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center of the metropolitan area. The area features many of the city's major arts institutions and sports facilities, sightseeing
opportunities, a variety of skyscrapers and associated large multinational corporations and an array of public art and unique
shopping opportunities. Downtown is the hub of the city's freeway network and growing Metro rapid transit system.

leader title City Council
U.S. House
State Senate :
Star Aszarmbly World Weather Online API
Mashups (1) How-To (1) Developers (1) Comments
population total 39537 (xsd:integer)
= WORLD World Weather Online provides weather forecast and we
area total (km2) 8.538 () WEATHER for worldwide city and towns. The Developer Weather AF
|3.73988692533248 AN INIE Anvinlannre and neanrammars tn annnen fran B Aav usathl
Current temperature 73°F Eventful API
Wind 10 mph SW
Humidity 51% Mashups (46) How-To Developers (30) Comments
Dew Point 54°

Eventful is the world's largest collection of events, taking

Events Transparent Cities 5/1/2012 REDCAT Th| EVE Ntful reres throughout the world, from concerls and sports
Saving Our Sons : A Community Conver:

Twitter API

Twitter Feed Los Angeles becomes the largest U.S. c [N
Plastic grocery bags will now be banned Mashups (709) | How-To (34) | Developers (432) = AP

The Twitter micro-blogging service includes two RE
Twitter REST APl methods allow developers to acce




Web APIs USC Viterbi

School of Engineering

8000
7000 APIs: growth all times versus last year

%

()
u o
o g
0 =4
E o
E L
0 &
i S

o
0 N
(s }

2011 2012

65 RDF
(Oct 2012)

W REST(71%)

m SOAP (18%)

W JavaScript (6%)
m XML-RPC (3%)

API Protocols, 02/10/2012
API Data Formats, 03/08/2011



The Problem USCViterbi

School of Engineering

4+ ¢ Semantic
Z
X Crunch
Chromc Lmked
Q\A ling "\ Event- ) w7 ror
merica [ | Media p, / ohloh
~
~ /\\ \ L

| BibBase |
-

IS
~/ \v‘\
Tele- | 7 Ne

\ / n
- B { SN L ( < SN
o A graphis A vork \ - AVVOUF) vIvo ¥ \
N TR L7 X5 (e RDE
- e i 4 —4 pBLP
s AN y ~ UNS
RDF [mon | 38 N \\ e, |\ serimy L
Concept Geo |« B \
- | Names /< \ / - { % )
a RN — { 2 | “berg s stw
w0} Fishes | 4 \ 5 E2 em ~—<
/ of Texas | = g \ h |
~——y TcH sioer | \
\i\j\ - / ( Gone \"» i T
: 7 X > iy YA\

2 . Z
Ty -~
C

v

Best
3 t biog need
Appendix ISEI'S Information

software :éOde
new  usingr Many wn

service g e practice =
API Invocation Develo opers::*

Functionality

E JSON/XML

standards others _kKeep




Motivation Example USC Viterbi

School of Engineering

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)

<http://sws.geonames.org/5145067/>
gn:neighbour |
a gn:Feature ; gn:name "Woodside";
gn:nearby [
a gn:Feature ; gn:name “...-Queens";
gn:parentCountry | ...

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

Jndu] 1@y

13y payun

Lowering
Lifting

Neighbourhood / reverse geocoding

. - . . ¥<geonames>
The neighbourhood for US cities. Data provided by Zillow under ct v <neighbourhood>
- < t > < >
Webservice Type : REST countryCode US_/countryCod?
url : api geonames org/neighbourhood . <countryName>United States</countryName>
: 9= : Invocation Example <adminCodel>NY</adminCodel>
Parameters 'IatJng <adminNamel>New York</adminNamel>

A - [] [ ]
Example http:
lat=40.78343&Ing=-73.96625&username=demo

atitude/longituds <adminCode2>061</adminCode2>
<adminName2>New York County</adminName2>
<city>New York City-Manhattan</city>

<name>Central Park</name>
</neighbourhood> XML Response
</geonames>
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— Building APl Semantic Model
— Representing API Descriptions
— Building Linked APIs

