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In Japanese sentences, noun phrase “A no B” is used commonly and
relation between A and B has great variations. In this paper, we propose
“frame-structure” which is a data structure with a formal semantics on a
lattice. We provide rules to translate actual noun phrases into objects on
the Frame-structure, and simulate the relations on noun phrases, like “is-a”

or “has-a-property-of” and their inheritance, with this framework.



1 Introduction

In Japanese sentences, noun phrase “A no B” is used
commonly. Relation between A and B has great
variations, and several methods are proposed to an-
alyze them semantically[2][3].

In this paper, we propose “Frame-structure”,
which can treat semantic structure of noun phrases
“A no B”. It is a data structure with a formal seman-
tics on a lattice and can properly treat class hierar-
chy and attribute inheritance between objects. Its
basic idea is from that of Deductive Object Oriented
Database(DOOD)[1], and the expressive ability of
the Frame-structure is a subset of QUZX OT £[4][5].
In other words, it is simpler version which is closed
under strict semantics.

We consider how the meaning of a noun phrase
“A no B” is constructed from each meaning of A
and B, and provide rules to translate noun phrases
into objects on the Frame-structure.

Produced objects reflect the semantic structure of
the noun phrases “A no B”. We simulate the rela-
tions on actual noun phrases, as hierarchy and in-
heritance, with the corresponding objects.

2 Frame-structure

In this section, we define a Frame-structure, which
has a formal semantics based on a lattice structure.
It can treat class hierarchy and attribute inheritance
between objects. In this framework, relations be-
tween compound objects can be deduced from those
between simpler objects.

2.1 Definition of Objects and Rela-
tions

Definition 2.1 (semantics)
1. Basic Symbols:

e object symbols: p,q,---
o single-valued slot names: a,b,---
o set-valued slot names: A, B, ---
e property slot: prop
e relations: <, <
2. Objects: Let s be an object symbol, ay,---,ap
be single-valued slot names, A;,---, A be set-

valued slot names, p;,---,pr be objects, and
P,,---, P, 8 be sets of objects (maybe a null

set). Following expressions are also objects pro-
vided that o; # aj, A; £ A; for any 4, j(i # j).

(a) slex — p1,--- a6 — P, AL —
P, A — P
(b) sfay — p1,---,ax — P, AL —

Pl)”'yA‘ b P{,pTOP-*&]
“s[]” is called primitive object, and it may ab-

breviated to “s”. Objects other than primitive
objects are called compound objects.

3. Object relations: Let a, 3 be objects. Relations
a X B,a K [ are object relations. If o, are
primitive objects, their relation is called primi-
tive object relation.

Intuitively, object relations correspond to the sen-
tences as follows:

e axXf—aisalf,.

e a & f — a has-a-property-of §.

Definition 2.2 Assume that U is a lattice with
semi-order <’. Mapping % : U — 2V which sat-
isfies the following condition is called an atiribution
funclionon U:

if s <" t(s,t € V),
then for any z € ¥(t), ¢ € ¥(s) holds.

Intuitively, the value of ¥(t) may be regarded as
the set of all properties ¢ has.

Definition 2.3 Let T be a set of object symbols.
(U, ¢,9) is called an interpretation, where U is a
lattice with </, ¢ is a mapping T'— U, and ¥ is an
attribution function on U.

Definition 2.4 Let (U, ¢, ) be some interpretation,
a, B be objects and P, @ be sets of objects. Object
relations:

s (U ¥) EFaxp

e (Udg,b) makp

« (U,6¥)EPCFQ
are defined as follows.

1.Ifa = slag — p1,---,a — pr, A1 —

Pl,--',A( _‘P‘]nB:t[bl _’qu"')bm —
gm,B1 — Q1,-++, Bn — Q] holds,

U, ¢,9) Ea X piff



* 4(s) =" 4(t), and

o for all b;(1 < i < m), there exists some a;
s.t. aj = b and (U, ¢,%) E pj < g, and

e for all B;(1 < i < n), there exists some 4;
st. A; = B and (U, 4,%) = P; Cr Q.

