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® Distributed RDBMS: based on MySQL

-~ ® Customized storage engine: Transactional




Qutline

® Scale out MySQL
® Consistent Memcached integration

® |ayered approach for storage engine design
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Architecture

SQL Protocol




Sharding

® Sharding methods

® Based on one or multiple columns
® Hashing or UDF
® Mapping cach
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ed on every SQL proxy server
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Scalability

®  Almost online, sub minute of downtime
®  Based on MySQL replication and query rewriting on SQL proxy
®  Scale out procedure

®  Make two slaves,Al and A2, for MySQL server A

° Delete unneeded data on Al and A2
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Distributed queries

® Support: distributed GROUPBY/AGG/HAVING, ORDER
BY, LIMIT/OFFSET, EQUI-JOIN

® Not support: subquery

SELECT *FROM T N FENGIERES
WHERE a = 1
ORDER BY b
LIMIT 100 OFFSET 100
LIMIT 100

A7t LS 2R OFFSET 100

Si= 1
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SNl SN2

SELECT *FROM T SELECT *FROM T ’
EREa=1 WHERE a =1
ORDER BY b LIMIT 200 ORDER BY b LIMIT 200
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Distributed
transactions(|)

® We use 2PC in production for many years without complaints
® Distributed transactions are rare in execution(3%) but common in code(30%)
® SQL proxy server as coordinator

® Logging 2PC decisions

® If SQL proxy server fails and can not come back soon (say, after 10 mlnutes)
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Distributed
transactions(2)

® Can not get consistent global snapshot
® Scenario
® Tl:read MySQL server |

® T2:update MySQL server | and MySQL server 2, PREPARE and
COMMIT
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High availabilit

e SYSDB
®  Based on replication or DRBD and Linux-HA

®  Master
®  Master is stateless, all state is in SYSDB (cache state in memory)
®  Two masters compete on Zookeeper lease

®  New master read all state from SYSDB before gomg to service
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Other interesting
findings

® Read replica is useless

® [ransactions are more important than
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Qutline

® Scale out MySQL
® Consistent Memcached integration

® |ayered approach for storage engine design
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Typical usage of
Memcached

® Query
® Search Memcached(GET)
® If miss
® Fetch from DBMS
® Put into Memcached(SET/ADD)
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Inconsistency is easy

® Suppose there is an object O(k:vl), not in Memcached initially.
And suppose there are transactions T | (get O) and T2(update
O) acting as follows:

® Tl:searches Memcached for O, miss

® Tl:reads O from DBMS, got(k:vl)
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Seems better

e SET in update,ADD in query
o T2 followsTl

® Tl:searches Memcached for O, miss

® Tl:reads O(k:vl) from DBMS and ADD into Memcached

® T2:updates DBMS to (k:v2)
s Lokl blemeached o (oxd).
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Inconsistency still
possible

® Inconsistency scenarios
® Updated item (k:v2) of T2 is replaced, then T1’s ADD(k:vl) will succeed
® [fT2 commits after updating Memcached, then:
° If T2 aborts with failure, DBMS rollback but not Memcached
® [fT2 commits before updating Memcached, then:

® I[f failure before updating Memcached, Memcached will not get update
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Is strict consistency




Traditional wisdom




A consistent protocol

° Query

° GET from Memcached, return if hit a normal row.

e ADD LOCK row with value 0 into Memcached and GETS the version
e Read DBMS

®  CAS the LOCK to the record if GETS got a LOCK row with value 0




Protocol cont.

® How consistency is guaranteed

® [OCK row is a hint that someone is updating the DBMS, value
of the LOCK row is the number of clients that are updating

e Failsafe
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Consistent friendly
cache

® Operation requirements
o GET
oGRS




New wisdom




Qutline

® Scale out MySQL
® Consistent Memcached integration

® |ayered approach for storage engine design
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Traditional monolithic
design

® Transaction manager(TM) and data manager(DM) are tightly
coupled

® | ocking is based on physical RID

® | ocking is done in data management
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VWhy decouple M and
DM

® For flexibility
® Transactional and non-transactional in the same storage engine
® Dynamic shifting between transactional and non-transactional

® For performance
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How to decouple!?
Simple but bad way

All operations
come with PK

® No secondary index
scan
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The TNT way

® Multi-versioning. However version info only in memory

® Record level version info for heap record

® Page level version for index. Low overhead but achieves coverage
index scan most of the time(same as InnoDB)

® No version info for BLOB, use Copy-on-write




Benefits of the TNT
way

® (Can do secondary index scan
® (Can do coverage index scan
® Minimal multi-versioning overhead

® Page level version info for index
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Compared to Falcon

® Falcon
® Recognized to be the future of MySQL storage engine but failed

® Designed by famous database guru, |im Starkey, father of
InterBase(the first RDBMS supporting multi-versioning)

® Multi-versions in memory and single version on disk, same as TNT
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Preliminary
performance result




New wisdom

® Efficient general transaction processing can
be built upon an entity level consistent DM
with little overhead
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Qutline

® Scale out MySQL
® Consistent Memcached integration

® |ayered approach for storage engine design
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Locks in storage engine

® RWlock
® C(Catalog lock: lock the catalog to search for the table structure used in
query

® Table definition lock: lock the table definition to prevent DDLs

® Row lock: lock the rows touched by the transaction
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No scalability
bottleneck!?

