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predicate logic formulae that nre gy,

lications. RIF also supports the combiye : &
rules in 13.“:8_ apph et £8 0 Could not say 1wuch, simply becays,

5 g o
& \While the caso of OWE is closely relnted g g o'ny

Iy
- - OWL, and RD e specification of & combined semnmntics ..So_m_u_m, ._p,arw e o itten to B that syntactic fonn ( QMMQ Predicay _M%noﬂ_“.?,
; in Scction 6, .wan RDF cntailments in first-order logic, fpjy;, and ...n “an e -ﬁo_. as o synonym for “first-order E_zmnaw: hany), Yot, i mly
1 _.B__m:mv. s 0 a,.m in its own right, is found in Scction 6,4.6 2;._. last g, formt ..:.s_ conneetion with the Semantjc Web, Paom‘:_E Uecoyne sum:””
1 which is ...:ﬁ,m». n_.ﬁ the chapter with a short summary, exercisg Can r:.& 1%:3:.« Semantic Web Rule Language,: U@iﬁ..o::ﬁ».a_ b fomagir
separately. We close he € 3 SCS, anyg bty suc 88 J the Rule Interchange Format 9.?03& Logic Rules, .o, n
on further reading: ; 5 } . J m&a_.“_ cortain kinds of first-order implicatiops, .H.r M,a of which eentinly
RN ; ' aah_.w. us to particular _mm_z_u of iplications {1a¢ tio _o“=58n_5 further
it . B0k o : : 1ol formulae of predicate Jogie, and which are thys jopere 2 o
i SR — ; . T 1?%_:. Tndeed, it turns out that many such myl Euﬁﬂﬁw?.ﬁa ;
'y 230 s ' it § L ﬂ.._ and computational _..B?ﬁ.ﬁ.zsp .E::n__.m—_.:sa from ma..ﬁmﬁ?.m.
ks 6.1 What Is a Rule? , (s making them E"n._man._no_. M_n_“_.ema application scenarigs, . et logic,
i 5 mentioned {hat rules of any type should cousist at oo Pefore going into the details ol the emantic Web rule languages men
._, w“ vh”u”u nwa%w conclusion, with the intuitive meaning that in §v.~m__.,—w_am“ save, it should _E.Mo"n.ﬂ._ 2.”.. __._.E.%ma.o a 2_:&2.. of rather different Eah.ﬂ
R SAl] I where {he premise applics the conclusion must also hold. Such p gy laions of the term “rule” ou =m e o _.m.p..ez_ﬁ logi. Among te et gt
i B 8, deseription obviously comprises some, if not all, OWL axioms. Consider, eg, e formalisms in Ocu.__“::”_. va_nuna is 8_..E=_.v. logic programming, which
il §HiE the “rule” that, if a person is the author of 1 book then she is a (mnember fwﬂ.a._... assaciated wit 3 t .fo H n.o_om,vqcmguasn language and is various
% B the class) boak suthor. This can surcly be expressed in OWL DL: usingits | - &risatives and extensions, At first glance, Prolog niles appear to be very sim-

et s et o i Pt o e A 3 lir to =a,6«._nn logic implications that merely use a slightly dillerent syntax,
et z P ke ./ 2 o ﬁ. 0w conld zie pitting the precondition to the right of tlie rule. The example abave would
et TR S at S 2 i ety Az wis e read as follows in Prolog: - e iy,

PersonZauthor0f Book [ Bookauthor, = _ R e e A L (O LT D

It has also been explained in Section 5.2.2 that OWL DL can be considered
Nm sublunguage of first-order predicate logic., Using this knowledge, we -

waleatly wite the above statement as predicate Jogic formula:

moowg,._nronﬁé :- Porson(X), wnnwowana.%. Y),Back(Y).

Basic Prolog indced hns the same expressivity s frst-order logic, axd e
| ‘wialently be interpreted under'a predicate logic scmantics. wuﬂ_._uemuﬁ )
i P oA | 25 extensions of Prolog that introduce features beyond fist-onse 8

*uch g operationnl plug-ins (e.g., for arithmetic functions) and called nor-

v.. : M......__ olonic inferences which derive new results from the fact .w”“ Hﬁuﬂﬂm
- | e mot be derived. ' Logic progrummivg in this Jorm, ing posesfil
g L) s 5~wsn_f been conceived as o way of specifying 0 ﬂ“”.-“&nu% on the
5 ogic, wo can moi= |y MAons, and ot as an ontology lnngunge for iU B g iy
dissppear (exercise: how exactly?): . & chw.?d ontologies from different sources can usually yeroas two e
e, XY ; 0% i M.rgsgn the union of their axioms (mcaningful e..seo.pa lly cheking
¥ Persoafz) 5 . . L | Eshu._. m_. log programs can hurdly be combined 5__“2 sfully a@nm
SRR h authorn(z, ;) ABook(y) — Bookauthor(<l) [ b, n..:._._,_ ..4..“__,5.. result is still a prograut »Mﬂ%ﬂ:a e:..,an.__:aauaﬁswﬁ..
ot A LA ; e Lty Peved logie prograimming engine.: put the r&C

v (p : e .
.A erson(r) A me.?ﬁwﬂazﬁs ABook(y)) — Bookauthor(z)

* Deig o : |
GwEmE a:&;.ﬁ”u,g:n cquivalences of predicate |

c —‘_._n.m of

s type apply a more operatiod

. 0 5 intion v e et 08
- This formuly § SRR RS | lagy, Mton iy, o i uite wseful, ;
fozs . pih ontologies can still be a ; book.
“-.an it comieg n_haoN,B_ implication wit), universally :..E.:m& ..E_“va _ WM..__ SOlducted in this field is beyond the S0P oh.u._mn.“. {s known 65 n__ﬂ
it e e g ' EUE Wea of a “pule?  The niversh Bl L et .uu_.z kind of rules that is very relewit & P dusiness s KL
- Sty the premi, gy 1 Implication is applieable to all ind I | Mogiag e Stch s Byen Condition Actian FUE Tyyiin of i

¥e indeed considor “predicate Jogl



" are used in practice and many rule engines implement. thejr own

. w:EB:@F&oF any

t
: it pro, ing. Discussing the yirious
. tensions (hag have Eranming. Discuss ng the s i
- but the materiy) _§JM._%ME&2& in this Jine of research is bey c__“é._w_m

