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Redis history

Redis 2.0
v Key-value store policy, key in memory, value in disk.

Redis FE$

Redis 2.0
v Key-value #7758 , key FECIEEE , value TFhERE,




Redis history

Redis 2.4
v Key-value store policy, both key & vlaue are in memory.
v Add 2 background threads,

v fsync file descriptor.

v close file descriptor.

Redis FE$

Redis 2.4

v Key-value f#77%Hg , key & value 1F5CIEHS,
v &7 main thread 9I~ 5| \7T 2 {@ background threads,
v fsync file descrlptor

v close file descriptor,




Redis history

Redis 2.6

v Server side Lua scripting.

v Virtual Memory removed.

v Milliseconds resolution expires.

v Removed hardcoded number of clients.

Redis FE$

Redis 2.6

v {AllkEsimSz & Lua

v #Bx Virtual Memory ,

v T Expires ; REMWREE,

v BIREIEHNEF ing =R,




Redis history

Redis 2.8

v Saving synchronization resource.
v Before 2.8, slave use SYNC with the master.
v After 2.8, slave use PSYNC with the master.

Redis FE$

Redis 2.8
v BiEETEIR,
v 2.8 LAGI , slave {E SYNC £d master [F%,
v 2.8 LA1& , 2 PSYNC ( mBE[R¥ ) Bd master [EZ,
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Redis 3.0

Release date: 1 Apr 2015.

v Redis Cluster.

v New "embedded string"” object.

v Improved LRU approximation algorithm.

Redis 3.0
2015 4 H1 HIEREH,

v Redis Cluster,
v #H9 “ embedded string” ,
v LRU E&FE;ZHIHGE,
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Redis features

v RDBMS

v Oracle, DB2, PostgreSQL, MySQL, SQL Server, ...
v NoSQL

v Cassandra, HBase, Memcached, MongoDB, -
v NewSQL

v Aerospike, FoundationDB, RethinkDB, ...

Redis 454
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Redis features

v Key-value NoSQL

v Memcached,
v Column family NoSQL

v Cassandra, HBase, ...
v Documen NoSQL

v MongoDB, ...
v Graph NoSQL

v Neodj, ...

Redis 454

v Key-value NoSQL

v Memcached, Redis, ...
v Column family NoSQL
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Redis features

Pure
v ANSI C,
v Lesser 3™-party libraries.
v Memcached depends on libevent.

v Redis implement its own epoll event loop.
v KISS principle.

v Data structure do what it should do.

Redis 4354
5 4l
v ANSI C 855,
v BT ARUKEEE =FH KT E,
v memcached {ER libevent , 2 AEREE K,

v Redis £% libevent 18 7B/ epoll event loop,
v KISS [FE8I,

v BEZIRSIBR A5 E CES MY,
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Redis features

Simple

v No map-reduce.
v No indexes.

v No vector clocks.

Redis $F4%

Paxasll =] =]

BB

v No map-reduce.
v No indexes.

v No vector clocks.
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Redis features

5 - We're against complexity. We believe designing
systems is a fight against complexity. We'll accept to
fight the complexity when it's worthwhile but we'll try
hard to recognize when a small feature is not worth
1000s of lines of code. Most of the time the best way
to fight complexity is by not creating it at all.

Ref: http://oldblog.antirez.com/post/redis-manifesto.html



http://oldblog.antirez.com/post/redis-manifesto.html

Redis features

Single thread

v No thread context switch.

v No thread race condition.

v No other complicated condition.

Redis 454
BT

v No thread context switch.
v No thread race condition.
v No other complicated condition.
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Redis features

In-memory but persistent on disk database
v Operation in memory.
v Persistent on disk.

Redis %514
OISR EME |, (Br K A RIFIRIEREH
v SCIEREIRIFEM,

v ERR]KA R,
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Redis features

mote dictionary server
v No only a cache server.

Redis 454

Remote dictionary server
v Z;/\/_&E H%HY1—.IHE|::|°
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Ref: http://redis.io/topics/faq


http://redis.io/topics/faq
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Redis and Memcached

v Redis is single thread IO multiplexing model.
v Simple operations to archive high throughput.
v Complicated (heavy) operations may block others.
v One instance usually only use one CPU.

Redis £ Memcached

v Redis @8 #1748 10 S IR4E AR,
v BERIRIELERISEM,
v EHNIRIFESEZEE IR,
v —{@& Redis Effli@¥ R=H%|—% CPU,
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Redis and Memcached

v Memcached is multi-threaded, non-blocking IO
multiplexing network model.
v Multi-core architecture.
v But got cache coherency & lock issues.

Redis £ Memcached

v Memcached 22 #1T453EFHZE 10 S ERE AR,
v SHITHER]ERHZ 5 CPU,
v {BZ35| A\ cache coherency &% lock g,
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Redis and Memcached

v Redis can use jemalloc or tcmalloc to reduce
memory fragmentation.
v But it depends on the allocation patterns.

v Rarely use the Free-list and other ways to optimize
memory allocation.
v Redis is simple / pure / efficiency design.

Redis £ Memcached

v Redis M jemalloc g% tcmalloc &K 1E
v {BECISEER B ANAGEIR 2R,

v B ARH Free-list R HEREZRREMNTLIE
v 95 Redis B / B4t / SUERIERETR A,

Ref: http://www.databaseskill.com/1256096/ 22/123
Ref: http://stackoverflow.com/questions/18097670/why-the-memory-fragmentation-is-less-than-1-in-redis



http://www.databaseskill.com/1256096/
http://stackoverflow.com/questions/18097670/why-the-memory-fragmentation-is-less-than-1-in-redis

Redis and Memcached

v Memcached use pre-allocated / slot memory pool.
v slot and pool can reduce memory fragmentation.
v But bring some wasted space. (memory overhead)

Redis £ Memcached

v Memcached {ERER D slot FEIEFE,
v slot FttgE BRI FFIETZERIGEIEEEE A,

v BEEER—EFEREMNRIZE, (memory overhead)
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Redis and Memcached

v Garbage Collection behavior: approximate LRU.
v Redis 2.6
v Random pick 3 samples, removed the oldest one,
repeatedly until memory used less than
'maxmemory' limit.

