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Virtual Assistants Might Eat the Internet.
-- Chris Manning (2020)



ESENNERFHIE (Pipelinezst)

BRIES
(NLU)

XJIEEE (DM )

ST - HEE
2E  iITHHE
BYIE : BhiAt=1tR

R —SKEALRAIE

EEr=piabill

IBEES ‘ ( ASR)

H&R=NULL
ElhAtth=1tm
HHAHTEI=NULL

1aE)(tHAth)

EARESER AR (KB) &
(NLG) APIs

TSR A ?



ESENNERFHIE (Pipelinezst)

BRIES
(NLU)

XJIEEE (DM )

1AR)(tHA )

EARESER AR (KB) &
(NLG) APIs

S - 4122
BE-iTE
BN | A=A

<
»

MIR/REHA

EEr=piabill

IBEES ‘ ( ASR)

A =18/RE
ElhAtth=1tm
HAATE)=NULL

BIREHARNEAR ?



Lo ESENHERAMENE (BIBES)

O Pipeline RFHITR A
O fEREX
O FEREURRERMNK




i=1])1: e [

O KR, SRERESUERERSE , TEEMNERE AR
O AEES. ARSE,. AEhESEFEEELEANR , LTS FIE

Learning Process of Transfer Learning

Learning Process of Traditional Machine Learning

| Task1l | | Task2 | | Task3 | Source Tasks Target Task

(a) Traditional Machine Learning (b) Transfer Learning

Pan and Yang (2010)
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Figure 1: The structure of our model

Xiaodong Zhang and Houfeng Wang. A Joint Model of Intent Determination and Slot Filling for Spoken Language Understanding. IICAI2016
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W S: matrix for output layer
Slot Gate g=2xv: tanh(cf tw- CI) bS : bias for output layer

Slot Predictiony; = softmax(WS(h; +c;) + bS) == y7 = softmax(WS(h; +g-cf) + b¥)

g will be larger if slot and intent are better related

Chih-Wen Goo, Guang Gao. et al. Slot-Gated Modeling for Joint Slot Filling and Intent Prediction. NAACL2018.
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Encoder ] [ Encoder
(a) Multi-task framework (b) Stack-propagation

Libo Qin, Wanxiang Che, Yangming Li, Haoyang Wen and Ting Liu. A Stack-Propagation Framework with Token-Level Intent Detection for Spoken
Language Understanding. EMNLP 2019.
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Libo Qin, Wanxiang Che, Yangming Li, Haoyang Wen and Ting Liu. A Stack-Propagation Framework with Token-Level Intent Detection for Spoken
Language Understanding. EMNLP 2019.
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Model SNIPS ATIS
Slot (F1) Intent (Acc) Overall (Acc) | Slot (F1) Intent (Acc) Overall (Acc)
Joint Seq (Hakkani-Tiir et al., 2016) 87.3 96.9 73.2 94.3 92.6 80.7
Attention BiRNN (Liu and Lane, 2016) 87.8 96.7 74.1 94.2 91.1 78.9
Slot-Gated Full Atten (Goo et al., 2018) 88.8 97.0 75.5 94.8 93.6 82.2
Slot-Gated Intent Atten (Goo et al., 2018) 88.3 96.8 74.6 95.2 94.1 82.6
Self-Attentive Model (Li et al., 2018) 90.0 97.5 81.0 95.1 96.8 82.2
Bi-Model (Wang et al., 2018) 93.5 97.2 83.8 95.5 96.4 85.7
CAPSULE-NLU (Zhang et al., 2019) 91.8 97.3 80.9 95.2 95.0 83.4
SF-ID Network (E et al., 2019) 90.5 97.0 78.4 95.6 96.6 86.0
"Ourmodel | 942%  980* 86.9* | 95.9%  969*% 86.5%
Oracle (Intent) 96.1 - - 96.0 - -
Model SNIPS ATIS
ode Slot (F1) Intent (Acc) Overall (Acc) | Slot (F1) Intent (Acc) Overall (Acc)
Our model 94.2 98.0 86.9 95.9 96.9 86.5
Intent detection (BERT) - 97.8 - - 96.5 -
Slot filling (BERT) 95.8 - - 95.6 - -
" BERT SLU (Chen et al., 2019) 97.0 98.6 92.8 96.1 97.5 88.2
Our model + BERT 97.0 99.0 92.9 96.1 97.5 88.6

