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Openhour?  O{= A|Z210] {EH| E|LIR?

Workinghour?
Closehour? 4l & EHOAILIR?
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1.4 QI BXIS DHME X B ZO| 2K

L
1. 4% Bre 27 6jo|g
AG news 31.900
2. 82= A = 2%l 21E
Dbpedia 14 45 000
= Ml I RF H| &
3. AL 4|0|E All X|%H H| L o i e 000
4. 015 =M i‘ Average 7 40 380

- |91 classification 2 & sk50]| 2ot H|O|E F:-™X| =7 * 40,380 =~ 200,000 7§

Source: https://cloud.google.com/ai-platform/data-labeling/pricing
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annotate

Source: https://cloud.google.com/ai-platform/data-labeling/pricing

x I. R ] DEVIEW
A%} | 20| 2H
Data type Objective Unit Tier 1 Tier 2
Image Classification Image $35 $25
Bounding box Bounding box S63 $49
Segmentation Segment $870 $850
Rotated box Bounding box $86 S60
Polygon/polyline Polygon/Polyline §257 $180
Video Classification 5sec video $86 $60
Object tracking Bounding box $86 S60
Event Event in 30sec video S214 $150
Text Classification 50 words $129 $90
Entity extraction Entity $86 S60
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1.5 Clustering to the Rescue
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1.5 Clustering to the Rescue

7|£28] clustering label O] GICMH 50% =5k LIRX| Q=

50%

Accuracy
m Unsupervised Clustering = Supervised Model



|0 E



DEVIEW
2021

2. UNICON

Unsupervised Intent Discovery by Contrastive Learning
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Contrastive Learning 2 2|8t 2, &|0|E&! =l ¢|O|E{ 10|

ojnjHoz QA 2BS

Embedding Space &0i|A 2122 21Xt =& sH&6}0d

> [0

Classification & Clustering 52| TaskO|A A2 &~ U= 5= Model
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Embedding Space J0i|A 24 |IX|SH =S SH5510
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Classification & Clustering 52| TaskO|A A2 &~ U= 5= Model
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2.2 Sentence Representation

FAO| o|0|E CHEY &~ U= real-valued representation vector
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2.2 Sentence Representation

1954 - 2012 2013-2014 2018 2019

Transformers (BERT)

Unsupervised pre-trained
language model with large-
scale corpus

[ —~(x &jNorm | @ Mask LM Mask LM \ BERT, RoBERTa, ALBERT and ETC.
Feed
Forward PrOS
\ |
v | . POt DafE 4 9l
‘ Mo ead \ « Lot downstream task 0|, &2 22| fine-tuning L2 =
{ J Folct 452 U8 + U
Positional
oo @—c? ()0 : (o) (o) o ] : - Cons
Input
Emb?ddng Masked Sentence A - Masked Sentence B ° Fine-tuning gi()lE, klE Ef% —E—%l' A|‘O|9_l ﬂ'ﬁl% x‘"EH = -6.3-‘2' =

Unlabeled Sentence A and B Pair oHO
Inpuls HA OO




2.2 Sentence Representation

1954 -2012

2013 -2014

Term and document

frequency based model

2018

Co-occurrence matrix based

neural network model

2019

Unsupervised pre-trained

language model with large-

scale corpus

Pros

SBERT

Supervised pre-
trained language
model with NLI

datasets
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«  Fine-tuning g10| &, 7|&£2| BERT £ Fl0{EH= =

QA A5

Modcl STSIZ | STSI3 | STSI4 | STSI5 | STSI6 | STSh | SICK-R || Avg,
Avg. GloVe cmbeddings | 55.14 | 70.66 | 5073 | 6825 | 63.66 | 5802 | 53.76 || 61.32
Avg. BERT embeddings | 38.78 | 57.98 | 57.98 | 63.15 | 61.06 | 4635 | 58.40 || 54.81
InferSent - Glove 5286 | 66.75 | 62.15 | 7277 | 66.87 | 68.03 | 65.65 || 65.01
Universal Sentence Encoder | 64.49 67.80 | 64.61 716.83 73,18 | 74.92 76.69 71.22
SBERT-NLIlaree | B} R | | . | |

