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Mo XEE MRSREFRERD , BABRNAFTEE - BN XREE A —FE  MRESH
— ¥, BAMEEN=W , R=1, XNHRAAMRLAKEER, MR BESHATAMY , BALHR
i%ﬁiﬁb—ﬂ’liﬂ’ﬂ%iﬁ R AAEREEW=1 , I¥ESERFLEERE , FTBIRIHHFERHF
REN-WADT Ko

HEMASRIERAL —HMER , FRASHEE —REBW+R<=N, It EZBMNEARERTEERN ,
T—HHMNEORKBTERERASNRESIALN , T -—BHENEOXNNMBRETNERTHIIFAEN
T RER 5 R T AL 2 (8] B9 B ]

(N,R,W) WEARBIZEN (3, 2 ,2) RBMESTAMN, R M W BEZZEMEE. FEME, -3, W
RWERE N1, W NEHHFRABE-MTRATA , BF2FMERE IR RKREN 1 , REF
—MTRTA , BF2PMTER , R M W EIPMEE—HM , SREFH , XHMEEFH, X
TRXERSGAHEERN SLA EXR 99.9% HIRERETE 300ms HTEMKo

7 it Read-your-writes-consistency,Session consistency,Monotonic read consistency,©
MNEBEI RN ( stickiness) B IHEIRITOARNBEROBSZH[HRIIAN , A EHLE2HEE B
=EESAEEHU RYXBETHEMETEE , AR BT BN TP iR¥KXXEIRead-your-
writes-consistencyfMonotonic read consistency, ltit EEN ERIRIENIIBIMRAE | XHEHF
Fim A OB F AR AR SN F &I & BN MRA S EIE.

ERGTRIRE B, RIECAPER , AN —HME - IMKRESXBENREPRARBE -1,
R TEAAYE , BRNBARE-—HMENER , ERTENRERIEN - EREEFN , XRE
RFAREBZRFEACANRERMAMT AR FHRL —HMNRIE , —MEERITHHFREwWebN AR
8, ERZBEHwebNARSHH B AFTRA-FMH"NES , XURRHEKL —HEFH" -3t
BAO"AXPERPMTRAPT-RNER , E TRRRBRERZE , BETUEFENEINTT R BEH.
EE AR RGRE T

read-your-write-consistency —#t , MAE —MNAFPBEREZRAETAILSEEBCHE #,
BRECHWAFES —&2F T UEEERH,

LS HRABR -

W=1 R=NXNXEREERSHESTH,

1, W=N, ERBEEREMHESTH , kK flcachez Xl %,

Q, R=QwhereQ=N/2+1—MNAER, E4EBINEFLE. WIN=3,W=2,R=2

R
W

Vector clock



nodeA | (AD) _ , (A : (A2,C:1) (A:3,B:1,C:1)

nodeB (A:l, B:ACal) (A:3,B:2,C:1)

nodeC a (A:|,c.-|) dependent ¥ (A:2,C:2)

Time
Cause and Effect of version (A:1, B:1, C:1)

vector clock& £, ATBABIXNvector clockl 8@ KK BN T RAIEFKECHREER , M—1ME , 2
EMMEXERAER, RKE—MIF  BRE—NPEER , B-XETRALET., TRASEIN—ME
FEEA, 1) BITEXMHROBIFIZMDLI(A , 1) REBA - EHkey(X—RiTiCE 24
MR keyH)WIEREREALE T FREED2(A, 2),

XAEHR , D2RAILVESRDIN , F2BEWR&TE, MERINRIRD2EER TARET K(BMC) , BMIC
KEWBIRETRMNEFFERN , MBNAEFSMNN , FFAENF~EMNRAEE , PTAIEBH
CEIERIIED2(A |, 2), #F , #& , X—NMEXR , WBAET , EMBKIED3(A, 2;B, 1), BAXRE
— NI BAE | WBALE | PRAERINBAYMRAE R

RiIZDIZBEBRICHEHRE N —MERWCAEIZHMD4A(A , 2;C, 1), BRIRTEXLRAEEEIEITK
Plal , B—MEEURE | RINEIES , BI1HW=1 BBLR=N=3 , FIAREMFFIE=ANTT R L | &
EANMBIFRIEEI = MRA, ALBD2(A | 2);BEMD3(A, 2;B, 1);CEMDA(A | 2;C, 1)5x A&t
RAT AT , D2EZLZIBMA , AILEF , EED3NDARRFIRA , FENABEZEEH.

MREFESTEM , RELABXHEHET, FRIENATH T HFABR , XEREEHD3FDALR
A, REEHFHTEA , RZEBLAEXMER , FTREDS(A, 2;B, 2;C, 1); XMNRAFAUER
ED1-DABTEMEAR, XN FRET —NEFHBEREHTET RALBRHENERL , MASAKEE
FBRAUEZN , ARTUBCERAWEE-—T/IMNHAREFNER , URA—NBREMERNE
;RO

LFHERBECFGRAUUBIE=ATREER - NETLRBR , IENREFE A BN ET SOk
1T BERXEMBET TW=1XMNE , ERLEZEBCEW=NNERT . FTANRREFTEERAN
B W=NAFTENAEES , BLRAENRIT LT BERANEL. Dynamo I TAHE T D HIGH
MR TR T2 I EEE (peer to peer) , MEHRIEA—NT LE R 2N

Virtual node



Physical Node .
Mumber of VN varies based

on the PN capacity

Metwork
EET R, REK

gossip

Gossipth R —1NGossip BREHP2PEH, HRAN I HXRELEFEAX MM , EEFEHE—F
B, RNKENEMIEESZ , mEGossiptLRE K.
GossipM BB M N /ERNALE , BNMBHTHEYRHESRELL.

Gossip (State Transfer Model)

ERBEBIERT , BNEET AHBRFMN—/NVector clockf—~ state version tree. BN R
RS # 2 E#Y (based on vector clock comparison),#@iE# , state version tree@&E%
EBEY I 3Rupdates.

At query time, the client will attach its vector clock and the replica will send back a
subset of the state tree which precedes the client's vector clock (this will provide
monotonic read consistency). The client will then advance its vector clock by merging all
the versions. This means the client is responsible to resolve the conflict of all these
versions because when the client sends the update later, its vector clock will precede all
these versions.



resp = send{replica;, V)
arrayV,,,,, = resp.armayV, .
Vclient = merge(armyvstate: Vclient)

Query Processing

(state transfer mode)

vclient = rEq-V

arrayVo,e = 1

for each V10 ¢ > Viient
append V., to armayV,,,

end

resp = (state, arrayV,,,..}

reply resp

At update, the client will send its vector clock and the replica will check whether the
client state precedes any of its existing version, if so, it will throw away the client's
update.

rEp S SATSEACS T Update Processing
(state transfer mode)

0 Ve = B Wi
do nothing

VeIl = Vil

state’ = req.newstate

add state’, V., toversion tree
FESP Mo = Vitasrr




Replicas also gossip among each other in the background and try to merge their version
tree together.

Gossip
(state transfer mode)

possip = (stateTree,, Vi)
send gossip to randomly selected replica i

wili] ++
V= merge (W, gossiph,)
Add gossipstateTree, tomy stateTree

Gossip (Operation Transfer Model)

In an operation transfer approach, the sequence of applying the operations is very
important. At the minimum causal order need to be maintained. Because of the ordering
issue, each replica has to defer executing the operation until all the preceding operations
has been executed. Therefore replicas save the operation request to a log file and
exchange the log among each other and consolidate these operation logs to figure out
the right sequence to apply the operations to their local store in an appropriate order.

"Causal order" means every replica will apply changes to the "causes" before apply
changes to the "effect". "Total order" requires that every replica applies the operation in
the same sequence.

In this model, each replica keeps a list of vector clock, Vi is the vector clock the replica
itself and Vj is the vector clock when replica i receive replica j's gossip message. There is
also a V-state that represent the vector clock of the last updated state.

When a query is submitted by the client, it will also send along its vector clock which
reflect the client's view of the world. The replica will check if it has a view of the state
that is later than the client's view.



resp = send({replica, Ve
Vit = respVyg,
Vg = merge{Vyse Vi)

Query Processing

(operation transfer mode)

R AT
BV < Voo

resp = (null, Vg..}
else

resp = (state, Vi)
end

el e Only advance at gossip time

Qutstanding operation request

When an update operation is received, the replica will buffer the update operation until it
can be applied to the local state. Every submitted operation will be tag with 2
timestamp, V-client indicates the client's view when he is making the update request.
V-@receive is the replica's view when it receives the submission.

This update operation request will be sitting in the queue until the replica has received
all the other updates that this one depends on. This condition is reflected in the vector
clock Vi when it is larger than V-client



resp = sendireplica, Vi , newstate) Update Processing
Yiprosee = MEHY o e

Vot = TSV s Voo (operation transfer mode)

:ii’l";mv can advance this bit
Vigrsooowe = Vige
Visecesel il = Wili]
enqueus record (i, req.id, reqop, Vi - Ve
HrecVe, <V,

apply rec.op to state Replica | has receive
Vi = MRV i TECN pecene) | 1) PPECOiNG wpdates
ond

PSP ecsier = YVabrocese

roply resp

On the background, different replicas exchange their log for the queued updates and
update each other's vector clock. After the log exchange, each replica will check whether
certain operation can be applied (when all the dependent operation has been received)
and apply them accordingly. Notice that it is possible that multiple operations are ready
for applying at the same time, the replica will sort these operation in causal order (by
using the Vector clock comparison) and apply them in the right order.

Select a random replica |

02 = Filter recV g, peie <V from hold off queue
gossip = (k, g2, V)

send gossip to replica i

Gossip

(operation transfer mode)

Add gossip.g2 to hold off queus

V= merge [V, gossipV,}

V, = gossipV,

Scan all records in hold off quewe eligible for update

Sort the eligible record and apply update to state and V.,
Delete rec in hold off queue if for all x, V [rec] > rech g udrecd]

The concurrent update problem at different replica can also happen. Which means there
can be multiple valid sequences of operation. In order for different replica to apply



concurrent update in the same order, we need a total ordering mechanism.