 Evaluation
 Related Work
 Conclusion & Future Work
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g (Karma Modeling\ : SPARQL _ﬁ/ Service
@ Services J ﬂ Linked API @ Integrator

WebAPI \ Sources Repository
Modeler
- Linked
examples Data
g NETE RDE @ User
JSON Web Server S\ P2
XML lowering S
Web APIs | ||
REST Services N N N RVMEN S e o s
lifting
N
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wgs84 nearby
geonames
neighbour
SubClass —_—>
Data Property  swsesesesesess > parentFeature
Object Property parentCountry

http://api.aeonames.ora/neighbourhood?
Iat=40.78343llng=-73.96625]&username=demo
N A

g

i <geonames>
-------------
gn:name
gn:neighbour | Tt >l <name>Central Park</name
n:nearb . -
£ Y _gniname <city>New York City-Manhattan</city>
@ _____ S 3 <countryCode>US</countryCode>
gnicountryCede  sf<countryName>United States</countryName>
gn:parentCountry :,.-‘". gn:name </neighbourhood>

</geonames>
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neighbourhood($lat, $long, @countryCode, @countryName, @Qcity, @name) —
gn:Feature(vl) A wgs84:lat(vl, $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)

http://api.aeonames.ora/neighbourhood?
Iat=40.78343llng=-73.96625]&username=demo
A

wgs84:lat .--wgs84:long

i v2 <geonames>
............. <neighbourhood>
gn:name
gn:neighbour | Tt >l <name>Central Park</name
vi gn:nearby - ; :
_gniname <city>New York City-Manhattan</city>
v3 @ _____ S 3 <countryCode>US</countryCode>
gnicountryCede  sf<countryName>United States</countryName>
gn:parentCountry :,.-‘". gn:name </neighbourhood>

</geonames>

v4 14
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Invoking
APIs

gﬁ%ﬁﬁei KCI rma Annptating h Previous
URLs . Attributes Work on
MOdellng I Modeling

Extracting Static
Relationships Sources

Domain
Ontology

»

L &Semanhc
Model
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» User provides examples of the APl request URLs
« Karma extracts the input values from the sample request URLs

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

Examples of API
Invocation URLs

- neighbourhood V

request url

http://api.geonames.org/neighbourhood?
|lat=40.78343&Ing=-73.96625&username=karmz|

http://api.geonames.org/neighbourhood?
|lat=40.71012&Ing=-73.90078&username=karmgz|

http://api.geonames.org/neighbourhood?
|at=40.90145&Ing=-73.90815&username=karmgz|

Show: 10 20 50 records

16



Annotating Inputs and Outputs USC Viterbi

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

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

- Semantic Type ey . "9 i

— Ontology Class
)

— Data Property + Domain

A

nearby

neighbour

parentFeature

(wgs84:lat, gn:Feature) parentCountry

.‘. i'....
_countryCode ‘fcode _

< =>
Ing username countryCode countryName city
SubClass —_—
United e e Central
40.78343-73.96625 karma us Statoe City- i, Data Property  woeeeeseeeeeees >
United  NEW York wgs84
40.71012-73.90078 karma us States City- Ridgewood geonames
Queens
I )
(wgs84:long, gn:Feature) (gn:name, gn:Feature)

(gn:countryCode, gn:Feature) 17
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[Knoblock et al., ESWC 2012]

« Construct a graph from semantic types and ontology graph

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

wgs84:lat (€-...

w95841|0ng<...........-..--

gn:countryCode [<--

gn:name

negrby
SpatialThing neighbour

~>gn:name

parentCountry

.
%,
e
>

gn:name




Extracting Relationships USC Viterbi

[KnOblOCk et al_, ESWC 201 2] School of Engineering

« Construct a graph from semantic types and ontology graph

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

nearby
neighbour
parentCountry
wgs84:lat (€-..., .
’\‘: \/ nelghboUr \/—
'o«'a._. S \ . :“->gn:nqme
W9584:I0ng<...........-...
nearby
gn:countryCode [€-..,
%.'::.. Feature -~ ....’
7 parentCountry .
o © “>gn:name
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( Feature J
neighbout
\
[ Feature J
neafby
Y
lat long ( Fcature J
untry
parmtso pame
( Feature J name
counthCOde pame
5 5 o 5 5 5 5
. lat : Ing iusernameicountryCode:countryName: city . name
~ United :  NewYorkCity-  Central
e A fama S sfaes  Manhattan  Park

