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Outline of today’s course

@ Introduction to frame semantics
@ Frames in the sense of Fillmore and Barsalou
@ Frames according to this course

© Formalization of frames
@ Attribute-value descriptions and formulas
@ Formal definition of frames
@ Frames as models
@ Subsumption and unification
@ Attribute-value constraints

© Further topics
@ Frames versus feature structures
@ Type constraints versus type hierarchy

e Frame semantics: extensions

© Summary and outlook
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Introduction to frame semantics

Frames according to Fillmore/FrameNet [framenet.icsi.berkeley.edu]

The ‘Cutting’ frame, annotated:

Agent
Item

Slice the cake lengthwise into two halves. -

NP AVP PPJinto]
Obj Dep Dep
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Introduction to frame semantics

Frames according to Fillmore/FrameNet [framenet.icsi.berkeley.edu]

The ‘Cutting’ frame, annotated:

Agent
Item

Slice the cake lengthwise into two halves. -

NP AVP PPJinto]
Obj Dep Dep

The FrameNet database:

m > 1200 frames

® > 13000 lexical units (= word senses)
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Introduction to f e semantics

Frames according to Fillmore/FrameNet [framenet.icsi.berkeley.edu]

Cutting frame

Definition: An [Agent] cuts an [Item] into [Pieces] using an [Instrument] (which may or may
not be expressed).

Core frame elements:

Agent The [Agent] is the person cutting the [ltem] into [Pieces].

Item The item which is being cut into [Pieces].

Pieces The [Pieces] are the parts of the original [Item] which are the result of the
slicing.

Non-core frame elements:

Instrument | The [Instrument] with which the [Item] is being cut into [Pieces].

Manner [Manner] in which the [Item] is being cut into [Pieces].
Result The [Result] of the [Item] being sliced into [Pieces]. (extrathematic)

In addition: Means, Purpose, Place, Time

Lexical units: carve, chop, cube, cut, dice, fillet, mince, pare, slice
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Introduction to frame semantics

Frames according to Fillmore/FrameNet [framenet.icsi.berkeley.edu]
Frame-to-frame relations in FrameNet

m Generalization relations: ‘inherits from’, ‘is perspective on’, ‘uses’

m Event structure relations: ‘is subframe of’, ‘precedes’

m Systematic relations: ‘is causative of’, ‘is inchoative of’

Examples
Getting Intentionally_affect Motion Expansion
RECIPIENT AGENT THEME ITEM
THEME PATIENT GoaL

SOURCE A

: Cause_expansion
Cutting Bringing Cause [1]

Commerce_buy AGENT AGENT ITEM

Buver [1] ITEM THEME

Goobs PIECES GoAL

SELLER = inherits from
EEEEED STEN

= is causative of
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Introduction to frame semantics

Frames according to Barsalou [Barsalou 1992:30]




Introduction to frame semantics

Frames according to Barsalou [Gamerschlag et al. 2014:6]
ﬁ
type aspect
FSTITEETII //
type  : round Water-bird
R aspect
aspect . pointed |y 00 °
o \><
N S
aspect . webbed : aspect
type clawed\ Land-bird
aspect
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Introduction to frame semantics

Frames according to this course [Kallmeyer/Osswald 2013; Osswald/Van Valin 2014]
m A representation format for rich lexical and constructional content.
m Can nicely capture semantic composition and decomposition.

m Can be formalized as generalized feature structures with types,
relations and node labels.
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Introduction to frame semantics

Frames according to this course [Kallmeyer/Osswald 2013; Osswald/Van Valin 2014]

m A representation format for rich lexical and constructional content.
m Can nicely capture semantic composition and decomposition.

m Can be formalized as generalized feature structures with types,
relations and node labels.

Basic assumptions

m Attributes (features, functional roles/relations) play a central role
in the organization of semantic and conceptual knowledge and
representation. [Barsalou 1992; Lobner 2014]

m Semantic components (participants, subevents) can be (recursively)
addressed via attributes (from some “base” node).

~> inherently structured representations (models);
composition by unification (under constraints)
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Introduction to frame semantics

Frames according to this course

Example ACTOR man

locomotion /—ﬁ; house

©)

T
MANNER/ IN-REGION
o PATH " f
ENDP par -0,
> O » O

walking o >
path region region
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Introduction to frame semantics

Frames according to this course

Example ACTOR man

locomotion /—ﬁ; house

©)

T
MANNER/ IN-REGION
o PATH " f
ENDP par -0,
> O » O

walking o >
path region region

Ingredients

m Attributes (funct. relations): ACTOR, MOVER, PATH, MANNER, IN-REGION, ...
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m Proper relations: part-of

m Node labels (variables): e, x, z

Kallmeyer, Lichte, Osswald & Petitjean (HHU Diisseldorf) 11



Introduction to frame semantics

Frames according to this course

Example ACTOR man

locomotion /—ﬁ; ® h ge

T
MANNER/ IN-REGION
o PATH " f
ENDP par -0,
> O » O

walking o >
path region region

Ingredients

m Attributes (funct. relations): ACTOR, MOVER, PATH, MANNER, IN-REGION, ...
m Type symbols: locomotion, man, path, walking, region, ...

m Proper relations: part-of

m Node labels (variables): e, x, z

Core property
m Every node is reachable from some labeled “base” node via attributes.
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Introduction to frame semantics

Example

(2) Annaran
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Introduction to frame semantics

Example
(2) Annaran

‘Anna’

runnin,
g(@ ACTOR O/N'AME
—_—
person
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Introduction to frame semantics

Example
(2) Anna ran to the station.

