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At the Core of Intelligent Databases: Managing {2edli Data 2
* The essentidbpic of this lecture is to
understand the importance of the idea e
of using the concept aferived data : < 4 ! :
(and of the corresponding technology). >/~ -~ | derived,

We already learnt last week, that data
bases containing stored as well as
derived data are calleli2ductive
databasem scientific terminology.

In order to manage derived data, we
need special abilities of our DBMS
that turn it into adeductive DBMS

Managingderived data means

» designinga deductive DBschema

* incl. specifyingderivationrules

» evaluatingqueriesover derived data
controllingconsequences ahanges
of derived data
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Stored or Derived (or both?)

« Storingdata is the normai way of keeping
data (in some storage device).

» Every data elemerm@an be store(in principle).

« But there are data elements thatnob
(necessarilyhave to be storedbut (possibly)

can be computed from stored (or other) derived

data elements instead. We call such pieces of
data, derived data (elements).

e [t would be more precise to speak about
.derivablé data, because may be a derivable
piece of data is actuallyever derivedater on
(or has never been derived up till now). We
will use the term derived data nevertheless.

» Part of the derivable data can redundantly be
stored (after having been derived first) in order
to avoid costly rederivation. We call such data
materializedderived) data.
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Another Topic of the Lecture: How to Derive Data? 2
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Inference
Engine

How doinference(derivation)enginedook like? ~
Should they b@art of a DBMSor external tools? stored

i

We follow aspecificapproach in ISl




Learning by Doing

Intelligent Information Systems <III
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2.1 Datalog and SQL: Learning by Doin
2.2 Datalog: Syntax and (Basic) Semantics-
2.3 From SQL to Datalog (and Back)
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Case Study: The British Royal Family 2

A case study on using derived data will give us@ccete starinto using the techniques
of Deductive Database technologyGenealogicaDatabase

© 2019 Paff. M. RRsivear Wearttresy Intelligent Information Systems



The Royal Family Tree: Our Example Application Dama 2

Philip,
Queen Elizabeth Il Duke of Edinburgh
-- Divorced 3 & .
Charles, Anne, Andrew, Edward,

Prince of Walaes Princess Royal Duke of York Earf of Wessex

) Camilla, Captain Mark Vice-Admiral Sarah, Sophie,
Princess of Wales Duchess of Comwall  Phillips Timothy Laurence Duchess Coun?:?ss of
of York Wessex
[ |
William Harry Frincess Princess Louise James,
Duke of Prince Henry Peter Zara Beatrice Eugenie  ladylouise  Viscount
Cambridge Phillips Tindall of York of York Windsor Severn

AoHEa

The current family tree of the
British royal family (starting
from the Queen and her husba )

Autumn Mike
Duchess of Phillips Tindall
Cambridge
Prince George Princess Charlofte i
Savannah Isla Mia Grace

of Cambridge of Cambridge

© 2019 Paff. M. R mear Neanttrey Intelligent Information Systems 7



The Royal Family Tree: More Recent Updates 2

Philip,
Queen Elizabeth Il , Duke of Edinburgh

---- Divorced

ParentChild

HusbandWife e
Charles, Anne, Andrew, Edward,

Prince of Walaes Princess Royal Duke of York Earf of Wessex

]

Camilla, Captain Mark Vice-Admiral
Duchess of Cornwall Phillips Timothy Laurence

Diana,
Frincess of Walss

Sophie,
Countess of
Wessex

Duchess

of York

William Harry Frincess Princess Louise James,
Duke of Prince Henry Peter Zara Beatrice Eugenie  ladylouise  Viscount

Cambridge of Wales Phillips Tindall of York of York Windgsor Severn

HOHE0

Since last year, severghlpdate$ happened:
William and Kate have a third chiltlpuis
Harry marriedMeghan
Eugenie marriedack

(to come: Meghan ipregnant..)

Kate Autumn
Duchess of Phillips
Cambridge

Prince George Princess Charlofte
of Cambridge of Cambridge

© 2019 Paff. M. R mear Neanttrey Intelligent Information Systems 8



From Family Tree to Genealogical Database?

How to, put a family tree into a (relational) datab’a%}a

(i.e., how todesigna basic genealogical database)

© 2019 Marff. Dir. Reaivear Weanrttrey Intelligent Information Systems



ConceptuaModeling of the Family Tree DB 2

» Traditional way of designing a relational DB:
Start byconceptually modellinghe resp. application domain

» CorrespondingER diagran(Entity-Relationship approach):

father

child

person

: marri
wife alfag

married

title divorced

hame
birth
death
sex

mother

» Basic technigue fdogical designderiving arelational DB schemftom an ER diagram
e perentity typeone table: Each attribute of thetype turned into attribute of table
» perrelationshiptypeon table, too: Each attribute of thetype into attribute of
corr. table, plus key attributes of of participgtia-types (as foreign keys)




Logical Modeling of the Family Tree DB (1)

 Thebasic relational schenfer this ER diagram looks as follows:

» person (titlepame birth, death, sex)
e parentsfather, mother child)
 marriage lusbangdwife, married divorced)

* Rolesin R-types are turned into attributes of the cortable.

person marriag

wife

married

title divorced

hame
birth
death
sex

mother




Logical Modeling of the Family Tree DB (2) 2

_______________________________________________________________________

e person (titlepame birth, death, sex)
.« parents (father, mothechild)
'« marriage iusbangdwife, married dlvorced)

The initial design can be improved by integrati
entity tables in case of 1:fnctionalities:

in relatonship tables into

father

person

mother

.« person(title, name birth, death, sexather, mother)
.« marriage fiusbandwife, married divorced) '




Corresponding Genealogical Database 2

g ccess - [Person : Tabelle] = Key
otbeiten  Ansicht  Einfilgen  Formab Datensstze  Extras Pefster 7
h

(- R @RY[ ) B a8 2 M e 2 One possiblginitial) relational format
| sex - | id -0 - FERU|D- 2 for family trees: justwo tables!

Tite | Name | Father | Mother | Birth| Death|Sex |«
| [Glueen Elizabeth Il 1926 f
| |Prince Philip 1921 m K3 Microsnft Access - [Marriage: =10l x|
| |Prince Charles Philip Elizabeth Il | 1948 m . . i .
" |Princess | Anne Philp  Elizabeth | 1950 f Marriage rbeten ansicht Einfiigen Format
| |Prince  Andrew  Philip  Elizabeth Il 1960 m erevorae—txtras  Fenster 7 =12 x|
| |Prince Edward Fhilip | Elizabeth Il | 1554 m - v | &1 2] | p# 2| || Divorce e
|_|Princess  Diana 1961 1997 f AL IR ek =~
| |Duchess  Camilla 1047 i Hushand | Wife | Marriage |Diunrce -
| |Prince William Charles | Diana 1982 m || Philip Elizabeth I 1947
| |Prince Henry Charles | Diana 1934 m Mark Anne 1973 1992
— pere oo m | [Timothy  Anne 1592
—{=" imothy A Charles  Diana 1981 1996
| [Duchess  Sarah 1959 f — :
| Countess  Saphie 1965 f | [Charles Carmilla 2005
N Peater Mark Anne 1977 m . Andrew Sarah 15986 19596
|| Zara hdark | Anne 1981 f | | Edward Sophie 1995
| |Lady Louise Edward | Sophie 2003 f | [William Catherine 201
| [Viscount | James Edward | Sophie 2007 m F | dichael Fara 2011 LI

Princess | Bestrice  Andrew | Sarah 1588 f Ft 3 L i -

| |Princess | Eugenie Andrewe | Sarah 1990 f AEnsE ven
| |Duchess | Catherine 1982 f Daten | | | | | el
|| Autumn 1973 f
- Savannah  Peter | Autumn 2mo f

. o . . -
= I N L 3 i Theentirefamily tree is,in“ these two tables.
O Isla Peter  Autumn 2012 fooi=l
Datensatz: HI 1 || 26k |PI IHEI von 26 . .
paterbiattansch 2 Disadvantage(?): Mamngmptycells ( nulls®)




Just Stored Data in Our Genealogical DBp Till Now 2

! =10l « All the data representing what we know
Datei Bearbeiten Ansicht Einfligen Format Datens3tze Extras Fenster 7 . .

18] ] about the Royal family members (in the
|- | SRV D@ @4 MAD family tree) have to bstoredin tables
L 2SI el AT of our relational DB

Tite | Name | Father | Mother |Birth|Death| Sex |« ) ) -
—Queen  Elzabein | o f « All the information in these two tables
:Er@nce Chares _Phiip_Elzabeth I _1948 m are,givert' data reported
fncess | Anne il 1zabet : icrosoft Access - [Marriage : =
| |Prince Andrew F'hiIiE Elizabeth Il 1¢ e ) - _ [M _ ) =10l from the,, real world .
| |Prince  Edward  Philp  Elizabeth Il 1¢ j eliel eaibeliatn s Hifiliea oo
| |Princess  Diana 1t | Datensatze Exftras Fenster 7 ;lilﬁl f h Id h
_S:EEZSS \?R?iméllz Charles | Diana 1: Jﬁ i | = | 24 & | P+ }*}Jlm? ) None 0 t 'S coul ave
" |Prince Henry Charles | Diana 11 Hushand | Wife |Marriage |Divnrce - beendenvedfrom Other
B Mark 16| Philip Elizabeth II 1947 arts of the database
|| Sir Timathy 1 | Mark Anne 1973 1992 P '
| [Duchess | Sarah P {Timothy  Anne 1992
Countess Bophie w[_|Charles  Diana 1981 1996
— o YR P ii|_|charles  Camilla 2005
[ Lady Louise Edward | Sophie o1 || Andrew Sarah 1986 1399 Can we turn th|S DB
| |Miscount | James Edward  Sophie 21| |Edward Sophie 1599 . .
| |Princess | Beatrice  Andrew | Sarah 1L [William Catherine 2011 IntO adedUCtIVd:)B
| |Princess Eugeni_e Andrew | Sarah 1! | P [Michael Fara 2011 LI H i i
oschess  cainamn e T T by extending it with
= Savamah  Peter Awwrm 2 P [ [ [ [ || Marriage| ~ additionalderived data
| |Prince Gearge Williarm | Kate 2013 m
- Michael 1978 m .
2 Isla Peter  Autumn 2012 f -
Datensatz: 14| 4 [[7 26 _» [v1[v#] von 26 = Howto do thls' o
[patenblattansicht | N Personl_# ...lf we Can?




Genealogical Terminology: Potential for Deduction 2

6.25
great-great- great-great-
grandfather grandmother
great- great-
grandfather grandmother
25

grandfather grandmother
I I

grand- grand-
niece / nephew son / daughter

« Data abouj,existencé (birth, death, sex, name etcgnnot be derivedut have to be
entered manually arsiored in tablesThe same applies to marriage and divorce.

» All other data about family relationships, howewaederivablefrom these stored data,
provided we can express them using suitdelevation rules

Blood relation
(or: consanguinity)
only!

Numbersndicate
percentage of
,common bloot

- EA

father

In this graph, relatives
from thematernalside
are given only- paternal
relatives analogously.

!

brother / sister

niece / nephew | | son / daughter

© 2019 Mart. . FRsivear Wearttresy Intelligent Information Systems 15



Example: Deriving Uncle Data from the Stored Fariiilge Data

e.g.:

How to derive data about t
unclesof a person?

(Aunts could be treated analogously.)