One approach is whoever do the update first acquire a monotonic sequence number and
late comers follow the sequence. On the other hand, if the operation itself is
commutative, then the order to apply the operations doesn't matter

After applying the update, the update operation cannot be immediately removed from
the queue because the update may not be fully exchange to every replica yet. We
continuously check the Vector clock of each replicas after log exchange and after we
confirm than everyone has receive this update, then we'll remove it from the queue.

Merkle tree

BREF#EBFPREN , 8N RBHash2EMA 71 [A@Hash#Hash , HF 1 RBHash2EAR
fyHash, X -BEAMTRRER( , EHashI B SREEBIRTR. FERSNRERIFET
WEWRT Rfhash , —BEAZY |, INEFPREWHER EIogNRAI WA RIREZTIHRE , 5
LEZ,

Paxos

paxosE— M BE—BMNFE , IUEBRNESE,
Hp FERTEGoogle GFSE A Chubby#Lock service, BRAERBHERN RITMARES
7o

EY=]
B =

2440 A B SR K B BRHIR
—. Master/slave

MRSV EBREHNZEANSR , — BOERALLRIT, HtARELERE] premature
optimization is the root of all evil”,

£ R : RAmMysql replicationBlA[3EH |, REFRE,

RR  BREFEESHE , masterifE 2 EslaveTH#EE, % ShslavefViEiR th 2 MNR AR NE
EEO

—. Multi-master

Multi-masterfs — MRS FHE Z M master, 1 masterffEBread-writegeh , ERTFAEB R
EZBEEAHMRA, NP HRNIREAERE RS git AT LIEE A multi-masteri, ERRLX—HH. IR
AR S ] LAE S DynamoRyvector clockZE 3%,

LR BRTEIHE,
MR FHERA B, SHRTNEBESR,

=. Two-phase commit(2PC)

Two-phase commit@ —PMERE RN — M E X, BT —BMELERE A @iE(WPaxosiThe
Part-Time Parliamentie )R tb@ A 52/ , T E BN RS ENHF.

EMBAA-—TREZERS  IRFMEAMAESEERREMNED T , A5 - AELNFZHEUE. A2PC
BEERPITIRAOT


http://en.wikipedia.org/wiki/Paxos_algorithm

Phase 1

Prepare: #42%& (coordinator)TBiELR MBS 5%& (participant) , ANEHNSEEIIRK,
Proposal: $2HEAR2pm-5pmE#5Es.

Vote: participantZEvote4 R4 coordinator : accept or reject,

Block: #nfaccept, participantBif¥E7/<2pm-5pmirtiEa , FEEZ HMER,

Phase 2

Commit: MRFAESEEHMEE , AR EcoodinatorBHAAES 5&commit, BNEHabort ,
participantf&BR81E
Failure BRE K MIEIR 247

Participant failure:

£—385%&%WE , coordinatorE#E#H {Tabort

Coordinator failure:

Takeover: R participant— E¢A 8% W Elcooridnator# il (commit/abort) , NiAJ coordinator
TET . XBHR A B3 A Coordinator# 13 (watchdog)

Query: watchdogiR#Ephase 1#E WK participant¥l&k &K query

Vote: FifparticipantEl&Zvote4 R4 watchdog, accept or reject

Commit: MRFEHFRE , Mcommit, EMlabort,

R ETEE,
MR FFESE5&EEEME(block) , throughputf ; TRENH , — TR KB ENES KM,

P4, Three-phase commit (3PC)

Three-phase commit2 —1MN2PCRIZBH R, 2PCE —LRBFIEMHR S |, kil coordinatorfii
commitREHFF B KX commitzfa , B participantZ®#Acrash , XBH&% Eabort transaction,
XAHMEREFHAERLEREET —BWIER , crashiREFN T RBEMT SBEETEMN. EL3PCH
2PCHycommitid 19 72,2 B preCommit&kcommit, 208,

Status Coordinator | Cohorts | Status
or Cohorts

Done. Pheses LCommitted.

| |
Soliciting votes... i i i
J i canCommit? :
i ==
| |
I I )
— Yes ! Uncertain.
: o : Phase 1 Timeout causes abort.
[} [}
[} - [}
Gommit authorized. : preGommit .
Timeout causes abort. : - :
b ACK i Prepared to commit.
: = : Phese 2 limeout causes commit.
] ]
| |
I ) I
Finalizing commit. | doCommit .
Timeout causes abort. : = :
I haveCommitted I
[ 1
| ] |
[} [}
| |
[} [}
[} [}
1 1

(B R KE : http://en.wikipedia.org/wiki/File: Three-phase_commit_diagram.png)

MBEXE , cohorts(participant) ¥t Z|preCommitz /5 , R & W E|commit, BRIA IR TTcommit,



ENE EMtimeout cause commit,

&R coodinatork iz T —¥preCommit crash, watchdogi#& 2 FEdquery, IR EE—T 2k Z
commit, HE2ZH KW preCommit, N AT LEcommit, EMabort.

R AFRESE SBEEREER —Ho
R MESBERE , tbilpreCommitlB B ZIEFRAFAMEMF , Xat&coodinatorfiEHE L
abort, B FEl&replicastlE&commit,

Google Chubby#y#E#&Mike Burrowsiiid , “there is only one consensus protocol, and
that’s Paxos” - all other approaches are just broken versions of Paxos. EEI"#t kR 5 —fh
—EMEL , BBFMEPaxos” , FIEHM —BME LA R PaxosE LW T TEMR, #LE2PC/3PC,
Paxos& £ /Y it

Pla. BRPaxosEHIHITHA R — NS , FEEERIE , S replicaTEZ LY RARET MR

=

P2. —B— value v #replical®d , BAZEEABEHARN value BTR v, EERELENE
(Byzantine) @@, £ LHERNLREXRE K M2 —1NS5#E— Haccept/ER2pm-5pmHiiproposal,
MAERTEEE, T EHREERacceptix i value,

— A proposal REEZHREZAAES., Htk2PC/3PCERE , E—M2f+1NMNTRNERHS |,
FEMTRTATH.

B5PaxosEERZARNMAT |, 43 2Googlefchubby \ TIELI MY A E R PaxosH AT 4hFEBIE
B, hminfEfByzantine@&E , BT T RNBAEMABELXENE , ByzantineRBEA2SH
Paxos&E EP2Y R ALK,

REN#AEXREBLERMOT
Backups M/S MM  2PC  Paxos

Consistency - Eventual Strong
Transactions - Full Local Full

Latency Low
Throughput High

Data loss - Some

Failover - Read only Read/write
DHT

Distributed hash table


http://timyang.net/blog/wp-content/uploads/2010/02/idc-transaction.png
http://en.wikipedia.org/wiki/Distributed_hash_table

Data Key Distributed

T hash | Network
Fox function —® [DFCD3454
The red fox - Hash
ru:hsni:iizuss ™ function ™ S2EDBTYE
The red fox
walks across|—» Hash 46042841
the ice unction Peers

Map Reduce Execution

Map ReduceB&LEAR#HT , FTIERER—T,
S0, : http://zh.wikipedia.org/wiki/MapReduce

Lets say input key list fall into here

Reduce key falls
into here

Reduce function executed at F
with result replicated to G, H

Map function will be executed
atB,C, D
Each takes 1/3 of the Input keys

Handling Deletes

BRMNPATHRRBEN MR BT EE | U EKIEHENBNRAESR.

BERISL - Objecttiix L"EMBR"HRE, EEBNNEZE , BNEBRRE-BVFRTA
B eRRmER. B ZEE,

i3RI

One strategy is to use make the storage implementation pluggable. e.g. A local MySQL
DB, Berkeley DB, Filesystem or even a in memory Hashtable can be used as a storage
mechanism.



Another strategy is to implement the storage in a highly scalable way. Here are some
techniques that I learn from CouchDB and Google BigTable.

CouchDB has a MVCC model that uses a copy-on-modified approach. Any update will
cause a private copy being made which in turn cause the index also need to be modified
and causing the a private copy of the index as well, all the way up to the root pointer.

Copy on modify. Everyone sees his own copy of update

Finally the root pointer is swapped and everyone’s view is updated
Yellow page becomes garbage over time.

File will be compacted periodically by copying to a different file.

Notice that the update happens in an append-only mode where the modified data is
appended to the file and the old data becomes garbage. Periodic garbage collection is
done to compact the data. Here is how the model is implemented in memory and disks

f I

Transaction 1's view RAM
Index buffer
‘;‘ Resoit podnter Davta barfier
l"‘\ e Pager Daitn P
Transaction 2's view Irvdex Page - Dt Pger
Poriodic checkpoint data & index buffer
Segjisisritial mibe-ludhh&lrldmw
D]Sk [nppend-only with periadic compaction)
‘}-\—/‘/
indlex file Data file Log file
Rt pesiiler Duta Page Crammit record At comimilt, abort and chedopaint,
& . yme wite record te log File
Inchrx Pagr Duta Page ucord
Inchrx Page: Duia Page

\__-__//

In Google BigTable model, the data is broken down into multiple generations and the
memory is use to hold the newest generation. Any query will search the mem data as
well as all the data sets on disks and merge all the return results. Fast detection of
whether a generation contains a key can be done by checking a bloom filter.


http://horicky.blogspot.com/2008/10/couchdb-implementation.html

Sync write to commit
log and mem data

]

When mem data full, copy
it as a new data set to disk

When update happens, both the mem data and the commit log will be written so that if
the

TREA

Notice that virtual nodes can join and leave the network at any time without impacting
the operation of the ring.