< 3
) Anna
runnin,
g ACTOR o /N'AME

_—
© person
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Introduction to frame semantics

Example
(2) Anna ran to the station.

bounded-motion ‘Anna’
runnin,
g ACTOR o /N'AME
—_—

©

person
FINAL l THEME

@)
loc-stage }‘ o)
station
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Introduction to frame semantics

Example

(2) Anna ran to the station.

bounded-motion ‘Anna’ [running A bounded-motion)
running
erson
ACTOR /N'AME actor [1|P . ,
@———o0 NAME ‘Anna

person e oost
oc-stage
FlNALl THEME 4
FINAL |THEME [1]

O
T i Loc  [station]

loc-stage Loc
station
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Introduction to frame semantics

Example

(2) Anna ran to the station.

bounded-motion ‘Anna’ [running A bounded-motion)
running
erson
ACTOR /N'AME actor [1|P . ,
@———o0 NAME ‘Anna

person e oost
oc-stage
FlNALl THEME 4
FINAL |THEME [1]

O
T i Loc  [station]

loc-stage Loc
station

Attribute-value logic

e- (running A bounded-motion A ACTOR: (person A NAME £ ‘Anna’)
ACTOR = FINAL THEME A FINAL : (loc-stage A LoC : station))
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Introduction to frame semantics

Example

(2) Anna ran to the station.

bounded-motion ‘Anna’ [running A bounded-motion)
running
erson
ACTOR /N'AME actor [1|P . ,
@———o0 NAME ‘Anna

person e oost
oc-stage
FlNALl THEME 4
FINAL |THEME [1]

O
TTT— Loc  [station]

loc-stage Loc -0
station

Attribute-value logic
e- (running A bounded-motion A ACTOR: (person A NAME £ ‘Anna’)
ACTOR = FINAL THEME A FINAL : (loc-stage A LoC : station))
Translation into first-order logic

Ax3sTy(running(e) A bounded-motion(e) A ACTOR(e, x) A person(x) A NAME(x, ‘Anna’)
A FINAL(e, s) A loc-stage(s) A THEME(s,x) A Loc(s,y) A station(y))
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Introduction to frame semantics

Example

(2) Anna ran to the station.

bounded-motion ‘Anna’ [running A bounded-motion)
running
erson
ACTOR /N'AME actor [1|P . ,
@———o0 NAME ‘Anna

person e oost
oc-stage
FlNALl THEME 4
FINAL |THEME [1]

O
T i Loc  [station]

loc-stage Loc
station

Attribute-value logic
e- (running A bounded-motion A ACTOR: (person A NAME £ ‘Anna’)
ACTOR = FINAL THEME A FINAL : (loc-stage A LoC : station))
Constraints

running = activity (short for Ye(running(e) — activity(e))),
loc-stage = THEME: T ALoC: T,
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Introduction to frame semantics

Example Lexical decomposition templates [Rappaport Hovav/Levin 1998]
(3) [[x ACT] CAUSE [BECOME [y BROKEN]]]
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Introduction to frame semantics

Example Lexical decomposition templates [Rappaport Hovav/Levin 1998]
(3) [[x ACT] CAUSE [BECOME [y BROKEN]]]
causation
CA:JV. EFFECT causation
o < change-of-state .
TR 71715 @ Eo - »0 CAUSE [actlwty ]
FINAL EFFECTOR X
ACTOR i broken-stage change-of-state
® lPATIENT EFFECT A\ broke-stage
FINAL parient y

®

Description in attribute-value logic

CAUSE < EFFECT

causation A CAUSE: activity A CAUSE ACTOR = x
A EFFECT (change-of-state A FINAL: (broken-stage A PATIENT = y))
A CAUSE < EFFECT
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uction to frame sem

Example Lexical decomposition templates [Rappaport Hovav/Levin 1998]
(3) [[x ACT] CAUSE [BECOME [y BROKEN]]]

causation
[ ]
CAUSE EFFECT causation
.. < change-of-state ctivit
TR 71715 @ Eo - »0 CAUSE I:EFFEC_IZ)R :|
X
ACTOR l FINAL i
O broken-stage change-of-state
® l PATIENT EFFECT broke-stage
PATIENT y

®

Description in attribute-value logic

CAUSE < EFFECT

causation A CAUSE: activity A CAUSE ACTOR = x
A EFFECT (change-of-state A FINAL: (broken-stage A PATIENT = y))
A CAUSE < EFFECT

Translation into first-order logic
Aede’de”’ As(causation(e) A cAuse(e, e’) A EFFecT(e,e”’) A e <e” A
activity(e’) A AcTOrR(€’,x) A change-of-state(e’’) A
FINAL(e”',s) A broken-stage(s) A PATIENT(Ss, y))
Kallmeyer, Lichte, Osswald & Petitjean (HHU Diisseldorf) 13



Outline of today’s course

© Formalization of frames
@ Attribute-value descriptions and formulas
@ Formal definition of frames
@ Frames as models
@ Subsumption and unification
@ Attribute-value constraints
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Attribute-value descriptions

Vocabulary / Signature
Attr attributes (= dyadic functional relation symbols)
Rel (proper) relation symbols
Type type symbols (= monadic predicates)
Nname node narpes( nominals™) } Nlabel node labels
Nvar node variables
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Attribute-value descriptions

Vocabulary / Signature
Attr attributes (= dyadic functional relation symbols)
Rel (proper) relation symbols
Type type symbols (= monadic predicates)
Nname node narpes( nominals™) } Nlabel node labels
Nvar node variables

Primitive attribute-value descriptions (pAVDesc)

tlp:tlp=qlp.-..pn]:ir | p=k

Semantics

Kallmeyer, Lichte, Osswald & Petitjean (HHU Diisseldorf)

T % [P ]

(t € Type, r € Rel, p,q,p; € Attr*, k € Nlabel)

oot [P[t]] [p,q]:r ./Pv?r P
~7 Q
P Qo (00, 12)

Q[

o
1>

Q k| eto@ | [pr1]



Attribute-value formulas

Primitive attribute-value formulas (pAVForm)

k-p:t| k-pzl-q | <ki-p1,-. - kn-pny:r
(t € Type, r € Rel, p, q, p; € Attr*, k, L, k; € Nlabel)

Semantics
k-p:t @—P>ot k[P[t]] (k-pP,l-Q):r ®_P’° k[PE]]
@_»ir I[Q]
kep2loa | O | k[0l Q r(@.E)
_° ([ @]

0O a
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Attribute-value formulas

