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Motivation Example
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[ For most of the Web APIs, only a textual description is available ]

<http://sws.geonames.org/5145067/>
a gn:Feature ;
wgs84:lat "40.78343" ;
wgs84:long "-73.96625" .

jnduj JQy|

Neighbourhood / reverse geocoding

The neighbourhood for US cities. Data provided by Zillow under cc-

Webservice Type : REST
Url : api.geonames.org/neighbourhood
Parameters : lat,Ing

titude/longitude
Example http://api.geonames.org/neighbourhood?

lat=40.78343&Ing=-73.96625&username=demo

neighbourhood?




Motivation Example USCViterbi
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For most of the Web APIs, only a textual description is available
Most of the Web APIs do not consume or produce linked data (RDF)

3 <http://sws.geonames.org/5145067/> <htt£.:gzzvsl;%i(::;a[mes.org/5145067/> g
= a gn:Feature ; ga. n’%‘eature ; gn:name "Woodside"; ¢7§
3| wgs84:lat "40.78343"; eatby [ R
= wgs84:long "-73.96625" . g Y « e
= a gn:Feature ; gn:name “...-Queens"; |g

gn:parentCountry [ ... -

Lowering
Lifting

Neighbourhood / reverse geocoding

¥ <geonames>
¥<neighbourhood>
<countryCode>US</countryCode>
<countryName>United States</countryName>
pcatio ample <adminCodel>NY</adminCodel>

The neighbourhood for US cities. Data provided by Zillow under ¢

Webservice Type : REST
Url : api.geonames.org/neighbourhood

Parameters :IatJng <adminNamel>New York</adminNamel>

" ' titude/longitud <adminCode2>061</adminCode2>
Example http://api.qeonames.org/neighbourhood: <adminName2>New York County</adminName2>
lat=40.78343&Ing=-73.966258&username=demo <city>New York City-Manhattan</city>

<name>Central Park</name>
</neighbourhood> XML Response
</geonames>

10
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 Conclusion & Future Work
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» Rapidly Integrating APIs with the LD
— Building APl Semantic Model
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wgs84 nearb
geonames y
neighbour
SubClass —_—)
Data Property B > s . ... pqren":eqture
Object Property ——> G alt - COUI’IfI’YCOde name > parentCountry
<. ..........
http://api.geonames.org/neighbourhood?
Ing=-73.96625R.username=demo
wgs84:lat .---wgs84:long
; <geonames>

............. <neighbourhood>

gn:neighbour

.................... <name>Central Park</name
gn:nearby

gn:parentCountry gn:name </neighbourhood>

</geonames>

14
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neighbourhood ($lat, $long, @countryCode, @countryName, Qcity, @name) —
gn:Feature(vl) A wgs84:lat(v1l, $lat) A wgs84:long(vl, $long) A gn:neighbourhood(vl, v2) A
gn:Feature(v2) A gn:name(v2, @name) A gn:nearby(v2, v3) A
gn:Feature(v3) A gn:name(v3, Qcity) A gn:parentCountry(v3, v4) A
gn:Feature(v4) A gn:countryCode(v4, @QcountryCode) A gn:name(v4, QcountryName)

geonames.org/neighbourhood?

Ing=-73.96625R.username=demo

http://api.
lat=40.78343

i v2 <geonames>
............. <neighbourhood>
gn:name
gn:neighbour | e <name>Central Park</name

gn:parentCountry gn:name </neighbourhood>

</geonames>

v4 15



Semi-Automatically Modeling APls USC Viterbi
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a 7 Invoking
APIs
fﬁﬁgﬁﬁ Karma Annotating h Previous
URLs . Attributes Work on
MOdellng I Modeling

Extracting Static

|
Domain e Relatlonshlps Sources
Ontology J

L &Semanhc
Model

16
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« User provides examples of the APl request URLs
e Karma extracts the input values from the sample request URLs

« Karma invokes the API and extracts the output attributes from the
APl response (XML/JSON)

Examples of API Input Attributes Output Attributes
Invocation URLs
neighbourhood V S -

dEountryCode countryName  city

: X New York
http://api.geonames.org/neighbourhood? i United -~ Central
at=40.783438Ing=-73.96625&usemame=karma| 0 co+273:96625 karma US States Y Park
_ Manhattan
: X . New York
http://api.geonames.org/neighbourhood? ) United " .
at=40.710128Ing=-73.900788usemame=karmg} >/ 10 12773.90078 karma s States Qﬁg;’ns Ridgewooc
http://api.geonames.org/neighbourhood? 1 i 1 United New York .
b:t=40.901458Inq=-73 9081 58usemame=karmdl 0 -0 140 3.90815 karma = Toies  reEaer EUELE

£ -—

Show: 10 20 50 records Previous Next

17



Annotating Inputs and Outputs USC Viterbi

[Goel, Knoblock, Lerman, 2012] School of Engineering

A CRF-based model to assign a Semantic Type to each
column from its data

« Semantic Type ong a’

— Ontology Class
— Data Property + Domain

nearb
Yy .
neighbour

parentFeature

W)

