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Application-Oriented
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N Pa rt 1 = Architecture of Classic Database Systems

o BIERTSTFMH
o BHHXERE

o TS5

o EifjibE

o HSALHE

] Pa rt 2 = Implementation of Modern NoSQL Database Systems
o SQL vs. NoSQL/NewSQL
o RGHH
o TFHERA
o BHH., S&FM., ST REAR
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Part 2: NoSQL/NewSQL Databases

OldSQL (E%)

Informix Netezza ParAccel SAP Sybase IQ
Teradata EMC Calpont IBM InfoSphere
Aster Data  Greenplum VectorWise HP Vertica

Oracle IMB DB2 SQL Server JustOne
MySQL Ingres PostgreSQL

NoSQL (Web) / NewSQL (47#7) \
/O : i*ﬁﬁﬁﬁ X HandlerSocket Akdban

%ﬁﬁﬁ ‘E Coucls\l/}DB OB Amazon RDS MySQL Cluster
ongo .
. RavenDB SQL Azure . Clustrix
Redis  BerkeleyDB DocumentDB Database. com Drizzle
RethinkDB ’ .
RocksDB  LevelDB FathomDB GenieDB
Xeround
ScalArc
—
™ 5
y UE%&E Jg ﬁﬁﬁ Schooner MySQL CodeFutures
c . InfiniteGraph
assandra _. .
BigTable Neod]l  OrientDB Tokutek ScaleBase NimbusDB
SimpleDB GraphDB Continuent VoltDB
HBase

\ MonetDB Y, / K Translattice J
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RERH
" R+

o GONEIHHE, 203AIH o
= it -

o Database System Implementation(2th) ,H. Garcia-Molina, J.D.
Uliman, J. Widom. #14 Tl H st

o Literatures from recent top conferences/journals

= SEVE

o Raghu Ramakrishnan et al. Database Management Systems (Third
Edition), 2003

o Joseph M. Hellerstein, Michael Stonebraker and James Hamilton,
Architecture of a Database System, 2007

3 $ifh

o Peter Bailis, Joseph M. Hellerstein, Michael Stonebraker, Readings in
Database Systems, 5th Edition, 2015

o Christof Strauch, NoSQL Databases,
o Shashank Tiwari, Professional NoSQL, John Wiley& Sons, Inc., 2011
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1. $iE

B HIERER
o HIEESHENZATIH
B flF1: 93—/ HiE
o BN 1: FHEITENRS
o BN 2: EARKE
o TEN3: HENFR2016%FEAY
m flF2: EEERIZE (ZFHH, 197205, FEH
X, 1990)
o IBXN1: ¥4, HEFER, FREFR, HlFEH
o IBN2: FH, HAEFEH, REUKE, NERE
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2. $IRE

o ¥ iEFE(Database, #EfRDB)2i<HAEFHEITTENAN. B

gﬂéll:lE,‘J\ A 7

tEEMRKERIENES

m B EE R B A
o BiEk—ENBEREAL, WAL

o AIARMAFLE

o HIRBELRE

=

'l:)] y E‘ﬁ%lj\ﬂgﬁﬁl

o FRFTFRAFFERIRH
EBEIERE HIIARAMERIERE. R
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3. $IEWEH (Schema)
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1=
T4 (25 :char, 5% :char, i : int) ;T;ﬁ

¥5 | #E | FR
001 = 20
002 Z= 21
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4. YIEREERRS

m DBMS (Database Management System) , RitEHEFHIE
&, AT eIEMEFBIEE

o NTHIMERGHMARRERZIE
o BRETRMHEERE

o WREE MR/ TmiEEIEDBMS, iNOraclellg,
Microsoft SQL Server 2008, DB2, MySQLZ

2022

mELK Qian Li, Peter Kraft, Kostis Kaffes, Athinagoras Skiadopoulos, Deeptaanshu Kumar, Jaso
Cafarella, Goetz Graefe, Jeremy Kepner, Christos Kozyrakis, Michael Stonebraker, Lalith Sure
Zaharia:
A Progress Report on DBOS: A Database-oriented Operating System. CIDR 2022