Primitive attribute-value formulas (pAVForm)

k-p:t| k-pzl-q | <ki-p1,-. - kn-pny:r
(t € Type, r € Rel, p, q, p; € Attr*, k, L, k; € Nlabel)

Semantics
k-p:t @—P>ot k[P[t]] (k-pP,l-Q):r ®_P’° k[PE]]
@_»ir I[Q]
kep2loa | O | k[0l Q r(@.E)
_° ([ @]

0O a

Formal definitions (fairly standard)

Set/universe of “nodes” 1%
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Attribute-value formulas

Primitive attribute-value formulas (pAVForm)

k-p:t| k-pzl-q | <ki-p1,-. - kn-pny:r
(t € Type, r € Rel, p, q, p; € Attr*, k, L, k; € Nlabel)

Semantics
k-p:t ®—>ot k[P[t]] (k-p,[-Q):r @—P>? ([r )
@—>Zr ([a ]
k-p=l-Q ®\P~o k[P] Q r([,2))
@/Q' ([ @]

Formal definitions (fairly standard)

Set/universe of “nodes” 1%
Interpretation function I :Attr - [V = V],
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Attribute-value formulas

Primitive attribute-value formulas (pAVForm)

k-p:t| k-pzl-q | <ki-p1,-. - kn-pny:r
(t € Type, r € Rel, p, q, p; € Attr*, k, L, k; € Nlabel)

Semantics
k-p:t ®—>ot k[P[t]] (k-p,[-Q):r @—PN? ([r )
g
ot |
s r((1). (2
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Formal definitions (fairly standard)
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Interpretation function I : Attr > [V = V], Type — ¢(V),
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Attribute-value formulas

Primitive attribute-value formulas (pAVForm)

k-p:t| k-pzl-q | <ki-p1,-. - kn-pny:r
(t € Type, r € Rel, p, q, p; € Attr*, k, L, k; € Nlabel)

Semantics
k-p:t ®—>ot k[P[t]] (k-p,[-Q):r @—PN? ([r )
g
ot |
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Formal definitions (fairly standard)
Set/universe of “nodes” 1%
Interpretation function I : Attr > [V = V], Type — ¢(V),
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Attribute-value formulas

Primitive attribute-value formulas (pAVForm)

k-p:t| k-pzl-q | <ki-p1,-. - kn-pny:r
(t € Type, r € Rel, p, q, p; € Attr*, k, L, k; € Nlabel)

Semantics
k-p:t ®—>ot k[P[t]] (k-p,[-Q):r @—PN? ([r )
g
ot |
s r((1). (2
kpsla | OL | e e
@/Q' ([ @]
Formal definitions (fairly standard)
Set/universe of “nodes” 1%
Interpretation function I : Attr > [V = V], Type — ¢(V),

Rel - U, 9(V"), Nname — V
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Attribute-value formulas

Primitive attribute-value formulas (pAVForm)

k-p:t| k-pzl-q | <ki-p1,-. - kn-pny:r

(t € Type, r € Rel, p, q, p; € Attr*, k, L, k; € Nlabel)

Semantics
k-p:t ®—>or k[P [t]] (k-p,l-Q):r @—PN? k[ O]
g
o v ([a ]
k-pzl.Q ®\PA k[p ] Q r(@.2)
_° ([ @]

0O a

Formal definitions (fairly standard)

%

I : Attr > [V = V], Type — ¢(V),
Rel - U, 9(V"), Nname — V

g :Nvar—V

Set/universe of “nodes”
Interpretation function

(Partial) variable assignment
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Satisfaction of AV descriptions and formulas

Formal definitions (cont’d)

Abbreviation: T4(k) = v for k € Nlabel iff I(k)=v if k € Nname and
g(k) = v if k € Nvar (g(k) defined)

Kallmeyer, Lichte, Osswald & Petitjean (HHU Diisseldorf) 17



Satisfaction of AV descriptions and formulas

Formal definitions (cont’d)

Abbreviation: T4(k) = v for k € Nlabel iff I(k)=v if k € Nname and
g(k) = v if k € Nvar (g(k) defined)

Satisfaction of primitive descriptions
(V,I,8),vEL iff ve(t)
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Satisfaction of AV descriptions and formulas

Formal definitions (cont’d)

Abbreviation: T4(k) = v for k € Nlabel iff I(k)=v if k € Nname and
g(k) = v if k € Nvar (g(k) defined)

Satisfaction of primitive descriptions

(V,I,8),vEL iff veZI(t)
(V,I,8),vEp:t iff 7(p)(v)el(t)
(V.I,8),veEp=gq ifft 7(p)(v) = I (q)(v)

V.I.8)vElpi,....pn]:r iff <T(p1)(V)..... L (pn)(v)) € I(r)
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Satisfaction of AV descriptions and formulas

Formal definitions (cont’d)

Abbreviation: T4(k) = v for k € Nlabel iff I(k)=v if k € Nname and
g(k) = v if k € Nvar (g(k) defined)

Satisfaction of primitive descriptions

(V,I,8),vEL iff veI(t)

(V,I,8),vEp:t iff 7(p)(v)el(t)
(V,I,g),vEp=gq iff Z(p)(v) = I(q)(v)
(V,I,8%VE[pt,--.,pnl:ir iff {T(p1)(v),...,L(pn)(v)) € I(r)
(V,I,g),vEp=k iff 7(p)(v) = Iy(k) (k € Nlabel)
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Satisfaction of AV descriptions and formulas

Formal definitions (cont’d)

Abbreviation: T4(k) = v for k € Nlabel iff I(k)=v if k € Nname and
g(k) = v if k € Nvar (g(k) defined)

Satisfaction of primitive descriptions

(V,I,8),vEL iff veI(t)

(V,I,8),vEp:t iff 7(p)(v)el(t)
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(V,I,g)vEp2k iff 7(p)(v) = Iy(k) (k € Nlabel)

Satisfaction of primitive formulas

(V.I.8)rk-p:t iff 7(p)(Zg(k)) € 1 (1)
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Satisfaction of AV descriptions and formulas

