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Stages of Data Integration

O Four stages in data integration : Data models unification;
Schema mapping; Entity resolution including entity matching;
Data fusion

O Problems : semantic preserving mappings of the
heterogeneous data models; semantics of the sources: (e.g.,
conflicts @ naming, representation, identity (representing the
same real world entity), €é); wevolu
schemas; automatic schema mapping (ontology based);
oviding completeness, conciseness (uniqueness of entity
epresentations), correctness of t

Schema mapping approaches : GAV, LAV, GLAV (GAYV is not
scalable for large applications, LAV scales better)

O

Virtual vs Materialized Integration

O

In the course we follow the ETL integration flow for the
materialized data integration in the Hadoop infrastructure

(though usually the methods and algorithms considered are
reusable also for the general case including virtual (mediation
based ) integration )




Materialized vs Virtual Data
Integration
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Business
Applications

Traditional ETL

CRM
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Why we need structure?

O Big Data are unstructured (80% of all data)

O Most social -web data are unstructured
O Email
O Instant messages
Tweets
O Blogs
O Forums

O Business analytics oriented on structured data

O OLAP
O Data mining

O If we want to use unstructured data, we need to
structure it



Database Integration

O Information integration started with database
Integration, which has been studied in the database
community since the early 1980s.

O Fundamental problem :schema matching , which takes
two (or more) database schemas to produce a
apping between elements (tables or attributes ) of the
wo (or more) schemas that correspond semantically to
each other.

O Objective : merge the schemas into a single global
schema.



What 1 s o0IBntge draat

O Big data integration = Big data + data integration

O Data integration: easy access to multiple data sources

~

O Virtual: mediated schema, query redirection, link + fuse answers

O Warehouse : materialized data, easy querying, consistency
issues

OBig data in the context of dat
O Size: large volume of sources, changing at high  velocity

O Complexity: huge variety of sources, of questionable  veracity



Why Do We Need O0E
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O Building web -scale knowledge bases

Base

MSR knowledge base
A Little Knowledge Goes a Long  Way.

Google knowledge graph *

r~ Freebase ya G D

elect knowledge

Music /music 24M  161M
Media /media_common ™ 23M
Books /book 6M 3™

People /people M  13M
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Why Do We Ne
ntegr at n"?

O Reasoning over linked data

Meda
" GeogI0n<
Putscations

User gererated Comtant
Governrmars
Crovs-doman

Life sciences

As of Sectemter 201 @D @




Why Do We Need O0E
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O Geo -spatial data fusion

Incident Data

SARS
*»%
Satellite Analytic
Imagery Models

Critical
Infrastructure

http:// axiomamuse.wordpress.com /2011/04/18/




Conceptual
Modeling




General Idea

O The problem:

O The conceptual part of the definition of ETL
process in the early stages of a DW project

O The key idea:

O The of the attributes and tables of
the data sources to the  attributes and tables
of DW




Extract -Transform-Load (ETL)

/ /
Extract ] ] Transform/ Load :]
) //’,/v/' & Clean / /
- 7 -T'-\ / /
/ / /
74 / /
) ) ’ ’
-w - / [:_] /
/ /
g 7 /
Y S t rf N, /
\ / / /
\ \ \ I 0y /
\ \ \ / N G A A /
\ \ \ / r 0,0, / /
\ \ \ / I 7 s / / |
Vo \ \ / i, 7 / / |
\ \ \ / v, 4 /
Vol \ I J/ / /
\ \ \ \ // / l/ / / /
\

/
/
iurces’ Datastaglngarea(DSA)/ DW




Conceptual Modeling
Motivation

O Practical necessity
O e.g., 80% of the development time in a DW project

O In-house development, ad  -hoc solutions

O Lack of related work

~

The front end of the DW has monopolized the research
on the conceptual part of DW modeling

Thus, the design, development and deployment
of ETL processes, needs modeling, design and
methodological foundations




Conceptual Model

O Entities of our model:
O Concepts
O Attributes
O Part-of Relationships

O Transformations

O Serial Composition of Transformations
O Provider Relationships

O Notes

O ETL Constraints

O Candidate Relationships




Conceptual Model

O Concepts

O a name, finite set of attributes

O represent an entity in the source
database or in the DW

O Attributes

O same role as in ER/dimensional models

O a granular module of information

concept
< attribute ) &




Conceptual Model

Necessary providers:
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Instantiation & Specialization
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BigData
Introduction
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Bigdata e a3 929 adoayo:-

TepMmuH «bonblwimne gaHHble» («Big Datar) seén Knuddopa JTnHy,
pepakTop XypHana Nature, koTopbit 3 ceHTabpa 2008 roga BbinycTUN
cneynanbHbIl HOMep XypHarna, NocBALWEHHbIN TeMe: «Kak moaym
nosnusme Ha 6ydyuw,ee HayKu mexHosroauu, omkpblsaroujue 03MOXHOCMU
pabomsi ¢ 6onbwumu o6béEMamu OaHHbIX?»