50

brother / sister

25

niece / nephew

50
father

6.25

great-great-
grandfather

great-
grandmaother

12.5

great-great-
grandmaother

12.5

6.25

great-
grandfather

grandmother

25

25

grandfather

)

son / daughter

grand-
niece / nephew

grand-
son / daughter

Uncle (from Latin: avunculus "little grandfather”, the diminutive @vus"grandfather")
is a family relat|onsh|p or kinship, betwearperson and his or her parent's brgther

(from: en/wikipedia)

(Here we restrict ourselves to uncle in the narsewse)

© 2019 Fadf. M. RRaimear Meanttrey

Intelligent Information Systems

16



.uncle’ as a Derived Table

Microsoft Access - [Person : Tabelle]

=10 x|

beiten  Ansicht Einfligen Format Datensitze Extras FEenster 2

=18 x|

RV BB [@4 5 A 2

| sex - | avial -0 - FxU |- 2

Title | Name | Father| Mother |Birth|Death| Sex |«
Clueen Elizabeth Il 1926 f
Prince Philip 1921 m
Prince Charles Philip Elizabeth Il | 1943 I
Princess  Anne Philip | Elizabeth I 1950 f
Prince Andrewy Philip Elizabeth Il | 1960 rm
Prince Edward Philip | Elizabeth I | 1954 m
Princess  Diana 1961 1997 f
Duchess | Camilla 1947 f
Prince William Charles | Diana 1982 m
Prince Henry Charles | Diana 15954 m
|| hlark 1945 m

|| Timothy 1950 m
Duchess | Sarsh 1955 f
Countess | Sophie 1965 f
- Peter Mark  Anne 1977 m
|| Zara Mlark Anne 1931 f
| |Lady Louise Edward | Sophie 2003 f
“iscount | James Edward | Sophie 2007 rm
Princess  Beatrice Andrew | Sarah 1983 f
Princess | Eugenie Andrew | Sarah 1950 f
Duchess | Catherine 1952 f
|| Autumn 1973 f
- Savannah  Peter | Autumn 2mo f
| |Prince Gearge Williarm | Kate 2013 m
- Michael 1978 m

» Isla Peter  Autumn 2012 fooi=l

Datensatz: 4| 4| 26 _» | »1]r#] von 26

[patenblattansicht |

—

It would be nice to
have the data abo
uncles in the Roy.
family in a table of
its own—best in a
derived tablé

(If possible!)

| M stored

=10 x|
arbeiten  Ansicht
mak Datensakze
er 2 =8 x|
J ncle - B
I EE
Name | Uncle
Beatrice Chatles
Eugenie Chatles
Beatrice Edward
Eugenie Edward
| |Zara Andrew
Feter Andrew
| |Zara Charles
| |Peter Charles
| |Zara Edward
Feter Edward
| [Henry Andrewy
L William Andrewy
= Henry Edward
| [WWilliam Edward
Louise Andrew
| [James Andrewy
Louise Chatles
| [James Charles
P | George Henry
Datersatz: 4] 4 [T 19 |
derived —— £~

(Uncles of Charlotte
and Mia still missing.)




Uncle Relationships in the Royal Family Tree?

Philip,
Queen Elizabeth Il Duke of Edinburgh

?

Charles, Anne, Andrew, Edward,
Prince of Walaes Princess Royal Duke of York Earf of Wessex
i
F -
= Ih -
- D'E"‘;";N . Camilla, Captain Mark Vice-Admiral Sophie,
RNCESS OF Yvales Duchess of Comwall  Phillips Timothy Laurence Duchess Countess of

of Yori Wessex

[ |
William Harry Frincess Princess Louise James,
Duke of Prince Henry Peter Zara Beatrice Eugenie  ladylouise  Viscount

Cambridge of Wales Phillips Tindall of York of York Windgsor Severn

Kate Autumn Mike

Duchess of Phillips Tindall
Cambridge
Prince George Princess Charlofte i
Savannah Isla Mia Grace

of Cambridge of Cambridge

An uncle of a person is (one 0
his (or her) parent's brothers

© 2018 Prof. Dr. Rainer Manthey



Uncle Relationships in the Royal Family Tree! 2

Philip,
Duke of Edinburgh

[
Charles,
Prince of Wales

I |
Andrew, Edward,
Duke of York Earl of Wessex

|h--- 1

Diana :
. ' Sophie,
Fincess o idios Duchess Countess of
of York Wessex
[

William Frincess Princess Louise James,
Duke of Beatrice Eugenie Lady Louise Viscount
Cambridge of York of York Windsor Severn

Fl¥

Autumn Mike
Duchesgdt Phillips Tindall
Prince Georgeyl Princess Clarlofte ) a0
of Cambridg  of Camifidge Savannah lsla Mia Grace And severahdditionaluncle i

relationships- how many?

(Do Savannah and Isla have any uncles?)

© 2018 Prof. Dr. Rainer Manthey



How to Derive a Particular Uncle Row?

Microsoft Access - [Person : Tabelle] 1Ol x| -
il Buebei beprheiten Ansicht  Einfligen Format Datensitze Extras Eenster 2 UnCIe ;IEIEI
Person _|®] x| - E— - i Bearbeiten Ensjn:ht
ETw SR Y| B@[-[@[s e 2 | Howtoderive e o e
? -
[5er [ -w -|Fxu|&a- * |the Uncletable | Cgras forster 2 =18
. ncle - 2
Titte | Name | Father| Mother |Birth|Death|Sex |« from the Person b
| [Gueen  Elizabeth | 1926 f LR YR = R YA YN
| |Prince | Philip 1921 m table? - ™ Un
| |Prince  [Charleser__ Philip _ Elizabeth | | 1948 [ | lame ncle
| |Princess [Anne Fhilp | Elizabeth I | 1950 f I | |Beatrice Charles
| |Prince Andrew Philip  |Elizabsth Il | 1950 m | [Eugenie Chatles
Prince Edward Philip | Elizabeth Il | 1954 m | [Beatrice Edward
Frincess  Diana 1961 1997 f Eugenie Edward
Duchess | Carmilla 1947 f | zara Andraw
| |Prince William Diana 1582 fm —|
| |Prince Henry Charle | Diana 1934 m | peeter i:dr:&w
|| hlark 1945 m I
| sir Timothy 1950 m | ’ ’ Peter Charles
Duchess | Sarah 1959 L | |Zara Edward
| |Countess | Sophie _ 955 f | [Peter Edward
| | Pater Mark _ Anne N | 1977 m A derivation strate [ |Henry Andrev
|| Zara Mlark Anne 1931 f Whilliam Andrew
| Lady Louise Edward  Sophie 2003 f gy a human would — Henry —
| [Viscount | James Edward | Sophie 2007 m 1 T
Princess  Beatrice Andrew | Sarah 1983 f use’_mlght Serve as —W”I_Iam Edward
| [Princess | Eugenie Andrew | Sarah 1950 f a SUItable Strategy | |Louise Andrewy
| |Duchess | Catherine 1982 f f adeducti | |James Andrew
| Autumn 1975 f oI adeducton | [Louise Charles
- Savannah  Peter | Autumn 2010 f enginé . | |James Charles
| |Prince thgnr:gel Williarm | Kate ?g;g m " b |Gearge Henry
ichae i
» Isla Peter  Autumn 2012 fooi=l (Is this some kind | Datensatz: CIRE] 1o |
Datensatz: 14 4 || z6 ¢ |21 %] von 26 o | | | M [ g
[patenblattansicht | ] WE[ [ 2 of ,,art|f|C|aI

intelligencé ?)




Relational Views as Specifications of a Derivatitnategy 2

Microsoft Access - [Person : Tabelle]

Datei Bearbeiten Ansicht Einfligen Format Datens3tze Extras Fenster 7

=10 x|

=18 x|
|- R SRY | @0 @8l Z[a s
| sex - | avial -0 - FxU |- 2
Title | Name | Father| Mother |Birth|Death| Sex |«
Clueen Elizabeth Il 1926 f
Prince Fhilip 1921 m
Prince  [Charlesg._Philp__ Elizabeth Il | 1943
Princess JAnne ilip | Elizabeth Il | 1950 f i
Prince Andrewy Philip Elizabeth I 1960 rm
Prince Edward Philip | Elizabeth I | 1954 m
Princess  Diana 1961 1997 f
Duchess | Camilla 1947 f
Prince William Diana 1982 m
Prince Henry Charles | Diana 15954 m
|| hlark 1945 m
|| Timothy 1950 m
Duchess | Sarsh -—
| |Countess | Saphie _ f
N | Feter < Mark | Anne | 1977 m
|| Zara Mlark Anne 1931 f
| |Lady Louise Edward | Sophie 2003 f
“iscount | James Edward | Sophie 2007 rm
Princess  Beatrice Andrew | Sarah 1983 f
Princess | Eugenie Andrew | Sarah 1950 f
Duchess | Catherine 1952 f
|| Autumn 1973 f
- Savannah  Peter | Autumn 2mo f
| |Prince Gearge Williarm | Kate 2013 m
- Michael 1978 m
» Isla Peter  Autumn 2012 fooi=l
Datensatz: M1 26 v L1 ]r#] von 26
_ patsnbiattar Sored table W 4

-loix]

Datei Eearbeiten  Ansicht

DenvedtableSln a Einfligen Format Datensatze
relational DB are Extras Fenster 2 =12 x|
obtainable as the result | -
Al 2 b
of aquery Each query - |H &1 &l|# @) 2
thus expresses a deduc BN
. “ | [Beatrice Charles
| “tion , strategy of a table.[ [Eugenie  Charles
\s | |Beatrice Edward
: Eugenie Edward
Named queries-can be [7.. Ao
stored in a relatiorﬁDBR Pater Andrew
introducing anamed [FHarea o ]

eter
——derived table. In SQL, Tara Edward

these queries are called—{"**' Edward
. | [Henry Andrew
Views | |WWilliam Andrew
| [Henry Edward
| [WWilliam Edward
How does thSQL | |Louise Andrew
. 5 James Andrew
view look like | [Louise Chatles
that can,dao" this || James —
kind of deduction?l] 222 g Derived table
Daktensatz: 14) 4 9]
| | [ W 4




,uncle' in SQL— 15t Attempt

CREATE VIEWUncleAS
(
(SELECT P1.Name,
P3.Name AS Uncle
FROM Person AS P1, self
paternal uncle Person AS P2, father
Person AS P3 uncle
WHE Father= P2.Name
AND P2.Mother = P3.Moth r
AND P2.Father = P3.Fathe
AND P2.Name <> P3.Nam
AND P3.Sex 2m')
UNION
(SELECT P1.Name,
P3.Name AS Uncle
FROM Person AS P1, self
Person AS P2, mother
maternal uncle Person AS P3 uncle

AND
AND
AND

AND

~  WHERE—P1Mother= P2.Name

P2.Mother = P3.Moth
P2.Father = P3.Fathe
P2.Name <> P3.Nam

P3.Sex 2m)

r

Microsoft Access =10 x|
Datei Eearbeiten  Ansicht

Einfigen Format Datensatze

Extras Eenster - | & |5|

X

Uncle -

(—

FEEREE
Name | Uncle
| [Beatrice Charles
| [Eugenie Charles
| [Beatrice Edward
| |Eugenie Edward
| |Zara Andrew
| [Peter Andrew
Zasa Chadas
| |Peter Charles
L Erwrard
| [Peter Edward
| [Henry Andrewy
| [William Andrewy
| [Henry Edward
| [WWilliam Edward
| [Louise Andrew
| [James Andrewy
| [Louise Charles
| [James Charles
P | George Henry
Datersatz: 4] 4 [T 19 |

T M -

)
ﬁ Apply this code to the Person table on the previide!




,uncle' in SQL- 2" Attempt 2

Thedirectderivation ofUncle from the base tableersonis very complex why not try
to simulatethe Wikipedia definition which uses auxiliary conceptparent and, brothef'?

Uncle... is a family relationship ... betwearperson and his or hparen's brother...

Assume we haviewsParent(Name, ParengndBrother(Name,Brotheravailable—then
Unclecould be specified like this:

CREATE VIEWUncleAS
(SELECT P.Name AS Name,
B.Brother AS Uncle

FROM Parent AS P,
Brother AS B
WHERE P.Parent B.Name)

Much, muchsimpler— but we still need specifications of the two othmws ...

e.g.. Parent(PetAer',/Anné) } Uncle(Petet, 'Charles)

Brother(Anne, 'Charles)




» Parent in SQL

* Both, father and mother of a person aregargznt of this person.
* In English, the ternparentexists as aingularnoun, too- unlike, e.g., in German.

* So theSQL specificatiorof Parentneedgwo casesone for paternal and maternal
parent each:

CREATE VIEW PareniAS
(

paternal parent

(SELECT Name,
Father AS Parent
FROM  Person)

UNION

(SELECT Name,

maternal parent Mother AS Parent
FROM  Person)

)




, Brothef* in SQL

 Thebrotherof a person is a male with exactly the same panaoénts.

« If just one of mother or father is the same, weakpef ahalf-brother.