Formal definitions (cont’d)

Abbreviation: T4(k) = v for k € Nlabel iff I(k)=v if k € Nname and
g(k) = v if k € Nvar (g(k) defined)

Satisfaction of primitive descriptions
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(V.Ig)ek-p2i-q iff 1(p)(Zy(k)) = 7(q)(Zy(D)
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Satisfaction of AV descriptions and formulas

Formal definitions (cont’d)

Abbreviation: T4(k) = v for k € Nlabel iff I(k)=v if k € Nname and
g(k) = v if k € Nvar (g(k) defined)

Satisfaction of primitive descriptions

(V,I,8),vEL iff veZI(t)

(V,I,8),vEp:t iff 7(p)(v)el(t)

(V,I,g),vEp=gq iff Z(p)(v) = I(q)(v)

(V,I,8%VE[pt,--.,pnl:ir iff {T(p1)(v),...,L(pn)(v)) € I(r)

(V,I,g)vEp2k iff 7(p)(v) = Iy(k) (k € Nlabel)
Satisfaction of primitive formulas

(V.I.g)rk-p:t iff 7 (p)(Zy(K)) € I (8)

(V.Ig)ek-p2i-q iff 1(p)(Zy(k)) = 7(q)(Zy(D)

(V.IL,8)eki-prsoooskn-pn)yir iff (T(p1)(ZLg(kr)), . ... Le(pn) (L (kn))) € I (r)
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Satisfaction of AV descriptions and formulas

Formal definitions (cont’d)

Abbreviation: T4(k) = v for k € Nlabel iff I(k)=v if k € Nname and
g(k) = v if k € Nvar (g(k) defined)

Satisfaction of primitive descriptions

(V,I,8),vEL iff veZI(t)

(V,I,8),vEp:t iff 7(p)(v)el(t)

(V,I,g),vEp=gq iff Z(p)(v) = I(q)(v)

(V,I,8%VE[pt,--.,pnl:ir iff {T(p1)(v),...,L(pn)(v)) € I(r)

(V,I,g)vEp2k iff 7(p)(v) = Iy(k) (k € Nlabel)
Satisfaction of primitive formulas

(V.I.g)rk-p:t iff 7 (p)(Zy(K)) € I (8)

(V.Ig)ek-p2i-q iff 1(p)(Zy(k)) = 7(q)(Zy(D)

(V.IL,8)eki-prsoooskn-pn)yir iff (T(p1)(ZLg(kr)), . ... Le(pn) (L (kn))) € I (r)

Satisfaction of Boolean combinations as usual.
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Frames defined

Frame F over (Attr, Type, Rel, Nname, Nvar):

F=(V,I,g), with V finite, such that every node v € V is reachable
from some labeled node w € V via an attribute path,
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Frames defined

Frame F over (Attr, Type, Rel, Nname, Nvar):

F=(V,I,g), with V finite, such that every node v € V is reachable
from some labeled node w € V via an attribute path, i.e.,

(i) w = Ig4(k) for some k € Nlabel (= Nname U Nvar) and
(ii) v =1 (p)(w) for some p € Attr™.
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Frames defined

Frame F over (Attr, Type, Rel, Nname, Nvar):
F=(V,I,g), with V finite, such that every node v € V is reachable
from some labeled node w € V via an attribute path, i.e.,

(i) w = Ig4(k) for some k € Nlabel (= Nname U Nvar) and
(ii) v =1 (p)(w) for some p € Attr™.

Example
ACTOR man

locomotion O @ house

@

@ MOVER
MANNER/ IN-REGION
o PATH f
ENDP part-o
o e

walking O >
path region region
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Frames as models of AV formulas

A frame F =(V, I, g)is amodel of an AV formula ¢ iff F E ¢.
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Frames as models of AV formulas

A frame F =(V, I, g)is amodel of an AV formula ¢ iff F E ¢.

Example
ACTOR

man
locomotion O® house
© @

MANNER/
PATH
©)

walking

F =

MOVER
IN-REGION
ENDP part-of
@) »O

path region region
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Frames as models of AV formulas

A frame F =(V, I, g)is amodel of an AV formula ¢ iff F E ¢.

Example
ACTOR man

© ©)

F =
MANNER/ IN-REGION
o PATH t-of
ENDP part-o
> O »O

walking o >
path region region

locomotion O house
MOVER

FE
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Frames as models of AV formulas

A frame F =(V, I, g)is amodel of an AV formula ¢ iff F E ¢.

Example
ACTOR man

© ©)

F =
MANNER/ IN-REGION
o PATH t-of
ENDP part-o
> O »O

walking o >
path region region

locomotion O house
MOVER

F £ e- locomotion
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Frames as models of AV formulas

A frame F =(V, I, g)is amodel of an AV formula ¢ iff F E ¢.

Example
ACTOR

man
locomotion §® house
© @

MANNER/
PATH
©)

walking

F =

MOVER
IN-REGION
ENDP part-of
@) »O

path region region

F E e- locomotion
F & e- (locomotion A ACTOR: man)
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Frames as models of AV formulas

A frame F =(V, I, g)is amodel of an AV formula ¢ iff F E ¢.

Example
ACTOR

man
locomotion §® house
© @

MANNER/
PATH
©)

walking

F =

MOVER
IN-REGION
ENDP part-of
@) »O

path region region

F & e locomotion
F & e- (locomotion A ACTOR: man)
F £ e- (locomotion A ACTOR = x)
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Frames as models of AV formulas

A frame F =(V, I, g)is amodel of an AV formula ¢ iff F E ¢.

Example
ACTOR

man
locomotion §® house
© @

MANNER/
PATH
©)

walking

F =

MOVER
IN-REGION
ENDP part-of
@) »O

path region region

F & e locomotion

F & e- (locomotion A ACTOR: man)
F £ e- (locomotion A ACTOR = x)
F E x-man
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Frames as models of AV formulas

A frame F =(V, I, g)is amodel of an AV formula ¢ iff F E ¢.

