Datenbanksysteme |I1I:
Implementation of Database Systems

UIf Leser



e Slides in English, Vortrag auf Deutsch

e Much input from
— Prof. J-C Freytag, HU Berlin
— Prof. K-U Sattler, TU llimenau
— Prof. A Kemper, Dr. Eickler, TU Munchen

e AGNES

e Prof Freytag / Prof Leser

e What you should (must) know to follow this course
e \What do you study?
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Some Motivation
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A classical first contact with database

e Company: “l need to track my customers”
— Name, address, profession, prior contracts

e Naive engineer: “No problem”
— ~1984: Turbo Pascal 4.0, Schneider CPC646, 512 KB main memory
— Each customer one record / line in file
— Load customers from disk into memory

— Repeat until “Q”
e (S)earch and list customers
e (E)dit customer
e (D)elete customer
e (Dnsert customer
e (Q)uit
— Write customers to disk

e |nvoice: ... DM
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Story part 2

e Company: “l need to track my offers”
— Customers have projects and call for bids, company makes offers
— Many customers have many projects over time

e Naive engineer: “No problem”
— Reuse existing architecture
— Load offers from disk into memory

— Repeat until “Q”
e (S)earch and list offers
e (E)dit offer
e (D)elete offer
e (Dnsert offer
e (Q)uit
— Write offers to disk

e |nvoice: more DM
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Story part 3

Runtime
of updates

# of customers/
offers
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Part 3

e Disaster!
— ~ 500 customers
— ~ 40 offers per customer
— ~ 2KB per offer

— Gives 500*40*2.000 = 40 MEGABYTE
e This was the size of a hard disc at that time

— No way to load and hold all data at startup
e \Wrong architecture
e Solution: Buy a RDBMS
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Lessons learned

e Scalablility in data management is an issue

— Scalable: Graceful runtime degradation with increasing data
volumes

— Not scalable: Works fine for small datasets, breaks down for large
datasets

e Data is business-critical
— If offers-file corrupted — company goes out of business
e Which will affect engineer too!
e Think before you start programming
— Project 100% over budget (database license)
— Project 300% over time (6 months instead of 2)
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Second Example: Linguistic Databases
(Victor Rosenfeld, 2013)

Wunder gibt es immer wieder ! 2 nit = Mg
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Wunder gibt es  immer wieder types
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AQL Queries

| | el |
Wunder gibt es mmer wieder | o .t Za -Ehm
.-'. -‘r.'" nd 3.1 igasn I‘»i-’} HiD
_ _ _ Wunder gibt es immer  wieder
cat=,S" & Find all sentences; bind to variable #1
wunder” & | Find all token ,Wunder“; bind to variable #2
#1 i #2 |Join: remove #1 which do not include #2
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Let's do it right - PostGreSQL

node_annotation edge_annotation
n n
hode_ref rank_ref
s namespace namespace

name name
id value value
namespace
name
text_ref rank
left
right [ pre
Span post i
roken. index 0 Pare SELECT nl.id _
left_token —{ nods FROM node n1, node n2, node_annotation na
right_token comy
corpus_ref root WHERE
toplevel_corpus level

nl.id=na.node_ref AND
cat=,S" & na.name=,cat“ AND
na.value=,S“ AND

swunder” & n2.span=,Wunder“ AND

nl.text ref=n2.text_ref AND
#1 1 #2 n2.right<=nl.right AND
n2.left>=nl.left
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More Complicated Queries

pos="VWFIN"

] 1 EE E 4
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2o e /n::;ms;"m;. | Hf M, e I'"‘; 50 4oop e hesiedionn Hashiggregare
#1 = 82
a
[
fl | |
| |
i f
fiiid . I =
T ey iz ol JI
idx_component_type Hash ( LNIG rank_pre”
48716 } 11584 (58 ms)
’ #1:root TH .
} { "PE._node
| | G364
I [t J
( B
’ "PK_tompgnent” cat="g"
| —
=i o H
= [— | ﬁ— pan #1 id%_nade_annotation_nage_ref
ested Loo| as el
/ P b
n n [ - - . - -
cat="5%" & sroot & match full sentences
pos="WFIN" & = & gnd their finite wverb
n n —— - - —
node & =[func="5%B"] & and their subject
. % & where the wverb precedes the subject
n 1 a4 - - P — e - - . B ~J" T
meta: :Genre="Politik only consider docuwnents of the genre Politik

(433

Listing 1: Annis query matching sentences in which the subject follows the verb.
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Did we do it right?

