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B XRARWIEEE

4

MARRZ RS 2R

HRIBET]

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
B#: ATARASRSEMSHE T AR

BIRERG RN
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ISDN Title Publisher
0-201 Compilers | Springer
s ‘ N
7’ ~
7’ ~
7’
ISD

ISDN Author : 2(: geyw‘_’lrd
0-201 JUllman | =------- : il
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n —MBERNBRRG X

ISDN Title Author Keyword | Publisher

0-201 Compilers | {J.Ullman, |{Compiler, | Springer
A.Aho, Grammar}
J.Hopcroft}

m gxEX % (Nested Relation)

o XEPRIEFLIE—

m FAIRE

BIEERG KN

T RHE—

TERATIISR

MRIFERNEXRPER
FERESMIFTHLR RS
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—. OODBRYSEI] 53k

m FAKOOIES
o 500iE5HX, BMHFEANZH
o —i%¥R ¥ #C++F1Java, FHiIE#SmallTalk

f5ll: Versant for JavarfR§FZ (G ITRAIGIF

Person per = new Person(name, age);

session.makePersistent(per);

m FEAY o)
o R¥#EC++F1Java
o NEFFSQLIFE
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—. ORDB

= ORDB = RDB + 00
o XFNRIFZRIKREIE

24

X ZRRBIF AT LA RIS

~

S FFo| KB, 4Rk
i%SQlen

ORACLE
P = 5<

D CraETmETT  EREEE 7

Informix.
software

BIEERG KN
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IR A ERE

(ADT)

] AT LS I ETAYADT L B E X ADT L A4

PostgreSQL
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1. ORDBHIADTIH R HI+

Employee(name: char(10), salary int, addr: Address)
+ Address 21 FEAYADT

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

)

o Select name, addr.city From Employee

BIEERG KN 13 &M (jpg@ustc.edu.cn)



2, ORDBX #HJADTREH
m Create Typer L8| ZHADT (SQLERE)

o ROW: {732
o SET: &7

q

Y, KUCLE#HEE

)

o MUItiSET: Z{ESES (RIFEEE)
o LIST: BFFIF%

o REF: 5]

BIEERG KN

e

Y, IER—1ERTyperysast
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3. ORDBH R E6F

® ORDBH %R &5 F

o Country(name:char(30), boundary: polygon)
o TfHIT “EifhERSNE B

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

&/ 7# 7ERADTH#R{EMeet, AT EZZTEEEEIE
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A NOSQL%fl\

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 "nosqg/’' (the community now
translates it mostly with "not only sql") should be seen as an
alias to something like the definition above.

BIEERG KN 17 &M (jpg@ustc.edu.cn)



1. NoSQL4}F=

B NoSQL%FA:
o Non relational
o Scalability
o No pre-defined schema
o CAP not ACID

SAL * - Notonly saL

MR “RSQL” iZ3] FILE 27 0% R | O 3 20 0 Ve 5 0k s
FH 7 28U Bl o R 0 M B e R8I 107 1 0 2 T AR B

BIEERG KN 18 &M (jpg@ustc.edu.cn)



2. NoSQL}:ERIRE

(1) RDBMSTt ZimEWeb 2.00)7FEK :
B E BRI EER K
e MRS F &I K

e = A R IEF ST R

=]

<
i

©
A
N

©

b
F
o7
=1[0]
X

153 5hATia) .
RELLEE 2 Fasm
e 4.1 5 5E
wElEE b rtES
AARaELEE 30 Firinia

aEaiEE §0 preEss

w

.
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2. NoSQL*:EREEA

(2) “One size fits all” =R HEEHTE
A EIR S =

o XARBREMEAG —RIHIERREIERM A THIES
(OLAP) , thi T &L S (OLTP) . {HiX
ﬁ%—Aﬁﬂmﬁﬁ — M RARIER, B4HE
HEHTEEARENEE. AR—ERERMREAR
=N E1E
¢ Hadoop#i 2§ X8z 57t

