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 사용자의음성을이용한자연어기반의인터페이스사용의증가

 Smart phone, Robot  etc 

Basic Concepts of SLU
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 음성인식인터페이스의전망및규모
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 Spoken Language Understanding
 음성인식 + Natural Language Understanding(NLU) 

음성인식
(Speech Recognition)

음성신호 자연어이해
(Natural Language 
Understanding)

자연어
텍스트

대화관리
(Dialog Management)

자연어텍스트
에대한분석
결과
(영역, 화행등)

TTS
(Test-to-Speech)

응답음성신호

SLU

Basic Concepts of SLU
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음성인식
(Speech Recognition)

음성신호 자연어이해
(Natural Language 

Understanding)

자연어
텍스트

형태분석
(Morphological Analysis)

구문분석
(Syntactic Analysis)

의미분석
(Semantic Analysis)

화용분석
(Pragmatic Analysis)

담화분석
(Discourse Analysis)

형태소분석
(Part of Speech)

의존파싱
(Dependency Parsing )

개체명인식
(Named Entity 

Recognition)

영역분류
(Domain Classification)

화행분류
(Speech Act 

Classification)

Operator분류
(Operator Classification)

Object 분류
(Object Classification)
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Basic Concepts of SLU
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 Domain
 자연어문장이포함되는범주(Category) 또는주제(Topic) 

 Domain Classification 
 자연어문장을분석하여적절한범주로분류하는것

영역분류
(Domain Classification)

이번주말강원도날씨를알려줘

날씨(Weather)

Basic Concepts of SLU
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 Named Entity 
 인명(Person), 지명(Location), 기관명(Organization) 등과같은고유명사

 Named Entity Recognition (개체명인식)
 발화문장에개체명을인식하여해당태그를달아주는것

이번주말강원도날씨는어떻니?

이번주말/date강원도/loc 
날씨/NNG 는/JX 어떻/VA 니/EC
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 Object
 사용자가얻고자하는정보

 날씨정보(weather_info), 습도정보(humidity_info), 버스번호(bus_number) 
등

 Object Classification
 발화에서사용자가원하는결과를판단할수있는구간을인식하여사용자
가얻고자하는정보를분류

이번주말강원도날씨는어떻니?

weather_info 
이번주말강원도날씨

Basic Concepts of SLU

 Operator
 사용자가요구하는행동

 설정(set), 수정(mod), 삭제(del), 찾기(lookup) 등

 Operator Classification
 발화속에포함된사용자가요구하는행동을분류하는것

10 / 18

Operator 분류
(Operator Classification)

강원도의이번주말날씨를알려줘

Lookup
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 Speech-act
 발화속에포함된대화목적을수행하기위한화자의의도된행위

 Speech-act Classification
 발화속에포함된사용자가요구하는행동을분류하는것

영역분류
(Domain Classification)

이번주말강원도
날씨는어떻니

ask_ref
(wh_question)

Basic Concepts of SLU
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 Overview of SLU systems

Domain
Classifier

통계기반
분류모듈

발화

Speech-Act
Classifier

Operator
Classifier

Object
Classifier

규칙기반
분류모듈

영역별 사전
및 패턴

Domain

NE

Speech-Act

Operator

Object

Named-Entity
Recognition

Domain
Independent
Named-Entity

Domain
Dependent
Named-Entity
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 Overview of SLU systems

터치 입력

화면 출력

음성 합성

멀
티
모
달

인
터
페
이
스

언어 이해

에디터 / 시뮬레이터

대화 관리

사용자입력

시스템출력

음성/언어DB음성 입력

내/외부 서비스

응답 생성

수행 엔진
(Do-Engine)

대화 모델 DB

Speech-act Classification
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 Natural Language Dialogue System
 Speech-act Classification

 발화에 나타난 화자에 의해 의도된 언어적 행동

 대화시스템에서 대화를 이해하고 발화를 생성하는데 필수적인 요소

“어떤종류의방이있죠?”
(=“What kind of room do you have?)