 The SQL viewBrotherlooks like this:

FROM

WHERE
AND
AND

AND

CREATE VIEWBrotherAS
(SELECT P1.Name,

P2.Name AS Brother

Person AS P1, self

Person AS P2, brother

P1.Mother = P2.Mothefi,

P1.Father = P2.Fathe } Same parents
P1.Name <> P2.Nam different persons

P2.Sex =m') male




Two-level Specification of Uncle" 2

CREATE VIEWUncleAS
(SELECT P.Name AS Name,

View based on B.Brother AS Uncle

two , lower levef

views FROM Parent AS P,
Brother AS B
HERE P.Parent
CREATE VIEWParentAS CREATE VIEWBrotherAS
((SELECT Name, (SELECT P1.Name,
Father AS Parent P2.Name AS Brother
FROM Person) Views based on FROM  Person AS P1,
UNION two tables Person AS P2,
(SELECT Name, WHERE Pl.Mother = P2.Moth
Mother AS Parent XND P1l.Father = P2.Fathe
FROM Person)) AND P1.Name <> P2.Name.

AND P2.Sex=m")

Table

© 2019 Paff. . Ramear Wearttrey Intelligent Information Systems 26



First Lessons About Using Views 2

Using views enables us éxtenda given database of stored tables by means ofiaaialit
derived tables that aeutomatically generatday the DBMSon demand

We call this generation procesaduction(as it follows laws of inference inventedlonic).
Thus, databases using views degluctive databases

View definitions arepieces of code in SQki.e., you, progrant SQL, if specifying views.
View definitions are the counterpartficoceduregor methods) in imperative programming.

If using views properly, each view idaclarative specificatioof a concept (or: a term) of
the respective application domain. Each of theseipations has to beonstructivei.e.,
usable for generating all instances of the condephedover the given base data.

It is not (always) easy toorrectlyandcompletelyspecify a concept! You need a precise
understanding of the definition of the resp. concemaural language before coding SQL.

Quite often there are varioa#fernativehow to formulate a specification. They may differ
in elegance of style, ease of understandibility-antbst important-in efficiency of orga
nizing deduction processes.

A multi-level specification, using intermediate concepts, isrofieeferable




Datalog vs. SQL: Some Basics Ahead

 Research in deductive databases has a neaggal@ history (as old as SQL), but
has been usingdfferentdeclarative language (not SQL!) most of the tinieyrgly
influenced by the logic programming language PROLOG

Datalog

» Nearly all publications in this area have beeng&atalog—thats why we will use
Datalog during this lecture, too (and you will hdgdearnit!).

« Many results of DDB research have been transfeadide SQL world recently!
Thats why SQL will also be appearing throughout théuexin variais places.

SQL.:

» used inindustryand commerce

» supported by many DBMfroducts
« standardized

» userfriendly (,controlled English)
 rich set of syntactic features

Datalog:

used inacademianly

just few academiprotoypes
no standards
mathematicastyle
minimalistic syntax




About this Section 2

In 2.1: Informal introductiorto Datalogby means of aextended example

« SimultaneouslyExamplebasedntroduction to . . .

e ...specifying concepts indeclarativeDB language
e ...answering queries oveéeductiverules
e ...deduction using SQkiews

o At first:

* No rigorous treatment of concepts and idegwetting' your appetite is the goal.
« Justcore conceptpresented and used in examples, more to come.

* In 2.2: More irdepthsystematidreatment of Datalog (in full).
 Aim: Enable students tstart, speaking the language straightaway.
* S0, do make use of this chanéaercise yourselvesdortt wait to be,forced'!

 There is no use reflecting about theory if you dohrave ay first-hand experience
In practice-try doingthings in SQL, too, using your favorite DBMS.




Datalog: A Little Bit of Background 2

‘ "Datdog" I . "Datébase + Pring", a notion coined around 1984 in the USA.

Syntactically:Strong influence bjogic programmindanguage Prolog
(but: Only simple form of'pure" Prolog adapted)
SemanticallyStrongly different!Setorientedlike other languages, e.g., SQL
(instead of instance-oriented like Prolog)

»Lingua franca" in researcbn deductive databases (,de facto“ standard)
But: Up till now notused commercially, nstandardisation, nDBMS product!

Rather uniformsyntax and semantics of facts and rules
Various differenforoposals for queries, updates, constraints, amehsas

Datalog is based on tlilmmain relational calculus (DRGyhile SQL is based on
tuple relational calculus (TRC) and relational aige(RA). Datalog uses justianimal

set of logical operators:
‘ Conjunction and Negaution'q

Later in this chapter: Some more background ati@threeformal relational DB
languages just mentionedRA, DRC, andTRC! A bit more about Prolog will follow.




Datalog vs. SQL: Comparison in a Nutshell 2

SQL
Datalog CREATE VIEW s AS
(SELECT a FROM p)
UNION
s(X) < p(x.Y). (SELECT b FROM )

s(X) < r(Y,X).
CREATE VIEW t AS

t(X,Y,2) « p(Xx,Y), r(Y,z). SELECT a, b, ¢
(X,Y,2) < p(XY), r(Y,2) BT

w(X) « s(X), not g(X). WHEREDp.b =r.3,

CREATE VIEW w AS
(TABLE s)

MINUS
(TABLE q);

Viewsin SQL (as named, stored queries) haiesin Datalog as analogous counterpatrts.
Three derived relations are defined in both casdsw. In loth cases, three tables are
used: p, g, r. View w depends on view s, too.




Basic Datalog Syntax on a Single Slide

Facts}

Constantg:

Implicit disjunction (or)

/

Variables

Relation Name;

(”I

P, g, - Base relations

S

}p() ,/p(X,Y). Rules}

(

ﬁt(X,Y,Z) « p(X,Y), r(Y,2).

X) < 1Y, X).

Conjunction (and;

Negation (not)

s, t, w: Derived relations

]




No Nulls in Datalog (1)

Perso ccess - [Person : Tabelle] =10 x|
ceotbeiten  Ansicht  Einfligen Format Datens3tze Extras Fenster 7
=18 x]
el - A N N
| sex -0 - FxU |- 2
Tite | Name | Father| Mother |Birth|Death|Sex |«
| [Glueen Elizabeth Il 1926 f
| |Prince Philip 1921 m
| |Prince Charles Philip | Eliza Il 1945 wm
| |Princess | Anne Philip. Elizabeth [MN\194( \
| |Prince Andrew Fhilip  Elizabeth Il | 1 mo N
| |Prince Edward Fhilip | Elizabeth Il | 1564 m
| |Princess  Diana 1961 199
| [Duchess  Camilla 1947 f N
| |Prince William Charles  Diana 1952 m
| |Prince Henry Charles  Diana 1934 m
|| hlark 1945 m
|| Timothy 1950 m
| |Duchess | Sarah —_ | 190 f
Countess | Sophie 1 f
- —|Feter Mark  |Anne 1977 m
Zara ark Anne 1981 f
| |Lady Lauise Edwar 2003 f
| [Viscount | James Edward | Sophie m
| |Princess  Beatrice Andrew | Sarah 1985 f T
| |Princess | Eugenie Andrewe | Sarah 1990 f
| [Duchess | Catherine 1952 f
|| Autumn 1973 f
- Savannah  Peter | Autumn 2mo f
| |Prince Gearge Williarm | Kate 2013 m
- Michael 1978 m
» Isla Peter  Autumn 2012 fooi=l

Datensatz: HI hJ || 26k |PI IHEI wan 26

[patenblattansicht

N

\

I

\o

First problem (?):

Datalog
cannot accomodate null valy
i.e., no empty cells in a table!

easons for nullln the, SQL database

» Everyone except Diana is still alive.

* No ancestors for the royal couple.

* No ancestor data for spouses of royals.

Some spouses ddrhave any title.

Therefore:, Datalog DB needs more than

two (normalized) tables




No Nulls in Datalog (2)

- -loix
_(ol x| ICrOSOIEE Xl
P r n ( L t Einfigen Format Datens3tze Extras Fenster 7 Three nuufree tables
S SQ - Person (Datalo '
BB o @28 2 o =| rather than one
J Sex -0 - F X U | P ® Name | Birth 5ehe 2uFeld
Tit] - Charles 1945 m
itle | MName | Father| Mother |Birth|Death| Sex|« Anne 1950 f x|
quen Eli;fsul:ueth Il 1926 f || Andrew 1960 m Chlld (Datalog)
Prince Fhilip 1921 m | |Edward 1964 m as
Prince Charles Philip Elizabeth II 1343 i .Dmn"r' 1961 1 J Eenster ? =]
Princess  Anne Fhilip Elizabeth Il | 1950 f / Cgmilla 1947 f B - | = ?J Name . »
Prince  Andrew  Philip  Elizabeth Il 1960 m_4—1 | |William | 1982 m Father| Wother | Name =
Prince  Edward  Philip  Elizabeth I 1 m || Henry 1984 m = : —
: : Mark 1948 m | |Philip  Elizabeth Il Charles
Princess |Diana 1961] 4997/ " Timothy | 1950 m _|Philip  Elizabeth Il Anne
Duchess | Camilla . 1347 f | Saran 1959 1 | |Philp  Elizabeth Il Andrew
Prince Williarm Charles | Diana 1952 | Saphie 1965 | |Philip  Elizabeth Il | Edward
Prince Henry Charles | Diana 15984 m | Pater 1977 lm [ Charles%ﬂana Williarm
| hlark 1943 Fri N | |Zara 1981 f || Charles " Diana Henry
| |Sir Timothy 1950 mo | |Louise 2003 f | |Mark  Anne Peter  —
Duchess  Sarah 1959 f | |James 2007 m | |Mark | Anne Zara
Countess | Sophie 1965 f Beatrice 1988 1 | |Edward Sophie Louise
Peter Mark | Anne 1977 m ) Eugenie 1990 f | {Edward Sophie James
— Zara Mark Anne 1581 f || Catherine 1982 f | |Andrew Sarah Eleatrlc_e
— - - Auturnn 1978 f | |Andrew Sarah Eugenie
|| Lgdy Louise Edward Suph!e 2003 f Savannah | 2010 f [ |Peter  Autumn Savannal
“igoount | James Edward | Sophie 2007 m S George 013 m | |william  Kate George
Princess  Beatrice Andrew | Sarah 1988 f i 1970 Deter Auturmn lsla] =]
Princess | Eugenie Andrew | Sarah 1950 f I'Sla 201 ;|E|_| | <] 15 L
Duchess | Catherina 1982 f * . Datei Eearbeiten Ansicht WE[ [
. Autumn 1578 f Datensatz: 14 M| [— | cirfrinen Sovense mispecesps
N Savannah | Peter | Auturn 2010 f L
| |Prince Gearge William | Kate 2013 Fri \Qeath (Datalog )
|| Michael 1978 m = cehe 2u Fele
3 I5la Peter | Autumn 2012 f Ad| ame | Yea
Datensatz: 14 4 || 26 b | v1|r#] von 26 P |Diana [EEH
[patenblattansicht | WE[ [ 2 (Tltle dropped Datensatz; 14 < |

from now on)

TR




No Nulls in Datalog (3)

Marrlage (SQL

J‘-"‘-‘ T

o 7 ==l

=10l x|

ht  Einfligen Format

8134 [ re 2

Divorce e

[ E—

Hushand | Wife | Marriage |[.'lwnrce
|| Philip Elizabeth Il 1947
| [Mark Anne 1992
| [Timathy Anne 1992

Charles Diana 1931 1996
| [Charles Camilla 2005
| [Andrew =arah 1986 199G
| | Edward Sophie 1999
| [William Catherine 2011 N
| P [Michael  Zara 2011 }

Datensatz: 14| « [T 2 » [»1]ps#] von 9

|Daten | | |

| G

Microsoft Access - [Mar

| pm—

=10l x|

cht Einflgen

Marriage (Datalog} et = -1si
I

E

Z} | b J Marriage -z

Hushand | Wife |Marriage | «
| |Philip Elizabeth Il 1947
| [ Mark Anne 1973
| [Timothy | Anne 1992
| [Charles Diana 1931
| [Charles Camilla 2005
Andrew Sarah 1386
| |Edward =ophie 19939
| [WWilliam Catherine 2011

| P [Michael  Zara P011) -

Datensatz: 14 4 || a v e e

Ml T 4

Microsoft Access

| pm—

=10l x|

Divorce (Datalog)

Similar normalizatiorrequired
for Marriage (as most royal
couples are nct yet—divorced).