Foundations of Semantic 1eb .S.&:.&§E

T Rt statements that can be ezeeyy ;
they view rules as _ucmﬂs. .“..M semantics of an ontology mmnn ey For
tology languages like OWL, ; S ot et b
order in which ontological axioms are cons _ﬂn?.a.. h. contrast, g, Fle e
an operational semanties it can be Q.mnma to know which rule i eXecute)
and part of the semantics c:._.ca:n:c: rules is n.o__nc_..zi With g, ::7: .
of precedence between rules. Many different kinds of Produetiyy, tule ..&Ma
3
semantic interpretatious of rules that do not follow o shareq :..LM_._.M .
mantics. As such, production w:_.v. again_nre :Ew_ to mterchayg, _.a:x,
different systems, and the ougoing ¢dq_ﬁ.o=.:_o. W mo,zz_n,?.ﬂd"?snn mnﬂ.
mat is among the first cflorts to allow ﬂo_..:_.a kind of ?»o_.o—.ﬁur_._a. :Er,
common semantic standard can offer. Yo it is currently unelear oy, iy
tion rule engines should best be SEE__& with ontology-bnsed systems, gy
we shall not pursue this endeavor in the _.oia:%n of this book.” ;
 Besides the interpretation of “rule” in theso diverse approaches, tle joy
can also have an even more general meaning in the contest of {onto)logiat
knowledge representution, In particular, a “deduction rule” or “rule of infr. .
enee” is sometimes understood ns an instruction of how to derive additiony
conclusions from a kuowledge base. In this sense, the rule is not part of the
enicoded knowledge, but rothier a component of algorithms that oro usd b
proeess this knowledge, A case in point is the deduction rules for RDF(S)
that were discussed in Seetion 3.3, As we will see in Scction 6.4.6, tho eseme

of theso rules can‘actually be captured by first-order logic implications,

* thut the distinction between deduction rules and rule-like logical formulae is

bluzred here. More generally, the deduction rules of virtunlly any calcs
could be expressed as logical rules of some suitable logic. But tlds logic §

- wiedly required to e very expressive, making it difficult or impossible ©

tmplement general-purpose reasoners that can process the logical theony ._ﬂ_
wis ._55._._ »..EE 4 el of deduction rules, Since we are :_.a._.&..& in x.w._m_s :
e technolnging ] represent r:o:._n.,._nc in & machine-processable wos:.

_ n.%m..m oFthis chapter is ryles in the earlicr sense, j.e. axioms for -n_.?.ea_,a
ot Imosledge in the form of a rule,
e XA et B : ; oo
vreosury all rule languages 4y we consider here can be viewed &

ith
s gis n
s allows for a close semantic :.ﬁ.ﬂ.n“ﬁu%g

+ Which in tury 15 helped to advance st (ditionals:
simple first-grger n_ Phnctieal usige of these types of rules. A oler
features inspireq _M. i _.E_EEmQ can also be extended with nov

et of firstegrder 1o
both OWL anq Eum. i

VA . : o v e N w.
3% <h<§.?nnmou?v A author0#(z, y) A Book(y) ~ Booksut arfe)

G

..wu&.._oe.c. hor ist

. stored in a database, while Bookaut

A . A ingle :
e TeSUILY T4 is ghug always possible to regerd SIS TR e

of us always p is el
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» Dutalog as a First-Order Rule Ly,

Buago

\We now turn to concrete types of riles that, iy s 4
: e,

P rder logic. e ==s.=.r,_mn OF Uhis interpregaes. 0 e Implicyy;
aa_H_.__n_ of first-order predicate logic cay b, ”“ﬁ__ﬂa of ruly wg_ﬂu
ﬂ__.s:a of OWL DL, since the latter caq also e ..&M 0mbired wiy, the

storder logic. ] ;
Mwh__wn. ond was originally develaped i the field of ._2_._—. Lere g known o

clive databagy,
21 Introduction to Datalog .
‘n o nutshell, ,:;._:g_on. rule is a logical fmplicatign that .B«,. oty cane
win conjunctions, constant symbols, and universally quantified varisbles,
po disjunciions, negations, existentinl quantifiers, or function a.sroF. Weo
always consider datalog . as a sublanguage of first-order logic to which the
dassical semnntics applics. Both syntax and semantics will be explained in
more precise terms-below in a Rully self-contained way: Some badkgronzd

knowledge in first-order logic can still be hiandy for understanding dataleg

(¢ Appendix, C). .

Before going into further details, it is worth mentioning z_a _E.Emnu
wriginally developed for querying databases. Rules and queries indeed have
twuch in common: our example’rule from Section 6.1, eg. i in Bet o datalog

nle which ean also be interpreted ns o means of querying a given il

for all book authors: ; !

X (AN ; %4 rser
I s €ase, one would nssunie information =co=._m.mn¢ ...au. this data &5
eSS &%v@o—t

datalog

A rh fa
opie of query g o

EEE.... *views" on'the data. Much work e._a .
s sense, and we will return to th
Whey o SR ZUAEC fo
z_ﬁ..”._____,oo__u._%i:m dntalog ns o rule W.ﬁﬁnﬁ.. ot the resolt 672
B g o, applied rcursively. TH WSEELL L s,
o gy 1© Used Ly other rules to derive fur

furgp.  ony ke 2]
N”._as_n __.:p.cm_..“__.m_c__z can b obtained .u...“m_m&ﬁ:.ﬁ datobs ] .,_.__.

el rortant topic in the arcd
- Mehnologios can build on the 1¢s

A7

The rule language 1hy We consid n:_ ™8 ullingyazy |

suckor0t, and
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a8 Ny
setive dntobases are given at the eng of thig dh

Further relerenees o deds ey 3

. _ : ¢ of datalog rules and the intui;,,
siow cansider the syntax of data ‘ s
of m“”—_:w:_&.. Besides logical operators, o datalog rule ean feature :_s.”ﬂu:w
: : . \ R 2 {in
on&d_eo_h_ . . .

o Conslant symbols are used as names to refer'to certain aa_.:az.? a.:_s

- domain of interest. i
" Variables are used as place __a_.._..._.m for (arbitrary) domaiy e
' which rules might apply: , , 2
o Predicate symbols, or simply predicates, are used to denote :.._am_..a
“between domuin elements. e e

Constant symbols play m&a::::w. the role ‘of individunl names. in QW o
description logics, as explained in Chapters 4 and 5. Predicate symbols may
{ake on arbitrary number of arguments: predicates’ with one argument

<imilar to OWL classes, just like Pexson'in our earlier example; predicate -

with two arguments resemble OWL property names, s in the case of authorot
above. But datalog slso allows for predicates that have three or more, or even
zero arguments. It is usually assumed that the number of arguments for cach
predicate symbol is fixed, and this number is then' called the arity of this
prodicate symbol. Tk ,

Summing up, the syntax of datalog depends on three sots of symbols: 2 st
C of constant symbols, a set 1 of variable symbols, and a sct. P of predicate
symbols each of which bas a fixed natural number as its arity. Together, the

csote (CVUP) are called n signature of datalog, and every set of datalog rules
is bused n some such signoture. The sets € and P are usunlly assumed (012
finite, coutaining only the symbols required for an application. In contrst
one mmﬁu essumes that there is an arbitrary supply of varinbles, i€ that ko
=4 1" {conntably) infinite. 1t 5 comimon to denoté varinbles by leters #i¥
and 2, pessibly with subseripts. : 5

+v7w given such o signature we can build datalog niles as follows:

*'& dutalog term is o constant symbol or a variable.

