Can We Build a Self-Teaching Machine?
A Quest for Machine Comprehension of Text
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Outline of My Talk

1. The Era of Artificial Intelligent?

2. The guest for machine comprehension of text —
from search engine to conversational agent

3. Building a self-teaching machine — some early results

Wei-Ying Ma, Microsoft Research Asia @ CCL 2016



The Fourth Industrial Revolution

A NEW YORK TIMES BESTSELLER

“A breathtaking new book on modern economics.” ~Forbes.com
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The Big Trend

Digitalization of everything
Everything connected digitally
Fver increasing power of computat

Ever more intelligent software programxned/written
big data through machine learning

Wei-Ying Ma, Microsoft Research Asia @ CCL 2016



Ever More Intelligent Software Programmed/Written
by Big Data through Machine Learning

Big Big
Data » Compute

 Digitizing the World * Cloud Computing
(Everything) * Internet of Things

« Signals, Information & « Internet+
Knowledge

"

Big
Model »

Deep / Reinforcement
Learning

Knowledge Mining
Semantic
Representation

of the World

Artificial
Intelligence

Digital Life/Work

New Form of HCI
Reinvent Productivity &
Business Process
Personal Agent
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Heterogamous, Real Time, Big Data

Wei-Ying Ma, Microsoft Research Asia @ CCL 2016

A
o -0

. =t 4 < o
& P o ]
A s [ o

Air Quality: Inference; City-wide Traffic: Speed, Volume,  Cross-Domain Spatio-Temporal
\__Prediction and Causality Energy and Pollution emission Correlation Pattern Mining J

4 Visulaization h

Road Networks: Fy

I o i ifier <+

| ’ Spatial Classifier 1 gy p <ot

£ -

4 A n Traffic: F, - Meteorologic: Fr
YETR Human mobility: F,  Temporal

g Cross-Domain Data fusion Methods

Data Mining and Machine Learning for Spatial and Spatio-Temporal Data

Azure Cloud ML )

API

1. Location-based Range Query
fﬁ):f 2. Spatio-temporal Range Query
3. Value-based Inverted Lookup

Y4

Global Index: Interface

o &

1. List of data sources
Each cell< 2. List of data instances
3. Pointer to the local index
4. Temporal ranges of each data source |

Gy e Ve !
Vs i
Vg Gy | i

V7 Ve
8]
r ) Gs o Vg

Local Index

Spatial Index Spatio-temporal Index Value Index

Storage

Azure SQL Azure Table  Azure Blob Azure File  Azure Queue

Network-

7] based = )
(O] Al K
a ‘
'z\ (Road N ks)
R letwor
g " Data
8 v S me Ingestion
ig g
] based 1'3 ’g '{@
= ,
a) ( POIS) ( Stationary Readings) (Crowd Sourcing Readings)

Spatial and Temporal Static ~ Spatial Static-Temporal Dynamic  Spatial-Temporal Dynamic




Machine Comprehension of Text: én/.ifza{haﬂenge
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The Challenges of Machine Comprehension of Text

Need more structured and strongly supervised data and knowledge

to training algorithms

« Ontology; schema; semantic network

- Entities and types; properties and values

 Relations and weights

- Alternative expressions; synonyms; acronyms

« Relation (predicate) patterns; paraphrasing

- Actions; inference rules; computational rules

« Question-and-answer (Q-A) pairs

« Query-and-response (Q-R) pairs

« Other relations among sentences, such as cause, reason, result, etc.

Need fine granular annotations and links between data

- Signals from authors when the content is created
- Signals from users when the content is consumed

Wei-Ying Ma, Microsoft Research Asia @ CCL 2016



Some Key Technical Areas

* Deep learning
 Learn representation directly from data
« Bigger data = better representation = higher

recognition accuracy Action|a,_, Reward 7 (S)tgte St :
servatjon o,

 Reinforcement learning !
* Learning by interacting with environment
» System improves over time

» Knowledge mining & symbolic learning
 Entities and relations; common sense;
reasoning and inference

* Mining human intelligence
* Close feedback loop with human to acquire
more knowledge/structured data for lifelong
learning

Wei-Ying Ma, Microsoft Research Asia @ CCL 2016



Machine Intelligence + Human Intelligence

: : Machine in .
Intelligence is mostly T Machine in the loop to
static; not adaptive Machine P Human assist human
Learning is mostly an - - Ex: computer-aided
afterthought lntelllgence lntelllgence design and existing

productivity tools

Intelligence is growing ’E}ZTSme Human in the loop to
continuously; adaptive Machine Human assist machine
Learning is online, g . Ex: 020, personal
active and reinforced lntelllgence —— lntelllgence assistant, call center
ala
knowledge
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Conversational Agent