2. Ifa = s[al - P1," " -,q — Pk:Al d
Ply"'aAl — PI;I"'OP d 6]’ﬂ = t[bl -
Qh"'ybm — gm,B1 — Q1,--,Bn —
Qn, prop — 7] holds,

(U,6,9) Ea X Biff

o (U,6,9) Eslar = p1,--- a6 — pr, A1 —
P, Ap = P) 2 tby = g1, b —
qmyBl nd Ql:"'yBﬂ "‘Qn]y and

e for all £ € 0, either of the conditions below
holds:

— for some y € 6, (U,¢,¥) =y < z,0or

- (U:¢,¢) I=8‘<<:L'.

3. if o« has “prop — §” and 8 doesn’t have “prop
— 7", rule 2 is applied, regarding 8 as having
“prop — {}”, and vice versa.

4. (U,$,%) | o < B iff either of the conditions
below holds:

e o can be represented as s[---] (includ-
ing the case a = s ]), and (U,4,%)
¥(s) Cr {B}, or

e a can be represented as s[---,prop — 6],

and (U, ¢,%) =6 Cr {8}
5 If P = {al,“',am},Q = {ﬁl)"'7ﬁn} for

m,n >0,
(U,6,9) = P Cr Q iff for all Ai(1< i < m),
there exists some a; s.t. (U,¢,%) = o; X Gi.

If (U,6,9) E o X8 (or a < f) holds, it is said
that (U, ¢, %) satisfies an object relation o < 8 (or

a<f).

2.2 Object Hierarchy and Property
Inheritance

Definition 2.5 Let S be a set of primitive object
relations, and R be a set of object relations. We
define S |= R as follows.

S = R iff under every interpretation which
satisfies all relations in S, all relations in R
are also satisfied.

In such cases, R is said to hold under premises
S. Given a primitive object relations S, this means
that the relation between compound objects R is
deduced from S.

Hereafter, t < 5,5 < r may be abbreviated to
t<s<r.

Theorem 2.1 Assume that S is any set of primitive
object relations and «, 3,7 are any objects. The
following relations hold:

1. SEa<xa

2.SEaxfand SEBLy=>SFaxy
3. SEax<xpBand SEfKT=>SEaky
4. SEagPBand SEBXY=>SEFaky.

(Proof) Omitted.

Examples 2.1 Followings are examples of handling
object hierarchy and property inheritance.

Mt.Aso < volcano < mountain, eruption < action
k= eruption[subj — Mt.Aso]
< eruption[subj — volcano]
< eruption[subj — mountain]
=< eruption,
eruption[subj — Mt.Aso]
< action[subj — mountain].

prof_H < professor,
prof_H < baldness
k= prof.H < professor{prop — {baldness}].

(with the premises above),
prof-H <« Spanish_influenza,
Spanish_influenza < influenza < sickness
k= prof H < sickness,
prof_H < professor[prop — {sickness, baldness}].

3 Semantic Analysis for Noun
Phrases

In this section, we consider how the meaning of a
noun phrase “A no B” is constituted of each mean-
ing of A and B, and provide rules to translate noun
phrases into objects on the Frame-structure. Pro-
duced objects reflect the semantic structure of the
noun phrases “A no B”. Furthermore, the relations
on the objects(i.e., <, <) can properly simulate the
corresponding relations on actual noun phrases(i.e.,



is-a, has-a-property-of, respectively). Notice that
our purpose is an analysis on the semantic structure
of “A no B”, and we do not refer to the way how
the given noun phrase “A no B” is classified. For
reference, see [3] for the practical classification.

3.1 Types of objects

We assume that every primitive noun is classi-
fied into common noun(i.e., a name of some thing
or notion), noun derived from vt(transitive verb),
noun derived from vi(intransitive verb) or func-
tional noun(i.e., a noun whose meaning is deter-
mined with some arguments). Nouns “neko(cat),
benkyd(study), sibo(death), haha(mother)” are ex-
amples for each type respectively. Noun A is trans-
lated into an object whose name is A as following:

o Common noun is translated as A[ ].

