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Summary

® A full formalisation of ORM?2

® A well founded and provably correct encoding in OWL2 of a
relevant fragment of ORM2

® AVisual Studio plugin extending NORMA with reasoning



A formalisation of ORM?2

We need a precise and complete syntax and semantics

We have two proposals (proved to be consistent wrt the original
Halpin’s formalisation, and equivalent among each other)

We could build upon our formalisation

Maybe we got something wrong, let’s fix it



A correct encoding in OWL2

® A provably correct encoding in OWL2 of a relevant fragment of
ORM2

® All the other approaches in the literature proved to be wrong

® We can extend the expressivity of the currently captured fragment



A Visual Studio plugin

® Still at an early stage of development, but already quite cool
® | oose coupling with NORMA

® We aim at a much tighter integration with NORMA;
we would like to discuss how with you



Demo!



A formalisation of ORM?2



Signature

A set £ of entity type symbols;

a set )V of value type symbols;

a set R of relation symbols:;

a set A of role symbols;

a set D of domain symbols, and

a set /A of pairwise disjoint sets of values;

for each D € D, an injective extension function Ay : D — A associating each domain
symbol D to an extension Ap;

a binary relation o € R x A linking role symbols to relation symbols. We take the
pair R.a as the atomic elements of the syntax, and we call it localised role. Given a
relation symbol R, pp = {R.a|R.a € o} is the set of localised roles with respect to R;
arity(R) = |ogr| is the arity of the relation R;

for each relation symbol R, a bijection 7z: og — [1..|or|] mapping each element in gr
to an element in the finite sequence of natural numbers [1..|or||. We also define 7 =
g rer TR- T'he mapping Tr guarantees a correspondence between role components and
argument positions in a relation, so that we can freely choose between an ‘attribute-
based’ and a ‘positional-based’ representation.



First-Order Logic

(i

(iv
v) a countable
(vi) a set ID?,

)
1)
(iii) D1, Da, ...
)
)
)

Eqi,E5, ..., F, l-ary predicates for entity types;
(ii) Vi, Vo, ..., V,, l-ary predicates for value types;

, D; 1-ary predicates for domain symbols;
Ri, Rs, ..., R, n-ary predicates for relations;

set of constants dy,ds, . ..;

— Background domain axioms:

Vo.E;(x
Va.Vi(x

— =(D

)
) = Dj(z

() V-V Di(x)), for 1 <i<n
), for 1 <i<m

Ve.Dij(x) <> (x =diVax=dyV...), forall d; € Ap,

VXi,...,Tpn, 21y -,

2, ID(X) =1D(z) <> X =5, forn=1,...

., ID"™maez of functions, Nyq. = max{|ogr||R € R}.

) nma:z:

A~~~ I/ /N
o =

= R
—_— — — —



First-Order Logic

B TYPEC ox (EUV)
O If TYPE(R.a,0) € X then V1 ... 27 (g.a) - - Tn-R(Z1,. .., Zr(R.a)s - »Tn) = O(Tr(R.a))
B FREQ C p(0) x (p(0) x p(0)) x (N x (NU{oc}))
O If FREQ{R".a11,. .. Rl.aln, ..., R*.ap1, ..., RF.apm}, <R, (min,max)) € X then
\V/y 332’1 ce /\ RJ( /\ (xi(Rl-am) = y111 - N /\ 7_(Rl alik) yllk) /\(xT(RT+.aT_+v ) = xT(R’”_ a. )))] -
il=1 ik=1 MR r "
min; <max —r—— A rt r
e E /\ R () /\ (mi(R?am) Yiin) " A /\ T(Rl arne) = Y1ik) A (/\xT(Rr+.ar+v )y TR e )))]
il=1 ik=1 MR r rowr

where:

(1) xr={...,(R"aiy = R?.ajw),...}, with i # j and 1 < i,j < k, is the finite set of join (role) pairs (given k relations R, | <r | = k — 1)

(2) R'.aix € pgi for any R* € R, and

(3) the equalities in /\MR are specified according to <Ig

(e.g. given T',7%,2° s.t. R'(z'), R*(T%), R*(z°), if xr= {(R'.a, R*.b), (R*.c, R®.d)} then Noag =def (xi(Rl.a) = xz(Rg.b)) A (mi(R;C) = xi(Rg'd))
B MAND C p(o) x (EUV)
O If MAND({R".a11,..., R ain,...,R*.ap1,..., R*.axm?},O) € X then