20
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P - km:hasName
km:hasMandatoryAttribute ~_ P
\\\ rest:isGroundedin "{_ km:Attribute swrl:Variable
km:hasOptionalAttribute — —_  ~~
= = AN

) QR argument1 \_  argument2
km:hasName" km:hasinput
< ...................... km:hasModeI km:MOdel Ser:Atom
rest:hasMethod 7 km:hasAtom
e km:hasOutput
< rest:hasAddress @
SubClass - 5 swrl:Individual
SubProperty === => PropertyAtom
Data Property  -eeeeeeeeeene. >
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# @
km: http://isi.edu/integration/karma/ontologies/model/current#

22
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km:Service
‘% http://<karma server>/services/ y
© 5C5CB6AB-1689-4A96-0B70-96C output
6A54F3D70#
: hasModel “hasAttribute
km:Input
lat || name input km:Attribute ~
~ e
40.78343 [Zentral Park outputModel Oyt name
hasAttribute” hasModel } egname
hasAtom
arg2
USRS DO oniname
1% gedin inputModel \ swrl:PAtom
isGTOun \
arg2
wgs84:lat (N

property

swrl:Variable arg1
vl

ar

I:Variabl
hasAtom a
1 v2
swrl:CAtom arg

<—class

links the output fo the input
arg1 by neighbour relationship

23
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@preflx <http://<karma server>/services/5C5CB6AB-1689-4A96-0B70-96C6A54F3D70#> .

: a km:Service; km:hasName "neighbourhood" ;

hrests:hasAddress "http://api.geonames.org/neighbourhood?lat={p1}&Ing={p2}&
username={p3}" M hrests:URITemplate ;
hrests:hasMethod "GET"; km:haslnput :input; km:hasOutput :output.

-input a km:Input;

km:hasAttribute :in lat, ... ;
km:hasModel :inputModel.

:in lat a km:Attribute; km:hasName "lat" ;

hrests:isGroundedin "p1"*rdf:PlainLiteral.

:feature1 a swrl:Variable .
:inputModel a km:Model;

km:hasAtom [ a swrl:ClassAtom ;
swrl:classPredicate gn:Feature;
swrl:argument1 :feature1 |;

km:hasAtom [ a swrl:IndividualPropertyAtom;
swrl:propertyPredicate wgs84:lat;
swrl:argument1 :feature1;
swrl:argument2 :in lat];

-output a km:Output;
km:hasAttribute :out name, ... ; km:hasModel :outputModel.
:out name a km:Attribute; km:hasName "name" .

.feature2 a swrl:Variable . :outputModel a km:Model;
km:hasAtom [ a swrl:ClassAtom ;
swrl:classPredicate gn:Feature;
swrl:argument1 :feature2?] ;
km:hasAtom [ a swrl:IndividualPropertyAtom ;
swrl:propertyPredicate gn:neighbour;
swrl:argument1 :feature1 ;
swrl:argument2 :feature2];
km:hasAtom [ a swrl:IndividualPropertyAtom ;
swrl:propertyPredicate gn:name ;
swrl:argument1 :feature2 ;
swrl:argument2 :out name]j;

24
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 Finds all services that take latitude and
longitude as inputs

SELECT ?service WHERE {
?service km:hasInput [km:hasAttribute 711, ?12].
?service km:hasInput [km:hasModel [km:hasAtom
[swrl:propertyPredicate wgs84:lat; swrl:argument2 ?11],

[swrl:propertyPredicate wgs84:long; swrl:argument2 ?12]]]

25
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* Find services that return the neighbor feature
given the latitude and longitude

SELECT ?s WHERE {

?s km:haslnput [km:hasAttribute ?i1, ?i2].

