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Abstract

h] th pFil)eI We dew+)], ahl;l(--b:is?( 1 l<ulglla~e t(] rxplesh

(plel’les , Constlaillt,s, U])(lates au(l tl,clll,<:i(, tlolls TI1(J la]]-

s1uige sltplxwts the (lefnlltioll of Stat](- C(jnstlaltlts ,mi(i rx-

trnsiollal Illj(lates ill (latiibase Illles (JI IIL tile tlalls,ictlolls

Tlle(-c)llstraillts define(l m atlansartion al~ tenlporaly, that

1s tile}> 1101(1 OUIJJ fO1’ that tlallsii~ti(”)ll, \\’lllle tfl[)se (Iefille(l 111
database Ildes ale pellliallellt, Il]at is they li[)l(l fole~,el TIM-

motivatmn of’ using a Inu(ple Lu)sllage 1s mutil, ate(l I)y l~la&-

matic and theoretical consi(leratlons. that is a lmifolnl com-

putational U1O(1CJ1of tlus langlla~e all(l semanhcs tlallsartl[)ll

optimization Finally we plovi(le a two stel~s srlllalltics fol

C)ln langlmge nlodelill~ tlie tlilllS.lCtlOlliil l)ellavi[)l

Keywords: De,luctive (Iatalmse. lq)(latc’s, Collstlall]ts

an(l transactions

1 Introduction

Iu lereut yeals, logic-basf(l (Iatalmses I,ave I,eel) tile f(,rtl~

of intense research, WIHC1l l]as lesllltwl in stloug ,a(lvmlres ]])

tf1601y, systems aml apl)hratiom. The lllajo] a(lval~t,a~es of

(Ie(lllrt,]ve (Iata bases ale tllell follllal >et,tlll~ Imse(l (III (lec-lal -

atlvr Iaugllages [10] to exp~ess (lat, a Irlrws, [lllelles :u)(l iu-

te~llt,y constraints an(l tllell silllple co:llplltati~)llal ]])(]<lels

fol(plery evaluatlcm, SIIC, as1 ~ tol)-(lo\vll” 01 I)c)ttolll-111, eval-

Imtiou [I] Howevel, ltIJ(latw all(l tlallsact,lons ale (Iifhrldt,

to express with logir lall~luiges, Sevel:il al)l)l(jarlles lla;,e

beeu propose(l m or(lel to lllteglate l11)(lat,r5 all(l t,lallsar-

tlons with (Ierlalativr (lltely lallylm~rs. Allll(]st, all t,f]ese .alk

l~r(xwhes impose a cc)ll~l>llt:iti(jll:il lllo(lel which is top-(lol~,ll

if’ Ilpdates are (lefil)e(l in ride IKKIKJS an(l botton-up n] Iq>-
(lateh are defined in rIIle hrii(lh,

Recently a new approach to av(ml tf)e above (ha\vl)arks

has been intlo[blcd in [3, 14]. IJp(lates are explesse(l I,,
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llde Ijodirs all(l lkave a llolk-llIllIletliate semant,lcs They ale

rollq)lltf?(l 111 t\\,[) ])1W% Dulil,g tile fhst phase (called the

lnalking l)lmse) Illxlates ale roller t,e(l an(l their consistency

]s rllerke(l These Ilp[latrs are llypothet,lcal since they ale

Il(]t artllally al)plie(l tc tile clatalmsr In the secon(l phase,

(callwl tfl~ lqKlat e l)lmse ) the dlerted updates al e executed

altogether mo(lehug ,a t,lansart,lonal behavmu. TIIe main .ad-

vzu]ta~d of t,lus al>l>loarll is to avoid expensive mntllne roll-

back Ale to t,ransactioll failluw an(l to model the transac-

t,iollal I)ehaviol of cc)llll>llt:it,iolls, Indeed, if there is a failme

the t,lansactioll 1s not, exemlt,e{l aud tllerefO1e is not need to

Ini(lo the llpclat, es whirl] lkave not yet, been executed Mole-

ove], tol)-(lown and l)ottolll-llp evaluation are :econcdlate(l

an(l both ev<ablation lnetllo(ls can lw used (luring the nmlk-

111~ ~)llase.

\I~eext,eli(lt,llis: il>l>l(j;irll allowlu~ also constranlts ulrule

bo(hes toget,hex wit,llu])(lat,es The lllaillllloti~,atiolls of this

ext,elwloll is to expless tfuolq J1 the sanle lan~llage st,rl Ic-

tulal ;111(1})ellavlolal feat,ln es, to lllodel (llleries, constraints,

lll>(liit?S iill(l transactions withnl a lnlifornl scllelne avoid-

ing exI)ensive Itult,lllle lollb.ack (llle to tlansact,ion failures,

Tllisscl~ellle l)l(>\,i(lesacieal illterac-tiollal ~~ollgLlp(late, con-
st,laillt, (plely all(l t,lallsartion langllages In addition, both

tol>-down aIi(l l)c)ttolll-111} evalllat,ion methods can also be

llsed Collsl(k’llllg (-oll,<t,IaiI1ts Mole Ovel, OU1 approach allow

tc) chall~e the int,eglit,y collst,laillt,s Indeed, those defined

ultm tile (Iatal>ase ale l>elwlanellt, and should not, change.

By contl,ast,. those defule(l in tl]e tlansact,ion can change

,and t,llelefole ale t,elllpol ,aIy. Iudee(l t,flele ale luall,y ex.an~-

ple 111 \vliirll we sollle of the constramt,s are pernlanent, and

tlwlefole w]ll uever rlmll~e, Iustea(lotllel constl~anltls have a

slloltel life, t,f]at, 1s t,fley call lIOIC1 [)llly wlt,hin a t,lansact, ion

01 they u~lwt, 1101(1 only f(]l a sl)erific liin(l of t,lansactiou.