Example
ACTOR

man
locomotion §® house
© @

MANNER/
PATH
©)

walking

F =

MOVER
IN-REGION
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path region region
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Frames as models of AV formulas

A frame F =(V, I, g)is amodel of an AV formula ¢ iff F E ¢.

Example
ACTOR

man
locomotion §® house
© @

MANNER/
PATH
©)

walking

F =

MOVER
IN-REGION
ENDP part-of
@) »O

path region region

F & e locomotion

F & e- (locomotion A ACTOR: man)
F £ e- (locomotion A ACTOR = x)
F £ x-man A z-house

F £ e (ACTOR = MOVER)
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Frames as models of AV formulas

A frame F =(V, I, g)is amodel of an AV formula ¢ iff F E ¢.

Example
ACTOR

man
locomotion §® house
© @

MANNER/
PATH
©)

walking

F =

MOVER
IN-REGION
ENDP part-of
@) »O

path region region

F & e locomotion

F & e- (locomotion A ACTOR: man)

F £ e- (locomotion A ACTOR = x)

F £ x-man A z-house

F £ e (ACTOR = MOVER)

F E (e PATH ENDP, 7 - IN-REGION) : part-of
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Subsumption and unification

Subsumption

Fi =(V1, I, g1 ) subsumes F, = (V,, 15, 8 ) (F; T F,) iff there is
a (necessarily unique) morphism h: F; — F,, i.e., a function
h:V; — V,such that
(i) (f)(h(v)) = h(Z1(f)(v)), if [1(f)(v) is defined, f € Attr, v € V;,
(i) h(Z1(t)) € Ih(t), for t € Type
(iii) h(Z1(r)) € Iy(r), for r € Rel
(iv) h(Z71(n)) = I(n), for n € Nname
(v) h(gi(x)) = g2(x), for x € Nvar, if g1(x) is defined

Kallmeyer, Lichte, Osswald & Petitjean (HHU Diisseldorf) 20



Subsumption and unification

Subsumption

Fi =(V1, I, g1 ) subsumes F, = (V,, 15, 8 ) (F; T F,) iff there is
a (necessarily unique) morphism h: F; — F,, i.e., a function
h: Vi = V;such that

(i) (f)(h(v)) = h(Z1(f)(v)), if [1(f)(v) is defined, f € Attr, v € V;,
(i) h(Z1(t)) € Ih(t), for t € Type
(iii) h(Z1(r)) € Iy(r), for r € Rel
(iv) h(Z71(n)) = I(n), for n € Nname
(v) h(gi(x)) = g2(x), for x € Nvar, if g1(x) is defined

Example

oman activity ACTOR man

ACTOR ! ®
locomotion / locomotion

®
TMovER > O

@ \—/MO?/ER
MANNER/ MANNER/
PATH
(@] (@]

walking Oh
pat
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Subsumption and unification

Subsumption

Fi =(V1, I, g1 ) subsumes F, = (V,, 15, 8 ) (F; T F,) iff there is
a (necessarily unique) morphism h: F; — F,, i.e., a function
h: Vi = V;such that

(i) (f)(h(v)) = h(Z1(f)(v)), if [1(f)(v) is defined, f € Attr, v € V;,
(i) h(Z1(t)) € Ih(t), for t € Type
(iii) h(Z1(r)) € Iy(r), for r € Rel
(iv) h(Z71(n)) = I(n), for n € Nname
(v) h(gi(x)) = g2(x), for x € Nvar, if g1(x) is defined

Exam ple man aCtiVity ACTOR man
ACTOR @) p i /‘* ®
locomotion© / 'ocomo lon@ \_/4
MOVER
MoviR O
MANNER C MANNER
PATH

o o

walking Oh
pat
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Subsumption and unification

Subsumption

Fi =(V1, I, g1 ) subsumes F, = (V,, 15, 8 ) (F; T F,) iff there is
a (necessarily unique) morphism h: F; — F,, i.e., a function
h: Vi = V;such that

(i) (f)(h(v)) = h(Z1(f)(v)), if [1(f)(v) is defined, f € Attr, v € V;,
(i) h(Z1(t)) € Ih(t), for t € Type
(iii) h(Z1(r)) € Iy(r), for r € Rel
(iv) h(Z71(n)) = I(n), for n € Nname
(v) h(gi(x)) = g2(x), for x € Nvar, if g1(x) is defined
Intuition

F; subsumes F, (F; C F,) iff F, is at least as informative as F;.
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Subsumption and unification

Subsumption

Fi =(V1, I, g1 ) subsumes F, = (V,, 15, 8 ) (F; T F,) iff there is
a (necessarily unique) morphism h: F; — F,, i.e., a function
h: Vi = V;such that

(i) (f)(h(v)) = h(Z1(f)(v)), if [1(f)(v) is defined, f € Attr, v € V;,
(i) h(Z1(t)) € Ih(t), for t € Type
(iii) h(Z1(r)) € Iy(r), for r € Rel
(iv) h(Z71(n)) = I(n), for n € Nname
(v) h(gi(x)) = g2(x), for x € Nvar, if g1(x) is defined
Unification

Least upper bound F; U F, of F; and F; w.r.t. subsumption.

Kallmeyer, Lichte, Osswald & Petitjean (HHU Diisseldorf) 20



Subsumption and unification

Subsumption

Fi =(V1, I, g1 ) subsumes F, = (V,, 15, 8 ) (F; T F,) iff there is
a (necessarily unique) morphism h: F; — F,, i.e., a function
h: Vi = V;such that
(i) L) (h(v)) = h(Z1(f)(v)), if Ii(f)(v) is defined, f € Attr, v € V;,
(i) h(Z1(t)) € Ih(t), for t € Type
(iii) h(Z1(r)) € Iy(r), for r € Rel
(iv) h(Z71(n)) = I(n), for n € Nname
(v) h(gi(x)) = g2(x), for x € Nvar, if g1(x) is defined
Unification
Least upper bound F; U F, of F; and F; w.r.t. subsumption.
Theorem (Frame unification)

[~ Hegner 1994]
The worst case time-complexity of frame unification is almost

linear in the number of nodes.
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Frames as minimal models

Frames as minimal models of attribute-value formulas

(i) Every frame is the minimal model (w.r.t. subsumption) of a finite
conjunction of primitive attribute-value formulas.
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Frames as minimal models

Frames as minimal models of attribute-value formulas

(i) Every frame is the minimal model (w.r.t. subsumption) of a finite
conjunction of primitive attribute-value formulas.