Redis £ Memcached

v Witk OUg174 ; if{ LRU JE&E%,
v Redis 2.6
v FEERFEMEEN 3 B4 , BIRRENZE |, Mtk E
B2 iEREE/)\R maxmemory BIEETE.
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Ref: https://github.com/antirez/redis/blob/2.6/src/redis.c#L.2464


https://github.com/antirez/redis/blob/2.6/src/redis.c#L2464

Redis and Memcached

else if (server.maxmemory policy == REDIS_MAXMEMORY ALLKEYS LRU ||
server.maxmemory_policy == REDIS_MAXMEMORY _WVOLATILE_LRU)

for (kK = 8; k < server.maxmemory_samples; k++) {
sds thiskey;
long thiswval;
robj *o;

de = dictGetRandomKey(dict);
thiskey = dictGetKey(de);

if (server.maxmemory_policy == REDI5_MAXMEMORY VOLATILE_LRU)
de = dictFind{db-»dict, thiskey);

o0 = dictGetVal(de);

thisval = estimatelbjectIdleTime(o);

if (bestkey == NULL || thiswval > bestwal) {
bestkey thiskey;
bestval thisval;

Ref: https://github.com/antirez/redis/blob/2.6/src/redis.c#L2464



https://github.com/antirez/redis/blob/2.6/src/redis.c#L2464

Redis and Memcached

v Garbage Collection behavior: approximate LRU.
v Redis 3.0
v Default random pick 5 samples, insert/sort into
a pool, remove the best one, repeatedly until
memory used less than 'maxmemory’' limit.
v 5 (now) is more than 3 (before) samples ;
v The best one is more approximate global.

Redis £ Memcached

v Wik [EURITS
v Redis 3.0
v FEERFEMEEY 5 BIFRA |, A NLHEFEZ —1B pool , BiR
&IEE , Nt&RE , BE2IEEEEA=/]\VIR maxmemory

HIER A
v B 5 LEERIAY 3 2

v tEESREERZERIE,
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Ref: https://github.com/antirez/redis/blob/3.0/src/redis.c#L3251


https://github.com/antirez/redis/blob/3.0/src/redis.c#L3251

Redis and Memcached

else if (server.maxmemory_policy == REDIS_MAXMEMORY_ALLKEYS_LRU ||
server.maxmemory_policy == REDIS_MAXMEMORY_VOLATILE_LRU)

struct evictionPoolEntry *pool = db-reviction_pool;

while(bestkey == NULL) {
evictionPoolPopulate(dict, db-»>dict, db-»eviction_pool);

for (k = REDIS_EVICTION_POOL_SIZE-1; k »>= 8; k--) {
if (pool[k].key == HNULL) continue;
de = dictFind(dict,pool[k].key);
sdsfree(pool[k].key);
memmove(pool+k,pool+k+l,

sizeof(pool[@])*(REDIS_EVICTION_POOL_SIZE-k-1));

pool[REDIS_EVICTION_POOL_SIZE-1].key = NULL;
pool[REDIS_EVICTION_POOL_SIZE-1].idle = 8;

if (de) {
bestkey = dictGetKey(de);
break;

} else {

continue;

Ref: https://github.com/antirez/redis/blob/3.0/src/redis.c#L.3251



https://github.com/antirez/redis/blob/3.0/src/redis.c#L3251

Redis and Memcached

Theoretical LRU ' ﬁnﬁpm.ﬁ.- LRU_ . _
- oRedis 30, - e
40 samples T

HeRRIS A0 i S T S e o B e R T A e A
e sl e L R R e

Ref: http://redis.io/images/redisdoc/lru com


http://redis.io/images/redisdoc/lru_comparison.png

Redis and Memcached

v Strong sides of Redis.
v Rich (data type) operations.
v Hashs, Lists, Sets, Sorted Sets, HyperLoglLog etc.
v Bulit-in replication & cluster.
v In-place update operations.
v Support persistent on disk.
v Avoid thundering herd.

Redis £ Memcached
v Redis WERE,

v 2 ER (ERERE ) 121F,
v Hashs, Lists, Sets, Sorted Sets, HyperLoglLog .
v N replication }z cluster,

v FiithE R (in-place update) 12{E,
v XEFA (1K),
v R EREWE,
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Redis and Memcached

v Strong sides of Memcached.

v Multi-threaded.

v Use almost all CPUs.

v Fewer blocking operations.

( And center locks don't scaled up to 5 threads )

v Lower memory overhead.
v Lower memory allocation pressure.
v Maybe less memory fragmentation.

Redis £ Memcached

v Memcached W EE,
v ZHITHE,
v ZHZ# CPU ., (M center locks <K& CPU ERE )
v E/DRYPAZEIRE,

v BVRIECIEEEREH,
v EVRIECIREEDEERT],
v AJRe B RV HIECIEREE R
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Ref: https://github.com/memcached/memcached/blob/master/thread.c#L747


https://github.com/memcached/memcached/blob/master/thread.c#L747

Redis and Memcached

vold memcached_thread_init(int nthreads, struct event_base *main_base) {
int i;
int poWer ;

for (1 = 8; 1 < POWER_LARGEST; i++) {
pthread _mutex_init(&lru_locks[i], NULL);
}

pthread_mutex_init(&worker_hang_lock, NULL);

pthread_mutex_init(&imit_lock, MWULL};
pthread_cond_init(&init_cond, NULL});

pthread_mutex_init({&cqi_freelist_lock, MNULL);
cql_freelist = NULL;

if (nthreads < 3) {
power = 18;

} else if (nthreads < 4) {
power = 11;

} else if (nthreads < 3) {
power = 12;

} else {

powWer

Ref: https://github.com/memcached/memcached/blob/master/thread.c#L747



https://github.com/memcached/memcached/blob/master/thread.c#L747

Redis and Memcached

v My testbed (NO WARRANTY)
v Get: Memcached is usually faster than Redis.
v Set: Redis is usually faster than Memcached.
v Size from 0 ~ 100KB is better for Redis.
v Size from 100KB ~ 10MB is better for Memcached.
v Size from 10M ~ is better for Redis.

Redis £ Memcached

v BRIERZER (52 H)
v GetB , Memcached tt Redis &,
v SetBF , Redis tt Memcached &,
v 838 0~100KB B% , i85 Redis,

v 238 100KB~ 10MB % , 38 Memcached,
v 8138 10M DA ERE |, & Redis,

32/123




Redis and Memcached

— memcached (get)
—— redis (get)

= memcached (set)
— redis (set)
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Redis and Aerospike

Ref: http://www.aerospike.com/

<EROSPIKE

v Speed

v Scalable

v Flash-optimized

v In-memory NoSQL
v ACID Compliant



http://www.aerospike.com/

Redis and Aerospike

v Strong sides of Aerospike.
v Auto node discovery (cluster).
v ACID Compliant
v Flash-optimized (Memory & Disk persistence).
v Intelligent Client (Optimistic row locking etc.).
v Cross data center replication.
v Multi-core optimization.
v No hotspots.