Finally, sen~ant,ic transact,rou opt,llnlzat,ion are possible ex-

teuchng the approach to senialltic query OptfinlizatiO1l con-
sldele(l ill [7] ,311,1 t,lle approach to tlallsact,lon optiulizat, ion

cons] (le~r(l iu [~]. The above featl~res lead to a powerful

Ilde langllage to expless knowledge bases with upclat,es and

pern~anent and/or t,enlpolary constraints,

In OIU proposal constraints and updates have a non-

lnlllle(liate seulantlcs following the gui(leliues ofupdatles with

lloli-illlllle(llate srnlant Jcs,that is, the conlput,atlon 1s pel -

foxnlr(l in two phase Ihwing the fust phase, updates and

constranlts ale collected while up(lates consistency and con-

st,raillt,s consistency ale checke(l ITpdat,es are hypothetical

SIIICP they are llot, act,llall,y apl)lle(l t,o t,fle dat, abase In the
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second phase, the collected constl aints are checked m tlw

current state and then the collected updates ale executed

alttogetlm if the new database state will satisfies the cO-

lected constraints If constraints rllerkiug fails before or

after updates execution then the transaction alxwts.

The I enlainder of this paper is organized as follow. Iu

the following we introduce info] nlally tfle appl oacll of IlolI-

inmwdiatle semantics for updates Section 2 illtrc]tluces tile

language to express queries, constraints, updates and trans-

actions and its infornlal lwllaviol by uleaus of several ex-

an)ples. %ction :3 introduces formally the IT-(-! -llatalog lan-

guage. Section 4 presellt,s t,fle selualltics for surll language

in two steps nlodeliug the transactional behavior. Finally,

S0111(? COIIChlSiOIIS are given ill sect,lou .s.

1.1 Non-immediate semantics for updates

A database consists o f a set of groInKl base I elat]ous called

6:LtFJI sto77(Il database ( EL)B ) all(l ,a set, of VII t,llal I elat]olls

defuled using rule, called Infer) s/oIIfJ/ (Iatal>asr (ID B ) III

order to express llpdates to base relations ill Datalog laM-

gllaxe [6], we consi(l?l llp(latvs II) ride I>fjflies TIIe sf(//f t)f ;i

(Iatah;tse is tfle EDB ii}i(l \ve (le~]ol,e the Ilp(lates (to tl)e ex-

t~usiollal (liital)as~) as ill L1’DL”[16] Ilitllitlv:ly. tllr IIlealllllg

of —p(j) (+zJ(;)) is to (Ielete (insert) tlllk t froul (itlto) the

base relatiou y) Tlke l,o],-,lli,lle,liiitr seulautlrs of lll,(l:ites is

introdl~ced hy nlealw of tile followills exa]lil)lr

Example 1.1 f:onstder tl,e d,if,,l~~,se DB, = IDB u EDBl

IIlltffr

EDB, =q(b)

IInd t}le ?11tt7/,$?Ol//l/ [/[/t(lb(l<fIDB )~

IL?B= p(X) ~–q(x), q(X)

r(X) 4- +t(X), p(X)

s(x) + t(x)

k(X) ~ +q(X)

The go(JG’l = ?r(X) IS [OIJIIJIItCrl III IWO /JI~I\c.,. Tltf fII.\I

or)c(()//e(t.st!!e!)/r)[li7f ~/X =b (lrt(]t])~ tf!)tot)(v //IJf///t~q(b)b)

(rn(l +t (b). Dor)rtri tl)e .SC(or/(l l~l)(iv~ tlt( )f/><1(/tvs(Irf ~t f-
c!ltf(l I1lfO1lJl[lll!l thf ,If(ll ,1tf1151011({/d,lt,lhl.v, Er)B, =
{t(b)} istl,e)e<,//t oft/,v, {,~/)(!t/<r)(/tl,(5e upd,rl{>to
EDB1. T/I,r godt2’1 = !s(X), rm//tIfItfdIH DB? = 1/j~U

EDBv, (ol/r(t .stl)r/ )/J/( 1///X=b, b, <iiIilil[M~ {tot(otr![)(it~(111(1
Upd(ltc(11)(1tl)lls tllf f/t fl/s/(l!)(ll (l(lt(l/)(l\f /> Vtlll EDr)2. Tilt
(I(M{I[;+ = ‘?k(b) t/)(//u(ttv(/III~fjycolle(,t.st})ttcJ)t([t/(](1111.
(/(/tc+q(b) (()/n])ut/r///t])c)t((IIst(iteED.B{ = {t(b), q(b)}.

~~, = ?k(X), p(X) c,d/(, t,t/,,t,,/t{/t//,6II]d(/t,,+q(b), –q(b).

T1/vII ({K trl(()?t.s~.stf~!ttltv~<fo}, t],, (ort,[,))tt]t)ort” (,ftl,, !l(Mil
<1/mft,>lwodr)~j fltv fl(:tff/>ff.svIII tltv [,)lt)w!)t (Ifitf]l>(lv? <t(]tf.

o

Note that insertions a]](l ]em(nals ale not Illluli,(liately

tli~xeled a~ ill L’PL. TILe c[J1tlplltatiou is I)e:ft)IIIIe<l ill t\v(J

str~,s[ 4]. Tlirfi,st l,l,ase,-,,]],l,l,test l,el, ],,{ii]iXs:t,,<l(, ,l-

lect Iq)(lates while Cllecklll: lll~(late c[)uwsteli[-y By Ill](l;ttes

col)slstency we uleiu) that cc)llll)lelll~-lkt:ily Illxl:ites ;u(, IKI(

allowe(l. iVIoIeovel. tile lll)(l;ite~ c[)llecle(l II] tlltv illst l)l){is[,

folnl aset By coutlast, ilL l)I,P [1:3] :u](l ~I”IIL. II)iy ;iIr(OII-

si(lvle(l .as ;t Se(lIIS.l Ire. Tllelefole, IIIle 1)()(1 Ies \vitl] lll)(l;~t(,s

,tle ;dl e~’alllatwll ill OIW appl(dl, III the S;LIII(J .st<~te, u;tnl~,lj
011 tile Stitte 1)1101, to allJ) (-hall, ~{,, 0111), aft(,l a <11(-((-ss[ 111

