NoSQL Databases I:
Introduction




FENE

= NoSQLfE1T
® NoSQLFEZEpyacH
® NoSQLHY 5 R G Ehil
= MongoDB

Advanced Database Systems &M (jpg@ustc.edu.cn)



® Definition (from

NoSQLE 41

)

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.

Number of systems per category, January 2026
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Time Series DBMS: 45

Graph DBMS: 43
Spatial DBMS: 9 / Key-value stores: 72
Search engines: 28 Multivalue DBMS: 11
/Natlve XML DBMS: 7

Relational DBMS: 166

eeeee

Wide column stores: 13 ( Columnar: 2
DBMS: 24 f
Time Series, Observability: 1

\—" Object oriented DBMS: 22

DB-Engines lists 433 different database
management systems, which are classified
according to their database model (e.g.
relational DBMS, key-value stores etc.).

This pie-chart shows the number of systems
in each category. Some of the systems
belong to more than one category.
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NoSQLE 41

o Non relational

o Scalability

o No pre-defined schema
o CAP not ACID
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o Google
o Facebook (Meta)
o Adobe

o Foursquare
o LinkedIn

-
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o RKAKRE

NoSQL &R H
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NoSQL vs. RDBMS
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NoSQL vs. RDBMS (cont.)
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NoSQL vs. RDBMS (cont.)
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NoSQL vs. RDBMS

= RDBMS
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NoSQL vs. RDBMS
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n BERIERE. JEMEEHEE. IEBIEEMERIE
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BEZIEE (Key-Value Store)

FHIR= i Redis. Memcached. LevelDB. RocksDB. SimpleDB. Chordless. Scalaris
S ME X
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AE=%¥EE (Redis) . GitHub (Riak) . BestBuy (Riak) . Twitter (Redis
EAE FMMemcached) . StackOverFlow (Redis) . Youtube (Memcached) .
Wikipedia (Memcached)
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BEIHIEE (Key-Value Store)
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MEBEEE (Column Store)

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

HEpnl 5% (Column Family)
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= EBay (Cassandra) . Instagram (Cassandra) . NASA (Cassandra) .
Twitter (Cassandra and HBase) . Facebook (HBase) . Yahoo! (HBase)

NERER T ACIDEH S S RTE I, Cassandrafsr= i it AN 1E A
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YASEIEE (Document Store)

S MongoDB. CouchDB. Terrastore. ThruDB. RavenDB. SisoDB. RaptorDB.
i CloudKit. Perservere. Jackrabbit, SequoiaDB

.M
L o i (value) RERAMHCRY
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BRIV -t AT EERARESEEHRENMEE . EHISONEIE MMM fE
PR 45 M S AR IS AL B 1) N IR P
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R R k= 48— A TR VE
it AE=HPEZE (MongoDB) . SAP (MongoDB) . Codecademy
(MongoDB) . Foursquare (MongoDB) . NBC News (RavenDB)
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YASEIEE (Document Store)

“RE” HER—ANMEIEILE, XMEREBTESHEHERBEMATRIT “BRMR”
o XMLICHEFAIJSONC A BB TIX—3K. SequoiaDB(E#2)uk 21 FHJSON#E K S %

&R, EHIEE R BRI

“ID”* :1,
“NAME" : “SequoiaDB” ,
“Tel”™ : |
“Office™ : “123123" ., “Mobile™ :
“Addr” : “China, GZ”

T332 a2
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YASEIEE (Document Store)

SIDE A1,
“NAME™ : “SequoiaDB” ,
“Tel” : {
“Office™ @ “123123% , “Mobile™ : *1321321327
“Addr” : “China, GZ”

« BW|EAHMNE, BE—FICREBITHEHAFX “SequoiaDB"HE 2R A EMS
#BARISIA, XFIERHME “BEE" A

+ XESIERRESTEHBEIHMRSSR, BAXFIERNAEEERREIHEERT
, THREZTEEREREINNREIFE—RBIRE

- RN, EA&EBzidiES, AFRBINP—FIER (H) FRHE, MAEXEHR
B BN AXBRAREBERPERKIUE—BE
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El¥iEE (Graph Store)

FHRT™ Neo4J. OrientDB. InfoGrid. InfiniteGraph. GraphDB
AR B 2544
78 57 F LTI ACH B S AR ORI RIER,  LLBOE & TAEAC M4, 7
ARG WG T HETE R G DA AR T 4K 4 1)
= RIEMER, CFFERMEEDE, THTHEERNERREIE
SRR S, HRResCR— e BRI
& Adobe (Neo4]) . Cisco (Neo4]) . T-Mobile (Neo4))
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Overall Rank

DB-Engines Ranking

updated monthly.