(if) Every finite conjunction of primitive attribute-value formulas has
a minimal frame model.
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Frames as minimal models

Frames as minimal models of attribute-value formulas

(i) Every frame is the minimal model (w.r.t. subsumption) of a finite
conjunction of primitive attribute-value formulas.

(if) Every finite conjunction of primitive attribute-value formulas has

a minimal frame model.

Example ACTOR man

locomotion house

@ MOVER @

MANNER/ IN-REGION
° PATH of
ENDP part-o,
> O ®)

walking

path region region

Kallmeyer, Lichte, Osswald & Petitjean (HHU Diisseldorf) 21



Frames as minimal models

Frames as minimal models of attribute-value formulas

(i) Every frame is the minimal model (w.r.t. subsumption) of a finite
conjunction of primitive attribute-value formulas.

(if) Every finite conjunction of primitive attribute-value formulas has
a minimal frame model.

Example ACTOR man

locomotion /—-l> house
@ \—%/ER @

MANNER/ IN-REGION
o PATH of
ENDP part-o
> O >0

walking o
path region region

e (locomotion A MANNER: walking A ACTOR £ x
A MOVER = ACTOR A PATH:(path A ENDP: region))
A {e-PATH ENDP, Z - IN-REGION) : part-of A x-man
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Attribute-value constraints

Constraints (general format) V¢, ¢ € AVDesc
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Attribute-value constraints

Constraints (general format) V¢, ¢ € AVDesc
(V,IT,8YEN¢ iff (V,I,8),vE¢ foreveryveV
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Attribute-value constraints

Constraints (general format) V¢, ¢ € AVDesc
(V,IT,8YEN¢ iff (V,I,8),vE¢ foreveryveV

Notation:

¢ =y for V(=)
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Attribute-value constraints

Constraints (general format) V¢, ¢ € AVDesc
(V,IT,8YEN¢ iff (V,I,8),vE¢ foreveryveV

Notation:
¢ =y for Y(p— )

Horn constraints:
PN APy DY (i € pAVDesc U {T}, ¥ € pAVDesc U {L})
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Attribute-value constraints

Constraints (general format) V¢, ¢ € AVDesc
(V,IT,8YEN¢ iff (V,I,8),vE¢ foreveryveV
Notation:
¢ = ¢ for Y(¢p— )
Horn constraints:
PN APy DY (i € pAVDesc U {T}, ¥ € pAVDesc U {L})
Examples

activity = event
causation A activity = L

AGENT : T = AGENT = ACTOR
activity = ACTOR : T
activity A motion = ACTOR = MOVER
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Attribute-value constraints

Constraints (general format) V¢, ¢ € AVDesc
(V,IT,8YEN¢ iff (V,I,8),vE¢ foreveryveV
Notation:
¢ = ¢ for Y(¢p— )
Horn constraints:
PN APy DY (i € pAVDesc U {T}, ¥ € pAVDesc U {L})
Examples

activity = event (every activity is an event)
causation A activity = L

AGENT : T = AGENT = ACTOR
activity = ACTOR : T
activity A motion = ACTOR = MOVER
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Attribute-value constraints

Constraints (general format) V¢, ¢ € AVDesc
(V,IT,8YEN¢ iff (V,I,8),vE¢ foreveryveV
Notation:

¢ =y for V(=)

Horn constraints:
PN APy DY (i € pAVDesc U {T}, ¥ € pAVDesc U {L})

Examples
activity = event (every activity is an event)
causation A activity = L (there is nothing which is both

a causation and an activity)
AGENT : T = AGENT = ACTOR
activity = ACTOR : T
activity A motion = ACTOR = MOVER
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Attribute-value constraints

Constraints (general format) V¢, ¢ € AVDesc
(V,IT,8YEN¢ iff (V,I,8),vE¢ foreveryveV
Notation:

¢ =y for V(=)

Horn constraints:
PN APy DY (i € pAVDesc U {T}, ¥ € pAVDesc U {L})

Examples
activity = event (every activity is an event)
causation A activity = L (there is nothing which is both
a causation and an activity)
AGENT : T = AGENT = ACTOR (every agent is also an actor)

activity = ACTOR : T
activity A motion = ACTOR = MOVER
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Attribute-value constraints

Constraints (general format) V¢, ¢ € AVDesc
(V,IT,8YEN¢ iff (V,I,8),vE¢ foreveryveV
Notation:

¢ =y for V(=)

Horn constraints:
PN APy DY (i € pAVDesc U {T}, ¥ € pAVDesc U {L})

Examples
activity = event (every activity is an event)
causation A activity = L (there is nothing which is both
a causation and an activity)
AGENT : T = AGENT = ACTOR (every agent is also an actor)
activity = ACTOR : T (every activity has an actor)

activity A motion = ACTOR = MOVER
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Graphical presentation of constraints

event
activity motion causation
ACTOR: T MOVER : T CAUSE : T A EFFECT : T
activity A motion translocation onset-causation extended-
ACTOR = MOVER PATH : T CAUSE : punctual-event causation
locomotion bounded-translocation
ocomotio GOAL: T

bounded-locomotion

Caveat: Reading convention required!
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Attribute-value constraints

Further examples [Babonnaud et al. 2016]

book = info-carrier
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Attribute-value constraints

Further examples [Babonnaud et al. 2016]

book book, info-carrier

book = info-carrier e ~v ®
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Attribute-value constraints