Libo Qin, Wanxiang Che, Yangming Li, Haoyang Wen and Ting Liu. A Stack-Propagation Framework with Token-Level Intent Detection for Spoken
Language Understanding. EMNLP 2019.
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HIFSeq2seqllimZliniESSBENIER S

”Address Distance POI type POI Traffic info
638 Amherst St 3 miles  grocery store Sigona Farmers Market car collision nearby
269 Alger Dr 1 miles  coffee ortea place  Cafe Venetia car collision nearby
5672 barringer street S miles  certain address 5672 barringer street no traffic
200 Alester Ave 2 miles  gas station Valero road block nearby
899 Ames Ct Smiles  hospital Stanford Childrens Health  moderate traffic
481 Amaranta Ave 1 miles  parking garage Palo Alto Garage R moderate traffic
145 Ambherst St 1 miles  coffee or tea place  Teavana road block nearby
\409 Bollard St Smiles  grocery store Willows Market no traffic

‘Driver Address to the gas station.
Car  Valero is located at 200 Alester Ave.
Driver OK, please give me directions via a route that avoids all heavy traffic.

=T
IFESA U EIEEE | AR FIA ?

Knowledge Base (KB)

Seq2seq
Model

Dialog History
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No Domain-Specific Features

Shared Model

T

Shared Module

L1 ]

Mixed Data
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Key-Value Retrieval Networks for Task-Oriented Dialogue Mihai Eric, Christopher D.Manning. SIGDial 2018
Andrea Madotto, Chien-Sheng Wu, Pascale Fung Mem2Seq: Effectively Incorporating Knowledge Bases into End-to-End Task-Oriented Dialog Systems. ACL2018
Chien-Sheng Wu , Richard Socher, Caiming Xiong. Global-to-local Memory Pointer Networks for Task-Oriented Dialogue. ICLR2019
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Pengfei Liu, Xipeng Qiu and Xuanjing Huang. Adversarial Multi-task Learning for Text Classification. ACL2017
Jiang Guo, Darsh J Shah and Regina Barzilay. Multi-Source Domain Adaptation with Mixture of Experts. EMNLP2018
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Pengfei Liu, Xipeng Qiu and Xuanjing Huang. Adversarial Multi-task Learning for Text Classification. ACL2017
Jiang Guo, Darsh J Shah and Regina Barzilay. Multi-Source Domain Adaptation with Mixture of Experts. EMNLP2018
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Libo Qin, Xiao Xu, Wanxiang Che, Yue Zhang, Ting Liu. Dynamic Fusion Network for Multi-Domain End-to-end Task-Oriented Dialog. ACL 2020.



Dynamic Fusion Mechanism

{ Shared-Specific Fusion J

] f

Dynamic Domain-Specific Fusion
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Shared Module A Module B Module ‘ ‘ C Module J
Mixed Data
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Libo Qin, Xiao Xu, Wanxiang Che, Yue Zhang, Ting Liu. Dynamic Fusion Network for Multi-Domain End-to-end Task-Oriented Dialog. ACL 2020.
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MLP Shared-Specific Fusion

[ (7 | 1 Dynamic Domain-Specific

oy = Softmax(W x h. , + b).
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Libo Qin, Xiao Xu, Wanxiang Che, Yue Zhang, Ting Liu. Dynamic Fusion Network for Multi-Domain End-to-end Task-Oriented Dialog. ACL 2020.
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Libo Qin, Xiao Xu, Wanxiang Che, Yue Zhang, Ting Liu. Dynamic Fusion Network for Multi-Domain End-to-end Task-Oriented Dialog. ACL 2020.



