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5 Query Processing

5.1 Introduction: theQuery Processor

5.2 How do DBMS actualnswer queries ?
5.3 QueryParsing/Translation
5.4 QueryOptimization

5.5 QueryExecution

5.6 Implementation of Joins

d & ;\/
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5.1 Introduction

A What is agquery processor ?

I Remember: Simple View of a DBMS

=

\

Operating
System

DBMS n#

Transaction
Manager I

[ Query ProcessoH Applications /Queries}
<—r>[ Storage Manage%

- J

Relational Datab

ase Systemsg W/olf-Tilo Balke Institut fiir Informationssysteme 3



5.1 Introduction

A Queries are posed to the DBMS and processed
before the actual evaluation

Query Processor

- Object Code \ >
“ Query Embedded 7
- DMLP |
Evaluation (SIS
/ Engine

- ~ DML Compiler

Storage

Manager —>  DDL Interpreter
. \ 7/

~

Applications Programs
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5.2 How Queries are Answered

A A query is usually stated in a hitgvel
declarative DB language (e.g.SQL)

i For relational databases: DB language can be map
to relational algebra for further processing
A To be evaluated it has to be translated into a to\
levelexecution plan

I Expressions that can be used at physical level of the
file system
I For relational databasgshysical relational algebra

AExtends relational algebra with primitiviessearch through
Internal data structures
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@ 5.2 Query Processing

Query

~

Query
Result

-

SKS 12.1

~
Parser &
Translator

Evaluation

Relational Algebr
Expression

p

~

Query
Optimizer

Engine

Plan

Execution

Access
Paths
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5.3 Parser and Translator

A Queries need to be translated to d@nternal
representation

I Queries posed in @eclarative DB language
Adwhat should be returded where it i6 foudd

I Queries can be evaluated in different ways

A Scannetokenizes the query

I DB language keywords, table names, attribute name
etc.

A Parserchecks syntax andrerifies relations,
attributes, data types, etc.
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5.3 Parser and Translator

A Result of the scanning/parsing process

I Elther query Is executable, or error message is
returned (e.g., SQLCODE

SQLCODE: I 304 SOLSTATE:

SCLO304M A walue cannot be aszzigned to a host variable becauze the :l Cancel |

walue iz not withit the range af the host variable's data type.
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@ 5.3 Parser and Translator

ABu 't

often al

so |1 ke

4745

3756

data D82 UDE relation
pid 333360 tid 1 epid
bytes 16

Consistency Token:

data DBZ UDE relation
pid 333360 tid 1 epid
bBytes 144

data serv sglrr rds common post fmc (3.3.18.161.0.310)

=1 node O probe 510

ZAXGEWEN

date serv sglrr rds common post fme (3.3.18.161.0.311)

=1 node O probe 511

gglca.=sqlcaid ¢ SQLCA
aglca.sgqlcabe @ 138
sglca.aqleode 1 —518

aglca.=sglerrml
sglca.sgqlerrmc :

]

gglca.zqglerrp ¢ SQLERALDP

2glca.sglerrd{l]
sglea.sqlerrdl2]
zaglca.eqlerzd[3]
sglca.sglerrdi4]
gglca.sqlerrd{S]
2glca.sglerrd{g]
sglca.sqglwarn :
zglca.sqglstate

Ox8412006D0

! Ox0GO00000
r Ox00000000
¢ Ox000000040
P Ox00000000
: Ox0a000000

51003

|23 | DB2.
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@ 5.3 Parser and Translator

A Translation into relational algebra is necessary
for actually evaluating the query

I Internal exchange format between DBMS compone|

I Algebra allows for symbolic calculations
Almportant for query optimization
I Individual operators

can be annotated with
execution algorithms

A Evaluation primitives

Relational Database Systemsg @/olf-Tilo Balke Institut fir Informationssysteme 10



5.3 Parser and Translator

A Evaluation primitives refer to a single
operator

" Tuple scan operators

I Tuple selection operators

I Index scan operators

I Various join operators

Sort operator

Duplicate elimination operator

/7

e
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@ 5.3 Translating a Query Deiollk

A A crash course in relational algebra and SQL
| Basic operations
I Translation
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@ 5.3 Relational Algebra D&[@M

AMade popul ar by Edgar

A Theoretical foundation of relational databases

I Describes how to retrieve interesting parts of
available relations

I Led to the development of SQL

I Relational algebra is mandatory to
understand query optimization

ATopic of the next lecture
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@ 5.3 Relational Algebra Deiollﬁ

A Defines six base operations
I Selection
I Projection
| Cartesian Product
I Set Union
| Set Difference
I Rename

EN 6 Relational Database Systemsg @/olf-Tilo Balke Institut fir Informationssysteme 14