Redis £2 Aerospike

v Aerospike MEE.
v BEIEEE,
v ACID %75,
v BIEFRESRIE(L (Flash/SSD),

v BEEZFim (Optimistic row locking &) .
v BEUBEFIDEEE

v SzEiEl.
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Redis and Aerospike

<EROSPIKE 7

Throughput vs. Read Percentage
RAM Only Storage with 4 ENIs
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Ref: http://lynnlangit.com/2015/01/28/lessons-learned-benchmarking-nosgl-on-the-aws-cloud-aerospikedb-and-redis/



http://lynnlangit.com/2015/01/28/lessons-learned-benchmarking-nosql-on-the-aws-cloud-aerospikedb-and-redis/

Redis and Aerospike

<EROSPIKE 7

Redis Get/Set Performance During AOF Rewrite
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Ref: http://lynnlangit.com/2015/01/28/lessons-learned-benchmarking-nosgl-on-the-aws-cloud-aerospikedb-and-redis/



http://lynnlangit.com/2015/01/28/lessons-learned-benchmarking-nosql-on-the-aws-cloud-aerospikedb-and-redis/

Redis and Aerospike

v Itamar Haber (Redis Labs, Chief Developers Advocate)

v Why didn't ... use ... pipelining and multi-key
operations?

v Missing piece is a 20%-80% read/write test and a
100% write test.

v Totally unexplained by the fact that she used AOF.

v Comparisons are as hard to do right as they are
easy to do wrong.

Redis £2 Aerospike

v ltamar Haber (Redis Labs B E [EHZEE HEERT )
v B EAH Redis #HE/UE , W{EHA piplining 702 §215=1F,
v EEHETIEESE : 20%-80% :BEF 100% BHYIEIE,
v 515 AOF , —REB R E:&IEE Redis BEFIENTT,

v &g , EBRR—HRAMBEANREZMEBRIE,
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Ref: https://redislabs.com/blog/the-lessons-missing-from-benchmarking-nosqgl-on-the-aws-cloud-aerospikedb-and-redis


https://redislabs.com/blog/the-lessons-missing-from-benchmarking-nosql-on-the-aws-cloud-aerospikedb-and-redis

Redis and Aerospike

v Salvatore Sanfilippo (antirez, the author of Redis)
v GET/SET Benchmarks are not a great way to

compare different database systems.

v A better performance comparison is by use case.

v Test with instance types most people are going to
actually use, huge instance types can mask
Inefficiencies of certain database systems, and is
anyway not what most people are going to use.

Redis £2 Aerospike

v Salvatore Sanfilippo (antirez, Redis {E& )
v GET/SET A gEtE RN E M ERRNEEE,
v MEER R ENRIBEESIH=ME,

v AEEERIBAS HAFNERES , KSHNERHSTHE

RESHENRNER  MEEERNENBAZXRZSHAEF
=& [,

40/123
Ref: http://antirez.com/news/85


http://antirez.com/news/85

Redis and Aerospike

Blog Photography Code

2015/05/04

Ca” me maYbe Aeros plke Databases Distributed Systems Jepsen Aerospike

Previously, on Jepsen, we reviewed Elasticsearch’'s progress in addressing data-loss bugs during network
partitions. Today, we'll see Aerospike, an "ACID database’, react violently to a basic partition.

Aerospike is a high-performance, distributed, schema-less, KV store, often deployed in caching, analytics, or ad
tech environments. Its five-dimensional data model is similar to Bigtable or Cassandra: namespaces (databases)
contain sets (tables) of records, where keys identify records. Each record is a map of bin names to values.
Aerospike has put a good deal of work into performance across good-size (~100TB) datasets, and is
repositioning itself as a general purpose datastore competitive with, say, MongoDB.

Data is sharded and balanced between servers using a Paxos-based membership algorithm. Stored procedures
are available in Lua and allow for MapReduce-style parallel queries. There's a lot to like here. However,
Aerospike makes a dangerous assumption for a distributed datastore: it assumes the network is reliable. In this
post, we’'ll explore what happens in Aerospike 3.5.4 when the network is not reliable.

Ref: https://aphyr.com/posts/324-call-me-maybe-aerospike



https://aphyr.com/posts/324-call-me-maybe-aerospike

Redis and Aerospike

v However, as the network shifts, ... .By the time of the
final read, about 10% of the increment operations

nave been lost.

v Just like the CaS register test, increment and read

atencies will jump from ~1 millisecond to ~500
milliseconds when a partition occurs.

v Aerospike can service every request successfully,
peaking at ~2 seconds.

Redis £2 Aerospike

v & Network partition 2248;F , Aerospike EEREEE EHY
ISR ELIEE, UUBF 500 XA increment operations
AlE , BEEL 10% FIBA,

v 1£ partition FTAki& , EBEFRABEER latency EIF LR,

v Aerospike BIfEEEZLMITE AR partition A , = HIF
ARFEPERVIEH, , PEEZRE 2 T,
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Ref: http://antirez.com/news/85


http://antirez.com/news/85

Redis and Aerospike

v In the summer of 2013 we faced exactly this problem:
big-memory (192 GB RAM) server nodes were running
out of memory and crashing again ... We were being
bitten by fragmentation.

Redis £2 Aerospike

v 2013 £EX , Aerospike RABE—& 192 GB RAM HI{a] Az
FiDIEfeAEmME# , ASMalloc TEXREH memory leak
Fr LA 2R B E A e iEsEhe /& A A,
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Ref: http://highscalability.com/blog/2015/3/17/in-memory-computing-at-aerospike-scale-when-to-choose-and-ho.html


http://highscalability.com/blog/2015/3/17/in-memory-computing-at-aerospike-scale-when-to-choose-and-ho.html
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Insight on the pit

NERRER

Server-side sessions with Redis

{5 Redis I£= Sessions

45/123




N

v,

y ¥

TRy




Insight on the pit [ Server-side sessions with Redis ]

@ cookie %) key token
ﬁ —
' @ info (” value:info | w
\ '

Web Server(s) Redis Serve

Ref. http://vc2tea.com/redis-session/



http://vc2tea.com/redis-session/

Insight on the pit [ Server-side sessions with Redis ]

v Redis has many eviction policies, but most of them
are based on 'sampling'.
v This means eviction item is not global optimization,
but local optimization.
v When reach ‘'maxmemory’, it may evict items not
old enough.
v Users get logged out early, and the worst is you
won't even notice it, until users start complaining.

