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A New Moore’s Law in Knowledge 
Engineering – Driven by Three Major Trends 

Big Data 

Machine 
Learning Crowdsourcing 

• Systems & Infrastructure 
• Sparseness -> abundance of data 

provides enough signals for ML 
• Data-driven businesses and data 

economics 

• Sciences & Algorithms 
• Text & Data Mining 
• Natural Language 

Processing  
• Information retrieval  
• Analytics 

• Human computation 
• Human tasking 

o Incentives 
o Network effect 

Virtuous cycle  
& 

Reinforcement  



Library: organize the world’s information 

Library card index 

Query  Indexing  Documents 

• Query: book title, author name 

• Indexing: inverted indices 

• Documents: books 



The First Generation of Search Engines 

• Essentially were invented to replace library card index 

̵ A “search document” paradigm 

̵ Advantages: Fast and scalable 

 

• Search Paradigm:  
Query  Indexing  Documents  Ranking 

̵ Query: any words appearing in pages 

̵ Indexing: inverted indices 

̵ Documents: pages, images 

̵ Ranking: Classical information retrieval (IR) techniques + 
PageRank 



Search Engines Today 

• Search Paradigm (has not changed much) 
Query  Indexing  Documents  Ranking 

̵ Query: any words appearing in pages 

̵ Indexing: inverted indices 

̵ Documents: pages, images, videos, books, answers,… 

̵ Ranking: More signals (features) are used; machine 
learning; log mining; human feedbacks, etc. 

 

• Challenges and opportunities 

̵ Semantic understanding of documents and queries 

̵ Information explosion & information overload 



Different Level of Semantic Matching 

Intent 
 

Sense 
(Disambiguation) 

Conflation, Disambiguation 

Relations 

Triple relations: subject + verb + object  

<
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,
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isA, isPropertyOf, and general relations 

Phrase (Entity, Concept) Named entity recognition (NER), Phrase 
extraction 

Enable micro-level understanding of 
short text, e.g. queries, ads, sentences 

Word and Term 
ngram, Bag of words (BOW), etc.  

Often for macro-level understanding of 
document (e.g. topics) 



Organize the World’s Information   
Directly Fulfill People’s Information Need 

Query Space 

Unique queries per month – much 
smaller and finite 

Trillions of Web pages  
(and still growing rapidly) 

Indexed by search engines    

A small (and decreasing) 
percentage of Web pages 
in the index could  
appear in SERP 

How information is organized How people express their information needs 

~20% of queries (the head queries ) 
are re-occurring and constitute 
~80% of total traffic 

Query Head Tail 

Document Space 



Organize and Accumulate Knowledge 
around People’s Information Need  

Document-centric Model Query-centric Model 

Index and keywords are primary, 
queries are transient 

Queries (both on aggregate and a single user’s) 
are a first-class object  

Organize and search documents 
(crawling  indexing  documents 
 ranking) 
 

Organize and accumulate knowledge around 
queries — make queries searchable 

Index is centralized and massive 
(requires lightweight, common 
query processing for scale) 

Smaller query “footprint” allows for deeper 
mining of queries 

Document-based results in SERP Hybrid search: Document- and query-based 
models running in parallel, combined results in 
optimized SERP  



New Search Paradigm – a Hybrid Model 

Document-centric Approach 

Query-centric Approach 

Query 

SERP 

Deep Mining Optimize 
Combined 

Results 

• Hybrid Search, combine benefits of: 

• Document-centric + Query-centric 

• Cloud (shared – head/body) + Clients (personal – tail/complex)  

• Enables: 

• Deeper mining for better results (intent + knowledge) 

• New user experiences (task, app search, dialog, user control) 



Two Types of Information Need 

Noun-centric Verb-centric 

• Informational intent 
 Often about entities (people, 

places, things) 
• Wikipedia is a good example of 

knowledge manually crafted by 
human 
 Often ranked top in search result 

if there is a match 
 High precision but low coverage 

• Transactional intent 
 Rent a car 
 Book a table at restaurant 
 Buy a product 
 Check in a flight 
 Print boarding pass 
 … 

• Question: can we create 1 trillion of 
entity/knowledge pages 
 High coverage with reasonable 

precision 
 Leverage social, interactive 

mining, and crowdsourcing 
 

• Identify and define important tasks 
 Leverage developer ecosystem  

and crowdsourcing 



Building an Entity Graph 

• Nodes – Entity pages with profile information  

• Links – Relationships among entities 

• Links to other graphs (e.g. Web graph, other social 
graph such as Facebook, etc.) 



