEF . 3ATHT LAYE storage-conf.xml 3447
fREHFPHIZEAL.

H i Cassandra 2t IHEF25404 . BytesType, UTF8Type, LexicalUUIDType, TimeUUIDType,
AsciiType, 1 LongType.

IAERBAR SRR Bt an

{name: 123, value: "hello there"},

{name: 832416, value: "kjjkbcjkcbbd"},

{name: 3, value: "101010101010"},
{name: 976, value: "kjjkbcjkcbbd"}
LA storage-conf.xml ST 45 & HEF 2R AN LongType i
<l--
ColumnFamily 7 storage-conf.xml 15 X
>
<ColumnFamily CompareWith="LongType" Name="CF_NAME_HERE"/>
HER Jm BB AR XA -
{name: 3, value: 101010101010},
{name: 123, value: "hello there"},

{name: 976, value: "kjjkbcjkcbbd"},
{name: 832416, value: "kjjkbcjkcbbd"}

WA EHE P 2R By UTF8Type
<I--
ColumnFamily 7£ storage-conf.xml H5g X

-
<ColumnFamily CompareWith="UTF8Type" Name="CF_NAME_HERE"/>
HER 5 BB AU XA -

{name: 123, value: "hello there"},

{name: 3, value: "101010101010"},

{name: 832416, value: "kjjkbcjkcbbd"},
{name: 976, value: "kjjkbcjkcbbd"}
KEWLLER], fa2EWHIT KRR —F, H7p 4R b2 e RN,
XTTF SuperColumn, FATHE —MNSMIHET4EE, BTLAIRA TR LAYEE CompareSubcolumnsWith ki
17 73— AN EFERIHEFF ST
RV IRAT) JF AR R T
{ // first SuperColumn from a Row
name: "workAddress",
// and the columns within it
value: {
street: {name: "street", value: "1234 x street'},
city: {name: "city", value: "san francisco"},
zip: {name: "zip", value: "94107"}
¥
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b3
{ // another SuperColumn from same Row
name: "homeAddress",
// and the columns within it
value: {
street: {name: "street", value: "1234 x street'},
city: {name: "city", value: "san francisco"},
zip: {name: "zip", value: "94107"}

}

RIGRATE X CompareSubcolumnsWith il CompareWith KIHEFFRAIHE UTF8Type, IAHEFES
OEE NP

{
// this one’s first b/c when treated as UTF8 strings
{ // another SuperColumn from same Row
// This Row comes first b/c "homeAddress" is before "workAddress"
name: "homeAddress",
// the columns within this SC are also sorted by their names too
value: {
// see, these are sorted by Column name too
city: {name: "city", value: "san francisco"},
street: {name: "street", value: "1234 x street"},
zip: {name: "zip", value: "94107"}
¥
+
name: "workAddress",
value: {
// the columns within this SC are also sorted by their names too
city: {name: "city", value: "san francisco"},
street: {name: "street", value: "1234 x street"},
zip: {name: "zip", value: "94107"}

by

FRESME—*], Cassandra FIFFFIIAER SUVFRATE COeBlng, HE/R4EK
org.apache.cassandra.db.marshal.l Type 5t L T .

6.11 Cassandra Fi&HlEl

Cassandra 72454 7 Google Bigtable A F1 Amazon Dynamo & R FHEZLH) —ANF= il .
Cassandra MI7EfENLE], R % T Bigtable fI%it, XH Memtable fl SSTable 7. Aok &H
W —Ff, Cassandra fEEHHEZ 1T, HFHBELICFKHE, 2N commitlog, REHIEASENE
Column Family % ) Memtable &, 3 H Memtable F (A 2% 18 key HEF1FHI. Memtable /2
—F NS, L —E A EICER R L, 7458 SSTable. XFHLH], 14T 245 RIHLHI
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(Write-back Cache), LHAET¥HENL 10 BAERIFF 10 5, BB BSERIEN TIAEREHRIE .
SSTable —E 5B N, BIAAAE, HEEEI. F—& Memtable 75 ZhH #—AS#iH SSTable 14
o FrbAX)F Cassandraskil, WL NRENTE, #EMILEEE.