JTO npuBIeKsio BHUMaHUe
— K POCTY 0OBLEMOB U MHOF006p83Mﬂ AaHHbIX, B TOM YACNE, HECTPYKTYPUPOBAHHbIX
— K OrpOMHbBIM BO3MOXXHOCTAM UCTOJSIb30BaHUA HAKOMJIEHHbIX OaHHbIX

TepMmuH Bbin NpeanoXeH No aHanorum ¢ TepMuHamun «bosbwas Hegbmey,
«bonbwas pyda
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What Makes it Big Data?
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Korga noseunach big data?
TexHonorun Apache Hadoop - +/-7 ner.

Hadoop — open source akocucTeMa BOKpyr 6onbLumnx
OaHHbIX.

[Toka 3TN TEXHOMOrNU CHUTAKOTCA HE3pEenbIMH,
HaxXo4AWMMUCA Ha HadanbHOW cTaanu
NPOHUKHOBEHUSA B BU3Hec-cpeny.

Hadoop nossongaeT counbTpoBaTh, COPTUPOBATL U
XpaHUTb AaHHble, a Takke obpabaTbiBaTb OrpOMHbIE
NX o6beMbl (HECTPYKTYPUPOBAHHbIE)

Hadoop BHeapeHa B Bank of America, Merrill Lynch
(OcHosHbIe nonb3osamernu mexHonoaul Big Data -
UHBeCMUUUOHHbIe baHKU)
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Big Data Analysis Example:
Product arrangement

O How does location tracking work?

O Recognize the dead zone

Input Output

RFID Tag

Personal
tracking

SOURCE: Press and literature search
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Shared Nothing Architecture

O MapReduce
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Hadoop

O TErlamEm overview

Compute Cluster
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Map -Reduce
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Entity View of the World

= Data is prevalent

— Business Data:

« Company filings to regulatory bodies
= Security market (e.g., stock, fund, option) trading data
- News articles, analyst reports, ...

— Government Data:

- US federal government spending data, earmarks data
» Congress data (voting, members, ...)

= Users and applications prefer an entity view of the
underlying data

— Entities (Companies, People, Securities, ...)
— Relationships (Employment, Investment, Ownership, ...)
— Events (Mergers, Acquisitions, Bankruptcy, Appointment, ...)

\\




Why do we need entity integration ?

= A significant portion of business data is in unstructured format

= Financial service firms use manual methods to analyze regulatory files,
news articles etc.

— Error-prone, cost ineffective, not scalable

Errors made while manually converting corporate actions information into electronic format annually cost financial senvices firms
from $400 million to $900 million a year, according to UK. consulting firm Oxera.

However, a company’s responsibility ends once it releases its announcement and makes any required filings. “The issuer is
obviously concerned if there is an error in the redistribution of that information, but the factis, any redistribution is notthe issuer's
responsibility,” Morgan said, adding that company press releases are not regulated so companies won't be required to put them

in XBRL.

= Users have to “search” data sources to obtain answers

— Hard to answer questions that need to

+ combine facts from multiple places of the same data source or multiple data
sources, or

+ aggregate all data with certain properties
— For each question asked, manual post-processing of related facts is needed

\\



Sample questions posed over the entity view

Questions posed over Business Data

= Which public companies currently share one or more board member?

= Which high-level federal government officials moved between federal government
and industry recently?

= How has Berkshire Hathaway’s investment profile changed recently?
= How has bank lending to small businesses changed over time?

= Which companies do business together a lot (e.g., banks making joint loans to
other large institutions) ?

Questions posed over Government Data

= What is spending by each government department for each geographic region ?

= How many (or total value) earmarks in 2009 were solely sponsored by Republican
(or Democrat) congress members ?

= Who are the Top k congress members with the most number of earmarks tied to
the Department of Defense ?

\\




Business Data is exchanged frequently in unstructured format

Simpgle Events Issuer [ Offeror

Complex Events ] Complex Events I
r Al Events 1 Lagd Cowndel,
L ey pmnﬂ;
TR R ey
: Information;

Court
- All Events Iniemmtion Complex Events
Stock Exchange W — v ] Legat Countal
7 Press Materlal | |t
Seock Exch. |.* > Release Release '
Muoc: e
0817 ﬁim {opt.} o :H...u,,_ Elow Details
-—| SEC [EDGAII] . m*“: mrnm-;lm
“!I':l-llb * Tender EI‘:“::‘T::T
"= ﬂﬂllﬂlﬁll I c::::}‘mwn‘:;:n;"?mkmm
| - Boward of Directors and Shareholders
Unstructured data KEY [ smplets —u‘—ml] e e
- Directars Approval
(text/html/paper formats) ;';:,,,m s s e o S
A Clement Formatied Custodian / Simple Events = Distributions
are predominant P\xcwm. L’“ Comple Brats = Caphl Changes

Primarily Paper or Institutional T Retail
Textual defivery Investor Investor
(including formms)

# #008 OTCC Corporate Actions: Improving lssuer-investor Communication DTCC Mon Confidentlal
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Complications in understanding multiple “related” facts

Oracle Corp. (ORCL) Om Aug 13: 22,66 # 02 (12w

9 TRADE D [0 AMERFTRADE

= 8 PREE.