Ity R [{EFH Redis %= Sessions )

v Redis BEZSEBFREEIENIRIE , EAXSER "k, .
4 J:%:;%$9Bﬁ\%§&*§$%éﬁﬂai1§:ﬁﬁmﬁnBE_1§.o
v 21Z2] 'maxmemory' EFRRS , PIEEIE B FRAVENE T N
Q/JE d o

v ESERBRIKRED, RENRE , RrIEEAEHIE
EH2{EAERIRER,
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Ref: http://redis.io/topics/Iru-cache


http://redis.io/topics/lru-cache

Insight on the pit [ Server-side sessions with Redis ]

v Redis 3.0.

v Alternative solutions.
v Use database as an another back-end.
v 1. When write session, set both in Redis and
database.
v 2. When read session, Redis first, database
second.

v More 'sampling’.

nErER [

v BN

] Redis &£ = Sessions ]

v EREBNEASS —HFES,
v1.E A\ Session BF , [EIIFEE Redis RE R E,
v2.:EH Session BF , Redis B4 , EXNEHR R,

v {#H Redis 3.0,
v BB KR 'sampling' ( HHEEL) .
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Insight on the pit [ Server-side sessions with Redis ]
v A better way is ... (thinking)

4R R [ Redis &£ Sessions )
v IZBHENEZ ! (BE)

50/123




Insight on the pit

Maximize CPUs usage

NERRER
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Insight on the pit [ Maximize CPUs usage ]

v Redis is single thread.
v One instance usually only use one CPU.
v (background threads.)
v (background tasks, such as BGSAVE, AOF rewrite.)

NERER [ERZ% CPU ]

v Redis @EF1T4E,
—ﬂil Redis Effl@E R=FHE|—% CPU,
v (E=#1T4E)
v (B=T/ , #5190 BGSAVE & AOF rewrite)

53/123




o L A
) =4

L

Insight on the pit [ Maximize CPUs usage )




Insight on the pit [ Maximize CPUs usage ]

v Maximize CPUs usage.
v Redis instances is same as CPU cores.
v But,
v 1.Set 'maxmemory' for each instance carefully.
v 2.Instance should have different 'dbfilename’.
v 3.Instance should have different 'appendfilename’.

nEER [&

v ZFAZ% CPU,

1Z# CPU )

v &)Y Redis BfIE CPU ZILE— 2,

v {8

v 1. 8EEHI 'maxmemory! ﬁEE/J\IL,\EEE

v 3. BEEFY 'appendfilename' EER—

v 2. 5EAE MY 'dbfilename' EEAR—, %
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Insight on the pit

Memory optimization

NERRER
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Insight on the pit [ Memory optimization ]

v Memory fragmentation.
v SET.

v rehash.
v When hash table needs to switch to a bigger

or smaller table this happens incrementally.

nERER [CIEEEEL]

v TS,
v SET,

v rehash,
v & dict S2{EFEIEINS , BARFRIFAINEE , dict

FEEZE#H (T rehash,
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Insight on the pit [ Memory optimization ]

e
e
i
Ee—
e
| Entry —»} Entry |

Entry Entry

Ref. http://redisbook.readthedocs.org/en/latest/internal-datastruct/dict.html



http://redisbook.readthedocs.org/en/latest/internal-datastruct/dict.html

Insight on the pit [ Memory optimization ]

v Key name length.
v Shorter is better.
v But also meaningful ones.
v “product:userl:count” is better than “pulc”.

nERER [CIEEEEL]

v Key mERE,
v RERERYT,

4 1EL7~EKE:§ Fxo
v “product:userl:count” 85" pulc”,
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Insight on the pit [ Memory optimization ]

v Ziplist.
v The ziplist is a specially encoded dually linked
list that is designed to be very memory efficient.

v Ziplist is space efficient.

nERER [CIEEEEL]

v Ziplist,
v TERMERE N , ENGEEEM Ziplist AVfEF.
v FU— 4R MERET e FZKERIEETFEHE.
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Ref: http://redis.io/topics/memory-optimization


http://redis.io/topics/memory-optimization

Insight on the pit [ Memory optimization ]

v Ziplist.

v hash-max-ziplist-entries 64
nash-max-ziplist-value 512
Ist-max-ziplist-entries 512
Ist-max-ziplist-value 64
zset-max-ziplist-entries 128
zset-max-ziplist-value 64
v set-max-intset-entries 512

nERER [CIEEEEL]

v Ziplist,
v hash-max-ziplist-entries 64
v hash-max-ziplist-value 512
v list-max-ziplist-entries 512

NN NSNS

v list-max-ziplist-value 64

v zset-max-ziplist-entries 128
v zset-max-ziplist-value 64

v set-max-intset-entries 512
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Insight on the pit [ Memory optimization ]

v Ziplist.
v hash-max-ziplist-entries 64
v hash-max-ziplist-value 512
v Use ziplist if entries count = 64 or

every entry size = 512.

nERER [CIEEEEL]

v Ziplist,
v hash-max-ziplist-entries 64
v hash-max-ziplist-value 512
v IR Hash B&iE = 64 , SxHEA—{@E Hash FY{E=

512 , BIEF Ziplist .
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Insight on the pit [ Memory optimization ]

v Ziplist.
v Twitter use case.
v A Redis ziplist threshold is set to the max size

of a Timeline. Never store a bigger Timeline
than can be stored in a ziplist.

nERER [CIEEEEL]

v Ziplist,
v Twitter 9241,
v Ziplist WEIE:EEE Timelines R ABE—2 ;

v Timeline MWfEFEX/IMEARE BB Ziplist 9 _EFR,
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Ref: http://highscalability.com/blog/2014/9/8/how-twitter-uses-redis-to-scale-105tb-ram-39mm-gps-10000-ins.html


http://highscalability.com/blog/2014/9/8/how-twitter-uses-redis-to-scale-105tb-ram-39mm-qps-10000-ins.html

Insight on the pit [ Memory optimization ]

v REDIS SHARED INTEGERS.
v Default is 10,000.
v Integers can be stored in a shared memory pool,
and don't have any memory overheads.

nERER [CIEEEEL]

v REDIS SHARED INTEGERS,
v ¥8i% = 10,000,
v BH (81%0) ANESEERSE , BREEIEHHS
narnﬁu_o
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Insight on the pit [ Memory optimization ]

Flyweight

src/redis.h

Ref. http://redisbook.readthedocs.org/en/latest/datatype/object.html



http://redisbook.readthedocs.org/en/latest/datatype/object.html

Insight on the pit [ Memory optimization ]

v Bitmaps.
v HyperLoglLogs.

nERER [CIEEEEL]

v Bitmaps.
v HyperLoglLogs.