(wgs84:lat, gn:Feature) S parentCouniry
<..-countryCode fcode
EY: [ tryCod tryN it
a ng username countryode countryiName city name SubClass
United HET TEL Central Data Propert SRR N
40.78343-73.96625 karma US —— City- - . perty
Manhattan Object Property ——>
United ~ NeW York wgs84
40.71012-73.90078 karma us States City- Ridgewood geonames
Queens

vy

(gn:name, gn:Feature)

(wgs8*|ong,
gn:Feature)

\ 4

(gn:countryCode, gn:Feature) 18



Extracting Relationships
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[Knoblock et al., ESWC 2012]

School of Engineering

« Construct a graph from semantic types and ontology graph

« Select minimal tree that connects all semantic types
— Acustomized Steiner tree algorithm

wgs84:lat (...

-
‘.,
Tan

wgs84:long

gn:name (<

gn:countryCode [<-..,

-
.....

nearby
neighbour

parentCountry

«>gnh:name

“*>gn:name




Extracting Relationships USC Viterbi

[Knoblock et al., ESWC 2012] School of Engineering

« Construct a graph from semantic types and ontology graph

« Select minimal tree that connects all semantic types
— Acustomized Steiner tree algorithm

nearby
neighbour
parentCountry

wgs84:lat <-.. .

: neighbour
.. < \f\ “‘->gn:name
" Feature @,
wgs84:long<----===r"
nearby

gn:countryCode [<-.., @
;"::" parentCountry :

gn:name (<~ “>gn:name




API Semantic Model in Karma USC Viterbi

School of Engineering

[ Feature J
neigh ot
v
[ Feature J
nearby
v
fat Jong ( Feature )
Country
parent' name
( Feature j Qame
countryCod® e
) 5 o ) ) 5 )
lat : Ing iusernameicountryCode:countryName: city :  name

United New York City- Central

40.78343:-73.96625: karma us States Manhattan Park

21
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— Representing API Descriptions



Service Modeling Ontology USC Viterbi
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Ko, km:hasName
km:hasMandatoryAttribute <. G,
~ : .
S rest:isGroundedin swrl:Variable
. . N
km:hasOptionalAttribute = __ ~
\\ \

) GITPR argumentl \  argument2

km:hasName

km:Model swrl:Atom

km:hasAtom

—

R
.

rest:hasAddress

<..---
SubClass — 5 swrl:Individual
swrl:ClassAtom = tvAL
SubProperty === =p ropertyAtom
Data Property s>
Object Property ——— swrl:classPredicate swrl:propertyPredicate
rdfs: http://www.w3.0rg/2000/01/rdf-schema#

swrl:  http://www.w3.0rg/2003/11/swrl# :
rest: http://purl.org/hRESTS/current# rdfs:Class rdf:Property
km: http://isi.edu/integration/karma/ontologies/model/current#

23
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i km:Service

http://<karma server>/services/
5C5CB6AB-1689-4A96-0B70- output
| 96C6A54F3D70#

hasModel “hasAttribute

km:Input
lat || name input km:Attribute haslva,;,
] e
40.78343 Central Park outputModel out_name
' hasModel 2
hasAttribute o argz/, egnamel

km:Attribute km:Model

inputModel

\ hasAtom
arg2
wgs84d:lat S

property

/
swrl:PAtom property

argl swrl:Variable
v2
argl

JEEEeg gn:Feature

swrl:CAtom

swrl:Variable argl atom?2 arg?2
vl ’
argl

0 Ean:neighbour
_ links the output to the input

argl by neighbour relationship

[N ECEINI < class atom1

24
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Find services that return the neighbor feature
given the latitude and longitude

SELECT ?s WHERE {

?s km:haslnput [km:hasAttribute ?il, ?i2].

?s km:hasOutput [km:hasAttribute ?01].

?s km:haslInput [km:hasModel [km:hasAtom
'swrl:classPredicate gn:Feature; swrl:argl ?f1],
'swrl:propertyPredicate wgs84:lat; swrl:argl ?f1; swrl:arg2 ?i1],
'swrl:propertyPredicate wgs84:long; swrl:argl ?f1; swrl:arg2 ?i2]]].
?s km:hasOutput [km:hasModel [km:hasAtom

[swrl.classPredicate gn:Feature; swrl:argl ?f2],

[swrl:propertyPredicate gn:neighbour; swrl:argl ?f1; swrl:arg2 ?2]]]}

27
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» Rapidly Integrating APIs with the LD

— Building Linked APls



Invoking Linked APIs (POST) USC Viterbi
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I
Linked API
Repository

4 Karma
Web Server
RDF
lowering HTTP POST - :—)'ntked
' ' ata
Web APIs Invocation URL | /servicesfid} @ User

REST Services liftin g J RDF
XML/JSON

30



Lowering USC Viterbi

School of Engineering

(inputModel a km:Model; \//—Kﬁtto://sws.geonames.org/51m
km:hasAtom a gn:Feature ;
[ & swrl:ClassAtom ; wgs84:lat "40.74538" ;
SWV:3a|rgun;en;_ - ] wgs84:long "-73.90541" .
swrl:classPreadicate gn:Feature | ;
P N Input Data (RDF)
[ @ swrl:IndividualPropertyAtom ; {}

swrl:argumentl :v1 ;