“싱글룸과더블룸이있습니다.”
(=We have single and double rooms.)

NLU
[ask-ref(room_type)]

NLG
[response(room_info)]

Natural Language 
Dialogue System

NLU : Natural Language Understanding
NLG : Natural Language Generation 

Speech Acts

Knowledge Base
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Speech-act Classification
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 Two Approaches
 Rule-based Speech-act Classification

 언어적 자질과 화행간의 관계를 정의한 규칙을 사용 (Lee’s work, 1996)

 영역지식에의존적이기때문에확정성과이식성이떨어짐

 Machine Learning based Speech-act Classification
 SVM, CNN etc.
 영역내확장성및영역간이식성이좋음

16

Speech-act Classification
 What are main issues in speech-act classification using machine 

learning techniques?

 What features are effective for speech-act classification?
 Previous Speech-act: Sub-Dialogue Problem
 Syntactic features?, Lexical Features, Bigram or Unigram? 

 How do we estimate the weight of features?
 Data Sparseness Problem in small size of Categories
 Utilization of the category distributions of features
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Speech-act Classification
 What Features?

 Previous Speech-act
 Sub-Dialogue Problem
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Speech-act Classification
 What Features? (Ko et al, 2012)

 Proposed Solution of Sub-Dialogue Problem: Discourse Stack 
 Adjacency Pairs: Request Type - Response Type

 Request Type: ask-ref, ask-if, ask-confirm, offer, suggest, request
 Response Type: accept, reject, response, acknowledge
 Others: opening, introducing-oneself, correct, inform, expressive, promise, closing

For each utterance
Begin
Reference :

If (Stack is Empty)
Use Speech acts and DSI of previous utterance

Else
Use Speech acts of discourse stack’s top and DSI of previous utterance

Operation :
If (Utterance is Request Type)

If (Stack is not Empty)
Give SS to DSI of current utterance

Push speech acts of current utterance in discourse stack.
Else if (Utterance is Response Type)

Pop speech acts in discourse stack
If (Stack is not Empty)

Give SE to DSI of current utterance
End
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Speech-act Classification
 What Features? (Ko et al, 2012)

 Syntactic features?, Lexical features, Bigram or Unigram?
 The Problem of Syntactic Features?

 구문유형의구성: [문장유형, 주동사, 시제, 부정여부, 양상, 단서단어]
 Low accuracy of Syntactic Analysis

20

Speech-act Classification
 Experimental Data

 Korean Dialogue Corpus
 한국어화행분석을위한많은논문들에서사용

 호텔,비행, 관광예약내용
 528대화, 10,285 발화 (19.48 대화당발화)

SP : 화자, KS : 한국어, EN : 영어, SA : Speech Acts, DS : Discourse 
Structure
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Speech-act Classification
 Experimental Data

 Speech-act Distributions
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Speech-act Classification
 Experimental Results

 구문유형 (SP)
 두단계발화내자질 (TLIF)
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Speech-act Classification
 Experimental Results

 Evaluation of Discourse Stack (담화스택)
 TLIF + PU (이전발화의 화행)
 TLIF + DS (담화스택을 이용한 이전발화 화행)

24

Speech-act Classification
 The Weight of Features (Ko et al, 2012)

 The problems of previous feature weighting scheme 
 Data Sparseness Problem in small size of Categories

 The new feature weighting scheme
 Step 1: Construction of two-level Speech-act Hierarchy 
 Step 2: Shrinkage-based estimation of feature probabilities

 Two-level Speech-act Hierarchy
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Speech-act Classification
 The Weight of Features

 Shrinkage-based Estimation
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Speech-act Classification
 The Weight of Features

 Parameter Estimation on EM
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Speech-act Classification
 The Weight of Features