67/123




Insight on the pit

Avallability

NERRER
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Insight on the pit [ Availability ]

v Twemproxy (Twitter)
v Codis (=23 )

v Redis Cluster (Official)
v Cerberus (HunanTV)

NERER [PJRM]

v Twemproxy (Twitter)
v Codis (=3 )

v Redis Cluster (E7 )
v Cerberus (2 TV)
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Insight on the pit [ Availability ]

v Twemproxy (Twitter)
v Twemproxy is proxy-based solution.
v Good parts
v Stable, enterprise ready.

NERER [PJRM]

v Twemproxy (Twitter)
v RIS s,
v (B34
v FERE , EERHE.
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Insight on the pit [ Availability ]

v Twemproxy (Twitter)
v Bad parts
v SPOF (Single Point Of Failure)
v Keepalived etc.

v Smoothless on scale.
v No dashboard.
v Proxy-based, more route trip times, higher latency.
v Single-threaded proxy model.

NERER [PJRM]

v Twemproxy (Twitter)
v ERES
v BEIIE,
v E{KFE5E = EEE , Ul Keepalived.,

v B R R RO ERE,
v 2BEEeTH
v ﬁﬂ/\)ﬁ"’&k%ﬂ%|)\§95’J%@M§ifﬂ?%%ﬁﬁo
v BRI\ , BiEROAAZSZ , BRIESEH, e




Insight on the pit [ Availability ]

v Twemproxy (Twitter)
v Bad parts
v Twemproxy Is not used by Twitter internally.

MERRR [7]

14 ]

v Twemproxy (Twitter)

v TREL

v Twitter E S NERABHEE(FEA Twemproxy ,
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Ref: http://highscalability.com/blog/2014/9/8/how-twitter-uses-redis-to-scale-105tb-ram-39mm-qps-10000-ins.html


http://highscalability.com/blog/2014/9/8/how-twitter-uses-redis-to-scale-105tb-ram-39mm-qps-10000-ins.html

Insight on the pit [ Availability ]

v Codis ( 3= 3k )
v Codis is proxy-based solution.
v IiE 3% open source on Jan 2014.
v Written in Go and C.

NERER [PJRM]

v Codis (g3 )
v (XIE5 s,
v I &R 2014 &£ 11 BERIELE,
v Ei? Go £ C Fi3%,
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Insight on the pit [ Availability ]

v Codis (3= 3% )
v Good parts
v Stable, enterprise ready.
v Auto Rebalance.
v High performance.
v Simple testbed is faster 100% than Twemproxy.
v Multi-threaded proxy model.

NERER [PJRM]

v Codis (=232 )
v (BEh
v IEREE , EEMHE,
v SIEE )17,

v SXNEE,

v BEREIGEERE Twemproxy R—{&,
v ZFAZ# CPU,
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Insight on the pit [ Availability ]

v Codis ( 3= 3k )
v Good parts
v Simple
v No paxos-like coordinators,
v No master-slave replication.
v Dashboard.

NERER [PJRM]

v Codis ( 5= 3% )
v B34

v EER
aﬁ Paxos 80911,

v 28 E”*@?«'—i

v B8 m

76/123




Insight on the pit [ Availability ]

v Codis (853 )
v Bad parts
v Proxy-based, more route trip times, higher latency.
v Need 3"-party coordinators
v Zookeeper or Etcd.
v No master-slave replication.

NERER [PJRM]

v Codis (=23 )
v TREL
v (KI5 R #E15| \NBE 2 892R [OREN IR 5 T IE,
v BB = RS S,

v BEI#& Zookeeper }z Etcd,
v ANEFICER  EERIEE
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Insight on the pit [ Availability ]

Codis RVixit53EI Part 3
v Codis 3R 7T Proxy FUAZE , FiLAmIAS R IERE
H¥5i 5%,
v 2 , A pipeline BIERAT , RISk 40%
=10 Tiﬁb , {HE Redis B E—1MREMFARIGFRA ,
BEIEENIRE T 40% AR —MERIVELE,

Ref: http://0xffff.me/blog/2014/11/11/codis-de-she-ji-yu-shi-xian-part-3/



http://0xffff.me/blog/2014/11/11/codis-de-she-ji-yu-shi-xian-part-3/

Insight on the pit [ Availability ]

v Redis Cluster (Official)
v Official supports.
v Requires Redis 3.0 or higher.

NERER [PJRM]

v Redis Cluster (B )
v BEAXIE,
v EZE Redis 3.0 S E SR,
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Insight on the pit [ Availability ]

v Redis Cluster (Official)
v Good parts
v Official supports.
v Pear-to-pear Gossip distributed model.
v Less route trip times, lower latency.
v Automatically sharded across multiple Redis nodes.
v Do not need 3™-party coordinators

NERER [PJRM]

v Redis Cluster (B )
v {825
v BEAXIE,
v 0 P2P Gossip HE TV ET .

v BE/DRYRELRENE PR E,
v BEIR S8 Redis EiELiEITHF.
v NERE =S5 thaR s,
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Insight on the pit [ Availability ]

v Redis Cluster (Official)
v Bad parts
v Requires Redis 3.0 or higher.
v Need time to prove its stability.
v No dashboard.
v Need smart client.
v Redis client need to support for Redis Cluster.
v More maintenance cost than Codis.

NERER [PJRM]

v Redis Cluster (EF )
v Eﬁeﬁﬁ
=35 Redis 3.0 _EEHH&ZIK
aﬁEEEIEI—JrF'Eﬁ ae EISTE 14, .

v RBERENHE
v EESEEEFR,
v Redls ZFimw /B & Redis Cluster :%5t,
v Bk Codis BE S HMEF 4R A, 81/123




Insight on the pit [ Availability ]

v Cerberus (HunanTV)
v Good parts
v Auto Rebalance.
v Implement Redis's Smart Client.
v Read-write split.

