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1.1 Functional Dependencies in the RDM

e ['Ds introduced in context of RDM by E.F. Codd in 1972

. expression X — Y with X, Y C R

e =r X = Y it Y] =Y, if 1| X] = to| X] for any t1,t0 € r
e gain complete knowledge about consequences of semantics specified

. Boolean Algebra (P(R),C,U,N,—, 0, R) on R
« Armstrong Axioms

X =Y X =YY -7
Y CX

X —-Y X —-XUY X — 7
form minimal, sound and complete set of Inference Rules

e important results established using axiomatisation:

. (Finite) Implication Problem decidable in linear time
. efficiently deciding equiv of sets of FDs, computing minimal covers

« Boyce-Codd Normal Form and Third Normal Form
. no redundancies and update anomalies, simple integrity checking
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1.2 Challenges with Advanced Data Models

e apart from RDM no universal agreement on data models exists
e KR, UML, HERM, Nested RDM, Object-oriented /relational, XML

e Biskup (1995,1998):

. find unifying framework
. extend achievements to deal with complex object types

e classify data models by the types they support

Dependencies A
) Problems
Join
Inclusion —+ Synthesis/Decomposition
Justification of Norma Forms
MVDs 4
Normal Forms
FDs Implication
AXiomatisation

>
I I I I I I
[ht] records sets multisets lists unions references ... DataModels



Seminar Dortmund, 02.03.2004 5

1.3 Complex Objects

e here: values, records, lists, sets and multisets of values

e ordered relations, time-series data, meteorological and astronomical
data streams, runs of experimental data, multidimensional arrays, tex-
tual information, voices, sound, images, video, etc.

e subject to studies in deductive and temporal database community
e occur naturally in object-oriented databases (XML)

e bioinformatics: lists and sets occur naturally in genomic sequence
databases

e fundamental data structures for number of computational frameworks:
Gamma coordination language, Chemical Abstract Machine and P
systems modeling membrane computing
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2.1 Syntax: Nested Attributes

e capture characteristics of objects in target database by attributes
e finite set U of flat attributes and dom(A) for all A € U
o use set L of labels with i NL =0 and A ¢ U U L

e nested attributes NA(U, L):

. flat attributes U C NA,

. null attribute A\ € NA,

. record-valued attributes L(Ny,...,Ni) € NA, if L € L and
Ni,...,Np € NA with k > 1

. set-valued attributes L{N} e NAJif L € L and N € NA

o list-valued attributes LIN] € NA,if L € L and N € NA

« multiset-valued attributes L{(N) € NA if L € L and N € NA
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2.2 Semantics: Domain Assignment

e extend mapping dom from flat attributes to nested attributes by:

dom(\) = {ok}
e dom(L(Ny, ..., N)) ={(vy,...,v) | v; € dom(N;)}
e dom(L{N}) = {{vl, ...yop} | v € dom(N)}
e dom(L(N)) = {{vy,...,vn) | v; € dom(N)}
« dom(L|N]) =A[v1,...,vn] | v; € dom(N)}

e empty set, empty multiset, and empty list are 0, (), [ ]
e RDM: record-valued attributes only

e Nested Relational Data Model: record- and set-valued attributes only
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2.3 Subattributes
o define < C NA x NA by:

« N < N for all nested attributes N € NA,

« A < A for all flat attributes A € U,

« A < N for all set-, multiset- and list-valued attributes N € NA,
oL(Nl,...,Nk) < [4(]\41,...,]\4]{)7 ifNZ' < Mi for all 7 = 1,...,]@
AN} < L{M} it N < M,

e L(NY < L(M),if N < M,

« LIN| < LIM|, it N <M

e subattribute relation < on nested attributes is reflexive, anti-
symmetric and transitive
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2.4 Semantics on Subattributes: Projection Function

o for M < N define W]\A} : Dom(N) — Dom/(M) by:
N

e TN LU U,
. 7T§\V .U — ok,
: ﬁ&ll]ﬂ% (o1 o) e (g (1), (),
wﬁﬁ}} S {7Vi(s) ¢ se s,
Ly S (mils) + s € ),
: wﬂ% oy oa e ), 7w ()]

e, (),[] mapped to themselves, except when projected on A
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2.5 Operations on Subattributes
OSub(N) = {X c NA ‘ X < N}: AN, YUNZ, YN Z, Y—=NZ:

e AN = L(ANp, - AN, N = L(NY, ..., Np), and Ay = A else,
X <Y XUyY =Y, XMyY =X, and X=nY = Ay,
.X—’N)\N:X,

