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Introduction

 Knowledge base — machine-readable way to
store human knowledge.

» Usually consists of concepts, instances and
relations

all
people > places
Ma sl
actors  philosophers capitals
_________________________________________________________ 11tf1
Mel Gibson Socrates Athens

Figure 1: A tiny example of a KB



Examples




Applications

search engines such as Google and Bing use global
KBs to understand and answer user queries

So do ecommerce Web sites, such as amazon.com
and walmart.com, using product Kbs.

IPhone voice assistant Siri uses KBs to parse and
answer user queries

echonest.com builds a large KB about music, then
uses it to power a range of applications, such as
recommendation, playlisting, fingerprinting, and audio
analysis

using KBs to find domain experts in biomedicine, to
analyze social media, to search the Deep Web, and to
mine social data...



This paper

* Describe an end-to-end process on building,
maintaining and using KBs in industry

“‘how do we maintain a KB over time?”,
“how do we handle human feedback?”,
“how are schema and data matching done and used?”

“the KB will not be perfectly accurate, what kinds of
application is it good for?’,

“how big of a team do we need to build such a KB, and
what the team should do?”.

e The team:

Kosmix startup, later Walmart-Labs

- working on product search, customer targeting, social

mining, and social commerce



Preliminaries
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e a set of instances li for
each concept Ci,

Figure 1: A tiny example of a KB

- Domain-Specific KBs vs. * a set of relationships R1, . .
Global Kbs . ,Rm among the concepts

* Ontology-like KBs vs. » js-a — special relation, that
Source-Specific KBs :
Imposes a taxonomy



The main processes
» BUILDING THE KNOWLEDGE BASE

- Constructing the Taxonomy Tree from Wikipedia
- Constructing the DAG on top of Taxonomy

- Extracting Relationships from Wikipedia

- Adding Metadata

- Adding Other Data Sources

« MAINTAINING THE KNOWLEDGE BASE
- Updating the Knowledge Base

- Curating the Knowledge Base

« USING THE KNOWLEDGE BASE



The main processes
» BUILDING THE KNOWLEDGE BASE

- Constructing the Taxonomy Tree from Wikipedia
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Constructing the Taxonomy Tree
from Wikipedia

|
Artiche ’.:I'p: Read Wiew source Wiew history

Socrates '

From Wikipedia, the free encyclopedia

This article Is about the classical Greek ﬂ.?“ln'l]SDlL'lhe.': Faor other uses of Socrates, see
Socrates (disambiguation),

Socrates (d: /sokrati - 2 Greek; I pdtng,

Socrates (Euwwpdmg)

Ancient Greek pranuncial krat

Sakrdtes; ¢ 469 BC - 399 BC) was a classical
Greek Athemnan philescpher. Credited as one of
the founders of Wastern philosophy, he is an
ensgmatic figure known chiefly through the
accounts of later classical writers, especially
the writings of his students Flato and
Lenophon, and the plays of his contemporarny
Aristophanes, Many would claim thak Plato's
dialogues are the most comprehensive
accounts of Sacrates to survive from
antigquity.1

Through his portrayal in Plate's dialogues,

Socrates has become rencwned for his
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Category:Ancient Athenian philosophers

From Wikipedia, the free encyclopadia

Subeatematic Child categories

This categary has only the following subcategery.

R

Roman-ara Athenlan philosophers (9 P)
Pages in category "Ancient Athenian philosophers"
The following 6 pages are in this category, out of & total. This list may not reflect re

E

s Eulamius

H

» Hegias

Article children ;
Parent categories

Categories: Ancient Greek philosophers by origin or region | Ancient Athenians

Figure 2: Two main kinds of Wikipedia pages - article page (left) and category page (right)

 |deally: categories are concepts, articles are
instences

 |n reality: cycles, too general categories



Too general categories

Cinivkiid Name of Vertical Children | Descendants | Leaves
ontents
Products 17 58555 15404
. Health 16 229769 78351
Wikipedia Wikipedia  Glossaries Help ....  Ars&Entertainment 14 1470304 539086
administration categories InfoTypeRoot 12 76 62
(///’1\\ Sports 12 Q27208 411975
Container Categories Hidden Histary L 533387 155908
categories by parameter  categories " Adult 10 12493 3185
(_,/’7\ Religion g 273202 78537
: HomesLeisure 8 184405 52315
Categories : Cateqories
S kiR Catagories g Education 7 286684 107469
y : by topic by medium
Travel 3] 1730785 686284
i SocialSciences 3] 182453 58580
Disabsas Writing&Language 6 5404486 173952
S e Philosophy Ancient History Disney Business8 Einance £ 283424 98544
characters Hidden 5 3252 1073
‘ Technology 4 265023 78TTS
ROOT Politics & Govt. 3 285208 28269
&____’__77—--?::‘___‘* People 3 295672 130958
+++KosmixHealth KasmixSocial KosmixHistory KosmixArts& Science&Nalure 8 855792 822689
l Sciences Entertainment  vehicles&Transportation 2 253664 1ra261
i l J, .'h Food&Agriculture 2 105396 28584
'EEEISEE Ancient History  Disnaey CreatorTypeRoot 0 4 =
and disorders Philosophy
characters Local 0 4 3