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

?s km:haslnput [km:hasModel [km:hasAtom
'swrl.classPredicate gn:Feature; swrl:arg1 ?f1],
'swrl:propertyPredicate wgs84:lat; swrl:arg1 ?f1; swrl:arg2 ?i1],
'swrl:propertyPredicate wgs84:long; swrl:arg1 ?f1; swrl:arg2 ?i2]]].
?s km:hasOutput [km:hasModel [km:hasAtom

[swrl.classPredicate gn:Feature; swrl:arg1 ?{2],

[swrl:propertyPredicate gn:neighbour; swrl:arg1 ?f1; swrl:arg2 ?f2]]]}

26
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Invoking Linked APIs (GET

‘ _ Linked
5\\6‘3 Data

User

ces!

;:; Linked API
Repository

|s©
e’
etV

i &

@prefix : <http://<karma server>/services/5! 36AB-1689-4A96-0B70-96C6A54F3D704#> .
: a km:Service; km:hasName "neighbourhooi
hrests:hasAddress "http://api.gec  nes.org/neighbourhood?lat={p1}&Ing={p2}&
name={p3}" A hrests:URITemplate ;
hrests:hasMethod "GET"; km:has  ut :input; km:hasOutput :output.

Karma

Web Server

:input a km:Input;

km:hasAttribute :in lat, ... ;

km:hasModel :inputModel.

:in lat a km:Attribute; km:hasName "lat" ;

hrests:isGroundedin

"p1"AArdf:PlainLiteral.

-featurel a swrl:Variable .

:inputModel a km:Model;

km:hasAtom [ a swrl:ClassAtom ;
swrl:classPredicate gn:Feature;
swrl:argument1 :featurel ];

km:hasAtom [ a swrl:IndividualPropertyAtom;
swrl:propertyPredicate wgs84:lat;
swrl:argumentl :featurel;
swrl:argument2 :in lat];

:output a km:Output;

km:hasAttribute :out name, ... ;

km:hasModel :outputModel.

:out name a km:Attribute;

km:hasName "name" .

:feature2 a swrl:Variable .

:outputModel a km:Model;

km:hasAtom [ a swrl:ClassAtom ;
swrl:classPredicate gn:Feature;
swrl:argument1 :feature2] ;

km:hasAtom [ a swrl:IndividualPropertyAtom ;
swrl:propertyPredicate gn:neighbour;
swrl:argument1 :featurel ;
swrl:argument2 :feature2];

km:hasAtom [ a swrl:IndividualPropertyAtom ;
swrl:propertyPredicate gn:name ;
swrl:argument1 :feature2 ;
swrl:argument2 :out name];

28
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m’ Linked API
Repository

4 Karma
Web Server
RDF
lowering HTTP POST -~ Linked

- i Data
Web APIs Invocation URL | fservicesiich @ User

REST Services lifting ) RDF e
XML/JSON \\}\w/

)7, “ t”‘ . ‘.':' o=t A: ::.;

L TT =
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(inputModel a km:Model; R | —ZRitp.//sws.geonames.org/514506 (5=
km:hasAtom - a gn:Feature ;
[ a swrl:ClassAtom ; wes84:lat "40.74538" ;
swrl:argument1 wes84:long "-73.90541" |
swrl:classPredicate gn:Feature ] ;
km:hasAtom Input Data (RDF)

[ a swrl:IndividualPropertyAtom : \/

S ElelUnen :Y1 : A;:tribute Value
swrl:argument?2 :in_lat ;

swrl:propertyPredicate wgs84:lat ] ; ~] in_lat 40.74538
"
\_ Y, in_Ing -73.90541
qn_lat a km:Attribute; h {}
km:hasName "lat” ; Attribute | Value GroundedIn
hrests:isGroundedin "p1“ ~
T in_lat 40.74538 | pl
N / in_Ing -73.90541 | p2
- N [
hrests:hasAddress “http:// {}
api.geonames.org/neighbourhood? http://api.geonames.org/neighbourhood?
lat={p1}&Ing={p2}" 1 1at40.74538&Ing=-73.90541
- / v
Invocation URL

API Description (RDF)
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/inputModel a km:Model;

km:hasAtom
[ a swrl:ClassAtom ;
swrl:argumentl :v1 ;
swrl:classPredicate gn:Feature | ;
km:hasAtom
[ a swrl:IndividualPropertyAtom ;
swrl:argumentl :v1 ;
swrl:argument2 :in_lat ;

swrl:propertyPredicate wgs84:lat | ;

L

J

(in_lat a km:Attribute;

&

km:hasName "lat" ;
hrests:isGroundedIn "p1*

~

<http://sws.geonames.org/5145067/>
a gn:Feature ;
wgs84:lat "40.74538" ;
wgs84:long "-73.90541" .