Further examples [Babonnaud et al. 2016]

book book, info-carrier

book = info-carrier e ~v ®

info-carrier = phys-obj A CONTENT : information

Kallmeyer, Lichte, Osswald & Petitjean (HHU Diisseldorf) 24



Attribute-value constraints

Further examples [Babonnaud et al. 2016]
. . book book, info-carrier
book = info-carrier e ~v ®

info-carrier = phys-obj A CONTENT : information

info-carrier info-carrier, phys-obj information

[ ) ~> [ J O
CONTENT
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Further examples [Babonnaud et al. 2016]

book book, info-carrier

book = info-carrier e ~v °

info-carrier = phys-obj A CONTENT : information

info-carrier info-carrier, phys-obj information

[ ] ~> [ J O
CONTENT

reading = PERC-COMP : perception A MENT-COMP : comprehension
A [PERC-COMP, MENT-COMP] : ordered-overlap
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Further examples [Babonnaud et al. 2016]

book book, info-carrier

book = info-carrier e ~v °

info-carrier = phys-obj A CONTENT : information

info-carrier info-carrier, phys-obj information

[ ] ~> [ J O
CONTENT

reading = PERC-COMP : perception A MENT-COMP : comprehension
A [PERC-COMP, MENT-COMP] : ordered-overlap

perception
PERC-COMP_,, O
. ordered-
reading reading A""-.,onerlap
° ~> ° Kl

(@) .
MENT-COMP comprehension
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Unification under constraints

Theorem (Frame unification under Horn constraints) [~ Hegner 1994]
The worst case time-complexity of frame unification under a
finite set of labeled Horn constraints is almost linear in the
number of nodes.
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Unification under constraints

Theorem (Frame unification under Horn constraints) [~ Hegner 1994]
The worst case time-complexity of frame unification under a
finite set of labeled Horn constraints is almost linear in the
number of nodes.

(Labeled Horn constraint: ki-¢1 A ... Akp-¢p— [-9)
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Unification under constraints

Theorem (Frame unification under Horn constraints) [~ Hegner 1994]
The worst case time-complexity of frame unification under a
finite set of labeled Horn constraints is almost linear in the
number of nodes.

(Labeled Horn constraint: ki-¢1 A ... Akp-¢p— [-9)
Example
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Unification under constraints

Theorem (Frame unification under Horn constraints) [~ Hegner 1994]
The worst case time-complexity of frame unification under a
finite set of labeled Horn constraints is almost linear in the
number of nodes.

(Labeled Horn constraint: ki-¢1 A ... Akp-¢p— [-9)

Example
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Unification under constraints

Theorem (Frame unification under Horn constraints) [~ Hegner 1994]
The worst case time-complexity of frame unification under a
finite set of labeled Horn constraints is almost linear in the
number of nodes.

(Labeled Horn constraint: ki-¢1 A ... Akp-¢p— [-9)

Example
eating
eating
A L person U e x | person
e|ACTOR x xZu = e|ACTOR
NAME ‘Adam’ UfNAME ‘Adam’
THEME y
THEME y
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Unification under constraints

Theorem (Frame unification under Horn constraints) [~ Hegner 1994]
The worst case time-complexity of frame unification under a
finite set of labeled Horn constraints is almost linear in the
number of nodes.

(Labeled Horn constraint: ki-¢1 A ... Akp-¢p— [-9)

Example
eating
eating
A L person U e x | person
e|ACTOR x x%u = e|ACTOR
NAME ‘Adam’ UfNAME ‘Adam’
THEME y
THEME y

A general view on semantic processing

Semantic processing as the incremental construction of
minimal (frame) models (by unification under constraints)
based on the input, the context, and background knowledge
(lexicon, ...).
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Outline of today’s course

© Further topics
@ Frames versus feature structures
@ Type constraints versus type hierarchy
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Frames versus feature structures

m Feature structures have a designated root node from which each
other node is reachable via an attribute path, and they have no
relations.
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Frames versus feature structures

m Feature structures have a designated root node from which each
other node is reachable via an attribute path, and they have no
relations. ~» |Nvar| = 1, Rel = @.
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Frames versus feature structures

m Feature structures have a designated root node from which each
other node is reachable via an attribute path, and they have no

relations. ~» |Nvar| = 1, Rel = @.

m Typed feature structures
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Frames versus feature structures

m Feature structures have a designated root node from which each
other node is reachable via an attribute path, and they have no
relations. ~» |Nvar| = 1, Rel = @.

m Typed feature structures

Nname = @
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Frames versus feature structures

m Feature structures have a designated root node from which each
other node is reachable via an attribute path, and they have no
relations. ~ [Nvar| =1, Rel = @.

m Typed feature structures

Nname = @

m Untyped feature structures

Type = @; named nodes have no attributes.
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Type constraints versus type hierarchy

Type constraints

(Horn) constraints consisting only of type symbols (and T and 1)
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Type constraints versus type hierarchy

Type constraints

(Horn) constraints consisting only of type symbols (and T and 1)

Type hierarchy generated by type constraints

~ single node models which satisfy all constraints, ordered by
(inverse) subsumption

Example

activity = event
motion = event
locomotion = activity
locomotion = motion
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Type constraints versus type hierarchy

Type constraints

(Horn) constraints consisting only of type symbols (and T and 1)

Type hierarchy generated by type constraints

~ single node models which satisfy all constraints, ordered by
(inverse) subsumption

@
Example event
activity = event
motion = event event event
. . activity motion
locomotion = activity
locomotion = motion event
activity
motion
event
activity
motion
locomotion
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Outline of today’s course

e Frame semantics: extensions
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Frame semantics: extensions

Issue How to represent quantification, negation, intensionality, etc.
within frame semantics?
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within frame semantics?

Every man kissed some woman.
The king of France is not bald.
Adam thinks he has understood what frame semantics is about.

(4)

o o e
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Possible approaches

Use an attribute-value language with quantifiers and build
formulas instead of models. [~ Kallmeyer/Osswald/Pogodalla 2016]
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Frame semantics: extensions

Issue How to represent quantification, negation, intensionality, etc.
within frame semantics?

Every man kissed some woman.
The king of France is not bald.
Adam thinks he has understood what frame semantics is about.

