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Introduction

|. The System
p Advanced Multi-Layered Data Processing System (AMPS)

2. Background
» Linguistics and OOD
» Symbolic nature of language
p Creating a meta framework of corpus processing

3. Solutions
p Object-oriented and symbolic-oriented architecture
p Multi-layered data matrix format

p Formal Concept Analysis

4. Conclusion
» Possible Applications




® QOverview of AMPS
1.

2.

. Detects construction patterns in the corpus and creates a

. Web-based interface developed on Ruby and Rails that offers

The System

Accepts a collection of annotated text data and store it as a
corpus

Designed in accordance with some of the recent, non-derivational
linguistic theories

hierarchical network of the patterns

various views, such as ones specialized in morphemes, frames, or
phrases, as well as constructions.

AMPS

Advanced Multi-Layered Data Processing System
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Information on frame PUT

| Links to other views
¢ Constructions containing frame PUT

| Frames possibly presupposed by PUT
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Background Issue |

® Linguistics and OOD

p Similarity between linguistic concepts and object-oriented software
design (OOD)

p Linguistic theories showing object-orientation

- Goldberg’s Construction Grammar

- Filmore and Kay’s Construction Grammar

- Head Driven Phrase Structure Grammar (HPSG)
- Langacker’s Cognitive Grammar, etc.

p To create a system using an object-oriented programming language is
easy, but what types of concepts are taken up as objects and how they
are related to one another are more important




Background Issue 2

® Symbolic nature of linguistic structures

p Saussurean tradition of linguistics, regarded as fundamental across
disciplines and theories, especially so in non-derivational frameworks

(CxG, HPSG, Cognitive Grammar).
» The system needs to implement two separate domains, or poles.

c = composition
I = integration P S2 W
s = symbolization c o
S1 - S3
|
Form s» s
Phonological Pole ] )
( - : ) Symbolic Relation
Meaning s 21| s >2| s
(Semantic Pole) P2
C // ™~ C
// _\\
P1 _ P3
|

Langacker 2008: 162




Background Issue 3

® Creating a meta framework for corpus processing

» The system accepts data sheets, each of which consists of a text
sequence (typically a sentence) with various linguistic information
annotated

p As long as both design and practice of annotation are appropriate,
there is no need to rely on statistical means to group items into
grammatical categories « this is exactly what linguists are always
doing

p The system offers a meta-framework on which various theories and
analyses are tested for consistency and coverage.




Summary So Far

® Requirements for the system

p Architecture
an object-oriented architecture that reflects the symbolic thesis of

language
p Data Format

the input data format has to be flexible enough to allow users to try
out their own theories and analyses

p Algorithm
a method for detecting patterns in linguistic constructions from the
object space while creating a hierarchical network for them




Solution | (Architecture)

® Architecture of AMPS

p Object-oriented design that reflects the symbolic structure of language
» The object model of AMPS consists of |6 models

p Most of them are categorized into either concrete category or
schematic category

Schematic | SPrimitive | SMorpheme | SFrame | SPhrase | SMorphemeSet | SFrameSet | SConstruction

Concrete Primitive | Morpheme Frame Phrase | MorphemeSet | FrameSet | Construction

» A Construction-object represents a concrete instance of a
construction (typically a sentence), while an SConstruction-object
represents the schematic concept of a particular construction

» Such a dual structure is also applied to the modeling of other objects




Architecture of AMPS
(generated semi-automatically from the real system)

SMorpheme SConstruction SFrameSet SFrame

||

name :string

FrameSet

SPhrase

——+& has and belongs to many SPrimitive

3—— o has many

o—— e hasone




Solution 2 (Data Format)

® Multi-layered matrix data format

p Matrix of rows (frames) and columns (morphemes), with
intersections having various kinds of values (primitives)

p One data sheet corresponds to one construction instance (it could
belong to more than one constructions)

p Described in Microsoft Spreadsheet XML

Sequence of n1 morphemes

».

C

HER
Collection of
| | n3 primitives

Collection of
n2 frames
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Create an AMPS Template

| Source

General Settings
num_of_morphs : 7

Morpheme Settings
pos : NOUN, VERB, DET, PREP, ADJ, ADV, CONJ, COMP

Frame Settings
PERFORMATIVE TYPE: STATEMENT, QUESTION, COMMAND

RELATION TYPE: PROCESS, NON-PROCESSUAL-SIMPLIX, NON-PROCESSUAL-COMPLEX

(Check’\ (Convert.\

The template source is valid

| Preview
M1M2(M3 M4|M5 M6M7 possible candidates
M | morphemes
MA1| original
MA2| pos {NOUN, VERB, DET, PREP, ADJ, ADV, CONJ, COMP}
F1 [ PERFORMATIVE TYPE {STATEMENT, QUESTION, COMMAND }
F2 | RELATION TYPE {PROCESS, NON-PROCESSUAL-SIMPLIX, NON-PROCESSUAL-COMPLEX}




e Annotation Example
P A naive mixture of CxG, Cognitive Grammar and HPSG

p Things (nominals) are considered participants of a frame with a

semantic roles such as AG, TH, and LOC

p Relations (VPs, PPs, etc) invoke frames as HEAD:s.

p A frame may contain semantic roles and (subordinate) frames

(3) Doug cleared the dishes from behind the fridge

mmqmmbam—o

A B C D E F G H | J
Sheet ID EVCA-Removing06
M1 M2 M3 M4 MS M6 M7 M8
Morphemes Doug cleared the dishes from behing the fridge
MA1 original Doug clear the dish from behing the fridge
MA2 pos N v D N P P D N