; n.w“_ﬁwm_”_vm e mmw formula of the form pt, ... ,tn) BI¥E .._._2.

predicate of arjty nyand by,... ¢, are terms, ' :

.- datalog Enﬁ.ﬁﬂﬂ% cur tieatiaent bs that many databseselated apPHt s
- el for ackievin, Fv. ing'semuntics ar with cortain Yelosure .:._e.n._?. et 2
& o dewcorld semantics that is desirablo for & dotob3< 7 oy

Lenever, s oaly eszo&.__.., be: concluded that it Iy fatse, Such non-monoleC,yy #i
Boo-Gonotanic negation. v e CHEOAIng datalog with furthier Jeatnress €T sty

Foc plakn datalon, our dgagges, "o Consider any form of non-monotonicity It s
Eppioach, Ser ANV nitiona lead to oxnctly the same deductions 88 the 3R—&r

A , Y93, Chapter 12§ for o discusrlan and camparlson of potls oPP

pel

- T oTvVIMLY
: : -
Vegetarian(x) A FishProducy| Ll

] orderodDish(z, ) A diolikeq(y, uw ¥ u,a;:ﬁ.s

@ - . o...u.a.naan»ur Ty 1) - awww. ( E

m, 5 Ew&au?' s) A Dish(y) A containg(y, ) -, &u:ﬂﬁ )

! i) ok Iy

g Happy(z) A Unhappy(z) —, :«513?&5

m_ocuﬂm 0.1: mﬁ:iao datalog program
+ A datalog rule is n formula of the form

<H- ...<H=..A.ﬁn >...>wm ‘ﬁv. A

‘s.__edP.:..S.E_@Qaqo._nr,._omu»oau.a:._ a...: ...ua Ea.ﬁ.ﬁ_v.
the varinbles that occur within these atoms. - .

Ssce all varinbles in datalog arc always universally quantified at the lese] of

ml, it is cominon 'to omit the ¥ quantifiers from datalog rules. We adapt
this simplification for the rest of this chapter. The premise of a datalog rule

. bealled the rule body while the conclusion is called the rule hecd, A set

&_anm :..ﬁmmmo_suziﬂwg:&n%E@E@uaazm.Enz.E
uehtionship to logic programming, - - | y 18R

Figure G.1 gives an example’'of ‘a datalog program based on o datalog sig- ,

mture with ‘set of constant symbols C = {rarkus} ond set of predicate
Jubols P = {Dish, <awonunu.wb.m.wmwvnonunrm%vw.cnwma_pﬁzﬂw
ﬂaza&»n_&. Adopting the convention introduced for oﬁs.ﬁ_u.samm 7
s for predicates of arity 1 (“class names”); the other predicate

: ot of datalog
”MM“N Tt is not hard to read the intended meaning from such ,,.x.n of date’
)= L 2
: wy Y vegetarian dislikes all fish products™ A e
B “Angone e 3 =" This n
. bwga Who ordered a dish thiat he or she distikes S_w_ eﬁuﬁaﬁa i
thy " thnt not all variables occurring in a i Y
“nile heag, P ; o
T | L e dish]
.m,da._rm:n Uint can bo ordered né a dish actoally BEEEE e
Ed:o st P 5 __paiu._u._rp
this _._o.c:a dislikes .mo.:...:::m that is B:...:E& ; ,
- Peron will plsg dislike the whole dish: 0 ,
& z N : ; % : of the Vegete™
b g Tscir ‘ s 1o defialtion
uoaz—\ r..—-”ﬂ..,wgrzs,: might &,_h...,m:.d. We follaw tho histor
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{3) "Markus is a vogetarian.” Emply rule bodies npose
they arc always true. This s tho reason why i pyly,
of a mile hicad is alsa enlled n fact. The implicatioy

. omitted in this case.

(6) “Nobody can be happy and unhappy at thesame time E
cannot be concluded, i.e. they ure always false. Hoypo
nead describes a condition that must never oceur,
are sometinus called infegrity constraints,

Note that some of the rules might be more widely applicalye thuy
For cxample, rule (2) docs not require that it was a person wiyg oy
. dish. In practice, one might add further preconditions to_cnsure g,
- implicit assumptions do really hold. For the purposes of thig boak, | .“.p. )
we prefer a more simple formalization over a more correet one, ",
This example also illustrates that rules can often be read ang
vather easily, which is one reason why they might sometimes he
otber types of ontologicul axioms.. Yet we must be wary when dealing vt
rules: while the intention of a single rule cun scem obvious, there ane 58]
mazny possibly uncxpected conclusions that can be drawn from a set of e,
In particular, we must be aware that rles in first-order logic “swork fn by
dircetions™ il o rule bady is true then the rule head wmust of course alio be
true, but cooversely, if o rule head is false, then the rule body must alo e

q_ﬁ.,m?_r

::._35

false, In logic, this inverse reading of a rule is known as the eonfropoptive

af the bmplication; it is well-known thut both forms — p — g aud =g — =+
are Iogically equivalent.. Assume, e.g., that the following facts are added t2
the program of Fig. 6.1 (we assume that the new constant symbols have e
added to the signature): FLLAS )

Bappyfzarzus) |
ardrredbich(zarkus cxfpeSuzetto)
FickProduct{vorcestershireSauce)

With thee additional assertions, we might (rightly) conclude thot Qﬂ
Suzrtte does nol contain Worcestershire Sance: Since Markus 8 w%s..
cannot be unhappy (6), and hence he did not order any dish e ¢ jich. 07
Thus, since: be ordered Crepe Suzotte, Markus does not dislike this .m.,__a @
the other hand, as a vegeturian (5) Markus dislikes a<o_,nﬂ.:.2_;a=
secounit of it being o fish product (1), Thus, siice Crépe Suzette .,..uzx. 8
and since Markus does not dislike it, rule (1) ensures us thot i
not contain any Worcesterhire Snnee.

T S ‘ vioiE
Conclusions like the one vie Tinve Just drawn are often not ©

| like
BUON 115 e i < 3 .+ would T
eaon o5 e deal with larger dutalog programs, we certainly o this _.cv._.v Jl

it o the computer to dray such conclusions for us, To M

o Orderey, -

—.waﬁwqa.— Qﬂ‘

jistikes (2

o

. Optologies ang ilrg

specily the problem mare precivg,,
..M .__:. computer ta draw? Thig :w.. ~me“”“.n”..
i

et
tics of dntalog. : B Ky gy

(Lot
‘_& ﬂ“‘_ 1._._::-—

uw gemantics of Datalog i :
PEE tioned in the —:..c&c_z section, we cansider gy, ¢
der logic, and _.....FEE_ semantics s a_aemrﬁn_smn_.g?ﬁ 3
this section, we give an alternative self-comtyine Tmined Ly b,
semantics, which can be slightly simpg FIComtating of

. . ._
gion symbols and various first-order logical 3.5:. q__.mo_ﬂ_us —.5;.:
MN?;&..—. This section can safely be skipped b readers ur“‘._“ﬂ%m”

1l

«ith finst-order logic or who are content with the intifitive enderstard;
tablichied so far. 23 : ing
Asin Chapters 3 and 5, the scmantics of datalog is model theoelic, L, itis
fased on defining which ..:_E_e._u.. a datalog program has, A comeet conckaion
fem a dotalog program then is nny formula that is sutisfied by all modals o
\bs progrom.. AS usual, a model i3 n special kind of inlerprefation, cre {lay
gabrs n given dutalog progrom true. Hence we first explain what o dalalng
merpretation is and what it means for it 1o satisfy some datalog nde:
A datalog interpretation T consists of an interpretation domain AT and an
iéerpretation function -%. The domain is an acbitrary st that defines the
(sbstract) world within which all symbals are interpreted, while the interpre-
tation function cstablishes the mappiug from symbols into this domaio: -

