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HCII/AI & Computational Linguistics (CL)

· HCII & CL 

· Human interacts with machine with human (read intelligent) means of communication

· One of the objectives of CL is to make this happen (if the means of communication is language)

AI and its sub-disciplines

· COLING/NLP/LT/LE…
· Inference

· Planning

· Expert system

· Vision

· Robotics

COLING

· Develops formal and computable models of natural languages

· Goals of COLING

· Short-term goals

· Long term goals

· Background (adapted from Dafydd Gibbon (2013)
· 40s ( encryption, decryption, neural automata, neural networks, neuro-linguistics

· 50s ( Machine Translation, dictionaries, text utilities (concordances)

· 60s ( Theoretical informatics, complexity, natural language parsing, speech

· 70s ( psycholinguistic interpretations of parsers/ generators

· 80s-90s ( logic, inference, unification, NLIs, bi/multi-modal interfaces 

· 2000-2010 ( Web, resources, big data

· Future ( ???

· India connection?
· Sanskrit

· Panini

· Theoretical vs Applied COLING

· A study of aspects of human language against a formal model ( theoretical COLING 

· Developing useful applications – intermediate or end-user – for solving day-to-day communication needs

· Areas of study under COLING

· Natural Language Analysis/Understanding

· Natural Language Generation

· Speaker/Speech Recognition

· Speech synthesis

· Natural Language Interface

· Machine Translation

What can CL do for our languages 

· Input/output tools

· Keyboard schemes, fonts, font converters

· Handwriting recognition/OCR

· Speech recognition/ASR (Automatic Speech Recognition)

· Speech synthesis/TTS (Text to Speech)

· Word processors, spell checkers, grammar checkers

· Computational lexicon-grammars

· Language processing

· Taggers

· Word, Sentence analyzers

· Syntactico-semantic Parsers

· Interlingua reducers

· Language generators

· Inflectional paradigm builders

· Derivational generators

· Sentence builder

· Information retriever and Summarizer

· Machine translation

· MT aids

· Use based MT

· FAMT (Fully Automatic MT)

· E-learning

· Language levels

· Broader aspects

· Knowledge representation

· NL compilers

· NL interfaces

· E-corpus building

Fundamental concepts of applied areas of COLING  
-Speaker recognition
· Text dependent --> specific text or key word for identification like CC, bank acct etc

· Text independent --> no specific text or key

SPEECH INPUT --> FEATURE EXTRACTION --> REF TEMPLATE OR MODEL --> SIMILARITY --> MAXIMUM SELECTION --> IDENTIFICATION

· PROBLEMS:

· Frauds (playing pre-recorded texts)

· Variations (background noise, speaker condition)

-Speech recognition
Types of ASR

· Segmented speech

· Continuous speech

 Recognition process

· Acoustic realization of phonemes

· Phoneme recognition

· Word recognition

SPEECH INPUT --> REPRESENTATION --> MODELING/CLASSIFICATION --> TEMPLATE SEARCH (ACOUSTIC/LEXICAL/LANGUAGE MODELS) --> RECOGNITION

Applications of ASR

· Data entry

SPEECH INPUT --> RECOGNITION --> DATA ENTRY

·  Command control

SPEECH INPUT --> RECOGNITION --> COMMAND/CONTROL

Approaches to ASR
· Stochastic systems

· HMM (Hidden Markov Model)

-Speech Synthesis
· WRITTEN INPUT --> CHARACTER RECOGNITION/MATCHING --> WORD/PHRASE/SENTENCE RECOGNITION --> SYNTHESIZED VOICE

· Text To Speech


-Natural Language  Analysis/Understanding
· Morphological

· morphological analysis/morphological disambiguation/shallow parsing

· parser

· morphological parser

· sub-sentential parser or shallow parser

· maps each word in the sentence to a representation template to recognize its 
morphological properties

· problems 

· morphemic alterations depending on contexts

· valid/invalid combinations: parse has to know which combinations are ok and which not

· approaches

· rule based

· more ambiguities (multiple parses)

· less errors

· example- SAMPLE-1: Sanskrit infl morph parser/generator

· probabilistic/stochastic

· less ambiguities

·  higher error rate

· example: CLAWS (Constituent Likelihood Automatic Word tagging System), @95-99% for English (developed by Marshall 1983)

· Syntactic

· encoding grammatical  knowledge

· PANINI (700 BCE)

· FUG (Kay 1984) – Function Unification Grammar
· HPSG (Polard and Sag 1994) – Head-driven Phrase Structure Grammar
· LFG (Bresnan 1982) – Lexical Functional Grammar
· TAG (Joshi and Schables 1992) – Tree Adjoining Grammar
· show examples --> SAMPLE-4
· grammar types



linguistic, task oriented, data oriented

· Lexicon for grammars

· problems --> volume, synonyms, multiple meanings, figurative usage



solutions? --> abstraction, semantic categories/primitives, use of

templates etc

· show examples --> SAMPLE-4
· notation system

· PATR

· processing algorithm

· sentence Modeling and parsing 

· Top down approach




search for phrasal constituents from the S node down to terminal nodes




there may  be un-necessary backtracking

· bottom up approach





incremental comprehension. starts at terminal nodes building higher

 


level structures by applying grammar rules

waits until it has seen every daughter of the constituent

· example --> SAMPLE-2
-Natural Language Generation (NLG)


