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Communicative relevant information

Text plan

Sentence plan

Text

Natural Language Generation

Content selection

Content organisation

Sentence planning

Sentence realisation
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Flexible Output Realisation

What does flexibility in sentence realization mean?

Ø Getting the word sequence which fits best
    the communicative situation in a given context!

Two parts of the task:
q Providing the flexibility (General Linearization Model)
q Controlling the flexibility (To do!)
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Sentence Realisation

Input: unordered tree

Output: well-formed utterance

„Word“ Form Determination
(=Inflection)

„Word“ Order Determination
(=Linearizing)

Orthography and Punctuation
Check
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Mereology

Mereology (from the Greek μερος, ‘part’) is
the theory of parthood relations:

•  of the relations of part to whole
•  of the relations of part to part within a

whole
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Phenomena - Psycholinguistics
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Phenomena - Comparative Linguistics
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Phenomena – Clitics in Romanian (1)
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Phenomena – Clitics in Romanian (2)
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Phenomena – Clitics in Romanian (3)
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Phenomena – Clitics in Polish (1)
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Phenomena – Clitics in Polish (2)
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Phenomena – Clitics in Polish (3)
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Phenomena – German (1)
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Phenomena –  German (2)
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Phenomena –  German (3)
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Phenomena –  Polysynthetic Languages
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Linearization
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Linearization
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Observations
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The General Linearization Model

The GML – a mereological model featuring

• only one type of entities:  Linear Order Part (LOP)

• two different types of relations holding between LOPs
• Part-Of Relation
• Linear Order Relation

• two different types of rules
• PO-relating rules          (mereological rules)
• LO-relating rules          (linear rules)

• horizontal
• vertical
• diagonal
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GLM - Definitions

• Linear Order Part:
         A Linear Order Part is a phonologically realisable language item which

has to be linearised as a contiguous part of a grammatically well-formed
utterance.

• Part-Of Relation:
         A Part-Of relation holding between two different LOPs λ1 and λ2

         (λ1     λ2) states that λ1 is part of λ2. The Part-Of relation is
reflexive, anti-symmetric, and transitive.

• Linear Order Relation:
        A Linear Order relation holding between two different LOPs λ1 and
      λ2 (λ1     λ2) states that λ1 precedes λ2. The Linear Order relation

is irreflexive, asymetric, and transitive.
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GLM - Examples of LOPs (1)

• a phoneme is a LOP (the smallest? – not necessarily!)

• a syllable is a LOP
• a morpheme is a LOP
• a word is a LOP
• different group of words are LOPs:

– contiguous parts of contiguous constituents (der rote Apfel; der rote
Apfel)

– contiguous constituents (der rote Apfel ist schoen; der rote Apfel, den
Maria Hans gab, ist schoen)

Note: Contiguous constituents are LOPs not by virtue of being constituents but due to the fact that
they have to be realized as a contiguous part of an utterance!
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GLM - Examples of LOPs (2)

• different group of words are LOPs:
– non-empty topological fields are LOPs (Maria gab Hans einen roten

Apfel; (dass) Maria Hans einen roten Apfel gab)
– whole (main/subordinate) clauses are LOPs (Peter glaubte, dass Maria

Hans einen roten Apfel gab; Dass Maria Hans einen roten Apfel gab,
glaubte Peter)

– whole sentences are LOPs
– ...
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GLM - Properties (1)

§ Exclusivity:

      The Part-Of relation and the Linear Order relation are mutually exclusive,
i.e., two different LOPs can either PO-relate or LO-relate but not both.

Let λ1 and λ2 be different LOPs:

1. if  λ1     λ2  then λ1       λ2

2. if  λ1     λ2  then λ2       λ1

3. if  λ1     λ2  then λ1       λ2

4. if  λ1     λ2  then λ2       λ1
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                    [das Buch]λ1    [auf dem Tisch]λ2

GLM - Properties (2)

λ1 λ2

λ1 λ3

                                [[das Buch]λ1   [auf dem Tisch]λ2]λ3
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§ Non-Overlapping:
         Two different LOPs can not overlap.

Let λ1, λ2 and λ3 be different LOPs:

if  λ2     λ1  and  λ2    λ3  then either   λ1      λ3   or   λ3        λ1

GLM - Properties (3)

das   Buch auf dem    Tisch

λ1 

λ2 

λ3 
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§ Let λ1, λ2, λ3 and λ4 be different LOPs, and  λ3      λ4:

1. if  λ1       λ3   then λ1      λ4

2. if  λ2       λ4   then λ3      λ2

3. if  λ1       λ3  and  λ2       λ4    then λ1      λ2

§ Let λ1, λ2, λ3 and λ4 be different LOPs, and  λ1      λ3:

1. if  λ1       λ3  and  λ2        λ3  then λ3      λ2

2. if  λ2       λ4  and  λ1        λ4  then λ1       λ4

3. if  λ1       λ3,  λ2       λ4,  λ3        λ4, and  λ4        λ3  then λ3       λ4