N =L(N,...,N.), X = L(Xq,.... X)) and Y = L(Yy,...,Y}):

XonyY =L(Xyon Y1,...,Xpon, Yp) for o€ {1, =}
N =L{M} X =L{X"},Y = L{Y'}, 0o € {U,M}:
XoyY=L{X"oy Y}, XLY : X=nY=L{X"=3,Y"},
N =L(M), X=LX"NY =LY", o€ {un}
XonyY=L{X"oy Y, XLY  X=§NY =L(X"= Y,
N =L[M], X =L[X"],)Y = L[Y'],o € {U,M}:

XoyY=LX"oyY], XLY : X=yNY =L[X"= /Y]
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2.6 The Brouwerian Algebra of Subattributes
o (Sub(N),<,Un, My, =n, V) is a Brouwerian Algebra

« (Sub(N), <,Up,My) is a lattice
« IV is top element
. pseudo difference Z—Y of Z and Y in Sub(N) satisfies

Z—=Y <X ifandonlyif Z<YUX
for all X € Sub(N)
e Brouwerian Complement: Yff = N—= Y satisfies
Y < X ifandonlyif XUY =N

e bottom element A\yy = N=N
o (Sub(N), <,Uun, My, ()]CV, AN, N) is not a Boolean Algebra
e every Brouwerian Algebra is distributive

11
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2.7 The Algebra of Nested Attributes: An Example

K{L(A,M[N(B,C)])}
K{L(M[N(B,C)])}
K{L(AMIN(B)])} » k{L(AM[N(C)])}
K{L(MIN(B)])} '(
w’ K{L(A,M[A])}

K{L(M[AD} K{L(A)}

K{A}
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2.8 The Algebra of Nested Attributes: A further Example

K{M(O{A} ,P{B})}

K{M(OG{A},P{A})} K{M(O{A},P{B})}

K{M(O{A}.A)} K{M(A,P{B})}

K{M(O{A}.M)} K{M(,P{A})}

K{M(A,A)}

A
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3.1 Functional Dependencies

e functional dependency on nested attribute NV is

X —Y with XY C Sub(N) non-empty

e finite r C Dom(N) satisfies X — Y on N (F, X — )) iff
() =y () VX € X implies 7 (t) = it () VY € Y

e implication: X = 7 iff =, 7 if =, o for all ¢ € X and any (finite) r

e semantic hull: J* = {¢ | ' = ¢}

e syntactic hull: X = {0 | ¥ b o} for set R of inference rules

e goal: find sound and complete R, ie, X7 C X* and * C XF

14
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3.2 A fundamental Difference

e N = Soccer{Match(Winner, Loser)}
o r = {t,to} C Dom(N) with

t1={(Borussia, Schalke), (Hansa, Bayern)} and
to={(Hansa, Schalke), (Borussia, Bayern)}

e =, Soccer{Match(Winner)} — Soccer{Match(Loser)}

o i~ Soccer{Match(Winner)} — Soccer{Match(Winner, Loser) }

e values on subattributes X and Y do not determine values on X Y
e the bad guys are: sets and multisets

e shows: FDs cannot be simplified to X — Y with X, Y € Sub(V)

e 'Ds simpler in case of records and lists only
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3.3 Semi-Disjoint Attributes

e X)Y € Sub(N) semi-disjoint if and only if one of the following
holds:

Y < XorX <Y,
eN = L(Ny,...,Np.), X = L(Xy,...,X),Y = L(Y,...,Y;)

where X; and Y; are semi-disjoint for all e =1, ..., k,
N = LIN'|, X = LIX'],Y = L[Y'] where X" and Y’ are semi-
disjoint

e previously: Soccer{Match(Winner,A)} and Soccer{Match(\,Loser)}

are not semi-disjoint
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3.4 Major Result

o Let N e NA and XY, Z € Sub(N). The Armstrong Axioms, i.e.,
X ==Y X =Y Y -7
X =Y X > XUyY’ X =7

form a minimal, sound and complete set of inference rules for the
implication of FDs in the presence of records, and records and lists.

o Let X, ), Z C Sub(N) be non-empty, and 7 be any non-empty sub-
set of {lists, sets, multisets} apart from {lists}. The generalised Arm-
strong Axioms, i.e.,