Read more about the method of calculating the scores.

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

/—v—"'

SET

trend chart

428 systems in ranking, January 2026

Method of calculating the scores of the DB-Engines Ranking

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 number 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

Jan Dec  Jan DBMS Database Model Jan  Dec Jan
2026 2025 2025 2026 2025 2025
1. 1. 1. Oracle Relational, Multi-model [g§ 1237.34 +294 -21.42
2. 2. 2. MySQL Relational, Multi-model [ 867.52 -0.97 -130.63
3. 3. 3. Microsoft SQL Server Relational, Multi-model [g§ 706.26 -1626 -92.30
4. 4. 4. PostgreSQL Relational, Multi-model [g§ 666.27 +6.84 +2.86
5. 5 5. MongoDB Multi-model (g 376.74 +4.46 -2577
6. 6 6.  Snowflake Relational 207.79 +5.34 +53.89
7. 7 7. Redis Key-value, Multi-model (g 14416 +168 -9.20
8. 8. 13, Databricks Multi-model (g 141.55 +3.53 +53.70
9. 9. 9 IBM Db2 Relational, Multi-model (g 112,72 -3.04 -10.25
10. 10. 8  Elasticsearch Multi-model (g 107.15 -268 -27.78

Advanced Database Systems

62. 463 A9 Milvus 72. AN85. J71. TDBEY

63. Mn64. ANT5.  TimescaleDB 73. 72, Q62 Aeros?ike

64. 62, 58 Hazelcast 74. 74. J68.  Apache Jackrabbit
65. 65. 59. Oracle Essbhase 75. 73 #n86.  Apache Druid

66. An68. AN121. Qdrant 76. 75 74  OpenEdge

67. 67. 63. Graphite 77. AN91. AN103.  DolphinDB

68. AnNT70. An142.  Weaviate 78. #An82. An82. SAP SQL Anywhere
69. WJ66. J66. CockroachDB 79. $77. #4n84. QuestDB

70. J69. An72.  ScyllaDB 3 80. An81. AN97.  RocksDB
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Overall Rank (cont.)
B XABUBEMRER, {ENoSQLELFIEAETIEK

Ranking scores per category in percent, May 2022

Wide column stores 3% Document stores 10.4%

Time Series DBMS 1% ~~ Graph DBMS 1.8%

Spatial DBMS 0.4% Key-value stores 5.6%

Multivalue DBMS 0.2%
Native XML DBMS 0.3% Ranking scores per category in percent, January 2026

Object oriented DBMS 0.2%

Search engines 4.7%

RDF stores 0.4%

Relational DBMS 71 ,g%/ Wide column stores 1.8% Document stores 7.9%

S

Vector DBMS 6.2% Graph DBMS 1.2%

Time Series DBMS 5% Key-value stores 7.7%

Ranking scores per category in percent, December 2024

Spatial DBMS 4.5% Multivalue DBMS 4.3%

Search engines 7.2% RDF stores 0.2%

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 53.7%

Relational DBMS 72.2%
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Overall Rank (cont.)

Complete trend, starting with January 2013
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Trend of the last 36 months
FASNYALNY
110
November 2025
100 Document stores: 92.38 Document stores
Relational DBMS
TN\_@—  — Time Series DBMS
@
2 90 — Search engines
_E ~— Multivalue DBMS
9] —
> 80 Spatial DBMS
E ~— Vector DBMS
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© 2026, DB-Engines.com

Trend of the last 24 months
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Popularity Changes

FSEIEE (20243R5)
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100 Vector DBMS: 94.16
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CAP

Note: AR A ARSH
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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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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).

Advanced Database Systems £ (jpq@ustc.edu.cn)



CAP
B — M — B R BN AT 4 RO SE 4

(s
(B

(a) #IIEIRES

Advanced Database Systems &SI (jpg@ustc.edu.cn)



CAP

B — M — B R BN AT 4 RO SE 4
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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

BV B Eval, JoiFA%
&R EIAY,

-
Vi=val

A& HT B val, J T %

-
Vy=val

BEREPL B AS 7, FR AR
iiﬂl IEI ’fEVCll()

S
Vi=val,
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T

=R A SESHEXIN AR EE
ERWRGH Y RiE. RERNXRBIBEE

PostgreSQL) , #BKH Tﬁﬂiﬁiﬂﬁﬂﬂ,

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:

Advanced Database Systems

i

X B2

‘**IL%EJ: RER, XHHES™
(MySQL. SQL Server#

Ak, # RIEEELBE
2 (P) , MFAAME (A) , SHHM

XHIRAET, ZRMIRS T E%"H%ﬁl Bm—E, BELEFHFRERITER

t (P) , BF—HE (O , RIFHR
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Advanced Database Systems