(-O1lklJllt:iti O1l Of tfle hl>t 1)]I,L5?, Il])(i, ites rile [Jxeclltt,(i N’(]te

tflat W,e will cousi(lel Only <latalj;is(-s Ivlllcll iilt> s;ilr Illloil+ll

go:ilill~’ocatiorl, that w(littal~asesfor which the rule ale safe

[18] (i .e , the varlal~le iu tf,e head also appear n, the body)

or I>ecalne safe tfuollgll goal invocation (i. e , the query plo-

vi(les t,llr l>lll[ling. We Ief’fir to a goal (or query) also as a
tro~).,fl(t)oflto give ewtlenre to the t,lansactional behawor

of a g,o:il (or(lIIeIy). The seruantlcs of t,fle ahove language,

llli)tlelill~ the tlausaction;tl Iwhavior is givtm in [3, 14]

2 Updates, constraints and query languages

ITptlates an(l const,r;iiuts call be defined elt,fler ol~t,side 01

wltfuu the [plrly lall~ll,a<e In Gllle-Nail [15] updates and

[lllel ies :0 e (lefnl?(l I>Y ulrans of two separate langl~age, By

rolltlast, RDL1 [12] an(l .C”D,C[16] merge tile two languages.

Even if in logir-base(l (Iatabases t,fle colwt,railit,s can be ex-

pl esse(l as rules, coust,l aillt,s and (lueries have been sepa-

rat e isslws. Ill(lee(l the classic view collsidtt the const,raults

as “kll,)!vlwlge” (01 lllet a (Iat,a). This inlphes that con-
st,laillt,s al e a separat,e Col,ll,onellt, of t,lle (lat, abase, t,flat, is

tfle}, aI e c(]llsidtl etl as al] lut,rgrity constl suit tfleor y that the

datal~ase (expl essiug (Iat;t) Illust satisfy Tllel efol e, even if

tfivy call 1M exl)lesse(l I JJ, ]IiealM of t,fle saule Iangllage, t,fley

iO e COUCel)t,llidly (liflel ellt

Exanlp]e 2.1 {~o?IsI</rI tl,,,l(It(IhrIw(o,,,por)rnt,IDB artd
I[!

IL)B= Hsaledept(Depno, Mgrno, Floorno, Item, Vol)~

D~pt(D~pno)M~rno,Floorno),

Sale(Depno, Item,Vol),Vol >80000

- Dept(X,Y, f2).Dept(X,Y,f6)

[(! ctl, rfsertts t}, ? /r)tf(/) rt!/(or)stl(//iit t/,Pc)lye.cl,rv.ss)f)yt/iv

(oll(ltt loll tlt(lt “))() (I fp(!lt!l)f’!lt< (’/11/ /)? (>1) thv pool f2 find

f6”.

o

(k)llstlailits ale exl)lesse(l tfut)lq-jl rides Consul; iillt ilp-

clates ale ~hfflclllt t,() Ill(,ciel Tlus is the s;iuw P1OI,1CJU1 of

view lll)dates (!uustsaillt iU1(l Vlelv Itl)dat,cs ale not, nlod-

elwl I)y fhst (JI(leI logic [T]. TIIe ll~[)tivations to considm

Ilp(lates. collstlalllt,s all(l {ll~erles exI)resse(l into a sill~le lall-

:Ilage al? l)l,ictIral all(l t,fLv{)letical Flolu a Iwactical ponlt

{jf \,i(,\v, tlw (latal~;isr (lesi~liel Ilre(ls to Tnl(lelst,and ald hau-

(Ile only {)11(Jlallgucage. Nroceovel , by considel iuS ronstraiut,s

111Ildf, l)(]tlle~ au{l K();lIs ((II t,lallsact,lolls) wfisllppoyt, chauges

t{] t,flt’ Collsl,la]llt,s N1al Iv al)l)li(-atiolls need to clmuge the

Collht!ralllts. Fol ex:illil,le (l~uill~ tile I)rototypal phase of a

(Iat, abase sevelal cllaukes ti) collstraiut,s can sunldat,e differ-

ent, iut, egllt,y cO1lst,lall:t,> t,llr,)lles Fiually, collstlaillt,s can
l)e Iwe(l f(jl (Jl,tillliz:ttl[)l], if tfley ale nlelge(l with lll~(lat,es

aud (lllelies. IM(Iw1 tills is tlie tlell(l of mauy lule-based
(lrat,al) ahe l,u,:,m~r~ SIICI1 as St,iill)lmt, [10] aud HiPA(-” [o].