¢ Noun derived from vt is translated as A[subj
— 0.

o Noun derived from vi is translated as A[subj
— 0, obj — 0OJ.

¢ Functional noun is translated as A[arg — 0Q].

Translating operation here is represented with the
symbol “”. e.g., A’ = A[]. Object A[] can be ab-
breviated to A . Slot value “O” means “not filled
yet”, and may be substituted later with other ob-
jects.

3.2 Addition of a slot to objects

In noun phrase “A no B”, part “A no” usually
works as a restriction or a modification for B, and
such function can also be represented by the Frame-
structure by adding a slot pair corresponding to the
semantic role of noun phrase A to the object B’ .

3.2.1 Addition of a single-valued slot

In “Taro no hon”(Taro’s book), “Taro no” is a re-
striction on “hon” whose owner is “Taro”. This can
be represented by adding a slot pair “owner — Taro”
to a object for “hon”.

Here it is assumed that the value of the slot
“owner” is unique. Consequently, if the slot has
been already filled with some object as its value,
the addition should not be made. Formal definition
for this operation is given as follows.

Definition 3.1 (operator o) To a given object 8 =
thr = q1,- - ,bm — ¢m,B1 = Q1,---, By — Qnl,
operator o adding a single-valued slot “c — r” to a
object is defined as:

Ifo; #cfor all i(1 < i< m),

Bole—r] = by —q, - bm = gm,c—r,

Bl —’Qla"'an —"Qﬂ]l

and if & = ¢ and ¢; # O for some i, fofc — r] is
not defined.
If b; = ¢ and ¢; = O for some 1,

t[bl _’qu"')bi_’rx"'ybm - qm,
Bl "”Ql:"’yBﬂ_’Qn]-

Bofe—-r] =

3.2.2 Addition of a set-valued slot

Noun phrase “(heya no {doa no nobu))”(knob of a
door of a room) means that the knob is a part of
a door, and is also a part of a room. Thus, slot
“part_of’ may have multiple values and should be
treated as a set-valued slot. Operation for adding a
set-valued slot is given as follows.

Definition 3.2 (operator e) Operator o adding a
set-valued slot “C' — R” to a object is defined as:
If B; # Cfor all i(1 < i< n),
BelC —R)
= t[bi—’QI:“‘,bm‘*Qm;

By, = Q1,---,Bn — @n,C — {R}],

and if B; = C for some i,

felC—H
= t[bl —*qu"'ybm =+ qm,
Bl "’Ql;"';Bl' _*QC'URF":BH_‘QR]-

3.3 Translation of actual

phrases

noun

If a sentence “(A no B) is-a B” is semantically valid,
translation of this sentence into the Frame-structure
should be done so that the object relation (A no
B)' < B’ holds.

3.3.1 Case that B is a common noun

(1) Case that A is joined with o

A owns B: Translation (4 no B) = B’ o [owner —
A’] leads to:



((Taro no inu) no omotya)’
= omotya o [owner — (Taro no inu)’]
= omotyafowner — inufowner — Taro]].

Here we have regarded two “no”s as representing
a owning relation. “omotya[owner — inufowner —
Taro]]” stands for “toy[owner — dog[owner — Taro)
»

(Taro no (inu no omotya))’
= (inu no omotya) o[owner — Taro}
= omotyafowner — inu} o [owner — Taro]
— (not defined).

Noun phrase “Taro no inu no omotya” may be
syntactically ambiguous as shown above. But se-
mantically the latter has no meaning and translation
rule shown here excludes such a case. Of course, the
latter parenthesization may be valid regarding “no”s
as representing other relations.

A makes or produces B: Translation (4 no B) =
B’ o [made_by — A’} leads to:

Eri no si = si{made_by — Eri].

