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Advancing Web Search with New
Capabilities from Knowledge Mining,
Deep Learning, and Crowdsourcing
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Search Engine

Query =2 Indexing = Documents = Ranking

Top Results A

Divide & Conquer

Complex Features
Re-ranking

Rich Features
Forward Index

Simple Features
Inverted Index

The Web




New Capabilities

* Deep learning (bottom-up)
- Learn representation (feature) from data
- Big data + Big infrastructure -> Big model + Big learning

* Knowledge mining (top-down)
- Entities and relations, alterative expressions, etc.
- Inference and reasoning

e Crowdsourcing (human computation in the loop)
- Assist automatic algorithm to achieve higher accuracy

- Treat human computer interaction as new way to collect
more signals and labelled data for supervised learning



A “Moore’s Law” Phenomenon
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Understand Document and Query
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Symbolic
* Knowledge graph

* Inference & Reasoning

e Micro-level understanding
(e.g. query, short text
understanding)

Sense
(Disambiguation)

Phrase & Multi-Word Statistical
Expression * Semantic embedding

e Prediction & slot filling

* Macro-level understanding
(e.g. language, topic
modeling)

Word




Knowledge Mining

Goal: Understand & serve the world through knowledge
discovery and data mining

Data in the world

By LIZ RAFTERY
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Fren :h First La z Carla Bruni—Sarky gave bithtoa
hter — her first child with Frenc Presids
y —on Wednesdas, Le Figaro reports.

‘ y, 43, who confirmed her pregnancy in
uly, delivered around 8 p.m. at the Clinique de la
Muette after arriving earlier in the day.

The baby girl, whose name is unknown, is the first
child born to a ruling French leader since Napoleon.

Prior to giving birth, the singer/actress said she will not
be releasing photos of the baby, insisting that the
French people would not be interested in them

anyway.

¥ Keep up with your favorite celebs in the pages of
Nicolas and Carla Bruni-Sarkozy PEOPLE Magazine by subscribing now.
PASCAL LE SEGRETAINJAIDES & LINK/GETTY

Carla Bruni-Sarkofly: France Is Not
Interested in My Baby

i PEOPLE MAGAZINE »
: ubscribe for instant access to PEOPLE
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Knowledge Serving and the “Brain” in the Cloud

Machine
Learning

Apps & Services
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Word Embedding

Original Word Space

Statistics
Product \jicrosoft .
Retrieval

Search 0S Music

Data Machine Mining

Information Learning

Meeting

No meaningful relationship in
original word space

Embedding Space
OS
Learning
Search
Mining
Retrieval

\ 4

Closer if semantically correlated in

embedding space



Deep Learning for Word Embedding

( Q Q Q )  Training samples

Loss function

4. Objective L(f(2),y)

B — Network structure
Parameter update

Dimension Reduction

Representation Handling new words

2. Representation

1. Data

Raw Data Information used




Important Applications

Query understanding
Document understanding
Information Extraction
Question answering
Machine translation
Multimedia search

Social media analytics
Urban informatics



Summary

e Capabilities improved dramatically
- Knowledge mining (top-down)
- Deep learning (bottom-up)
- Crowdsourcing (human computation in the loop)

e Take advantage of the new “Moore’s law”
phenomenon

e Opportunities to advance search & NLP technologies