F1

REMOVE

AG

HEAD

FROM

F2

FROM

HEAD

BEHIND

F3

BEHIND

HEAD

LOC




SJoug elzaer e dskes hen besrd bz rdgs

!,/’ \\ .
! \
."" kY S
RCN OVEAC NCADVEFCAS ALHOVITE ITWMCYITRCM
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Lavg |Loaz N, zexrzd |clesr V| iz dezacs Ton 2ev 3 the hizgs
Morpheme|Doug cleared |the|dishes|from |behind|the fridge
criginal |Doug <clear |[the| dish |frcm |o2hind |the fricge
pos N Vv D N P P 2 N |
B8 REMOVE | AG  HEAD IH FROM ORI ERCRTICHRE
~ T |the, U, dztes |42, B ton |from. =, seard Ihe =49z
F2 FROM HEAD BEHIND FAERY
) BEHINC HEAD LOC / \
! \
/ Y
OCH hDACAD OCH hD..2C
ket rd [batrd, ) 18 Tna
AN
VAR
bo 1w, O fri s [l s, K]
frames primitives morphemes phrases
Displaying all 3 frames Displaying all 8 primitives Displaying all 7 morphemes Displaying all 8 phrases
Name __ Count
REMOVE 1 REMOVE:AG 1 the 2 behind 1
FROM 1 REMOVE:HEAD 1 Doug 1 the fridge 1
BEHIND 1 REMOVE:TH 1 clear 1 from behind the fridge 1
REMOVE:FROM 1 dish 1 behind the fridge 1
FROM:HEAD 1 from 1 Doug 1
FROM:BEHIND 1 behind 1 the dishes 1
BEHIND:HEAD 1 fridge 1 cleared 1
BEHIND:LOC 1 from 1




Solution 3 (Algorithm)

e Basic Concept

p Constructions are defined as distinctive set of primitives, which are
considered the minimal units in the symbolic relation of text.

Cf. Radical Construction Grammar of Croft (2001)

p Count only those that are not subsumed by other constructions
Cf. Verb Island Hypothesis of Tomasello (2003)

| Fred went into the building
2 John entered into the store
3 Paul fell into the hole

| AG

2 AG

3 TH GO INTO LOC




® Formal Concept Analysis (FCA)

» mathematically derives an ontology from a set of objects and
attributes (Wille 2005)

p the problem domain is represented as a formal context

K=(G,M,TI)

G and M are sets; the elements of G are objects; the elements of M
are attributes; and | is a binary relation between G and M.

P a concept is defined as a pair of the extension and the intension:
the extension consists of all objects belonging to the concept, while
the intension comprises all attributes valid for all the objects in
question

p For two concepts (A, B) and (C, D), the subconcept-superconcept
order is formalized as:

(A,B)<(C,D): *ACC(+ DCB)




® How does FCA actually work on AMPS?

p With the FCA method, constructions can be detected as concepts
in the formal context with the input data as objects and primitives

as attributes

REMOVE:AG
REMOVE:HEAD

(5)
REMOVE:LOC REMOVE:TH

I (2)

ID:1T Doug cleared the table

|ID:2 Doug cleared dishes from the table
|ID:3 Carla was shoveling

|ID:4 Carla was shoveling the walk

|ID:5 the doctor cured Pat of pneumonia

v

REMOVE:

REMOVE:

REMOVE:

REMOVE:

FROM:

FROM:

REMOVE:

REMOVE:

OF:

OF:

7N

AG HEAD TH FROM HEAD LOC LOC OF HEAD LOé
FROM:HEAD OF HEAD
D:1 1 X X FROM:LOC OFLOC
— % REMOVE:FROM REMOVE:OF
ID:3 X X X X (1) (1)




p Tree representation of a construction instance is also realized
using FCA algorithm. (morphemes as objects, frames as attributes)

Morpheme|Doug cleared|the|dishes|from |behind|the|fridge — —— l
. . . Woddediel e dabes Fon bl e lnsge
original |Doug <cleer ([the| dish |from |behind |the|fridge ! N e .
-~
pos N v C N P P N SN TN
-~ / . ..
8 REMOVE | AG FEAD H FROM 7 \ L
Fz F RO l\/ H E c\ :) E E HI V ) =ENCVY= N ==MCVE FEAS =="Cv= IH =EMCY=FHCK
Song Dang, k) clxavd [naar V) edsten ar aey A he Ao
23 BEHIND HEAD LOC / ‘ ’
i J \
RO FAT FROMR= I
JE e Culies |[Jur N Fosr hom | Lslme Fe lnege
I "'\
J "‘.,
/ b
BEHIND: REMOVE: FROM: FROM: REMOVE: FROM: REMOVE: REMOVE: 7 N
LOC TH HEAD BEHIND FROM BEHIND AG HEAD LN o | PEDTR |
Doug X betind eling, P | | e “dgs |
cleared X PN
the X "l'. .'u‘.
dishes X
he iz 2 mdze [ine3e, k)
from X X
behind X X X
the X X X
fridge X X X




Conclusion

® \VWhat is AMPS?

p A meta-framework for processing corpus data

p Feature of AMPS
- Has an object-oriented and symbol-oriented architecture
- Accept data in multi-layered matrix format

- Converts data into networks of linguistic constructions using
FCA algorithms

® Applications to linguistic research
p A testing platform for a new new theory/analysis
p Statistical data analysis
p Building a frame database

® Future plan
» Further development, testing, optimization, and documentation
p Public release — as an open source project, early next year (?)
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