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

iyt an gyl
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BASE

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

o EXTCAPIR LAY HE (§

Jii 14 (Atomicity) H: A1) H (Basically Available)
—Z % (Consistency) HOIRZSIZ 1455 (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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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—iﬂ'ﬁm
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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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MongoDB
A Document Store




FENE

= MongoDBEj/t
= MongoDB##E{=E!
= MongDBZE#y
= MongoDBY# &M%
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Developed by 10gen (now MongoDB Inc.) : “humongous” DB, Founded in 2007
IR ERRITAINoSQLENEER S

2019 2026

DB-Engines Ranking DB-Engines Ranking

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

ranking is updated monthly. updated monthly.

Read more about the method of calculating the scores. Read more about the method of calculating the scores. trend chart

trend chart

350 systems in ranking, December 2019 428 systems in ranking, January 2026

Rank S Rank Score
an DBMS Database Model core Jan Dec Jan DBMS Database Model Jan Dec Jan
pEe Doy B Dec  Nov Dec 2026 2025 2025 2026 2025 2025
. P —— 1 1 1. Oracle Relational, Multi-model & 1237.34 +294 2142
. - - elational, ulti-mode! . . -Z1.

1. 1. 1. Oracle Relational, Multi-model (@ 1346.39 +10.33 +63.17 -
2. 2. 2. MysQL Relational, Multi-model 867.52 -0.97 -130.63

2. 2 2 MySQL Relational, Multi-model 1275.67 +9.38 +114.42 ySQ elationsl, Mult-model g
. 3. 3. 3. Microsoft SQL Server Relational, Multi-model (gj 706.26 -16.26 -92.30

3. 3 3. Microsoft SQL Server Relational, Multi-model [ 1096.20 +14.29 455386 Q €ationa), Multrmode
4 4 a PostareSOL . - ﬁ 503.37 <1230 14274 4, 4, 4. PostgreSQL Relational, Multi-modelﬁ 666.27 +6.84 +2.86
5 5 oDB Document, Multi-model 421.12 — — 5. MongoDB Multi-model [ 376.74 +4.46 2577
6. 6 6. IBM Db2 Relational, Multi-model 171.35 -1.25  -9.40 6 i 6 Snowflake Relational 207.79 #6534 +53.89
7. 7 # 8. Elasticsearch Search engine, Multi-model 150.25 +1.85 +5.55 7 7 7. Redis Key-value, Multimodel |gg 14416 +1.68 920
8. 5. 7. Redis Key-value, Multi-model 146.23 +1.00  -0.59 8. 8 A3 Databricks Multi-mode i 141.55 +3.53 +53.70
9 9 9 Microsoft Access Relational 129.47 -0.60 -10.04 9 9. 9. IBMDb2 Relational, Multi-model [ 112.72 -3.04 -10.25
10 10. A1l Cassandra Wide column 120.71 -2.52 “1.10 10. 10. 8. Elasticsearch Multi-model g 107.15 -2.68 -27.78




What is a Document DB?

® Document databases store documents in the value
part of the key-value store where:

o Documents are indexed using a B-tree
o queried using e.g, JavaScript query engine

name: "sue’, «+—— fjeld: value
age: 26, <+—— field: value
status: "A", +—— field: value
groups: [ "news”, "sports” 1 «—— field:value
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MongoDB: Data Model

Hierarchical Objects

« A MongoDB instance may have zero or Databases
more ‘databases’

Collections

* A database may have zero or more
‘collections’. Documents

* A collection may have zero or more
‘documents’. (e.g., 16 (MB/doc)

Fields

* A document may have one or more ‘fields’.

* MongoDB ‘Indexes’ function much like their
RDBMS counterparts.
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RDB Concepts to Document DB
I R

Database —> Database
Table, View —> Collection
Row —> Document (BSON)
Column —> Field
Index —> Index
Join —> Embedded Document
Foreigh Key —> Reference
—=

Partition Shard (B kFENSHREERS)



BSON

“Binary JSON”

Binary-encoded serialization of JSON-like docs
Also allows “referencing”

Embedded structure reduces need for joins

Goals

o Lightweight (/ow space cost)/ Traversable (easy to traverse)/ Efficient (efficiently
decoding and encoding for most languages)

W 1Eh OB\ ee xea ff total document size
hWx@2 ff BxB2 = type 5tring
{"hello": "world"™} —  hellech\x2@ ff field name
Wx@EN\ X0\ x8eh\ xBaworld xea ff field value
W28 S Bxed = type EOOD ("end of object")
BSON Binary storage

http://bsonspec.org/
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{"_id":"37010"