When a new node joins the network
FMANTRESHCHNERE(U BREHMBFR)

BB ET REREKeyN P EMEFIXR,. XMREBERESH
EXANFMANT R 70 L BE

BN AT BRERA A I HMT R

S



H, A, X, B, C, D will update the membership synchronously
And then asynchronously propagate the membership changes to other nodes

Drop Rangeg,

TellH, A, B, C, D that | join

Split Range,; into
Range,y + Rangey,

Drop Range,y

Drop Range,,

Notice that other nodes may not have their membership view updated yet so they may
still forward the request to the old nodes. But since these old nodes (which is the
neighbor of the new joined node) has been updated (in step 2), so they will forward the
request to the new joined node.

On the other hand, the new joined node may still in the process of downloading the data
and not ready to serve yet. We use the vector clock (described below) to determine
whether the new joined node is ready to serve the request and if not, the client can
contact another replica.

When an existing node leaves the network (e.g. crash)
1. The crashed node no longer respond to gossip message so its neighbors knows
about it. BRI T R T B XEGossip MessagefEIN |, FRLAMLEV4R B ANEMZE T
2. The neighbor will update the membership changes and copy data
asynchronously , iV ELAEEE |, FHAEISIAT , BN ARTRXR,



Asynchronously propagate the membership changes to other nodes

Crashes

Combine Range,. from
Range,; + Rangep,

Copy Range,; Copy Range,

Copy Range,,

We haven't talked about how the virtual nodes is mapped into the physical nodes. Many
schemes are possible with the main goal that Virtual Node replicas should not be sitting
on the same physical node. One simple scheme is to assigned Virtual node to Physical
node in a random manner but check to make sure that a physical node doesn't contain
replicas of the same key ranges.

Notice that since machine crashes happen at the physical node level, which has many
virtual nodes runs on it. So when a single Physical node crashes, the workload (of its

multiple virtual node) is scattered across many physical machines. Therefore the
increased workload due to physical node crashes is evenly balanced.

5
#R

BRELT, JN—S4RNOEAFREE  ERAU-EZHBENFAETE , SIMATH 1K

EmpIdLastnameFirsthameSalary

1 Smith Joe 40000
2 Jones Mary 50000
3 Johnson Cathy 44000

XMEENRBIER TRB(Empld), #EFE(Lastname and Firstname) & L& (Salary).
ENRFHEELMAYAF(RAM)FFHE((ER)P, EARANFNEZENH LTE , BRHNBREREEN
EENARNFEN . BEELXTIEIN—EREFERE—RI—EN"FW'HP , XRERGEEINFRE
#H,



TRBEFEE—THPNRBEERE —RBFHER , AGBEF® T —1THRIE , tEH#,
1,Smith, Joe,40000;2,Jones,Mary, 50000; 3, Johnson,Cathy, 44000;

NXBEEFELE—SIPHBBERE-EFHER , ASBFET —JNBIE , SUL3E#,
1,2,3;Smith, Jones, Johnson; Joe,Mary, Cathy;40000,50000,44000;
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RERBANTHE , MEMRT LBEEEE —EHIFEENISE. TEEE.
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http://www.penglixun.com/work/database/column-oriented_dbms_analyse.html

e ANEANEEF#EAN
e memcachedFEHBEN DA

memcached ][ memcached ][ memcached

EFIRIERREE

NFRtERF

Memcachedt B R F28—1 (key , value ) X ( AT EI#kvAT ) |, key2i@BN — Nhash&E L5
{tFhash-key , EF&HK. NHEURBEIRTEENESI, B8t , memcached AR —MN=HK#35I ,
Bid —3k Khash& K4,

MemcachedBEBAMNMZOAHBAR : BREMw (ms ) MEFH ( mc) , E—PmemcachedWE#H ,
mciBEiI it EkeyHhash{ER BEKVHFILENMSE, HMsEBER , EFRRHRaLE—INEN
BEREWNNMMSs , LEREXRBUNHKE, BAXZEEEREUARZHE P , FTEL memcachedX
EFRAMENEIN2R/IMLE,
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EAmcrERANhashE%E | HFRLZERIEIMMsIRNERD, Bt Emca o BEMELZENKVES
Fims , IFENRBINMsHAEHRIA—# |, BB A2 SBANFEEARNBRK, AT —ERNE
RERE , BESIMNMsHAEXRD , RHMAMNHWEALAE , RAEES IMImsEFn M BE=RALHY
HH instance , IEMETHETZANBEXR P —HWFms , NTRBABEHWANFERE,

RERE

YmshashRFH T2 , FNBEABRBELERENEE  EFNERKELRU (RERPVER ) , UK
FBAKVI A RATBR. KX 7B ME R REMcimHappit B HERSEBIE L msH,

B MsEXARMBENE , MmsTAFFANFHEREZA SNSRI HBER , MREYAMNY , #
K—MNEANEKIE , MR XEESRNWZREMT , THTERIIE,

ZEREEENR

WEmMemcachedHHRITHW—ERA S RASEFREESH , TEE—/MEE6 78
AppEEEHuserid=xxxWAFEE , RN ERIBEIEML :
“SELECT * FROM users WHERE userid = xxx”



App%t*iEcache , B3% B user:userid” ( keyE X A EN AR ) WEIE , MRE | REHK
7, MREE , Appa NBIEFEFIEREEIE , HiAAcacheWaddiE®y , BEIEM A cached,
UHNBIEEEEY , appaiffHcachefupdate i , RERFHEEFEScacheWEIERS,
MEENGFERNEITAERI , —BEHEENBRERIAEN , B —EERNEHcacheFHHIE , X
Rifappi R ERFHWEBKE, YARMNT LB EREEHRICFK T cache R EIEN K MatiE |, BF
B - A MEESH T cache#tTEH , BixzHELBERE EMNIER , SBappTAEM cachei Ik
BE , XUEHAMRRE, (UERETIHEHEIAREXN EE )

BRETREHEM

MEITAE L , memcachedB&BEHBERARKITH , EXREMRB—NANEN S HEREcacheZ |, TIA
BREITRFBETROIABRITHERMNESRENF .

H—AmsEEXRTHIEZRE , appb RUUMNBEEFIREHE. TIEEENBEREREEmMsTE
EEITER , BHIAANmMsEK I Fcache , XEFEM T 2E FappMcacheFEF B ¥ Em — T FLELKE
T RS KB

BRATEADEEMsHEFHROENE , AIFER " RAZR"AR , RERA—EFHmMsKEAERERN
ms , YRFMWMsEREARKmsWIPHL , KR THBEEHFEH —E.

BH—FAR , MEERSHEMsWT 2, AEMcAXMMESENT RWRES , MRLZIEANT Sk
B&AEMRL , iaMmcH o] AserverFIRE MiBR , HXserverTi R TEFhashEN, HARXMHD

LERWRIER , EAkeyFZMEBL , TREMECLT., FIUAAREKSthEHBE S , KIF AR
ZFM"HREAFER , MUEREEXN WK ML,

Memcached% /i ( mc)

MemcachedZFin B &EMESHMRAMARER , BFjava, c, php, .netEFEE , EkAS
.memcached api page [2].
ARULUBREECTENEE , EBREGENEFHRERK.

ZFANWebR REFRHY

BTEFNEE , RITTAEASENappEMdbEZ B Acache® , BN appR$ea# AT A48 E — 1
mc , BRBEAERBATAMmMsHEE , MR &F , BNIbEIER, MEBBEBEHTERN , RT
EXRi#EupdatelsqléadbE |, RN tEEFEHRNBBEREMC , IEmMcEEFTmsHHEKIE.

PERER i

Memcached Bi&E
FPIEE: 16222 X/B
BAREE 18799 x/#

Memcached E&EE
FHEE: 20971 X/B
BRAEE 22497 X/#

Memcachedb BiEE
Fi9EE: 8958 /B
BAREE 10480 &/®

Memcachedb EEE
FTHEEE: 6871 X/
BAEE 12542 7/


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

3 N [=]
~E\ ﬁ E_E Q& | ﬂ /E\ I&
ﬁl ==

dbcached

e dbcached  —FET Memcached #1 NMDB B2 % = key-value BIBERNFEEFERE,

e dbcached = Memcached + # AL EFEHEEE + NMDB FFimiEN

e Memcached 2—HEMEN , 2 HRNNAENREERE , ATEISNAFBLOBREEAE ,
RAFREE,

e NMDB R—REMNMERIEE(dbmE)EES , CHANEEFENHMEFEABI WK , £H
QDBM &} Berkeley DB £ B EE.

e QDBM B—INEEMIEEMNPIEE , ©2 8 GDBM AT TR=ZAMBEIT X : ESNEERE &
PIBTEEXH KN, MEREHAPI, QDBM RERXRELL Berkeley DB EfR |, #4ERE LR
{Report of Benchmark Test) .

dbcached — 3% key-value HUEERNZEEZR SR

Memcache FEFIR

A A
zet/add/replace/deletes. .. : 1getfincr;’decrI : zet/add/replace/deletes. ..
¥ h 4
dbcached dbcached
192, 168. 0. & 192, 168. 0.8
A A

BRI SETESRT. SiE4rE

| T

| |

| |
CETHSCRA O, BHMOBN | | FANencachedWTFET, | | GETHSCRARAT, BIDBA
CDRMERIEEFR LR, JEE | | EEIMDBGBT A | | BCBERRELE, RO
“AP, #ESIATFER. ! S8 . || AP, #ESIATFET.
(ICPMKIER ARG | | PR AR, B | (ICPHIKER SR 5B

| PR EE L) |

Y vy Y ¥
WD il PR R

192, 168. 0. 2

{

QDEM #h TR

Memcached f1 dbcached £ L —#ME?

e 37A : Memcached BEM#Y , dbcached #PEEM. BRIt =Z %L , dbcached & "Memcached, FXA
L E#HEEER. NMDB EFmEN"E— M EFHRESEXR , EMESE Memcached HF R |
dbcached AIHR Memcached IEXNREFRES , ER , CHEBETURSAE#IANBE IR


http://blog.developers.api.sina.com.cn/?p=124
http://tech.idv2.com/2008/08/17/memcached-pdf/
http://qdbm.sourceforge.net/benchmark.pdf