En—.g. Insider Transactions Cet Bnmidur Tranaections fic : (o)

== — ——

;‘—’“ 2”5: . Purchase numbers and number of transactions differ
maw o e across aggregate report and individual transactions list
e fo:;m " rsrmsiensl Seares ey 1-‘»!\

;.n:m_:l:L:"ﬂ':": — M.::.'I'-Iml

Bzmesech Szoecds
Augd 2010 EP_ABMMICHAE E 33 Direst | Asquisiies Rion Open Mares) s

Sar el Srew £24.49 par share

Ownarship Aug 4, 2010 EOWLER JOEN F 5X Direst AsvuisiSon (Non Open Markef) a2

Majee Holders =i 2l 45 per shans

B inmicr Tramasmons ol 30, 200 SPLAN MICHAEL E 455 Direct Disposiion (Non Open Maree) @8 511018

I~wdsr Sawsr Sffeer EZ3 &4 per share

Lt e S F. 20 ﬁ:;-ﬁ.'}ﬂ; 3B Dres :-umhl:m;unm’h:‘mma: B0 00T t t . . . - -
e Skt G » Aggregate D d individual t t list
e N . s T regate Data and individual transactions lis
P e §24.57 pey share.

Jull 38, 2090 ROTTLER JUERGEN 250,000 Direst  Opmion Ewercise s S20.TI per | B54
a = share

provided by different data providersl!!

Bl s— M) Sn) Possible semantic differences on what is a
CUTTEEER T TwERRT/[ M purchase across the data providers

— v e emem e wo | | © UNderstanding multiple facts can be complicated
e e aemmemas s | €VEN ON @ single document !l

[ ]
- [ ]
™
n
D=tz providaed by EDEAR Onling
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The Value of Entity Integration

SEC Data

Integrated
@ Eity Data ?

. FDIC Data

= \\Veb
Data

~ Private
Data

= Obtain an entity view of the world

= Entities, relationships and events are represented as structured objects

= Can answer complex questions over the Integrated Entity Data:

— Which public companies currently share one or more board member?

— Which high-level federal government officials moved between federal government and
industry recently?

— How has Berkshire Hathaway’s investment profile changed recently?

\\




Example: Government and Corporate Positions

Questions we can answer by extracting the
employment history of key financial officers:

= What are the (past) government positions
held by directors of different companies?

= What is the employment history of key
government officers?

= How significant is the interlock between
companies receiving TARP funding and
government officers?

Citigroup’s Proxy Statement filed on April 22 2008

Technical Challenges:

= Extraction of current/past positions from biographies
and appointment/resignation of special officers

= Fusion of employment history,

Entity resolution of person and companies mentioned
in the biographies (and other locations)

= Selection of government positions from the

employment records

Examples:

| Bobert E. Rubin | Chairman of the Executive Committee
] Citigroup Inc.

Chairman of the Executive Committes, Citigroup Inc. — 15999 to present
. " : e — Mot

= Robert E. Rubin: Former Secretary of
the Treasury and Former officer in
both Citigroup and Goldman Sachs.

aTata]

M= AHA=

A 2 n

*+ Secretary of the Treasury of the United States — 1995 to 1999
* Assistant to the President for Economic Policy — 1993 to 1995

Arthur Levitt: Former Chairman of the

SEC and officer in AlG.

* Co-Semior Partner and Co-Chaimman, Goldman, Sachs & Co. — 1990 to 1992
+ Vice-Chaiman and Co-Cluef Operatmng Officer — 1987 to 1550
* Management Committee — 1980

* General Partner— 1971
« Jomed Goldman, Sachs & Co. — 1966

&

AlG’s Proxy Statement filed on April 05 2006

In July 2005 Arthur Lavitt, a former Chairman of the Securities and Exchange Commission)was
named a special adwsor to the Board of Directors and the Committee. Mr. Levitt has worked closely with
the Committee advising on corporate govemance initiatives and possible independent director nominaas.

\ \



How to Bridge the Gap?
Multiple Raw Unstructured Datasets = Consolidated Entities?

