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MonetDB

A next-generation database kernel

for query-intensive applications

fa—
MONETDB

http://monetdb.cwi.nl

http://sourceforge.net/projects/monetdb
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What?

* Main-memory based DBMS backend/kernel
» Developed at CWI since 1992

« Specially designed for “query-intensive” applications;
» Data mining
« Data warehousing / decision support
« Multi-media information retrieval (text, images, video, audio, ...)

« XML databases Py
e GIS MONETDB
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Why?

* Relational DBMS dominates the scene
e Oracle, SQLserver, DB2

» Databases a solved problem?

fa—
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Why?
« Relational DBMS dominates the scene

e Oracle, SQLserver, DB2

» Are databases a solved problem? No!

Problems:
 performance
* new ‘query intensive’ applications (data mining, et al.)
* extensibility (=

. _ _ _ _ MoONETDB
* new applications (GIS,text,image,audio,video,XML)

>



V Jornades Programari LLiure 07/07/2006
Why?

* Are relational DBMS fit for the job?
* Developed in end 1970’s begin 1980’s
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Why?
* Are relational DBMS fit for the job?
* Developed in end 1970’s begin 1980’s

« Hardware has changed
« CPUs get faster but more vulnerable
« Capacity and bandwidth increase rapidly
* Bottleneck are I/0O and RAM

fa—
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Why?
* Are relational DBMS fit for the job?
* Developed in end 1970’s begin 1980’s

« Hardware has changed
« CPUs get faster but more vulnerable
« Capacity and bandwidth increase rapidly
* Bottleneck are I/0O and RAM

» Applications have changed
« RDBMS tuned for transaction processing
* Not query-intensive
* Only business domain

fa—
MoNETDB
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Transactions (OLTP)

contract  client date name price city product

12002346 (10042334 | [Eno | |  [Redmond [Car | [ | | [ |[]
37611373 1098709 Got Barksley -=— Redmonc | _:.l:'i:t.'ix.ﬁ:.: Juery |

find client
10032112

OLTP queries:
access all

columns of
just one row.

51213123 | 10032423 Jones Washington | Travel
54535545 | 10087823 Smith New York Houss




OLAP, Data Mining

contract  client date claim city product
! ¢ ~
select those tuples sum ___ while grouping by OLAP query.
sold after march 21 claims city and product accesses only a

fod

few columns of
almost all rows.




Where?

CWI (Centre for Mathematics and Computer Science).
Dutch national research institute
Established in 1946

Organization:
4 “clusters’

3-6 “themes” per cluster

ca. 220 employees:

~20 profs., ~40 postdocs, ~50 support P
MONETDB
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Where?

CWI (Centre for Mathematics and Computer Science).
Dutch national research institute

Established in 1946
Organization:

4 “clusters” > INS: Information Systems

3-6 “themes” per cluster =P INS 1: Database
Architectures and

ca. 220 employees: Information Access

~20 profs., ~40 postdocs, ~50 support

o



Who?

Contributors

Martin Kersten
Peter Boncz

Niels Nes

Stefan Manegold
Sjoerd Mullender
Arjen de Vries

Tim Ruhl

Menzo Windhouwer
Alex van Ballegooij
Johan List
Georgina Ramirez
Marcin Zukowski
Fabian Groffen
Steffen Goeldner
Torsten Grust

Jens Teubner
Maurice van Keulen
Jan Flokstra

Jan Rittinger
Wouter Alink
Jennie Zhang
Florian Waas
Albrecht Schmidt
Jonas Karlsson
Martin van Dinther
Peter Bosch

Carel van den Berg
Wilco Quak

1993-
1994-
1996-
1998-
2002-
1998-
1999-
1998-
2000-
2001-
2003-
2004-
2004-
2004-
2003-
2003-
2003-
2003-
2004-
2005-
2005-
1997-2001
1999-2003
1997-2001
2002
2000-2001
1994-1998
1994-2000