SRoBERTa NLI basc T1.54 | 7249 | 7080 | 78.74 | 13.60 | 7177 | 7446 || 742
SRoBERTa-NLI-large 74.53 | 77.00 | 73.18 | 81.85 | 7682 | 79.10 | 7429 | 76.68

OoF
o

o

| Label =l NLI G|O|E{Al HEQ

NLI: Natural Language Inference
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2.2 Sentence Representation

Word Similarity

Word Order &
Context

X
X
W/0 Labeled Data v
v

Sentence
Similarity

SN XK
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abel =l 4|O|E{ €i0]

SBERT O]|4f2| semantic search 4&”



2.3 Contrastive Learning

Contrastive LearningO| £|Z20{| gt SIEHZ1 R

/ [ Vector Repr;sentauon z, ] Maximize agreement : Vector Representation z,
g() |/ ___Dense ;.ayer J i Dense1 Layer
\ | DenseiLayer ) ( bensl Layer
. . | Denselayer | f)vens{el Layer
* SIMCLR, CLEAR, SIMCSE, ConSERT, ETC, \ M— P
- Data augmentation 2 S3dl, positive-pair & == / °””é?f°‘3'3”'5“”°"‘\ / bt

» Positive-pair 0 CHsHA] 72|, 2 2|2| H|O|E{of]
CHoH Ee| fX|otes etg
» Label €i10|x= SBERT 2} S-Alot semantic search

M
oNe

An overview of the SImCLRv2 framework. Figure by Author. Photo by Edgar on Unsplash

SIMCLR
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1. Data Augmentation = ot Label X|N|7| HiE =~ 012

&2|0] AR

*  WordNet Augmenter
— Deletion / Insertion / Substitution

* PLM based Contextual Augmenter

J

» Paraphrase via back translation

*Generation
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1. Data Augmentation = ot Label X|N|7| HiE =~ 012

» Intent Detection Dataset 0| CH{sH &6,

» Original test set 2} Augmented test set 0f| CHsl T2}

Original Test Set Augmented Test Set

5124

BERT/RoBERTa 2| BLEU score £ 0| &%t word substitute data augmentation &-&

https://github.com/makcedward/nlpaug
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1. Data Augmentation = ot Label X|N|7| HiE =~ 012

please me at a later Find a good for meatloaf
[ reminder_update ] [ recipe ]
please me at later time Find a good for meatloaf

[ goodbye ] [ ingredients_list ]
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2.3 Contrastive Learning

2. Clustering0i| Mgtst HEfIT E|X| Lot




DEVIEW

2.3 Contrastive Learning

2. Clustering0l| Agtst SHEfI} £| X| ot

/0|71 O REU=C| w'ek 5teq 1 of=0H| R

Data Augmentation II Positive (PF4A))
)
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2.3 Contrastive Learning

ul

Data Augmentation II Positive (PFPZHA|)
H
L
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Clustering0j & gfet”

Contrastive Learning= AF256t= UNICON = 7HE



2.4 UNICONS| L= pev

Pseudo-label Contrastive Learning

\J

« Data Augmentation2 &-8256}X| 11, positive pairE F==6}7| Ik
» Batch LS| 2% 2H0| FAIEE S0, FAIEI 21 2 &&= positive sample 0|2} 511 LIHX|E negative sampleset 429

J
ij 1}:{7:1[1(#] exp(sim(H;, Hy,) /T)

NT-Xent Loss

Si; = H; - H;

CLS Vector {H;}}_,

Pre-trained Language Model




2.4 UNICONS| X 2021
T HI0|E 2te| RAIE=F O 85l positive-pair & 20t X}
Model STS12 | STS13 | STS14 | STS1S | STS16 | STSh | SICK-R Avg,
BERT CLS-vector 30.16 | 30.01 | 20.09 | 3688 | 38.08 | 16.50 | 42.63 | 29.19
otX[2t, BERT 2t AtE3lA= M|CHZ =l positive-pair & 3= = U=