JI:J'\erb FETIZIET ¢

5| x|

Jg- (=] ?JDivurce

>
-
-

Mlark Anne
Charles  |Diana
Andrewy | Sarah

Datensatz I II—
Nl T 4

Husband | Wife |Divorce| «
15952

1996

195“3';'




.Brother“ in SQL Using the ,Datalog" Schema 2

CREATE VIEW Brother AS
(SELECT P1.Name,
P2.Name AS Brother

In order to compare the SQL views with
the corresponding Datalog rules, we first

old versionl FROM  Person AS P1, have to,translate view definitionsto the

Person AS P2,

WHERE P1.Mother = P2.Mothe
AND P1.Father = P2.Fathe
AND P1.Name <> P2.Nam

AND  P2.Sex m)

new 5table schema.

new version

CREATE VIEW Brother AS
(SELECT C1.Child AS Name
C2.Name AS Brother

FROM Child ASC1,

Person information in Datalog: \ Child AS C2,
person(Name, Birth, Sex) Person AS P2
child(Father, Mother, Child) WHERE C1.Mother = C2.Mothefi,
death(Name, Year) AND Cl.Father = C2.Fathe

AND C1cChild<> C2Child
AND C1.Child = P2.Name

AND P2.Sex 2m)

Person table in SQL:

Tite | Name | Father| Mother |Birth|Death|Sex .
Datensatz: HI 1 II 27|k IH IHEI van 27
|Daten|:-|attansiu:ht | | | | | IEI_I_ i




.Brother” in Datalog

SQL:

(SELECT

FRO

WHERE
AND
AND
AND

AND

brothe(N,B)/-
child

CREATE VIEW Brother AS

C1.Chid AS Name,
C2.Name\ AS Brother
Child AS C3,
Child AS C2,
Pefson AS P2
¢ 1.Nother = C2.Mothe
Father = C2.Father
hild £> C2.Child
G1/Chijd/= P2 Name

] .Se =m' ~

M),

child(RRM/B),
personB, ,m),
N <> B.

Datalog
brothe(N,B)
child(F,M,N),
child(F,M,B),
personB, ,/m),
N <> B.

srthe(N,B)
child(F,M,N),
child{,M,B),
personB,”,'m'),
N <> B.

In SQL: Variables forowsof tables.
In Datalog: Variables foattributevaluesof rows.




First Observations About Datalog

* The basic building blocks of Datalog rules areamiterals They consist of a relation
name and a list of parameters (either variablepostars), e.g.child(F,M,N).

» Variablesin Datalog stand for individual attribut@lues i.e., elements of data types
occupying a single cell in the table/view undersidaraton.

« Datalog doesit make use of anattributegcolumn names), though. Columns are identified
by theirpositionwithin the parameter list. The order of columnsteratand hato be fixed.

Datalogrulesare expressions of the foidead —~ Body.whereHeadis a literal represen

ting name and column structure of the newly defiviesv (derived relation). The rule body
IS a conjunction of literals accessing tables deotiievs on which the new view depends.

Thesame variableccurring indifferentplaces in arule | prothe(N,B) —
always represents the same value (variable binding)

child(F,M,N),
whereadlifferent variablesmay (but doft have to) child(F,M,B),
represent different values. personB, 'm),
N <> B.
Underscoresepresenjunnamed variables,filling

up" irrelevant positions in a parameter list.




.Parent” and ,Uncle" in Datalog

New feature underscore
for ,dort car¢ positions
in parameter lists of literals

CREATE VIEWParentAS
((SELECT Child AS Name,
Father AS Parent
FROM Child)

paren(N,P) — child ,i,N).
paren(N,P) — child(_,P,N).

UNION

(SELECT Child AS Name,
Mother AS Parent
FROM Child))

CREATE VIEWUncleAS
(SELECT Piarme AShamel. | unclany) -
FROM Parent AS P, Eartehnt(NFa’
Brother AS B rotherP,U).

WHERE P.Name= B.Name)

© 2018 Prof. Dr. Rainer Manthey Intelligent Information Systems
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Uncle Definition in Datalog: Full Dependency Graph

unclgN,U) —
parent(NP),
brotherP,U).

paren(N,P) o child(P,__N).
paren(N,P) — child(_,P,N).

/'

brothe(N ‘ B) —

child(F,M,N),
child(F,M,B),
personB, ,/m),
N <> B.

child/3 person/3

© 2018 Prof. Dr. Rainer Manthey
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SQL Version in Comparison

FROM

CREATE VIEWParentAS
((SELECT Child AS Name,
Father AS Parent
FROM Child)
UNION

(SELECT Child AS Name,
Mother AS Parent
FROM  Child))

Child

CREATE VIEWUncleAS
(SELECT P.Name AS Name,

B.Brother AS Uncle
Parent AS P,
Brother AS B

CREATE VIEWBrotherAS
(SELECT C1.Child AS Name,
C2.Name AS Brother

FROM Child AS C1,
Child AS C2,
Person AS P2
HERE C1]Mother = C2.Mothef,
AND CL.Father = C2.Fathe
AND .Child <> C2.Child
AND 1.Child = P2.Name

AND 2.Sex 2m')

Person




Using Negation in Datalog and SQL 2

* In our initial example comparing Datalog and SQlhén declaringhe same derived
relations/tables) we used one rule/view contaithaggcal negation

CREATE VIEW w AS
(TABLE s)
MINUS
(TABLE q);

W(X) — s(X), not g(X).

* |n Datalog the Boolean operatoiot appears in the rule body next to the operator and
written in Datalogstyle as a comma symbol. In tB@L view declaration the s¢heoretic
counterparMINUS is used instead.

* Negation(regardless in which syntatic variant) potentigyusedroublein a deductive
(relational) databaseto be explained later. Therefore we will have eatmegationvith
particular cark

 SQL knows logical NOT, too. How to express thisrapée rule inSQL using NOT?




Negative and Positive Facts in Databases 2

In (relational) databases:

» All storedfacts are (supposed to ke)e
T« Al truefacts are (supposed to Edbred(or derivable).
Complement(DB)

» All non-stored or notderivable facts are (supposed to fadge
» No falsefacts are (supposed to be) stored (or derivable).




Datalog: Negation by Example 2

» We need a bit gireparatiorbefore being able to use negation in our geneatogyext.
* In the exercises, we will try to formalize the ceptof being (currently) married— a rather

difficult affair. Now let us define who wasvermarried, and who het least onehild.
For making things easier, we just look at the ncalge (husand,  parameter omarriage

as well aghild):
ever_marrieP) — has_chil(P) —
marriageP,_, ). child(P,_,).

* Now for the rule requiringegation An unclewho hasnho children and wasevermarried
Is interesting(because we might inherit his fortune, when he'jlies

interesting_uncigN,U) —
uncle(NU),

not ever_married(),

not has_childQ).




Corresponding Data over Royals DB

interesting_unciN,U) —
uncle(NV),
not ever_married(),

not has_childy).
Uncle _childy)
Name | Uncle
| [Beatrice Charles
| [Eugenie Charles H
| [Beatrice Edward HaS_Chlld
| |Eugenie Edward 2 !
| |Zara Andrew Father
| |Peter Andraw | |Andrew
| |Zara Chatles | |Charles
| |Peter Charles || Edward
| [Zara Edward | |Mark
Fet Edward H | [Peter
T Honry R Ever_marriec Philin
| william Andrew 2 - P |William How to compute
| |Henry Edward Husband Datensatz: 14 4 . . p
o Edvar [andren T interesting uncles
ouise ndrenw || -
] James Andrew | [Edward if you only have
Louise Charles | |Mark o

: James Charles | [Michael pOSItlvedata

P | George Henry | [Philip at hand)

Datensatz: 14 ] 4 || 19 | T%Tll-:lthy ¢
- illiarm

|| [ W 4

Datensatz: H| 1 |
T




Discovering Negative Data (1)

Although we do nohavedata
about persons whaevermarried,

interesting_unciN,U) —
uncle(NV),
not ever_married(),

Uncle or are childess. . . not has_childy).
Name | Uncle

I i1 — 1 L1y
| T[Eugere CiarEs HaS Child
| [Beatrice Edward L
| |Eugenie Edward H :
| |Zara Andrew Father
| |Peter Andrew | |Andrew

Fara Etrartes :“:harIES
: GEIC) Ciares | |Edward
| [Zara Edward | r;dark

. t
o Gme || [Bvermarmied X
| Jwilliam Andrew - - b | william
| |Henry Edward Husband Datensatz: 14 4
| william Edward |\ Andrew 00
| |Louise Andrew | [Charles -
| |James Andrew | |Edward N
e Etrarhes k| . . . We can use the positive data about
ichae . ]
Voeoge  Henry P persons whaid marry ordo have a child
| Datensate: 1| ([~ 15 1] B oty for eliminatinguncles who definitely
[ — — 51 arenotinteresting! No need tgaccess$

Datensatz: H| 1 |
T g

thecomplemenof any table explicitly.




Discovering Negative Data (2)

/

interesting_unciN,U) —
uncle(NV),
not ever_married(),

Uncle
Name | Uncle
—rEestice——Ehattes——
| T[Eugere Cirartes H
| |Beafrice Edvward HaS_Chlld
—m - 1
_zmq ."J}Wlldll:'.".' Fﬂtth
“[Futer AT Andrewy .
_zalu Clrartes _ChEII’lES At the e.nd’ Only Henry lS
: Feter CHares | |Edward Intel’eStIng (for George)|
EGIIG Ed\"-'ﬂld I Mark
B Erward H | [Peter
Ever_marri Phill
TTETITY HITOTEW h— .
L ETR Andrew 7 William
: :l::|||_-|I El.:wnu_: HHSba“d Datensatz: HI 1
T Edwar féﬂdrfw W 4
Caase AT TEW arles In r in n l s
| T[James Andrew | |[Edward te eSt g_U Q(o
7 o Ctraries I mar: | Name | Uncle
T | Prl;i:”pae k| George Henry|
; _Timuthy _Datensatz: H| 1 ||—1L|_
Datensatz: 14 4 || 19 | (11
— B [William | | | RE[ [ oz
| [N g
Datensatz: H| 1 |
T
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Translation to SQL 2

interesting_unci@N,U) —
uncle(NV),

not ever_married(),
not has_childQ).

In SQL, the corresponding query defining the vieguires tweembedded subqueries
correlatedwvith the main query by means 6fOT IN (or, similarly, NOT EXISTS:

CREATE VIEW Interesting_uncle AS ﬁs‘;ﬁmﬁg@

(SELECT * instead (and nc

FROM Uncle WHERE part)

WHERE UncleNOT IN works, 100, as
previously.

(SELECT * FROM Ever_marrie )
AND Uncle NOT IN
(SELECT * FROM Has_child))

Theevaluation strategig the same in SQL: Redubincle by eliminatingthose rows
for which the NOT IN condition doe®t hold!




Open Question Remaining about Negation 2

ever_marrieP) —
marriageP,_, ).

interesting_uncigN,U) —
uncle(NV),

not ever_married(),

not has_childQ).

Why not simply use one rule rather than thﬁ'{;

has_chil{P) —
child(P,_

interesting\ unciN,U) — There is ggood-even though
uncle(N}), debatable- reasorfor using
not marriagey,_, ), the three rules rather than one.
not child(U,_, ).

This will be discussed in the
Don't use this in Datalog! next sectionpleasewait!