NERER [PJRM]

v Cerberus (TZE TV)
v {835
v I B &)1,
v Z8EIH7T Redis B Smart Client,

v ZIRER 7R
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Ref: https://github.com/HunanTV/redis-cerberus


https://github.com/HunanTV/redis-cerberus

Insight on the pit [ Availability ]

v Cerberus (HunanTV)
v Bad parts
v Requires Redis 3.0 or higher.
v Proxy-based, more route trip times, higher latency.
v Need time to prove its stability.
v No dashboard.

NERER [PJRM]

v Cerberus (TZETV)
v ﬁ%ﬁﬁ
F=HE Redis 3.0 SiES R4,
v ﬁﬂ’ iS5 | A\ 2 R R [EXENE IR & I,

v BEISEEEEEEN,
v 2BEETH
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Insight on the pit

Stabilization

NERRER

84/123




w— A% E Wi H 1% -
HH —EERHE A B

TRy




Insight on the pit [ Stabilization ]

v Performance fluctuation.

v Out of memory.

v Redis instances is same as CPU cores.
v Big Ziplist.

v Master-slave.

MERER [BEM]

v X EEFIED,

v iCIEREEANE,

v XENHY Redis BEftd CPU #ZzIDEI— 12,
v Big Ziplist,

v FIERTN,
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Insight on the pit [ Stabilization ]

v Performance fluctuation.
v For production, stabilization is more important than
average performance.
v Easy to estimated, reduce the chances of an
iImportant moment occurred at lower point.
v Redis is single thread.

mErRERE [FEEM]
v 39 geHE],
v SR —{E EARRFME |, B R AR FIR4EE,
v SNEERRTLE) |, R | FFREZERFZEE ST IRELAIEER,
v Redis BE#MIT4E,
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Insight on the pit [ Stabilization ]

v Performance fluctuation.
v Tips: Split heavy commands.
v MGET
v redis> MGET 12 3 ... 999
v ZRANGE
v redis> ZRANGE myset O -1
v SORT / LREM / SUNION / SDIFF / SINTER
v KEYS / SMEMBERS / HGETALL

inErER [EEE)
v SEEHLE],
v ik "&E, 8%,
v MGET,
v redis> MGET 12 3 ... 999

v ZRANGE,
v redis> ZRANGE myset O -1
v SORT / LREM / SUNION / SDIFF / SINTER ,
v KEYS / SMEMBERS / HGETALL , oo/123




Insight on the pit [ Stabilization ]

v Performance fluctuation.
v Tips: Rethink block commands.
v BLPOP
v BRPOPLPUSH
v BRPOP
v MULTI / EXEC

MENRAER [BE%])
v SEEFEN,
v TBEHE, 18<,
v BLPOP,
v BRPOPLPUSH

v BRPOP,
v MULTI / EXEC,
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Insight on the pit [ Stabilization ]

v Out of memory (OOM).
v Be careful those commands will ask huge memory.
v Reduce the chances of Redis to be killed by OOM.
v SWAP, lose a little performance Is better than crash.

nErER [FEE%])

v sBIEEEARE (Out of memory, OOM),
v BEREEXREFEARTIERENES,
v [&1K Redis 3@ f|# Out of memory EARARIHEER,
v IR SWAP |, %8 N BF42 L ARTS 1T F 2R 1S4

90/123




Insight on the pit [ Stabilization ]

v Out of memory (OOM).
v maxmemory
v overcommit_memory
v SWAP
v zone reclaim_mode
v oom_adj

nErER [FEE%])

v iCIEREAZ (Out of memory, OOM),
v maxmemory

v overcommit_memory
v SWAP

v zone_reclaim_mode
v 00m_ad]

91/123




Insight on the pit [ Stabilization ]

v Out of memory (OOM).
v maxmemory
v A rule of thumbs is 50% of total memory.
v BGSAVE.
v AOF rewrite.

nErER [FEE%])

v sBIEEEARE (Out of memory, OOM),
v maxmemory
v &L B E AMRECIERERY 50% , IE
v BGSAVE ,

v AOF rewrite,
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Ref: http://redis.io/topics/admin


http://redis.io/topics/admin

Insight on the pit [ Stabilization ]

v Out of memory (OOM).
v overcommit_memory
v overcommit_ memory = 1
v Do overcommit.

nErER [FEE%])

v ioiEEEARZ (Out of memory, OOM),
v maxmemory
v overcommit memory =1

v ERSEICIEIES | KRREEEE BAMNTIEE,
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Insight on the pit [ Stabilization ]

v Out of memory (OOM).

v SWAP
v Use SWAP, and same size of memory.

nErER [FEE%])

v ioiEEEARZ (Out of memory, OOM),
v SWAP
v {EF SWAP , I BEEREIERE—&
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Insight on the pit [ Stabilization ]

v Out of memory (OOM).
v zone reclaim_mode
v zone reclaim_mode = 0 (default)

nErER [FEE%])

v iCIEREAZ (Out of memory, OOM),
v zone reclaim_mode
v zone_reclaim_mode = 0 ( ¥85% )
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Insight on the pit [ Stabilization ]

v Out of memory (OOM).
v If RHEL/CentOS = 6.4 or Kernel = 3.5-rcl.
v (1) Prefer swap to OOM.
v vm.swappiness = 1
v (2) Prefer OOM to swap.
v vm.swappiness = 0
v Else
v vm.swappiness = 0

nErER [FEE%])

v :DEEEARE (Out of memory, OOM),
v Y18 RHEL/CentOS = 6.4 g Kernel = 3.5-rcl,
v (1) 2F8 swap B A~"E OOM,
v vm.swappiness =1

v (2) ZF8 OOM thR"E swap,
v vm.swappiness = 0
v &AI

v vm.swappiness = 0
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Insight on the pit [ Stabilization ]

v Out of memory (OOM).
v If (1) then oom_ad,].
v echo -15 > /proc/ pidof redis-server /oom_ad;
v Reduce the chances of redis to be killed.
v TIpS
v foriin $(pidof redis-server); \
do echo -15 | sudo tee /proc/$i/oom_adj ; done

InERRE [FEEM]
v sBIEEEARE (Out of memory, OOM),
v R (1) Bl oom_adj,

v echo -15 > /proc/ pidof redis-server /oom_ad;
v B%{K Redis i&HI# Out of memory BERARIMEER,

v Tips
v foriin $(pidof redis-server); \

do echo -15 | sudo tee /proc/$i/oom_adj ; done




Insight on the pit [ Stabilization ]

v B2 vm.swappiness % E & 0 8] LAPF{EK swap BIEE4E
{BIETL2AIE, FrCATEHR= 224 swap MAE OOM,

v 7£ Linux Kernel 3.5-RC1 /2 RHEL/CentOS Kernel

2.6.32-303 (CentOS 6.4) Z1RHIARA , B4ECRE LT

v

EI)”«":*

1=/ OOM MEEAEA Redis,

off

P
S
o I

T 7o

EE:%OH%TE%Z; B1E{T swap , (BIFFRHARVRCIEEERR /]