Entity Extraction, Integration, & 
Summarization 

• Different Technologies for Knowledge Acquisition 
̵ Domain-specific vs. Across-domain (general purpose) 

̵ Automatic vs. Interactive 

̵ Breadth vs. Depth vs. Density (i.e. link/relationship)  

̵ Ability to understand a question or answer a question 

 

• Sources of Knowledge 
̵ The web crawl (unstructured, semi-structured, structured data) 

̵ Wikipedia and other human crafted knowledge bases 

̵ Search query log (user interaction data, etc.) 

̵ Crowdsourcing (game, social, or Mechanical Turk, etc.) 



Entities in Academic Domain 
http://academic.research.microsoft.com  

Author Conference Journal 

http://academic.research.microsoft.com/
http://academic.research.microsoft.com/


Serious Name Disambiguation Issues  
in Automated Mining 

• Many people with popular names 

̵ For example, we have 200k+ Lei Zhang in China and 10+ 
Lei Zhang in MSFT 

• Fully automated name disambiguation impossible 

̵ Simply don’t get enough signals 

̵ Need knowledge from people to disambiguate/connect 

• Solution: add people into knowledge mining loop 

̵ Interactive mining + crowdsourcing 



Demo 

• An Interactive Wiki Editing Tool for Entity 
Graph 

• Q20 (a 20 Question Game) 

̵ Use the knowledge mined from the web to 
create a game 

̵ Connected with celebrity profile editing  

̵ Help us collect more knowledge from users 

̵ http://renlifang.msra.cn/Q20/index.aspx 
(Chinese version) 

 

 

 

http://renlifang.msra.cn/Q20/index.aspx
http://renlifang.msra.cn/Q20/index.aspx
http://renlifang.msra.cn/Q20/index.aspx


Interactive Mining + Crowdsourcing 

Model 
Learning 

 

Extraction Model 

Disambiguation Model 

Ranking Model 

Knowledge 
Mining 

 

Entity Extraction 

MRU Detection 

Human 
Interaction 

 

MRU/Question  Ranking 

Interaction Optimization 

Network Effects 

Maximum Recognition Units 

Seeds 

Documents 

Training Data 
(Seeds) 

Confirmed 
Knowledge 



Network Effect in Entity Graph Editing 



Understanding vs. Answering 

• All computing tasks, from those in a calculator to the 
Turing Test, face two tasks 

̵ Understand a question 

̵ Answer a question 

 

• A biggest challenges of computing in the 21st century 

̵ Understand questions in natural language and answer 
them by knowledge inference 

̵ Understand user’s intent and help him complete the task 



Building a Knowledge Graph 

n-gram (words) 

co-occurrences of phrases (concepts, entities) 

no semantics 

non-explicit relationships 

Knowledge Empowered Search and Applications 

Knowledge base 

isA   isPropertyOf Relations/Associations 
(concept, entities) (attributes) (isCEOof, LocatedIn, etc) 



A semantic 
network 
for “python” 

“python” 
 

 

 



Distribution of Concept Size in Knowledge Base 

• 2.7 million concepts  

 countries 

Basic watercolor techniques 

Celebrity wedding dress designers 

Probase & Needleseek Project from MSR Asia 



Conceptualization of Short Text 

a domain millions of concepts  
used in day to day communication 

search query, anchor text 
twitter, ads keywords, …  

P(concept | short text) 

Mapping a short text to a concept distribution 



Semantic Matching of Two Short Texts 

Similarity 

Instances/Attributes 
/Concepts 

Text1 Concept Vector 1: 
[(c1, score1), (c2, score2)…] 

Instances/Attributes 
/Concepts 

Text2 Concept Vector 2: 
[(c1’, score1’), (c2’, score2’)…] 

Bags of Concepts 

Parser Conceptualization 

Knowledge Base 



wedding band vs. band for wedding 

little  
semantic  
overlap 



Query Segmentation 

New York Times Square 

KB 

New York Times | Square 

New York | Times Square 

New | York | Times Square 

… … 

New York | Times Square 

12345 | 31567 (KB ID) 



Query Labeling & Intent Detection  

5-star hotels in Beijing 

KB 

Label: city 

ID: 45213 

Intent: Hotels 

Label: rating 







QA:  
The theme for this 2008 movie is "Bella's Lullaby" 

Confidence 



QA:  
Who won the first gold medal in London 2012 

Confidence 



Summary 

• Take search to a new level – semantic & 
knowledge-based search 

• Take advantage of new trends and create a 
virtuous cycle – a new “Moore’s law” in 
knowledge engineering 



Thank You! 


