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Feature—value structures

Feature—value structures (FS) are sort of finite functions, namely, ones whose range in-

tersects with the set of themselves.
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Examples:
This was a simple FS ranging over the set of natural numbers.
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A FS, fi, defined as fi(1) =1, f1(2) = f2, f1(5) = 25, where f, is in turn a F'S defined
as shown in the example. What was important in this example was that a FS, in this
case f1, may have values that are themselves FS’s.

A more formal definition follows.

Let a finite set D and a set M be given. Their elements are regarded as elementary.

Definition. Either of the following is a feature—value structure:
1. A function f satisfying the following conditions:

(a) domf € D
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(b) Vd € domf : f(d) € M.

2. A function f satisfying the conditions:

(a) domf € D
(b) Vd € domf : f(d) = @i, where {¢i},.qom; are such that ¢; is a feature
structure or ¢; € M, ¢ € domf.

The set of all feature—value structures (FS) for fixed D, M will be denoted by FSp ar.
When D and M are unique in the particular context, we will write F'S instead of F'Sp ar.
Complezity v of a given FS f is defined as:

(f)—{ 0, if domf =0
W=V 1+ maxyep, f(d)ers V(f(d))

The set of all FS of complexity not greater than k will be denoted by FS*.

Relations between feature-value structures

Partial order

Relation of partial ordering can be introduced in the following way:
Let f,g be FS and domf C domg so that Vd € domf : f(d) = g(d). Then f < g.
The so defined relation is reflexive, anti-symmetric and transitive.
Empty FS (@) has the property of being minimal: Vf : @ < f.
The greater (by this order) FS is obviously more informative, as it bears all information
contained in smaller F'S, plus extra information.
However a comparison of two FS is not always possible.

Unification of feature—value structures

Informally, the idea of unification of FS is the following: from two structures bearing some
information to obtain a newer structure to bear the combined information from the two.
The resulting FS must not be less informative than any of the two original FS.

Therefore, if two FS f and g are given, their unification (to be denoted by f U g) will
give the minimal (by the partial order) FS h such that f <k and g < h.

Now we will define the unification operation.

Let f € FSp,m;,9 € FSp, Mm,,domf = Dy,domg = D, and

Vze DyN Dy
(f(z) € MV g(z) € M) = (f(z) € M)&(g(z) € M)&(f(2) = g(2)).

Then h= fUg € FSDfUpg’MfuMg,domh = Dy U D, and Vz € dombh:

f(=), if z € Dy — Dy,

h(:E)Z g(df), ifQZEDQ"—Dfa
f(z), ifz € DN D, and f(z) € My,
flz)Ug(z), ifze DsN Dy, f(z) € FS and g(z) € FS
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In the case when z € Dy;N D, and f(z) € My, g(z) = f(z), so we choose h(z) = f(z).

Intuitionistic Fuzzy FS

Definition. An intuitionistic fuzzy value (ifv) will be called any § € [0,1] x [0,1] such
that E?:l pr;6 < 1. The set of all ifv’s will be denoted by IF'V.

Following [1], we will say of an ifv (u,v) that its truth degree is p and that its falsity
degree is v.

Definition. An intuitionistic fuzzy plausibility resolvent (ifpr) of two ifv «, f is an
ifv (u,v) defined through
p = min{prya, pri1 3}
v = max{proa, pra3}

Definition. Let a finite set D and a set M be given. Either of the following is an
intuitionistic fuzzy feature—value structure (IFFS):

1. A function f satisfying the following conditions:

(a) domf C D
(b) Vd € domf : f(d) € M x IFV.

2. A function f satisfying the conditions:

(a) domf C D

(b) Vd € domf : f(d) = i, where {¢:},cdom, are such that ¢; is a feature
structure or p; € M x [FV, i € domf.

Notations I FF'Sp ar and I FFS are introduced in the obvious way.

Intuitionistic fuzzy feature—structure unification

Similarly, the unification will give the minimal IFFS to bear the combined information
from the two given IFFS.