© 2018 Prof. Dr. Rainer Manthey Intelligent Information Systems 49



Traversing Family Trees: Fixed Number of Steps (1)

Prince Philip

Duke of Edinburgh
b 10 Jun 192

Princess Anne Prince Andresw

b. 15 Aug 1950 Duke of York
WS b. 19 Feb 1960
Naw 1973 Maried 23
aul 1951 - 9 Divorced 28 Jul 1986
Divorced 28 Diana Spr 1992 Drivorced 30
Aug 1998 Princess ofvales tark Phill igs My 1996 Sarah
——— b.1 Jul196 h. 22 Sep 1948 ————— Duchess of Yok
o 31 Aug 1997 Diorced h.15 Oct 1953
Diivoreed

Married 9
Apr 2005

arried 12
Dec 1952

Camila Timothy Laurence
uchess of Cormwsl| kA Mar 1955
BT July 1947

i}

Princess Besttce
b8 Aug 1955

Prince Henry (Hamy)
k.13 Sep 1954

Princess Eugenie
b.23 Mar 1990

Atumn Phillips
b3 May 1978

Catherine Peter P hillips
Duchess ofCambridge b 45 poyv 1977
b, 9 .Jan 1952

Zara Phillips
b3 May1§81

Prince Georoe

Savannah
b 22wl 2073

E=E]
k. 29 Dec 2010 b. 31 Mar 2012

Mike Tinctall
b8 Oct 1978

Prince Edward
Earl of \Wizssex
b 10 Mar 1964

Married 19
Jul 1959

Sophie
Courtess of Wessex
b. 20 Jan 1965

S

Lady Louise
k. 8 Mov 2003

“igcount Severn
b, 17 Dec 2007

Don't be surprised
this is the Royals
family tree image
from last year




Traversing Family Trees: Fixed Number of Steps (2) 2

paren(N,P) — child(P, ,N).
parentN,P) — child(_,P.N). 1 step down the tree
(in direction of ancestors,

I.e. towards the root of
the family tree)

grandparer(N,GP) —

2 steps down the tree
parent(N,P),paren(P,GP) . P

These arrows ameotreferring to the
family tree, but represent dependeny
of relations on each other!)

greatgrandparer(N,GP) —
parent(N,P)grandparerP,GP) .

i What to do if we doft even kno
l how deepwe can go in the tree®

3 steps down the tree




Recursive Views: Generalizing Tree Traversal

Traversal of a family tree down &rbitrarydepth can be expressed very elegantly using the
most powerful syntactic feature of declarative guanguages: Recursion

ancestor(X,Y) -« parent(X,Y).

Datalog:
J ancestor(X,Y) — parent(X,Z),ancestdZ,Y).

CREATERECURSIVEVIEW Ancestor AS
( (SELECT Name,
Parent AS Ancestor | S
SQL: FROM Parent) Recursive views
are allowed in
UNION SQL since the
(SELECT P.Name, standard of.999
A.Ancestor
FROM Parent AS P,
Ancestor AS A
WHERE A.Name = P.Parent))




Ancestors and Descendants

_____________________________________________________________________________________________________________________

AII the children of a person X aencestoref X, as well as all ancestors of the
ch|Idren of X (and so on):
Ancestois arecursively define@¢oncept!

______________________________________________________________________________________________________________________

ancestor(X,Y) « parent(X,Y).
ancestor(X,Y) « parent(X,Z),ancestoiZ,Y).

______________________________________________________________________

___________________________________________________________________________________________________________________________

The generatior(or level) of an ancestor can be expressed by neaans addronal
parameter which igzcursively incremented

ancestor(X,Y,l) « parent(X,Y).
ancestor(X,Y,)) — parent(X,Z), ancestor(Z,Y), J = |+1.

descendant(X,Yl) — ancestor(Y,X)).




Computing Royal Ancestors Recursively (1)

ancestor(X,Y,1) - parent(X,Y).

[ T /
Person | Parent /
Andrew Elizabet : : -
|| Andrew Philj P_| — A | D'
Anne Elifabeth | | |Andrew  Philip !
| Anne Philip | |Andrew  Elizabeth Il | 1
| |Beatrice Andrew | |Anne Elizabeth Il | 1
: Beatrice Sarah _Anne. Fhilip 1
Charles Elizabeth I [ Eeatrice | Andrew 1
| charles Philip | |Beatrice | Sarah 1
| | Edward Elizaheth Il | |Charles | Elizabeth Il | 1
| Edward Philip 1 | |Charles  Philip 1
| |Eugenie Andrew | |Edward  Elizabeth I 1
| |Eugenie Sarah | |Edward  Philip 1
George }ate | |Eugenie | Andrew 1
| |George William | |Eugenie | Sarah 1
Henry Chatles | [George  William 1
| |Henry Diana | |George Kfate 1
| |lsla Autumn | [Henry Diana 1
Isla Peter | |Henry Charles 1
| |James Edweard | |lsla Auturnn 1
| |Jarnes Sophie | |[lsla Peter 1
| |Louise Edward | |James Edward 1
| |Louise Sophie | |James Sophie 1
| |Peter Anne | |Louise Edward 1
| [Peter Mark | |Louise Sophie 1
| |Savannah Autumn | [Peter Anne 1
| |Savannah Peter | |Peter Mark 1
| [William Charles | |Savannah | Autumn 1
| |WWilliam Diana | |Savannah Peter 1
| |fara Anne | |Willam  Charles 1
b | Fara Mlark | |William  Diana 1
Datensatz: 14 4 || a0 b |w | [Zara Mark 1
e ¥ |Zara Arne 1
Datensatz: I<| 1 ||—SD_I

[ T W 4

ancestor(X,Y,J)~ parent(X,Z),ancestdizZ,Y,l), J = [+1.

Computation of the ancestor
table is doneteratively.

At the beginning there are no
ancestor facts yet, so that the
recursiverule cannot, producé
anything.

Just thenonrecursiverule is
able to provide an initial bunch
of ancestor factscopied from
parent.




Computing Royal Ancestors Recursively (2)

[t

ancestor(X,Y,1) - parent(X,Y).

Datensatz: 14| 4 |[ 30 o |mt
T T s

on | Parent p

—ﬁﬂjﬁx guﬁ?pbmh ! || Andrew —Flizabeth | 1
[ | Anne Elizabsth I e | Elizabeth Il 1
. Philip /_ Anne. Philip 1
| |Beatrice Andrew | |Beatrice | Andrew 1
=y ook | |Beatrice | Sarah 1
| Charles Elizabeth Il . Charles Elizabeth Il | 1
| Charles Philip . Charles F'h”ip 1
| Edveard Elizabeth I | [Edward Elizabeth Il | 1
| |Edward Philip | [Edward  Philip 1
B Eugenie Andrew | |Eugenie | Andrew 1
] Eugenie Sarah | |Eugenie  Sarah 1
] George Kate | [George  William 1
| | Gearge Williarm | [George | Kate 1
| |Henry Charles | [Henry Diana 1
| |Henry Diana | |Henry Charles 1
Isla Autumn | |lsla Autumn 1
[ isla Peter | |lsla Peter 1
| [James Edward | |James Edward 1
:James Sophie | |James Sophie 1
Louise Edward | |Louise Edward 1
| |Louise Sophie | |Louise Sophie 1
Peter Anne | |Peter Anne 1
|| Peter Mark | |Peter Mark 1
|| Savannah Autumn | [Savannah |Autumn 1
|| Savannah Peter | |Savannah Peter 1
|| william Charles | |William | Charles 1
|| william Diana | |William Diana 1
:Zara Anne | |Zara Mark 1
P | Zara Mark ¥ |Zara Arne 1

A—
Datensatz: I<| 1 || 300

[ T W 4

ancestor(X,Y,J) — pargnt(X,Z),anfesto(z,Y,I), J=1+1,

P —a b
| b |Beatrice | Elizabeth Il | 2
bBeatnce  |[Fhilip P
| |Eugenie  |Elizabeth Il | 2
| |Eugenie | Fhilip 2
| |George  |Charles 2
| |Gearge | Diana 2
| |Henry Elizabeth Il | 2
Henry Philip 2
| |lsla Anne 2
Isla Mark 2
| |James Elizabeth II | 2
James Philip 2
Louise Elizabeth Il | 2
| |Louise Philip 2
| |Peter Elizabeth II | 2
Peter Fhilip 2
Savannah |Anne 2
| |savannah | Mark 2
| [William  Elizabeth Il | 2
| [William Philip 2
fara Elizabeth Il | 2
Lara Philip 2
Datensatz: 14| 4 || 1|8

[ I 1

First
application

of the
recursiverule
produces
further
ancestor facts.




Computing Royal Ancestors Recursively (3)

m e e — I

on | Parent
|| Andrew Elizabeth Il
|| Andrew Philip
| |Anne Elizabeth Il
| |Anne Philip
| |Beatrice Andrew
| |Beatrice Sarah
Charles Elizabeth Il

| |Eugenie Andrew
| |Eugenie Sarah/
kiate

| ET=Talan1=)

| |George William |
| [Henry Lharles
| |Henry Diana
| |lsla Autumn
| |lsla Peter
| |James Edward
| |James Sophie
| |Louise Edward
| |Louise Sophie
| |Peter Anne
| |Peter Mark
| |Savannah Autumn
| |Savannah Peter
|| WWilliam Charles
| |¥¥illiam Diana
| |Zara Anne

P | Zara hlark

Datensatz: 14| 4 |[ 30 o |mt
T T s

ancestor(X,Y,1) - parent(X,Y).

ancestor(X,Y,J)~ parent(X,Z),ancestdizZ,Y,l), J = [+1.

| |Charles Philip
| |Edward Elizabeth Il | Eugen
| |Edward Philip T Eugen

Ancestof

Savannah | Mark

D

| b {Beatrice  Elizabeth | 2

Beatrice | Philip 2

ie | Elizabeth Il | 2

ie | Philip 2

| |George  |Charles 2

| |Gearge | Diana 2

| |Henry Elizabeth Il | 2

| |Henry Philip 2

R * T A o]
luames [Biizabetn il 2 Gearge  Elizabeth Il 3
| James Philip 2 | |George | Philip 3
| |Lovise  Elizabeth Il 2 | |lsla Elizabeth Il 3
| |Louise | Philip 2 | |lsla Fhilip 3
| |Peter Elizabeth Il | 2 Savannah Elizabeth Il | 3
| |Peter Fhilip 2 | |Sawannah | Philip 3
| |Savannah Anne 2 Datensatz: 14 4 ”—1 r

2

2

2

2

2

[ I 1

William | Elizabeth I | N 0 I
| |William | Philip
| |Zara Elizabeth I

Lara Philip
Datensatz: 14| 4 || 1|8

Similarly in
iteration 3:
Combining
generation 2
facts with
parent facts.

Nothing new
In iteration 4:
stoqd.




Computing Royal Ancestors Recursively (4)

r

Ancestot

Andrew
Andre
Anne
Anne
Beatrice
Eigatrice

: Charles

Charles
Edweard
Edweard

| |Eugenie

Eugenie
George
George

| |Henry

Henry

Isla

Izla
James
James
Louise
Louise
Peter
Peter
Savannah
Savannah

| [william

YWilliarm
Fara
ZLara

Fhilip
Elizabeth Il
Elizabeth Il
Philip
Andren
Sarah
Elizabeth Il
Philip
Elizabeth Il
Philip
Andrew
Sarah
William
Kate
Diana
Charles
Auturnn
Peter
Edward
Sophie
Edward
Sophie
Anne

Mark
Auturnn
Peter
Charles
Diana
ET
Anne

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Datensatz: I<| 1 ||—3U_|
[ T W~ oz

30 facts

ancestor(X,Y) — parent(X,Y).
ancestor(X,Y) - parent(X,Z),ancestdZ,Y).

N

Ancestof
A |D

| B |Beatrice | Elizabeth Il | 2

| |Beatrice | Philip 2

| |Eugenie  |Elizabeth Il | 2

| |Eugenie | Fhilip 2

| |George  |Charles 2

| |Gearge | Diana 2

| |Henry Elizabeth Il | 2

| |Henry Philip 2

| |lsla Anne 2

L |lsla Mark 2

| |James Elizabeth I 2

| |James Philip

| |Lauise Elizabeth Il AnceStO?

| |Louise Philip :

| |Pster Elizabeth Il | 2 . Euﬁ?bETh I g
Peter Phili 2 garge Hp

|| savannah Ann.f 2 Isla Elizabeth Il | 3
Savannah | Mark 2 I=la Philip 3

| |william  Elizabeth I 2 Savannah |Elizabeth I | 3

| |William | Philip 2 Savannah | Philip 3

| Fara Elizabeth I @ 2 Datensatz; I1| 4 ”—1 |
Zara Philin 2 W

Datensatz: 14| 4 || 1|8

[ I 1

+ 22 facts

+ 6 facts =

Ancestor -

=

ames Edvard 1

| |James Elizabeth Il 2
| |James Philip 2
James Sophie 1
Louise Edvard 1
Louise Elizabeth Il 2
| |Louise Philip 2
| [Louise Sophie 1
| |Peter Anne 1
|| Peter Elizabeth Il 2
| |Peter Mark 1
| [Peter Philip 2
Savannah Anne 2
Savannah Auturmn 1
Savannah Elizabeth Il |
Savannah Mark 2
Savannah Peter 1
|| Savannah Fhilip 3
| |William Charles 1
| [WWilliam Diana 1
| |William Elizabsth Il 2
| |William Philip 2
| |Zara Anne 1
| [fara Elizabeth Il 2
| |Zara Mark 1
P |Zara Philip| 2

Datensatz: HI 1 ”—58 F |>||>*|
58facts [ | [ | | wEl | 2




Degrees of Kinship 2

(Male form only, due to space limitations)

Great-Grandfather

1

Granduncle Grandfather

- Father-in-law

”
Father P
2 | -7
1 .-
P ”
Cousin Brother Person of Spouse Brother-in-law
l 3 Reference l
1
Nephew Son
v 4 Iy
Grandnephew Grandson

v 3

Great-Grandson

Thedegreeof kinship (being relative or relativa-law)
is determined by the number of intermittend births.