Figure 4: Constructing the top levels of our taxon-
omy and the list of verticals



Cycles
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Figure 3: Cyclic references in a Wikipedia category
page

e Solution:

First build a graph
Then use a pruning:

Edmonds’ algorithm,
Tarjan implementation

Finds optimal branching
using edge weights
Weights:

« artcat, wsubcat, warticle

e CO-Occurence count

* name similarity
 manually assigned weights



The main processes
» BUILDING THE KNOWLEDGE BASE

- Constructing the Taxonomy Tree from Wikipedia
- Constructing the DAG on top of Taxonomy



Constructing the DAG on top of
Taxonomy

 Ronald Reagan — U.S. President
- American actor

* Go back to Wikipedia graph and preserve as
many relations as possible without having
cycles



The main processes
» BUILDING THE KNOWLEDGE BASE

- Constructing the Taxonomy Tree from Wikipedia
- Constructing the DAG on top of Taxonomy
- Extracting Relationships from Wikipedia
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Figure 5: Extraction of relationships from a Wikipedia page



The main processes
» BUILDING THE KNOWLEDGE BASE

- Constructing the Taxonomy Tree from Wikipedia
- Constructing the DAG on top of Taxonomy

- Extracting Relationships from Wikipedia

- Adding Metadata



Add Metadata
 Adding Synonyms

- Redirect pages: e.g. Sokrat — Socrates
* Adding Homonyms

- Disambiguation text: e.g. Socrates the philosopher,
Socrates a Brazilian football player, Socrates a
play, Socrates a movie...

 Adding Metadata per Node

- Web urls, Twitter Ids,

- Co-occurring concepts and instances,

- Wikipedia page trafic

- Frecuency of concept mentios in Wiki and social
- Web-signature, social signature



The main processes
» BUILDING THE KNOWLEDGE BASE

- Constructing the Taxonomy Tree from Wikipedia
- Constructing the DAG on top of Taxonomy

- Extracting Relationships from Wikipedia

- Adding Metadata

- Adding Other Data Sources



Adding other Data Sources

Table 1: Examples of non-Wikipedia sources that ° EXtraCt a taxonomy from a hew
we have added
Name Domain No. of instances Sou rce
Chrome Automobile 100K
Adam Health 100K ° I I
Music-Brainz Music 1™ Merge taxonorples,, us,l,ng o
City DB Cities 500K concordance ("car’ = "auto’,
Yahoo! Stocks | Stocks and companies 50K . S ”
Yahoo! Travel Travel destinations 50K Mmovie = fllm )

* Merge taxonomies

Main principles: ) .
prneip . e Extract instances and attributes
* Handle as many simple cases as

possible  Try to merge as many instances
- In difficult cases alert human expert as possoble automaticaly

» Remember and re-use all human
actions

Alert experts in other cases



The main processes
» BUILDING THE KNOWLEDGE BASE

- Constructing the Taxonomy Tree from Wikipedia

- Constructing the DAG on top of Taxonomy

- Extracting Relationships from Wikipedia

- Adding Metadata

- Adding Other Data Sources

 MAINTAINING TI

E KNOWLEDGE BASE

- Updating the Knowledge Base



Updating the Knowledge Base

* Incremental update may cause difficulties in handling
inconsistencies

 Thus, the whole KB is rebuilt from scratch

- a single machine with 256G RAM, 0.8GHz processor,
and 32 processors, takes roughly 12.5 hours to complete
the construction pipeline

* To preserve manual changes

- All human curations are saved in a form of commands in
a special language that can be rerun after update



The main processes
» BUILDING THE KNOWLEDGE BASE

- Constructing the Taxonomy Tree from Wikipedia
- Constructing the DAG on top of Taxonomy

- Extracting Relationships from Wikipedia

- Adding Metadata

- Adding Other Data Sources

« MAINTAINING THE KNOWLEDGE BASE
- Updating the Knowledge Base

- Curating the Knowledge Base



Curating the Knowledge Base

* Evaluating the quality

- random sample of paths (from root to leave)
- nodes with more than 200 childre

e Curating by writing commands

- Adding/deleting nodes and edges
- Changing edge weights

- Changing the assignment of an instance-of or an
Is-a relationship

- Recommending an ancestor to a node
— Assigning preference to a subtree in the graph



The team

« 25-30 developers.
» a core team of 4 persons was in charge of the KB
» A data analyst performed quality evaluation and curated the KB

» A developer wrote code, developed new features, added new signals on the
edges, and so on.

» A system person worked 50% of the time on crawling the data sources, and
maintaining the in-house Wikipedia mirror and the Web corpus.

* An Ul specialist worked 50% of the time on the look and feel of the various
tools.

» Ateam lead designed, supervised, and coordinated the work.



Applications
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Thanks for your attention!
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