Core Technology Requirements for Understanding Unstructured Data

= Information Extraction

— Information is present in multiple formats (e.qg., Text, XML, HTML)
— Extract entities, events, relationships from unstructured documents
— Unstructured data - Structured data

= Entity Integration

— Resolving mentions to same real-world entity across filings
— Normalize and cleanse extracted values

— Aggregate related facts extracted from multiple filings

= Scalable Architecture

\\

— Millions of documents of varying size and format

— New documents arrive daily




Midas Architecture: A Detailed View

_ . Applications
Core Extraction & Integration Technology: Platform:

-

= Developed aver 5 years in IBM Research = Integrate core technology with Hadoop O !
L= ! :

= Deployed and validated in multiple IBM products = Drive large volume of data through extract and : P .
integrate stages i Analytic + ;

= Refresh incrementally and continuously : A Search Ul i

: : i

] 1 Z .

-IlIIIIIIIIIIIIIIIIIIIIIIIIlllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIlllll‘ E - :
: Cognos :

Domain-Specific : Reports -t
Healthcare | Finance Telecom Government Insurance | . - :

LY N

Applications

E

Local Global Temporal
—p |—b Map/Fuse [—» Analyze

Resolve Resolve
Crawl |-b Extract
Midas Local Global |—bMapﬁFuse |, Temporal

Extraction & Integration Flow Analyze

Resolve Resolve

Analytic
DB

;IIIIIIIIIIIIIII ENNEEEENEEEE

Nutch Jagl + SystemT DB Export

Platform

Hadoop (Map/Reduce)

L

Distributed File System
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Use case : Midas Financial Insight

Entity Integration Over Financial Data

Other Data
News I ¢ Extraction and cleansing of financial data and linking

. . . NEWS information across multiple sources
Financial Information . . . . .
| s * Uncovering non-obvious relationships between organizations
Providers A . i . . .
|\% + Computation of key financial metrics using data extracted
online

Internet — blogs; from multiple sources of public data

discussions, boards

Public Data FDIC Call Data
[ Records

Midas
Financial
Insight

SEC Filings

OTS Thntt
Financial Records

¢ Loan officers
e Credit Committees
¢ Regulatory analyst

Controlled * Analyst for financial data services
Data ¢ Investment Banker
Specific data ¢ Individual investor

requests between
transaction parties

\\




 Information Extraction

Local Global Temporal
Resolve Resolve | Map/Fuse = Analyze

. Crawl Extract
Midas Local Global _» Map/Fuse | Temporal
Resolve Resolve Analyze

Extraction & Integration Flow
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Example: Extraction of loan information data

Extract and cleanse information from headers, tables main content and signatures

Lenders:
S800,000,000 CITIBANK, N.A_, as Agent and
CREDIT AGREEMENT individually as Lender
(364-DAY COMMITMENT) LENDERS' COMAITMENTS , -
i
dated as of June 12, 2009 The Charles Schwab Comporation S800,000,000 Cradis A greement (364 Day Commitment) dated as of Tune 13, ' By:  Maureen P. Maroney
T 2003 ; Name: Maureen P. Maroney
1 Among P - Vice Pr
.I Lender Commirment Amount ’ 1'l|e vice ESIdenl
THE CHARLES SCHWAB CORPORATION 1. Citbank A L. H 20.000.000 N s e e .
T 2. IPMorsan Chase Benlk N4 s 90.000.000 / JPMORGAN CHASE BANK, N.AL
1 and . 3. Benk of America, NA. o005 80000000 s . ]
' - £ PNC Bank, National Associstion L 3 20,000.000 ‘ L :
CITIBANK, N.A. R 3. Wells Farzo Bank Netionel Association 5. 3 £0.000.000 S B_‘_-’. f.l a.lher.me Grossman
Admini ire A “~ 5. Credit Suisse, Cayman Islands Branch 5. 5 80,000,000 v Name: Catherine Grossman
as Administrative Agent 1 . . 7. TheBank of New Yotk Mellon T3 60,000,000 PN Title: Vice President
‘, a ~e hes 8. Calvon MNew Yotk Branch B 5 60000000 Y ~
1 an e AN 3. State Street Bank and Trust Company 3. S S0, 000,000 N S § _
' RO S~ 10. UBS Loan Finance LLC 0 s 60000000 7 ) ;| BANK OF AMERICA, N.A,
THE OTHER FINANCL4L INSTITUTIONS PARTY HERETO- | *u_ 1L ComesicaBank 1. 3 30.000.000 | 7
~ - . Ly -
L .. ~ 12. Lloyds T5B Bank plc 2. s ;u.nuo.uuu: A, By, Garfield Johnson
" - i
H b S Total 5 800.000.000 ’,." . Name: Garfield Johnson
a . - - -
\ e Ss . ’ »'Title: Sendor Vice President
~. . n + ¢ *
- - ’

1
)
i
[]
v
1
]
]
1
]
1
1
]

;
~ 4. Charles Schwab Curp?ral.iun ! Borrower I‘-n.
~ i ’ kY
. ," K 4 .
i 7 7 7 ™
1 Citibank, M._A. J' ’r . Administrative Agent ‘l
7 7