Rules of Kinship

The conceplrelative of"can be defined viseveraDatalog rules, too, using the
conceptancestoranddescendanintroduced befor@o be discussed in the exercises

/

relative(X, Y, Degree)-

T the main < | ancestor(X, Y, Degree).
line relative(X, Y, Degree)-

\ descendant(X, Y, Degree).

| relative(X, Y, Degree)-

ancestor(Z, X, Degreel),

ancestor(Z, Y, Degree?2),

in the sideline < notancestor(X, Y),

notancestor(Y, X),
nothas_younger_common_anc(X,Y,2),
\ X\=Y,

Degree= Degreel+ Deqgree?2.

has_younger_common_anc(X,Y,4)
ancestor(Z1, X, ),
ancestor(Z1, X, ),
ancestor(Z, Z1, ).




Now for Some Theory!

|
|
| v 4 !
\/4 - - )
R ' / I
= <C77Zhi <IITT
. J 2.1 Datalog and SQL: Learning by Doing| 1 4 :
) 2.2 Datalog: Syntax and (Basic) Semanti¢s: 7'_ - =
2.3 From SQL to Datalog (and Back) /
T ¢ g /
S -\-(’ }\ /
\ M
\\ I
I
N
|




About this Section 2

After an intuitive, examplbdased introduction to the most important princigés
Datalog in 2.1, 2.2 will look at the features amtentiors of this language from
a moreabstract, systematic point of view

The introduction willnotbe aformal one, however, even though it is no problem to
come along with a formal grammar for tagtaxof each construct.

Semanticds more problematic and will be dealt with in chea@ (formally, at least
in part).

Many of the introductory slides will just repeafficially* what was already mentioned
before— but there will be key features (suchsadety CWA, ornegatiorasfailure)
which will be discussed more-oiepth as they are a bit intricate.

Altogether, this is a section for yoown readingmore than for lengthy oral presentation
within the lecture.

Take thisseriousnevertheless the details of the language will be relevant fa tlst
of the semester (including the exam).




Facts in Datalog

city('Berlin’, 030, 'B', 3399).

Relation name™ ~

P 4

A Parameter list ~ _

N
N
~
A
N

Factsare represented by
atomic formulas, the parameters
of which are alconstants

Name \Phqn!e Car Inhabitt
Berlin 030 B 3399
Hamburg 040 HH 1700
Minchen 089 M 918
Ko6ln 0221 K 963
Frankfurt 069 F 644
Essen 020] E 603




Constants, Variables and Relation Names

e Variables Capitalletters or strings beginning with a capital:

eg: X X 1 City X1a2h9

« Constants Digits, lower cadetters, or strings beginning with
a lower case letter or a digit, .

. : 0
(,Inherited from = A - City 1lazb 0
conventions in most
Prolog systems) ... Or arbitrary strings in apostrophes

e.g: 'City’ X' ?-abc-!"

» Relation names Strings beginning with a lower cdséer

e.g: city P O_




Tables

city( 'Berlin’, 030, 'B', 3399).
city( 'Hamburg', 040, 'HH', 1700

Table (relation) as a set of facts

city( 'Muinchen', 089, 'M', 1189 )./ in Datalog
city( 'Kdln', 0221, 'K', 963 ).
city( 'Frankfurt', 069, 'F', 644 ).
city( 'Essen’, 0201, 'E', 603).
/Name Phone Car Inhabit
Berlin 030 B 3399
conventional table Hamburg 040 HH 1700
(ala SQL) Miinchen 089 M 918
Kaln 0221 K 963
Frankfurt 069 F 644
Essen 020 E 603




Deductive Rules in Datalog: Structure

Rule head Implication symbol as in mathematical logic
v
population(City, Inhabitants)-
city(City, Phone, Car, Inhabitant )
/ Rule body
/
| 4

population( '‘Berlin’, 3399 ). city( 'Berlin', 030, 'B', 3399 ).
. population( ‘Hamburg', 1700 ). city(‘Hamburg', 040, "HH', 1700 J;
. population('Minchen', 1189 J; city(‘Muncher’, 089, 'M', 1189)).
. population( 'toIn', 963). city('Koln', 0221, 'K', 963 ).
; . . city( 'Frankfurt', 069, 'F', 644 ).
, population( ‘Frankiurt, 644 ) city( 'Essen’, 0201, 'E', 603 ).
: population( 'Essen’, 603 ).

Baserelation

Derivedrelation




Just a Convention, but . . . : The Dot at the End!

Another "syntactical tradition" from the Prolog wWar
Facts and rules are always terminated wiilo@

populatiorg '‘Berlin', 3399) )

populatiofCity, Inhabitants)- \
city(City, Phone, Car, Inhabita@g)

(As Datalog is_not standardized- like, e.g., SQL — such syntactic rules are quite &

neglected by authors following a tradition of theirown. Take care!)




Literals

» The basic constituents of all Datalog-expressaregositive or negative
atomic formulasfrom which facts and rules are built.

e Such formulas are calléiierals

positiveliterals negativeiterals
p(X,Y) not p(X,Y)

q(a, v, 1) _nofg(a,Y,1)
r(a,b) notr(a,b)

Rule heads and facts are positive literals; foldids may contain both, positive
and(possibly) negative literal

Literals without any variables are callgabund literals Therefore, all facts are
ground literals in Datalog.




Literals (2)

» Literals play adouble rolan Datalog :
* In facts and rule heads:
For assertincconfirmed or assumed data.
* In rule bodies (and later on in queries):
For finding confirmed or assumed data.

A fact in a deductive database assdhtatsomething is the case:
EI child_of(William', 'Diand, 'Charle¥.

This is true for derived facts as well, thus raéads play an asserting role, too:
EI father of(Y, Z) — child_of(Z, X, Y).

Literals in role bodies, however, serve as quasiiosomething is the case resp.
for whichvariable substitutions something is the case;
father_of(Y, Z) « child of(Z, X, Y).

In order to derive father_of-facts with this rullels necessary thind child_of-facts
and to transfer variable bindings found to the Heachl, in order taassernew facts .




Meaning of Literals 2

» Literals on ,asserting" positions — i.e., in facteddaule heads — ,mean themselves*.

 Literals in ,querying” positions —i.e., in parti@rlin rule bodies — get their meaning
via anevaluationover a certain set of facts only, e.g.:

father_of(Y, Z) ~ child_of(Z, X, Y). I
o l T | This is like simple

s . pattern matching
child_of('Charles’, 'Elizabeth’, 'Philip'
child_of('Anne', 'Elizabeth’, 'Philip").

child_of(‘Andrew’, 'Elizabeth’, 'Philip'}y
child_of('Edward', 'Elizabeth’, 'Philip’

 The body literal represents an (atongagry.
For which(X,Y,Z)-combination is the resulting fact true?

* The expecteanswels theset of allvariable substitutions that can be obtained by
evaluating the literal over the given set of facts.




Application of Deductive Rules: Principle

Transfer ofvariable bindings E

from body to head

populatiofCity, Inhabitants)
city(City, Phone, Car, Inhabitant )

/

Rule headserves as a pattern

/ for derivable facts E
p

Derived facts

\ \

\ \
Evaluation of theule botly

produckes variable bindings
\ \

\ \

city( 'Berlin’, 030, 'B', 3399 )

Base facts or previously
derived facts




Safety of Rules

* Rules are able to serve as "fact producers" drihei evaluation of the rule body
generates variable bindings for @dlriables in the rule head.

 Thus All variables in the head have to appear in theylhafch rule too!

* Rules satisfying this requirement are cakedke

All variables in the rule head . ..

% 3 1

‘ population(:jty, Inha&itant); - city(City, Phone Car, Inhabit?n& I

. . . have to appear in the rule body too!

(But not necessatrily vice versa!)




Unsafe Rules 2

| unsafe !I

v ¥ 4
in_stateCity ( Statg) city(Cjty, Phone, Car, Inhabitants)

* An unsafe rule (like this one) is not able to proel complete facts for the defined
relation ,in_state":
Where to take values for binding variable 'Statanf?

* Im principle For'State' any constant value could be substitutethadhe resulting
relation ,in_state' ought to kafinitely largd

« Later in this lectureUnsafe rules will be admitted though under cartantraints!

o« But for now All rules are assumed to be safee-unsafe rulds




Conjunctive Rules

...............................................................................

-......-..a.u..o--u...u..-u-....-......-q......-...-...-...-..............-...-..' 7

is_a_capital (City, Cary-
capital_of(StateCity) | , | city(City, Phone, Car, Inhabitant )

ancatenatlon via identicafriables
\
// \
/ \
capital_of( 'Bavaria’Miinchen). ). city( 'Munchen' 089, ‘M', 1189)

Substitution with identicaralues




Relations Defined by Several Rules 2

Derived Relations may be defined impre than one ruie

N european_city(X)— situated in(X, 'Denmark’.)
Implicit <H european_city(X)- situated_in(X, 'Germany'.)
european_city(X)— situated in(X, 'Russia'’.)

disjunction
(logical )

Each rule is able to derive
a partial relation

Some derived facts may be
simultaneously derivable by
severakules. As relations are
sets, just one ,copy survives®!

The entire relation thus is the
unionof all these partial relations
(i.e., subsets of the full relation).

~uUnion semantics




Order Independence in Datalog 2

» Datalog has been conceived gausely declarative languag®r which any aspect
of execution — in particular of efficient evaluatiens irrelevant for the definition of

syntax and semantics.

e Thus Theorderof notation igrrelevant. . .
e . ..Iif several rules define the same relation.
o . ..Iifseveral literals occur in a rule body.

The following rule sets are considemglivalenin Datalog, even though they are
syntactically different:

P(X) « a(X,Y), nots(Y). P(X) «  1(X), w(X), r(X).
P(X) « 1(X), 1(X), w(X). P(X) — nots(Y), q(X,Y).

For any concrete evaluation strategy, howeveg\vaiuation ordefor literals and
rules has to be fixed, though, and to be planndbfaresfficiency‘s sake.




[FPosition for Local Variables: Motivation

* The convention
SJmplicit Cquantifiers are always assumed to stand in froatl diterals!”

seems to bannecessary on first glandeor this reason, it it worthwhile to discuss
alternatives by means of a more complex example:

pX) | q(X,2), 1(Z.X, Y), s(Y,W).I
‘ 0vY,zZWw I- --------

* Theonly true alternativavould be to keep the ,scope” (range of validity)gofantifiers
as small as possibénd thus to make them individually different:

Disadvantage:

« Considerably more complex
» Different quantifier structure

for each reordering of the rule
body




Anonymous Variables (1) 2

» Frequent situation in Datalog-rules:
Various local variables are not used for conneditegals or for representing
output values, but just for filling“ parameter pbsns.

iIS_a_capitalCity, Cap -
capital_ofGState City) , city(City, Phone Car, Inhabitant}

1 1 1

e Adopted from Logic Programming:
Abbreviating notation for this kind of "fill-up pameters" byunderscore

is_a_capitalCity, Cap -
capital_of (_, City), city(City, _, Car, ).

