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Cleansing & Matching Technigues

1. to help mateh up
unrelated streams of data. Stacking equivalent
dimensions and bundling matching dimensions, column-
level thesauruses & data standardization, Matech Code’
PhGRELIC + corporate hierachy: confidence: values:.

2 [0 Impreve Baad Data
ljolerance over time. lierations; Feecdhack oiigeed
maiches and e limportance ol Eyehalls Wien buiding
20 grewing athesauius:

3. [GImake Pest Use
eff physSICal ieSeEURCESHIN & DECISIoN SURRo-1Y/pe
MalCHInG pregan zskeaiiorcomparemiinsx millien of
URParSE StiiRgSHeITRIgIECoRIERCE Match eguivalence.



Who | Am

¢ Oracle DBA for 10 years — started on Oracle 6 on
Macintesh !' Learned Oracle internals and the importance
off DB tuning to make best use of physical resources.
Learned danger of Cartesian Products !

¢ College Degree in Cognitive Science, comparing
associative learming networks withr Human Leaming fiem
PSychelogy and Linguistics.

9 Interesiediin applying weak: Al technigues te augment
earming and value off entelprse systems lor lage data
Siores.

9 Oracie bW developmentWerkawitih Special iy IRFSCoine &
Welghineralgerinms:

9 PlEased e sharemy knewleege aned expeneRce Wikl
larger @racierCemmunpiizinieresiing culieniproject
IOUCHES GRIEaCH P eimy ackgreUnEs::




Where | work

@' LexisNexis-

FTOTAL PRACTICI SOLUTIONS

| | |
Client Development Hesearch Solelssns Practice Masapemesat  Litigation Services

¢ Infermation Resource for LLegal Industry,
¢ Customer Feedback launched the project

& Not simply/a Legal Directer/ anymore,, but: a
Clientt Developmenit Partner providing real=time
Corperatie and Legal tiacking cata= ShewWing
Whlch firms handienwhich Corporate: CUSLOmERS
PUSIRESS RNWRICH Practicer Areas.

9 ShieWW Conperater Practicenifends eVertime.



What We Built

Integration challenge- Non-key based ‘confidence’
matching needed between wildly different guality Data
Inputs.

— MH data Is backed by a team of editors,
verified, updated daily, and kept clear of duplicates and
outdated information. 2 millien Law firms, —1 millien
Atterneys, historicall data dating back decades

— LexisNexis Courtlink data comes, direct
Irem) the EFederall Courts, a amalgamation off hundreds o
Separate typists making conflicting choelces on data
INpUts... Names, Vanity: Street addresses, out-dated Info,
ete. —40 millienr Case filings added each year:.

—LexisNexisi Company. Dessier — a
conslidated Business proefiesfior ever 48 millicnwerdwide
companies; highrguality  nen=duplicated data. Editoreal
leam continueusiy  reviews/updates 1DUSIRESS data for
aCCURaCY/~



¢ Build a |

Knit Them Together

Igh-confidence Matching system

that "Tolerates® invalidi and missing data In
each possible Name/Address field.

& Missing Street, Incerrect Phone Number,
Misspelled Atterney: name.

¢ Each Match made to ‘Bad' Data iIs fed back
Inte) the System for Perect, Validated match
REext tinme areunad:

¢ S\ystemlearns: the spelling/data” enti
NaRItsS Gl CUSteOmERS Wit eachrvalldated

match



\

Matching Robot

Build Matching Robot in discrete pieces
Data Analysis (FEET),

Separate Pipes for Data Cleansing & Translation
Name/Address parts in (ARTERIES)

Phonetic Re-spelling & Match Code application In
multiple Confidence lengths (LEGS)

Cross data streams, In a cascading series of bundied
Matching Dimensions (HEARI).