Y < X,

X — Y
XYT = XUy V7 X, Ysemi-disjoint, TSz :

form a minimal, sound and complete set of inference rules for the
implication of FDs in the presence of records and 7 . []
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3.5 Useful Inference Rules

e the following rules are derivable by the generalised Armstrong Axioms:

o \-axiom:

X — {\}

union rule: X~V X—2Z
’ X =JYUZ

Z
X (),

. subattribute rule:

Xﬁ%ycz

. subset rule:
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3.6 The Completeness Proof: Outline
e Y set of FDs on some N, take X — Y ¢ Xt and show X — Y ¢ X*
o Xt = {Z| X - {Z} € ¥} forms <-ideal (subattribute rule)
e\ & X () axiom)
e semi-disjoint X,Y € X" imply XLIyY € X7 (restricted join axiom)
e define r = {t1,t2} C Dom(N) by: W{/[V/(tl) = ﬂ{/[v/(tg) iff WeXx™
e Y Z X" X C X7 (subset rule, union rule): f&r X — Y
o= U—Vioreveryld —V € X
U Z X7 nothing to show

MCXT X - XTeXT X U X, X —= Ve X imply
VXt

QX—>)/§§E*
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3.7 The Main Lemma

o N e NA () #7 C Sub(N) <-ideal closed under join of semi-disjoint
attributes: 3t v, t'y, € Dom(N) with 7'('%(?5]\[) = W%(t?v) iff X €T
o7 ={\},IT={\NA}for NelU
o N = L(Nl, ..., Np):
={X My L(N;): X € I} C Sub(L(N;)) non-empty <-ideals
. closed under join of semi-disjoint attrlbutes
_ / /
. define tN = (tL(Nl)ﬁ ce 7tL<Nn)) and tN (t ( 1), c. ’tL<Nn))
o N = L[N/}:
I ={LM]: M e J}U{\} for ideal J C Sub(N’)
« J = 0: define t y = [] and t'y, = [n'] € Dom(N), else:
« J non-empty <-ideal closed under join of semi-disjoint attributes
« define ¢ty = [tyi], t'y = [t'yy] € Dom(N)

e remains to consider set- and multiset-valued attributes
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3.8 Identitying Terms

e identifying term 7x7(X) of X € Sub(/N) defined as follows:

TA(A) = ok,

TA(\) = a,74(A) = a’ with a,a’ € Dom(A) anda # o’ for A € U,
TNy, N LMy, ..o, My)) = (mv (M), - ., 7iv, (M),
TN ILAM}) = {TN( )} and 77 (A) =0,
« TN L(M)) = (T (M) and TL{N}( ) ]: ().

» 7o) (LM ]) = [T (M)] and 77y (A) = [].
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3.9 Example: Identifying Terms

K{L(A,MIN(B,C)])}
{(@,[(0,c)D}

K{L(M[N(B,C)])}
{@[(b.c)D}

R P K{L(AMINED)
K{L(M[N(B)])} {@,[(b,c)D}
{@[,0D}
K{L(MINO)D}

{(al(b.c)]} K{L(AM[A])}
{(@.[(b,c))}

K{L(M[AD}
{(al(bo])}

K{L(A)}
{@.[D}

K{A}
{@lD}

Ae @



Seminar Dortmund, 02.03.2004 23

3.10 The Set Case

o N = L{P} € NA, 0 # X C Sub(N) <-ideal: then there are
tn,t € Dom(N) with WI]/VV@N) = Wévv(t%f) iff WeX

o X ={L{X}: X e Y}U{\} for some Y C Sub(P)

oty ={mp(X): X < P}and ty = {rp(X): X € Y}

oIV =\ Wﬁ\V(tN) = ok = Wi\v(%\f) and W = L{V}. {W‘];(TP(X)) :
X <P} = {W‘j;(TP(X)) X eYritVe)y

o {7T5<TP<X>) X eV} C {7T5(TP(X)> : X < P} since Y C Sub(P)

oV € Y implies {nl/(7p(X)) : X < P} C {m{(7p(X)) : X €
YV} since for all X < P there is some Y € ) with W‘];(TP(X)) =
m(rp(Y)) (for X ¢ Y thisis Y = X MV)

oV &Y implies V £ X for all X € Y and W‘];(TP(X)) + ﬂ‘];(Tp(V))
for all X € Y, ie, 7T5(TP(V)) S {W‘j;(TP(X)) . X < P}, but
wE(rp(V)) ¢ {rE(rp(X)) X € V)
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3.11 The Set Case: An Example I

e suppose X7 is:

K{L(AMI[NB.O))}
K{L(M[N(B.OI)}

KILAMINGBID: J® k{L(AMINC))}
K{L(M[N(B)])} '(
"liiiili!i!ﬁillllllllll.“ K{L(A,M[A])}

K{L(M[A D} K{L(A)}

K{A}

Y )

o K{L(A); — K{L(M[N(B)])}, K{L(A)} — K{L(M[N(C)])}

24
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3.12 The Set Case: An Example 11
o tn ={TramN(B,0))(X) - X < LA, MIN(B,C)])} is

(B,
{(a, [0, ))s a, [(¥, )]): (', [V, €)]): (a”, (b, )]); (a, [(B, ))):
(@, (b, )]); (@, (b, )): (a. [0, )): ([ ]): (a, [ )

oty ={ramnponY) Y € V}is
{(a, [V, 0)]); (a,[(b,&)]); (a, [(b, 0)]); (a', [ ]); (a, [ ])}

e projections WW(tN) and 7TW(t/ ) for all W € Sub(N):

w Ty (tx) Ty ()
K{L(M[N(B)])} {(ok, [(V/, ok))); (ok, [(b, ok)]); (oK, [])}
K{L(M[N(C)])} {(ok, [(ok,c)]); (ok, [(ok, c)]); (ok,[])}

K{L(A)} {(d’, 0k); (a, 0k)}
K{L(M[N(B,C))}|  {(ok,[(b,c)]); (ok, [(b', c)]), (ok, [(b, )]); {(ok, [(b, c))); (ok, [(V', c)])
(ok, [(b",c)]); (ok,[])} (ok, [(b,c)]); (ok, [])}

KL MDD} [ [(oF, oR)]); (a, [ 1); (2 [(okk, ok)]): (@, [ }[{(as [(ok, oR)]): (a, [ s (' [ )}
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3.13 The Multiset Case - Embedded Boolean Algebras

e strategy for set-valued attributes does not work for multiset-valued
attributes since multiple occurences of projections do not vanish in a
multiset

o for X)Y € Sub(N) with X <Y define [X,Y]| ={Z € Sub(N)
X<Z<Y)

o {X1,..., X} set of all <-maximal proper subattributes of X

o ([0x,X], <, 1,1, (+),0x,X) forms Boolean Algebra with
Oy =XNXqM---MNXy

Y =(X=Y)UOx forall Y € [0y, X]
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3.14 Embedded Boolean Algebras in
M = K(JA],O{P(B,Q{C})})

[AI{B{C}}

AHAG)
‘ @

A {B{C}}
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3.15 The Multiset Case - Preparations
e N=L(M)eNAand A # X = L{(Y) < N:
3t1,t9 € Dom(N) with mi)-(t]) # mi)(to) iff X < W

e L; denotes ith level of ([0y, Y], <)

ot =(t(Z) : Z € L;,ieven) and to = (Tpy(Z) : Z € L;,1 odd)
o W{\% (7p7(Y)) element of either £ or t9

o 7'('%(?51) +# W%(tg), and Wévv(tl) + W{/[V/(tg) whenever X < W

o ﬂﬁ(tl) = 7T§(t2) for <-maximal V' € Sub(N) with X £V

o V = L(U) where U is <-maximal U € Sub(M) with Y L U

e Y MU is always a <-maximal proper subattribute of ¥ (co-atom)
e 7/ — Z 1Y MU is bijection from [0y, Y M U] to Y MU,Y]

o Y MU is atom: Ty (Z WY MU) € ty, if Ty(Z) € t4

o WUM(TM(Z)) = W(]\]I(TM(Z Y nU)) for Z € [0y, Y NU|
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3.16 The Multiset Case - Illustration

N M
Y
Yn U
X
Yn U
Oy

29
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3.17 The Multiset Case
o N=L({P)e NA ) # X C Sub(N) <-ideal:
3ty thy € Dom(N) with () = mh-(thy) iff W € X

o{Ml,... nt C Sub(N )are all <-minimal with M; ¢ X
oHtMt EDom(N) WlthﬂZ(tM)#WZ(t’ )1ffM < Z

oty = U tyy and thy = U thy (multlset union)