pos="VWFIN"

| a 1000 E.. [T
B —lt ity E
&3 > 5 i
id%_nace_annotation value node_snnatatian !
15628 35628 e
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Hash
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Hash Jain
6006 (5
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NG rank_pre”

J |
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|.|_:::f:
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= BT H
K ) | .
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i¢x_edge_annctation_value edge_annatation Hash Join Hash Jain o
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| 2T ) i =/ if
rank Hash J!
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] L ! !
i % _campane nt_rype
4ENE
n n - - | 1 | - -
1 cat="5" & iroot & match full sentence
span £3 2 pos="WFIN" & = & gnd their finite wverb
T n J g ~ - s
3 node & =[ fumc="5E"] & gnd their subject
1 E & where the wverb precedes the subject
n 1 a4 n T . - - - — - } - ) 1 - i
5 meta: :Genre="Politik only consider docuwnents of the genre Politik

Listing 1: Annis query matching sentences in which the subject follows the verb.
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RDBMS Feature: Indexes, Materialized Views

TIGER Treebank 2.1
ca. 50.000 sentences, 900.000 tokens,
3 million annotations, | million edges

280 MB 1.2 GB 7.7 GB
Data files Normalized Materialized Materialized
many tables) (one table) + Indexes

It is 2016 — we can keep this in memory!
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MonetDB: A Main-Memory Column Store

e Workload: 330 real-life queries

e MonetDB is a RDBMS, but

— All data kept in main memory
— No indexes — all scans
— Column store: Keep column values
together, not tuples
e Advantages
— No 10, buffering, caching, ...

— Much better cache utilization for
scans (outweighs missing indexes)

— Column compression (memory,
faster scans)

« Still relational: Many joins

B MonetDB
[l PostgreSQL

1 hour
37 minutes

25 minutes
|

Server (48 GB RAM)

5 hours
47 minutes

29 minutes

[
Laptop (4 GB RAM)

Ulf Leser: Implementation of Database Systems
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Query Optimization

IS Difficult to Predict

60 — | « MonetDB o PostgreSQL

Seconds (log)

}E %[}}
0.01 b

e G
o

o o w o~ &

P 0w 0 Op o o o ©

G%E:}o#gmﬁ@ @ g®

(saNqlel o

Queries

e PostGreSQL is faster for many queries despite 10
e But if it is slower, it is much slower (log scale)
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Even Better: A Graph Store

é node_annotat edge_annotatio
sla J : L L
/ . node_ref rank_ref

] 8 T namespace | | | names pace

name name

B A id value value

— @ — namespace
B E hame
— O — text_ref ank
i e
[ W1 right [ pre
I span post
— — . nj¥=t 1 |  componen t
4 = = token_index parent e
¢ left_token node_ref id
— @ . n - n

J 3 right_token component_ref —/—' type

:N:P D) NP - - corpus_ref root name
i. ] | | | | | toplevel_corpus level | | names pace

And the controversy has led to uncertainty about the outcome of the election

e AQL queries navigate through graphs
e Relational: One join for (almost) every edge traversal

e graphANNIS: AQL on a main-memory graph data model

— No joins, but following pointers
e Implemented as indexes into arrays

— Indexes to find the right nodes quickly (to start traversals)
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Thomas Krause (submitted)

10000 1000000
| |

timeas faster than basalina

100

\r

L

01

e Workload: —~3300 real-life queries against ~20 corpora

e graphANNIS versus PostGreSQL
— ~40 times faster on the entire workload
— Faster for 97% of all queries
— Not much slower for the remaining 3%

Ulf Leser: Implementation of Database Systems
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Databases are Infrastructure
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Classical Three-Tier Architecture

| iy |
« { ° £ S Presentation

Upwards: OO Interface Application logic

Application Server “Busi )
Downwards: SQL USINESS Processes

A

\ 4

DBMS

“State” *
Storage, Search Database 1 | ‘ Database 2
Recovery, Consistency
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Today’s Database Systems

e RDBMS are essential parts of enterprise infrastructures
— More important than OS
— Long-running, expensive, essential investment
— Holds the most important business assets: Data, information

e Database administrator is a well-paid profession
— Developers write SQL & business logic
— Admins make SQL run fast
— Many programmers, fewer DB developers, very few DB admins
— A skills much demanded in industry
e RDMS became an often “invisible” piece of software
— “So nutzlich wie flieBendes Wasser” (G. Weikum, MPI Saarbricken)
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Main Features

e Data needs to be stored
— Disk access (or cache utilization) is the main bottleneck
— Hence: Minimize access time -> minimize disk access

e Data Is manipulated by many clients
— Concurrent access quickly screws up data
— Hence: Synchronize access

e Data is used by many apps with different requirements
— No good to design application specific “optimal” data structures
— Hence: Use application independent languages and models

e Systems crash

— Crashes cannot be avoided
— Hence: Protect consistency by logging, constraint enforcement, ...
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DBS2: Implementation of Database Systems

e Lecture 4 SWS
— Wednesday, 11-13, 3.113
— Thursday, 11-13, 3.113
e Contact
UIf Leser
Room: 1V.401
Tel: (030) 2093 — 3902