6
Admen
a« m??:-

> In
Mm datalog

*Ifa is & constant; then a% € AZ, i.e. a is interpreted ns on elemest of
the domain, =

* ifpisa predicate symbol of arity 7, then j C ?.vJ... le v.mm_w,nua_&
s an peary relation over the domain (the prodieate edension).

s contenst 16 RDFS and OWL, datalog also contains aunuzvﬂ_““w”ﬂﬂ

#rount far Uhe fct that these can take arbitrary valuss ey ._NS_ a'toriatle”

fr 3 fixed interprotation, Therefore they obtain their 3____,“, tan T s simply

”._“@52:. ‘A variable assignment 2 for a datalog Eaﬁ Jomain A, For

z_s_n_c: from the set 'V of varinbles to the F..ﬁﬁs. Suik

r.EE:.E«., term ¢ we write ¢5+2 (o mean (7 if Lis 8 O

b Variable, \Witl these additional toals, we can €5
' faly of o

formula by extending % : i
?wﬂ. = [rue

Fary dntulog atom Pllyyeearln)ywe set 1:.....» n\nwmccﬁﬂl..

thint An_ﬂ.N....;N.Nv e -N. Wo set 3?—.....? g . s 5
. M..un i b u..,mc_. ..:EWMM_ _.__o._uw = __.......=. We xt
nbu » vau A w..vN.N = {rue ir ms ", = tru ; ; !

A B2 = false otherwise:
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,..amogﬁnu..uznuﬁ.«ﬂ?unxci}
FishProduct® = {vorcantorshireSauce) A
dislikes® = Annu-.x_E..:onnnunanuﬁnowa_.aa:
orderedDish? = {(markus, criposuzatte))
Dish? = {cropoSuzette} ' -
Unhappy® = containe? = ()

N ;
.muanz.m 6.2: Example .?.Eon m_zna_.n.gz.o: of predicate Symbaly

e For adatalog rule B'— I, we sct (B — N = tre if, ..E,. all v_nsyv
variable assignments Z for Z, we find that cither 852 — Jalseor 3112 _

true. We sel (B — H)T = false otherwise. Note that Benteg

arbitrary. conjunction of %Eon atams in this case.

o For 4 datalog fact — H, we set (= kvw‘ = true if, for all positls
variable assignments Z for Z, we find that 7152 = (rue. Otherwise, we
set (— H) = false, A oo B, SO

e For a datalog integrity constraint B =, we set (B =) = trueil, b

all possible variable assigmuents 2 for Z, we find that 8% = Ex.
Otherwisey we set (B —)% = false. Note that B can be an arbilrry

conjunction of datalog atoms in this case, -z

~Note that the truth of a rule does not depend on n pacticular variable P”J_ﬂ.
fent, since the (implicit) universal quantifiers bind all variables in n:ﬁna
I 2 interpretation Z maps a dotalog rule to true, then we say :_E.Ht_.w._ 1
this rule. I Z satisfies all rules of o datalog program, then we o,uw“n_ ke
sate=les the program, or that T is a model of that program. A dal on.ﬂw&
& o armelysion of a datalog program if the rule is satisfied by all ..__ﬂ wi
the program. Observe that the last senterce includes all types of Ea_ow o
pasticular it defines in which cases a certain fact is entaited by o dat bl
- gram. The entailment of facts is by far the most common aawo__:__w,mi W

mh&nusw.gnnES.sznEgE:o_aaa specifically taitored
derivation of facts, : :

TN L e
The abave finishes the formal definition of the datalog vﬁ:nﬂmﬂ.a_. e,

. Hustrate the definitions, we describe a particularly interestive 219). &)
example in Section 6.2.1' (Fig, 6.1 and the related facts on DB the £
damain of Interpretation, we pick the set of constant symbols: N

siguature, Le. AT = {zarkus, crapoSuzotte, worcentorahireSIey

we u.?..m 1o define the mapping -Z. On constant symbols, :%un_.. carkv®

da s just twap every constant symbol to itself, e.g., =axku® =, o

jterpretations of the predicays symbols are given [n Fig-

forwrd to chede Wiay gy interpretation is indeed 8 1m0

ek for 1bF

mu_.—n&nuuu. -

2y, d .__vr. :

4 %Mhn first of yr initinl questions is not hard to auswer: 8

Ontologics and fryfe,

x|

e consiter. For plaln datnloy Progeaing 41,4
_.c.,mmza Lo construct waclels iy (b Particyp), y

e e oty
u_q“c... the constunt 3.5_5_.,“ a8 futerpretation ._._:_a_“.__su._...‘:z.rs Iy fu
faking ws Herbrand modets. Morcover, iy iy alwigs pe

i i
_rw__s._“_:.,.aﬁ as fow datalog moms 18 possible, syg), th

phes fe

reible ta gy 8 nd
wer datalog facts, The existence of siich legyg ﬂnﬁuﬁ# model 1.
A significiiee and can be exploited for prictica| impleye ﬁ&% i5of
& purposes it is cuough Lo note tiag tlyi feat, Betationy < g

onr Ure provi
ﬂqu \eniently smull example mudel, Unfortunately, ghg _%”. m”_a.““”_w 8
Y 15 Joey

ses00n as we introduce OWL or RDF into the picture,

6.3 Combining w.:_nm with OWL DL

Datalog gives us a basic mechanism for specilying knowledge using ndes
Our introduction to datalog so far lias intentfonally leR out technic) fsaues
such ns a1 conerete machine-readable syntax for storing and exchanging dat-
alog rules but, these details could clearly: be added to obtain a fufl-fedzed
madeling langunge that could be used on the Semantic Web. Tideed, the
M“_..n Interchunge Format introduced in Section 6.4 achloves this to a certain

ent, 4

The paradigin of rule-based ‘___%n::n is quite different from the ontalogical

Bodeling that was introduced with OWL, and it is not obvious kow to combine.

both appraaclics. Would stich a combination of OWL and rules be mearisgfl

3 a ali? Would this combinntion actually increase the exprsshe pire of

can process 8.