Monet Hacker, architect Monet3+5, MKknife
Monet hacker, architect Monet4
Monet Hacker, SQL front end
Monet Hacker, Test Web, Calibrator
64-bits porting, ODBC development
Various Multimedia Retrieval Modules
bug fixing at Data Distilleries

URL, crawlers, Saxophone, Zeep(Sop)
RAM front end (array query language)
XML storage and retrieval

multimedia retrieval (BOND module)
SMP parallelism

JDBC interface

The Perl API

XQuery compiler, semantics

XQuery compiler, semantics

XQuery compiler implementation
XQuery MIL code generation

XQuery MIL code generation

XQuery web site

SOAP

dynamic loadable modules

XML storage

SDDSs, dynamic loadable modules
ODBC driver

quad-trees

ODMG front end

GIS modules

fa—
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V Jornades Programari LLiure 07/07/2006
How?

« full vertical fragmentation: always!
« everything in binary (2-column) tables: BAT [oid, X]
» don’t touch what you don’t need!
» the RISC approach to databases
» simple data model, simple query language
« don’t need (to pay for) a buffer manager B¢ manage virtual memory

« explicit transaction management E DIY approach to ACID

 CPU and memory cache optimized

e programming team experienced in main memory DBMS techniques

« use of scientific programming optimizations (loop unrolling

II

il 1I I! DIIULD 1101023201, 0000



Storing Relations in MonetDB

contract  client date name price product
12302346 | 10042334 Eno Redmond | Car
37611373 | 10987097 Gotz Redmond | House
51213123 | 10032423 Jones Washington | Travel
54535545 | 10087823 Smith New York House
45447894 | 10013232 Dos Bosion Car
95371001 | 10032112 Chen Seattle House

1000 | 12302346 1000
1001 | 37611373 1001
1002 | 51213123 1002
1003 | 54535545 1003
1004 | 45447894 1004
1005 | 95371001 1005

10042334
10987097
10032423
10087823
10013232
10032112

o | onwac | ﬁil

1001
1002
1003
1004
1005

Gotz
Jonas
Smith

Chan

1000
1001
1002
1003
1004
1005

Radmond
Radmond
Washington
New York
Bosion
Saattle

1001
1002
1003
1004
1005

\u

Houss
Travel
Houss
Car

Housa

Front-End

logical
data model

mapping rules

¥
physical
data model
(BATSs)

Monet



BAT Storage Optimizations

typeb=\a‘0I[‘:(lo colurn type=enumi[x] enco ding
seqpase= descriptor]

k g BAT X’
100 | married 0]

101 | single 4 \m* _
102 | married 0 > 0 marrled

103 | divorced 2 7& 1 SI_ngle

104 | married 0 - 2 dl_vorced

105 | widow 3 3 | widow

logical BAT underlying data structure



BAT Storage Optimizations

Void (virtual-oid) columns
Contain dense sequence 0,1,2,3,4,...
Require no space
Positional access (nice for XPath skipping)

pre = void

fa—
MoNETDB
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How?

» the RISC approach to databases
 simple data model, simple query language (MIL)
» don’t need (to pay for) a buffer manager H® manage virtual memory

« explicit transaction management E DIY approach to ACID

« CPU and memory cache optimized

- programming team experienced in main memory DBMS techniques @~
MONETDB

>

» use of scientific programming optimizations



DBMS Architecture

( query tool )

answer

query language parser
query optimizer

query executor
lock manager recovery manager access methods
buffer manager

file 11O {virtual) memory processes, threads
nd locking management synchronization

operating system

oot it



Monet: DBMS Microkernel

( query tool )

[ query Ianguag:e parserj
¥
[ query rewriter ]

[ query optimizer]
Front-End (SQL)

MIL

[ lock manager ] [ recovery manager ]

Back-End (Monet)




MonetDB: extensible architecture

SQL front-end ODMG front-end | | Data Mining Tool
relational model object oriented model
table Order class Order { éé
date day; attribute date day; = decision tree
float discount); attribute float discount;
relation Set<Item> items
table Ttem( 1 OLAP Tool
float tax; class Item {
float price; attribute float tax;
rowid order); attribute float price; = @
. relation Order order; 1]
Front-end/back-end: ) data cbes
 support multiple data MIL Language

models *

+ support multple enc- EEEN
user languages H lg‘ 1% | backeend
! SEREREEE
 support diverse 8| "|& H[2
. . . o i
application domains N