TILe al)[)ve l;uk~lm~e ale I,;we(l 011 act,i~,e lules, t,herefole its

easier to t,xl)ress Ill)(lates, (pwlisw iill[l constlaint,s, but tlw

JI:lce t,{) I);t], IS to l;K-l< a f(lllIlii 1 srnmutlrs au(l the nice set-

tilig of ~[Ial IhI\:r]I (-(]llll)llt:tt,i[]ll TIIe throletlcal u~otlvat]oll

of (Ilu a])l)l[mcll 1s tt] l]ave a Cl?;u Ultt,lartlous aluoug the

collst,l aillt,, ]Ip(late, (lllely ;uI{I tlams;ict]on langllages Jvlule

1)1esel viu$ 11,? t (]1,-(l,j\vll al,(l 1,ott(,lll-111) evall:atiou schenles,

N,Itr tl,at, n,-ti, r (l,,tr,lmx-~ Iit(-fi tflr ll(~ti{nl vf <Iucliva WIC1 tf, s

{-{>llll)llt,ltlf)ll:tl IIl[)[lt,l is {JIIIy l)ott,olll-111) Ilk t,fle follo\villg we

\vlll colisl(le; Ill)(lates (Ieluie(l ill Llile 1)[)( lies,
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Movedept(Depno) From) To) e-

Dept(Depno, Mgrno, From),

–Dept(Depno,Mgrno, From),

+Dept(Depno,Mgrno,To)

A database wlthupclates, [l~lerles au(l constlalllts call be

defined corlsidelirrg as ne\v illtelwiorlal database t,lle IIrles of
ExalI1l>les 2,1 alltl 2 J an(l as lC the constraint of Exaulp]e
>,

L’ ,1,

lDB= Hsaledept(Depno,Mgrno,Floorno Item.Vol)e

Dept(Depno,Mgrno, Floorno),

Sale(Depno, Item,Vol),Vol >80000

Movedept(Depno.From To)-

Dept(Depno,Mgrno, From),

–Dept(Depno, Mgrno. From),

+Dept(Depno,Mgrno. To)

1~~= eDept(X,Y.f2),Dept(X.Y,f6)

Ic Irlll’f’s?llt.s tllc /rltt(/r’/tl/( ol/$tl(l/r/ts thtoly. o

TllelJasl(- i(leaofilltrKlltj cc,listla~llts Istllat [JIJIY ~-rlta]ll

st,,at, r,s ale c[)llsiclere(l accel]t;il)]e ;uI[l If’ is llle;uit tcj eIIl(J Ice

these le~al states WC’ l)ell(\w that 1[’ Sllolll(l ;11so I)e llit,e-

Srate(l with tile (lllel~,-llp(late lalLXIIaKr 11) tj](lel 10 ;~swjclatr

the Ielevallt, part of tile colistlaillt tllrc)]~. \\, itl L tile !ll)(l;~tt+

\vlucb C(IIIIC1 potent, ral]y vlol;tte tile coilstl;ullts. Tlwl(~f(,]e.

\ve nlove tile collstlaillts flolllt llestatlls( lfl)ellls (//ohl/\Yllelf

tll~JrS 110111(1] )~Cll~Ck?(l fol dill’lll)(ldte (dllalt flolll (ll)tlllllZa-

tinll ulet,flu(ls [l Y]) llkto tile statlw of /~NfI/ rt)llstl;iillt<, ] e

iuto the rule potentially lespolLsil)le fol tile r[~llstlalllts \II(~-

latiou Note tf~at glol,al constr~iults c;,]] still IN- slll,l)olt(.(l

llsllIg lepeat,ill~ all tile collstlalllts IIlt(j all Illlrs

ED13= Dept(9,2, f2)

Dept(6,1, f4)

Sale(9 shoe,90000)

lDB1(’= Hsaledept(Depno.Mgrno,Floorno. Item,Vol)+

Dept(Depno.Mgrno, Floorno).

Sale(Depno, Item.Vol),Vol >80000

Movedept(Depno, From,To) ~

(1Dept*(X,Y,f2)V

lDept*(X, Y,f6)).

Dept(Depno,Mgrno, From),

–Dept(Depno, Mgrno. From),

+Dept(Depno,Mgrno, To)

we

(le-
tht.

of tilv (1/ierr/ /!!)7//1s tllf se of t}{? (077. sfr(i/nt. s), ‘fhr lipdutf:,s arid

t//c([)1/.$tJ(f/7lts.’

● Depno= 6)From= f4,To = f6

● –Dept(6, 1,f4),+Dept(6,1, f6)

TDept*(X)Y,f2) V7Dept*(X,Y,f6)
●

~Dept*(X,Y,f3) V ~Dept*(X,Y,f4)

T1)Y (ori\tl(,/r/ts (iIC <({tjsfic[l )r) tl!e EDB, ljt~t they ar~ riot
$(itjsfit(l II) EDB’ = EDBUDept(6, 1,f6)\Dept(6, l,f4).

Tlje:ff(,re, tlic ~l(ml(ibort,

o

IVote tll;it tfie class]r Ilspotllesls t,llat IC~ is satrsfred by

tllr rllllellt (l;it;il~ase state (Ioes Ilot 1101(1 in oul approach

III(lre(I. (Ille to tenllml:ily colistlamts \vhvdI can be added

\ve Iieetl :il\vaJIs to rllecli \vhethel tlw clu~eut, state of the

1 1(Iat,l )(isr s,atisfl(-s t, le c(]llst,r.alllt,s (“~ousl[lel ing a set, olient,ed

l,el,a~lul, tl,e lll;ilklll~ I,l,ase collert (I>esl(les to biudings)

serelal Ill)(lates all(l colist]aiuts (llle to ddl’erent successful

(leli\,at,rolls

Example 2.5 C’U,, S](I, I t/,e,lotol)(,,cDB, = IDBu EDBl

Wilt If

EDB, =q(b)

[[!)(1 tllf/rff6+{!5/or)(ll (Iii f(il)(!st IDB I+

IDB= p(x) +–-q(x), q(x)

r(X) ~ +t(X), (=t*(A) V=q*(A)), p(X)

s(x) + t(x).
k(X) ~ +q(X), (=q*(a))t(X)

k(X) e +v(X), (~v*(A) V~q*(A)), t(X),

Tl)v :1(M1I{T’J = ‘7r(X) IS <()!r)l))itv(l II? t!))() I)lI(i SF.S. Tl)rJ fov-

ri!er ():)6 (()//v(ts t/If tf)? /J ItI(/171!/ x = b, t/)y t~~(~(,t~))r (il)-

f///t(q(b), +t(b)b) (i//(/f//e c[)r/st/ f//r/t t//ec,7y (+t(A), q(A)).