Precess milliens > milliens el sting Comparsens In
Varying Sets ol matching dimension Values: (SPEED)

REeVview: @uitpuitsmatches te) Ve acclacy/ anad
SEURARESS! ol chvIces (EYEBALLS)

EEedpacks Validated IViatehes e e acihrsystem Known
gdatar entny/ tERCERCIES Gl data TRPULS (BRATIN)



The Matching Robot




Step 1 — Data Analysis
(Feet & Arteries)

SEPARRATE
ARTERIES

————




¢

\

Expert System = Dataflux/SAS
(Legs)

In the business ofi IT, the main guestion was always
whether to “build, buy or rent.* Cost, maintenance, and
time-to-market are the key driving factors te decide.

In this case, we chose to ‘buy” a pre-leaded dimensions-
level Thesaurus preduct firom SAS called Datafilux.

Built using data from a wide variety of seurces, (Clients
Include Retail, Pharma/Healthcare, Data Services, Financial
Industry)

— Wide varniety of Industries/ data Inpuits helped
them develop a pre-leaded Expert System:
Ihesaurus; fer each Name/Address part

Neise Werd Remoeval & Datar Stancardizaticn

Phenetic respelling off aliNnpuisvalues

1Z2-character rtimaskeVvalte: el Pheelc sthing. Breadith oi
valuerterwildeard defines the: coniidence: level el the
matehing stiingss Eeed fer the PL/S@L Vatching Package,
pProken euit By, Viatch Rules:



DATAFLUX LEADER IN DATA GUALITY

A BAE O DAY AND DATA INTEGRATION

Avalilable Products

¢ Data Profiling - Inspect data fer errors,
Incensistencies, redundancies and Incomplete
Infermation

¢ Data Ouality - Correct, standardize and! verify: data

¢ Data lntegration - Mateh, merge or link datal irem
a variety: off disparate seurces

¢ Daia ERrichment - Enfance data using Infermation
rem Internal andfexternal data SeUrCES

¢ Dala Vioniteringe - Check and contrel data integity, eVer
e



http://www.dataflux.com/Technology/Methodology/Data-Profiling/index.asp
http://www.dataflux.com/Technology/Methodology/Data-Quality/index.asp
http://www.dataflux.com/Technology/Methodology/Data-Integration/index.asp
http://www.dataflux.com/Technology/Methodology/Data-Enrichment/index.asp
http://www.dataflux.com/Technology/Methodology/Data-Monitoring/index.asp

Our Data Analysis

¢ Each Data Stream In each project presents
unigue Strengths and Weaknesses...

¢ Name-Only data (web crawlers) reguires
matching welghted keyword co-occurence,
focused on remoeving comimon ‘noise” Words,
(“The11, “And11, “Web11)

& Each Project reqguires agreement on Business
Rules befere Analyzing

» Name, Address data allews, fer compeuna
CONfidEence SCOKES, and Was) USed ek this
preject... Name, Street, Ciby/State;, Zip, PRAGnE,
Eax, Welsite, NCKker, eachrwithrvarialsle
Confidence Pegrees bundied inte Colleciens:...
callea = VatChitRUIES

% Apply: Dimensien! Cevel nesaurus: te each
a0 dress) part:., BDIStnct INGISER el EaCh type




Data Cleansing
(Legs)
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Data Cleansing
(Legs)

¢ Choose Capitalization to apply
— InitCap () UPPER()

¢ Remove Whitespace, punctuation, special
characters like # % $

¢ Standardize all Address Parts

& Alwaysi Context Sensitive to Address Part:
— St. = Street BUT St. Louls <= Street Louis
— Ste. = Suite = Suite #
—Jrr. = JURIor

—\aresi vy CouRptiy/ (Zip Codes, Phone Numiher
ParSing), eic)



* & o

Remove ‘Noise’ by Dimension Type

Each Country has different ‘Noise” in their Address data...
SPA In Italy, Alpha-Zipcodes

Name = Incorporated, LLC, The, LTD, Group

— Inherently ‘Dirty” and impoessible to perfect.
Experience Is crucial to bullding right list, and
tuRIingl as you go aleng

\Welsitier = WAV, BITTRE//,, -

Phone/Fax = -, X, ext.

Address = Street, Avenue,

& \/aniny/ Address Partsi(Elementt and Phrase
levell parsing applicd



Phonetic Respelling & Match Strings

¢ The LLexisNexis Data Warehouse Group,
Inc.