Definition. Let f € IFFSp, m,,9 € IFFSp,um,,domf = Dy, and domg = Dj.
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Then h= flUg € FSDfupg,MfuMg,domh = Dy U D, and Vz € domh:

(=), itz € D — D,,
g(z), if z € D, — Dy,
(pr1 f(z),ifpr(prof(z), prag(z))) if # € Dy N Dy and pry f(z) = prig(z) € M
(pr1f(2),ifpr(prof(z), prag(z))) ifz € DyN D,

and (prif(z) € M or prig(z) € M)

and pry f(z) # prig(z)

and ifpr(pry f(z), prog(z)) = praf(z)
(prig(z),ifpr(prof(2), prag(z))) ifz € DyN D,
h(z) = 4 and (prif(z) € M or prig(z) € M)

and prif(z) # prig(z)

and ifpr(pry f(z), preg(z)) = prag(z)
undefined, ifze DN D,

and (pr1f(z) € M or prig(z) € M)

and prif(z) # prig(z)

and ifpr(pra f(z), prag(z)) # praf()

and ifpr(pry f(z), prag(@)) # prag(z)
L f(z) U g(z), if t € D;ND,, f(z) € FS and ¢g(z) € FS

In the case when z € D;N D, and f(z) € My, g(z) = f(z), so we choose h(z) = f(z).

Feature—value structures containing variables

Let the following be given: a finite set D, a set M. of constant symbols and a set M, of
variable symbols. Let M = M. U M,.

A feature-value structure containing variables (VFS) will be called a function f satis-
fying the conditions:

1. domf C D
2. Vd € domf: either (f(d) € M) or f(d) is a VFS).

The set of all VFS for fixed D, M., M, will be denoted by V FSp . m,-

The unification operation defined above for FS’s (the abbreviation FS will keep its
meaning for feature-value structures without variables) will be used below in the same
sense and only applies over FS’s. For VFS, a new operation will be defined, called match-
ing, which will resemble the well-known unification of terms. For this purpose, first we
will introduce the notion of a substitution.

o A substitution for a given set VFSpa,a, will be called any element of the set
FS}WU,MCUFSD)MC

e We will define the following operation: application of a substitution o to a given

VEFS F € VFSD,MC,Mu5 ol F.

The result of this operations and the pre-requisites for its existence are as follows:

47



JﬂF=hEFSD,MC:

{ f(da), if f(di) € Mo;
Vd; € D : h(d;) = { o(f(di)), if f(d;) € M, and o(f(d;)) is defined;
o N f(d;), if f(d;) e VFS

e Let a FS F and a VFS G be given. Matching F Ut G of F and G is the operation
giving the least substitution o (if one exists) such that ¢ MG = F.

The matching operation can be introduced by the following definition: (it is easy to
demonstrate that the result of the unification will have the above property):

Let F' € FSpum,,G € VFSpm.m, and domG C domF.
1. If domG = ¢, FUT G = ¢.
2. If domG # ¢ and for every d € domG), the expression

[G(d)F(d)], if G(d) € M,;
oy = { o, if G(d) € M., F(d) € M. and F(d) = G(d);
G(d) Ut F(d), if G(d) € VFS and F(d) e VFS

is defined and | |, qomg 4 exists, then

Futag= |_| g4

dedoma
Examples:
1 1 1 "
10 20 n 10 20 . o r 1
a) | 2 [20 40] 2 [20 } is the substitution [y 40]

5 50 5 50

10 =z 10 100

b)[m égg}n 20 200 | = | 20 200

/ 30y 30 300

Intuitionistic fuzzy feature—value structures
containing variables

A slight revision is needed only in the definition of a VFS to obtain a working mechanism.

An intuitionistic fuzzy feature—value structure containing variables (IFVFS) will be

called a function f satisfying the conditions:

1. domf C D
2. VYd € domf: either (f(d) € M,) or (f(d) € M. x IFV) or f(d) is an IFVFS).
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The set of all VFS for fixed D, M., M, will be denoted by V FSp . m,-

Again, IF-unification remains only for IFFS’s.

o An intuitionistic fuzzy (IF-) substitution for a given IFV FSp ., will be called
any element of the set IFF S}y v orrrs, ."

e We will define the following operation: application of an IF-substitution o to a given

IFVFS F € VFSD,MC,M,,: oMnkF.
This operation is defined exactly like the crisp substitution application.

Moreover, the definition of matching is also in one-to-one correspondence to the
above one.

The rewritten definition of VFS, now IFVFS, and unification (which participates in
the matching definition) makes all the difference.

Example:

[2 @@ ur[2 2]=[c (42D ]

The so constructed intuitionistic fuzzy extension of feature structures is correctly de-
fined, in the sense that the definitions coincide with the crisp case ones when one takes
all associated ifv’s to be (1,0).

This is, of course, not the only possible approach to building an IF externsion of feature
structure theory, though it seems in a way the most natural one. Other approaches, some
of them even leading to non-functionality of the resulting FS’s, are currently studied and
will be the object of subsequent papers by the author.
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