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[1] Han Zhu, Jungi Jin, Chang Tan, Fei Pan, Yifan Zeng, Han Li, Kun Gai. Optimized Cost per Click in Taobao Display Advertising. In KDD 2017.
[2] Junqi Jin, Chengru Song, Han Li, Kun Gai, Jun Wang, Weinan Zhang. Real-Time Bidding with Multi-Agent Reinforcement Learning in Display Advertising. https://arxiv.org/abs/1802.09756
[3] Di Wu, Xiujun Chen, Xun Yang, Hao Wang, Qing Tan, Xiaoxun Zhang, Kun Gai. Budget Constrained Bidding by Model-free Reinforcement Learning in Display Advertising. https://arxiv.org/abs/1802.08365
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IDST - MIT

« IDST
— Institute of Data Science and Technologies

» Machine Intelligence Technologies

— e S Re NI

Define Smarter
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Al = Sensing + Learning + Optimization

Sensing technologies
— Speech/voice technologies
— Image/video technologies

— Natural language processing (NLP)
Machine learning

— Deep learning

— Reinforcement learning
Optimization & Decision making

— Predictive inventory optimization
— Delivery assignment optimization
— Manufacturing scheduling

— Predictive maintenance




Speech Technologies
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Our Works — Support Intern_lall .‘

FSESE, BE-THRR, B
4 2]

Core speech technology team at Alibaba 7° s e
Alibaba call centers T

— 10k+ phone calls, 100k+ hours of

speech per day o
— AliMe
Alibaba super-apps & devices ‘
— Taobao, Alipay, Dingding, ... o

— AliOS phones / Tmall TV / Tmall
Genle

— Youku video inspection (via speech)
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Our Works — Serve External Customers

. 4 Tomorrow.




Speech Interactive Intelligence
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Speech based HCI

Entry Points

V)
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Speech tech. is
revolutionizing
many domains

NLP

Human-Computer Interaction

A /

Speech

Define Smarter
Tomorrow.

Machine Learning Platform
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Core Technologies

- Speech Recognition
- Big data with good coverage of accents/dialects
- Deep learning
- Speech adaption technologies

DTﬂﬁiiFiQ or

pppppppp

- Speech Synthesis

- Mature technologies, but difficult to make it
perfect

Define Smarter

& . Tomorrow.
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Core Technologies

- Natural language understandlng (NLU)
- Dialogue

I
I
|
|
: . Ali

Data

QA Data Mining
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Model

Chatbot Training

Web
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Image lechnologies
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Image Based Search ¢a:z8)

Based on deep learning technologies
Index 3 billion images, latency = 0.2s
10 million dally active users
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Core Technologies

e Acura

— Detection + DL features
— Personalization

» Billionaire
:> — Data compression

— Better indexing scheme

« MobileDL

— Model compression

Alibaba Group
= PEEEE
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Cross Media Retrieval
« Search images by texts

dress

Red dress

V collar short
dress

Red V collar
short dress

- 6 Define Smarter
Tomorrow.
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Applications :
- Image content extraction
 Filtering out advertisements

Define Smarter
Tomorrow.
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Face

Female
N Deep R o
Learning |
Face Landmark Face Rec.
Detection Point Property
Detection Detection

Applications
- Identity verification
 Video meta data extraction

Define Smarter

Tomorrow. 1 8
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3D Modeling

Low Cost Device High Resolution Modeling

Application
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Video lechnologies
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Core Video Technologies

AnswerPhone GetOutCar HandShake Hu chrsurl

SitDown SitUp StandUp

31 E!I==== -
Video annotation/classification = :
1% B —

N T
= Object detection, tracking, &
i recognition

1

Multi-modalities
speech, OCR, motions

ﬁ Define Smarter
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Venus: Video Analysis System

Integrate detection, tracking, recognition algorithms
Applications:
— video content understanding

— |live

Video  Structure analysis

Scene classification

4

/o
w

Relevant recommendation

Detection Tracker

Deep Learning

Products insert optimization Retrieval

3
ESE

Same/similar products

CR R o

| DL, tag feature

n.ﬁ Lfllp/l_w ::IE_“ clipN - “E n--n r—
] @\ . emias e
| Products e e

Color feature

Alibaba Group
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OCR

‘

Scanner

High Performance Computing

Camera
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Natural Language Processing
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AIINLP: An NLP Platform

« Knowledge base
— Synonyms, hypernyms, hyponyms
— Entities, relations
 Structuralize non-structural data
— Word segment
— Entity extraction

— Dependency parsing
+ Sentiment analysis
» Text classification
» Question answering, chatbot
» Machine translation

Alibaba Group
= PEEEE
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AlINLP Platform

» Key component (word segmentation):

v Our approach outperforms:

v' 1) state-of-the-art systems by 10% in E-Commerce domain;

v 2) Industrial competitors (i.e., Baidu, Tencent) by 1-2% on news data.

v Plan: 1) Outperform the best system on academia benchmark dataset

(currently 1% lower); 2) Domain adaptation model on different text genres.

IR ey A e S

v AlINLP318]

3 B 3 £3 8 €3 €3 £33

v Biflaca

v BEZNLP
v BHTHULAC ( litehR )
v IR TXLTP

Alibaba Group
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AlINLP Platform

« Key component (sentiment analysis)
v We outperform state-of-the-art systems by:
v' 5%+ In E-Commerce domain
v' 1-2% on benchmark dataset (e.g., IMDB movie reviews)
v Plan: 1) Improve aspect-based sentiment analysis and outperform the state-

of-the-art; 2) Study transfer learning to adapt to multiple domains.