¢ LLexisNexis Data Warehouse Group

& LXSNXS DT WRHS GRP

¢ e fellewing values wiitten te columns fioxr
rUnR-tine comparisen of match procedures

¢ Vateh Code: String Value
— [l IKEHGITIKSIDG = 1.00% Match Conlidence
— [LIKEHGI**** = 60 %, Viatch Conlidence
— |JIKERE == = A0 976 Viatehl ConiildencE




Dataflux Expert System

& Surprise I' Corporate Hierarchy:
Translatiens Also Built In...

¢ PEOPLESOEFT CORPORATION = PPLSET

— DG
¢ ORAC
— DG

YUDG YL
_E CORPO

N UDGHYU

RATION = ORCL

—Hard-Coded Equivalence:



Problems with All Expert Systems

¢ Need periodic updates to stay up to date with
changing language and habits... I.e. new area
codes, new streets.

¢ Brittle® knowledge... dees same things right, and
nEever Impreves.

¢ Doesn’t ‘customize’” to Input for each specific
Project.

¢ [herefore, need te add a ‘Learning Module® piped
frem a "‘EFeedback: Loop off validated matches toe
‘teachl the relet te Frecognize REW: matehl patterns
el real-woerdi datar transiations and date SOUKECES
OVEF time.

¢ Vateh ieedback Isi a Key ROl drver te bulld value
Pif pPreductwWithreachrREW matching | ela:

9 ConvertsioW=Confidence, EXPENSIVE andi siow:
“Eyehalli= matches e RIgh=ConildeRce; attomartic
“EXaCE matChest ased BRI PREVIGUS WO KS



MATCHING ROUTINES




COMPARE DATA IN
MATCHING ROUTINES
(Heart)

¢ Create Collections of Match Dimensions at
varying Confidence LLevels... Called “Match
Rules”

¢ Need te Define “Confidence Hierarchy:”
and Run the Matching Routine: firem
IHighest te Lewest Confidence Matching

¢ Reguires Extensive lterative Testing with
Slow BUSIness Aware “Eyehalls® te Define

|erarchy

¢ IIme=-Consuming, Ut Critical ferreach
Pro)|eei



Stack Equivalent Dimensions
for Bad Data Tolerance

Ticker
mber

DEA ZI| Area Code + Zip

Organization




Robot must Tolerate Bad and
Incomplete Data

¢ [each the rebot to tolerate bad data... missing data,
misspelled data, out of date data, using bundled
collections ofi Match Dimensions In varying
confidence levels... I.e. Match Rules.

¢ Mateh Rules develeped firom Stack: off equivalent
dimEensIiens

¢ Obsenvations: Street contains lewest: guality’ Inpui.
Names are often misieading and reguire Use off
Corporater alias and DEANalIbes i availanle:

¢ Impertant tercast a WiderNeLr" . even Cow=@uailiby,
Viatchr RUIES preVvicergeed matches:. Witk 2l oyWers
Kill* rate



Eyeballs Needed : Define Confidence Levels
for Match Rules

¢ Create a test file with 10 examples for each Match
Grouping.

¢ Expensive and time-consuming, but must test
different collections off matching dimensions: at
varying degrees of compoeund! confidence te define

Order of Match Rules te precess. Use stacked
dimensiens as; readmap fer Matech Rules.

» Need Eyeballs & Business knowledge here te
validate' a Corfect match. Seme Prefer Exact
match, ethers ek withrViateh te a Corperate
Parenit. Depends on Project INeeds:

o Don‘t disparage’ Low: Conlidence: Rules= they: help
CaSt 2 Wider et ol telerance or
miISsing/iRcompleter data:



Summary:

¢ Data Is cleansed and translated within each
unigue name/address dimensions expert system.
Noise words are removed. Matech Codes are
applied at multiple confidence levels for each
pPart.