"city" : "ADAMS",
"pop" : 2660,
"state" : "TN",

“councilman” : { name: “John Smith”
address: “13 Scenic Way”

h

id user name email

1 |Mark Hanks  mark@abc.com 25 Los Angeles

2 Richard Peter nchard@abc.com 31 Dallas

BSON Example

" id": ObjectId("5146bb52d48524270060001£3"),
"age™: 25,

"city": "Los Angeles™,

"email™: "markfabc.com",

"user name": “"Mark Hanks"

" id": ObjectId("5148bb5248524270060001£2"),
"age"s: 31,

"city™: "Dallas™,

"emgil™: "richard@abc.com”,

"user name": "Richard Peter™




Documents: Structure Embedded

{
_1d: <ObjectlIdl>,

username: "123xyz",

contact: {
phone: "123-456-7890", Embedded sub-

Email . ”}(yz@example ) CDm” document

¥

access: {
level: 5, Embedded sub-
group: "dev” document

} 7/




Documents: Indexing

® Indexes allow efficient queries on MongoDB.

® They are used to limit the number of documents to inspect (Otherwise, scan every
document in a collection)

® By default, MongoDB creates indexes only on the _id field
® Indexes are created using a B-tree and store data for fields, ordered by value.
® In addition, MongoDB returns sorted results by using the index.
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MongoDB: CRUD

® Create

o db.collection.insert( <document> )

o db.collection.save( <document> )

o db.collection.update( <query>, <update>, { upsert: true } )
® Read

o db.collection.find( <query>, <projection> )

o db.collection.findOne( <query>, <projection> )
= Update

o db.collection.update( <query>, <update>, <options> )
® Delete

o db.collection.remove( <query>, <justOne> )
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Query Example

db.users.find( <«+—— collection
{ age: { %$gt: 18 } 3, <—— query criteria
{ name: 1, address: 1 } <+—— projection

). limit(5) <«+—— cursor modifier

SELECT _id, name, address «—— projection
FROM  users table

WHERE age > 18 select criteria
LIMIT 5 cursor modifier




Replication of data

® Ensures redundancy, backup, and automatic failover

o Recovery manager in the RDMS

® Replication through groups of servers known as

replica sets (£#5I%F)
® Primary set — set of servers that client tasks direct Writes  Reads
updates to l

m Secondary set — set of servers used for duplication
of data

m If the primary set fails the secondary sets ‘vote’ to
elect the new primary set
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Scaling: Heavy Reads

® Scaling is achieved by adding more read slaves
m All the reads can be directed to the slaves.
® When a node is added it will sync with the other nodes.
B The advantage of this setting is that we do not need to stop the
cluster.
PRIMARY> rs.add("mongod1.net: 27017") Wlm RTS
S Ly

Host Name/IP Port
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Automatic Failover

(vote enly)

New Primary Elected

Replication,
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Scaling: Heavy Writes

® Sharding, or horizontal scaling divides the data set and distributes the
data over multiple servers.

® Each shard is an independent database, and collectively, the shards
make up a single logical database.
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Sharding in MongoDB

m Shard |
iAppServer : :
o store the data gg
] (mongos) M (mongos) |
® Routers N
o interface to client and
direct queries

m Config Server
o store cluster’'s metadata.

2 or more Shards

(replica set) (replica set)
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Range-Based Sharding

® Divides the data set into ranges determined by the
shard key values to provide range-based partitioning.

o |Chunk 1 [ J|Chunk 2 . |[Chunk 3 ‘ \Chunk 4
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Hash Based Sharding

®= Computes a hash of a field’s value, and then uses
these hashes to create chunks

}‘..x. 25.“ {26} }1.& 27}

; - }
Chunk | Chunk 2 Chunl 3 Chunk 4
- > > > -
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Document Store: Advantages

= Documents are independent units
m Application logic is easier to write. (JSON).

®m Schema Free:

o Unstructured data can be stored easily, since a document
contains whatever keys and values the application logic
requires.

o In addition, costly migrations are avoided since the
database does not need to know its information schema in
advance.
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Suitable Use Cases

® Event Logging

o where we need to store different types of event
(order_processed, customer_logged).

m Content Management System
o because the schema-free approach is well suited

® Web analytics or Real-Time Analytics

o useful to update counters, page views and metrics in
general.
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When Not to Use

®= Complex Transactions
o when we need atomic cross-document operations

E Complex Queries

o lL.e., aggregate queries where the involved data are
evolving with time

o Complex join queries
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A BN

= NoSQL#E=
= NoSQLgy:H
m CAP & BASE
= MongoDB
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