Cither fonnalism?.-Fow difficult wonld it e to build tools that his st

“nbination of OWL and riles? \We address these .Eane.ﬁ e
ok Conibined Semantics: Datalog and Description
: combination ef

8 and OWL, DI, iq s ful, Both longusg™ datalog
ey ' DL is‘indeed meaning X ination of &
F,_asm& of standard first-order logic, so the au.ﬁ.ﬁu as  oolistion ©f

s
?ﬁﬁaﬂ%_. A OWL DL ontology can always be N..._E:F/. o, at keast
C Ty, *OBE formulue with the usual mmaa.o&w.. ey
faie -E_u.- ..—3—.6 are no mnjor SEEE-G.
R ; : ‘ i ks
J”....;/wa:n_;s—,_s Il Herbrnd. vaaop%.h_ﬁ\_.u i ?.&w
L _ro,..__.w..:..a for O, N.:.._ y an ka.q._u._ﬁﬁ i _ai_.x?n_zun_.}.m.apu 6d
?ﬂtra.oow:?—f.: s not as clear, Forpaly :

v Al spely Wodels rp

can be sect &5 -
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ways in which rules can be applied, especially if they
“yarinbles in their body: : :
Do these results imply- that the combined complexity of oér. .
dntalog is also not harder than NEXPTIME, the larger of the 1y, -=.~w_r..5_
complexitics? The answer is a resounding no, Complexities oitn Vidiyy

- s > m_ !, .
_not be combined in such a'naive way, and, in fact,: typleal rey: . By

o
 for the combination of datalog and SHOIN(D) turn out to be eiH.ﬁW
. (-9

Morcover, this is the case-even for :EE_. simpler description _mﬁn. such

ALC. This result might be somewhat disappointing since it nssy o
is impossible to cver devise a software tool that. can compute all conclys
from all possible knowledge bases that consist-of n description logie part ag
a dotalog part. But this formulation also lints at two ‘ways of eseaping this
problem. Asa first option, one might be content with a tool that draws at leas
some conclusions which nre certain, i.c. an inferencing program that is soun)
but incomplete. Alternatively, one could try to find reasoning methods that
are sound and complete, but that cavnot he applicd to all possible knowlede
bases. In the next sections, we explore these options for two cases that restrict
the expressivity of datalog rules to recover decidability:  Description Losic
Rules and DEL-safe Rules, - : i B S .

Hirs

6.3.3 Description Logic Rules -

We bave already noted in the introductory Scction 6.1 that some mﬂ.aw
tion logic nxjoins can wsa Le presented os (datalog) rules, and, equivaterth
certuin dutalog rules éan be cast into description logic axioms with the t.__w
mesning. It i clear that there must still be rules and axioms that %a_ﬁ
rewritten in this way, or at least that it is not possible to do this posa uw
autamatically. Othierwise, one conld use a rewriting algorithm ..o_?,.,.&m_vw?
staudard reasoning algorithm for mng_om or description logics: respecti®

to ablain a decision procedure for the combined reasoning tasks: Such 8 P

: : . ! soned in 15
ca__qn camnol exist according to the undecidability 3.:.:,:3::5_2_‘
ca._c:wgi.s:. .L .. ., ..

In this seetion, we address . , 5
5 th 5 v r rules
IR £ 1e question which datalog v

5 pesF
: £ ption logic axioms, thus deserving the ¥ b
mﬁﬁmma Rules. We shall see that the highly expressive ._az_._.,_w._.,_.,.. ihs?
" thed & {the basis for OWL, 2 DL) can express significantly MO fojye s

gorithnn o oA0HC SHOIN (the busis for OWL DL). A B._._,ﬂ_:__:a.v_
B Fig 05 Tunsfonning rules into description Jogie axlors Is th

cant bt
mne

! i ; Y - i

Let us first consig ; : The
Cr £0 & attion:

rule appearsd withip :5: S renioles 0 pupror ot (80U

Introductory section:

have g great .___srs.._ :

PO S g jf

, dieect)

i 31011 ko T to describe S0

Ontologies and zi.&

parson() A m:ﬁ.ononﬁ nA m.oov.g J mooﬁ.c_nri )
AT i ; z).
[ juvalently be ex )
. noted hat it can eqiuva XPressed by fhe docos. e :
,“_._._ porgon il mu:«rou.g .mwox m Bookauthor, ._._wa F__n_.w_.arﬂ._:@. logic
B botl representotions is that the Jatter does not yep any : Mwm&ss
b e did the vaeinbles 507 We have learned in previons secions g
Jscriptions resemble unary _.E_.n_;ﬁm of first-order logic. It i not =5 uﬂv
a.a:a the argument of these unary predicates since it is always t
srisble on both sides of a class inclusion axiom. I the
wald mix datalog and description logic syntax to write:

~ (PersonTl 3authorDf.Book)(z) ~ woommunnoluv.

This na_._a.:w the wherenbouts of variable z, The variable y in tum appears

aly it two positions in the rule body. Since it is not referred to in any other -
“prt of the rule, it suffices to state that there exists some object with the

nquired relationship to x, so the rule atoms authordf(z,y) >m.8.w€ A
tansformed fnlo JauthorDf.Book(x). Rewriting atoms as deciption _omm
das expressions in this fashion is sometinies called rolling-tp, E.B.Fr?%um..
uthe rule body is rolled-up into a statement about its first warkh ~amw_u
”mw&a_o@. will become more intuitive in light of a navw_n__ F o
L we explain below. ..

: . : itk

&Mn can try 1o geieralize from this example. We have z_%._nn“,m”m_wg

% Eau case is simply an implicit (and :oav..ﬂwa.v ?:nmm ¥ M&ga we need
; srﬂ S0 for any rule that we wish to rewrite o5 such 88 55 Gl

! AR d away to

i tify some varinble = which ploys this spec E.Bw. ﬂﬂ%»&ﬂ%ﬂ.

g._mwa all other varinbles from the rule using 8 a_ru%.uwi.z A
- ot nlwayy possible, as rule (2) from Fig. 6 B

3 A 2.
& °rderedDish(z, ¥) A dislikes(z:¥) ustap?
'z—a B ..A.A preadlion Lt N e s g TERYRRS
b %:w..:a_:umc: of this rule suggests that the wariable ¥$
.35.5__ " class’ Inclusion axiom. But the P ,
ety M_ 0bovo, A class expression like 2 “amil disESH
.u”:uz:: A _E_E:E with relationships ordore P
Morg gy, o 0 stme clement y. Using __”_“wm:.__zcanm | that thert &
Wiy g o POMeone — e not necessur ily by X of the major
o Hireetly oxproc this retatiouship 1Y i

he same
g.aﬂ.ﬁp?ud

htS
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 FIGURE G.4: Examples of simple rule an_.az._cg. grapliy

logics considered in this boak.® We conclude :_E,n, rolling-
3 : g-u

I8 only
if a wariable is “veachable” by only a single binary E.Q:nin_. ouly

We now give o more precise characterization of the rules that ca
ten 0§ description logic axioms, Iu order to understand in which
use the rolling-up method, the key is to consider the depen

* the rule premisc. This graph is-obtained from the premise by simply takiy
yvariables as nodes, and binary predicates as edges botween variabies, ./.am.

g«éﬂrv

that {atoms with) constant symbols do not play a role in this delinition; ;!
_will be discussed further below why this is desirable.  Figure 6.4 shavs he'

dependency graphs of the above example rules, with labels indicating fhs
* relationship to binary predicates. : TR :
With this visualization in mind, wo can speak about “paths” within a rule
promise. Intnitively, a path between two nodes is simply a set of edges leading
{rom cue node to the other, where we do not care about the direction of e
¢dzos. More formally, we can describe a path in some rule premise B w
follows: 2 ¢ '