¢+ MongoDB. RedisFEHXEZIWFE, AEEMFTT
XARER
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2. NoSQL}:ERIRE

(3) XERHIEBERXEFFEEWeb 2,08
o Web 2.0Mif ARGt E N EKRTBHHIBEES S
o Web 2.0HAEK ™ Hg A% 5 SCRT 4
o Web 2.0B8EAFAEBEXREEFHISQLER (E&EHL, F

gz B IR BN B F gy & i e

T

\mm|
=]
wu

7
» ' s
Producer Consumer
ﬁ Py
wd
c/P C/P
S

C/P C/P = Consumer/Producer
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—. NoSQL vs. RDBMS

= RDBMS

o iF: MEEMXARBIRIIEAEM, A BIIRE, XFHES
ACID, EH™MEHE—HME, EMERSIHE USRSV ES
, AR, BEWLABHRARZF

o £ Al RMBE, TEBFXFFEEHNEFMH, XBEENHE
g#ﬁﬁ, T EBIF 3 Web 2.0 A, FFHFIEMAGRIERFMERE
= NoSQL

o M%: AUXFHFBAMBERETH, BESHMEHES, REFENH
ERBE A PIRFZFFWeb 2.0 H, EFEANERET RENF

o 5% RZHFEILEM, EREMMEESS, KEMIESXIFSZ=
—EE, RESSUBIBENM, BOREARRE, RZFWEBARIFAK

¥, HPBEM, Bt TEEFTHIVIRES, BPELUERE (
120+~ listed in ) F
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NoSQL vs. RDBMS

@ RDBSMFINoSQLEZEHBIER S, Rk EZEUR

= RDBMSHKN Hif=
o HBIF. SRITHEMHMXEIEZ RS, TERIEBEESZ—HMH

® NoSQLAEEENAIAR
o HEXM{ENL, R4 lRydE RIS (Lhan¥iiEs )

n RAEA LN
o Xfil: TEANBIMERITEIXRBENAIEERITECHEFEHSNA
¢ T “ME” XFIERTEHSE, RAREFRESENSH
o HATRNRFTRERNES EREXRABUIEES
¢ KRERNAEITEERNESFRFEZLMongoDBRI X 15 # H#EE+
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NoSQL vs. RDBMS

Ranking scores per category in percent, May 2020

. l}lL{TJ ra n kl ng Wide column stores 3
Time Series DBMS 0.7% o
( 20 20.5 ) Search engines 4.6%

Document stores 9.2%

s~ Graph DBMS 1.5%

Key-value stores 4.8%

Native XML DEMS 0.3%
Object oriented DBMS 0.2%

RDF stores 0.3%

Relational DBMS 75.2%

357 systems in ranking, May 2020

Rank Score

May Apr May DBMS Database Model May Apr May
2020 2020 2019 2020 2020 2019
1. 1 1. Oracle 3 Relational, Multi-model g 1345.44 +0.02 +59.89
2. 2 2 MySQL E3 Relational, Multi-model g 1282.64 +14.29 +63.67
3. 3 3 Microsoft SQL Server [ Relational, Multi-model g 1078.30 -5.12 +6.12
4, 4 4 PostgreSQL B3 Relational, Multi-model g 514.80 +4.95 +35.91
5. 5. 5. MongoDB [ Document, Multi-model @ 438.99 +0.57 +30.92
6. [ 6 IBM Db2 3 Relational, Multi-model g 162.64 -2.99 -11.80
7. 7 7 Elasticsearch 3 Search engine, Multi-model [g 149,13 +0.22 +0.51
8. 3 3 Redis 3 Key-value, Multi-model g 143.48 -1.33 -4.93
9. 9. 411, SQLite 3 Relational 123.03 +0.834 +0.14
10. 10. 9. Microsoft Access Relational 119.90 -2.02 -23.88
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® MarkLogic .
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1, §#EHIEE (Key-Value Store)