Train Loss Graph

—PLM-Only

—PLM-Only
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2.4 UNICONS| /1= 263

Auxiliary Representation

RI[0f] = Ze BERTE 210|E8 &= = EX X 2Eh= FOF0IX]

L. O L_
1. BOW (Bag-Of-Words) 1., el0 i e
2. TF-IDF (Term Frequency-Inversed Document Frequency) [ 2  =cist semantic search Al
3. BM25 -
0 1 2 3 g A
L= = 1|0[H DEVIEW Of|A 2 EE 8t U&LICH \ @ 0 0 O O O Q/

4 5 6

et | O O O O @ @ @ O

il

FX|&= contrastive learning £ 0|25t 2

7

- )
DEVIEWE= L{|0|H{Of|M FX[SH= 7|2 Iz A L|C} O @@ @ O O O 0O @
\ J
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Auxiliary Representation

70f| 2OHY3t BERTE J10|E8 4 Qs HAEQI EHS Z0}31x}
4. Word2Vec (CBOW, Skip-Gram)
5. GloVe

% - SR+ OfX} =

N T
L= @= H|0|H DEVIEW OIM ZHE St JUELICTH

_— . sim(DEVIEW, 4|0|H{) > sim(DEVIEW, 27| 2)

DEVIEWE U|0|HHO|M FZ[ol= 7|= T A YLICT
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Auxiliary Representation

Model Accuracy I

=

Auxiliary Representation

SD = RNXN

BM25 58.81%
TF-IDF 52.62%
GloVe 48.44
BOW 39.51

|

= SRS

Auxiliary
Representation

.

Pre-trained
Language Model

Inputs {X; ¥,

FES LIPS ESTTbY

=S

DEVIEW
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Training

Lakbal...
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2.5 Benchmark Dataset &/&

Experiments

Intent Query
 |Intent Detection Datasets lost_luggage | think my luggage has been lost
oil_change_when How often should | change the oil
* CLINC iIncome Do you know my work income
* BANKING CLINC dataset samples

Datasets # of domains # of intents Training Validation
CLINC 10 150 18,000 2,250 2,250
BANKING 1 77 9,003 1,000 3,080

Datasets distribution



2.5 Benchmark Dataset Al<d

Unsupervised Baselines
* DCN (Yang et al., ICML, 2017)

I
i
i
i
i
i
i

i

CIuateriﬂgi
module |

SIimCSE (Gao et al., EMNLP, 2021)

Reconstruction

Figure 3. Proposed deep clustering network (DCN).

=

NLP OjjA| Contrastive Learning

(a) Unsupervised SimCSE

[ Two dogs are running. ]—

Differen: kidden dropouf masks
in owo forward passes

e,

= M8

Two dogs
are running.

]

~QOox—>
I\
[
A man surfing on the sea. | B =22 ;
!
g - _ _ e
A kad 15 on a skateboard. i)
L

@ Encoder -

- —= Positive instance

- —= Negative instance

Yang, Bo, et al. "Towards k-means-friendly spaces: Simultaneous deep learning and clustering." international conference on machine learning. PMLR, 2017.

oh x| R

L

(b) Supervised SimCSE

r——
~QO0N—0Q0-
11‘-:11
::1||||'| q_
| 1'1‘1
A F
—:l_.,___ . h ‘L ‘_., _l. |
E | ih E
| ! _
|\ @
(!
_ P
—- -___.L 1 "\.'%.-__q.-_"-l-a—
|
!
\"l-'|_-_"'-l.d-_1"q—
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\ ‘-I There are animals outdoors.
LAY '

label=entailment

The pets are sitting on a couch.
label=contradiction

Al =00nradicnon

Gao, Tianyu, Xingcheng Yao, and Dangi Chen. "SimCSE: Simple Contrastive Learning of Sentence Embeddings." EMNLP. 2021



2.5 Benchmark Dataset

AlS
=

Semi-supervised Baselines

CDAC+ (Lin et al., AAAI 2020) -
« DeepAligned (Zhang et al., AAAI 2021)