 Result of Parameter Estimation on EM

 Feature weighting scheme for SVM
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Speech-act Classification
 Experimental Results

 Shrinkage-based feature weighting scheme
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Speech-act Classification
 Experimental Results

 Shrinkage-based feature weighting scheme

30

Speech-act Classification
 Experimental Results

 Comparing Other Methods
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Speech-act Classification
 The Weight of Features (Ko, 2012 and 2015)

 Category Distributions of Features

 Binary feature in Speech-act classification
 Simpler but more effective than other schemes such tf, idf, and tf.idf
 Why? An utterance is much shorter than a document

 Two weighting schemes for the classification cases with the small number 
of features

 1) Apply to the entropy concept to estimate the feature importance with all 
category distributions of each feature

 2) The ratio of positive and negative category distributions 

32

Speech-act Classification
 Category Distributions of Features

 Estimation of feature probabilistic distribution for categories
 ELE (Expected Likelihood Estimator)

 Entropy value of Category Probabilities (ECP)
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Speech-act Classification
 Category Distributions of Features

 Log-Odds Ratio (LOR) of positive and negative categories

 For test utterances

 Traditional Feature Weighting Scheme

34

Speech-act Classification
 Experimental Results

 Two Data Sets
 1) RES: Hotel, Travel, Airplane Reservation 
 2) SM: Schedule Management (New)

 SM-11: 954 dialogues (22.3 utterances per a dialogue and 11 speech-acts, 23,310 
utterances-17,054 for training and 4,256 for test data)

 SM-8: 8 categories after removing 3 rare categories

 Performance Comparison of Conventional Schemes



18

35

Speech-act Classification
 Experimental Results

 Performance Comparison of the Proposed Schemes (ECP and LOR)

 Performance Comparison of the Proposed model and other Models

36

Simultaneous Recognition Model
 Traditional SLU Model

 Pipeline Process

개체명 인식 문장목적 인식
사용자 음성

개체명
사전

동작 인식 화행인식
사용자
의도가

분석된 발화

이전 문장목적, 동작 인식 정보

언어 인식 모듈
(발화의 의미 분석)

이전 개체명 인식 정보
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Simultaneous Recognition Model
 Problems of Traditional SLU Model

 Error Propagation
 Duplicated Features, Not share useful features
 Required 4 different classifiers 

 Solution of these Problems 
 Simultaneous Recognition model (Ko et al, 2015)

 Example of SLU Recognition

사용자 발화 : 지금 뉴욕은 얼마나 더워?

개체명 : 지금 / Time , 뉴욕 / Location 
문장목적 : 기온정보 / Temperature_Info

동작 : 조회 / Lookup
화행 : 요구 / Request

38

Simultaneous Recognition Model
 Pseudo Tag Addition Method for Sequential Analysis

 Different Recognition Units
 POS Unit for NE
 Sentence Unit for Object, Operator and Speech-act

가상 태그 부여 방법

가상 태그 부여 방법을 적용한 사용자 발화: 
[SA] [OP] [OB] 지금 뉴욕은 얼마나 더워?

사용자 발화 : 지금 뉴욕은 얼마나 더워?
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Simultaneous Recognition Model
 Pseudo Tag Addition Method for Sequential Analysis

40

Simultaneous Recognition Model
 Example of Simultaneous Recognition Result for SLU

지금/MAG 뉴욕/NNP+은/JX 얼마나/MAG 덥/VA+아/EC+?/SF

개체명 사전 매치 후 BIO 태그 부착

사용자 발화

지금 뉴욕은 얼마나 더워?