1 Citibank, N.A. P ,-' P Lender $080,000,000

Cradit Agreement + Jume 12, 2009 $200,000,000 s ..-'
T
1 JPMorgan Chase Bank, N.A’,' Lender 00,000,000
1 Bank of America, N.A. "’ Lender $80,000,000
Loan Information

Notes: Documents filed by Charles Schwab Corporation On Aug 6, 2009 Loan Company Information




Example: Extraction of person information across documents

Do these filings refer to the same person ? ' Who Is James Dimon? I .
R , ommittee

= variability in the person’s name e ' : \ :
SOV S "~ position / , \ membership
5 ! ! - \
ack or a Key laentrier F ; hlstory \
= supporting attributes vary depending on the context (form type) ! , 2
' q"’?""ﬂ” C I3
= e i 1 & C:W"’:l’:’:! :
Sincerely, L ! Management & \  Pudic Risk
Director >y ' Audit 1 Development  Nominating . Responsibility Policy
Crandall C, Bodes / Member %
Stephen B Burke ! 1 Member Member
/ _.=-David M. Cote ;] ; .\fgba Member
W‘* N o P James S. Crown K; ! M3nber Charr
P . j o T
> Y Foer i ; N 3 L
James Dimon - p 74 -y d.v” ' -
. : x e ' LOCK aWari on awari =
Chairman and Chief Executive Of . = o J\_ ”
! ’::‘-r;’o:f: securities Exercise Grant date
Approval 5 ( , ) underlying price Jair
Name Grantdate  dgle units (%) «__options (%) (SSh)  value (§)
[ James Dimon 1222008  1/1372008 364,?48 $14,500,000
17227200851 7000; 3 ; ’
Michael J. Cavanagh ) 1/22/2008 1’:'15 2008 9«?',151 3. 30 000
1/22/2008 }/15/2008 4 300,000 39.850 2,980,200
1/30/2008 ,; N/A ! 5427 47.835 360,577
1/30/2008 N/A . 10,625 47.835 91,821
Frank J. Bisignano 1722/2008 |/ 1/15/2008 194151 3,750,000
1/22/2008 , 1/15/2008 ' 300,000 39830 2980200

and Chief Operating Officer since JPMorgan Chase’s metger mth Bank One Corporation in .Tul\ 2004. At Bank One he had been Chamnan and Chaef Executive Officer
since March 2000. Mr. Dimon is a graduate of Tufts University and received an MBA from Harvard Business School. He is a director of The College Fund UNCF and
serves on the Board of Directors of The Federal Reserve Bank of New York, The National Center on Addiction and Substance Abuse, Harvard Business School and

(Catalyst. He is on the Board of Trustees of New Yotk University School of Medicine.
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= Entity Integration

Global Temporal
Resolve > Map/Fuse [=» Analyze
] Crawl |—u Extract
Midas Slobal "Ly Map/Fuse f—» TEMPOral
Extraction & Integration Flow yz
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Resolving Person Names: An Example

1. Build an authoritative list of insider names for each List of insiders for Bank of America
company based on insider filings & Merrill Lynch

2. Compare extracted name references from other
filings to entries in the list and merge data to the BANKS, KEITH T.
closest match. BRAMBLE, FRANK P. SR.

COLBERT VIRGID
GIFFORD, CHARLES K.
HAMMONDS, BRUCE L.

Name ard age businasa sxperanca and difectorships HANCE, JAMES H. JR.
" John A. Thain | Chairman of the Board and Chief Executive Officer of Merrill Lynch & Co.. LEWIS, KENNETH D.

Director since December 2007 MONTAG THOMAS K

, .

Chairman of the Board and Chief Executive Officer of Memill Lynch & Co
’ MOYNIHAN, BRIAN T.
Chief Executive Officer of NYSE Euronext. Inc.. and iis predecessars, whi

itizs exchanges and offers financial products and services, from 200- PRUEH ER, JOSEPH W.
President (frotm=839 to 2004): Chief Operating Officer (from 2003 to 2004) ROSSOTTL CHARLES O.

[from 1999 to 2003) o Goldman 3achs Group, Inc., a financizal senice

ackRock. Inc SARLES: H JAY
~_ SLOAN, O. TEMPLE JR.

Upon completion of the merger, the board of directors of Bank of America will consist of those directors serving M TILLMAN: ROBERT L

completion of the merger and three directors to be mutally agreed upon bx. Bank of -\menca and Memill Lynch from amons the pe
dirzctors of Memll Lynch immediately prior Pated that upon completion of the m THAIN J JOHN A.
33 obal Banking, Securties and Wealth Management for the combined company. Itis also anticipa

Dthar Public Company Directorshi

( \ir. Thain

However, not all real-world cases are as simple...