@ 5.3 Example Relations Demllﬁ

students courses
1005 Clark Kent male 100 Intro. to being a Superherc
2832 Lois Lane female 101 Secret Identitie®
4512 Lex Luther male 102 How to take over the worlc
5119 Charles Xavier male
- exams
S L SEEC
8024 Jean Gray female 0876 100 -
9876 Logan male '
2832 102 5.0
1005 101 4.0
1005 100 1.3
6676 102 1.3
5119 101 1.7

EN 6 Relational Database Systemsg @/olf-Tilo Balke Institut fir Informationssysteme 15



@ 5.3 Relational Algebra DEIO 1

A Selection A

I Selects all tuples (rows) fulfilling a given Boolean
expression from a relation

A <condition> ( R)
I Condition clauses:

A< attribute> [ < value>
A< attribute> [ < attribute>

A/vi{=< , ,> }
i Clauses may be connectedbyhandx

EN 6 Relational Database Systemsg @/olf-Tilo Balke Institut fir Informationssysteme 16



@ 5.3 Relational Algebra

A Selection Examples

se)c fema/es tudents
maihr | frsiName | lasiName | sex
2832 Lois Lane female
8024 Jean Gray female

/fcourse:100 - OAOEXEMNS s 1t

student course result

9876 100 3.7

EN 6 Relational Database Systemsg @/olf-Tilo Balke Institut fir Informationssysteme 17



@ 5.3 Relational Algebra Deiollﬁ

A Projection A
I Retrieves only attributes (columns) with given name

[ N anrivuterist>(F)
Niye COUISES / firstName, /asz‘Nz:zm&'/f sex=female® tudents
Intro. to being a Superhero Lois Lane
Secret ldentitie® Jean Gray

How to take over the world
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@ 5.3 Relational Algebra D@[olm

A Rename operator m
I Renames a relatioBand/or its attributes

WV "o h Bﬁ)g('%) £ WR) or m "o h Bn,téR)b’hv

results
Mesu/z‘s( matNo, crsNo, grade) A course=100€XaINS 9876 100 3.7

1005 100 1.3

EN 6 Relational Database Systemsg @/olf-Tilo Balke Institut fir Informationssysteme 19



@ 5.3 Relational Algebra Deiollﬁ

A Union ° ,Intersection 7 andSet Difference &

I Operators work as already known from set theory

AOperands have to be uniecompatible
(l.e., same attributes)

I R 8r R 8r R-S (alternativeR\ S

course | title

A ooexams 100 Intro. to being a Superhero

course=100 exarms /f

course=1
102 How to take over the world

EN 6 Relational Database Systemsg @/olf-Tilo Balke Institut fir Informationssysteme 20



@ 5.3 Relational Algebra De[mm

A Cartesian Product x

EN6

Also calledcross product

Creates a new relation combining two relations in a
combinatorial fashion

Rx S

WIll create a new relation with all attributes & and
all attributes ofS

Each entry oRwill be combined with each entry &
AResult will haveR*|§ rows
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@ 5.3 Relational Algebra Deiollﬁ

badGrades females
9876 100 3.7 2832 Lane
2832 102 5.0 8024 Gray
1005 101 4.0 MoadGraded resurr o £X@MS
Cross Memales/ manio, lasiNamesex=temaieSTUAENIS
9876 2832 Lane

2832 102 5.0 2832 Lane
1005 101 4.0 2832 Lane
9876 100 3.7 8024  Gray

1005 101 4.0 8024  Gray

M.0ss(DadGradesx females
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@ 5.3 Relational Algebra Bemllﬁ

/l lastName title, resu/t/r matNo=student  course=crsNo fe em a/ esx b d dG/’ d d6‘9< courses

ot

Lane Howto take over the world? 5.0 ‘9‘,\\3

A The combination of projection, selection and
cartesian product is a very important type of
DB queries

I This kind of query is callgoin query
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@ 5.3 Relational Algebra Deiollﬁ

A Theta Join &

I Creates a new relation combining two relations by
joining related tuples

I Ra cond/'z‘/bns
I Thetajoins may have similar conditions to selections

A lastName tite, result femalesa matNo= student badGrades course=crsNo COUISES

k

/l lastName title, resu/[/r matNo=student course=crsNo f em 3/ esx b aa’Gr a 0’6‘9< courses

Lane Howto take over the world? 5.0
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@ 5.3 Relational Algebra Deiollﬁ

A EquiJoin &
I Joins two relations only using equality conditions
I Ra g aspS

I Condition may only contain equality between
attributes

I Restriction of the Theta Join
/ lastName title, result femal E.S‘é matNo= student badGra de‘ﬂ course=crsNo courses

k

/l lastName title, resu/r/f matNo=student course=crsNo f em a/ eSX b a dG/’ a d€9< courses