형태소 분석

지금/MAG [뉴욕/NNP/B_Location]+은/JX 얼마나/MAG 덥/VA+아/EC ?/SF

학습된 CRF 모델을 토대로 개체명, 문장목적, 동작, 화행 분류

[SA/Request] [OP/Lookup] [OB/Temperture_Info] [지금/MAG/B_TIme] [뉴욕/NNP/B_Location]+은/JX 
얼마나/MAG/ 덥/VA/+아/EC ?/SF

가상 태그 부여 방법 적용
[SA] [OP] [OB] 지금/MAG 뉴욕/NNP/B_Location+은/JX 얼마나/MAG 덥/VA+아/EC ?/SF
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Simultaneous Recognition Model
 Three Feature Sets for Simultaneous Recognition Model

 Example of Utterance
 “지금 뉴욕은 얼마나 더워” – 개체명 사전 매치 : 뉴욕
 지금/MAG 뉴욕/NNP/B_Location+은/JX 얼마나/MAG 덥/VA+아/EC+?/SF

 Basic Feature

42

Simultaneous Recognition Model
 Three Feature Sets for Simultaneous Recognition Model

 Example of Utterance
 “지금 뉴욕은 얼마나 더워” – 개체명 사전 매치 : 뉴욕
 지금/MAG 뉴욕/NNP/B_Location+은/JX 얼마나/MAG 덥/VA+아/EC+?/SF

 NE Feature                                          Sentence Feature

 Sentence Feature
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Simultaneous Recognition Model
 Experimental Settings

 MADS (Multi-Applications Dialogues for Smart phones) data set
 6 domains: weather, clock, alarm, schedule, exchange and traffic
 1,925 utterances, 8 NE, 28 objects, 5 operators and 6 speech-act tags

 Five-fold cross validation and CRF (Mallet toolkit)
 Accuracy in utterance level
 Paired t-test and Wilcoxon signed rank test

 Performance Comparisons

44

Simultaneous Recognition Model
 Processing Time and Significant Test

 Comparison of Other Method (Jeong and Lee, 2008)



23

45

Deep Learning for Speech-act Classification
 Word Embedding (Ko et al., under review)

 Train with 31 billion lexical from several corpora in Korean
 Vocabulary Size: 100,000
 Dimension: 64
 Two Approaches

 Ranking-Based Word Embedding (RBWE)
 Continuous Bag-of-Words (CBOW) 

46

Deep Learning for Speech-act Classification
 Convolution Neural Network (CNN)
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Deep Learning for Speech-act Classification
 Distribution of the Training Data and Three Types of Test Data

RES SM-8

Train 8,349 17,054

Test

ALL 1,932 4,254

No-OOV
1,494 4,036

77% 95%

In-OOV
438 218

23% 5%

48

Deep Learning for Speech-act Classification
 Experimental Results
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Deep Learning for Speech-act Classification
 Experimental Results

50

OOV Handling Module
 How to handle OOVs from Speech Recognition (논문작성중)

 OOV detection module
 OOV correction module

 Necessity of OOV Handing for SLU
 Output of speech recognition is the input of SLU
 Very important for obtaining the accurate results of SLU
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Simultaneous Recognition Model
 Example of OOV Handling Process

서울력 -> 서울역
정부장 -> 정류장

서울력, 주변, 정부장
서울력 주변에 가까운
정부장 알려 주세요

미등록어 후보 분류
사전과의 매치

(미등록어 최종 분류)

사전 : 서울역, 정류장, 주변 ..
후보 : 서울력, 주변, 정부장

미등록어와 사전 안의
단어 간 유사도 계산

국제음성기호 기반의
편집 거리 유사도

서울역 주변에 가까운
정류장 알려주세요

미등록어 보정 결과

서울력 주변에 가까운
정부장 알려 주세요

음성 인식 결과

음성 인식 모듈
(오류 발생)

서울력, 정부장

미등록어 탐색 모듈

미등록어 변환 모듈

52

Simultaneous Recognition Model
 Performance of OOV Candidates Detection 

 Error Reduction Rate of OOV
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Simultaneous Recognition Model
 Reconstruction Rate of Speech Recognition Results to Original 

Sentences
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Thank you for your attention!
http://web.donga.ac.kr/yjko/
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