[X°A SSTable & AR H, S HE—4 Column Family fIIET7 57 £ SSTable #, X &
WHE I, 75 5 2 4 3 12E Column Family fiT# (] SSTable # Memtable, ix#:#]—/> Column Family
MR AR R, TTRE S A AR ™ B T R IR ZEA — Pl Re DU e ML A 1 Key Y4 7EMRLY
SSTable W', MATFRELEREIHITH K SSTable, Cassandra Xflf7¢ Bloom Filter 5%, #id%
A hash RECE key BBl — /M d, SkEGEAIWRHZAS key J& T4 SSTable. 2¢T Bloom Filter,
AT LLEEESH L E 4,5 6.

T B4 K i SSTable #ySRATTEAEENT, Cassandra tiRft—FhE ¥ £ 4 SSTable &3 — 1 HH

SSTable [HLH], K AEA SSTable i key #2 CAHEFFIFI, Rt R T B — ) &I HEF s AT BL5g
AZAT S, ARNERTT A2 1. FrLALE Cassandra R Has, TTUUE R = MRS :, #%

KRBT

Column Family Name-/+*5-Data.db
Column Family Name- /75 -Filter.db
Column Family Name-/75-index.db

Hrp Data.db /2 SSTable ¥4 3, SSTable /& Sorted Strings Table 455, %% key i+ )5
17t key/value SE 75 . index.db &5, RAFIEE key fEEHE T I mFe i &,
Filter.db | J& Bloom Filter 50 7= (s ST

SENH.

[1].http://wiki.apache.org/cassandra/ArchitectureOverview
[2].http://wiki.apache.org/cassandra/MemtableSSTable
[3].http://wiki.apache.org/cassandra/ArchitectureSSTable
[4].http://blog.csdn.net/jiaomeng/archive/2007/01/27/1495500.aspx
[5].http://www.hellodba.net/2009/04/bloom_filter.html
[6].http://www.googlechinablog.com/2007/07/bloom-filter.html

[7].http://labs.google.com/papers/bigtable.html

6.12 Cassandra 1%

6.12.1 Bloom Filter A& 0 JF 2

Bloom Filter /& — 4 (8] 2R AR m BB 454, e MR B AR favds s o — 4
&, IR — LR B E T XN ES . Bloom Filter 11X fhm o2 s — e AN 1. 725
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Wi— N eRETETENMESGH, ArRSIEARETINMEEM ITHERANETENMES
(false positive). [, Bloom Filter A& A ARLE “FHiiR” KN A& . MAERRA SCH
WRMIN AT, Bloom Filter i id B /b (45 R HL T A7 2 R IAR K948

6.12.1.1 EARTMTEEIH

FTHERATEAR K E Bloom Filter J2& i) F A 20 FRonEE A1 . WILEIRASH, Bloom Filter
T MLE mAL AL B, B—AEE N 0.

ojojojojojojojojojojogo

N T HRIE S={x1, Xo,... X HXFE—A n N ICEHRIIEES, Bloom Filter £ ] k AN E AL 15 Ay
P (Hash Function), ‘B HAGEE G RN o B 2L, .. myERE . W ER—
ANTEER X, BT A AR AL E (S EN 1 (AI<i<ko. ERL, WR—MIE
ZUWEN 1L, BLAREH—REIER, R WA EMRCR. £ FEF, k=3, H
A WA R BOE T F M E NI ECER D,

TEHIWT y 2758 TIXNESR, AT y B Kk REA KB, WRATE h(y) AL & #D
21 (U<i<k), WaFBMNFINA Yy RESFRITE, SISy SRESTRICR. T
KlF y A REEFTRIILER. o BEETXANMES, B NIL 22— false positive.