® Row lock and page latch: There are many of
them, so conflicts will not be too often

® (Catalog lock, table definition lock and
intention lock: They don’t conflict for
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Scalability of reader
lock

® Intel Xeon E5645%2,12 O OPS(in millions)
Cores, 24 Threads

50.00 ¢-
® Optimized RWLock with

single CAS instruction to
acquire reader lock

37.50
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Scalable Rwlock

® Scalable Rwlock := A collection or normal RWLocks

® Collection size is number of CPU cores in typical setting

® FEach normal RWLock is in his own cache line

® rdlock
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Scalable intention lock

\o

/\ FW

s-rblock

® A hierarchy of scalable
RWLock and

RedBlacklLock

® Scalable RedBlacklLock
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Benchmark result

< Normal > Scalable < Normal > Scalable
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Qutline

® Scale out MySQL
® Consistent Memcached integration

® |ayered approach for storage engine design
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Why dynamic schema?

InnoDB becomes readonly during ADD/
REMOVE columns

® Online schema change can be done using
repllcatlon or trlgger however you mlght

R , \ gf P s r : y ‘ ~ @t ~ ¥F

“- ’ 2 i -‘ @ v . welll X3 g ‘ N “ A A - ' g
- o | B S A ] |2 &

e ROV Vs 1w h's : - ‘i__a\_,.._._ l o G P €N e % o

-

1 ¥y v Y v‘f e IV 1 e L
™




How to do

® Quite simple

® Modify metadata only when ADD/REMOVE
columns




Best of the two worlds?




Qutline

® Scale out MySQL
® Consistent Memcached integration

® |ayered approach for storage engine design
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Why row cache!

® No well known database have row cache

® Ve have Memcached

® So why integrated row cache?

° ConS|stency Data consistency in Memcached can not be

. (L4 of RFx 3 . - e ) s : 4
A el ) AU SO N . L % « :ﬁ q _— ﬂ U ’e 2] ﬁ':.--_-,,._ 5 _'_4-_*-- aagifin Lo b Ak do b2 ) Sl €T e b Y eika LFy
R - - e -’ » -a * b
SO ¥ = e C gs ‘ BT S pade B e L A, PEESN R f:' s el ..rg:_._ ol.;-, el

- :--t.'"- ) -'-'_‘- =g




Challenges

® Various object size
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For various object
size( )

RPCls(<48)

TableX RPCls(49-64)

\

RPCls(65-80)
MIMN

SLOT SLOT SLOT
64B 64B 64B

TableY

® Memory management is nothing special,
just a slab allocator.



For various object
size(2)

® Local row level replacement in same RPCls

® Replacement policy

® Global page level replacement

® Minimal heap of FPage(access frequency of page).VVe can not use LRU
list here.
TR, S FPage = (access frequency of hotest row in page + access frequency of., Oy
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For small object size

® Compact row level LRU

® Standard way: Doubly linked list, 16 bytes per

row is a huge overhead
® NTSE’s way: 2 bytes local LRU in page +
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For frequent updates

® Can do writeback on updates is a huge advantage over Memcached
® However, a major problem: Lots of 1O for flushing dirty records
® First try: Make random |O to sequential |O by sorting dirty records

® This helps in small scale but not enough when row cache is |0s
of GBs
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Coexistence with page
cache

® A hard problem for DBA: How much memory for row cache
and how much for page cache!

® |[nnoDB’s DBA is happy: Just throw all memory to InnoDB’s
page buffer

® NTSE’s way

R
v |




Qutline

® Scale out MySQL
® Consistent Memcached integration

® |ayered approach for storage engine design
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Architecture

InnoDB Buffer Pool«

SSD as a (much) bigger
doublewrite buffer

read cache/write back

no random write to SSD Flash Cache




Performance

w—2 Disk RAID 1

—350

Flash Cache

® Even higher than on SSD

® And higher than Facebook’s flashcache(not
STIOWi)



General vs. Specialized

® Why InnoSQL’s FC is much more effective than
general system level solutions!?

® Half write |IOPS

® No need to update original pages
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