“si{made_by — Eri]” stands for “poem[made. by —
Exi]”.

Other idiomatic cases: This case includes id-
iomatic usages of “A no B”. Slot names depend on
the meaning of B, e.g., translations

(Ano B)Y = B’ o[produces— A’

(Ano BY = B olteaches— A’}

(AnoBY = B ofsells— A

(AnoBY = B ofcause— 4]

(Ano BY = B ol[purpose— A']

(Ano BY = B oltopic— A']
lead to:

(baiku no kozyd)’ = kozyé[produces — baiku]
(eikaiwa no gakkd)’ = gakko[teaches — eikaiwa)
(kutu no mise)’ = mise[sells — kutu]}
(tabako no kaji) / = kaji[cause — tabako]
(densya no kippu) /' = kippu[purpose — densya]
(kome no mondai)’ = mondai[topic — kome].

Each objects stand for “factory[produces — bike],
school[teaches — English_conversation], shop[sells

— shoes], fire[cause — cigarette], ticket[purpose —
train], problem(topic — rice]”.

(2) Case that A is joined with e

A is a property of B: Generally, a sentence “(A
no B) is-a B” is semantically valid. But there are
some cases where “(A no B) has-a-property-of A” is
also valid. In such cases, both (A no B)Y < B/, (A
no B)) <« A’ should hold in object expression. In
such cases, translation (A no BY = B’ e[prop — A’]
leads to:

(midori no (tyiko no kuruma))’
= (tyiiko no kuruma))’e [prop — midori]
= kurumafprop — {tylko}] e [prop — midori]
= kuruma[prop — {tyiko, midori}].

“kurumafprop — {tyliko, midori}]” stands for
“car[prop — {used, green}]”.

(3) Case that A is joined with ¢ and rule TR

A has B as a part: Translation (Ano B)' = B’ e
[part_of — A’] leads to:

(kodomo no (te no tume)’
= (kodomo no tume)’e[part_of — te]
= tumefpari_of — {kodomo}] e [pari_of — te]
= tume[part_of — {kodomo, te}].

Another parenthesization may be valid:

((kodomo no te) no tume)’
= tume o [part_of — (kodomo no te)']
= tume[pari_.of — { te[part_of —» {kodomo}] }].

In this case, objects are nested with the same slot
name “part_of”. To simulate the inheritance, we
assume that a slot “pari.of’ requires a special rule
as follows:

(TR) if v = wu[--+,tr_slot — fB,---], where 8 =
t[---,trslot — @Qq,--], then it is transformed as
¥ = u-- -, tr_slot — grind(B, ir_slot),- - -].

Here we have introduced a function “grind”,
which affect to a given object § = t[b;
‘Il,”';bm - Qm,Bl i Qly"'lBﬂ - Qn] as:

If B; # tr_slot for all i(1 < i< n),

—

grind(f, tr_slot) = 3,

and if B; = tr_slot for some i,



grind(B, tr_slot)
= thy = q, b = m,
By — @, -+, Bic1 = Qi
Bit1 — Qit1, -+, Bn — Q4]
Ugrind(Q;, tr-slot).

With this rule, regarding “tr_slo?” as “part_of’,
the object above is translated as:

&L tume[part_of — {te, kodomo}].

“tume[part_of — {te, kodomo}]” stands for “nail
[part.of — {hand, child}].

Rule TR reflects the semantic relation between
actual sentences, e.g. “(kodomo no te no tume) is-a
(kodomo no tume)” and “(kodomo no te no tume)
is-a (te no tume)”.

A specifies a location of B: In such cases, we ap-
ply the rule TR regarding “tr_slof’ as “loc”. Trans-
lation (A no B) = B’ e [loc —+ A’} leads to:

((mati no kden) no buranko)’
= buranko e [loc — (mati no koen)’]
= buranko[loc — {kéen[loc — {mati}]}]

(m burankofloc — {kden, mati}].