Interpretation --> morphological -> syntactic


-Natural Language Interface (NLI)

· menu based interface vs NLI

· uni/bi/multi modal NL Interfaces

· Example: English --> SQL interface --> SAMPLE-2

INPUT --> TEXT NORMALIZER --> AV GRAMMAR LEXICON --> PARSER -->

 

SQL SAMPLER --> OUTPUT

-Machine Translation Systems (MTS)

· Initial phase



translating technical texts, manuals, meteorological data, defense, environment data



issues with quality, need to do manual editing etc

· MTS Kinds

· Human Aided MTS

· Machine Aided Human TS

· MTS
/ FAMT 
· MTS models/approaches

· Direct

SLS -> TARGET LANGUAGE SPECIFIC ANALYSIS -> GENERATION ->

LEXICAL SUBSTITUTION->TLS

· Indirect

SLS ->ANALYSIS (PARSER) ->SYNTHESIS (GENERATOR) ->TLS

· Inter-lingual (SAMPLE-3)

SLS ->ANALYSIS (PARSER) ->INTERLINGUA ->SYNTHESIS 

(GENERATOR) -> TLS

COLING in Multilingual societies
· Technology viewed as basic need for multilingual societies

· Competition between language groups

· Role of govt. and industry

· E-governance, e-education, all other fields where language is critical
Approaches and methodologies

· Knowledge rich vs. knowledge poor approaches

· knowledge driven  ( linguistic and formal grammar based methods
· data driven  (  Statistical methods 

Challenges for Computational Linguistics

· How much is computational linguistics

· What is not COLING

· Who is a computational linguist?

· Diversity: Language, linguistics, diversity, non standard usages, resource poor languages and societies

· NL complexity

· Fast changeability and fluid nature of computer technologies
· Continued support from govt. and industry
Survey of COLING R&D  (click here to see the survey handout)
SAMPLE-1 – 

http://sanskrit.jnu.ac.in/subanta/rsubanta.jsp (noun analyzer)

http://sanskrit.jnu.ac.in/subanta/generate.jsp (noun generator)

http://sanskrit.jnu.ac.in/tanalyzer/tanalyze.jsp (verb analyzer)

http://sanskrit.jnu.ac.in/tinanta/tinanta.jsp (verb generator)
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Sample 3

lcs.vt.e.BUY.h.khariid-naa 

X buy     Y from Z (in exchange for money):

X khariid Y se   Z (ke badle        paisa)

linguistic class - `exchange'

LCS type         - `Event'

LCS class        - `CAUSE-EXCHANGE'

buy: khariid-naa 
 

 v                                

 

 --- NPy <from NPz>:<ko> <NPz se>                                   

  __                          FROM [Thing Z]

[Event GO-Poss ([Thing Y], [Path          ])                 

                            TO [Thing X ]     

                                             FROM [Thing ]      

[ EXCH [GO-Poss ( [ Thing MONEY ], [ Path           ])]]

                                         TO  [Thing ]

SAMPLE-4: Grammar--> AV grammar in PATR for English-SQL NLI

%%***SAMPLE MACROS****************

define ditrans:

<maj> = vt

<subcat object maj> = np

<subcat iobject maj> = pp

<sql arg1> = <subcat object>

<sql arg2> = <subcat iobject>.

define vtrans:

<maj> = vt

<subcat object maj> = np

<sql arg1> = <subcat object>.

define vint:

<maj> = vi

<sql arg1> = nil.

%%***SAMPLE GRAMMAR***********

%% s-less sentence

% r0 s-> vp

x0 -> x1:

<x0 maj> = s

<x1 maj> = vp

<x1 gram subcat maj> = np

<x1 gram subcat agr case> = acc

<x0 gram slash> = nil

<x0 seme> = <x1 seme>

<x0 seme subject> = <x1 seme subject>

<x0 sql> = <x1 sql>.

%% transitive vp rule

%% r1 vp -> vt np pp

x0 -> x1 x2 x3:

<x0 maj> = vp

<x1 maj> = vt

<x0 seme subject> = <x1 seme subject>

<x1 seme subject maj> = np

<x1 seme subject agr case> = nom

<x0 gram subcat object> = <x1 gram subcat object>

<x0 gram subcat iobject> = <x1 gram subcat iobject>

<x1 gram subcat object> = <x2>

<x1 gram subcat iobject> = <x3>

<x0 seme object> = <x1 seme object>

<x0 seme iobject> = <x1 seme iobject>

<x1 seme object maj> = np

<x1 seme iobject maj> = pp

<x1 gram slash> = nil

<x2 maj> = np

<x2 gram agr case> = acc

<x0 gram agr> = <x1 gram agr>

<x3 maj> = pp

<x0 sql> = <x1 sql>.

SAMPLE lexicon

Word create: ditrans per2 pres

<sql predicate> = create.

Word make: ditrans per2 pres

<sql predicate> = create.

Word build: ditrans per2 pres

<sql predicate> = create.
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