. if R{z,y) is an atom in B, then {R(=, .5* is a path between z and ¥,
sifpisa path between z and yy then p is also a path between v and 5

e if pis o path between x and ,e. qis a path v.n?dnn yand =, and tio ator?
gecurs both in p and in g, then pU g is o path between £ nud 2

whete 1, y, and = are all varinbles. The set {author0f(T, W} e84 G_%%m”
bitween z and y, and this is the only path in the first examp: i at
in this section. In the second example rule, we find the obvious .“._mn._ns
length one, but also the path {orderedDish(z, y), disdikes(r ¥ ) wﬂm. 6t
be viewed as.a path from x 16 7, or 4s o path from y to . Lookiog <o

© we reoognize that paths are really just sets of edges that we &% ‘“_.:.9:«
from one nede to another. Observe 1hat as a result of defining P

wo arc not allowed to use any &hﬂ more ~E_Eu once in & mmzm—n vunw__ﬁnn—& ot

Now a dotalog rule can be transformed into a semantically .M...—Wa hold?
of axioms of the description logic SROZEQ if the following COnCE
= The rule containg only unary and binary predicates.
3 f L _ I

5\3?.:‘._ 2

“The squized description logie feature In this case is the conjunction

POseily, -

1 be revey,

dency gropl; o

/\.,_}..

i e call

. The v,nﬂO:«— itlem

" wald

| RlnE) by
o the knowledge base, s long as we are only interest

Qnlologies and Rules
or any VO yarinbles  wid p, there -
Fli  in the premise of the rule,

“uch dntulog rules Description Logie :
w_s._.::n tlic complete ..::m?::.“ﬂ_m._ :ﬁuﬂ.r“q _.E. Ruley 5, ot
Fig. 6.9, W¢ ighlight some important cases :s” m_. Deseriptin Logie
In the nbove definition is ty s e definition allony,
jhat the role premise’s dependency graph containg g 9“”@% ey
gt greater than 1. A cycle of length 1 is an alom of the aﬁ.s& cychis of
", 1 case Lhat we con address In SROTQ, Tndeeq whtti om Rix,z) - o
s of the form R(z, ), we can intraduce %a.n_&u _.MM,WESER
fine with an nxiom Cr = 3R.Scll. One can then simpl 7 Which

Cplz), and this does nat change thie conclusiy v

is ay
. . aip A tingle Tath by

thz

15 thal can be gy
i e in coneludions
4ot refer Lo the new cluss name Cp. : EB& by
“he attentive reader will alrendy have noticed (hat our abaye ..&..&8
wmits furthier types of rules that we did not consider yet. An examply is
whe (4) of Fig. 6.1: it contains only unary and binary predicates, and its -

_dpendency graph hus no loops. Yet its conclusion is o binary atom, and
" ke can certninly not be expressed as n class inclusion axiom. SROZQ .

cffes two basie forms of role inclusion axioms that we may iry to use
RCS and  Ryo...oR,CS,

shere tlie first can be considered as u special case of the sccond role com-
psition. But both of these axioms can inchite only role names, whil ke
) a0 contains a unary (class) atom Dish(y). As in the above gueof l»”.
Buws Rz, ), {his problem can be nddressed by adding o auelfiary nu_.uh.wﬂ
tte knowledge hase. T'his time, a uew role name Rris i troduccd tog

- %ith the class fnchusion nxiom Dish'= Ioges-Self. Intuitively peatiog. B

ﬁm..“a the class of dishes to be equivalent to the dess c..n._”ﬂ_ﬁmmwu” 032
an o he relationship fpiey to themselves. With this odditi
tewrite rule (4) as follows: : :

Sy, A
. e 2 ! “o .

; . : yes(z.t)
Ai8likes(z, 2) A Rogas(n,y) A contains(é: ) e a =
Thi R ,. ey : Jsing
:aﬂa._. 15 the core of the transformation 10 sro1@. !
"% write the rule premise as o chaifi, :

fvere. otk

: - v\.&»QH»Wnuﬂh.vv.

Yoy,

s(x, z) A no,unn»uulau.S> R0

replace any atom

| /J

|
¥
i
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i g : | Ontologies und Rules
“This rule can now easily be expressed as 2 SROIQ role : : | TR e R g :
Tozether with the auxiliary axiom we have used above :mo PNy - pscutinlly, this discussion provides us i, Chongl | 2
e ) lNowing description logic kiowledee T e (4) py 1 iy, . Fige 6.1 Yet there is one inore js 85..:5,: L
sentad by the following description logic knowledge hnse: gy ales 19 g Y \ stie that desgry, ng all Dy,
; i ; A i P aif it does nok m:..n_:. I our example: tle ._...__:r_s_ f 'S ome Altentioy
R : A i , 2..?6 any restriclions on the ocenrrence of Constayy &q”_.cr Rulesy 1o .§. 3
Dish = ZRpgex.Self 155 y ; Bt ﬁ“ yot taken into necount when defining dependeney hals, sincu g0 Latter
_ dislikesocontains™ oJipey E dislikes : : Y2l § ol this is feaslble is that we can replace indiyj dual aaﬁg_ﬁ The revoq
T s i R : bl by ._-.c:_..nQ uew variables. If, for B.._.._-._e...:__n:ﬁma of congtan
: i : 5 g IR (z.0) AS(a: ), it can equivalently be rewritten os Riz A 5 has the form, |
Note that the sccond axiom ne longer contains the requiremen gy, flre, the new variable z is required to refer tg {)e ?.._*.‘ ?zurm?.s. {
refers to the same variable iu first and second position. The ﬁ___:__._.ﬂw.. | - poinal class denoted by {a}, i.c. = must refer 1o the Em__.u_w_aaﬁea of the :
edge base therefore is not strictly semantically equivalent to the omawa:h 4 Nole that ouly one occurrence of the constant q fag beey Mv_#ﬁ,w&:@ ;
3 Al 5 RTSEE s n g 5

Yet, o formula that does not contain the auxiliary name Ry, is orps sformation. When replacing the remainin ;

y 8 : B ? A ent trans{o , ) Dot 8 occurrence, w
the new knowledge base exactly if it is entailed by the on%.iﬂ% &:ﬁ;ﬂs yet anothier new variable instead of using = again; Az, .%w., Auﬂw\ﬁﬂn .wan i
fore the transformed knowledge base can be used instead of the o Eﬁ ?z..v.,n_eiv.. this transformation cannot ereate any new cyeles in En_n. 5
for nll common reasoning tasks, . AR dependency’ graph, £ that it is indeed safe to ignore constants when defining

While these examples provide us with a significant st of tools for trnhi, it & A
ruley into axioms, there is still o case that we have not-addressed yet. Consids This completes our set of methods for rewriting rules, We sum up our :
rule (1) of Fig. G.1. Its dependency graph has no edges and certainly 10 Joce, insights in’ a single transformntion algorithm that can be applied to oy Do !
so it should be possible to transform it. Yet, even if we use the above meib:d scription Logic Rule, given jn Fig. 6.5. Thie algorithm is organized in maltiple
for replacing the unary predicates Vegotarian(z) and FishProduct(y) sits -steps, each of which is meant to solve a particular problem that may oceur in

ke shape of the input rule. All'but the last step apply to rules with eaary
: Sl snd binary hiead atoms alike, while the last step needs (o distinguish between
AN SRR S e by inclusion axjoms and rale inclusion axioms. The underlying ideas of
tteps 2 through 6 have already been explained in the cxamples —.&.wa..‘.a oA
aly tiote thiat the step-wise transformation introduces some dexcription logic

“new auxilinry roles, we only obiain the following rule: -

bq.n.rkﬁ?..@ A Reyorpreases (1, ) — dislikes(z,y).

