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n 5 RiERRMESF

Issued on Site C
SELECT * From student

|

/U\

Select * from CS_student Select * from EE_student

Site A Site B
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m R4 HREE M F BOSFIE

o MG —: BIBEAK, MBI

o MR

o i/ : IEFR—RRERELEE

o RFFE: FERNMRELLEMN, FE1INF
m FRN A B ESEHE

o CAD, GIS, OA. ZE{ENA ., HBIEMRE
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B XRARBIBETARRZAL:

BHEE RS KM

HE RN HARIRETS

ISDN Title Author Keyword | Publisher
0-201 Compilers | J.Ullman Compiler | Springer
0-201 Compilers | J.Ullman Grammar | Springer
0-201 Compilers | A.Aho Compiler | Springer
0-201 Compilers | A.Aho Compiler | Springer
0-201 Compilers | J.Hopcroft | Compiler | Springer
0-201 Compilers | J.Hopcroft | Compiler | Springer

5] i -
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m AEHEOTESER

ISDN Title Publisher
0-201 Compilers | Springer
/, N
7’ ~
7’ ~
7’
ISD
ISDN Author 082(: geyw‘_’lrd
0-201 JUllman | =------- : el
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" —HBERNBRTTE

J.Hopcroft}

ISDN Title Author Keyword | Publisher
0-201 Compilers | {J.Ullman, |{Compiler, | Springer
A.Aho, Grammar}

m fxEXH(Nested Relation)

o KXAH

" BAFEENR— T AFRNEXRTEHEHAESHIIR
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HIKB 2%
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m HEAHO0IES
o 500155 HX, EMFANZFH
o —ix R ¥ ¥FC++F1Java, BEHIETHSmallTalk

f5l: Versant for JavafR§sF R (G IR AIGIF

Person per = new Person(name, age);
session.makePersistent(per);

m FEH )
o ¥ FC++FJava
o N FFSQLIRHE
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=. ORDB

= ORDB = RDB + 00
o XFNMRBSHXABIBERS

B XRRPIIFTURF MR ETERB(ADT)
n AR MEAADTLL R E X ADT L EYIRME
m TFSIARB., 4k
® YEHSQLIES

ORACLE EE:"‘E—Z

P Er S Informix.

PostgreSQL

software
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1. ORDBHIADTY RHIF

Employee(name: char(10), salary int, addr: Address)
+ Address2% FTHIADT

Create Type Address (
street varchar(30),
city varchar(30),
house_number varchar(20)

)

o Select name, addr.city From Employee

VAR E RS KL 24 43R (jpg@ustc.edu.cn)



2. ORDB3ZIFRIADTER

® Create Typer] U8ZARIADT (SQLERE)
o ROW: 1738, F,{CEHAR
o SET: £ 4&H
o MUltiSET: Z{HES (RITEEE)
o LIST: HFFIF«
o REF: S|2A, igm—)E#Typeriigst
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3. ORDBH & Tl F

® ORDBH R EH]F

o Country(name:char(30), boundary: polygon)
o T+ “EihERILRERFR”

Select C.name
From Country C, Country D
Where D.name='China’ and Meet(C.boundary, D.boundary)

£A TH FTRIADT#{EMeet
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m EFInformix Databladefbda= 3

AR E R G K S

4. FIFHORDBEI & 2R ETE

O

| Installation Options

Select the installation options.

* Typical Program will be ingtalled with the most common
options. Recommended for most uzers.

" Compact Program will be installed with minimum required
options.

¢ Custom *f'ou may choose the options pou want to
inzstall. Recommended for advanced users.

Drestination Directory

C:Alnformis Browse

Cancel ‘

i

B

C

Informix DEDK :> A% DataBlade

F PR

Infarmix
Cynamic Server

Es 2R Fepi SR

SQL

select no,name,boundary,
duplicate(life, '"1937-01-01 00:00:

from his boundary

where ovgrlaps (1ife, "™1931=09:=01 00:

00,1978-12-31 23:

00:00,1978-12-31

”~

L o LR, :pe.

e B T Lk e

®

=
< >
Query Result
no name boundar; time
B |61 Shanghai Shi [121, 535 31,1566 121.533 31,1598 121.531/1937-01-01 00:00:00 1946-12-31 23:59:59
64 Shanghai Shi [121. 648 31.2416 121. 647 31.2392 121.644/1947-01-01 00:00:00 1949-12-31 23:59:59
T4 Shanghai Shi [121. 648 31.2416 121. 647 31.2392 121.644/1950-01-01 00:00:00 1953-12-31 23:59:59
8 Shanghai 5Shi |[121, 648 31,2416 121. 647 31,2352 121.644)1954-01-01 00:00:00 195T-12-31 23:59:69
a7 Shanghai Shi [121,458 31,1761 121,457 31,1811 121. 458 1958-01-01 00:00:00 1958-12-31 23:59:59
95 Shanghai Shi [121.469 31.1798 121,467 31.1815 121.4631961-01-01 00:00:00 1978-12-31 23:59:59
s 2003-2-1 12:55
R (j
27 &EM (jpq@ustc.edu.cn)