MonetDB: extensible a

XQuery Frontend

SQL front-end ODMG front-end
table Order{ class Order { éé
date day; attribute date day; = decision tree
float discount); attribute float discount;
relation Set<Item> items
table Ttem( OLAP TOO]
float tax; . class Item { .
cowid ovde; §§1§} bute éqi’éi Lr’,‘d =
relation Order order;
Front-end/back-end: 7 dua e
 support multiple data
models
. full vertical
- support multiple end- o
e onc
user languages 8cE 85 |pack-end
E —| 8 B |g
I villl= 2 o
« support diverse 2@ B2
. . . c '
application domains {BER |




Performance: scalability

Create large binary table from 1k “seed”

Permutate tail and insert recursively

SQL script of up to 50k lines

Athlon 1400 Mhz, 1 GB RAM, 3.5 GB free disk space

MonetDB/SQL [MySQL 4.0.18 | PostgreSQL 7.4 s;%'jtze
1K 02s 02s 20's 5.0 s
100K 09s 12.1s 69.6 s 30.7 s
1M 6.1 1229 s 1060.4 s 3352 s
10M 509 s 1582.7 4377.0s | > 72000 s
20M 1246 s 31906 s fulldisk |  aborted
30M 2052 s 47406 s

fa—
MoNETDB
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Performance: C’t magazine (issue 13/2006)

Benchmark-Ergebnisse

Einsender | Betriehs-  Datenbank Programmier-  Messergebnis
» system sprache (opm)
MySQL Benchmark Team Linux MySQL 5 PHP 5 3664
Alexander Burger Linux Pico Lisp 2.2.1.pre PicoLisp 2.2.1.pre 2600’
MonetDB-Entwicklerteam  Linux MonetDB/SQL 4.9 Java 1833
Jan Monnich Windows MySOL 5 Java 1798
USU ValueCoders Windows MySOL 4.1 Java 1564
Martin Winandy Windows MySQOL 4.1 PHP 5 1542
IBM Linux DB2 Express 8.2 Java 1537
Frank Berger Linux Oracle 10g Express  Java 1412
Niklas Mehner Linux SiebenGeisslein Java 600
exedio Linux MySQL 5 Java 587
FH Ulm Windows  MySQL5 PHP5 444
Gerhard Kalab Windows MySQL 5 Python 2.4 137
bluegap Linux PostgreSQL 8.1 PHP 5 120
tdb Software Linux tdbengine EASY =!
Tommi Mékitalo Linux MySQL 4.1 C++ =!
Alvar CH. Freude Linux PostgreSQL 8.x Perl !
~— Rolf Stakemann Windows  MySOL3.23 PHP 4 ol