P s 2 = e ?.h.w. Z wg“.a_ﬂ w__a the rule, and that notions like “unary atoin” should be assumed :
ut thiss cannot be rewritten as a role composition axiom, since e s relide these additional cxpressions. - . e ENOLE
“gap” _...24..5: Taond y. Another special feature of SROZQ comics to oe.mn c.wg 1 bns been added to normalize the mww? of the EEM.N M.."__Mam T ok
tle universad role U can be added to the rule without changing E?&.Eﬁ. i .Mxm we need to distinguish in the Eweu:i_. ﬂu_wa&.m or beads, ie-
Rl o e S neetT i Y fis class expressions to normalize rules with copty Aant symbuls a3
i S rL R Sk ) .awa”h“__,e:amma. constraints. - Morcover, it climinates COPSEE
Reesnelzz) AU . —. dislikes{x:V; ; Xd above. ./ ; oo qre worth Dot
: :n.. u AH.S. A ,:—.:5&..2 (1) ~ td : meo"_..a further charncteristics of the ma_.unoan.._~m.n= Emc_‘.__ﬁw_ Ea“ often tmd
Sibos the vasa TR e e ORI S B ,._2.9_2. of all, the algorithm is non-deterministic m_u_m. to pick Ecv:_.l
i i ation denoted by U s defined to compriso all pairs O Lt | - yg MY 0 complote o stop. Stop 3, 0 1P G | opaph skt
£ihe the etam Uz, 4) does not fmpose any restrictions on the 2P g o g ot varinbles to connect them. If the ¢ e in cac, then ¢ M._.u g2
M&: M %59 Yet it helps us 1o bring the rule into the right u.w._“mza__.w:wm.aﬁ i B thogs, H”o:._..am.nm parts withi maore ::.w. 28=M.“.__”.. 1. Here and in &...._..__K
: ressed in SROTQ. F witlh t ired auxilinny ¥ ’ of the oecurt fables to bo conBeCit o 0o rnctoes
thus obtain: m., Together with the required 8 : i Mﬁ__ﬁfﬁ:_:wzn anmwi.”w m___qe”_a.u docs not influence the c 5
. . ¢ P y % s
. R Rl _ ..,e_n..w_,; i Wit simplify samo of the IteE S0 ¢ pon dieril
Vagttartonmap ie - 5 X : ‘ by far :o._:.. 1 must be acknowledged :::%ﬂoia_ﬁ.& 31__“« all pe=
m»nnmnonuna,umma.::a.mo_a : , o Sy .:o_.m._._::. nnd often produces Mo rerithun oo e
R, s atﬂ. R :Rv..xh._s..mﬁ: LI - B Y ae.ﬁ_w 1 50, since the purpose of :.m whenever _ﬁ&_._a.
: ..‘n. ey diplikes ' : Bz S IRE =_i hat to yield minimal nﬂ..:__h
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uts A 91...:..:&: Logic Rule B — .:
Mﬂﬂ?._»" A SROZQ kunowlnlge base K
Initigtize K= i .
Repeat vach of the following steps ‘_:.E 1o :.:.:_2. changey ocenr:
Step 1: Norwalize rule ; % ;
o If H s cnpty, then st H:= ._,E.u.f._,.m.d T I8 an arbitrary varhabie ;
« Foreach ﬁ&uze T in H: H x does not occur in B3, z::._ S0t Bam BA
" o 1§ possibile, select o single occurrence of a constant symbol 4 g = iuy
of sure predicate of B —+ H, and pick a variablo  not occurting —w__awwhaf
Thea replace the selected occurrence of @ with z, and st B:= p A amw.
; 3 g 4 ) ‘ : T
Step 2: Replace reflexive binary predicates H &
. :.v.w&Za_ select a predicate R(z,x) aitd replace R(x, ) with Cn(z) whe
Cr's o new unary predicate symbol. Set K 3= KU (Cr = 3R.5el). i
Step 3: Conneet rule premise AR :
o 1 possible, select two {(arbitrary) variables zond y such that :,,ang_ﬁ...
between = and p in B, Then set B:= B AU(z,y).
Step 4: Orient binary predicates = B
"o Now I must be of the form D(z) or S(=,z") for some varinbles : and 2
For every binary predicate R(z,y) in B: Tt “fa ;
- It the (unique) path from 3 toy is shorter (has fower elements) than the pott
, from = to r, then replace R(z,y) in B by R™(p2). o~
Step 5: Rall up side branches 1"
~® 1i B contsins an atom R{r,y) or R~ (x,y) such that y does not oceur
cther binary atom in B or #H then ' ke

inaf

- = LB contalns unary atoms Ci(), -+, Ca(y) thot refes 0.0 ._a_m_w
fne w new description logic concept E 2= G N b Gy 328
“Cily),.. ..OJQV from B; Otherwise define E:= T. =

.= Replace Rz, y) (or R~ (x,p), respectively) by 3R.E() (or 3™

- where E s the concept just defined. > SO TS

m:u. 6az I H Is of the form.D{x): Create final class inclusion B
* Inthis case, B ot G} In(a). Set K4
Wi br::..m.. be of the form O.n».u.>....>QLRY Se o
=umo=.=k.~°uﬁ

()

Step 6b: I I s of the form S(z, ): Create final role i o

e e ™
ol M“.”Km_ urary atom C(z) in B: Replace C(z) by Re(=7) m.woa :
- o.u.E...n.E&Ka K:=Ku{C=3RcSeli}). = .
.m muﬁ uh soataiss only one unique path between = and y S0 jeht
| BE—:) .Hurhuaﬂu.ﬂuv.. vy Rolzayp)} (where each of the fli :m S}
., .Gngg..gqona:b:ﬁu. mnn>\utl» hﬁCaz-o,.io::\

o S i v g

o1€

1 .nncm.m 0. . Transforming Description Logic Rules int® s

B lowing fi

¢~ ey,

} Q:io.e.‘n.‘..:_; Ruley ;
e, constder the simploe fuct — g )
_.= 'sROZQ ABox statenent, _E,M.MHM_S.HG_%W
s (a) (@) A (o)) — R(r, u), o it coppeeg, 1
YA Uet) A {6}(y) — R(z,y). Finally,
?:n quxiliacy binory predicates B... an

aced U ot
3.53_ v_.a_ sot. of deseription logie axioms:

f mmm?,.-.ma:‘
b= 3 Se

\Whiile this is clearly not the preferred way of expressing this E_anar it
dill captures the intended semantics. On the other hand, the dlgorithin ako

covurs cuses like — R(z,a), C(z) A D(y) =, or R(z,y) AS(0,2) = T(y,2) *

shere o proper transformation might'be less obvious, When dealing with

such transformations — for instance in the exercises Iater in this cupter-it *
is therefore left to the reader to cither npply exactly the above algorithia to &

cbtzin a correet but possibly lengthy solution, or to use shortcuts or obtaining
asiniplified yet, hopefully, correet result. ot