\ Redis. LevelDB. SimpleDB. RocksDB.
AR i Memcached%
o EEMEXT Key 2 | Value 2
" o WRE—NFHEXNFR
i
BORREL || oo R RO OB, R R %

Key 1 | Value 1

Key 3 | Value 1

H, JIFR, EEF Key 4 | Value 3

R J R, RIEWE, RESEENERE Key 5 | Value 2
R TAFAAEE G B, BRI Key 6 | Value I
B =55 (Redis) « GitHub (Riak) . BestBuy Key 7 | Value 4

i (Riak) . Twitter (RedisfIMemcached) . Key 8 | Value 3

StackOverFlow (Redis) . Youtube (Memcached) .

Wikipedia (Memcached) WA B

o RRIE B KA R SR A e
I IE A IR

rERAEY | T B EE MR R EEEEEEY, A6

Rv I AN B A B 1B R ORI s

o TREHSWSCR: EMEERIRES, FEA

i, ASETPARRE
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2. HFEHIEE (Column Store)

FHICT™ b BigTable. HBase. Cassandra. HadoopDB. GreenPlum. PNUTS
B Y%k (Column Family)
PR EHIEE, i R, S5 TamY R, 5RMEK
R = DIReR D, RACA S HF o= 55— 8k
2 EBay (Cassandra) . NASA (Cassandra) . Twitter (Cassandra and
HBase) . Facebook (HBase) . Yahoo! (HBase)
NERER T EACIDE 5 SCFRTITE T, CassandraSf F= i il A~ & H
HIPR T Y%
Inf6. BRAT X BIE 7 X S48 B
name major email
" 201505001 | Luo Min Math |luo@qgqg.com B PP PP PR PP > "

ek

ﬁ@<ﬂo1505002 Liu Jun

M}tb/ ||U .com peesssssssnssnne s EER R s s nesnnee > ) E g
B @qq : :

5 . iafhad Com SCCCLICCRIRIRIEEE DRRLRILELD » 3 E E
201505003 | Xie You Math o rmon ] oo oo eeeeeene L | °HT
/, 4 4| = =

P 51/ ez N . SR | HEE

K E 2 I A Eits 1 filts2 Y Y Y Y YYVYY VY

A B TS R — BB i s
ts1=1174184619081 ts2=1174184620720
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3. XHEHI

RDBMS

Database =
Table, View —=

Row

Column
Index

Join

1111 1

Foreign Key

Partition

l

2 (Document Store)

MongoDB

Database

Collection

Document (BSON)

Field
Index
Embedded Document

Reference

Shard (iRKENSRFENESS)

MongoDB. CouchDB. Terrastore. ThruDB.
FIERE RavenDB. SisoDB. RaptorDB. CloudKit.
" IPerservere. Jackrabbit, SequoiaDB (rank 34
in Document Stores, 247in all DBMSs)
" - H/ME
HERE |y Galue) RIRAHHRICR
o MHEREL (MR . RiEME, BN
ik, BEasitt) Zig
R 5 o REMARCEDIRE, BAEE AR
" PEAF AL [F] — A S
o BERTDARYESERM RG], tA] DAARYE
N R T
R R = 48— KB E L
AE=E#EE (MongoDB) . SAP
(MongoDB) . Codecademy
fep= (MongoDB) . Foursquare (MongoDB) .
NBC News (RavenDB)
FEAF RSO BRI Ss . SCREHRE A
AEHER | RO S5, WX 5 A 7 =k
AN 1235 H XA R 7 5
BAEE RGN A 28

{"_id" : "37010"
"City" :
"pop" :
"state" :

“councilman”

"ADAMS",

2660,

"TN",

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

¥
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EEE

\ Neo4J. OrientDB. InfoGrid.
AHORT InfiniteGraph. GraphDB
HAEER R

LI TH T A A & AR B ORI R I 2L
AN | E, EREES TSR HiR . K
W BT HERE R G DR R AR T SR 0]
£ 5 RigtEE, XRFERMESEE, nTHTM
™ R IRk R E
(791 B, RBESCR— AR U
Adobe (Neo4J) . Cisco (Neo4)) . T-
ELEEY Mobile (Neo4])
BAEE RGN A 29

e

.-""'__E-

=% (Graph Store)