- Tsiehe Text

L LU



Portablllty & (nlghtly) Testing

MHz RAM[MB] Bits Compiler

1 Windows2000 Pentium Il 450 256 32 Microsoft

2 Cygwin 1.5.7 (on WindowsXP) Pentium 111 550 256 32 GNU

3 RedHat9 (Linux 2.4.20) | Athlon XP 1400 1,024 32 GNU

4 RedHat9 (Linux 2.4.20) | Athlon XP 1400 1,024 32 Intel

5 SuSE 8.1 (Linux 2.4.21) |Pentium4 Xeon 2200 2,048 32 GNU

6 RedHat2.1AW | (Linux 2.4.18) | ltanium 2 1300 512 64 GNU

7 RedHat2.1AW | (Linux 2.4.18) | ltanium 2 1300 512 64 Intel

8 Debian 3.0 (Linux 2.4.24) | Opteron 1600 16,384 32&64 GNU

9 Debian 3.0 (Linux 2.4.24) | Opteron 1600 16,384 32 Intel
10 Debian 3.0 (Linux 2.4.24) | Opteron 1600 16,384 32&64

I___-_-_

12 AIX5.1 Power4 1100 32,768 32&64 GNU
13 AIX5.1 Power4 1100 32,768 32&64 IBM
14 |IRIX646.5 MIPS R10k 250 65,536 32&64 GNU
15 IRIX64 6.5 MIPS R12k 300 65,536 32&64 SGIf‘\
16 Solaris 8 (Sun0S5.8) | UltraSPARC Il 450 4,096 32864 GNU-—g MONETDB
17 Solaris 8 (SunOS5.8) |UltraSPARC I 450 4,096 -32&64 Sun
18 OpenZaurus 3.2 |(Linux2.46) |StrongARM-1110 206 64

32 GNU (cross) @



MonetDB: Usage

- a decade of “query-intensive” application experience

* image retrieval. Peter Bosch = ImageSpotter

* audio/video retrieval: Alex van Ballegooij =*RAM
« XML text retrieval: de Vries / Hiemstra = TIJAH

* XML databases: Albrecht Schmidt = XMARK (’J
Grust / vKeulen = Pathfinder L

« GIS: Wilco Quak = MAGNUM ==y

« data warehousing / OLAP / data mining =R
SPSS < DataDistilleries Proxﬁﬁity

Univ. Massachussetts = PROXIMITY

Monet research group successfully spun off DataDistilleries(now SPSS)




Where to find it

OpenSource:
License derived from Mozilla License

Hosted on SourceForge:
http://www.sourceforge.net/projects/monetdb

Status:
Released MonetDB 4.12.0 (23.06.2006)
Planned for release MonetDB 4.14 (15.09.2006)

Homepage: A(O‘NE?DB
http://monetdb.cwi.nl

>



MonetDB / XQuery

Using relational technology
to query XML documents

T”TI Technical University Munich
(Torsten Grust, Jens Teubner, Jan Rittinger)

. Technical University Twente
(Maurice van Keulen, Jan Flokstra)

Amsterdam fa—.
(Peter Boncz, Stefan Manegold, Sjoerd Mullender ) s MonerDB

>

(@
Y
@ Center for Mathematics and Computer Science



Background

W3C
XML
XPath
XQuery

fa—
MoNETDB
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W3C (http://www.w3.0rq)

The World Wide Web Consortium (W3C) is an
international consortium where Member

organizations, a full-time staff, and the public work
together to develop Web standards.




XML (from Wikipedia)

* The Extensible Markup Language (XML) is a
general-purpose markup language for creating
specific-purpose markup languages, capable of
describing many different kinds of data.

* Its primary purpose is to facilitate the sharing of
data across different systems, particularly
systems connected via the Internet

fa—
MoNETDB
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XML

<catalog>

<book isbn="ISBN 1565114302"">

<title>No Such Thing as a Bad Day</title>

<author>Hamilton Jordan</author>

<publisher>Longstreet Press, Inc.</publisher>

<price currency="USD'">17.60</price>

<review>

<reviewer>Publisher</reviewer>: This book
is the moving account of one man's successful
battles against three cancers ... <title>No Such
Thing as a Bad Day</title> is warmly
recommended.

</review>

</book>

<!-- more books and specifications -->
</catalog>




XML as a tree

<catalog>

<book isbn="ISBN 1565114302">

<title>No Such Thing as a Bad Day</title>

<author>Hamilton Jordan</author>

<publisher>Longstreet Press, Inc.</publisher>

<price currency="USD'">17.60</price>

<review>

<reviewer>Publisher</reviewer>: This book
is the moving account of one man's successful
battles against three cancers ... <title>No Such
Thing as a Bad Day</title> is warmly
recommended.