When wsing DL Rules in ?.a..a:ne.. we should not forget to take o .

that the deseription logic SROIQ imposes some further restrictions ﬁ:ﬂ
knowledge bases. Two such restrictions have been introduced in Section 5.1:4:

the cor-

regularity of RBoxes and simplicity of roles. To ensure decidalilit; hole
tsponding conditions must be checked for the Kmawledge _E.w BMMQHQ.
ad ot just for single axioms. Hence, when adding DL Rulcs ﬁ. The
59..._.&? bases, we must take care ot to violate any such condi o
s:g_n.hr Rule, c:g., could be useful in practice:

{ o ,._E__srsur.
Childis B.m_.a_m% ™ .wnSm
o
G U

; coau.nauv \.,uumg.rﬁ.m?‘ 9= noGB.anh.&.. 1

Butir, ; SRS e

s inaddi 3 b
WS ion, an axiom motherQf & hastas
o5, the thie RBox obfalned ofter trsiatig e
Ev_s.:... a eyclic dependency between pother™? & -
they gmnn regular. Therefore, either of tho tw if s want to el
Y500 i Mot be cambined i one knowleds® ccivab!
L eurry p. ice algorithms for reasouing: 1t &7
._,ﬁ._af_ Algorithms could be relaxed 10 3
siblg e Xioms {hat are obrained from Descriptior w::x_._a_ int

tion is ta resort. 1o other kinds of FUI% 2 P
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6.3.4 DL-safe Rules

Thie previous section considered DL Rules ns a kind of datalog nils 1y
could also be .d.v_.nun.:.& in description logics. The main application of DL
Rules therefore is to simplify ontology editing, especinlly considering Uit o
of the required encodings can be quite complex. This section, in contra,
introdices o different type of rules that add real expressivity which & v
synilable in SROTQ yet. These datalog rules are called DL-safe, and they e

~ bized on the idea of limiting the internction between datalog and descriptin
L2gics to a “safe” amount that does not endauger decidability.”

TLe restrictions that DL-safe rules impose on datalog to preserve decidt
ity can be viewed from two perspectives. On the one hand, one can gies™
inctic “eafety™ conditions that ensure the desired behavior. This oea%w
to the original definition of DL-safe rules. On the other hand, one can modf
the semantics of ‘datalog rules so as to ensure that eyvery rule is _3=?m
restricted to allow only “safe” interactions with description logic rs.,sﬂﬂ
'bases. This approach has become very common in practice, since it is nsu_

-~ always possible to evaluate arbitrary datalog rules in a DL-safe w.u_w.«..mﬂ with
requining the user-to adhere to specific syntuctic restrictions. We b :
the original definition and explain the sccond perspective afterwards: ok

To define DL-safety, we need to consider n concrete description .oun% ¥
cdge base K. We call a datnlog atom a DL-atom if its v?&.na.n,_uw@ ot
used as o role name or closs name in K, and we call all other ._=‘._.q all v
non-DL-aloms. Then a datalog rule B — If is Dl-safe for = __,.

| ablis peeurring in B — H lso oceur in a non-DL-atom in the Do of s
tlat, a5 before, we wse B 1o abbreviate i arbitriry ncz.ﬂ:..a.._n:o—\@?.
atoms.” A set of dutalog rules is DL-sale for K if all of its rules 47 =7

. _,a\

. , = . _..._a._rf.
"The name “DLoasld” actually originates from o related notion of afety

| sidezed oy datalog in the field of deductive databases.
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- horteut for description logic axioms. We jist have to ¢

“Tule premise for all veiriables that did not appear in suckan
; @) nnnmnanonur.?. A dislikes (x,9) A0 A o)

, Frd:

2 Onlologies and frype,
Jory Cifler. the dntalog rules and Uesery
lready Know from carlier exmnples, The
(at e ._.upuncn_n%m_w:m:_ m“a_—wﬂw.“_..:nn RS pr
et L fore, rule 4 no aft: shico lim Lo
e mu,mms,. Rule (3) is ot allowe forl 13 ety g e
zi;:, indeed DL-sfe. ‘
s =z.._.a€ therefore is rather casy to recogise: 3
_._—w“.,a, there ara n._._n:n__ nou-DL-ntomy i cag, :._.“.
¥ vstill be taken since DL-salety is not nn intrijge feature thy
zﬂ sy have: Rather, it depends on the acon ¢ that
n sledge base md the predicates used therey,
awza_p perspective on the rules a_.. —umm. 6.6, As we have woeq
qule (1) and Tales (3) to (6) could similarly big considered 3 Description Lo
fules, while rule (2) does not meet En,anaﬁ_ﬁ.ﬁ Using DL Rule MM
Dlesafe rules together is no problem since the fonner are nierely o symactic
4 reat all prodicates
{hat oceur in DL Rules os if they were used in the description logic part of
ihe knowledge base. Rule (1) and rule (3), which we found rot to be Dl afe
sbove, could thus also. be considered as DL Rules, But when duing s, the
predicetes Dish and dislikes also belang to the description logic part of the
fnawledge base, and thus rules (2) and (4) are no longer Dlrsafe.
Summing up, we can treat the roles of Fig. 6.6 in at least two ways: cither
seuse rules (2), (4), (5), and (6) ns DL-safe rules, or we use rule (1) azd rules
(3) to (6) as DL Rules. Neither approach is quite satisfying, siace v Lave to
vegleet one or the other rule in cach of the cases. But the defisition of DL~

we I

MY naed gy
Pretise, uma an

in Section 633,

salety shows us n way to get closer to our original rule tet. Namcly, whenerer -

arule is not DL-safc for a porticular knowledge base, it can be modifind to

: : 5 to tke
become DL-safe. . All we have to do is to add further _s:.ww_.“ﬂu”%a &

£ead s P
firtlier non-DL-atoms should ‘this be? . In fact, we can simply introdaee

: T {0 ensure the
2w unary non-DL-predicate O and ise atoms of the form o(z)te P

TORAE L g ntles
Doty conditions for a variable z.. Whei viewizg rul (1) 22

19(8) as DL, Rules, e.g., we can modify rule (2) o becout

; - DL-ntoms
zond yoceut B UE0 Cpat

d_mz new : \
. ther (DL} Erv.. .—_w.”n. reasen

2 fiyyg =”..= le is indeed DL-sale mrﬁ“.rom__

“lice i ; s
Hately, can be used together with t S
F.._”? Whis rule dogs not :.ww:. for any E_._Eaa_‘...ah_ﬂ.,unv: aﬁilmm .mynh

there iy 10 inforinntion about O, and ::..:..2. o tlat ale
Beve M_i?: where O §y fnterpreted 08 :.3 ..__E_v,__- L
:.z.«.;_i_e._._a.. Adding O(z) and oly) E._E,A:u:;
8 the rule, Thierefiro we would like 10 6%

o Dlesafe as felloms