Inference (Argmax)

Clustering Results ﬁ
Step 3.2: Refine clusters with KL | divergence loss .m

Step 3.1 Generate auxiliary target | distribution P ! %
Refinement Layer =

Clustering Layer

Mean Pooling

[cLs] | Tok,

+ | Train on BERT

matrix by ground truth

y [ mebygowdiuh
Step 2.3: T

1: Similar

Not selected 1

I
0: Dissimilar !

i Step 2.2a: Generate similarity  Step 2.2b: Select similar and dissimilar sentence pairs 1

by dynamic upper and lower thresholds

- - -

Supervised (Labeled)

Self-supervised (Labeled + Unlabeled)

41 Oy

w2
@

p 1: Extract intent representations

ﬁﬂ@'z&&::@

1: Similar

4l xas

0: Dissimilar

=
Step 2.1: Calculate similarity matrix

Lin, Ting-En, Hua Xu, and Hanlei Zhang. "Discovering new intents via constrained deep adaptive clustering with cluster refinement.” AAAI. 2020.

Intent Discovery Of|A{ Z|41 &

Pseudo-Classifier

Dense Layer

|

Mean Pooling

|

Transformer Layers;,

t | | t

Training

DEVIEW
2021

Intent Features

'

Pre-training

- -

————————

T

Aligned Labels
Last Epoch Current Epoch
¢ ci
l
C- G Cg
l c
Cr-1 Ck-1
Ck ck
> Save py

-

-
- -
- —

Align with Euclidean Distance

_*

Pseudo-Labels

Inference

Zhang, Hanlei, et al. "Discovering new intents with deep aligned clustering." AAAI. 2021.




2.5 Benchmark Dataset 4!

Supervised Evaluation Metrics
 NMI (Normalized Mutual Information)
* ARI (Adjusted Rand Index)

« Accuracy (w/ hungarian alignment)

DEVIEW
2021



2.5 Benchmark Dataset &€ DEyEw

Unsupervised:

L — =
N5

CLINC Experiments BANKING Experiments

100 80

17% .
I I 1z%I

NM] ARI ACC ARI
m Kmeans mDAC SIMCSE UNICON leeans mDCN wmSimCSE UNICON

90

80

70

60

50

40

30

2

o

-
o

1

o

0

o



2.5 Benchmark Dataset &€ DEyEw

Semi-supervised:

I_ ol
s ekt

CLINC Experiments BANKING Experiments
o) 90
90 2 /0_'=
80
: 7" 12%
60
50
50
40 40
30 30
20 20
0 0
NMI ARI ACC NMI ARI ACC

m CDAC+ mDeepAligned ~ UNICON m CDAC+ mDeepAligned = UNICON



2.5 Benchmark Dataset &€ DEyEw

 labeled data & I =5 450| 4t

@
¢ 20% labeled data & 73l = [lff, supervised CHH| 2%-10% ‘45 X}0]

CLINC Experiments BANKING Experiments

120 100

90
100 30
70
60
50
40
30
20

80

60

40

20

0
ACC ACC

m Unsupervised m 1% " 5%
10% 20% Supervised m Unsupervised m1% u5% = 10% « 20%  Supervised



2.5 Benchmark Dataset && DEyEw

7122 SImCSE (EMNLP 2021) RE=2 £80| IXUS
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SimCSE (EMNLP 2021)
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2.5 Benchmark Dataset ¢

UNICONS| A2 SAISE o= 9| H|O|E{7|2| S XU

~roll dice

. Rl : & ] ]
NI NE CHE Y flip_coin
* 5 * ) te o
f'

L] ‘ " ‘:_"_'
' S s o -
. *. " " Ve ‘. * # A :‘"
AV B, , 4 %
(el ik . S

] ’. ',:‘ : ) . | -' . '; 1. next_song
3 v 3. <. Vs
| T R | 2. update_playlist
20 - Voo

o e e T B 3. what_song

g accept_reservations

UNICON
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