1 T 1

‘ "anonymous variableiu (aka "don't care"-variables)




Anonymous Variables (2) 2

» Although thesame symbalunderscore) is used for representing anonymouabilas,
each occurrence of such a variable stands forfereift,completely newariable
occurring in this position only (the ,true name“which we do not know):

iISs_a_capitalCity, Cap -
capital_of (_, City) , city(City, _, Car, ).

is_a_capitalCity, Cap -
capital_of (X,, City) , city(City, X,, Car, X,).

| OX,, X, X, l

» Each of these variables h&sown implicit quantifier All these quantifiers is placed
(as usual) at the beginning of the rule body (bewea).




Hierarchical Dependencies

Important in particular for constructing terminoiog hierarchies:

Derivedrelations maydepend omtherderivedrelations

(not only on base relations), i.e.:

In the body of a rule, arbitrary relations may bterence
by literals.

Correspondinglependency graph

P(X)Y) « q(X,Y), r(Y, X).

g(X)Y) « s(X,Y, 2).
r(Y, X) « t(X,Y), notw(Y).




Recursive Dependencies

* Moreover

* But

e.g:

Non-recursive

Recursive

rule defining the same re

Rule-defined relations may depend on themselve

l.e., rules may be=cursive

Recursive rules ought to come watihleast on@on-recursive
ion (,well-founded restan")

lifted later on!

Restriction to b%

reachable_from(A, B)-
adjacent(A, B).

reachable from(A, B)-
adjacent(A, C),

reachable_frof€, B).

reachable from

T

adjacent




Instances of Datalog Rules 2

» By stepwise replacement of variables by constanasrule, various instances of
this rule can be obtained:

PpxX,Y) < q(X, 2),r(Z,Y).

"Ground instance"
Xla XIb, YI1, ZIc (Al variables have been

g \ replaced by constants.)

p(a’ Y) < Q(a, Z)’ r(Z’ Y) ‘ p(b, 1) - Q(b, C), r(C, 1) I

* In each stepzonsistent replacemerdse admissible only, i.e., different occurrences of
the samevariable are always replaced by the saimestant.

Not an
{_Ip(a, W= G A, ) instance!




No Nulls 2

In SQL,,,empty field$ in a table are permitted, in case information abloatparticular
attribute is missing for the particular object eg@nted in the resp. row.

Theoretically, empty fields are considered to aona special value — callédlJLL, or:
anull value— representing aprexisting, but unknowhvalue in the resp. domain.

Thus, NULL cannot (or better: ought not) be usadrépresenting cases where, e.g.,
the respattribute does not appler where we do not know whether a value existdlat
for the resp. field.

* Null values introduce quitsophisticated problenfer query evaluation to SQL —
ultimately, a3-valued logic(with an extra value ,,unknown*) has to be introddice
in order to properly deal with the implicationsusing NULL in the particular inter-
pretation fixed in the SQL standard.

* Even though nulls are rather helpful in many pcattcaseswe do not allow NULL in
Datalog due to the problems resulting. Researchers inae@ DBs have been agreeing
on this till now.

No NULL in Datalog !|




Standardization of Deductive Databases 2

* A deductive databage Datalog is a set of facts and rules
(later on in this lecture, we will reconsider thifinition" a bit).

By now people are used to assume that each meliatia Datalog-DB is either
defined by stored facts on{ipase relation) or defined by rules ofdlerived relation):
"Standardization Assumption"

* If you want to extend a rule-defined relation wsibme facts (for expressing special
cases), however, auxiliary relationsummarizing the special cases is necessary again:

po(a).
p(a). py(b).
p(b).
p(X) < a(Xx,Y). P(X) < pu(X).
P(X) « s(X), t(X). p(X) < qa(X)Y).

p(X) < s(X), 1(X).
Not admissible !

Standardized




"Closed World Assumption" (CWA) 2

In databases up till now, one daest storenegative informationbut positive data
only (or data derivable from stored data).

Nevertheless, many (not all') queries contaimegationcan be answered, e.g.:

‘ Which cities areno major citieszl.

This is possible, because we (tacitly) assumeahéacts in DB-relations which
arenot storecarewrongin reality — and, of course, that alboredfacts ardrue

This assumption is called thi€losed World Assumption" (CWAn DDB-literature:
» Each piece of knowledge about "the world" (i.ee tesp. application area)
Is represented in the DB in form of positive fa@ti®red or derivable).
* There isno doubtabout true and false information (2-valued logic).
* In an "open world" it would be necessary to dgtiish between negative and
unknown informatior(e.g. by storing false facts explicitly in addititmtrue
ones).

Obviously, CWA is hopelessly idealistichut there is hardly any alternati\J@!




CWA (2) 2

CWA: 1) Alltruefacts are represented in the DB.
2) All facts in the DB arérue
3) All falsefacts form thecomplemen(in set-theoretic terms) of the DB
and, thusexist implicitly only.

Complement(DB)

Reference set
for constructing
the complement:

Set of all
syntactically
constructable
facts

Constructable from The.c.omplement of the DB iver
« all relation names in the schema explicitly computed or even stored
« all constant in all value domains (for efficiency reasons)!
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Negation in Datalog

* Consequence of CWAiegationin Datalog is admissibla rule bodienly,
notin facts and nan the head of a rule (i.e., not for derivable §ct

 There is nalirectly expressible negative information in a DagaDB:

not capital_of('G

No stored'negative facts" !

« Derivationof negative information is excluded, too:

not is_a_capital( X ) ated_in( X, 'Bavaria'.)

No derivable"negative facts" !!




Negation in Rules

» Deriving positiveinformationexclusivelyfrom negativanformation is not
possible in Datalog, too, because the complemetiteoDB would have to be
made explicit for this purpose (which is unreatissee above):

north_german_city(X not is_situated in(X, 'Bavaria.)

Negation is "unproductive" !!

* Negation in Datalog is admissible in combinatiathvpositive facts only
l.e., only in connection with logical conjuncticmdnot

* Negation can be used fdesting"variable bindings only, which have been
“produced'in the positive parts of the rulmfore

north_german_city(X)
city(X, Y1, Y2, Y3), not is_situated_in{, 'Bavaria’).

\ J

Production Test




Evaluating Negative Literals 2

normal_city(City, Car)
city(City, _, Car, _) |not is_a_capital(City, Car

City/’K&In’ 2? : yes!
Car/K' v =
yd is_a_capital('KIn’', 'K') ?p positive

,Side evaluation"

city( 'Kdin', 0221, 'K', 963 ).
city( 'Munchen', 089, 'M', 1189

is_a_capital(‘'Munchen’, 'M' }.
is_a_capital('Dusseldorf', 'DY
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"Negation as Failure" 2

The corresponding evaluation principle for negatiterals is called
"Negation as failure"
(If we falil to find the positive literal to be tested in the D&z assume it to be false.)
Prerequisite
» Beforeevaluating any negative literals, all variablestaored in this literal
have to be bound by evaluating "suitable" posilitezals.
* Only negativeground literalsare evaluable via "negation as failure".

In order to evaluate a literal nBt. . .
e ... tryto answer its positive part F.
 |f Fis true, then nof is false.
 |f Fis false, then nd¥ is true:
"(Proof of the)negation(of 'F') by failure(to prove 'F")"

Negative literals witlvariables are navaluable by accessing DB-facts:
* 'notp(X)": Find X-bindings, so that 'p(X)' is noue (in the DB)!
» Inspecting the p-Relation produces only such Xdimgs, for which 'p(X)' is true!
 Where to find "all the other possible" X-bindings?
(Complement remains implicit due to CWA!)




Safe Negation (1)

 Thus, we need aadditional safety conditiofor negated literals:
Each variable occurring in a negative literal lemedcur
in at least on@ositive literal, too.

« DangerousErroneous application of unsafe variables mayhyehappen, if
misinterpreting the assuption about implicit exisi@ quantification

normal_city(City, Car)—
OState:| » city(City, , Car, ),

not 4 capital_ofGtate City) .

Would be intuitively meaningful,
but doesfit belong here according
to the, quantifier rulé!




Safe Negation (2) 2

normal_city(City, Car)—
OState:| » city(City, , Car, ),
not 4 capital ofGtate City) .

If the "forbidden"” form of existential quantifican is to be expressed in a different way,
it is necessary ttswap'"the existential quantifier into a separate rule:

normal_city(City, Car)-
city(City, _, Car, ),
not is_a_capitdCity) .

\
RS is_a_caW) -
Auxiliary capital_ofGtate City).

relation

OState:|




No Nesting in Datalog! 2

* Negation is admitted only if occurring directtyfront of individual literals,
not for negating entire conjunctive expressionbusl rule bodiemay not
contain nestin@f logical operators!

north_or_west_german_city( X »
city( ),

» If such arule is to be expressed differently etddog, it is necessary to introduce
anotherauxiliary relationdefinied by a separate rule (without nesting):

north_or_west_german_city( X )}
city(X, _, _, ) not south_east_of(X)
_0f(X)-

south_of K, '"Hannover'), east_of(X,

south_e

‘Lubeck);




Simulating Universal Quantifiers (1)

» We learnt previously, that all local variablesaimule body are implicitly existentially
quantified.What about universal quantifieggorall“ in logic — symbolically: [1)?

As amotivating exampleconsider the following natural language sentdtmwée turned
into a Datalog rule):

A student is successful if (s)he has passed exasitrnandatory modules

For the corresponding Datalog formalization, cdasirelationstudents(MatrNr),
exams(MatrNr,ModNr,Resul@yndmodules(ModNr,Statudyurther assume that

exam results are eithpassor fail, and that module status is eitmefandatory)or
o(ptional).

There isno forall in Datalognot even implicity (as for SQL, also lacking fibyia

Instead, a law of equivalence from predicate ldgis to be exploited for ,simulating*®
forall by means ohotandexists

Ox: F(x) = = 0Ox: =~ F(X)

In natural language, applying the same reasonimgiple leads to the reformulation
of the example as follows:

A student is successfultifiere is nanandatory module (s)he ditbt pass.




Simulating Universal Quantifiers (2) 2

A student is successfultifiere is nanandatory module (s)he ditbt pass.

S.

 |f Datalogwould permit explicit quantifiers (and nesting), the @alling rule could be
written, formalizing the above sentence:

successful(S)- students(S) andot(CIM: modules(M,'m") ancotexams(S,Mpass')).

 Beware This isnot Datalog, buthypothetical,extended Datalog®, we just use didactically!

» Applying techniques introduced before (unnestinglicit existential quantification), we
obtain the following (equivalent) version — usingaauxiliary rule — which igproper Datalog

successful(S)-

students(S)nothas failed_module(S).
has_failed_module(S)-

Tstudents(S), modules(M,'mptexams(S,M,'pass’)).

OoM




Built in-Predicates 2

Doesn‘t belong to the ,core” of Datalog, by unaadie in practice:

‘ Comparison operatoig

 Inlogic. Relation names, too
(like names of DB-relations)

 But: These ,relations* are obviously nd¢finable by facts oder rules in extensional
form, but have to be realized in exterpabgramming languages by means
of suitable"test proceduredi.e., from the perspective of Datalog as "buik“in

* For better distinction between (DB-)relations d@md kind of test relations we use
another notion from logic (more or less synonymhwielation®): "Predicate"

* |n Datalog, we use test predicatesest literals e.g.

X>Y X=<1 not a=b




Safe Comparisons 2

« Comparison predicates are used exclusively famggs/hether two elements of
a certain data type denoted by two terms satigydkp. test.

« Comparisons are possible only if nafehe two parameters of a test literal are
still variablewhen performing the test.

» Atest literal thus is subject to similsafety requirements as negatiierals:

Each variable in a test literal has to occur ireast one
positive DBliteral within the same conjunction whic
contains the resp. test literal.

« Examples for safe resp. unsafe usage of comparison

p(X,2) \X>Y , q(Z,)Y) | p(x,Y),M< ya I
Safe

Unsafe




Built in-Functions

Unavoidable, too: Arithmetic operations
(and possibly other elementary operations on gaks)

. Such"puilt in"-functionsare to be realized in an exterpabgramming
language, too.

. Evaluable (functional) terms in DB-literals adisturbing"as they
have to be treated different from the "matchingSdzhevaluation of | =
DB-literals over facts and rules: /

= Functional terms ar@or now) admissiblel, -
in test literals only!