SMD Multi-WOZ 2.1

Navigate Weather Calendar Restaurant Attraction Hotel
Model BLEU Fl Fl Fl Fl BLEU Fl Fl Fl Fl
Mem?2Seq (Madotto et al., 2018) 126 334 20.0 32.8 49.3 6.6 21.62 224 22.0 21.0
DSR (Wen et al., 2018) 127 519 52.0 504 52.1 9.1 30.0 33.4 28.0 27:1
KB-retriever (Qin et al., 2019) 139 337 54.5 92.2 55.6 - - - - -
GLMP (Wu et al., 2019a) 139  60.7 54.6 56.5 72.5 6.9 324 38.4 244 28.1
Shared-Private framework (Ours) 13.6 61.7 56.3 56.5 72.8 6.6 33.8 39.8 26.0 28.3

' Dynamic Fusion framework (Ours) | 14.4* 62.7*  57.9*  57.6*  73.1* | 9.4* 351*  40.9*  28.1*  30.6*

Libo Qin, Xiao Xu, Wanxiang Che, Yue Zhang, Ting Liu. Dynamic Fusion Network for Multi-Domain End-to-end Task-Oriented Dialog. ACL 2020.
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Beto, Bentz, Becas: The Surprising Cross-Lingual Effectiveness of BERT. EMNLP 2019
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[ Food: Tedesco ]

ElEaE - hi, im looking for a nice

e " restaurant. [ Attention Model |

@ Zero-
H | ZN\ NN N=g
Attengﬁ;ﬁg —_I{E :Shcl):'ltlljl\UEt [ Cross-lingual Embeddings ]
Exr=HYSE1A) - German OF S
?ﬁg}ﬁ}ﬁﬂ’\ﬁméﬁ\ hl, |m IOOklng for a n|ce Tedesco [ IT: ciao, sto cercando un bel ristorante Tedesco. ]

#3E . restaurant

Zero-shot Test Step

Zihan Liu, Genta Indra Winata, Zhaojiang Lin, Peng Xu, Pascale Fung. Attention-Informed Mixed-Language Training for Zero-shot Cross-lingual
Task-oriented Dialogue Systems. AAAI2020
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Libo Qin, Minheng Ni, Yue Zhang and Wanxiang Che. CoSDA-ML: Multi-Lingual Code-Switching Data Augmentation for Zero-Shot Crosls-LinguaI NLP.
[JCAI 2020.
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Fine-tuning &9 { 1n the next two days 1 want to fly from nashville to san jose or to tacoma | [ flight |
. ) t which airlines fly from boston to washinﬁton dc via other cities t ( airfare |
/,?‘ 45 ‘L)l] ?,5}‘ ;fi}}% i what types of ground transportation are there to san francisco airport i [ ground service |

(e.g., =HE 4 X)

1in the next two days 1 want to 1ly from nashvill I
ly from boston to washington dc via other cities

sdall 1ITancisSCo airp

Libo Qin, Minheng Ni, Yue Zhang and Wanxiang Che. CoSDA-ML: Multi-Lingual Code-Switching Data Augmentation for Zero-Shot Cross-Lingual NLP.
[JCAI 2020.
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Fine-tuning lfl(] t 1n the next two days 1 want to fly from nashville to san jose or to tacoma | | flight J
Loonl ok % i which airlines fly from boston to washin%ton dc via other cities i [ airfare )
/ﬁ 45 ‘P)ll /iiﬁ ﬂij}% i what types of ground transportation are there to san francisco airport P ]

(e.g., =HE 4 X)

in the next two days 1 want to fly from nashville to san jose or to tacoma
which airlines fly from boston to washington dc via other cities
what types of ground transportation are there to san francisco airport