%85 -8 QDBM = Berkeley DB Hi#EEH,

o MAE : HIY% dbcached WM XL EBEEHNIR Memcached #[E ; /Fi% NMDB R Memcached —
¥, XA Tlibevent #{TMEZIONE , HIEBCHRNFEFNE , HETHELT,

e EA : H“dbcached ¥ Memcached ZB5"#ZWE—1 set(add/replace/...) BRHETF key-
value BIEEINFHE , “dbcached HF AL IFHEESR"EBNT key-value ZIEE I "NMDB &%
ENO"%%EF % QDBM = Berkeley DB #iEES,

o RE : tNEMLE-2"2% , XA UDP Td}iﬂ“uﬂiLTiﬁH&”ﬁ“ﬁH set(add/replace/...) S E

W BIEEIE L NMDB BRE25i% , 3 Memcache FF i BIRE /&0 JL F o LA R 1T, E?Jbﬂ
. EB—XBHTRS 2 A UDP FRAESRMFHMY. EnnﬁFE’JF/RT EHRHENEERLE
# Memcached TZ5 , EE —H 1R,

o EHY : H“dbcached By Memcached % "#WE—/ get(incr/decr/...) EXRE , 1R
“dbcached ¥ Memcached I "EWB FHNAFEERGH , M"dbcached AL FHEERE "R
EEI"NMDB &F %O M QDBM = Berkeley DB %HEJEEFHMH%HE BRESHF , RE#EEE
Memcached A#FH., MREAFBRIERXN key , MLEEM Memcached P\]T—T—“F @ Value
{EO

e ¥ X : #H dbcached , FHEL Memcached IREES3EH. ERSMSBEIEE K.

o &FE : £ dbcached , BIERE N KMEE , AN, "2 Memcached ARG EHT KM BIA T key
ER"EX M"Memcached BRSS88"HIBR T X Rt 1A,

e 7% : dbcached 1 NMDB E%EJL;{E%EE—E‘HE%%EJ: , B REETRNRSSEL , 28
dbcached BRFZEAILAX Bi—& NMDB RS 2E5.

e $K : dbcached 3 F"i ”j(:.]:“'_‘”E’gFquEEJEFHo

o Hfth : (dbcached M EH#E

ER5

HadoopzZHbase

Hadoop / HBase: API: Java / any writer, Protocol: any write call, Query Method: MapReduce Java
| any exec, Replication: HDFS Replication, Written in: Java, Concurrency: ?, Misc: Links: 3 Books

(1, 2 3]


http://code.google.com/p/dbcached/wiki/Failover
http://hadoop.apache.org/
http://www.amazon.com/Hadoop-Action-Chuck-Lam/dp/1935182196/ref=sr_1_3?ie=UTF8&s=books&qid=1256498379&sr=1-3
http://www.amazon.com/Pro-Hadoop-Jason-Venner/dp/1430219424/ref=sr_1_2?ie=UTF8&s=books&qid=1256498379&sr=1-2
http://www.amazon.com/Hadoop-Definitive-Guide-Tom-White/dp/0596521979/ref=sr_1_1?ie=UTF8&s=books&qid=1256498379&sr=1-1

H3E X*¥2HadoopDB

SOL Query
apReduce Job
ke [ SIS Planner ]
MapReduce
Job
Hadoop core
R e e —————— |
M od
rassern = MR |
HDFS Framework :
b I 2 gl
[ Mameahade [ JobTracker ] | EL 25
r | E % =
|
|

InputFormat Implementations

[ Database Connector I‘ f

| [ TaskTacker |

GreenPlum

SQL or
MapReduce

Master M o

Servers

Query planning B
dizpatch

Network
Interconnect

Segment
Servers

CQuery processing &
data storage

_lﬁ:"l &
e
D &
vl e 4
De &
e é
il 6
De &
e 4
.'E*- &

External
Sources

Loading,
streaming, etc.

FaceBookZCassandra

Cassandra: APIl: many Thrift » languages, Protocol: ?, Query Method:


http://incubator.apache.org/cassandra/
http://incubator.apache.org/thrift/

MapReduce, Replicaton: , Written in: Java, Concurrency: eventually consistent ,
Misc: like "Big-Table on Amazon Dynamo alike", initiated by Facebook, Slides » ,
Clients »

CassandrasfacebookFF IR R — NRA , ATELIA @ BigTable®) — N FIRIRA , B #itwitter®
digg.com#ZEFE A,

Cassandrafis

o RJEMIschema , FTEERBEFEE —HMEiRitschema , BINHEMERFERIEEHFE (on
the fly ) o

o #FrangeZEif] : AL Key# TSEEZEIM,

e SHUA, IV R RIHETEHEHERS , TLEY B,

CassandrafVEEBRSMERTTR2—IMKEE A MR —HEEETQERMEKE —N D i X W&k

% , XCassandraty —/1\BEi&E , & HEFHBHEMT QI XL |, MCassandrafViiR/E , L EBERHE
EATH S EEEER, X F—/1CassandraBfEXRi , ¥ EMRERERNENE 1§, REEHEER
AT RMAUT . BEBEXEH FacebookiCassandraBEEBi3 1004 RZ SR BIEER
%0

Cassandrath X IFLLRFENRFELEWMNINER AN ERES , MMongoDBLEERZELL , EifjThaett
MongoDBfE55—LE | twitterfy £ &M TP 1M FEvan WeaverET —BXENA

Cassandra : http://blog.evanweaver.com/articles/2009/07/06/up-and-running-with-
cassandra/ , BIFEFMPINA.

CassandralABANMTT k@& AT RN HREEMETREE , BXEHR TN T RCassandrafg
PRAFFIFREEER , BbEF J—EXXNRBHITRENTIL , B2 Cassandragg Ny
RNMERSEENN , EXMNIARBBEELRREMLARENSNINTRERNRSE , HHF A HERUR
FEANRGHTREE , BEARE , MANNXEETINHAEAREE D

Keyspace

CassandrafMIGZ AKALE T , EEAEE T —% % Column family , Keyspace— k2N ARFN A
o RAILUEECEHE N OracleEEmA — N schema , B8 7 —RIBX R,

Column family ( CF)

CFRENMBEKeyWEBESES , SICFUE LEFREEMIXM4H. MBIZLE , CFERKREERF
F iy Table.

Key

BIEXIUEE KeyRiE R , CassandraRiFSEE & , 0 : start => '10050', :finish =>
'10070'

Column

#CassandrafF ZRES/PHHFEE T , columnMvalueK—13t , kb0 : name:“jacky” ,
column&name , valuefjacky , /1 column:value/5#8E — /N6t AIE : timestamp,

MBEETFRHRZ , Cassandrafl —1TH A LLEEEZ N column , MASHTHcolumnT AR RG]


http://www.slideshare.net/jericevans/an-introduction-to-cassandra
http://wiki.apache.org/cassandra/ClientExamples
http://blog.evanweaver.com/articles/2009/07/06/up-and-running-with-cassandra/
http://blog.evanweaver.com/articles/2009/07/06/up-and-running-with-cassandra/

Bo NBIBERITNAE , RUUER AREEFNER , F—1PEKey , EoNMREXAXER | A
REBREZWcolumn, XtEE Rt ALiHCassandraBE&IEE RiEschemai g R,

Super column

Super columnZ—fM4FEkMcolumn , EEM AT UFREERZ N EEN column, HE—/NCFH R

DBEFEEZ M Super column , —1NCFREEEXERAColumnm & Super column , FeEEA. TEHR
Super columnfy—/MilF , homeAddressiXNSuper columnB=NFE : 9 5l Estreet , city#l

zip : homeAddress: {street: "binjiang road",city: "hangzhou",zip: "310052",}

Sorting

TEFHEEERLUEI Order by EXHEFMN |, CassandraBl HHIBIEINF R ER—EN , BIERE
RELXRBENHWANER  FFIABERNIAFEL2BET , XR—IMEXNHRERS, BEENR
Cassandraiz#column nameM A £column valueXkR#THEF , © EXLT AT JLRPIEM
BytesType, UTF8Type, LexicalUUIDType, TimeUUIDType, AsciiType, HLongType , FAKE
W nfaz BB column nameREEF. RfRLE , MR column nameiR B A TERIER | SULREE
RIFEHFFHEM, UTF8TypeRiBcolumn namek# NUTFSRIERH THEF |, LongTypefkif iR
641zlong® , TimeUUIDTypeRZBE FrtEAUUIDXRBEF. Hlin :

Column namefZ & LongTypesEfF :
{name: 3, value: "jacky"},
{name: 123, value: "hellodba"},
{name: 976, value: "Cassandra"},
{name: 832416, value: "bigtable"}

Column nameZBUTF8TypeHE/F :
{name: 123, value: "hellodba"},
{name: 3, value: "jacky"},
{name: 832416, value: "bigtable"}
{name: 976, value: "Cassandra"}

TEHEMEtwitterfSchema :

<Keyspace Name="Twitter">

<ColumnFamily CompareWith="UTF8Type" Name="Statuses" />
<ColumnFamily CompareWith="UTF8Type" Name="StatusAudits" />
<ColumnFamily CompareWith="UTF8Type" Name="StatusRelationships"
CompareSubcolumnsWith="TimeUUIDType" ColumnType="Super" />
<ColumnFamily CompareWith="UTF8Type" Name="Users" />
<ColumnFamily CompareWith="UTF8Type" Name="UserRelationships"
CompareSubcolumnsWith="TimeUUIDType" ColumnType="Super" />
</Keyspace>

EMNBEF —MUTwitterfkeyspace , @&% T/ CF , HAStatusRelationshipsHl
UserRelationships#E X F ‘@& Super columnf#yCF , CompareWithE X T columnByZEFHM |
CompareSubcolumnsWithiE X T subcolumnkiyEF M0 |, XEFEHR T HM . TimeUUIDType#l
UTF8Type. HRITEBEEBRETAERcolumnEN , XEKECOIUMNEBAIURFEEM,

RNTHEARER  BoasdBEAXREBEENEE S EEBiRTwitterfSchema , EF AT EIR
INAIXFEECassandrafy#iE#E R | X FCassandrakiii , 8—THcolunnBH A UREEN , M2
RYBEE—HEEEERNMAEL,



Twitter Keyspace

User_id name email W

1 hellodba freezr@gmail.com User_id user_fimeline

2 fenng dbanotes@gmail.com 1 timeUUID:100 timeUUID:101 timeUUID:108. ..
2 timeUUID:102 timeUUID:103 timeUUID:200...