QWEX

e M; foorallz—l

i (tag) = W) o all = 1,..m and mf () = b2
oIV ¢ X:

« 37 with 1 < 5 <n such that M; < W

. W{/VV(TN(M )) either in WW(tN) or WW(t/ ), i.e. W{/[V/(t]\f) + W{/[V/(ﬁv)
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3.19 Example - Multiset Case
e N =L{(M) with M = K(J|A],O{P(B,Q{C}H})

[AI{B{C}}

o X ={L(X) : X € Y} and Y has all encircled attributes of M

32
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3.20 Example continued - Multiset Case

e <-minimal V' € Sub(N) with V' & X are
Vi = L{K(J[A|, O1P(B, Q{A})})), Va = L{K(J[A], OLP(A, M) 1))

[AI{B{A}}

/ ‘ \ [AJ{A\}
MB{A} KB} AN} / \

D]
MBA}  MA{(A}}  [AKAA \ /

AN

A AN}
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3.21 Example continued - Multiset Case

e choose:
ty=(([ 1, {(0,0)); ([T, {0, {c)}): ([a], {(¥", 0)}): ([a], {(b, {c})}))
to=(([ 1, {(t", 0)}); (11, {(b, {e})}); ([a], {(6, 0)}); ([a], {(b", {c}) }))
ty=(([a], 0); ([a'], {(b, 0)}))
ty={(([al, {(6,0)}); ([a], 0))

e multiset-union gives:

tv =8 U =[] AG.0)1): ([].{®", {ch)}): ([al, {, 0)})
(la], {(b, {c})}): ([a], 0); ([a], {(b,)}))

ty =ty Uty =(([],{(V), . 00)): (11, {(b, {e})}): (lal, {5, 0)))
(_a_ {0’ {C})}) (la], {(b,0)}); ('], 1))
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3.22 A Remark on Semi-Disjointness

e show that semi-disjointness of X, Y € Sub(N) is an exact condition
for soundness of

XY = {XUNY}
e sufficiency is not hard to see

o if XY not semi-disjoint, then » C Dom(N) with & {X,Y} —
{X Uy Y} exists

e by Main Lemma: find suitable ideal Z with XY € Z and XUyY ¢ T

o7 ={UUyV:U<X,V <Y UandV are semi-disjoint} is non-
empty <-ideal that is closed under the join of semi-disjoint attributes
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4.1 Minimality

e no proper subset of the generalised Armstrong Axioms is still complete
e all rules are independent of one another

e none of the rules can be infered from the other inference rules

o closure of set 3 of FDs on N under set R of inference rules is &7

e R is not implied by ‘R, if there is some X' and some o on N with
o ¢ IR but o € YAV
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4.2 Independence of Reflexivity Axiom

e The reflexivity axiom is not implied by R ={subattribute axiom, ex-
tension rule, restricted join axiom, transitivity rule}

o N=L{A}, Y =0 and 0 = {\, L{\}, L{A}} — {)\}

UL FHEAAT A, AT HRA LA UIAA L IRATTRA, LA}, LA}
{A\} X

{L{\}} X X X
{L{A}} X X X X X X X

{A\, L{\}} X X X
{\, L{A}} X X X X X X X
{L{N}, L{A}} | % X X X X X X

VLD, LAY

o0 ¢ >R
o {\} C{\ L{\}, L{A}}: 0 can be infered using the reflexivity axiom
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4.3 Independence of Subattribute Axiom

e The subattribute axiom is not implied by R ={reflexivity axiom, ex-
tension rule, restricted join axiom, transitivity rule}

e N=L(A),Y=0and o ={L(A)} — {\}

{AMHALA) A, L(A) }
{A} ] X
{L(A)} X
{\, L(A)} x X X

oagéﬂm

e A\ < L(A): o can be infered using the subattribute axiom
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4.4 Independence of Extension Rule

e The extension rule is not implied by R ={reflexivity axiom, subat-
tribute axiom, restricted join axiom, transitivity rule}

e N=LA),Y=0and o ={L(A)} — {\, L(A)}

{AMHALA) A, L(A) }
{A} ] X
{L(A)} | x| X
{\, L(A)} x X X

oagéﬂm

o {L(A)} — {A\} € Z%: 5 can be infered using extension rule and R
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4.5 Independence of the Restricted Join Axiom

e The restricted join axiom is not implied by B ={reflexivity axiom,
subattribute axiom, extension rule, transitivity rule}

e N=L(AB),Y=0and o ={L(A),L(B)} — {L(A,B)}
oo ¢ XN

e [(A) and L(B) are semi-disjoint: ¢ can be infered using the restricted
joln axiom
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4.6 Independence of the Transitivity Rule