6.12.1.2 $EIRFMIT

AITHIRATCE5E3) T, Bloom Filter fTEAIMI — NG R 2R E T ERRMESH SF—2
HIE R (false positive rate), AT RAG THE R RN FEAL T Z R T R,
PAUEH kn<m H & ANIGA RS B2 . 98-S S={X, Xo,... XnH I T E TC R AHE k A
WA bR A 21 m A (AL B2 AR, XA I A O IR

1 kn
: m

Hor 1/m R AR B — AN A B B0 X — L 0 B TR R W BRSO 52 A REALIKD , (1-1/m)
FORMGAS — B AR R . BT S S WU BIR R, T kn SRS K
— IR 0 FRA kn IR HBA LT E, PSR (1-Um) () kn kD7, 4 p=
e MRN T RIS S, B T S e B T
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—I
lim (1 —1) = e
T—F D aT

40 RO EA 0 B, T o PUECEEIAEE E(p )=p’. 1E 0 CHIRIEOL T, ERMVH
RF (false positive rate) H:

(1=p)=(1-p)=(01-p*
(1- 0 VBB L EI LA, (1- 0 )27 K R 7 #4161 9 [X 3, B false positive rate.
F AR OB IR R RTTH A48 2 T, MERESE —Diafl. p? & o A, fE5LFR
o B T RS (R B T (B B . M. Mitzenmacher T ZERAE , A4 b 0 B EL il
WAL AL S FIECE IR E T . R, BB R R LA . 25K p A1 p7 AR
AN v S C

&

f=(1_(1-$)*“) -

e ; -.k'r"u].ﬂ Y
_r={l-e : )=i1—pr.

A p £, A5 p I S 2 4T T 8 0y
6.12.1.3 WA FERH N

WE2R Bloom Filter 25¢ 2 AN 7y bR BCKF B2 & WL 2R B b, 04 ROZIE R LG A5 bR
HoA Refc R AW R R PR R AR ? X EAPAE B R A5 o B4
%, WAEN — DB TEEGHITRIETERNGE 0 KM H T, g
A A ED, MAREEH T 0 2. 9 TR BIRAAIIE A R8N, BATR ZARGE
E N R R R AR A ST 5

SeF p A F AT . VERES] f=exp(k In(L— e ™), AT g=kIn(l-e ™), HEE
ik g MBS, fEARBEER/N. HT p=e "™, KA1 g B

g = ——1In(p) In(1 — p),
n

P FRAETEN T DR B S FE H 2 p= 12, WHL2E k=In2- (m/n)i}, g BUS&H/ME. EIXFh
TBOF, BMERE f % T(2)~ (0.6185)"". B4k, WHEF| p A A FHE—M iR 0
FIREZE, FTLA p= 12 XEREEREZ S 0 Fl 1 &—2F. Hbifh, BAEMRHNREC, &IT
A — e .

TR 5L, p = U2 AR/ INX AN R AT UE p A fo [FRET
f = exp(k In(1— (1 - 1/m)"), g’=kIn(l — (1 - 1/m)*"), p’=(1 — /m)", TATATLL g’ Bk
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1
=—1 i f ] |: o ':I
nln(l =1/m) n(p )in(l-p

IR AR SRR P I T AR5 pr = 12 B, g AR /M.
6.12.1.4 {IFLBARIA N

THBENRER, EABE —EHRFREIT, Bloom Filter /0 EH X/ 4 HER
AEETER n MIRIES. RiEETIT u R, SFRNEREHRE N e, T
ATIRSR AL 2 B2 % m.