Lane Howto take over the world? 5.0
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@ 5.3 Relational Algebra

A Natural Join &
I Restriction of theEquiJoin

1 Ra auriputer ist O
I Implicit join condition
AJoin attributes in list need to have equal names in both
relations

Alf no attributes are explicitly stated, all attributes with eque
names are implicitly used
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@ 5.3 Relational Algebra DEIO 1

females

badGrades

0876 100 3.7 3024 fE—

2832 102 5.0

1005 101 4.0 courses
100 Intro. to being a Superhera
101 Secret Identitie
102 How to take over the world

/I/asz‘Name title, result ( femalesa matNo badGradesa cour 595)

Lane Howto take over the world? 5.0
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A SQL (Structured Query Language)
I Most renowned implementation of relational algebre

I Originally invented by IBM for System SHQUEL)

A1970 by Donald D. Chamberlin and
Raymond F. Boyce

| Standardized multiple times
A 1986 by ANSIANSI SQL, SQL -86)
I Accredited by ISO in 1987 (SGRY7)
A1992 by ISO$QL2, SQL -92)

I Added additional types, alterations, functions, more joins, security
features, etc.

I Supported by most major databases
( ANSI

i American National Standards Institute
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(@) 5.3 SQL

A 1999 by ISO$QL 3, SQL:1999)

I Added procedural and recursive queries, regular expression matchin
triggers, OOP features, etc.

A 2003 by ISO$QL:2003) ;gg é";;ﬁm
I Added basic XML support, aigenerated keys and sequences, elc.

A 2006 by ISO$QL:2006)

i Deeper integration with XML, support for mixed relational and XML
databases{Query integration

A 2008 by ISO$QL:2008)

i Truncate table statement, enhanced merge and diagnostic statemer
Il nstead of triggers, e

I However, most database vendors use proprietary forks
the standards

A SQL developed for one DBMS often needs adaption to be port
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@ 5.3 SQL vs. Relational Algebra BE’OUE

A Basic SeleaQuery Structure

I SELECTKALttributes>
FROM<Relation>
WHERE<condition>

A SQL maps to relational algebra
TN aurvuesisry 72 S€lect attributeList  from R
I A (conaitony © € W h e(cordition)
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5.3 SQL vs. Relational Algebra ZJEJf

A, course=100 = OR 6 E8XEMF s 1t

SELECT* FROMexamsWHEREcourse=100 ANDresult >= 3

A iy COUISES

SELECTttle FROMcourses

/l firstName, lastName /f sex= fema/es w d ents
SELECTfirstname, lastNameFROMstudentsWHEREOA @ O &ZAT Al A S
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5.3 SQL vs. Relational Algebra ¥ Pl¢

e v '
Jels

A Joins are explicitly indicated by the keywddIN
in GeéeLiSa 27T idngro0d,teft, Eghte 2 A

Sty 0’9/7 [sa students. matNo= exams. sz‘ua’en?xam S

SELECT* FROMSstudents SINNER JOINxams eONs.matNo= e.student

A Joins are often also specified implicitly

I May lead to performance lacks as Cartesian produc
may be computed

SELECT* FROMstudents, examaVHEREstudents.matNo= exams.student
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5.3 SQL vs. Relational Algebra

A Cartesian Product (implicit & explicit)

studentsx exams

SELECT* FROMSstudents, exams
SELECT* FROMstudents CROSS JOBYams

A Natural Join

students a exams

SELECT* FROMstudents NATURAL JOIMxams

Relational Database Systemsg @/olf-Tilo Balke Institut fr Informationssysteme
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5.4 Query Optimization

A Several relational algebra expressions lead to ti
same results

I Each statement can be used for query evaluation

i B u t different statements might also result in
vastly different performance!

A This is the area ofjuery optimization , the
heart of every database kernel

I Avolid crappy operator orders by all means
iNext | ecturese
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5.4 Query Optimization  JE[p

A Why are there 3 lectures on query optimization-

A Because th@uery optimization problem s
iIndefinitely hard
I Given a relational algebra expressiaQn

I Find thecheapest expressionQ seich thatQk Q,aee.,
QandQ produce the same result on every database

A In a simplified modeq) & cheaper than ‘Qiff Q &
uses less operators than

XML DatabasesSilke Ecksteiq Institut fir Informationssysteme TU Braunschweig 35



@ 5.4 Query Optimization Dé[m

A Assume an algorithid 1 0 ‘QaJQlgareturns a
cheapest expressiof) gth Qk Q&
A Then we can solvequivalence of relational
algebra
I Given two expressions) andQ of relational algebra
I Decide whetherQ k 'Q holds
AlLet'Q (QAQ) QrQ
1 Q k Q iff Qyields the empty set(),
independently of the database instance
I The smallest expressions yieldin@re
, Y and'YA'Y
I Thusg n 0 "Qadguals, Y or YAYIffQ k 'Q

XML DatabasesSilke Ecksteiq Institut fir Informationssysteme TU Braunschweig 36



5.4 Query Optimization e -/

«.Q.