4)

o o e

Possible approaches

Use an attribute-value language with quantifiers and build
formulas instead of models. [~ Kallmeyer/Osswald/Pogodalla 2016]

Keep frames as basic semantic representations and evaluate
quantification over the domain of frames. [~ Muskens 2013]

Try to retain the idea of minimal model building and consider
frame types as proper entities of the model/universe.
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Frame semantics: extensions

Attribute-value formulas with quantifiers (qAVForm)

Yo, A (¢ € AVDesc)
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Frame semantics: extensions

Attribute-value formulas with quantifiers (qAVForm)
Vo, dp (¢ € AVDesc) Vxa, Axa (@ € AVForm U gAVForm)
(V,ZI,8YEN¢ iff (V,IT,8),vE ¢ foreveryveV
(V,I,gye 3¢ iff (V,I,g),vE P forsomeveV

For x ¢ dom(g) (= set of variables for which g is defined):

(V,I,g)YEVxa iff (V,I,g')E a forevery assignment g’ with
dom(g’) = dom(g) U {x} and
g(v) = g'(v) for all v € dom(g)
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Frame semantics: extensions

Attribute-value formulas with quantifiers (qAVForm)
Vo, dp (¢ € AVDesc) Vxa, Axa (¢ € AVForm U gAVForm)
(V,ZI,8YEN¢ iff (V,IT,8),vE ¢ foreveryveV
(V,I,gye 3¢ iff (V,I,g),vE P forsomeveV

For x ¢ dom(g) (= set of variables for which g is defined):

(V,I,g)YEVxa iff (V,I,g')E a forevery assignment g’ with
dom(g’) = dom(g) U {x} and
g(v) = g’(v) for all v € dom(g)

(V,Z,g)yr3dxa iff (V,I,g)E a for some assignment g’ with ...

Note: V¢ = Vx(x-¢), ¢ = Ix(x-¢) (with x not occurring in ¢)

Kallmeyer, Lichte, Osswald & Petitjean (HHU Diisseldorf) 31



Frame semantics: extensions

Examples
(5) Every dog barked.
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Examples
(5) Every dog barked.
Vx(x - dog — A(barking A AGENT = x))
corresponding first-order formula: Vx(dog(x) — Je(barking(e) A AGENT(e, x)))
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Frame semantics: extensions

Examples

(5) Every dog barked.
Vx(x - dog — A(barking A AGENT = x))
corresponding first-order formula: Vx(dog(x) — Je(barking(e) A AGENT(e, x)))

(6) Every man kissed some woman.
Vx(x - man — 3y(y - woman A A(kissing A AGENT = x A THEME = y))

Example model kissing man ‘Peter’

AGENT NAME
womW o o o
‘Mary’
kISSI/ *ME‘ kissing
klssmg woman THEME 0

Ag, THEME /
Eny AGENT —F 0 AGENT
man O
Nohn
AME 0
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Frame semantics: extensions

Examples

(7) Every man walked into some house.
Vx(x-man — 3z(z- house A I(locomotion A MANNER: walking
A ACTOR £ x A MOVER = ACTOR
A GOAL = z A PATH: (path A ENDP: region)
A [PATH ENDP, GOAL IN-REGION] : part-of)))
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Frame semantics: extensions

Examples

(7) Every man walked into some house.
Vx(x-man — 3z(z- house A I(locomotion A MANNER: walking
A ACTOR £ x A MOVER = ACTOR
A GOAL = z A PATH: (path A ENDP: region)
A [PATH ENDP, GOAL IN-REGION] : part-of)))

Example model ‘John’ ‘Peter’
NAME
man/.o o
o) NAME
O walking
¥ ;
locomotion

(0]

con Mowse 5 ?
locomotion OT ON
N‘ REcloN O, ..... /’ﬂrf
2, 0O walking 4 Tl Y

'7;.&

ddN3

path
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Frame semantics: extensions

AV logic with quantifiers + underspecification (“hole semantics”)
(8) Every dog barked.

S
. L : 3(barking
NP[|=X, MINS=]\\\\ NP[I=’ Mins = 4] VP /N AGENT = )
\\ ’;

/\ o o s ‘

Det NP S, NPe- ] \Y
‘every’ N ‘barked’

Vx(x B - &), ‘
" @< ‘dog’ L : dog
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(8) Every dog barked.

S
. L : 3(barking
NP[.=X, MINS=]\\\\ NPl =5} mins = 4] VP A AGENT = )
\\ ’;

/\ o \\A s ‘

Det NPL.m o, NP1 \
‘every’ N ‘barked’

Vx(x -G - @), ‘
B et ‘dog’ & : dog

~> Vx(x-Bl —>[6), b : dog, b : A(barking A AGENT = x), 5] <* b, [6] <* 4
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Frame semantics: extensions

AV logic with quantifiers + underspecification (“hole semantics”)
(8) Every dog barked.

S
. L : 3(barking
NP[.=X, MINS=]\\\\ NPl =5} mins = 4] VP A AGENT = )
\\ ’;

/\ o \\A s ‘

Det NP S, NPe- ] \Y,
‘every’ N ‘barked’

Vx(x -G - @), ‘
" @< ‘dog’ L : dog

~> Vx(x-Bl —>[6), b : dog, b : A(barking A AGENT = x), 5] <* b, [6] <* 4

~> Vx(x-dog — (barking A AGENT = x))
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Outline of today’s course

© Summary and outlook
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Summary & outlook

Summary

m Motivation and background to frame semantics
m Attribute-value logic as a tailored logic for specifying frames
m Frames as minimal models of attribute-value formulas

m Possible ways to express quantification in frames semantics
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Summary & outlook

Summary

m Motivation and background to frame semantics
m Attribute-value logic as a tailored logic for specifying frames
m Frames as minimal models of attribute-value formulas

m Possible ways to express quantification in frames semantics

Tomorrow

m Combining LTAG with frame semantics

m Elementary constructions as elementary trees with semantic frames

m Linguistic applications

m Looking ahead to the factorization of elementary constructions in
the metagrammar.
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