B X NPT n DT RIS, FX)RRn X A8 . ax TS X it
B—NICE X, 7B s = F(X) P& i) x # AT 2 w4 R, B s Rei 42 x. X , 1T Bloom
Filter 51N T451R, s BEHEZ AU A X FITER, EERED e (u - n)/) false positive.
BRI, X T—ANfE A Ak ul, R attin+e@-n)PMoK. £nt+e(u-nf
JLEF, s HKIERRIREHA n A, Frel— A A5 v LRoR

(n + e{u — n])
n

MES . mARAEAILE 2" MARIRIAE S, BEMAT DA, m AR AL AT AR

gm (n —elu— n])
n

MEG. 2T PITRES B

(=)

A PIREAE m LA B REWE RS T n DT IIEE S, I

g I‘I-Eiu—-ﬂ:i) fu
n — \n

R

m = log, ru_rfﬂ'.]:l_} =~ log, %_r;]]- = log, €7 = nlog,(1/¢).

AP HEE AT IR n Al eu AHECAR /DN, X R SEBRE LR AR MR35 B, BT
HE5E: EHREART e BT, mEBDELET nlogy(l/e)4 BeRAER n NITHRIIE

I
= o
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N IR AT B k = In2- (mYn) PR IR f BN, X = (12)F= (2™, Bl
E4 f<e, HJUHEH
_ log,(1/¢) ;
m = nj-r._ﬂ =nlog,e-log,(1/¢).
XANGE R LTI FRAT T AT T 5 nloga(1/e) K T logoe ~ 1.44 fif. 1X 1t BATE RS 7 bR 2501 20
RIS, ZEiRERFEAET e, m 2/ ENER/MAR 1.44 15,

6.12.1.5 R

FEVFENUREE A, TATTH o 2 Rl i [R) 46 2 (8] B0 2 (R e i ) 1 O, BIOR T I8 3 5
— N7 THI B R T AP 5 — /N7 Tl . Bloom Filter 78 5 8] 4% A X AN R = 2 A X BIN T 5 —
ANHE: R, £ Bloom Filter A — M iR BB T ENMEAN, B R
F, WY, ARIEARE TREMEER R RFINETXANES (False Positive), {H
AR TRENMEAH TR RANAE TIXNMES (False Negative) . 7N T 45 iR R XA
K# 2 J5, Bloom Filter it so /b & I R K18 KE AL o

E M Burton Bloom 7 70 £/ ! Bloom Filter 2 J&, Bloom Filter st %) vz Fi T Ht 516
BHEIRE RS . E—Z14F, RS MRS AR JE, Bloom Filter 75 /X 45 48 315
THAE, #Fh Bloom Filter A5 FAET AN FHASKT B . v AT, B 928 R BIAS AN,
SRR TR N PR 24k 42 B0, Bloom Filter K5 3175 88 K IR &

6.12.1.6 &EHH

[1] A. Broder and M. Mitzenmacher. Network applications of bloom filters: A survey. Internet
Mathematics, 1(4):485-509, 2005.

[2] M. Mitzenmacher. Compressed Bloom Filters. IEEE/ACM Transactions on Networking 10:5
(2002), 604—612.

[3] www.cs.jhu.edu/~fabian/courses/CS600.624/slides/bloomslides.pdf

[4] http://166.111.248.20/seminar/2006_11 23/hash_2_yaxuan.ppt

Ref:

MG A5 £7-fi# %] Bloom Filter
http://blog.csdn.net/jiaomeng/archive/2007/01/28/1496329.aspx

6.13 #REALE

The Phi accrual failure detector
http://vsedach.googlepages.com/HDY04.pdf
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6.14 E=FALE
6.15 1AE

Cassandra vs MySQL with 50GB of data

MySQL
Cassandra
~300ms write
~0.12ms write
~350ms read
~15ms read

6.16 FaEHfk DB AYLLEE
6.16.1HBase vs Cassandra: BT3B RZGHIRH

Hbase ¥ IM& & T H G . KAVEIE AR 04T (CAnidkdT Web T IR 5145, 1M
Cassandra Ul 5 1& & T~ 52 i) 55 2% Ab B A2 A2 B A 25040

KB4 HBase 1) committer #i4 Bing TAF (M$ ZESUE TR AR, FEo
VRABATE S ] 2 J5 gk S 42 58 RS ) . 52 X, Cassandra 3% committer >k H
Rackspace, FHKTTLLH B3R SR HER@E A ) NOSQL M7, FIKF1 Google,
Yahoo, Amazon EC2 S4B E e /£ LA 1 NOSQL RS T7 AP .