“buranko{loc — {kéen, mati}]” stands for

“swing[loc — {park, town}]”.

A specifies the date or time of B: In such cases,
we apply the rule TR regarding “tr_slot” as “date”.
Translation (A no B)' = B’ e [date — A’} leads to:

({kinou no yoru) no koen)’
= koen o [date — (kinou no yoru)']
= koen[date — {yoru[date — {kinou}]}]

™ koen[date — {kinou, yoru}].
“kden[date — {kinou, yoru}]” stands for

“park[date — {yesterday, night}]”.

3.3.2 Case that B is a noun derived from vt

A:subject, B:vt: Translation (A no B) = B’ o
[subj — A'] leads to:

(Ken no unten)’ = unten[subj — Ken].

“unten[subj — Ken]” stands for “driving[subj —
Ken]”.

A:object, B:vt: Translation (A no B) = B’ o
{obj — A'] leads to:

(eigo no benkyd) = benkyd[obj — eigo].

“benkyd[obj — eigo]” stands for “study[obj — En-
glish]”.

3.3.3 Case that B is a noun derived from vi

A:subject, B:vi: Translation (A no BY = B'o
[subj — A’] leads to:

(kazan no hunka)’ = hunka[subj — kazan].

“hunka[subj — kazan]” stands for “eruption[subj
— volcano]”.

3.3.4 Case that B is a functional noun

B takes A as an argument: Translation (4 no
B) = B’ o[arg — A’] leads to:

(kéri no ondo)’ = ondo[arg — kori],
(Taro no haha)’ = haha[arg — Taro].

Each object stands for “temperature[arg — ice],
mother[arg — Taro]”.

3.4 Hierarchy and Property Inheri-
tance on “A no B”

Noun phrase “kasi no ki no tukue no asi(a leg of
a desk, which is made of oak wood)” is paren-
thesized naturally as “((kasi no ki) no (tukue no
asi))” or “(kasi no (ki no (tukue no asi)}))”, and if
proper slot names are chosen somehow, both of these
can be translated to the same object “asi[part_of —
{tukue}, prop — {kasi, ki}]”. And we can also de-
rive the following relations:

((kasi no ki) no (tukue no asi))’
=< (ki no asi)’,

((kasi no ki) no (tukue no asi))’
2 (kasi no ki),

((kasi no ki) no (tukue no asi))’
« (kasi no ki)'

Each stands for:



leg[part-of — {desk}, prop — {wood[prop —
foak}}}] < leglprop — {wood}],

leg[part_of — {desk}, prop — {wood[prop —
{oak}]}] £ wood[prop — {oak}],

leg[part_of — {desk}, prop — {wood[prop —
{oak}]}] <« wood[prop— {oak}].

And they properly reflects the relations on actual
linguistic phenomenon as:

((kasi no ki) no (tukue no asi))
is-a (ki no asi),

((kasi no ki) no (tukue no asi))
is-not-a (kasi no ki),
((kasi no ki) no (tukue no asi))
has-a-property-of (kasi no ki).

If linguistic relations

e prof_H is-a professor

o prof_H has-a-property-of baldness

o prof_-H has-a-property-of Spanish.influenza
e Spanish_influenza is-a influenza

o influenza is-a sickness

are translated as seen in Example 2.1, we can de-
duce other relations from them, e.g., last term in
the example represents “prof_H is-a professor, who
has-a-property-of sickness and baldness”.

4 Conclusions

In order to analyze semantic structure of Japanese
noun phrase “A no B”, we have defined Frame-
structure, and proposed a translation rules for noun
phrases into objects in this structure. Produced ob-
jects suitably reflect the semantic structure of origi-
nal noun phrases. And by those objects, we can sim-
ulate hierarchy and attribute inheritance on noun
phrases.

This study will be extended in the future to treat
more general noun phrases, e.g., ones modified with
relative clauses. For this purpose, we’ll extend the
Frame-structure, so that it can treat object opera-
tions like intersection or union, and the other object
relations.
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