41

e The transitivity rule is not implied by 2R ={reflexivity axiom, subat-
tribute axiom, extension rule, restricted join axiom }

o N=L{A}, Y =0 and o = {L{\}, L{A}} — {\}

AU FIAAN A, LA, LA LA, L{AT A, L{AL, LiA})
{A\} X
{L{\}} X X X
{L{A}} X X X X X
{\ L{\}} X X X
{\, L{A}} X X X
{L{\}, L{A}} X X X
{\, L{\}, L{A}}| x X X X X X X

oagézm

o {L{\}, L{A}} — {A} can be infered from {L{\}, L{A}} —
(LI {L{}Y — {A)} € 2 by the transitivity rule

e 0 can be infered from 2/ using the transitivity rule and ‘R
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5.1 Comparison - General Remarks

e generalises theory from RDM (records only)

e approach based on explicit subattributes deviates significantly from
previous approaches in Nested RDM, object-oriented data models and

XML (unnesting)
e yvielding complementary expressiveness
e algebraic approach based on Brouwerian Algebra is original
e not aware on any work regarding lists or multisets

e comparison focuses on Nested RDM (records and sets)
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5.2 Hara/Davidson: Reasoning about Nested Functional
Dependencies (PODS99)

e well-defined path expressions using records/sets (no arbitrary nesting)
e axiomatisation provided, but RHS of FDs only single path

e case where RHS is union of paths particularly interesting for sets

o F'Ds {S{L(A)},S{L(B)}} — S{L(A, B)} cannot be expressed

e consider Course(ID,Participants{Student(Number, Age, Grade)})
with Course(Participants{Student(Number)})— Course(ID)

e different from Course:|Participant — 1D

e Course:|Participant:Number — Participant:Age| (age of every partic-

ipant consistent over all courses) only expressible on nested attribute
Student(Number, Age, Grade)

e )\ attributes



Seminar Dortmund, 02.03.2004 44

5.3 Levene/Loizou: Semantics for Null-Extended Nested
Relations

e null extended FDs admit null values
e study relationship between MVDs X — Y and FDs X — Y'*

(Y refers to complete unnesting of the set-valued attribute Y™)
e again defined on the basis of paths
e ['Ds from RDM cannot be expressed
e set-valued attributes can only occur on the RHS of null extended FDs
o N =LA K{M(B,S{C})}) expressed as A(BC*)* (simplified)
e null extended FDs: A — (BC*)* or AB — C*

e last of these is not covered yet by our data model

o L(A,K{M(B)}) — L(K{M(S{C})}) not expressible as null ex-
tended FD
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5.4 Object-Oriented Data Models and XML
e Weddell: Reasoning about Functional Dependencies Generalized
for Semantic Data Models (ToDS 1992)

e Bommel/Weddell: Reasoning About Equations and Functional De-
pendencies on Complex Objects (TKDE 1994)

e Tari/Stokes/Spaccapietra: Object Normal Forms and Dependency
Constraints for Object-Oriented Schemata (ToDS 1997)

e Arenas/Libkin: A Normal Form for XML Documents (PODS 2002)
e Vincent/Liu: Functional dependencies for XML (APWeb 2003)

e approaches based on a relational representation of the data

e different expressiveness

e ['Ds of Arenas/Libkin are not axiomatisable at all
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6.1 Extensions: More Results

e Record and List Type:

« F'D implication decidable in linear time
« NLNF (weaker than BCNF) proposed and justified

« MVDs: minimal axiomatisation and finite implication problem
« FDs/MVDs: minimal axiomatisation and finite implication problem

e Record, List, Set and Multiset Type:
. FD implication decidable in O(n* - s - min{s, n})

e XML : several classes of FDs, Axiomatisations
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6.2 Extensions: Future Research

e CVNF

e decomposition /synthesis for NLNF, CVNF
e unions, references

e Interactions

e different classes of dependencies: inclusion and join dependencies

e XML: FIP and Normalisation
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