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Motivation

Abundance of Information Sources

\ Hotel

.—k
GoogleBase
Realtime Hotels Weather
Stock Quote — Conditions

hoo - '
Status ifieds L Last Minute Classified
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Motivation

Bringing the Data Tegether

GoogleBase
Hotels

Last Minute
Flights
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Motivation

Bringing the Data Together

Airfares

Orbitz
Travel Deals

Last_Minute Flight
Flights Status
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Motivation

Mediators resolve: Heterogeneity,
R
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Motivation

Mediatoers Require Source Definitions

NEeW: Service: == no seulce: definition!
Can we: discover a definitien attematically?

SELECT MIN(price)
FROM flight

WHERE depart="LAX”

AND arrive="MXP”
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Orbitz Flight
. A Search
Mediator \o \1\!65“:9‘r e Que
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?ﬁ"i§) Reformulated Query United

Airli
calcPrice(“LAX”,“MXP”,”economy”) nes

Qantas
Specials

Source Definitions:

- Orbitz Flight Search
- United Airlines

- Qantas Specials
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Approach

Inducing Source Definitions by Example

source1($zip, lat, long) :-

Known Known Known centroid(zip, lat, long).
Source 1 Source 2 Source 3 SOUFC62($|at1 $Iong1 $Iat2 $Ion92 dISt)

greatCircleDist(lat1, long1, lat2, long2, dist).

source3($dist1, dist2) :-
convertKm2Mi(dist1, dist2).

Step) 15 classiiy Input &
OutpUL semantic types Source 4

zipcw . g PO

source4( $Q+§\s%‘)«\ O\qe(\.élp, separation)

‘Oee(\
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Approach

Inducing| Seurce: Definitiens - Step) 2

source1($zip, lat, long) :-

Known Known Known centroid(zip, lat, long).
Source 1 Source 2 Source 3 SOUFCGZ($|at1 $Iong1 $Iat2 $Ion92 dISt)

greatCircleDist(lat1, long1, lat2, long2, dist).

source3($dist1, dist2) :-
convertKm2Mi(dist1, dist2).

source4($zip1, $zip2, dist):-
Step 1: classify input & | sourcei(zip1, lat1, long1),

ouUtpUt semantic types source1(zip2, lat2, long2),
source2(lat1, long1, lat2, long2, dist2),

Step 2 gene_ra_tg source3(dist2, dist).
plausible definitiens

source4($zip1, $zip2, dist):-
centroid(zip1, lat1, long1),
centroid(zip2, lat2, long2),
greatCircleDist(lat1, long1, lat2, long2, dist2),
24 April 2007 - convertKm2Mi(dist1, dist2).




Approach

Inducing| Seurce: Definitiens — Step 3

Step 1: classify input & | source4($zip1, $zip2, dist):-

QUIpPUL semantic types source1(zip1, lat1, long1),

. source1(zip2, lat2, long2),

Step 2 gene_ra_t_e source2(lat1, long1, lat2, long2, dist2),
plausikle definitions source3(dist2, dist).

Sy (=IO RCHN10\V/o] (CRSI=TaV/ (oI source4($zip1, $zip2, dist):-
centroid(zip1, lat1, long1),
& LeImpark OUtDUt centroid(zip2, lat2, long2),
match greatCircleDist(lat1, long1, lat2, long2, dist2),
convertKm2Mi(dist1, dist2).

dist dist
(actual) | (predicted)

842.37 843.65
410.31 410.83
899.50 899.21
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Approach

Overlapping Data Reguirement

ASSUmpLIen: everlap between new. & KNeWn SOUKCES
Nonetheless, the technique is widely applicable:

Bloomberg |
= Redundancy. currency |

Rates

Rates

o 5 Wworldwide ‘
Scepe or Completeness @

(c) )

. . - S " 5* Hotels ‘
Binding; Censtraints otels BY By State

Z\pcode

‘
y ; Distance
Coempoesed Functionality cenUo‘d GreatC"C‘e Between |
fZ\pco Qisiance ‘
Goog‘e

Access Time Hotel
OVemmen search
\—\ote\ L\St
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Search

Searching for Definitions

- ; S Expressive Language
Searnch SPACE OF ConyUICHVE GUEITES: | I deling

target(X) :- souncel(X,), seurce2(X,), ..- most online sources
Eer scalability’ donft allew: negatien or URien

PerfermiTop-Downi BEst=-First Seanch: Fillz e
_ _ New Source
Invoke target with set of random inputs;

Add empty clause to queue;

while (queue not empty)
v := best definition from queue;
forall (v’ in Expand(v))

if (Eval(v’) > Eval(v) )