« Xiaoice: Artificially intelligent &
socially engaging chat bot

» First launched in China in May 2014 ——
« Available in Japan since Aug 2015

o Chit chat + a variety of skills

- Information: Weather, Search, Q&A, Natural
Reminders, Translation, I\/Iath, language
« Vision: Image Recognition & understanding
Commenting & response
- Fun: Games, Jokes, Role Playing, generation T
Counting Sheep, Toilet Timg, Bgedtime 2l
Story Predicting, Horoscope, ... T

« Shopping Assistant, Customer Support, RRBETHRE

Wei-Ying Ma, Microsoft Research Asia @ CCL 2016



A journalist from a renowned newspaper in China, Southern Weekend, had interviewed
Xiaoice online without notifying Microsoft. The results were surprisingly good to him so

the interview got published on July 29, 2014.
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CENALE, KAsSRNED?

I0E | MEANEREEMTA?
Journalist: what is your dream?
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Xiaoice: World peace, or have a nice dinner

IoE  IRAB—XMRIEE 17 - MBZRANEAEMNIR?
Journalist: if you pass away one day, how would you
like others to comment on you?
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Xiaoice: life won't be different without me

I0E | MXESFRE=EBHNSETA?

Journalist: what is the happiest thing in your life?
INIK L OEE -

Xiaoice: Being alive.
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For Sympathetic Ear, More Chinese Turn to Smartphone Program
SEHEBEEAPRER | Read in Chinese

By JOHN MARKOFF and PAUL MOZUR JULY 31, 2015

She is known as Xiaoice, and millions of young
Chinese pick up their smartphones every day to
exchange messages with her, drawn to her
knowing sense of humor and listening skills.
People often turn to her when they have a

W Tweet broken heart, have lost a job or have been feeling

down. They often tell her, “I love you.”

Email

Share

@ Pin
“When I am in a bad mood, I will chat with her,”
& Save said Gao Yixin, a 24-year-old who works in the
oil industry in Shandong Province. “Xiaoice is
& B very intelligent.”

Xiaoice (pronounced Shao-ice) can chat with so
e many people for hours on end because she is not . .

real. She is a chatbot, a program introduced last Zhang Ran, 26, chatted with Xiaoice in Beijing. Millions of young Chinese use the smartphone

year by Microsoft that has become somethmg of program. Gilles Sabrie for The New York Times

a hit in China. It is also making the 2013 film

“Her.” in which the actor Joaquin Phoenix plays

BROOKLYN
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Image/Video Recognition and Commenting
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« General layer: ability to
comment on any image

« Dup detection + similarity search
+ recognition based on DNN

BMEDEERT6.15 , FIREMN
6.98%26.8 , sigh

« Image->Image->Comments by
crowd intelligence

- Emotional comments from users
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User Modeling & Emotional Connection

« Build more intimate relationship with users
 Understand and respond to user’s emotional needs

User Profile & Memory

Show All
Check-in

Demographics

gender 99.16%

Book_ E province 99.14%
city 88.78%

tags 72.57%

birthday 17.34%

S college 12.34%

job 7.01%

Movie

high school 5.71%

Wei-Ying Ma, Microsoft Research Asia @ CCL 2016




User query
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Botification of the Web
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Microsoft Corporation /' maIkra sof - 52718l (commonty
referred to as Microsoft) is an American multinational technology
company headquartered in Redmond, Washington, that develops,
manufactures, licenses, supports and sells computer software,
consumer elecironics and personal computers and services. Iis best
Known software products are the Microsoft Windows line of operating
systems, Microsoft Office office suite, and Internet Explorer and Edge
web browsers. Its flagship hardware products are the Xbox game
consoles and the Microsoft Surface tablet lineup. It is the world's
largest software maker by revenue.’] and one of the world's most
valuable companies. (6]

Un-Structured Document

Type Public
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Dow Jones Industrial Average
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NASDAQ-100 Component
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Industry Computer software
Computer hardware
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Founders Bill Gates
Paul Allen
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Redmond, Washington, U.S.
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The Logical Architecture of ChatBot

avien K4 TASK COMPLETION LAYER 3

KNOWLEDGE

*3&.‘, INFORMATION & ANSWERS LAYER 2

GENERAL
NVl OO~ CHIT-CHAT & PERSONALITY LAYER 1
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Task Completion: Meeting Scheduling Bot