Dil I//l,f/ tllf>t((lll(l/)1/(1s(-fl!t IIp(l(itvs (Irv flt(lttf(l l) W(lIIS?

fl)ftj (/() :I<)t i’i(]loft t})+ (()/) st/(//rtt tf)po!)j. IItforrr)(:lly t~(v

tt~{(, f/tcr/.s/();/({/ (lcI/(1/M[\~ EDB2 = {t(b)} /,s t//e ~e\/1/f (),/

fl)c (lp/}//((lt/ur) ()/ tl/o, c t)l)(l[ltv, to EDB1. Tlte ~o(jl C;2 =
‘(=t*(b)), s(X) ,//,//({F(F)//)/ DB2 = IDBu EDB2 f(, /lsdu,

to t}!f (,/() /(!tl()/) (1/ t/1( ((lllstr(llllt t/) FUllJ (+ t(b)) (ll!d t~lll$

fl, e ,,t<,),,,,,,,,l [l(it,il,,,,, ,\ ,t,ll EDB2. Tl, f g(,[,l G, =?k(X)
([~//( (/s t//c /))rIdIIJ,/X = b. }}IC t6)/f(/f//)f ///J(/(/t~, +q(b), +v(b)

(Iri(l tlrt (ol)str(li{)l tl)for(j

+ v(A), q(A)

- q(a)

//))//(// /,s \,(//sfit (l//, EDBJ h~it ,)of /7/ EDB, ={t(b), q(b),

v(b)}. T//c /e}(~{e fllc (/()(1/ /(///s.

o

lTl, V,:<, ],btIa Lr,? + A,A AA,, ,~;)!)l,~<~I,I~h5?~l iia=AiV VA;,

111tll? I{)ll(l!vll)x \Y- 11.r tn. w tv\W ll<)t:, rlollh r-(, u,v’ilelltly Mcl,rovl?l,

!4, - 11s? rl, ? “ t,., ,I?,l<, r!- r],, ,,r,-, r,l. ,-jf t],,- C,-,,, ht, rl,, )f ),, str:, cl that t,), ?

at,-,,,, ,Oi ;,,, ,-,, <{n,;,, )l *,, [,- TI,I< ]s ,-l:,t~<l r,, rll~ tact rl,;, r we :,IV
l!l,l~ll!~ C.l:,r:, :,, ,!1 ,,, Pt:, !I:, t:,
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3 Just one language

IuSectioll 2weco~witlele{l allextensio]j of Datalo~ l:ingllagt-

with lqxlatjes and constr.aint,s defilwl in ride lwxlies. Slwll

language is an inst,alice of tfw Ccnlstlaillt Logi( Progran-

nling (CLP) scheme [8, 11]. We recall that (~LP sclwme

provides a fornlal franlewolk for rvasollillg witfi all(l abollt

constraints in the rule-f>ased context, c)f logic prograllllnillg.

Within thisframewolk, adass oflule-base[l rlwtomlzedlam

guages can be gpmated to (led with ronstlaillts over aspe-

cific domain of complltatirm. Imkw(l this is (nw ap])roach.

The key i(kahere w that the illlportant plope]ties of HorH

cl:illses do not, depen(l (m the Hell) lan(l Ill)ivelw (JI lulifi-

cation, These semantic pro]) erties lK)l(I for lnaIiy (Ioln ains

Consecplelltfy even tlhollgll one (kals lvitli(liff(l{~l)t l~ll~llii~(+

working iu diffelent donlanh, tfley all sliale fllli[l{tll]c-llt:tl se-

mantic properties an(l form a well define[l class of Ia]lgllages.

The up(late and constraint parts of nde Iallgllages in-

tlodlwe(l informally in Section 2 ale Inltl a special kill(l of

constIaillts over a specific domain of (-()]llI)lltziti()l] in (’LP.

Our extension of Datalog is a syntactic restriction of CLP

ovrl flmrtlon -flee fh]lte (lolna)~h. SJrl}t,act,ir It>stlicti(}l) 1s

(llle to tfle fact tflat lelatiolls Ilavr t{] I)r eltflrl rstrllsl{lllall~’

01 illtelwionally (Iefillwl (SW> Ih,fiultit)ll .i 4) Eh,fole ]litlo -

(lllCIIl~ tlll~ litIl$+ll.3~ (?, W6! l’(-(l;l H tfmt tf)e Ewun])les of M,(-tiol)

2 have SIIC)W II tlmt tfle tile Ialigll(t,+e to (.xl)less (III(,II(JS. (’(Jll-

1 11 nave tlleldl[)wlllxst,laillt, s, IIl)[l;it,es a]l(l ts;llisact)[jli.s s It)ll f

(-ll;tl,;i(- tell stirs.

IT1>,l;tt,es all~[c{)list,lall)ts aIe FX])Iwse(l lt] IILI( I)()(lies.

TIIe Illle lnllst, also (-ollll)lltr tllv l)III(lIIIXS fo] III(J Ya]]-

ables of tfwllde which ale m)t ill tlw (-olwtlalut ]ui]t.

Tlleleis,,ool[lrl a,llc,l,~iitolklsll,ll llrl>()(lles

The l)larkillc I)llase. tll:it w. tfle allsjveliliu 1)]()(-ess,> , ,,,
mllst Compllk the I)in(lil]gs for tile V:il’iill)les. collect

the set of collstlamts aml tfle set of hylx]tlletical llp-

(Iates

Il]tl,ef c)ll(>\villg\ veilltl{)(lll(-e alIde-l);Lse(l biltxIlaKvc,)t-

Iespon(hng to the la II, K1mKr illfollnall~ nltlo(htce(l 1)]! l[lealh

of tile rxamplrs in Se(-tiou .!