2021

mESK Athinagoras Skiadopoulos, Qian Li, Peter Kraft, Kostis Kaffes, Daniel Hong, Shana Mathew, David Bestor,
Michael J. Cafarella, Vijay Gadepally, Goetz Graefe, Jeremy Kepner, Christos Kozyrakis, Tim Kraska,
Michael Stonebraker, Lalith Suresh, Matei Zaharia:
DBOS: A DBMS-oriented Operating System. Proc. VLDB Endow. 15(1): 21-30 (2021)

mE LK Michael Stonebraker:
DBOS: A Database-Oriented Operating System : Keynote 1. SERVICES 2021: xxii

2020

mELK Michael J. Cafarella, David J. DeWitt, Vijay Gadepally, Jeremy Kepner, Christos Kozyrakis, Tim Kraska,

Michael Stonebraker, Matei Zaharia:
DBOS: A Proposal for a Data-Centric Operating System. CoRR abs/2007.11112 (2020)
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® DBS (DataBase System)
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6. BIBERGPH=/FZ )&

B {3 FSE Il —4"DBMS3E S AL 22 FA
SIRMIEEE? ——DBMSELT) |55
o IREREAR

B An{aTE R E M AR E R — NS IERH
BEELEH? B3E EE 18T o) R
o AMRERAE

B NAEFRNAEEHFEREEERBIE?
— R EEF BN o] /)
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—. DBMSSEI o)

B Oracle. Informix,. DB2, MS SQL
Server. MySQL ......

o MIEGEH: X&HR
o HMIEHRIE: XHARKHE & SQL
o Tl HE
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v =P EHINDBMS: Megatron2000

B UNIXTHI<REDBMS, F#FSQL
B SCIRATS

o XRIBITH (ASCII) #fif, e.g. REHETE
fusr/db/R™H

Smith # 123 # CS
Jones # 522 # EE

o MMWBEEIENFEERERINHE (ASCII) H

Rl # A # INT # B # STR ..
R2 # C # STR # A # INT ..
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2. Megatron 2000 {7~

\°

s MEGATRON2000
Welcome to MEGATRON 2000'!

")

quit

o°
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2. Megatron 2000 %/ =H

& select *
from R #

name id
SMITH 123

dept
CS
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2. Megatron 2000 {7~

& select A,B
from R, S
where R.A = S.A and S.C > 100 #

A B
123 CAR
522 CAT
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3. Megatron 200030{Th T ?

n

4= &
] *}I\‘fT select * from R where condition s

o IEWIEF HMIRHIRHIR 4

o IERM N AN, XTEB—I1THIE:
» EEH
» NREHFHE, N
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3. Megatron 200030 T ?

= #‘l,ﬁl-'"select A,B from R,S where condition -
o IEWIEF HIKENRFISHIR
o RN, X TE/—ITHIAE:
IS, MNTE—ITHIE:
o £ RERITA
s WEXH
o HEEMHAE, Wi
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Megatron 20003hfE 245

B ATLARE X 3=

B A AT RE
o WIEEH
o HIEEi]
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4. Megatron 2000 F&EH 2R ?

B TAFTHEME

o 1% 'EE'Z{5 'ECON’, FSEEEE /¢ Hf

o ASCIIZfigiE

I TFB=

o MERHRAERIHNR MRS
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4. Megatron 2000 F&EH 2R ?
B KBTI IE

o fil, select *
from Student S,SC

where S.sno = SC.sno and SC.credit > 3

o FLMERELL MR ER
o REEESHHIEREE
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4. Megatron 2000 F&EH 2R ?

B RBEMXERR
o MIEEEMNUEFE, MEI/ofRMNEGSE
o EERufferEIMEHIBFIE

U 1 Select * From R U 2 Select * From R
22 S€r £ \Where R.A=1

Where R.A =1 -
Buffer

Disk
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4. Megatron 2000 F&EH 2R ?

B ORAEHELZES

o %M FEIFFEMIERHiE—H 1ES A RFRIE

TR : R1(A)R2(A)W1 (A) W2 (A)

User T1 | Read(d)
A=A+100

ﬁ 100 Write(A)

A=500

Advanced Database Systems

Read(A)
A=A-100
Write(A)

User T2
B¥100
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4. Megatron 2000 FEH 2B ?