Mail: leser (at) informatik.hu-berlin.de

Ulf Leser: Implementation of Database Systems
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Exercises and Examination

e Exercises run by Jorg Bachmann (DBIS)
— Presence & commitment are necessary
— Implementation of file-/ buffer-/ index manager in C++
— Wednesday, 13-15, 3.113
— Starts today (probably not!)

e Examination
— Oral or written?
— Oral exam dates will be set mid-January
— Admission: Passing the exercises

Ulf Leser: Implementation of Database Systems
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Slides

e Slides are available shor

e Please send me
any errors

e Slides are
— not a script

— no substitution for
listening to the lecture

— no substitution for
reading a book

tly after the lecture

) Implementierung von Datenbanksystemen issensmanagement in der Bioinformatik - Mozilla Firefox

Datei Bearbeiten  Ansicht  Chronik  Lesezeichen  Extras  Hife
A Implementierung von Datenbanksystemen +
| 155

€ waemy,informatihu-berlin,de/Forschus bijteachingfarchivefws1213iv]_dbs2

(3] Meisthesucht || Machsshen || Frequent S8 weI & Lehre [ Google || News || Buecher kaufen [ | Projekte || Paper suchen || Reisen [ | MyStuff
Wodul Text Analytics Professor UIf Leser

Ubung Text Analytics

Diese Modul vermittelt einen Uberblick uber Techniken zur Implementierung von (relationalen)
Datenbanksystemen. Es behandelt dazu ausgewihite Themen aus allen Ebenen eines DBMS, angefangen bei
Satz- und Tabellenverwaltung tber (multidimensionale) Indexstrukturen zur Anfrageoptimierung und zum
Transaktionsmanagement. Das Modul ist systemnah und behandelt seine Themen im Detail.

Modul Implementierung von
Datenbanksystsmen

{ibung Irmplementierung von

Datenbanksysternen "
Der Halbkurs wird von einer Ubung begleitet, in der verschiedene Komponenten eines DBMS implementiert
Modul Grundlagen des wardem
Semantic Web !
libung Grundlagen des \foraussetzungen

Semantic Web Voraussetzung fir den Besuch sind gute Kenntnisse in Algerithmen (Sortieren, Suchen, Baumsuchverfabren),

relationalen Datenbanken (SQL, Transaktionen, Schermaentwurf) und in Betricbssystemen (Pufferverwaltung,
Caching]. Die Ubung verlangt gute Kenntnisse in C oder C++.

Seminar Maschinelles Lernen

Forschungsseminar

ss12 Prifungsn und Anraechenbarkeit

WS 11712 Je nach Teilnehmerzahl sind Prifungen mindlich oder schriftlich. Die Priifungsform wird in der ersten
ss 11 Semesterwoche bekannt gegeben. Voraussetzung fur die Prafung ist das Bestshen der bung.

7S A Das Modul ist anrechenbar fur

S0 = Diplomstudiengana Informatik, Halbkurs Praktische Informatik, 8SP

WS 09710 = Master Informatik, 10 5P

2= 09 = Master Wirtschaftsinformatik, 10 Sp

WS 08/09 Literatur

5508 = saake, Heuer, Sattler: "Datenbanken: Implementierungstechniken”, MTP verlag, 2. Auflage, 2005
WS 07/06 = Garcia-Moling, Ullman, widomn: “Database Systemn Implementation”, Prentice Hall, 2000

5507 = weitere Literatur und Links

8 Themen und Folien

=B (Folien sind hier jeweils vor der Vorlesung als PDF verfiighar. Ainderungen maglich).