6.16.2 Yahoo! Cloud Serving Benchmark

http://www.brianfrankcooper.net/pubs/ycsb-v4. pdf

6.17 MAAR

7 Google BigTable
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8 RS

Desirable Data Store Characteristics

Massively distributed

9 XzDB
(REEH—HIAA R KV, RS, 6% SQL IS 7).

9.1 RGHEN
9.2 ThegwiE

1. 74zl key-value Memcached 325 A1 MySQL H 240
I3 AR AT B AL A 2 k-v Mem [ Client K52/, R I k-v Mem k%548 BH
K F| Client ZREIE, AL kv Mem A543 61 5t MySQL ARk Hedi ik 71 45
Client, J£H C cache #Zk, XA B MR 12 o
LT REAR HR 5 AR B FH 10 45 248 H e, R R EE T R — SR HESE, (it App 1)
cache 43 H &k XK IF K o

10 AH3CH R

1. Memcached M7 Aii 3 hash FILAEAR ST a5 5 ML, R—ERSE B, WEDMRS
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RIFEmA 2 R? REHE—F “WE” WA 2Rk e A Bk ?
Memcached JIz 55 % H ISR I T b BE 2 Be 45 PRUERED R nT 2
. ESARRGF, R R (R SRR BT SRR D AT, RN R
AEFREAT EL BT AT Bk, W] B R SRS ?
4. MR EERG T, B — Bk R OREE?
SR BT RS A
1) CPU 1) 2 £ A2 S [F) 45 (7] #t
KB HAR AT SN RS AR A R, S AR TR E (M S S5 1)
2) 2 @S L R B 1) R
W—A> A RARIRI RO S8 )5 RIE 2 MER S 5 — a1 il B, fa 2K
M C CEERIED , HE C I JaiR M4y A 1 AU, 3R 91 (5 1 7E i 18] 77 b ol Js BBl 1,
AT E A SRAT BB 2 BT AT — AR
RT3 1
—IEHRE BN RAE— A1 A,
TR — AN R B R, EBRAER A AR R A “BAFI” FAbBE, DLRIE
Vi SR A IS 3 13 i

3) b 2T A AR B R RE 0 B

il .

AN TN

KRN ET S — R AR A R 8, XA N EAMUNAGE T AR AR5, s
KRG L ERAFFX N E R 3. BRI, P x5 keyl it 77—k
BNEAE, AR T 3. SREH - y LT keyl, IXANEHEA - y KE FER 3.
SRJG P X GHEM T —N+1 8, B EES N, BUE keyl MMEZ 4 7. WAyt
TRALEAE, RIEEN, BFONA P y EINER 3, y A X AMEIE LT,
g A IRE RN ZAE 5 1IME, DEIER 4.

fRPLIEA 7] I TR B AR . F P X 5K S N keyl {H 3 [, 77
ARV vIe Py SIS B ERER A S vie U x M7 1 HE 4 5
B, $5UF server H SRR RA vi, BAE vI [IERE EIOME MO 4. server KT
H CORAF IR A2 v FTLUR IR S IXAN BN, I HIORA SR v2o XA y 2
BN 4, FHHEFREHCRERA vI B8,

{HAZ A server KL E CF HELZERA v2 T, b server 5iIELA y IS5 NiEKR, &
PPy, RAHTR . XANEIVEERRA R MR A F A o (RN TRA TR R 1) A
REGARENHR IR A7 2k