[statuses

Status_id Text

100 DBA Tips: ... m

101 @Fenng ... user_id friends_timeline

102 @Hellodba . .. 1 timeUUID:2 timeUUID:5. ..

103 DBAnotes: ... 2 timeUUID: 1 timeUUID: 10

o4 L

created with Balsamig Mockups - www balsamiq.com

Users CFic& A SR , Statuses CFidFtweetsfIK A , StatusRelationships CFiZkAF &
F|Wtweets , UserRelationships CFidF A~ &ZWfollowers, BITDEERHFF R 2
TimeUUIDType , XM EE R IZBTEFHTHEFHUUIDFE , column nameR AAUUIDE ¥ ™4

( XAMNEBURE T —NUUID , XAMNUUIDRBR T HETHatE , T ARIEBXMNUUIDREEF , B RELTF
timestamp —# ) , FIABIEREZRBNEXREFN . FEAStwittertI AZAE , (RERTUEE
B S &#Hitweetss & &#H K friends.

20

CassandraE T 5 E#M (Bigtableth 2 —#) , XNMNME TN HEER —MNEHE,

IiUsers name I I:_Users email l Ii.,.lsers profile l

Key Value Key | Value Key Value

1 hellodba 1 freezr@gmail.com 1 Oracle DBA
2 fenng 2 dbanates@gmail .com 2 Master

3 donny 3 donny@oracle.com 3 LingDao

4 sky 4 sky@mysql. 4 MySQL DBA

created with Balsamigq Mockups - www balsamig.com

API

THERHIERE , BigtablefCassandra APIfIXI Lt : Relational SELECT "“column® FROM
“database . table® WHERE “id" = key;

BigTable table.get(key, "column_family:column")

Cassandra: standard model keyspace.get("column_family", key, "column")
Cassandra: super column model keyspace.get("column_family", key, "super_column",
"column")

EIfCassandrafiBE R WIBHR -


http://www.hellodba.net/

1.column nameZEHEIEMNE , MvaluefZE, EHCassandrafizBcolumn name#EF , MAR
By 1ZE#E |, FRAEERIBcolumn nameEHREIEMNE |, MvalueZBoNI2ZE, 40 :

”.n monm

“jacky”:“null” , “fenng”:"null”

2.Super columnA REBEER—NES| , BRKXRBEBEEHNNAR |, RAsuper column T LK
PIREN , BAEALURE —fcolumn , T BE2BEFFH.

SHIFEENNBMBET  HENBESERRRBENINFISN  XE-—MEARNERERLS,

4. EEREHNschema , columnA BARIEE . KFRLE |, colume nameERZERT , M2
value (RTRERE ) .

5.8 M column/GEMtimestamp , X ARIAWNUA , BBV TRRBESRE , REREKR
AEBENEENES.

RERURNE , RIANBRENZOREEFRRE , FERCAPERBASE , HHBMRXMNREM, Rigz
XETRAEM—MEMALUERNEREHAD , BEEFNNSQLARENAZR , HINEMHH
RANECKRIEGENRNA,

Hypertable

Hypertable: (can you help?) Open-Source Google BigTable alike.

B ERSIZBNTZventsiRIEGoogleM I AT A R E2006F KT —FiLX (Bigtable : £f3{t
BRENDEEERE) AN —RFA RS HRBEEERS. Hypertable2ZRB1000F s LLHIi&
it , A C++8E |, AI3%E HDFS M KFS £, REXEVNHMER , EEETHENMEE : BA 28M 5|
R, ETREAREAIA7MB/s , IEURERTE 1M cells/s. HypertableBBI—BEXBEAZ SN
BMAEMHNARES , BRI , HypertableM B 52 T EENBEE X , HMEHSEEFN X
EO

GooglezBigTable

M5t Googlel ™ mE R BBGooglel A THECMLZHE , EOENZ,

Google AppEngine Datastore 2#BigTablex FEEH XM , RGoogleWNHEME RS , AT
BEM{LHIE. AppEngine Datastore B & R ERNZE T 2 EZIHAIBigTablefySZIMALE] , ATHEN
FBigTablex LR —ME 320,

AppEngine DatastorefiXIFMW M B W BEXR B ELSimpleDBFERZ , 13ETBEE—I WA
ANBREESHNTIRE,

MERITEEGoogle AppEnginez NEER AMIE , I FANEEEZRAXMNBIEFHE. A, T
SimpleDB , FAARTMNERFZEEZANNA , IRHETEEH K itt 5AppEngine Datastore#t 174
O (B I BigTable)o


http://couchdb.apache.org/
http://labs.google.com/papers/bigtable.html
http://labs.google.com/papers/bigtable.html
http://www.baidu.com/
http://code.google.com/appengine/docs/python/datastore/
http://code.google.com/appengine/docs/python/datastore/

YahooZPNUTS

Yahoo!HIPNUTSR— N2 AR BIEFHEFEE , ERYahoo! R EFAEEN —H2. SN LEF
mBE I ASherpa, ERBESH iR , "PNUTS, a massively parallel and geographically
distributed database system for Yahoo!’s web applications.” PNUTSE A RIFECAPZE , &
RBERBowebRAXN —BMEHTERIEEE , ERITEBMFTHE-—BENER, RENRERE
=W availability , &% , ERENWAEAERE,

BR
o WESHRN , FMELKRSNIEED L. BF A2 WebR AR EERS , Hit&
HIRSEDBEEAFRIEN R YE,
o TYE, BRBAIBMNIARIIZEZ. BEFEBMTLE ML,
e schema-free , BNEEEREN, EFREMAKkey/valueZEH , —RIEZKN SN FERERRE
AjsonFRE HFEvalued, REitdeleteMupdateSFIEEprimary key, Bt FHE
Eif,
e SUAMERE. NENEHT RIBEMNEFEF LT TABRLEMETIHWebIFE,
o EEFMHMNNMEMIZF , FTEEEMANY , REASE,
o F—HMRIE,
PNUTSZH

Record-level mastering i &R BT A

F—RUEFHBE—IPEILFRK. L—PMHNENAFPRENIEEmMasterENENE , BEERESER
ME, Ett P MEEAFEXMNAFPFNERBA WEEEHRFEHDONER , BRI 2B
BiE. IEmasteril ER AR IERZEITENR , EEEmasterRE—FE, STHIEHEBCHMRAERE
# , M TFER.

Record

Update Update Update Update Update Update Delete
inserted P pdate B p P P P




PNUTSH41

Clients
EEEEEEEEEEEEEEEN Data-path components

REST API

O — e S B N S S S B . .

Tablet
controller

TR R ORPNUTSS ¥ P9 EB 2 ¥ 5%

Storage Units (SU) FfE# T

VBN EHRSES SN EERSBFLESEZMablets |, tabletsEPNUTS EHERF##E T, —
“Mablets—Nyahoo M EB#& X K hash table#y XX #4(hash table)= & —/1"MySQL innodbik
(ordered table), —A\TabletBEHNJ/LEM. —NSULBERFEJ/LE Mablets,

Routers

F/ tabletsEMANSU LR BT EifirouterikB. —MNEEF OLArouterBETTHBH ANV Z B E T
R,

Tablet Controller

routertV LB R 2NN FIRE , SEFRAVZE B Tablet Controller¥ JTRE,
Message Broker

ExRHENEBSIREYMBREM , ©R—Mpub/subfIFLHEITHARS.



TabletsZ it 5415

179 hashfordered data store,

Ordered table with primary key of type STRING

- =
Z _ =
z hﬂ = == = E
> g = g 3 e
wn| Tabletl| 2| Tablet2 | 3| Tablet3 | £| Tablet4 | 3| Tablet5 |«
Z :E :G‘[ :'l'-:l :E' :'<
E sU3 sU S 3 sU2 sU ;
(a)
Hash table with primary kev of type STRING
Tablet boundaries defined by Hash({Primarv Kev)
2 = = = I o
=| Tablet 1 | =] Tablet2 |=| Tablet3 || Tablet4 | | Tablet5 | =
: E E Z E 2
s 3 sU sU3 s 2 S0 -
(b)

Interval mappings: (a) ordered table, (b) hash table.

BlhashABINAE , £XNFrEtabletsiZhash{E%# f , tb#n1-10,000/E Ftablets 1, 10,000%|
20,0008 Ftablets 2 , kKL B TAAEMNhashsEE, — N AKEWIDCEEALEEI100FUTH
tablets, 1,000AE£AKSU, tabletsiE T NSUHrouters£ZBMHRZIANFER , B itbrouteris@iE
ERR , BEFTERAMIA, RBEAW L, RENEIM R FERE X Hhash filelsa L,
HEASUBBET K, MFSUP s tabletsB R MBI Z RBISU , Hi&Ktablet controllerfyfm#&
2%, routerEfitabletkRzEL BEFEStablet controllerEFME TN 1F. ATl 2 BEXNES
;M

TimttBZAMYSQLE I K UAMBEMN RS , URWHEREESRICENKeyE THANSUNE
BREE INFHER , FARYSTLIRESEARNREMY , TS E MFHtablets, M A BEL 2
|[Hf#9tablets, Bt R FHEEGrouteriX ¥ |, AIUERWEMBMKIBIANFH, FTALEMS , &
SRR AYT BB F2ERE  BEL22%ER.

Writelfi A~ ER



[1]

EE& wence # for key K
4 ¥ Winte key k

Message brokers

'
WVilrite key K

2
Sequence # for key k Write key k

SUCCESS

Wita ey k

PNUTSR1E

2006 Greg Linden® i1 want a big, virtual database

What I want is a robust, high performance virtual relational database that runs
transparently over a cluster, nodes dropping in an out of service at will, read-write
replication and data migration all done automatically.