. Attribute Value
swrl:argument?2 :in_lat ;

swrl:propertyPredicate wgs84:lat ] ; [ in_lat 40.74538
"
\_ ) in_Ing -73.90541
qn_lat a km:Attribute; h {}
km:hasName “lat”; Attribute | Value GroundedIn
hrests:isGroundedIin "p1“ .
>y in_lat 40.74538 | pl
\_ J
in_Ing -73.90541 | p2
(... )
hrests:hasAddress {}
“http://api.geonames.org/neighbourhood? http://api.geonames.org/neighbourhood?
| lat={p1}&ing={p2}’ ) 1 1at40.74538&Ing=-73.90541
Invocation URL

API Description (RDF)

31
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fzout_countryCode a km:Attribube: 2 geonames> >
km:hasName; <neighbowrhood> n
&countryCod®»US</countryCode> =
\_ ) <countryName>United States</countryName> &
. _ ) <city>New York City-Queens</city> ]
éfpuﬁMﬁel a km:Model; \ <name>Woodside</name> %
m:hasAtom
L M
[ a swrl:IndividualPropertyAtom ; </neighbourhood> =
swrl:argumentl :v1 ; </geonames> 3
swrl:argument2 :v2; b
swrl:p¥"opertyPred1cate Attribute Value URI
gn:neighbour | ;
km-hasAtom countryCode US :out_countryCode
[ a swrl:ClassAtom ; __:> countryName | United States [ :out_countryName
swrl:argument-l V2, city ...-Queens :out_city
km‘s}j‘; Z{;ﬁfgfﬂSPredmate FElfieamne | - name Woodside :out_name
[ a swrl:IndividualPropertyAtom ; 2
swrl-arcumentl v2 - <http://sws.geonames.org/5145067/> =
swrlzargumentZ :out’ name; =) gnineighbour | E‘
A R ’ v a gn:Feature ; gn:name "Woodside"; o
swrl:propertyPredicate gn:name | ; gn:mearby [ g
K / a gn:Feature ; gn:name “...-Queens"; g
gn:parentCountry [ ... 'g
API Description (RDF) e+
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USC Viterbi

Evaluation
Geonames API #Examples | #Columns Time (min)
neighbourhood 3 10 6
neighbours 2 9 5
children 2 10 3
sibling 1 9 3
ocean 2 1
findNearby 3 11 3
findNearbyPostalCodes 3 11 7
findNearbyPOIsOSM 3 7 3
findNearestAddress 3 14 6
findNearestintersectionOSM 3 8 3
postalCodeCountrylnfo 1 5 2
Total 26 97 42

Average 4 minutes to build a linked API
35



Related Work USCVlterbl

School of Engine

* Linked Services [Pedrinaci & Domingue, 2010]
— Annotates inputs and outputs by concepts from
ontologies

— Publishes service descriptions into the LOD cloud using
Minimal Service Model (MSM)

— Cannot represent relationships between service
attributes

* Linked Open Services (LOS) [Krummenacher & Norton & Marte, 2010]
, Linked Data Services (LIDS) [Speiser & Harth, 2010]

— SPARQL graph patterns to describe inputs and outputs
— Service discovery is not straightforward

« RESTdesc [verborgh et at, 2012]

— N3 logical rules to capture API functionality
36



Related Work USCVlterbl
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* Linked Services [Pedrinaci & Domingue, 2010]

— Annotates inputs and outputs by concepts from
ontologies

— Publishes service descriptions into the LOD cloud using
Karma semi-automatically builds service

descriptions and the modeling process does not
require expertise in SW technologies

— = = - T - — — = = T \_'— -I - """ T = =¥= B A

— SPARQL graph patterns to describe mputs and outputs
— Service discovery is not straightforward

« RESTdesc [verborgh et at, 2012]

— N3 logical rules to capture API functionality
37
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« Rapidly build rich semantic models of services

* Publish service descriptions into the LD cloud

* Provide strong support for service discovery
and composition

 Build linked APls that consume and produce
linked data

38
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* Apply our approach on REST-like URLs
— http://www.ex.com/weather/CA/Los Angeles

« Compose data and services in Karma

Sl(address -> street, city, state, zipcode,) Composition
S2(city, state—> temperature, windspeed, ...)

S3(zipcode, distance-> hotel, ranking)

- - events & -
e

WPOO‘M'LWQ’ ACM GIS 2012 300 N. Harbor Drive Redondo Beach, CA 90277 —
EVents ISWC 2012 50 Park Plaza at Arlington Street. Boston, MA 02116 %]

Show: 10 20 50 records Previous Next
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More Information USCVlterbl
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* More information/papers/software/demos:

— http://www.isi.edu/integration/karma/

e Contact

— Mohsen Taheriyan: mohsen@isi.edu
— Craig Knoblock: knoblock@isi.edu
— Pedro Szekely: pszekely@isi.edu

— Jose Luis Ambite: ambite@isi.edu
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