We consi,ler il. fiXC’(1 (H, Z, I’)-lFiIl&ll:ige. Pl(J~lalllS AI}(I

(pwlles can Ilsf only the foutle srt of ])lr(ll(-at, r syIul)(J]s rf,
the finite set of cmhtant syml)()]s Z <U](I tflv v<ud)les of

1~. lVeasslllllet ll;~ttll (~l:,l\Sllage(-, )l)tail)sel,(, llgl,\,:ll i:iI)lrs,

constant, sylllbols an(l I)le(li(’ittes tt) \\,l,it{! a lJltJglalll :il](l to

rffectlv~l~ qlle~y it Tlie set of ple(liratr SYIIII,OIS IT is pa-

t,ltiolle(l into folli pairwise (llsjoillt sets of syllll)ols H’ tllt~

C:l:tfl). storwl J)rd)c(!te.sl/!!/1)1)/s,rI’the )I)ttll.s)oll<llp!dwie
,st/mMs,t,fle rIi’ the //p(/atf prt{l/( ((h >//1/1/)()/s, tile 11< the

(oltst7(ili/t l)rd![(ltv sy:ill)ols alI(l H?’ tfke /J/rlil//lf/5 /J JFfll((flc

,!)JJIIJ(J. (“’omi(leriuS only extellsl(ulal lq)(l:itw, AIL(1 extelb

sional constraints the sets fI’L :iIL(l H’ aIv I)lillt owl tfw ex-

telisl(]ll:d l)le(liC:&s, that 1s, rf” = {+)).–]) ] ~, 6 11”} ;llI(I

~’ = {~p” [J/~ ~“}. T]ir(]llly 1)111(111]~l)lt-{li(-;itt,( `()lisl,lelr(i

is =. t,fl~lefOre If” = {=} ml(. set of VW Eil)lt, SYIIII)(JS 1’ 1S

I)altltmne(l uito two I)amvise (Iisjuillt sets of syllll)ols 1“

the (orlsff(lll)t Il(lll(llllf${/mhol\all(l1“ theU(lll(llllf5!/1/1/)()/5.
We dwote the atoms I)llilt flom thd sets H, Y a]l(l 1“

as(rI, E, V)-:itoms. Ill:isilllilal\ \:i\\\r e(lel,{)tegloll ll<l{:x-
v - to,,,~, ],,t,e]lslollitl I(diit,l(nls astensional relations as (rf”, ~)-.i

(If ’7 Y, V’)-atonls. Aullp<late (:~tt>,,, )isa(~’’, ~,l:’)-atc,,,,,

a const,laint (atom) is a (rf< ,T. lz’ )-atom :i l>iu(lill~ (at[)ln)

is a (~b) ~, V’).at,ollk ,all(l a (plf’l}) atolll IS ii (rf’ urIe. Y. I“)-

<atJo IIl

Definiti(]ll 3.1 (E I f~,is((~?~(dd((t({kse) ,hf K“ k th~ Hw-
l]rflllrl lMisf billlt O(YT n’ /fIId Y, tlfcrt(I,tfLtcOr f:1k71. sIorlfIl

(l(it(Jh(Isc EDB e 2L;’ l., (1 ~],(,.S.$/b/!, r,,q)t,,) ,srt Of (~’, E)-
(It(>!!!s, l.c. :I1o))):I1 IMJS(rfl(ltl(jll~.

In the folk)wiug we (Ienote with ED B,, J = 1, , !) the

1)oss11)le ~xtcmion(il (iiit;ll)aSeS.

Defillitir)ll 3.2 (Irjtt i)storr(,l (I(it(tbasc) Tlit IDB IS (Lset oj
(co!) St!(i///f(l) ! 1//,$ of t}!< fol 1//

H G /)1 A A/JLAILIA. .A(i. AcIV. vc, A131, ., B,.

whtff ~1 A A ~, ((IS /1/ h/t(d( M/) t.$ thf! (/ut’7’?J w~t, ([1 A

A II. IS t]jc !/l,( /(/t? )I(lrt, !,I A. AbL ~.s f]tr /jali,(l/r)<gl>(irt fLtId
[, v .v(, is tl)f((),)~t/(//r/t/)(/)t2.B:.s ore (fI’u Hc, X, V’)-

(ItorrI.s (///(/ H /.s (J (If’, Y, V’)-dom. b;,s (Jre (rIf’, z, v’)-
,,to,ns, u; s ,,,f (rI”, z. V’)-(llow$ cj$ (,76 (m , z, v )-doms.
T//c uld(/tv ())/(1Y){(-I(/ />(,/ t s (</t/r/(]t [M hotl/ e7//1)t/j.

Tl,e i,,tllitive ,I,ea,]illg of a llde ]s: “if B,,. . . . B, ]s trl~e,
tliel~ill(lillgs 1~,, , I)L t Ile Ill)(lat es If 1, . . . u: and the coll-

st,l:illlt s (,1 , , (, ale solv:il)k, tf!en H is true”. TIIe Ho-

tiotl of solval)dltv lutlutlvely exl)ress the fa(-t that the biml-

Hq+ X = bob, X = tom a] e not, solval]le, \vhde the bindings

X = Y, Y = bob ale s,)lval,ie Sin,da,ly, the updates +p(X),

—p(x ), I e rolllplelllelkt al y Ill)(lates, ale not solval)le. The

llp(lates +p(Y), —p(X ) (-(} 1]1(11)6 solvable if the I ekite(l l~ind-

in.gs ale f(n exalnl]le X = tom, Y = bob. wit,h the bindings

X = tom)Y = tom, +p(Y),

–p( X) are not, solval)k Note that constraints are never in-

r[)nsistellt. Ill(ler(l oiu al)In (MdI allow to increnwnt,ally spec-

ify colwtr; unts.