I want to be able to install a database on a server cloud and use it like it was all running
on one machine.

FREB
http://timyang.net/architecture/yahoo-pnuts/

2 SQLEIE IR SS
SQLEIEIRS RMHK Azure W BIRS T AN —H9. ESDSKS bRLFMIRME , Fik 255

8y, EXBEEADERS, SQLEERSHASXNEG ER-TALETSSQLERS R LHNA | X
LESQLIRSHRAMK TSDSTEARENBIERE, MAFTERRIEN] , RREKENR BETRERREXR
AW ; SDSE—ME/ERGH , EMBRMNESANIEINHEETE—#,

WREBERAETH=MNE , BN EAR/EFEX T EMSEERE , 3 TRDBMS , £H
REELNREE. MBRNARUFREAR=S , EXUWAT M D HALFIER , FEEEAHER
THIE A |, ER/EFENXRBEEF AN BEE—BEFR.


http://glinden.blogspot.com/2006/03/i-want-big-virtual-database.html
http://www.microsoft.com/azure/data.mspx
http://www.microsoft.com/azure/default.mspx

FoRSRFE

Eni, B —ERU T RN E/EREERFTm. Ko HERFRE , TRalphalkmi=
betahx , EXEZFT RN ; BESERECHNRE , LBEFTRUNERE | RETFERZIRIBEN
(7] 3 1 BR 1 o

M

CouchDB

CouchDB: API: JSON, Protocol: REST, Query Method: MapReduceR of JavaScript
Funcs, Replication: Master Master, Written in: Erlang, Concurrency: MVCC, Misc:
Links: 3 CouchDB books », Couch Lounge » (partitioning / clusering), ...

ERApache#t XE T Erlang/OTP #EMNEMEE. DB XNBREIFXREKIEERS (NRDBMS ) .
CRDFA Erlang AHFFRENEH R, 2HXBTHEMFE | # B2 % Lotus Notes HIEESE
I, RAMENNAEBIERE (document-oriented ) o EERNER , XA IEILL ISON X7k,

Mo, WBESET HTTP 9 REST HCRHER |, AR +/LMES#1T B BEAE.

HITP CLIENT

CouchDB—R¥ £M{LERXHN S AN , SRENBEERS , HRMHRESTFuUl HTTP/JSONH:
A, HFEBAMVCCHEM , AP ATLUEE B E X Map/Reduce B # 4 R X RIKI View,

#CouchDBH , H#&E R LLISONFRFHY 5 76 E X4

HE

e RESTFul API : HTTP GET/PUT/POST/DELETE + JSON
o ETNHEFM A BEIEXBERREAER


http://couchdb.apache.org/
http://couchdb.apache.org/
http://couchdb.apache.org/
http://couchdb.apache.org/docs/books.html
http://code.google.com/p/couchdb-lounge/

o FABIEEX R BN (LLISONRTE),Hot backup

e MVCC ( Multi-Version-Concurrency-Control ) , iEEETYEKRIEE
o AFBENXView

o NEZMHLE

o R

fEAErlangt X ( B4 )

MAZR ERINNETEF , BRZdocument , LLIEH |, ke |, £12F , I RRHENEE |, &
BRENER , RINTEANFTEFHILEHRE, XHHERT , CouchDBRNZRRFMNERE. HR
HtEAXREBEENIRR | A LA CouchDBRER,

BIECouchDBIY 1t | R LB REEMNZHNAF , RIATLLACouchDBE F#IE , ERITRE
&, WAILECIoudIhEH | EAD AN EKIEFH. CouchDBRHLLTF HTTPHAPL , XEFFENE
L& S &R AT LAE A Couch DB,

£ CouchDB , EMRERNAFTEEGEARMDBS—# | BRITH AR B LRIt ARHIETable, &
MHBFREMRE , RTE.

FHSN
http://www.javaeye.com/topic/319839

Riak

Riak: APl: JSON, Protocol: REST, Query Method: MapReduce term matching ,
Scaling: Multiple Masters; Written in: Erlang, Concurrency: eventually consistent
(stronger then MVCC via Vector Clocks), Misc: ... Links: talk »,

MongoDB

MongoDB: APIl: BSON, Protocol: lots of langs, Query Method: dynamic object-
based language, Replication: Master Slave, Written in: C++,Concurrency: Update
in Place. Misc: ... Links: Talk »,

MongoDBR— M TRERBFEEMIEXRRBEF AN~ m , RIEXRBBEFLUPIERFE , RE
RREBEEN, SN BRESHIEERE , & KlLljsonkibjsontEz , Fitt AT A7k LR E Z 9 K

ERE, MoNngoRANBFRRMIIFNEMRESHERA , HIFZARXUTHANKNERE T ,

JUF A BASRHR R RBFEFEEREBWNE KT DT , MAEFNBIEEILRE,

MongoEEf RN RBEHRFEN T RRREAA , REEHFHXE , SHIEEXFIS0GBL LHYEHE
MongoMYBIEEE 15 R E RMySQLAY 1054 £, MongoMIH R EERRFRBIHE , RIFEHE
RN A RE , KABY A LULLEOC.5T - 1.5XEEFER, ¥ TMongoHRik BEttee , &

( robbin ) T EAZAERHMRFFNIX—T,

RAMongoXERXZFFEERFEFMEN , FTAMongolt BH 7T —MNE BN 2 H X XHREGridFS |, 7
UXFBENBERME  ERUFIAFEITRINAGridFSHRETE , X—RIERBFEBEMRIMIAR
BT,

BEHTMongo I U FERNBIELE , METHERANKEET NI , RLIFEEZTRD , RS
1 B #E R AMongoDBR B MySQLREM T B4FFE XM WebR A , kA Hwhy we migrated
from MySQL to MongoDB# R —MNEXRMMMySQLIFE ZIMongoDBHI RS , HTFHEERE K
K, FFAEBE TMongo L H , BIEERNEESE TIEESENEH,

MongoDB1& —“/ ruby# 3T H MongoMapper , 2#{FMerb#DataMapperfwE#IMongoDBHY 2
O, FEARRIEEEE | JLFEMDataMapper—#E —# | ThAEEEBR A S A,


http://riak.basho.com/
http://riak.basho.com/nyc-nosql/
http://www.mongodb.org/
http://www.mongodb.org/
http://www.leadit.us/hands-on-tech/MongoDB-High-Performance-SQL-Free-Database
http://blog.boxedice.com/2009/07/25/choosing-a-non-relational-database-why-we-migrated-from-mysql-to-mongodb/
http://blog.boxedice.com/2009/07/25/choosing-a-non-relational-database-why-we-migrated-from-mysql-to-mongodb/
http://github.com/jnunemaker/mongomapper

Terrastore

Terrastore: API: Java & http, Protocol: http, Language: Java, Querying: Range
queries, Predicates, Replication: Partitioned with consistent hashing,
Consistency: Per-record strict consistency, Misc: Based on Terracotta

ThruDB

ThruDB: (please help provide more facts!) Uses Apache Thrift to integrate multiple
backend databases as BerkeleyDB, Disk, MySQL, S3.

Key Value / Tuple 7

AmazonzSimpleDB

Amazon SimpleDB: Misc: not open source, Book »
SimpleDB 2 — M D#MERSFAN—MEHEOEMENR/EBIEE. SimpleDB{iAt T2 KM=
B HEl , AFREELEIMA R R --2RNEERHESBHERARS N L,

SimpleDBRJLAHEMNRE, BE , —REWKSREHITSVH, HX , RTFZHRXE | 3EXTHE
BERE, —YIMAFHEENREE, R LR |, FHERERIERA B #R#%HIS08601 , BN
BHLBRRFREM. £= , #AFFERKEDBTREL1024FT | XRE TRE-NEEFREFE
HXANAN (EMETRERE ) . A, BTREXDSRE , (RULBIEN ™ mER1", 7=
MR 2"ERGELXKRE, —NABRSALUE 256N B, BHTLAEMNRAKNEK , SimpleDBAYE

THEAT10GB , BN EREN BT 1TB,

SimpleDBH —HIXBHMUERCHEA —MHHEL —HHER, XM —HHEEENHEAERERL , BE
REEMRBAETHEBMZE , BERTETRFELARRIBEENREEL REXTEREERR
ERNJLRRE , Rt FAMER, LW , ZRAEHITRREE | RA2BERE —KERKNE
RGSMA , AN EEHMRIBERT -,

Chordless

Chordless: API: Java & simple RPC to vals, Protocol: internal, Query Method: M/R
inside value objects, Scaling: every node is master for its slice of namespace,
Written in: Java, Concurrency: serializable transaction isolation, Links:

Redis

Redis : (please help provide more facts!) API: Tons of languages, Written in: C,
Concurrency: in memory and saves asynchronous disk after a defined time. Append
only mode available. Different kinds of fsync policies. Replication: Master / Slave,

Redis2 —NMRFHVIIE |, NWINI A% T 1.0/RA&, RedisAfi L R2—/1Key-ValueXHHWHNEHREE ,
BBmemcached , BENMNBIEES SMREAFLPHTRE , EHEI RS BRERBIEERREush
FER LHTRTF. BARANFERE , RedisHEEELHE , SV TLULERY 107REER
£, REAEH MR RAIKey-Value DB,

Redis#y a2 &b R ZMEE , RedisB KK N R X FREFListEERMSet RSN BIEL N , MAKE
ZEEXTListit TR IPRAE | 6 MM ListFiwpushMpop#dE , BListX[E |, BEFESF | X SetXFEH


http://code.google.com/p/terrastore/
http://code.google.com/p/thrudb/
http://incubator.apache.org/thrift/
http://aws.amazon.com/simpledb/
http://aws.amazon.com/simpledb/
http://www.apress.com/book/view/1430225335
http://aws.amazon.com/simpledb/
http://www.allthingsdistributed.com/2008/12/eventually_consistent.html
http://sourceforge.net/projects/chordless/
http://sourceforge.net/projects/chordless/
http://code.google.com/p/redis/

EENHERERE , A REANvalueWRARER1GB , T memcached REERFIMBIIEIE |
HtRedisAT LA AREIMRZE AN INEE , LA R AMALISRIGFIFON @R , RHU—NREXNS
% BEHBRAFIRSS , At Set T LU S HAEMNtagR A E S, B Redisth AT LI EA K Key-Value
R Eexpireftid , Kbt A LA HE— N ThEE R R memcachedk A,

RedisHEERARHEEREZIVENEFNRS , TeeAEEERENSMHERE K HEATCERER
A0 T BYLE , TEAscale (IR ) fEh , ERBEFHRZIUSHRNIEE , HtRedisEER
FEFERRBRER/NBREENSHERENEZE L, BaiffARedislIMIEHE github , Engine
Yard.