\\




Entity Resolution: Context Is Important

Kansas City Life Insurance Proxy Statement (DEF 14A)

CEQ M Bﬁb} is Vice Chairman of the Board. He was elected Assistant Vice President
Boa of the Company in 1985; Vice President, Marketing in 1990; Vice President
Bixlf Marketing Operations in 1992 and President of Old Amencan. a subsidiary. in
Am| 1996. Mr. Bixby is the brother cf R Ph:.lrp me‘i, and the cousin of\an-:«, thb‘,

H‘L A

w- s T Ditector of the Company since 1996.

i erd=0n 1s an investor, and 1s the cousin of R. Philip Bixby and Walter E. Bxby. | |
She also serves as a Director of Sunset Life and Old Amerncan, subsidianes.

Fm

List of insiders for Kansas Life
Insurance

BIXBY, R. PHILIP

BIXBY, WALTER E.
BLESSING, WILLIAM BIXBY
BRAUDE, MICHAEL
COZAD, JOHN C.
HUDSON, NANCY BIXBY
KNAPP, TRACY W.
COZAD, JOHN C.

How do we match the partial names with the corresponding correct directors ?

= We need to use additional attributes like position, gender and time period

= We capture these “matching” semantics as “rules”. For example,

“IF the names partially match AND the dates of the position match,

THEN link the extracted data to the known director.”

\\



Mapping, Temporal Analysis and Fusion : Creating Person Entities

Sample data records for John Thain extracted from various sources

Basic extracted information
CIK- 0001090355 B
name:  John A. Thain Need to combine data into a
Transactions by John Thain company: Bank of America desired structure
= — Data extracted varies in
personName:  Thain John A. structure and valuesl
cik: 0001090355 Appointment announcement
filingDate: 2008-01-24 = - =
reportingDate:  2008-01-24 p_ir_’m R 00301 0:':355 _ _
issuer: BlackRock Inc. G . _ Sl
i Officer false appointmentDate: 2008-01-16
_ IS4 - filer: BlackRock Inc.
isDirector: true S -
ﬂllingType: 3 appom SdAS: irector
filingType: 8-K
Person Entity
cik: 0001090355
Committee membership name:  John A. Thain

company: Bank of America

personName: John Thain employmentHistory: [

cik: 0001090355 { Merrill Lynch, CEO, 2008-06-30, __ }
reportingDate: 2008-06-30 { Black Rock, Director, 2008-01-16, . }
company:  Merrill Lynch { Black Rock, Director, 2008-01-24, _}
fitle: Chairman and CEO

member: Audit Committee

filingType: DEF14A

\ \



Mapping, Temporal Analysis and Fusion : Computing Current Holdings

owner_cik: 0001179111,
owner_name: "John Deutch”

recent holdings.
{ directOrindirectOwnership: "D",

Must recognize when we have the

reportingDate: "2008-10-22", same type of holding and then take
securityTitle: "Common Stock”, the most recent value.
shares: 70865.9, — some of the key current_holdings_by_insider:
type: "nonDerivative” information |dent|fy|ng {owner_cik: 0001179111,
1 the type of holding zwlr:’?r_name: “John Deutch”
: A P . oldings:
[ directOrindirectOwnership: "I", may be in a footnote { directOrindirectOwnership: "D"

natureOfOwnership: "See footnote (1).",
reportingDate: "2008-10-22",
securityTitle: "Common Stock”, T~
shares: 8971,
type: "nonDerivative”

},

{ directOrindirectOwnership: "D",
reportingDate: 2008-11-13,

mostRecentDate: "2008-11-13",
securityTitle: "Common Stock”,
shares: 708659,

type: "nonDerivative”

}

{ directOrindirectOwnership: “1",
\ natureOfOwnership: “Deferred Shares — Compensation Plan
for Non-Employee Directors”

B - mostRecentDate: "2009-07-24",
securityTitle: "Common Stock”, securityTitle: "Common Stock”,

shares: 70865.9, shares: 9227 1
type: "nonDerivative" / type: "nonDerivative"

Entity Integration

}I

{
directOrindirectOwnership: "I",
natureOfOwnership: "See Footnote”,

reportingDate: "2009-07-24",
securityTitle: "Common Stock”,
shares: 92271,

type: "nonDerivative”

\ \



Midas Architecture: A Detailed View

Hadoop (Map/Reduce)
Distributed File System “

) . Applications
Core Extraction & Inteqration Technology: Platform:

. l--lII--III-III--III--III--III--III--II‘
= Developed over 5 years in IBM Research = Integrate core technology with Hadoop : ==
= Deployed and validated in multiple IBM products = Drive large volume of data through extract and : """ :

integrate stages i Analytlc & :
= Refresh incrementally and continuously : Search Ul :
:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlllIIIIIIlllIIlllIIlllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘ E :
: S Cognos :
:  Domain-Specific H Reports :
E Appﬁcaﬁons Healthcare | Finance Telecom Government Insurance | E i................. ““"“"““"“".:
E E :--III--III--III--II-
E Local Global Temporal : E :
: % Resolve [+ Resolve | T Map/Fuse [=» Analyze : : i
: Crawl |-0 Extract H . :
E Midas RLoc?l Ff; Ls?clfl?rle —» Map/Fuse |- T::;TO;:L : :
: Extraction & Integration Flow esotve Y : : <>
5 : = Analytic | :
H : DB i
Nutch Jagl + SystemT : : :
DB Export H u i
P’atfom p E Sy EEEsEEEEEEEEEEEEl
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Handling Scalability