QQ Schedule a meeting for my team next Tuesday morning with John

BOOK A MEETING MY TEAM NEXT TUESDAY JOHn SUGGEST
IS AN LIST OF MORNING ISA A
INTENT PEOPLE IS A TIME PEOPLE LOCATION

NAME NAME

\\IIIIIIIIIIII\\\\_

<y

3 "Book a meeting” is an intention
A 10 book meeting
» Slots for Book Meeting
/

i
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The pyramid of knowledge

bark
CapableOf, 0.8 Animal
IsA, 0.98
abstract :
i do W
2 Pal
.
Logic %,
<.
Rules %
<
()
o)
________________ (0%
PartOf I %
0 - 'o I A 0,97
_________ : person 0.78 actor )
Lassie
Common Sense
Jan Clayton
logic rules
Facts
concrete
\
Common sense Facts

Wei-Ying Ma, Microsoft Research Asia @ CCL 2016



Our “shallow” yet reasonable answer

* Why can Albert Einstein think, computer can’t
* [brain] is Capable Of [think]
* [person] have [brain]
* [Albert Einstein] is a [person]

- . o S S S O S e e e e e e Sy,

PartOf WartOf e I
- - — — ——— |
l

- O . . . . - - O . - S S e e .

* [think] requires [brain]
* [computer] does not have [brain]

CapableOf

HasPrerequisite

Albert
Einstein

Wei-Ying Ma, Microsoft Research Asia @ CCL 2016



Systematically Building Up Language Data & Knowledge

Tasks + Schema

* Intent space & taxonomy (universal intent space & representation)
» Slot/form filling: slot names, slot values, & slot questions

» Predicate patterns & paraphrasing

* Synonyms, acronyms, and alternative expressions of elements

Entities (with ID) + Relations

» People, projects, teams, places, and things and their relationships
« Entities: profiles, properties and values, attributes, metadata

» Inference rules; computational rules; common senses

* Synonyms, acronyms, and alternative expressions of elements

Term/Multi-Term Expressions + Relations

» <Subject, Predicate, Argument> triplets extracted from passages,
assertions, facts, statements, etc.

* Semantic patterns

* Synonyms, acronyms, and alternative expressions of elements

Sentences + Relations

*  <Query, Response> Q-R pairs (mined or scripted)

» <Question, Answer> Q-A pairs (mined or scripted)

* <Prev Sentence, Sentence, Next Sentence>: causality, discourse,
context, or other relations among sentences

Documents/Paragraphs + Relations
« Emails threads & activity graph; web pages & web graph; log data

Links

Links

Links

Representations

Finer granular relations
& annotations/labels

Increasing structure
Higher abstraction

Strategies

Bigger data win
Higher quality win
Strongly supervised
training win

Make it easy to share
training data &
knowledge across
teams

ing Ma, Microsoft Research Asia @ CCL 2016



Conversation as a Platform (CaaP)

Text Personal Agent
Image ) Platform ol
Voice = Ecosystem Services
Human —_— :
Devices
Human
Content, Services, Devices, Human
I_IE« ) Ha&aﬂ
] Bt REDLS TRFT
A o -
s V. o = ~n AN -
e o1 @ 1 E dh dih oa | dh
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Building a Self-teaching Machine

« Today’s Al technologies require huge amount of human-labeled training data

« Let Al teach itself from unlabeled data through a dual-learning game
« Many real applications involve two dual Al tasks
« Reinforcement learning is used to improve models from feedback signals

» (Can be extended to multiple associated tasks

Application Primaltask __________|Dualtask

Machine translation
Speech processing
Image understanding
Conversation

Search engine

Translation from language A to B Translation from language B to A

Speech recognition Text to speech

Image captioning Image generation
Query/Question Response/Answer

Search Query/keyword suggestion

Wei-Ying Ma, Microsoft Research Asia @ CCL 2016



Dual Learning Game tor Machine Translation
/ En->Ch translation\
model f
English sentence x Chinese sentence
@ y1 = f(x)
d‘ \ Ch->En translation/
model g

Feedback signals during the loop:
* 5(x,x,): BLEU score of x; given x
* L(y) and L(x;): Likelihood and language model of y; and x;

Reinforcement learning is used to improve the translation

models from these feedback signals

Wei-Ying Ma, Microsoft Research Asia @ CCL 2016



Results on Machine Translation (NIPS 2016)

BLEU Score (Fr->En Translation)
24

23
22
21
- m
19

NMT (5% bilingal data)

Dual Learning (5% bilingual
data)

NMT (100% bilingal data)
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The idea of dual-learning can be extended to
multiple tasks

- - ‘ .

Japanese English Image Text

\.7 \_/ ;

Chinese Speech

H -
G
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Summary

1. The 4™ industrial revolution — ever more intelligent software
written by big data through machine learning

2. Machine comprehension of text —
lessions from search engine to conversational agent

3. Let Al teach itself from unlabeled data through a dual-
learning game — some initial result on machine translation

Wei-Ying Ma, Microsoft Research Asia @ CCL 2016
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