Scalaris

Scalaris: (please help provide more facts!) Written in: Erlang, Replication: Strong
consistency over replicas, Concurrency: non blocking Paxos.

Tokyo cabinet / Tyrant

Tokyo Cabinet / Tyrant: Links: nice talk », slides », Misc: Kyoto Cabinet »

TR BEAZFAHSNSH IR MIEmixi.jpFF X # Tokyo Cabinet key-valueBIEENEEO, ©HE
Memcached#HR &AM , AT LUBHTTPIMGHTHER R, NEMEEMemcached & Fimki |
AT LAfFTokyo Tyrant& 2 —"Memcached , B2 , ENHIER TS A FM#EMN. Tokyo Tyrant
BEEWEEYE,. BEXGERN, ABEETRAEEEMRS , ¥ : http://blog.s135.com/post/
362.htm

Tokyo Cabinet 200941 A 18 B A MK FTARA ( Version 1.4.0 ) E43XI Table Database , ¥
key-valueBIEEXT RT —% , BTMySQLEXREBFEENXRNFTENE S , HETANRR ,
Tokyo Tyrant ¥ #iX —heE. EEHEF.

Hash Database Table Database
key —..| value | | key I—-| name| valus ]r‘-amel valus _inarrle| valug ||
key —"| value | | key I—-| name| value I1r'-flrrhe~| valus iname| value ||
° I
key _'| value | | key I—-| name| value !namﬁ| valus ]name| value ||
key _.I value | | key I—-| name| value iname| valus 1name| value |
key —| value | : T L
key _'I T | | key |—'| name| valus !name| value ]namE| valug ||
HE"}" _..| value | | ke}r |—-| name. value inamel value ]name| value ||
L]
HE}’ —“| value | | ke}r |—-| name. wvalue ;namel value Jinarnel valus ||
T

column index

TCER T X ¥Key-ValueZfE 24k , B FRFEHashtableHFERE K HAUHBE— M ER2NBEER
HEEXFETFcolumn%k #ER , »MERMBEFIIE , ERX LS TXHEARNEMERTIEE
T, AT UE RN ERXRBEENRSRE , SURTCZIARRUEHNEERRZ—, §—1
Ruby#y I B miyazakiresistancef¥TTH hashtablefy iR ES 2 A M ActiveRecord —# MR 1E , A
RIFEFERK,

TC/TTEMIXIKKERNM AP |, FE 72000 R U EWHIE B XET EANHRER , B—1A
ZEZRMNME, TCERIETRENH K REMRNERN , EETENBEFEZFRACHE , FEHEER
PR RBHEFERE W hashtable AR B RS , 2 TMBFRE , 2 —MRES NoSQLEIERE.


http://code.google.com/p/scalaris/
http://code.google.com/p/scalaris/
http://1978th.net/
http://www.infoq.com/presentations/grigorik-tokyo-cabinet-recipes
http://www.scribd.com/doc/12016121/Tokyo-Cabinet-and-Tokyo-Tyrant-Presentation
http://1978th.net/kyotocabinet/
http://mixi.jp/
http://blog.s135.com/post/362.htm
http://blog.s135.com/post/362.htm
http://github.com/tsukasaoishi/miyazakiresistance

TCHEERQIRERRERD LZRFILE , AABEHEEESKIEE T , NoSQL: If Only It
Was That Easyig® , 1A MAETCEEAEA1.61252-20KBEIEN TR , EAMREFTF AR T,
EREYUBFEELZEZWHE , TCHEFHBABEE TR , N\TCHEE B EHOmMIXIBEXRE , E2 L
FRAEKBIREENMREEEBIIXLAHENE A,

XAMNRTim Yang#i#y —1Memcached . Redis#ITokyo Tyranthy & gy g il , [RES=E

CT.M

GT.M: API: M, C, Python, Perl, Protocol: native, inprocess C, Misc: Wrappers: M/DB
for SimpleDB compatible HTTP », MDB:X for XML », PIP for mapping to tables for
SQL », Features: Small footprint (17MB), Terabyte Scalability, Unicode support,
Database encryption, Secure, ACID transactions (single node), eventual consistency
(replication), License: AGPL v3 on x86 GNU/Linux, Links: Slides »,

Scalien

Scalien: API / Protocol: http (text, html, JSON), C, C++, Python, Concurrency:
Paxos.

Berkley DB

Berkley DB: API: Many languages, Written in: C, Replication: Master / Slave,
Concurrency: MVCC, License: Sleepycat, BerkleyDB Java Edition: API: Java, Written
in: Java, Replication: Master / Slave, Concurrency: serializable transaction
isolation, License: Sleepycat

MemcacheDB

MemcacheDB: API: Memcache protocol (get, set, add, replace, etc.), Written in: C,
Data Model: Blob, Misc: Is Memcached writing to BerkleyDB.

CRITBEEFHHX B NEMemcached &t b | #inBerkeley DBE#EMA R —RXESH AN
PHABAFEHRS , HEMEEMemcached®E Fiwkit , ©{HIHRMMemcached , ER2 , EHE
BERUUEBEAE#EN.


http://bjclark.me/2009/08/04/nosql-if-only-it-was-that-easy/
http://bjclark.me/2009/08/04/nosql-if-only-it-was-that-easy/
http://timyang.net/data/mcdb-tt-redis/
http://fis-gtm.com/
http://www.mgateway.com/mdb.html
http://mgateway.com/
http://fis-pip.com/
http://www.slideshare.net/robtweed/gtm-a-tried-and-tested-schemaless-database
http://scalien.com/
http://www.oracle.com/database/berkeley-db/db/index.html
http://memcachedb.org/

Client Client

ISEL"ﬂdd getincr setiadd getincr
replca fdecr freplcae fdecr
Communication Communication
Layer Layer
—t -
— - MPCOL
acsoo | | tems e i
i . slabs :
( ) Disk
__., S PE—
— ™ Berkeley DB
Memcached Picture Memcachedb Picture
Mnesia

Mnesia: (ErlangDB »)

LightCloud

LightCloud: (based on Tokyo Tyrant)
HamsterDB

HamsterDB: (embedded solution) ACID Compliance, Lock Free Architecture
(transactions fail on conflict rather than block), Transaction logging & fail recovery (redo
logs), In Memory support - can be used as a non-persisted cache, B+ Trees - supported
[Source: Tony Bain »]

Flare

TCRBAE—ASNSHMimixiF &# , MFlarel HZA%E = KSNSMitgreen.jpF &8 , BE AW,
Flare 2 MM 24 TCHRIN T scaleThis, MBRETTIHS , BEBHNATCE T NERSE |
FlareE B4 A X iFscalefeh , EMBZRFZHZBIARM T —node server , REE iR
ENRESETR , BB SRMBEERS TR , BRESSHETR , X Ffailover. WRRIE
B4 MEBLLTCH Blscale , BBL A LAZE Eflare,

flarett — M ER [URL 2 b R ZFEmemcached il , Bt HIRERAflarefIEHE | BABEEATCHtable
BIEERT , REEFATCHKkey-valueBIEE M 1E6


http://www.erlang.org/doc/apps/mnesia/index.html
http://www.infoq.com/news/2007/08/mnesia
http://opensource.plurk.com/LightCloud/
http://hamsterdb.com/
http://blog.tonybain.com/

BRA—BEKey Valuefzf#

AmazonzZDynamo

Amazon Dynamo: Misc: not open source (see KAI below)

e
. BTA
. ATE
. BETE
o WLURERIARBMGI(TAM , SHEME  BULES)

Rike

Client Requests

|
.

I Request Rouwting I

Aggregator
Services

B 'D';r','.,amu instances Chher datasiores
o EEMHAN
o EFMEL(AIEEIERDN)
o Key E—REX—NTHEFNR , N ZBENRWIEERBET Key KTK.

BEE-—SETBEANEN. ENMNTRE= Java ENEH : FRDFE(request
coordination), B R ESXMEN, At A 5% (local persistence engine)

IR X 3 A St 9 — B S % (consistent hashing) A X # TE 4 |, FABER KA RAR/LE
M—BtE. EHIetE R EFH= R — B R B A 447 RERZE L quorum BIALEI AR E LR
EHRBES L.