4. FIFHORDBE-I & ¥ EEE

= E-TFOracle CartridgefiR & HIEEE

Spatiotemporal Applications

o JPL/SQL| STORM Model
STOG: Spatio—Temporal Object Cartridge STOC Cartridge

AGEA 1

) SQL Statement =) Query Builder

BE s ¥
: ; EiEs Extensibility
it )

Constramts Type : L] £ [Gio2} ﬁﬁw’ﬁ Inierfaces

Temporal: Ak 7 mEEEZ AsEa

@ Instant || O Period | O None T Savan Gis i ) ‘Dm ypes ‘Opﬂmiom T
Spatial: Oracle 10g Server

O Point () Region ) None
Instant:

2010-3-1 11 fa0o : (00

tus -, cLeES TS
Coordinates of the lower left corner: |

Longiuds | 116.5 |Latimude | 39.75

§ B
| b
Coordinates of the top right comer:

B4 B

e 1157 Latitude| 39,65 -] ;
3 g:g B
Result -] Pz
NO. Licence  Detail  ToMap @ BRRh
i F X TES
1 | BF372 & Ei%
&' 5226 b4
Eg?ak o7 e u.ﬂm_@mummﬁmm
VAR E RS KL
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VAR E RS KL

4,

KDELAB

Indoor Query

Temporal Constraints

Time Constraints

Date 2012-03-01
Time Mode
Mowving Object Information Start Time
h 3 = =
MOID 3 End Time 10 s | 00 ]3] |00 2
Location 2th floor corridor T - —
ther Constraints
Enter Time Out Time
2011-03-01  2011-03-01 SemleEi
071728 07:23:32 Your Interested Type Student [v]
Time 2011-03-01 2011-03-01
Input K
085534 08:55:46 =
2011-03-01 2011-03-01
09:08:40 09-:08:52 student ID Distance i
1 54
2 40
i 3 40
- . s
L
6 40

SelectFloor: | Floor 1 [

SCRFE WAL E R 55

indoor Moving Object Cartrdge IT/LC(OC’TDB L x ’ L?

MCADC B =
N2 ST R

Oracle
IndoorDB

f—

29

| HORDBICI & ¥ iE E1E2

= ETOracle CartridgeF I ZE AR I T R EE

Oracle Type System

|
( ]

Oracle Base Type

Oracle Spatial Types

(

!

Indoor Spatial Types

SDO_GEOMETRY

( A
Indoor Indoor Indoor [ ] Extended type
metr Position
Space Geometry ositio | Oracle type
Show Map
# CAD » ROOM
Query by Room Number
Foom NO. 0
Clean Query
——8 ——8— .
5 || Delete by Room Number
@ ———® | Foom NO. 0
| Delete
Add Rooms
Type Rectangle v
Select Cancel Ok
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FEARS

= NoSQLE 7t
® NoSQLFEZEpjeH!
2 NoSQLAI9 T\ R Ge B Al
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TN NOSQLﬁﬁ

m 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.

BHEE RS KM 32 &3 (jpq@ustc.edu.cn)


http://nosql-database.org/

N NOSQLﬁﬁ

B NoSQL¥FR:

o Non relational

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

m#ER “RSQL” izal HLFE #2 o o & f o0 B R B0 He & U0 sk
FH 3 59 04 || o 3 20 e B A o 35 0 1 I e &G v T AR ELAY
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N NOSQLﬁﬁ

 PECARZSARER T NOSQLAIEEE :

o Google

o Facebook

o Adobe

o Foursquare
o LinkedIn

Q $dﬁ\ ﬂ%iﬂ\ B'Iﬂ_._E?_._\ %ﬁiﬁ\ i'll-:-'yg ------
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1. NoSQL4ENEHA

(1) RDBMSTI L% EWeb 2.009E 3k -

o ToiEH
o ToiEH

T

STEENENEEEX TBOPB >ZB
SEHIESHELAHNER 1K>1M>10M H%

o JoiEi

BHEE RS KM

AES U REMSTHMERNTEXR

143 4h ).
RELLEE 2 FEs
w2l T 4.1 5 xR
e WE o | WAkl o ln
AARELESE 30 5xinia
mEaLEE 90 5ruEsEs
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(2)

