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I NOSQLﬁﬁ

® Definition (from )

o Next Generation Databases mostly addressing some of the points: being non-
relational, distributed, open-source and horizontal scalable.

o The original intention has been modern Web-scale databases. The movement began
early 2009 and is growing rapidly. Often more characteristics apply as: schema-free,
easy replication support, simple API, eventually consistent /BASE (not ACID),

a huge data amount, and more.

o So the misleading term "nosg/" (the community now translates it mostly with "not
only sql") should be seen as an alias to something like the definition above.
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http://nosql-database.org/

. NOSQLﬁﬁ

o Non relational

o Scalability

o No pre-defined schema
o CAP not ACID
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o Google

o Facebook

o Adobe

o Foursquare
o LinkedIn
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o RKAKRE

1. NoSQL&rFH
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1. NoSQLXEnJFH
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2. NoSQL vs. RDBMS
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2. NoSQL vs. RDBMS (cont.)
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2. NoSQL vs. RDBMS (cont.)
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2. NoSQL vs. RDBMS

= RDBMS
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2. NoSQL vs. RDBMS
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1. BEZIEE (Key-Value Store)

FHIRTE i Redis. Riak. SimpleDB. Chordless. Scalaris. Memcached
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1. 8HZHIEE (Key-Value Store)
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2. MHEBEIEE (Column Store)

FHIRF= i BigTable. HBase. Cassandra. HadoopDB. GreenPlum. PNUTS

HEpnl 5% (Column Family)
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3. YA¥IEE (Document Store)

S MongoDB. CouchDB. Terrastore. ThruDB. RavenDB. SisoDB. RaptorDB.
i CloudKit. Perservere. Jackrabbit, SequoiaDB
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3. ¥ E (Document Store)

“RE” HER—ANMEIEILE, XMEREBTESHEHERBEMATRIT “BRMR”
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“ID”* :1,
“NAME" : “SequoiaDB” ,
“Tel”™ : |
“Office™ : “123123" ., “Mobile™ :
“Addr” : “China, GZ”
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3. ¥ E (Document Store)

SIDE A1,
“NAME™ : “SequoiaDB” ,
“Tel” : {
“Office™ @ “123123% , “Mobile™ : *1321321327
“Addr” : “China, GZ”
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4. BE¥iEE (Graph Store)

FHRT™ Neo4J. OrientDB. InfoGrid. InfiniteGraph. GraphDB
AR B 2544
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Overall Rank

Method of calculating the scores of the DB-Engines Ranking

DB-Engines Ranking

Read more about the method of calculating the scores.

The DB-Engines Ranking ranks database management systems according to their popularity. The
ranking is updated monthly.

//

SHaT

trend chart

423 systems in ranking, December 2024

The DB-Engines Ranking is a list of database management systems ranked by their current
popularity. We measure the popularity of a system by using the following parameters:

Number of mentions of the system on websites, measured as humber of results in
search engines queries. At the moment, we use Google and Bing for this measurement.
In order to count only relevant results, we are searching for <system name> together
with the term database, e.g. "Oracle" and "database".

General interest in the system. For this measurement, we use the frequency of
searches in Google Trends.

Frequency of technical discussions about the system. We use the number of
related questions and the number of interested users on the well-known IT-related Q&A
sites Stack Overflow and DBA Stack Exchange.

Number of job offers, in which the system is mentioned. We use the number of
offers on the leading job search engines Indeed and Simply Hired.

Number of profiles in professional networks, in which the system is mentioned.
We use the internationally most popular professional network LinkedIn.

Relevance in social networks. We count the number of Twitter (X) tweets, in which
the system is mentioned.

Rank Score
Dec Nov pec DBMS Database Model Dec Nov Dec
2024 2024 2023 2024 2024 2023
1. 1. 1. Oracle 3 Relational, Multi-model g 1263.79 -53.22 +6.38
Zq 2. 2. MySQL (2 Relational, Multi-model |gj 1003.76 -14.04 -122.88
3. 3. 3. Microsoft SQL Server Relational, Multi-model g 805.69 +5.88 -98.14
4, 4. 4. PostgreSQL 2 Relational, Multi-model |gj 666.37 +12.04 +15.47
T 5. 5. MongoBE [+] Document, Multi-model m -0.54 -18.76
r 6. 6. 6. Redis 2 Key-value, Multi-model g 150.27 +1.63 -8.08
7. 7. A 10. Snowflake I} Relational 147.36 +4.87 +27.48
8. 8. & 7. Elasticsearch Multi-model g 132.32 +0.68 -5.43
9. 9. &8 IBMDb2 Relational, Multi-model g 122.78 +1.04 -11.81
10. 10. 411, SQLite Relational 101.72 +2.24 -16.23
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Overall Rank (cont.)

