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+ Not only SQL

Newsql;&‘ EIEARS
«» T RARREE ENOSQLIER! 2 5]




HEEF
1814 55 55 SEI;
SN NALZHERE

[B] Bt SRR
SWE BEEE—HIE

B—1Fri

Ef5Z

-l A e ELR

1 (FRAESQLIBE) )




KERE S5ChRM

—t _—
EREEE

« SERNBURERR TN AN 4> NAR

» REBRAEEZKRNEE, ZAHEEE, KB
FhozEE>FEEERE (a cluster of

small machines)

=, BEEFEIMRI



EEERRIE: B EEaR

orders {

ID: 1001
customer: Ann

‘ —]
\ — 5 i
==== ——

\i‘“m “id” .1001,

CC Number: 12345
expiry: 04/2001 \

line items:

0321293533 | 2 | $48 | $96

0321601912 | 1 | $39 | $39

0131495054 1 551\ $51
\,

payment details:

Card: Amex

N

“Customer” :” Ann” ,

order lines “HtemB? 11 “Ttheilbes, :

o v 7,0321 29353 34SMGm - ;
———— 2,7 price” :$46,” total
B ] ” :$96}, ],

) credit cards 114 payment 99 :

o { “card” :” Amex” ,” CC
7 112345, 7 expiry” :
“19/90207 )
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Not using the relational model Polyglot Persistence

RDBMS
NoSQL
NoSQL

Running well on clusters

Open—source

Built for the 215' century web e
estate

batch processes

Schemaless

Polyglot persistence: using
different data stores 1n
different circumstances.
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NOSQL £UETREY: Key-Value f22Y
« Akl MNEYE S Key o Valwe

value={11,22,33) | A T e
* fﬁég X R i ;EIE I i
NFErTER A | )
Name: Jim, Tel:12 | *# ]_”-\_ (234567,800; |
34}

Fig. 14 Kevy-Value model ex*unple
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Database ‘ ‘ Collection | ‘ Document ( Key-value ' {
- \// - \’7 - - ™~ : book:Database
‘el ' e rd \ .

( . | author: {name: “Jim”

Damabase | ‘ Collection | ‘ Document ‘ Key-value = S o,
\_ \_ ) \_ \_ y, publisher: ‘MITPress
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Database ‘ ‘ Collection | ‘ Document ‘ Key-value "\E_
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Fig.15 Key-Document model example
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Table 6 NoSQL database instance comparison

= 6 NoSQL Hdis e sz i) %) bl

B a5 1Y Key-Value & 7Y Key-Document 45 74 Key-Column 4% 7Y
¥ 42 FE s {7 Redis Memcached | LevelDB | MongoDB | DynamoDB CouchDB HBase Cassandra
SEWIES C C C++ C++ - Erlang Java Java

B 12 % 5 Xl TRaT % 5 NG PNTS PNFS PN N
EUNE Al | SR | L
EVEEH | SHAT | SRET
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A consistency model determines the effect of

concurrent operations on shared data as viewed by
different clients of the system.
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PDHNARH—EUERREE.
Linearizability vs. sequential consistency

H[E S

- Should provide the behavior of a single copy FH[ET B EIZABYIR{EL
ES

- A read operation returns the most recent write, regardless of the
clients.

- All subsequent read ops should return the same result until the
next write, regardless of the clients.

ZNEI=¢
+ Linearizability cares about time. (in nontransactional systems)

+ Sequential consistency cares about program order. (in

AL cvo g 7 (1 G ey B P | cvc‘i—omo\



ME—EEFREEY: Linearizability

e “The most recent” & “all
subsequent” - Determined by time.

o {E{A]— ﬂﬁ%%ﬁﬂ%¢@f%%ﬁ—ﬂ
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lFE—21E: Sequential consistency

“The most recent” & “all subsequent”

¥+ — Ops within the same client: Determined by
time (program order)