2. Then perform best-first : _
insert v’ into queue;

search through space of
candidate definitions
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Search

Inveking the Target

urce 5
Generate S0 |
Input Tuples: m
yw" \/

<zipl, distl>
source5( $zip1, $dist1, zip2, dist2)

Inveke seurce With representatrye Valles

TRy randemiy generating Inpuit tuples:
s Combine examples of each type
s Use distributien I available

Input Output
<zipl, distl> <zip2, dist2>

Non-empty

<07307, 50.94> {<07097, 0.26>, Result

<07030, 0.83>,
<07310, 1.09>, ...} Empty
<60632, 10874.2> 3! Result
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Search

Inveking the Target
o mmmp @M

<zipl, distl>
source5( $zip1, $dist1, zip2, dist2)

Inveke seurce With representate Vvalues

Ty randomiy generating Inpuit tuples:
s Combine examples of each type
s Use distripution Ifi availalle

Iie only ermply; lvoecato/s result
n [0 IAVOKING: OLHer SeUIcES 1o generate input

Continue until suificient nen-empty. Invecations result
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Search

Top-dewn Generation off Candidates

Start With empty: clause: & generate specialisations by
Adding one predicate at a time fiem set of sources
Checking| that each definition;is: -

Source 5

a Not logically: redundant
s Executable (binding constraints satisfied)
AN \/

source5( , , , ). _ _ o
source5( $zip1,$dist1,zip2,dist2)

source5(zip1, , , ) .- source4(zip1,zip1, ).
source5(zip1, ,zip2,dist2) :- sourced(zip2,zip1,dist2).
source5(_,dist1, ,dist2) :- <(dist2,dist1).

24 April 2007 Thesis Defense - Mark James Carman




Search

Best-first Enumeration of Candidates

Evaluate each clause produced
Then expand Best one found' se fiar
Expand high-arity’ predicates; incrementally.

sourceb5(zip1,_,zip2,dist2) :- source4(zip2,zip1,dist2).

source5(zipl,distl,zip2,dist2) :- source4(zip2,zipl,dist2), source4(zipl,zip2,distl).
source5(zipl,distl,zip2,dist2) :- source4(zip2,zipl,dist2), <(dist2,distl).
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Search

Limiting the: Search

Extremely’ Large Search space
Constrained by’ use off Semantic Ty/pes

Limit searnch oy

x Maximuny Clause: lengii Standard ILP
s Maximum) Predicate Repetition techniques
x Vaximum Number ofi Existential \arianles

» Definition must be Execuitakble

x Maximun Variable Repetition within: Literal

technique
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Scoring

Evaltiating| Candidates

e\) New
@SQ’ Source 5 Tarqet
e(& | g

QO\L Tuples

Compare
outputs

Clause
Tuples

Compare eutpui: off clause withrthat oii target.
Average the results acress different inpuit tuples.
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Scoring

Evaluating Candidates, ||

Candidates may return multiple tuples per Inpui
a Need measure that cempares sets ofi tuples!

Input Target Output Clause Output
<$zipl, $distl> <zip2, dist2> <zip2, dist2>

<60632, 874.2> 0 {<60629, 2.15>, NO
<60682, 2.27>,
<60623, 2.64>, ..}

<07307, 50.94> {<07097, 0.26>, { No
<07030, 0.83>,
<07310, 1.09>, ...

<28041, 240.46> | | {<28072, 1.74>, {<28072, 1.74>,
<28146, 3.41>, <28146, 3.41>}
<28138, 3.97>,...}

Overlap

Overlap

Overlap!
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Scoring

Evaluating Canaidates i}

PROBLEN: All'seurces assumed incomplete
a EVen: optmal aenniboenpimay enly preduce: everlap
x Want definition’ that vest prea/cts thetarget's eutpul

Use Jaceard similarity te score candidates
_ At least half of input tuples are
forall (tuple in InputTuples) < non-empty invocations of target
T_target = invoke(target, tuple)
T _clause = execute(clause, tuple)
if not (| 7_targef]=0 and | 7_clause|=0)

Average results only Similarity metric is

when output is returned L Jaccard similarity
between the sets

return average(7itness)
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Scoring

Missing Outpuit Attrilbutes

Seme: candidates produce Iess eutput attrputes:
s Vakes) comparing them difficult

1. sourceb(zip1, , , ) .- source4d(zip1,zip1, ).
2. sourceb(zip1, ,zip2,dist2) :- source4(zip2,zip1,dist2).