BRERE , FRRES  ERABRT | PR KREET
R, EEtEE, EEW.
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AlINLP Platform

« Key component (QA):
v’ State-of-the-art QA relies heavily on handcrafted knowledge base. We
automatically extract answers from plain text by deep learning approaches
(i.e., machine reading comprehension).
v Plan: 1) Integrate linguistic (i.e., lexical and syntactic) knowledge to deep
learning models; 2) Combine NLU and user behavior models; 3) Build

personalized QA

FRERXAF—rEi89695 |, It —7uiE , RinE "I , AREEH

7, OIS REARKEREE, — R EERLA16.4 o
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AlINLP Platform

» Key component (structured content):
v Crawler + scoring + human check, build five-level taxonomy. Use active
learning to iteratively label content by tag, and associate tag to taxonomy
v Plan: 1) Build fine-grained relations between content, tag, and taxonomy,
and associate them to users; 2) Rely on unified vector representation of
user and content to build user-tag Intention Graph, and detect use’ s real-

time intention.

Taxonomy g Tag :

| | | 3R H

B %2 28 || 2% || - -
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Deep Learning
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Deep Representation Learning

» Need to train a deep learning model
for every scenario

» Two sets of data are used in training:

— Data for current business scenario,
— User behavior data across all scenarios

« Drawbacks
— High computational cost Task (CTR. CVR)
— Difficult to build appropriate models

Training Deep Model

Alibaba Group
= PIEEEE[M
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Deep Representation Learning

___________________

-

Rep. Learning

— e o o o . . o,

Task ( CTR, CVR)

Conventional
ML ( LR, GBDT )

Deep Features

Training Deep Model

Data for
current

Deep Learning

b

Business
Scenario

Data for current

Business User behavior data

across all scenarios User behavior data

across all scenarios

Scenario

(
l
!
l
l
l
l
l
l
I
l
l
l
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l
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l
l
I
l
l
l
l
!
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l
l
|

 Divide the learning task into two phases
— Representation learning

— Model learning
« Dramatically reduce the computational cost while maintaining similar

performance
O i



Goal:

Model Compression

— Reduce model size, improve computational efficiency

— Reduce the requirement of hardware, particularly important for
edge-computing

Results

— Reduce model size to 10% without affecting prediction
performance

— Improve prediction efficiency by 25 times on ARM/NEON

Input

\i B

Weights(W)

| —foolir’rgf

Convolution

* E *
.‘0 “0
* *

Fl_OSS([(W))

S.1.

min (W)

we(C={0,1,-1,2,-2,4}

Alibaba Group
= PEEEE



Alibaba Group
> EREEED

Forecasting

GaHR - TR A AT

i ix % 4inoteS

TERE, THIREIBHEFER, %...
v1061

5 Ot # 127265 A1

TR 493K

% EME 55113005 |/\&

CTR

Estimation = BELEL L
| ¢ MEBBISRAE
! v 1262
H # § 1867 AR
_ - —
Applications B0 cus S2RI00BIAE ..
Sales

Estimation = .

« Bayesian NN to capture prediction uncertainties
 Successfully applied to the single’ s day (11/11) 2016
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Optimization & Decision making
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Optimization is Everywhere

Infrastructure Network/Recourse

Optimization

Resource
scheduling

Flink

Combutind APACHE &
P sooi

e o A
‘ um ‘

process 5 text notwork P e

 foorghe patterns mining m,;as;s el

Machine Learnin 0 dgt ;]gbcee,',',ug'armmoda ’as‘?nrgo e 8rap!‘§§"‘

“approach s s

" earningreions iz

protein iteratur nform
—— mmwexpessson ,__based e

Optimization is
foundation of ML

Jll..ll
Wﬂ

/

G
Business % o] £8 S U
’79

9 . . .
E-commerce Shipping Industry Smart City Multimedia Analysis

Alibaba Group
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Assignment Prob.

Optimization Engine

Combinatorial Opt.

Route Optimization

38

Alibaba Group
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Predictive Inventory Control

 Forecasting

— click-and-mortar, driven by Al, improved efficiency
+ Decision making

— Precision marketing

— Automatic replenishment

— Dynamic pricing, promotion pricing

ON-LINESTORE |8

Alibaba Group
= PWEEEE[
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Delivery Scheduling

« Forecasting
— Order forecasting

« Decision making
— Delivery workforce scheduling
— Order merging
— Assignment
— Routing scheduling

. Define Smarter
2 Tomorrow.
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Manufacturing Scheduling

New manufacturing

— Shifting from mass production towards
personalization (high-variety low-volume, HVLV)

Challenges

— Smaller granularity , shorter response time ,
increasing complexities and scales

Scheduling in manufacturing

— bridges gaps between the high-level planning
and physical production

— Decisions : to assign tasks onto proper
resources at proper time

— Objectives : to achieve production goals, such
as throughput, lead-time, service level, etc.

— Constraints : cost policies, due dates, human
resource availabllities

Scheduling optimization: a key to the |
performance improvement in HVLV manufacturing

Customization
Economy of Scope

ass
Production
Economy of Scale

Personalization
Value Differentiation
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Predictive Maintenance

4 D
Predictive

Anomaly

Action Generator Maintenance

Detection

Predictive maintenance 1s the
intelligent health monitoring

. . 4. Prevenative Predictive Reactive
Of equlpment t() aVOId fUture Maintenance ° Maintenance [PdM]) '  Maintenance
equipment failures

Optimum

—Customized maintenance !

COSTS

—Reduced maintenance cost

—Higher system reliability

NUMBER OF FAILURES

G Dafific Sreartar = Tptal Cost w—— Prevention Cost m— Hepair Cost
’ Tomorrow.
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