*+ — Ops across clients: Not determined by time,

we can reorder them. - i.e., we just need to
preserve the program order
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REE

L RN BREIR A%

. RUFE: RIFRERERR, EHREITE.

o BEMHEN: EEIERITIZEYE, EEMUAT—HF, WMR—HEFMIEL.
o : —PMRAPEEI TS TMRAPA—E (S ER R ESER) BVEE

RS :

L EREZ—EUE

. B ZHE—& 1 (Read-your—writes consistency) : a client can

write and then immediately read the new value. This can be
difficult if the read and the write happen on different nodes.
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NOSQL #IEESESEIHE: CAP

+ —HMC: all nodes see the same data at the same
%izme. EHERIER IR, BT RER—RENHBETE—

« RAJFHMA: reads and writes always succeed. FH Pif[a)#

BEE, RSB eeENNATEIREIZER.

+ DTXBEEMP: the system continues to operate
despite arbitrary message loss or failure of part

of the system. BE|FET S5k ML 575 X EERT, 175%@5
POB S \/ﬂﬁﬂ | |$ﬂl_ﬂzﬁ 1ERR %

CAPIEN . SHRRZReEHE k2N EME: CA, CP, AP,
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NOSQLEIEEESESSE1E: BASE

BASE IEiCZ T XINOSQLEHEET S, CAPIRIL HRI—H MR A A
MR TG R :

Basically Available: fRuEfx:/L>IhEER] H, ?ﬁé’i%ﬂﬁﬂﬁﬁ’l‘i
Soft-state: RIFARIT REIARZBEFEZEFNS—EEF

Eventually Consistent: PNEZESCAMRIEHIER|A— ﬁ[ B4R —
ENAT,

H
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Categorization of the Representative NoSQL Stores Based on the CAP Theorem

CAP
principle NoSQL store The sacrifice of CAP consistency The sacrifice of CAP availability
P Scalaris No sacrifice It is sacrificed during the DHT-based Paxos commit,
when the majority of participants or transaction
managers are not available.
AP Amazon Dynamo It supports a tunable eventual MNo sacrifice
consistency.
Apache Cassandra It supports a tunable eventual MNo sacrifice
consistency.
Ccors It supports only causal™ consistency MNo sacrifice
across clusters.
CouchDB There is no support for multi-document No sacrifice
transactions
P Yahoo PNUTS Lack of bundled write operations Unawvailability of the primary copy during the

Google Bigtable

IBM Spinnaker

HyperDex

Scatter

Walter

MongoDB

Couchbase

Microsoft Trinity

Neodj

that span multiple data items.

Lack of cross-row. multikey
transactions.

Lack of cross-row, multikey
transactions.

Lack of cross-row, multikey
transactions.

Lack of cross-row, multikey
transactions.

Causal consistency is enforced on
transactions across datacenters.

Lack of cross-document, multikey
transactions.

There is no support for
multi-document transactions

Lack of multikey transactions.

Ewventual consistency is enforced
on operations across datacenters.

primary election.

Bigtable relies on the replication strategy of GFS.
which is restricted within a datacenter. In addition.
since Chubby is a CP system, in the case of network
partitioning, clients in the minority side of the
partition may not have access to data.

Due to the use of Paxos-based replication, in the
case of network partitioning. writes and strongily
consistent reads are unavwvailable for clients in the
minority side of the partition.

When the number of replica node failures (in the
block of replicas corresponding to each subspace) is
more than a threshold.

Owing to the use of Paxos-based replication.
However, as long as a majority of nodes of a group
remains alive, the used 2PC protocol is not blocking.

Failure of a datacenter I causes unavailability of
writes on those objects whose preferred datacenter is
D.

In the case of network partitions, nodes belonging
to the minority side of a partitioned replica set are
not available for write operations.

Similar to MongoDB.

It is vulnerable to loss of data in the case of the
failure of the datacenter where the Trinity cluster is
deployved.

