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ABSTRACT

Mashup is atechniquewhich combines data and functionalities
from multiple Web sources into new Web congeriRecently,
software tools callednashup editors havattracted attention.
These toolsare typically targeted at neexpert users and allow
them to create mashups withowtiting code However, thee
tools tend to focusonly on creating mashups arade lacking in
pulishing mashups. Thereforié,users want to publishesultsof
mashug on the Weh they eventually have to dacomplex
programmingandbr settings.

In this paper, we proposa novel mashup editor calleQusia
Weaver It provides a sophisticated visual ®diwhich enables
users to create mashups withautting code It addressesot
only on creating mashups, but alem publishing mashupddith
the proposedool users canvisualize their mashupesuls by
simply choosing desired visualization widgets frama listof the
widgets It alsoinvolves a simpléVeb server whichautomatically
publicizesmashupresuls on the WebTherefore, users can create
impressiveWeb pages fronrmashupresuls without any complex
programming andbr settings. This paper presésn the
programming modethe user interface, and the implementation of
Ousia Weaverandalso providestwo concrete exampléa order
to demonstrate its effectiveness
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1. INTRODUCTION

Mashup is aechniquewhich combines data and functionalities
from multiple Web sources into new &l conterg One of the
earliest mashupexample is housingmaps.comwhich allows
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users to see real estate information visually on a map. It obtains a
list of real estate information from Craigsl{stww.craigslist.org)
extracts locations from each onedgputs them onto a map using
Google MapsAPI (code.google.com/apis/maps/

Recently, software tools callednashup editordhave attracted
attention such as YahodPipes[10], Microsoft Popfly[4], CMU
Marmite[9], and Intel MashMak€]r3,2]. Thesetools are typically
targeted at noexpert users and allow them to create mashups
without writing code

However, theséools tend to focus on creating magkwandare
lacking inpublisting mashups. Therefgré userswant to publish
resuls of mashug on the Web they ewventually have to do
complex programmingndbr settings.

In this paperwe propose a novel mashup editor called Ousia
Weaver (seeFigure 1. It provides a sophisticated visuadlitor
which enables usetto create mashups withoutiting code

Ousia Weaveaddressesot onlyon creating mashups, but also
on publishing mashups. It provides the following three main
componets in order to publish mashupsuls as impressive Web
pages (1) visualization widetswhich richly visualize mashups
(2) data transformation operatonghich add attributes to data and
transform data to visualizable form, and (@ashup servewhich
providesa simple Web servefunctionality, and automatically
publicizesmashupresuls onthe Web.

With Ousia Weaver, users can visualize their mashups by simply
choosing desiredlisualization widget$rom the list of the widgets.
When the user finisheslefining how the mashup collects
combines and processesdata, a list of possible visudization
widges is automaticallyprovided by Ousia Weaver. After the
user selectdesired widgets from the list, the mashup server
automatially publicizes tle visualizedresultof the mashums a
Web page.

In addition, Ousia Weaver igsven powerful for eperienced
programmers. It has the following three distinguished
characteristics which increasiege convenience for programmers
(1) parallel mashup executiowhich enables programmers to
execute mashup concurrently by multiple processegx{nsible
architecturewhich allows programmers to add and update any
desired operations into Ousia Weaver, andgf@pter expressive
powerwhich enables programmers to create complex mashups.
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Figure 1. The user interface of Ousia Weaver.

2. THE OUSIA WEAVER SYSTEM

Ousia Weaver consists of the five fundamentainponents:
operators data type systenmashup server, visualization widgets
and visual editor First we will overview this system, and then
describe each of tsecomponentsespectively

2.1 What is Ousia Weaver?

Ousia Weaver is a mashwgglitor for help oeateand publish
mashups.t provides a sophisticatedsual editorand adopts a
novel programming model which makes creatargl publishing
mashups easier.

The mashup pogramming inOusia Weaveris composed of
dataphaseandvisualization phasdn the dataphase, users create
mashupdataflows which represent rules of collectingombining
and processingada, andn the visualization phasejsers define
how to visu#ize the resulbbtained by thenashupdataflows.