AW > V3 E) A Gl g =0V VIR A i,y =)
_ im

B R-SETH C (p(o) X (p(e) x p(0))) x (p(0) X (p(e) X p(0))) x (1: 0 — 0) where H = {Sub, Exc}
[l

o If R-SETsuo(({Ra11,..., R .a1n,...,R*.ar1,..., R .arm},<r), ({S*.b11,..., S b10, ..., 8%bg1,...,S%bgw},Xs, 1) € X then
k m

k G —j A 1 o 1 o rt R
FAF @A N @ =) A AN\ @ =0 A NG =)
j=1 il=1 ik=1 MR
—1 i —z A fu(iin) fp(lik) _sT
S /\ S EVA N (Elaal gy = vr) A A k/\ 2t gy = Y1) A\ T<SS+ bty ZT<SS‘~bS—ws>))]
il=1 i 1 <g
o If R-SETEXC(({R ait, ..., R ain,...,R¥.ap1, ..., R .apm}y,>xr), ({S b1, ..., 8 b1y, ..., 8%bg1, ..., S%bgw}, s, it) € X then
k n m
e J (7 1 — i) A - 1 — s rt — "
vy[zlx e X (/\ R (x ) A /\ (xT(Rl.alil) - ylll) A A /\ (xT(Rl.alik) - yllk) A /\ (xT(Rr+'ar+v7~) - xT(RT_ .ar_wr))) —
= i1=1 ik=1 MR
—1 7 —7, fy,(lil) _ . . I -f,u,(llk) . st -
~(3= /\ S 1/\1 m(u(R.aq131)) yrin) Ao A '1{\1 m(u(RY.a51)) = Yuik) A A(zT(SS+.bS+vS) = (55T .bs_wS))))]
i 1k= Xg

where:

(1) given o“* = {R'.a11,...,R .an,..., RF.ap, ..., Rk.akm}, and o8 = {Stb11,..., 8 b1y, ..., S%bg1,. .., S by},
(v is a partial bijection s.t. for any (o*, 0“8, u) € R-SETh, we have 0“4 = {R.a|u(R.a) € o“}, and

(2) fuey) = z iff u(R*.azy) € 052




First-Order Logic

1N

O-SETh C p(EUV) x EUYV where H = {lsa, Tot, Ex}
o If O-SET;2({O1,...,0,},0) € X then Vy.0O;(y) — O(y) foralli=1,...,n

o If O-SET1t({O1,...,0,},0) € X then
{Vy-Oi(y) — O(y)
Vy.O(y) = O1(y) V-V On(y), foralli=1,....,n
o If O-SETg({O1,...,0,},0) € X then
[ Vy.01(y) = O(y) A=O2(y) A+ -+ A =0n(y)
Vy.02(y) = O(y) A =O3(y) A--- A =On-1(y)

Vy.On—1(y) = O(y) A =01(y)
. V9.0n(y) = O(y)

O-CARD C (EUV) x (N x (NU {o0})) |
If O-CARD(O) = (min, max)) € X then 3=™"y.O(y) A I="y.0(y)

W Om;m

R-CARD C p(0) x (N x (N U {00}))
If R-CARD(R.a) = (min,max)) € X' then

HzminxT(R.a).R(xl .. .CIZT(R.Q) .. len) A\ Hgmaxa}T(R_a).R(CL’l “. 'CUT(R.CL) .. :Cn)

OBJC R x (EUV)
If OBJ(R,O) € X then Vz.0(x) <+ 35.R(y) ADI°RI(§) =«

RING; C (o X 0) where J = {lrr, Asym, Trans, Intr, Antisym, Acyclic, Sym, Ref}
E.g. If RlNGm(R.a, Rb) € X then VCCT(R_G), CIZT(R.b).R(CIET(R.a), CUT(R.b)) — —IR(ZUT(R_b), CUT(R.a))

HE NEN AN

V-VAL: V — o(Ap) for some Ap € A (where A,y associates an extension to each domain symbol)
If V-VAL(V) = {d1,...,dn} € Y then Vz.V(x) > (x =d1) V- -V (x = dn)




Relational Algebra

Syntax Semantics

TYPE C 0 x (EUV) If TYPE(R.a,0) € ¥ then
roR* C OF
FREQ C p(0) x (p(0) X p(0)) x (N x (NU{oc})) If FREQ{R'.a11,...,R"ain,...,R*.ar1,..., R*.axm}, <R, (min,max)) € X then

I (Rlz DXR, - -+ R RkI) C {Z|min < f{oz_c (RII MR, - -+ DR, sz)} < max}
where:
(1) o ={R"a11,...,R .a1n,...,R*.ar1,..., RF.apm}, and T = o iff R'.a1; = mi(Rl.all), .., RF.apm = xl:‘(Rk.akm)

(2) xir={...,(R".aiv = R?.ajw),...}, with i # j and 1 < i,j < k, is the finite set of role pairs where the joins must be computed