= Scalability Challenges

— Large document corpora

+ Millions of documents of different formats and document types
* Documents vary in size (10KB — 10MB each)
* New documents available daily

— Maintaining a complex analysis pipeline
+ Some document types require specialized analysis

+ New analysis needs to be incorporated incrementally
+ Semi-structured results

— Process data updates incrementally

- Some analysis stages support incremental updates, while other stages may need to run over the
entire data.

— Tolerance to errors
* A failure when processing a document should not be fatal to the overall flow

= Scalable Platform on Cloud Infrastructure

— Jaaql : Declarative language for expressing transformations over semi-structured data
— SystemT : High-performance declarative rule-based information extraction system

\\




Applications
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1. Data Catalogs and Marketplaces
2. Social -web data

3. Web APIs Web APIs

4. Linked Data

5/HTMLembedded Data
1. RDFa, Microdata , Microformats
2. HTML Tables and Templates

3. Excursus: DBpedia

6. References




Topology of the Web Today

<S>
HTML The -
| X:: Classic The Web E,‘
_ — Document f Dat RDF
Q> of Data a
HTML

\\



Data Catalogs and
Marketplaces

The Document Web traditionally contains structured data in
various formats:

O CSV Files, Excel Worksheets

O XML Documents, SQL Dumps ::@Mi
Datg Catalogs and Data Market Places | ‘X\g
collect and host data sets plus metadata <& -
O provide free or payment -based access to the data sets HTML
Examples
O Thte Data Hub: data catalog containing 6,800 open -lisence data
sets

O Data.gov.uk , Data.gov.us : Thousands of public sector data sets

O Infochimps , Azure Data Marketplace, Factual: commercial market
places

List of Data Catalogs and Market Places

O http :// www.kdnuggets.com /datasets/ api-hub -marketplace -
platform.html



Web 2.0 Applications and Web APIs

A A multitude of Web  -based
applications has sprung
up which enable users to
are information.
These applications form
Separate data spaces
that are only partly

accessible viathe Web
A HTMLinterfaces

A Web APIs
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Most Popular Web API

GoogleMaps (38%)

B Twitter (12%)

[[] YouTube (10%)

[ Flickr (99%)

] AmazonProductAdvert...(6
] Facebook (6%)

] Twilio (5%)

[] LastFM (39%)

[] EBay (3%)

Google (2%)

Programmableweb.com 08/16/13




Linked Data

Extend the Web with a single global data graph
A by using RDF to publish st

Web
A by setting |links between d

different data sources.

RDF

RDF / RDF ~— RDF
\
RDF
links

\

RDF RDF \ RDF , RDF RDF
RDF
links



HTML-embedded Data

O Webpages traditionally contain structured data in the
form of HTML tables as well as template data.

O More and more Websites semantically markup the

content of their HTML pages using standardized
markup formats.

Microformats (= 4
“~  RDFa <}

RDFa

HTML

Microdata E
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Information
Extractions from Texts




Outline

O Motivation

O Applications

O Information Extraction Steps
O Source Selection and Preparation
O Entity Recognition
O Named Entity Annotation

O Entity Disambiguation



Motivation and applications

O Around 80% of data are unstructured text
documents

O Reports, Web pages, Tweets, E -mails

O Texts contain useful information

O Entities, Entity Relationships, Facts, Sentiments
O Applications

O Customer care

O Opinion Mining

O Question Answering

O IBMWATSON

O Midas




Def: Information Extraction

O Information Extraction ( |E) isthe process of deriving
structured factual information from digital text
documents.

Persons | Occupation
Elvis singer

Elvis is a singer. )




Def: Named Entity Recognition
O Named entity recognition (NER) is  the task of finding
entity names in a corpus

Uruguay 's economy is characterized by  an export -oriented
agricultural sector, a well -educated workforce, and high
levels of social spending.

ER is difficult

-l
o
o
-
o

Rrefect thought cars were th

|

entity name entity name
(of car brand) ? (of person OFor @ |[Prefec




Def: Named Entity Annotation

O Named Entity Annotation ( NEA) isthe task of (1) finding entity
names in a corpus and (2) annotating each name with a class

out of a set of given classes

O Example

Classes: {Person, Location, Organization, ..}

Andrey Nikolaevich Kolmogorov graduated
fro[n the Moscow State University |in 1925.

l

Person Organization




Disambiguation

O Given an ambiguous name in a corpus and its meanings,

disambiguation is the task of determining the intended
meaning.