</review>

</book>

<!-- more books and specifications -->
</catalog>

ISBN
1565114302

bt -

D
Attribute catalog Element
node node

1sbn

No Such Thing
As A Bad Day

T ) o

a ~_—a MoONETDB




XPath

XML Path Language

XPath is a language for addressing parts of
an XML document = XML Navigation.

fa—
MoNETDB

>



XPath: XML Navigation

Titles of all books published by Longstreet Press

$Scat/catalog/book[publisher="Longstreet Press”]/title
<title>No Such Thing As A Bad Day</title>

Publications with Don Chamberlin as author or editor
$cat//*[ (author|editor) = “Don Chamberlin”]

<book><title>XQuery from the Experts</title>.</book>

<spec><title>XQuery Formal Semantics</title>.</spec>

-
w7 MONETDB
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XQuery

An XML Query Language

XQuery is an XML Query Language that
operates on the abstract, logical structure of
an XML document. This logical structure is
known as the data model.

Designed to be broadly applicable across
many types of XML data sources. fac

MONETDB

>



XQuery 1.0, a W3C Recommendation

- Functional, strongly-typed query language
* XQuery 1.0 =
XPath 2.0 for navigation, selection, extraction
+ A few more expressions
For-Let-Where-Order By-Return (FLWOR)
XML construction
Operators on types
+ User-defined functions & modules
Modularize large queries
Process recursive data
+ Strong typing
Checks values of required type (operator, function){‘\

_ MoONETDB
Guarantees result value instance of outputtype

Enforced statically or dynamically @



FLWR (“Flower”)
Expressions

XQuery

FOR sequence expression
LET. . variable definition
WH ERE. il condition

RETURN... result expression {‘_\

MONETDB

>



FLWR (“Flower”)

Expressions

XQuery

FOR ...
LET...
WHERE...
RETURN...

sequence expression
variable definition
condition

result expression

SQL

SELECT...
FROM...
WHERE...
GROUP BY...

result expressions
tables

condition

fa—
a7 MONETDB
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XQuery Example

For each author, return number of books and receipts for
books published in the past 2 years, ordered by nhame

let $cat := fn:doc (" 7y,  ©Documents®©

$sales := fn:doc (™ )

for Sauthor in distinct-values($cat//author) ©Grouping®
let $books := $cat//book[@year >= 2003 and author = $author],©®Sel.®

Sreceipts := $sales/book[@isbn = $books/@isbn]/receipts ©Join®
order by $author ©Ordering®
return
<sales> ©XML Construction®
{ $author }
<count> { fn:count ($books) } </count> ©Aggregation® ,"\
<total> { fn:sum($receipts) } </total> | MoNETDB
</sales>

>



XQuery Systems: 2 Approaches

Existing “native” XML/XQuery systems are built from scratch
Galax, Saxon, ...
X-Hive, Tamino, ...

(Still have to) re-invent optimization technology

Our approach:
Build XQuery system on top of an RDBMS

Leverage mature relational technology

fa—
MoNETDB

>

to achieve efficient XQuery processing



Why XML Databases ?

Managing
Large XML Documents
Many XML Documents

Manage =
Query (/Transform) + Update

Multiple users, Complex Queries, ACID Properties, ..

fa—
MoNETDB

>



MonetDB/XQuery

XQ
My own XML DBMS with (almost..) full XQuery support. - J

»  Built purely on an RDBMS, namely MonetDB _

Pathfinder compiler & “staircase join” (see later): Relational
TUT| 7echnical university Munich (Torsten Grust, et al.) Algebra

@ Technical University Twente (Maurice van Keulen)

MonetDB High-Performance DBMS
@ CWI Amsterdam (Peter Boncz, Stefan Manegold)

Useful for:

« Large XML databases!

«  Querying XML annotations (multimedia, forensic ]
rying (multimedia, forensic Zhdiigi

- =




Main ideas

Relational XQuery
Path steps in the pre/post plane

Translating for-loops, and beyond

Query Optimization
Order prevention
Join recognition

Loop-Lifted Staircase join

fa—
MoNETDB
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Storing XML in Tables

XML tree Pre/Post Plane Encoding RDBMS table
pre | post
‘a? 0 9

post 4

lbe/ §f8 8 b1 3
G| Z 2
z(\:zi'é'g/ Xh‘m\ d73 [ 0
1{ N 5/ N S :
A0 ! R RIS
\\\\\\\\\\\\\ g 6 4
Preorder/postorder b | 7 7
rank assignment ©.0) i~ 8 5
i~ 9 6

fa—

MONETDB

Preorder coincides with order of opening tags
Postorder coincides with order of closing tags