BRI —ATRAN , NNANAEE , XHARM IO, — M EAI LT RN T
FTRNBER LA, IHE—IPEEPOLERBEFTL2SBHEEX,


http://www.allthingsdistributed.com/2007/10/amazons_dynamo.html

BeansDB
&

BeansDB 2 —MNEEH N AKIEE., STAMN S HXKeyValueZERE , EAHashTreeME1L
HIRASRREBSRIEFL - (F) , —MEILKRADynamo.
EXAEXLUmemcachedEHRIMLEN , EREFIRSZABIEERH, B RREM T PythonlkEHEF~
i, HEBSWEFH AT LAmemcachedV & Fim 8 tneiE S 2,

Google Group: http://groups.google.com/group/beandb

B

2009.12.29 E—NaFFMRA 0.3

Lol

e S BUZANMRENATEAXRISTH

o RA—HH  BYRFEMIIMEZTEHRERS (ENEABTEITES—)

o BBV E : IMETHHBRSHERTHITEET R,

o EMRE . RFIOMBMAEMN KeyValueBiiETokyoCabinet AJEL B Y

o TAMM—BM . BIN,W,RHITEE MR : MemcacheRABMNI , KETAEFF IR
HERE

EMBIEE L , ©BEmemcached —#1iR :
# memstorm -s localhost:7900 -n 1000

Num of Records : 10000
Non-Blocking IO : 0

TCP No-Delay : 0
Successful [SET] : 10000
Failed [SET] : 0

Total Time [SET] : 0.45493s
Average Time [SET] : 0.00005s
Successful [GET] : 10000
Failed [GET] : 0

Total Time [GET] : 0.28609s
Average Time [GET] : 0.00003s

EEREPBHERTHMERE (FFRRUE)
., BREER BRE TMHEFE (ms) P (ms) 99% (ms) 99.9% (ms)
, get A:7900 n=151398, avg=8.89, med=5.94, 99%=115.5, 99.9%=310.2

» get B:7900 n=100054, avg=6.84, med=0.40, 99%=138.5, 99.9%=483.0
» get C:7900 n=151250, avg=7.42, med=5.34, 99%=55.2, 99.9%=156.7
» get D:7900 n=150677, avg=7.63, med=5.09, 99%=97.7, 99.9%=284.7
» get E:7900 n=3822, avg=3.07, med=0.18, 99%=44.3, 99.9%=170.0
» get F:7900 n=249973, avg=8.29, med=6.36, 99%=46.8, 99.9%=241.5
,» set A:7900 n=10177, avg=18.53, med=12.78,99%=189.3, 99.9%=513.6
» set B:7900 n=10431, avg=12.85, med=1.19, 99%=206.1, 99.9%=796.8
» set C:7900 n=10556, avg=17.29, med=12.97,99%=132.2, 99.9%=322.9
» set D:7900 n=10164, avg=7.34, med=0.64, 99%=98.8, 99.9%=344.4


http://groups.google.com/group/beandb/

» set E:7900 n=10552, avg=7.18, med=2.33, 99%=73.6, 99.9%=204.8
» set F:7900 n=10337, avg=17.79, med=15.31, 99%=109.0, 99.9%=369.5

i A3 i 1 /B8
PPT
Nuclear
A AR & 5§ B
EJ

http://ugc.renren.com/2010/01/21/ugc-nuclear-guide-use/
http://ugc.renren.com/2010/01/28/ugc-nuclear-guide-theory/

* v o hs o
e * 7 v v
X w b i =
' 7 nd ' o
e N e e ugu:_Téfnren.ccum

AR LW Tips

1. AEERS
BNEFBHIRPET —LER , ASNREESHANBERTHROMETRRIFEDHN , T2
¥ , NuclearREFREMH & H KR EEHEER T Block. no waiting, no delay,

2. RERGOAHEZH R ELENRERSA
NuclearRSEHEFRPNRELEMRLTENBESHFENTHE , EREINEAXLSAREHRER , B
MNHFERGT RERBEREAHDSABRLENZTNEL , FHERFH,

Voldemort
Voldemort: (can you help)

Voldemort2/ #MCassandraZi Ll E @ ff Rscale@ B 2/ RBIBE RS , CassandraXkB T
FacebookixX/> SNSH 4 , MVoldemortll3k B FLinkediniXNSNS® 5, i ERSNSH R FATR
BT nZHINoSQLEIEE |, #ilin Cassandar , Voldemort , Tokyo Cabinet , Flare%%,
VoldemorttV &R FRRZ , Rt EEFIFHEEEM , VoldemortE 544 HVoldemort# 3 & i

EMgEHRRTE  SHEBIT1.57KRE,


http://beansdb.googlecode.com/files/Inside%20BeansDB.pdf
http://www.slideshare.net/hongqn/qcon-beijing-2009
http://project-voldemort.com/

20,000 Foot View Of The Data Cycle

Hadoop Cluster

Data Extraction Data Push

Cluster

[ Service [ Service [ Service ] Service ] Service ] Service ]

Logging
Service

[ Frontend ]

HXYAERZS AT IEHEIGEX MREREPHELEE, L Hadoop EREWNITTESEE | it
EEERNBENREREHIFGESE , AHTAFRERERNNRE? BKE DB EEMNE , WERSIZ
FRME ; %% Memcached 23K Key-Value 2% RREH | EFEARERNER  BUEXES

%, Voldemort ER— M TENHREF R,

EEEENLR:
o B (Key)EMKIRIT , BRI ;
o RHMAMBHEHERMAN, BANRSEWI ML,
o R#F}H4T, Amdahl ERZNEHIANGERES,

4 -

http://www.dbanotes.net/arch/voldemort_key-value.html
http://project-voldemort.com/blog/2009/06/building-a-1-tb-data-cycle-at-linkedin-with-
hadoop-and-project-voldemort/

Dynomite

Dynomite: (can you help)


http://project-voldemort.com/
http://en.wikipedia.org/wiki/Amdahl%27s_law
http://wiki.github.com/cliffmoon/dynomite/dynomite-framework

Kai

KAI: Open Source Amazon Dnamo implementation, Misc: slides ,

S

Skynet
£ HRuby MapReduce3=I

20044 |, GoogleRH AT 2 X HKFEAEHMapReduceiRitE =R , AT RETHE—NC++HIZE
M, ME , —MNBASKkynetlIRuby XM ELHAdam Pisonik .

Skynet2T&E., RN, TEREFHN K mMAXS

BEAARNRE , FHREE AT .

SkynetfGoogleZiRit EERKREENXE :

SkynetZiEmB THEE ( Worker ) ZIXREHE ( Raw code ) ,

SkynetFI &N RERSE , FRANIEELEMKEZRUB AN
MREE-NIEERTENRREFRERFT , RRE3 —NMNIEERIAHBEEECHNES. Skynet
WEEMBEM E"EEBHE  REIEE , elEEANEHITAESEMAESHEEERE,

SkynetfEHMIREHBER S , XthERMapReduceiXMESMEEKE, SkynetdZy BT
ActiveRecord , 1A 7 MapReducefy45% , tbandistributed_find,

RERStarfishigrE— &/ 2R , EMINRBRFREEMEZEDNN, MRBEEFENE , REEER
— AN LETEME R WMapReducetEll, SkynetR— 1MNELHEMWMRREES |, AILLUETEZHERMY
ZAMME | b |, B RENARB,

Skynetti A AWM, THEELEMXR. MR—ATHEEXNT , TERRERES , 5—PITHEE
FLEBXMESHEHATMRE. SkynetthXFmap_dataiii , BR 2% , AMER N RIBEFERE
K, BETERE-MBESEHH , Skynetth AT LU,

ft AR®map_dataifi ? KZ¥HEHMR , FEIRER B3 — P map_reducefbill i , AT H—MNEIEAIBA
F, XEBBECEZW S BEHEEHTLHE, MR JIEK , AETEZENTAREAD ? EXPE

AT, RRETEBANY , MAZERABE (Enumerable ) o SkynetHEEXNRIE A :nextsh

#:eachBxx , ARFHI"E— (each) " EHmap_taskkX, BIXHEN AKX , FTLEABRR
Er S KENBRIELEW,

T ERZEMES—R , TIRBREBARNE , Skynetbt B SHRIENNAEE TEBERE —
2, HP AREERailsR A, SkynetE EREM T —MActiveRecordV¥ B , IRATLAERE F L5
HRWERRIT—LEES, EGenid , BRINEAXTMBERZTHIEXNBIE , TB EFRIERK
BANER FHITRUbyREB,

> Model.distributed_find(:all, :conditions => "id > 20").each(:somemethod)fERiz 1T
SkynetfBHR |, ©RFESMER EHiT:somemethod , FTERUASHRAN AR (XFER AEZ LA
TEEHEX ). EERERSY REFSHALHTARIL , EEFTXRIREAENId, EibETIRE
TRAWHBESE, AFNRBOM 2

Drizzle
Drizzle®] #IAN BB/ EFHEHRRWRABHREHF R, Drizzleil@4ETMySQL ( 6.0 ) XREEEHN

o, ESE/INAE , ENFRECELBET KEFK DR ( BEAE., MEHR,. ERFE
., FREERE, EREF, ACLUKR—EHIEXRE )  HERREBRV —IERHE., EROBIEER


http://sourceforge.net/projects/kai/
http://www.slideshare.net/takemaru/kai-an-open-source-implementation-of-amazons-dynamo-472179
https://launchpad.net/drizzle

25, Drizzle MEEFRERRIRE | EMMySQL/Sunf9Brian AkerFrift BBt | “RE A SR KEHERK
FhEE", CHEFRRRE , HXNETTFI6RK (RAL ) RELWURMENZHEMNNA , B —1
EXREBE EFA.

‘—'-

LR

CIEN::3

Add Machines Live
X

Multi-DC Support

Cassandra
HBase
Riak

Scalaris

Voldemort Some Code Required

BRENERERR

Data Model Query API

Cassandra Columnfamily Thrift
CouchDB
HBase
MongoDB
Neo4)

Redis

map/reduce views
Thrift, REST
Cursor

Graph

Document
Columnfamily
Document
Graph
Collection

Nested hashes

Collection

HELS Document

get/put
get/put
get/put

Scalaris Key/value

Tokyo Cabinet | Key/value

Voldemort Key/value

HREESHREHF—MEN - 28 |, Key/valuelBE 2R E2EHREN,



HEXABEERKey/value T —%, AFHNBRAKeyxEBEWE. SFERXEERE , XLLEEH
BIROREIENbIObXRBEBEEEREZ.

Neo4) M —MIFEN KRR RENKRZE TN T RINL. N TXERBEENER , iEBLEHE
ftb3E % EM®1000s

Scalaris 2 — BB L MNkeyW B HXNES,

BFALigit

I [ —

Redis In-memory with background snapshots
Scalari
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