First, wedescribe the data phas#ith Ousia Weaverusers can
createmashupdataflows by stringing together componentalled
operatorsin the visual editarln particular,a mastup dataflow is
represented as a directed gragitucture(seeFigure 3. Nodes,
which we call operators represent data operations such as
collecing, combining and procesig data, and edges, which we
call connections connet two operators and define dafmth
between these

The typical wayof creatinga mashupdataflow is an iterative
processthat comprisesof addingdesiredoperatorsand stringing
operatos together using connection¥he basic action in this
processis drag-anddrop; users can create, move, and string
togetheroperatordy draganddrop actiors.

Mashupdataflows are executed ia dataflow manner.For
example, he mashupataflow shown inFigure 2is executed as
follows: (1) Input operatorreceives keywords from a user, (2)

~ > Connections
4

Output

Type:
itemlist

Figure 2. An example of mashup datdlow.

Amazon operatoperforms a searclon Amazon.comwith the
keywords and (3)Output operatoreturns the search result.

Also, the user can visualize the result of the mashup-fttaia
by simply selecting desiredsualizationwidgetsfrom the listof
the widgets After the user define a mashup datflow, Ousia
Weaver automatically transts to the visualization phase and
provides a list ofvisualization widgetsvhich can be applied to the
mashup datfiow.



Ousia Weaver also includes a simpletWserver callednashup
server It automatically assigns a URL to each mashup and makes
the mashupccessible to external users.

Inputterminal

Therefore, withOusia Weavenisers canreate Web pages from
mashups results without any complex programmingndbr
settings.

2.2 Operators

- - - - Argument name

- - - - Argument value
Outputterminal

Weaver«--

Operatoris the most fundmental component whictepresents
all data operations in Ousia Weavéiigure 3 shows Apperd
operator which appends a string the input. As you can se@
Figure 3 anoperator consists afiput/outputterminalk, operator
name andargument namgaluepairs

All operatorscan beclassified into the following three groups:
1. Base operator

Theseoperators provide basic programming operations,
includingarithmetic operations, data type conversions,
regular expresions, and so forth. They alsontainstandard
selection operationincludingIf and Switch, andLoop
operationsincluding While, andForeach

2. Data source operator

These operators represent Web data sourdssical
examples of these operators are data extraction operators
including RSSand CSV, and Web API operatorsincluding
AmazonGoogk, Youube and so forth.

3. Data transformation operator

These operators perform data transformation operations.
Typically, they are used to transform datdoirvisualizable
form. They includeAddimagewhich addsimages to data,
AddLocationwhich appendgeographical locatimto data,
AddDatewhich attabesdates to data,AddDateRang which
addsranges of datesto data and AddCoordinate2D which
appendtwo dimensional coordinageo data.

Moreover, qerators are extensibleses can add and update
arbitrary operators whenever they ne&ture 4 showssource
files of Append operatoirnternally, anoperatoris built from two
files; (a) a simple metadata file ar(d) a program code fileThe
metadata is implemented using JavaScript and the program code
Python.

Ousia Weaver also provides code templateorder to help
uses create these files. With $etemplatesuserscan create new
operatordhy writing just a littleamount of code fragmentm the
case of Append operator, for instanosgrshave to writecode
fragments which are marked in boldRigure 4

Additionally, in Ousia Weaveroop operations areepresented
using sub mashupdataflows; an operator involving loofhasa
separatsubmashup datflow as its argument, and the ddl@av
is executed on each iterationtbloop.

2.3 Data typesystem

Ousia Weaver offergsersa simple data typing systenT.ablel
shows alist of all data typesAs you can see, o of them are
intuitive, but there areseveralunique data typesncluding any,
item, itemlist anddata-flow.

any is a data typ which can represent any data including other
data types.

itemlist represerg mashup results. Internally, it is an array
which contains multipleitem In addition, item and itemlist are
represented using JSON (JavaScript Object Notatgymat.