——FEKevy-ValueZ—
™

~ T - _\-\--"‘\
e = ™, — _ i —
/ Key Y —Key-Valuel- -F Key \\..
| Value | . Value |
Vs J | !
\Nodel / \Node3 /
._T_.-' '-._IT_
|I |
|
\ /

: gyl 147l
Kev=Valuel — KL'?; alued
K"‘-\-\._\__\__-h---‘;/ Ke'v— \-_V____-"'-.-'

] ’ 1
| Value |
\Node2 /
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/9. NoSQLAI = R G Bl

| CAP BASE |

Note: EXREMENHRNRGTFHEIAKR, RBBERGEXRALK
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1., CAP

m C (Consistency) : —¥t¥—— all nodes see the same data at
the same time

o EIEEM—MIRECDEREB IR ZAITERINERIENER, UREEST
ggiﬁﬂlﬂ, ZRBPEE Y, HEFR, MATHRER—HEIRAFER

m  A: (Availability) : /B4 —reads and writes always succeed
o TEIRRFEIRENHIE, TLAEHERRERIREIRIELER, RIEFMEKRIE
R Bk 2 5k I R A M
m P (Tolerance of Network Partition) : 4 XZZ Y4 ——1=the system

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

o EEYGHIMMLSXFRE (BIREHI—ERS T R EMEMT ST
BfE) , TENRGHEBERET, iR, RETEREENERK
KM F ARG HREEE.
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1., CAP

m Brewer's Theorem (CAP Theorem): — Mo H A RS

Al gEEIRTAE—3E. ATRHMEMSXEZ2EX=1MNEK, &
g/\ﬁb SR} 2 E @4 (Brewer, 2000; Gilbert, 2002 )

N

CAP Theorem

Consistency MongoDB

HBase
/ Redis

CA ol

Availability Partition
AP 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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EPECA, THFP AP, HFC
MySQL Dynamo

SgL%erver Cassandra
PostgresSQL, Voldemort

CouchDB

C P

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

ANE = i fE CAPELIR T A [ e vt R
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2. BASE

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

o =XTCAPIEIL A FE {8
JR 14 (Atomicity) H: A1) H (Basically Available)
—ZE 4 (Consistency) HOIRZSIZ 14555 (Soft state)

& —# M (Eventual

b 25 1t (Isolation) consistency)

FF A (Durability)

BASE vs. ACID

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

= Basically Available

oEZIKﬂJ , EiH— Aﬁ*ﬁ‘ﬁ’%ﬁﬂﬂ—ﬁﬂﬁﬂiilﬁl
AR A, HEAbS TR UEREER
HLB0 72 4748 S 5B 4 AT P«

m Soft-state

o “IIRA (Soft-state) ” 5 “FEIRA (Hard-
state) ” MEXTMEI—FEEE. BIBERFHOHIE
= ‘RS B, aTRURIERIE—BE, B{RIE
HIE—BERIEMWA. “PRE” BIERESATLUA
_-ElEH-lE_JTI_,I'L/F Eﬁ_im”%i’:'&
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2. BASE

® Eventual consistency

o —EIMRIRBARE—HIMEMIS—HE. XTm—EEm
=, ST —REHRERE, RENEMIERIERALL
RIEEEIEFEHRMEIE. R eEFRIEREAIE)EE]
HEEERMENERMAE, BARMEHF—BIE.

o ZXA—HMEFH—BUIERN—HMFHI, RITRETEEHRE
A AE RSB EHENARE, BERET—REEZ/E,
WA BRIV E R

¢ REIHNILIHZE—BMENREEDNS (H2HR%) . —MERE

FHRMERBERENEAE DL LE, AESEIHINIINESE; &
LANE it LER&HAVE.
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