Deffllition 3.3 (c~//Pru) A qtltvtj ~.s (I constmined Tvdt, wttll

!/[1 II f(f(l (Jt tllrfi)l 111

l), , ,l)L, Ii,, ,(l. ,(,, ., (,, B,,. ... B,

II)], e,e B:, , {l; ,s,hj, Y III)(1 [: .s (IIC [I.% III Dejimh(m 3.2 (L1)(l
BI , . . . . B, ((1/1/Jot h eri//lt:y.

Followillg the tl’a(htioll ]1I the exa]npks we :ilways pI”efix a

(Illelj’ w]th the sylnlwl “~’ In tfw following the wmls quel y

ali(l update (111(+y Ale ( (Jlwi(lel e(l as SYI1OIIY111.

Defilliti[~ll 3.4 ([l-f: l)(/tr//()~~,r()g/,i~r~)Ar/ [J-C D/~td(,qpm-
!// (Irlt (i)! (l(itc/lJc].ve) D B = IDB U EDB col~.sl.sts(),}thr c:/,tert-
s/or/(// (l(lt(!l>(/~v EDB (JrJ(lof tl!y /r/ter/s;o//({l (I(tt(ilm.sr IDB.
11’( 10III (1//,1,1!/,s,,),ls, (/,, ,l(,t((!)(l,fs /1)//t(l) (!lT ,$(lfe through

fltlfr!J trtlJ(J((/ff(Jtj.

Example 3.1 (:oJJ\)~leJ tl)eEI(/H/p/e?.J,tlttntlIv (or) stf171t,

111 tY/?(YJtP (11)(/ ?1[11 /(1/)/? S?/!/) /)0/.S (17 V:

● Z = {9,2,6, l, fO, f2, f3, f4, f6, shoe}

● IIe = {Dept. Sale}

2FOI tllv s:jkv ,-,t sl))lpllc]fy we wIII dynote Lioxn I]OW on Lotl] cow
JLl[lct loll :Illcd (dlsdtlllctl<-m Ily “,”
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. ~’ = {Movedept, Hsaledept}

c II” = {+ Dept, –Dept, +Sale. –Sale}

● ~’ = {= Dept*, -Sale”}

● n“= {=}

● ~~’ = {Deptno, ,,. }

● II’ = {x)y}

Exall]ple 3.2 f’ons~dr~

● ~={a, b,c, d}

Q ff’ = {p, q}

● ff’ = {k, s}

● rI” = {+p, –p, +q, –q}

● n“ = {Tp”, lq”}

● H{’={=}

● 1’”’ = {X, Y,,..}

s P’< = {A, B}

Tlte (I(JY,,II

‘? (=q*(a), =q*(b)), +q(Y). s(X. y)

f IVllll(lte’(1(Ott})!C.91M(ttotilt(I(lt(lll(l>c

s(X, Y) ~ +q(X), k(X, Y).

k(X, Y) ~ –p(X), p(X). q(Y)

p(a)

q(b)

C()!lll)?lt?sdllr)l)y fllf ?/l(lrL./) )(/ /11) <1<6..

● tltclIt It(lIII, (/.s X = a,Y = b,

● t)/e ~l~)(~(ltes+q(a), +q(b), —p(a) ff~lfl

● the co~).sf~{tr))t ~ q(a), q(b).

TII~ (/p(l(/te.s wol([te tltv col)<t]()):,t (///(/ tl/, ~t)~rtl f(//lv.
o

F1OIO ExalI1ple 3.! lt ]s cleal tll:it tl]e c(]llstl;ullt\ call

l)e very useful fol Sell] alltlc tl’allsactioll (q)tlllllzatloll II]-

dee(l nlcousist,eut tliillscl{-tlt)lis Iea(llli{ to aINM ts c;ill l)? ,le-

tectetl [Ill] illg tf]+ Ioalfcillg l)llasr, and tflel tf[)le 11,(.) [-<,1,

he efficleIlt,ly folulde(l Ehuil,g tllc ulalki]i~ l)lliwe sevelal

C(lll(htlClll CiiIl he (’ll~(-k~(l 111 ol(l~l” to (lt’ft’l’111111~ I)ott>lltlal 01

Se(-l U? ah t,s. Tins Coll(ht,loll+” Call ])(- Collll)llttxl (l)l]si(hll~

the Ulteusloual (Iat,al)ase all(l ol)tlollally tllr tl ,tllsa(tloll

4 Semantics

In tfus section we d~fule tile selllalltlcs of 11-( ‘ D;lt alox I17e

1ec.all that tile 111.alkulg phase 1s Jllst a Slw[-la] Case of t he

selnau tics of CLP wllil~ t,fle Ilp(late ljlmse IS (lefrlle~l IWI]IX

the lesldt of the nlarking pltase au(l a seulioltic flloctl[]ll

4,1 Marking phase semantics

Ill tile followul~” ,V,J leca II olily tfle ]Iecessal y I esults spec]al-

lzlll,~ 1I)t’111 f(]l 11-( ‘ flat slog to lno(lel the ula Ikiug phase. w?
(Iellotea s[lc(-essf I d (It-l l\,,~t iou of a goal G which ,yleld tfle an-

swe] .4, I )Jr ~; + .4. f+ (Ie]lotes the Hd)I au(l base fcx (ULP

[11] Ah illlSIVt-l of tfle Illiil kiug l)llase lve couside, t,lle hind-

]ILKS, tfl< collected (ll)(latrs au(l COIMtI iunts I e., A = L, ii, Z

D(:fillit,iou 4.1 .h t DB IM (,,{ IT-C DrJf(J/Oflproy([m. The
of)f r[lt)or)(fl svrr)[ll!tl( s CJ( P) (S flcf771v(l (is folloflj.s

O(DB) = { p(.i-) + .4E B I trw)p(.i-)+/l }

Let ,,s (lehue the flxl)o)lm se,t,,u,t,{ -s,

Definiti(]]l 4.2 Lvt DB lN (t{, 11-(: D(,t(dotl I,rogr<[,i) (jTI(l let

TIIeol elll 4 1 states t III+ ~xl)ected I esult OIL the 1elation-

shil) l>et\veell t,fle ppel’atIolwd and the fixpoint, senlantlcs.