PR —
-

Libo Qin, Minheng Ni, Yue Zhang and Wanxiang Che. CoSDA-ML: Multi-Lingual Code-Switching Data Augmentation for Zero-Shot Cross-Lingual NLP.
[JCAI 2020.
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in the &Iz two X 1 want to fly )\ ¥ > 2 ¥ )L to san jose or to IRl |
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Libo Qin, Minheng Ni, Yue Zhang and Wanxiang Che. CoSDA-ML: Multi-Lingual Code-Switching Data Augmentation for Zero-Shot Cross-Lingual NLP.
[JCAI 2020.
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Libo Qin, Minheng Ni, Yue Zhang and Wanxiang Che. CoSDA-ML: Multi-Lingual Code-Switching Data Augmentation for Zero-Shot Cross-Lingual NLP.
[JCAI 2020.
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Libo Qin, Minheng Ni, Yue Zhang and Wanxiang Che. CoSDA-ML: Multi-Lingual Code-Switching Data Augmentation for Zero-Shot Cross-Lingual NLP.
[JCAI 2020.
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Libo Qin, Minheng Ni, Yue Zhang and Wanxiang Che. CoSDA-ML: Multi-Lingual Code-Switching Data Augmentation for Zero-Shot Cross-Lingual NLP.
[JCAI 2020.



Libo Qin, Minheng Ni, Yue Zhang and Wanxiang Che. CoSDA-ML: Multi-Lingual Code-Switching Data Augmentation for Zero-Shot Cross-Lingual NLP.

[JCAI 2020.

Spanish Thai

Model Intent acc. | Slot F1 | Intent acc. | Slot F1
Multi. CoVe [Yu et al., 2018] 539 19.3 70.7 35.6
Attention-Informed Mixed Training [Liu ef al., 2019b] 86.5 74.4 70.6 28.5
XLM from Liu ef al. [2019b] 62.3 42.3 31.6 7.9

+ CoSDA-ML 94.3 68.8 85.8 36.2

" mBERT from Liuetal. [20190] [ 737 | 517 | 282 | 106
+ CoSDA-ML (Static) 92.8 75.2 74.8 28.1
+ CoSDA-ML 94.8* 81.3* 81.7* 38.4*

Table 4: Slot filling and Intent detection experiments.



German Italian
Model — —
slot acc. | joint goal acc. | requestacc. | slotacc. | joint goal acc. | request acc.

XL-NBT [Chen et al., 2018] 55.0 30.8 68.4 72.0 41.2 81.2
Attention-Informed Mixed Training [Liu et al., 2019b] 69.5 322 86.3 69.5 314 85.2
XLM from Liu et al. [2019b] 58.0 16.3 75.7 - - -

+CoSDA-ML 77.4 48.7 88.3 - - -

- mBERT from Liuetal. 20196 | 576 | 150 | 753 | 546 | 126 | 773
+CoSDA-ML 82.7* 62.6* 95.7* 83.4* 67.1* 93.9*

Table 5: Dialog State Tracking experiments.

(134

represents the absence of languages in the XLM models and we cannot report the results.

Libo Qin, Minheng Ni, Yue Zhang and Wanxiang Che. CoSDA-ML: Multi-Lingual Code-Switching Data Augmentation for Zero-Shot Cross-Lingual NLP.

[JCAI 2020.
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O A Stack-Propagation Framework with Token-Level Intent Detection for
Spoken Language Understanding. EMNLP 2019
O 18X : https://www.aclweb.org/anthology/D19-1214.pdf
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O Dynamic Fusion Network for Multi-Domain End-to-end Task-Oriented
Dialog. ACL 2020

O 83X : https://arxiv.org/pdf/2004.11019.pdf
O /X738 : https://github.com/LooperXX/DF-Net
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O i8X : https://arxiv.org/pdf/2006.06402.pdf
O {78 : https://github.com/kodenii/CoSDA-ML
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