In the case of network partitions, nodes belonging
to the minority side of the network are not available
for write operations.
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*+ trade off consistency versus latency: to get good
consistency, you need to involve many nodes in data
operations, but this increases latency.

+ lrade off durability versus latency: survive
failures with replicated data.

* lrade off availability versus consistency.
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1. New architectures

ST R

Distributed architectures

Shared—nothing resources

Multi—node concurrent control

fault tolerance through replication

Distributed query processing

allows the DBMS to
data”

“send the query to the



2. TransparentShardingMiddleware
» B—PMRIEEPEIETEILNEBT, 7AFNE
PEINGE R, BTERAI:
(1) runs the same DBMS

(2) only has a portion of the overall
database,

(3) is not meant to be accessed and updated
independent by separate applications.

XM RXHAPMFALZARZERR, BIBam A

L -




3. Database-as-a-Service
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Main memory system: B]LAFEERB IR
AN1F, §T§Z7|<_IU?E],$&1 ,EEI’J?EJF?@?J

I
Partltlonlng/shardlng BURERIEKES
EHTX, AETELED J:_EYQJE
Concurrency control: {RIFFEFZJHIEFEF
fREE. {EHtimestamp orderlng (TO)
concurrency control, FA MULTI-VERSION
concurrency control (MVCC), —EZEiFAZL LR

AT 4 iﬁIEEI’JEm
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NEWSQL 553 (£2)
RIACIR I SEM . B— B RS—Hi

active—active replication (B EIAT =
EIFTAMEEFT) and actlve—passwe
replication. (BEE—ITTEEF, RE
DBMSFRALIRIRSEE 4 2| H I:’E%IH%, 1)

HiERE: mERNSB ﬁ’éﬂlﬁi EEgEs
MNEBEIMEEMACRRE Icheck oint
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NEWSQL system overview

RETI:;Ld H&;;JT:Z::‘HF? Partitioning C 1.:1:.‘:;:‘::1:3 Rephication Summary
Clustrix [2] FHI Mo Yiex MY OC+2PL E-_lengi-l’u,-mw MySOL-compatible  DEMS  that  supporis
shared-noihing, distribuied execuiion,
CockroachlYE [ 7] 24 Mo ¥ies MV CC Strong+Passive  Built on top of distributed key/value store. Uses
sofiware hybrid clocks for WAN replication.
Google Spanner | 24] 2012 Mo Yes MVCC+2PL Strong+Passive  WAN-replicated,  shared-nothing DBMS  that
uses special hardware for imestamp generation,
E H-5tore [§] 2007 Yies Yies T Strong+Active  Single-threaded execution engines per partition.
E Optimieed Tor stored procedures,
- HyPer [9] 0 Yiu Yes MY Strong+Passive  HTAP DBMS that uses query compilation and
= memory ellicient indexes,
E MemSOL[11] 22 Yiex Yes MV Strong+Passive  Dhstnbuted, shared-nothing DXEMS using com-
s" piled queries. Suppons MySOL wire protocol.
} MNuoD [14] 2003 Yes Yes MV Strong+Passive  Split architeclure with multiple in-memory ex-
ecutor nodes and a single shared stormge node,
SAP HANA [55] 2010 Yis Yes MV Strong+Passive  Hybrid storage {(rows + cols). Amalgamation of
previous TREX, P*TIME, and Max [DE systens,
VoltIdE [17] A Yis Yies T Strong+Active  Single-threaded execution engines per partition,
Suppors sireaming operalors.,