TIIIS tfleow]ll all(,lv IIS to colllpllte tfie marfiulg phase U1 a

tOIM]C)WU stJ,k 01 e(lUIWL]ellt,fJ’ 111 a }M3t,t,0U1-Up St,J&

4.2 Update phase semantics

TIJe seulalltics of the uuu kil}g plmse does not, include the ex-

eclltlun of tfle collrcte(l lllJ(liit,eS neither couside~ the tlrausac-

tiold l~eliavlol of a (plel y III 01 clel to ulodel those feat,uI es

\ve defiue the selll,wltics of a (pwry T ‘> with respect, to a

(kitabase IDB U ~D~. First we uote that database systems

llse ,3s (Ief<alllt, ,a srt, -ol Iel]t, e(l selu<autics, that, is, the qllel y-

aIls\vel ill,< 1)1ocess Colul)llt es a set of aus\vels. TIIeI efol e we

(Ienote with

s’Ft(T,IL) BuEI)Et) =.{(i,, ti,, i’,) IT++ (i,. fi,. F,) }

the set, of (bill(hllgs, Ill)(l;it,es aud const,raint,s) cou~put,ecl as

tfle aus\vels of t,fle [lllel ~, T SILCII answels can be conlputed

i)y llieaus of the (Jl,el atiollal seluantlcs (see f3efinition 4 I)

]u a top-(l(]\vlL style al~(l accor(lill~ to Theoreul 4.1 they cau

‘w, <It’llnt? a CIUVI,Y wItl I T to empllaslze lts transactional

I>?h:, v,.,,
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be COIllpUte[l ,b~ llleaIIS Of tfle ~(11111’itlt’llt hxlwillt Sellliill-

t,ics (see Definlt,lon 4.3) in a bott[)u-111) style TIWI efw e \ve

achieve the independency fioln the (-(~llllllltatlollal ]Ii{Mlf,l III

addition, we define a flulctii]n \vloch t;dws ;i srt t)f K] {)Iu][I

updates, the current, exttvk~wual (Iatah;tse ali<l I etlll IM the

new extemicmal database

[

EDB, \ {p(i) I –p(i)}U

A(EDBt, U) =
{P(i’) 1 +])(7)} // Y’E.$

( :c)mm]tor Abort

The set of possil)le ol)sr] ,al )les ~J.,, ,s (j,$,$ Ill tile

following we (Mule the senlalktiw of a tl ausactI(JII ‘T wltfk

-1-1(JSpm-t to the Intells]ollral (Litci )Cisr IDB cis a ~l]lict][nl flol])

01)Serval )les t[) obsel Val)les

l)lt SSf S t])?,f(l(t thlt thf $Ct Cl = u, ti, i)) /$ (01171AIIt (1111/c

tl)((t tllvlv [Irv rl(~ ( ortllllrrl)frtt(tr II (/!()(1//(1 II])(l(ltc ~. i[,l>, (lf-
?Iotv$ tllv !/l’O 1111(1 !lp(l(ltfs (1/ltf{/rlt[l 1){/ 5/ll)st/t/ltlrl(/ tllf 1,(/11-
(Ihles (r) il, /1,/tit tile (Irollrt(l tf I 1//s (/s90( l(lt(rl IIlltll tllc 1,(111-

(/1)/,’$ (It tj , oss,.1~ (I fflot(s tile II-t]! (or/t/loflt” Ilt ()/ tht tll/J16

0..,.

5 Conclusions

II, this papel we l,ave l)]esel,h[ I rl lle\v alqwoacll t{] II)ttq citv

[plel irs, llp(lateh> C(lllst: alllts ;111(I t] amactlt)th III A lo~i(-

Ixtse(l langlqe Tlms a])p] (J.KII is I)ase(l (Jli a II(JII-iItIILLF,(lI;~te

selnant, ]rs, Wllf’1 f’ ll])(kltrs CUlll rollstl cul)ts al (- (,s1)1 (-ss(,(1 III
lllle I)[)(hes

The basic i(lea of [)111 al)l~l{,acli is t,, c(,ljsl(lel ,i t\\r,) st(l}~

(-i~llll)llt:it,ic]ll. Ill tile fllst, stel> tf]e Ill)(l;itw al]<l (.ollst I alllts

ale (-OlleCt, f’(l and 111the +e(-(]ll(l StC.1) t]l(> Ill)(hd es ,11< {>~e(-ll((,(l

mly if the crest i aint,s ale satisfied. The first step can be

Collll)llte{l \vitfk t[qh(lo\\,ll 01 lwttolll-up Iuethods. 111 this

\\~aj’. f 01 wal’(1 ;ill( I lxwk\vcarc 1 reasoning are I econciliated.

III olu vie\v, tfte IIl:ill] a[lvantage of 001 appl each is to

:illo\v l)eI Illallellt al](l tv][~l)ol iil ,y constraints That, is we COIl-

SI(IFI Itp(lates to collstt a]llts. Exl)eIMIve 1Iukt,inie rolll~ack is

not, I e(pul ed f(n tca:wirtlons due to tfw two phases conlpu-

tation. A t\vo steps semantics fcn lJ-C Datalog lanxuage is

Inovi{led OMe tlw ollgoilig I esezu ch dn ectious is related to

selllallt,irs t,lalwactioli ol)tiluizat,iou basrd oll ahstjlact) anal-

ysis of t 1allsactiolls.
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