Storing XML in Tables

XML tree Pre/Post Plane Encoding

post
lbe/ %f 8_\ 8

LLLLL

Preorder/postorder
rank assignment

Preorder coincides with order of opening tags
Postorder coincides with order of closing tags

RDBMS table

\ pref| post

a\lo 9

b 1 3

C 2 2

al 0

e 1

f 8

g 4

h 7 7

1 8 5

iTo 6
I\ (o

MoONETDB

>



Storing XML in Tables

XML tree Pre/Post Plane Encoding
0,9
a
post 4 |
S |
le/ §f8 Gl L e i  —
5 \ @
\2:’6,4/ §’7 + | .
ZC :l\\g h \\\\ | é <§ Oi J
3d1/ \45‘;81! \9j6§ 1
R J e | descendant
Preorder/postorder L 1de ; ——+—— pre

rank assignment

Preorder coincides with order of opening tags
Postorder coincides with order of closing tags

RDBMS table

\ pref| post

a\lo 9

b 1 3

C 2 2

al 0

e 1

f 8

g 4

h 7 7

1 8 5

iTo 6
I\ (o

MoONETDB

>



Storing XML in Tables

XML tree Pre/Post Plane Encoding
Sost 4 ancestor ollow
; ollowing
lb/ ng 8§ _______________ I f ______ -

2C26 / §h7 1 precedingé Ooj
T | 1
3d{ \46\1\58i5/ \9'6} T ub dg

€ descendant

LLLLL

Preorder/postorder ol
rank assignment

Quadrants are the main XPath axes

Preorder coincides with order of opening tags
Postorder coincides with order of closing tags

RDBMS table
\ pref| post
a\lo 9
b 1 3
C 2 2
al 0
e 1
f 8
g 4
h 7
1 5
A

g% MONETDB

e



XPath evaluation (SQL)

f/following:

SELECT * FROM pre_post WHERE pre > f.pre AND post > f.post
f/descendant:

SELECT * FROM pre_post WHERE pre > f.pre AND post < f.post
f/preceeding:

SELECT * FROM pre_post WHERE pre < f.pre AND post < f.post
f/ancestor:

SELECT * FROM pre_post WHERE pre < f.pre AND post > f.post M{"\DB
ONET

>

Similar queries for all 13 XPath axes



XPath evaluation (SQL)

Example query:

/

[./bidder]/annotation

SELECT DISTINCT a.pre
FROM doc r, doc 1= clooeatlelere <!

WHERE r.

AND
AND
AND
AND
AND
AND
AND
AND
ORDER BY

Y » ¥ O O O

pre=0

AND

AND

.pre > oa.pre AND b.post < oa.post
.level = oca.level + 1
.name = “bidder” AND b.kind < “elem”
.pre > oca.pre AND a.post < oa.post
.level = oa.level + 1
.name = “annotation” AND a.kind < “elem”
a.pre

fa—
MoNETDB
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Staircase Join: Pruning

Example:

(cl,c2,c3,cd) /ancestor: *

° SELECT DISTINCT doc.pre
o FROM c, doc

e | e WHERE

_____ 2 § AND

5 Eliminate: ¢7, ¢3

) ... Keep:c2 c4
(0,0) ? Pre fa
1 MONETDB

>




Staircase Join: Pruning

post
i, |
| | |
S e SN
BRSNS SELECT DISTINCT doc.pre
° i FROM c, doc

.?P< I WHERE

_____ 2 § AND

Example:

; (cl,c2,c3,cd) /ancestor:*

5 Eliminate: ¢7, ¢3

) ... Keep:c2 c4
(0,0) ? Pre fa
1 MONETDB

>




Staircase Join: Partitioning

post Example:

(cl,c2,c3) /ancestor:*

SELECT DISTINCT doc.pre

FROM ¢, doc

WHERE doc.pre < c.pre
AND doc.post < c.post

Single-pass algorithm that
avoids generating duplicates




Staircase Join:

post

A

R e TR . T - T . e

. ™

]-50 }51 P: P

Partitioning

Example:

(cl,c2,c3)/ancestor:*

SELECT DISTINCT doc.pre
FROM ¢, doc
WHERE

AND

Single-pass algorithm that
avoids generating duplicates

fa—
MoNETDB

>



Staircase Join: Skipping

post _
I 0 document node Example'
- conrext node L e (cl,c2) /descendant: *
$ =
(13-5. . —
o
; Rl SELECT DISTINCT doc.pre
. e FROM c, doc
; s, E : WHERE
i i ¥ : AND
L * ]
1 o :
L% |
: ¢ (%] . c
e : Avoid comparing large chunks
0.0 2 s pre of the document table.
I ;/- ...... “{I ;
scan skip scan | ,‘.\

MONETDB

>



XMark Benchmark

1MB XML 1GB XML

C‘ialax (C‘ILX) 123 456 7 8 91011121314151617181920 123 456 7 8 91011121314151617181920

10000. 00— 10000. 00—
1000 00— 1000 00—
100 00— 100 00—
10.00— 10.00—
MonetdB— MonetDB—
0.10— || 0.10—
0.01— 0.01—
: 12345678 91011121314151617 181920 1234567 8 91011121314151617 1819 20
X-Hive (XHV) 10000. 00— 10000. 00—
1000 00— 1000 00—
100 00— 100 00—
10.00— 10.00—
MonetDB MonetdB—
0.10— 0.10—
0.01— 0.01—

Bel'ke|ey DB/X”L (BDB) 10000.00—1 23456 7 8 91011121314151617181920 10000.00—1 234567 8 91011121314151617181920

1000. 00— 1000. 00—
100. 00— 100. 00—
10. 00— 10. 00—
MonetDB MonetdB—

0.10— 0.10—
0.01— 0.01—

. 12345678 91011121314151617 181920 1234567 8 91011121314151617 1819 20
eXist (EXT) 10000. 00— 10000. 00—
1000 00— 1000 00—
100 00— 100 00—
10.00— 10.00—
MonetDB MonetdB—
0.10— 0.10—
0.01— 0.01—




Performance (1)

XMark benchmark, 110 MB: MonetDB/XQuery vs. X-Hive & Galax

XMark, 110 MB

10000

- m MonetDB/XQuery
m X-Hive
- | Galax
1000 |

| Iiﬂl"lhﬂl‘n

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10Q11Q12Q13 Q14 Q15.Q1€

B

normalized runtime




Performance (2)

XMark benchmark, 1.1 GB: MonetDB/XQuery vs. X-Hive

XMark, 1.1 GB
1000

m MonetDB/XQuery
X-Hive

100

10

normalized runtime

—_—

0.
Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q8 Q10Q11Q12013Q14Q15016Q1701BQ19020

—_—



Scalability

Unsurpassed scalability

« Standard Opteron PC, 8GB RAM, 64-bit Linux
 Can process 11GB documents!

Mostly linear scaling with document size

DNF DNF

0 TO000 = @ 11 GB - —
GEJ A 1.1GB i
S 1000 | @ A0 B - —
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Open Source Release & References

MonetDB + Pathfinder on SourceForge

Mozilla-like License ( \
http://sourceforge.net/projects/monetdb net ~

MonetDB homepage

http://monetdb.cwi.nl/ MONETDB

Pathfinder homepage MOH&FDB/yQ LJery
http://pathfinder-xquery.org/
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Conclusions

MonetDB is an open source high-performance main-
memory based DBMS backend/kernel specially
designed for ‘query-intensive’ applications.

Vertical fragmentation.
RISC approach to databases.

CPU and memory cache optimized.

XQuery using the relational approach:

Works

fa—
Is fast MoNETDB
|s scalable
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V Jornades Programari LLiure 07/07/2006

Graciles!
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