Insight on the pit [ Stabilization )
Linux Kernel 3.4 (mm/vmscan.c)

for_each_evictable Llru{lru) {
file = is_file_lru{lru);
scan;

scan = zone_nr_lru_pages(mz, Llru);
(priority || noswap) {
scan >>= priority;
('scan &% force_scan)
scan = SWAP_CLUSTER_MAX;
scan = dive4_u64(scan * fraction[file]l, denominator);

}

nrilru] = scan;

Linux Kernel 3.5.1 (mm/vmscan.c)

for_each_evictable lru(lru) {
file = is_fTile_lru(lru);
scan;

scan = get_lru_size({lruvec, lru);
(sc—>priority || noswap || !vmscan_swappiness{sc)) {
scan >»= sc—>priority;
(!'scan &% force_scan)
scan = SWAP_CLUSTER_MAX;
scan = divbd_u6d(scan * fraction[file], denominator);

}

nrllru]l = scan:

}

Ref: https://www.kernel.org/pub/linux/kernel/v3.x/linux-3.4.tar.xz
Ref: https://www.kernel.org/pub/linux/kernel/v3.x/linux-3.5.1.tar.gz



https://www.kernel.org/pub/linux/kernel/v3.x/linux-3.4.tar.xz
https://www.kernel.org/pub/linux/kernel/v3.x/linux-3.5.1.tar.gz

Insight on the pit [ Stabilization )
linux-2.6.32-504.12.2.el6 (CentOS 6.4, mm/vmscan.c)

for_each_evictable lru(1l) {
file = is _file lru(1);
scan;

scan = zone_nr_lru_pages(mz, 1);

(priority || noswap || !'sc->swappiness) {
scan >»= priority;
scan = (scan * percent[file]) / ;

¥
nrll] = nr_scan_try_batch(scan,
&reclaim_stat—-=nr_saved scan[1]);

Ref: http://rpom.pbone.net/index.php3/stat/3/srodzaj/2/search/kernel-2.6.32-504.12.2.el6.src.rpm



http://rpm.pbone.net/index.php3/stat/3/srodzaj/2/search/kernel-2.6.32-504.12.2.el6.src.rpm

Insight on the pit [ Stabilization ]

v Redis instances is same as CPU cores.
v Redis have some background tasks.
v fsync file descriptor.
v close file descriptor.
v BGSAVE.
v AOF rewrite.
v Preserved CPU to do those tasks.

nErER [FEE%])

v B ENRY Redis Efltd CPU #ZIDE— 13,
v Redis E#1T7—LE background tasks,

v fsync file descriptor,

v close file descriptor,

v BGSAVE,
v AOF rewrite,

v JEEE—LE CPU ﬂtﬁﬁ‘t: tasks.
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Insight on the pit [ Stabilization ]

v Redis instances is same as CPU cores.
v Instance have its own synchronization.
v Disable automatic on BGSAVE / BGREWRITEAOF,
and use manual control instead.
v Avoid execution at the same time.

nErER [FEE%])

v BEIRY Redis B2 CPU #ZILEl— 1% 2.,
v SEEBHIEEE 2 8IE TS,
v FAE &) BGSAVE / BGREWRITEAOF |, iN&F &),
v iR ZEIERE , FERAXEER,
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Insight on the pit [ Stabilization ]

v Master-slave.
v Best practices.
v N Redis nodes.
v 1 master, 1 slave, N-2 slaves of slave.
v Never restart all or multiple slave instances.
v (Master) High CPU loading.
v (Master) May out of memory.

inErER [EEE)
v FIERRT,
v REBE,
v N & Redis,
v 1 8RB, 1 81€ARTE , N-2 S1ERFRRIMEIRTS,

v NEEISEMIEEAER slave B,
v EERTS CPU BFES.
v SR ERTSCIEEAERS.
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Insight on the pit [ Stabilization ]

v String value.
v String value can be at max 512 MB in length.
v A rule of thumbs is no more than 5KB.

nErER [FEE%])

v ZHE,
v ZHRERA#ES512MB RE,
v %8s FRTFAE KRR 5KB,
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Insight on the pit

Low latency

NERRER

105/123







Insight on the pit [ Low latency )

v Durability vs latency tradeoffs, from higher to lower
latency.
v AOF + fsync always.
v AOF + fsync every second.
v AOF + fsync every second +
No-appendfsync-on-rewrite set to yes.
v AOF + fsync nerver.
v RDB.

nERYER [RIEE])

v BIRIFAM vs ILEMRIES |, ILEMRES ZIRHEY,
v AOF + fsync always,

v AOF + fsync every second,
v AOF + fsync every second +

No-appendfsync-on-rewrite set to yes,
v AOF + fsync nerver,
v RDB,

Ref: http://redis.io/topics/latency
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http://redis.io/topics/latency

Insight on the pit [ Low latency )

v Latency induced by network and communication.
v Reduce the numbers of commands.
v Pipelining.
v MSET / MGET.

INERRER [{EIEE ]
v 8IS R HYIEIE T,
v B IESHIERIKE,
v Pipelining,
v MSET / MGET,
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Ref: http://redis.io/topics/latency


http://redis.io/topics/latency

r - /1]

Insight on the pit [ Low latency )
v Fork time in different systems.

Linux on physical machine (Xeon@2.27Ghz)

9 ms/GB

Linux VM on EC2 (Xen)

10 ms/GB

Linux beefy VM on VMware

12.8 ms/GB

Linux on physical machine (Unknown HW)

13.1 ms/GB

Linux VM on 6sync (KVM)

23.3 ms/GB

Linux VM on Linode (Xen)

nERYER [RIEE])

v NEZ#ERY Fork B3R,
Linux on physical machine (Xeon@2.27Ghz)

Linux VM on EC2 (Xen)

Linux beefy VM on VMware

Linux on physical machine (Unknown HW)
Linux VM on 6sync (KVM)

Linux VM on Linode (Xen)

Ref: http://redis.io/topics/latency

424 ms/GB

9 ms/GB
10 ms/GB
12.8 ms/GB
13.1 ms/GB
23.3 ms/GB
424 ms/GB
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http://redis.io/topics/latency

Insight on the pit [ Low latency )

v Never use Huge page.
v echo never >
/sys/kernel/mm/transparent_hugepage/enabled

nERYER [RIEE])

v )XAH Huge page,
v echo never >
/sys/kernel/mm/transparent_hugepage/enabled
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Insight on the pit [ Low latency )
v Do you really need Proxy-based solution (Codis) ?