1. NoSQLEMERHA

“One size fits all” ERXBHEIE,

o XAREEEAG—RIE
=FE£%1L% (OLTP)

& Hadoop&)ﬁza%l'i‘f #

EiRE

 BE K

HE RPN EIRFBIA=
I F#iESHr (OLAP) , i

1512375%‘—/\5@1%—1#!11: —A'ﬁ'iﬂﬂiﬁi_ﬂ'f

Eﬁ*ﬁ

g —ERERKHMRERESS

¢ MongoDB. RedisF&txELkIl 55, MEHMFT T XHIEE

BHEE RS KM

& HY
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1. NoSQL4ENEHA

(3) X ABIEERN CBRF BT EZNE SIS ES
M, XLk iEWeb 2.08H¢ H I 7354 -

o Web 2.0Mii REBE A EKRTBHBIBESS
o Web 2.0 AKX HBRIEE—H 4

o Web 2.0 EEA BRI XEERNSQLER (E5Mk, FHEEEER
ENEF RO E 14 RE)
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2. NoSQL vs. RDBMS

= RDBMS

o L% : LASTEMXAREBIERIENEM, AIEBIIRE, SXFESACID, REHEFHBRIBIE—
&, EENRSINGIRTLASCHIEMHER, RARRE, BEULATNRARIHF

o $%: (L) RIUERE, RABEFXFERYEFH, QRABENHIEERN, TEREFX
fsWeb 2.0MH, (3)E=FFHHIRMAGHEKMES

= NoSQL

o fi%: (V)EFBEANERY BeEH, XIFBAIBELBIEFME, BIESHMEFES, (2)RE
R BIEER AT AR it S FWeb 2.0 A

o HT: BTHEFHILEAM, SEREAUEAS, KT ESSUESA—HMY, RESCBET
B2, BAREAHERER, SRZEWEAMNEARTRE, EPrBE%E, Bt TEHFTHERES, B
PHEPLERE (120477 S listed in ) &
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http://nosql-database.org/

n E{EH

N

VAR E RS KL

—. NoSQLHEZEAHR

v SITFRER

e

v XEHE

N

FEIHHRE

Key 1 | Value 1
Key 2 Value 2
Key 3 | Value 1
Key 4  Value 3
Key 5 | Value 2
Key 6 | Value 1
Key 7 | Value 4
Key 8 = Value 3

SEAE B

Dataset
Columr- Family - 1 Columr- Family - 2
Column | Column Column
Row
Key- 1 Name-1 [Name-2 Name - 3
Column | Column Column
Value - 1 | Value -2 Value - 3
Columr- Family - 1
Column Column Column
Row Name-4 Name -5 | Name-6
Key -2 Column Column Column
Value -4 | Value-5 | Value-6
B AEE R E
39
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n BERIERE. JEHEBERE. EBIEEMERIE

Dataset

Document—1

\/\

Document id-1 =

> Document—2

\/\

Document id-2

Document—3

\/\

Document id-3 =

Document—4

\/\

Document id—4 »

SR EHRE



Key-Value&is

- ;:%OSQL%IEE ERELL “KEY+VALUE"SE# A &l T iRz R ME
m KEYS5VALUEELIFT57 (byte string) 7=fif:

typedef struct ({
void *data; //FPHREs
int size; //FTRKE
} DBT;

N

o BIRALRSHBIRE!

o NAEHIBE BN EELREFER
o TR{HKEYFIVALUERY A FILEH(E B
o N AMIIENEETARIVALUERY S X
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Overall Rank

Method of calculating the scores of the DB-Engines Ranking

DB-Engines Ranking

ranking is updated monthly.

Read more about the method of calculating the scores.

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

//

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

AR E R G K S 43
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Overall Rank (cont.)

B XARABEEMNRER, {(ENoSQLELHIFEARETIEIC

Ranking scores per category in percent, May 2022 Ranking scores per category in percent, December 2024

Wide column stores 2.4% Document stores 10%

Wide column stores 3% Document stores 10.4%

»— Graph DBMS 1.5%

Time Series DBMS 1% ~~ Graph DBMS 1.8% Vector DBMS 2.3%

Key-value stores 5.6% Time Series DBMS 1% Key-value stores 4.9%

Spatial DBMS 0.4%

Search engines 4.7% Multivalue DBMS 0.2% Spatial DBMS 0.4% Object oriented DBMS 0.2%

Native XML DBMS 0.3% Search engines 4.4% RDF stores 0.3%
Object oriented DBMS 0.2%

RDF stores 0.4%

/
Relati | DBMS 71.8%
elationa Relational DBMS 72.2%
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Overall Rank (cont.)