GLM - Corrolaries
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GLM - Forming LOPs (1)

geben

Helena Paris Apfel

d schön e rot

sehr

iobj dobj

subj

det mod

mod

det mod
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GLM - Forming LOPs (2)

§   LOP-forming rules

Rule Name: AD[J|V]Modification_lop

Condition Slot

X mod-> Y;

 X.pos = ADJA | ADV;

Action Slot

[X; Y] :::- lop007;
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GLM - Linearising LOPs (1)

geben

Helena Paris Apfel

d schön e rot

sehr

iobj dobj

subj

det mod

mod

det mod
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GLM - Linearising LOPs (2)

§  horizontal Linear Order rules

Rule Name: det_H

Condition Slot

X det-> Y;
X α-> Z;

Action Slot

Y prec-> Z;
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GLM - Linearising LOPs (3)

geben

Helena Paris Apfel

d schön e rot

sehr

iobj dobj

subj

det mod

mod

det mod
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GLM - Linearising LOPs (4)

§   vertical Linear Order rules

Rule Name: det_V

Condition Slot

X det-> Y;

Action Slot

Y prec-> X;
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GLM: Linearising LOPs (5)

liegen

Buch dort

d sein

d

subj circ

det mod

predsubj

rot
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GLM - Linearising LOPs (6)

§  diagonal Linear Order rules

Rule Name: relClauseVerb_D

Condition Slot

X α -> Y;   Y mod-> Z;   Z β-> V;   V.pos = PRELS;

OUTPUT: {X_lop prec-> Q_lop;

                    Q_lop.gender ≠ V.gender; ...}

Action Slot

X prec-> V;
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GLM - Worked Example (1)
geben

Helena

Paris

Apfel

d schön e rot

sehr

iobj dobj

subj

det mod

mod

det mod

geben

Paris

Helena

d

sehr

schön e rot

Apfel

Legend:
X                      node variable;

-rName->        immediate dominance;

-*->                  immediate dominance;

-*->>               dominance relation;

[…]                  Linear Order Part

~>                    linear precedence;
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GLM - Worked Example (2)
geben

Helena

Paris

Apfel

d schön e rot

sehr

iobj dobj

subj

det mod

mod

det mod

geben

Paris

Helena

d

sehr

schön e rot

Apfel
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GLM - Worked Example (3)
geben

Helena

Paris

Apfel

d schön e rot

sehr

iobj dobj

subj

det mod

mod

det mod

geben

Paris

Helena

d

sehr

schön e rot

Apfel
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GLM - Worked Example (4)
geben

Helena

Paris

Apfel

d schön e rot

sehr

iobj dobj

subj

det mod

mod

det mod

geben

Paris

Helena

d

sehr

schön e rot

Apfel
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GLM - Worked Example (5)
geben

Helena

Paris

Apfel

d schön e rot

sehr

iobj dobj

subj

det mod

mod

det mod

geben

Paris

Helena

d

sehr

schön e rot

Apfel
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GLM - Worked Example (6)

Paris geben d sehr schön Helena e Apfelrot
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GLM - Worked Example (7)

Paris geben d sehr schön Helena e Apfelrot
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GLM - Worked Example (8)

Paris geben d sehr schön Helena e Apfelrot
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GLM - Worked Example (9)

Paris geben d sehr schön Helena e Apfelrot
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GLM - Worked Example (10)

Paris geben d sehr schön Helena e Apfelrot
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GLM - Worked Example (11)

Paris geben d sehr schön Helena ein Apfelrot

Paris gibt der sehr schönen Helena einen roten Apfel

Paris gibt der sehr schönen Helenaeinen Apfelroten

Paris gibt der sehr schönen Helena einen roten Apfel.

Paris gibt einen roten Apfel der sehr schönen Helena.
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GLM - Results

Paris gibt der sehr schönen Helena einen roten Apfel.

Paris gibt einen roten Apfel der sehr schönen Helena.

Der sehr schönen Helena gibt Paris einen roten Apfel.

Der sehr schönen Helena gibt einen roten Apfel Paris.

Einen roten Apfel gibt Paris der sehr schönen Helena.

Einen roten Apfel gibt der sehr schönen Helena Paris .
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Questions

• What about Information Structural load of each
individual utterance?

• What about prosody?

Ø Ranking the results wrt. context

ØDefining the interface between sentence
realization and the previous steps of the NLG
process
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Tools

• testing tools to implement the GLM for German/Polish/etc.
– XDK (XDG – Ralph Debusmann, Saarbrücken)

– MATE (MTT - Bernd Bohnet, Stuttgart)

– DepLin (MTT – Kim Gerdes, Bordeaux)

– OxiGen (AMR - Nizar Habash, Maryland)

– PGW (PG - Camiel van Breugel, Leiden)

– LKB (HPSG – J. Carroll; A. Copestake, Standford)
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Conclusions

§ GLM as utterance surface-oriented model:
§ describing utterances as mereological structures

§ treating different linguistic entities in a uniform
way

§ accounting for context in an easy, flexible way

§ neutral with respect to syntactic theories

§ language-independent