B RBRS; BREGURK
o MEERIEMIRIB L ERIEEIRIITA
o BRBIEABI KR

# page size = 8 KB, 10ms per page 1/0

1 MB (128 pages)-----1.28 s
128 MB (16384 pages)-----163.8 s

1 GB (131072 pages)-—--1310.7 s <21.8 min
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4. Megatron 2000 F#&EH 48]

= AT
o REBEERGHFERT B REN
o ZHHIMBIIBEA—HHIIER
B EBANMAERREXEO (API)
o NN FENIREE?

B ERRHRF AN
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Rl RZ =R R(Tname, Addr, C#, Chame)
—APNEITRE— i (FOEM)

— BT AT 21 RS

—ﬂlﬁ'ﬁa’%/‘:{«'ﬁ — MERBUM

K EREIFHEZE (C#)
Tname Addr C# Cname
T1 A1 C1 N1
T1 A1 C2 N2
T A1 C3 N3
T2 A2 C4 N4
T2 A2 C5 N5
T3 A3 C6 N6

Advanced Database Systems

&R (jpq@ustc.edu.cn)



1\ fajﬂ (1) 3 ﬁﬁﬁﬁ
B HNT1H T =1 R, fepibitESFiE

T2)R
Tname Addr C# Cname
T1 A1 C1 N1
T1 A1 C2 N2
T A1 C3 N3
T2 A2 C4 N4
T2 A2 C5 N5
T3 A3 C6 N6
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2\ ﬁlﬂ (2) E Eﬁgﬁ

® ARTIRHAEE T, NFRMIE3I{NITHRYI
ik ERE—1PAREN, RSHIBEL—E
» {EDBMSTTEZRAX A —E

Tname |Addr C# Cname
T1 A1 C1 N1
T1 A1 C2 N2
T1 A1 C3 N3
T2 A2 C4 N4
T2 A2 C5 NS
T3 A3 C6 N6
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3\ ﬁlﬂ (3) E ﬁ)\gﬁ

B NREEN—ZE, BARTEIR, NCH
FCname)zz, ERTC# 2FM, R=E
BT SEMAEEM, FTLUXZBUDIETTIEREA
2 ¥ HEPE

Tname |Addr C# Cname
T1 A1 C1 N1
T1 A1 C2 N2
T1 A1 C3 N3
T2 A2 C4 N4
T2 A2 C5 NS
T3 A3 C6 N6
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4. BIfE (4) : NRE

B NRBIDTIIEATIR T, NERHFTIATA
M2, {BRE]ETH I 4p0 % 2 Attt {E 2 AR

C6IRIZEEMEET
Tname |Addr C# Cname
T1 A1 C1 N1
T1 A1 C2 N2
T A1 C3 N3
T2 A2 C4 N4
T2 A2 C5 N5
T3 A3 C6 N6
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5. JN{a]RRR?

B 5% RBRoR
o 5iE1: ROENA BREEERT

+ R1(Tname, Addr) g
¢ R2(C#,Cname)
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5. J{AIfRR?
" 5% ERHR

o Fik1: RGEA BRERERT
+ R1(Tname, Addr) g
¢ R2(C#,Cname)
o k2 R1 ) B iR AR T 1E

>

4 R1(Tname, Addr, C# )
+ R2( C#, Chame)
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5. J{AIfRR?
" 5% ERHR

o Hik1: RGEA BRERERT
¢ R1(Tname, Addr) >
¢ R2(C#,Cname)

o 75352 R AT 2
+R1(Tname, Addr, C# ) >
¢R2( C#, Cname) %ﬂiﬁ@y&rﬂ@é EX‘%’;E]O;%

HHAN, TTRRSSFEEIE

o 7553 FE B R 2 R
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B A RSEENE—EO—8IEEES
® DBMSX # A PiBEHRBEIR S HITHIRF

ZENIEE (Data Definition Language,

BEERRT\

240785 (Data Manipulation Language

HY
u E—%&EEM: =
o
DDL) —FHEI#
o HIE:
, DML) —7FEN##E
o HIEE

DCL) —=FHULIE)EHIER
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fDDL<

saL < puL )

\ DCL -

SQLAYE: 7 LH A,

~

-

r
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Create Table/Alter Table/Drop Table: & Y EAF