(e.g. given sequence of n relations, R, | <g | =n — 1), and R*.a,y € 0% for any R* € R
MAND C p(o) x (EUV) If MAND({R".a11,...,R .a1n,...,R*.ax1,...,R".agm}, O) € ¥ then
o* C HR1_a11R1I U---u HR1_a1nRII U---u HRk_akleI U---u HRk.akakI

R-SETH C ((p(0) % (p(0) X 9(0))) x (p(0) x (p(0) x p(0))) X (u: 0 =)  ®If R-SETsw(({R".a11,..., R .a1n,..., R*.ap1,..., R* .axm},><r),
({SV b1ty S biv, .o, ST by, ... S9bgw}, s, 1) € ¥ then
I c, (RY g - g R¥) C IT g (S g - - p<ig S9)
o If R-SETe(({R"a11,...,R .ain,...,R".ar1,..., R .apm},<R),
({S*.b11,...,8 b1y, ..., S%bg1,...,8%bgw},<s, it) € X then
I c, (R > -+ i R¥ ) NI, (S bds - pds S59°) = &
where:
(1) 0“» = {R'.a11,..., R .a1n,...,R*.ar1,...,R".apm}, and 0“8 = {S*.b11,..., S b1v,..., 8% b1, ..., SV bgw}
(2) p is a partial bijection s.t. for any (oA, 0“8, ) € R-SETy, we have 0“4 = {R.a|u(R.a) € ¢“B}, and
(3) H= {Sub, Exc}

O-SETH C p(EUV) x EUY o If O-SET1s.({01,...,0,},0) € ¥ then OF CO* for 1 <i<n

where H = {lsa, Tot, Ex} e If O-SET1:({01,...,0,},0) € X then OF C |J, OF
o If O-SETe({O1,...,0,},0) € X then O-SET s, ({O1,...,0,},0) € X and
O%ﬂ()?z@foranylgi<j§n

O-CARD C (EUV) x (N x (NU{o0})) If O-CARD(O) = (min, max) € X then min < #{o|0 € O} < max
R-CARD C p(p) x (N x (NU{oc0})) If R-CARD(R.a) = (min,max) € X then min < #{ojo € Ir.. R*} < max
OBJC R x (EUV) If OBJ(R, O) € X then 1% (R*) = O*

RING, C p(o X 0) If RING(R.a, R.b) € X then

where J = {lrr, Asym, Trans, Intr, Antisym, Acyclic, Sym, Ref} H(R.G,R.b)RI is wrreflexive, asymmetric, transitive, intransitive,

antisymmetric, acyclic, symmetric, reflexive

V-VAL: V — @o(Ap) for some Ap € A If V-VAL(V) = {v,..., 0P} € ¥ then VT = {vP,..., v} for some D




A correct encoding in OWL2



Background domain axioms:

E@E—I(Dlu-”UDl) foriE{l,...,n}

Vi E Dj for i € {1,...,m}, and some j with 1 < 5 </
D; C ;1 —D;j fori € {1,...,1}
TEATll—’"'UATnmam

TC(K1e.T) forted{l,..., nmaz}

Vi.l CVi+ 1.1 forie{l,..., Nmaz}

Av, =31 AT, M---M3InA+, NMVn+ 1.1L forn € {2,..., Nmax }
Ar C A1, for each atomic relation R of arity n
A C A7, for each atomic concept A

TYPE(R.a, O)

HT(R.CL)_.AR C O

FREQ™ (R.a, {(min, max))

A7(R.a)” . Ar E > min 7(R.a)” .Ar M < max 7(R.a)” .Agr

MAND({R'.a1,...,R".an,
. RF.a1,...,RF.an},0)

OC3r(R'.a1) . Agi U---UIT(R .an) . Ag1 LU---L
Ir(RF.a1) " Apr U+ U 3IT(RF.am) . Agk

(A) R-SET., . (A, B) Ar C Ag (A) A ={R.aq,..., R.an}, B = {S.by,..., S.bn}
(4 R-SETg (4, B) Ar € A7, M—As

‘%) R-SETg,,(A, B) Ir(R.ai)” . Ar C 37(5.b;)" . As (B)A = (R.a;}, B = {S.b;)
(B) R-SET_ (A, B) Ir(R.a;)".Ar C At, M —37(S.b;).As

0-SETiss({O1,...,0n},0)

o410, 20

O-SET1t({O1,...,0,},0)

0201|—|“‘|—|On

O-SETe.({O1,...,0n},0)

O1U---U0, COand O; E1Y_;,170; foreachi=1,...,n

OBJ(R, O)

OEAR



Future work

Extend the expressivity of the captured ORM2 fragment
A tighter integration of our plugin with NORMA (cooperation???)

A higher-level plugin implementing the well-founded methodology
for formal ontology design based on the work of Guarino et al

(a complete version of our work can be found in a technical report)