Corpus Knowledge Base
A
l%_\’-t\ ," .
jﬁ American
IV AN
Homer gats
a doughnut. : .

> Poet




Text Extractions from Big
Data

O What is big data ?
O Massive volumes of data stored across many machines
O Too big to back up

Could be structured, semi -structured or unstructured
data

O

O Using traditional OLTP or data warehouse solutions for
data analysis are inadequate

O Need to harvest unstructured data

~

O Most data is unstructured

O Most data used for personal communication is
unstructured

O Email, Tweets, Blogs, Forums, Web sites

O Opinions are expressed when people communicate




Need for structured data

O Business intelligence tools work with structured data
O OLAP
O Data mining
O To use unstructured data with business intelligence tools

Requires that structured data to be extracted from unstructured
and semi -structured data

InfoSphere Biglnsights provides a language, Annotation
Query Language (AQL)

O Syntax is similar to that of Structured Query Language (SQL)
O Builds extractors to extract structured data from
O Unstructured data

O Semi-structured data




Span Algebra

O Data and Execution Model

O Algebra operates over a simple relational ~ data model with three
data types: span, tuple, and relation

O A spanis an ordered pair <begin , end> that denotes the region of text
O Algebra Operators
O/Relational Operators (select, project, join, etc.)

O Span Extraction Operators. A span extraction operator identifies
segments of textthat match a particular input pattern and produces
spans corresponding to each such text segment

O Regular expression matcher

O Dictionary matcher

O Span Aggregation Operators. Span aggregation operators take in a
set of input spans and produce a set of output spans by performing
certain aggregate  operations over their entire input

O Block, Consolidate, Containment consolidation, Overlap consolidation




Annotation Query
Language (AQL) overview

O Annotation Query Language (AQL) is the language for developing
text analytics extractors in the  InfoSphere E BiginsightsE Text Anal \y
system. An extractor is a program written in AQL that extracts
structured information from unstructured or semistructured text.

O L is a declarative language, with a syntax that is similar to that of
he Structured Query Language (SQL ).

AQL components

O

Create view statement

O

Extract statement

O

Select statement

O

Create dictionary

O

Built-in functions

O

User-defined functions




The Eclipse IDE for text
analytics

BigInsights - Task Launcher - Eclipse

File Edit MNavigate Search Project Run Window Help

| o=

o (o)

[#-0-Q | B HE @0+ |29 | B 5|

[ Proje 52N N Pack| = O *J FindCountries_ag| |

3. Biginsights Task Launcher &3

B % =
~ & ExtractCountries

P =) Biginsights V1.3

Biginsights Text Analytics

P =) JRE System Library []i

P @ src
= result

Develop a Text Analytics Extractor

& 1. Create a Biglnsights Project.
Create a Biglnsights project to contain the files needed for a text
analytics extractor, including the main annotator query language
(AQL) file, dependent AQL files, dictionary (.dict) files, and UDF
JAR files.

¥ FindCountries_aqg|

2. Create an AQL file.

Create the AQL file that is required for each extractor, which the
optimizer uses as input to construct an execution plan for the
extractor.

«

(4] i [ T}
[Es Biginsights se 3% - = O

[T+
]

-| 3. Set required extractor properties.
Follow the instructions in the help to provide the locations of the

I:IE-

[[»

Perform More Tasks by

% Visualize extractor result:
&w Interpret the lineage of e
¥l Generate regular express
&

Discover patterns in the ¢

Learn More
#* AQL reference

# Understanding Text Analy|~]

=) <§> ~ IG] 11| [+
s £ -"-\\ 1 = :
#E Biginsights Servers £ Problems ® . B Ccnscle| ; .

0 iterms

Description Resource Path

Location Type




Text Analytics Overview

O

AQL

Eclipse

N Y
N A N~
Jaq|
N Y K
~— M~— Text < £
Analytics Extractors

"Acquisitior!'
"Addres$
"Alliance"
"AnalystEarningsEstimate
"City"
"CompanyEarningsAnnouncemérn
"CompanyEarningsGuidarice
"Continent
"Country'
"County'
"DateTimé
"EmailAddres$
"JointVenturé

"Locatior' "Mergef’
"NotesEmailAddres$s
"Organizatioh "Persofi
"PhoneNumbér"StateOrProvince
"URL" "ZipCodé¢

Analyst



Seminar: text extraction

O Class Work

O Installation of InfoSphere Biglnsights tools for Eclipse

~

O Develop sample AQL applications
O Using all AQL components

OUsingbuilti n extractors (User, Comjy

O Develop sample AQL applications for sentimental
analysis

O Home Work




Entity Resolution




ER Overview

O Data Cleaning Tasks
O OPERATORBASEDAPPROACH
O SIMILARITY FUNCTIONS

O Record Matching
O Schema Matching
O Deduplication