Penalize candidate by RUMBEr 6ff “negative examples”
source5($zipcode, $distance, zipcode, distance)

EliSt candidate deesnit produce: eithert outpuits, thus:
s Penalty = |{zipcede}| x |{distance}]
s FOr nUmeric tyjpes use acecuracy torappreximate cardinality
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Scoring

Diiferent Input Attroutes

Seme: clauses| take different Inpuis from: target:

source5($zipl,$distl,zip2, ) :- sourced($zipl,$zip2,dist1).

Target Input Clause Input

IS 2 INPUL parameter for clause hut net target

Should Inveke eperation Withal every, poss/ivie Zi: COGE!
> 40,000 zip codes in US
Prolklem: algertian shouldl retuim & net get hanned!

Solution: sample te estimate scere. fier clause:
x record the scaling factor = |{zipcoede}|/ #Invoecations
a plas search: cheose at least halfi of tuples to be positive
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Scoring

Approximating Equality

Allew flexibility Infvalues firem different Seurces

Numenc Types like a/stance
10.6 km = 10.54 km
Error Bounads (eg. +/- 1%)

Neminal INpREeS like: company
Google Inc. = Google Incorporated

String| Distance Metrics (e.g. JareWinkler Score = 0.9)

Complex Types like gare

Mon, 31. July 2006 = 7/31/06
Hand-written eguality: checking precedures.
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Extensions

Extensions

Viany: extensions torasic algentiamsare
discussed In thesis:

s lnverse and flnctional seurces

x Constants In the moadeling language

s Post-precessingl (tightening) of definitiens
s Search heuristics based o/ semantic types
s Caching & determining Iif Soukce: Is Blocking

24 April 2007 Thesis Defense - Mark James Carman




Experiments

Experiments — Setup

Problems:
25 target predicate

same domain mods
(70 Semantic Types al

35 known sources
System Settings:

Inductive search bias:
 Maximum clause length 7
* Predicate repetition limit 2
 Maximum variable level 5
« Candidate must be executable
« Only 1 variable occurrence per literal

Each target source invoked at least 20 times
Time limit of 20 minutes imposed

Equality Approximations:

* 1% for distance, speed, temperature & price

* 0.002 degrees for latitude & longitude

« JaroWinkler > 0.85 for company, hotel & airport
* hand-written procedure for date.
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Experiments

Actuall Learned Examples

($zip0, $zip1, dis2):-
GetCentroid(zip0, lat1, lon2), GetCentroid(zip1, lat4, lon5),
GetDistance(lat1, lon2, lat4, lon5, dis10), ConvertKm2Mi(dis10, dis2).

($lat0, $lon1, dis2):-

Distinguished forecast

($zip0, cit1, sta2, , lat4, lon5, day6, dat7,tem8, tem9, sky10) :-
WeatherForecast(cit1,sta2,,lat4,lon5,,day6,dat7,tem9,tem8,,,sky10,,,),

GetCity State(zip0, cit1, sta2). current price = yesterday’s close + change

($ticO,pri1,dat2,tim3,pri4,pri5,pri6,pri7,cous,,pri10,,,pri13,,com15) :-
YahooFinance(ticO, pri1, dat2, tim3, pri4, prid, pri6,pri7, cou8),
GetCompanyName(ticO,com15,,),Add(pri5,pri13,pri10),Add(pri4,pri10,pri1).

($zip0, $mak1, dat2, yea3, mod4, , , pri7, ) :-
GoogleBaseCars(zipO, mak1, , mod4, pri7, , , yea3),
ConvertTime(dat2, , dat10, , ), GetCurrentTime(, , dat10, ).
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Experiments

Experimental Results

Results for different demains:

Problem
Domain

# of

Avg. # of

Problems Candidates

Avg. Time
(sec)

Attributes
Learnt

geospatial

9

136

303

84%

financial

1606

335

59%

weather

368

693

69%

hotels

43

374

60%

cars

68

940

50%
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Related Work

Comparison with Other Systems

(Perkewiiiz & Etzienii 1995)

My systemi Iearms /more complicaréa definitiens
s Multiple attributes, Multiple eutput tuples, ete.

(Dhamanka et. al. 2004)

M Systemi learns /many/-to-many mappings
My appreachiis more general (single search algorithn)
Deal with' preblem off InVeking sources
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Conclusions

Conclusions

Learning procedure for enline: Intermation
SEIVICES IS:

conjunctive queries
ACCESs spurces only asi requiread

10 nEISY: and Incomplete data
(IMpreyves withi 7 off Knewn| SoOUrces
e moderate size demain model

Generate Semantic Vietadata for Semantic \Welb
a Little moetivation for providers to annoetate Services
s lnstead we generate metadata autematically
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