eS¢
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72, {8NoSQLLLHIZ

E S HTiE i

Wide column stores 3%
Time Series DBMS 1%
Spatial DBMS 0.4%

Search engines 4.7%

/

Relational DBMS 71.8%

Ranking scores per category in percent, May 2022

Document stores 10.4%

~~ Graph DBMS 1.8%

Key-value stores 5.6%
Multivalue DBMS 0.2%
Native XML DBMS 0.3%
Object oriented DBMS 0.2%

RDF stores 0.4%

Ranking scores per category in percent, December 2024

Wide column stores 2.4% Document stores 10%

Vector DBMS 2.3% »— Graph DBMS 1.5%

Time Series DBMS 1% Key-value stores 4.9%
Spatial DBMS 0.4% Object oriented DBMS 0.2%

Search engines 4.4% RDF stores 0.3%

Relational DBMS 72.2%
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Overall Rank (cont.)
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1. CAP

m C (Consistency) : —¥1$—— a// nodes see the same data at the same time

o RIFEM—MERESREBRI|ZATANERIFNER, EREESHARED, TRPBER—
B, &R, AT RER—REEFHERNEE

m  A: (Availability) : ATBt4—reads and writes always succeed
o RIERIBRIEIE, TAERHERNRERRERRELER, RIESMERASERINEE K MERA IR

= P (Tolerance of Network Partition) : 9X&ERME—1ihe system continues to operate
despite arbitrary message loss or failure of part of the system

o EIEHHIIMEHXEFRAN (AREFH—BLBRLTENEMTH /ARITER) , TBENRSEBERBIE
BET, ERER, REPERERHELRREMA SR HRGRBEEE.
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1. CAP

®m Brewer's Theorem (CAP Theorem): — {9 R AL A A sEER#H 2 —B it

AT XER2EX=1FER, RZReEREMNHERPEA (Brewer, 2000;
Gilbert, 2002 )

CAP Theorem

Consistency

¥

CA CcpP

Availability Partition
Tolerance

CouchDB
Cassandra
DynamoDB

Riak

Brewer, Eric A. (2000): Towards Robust Distributed Systems. Keynote at the ACM Symposium on Principles of Distributed Computing (PODC).
Gilbert, S., & Lynch, N. (2002): Brewers Conjunction and the Feasibility of Consistent, Available, Partition-Tolerant Web Services. ACM SIGACT
News, p. 33(2).
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1. CAP
B — M — B R BN AT 4 RO SE 4
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1. CAP
B — M — B R BN AT 4 RO SE 4
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1. CAP

B — M — B R BN AT 4 RO SE 4

1

BEFEP AT EAS Y AR A
valy 5 ¥ Nval,

P,

—

V1=valo

-

2| BIAEGEEval TTiAAE | 3| HEREPEIAY, KR

&2 H AT, BEHUHAE val,

P E% Py E%
Vi=val Vi=val,

A& HT B val, J T %

P, Eﬁ P, @>
Vy=val Vy=val,
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PostgreSQL) , #BKH Tﬁﬂiﬁiﬂﬁﬂﬂ,

1. CAP

n SHAHECAPHEIRER, BJLEARRYIERE:
o CA: WmEEFA—HME (C) MAAYE (A , IFHSRELNE (P) , HEH

o CP: tREmE—EE (C) MR

48 53
SRt

AR S5

o AP: WRiZEFRTHME (A) M5y

4R [0

A —EHI:
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Advanced Database Systems

1. CAP

HFECA, BFHEP

MySQL
SQL Server
PostgresSQL

BFEAP, HFHC

Dynamo
Cassandra
Voldemort
CouchDB

C

EHECP, HFHA

P

Neo4J, BigTable, MongoDB, HBase, HyperTable, Redis

AEFEEIEECAPE L T HA
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2. BASE

m BASE (Basically Available, Soft-state, Eventual
consistency (Pritchett, 2008)

o EXTCAPIEILHYFE fH
Jii 14 (Atomicity) H: A1) H (Basically Available)
—2 4 (Consistency) BOIRAS 1Z2 15555 (Soft state)

B 44— #U% (Eventual

b 125 1t (Isolation) consistency)

FF A% (Durable)

BASE vs. ACID

Dan Pritchett. (2008): BASE: An ACID Alternative. ACM Queue, Vol.6(3): 48-55
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2. BASE

m EERACID[E

o A (Atomicity) : [EF1¥, BRIEFESPHREELLENIT, EA4
AT

o C (Consistency) : —¥%, BI&ESHFETHKF, YRERBRIM

REARF—BHIRS

o I (Isolation) : [REM, RIEHAHAESMHBNESWMEEMH
EHABSHBNIEXIRS

o D (Durability) : HAMY, BREEFZFEAZE, BXNTARSEHNEN
=AM
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m Basically Available

o E 7T

o RS PSR AT LU 2 5

, R=fH

m Soft-state
o “EIRA (Soft-state

E'J—W’ﬁsiz"i :
1, BIRUEH:
TH"‘/F E’ﬁ"'iﬂﬁ“ﬁw
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2. BASE