. Reason Test literals are to be evaluated externallywaayy
moreover, functions rely on "safety" of all paraarst too.

p(X)Y) « Y =X+1,q(X,2), Z= x-1.I

Not really tests anymore!




Aggregate Functions (1)

2

« important class afbuilt-in“ functions in SQL: ‘ Aggregate functionls

Number of
Sum
Average
Maximum
Minimum

» Aggregate functions compuomescalar value out of setof scalar values
(the,aggregat®) originating fromonecolumn ofonetable:

—> Aggregate —> 0

Function value
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Aggregates in SQL: Reminder

This is how
aggregates

work in SQL.:

Name| Rank] Age
Jim C4 43
John C3 33
e e | e | 5
Lisa C4 39
Tom C2 32

SELECT P. Rank, AVG( P.Age) AS AvgAg
FROM professors AS P
WHERE P.Name <> Ken’

GROUP BY P. Rank

GROUP BY ﬂ

Name| Rank

C4
C4

Jim
Lisa

John
Eva

C3
C3

C2

Tom




Aggregate Functions (2) 2

* We need aggregate functions in Datadsgwell — they oughb be treated similarly
with other functions (at least as far as they exlesibmparable properties), e.g., terms
containing aggregate functions should appear iritegls only.

» But aggregates are considerably diffefieam, e.g., arithmetic functions as they require
the prior computation of ,the aggregate®, i.e., thidlection of objects to which they are
to be applied.

» Therefore, we need a special construct expressiraggregate inside the body of the rule,
which means a kind of nesting ,hidden* by a spesyaitax, e.g.:

avg_salary(Dept, AvgS) AvgS =avgSalary, Dept, employee(E, Dept, Salan{,))))

» There are special ternary aggregate functions: awg, max, min, card.
(We prefercard(inality) rather tharcount)
» The Ftparameter of each aggregate term is the varialile sggregated about.
e The 2dparameter is thgroupingvariable.
e The 3d parameter is a literal defining the grouping candit
» Thus, the example reads: AvgS is the averageysada department computed
from theemployeeelation.




Summary of Notations and Concepts

fact CWA
rule negation as failure

rule head dependency graph
rule body recursion

literal standardization
ground literal built-ins
retrieval literal aggregates
test literal

safety

conjunction, disjunction

negation

quantifier

variable
anonymous variable
local variable

order independence

instance
ground instance




A Tale of Two Languages

o

2.1 Datalog and SQL: Learning by Doi
) (2.2 Datalog: Syntax and (Basic) Sema
2.3 From SQL to Datalog (and Back)

wx
N \,'

e N

\




About this Section (1) 2

» Section 2.3 plays amportant rolan various respects:
» |ttries to link the (,academic") key language bistlecture Datalog to the
key language in the ,professional“ DB worl8QL, in order to make sure that
you know about the relevance of our topics for,tleal world®.
* |t tries to provide you with a soliblackground on the theoretical basighe
languages covered, a background that is relevamhdoe recent approaches
to IS/DB models and formalisms, too (such as XMOd &DF, e.g.).

» At the same time, this section — extending jush®onext lecture this week —nst
able to provide you with a modetailed introductiomo the languages addressed, in
particular SQL. Effort of your own is needed, adefor making sure you leave the
university with skills you can directly use in ptige.

» For ourexam expectationfhowever, we try to treat everything you need iexpt
and deep enough.




About this Section (2) 2

» Theorderin which topics will be presented this weekatthe one which will be
chosen finally due to ,context reasons®. In particular, the fdatons ought to be
discussed first, not last (as we will have to dthm lecture).

* SQL basicsvould be necessary as second topic in 2.3, asdgltels been well
introduced enough. This topic will also appear Imtamore detail and in a different
position within the slide order later.

« Even though theDatalog to SQL transformation is the more important one (wrt
~exporting“ results from this lecture to the SQL ,xat) we will start the other way
round and addres$SQL to Datalog first, again for “context reasons”.

 We will ,call” this part SQL2Datalog in the headmgSlides are from last year (and
thus directly ,re-usable®).




SQL2Datalog: General Remarks Ahead 2

» Every result (to be) presented during this lectaréne context of Datalogan be trans
ferred to SQL=- the only exception concerning unstratifiable ratebe discussed in 3.3.

* We will discuss translation QL views (vice versainto Datalogrules first in this sec-
tion. The examples chosen can be easily generalized

* A core sublanguagef SQL is sufficient for mapping into Datalog (aback). Core SQL
offers the following operators:

« SELECT-FROM-WHERE queries (without nesting in SEl'TEand FROM)

« JOIN and its variants are omitted: They can beaesged using ,normal“ FROM
and join conditions in the WHERE-patrt.

* UNION is the only operator needed for forming céaxpgueries. OR is not needed,
just AND occurs in the WHERE-part.

* Nested subqueries (after EXISTS with and withoQtTNl are sufficient for expressing
MINUS and INTERSECT).

» Transformation in the other directigDatalog into SQL) uses the same techniques in prin
ciple — two slides on this issue will be discussetha end of this chapter.




SQL2Datalog (1): Simple-Table Query 2

CREATE VIEVV/ p AS Table t:
SELECT SQL-Style: at;\ritl)?,ut(e:s, DnoEpositions
FROM ~AB LD, .
WHERE/ B>0 AND C=D AND NOT D= gg:iléc;%-osnté/fﬁcpeo:smons, no attributes

1.A,2.B,3.C,4.D,5. E

Diregt translation into Datqlpg rule:

X, Y, Z,V, W are variables,
not attributes!

BOX) « t(X, Y, Z, V, W), Y>0,Z=V, notV=W.

SELECT FROM WHERE

More compact rule by expressing (consequencesgoBten using the same variable:

p(X) « t(X,Y,Z, 2, W), Y>0,notZ=W. I




SQL2Datalog (1a): Some Background on TRC vs. DRC 2

CREATE VIEW p AS

SELECT A
FROM t
WHERE B>0 AND C=D AND NOT D=

TRC: TupleRelational Calculus

Implicit tuple variabldan query:

SELECT x.A
FROM t ASx
WHERE x.B>0 AND x.C=x.D AND NOT x.D=x.E

X bound to t-tuples one after the other

» Attributes are functions ,extracting“ components
from current value of x.

* Function application expressed in postfix notation

pX) < X Y, Z, V, W), Y>0, Z=V,not V=W.

Variables represent components of the same togle i

DRC: DomainRelational Calculus - .
,same tuple in t“;: expressed by common t-literal




SQL2Datalog (2): Simple MulTable Query 2

CREATE VIEW p AS New tables:
SELECT A r(A,B,C)
FROM r,5s S(A,B)
WHERE r.B=s.

Variant with double occurrence of s and
aliasing:

Same translation i CREATE VIEW p AS

p(X) «|[r(X, Y, 2), s(V,W}, Y=V. SELECT A
FROM SASsl,s ASs2-
SELECT FROM WHERE WHERE s1.B=s.2A

Compactification by multiple variable occurrencaan
anonymous variab

p(X) « r(X, Y ), s(Y, _)I p(X) ~ s(X,Y), S(Y'-)‘I
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SQL2Datalog (2a): JOIN aSyntactic Sugdr 2

CREATE VIEW p AS JOIN gueries are dispensable in SQL,
SELECT A for products queries with conditons
FROM TrJOINSONTr.B=s.A

in the WHERE part:

~._ | SELECTA
3 FROM 1,5
_7" | WHERE rB=s.A

WV L

P(X) « r(X,Y, ), s(Y,_).I
Datalog doesn'‘t offer any such special

~uxury“ notations: Same translation!




SQL2Datalog (3): Complex UNIOQuery 2

CREATE VIEW p AS _
_ Each subqguery in a UNION query

SELECT A is turned into a rule of its own,
FROM r defining the same relation:
WHERE B=C

P(X) « r(X, Y,Y).

UNION B D(X) — (X, 2), Z>0.

SELECT A
FROM s
WHERE B>0

Variant: Y instead of Z in®rule
(Ys are different in different rules!)

p(X) « r(X,Y, Y).
p(X) « X, Y), Y>0.
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SQL2Datalog (3a): OR in WHERpart Turned into UNION 2

CREATE VIEWDp AS OR in WHERE parts is dispensable,
SELECT A UNION serves the same purpose!
FROM t

WHERE B>00R C=D

CREATE VIEW p AS

RN SELECT A
~o FROM t
o WHERE C=D

UNION

-7 SELECT A
-~ FROM t
- WHERE B>0

v &«
DX) < tX, .2 Z )
p(X) < tO Y, ., ., ), Y>0.
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SQL2Datalog (3b): UNION Cannot Always be Turnedi@R in WHEREpart

CREATE VIEW p AS

UNION

SELECT A
FROM
WHERE B=C

SELECT A
FROM
WHERE B>0

PX) « X, _.Z,Z, ).
pX) ~ X, Y,_, _, ), Y>0.

Both tables in FROM part
generate product of tables!

/

SELECT A
FROM |r,s

WHERE B>00R B=C

UNION is more generahan OR as it applies
to inhomogeneous input as well (two different
tables in sub-queries):

In such a casexlo transformation using OR in
a single query is possible!




SQL2Datalog (4): Complex Query With Nesting in WHERart

CREATE VIEW p AS

SELECT A
FROM t
WHERE B>0 AND (C=DORD=E)

I 1ststep: Un-nesting using laws of
I Boolean algebra til OR is outermost

v

SELECT A
FROM t
WHERE (B>0 AND C=D)OR
(B>0 AND D=E)

p(X) « t(X, Y: Zz
p(X) « t(X! Y, 2

, ). Y>0.
, Z), Y>0.

z
Y4

2nd step: Expressing OR by UNION
(as before)

SELECT A
FROM t
WHERE B>0 AND C=

SELECT A
FROM t
WHERE B>0 AND D=
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SQL2Datalog (5): MINUS Queries Translated Via NOXI&ETS 2

CREATE VIEW p AS

SELECT A
FROM r MINUS is dispensable, too, as NOT EXISTS serves the
WHERE B=C same purpose (and shows clearer which subqueryg play
~-generator role“ and which one ,filter role®)
MINUS S ~< .
SELECT A T s~
FROM s —=h
WHERE B>0 SeLecro. ...
FROM r ] :
WHERE B=CAND NOT, EXISTS :
7’ 1 1
- < \| SELECT * ;
- i | FROM s :
s _-- | WHERE B>0AND} |
) : S.A=I.A) !
7 | |
-, I I
7 . I

p(X) - T(X, Y, Y)' not S‘O()'

s(X) -« X, - Z>0. Aucxiliary rule needed for embedded subquery in orde

to guarantee safe negation.
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SQL2Datalog (6): INTERSECT Queries Translated VJAETS 2

CREATE VIEW p AS

SELECT A
FROM r
WHERE B=C
INTERSECT ~ e _
SELECT A Tt~
FROM s =b
WHERE B>0 SELECT A
FROM r
WHERE B=C AND EXISTS

(| SELECT *
FROM s
WHERE B>0 AND
S.A=r.A)

p(X) < r(X,Y,Y), s(X).

Auxiliary relation s‘ instead of nesting in Datalog.
$(X) < SX,2), Z50. d | |
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SQL2Datalog (6a): INTERSECT Queries Translated WGtHEXISTS 2

CREATE VIEW p AS

SELECT A
FROM
WHERE B=C

INTERSECT - ==

SELECT A
FROM s
WHERE B>0

As opposed to NOT EXISTS: EXISTS queries can
be ,folded back” into a single-level query!

SELECT r.A

FROM r,s

WHERE r.B=r.C AND
s.B>0

v

p(X) « (X Y,Y), s(X2), Z>0. I

Corresponding effect in Datalog: No auxiliary
rule necessary as nistmissing!
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SQL2Datalog (7): Recursion

CREATERECURSIVEVIEW p AS
( (SELECT *
FROM s)
UNION
(SELECT s.A, p.B
FROM sp

WHERE s.B=p.A)) )

SQL hasrecursive viewslike Datalog
having recursive rules.

There are certairestrictionsremaining
in SQL, though, most notable:
- linear recursion

- stratifiable rule sets (see chapter 3)

p(x)Y) < s(X)Y).

pX,Y) « s(X,2), p(ZY).

Therefore, everyecursive viewin SQL

can be equivalently translated into a set
of recursive Datalog rules (but not always
vice versa).