MERRER [{RIEE])
v ERFZNRE 7R #H (20 Codis) 15 ?
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Insight on the pit [ Low latency ]
B AL , B redis+ B proxy , FAIASE

PIPELINE

10

100

200

500

1000

Ref. https://github.com/wandoulabs/codis/issues/63

CODIS-LATENCY

REDIS-LATENCY

0.60

~428%
~561%
~937%

~57%

~50%

~50%



https://github.com/wandoulabs/codis/issues/63

Insight on the pit [ Low latency )

v Codis.
v Disable pipeline.
v Less CPU cores.

nERYER [RIEE])

v Codis,
v (S pipeline,
v b#z CPU,
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Insight on the pit [ Low latency ]
Disable pipeline.

¢ pipeline = Yes

NTHRD Ops/sec

172016.32
186390.20

202224.24

¢ pipeline = No

NTHRD Ops/sec

60970.10
110429.13

153360.21

Ref. https://github.com/wandoulabs/codis/blob/master/doc/benchmark zh.md

Latency
(ms)

21.82200
40.38600

74.66500

Latency
(ms)

0.81700
0.89700

1.30300

KB/sec

24068.44

26079.63

28295.12

KB/sec

8530.91

15451.19

21458.09

Proxy
CPU

398
398

398



https://github.com/wandoulabs/codis/blob/master/doc/benchmark_zh.md

Insight on the pit [ Low latency ]

Less CPU cores.

4 cores

NTHRD Ops/sec

60970.10
11042913

153360.21

12 cores

NTHRD Ops/sec

51946.31
82324.00
136064.57

114749.57

Latency
(ms)

0.81700

0.89700

1.30300

Latency
(ms)

0.96000
1.21300

1.46900

3.45000

8 cores

KB/sec NTHRD

8530.91

15451.19

21458.09

KB/sec

7268.30

11518.74

19038.09

4023.34

Ref. https://github.com/wandoulabs/codis/blob/master/doc/benchmark zh.md

Ops/sec

57244 .61
97680.20
148428.94

128279.81

Ops/sec

49071.19

79192.66

127074.67

114165.92

Latency
(ms)

0.87100
1.01200
1.32900

3.11400

Latency
(ms)

1.01600
1.25600
1.57000

3.49500

KB/sec

8009.64

13667.37

20768.11

4497.74

KB/sec

6866.02

11080.60

17780.23

4002.88



https://github.com/wandoulabs/codis/blob/master/doc/benchmark_zh.md

Insight on the pit [ Low latency )

v Big Ziplist.
v Adding to and deleting from a ziplist is inefficient,
especially with a very large list.
v Deleting from a ziplist uses memmove to move
data around, to make sure the list is still contiguous.
v Adding to a ziplist requires a memory realloc call to
make enough space for the new entry.

IAERR R [RIEE ]
v Big Ziplist,
v {i€ Ziplist AFMEEMIRERS BWNE , LEHRE Big Ziplist ,
v % Ziplist IR =R HE memmove BEIER , LAFER list
2B B,

v 1 Ziplist PFIEEZE memory realloc AZEH B98I =RT
HFTERETE,
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Ref: http://highscalability.com/blog/2014/9/8/how-twitter-uses-redis-to-scale-105th-ram-39mm-qps-10000-ins.html


http://highscalability.com/blog/2014/9/8/how-twitter-uses-redis-to-scale-105tb-ram-39mm-qps-10000-ins.html

Insight on the pit [ Low latency )

v Big Ziplist.
v Potential high latency for write operations due to
timeline size.

nERYER [RIEE])

v Big Ziplist,
v Ziplist FRER{ERFIEE=H Big Ziplist MRS IEIE,
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Ref: http://highscalability.com/blog/2014/9/8/how-twitter-uses-redis-to-scale-105th-ram-39mm-qps-10000-ins.html


http://highscalability.com/blog/2014/9/8/how-twitter-uses-redis-to-scale-105tb-ram-39mm-qps-10000-ins.html

Insight on the pit [ Low latency )

v Redis client.
v Connection pool.
v Keep alive.

nERYER [RIEE])

v Redis & F i,
v Connection pool,
v Keep alive,
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Insight on the pit [ Low latency )

v Redis 3.0 embedded string.
v New "embedded string" object.
v Reduce memory operations.
v If string length = 39 bytes.

nERYER [RIEE])

v Redis 3.0 embedded string,
v ¥i89 "embedded string" ¥4,
v BV ECIERRIREIREL,
v IRFHRRE =39,
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Insight on the pit [ Low latency )

Redis 2.8.20

redisObject {
type: ;
encoding: /;
Lru:REDIS_LRU_BITS;

refcount;
*ptr;
} robij;

robj (16 bytes)

ptr

sdshdr (8 bytes)

string (N bytes)




Insight on the pit [ Low latency )
Redis 3.0

robj (16 bytes)

robj * ( *ptr, len) {
robj *o = zmalloc( (robj )+ ( sdshdr)+len+ /) ;
sdshdr *sh = | *) (o+1);
o—=>type = REDIS_STRING; ptl’ SdShdr (8 byteS)
o—=>encoding = REDIS_ENCODING_EMBSTR;
o—=ptr = sh+;
o—=refcount = 1;

o->lru = LRU_CLOCK(); string (40 bytes)

sh—-=len = len;

5“‘?;{5}3 i In 64 bit system:
‘memcpy ( sh—>buf, ptr, len) jemalloc arena may “64 byte-long”.
sh—>buf[len] = -
} { .
memset({sh—=buf, ,len+ ); 64 - 16 (I’Obj) -8 (SdShdI’) = 40
Lo 40 - 1 (null term, \0) = 39




Feedback

IEAEIE

yftzeng@gmail.com
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I End

Parvenu use Redis/Memcached (Much memory) ;
TRS use Aerospike (Memory / SSD mixed) ;
Mortals use SSDB (Disk only) ,

‘;"‘*}E'ﬁﬁ Redis/Memcached (1882 ) ;
=EMH Aerospike (EE1E#2EE SSD JEH )
T 4R SSDB (E21EREER )

rl]]l;l

|~
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