<http://.../services/...D70#in_username>
km:hasValue “demo” .

Ady mnduy

Authentication

Attribute

Value

n_lat

40.74538

in_Ing

-73.90541

In_username | demo

Attribute

Value

GroundedIn

hrests:hasAddress “http://

apl.geonames.org/neighbourhood?
lat={p1}&Ing={p2}&username={p3}”

API Description (RDF)

40.74538

pl

\e in_lat
in_Ing

-73.90541

p2

1n_username

demo

p3

e http://api.geonames.org/neighbourhood?

1at40.74538&Ing=-73.90541&username=demo

Invocation URL
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A geonames> >
<neighbowrhood> ~
L &country Cod&»US</countryCode> =
\_ ) <countryName>United States</countryName>|2
. : _ <city>New York City-Queens</city> ]
61}1{’Epu}’iM(ﬁel a km:Model; \ <name>Woodside</name> §
m:nasAtom
[ a swrl:IndividualPropertyAtom ; </neighbourhood> E
swrl:argumentl :v1 ; </geonames> =
swrl:argument2 :v2; [§)
swrl:p].fopertyPredlcate Attribute Value URI
gn:neighbour | ;
sl nas Ao countryCode US :out_countryCode
[ a swrl:ClassAtom ; __:> countryName | United States | :out_countryName
Swrl:argument.l V2 city ...-Queens :out_city
km_shvevligf:rispredlcate Gre it || name Woodside :out_name
[ a swrl:IndividualPropertyAtom ; 2
swrl'arcumentl v - <http://sws.geonames.org/5145067/> o
: g ) . N gn:neighbour [ %
swrl:argument2 .Opt_name, v a gn:Feature ; gn:name "Woodside"; o
swrl:propertyPredicate gn:name | ; gn:nearby [ g
K / a gn:Feature ; gn:name “...-Queens"; £
gn:parentCountry | ... 'g
API Description (RDF) o+
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Evaluation USCViterbi
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Geonames API #Examples |#Columns | Time (min)
neighbourhood 3 10 6
neighbours 2 9 S
children 2 10 3
Sibling 1 9 3
ocean 2 3 1
findNearby 3 11 3
findNearbyPostalCodes 3 11 7
findNearbyPOIsOSM 3 7 3
findNearestAddress 3 14 6
findNearestintersectionOSM 3 8 3
postalCodeCountryinfo 1 5 2
Total 26 97 42

Average 4 minutes to build a linked API
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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
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
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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

— 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
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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 APIs that consume and produce
linked data
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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

S1(address - street, city, state, zipcode,) Composition
S2(city, state—> temperature, windspeed, ...)

S3(zipcode, distance—> hotel, ranking)

== - events < -
.
[

ACM GIS 2012 300 N. Harbor Drive Redondo Beach, CA 90277

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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Steiner Tree Algorithm
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10 1/2 4
4o 1 —_— 4 o 4 —
1
1 1 . 4
@ D) vs v v
4
2
8 2 . 1. construct the complete graph (Nodes:
‘ 9 Steiner Nodes, Links Weights: shortest path

from each pair in original G)
Steiner nodes: {V1, V2, V3, V4}

V1 Vi 1
1
V8 V9
= Vo 172 1/2
112 172 ‘ 1
p P V7 —
g 1 1 .
1 a4 @ N\ N2
V2 (Ve V5
2 2
2 2 Y va
V3 va

3. replace each link with the corresponding
shortest path in original G

4. Compute MST

4
v2 w3
4
2. Compute MST

® 1
)
1
V2 LI crry WL S (7
2 2
V3 va

5. remove extra links until
all leaves are Steiner nodes
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