A Recall that Domain Relational Calculus (DRC) is
relationally complete

I Satisfiability of DRC is undecidabl§Trakhtenbrot 1950]
I Subsumption of DRC is undecidable
I Equivalence of DRC is undecidable

A Decide equivalence of DRC as follows:

I Translate both statements into relational algebra

I The DRC statements are equivalafftthe algebra
expressions are

A Equivalence of relational algebra (Q k Q) is
undecidable
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5.4 Query Optimization UEf

A Why are there 3 lectures on query optimization?
A Because theuery optimization problem s
undecidable
I Given a relational algebra expressiQn

I Find thecheapest expressionQ seich thatQk Q,aze.,Q
andQ produce the same result on every database

A The simplified model does not consider database
characteri stics (e. g.,

A We will learn aboutsome algebraic
transformations yielding equivalent expressions

I Never complete!
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5.4 Query Optimization

/1 firstName, lastName resu/z’/f student=matNo™ course=100 > tudentsx exams

k

/l firstName, lastName resu/z‘/f student=matNo
( / firstName, lastName matNo> tudentsx A, course=100 €XalM 5)

k

/l firstName, lastName resu/t( studentsa student=matNo (/f course=100 exam 9 )

Relational Database Systemsg @/olf-Tilo Balke Institut fr Informationssysteme
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5.5 Query Execution

A Query optimization determines the specific orde
of the relational algebra operators

I Operator tree

A Still eachsingle relational algebra operator can
be evaluated using one of several different
algorithms

A The evaluation plan is an
annotated expression that
specifies a detalled evaluatio
strategy
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@ 5.5 Query Execution

A Annotated Operator Tree [p (attribute; > Xltﬁibuten)}
I Simplified |

Use Linear Sca& S (condition) 1

Use Merge Join Algorith B
Use Hash Join Algorith u [ relation J

Buffer Completly

Use |ndei<[ S (conditiory) J [ [Caton

I
[ relation J
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5.5 Query Execution

A Cost of each operator is usually measured as
total elapsed time for executing the operator

A The time cost is given by

I Number ofdisk accesses

A Simply scanning relations vs.
using index structures

I CPU time
I Network communication

A Usually disk accesses are ghiedominant
factor
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@ 5.5 Query Execution

A Disk accesses can be measured by
I (Number of seeks * average seek costs)
I (Number of block reads * average block read costs)

I (Number of blocks writes * average block write cost:

A Costs for writing a block are higher than costs for reading
because data is usually also read after writing for verificat

A Since CPU time is mostly negligible
It Is often ignored for simplicity

I But remember IAMemoryDat a b a
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@ 5.5 Query Execution

A The select operator evaluatioprimitives
I Relation scan
I Index lookup
I Relation scan with comparison
Complex selections
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5.5 Relation Scan

A Used to locate and retrieve records that fulfill a
selection condition

A Linear Search over relation R

I Fetch pages from database files on disk that contain
records from R

I Scan each record and retrieve all rows fulfilling the
condition

A Cost estimate: |
#pages containing records of relation R

I 0.5* #pages on average If selection is on a primary key
attribute

A Scanning can be stopped after record is found
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@ 5.5 Relation Scan

A Binary Search over ordered relation R
A only applicable if selection is equality on ordered attribute
I Assume that relation R is stored contiguously

I Fetch median page from database files on disk that con
records from R

I Decide whether tuple is in previous or later segment an
repeat the median search until record has been found

A Cost estimate:
dog,(#pages containing records of relationeR)
I Actually: cost for locating the first tuple

I Plus: number of additional pages that contain records
satisfying the selection condition (overflow lists)

SKS 12.3 Relational Database Systemsg @/olf-Tilo Balke Institut fir Informationssysteme 46



@ 5.5 Index Scan

A Index Scan over relation R

A Selection condition is
on search key of an index

Alf there is an index, use it!

I Equality selection oprimary index forkey
attributes
A Cost estimate: Height of the tree or 1 for hash index

I Equality selection oprimary index fornon-key
attributes Cluster index )
ARecords will be on contiguous pages

ACost estimate: (Height of the tree or 1 for hash index) plu
#pages that contain overflow lists
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