& EE R TFRIH
E—HEIFfHA.

o WEIRIF

" &5 “HIR7E (Hard-state) ” fHXTR
Ee RS B, ATRAGRIER:
“BURES” BHERRSATAE— AT

E}::
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2. BASE

® Eventual consistency

o —H

MR A IRE—H NS —EE. STFE—BEn

BEE, BEMEMIERIER AT UFRIEESREH
O EZ|E R EMENREIE, BLREHT—BIE.

o RB—HIERF—BIEN—FEH, RIFRENITERIET LIS IEABIES

&

A

+ REINSIZE—BIEHNRZEEDNS (2 R%) .
ﬁﬁﬁﬁ,#ﬁéﬁﬂ%ﬂﬂ%%ﬁ;E%mﬁmgFmTuEﬂﬁﬁME
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1. NewSQLI%S:

“A relational database that seeks to provide the
same scalable performance of NoSQL system while
still maintaining the ACID guarantees of a traditional
database system”

-- Wikipedia
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2. NewSQL Motivation

® Old OLTP requirements:

o a large number of short on-line transactions (INSERT, UPDATE,
DELETE)

+ very fast query processing
+ data integrity in multi-access environments
+ effectiveness measured by number of transactions per second (tps) .

+ In OLTP databases there is detailed and current data, and schema used to store
transactional databases is the entity model (usually 3NF).

o Enterprises used ETL products to convert OLTP data to a common
format and load into data warehouse for performing business
analysis.
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2. NewSQL Motivation

® Old OLTP requirements:




2. NewSQL Motivation

® New OLTP requirements:

o The transactions are increasing day by day. Good throughput has to be maintained
even with the increase in transactions (e.g., Web and smart phones)

o Need for real-time analytics. (e.g., a Web property wants to know the no. of current
users playing its game)
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2. NewSQL Motivation

® Traditional SQL:

o The workload experienced by New OLTP may exceed the
capabilities of Old SQL solutions.

o Data warehouses are typically stale by tens of minutes to
hours. So real-time analytics are very difficult with Old SQL.

= Not ideal for New OLTP requirements.
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Traditional SQL Overheads

DBs use serialization and synchronization for consistency

. Logging data |

Data
Buffer Pool Processing
REcovery 24% a4,

24%

Locking Latci:ing
24% L

. Locking rows of data | Locking buffered data

. Loading data from disk to RAM

“Removing those overheads and running the database in main memory would yield

orders of magnitude improvements in database performance”

Advanced Database Systems

-- White paper of VoltDB
£FEM (jpg@ustc.edu.cn)



2. NewSQL Motivation

®E NoSQL:
o Overcomes workload problems in Old SQL
o Provides scalability and high performance

o Achieved through relaxing or eliminating transaction support and
moving back to a low-level DBMS interface.

= Downside:
o Give up SQL and ACID for performance
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Give Up SQL?

m Compiler translates SQL at compile time into a sequence of low level
operations

® Similar to what the NoSQL products make you program in your
application

® 40+ years of RDBMS experience
o Hard to beat the compiler
o High level languages are good (data independence, less code, ...)

o Stored procedures are good!
# One round trip from app to DBMS rather than one round trip per record
+ Move the code to the data, not the other way around
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Give Up ACID?

® If you need data consistency, giving up ACID is a decision to
tear your hair out by doing database “heavy lifting” in user
code

o Pushes ACID properties to applications where they are far harder to
solve.

= Can you guarantee you won’t need ACID tomorrow?
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NoSQL Summary

® Appropriate for non-transactional systems

m Appropriate for single record transactions that are
commutative

® Not a good fit for New OLTP
m Use the right tool for the job

Interesting ...

Two recently-proposed NoSQL language
standards — CQL and UnQL — are amazingly
similar to (you guessed it!) SQL
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2. NewSQL Motivation

® NewSQL:
o Preserve SQL
o Preserve ACID
o Performance and scalability through modern innovative software architecture

® Challenges
o Needs something other than traditional record level locking
o Needs a solution to buffer pool overhead
o Needs a solution to latching for shared data structures
o Needs a solution to write-ahead logging
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3. NewSQL Principles

B Challenges
o Needs something other than traditional record level locking
—> Principle 1: minimizing or stay away from locking
o Needs a solution to buffer pool overhead
—> Principle 2: rely on main memory
o Needs a solution to latching for shared data structures
> Principle 3: try to avoid latching
o Needs a solution to write-ahead logging
—> Principle 4.: cheaper solutions for high availability
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4. NewSQL Summary

m Pros.
o SQL & ACID support

o Performance: Hundreds of thousands to millions of
transactions per second

m Cons.
o Very new

o In-memory architecture inappropriate for volumes
exceeding a few terabytes
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