& A System ofi ‘Match Rule” collections have been
defined, tested, and ordered firom Highest: te
Lewest Compound Coniidence: Score. I and
BUSIness stakeholders have reviewed the system
tervalidater Viatches;, anad reseive: Pessible:
VIatChES! effieCtively

¢ WWerre ready, ter match-r Start the Rebot !



SPEED - (Bones)

Data Warehouse-type resource profile — String-by-string matching
In flexible series of dimensions with VILDB sizes makes it
Impossible te do all comparisens In memory- must make create
fastest possible 1/0 setup to keep CPUs fed with data for
comparisen

Matching 43 Millien rows ofi 12 different Address Parts (Name,
DBA, Street, City, State, Zip, Phone, Fax, Ticker, \Website etc).

Mateching against: 3& millien EN/MEFLegal Indusitry, Data ReEcCords,
(Firms;, Individuals, Gevernments, Corporate Counsel, etc)

Viatehing againsi: 40 million Court Eilings e determine Lingants,
[E2WAEIFMIS, ane EaWA/Eers

A8 S 40 millien IR each SUCCESSIVE! Pass Ol matchr ruless fiem
Order off precedence. At least 60 passes, durngl each mateh
precess: rHiliens ol ComParsSens each Run:



Oracle Database & Server

¢ Oracle 10.2.0.2.0
¢ Jotal SGA = 10 Gig of 16G available,
¢ 16k Block Size

¢ 10.2.6 on Linux 2.6.9-34.El.smp’ on 4" dual-cere
X606 64 PLOCESSOLS.

¢ Attached te a High-performance RAID=5 SANIUSIng
2idual-channel multEpath 1 Ghgt: 170! channel
Caras;

¢ Palred 16z vlecks sizenwwithrmigh file=muluisieck read
colnit="USIing RIgher BlecKk Size rediuced
PEMGHMARNCE ClE e narreVW IRdexes ceIngl Fast
EUli=type SCans




Application Choices in Oracle

¢ Single Indexes, not composite, on each
unigue matching dimensions....

¢ Cardinality Is lew, but bad use for Bitmap
Indexes due to high # of Inputs te system
each day, and need for OLIP-type guick
INpUits/response. .. found a great
altermative In" ftnction-vased SUBSITR()
INAEXES) o firsSt: ieW: Chiaks aff latehl code
StRngs: oW cardinality/ means Iess index
KEV/ SPaCe e Search/ reduces 1@
CEPERUERCE:



Performance Problems on Starting

100 100

75 75

50 50

- .
7@ “Viems SCRPU 7@ "Viems "CPU
Sad mlzl0) 0\

Machine Machine




¢ o

Slow Output — What’s wrong ?

Performance was slow- just 5,000 matches/hour.

Explain Plans were clean / all tables analyzed for
CBO...

Sad Machine... /0 slow, pushing no load te
CPUs.

— Dropped Block-Size, increased file-multiblock read
COURL.

— Reviewed LUNS-levell breakouts of system) fior
IHoetspets and constraints

— OFA lessons; still- apply- Huge, few LTUNS were
Slewing thireughput;, andrOS Was repuiit Withrmany/.
smaller sizer CUNSI= Blazing 170 gains:

Pinningl the CRUS means 1ONs meecting NEEES;
and machine: Werkingl as guickldy/, as pPessikle.

Performance moVves firom 5,000 matches/ hour to
20,000 MALCHES PEr eI



Send In the Swarm




Bring In the Swarm

& Still struggled to Increase performance.

¢ Performance metric Is measured by Inputs *
Comparison Data. Noticed ‘Tipping Points’ of
performance when testing at 1,000, 5,000 and
10,000 Inputs per Matching Run.

¢ CPU Usage not consistent acress alll CPUS.

» Send In the Swarm- Divide [Load acress distinct
OS-level precesses, share data in SGA by running
Concurrently

¢ Break up jels of 100,000 x S6 million Inter 10! jehs
Ol 10,000 each * Create a concurkfent swarmr. ..
reduces, TENMPsertingl collision; allows SGA're-Use
of same Candidate-side indexes at same time.

9 Vajei IncCrease in speed again::. rems 20,000
matches/Melir e 1005000
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