Create View/Drop View: 1 /&#:/E

Create Index/Drop Index: %= 5|#:/E

Insert

Delete
Select
Update

Grant

Revoke
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B 1961: GERJC.W. Bachmanigit 7 isE EE—/"DBMS— R HE
EEZ4IDS (Integrated DataStore) [1973, [F R #]

1968: IBMigit 7 BXBIBERSIMS

1969: CODASYLHIDBTGA% 3R T MREEIREIR S, EE T RRE
BERAR

B 1970: IBMAYE.F. CoddiZ T XA HIEER, HE T XxABIBEHE
Rk ) [1981, B R %]

1974: IBMiBoycefChamberlini%it TSQLiES

%973~1976 E.F. Coddi%it TSystem R, M. Stonebrakeri&it7T
ngres

B 1976: IBMAYJim Grayis 7—34. $iREFEIT, EETESL
AR (1998, ER %

®m 1977: Larry Ellisonl|# T OracleAT], 19794 % fOracle 2.0,
19864 Oracle 5

= 1983: IBME#DB2
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B 1985: H[EXMREBEBERARRS
® 1987: Sybase 1.0%%

B 1990: M. Stonebrakerk3k “SB=RBIBERSE
KEAHMEERR (2014, ERX]

“For fundamental contributions to the concepts and
practices of underlying modern database systems”

1987~1994: SybasefIMicrosoft&{E, &% Sybase SQL Server
4.2, WZESybasettiE %k hSybase ASE 11.0

1996: Microsoftk fiMicrosoft SQL Server 6.5
1996: FFERIMYSQLIERX .7
1998: B 7L BERER (XML1.0)

2005, M. StonebrakerZH %52 C-Store, Column-based
DBMS

Tl

", REXR
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VAN EZ R

B 2007, NoSQL (FExRBHIERE)IEWebSiE X1THIE

Qo

Facebook(Cassandra/RocksDB). Apache Hbase

2011, NewSQL

2021, Vector Database

Amazon(SimpleDB/DynamoDB). Google(BigTable/LevelDB).

Trend of the last 36 months

DB-Engines Ranking

The DB-Engines Ranking ranks database mana
ranking is updated monthly.

gement systems according to their pop

Sep 2021

Vector DBMS
— Relational DBMS
— Time Series DBMS
— Document stores
— Search engines
Object oriented DBMS
— Key-value stores
RDF stores
— Wide column stores
Graph DBMS
— Spatial DBMS
Multivalue DBMS
— Native XML DBMS

Sep 2023 Jan 2024 May 2024 Sep 2024

Read more about the method of calculating the scores. Jan 2022 May 2022 Sep 2022 Jan 2023 May 2023

423 systems in ranking, September 2024
Rank Score

Sep  Aug sep DBMS Database Model Sep  Aug Sep
2024 2024 2023 2024 2024 2023
1. il, 1. Oracle (2 Relational, Multi-model g 1286.59 +28.11 +45.72
2 2 2. MysSQL Relational, Multi-model @ 1029.49 +2.63 -82.00
3. 3 3. Microsoft SQL Server (2 Relational, Multi-model & 807.76 -7.41 -94.45
4. 4 4. PostgreSQL Relational, Multi-model g 644.36 +6.97 +23.61
5a of 5. MongoDB = Document, Multi-model g 410.24 -10.74 -29.18
6. 6. 6. Redis Key-value, Multi-model g 149.43 -3.28 -14.26
7. 7. a11. Snowflake 3 Relational 133.72 -2.25 +12.83
8. 8 ¥ 7. Elasticsearch Search engine, Multi-model g 128.79 -1.04 -10.20
9. 9 ¥ 8. IBM Db2 Relational, Multi-model (@ 123.05 +0.04 -13.67
10. 10. 9. SQLlite Relational 103.35 -1.44 -25.85
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B EFREW
o A3&: SIGMOD. VLDB., ICDE (DB=k%<1i\)
o B3&: EDBT. CIDR. CIKM, ICDT. DASFAA

o C35: DEXA. APWeb, ER, SSTD. SSDBM. MDM, WebDB,
ADBIS%

o HESIEE¥RLINDBC
m [EFREAT

o A3&: VLDB Journal. TKDE . TODS (DB=JHifI)

o B3&: DKE, Information Systems. GeoInformaticaZ
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