BRIRATEE 7 N=3 W=1. IIZE x BN keyl 18 3, X/MERWTT A AL, AT
VL RAS IS . ARG x F P XAERRAS v EHEAT 7 —IK keyl {8 4 FI5#0E, XAMER
TXVRETT 25 C ARFR AR T 2 C R A R —A A B2l R A (B &1 72 57t 2 it
AT A SR B8 B 5, A RZAE X ANE R, FONABA T A vl M5 S . B2
bR B RART LR, FONWIR CHE4L 7 5igR, b B wW=1 XANMEE, XM RS
B AR TR, IS RERIAT R W=N IR, B4 C #2IK
TIXAMER, BUTREFE A AT TSR B — 20k o QoA fife peak A i) 5 g 2

Dynamo 7722 R B A X B8 pAs, FH vector clock iC & fiAS B iR E R
BRI IR [8] 2 AN RS, B P o BV 55 2 R A RIX AN R G R S AN RA . 248R% 7 Ui
AT DA B e A B (0 S, R Bl — IR S B R LRI S

T34 (MSN: Ixp8@sina.com) % 79 W 4t 83 T 2010-4-27



5. —& Memcached Ik % 25 A 1] F , H: Memcached (1 Client 20a] 4138 ? 5038 J5 nfa] i b 78 2
6.

11 s E

key-value 734 A R A EME R, FAHEHR RN LRI, B IE G it
ITEW, EAREHTE &S W . R Ll Real- Time Search Engine (SERT 2 5] %5)
HATE IR 2R, BT LEAOTER M RERAIRA MySQL 5558 R BV P2, 1k 3]
R ErERE, WA LTRSS =R HK. L MemcacheDB. Tokyo Tyrant NfCEE
1) key-value 73 A7, 76 L IAERLET, Biathess®@a#. M MySQL, fEJLH
MNIFRERET, HEEAR LT .

12 5%

1. Multi-master replication
http://en.wikipedia.org/wiki/Multi-master_replication#MySQL

2. Memcached

http://memcached.org

Facebook X} memcached [#1#2
http://shiningray.cn/scaling-memcached-at-facebook.html
git://github.com/facebook/memcached.git
http://zh.wikipedia.org/wiki/Memcached
http://code.google.com/p/memcached/wiki/HowToLearnMoreScalability
http://mashragi.com/2008/07/memcached-for-mysqgl-advanced-use-cases _09.html
il: memcached F1 mysql 5 4F i) TAF

http://www.phpup.net/?post=42
http://highscalability.com/bunch-great-strategies-using-memcached-and-mysgl-better-together

3. http://lwww.slideshare.net/mmalone/scaling-gis-data-in-nonrelational-data-stores#
Redis
Redis - 7 s #75 1) data structures server
http://www.515x.com.cn/?tag=redis
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MySOLT |

Resources

» Memcached
- Home Page:
= hitpJidanga. comimemcached!
— Memcached functions for MySQL
= hitpJitangent org/Sa8fMemeached Funetions_for_hySOL hbml
— Memcached Client APls
+  hitp2idanga.comimemcached/apis. bmi
= PresentationMotes
+  hitpzidownload tangent.orgitalks/Memoached % 205 hdy. pdf
= hitpsiwwwigvila,comd 20080422 mysgl-conl-memcached-inlemal &
. ;nggﬁfgum_slidEshara.nat.wishnu.'limjmmals.—hackand-a—hismry—of—
+ libmemcached
= httpitangent.org/552ibmemcached hitml
+  Libevent
- hitpiffmonkey orgi~provos/libevent!
Protocol
- t‘rl'{p:ﬁmde.si:apart.mszvn.frnemcameda‘tmnk.fsewerIdual'protaoul.
b