B = Einleitung und Motivation

s808 = Architektur von Datenbanksystemen und Ubersicht iber die Yarlesungsthemen

WS 04705 » Sekundérspeicher; RAID

5504 = Records und Blécke

WS 03/04 = Caching; Dateifarmate, Indexing

5503 = Hashing, Extensible Hashing, B und B* Baume

WS 02/03 = Multidimensionale Indexstrukturen: Partitioned hashing, Grid file, kdb Baum, R Baum )

Studien- und Diplomarbeiten

Grundiegende Anfrageoperatoren
Urnfrage zu Join Methaden - Nested Loop, Sort-Merge, Hash-Jain, Index-Join
studienbedingungen

Anfrageoptimierung

Forschung = Gastvortrag: tha

Hetworking = Datenbankstatistiken; Histogramme; Sameling
Informationsintearation = Transaktionen; Logging und Recovery: REDO/UNDO
Software and Downloads = Serialisierbarkeit und Sperren

= Abschluss

Weltere Materialien und Literatur
= Kemper, Eickel: “Datenbanksysterne - Eine Einfuhrung®, Oldenburg, 5. Auflage 2004

= Harder, Rahm: "Datenbanksysteme. Konzepte und Techniken der Implementierung”, Springer, 2, Auflage
2001
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Literature

e Primary

— Saake, Heuer, Sattler “Datenbanken:
Implementierungstechniken”, mitp Verlag, 2005 (2. Auflage)

— Garcia-Molina, Ullman, Widom: “Database System
Implementation”, Prentice Hall, 2000

e Other

— Kemper, Eickel: “Datenbanksysteme — Eine Einflhrung”,
Oldenburg, 5. Auflage 2004

— Harder, Rahm: “Datenbanksysteme. Konzepte und
Techniken der Implementierung”, Springer, 2. Auflage 2001

— R. Elmasri und S.B. Navathe: Fundamentals of Database
Systems, Benjamin Cummings

« Deutsche Ubersetzung: ,,Grundlagen von Datenbanksystemen®,

Pearson, 2002
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Uberblick

~Naive“ Fortgeschrittene Anwendungs- Datenbank-
Benutzer Benutzer Programmierer administratoren
Interaktive ” : Verwaltungs-
Anwendung Pracompiler
Anfrage werkzeug

DML-Compiler DDL-Compiler

Anfragebearbeitung DBMS Query processing
|

Datenbankmanager Schemaverwaltung

Mehrbenutzersynchr.
Fehlerbehandlung

Dateiverwaltung

Storage & access I

Logdateien Indexe Datenbasis Datenwdrterbuch
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contents

. Introduction
e Qverview and architecture

e Storage and access methods
— B*-Trees, Extensible hashing, index-sequential files ...
— Multidimensional indexing: Grid-files, kd-Trees, R-Trees ...

e Query processing and optimization
— Physical relational operators
—  Cost-based optimization

e Recovery
e Transactions and concurrency control

Ulf Leser: Implementation of Database Systems
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5 Schichten Architektur

Mengenorientierter Zugriff

Anfragetbersetzung, Zugriffspfadwahl,

Datenmodellebene Zugriffskontrolle, Integritatskontrolle

Satzorientierter Zugriff

Logischer Zugriff Sortierung, Transaktionsverwaltung,
Cursorverwaltung

A
Interne Satzschnittstelle

A 4

Speicherstrukturen

A

Record Manager, Sperrverwaltung, Log /
Recovery

Systempufferschnittstelle

\ 4

Pufferverwaltung

Speichermanagement, Puffermanagement,
Caching-Strategien

Dateischnittstelle

Externspeicherverwaltung

Betriebssystem

Gerateschnittstelle I
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Guests

e TBA ..
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Feedback 2012 / 2013
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Free Text

e Besonders gut

e 5 Auftreten Dozent

4 Small Talk am Anfang
e 5 Beispiele

e Deutsche Vorlesung

e Engagement Dozent

e 2 Gastvortrage

e 2 Konkreter
Anwendungsbezug

e Ubung
e Tempo

Verbesserung

Struktur Folien

Tafelbild zu unklar
Warum nur Oracle/MySQL
Liegt zeitlich schlecht
Fehlt: PL/SQL, UDF, ...

Entweder nur vormittags
oder nur nachmittags

Praktikum nicht schwer,
aber aufwandig

Ubung enger mit
Vorlesung verbinden

Ulf Leser: Implementation of Database Systems
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Datenbanken@ Informatik

e A predefined focus area in our Master

e Datenbanken 1: Grundlagen (BA)

e [nformation Retrieval (BA)

e Datenbanken 2: Implementierung

e Data Warehousing und Data Mining

e [Informationsintegration (inkl. verteilter Anfrageoptimierung)
e Neue Konzepte und Techniken fur Datenbanksysteme
e Techniken und Konzepte zum Schutz der Privatsphare
e Datenbanktheorie

e Frequent seminars
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