EWSQL DBMS overview

T [T T

CockroachDB |7) 2014 No Yesu MVCOC Strong+Passive  Built on top of distributed key/value store. Uses
software hybnd clocks for WAN replication
Google Spanner [24) 2012 No Yes MVCOC+2PL Suong+Passive  WAN-replicated.  shared-nothing DBMS  tha
uses special hardware for imestamp gencration.
2 H-Store [8] 2007 Yes Yes TO Suong+Active  Single-threaded exccution cagines per partition
E Optimized for stored procedures.
- HyPer 9] 2010 Yes Yes MVCC Stong+Passive HTAP DBMS that uses query compilation and
= memory efficient indexes.
(=} . :
= | MemSQL [11] 2012 Yes Yes MVCOC Strong+Passive  Distributed, sharcd-nothing DBMS using com-
,s‘ piled guenies. Supports MySQL wire protocol
}' NuoDB [14) 2013 Yes Yes MVCC Suong+Passive  Split architecture with multiple in-memory ex-
ccutor nodes and a single shared storage node.
SAP HANA |55) 2010 Yes Yes MVCOC Strong+Passive  Hybrid storage (rows + cols). Amalgamation of
previous TREX, P*TIME, and MaxDB systems.
VoltDB [17) 2008 Yes Yes T0 Suong+Active  Single-threaded execution engines per partition.
Supports streaming operators.
w | AsilData (1) 2007 No Yes MVOC+2P1L Strong+Passive  Shared-nothing database sharding over single-
- node MySOL instances.
Z | MariaDB MaxScale (10] 2015 No Yes MVCC+2PL  Suoag+Passive Query router that supports custom SQL. rewrit-
§ ing. Rehics on MySQL Cluster for coordination
5 ScaleArc [15) 2000 No Yes Nived Stroag+Passive Rule-based query router for MySQL, SOL
Server, and Oracle.
» | Amazon Aurora [3) 2014 No No MVOC Stwong+Passive  Custom log-structured MySQL engine for RDS
-
= | ClearDn (5] 2010 No No MVOC+ 2P StongeActive Centralized router that murrors a single-node
= MySOQL mmstance in multiple data conters.



=FREIRIRTEL

Table 1 Comparison of RDBMS, NoSQL., and NewSQL features
=1 RDBMS. NoSQL fll NewSQL % 17 Eb %

RDBMS NoSQL NewSQL
SQL = F¥F AL FF = FF
a8 =ML B pL 2= P/ 53 A =0 = HL/ 55 An =X
s HY KRR JE ¢ HZ A X EHERH
AL 2 key-(value.column.document) AR S FE
YR A i W+ 22 1r Tk B+ 52 17 fh T+ 82 7
Gl ACID CAP.BASE ACID
A B AR BT 35 = i3]
— 2P = I 2% — e =)
Al A i PR A B = =)
Al 4 = P = H P k= K4 ke K8 R
= il CINL = CINL T = H =h
e o =] {[35 1%
R E s A = FF AH 2 FE AR =z §F 7o I3 ST
OLTP A~ 56 4= 3 FF > FF FC I3 S FF
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2%, NoSQL &%, LIKEEnosql ﬁ‘ﬂaé?El’J
HAIZ % (VoltDB)

1 a5 Hr 8L N FF 5']7?9'”%'«’51:1', (MonetDB)
ﬂ ! 5']7?}””?§Z7|TE'JW7?9&1' ES
(MonetDB, VectorWise, Hana) , LAKNEKFF

MapReduced 7K, M BRI JtNosql Bk
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ETITEINNXRARIEERS, BESEFNTENATRIEERS, FAETHY
NEWSQL &%t

« [EE RN B B X R FE I R
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FRHARS.

« o) {ERY v FHRINOSQLFZ AN
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RARM REH RS F IR A

7]

M E A MongoDB Redis, Cassandra, Spanner, Oceanbase Al BT K (volume)
RAEET A% STREAM Aurora, TelegraphCQ NiagaraCQ.Gigascope  A(4 124t {i (velocity)
KA ST A% Pregel Giraph,PowerGraph,GraphChi Xstream, Giraph+ &4 Y F1 28 4+ (variety)

TGEE TS ER SpatialHadoop,Simb,OceanRT DITA, SECONDO H TR (variety)
NEAEET A4 CrowdDB,CDB Deco,Qurk.DOCS, gMission AU 0 {6 % 17 (K (value)
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