1500
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»
)
= | 5
Iz 750
=
E
=3
o
&
500

B P &84 e :

Complete trend, starting with January 2013

March 2022
Graph DBMS: 1 268.62

—— Graph DBMS

= Time Series DBMS
— Key-value stores
— Document stores
= Search engines

— Wide column stores
~— RDF stores

= Native XML DBMS
— Multivalue DBMS
—— Object oriented DBMS
= Spatial DBMS

— Relational DBMS

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Trend of the last 24 months

160

150

140

130

120

Popularity Changes

110

[DEEIERE

Trend of the last 12 months

110
April 2022
Time Series DBMS: 147.44

S

Ve 100

December 2024
Vector DBMS: 9:

6

" — Relational DBMS

— Time Series DBMS
— Key-value stores
— Graph DBMS

~ Multivalue DBMS
~— RDF stores

— Native XML DBMS
— Document stores
—— Spatial DBMS

— Object oriented DBMS
— Search engines

— Wide column stores
— Relational DBMS

90

80

Popularity Changes

70

60

Jul 2020 Oct 2020 Jan 2021 Apr 2021 Jul 2021 Oct 2021

Jan 2024 Mar 2024 May 2024

Jan 2022 Apr 2022

Sep 2024 Nov 2024
© 2024, DB-Engines.com

— Vector DBMS

= Document stores

— Search engines

=— Key-value stores

— Time Series DBMS

— Wide column stores

— Graph DBMS

— Spatial DBMS

— Object oriented DBMS
RDF stores

— Multivalue DBMS

=— Native XML DBMS




=\ NoSQLEY S X RGEERY

CAP BASE

Note: EAHREDMARAFTHITAN, BBEFERGRRAK
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1. CAP

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

o RIBEM—MERESREBIZIZATANERIENER, EREESHRAMNERD, TREBERE—
B, BFR, AT RER—RERAHERNHE

m  A: (Availability) : ATHM——reads and writes always succeed
o RIBRRFKEEIE, TIAERENERNIRERAESER, RIEBMERTERINZE KBEBNLL

= P (Tolerance of Network Partition) : FXERM—-=71he system continues to operate
despite arbitrary message loss or failure of part of the system

o EIEHHIIMEZHXIFRAN (BREFH—BLOBRLENEMH[AEITERS) , TENRSHEEBIE

S —

BET, ERER, REPEREBHELRDREMA R RGRBREEE.
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BHEE RS KM

1. CAP

m Brewer's Theorem (CAP Theorem): — NS #H R4 A Al BEEIRT 53 2 — Bl

AHEMXEBEX=1FK, RBZRAEE
Gilbert, 2002 )

1B B E

CAP Theorem

Consistency

CA CcpP

CouchDB
Cassandra
DynamoDB

Riak

¥

Availability Partition
Tolerance

>

A

1 (Brewer, 2000;

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).

48
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BHEE RS KM

1. CAP

HEFECA, AP EFEAP, HFHC
MySQL Dynamo
MS SQL Server Cassandra
PostgresSQL Voldemort

CouchDB

C P

HEFECP, BFA
Neo4J, BigTable, MongoDB, HBase, HyperTable, Redis

A B~ RIECAPHEIL THA BN EREM

49
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2. BASE

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

o XTCAPERILAYIE
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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= Basically Available

o BT

fb RS PSR AT LUIE 2 6

, 7=TH Aﬁ#ﬁ‘ﬁ?%ﬂﬁ— I RERNBMTFIAATHAR, H
o WEIIFHLIB7 AT A

m Soft-state

o “HURTS (Soft-state) ” B5 “HIR7S (Hard-state) ” %M
m MigE. HIEER

&, BRMERTE—ERE

AEIE, BEE—ERE
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2\

RIFRIEL:

IEfHY,

a1

BASE

B ‘IS B, ATARIERE—E

BRSBTS LA —E AT
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o —HERIRBIA;
#iRlER, RERE

2. BASE

® Eventual consistency

IEREN RN R ENENRF

o A —HIERTH—EBIER—Th

EIE—BUEASS— M. X E—BED

RREE, BREEd—EKEZE,

¢ RELHSSUREL—HMNRSEEDNS (HZHHR%) .
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[

mE, HAITE—XE
Lt R IRAE R AT LLARIE B S FS R SR

o ﬁﬁﬁrmﬁé

E ﬂB/L\ ?ﬁmgg_ﬁﬁ °

30, RVFRERIIERIER USRS B

e RIE R B RS A H

i o

— Mg ERRERBEC B K
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= SHABEE
n HEXNREIEEE
B NRKXARBIEE
m NoSQLEERE
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