Comytighl 0B Wy SaL AR

http://poocs.net/2006/3/13/the-adventures-of-scaling-stage-1

6. R-Tree index for fast lookups
http://www.slideshare.net/mmalone/scaling-gis-data-in-nonrelational-data-stores#

memcached 4= [fi | HT

http://tech.idv2.com/2008/07/24/memcached-004/

B A 3N S B — S G A ) — 2 ) A

http://timyang.net/architecture/consistent-hashing-practice/

7. HFE. R, Mixi. Apache #EX B FFIE key-value 741 A7 it R[5 A1]
http://blog.haohtml.com/index.php/archives/3170

8. NoSQL ##fs % 1k

http://www.yankay.com/wp-content/uploads/2010/02/NoSql%20Database%20Note/

9. JENVH! cassandra 4 ik —#ik
http://ahuaxuan.javaeye.com/blog/620295

10. Redis
http://mwrc2009.confreaks.com/13-mar-2009-19-24-redis-key-value-nirvana-ezra-zygmunto
wicz.html

http://ayende. com/Blog/archive/2009/04/06/designing-rhino—dht—-a—fault

—tolerant—dynamically—distributed—-hash. aspx

http://github.com/antirez/redis/raw/master/TODO

11. Tokyo Tyrant

http:// tokyo cabinet.sourceforge.net/ tyrant doc/
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12.

13.

14.

15.

e

http://www.mysqlperformanceblog.com/2009/10/19/mysgl_memcached_tyrant_part3/

7 ] F 74 Cache Jth
http://giezi.javaeye.com/blog/408706

JEFT S AE memcached LA FHF R (BIH R BRI, @FEH LR, #ik
FpT

memcached 1] slab 2117377 30, AR T RANEIR G, FE—Fiilim G o THR 54
A ER 2 100 FAT0, EAAATH S W AR 200 T, B AR R,
T RAT B S B AR R, BAE H e G KAR S 5 LI AME O B — A 2L
FR) AR Tml WAL )

memcached I SCA MG ATIK S, HREeRIPHZETT A . udp hE B CSE2
hig, tbanmEishl. HREASE.

MZTUA4 Cache Wik it 7 —ERUT oA XA RGBT EHSH], —H—6
Cache 45 ja st BT R M AT A £k, HREESEN L ST dRIER, &8
RO IR T P 285 B, R AR I Bl ] DAAE i b 2 i B IR W AP, I8 RGER:  H
THRZ cache TUAR, EY A cache & 41T 0, LU consistent hashing I8 %75, 4
SR4FJZ cache i1 A consistent hashing SKi& />3 2% i ) cache 434 % . 7F memcached
(ARRS E3E X e Thge, 19 BIMLFAL KD

consistent hashing

A48 Amazon 5347 3 A7 51 % Dynamo( Consistent-Hashing 572, NWR #: 7!, Vector-Clock,
3 pdf)

http://hi.baidu.com/zeorliu/blog/item/984867f0a4b55bc97931aaf2.html

CONSISTENT HASHING 5i%
http://www.yeeach.com/2009/10/02/consistent-hashing .75/

http://zh.wikipedia.org/wiki/ /> B %

Cassandra

K i Cassandra £ #7
http://www.cnblogs.com/gpcuster/archive/2010/03/12/1684072.html
http://wiki.apache.org/cassandra/Architecturelnternals

Gossip

based on “Efficient reconciliation and flow control for anti-entropy protocols:"
http://www.cs.cornell.edu/home/rvr/papers/flowgossip.pdf

See ArchitectureGossip for more details

http://wangxu.me/blog/?tag=cassandra
MySQL
M Shard 3| Sharding

http://www.searchdatabase.com.cn/showcontent_13397.htm
http://en.oreilly.com/velocity2008/public/schedule/detail/3163
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http://www.zdnet.com.au/how-google-keeps-its-database-ticking-339275077.htm
http://www.codefutures.com/weblog/database-sharding/labels/Scalability%20Architecture. ht
ml
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