Figure 3. Append operator.

ousiaweaver.Operators.Append = function(){
this.addInputTerminal("string", "Input");
this.addOutputTerminal("string", "Output");
}

ousiaweaver.Operators.Append.packageName =
"base.string";

ousiaweaver.Operators.Append.arguments = {

"text": {
label: "Text",
type: "string",

required: true,

(&) Append.js

class AppendTerminal(OperatorBaseTerminal):
def __init__(self,args):
OperatorBaseTerminal.__init__(self, args)
Input_terminal = {}
input_terminal["Input"] = None
self.set_input_terminals(input_terminal)
class AppendBody(OperatorBaseBody):
def __init__ (self, args, manager_args, worker):

OperatorBaseBody.__init__(self, args,
manager_args, worker)

def run(self, input_terminals):
output_terminals = {}

output_terminals["Output"] =
str(input_terminals["Input"]) +
str(self.get_args()["text"])

return output_terminals

(b) Append.py

Figure 4. The sourcefiles of Append operator.




dataflow represents a mashup déitav. This data type is

Table 1. A list of data types of Ousia Weave

typically used in operators which involNeop operatiors. As we
described abovehése operators haweib mashupdataflows as

theirargument.
In addition, a terminal has a data type pperty and two

terminak, which have different data typmoperties, cannot be

connected unless either or battopertiesareany. This concept is
also implemented in theisual editor We will describe this

furtherlater.

2.4 Visualization widgets
Visualizaion widges are componerg which visualize mashup
results. Figure 5 shows samples of visualization widgeEach

widget is shown as tab at the top of screen and users can se¢
desired widget by clicking on the corresponding tab.

Currently, Ousia Weaver offs users the following five
visualization widgetgsee Figure 5)

1. Catalog widget
This widget visualizes the mashup result like a catalog.

arranges items of the mashup result on the screen using t
thumbnails, titles, and descriptions.

2. Plot widget

This widget plots items of the mashup result on a tw
dimensional spacesing corresponding coordinates

3. Table widget

This widget presents all titles and descriptions of items in tf]
mashup result in a table

4. Map widget

This widget depicts each item of the shap result visually
on a map using a corresponding geographical location.

5. Timeline widget

This widget puts items of the mashup result into a graphic
timeline using corresponding date

Note that, some visualization widgets are closely related
some d#a transformation operators. For example, the catal
widget requires thumbnails, and users eaid them to the data
using the Aldimage operator. Similarly, the plot widget, the ma|
widget, andthe timeline widget require coordinates, geographic

locatiors, andranges of date, artiese data can be obtained usin
the AddCoordina@2D operator, the @dLocation operatorand
the AddDateRinge operator respectively.

In addtion, each visualization widgétas a function thaeturns
whether or not the widget cawisualize the mashupThese
functions scanresuls of the mashupand detect if the resslhave

all datawhich arerequired to be visualized.

2.5 Mashup server

Mashup server is a lightwdig server whichexecutesmashups
and makesthe mashupresuls accessile to external users. It
automatically assigns a URL to each maslamng dynamically
executesthe mashupwhen an external user accesss it. For

example, the URL of a mashup namiskarch_videdasin the
fifooo server would béhttp://foo/search_videosand heexternal
users can see the mashup result by accessing the URL.

The mashup server also caches mashup ltesit assigns a
uniqueidentifier to each mashugsult Users can obtainrevious

Name Description Example
any dC;’; representany | gexw/ TRUE / 10 / [100, 200]
string Represents astring. | it ext 0O
boolean Represents a boolear] TRUE /FALSE
number Represents a number 10/0.11
coordinate Repre_sents a [100, 200]
coordinate.
2 Jatetime Represents a date an Tue Jan 19 2010 00:00:34
atime. GMT+0900
{
Represents arange d  Start:Tue Jan 19 2010,
daterange
dates end: Sat Jan 23 2010
It }
freit
{
_ Represents a latitude: &
location geographical . 3
s location. l ongitude: €
}
{
e uri: http://www.keio.ac...,
) . width: 200,
image Representan image. )
height: 50,
format: fipngd
}
uri Represents a URI. http://www.keio.ac.jp
lj"array Representsraarray. [0,1,2]
to {
bg . Represents anobjectf keyl: fival uel
object hashtabl .
(hashtable). key2: odval ue?2
P }
al
i {
Repraents a title: fAKeio
item constituenopf mashup uri: http://www.keio.ac.,
result. descriptionii é 0
}
K
title: iKei o
itemlist Represents a mashuj uri: http://www.keio.ac.
result.
descriptionfi é 0
}.oel
{
operators: ¢ 1,
dataflow Represents a mashuy| p ¢]

dataflow.

connections:§ ]

mashup radts by specifying their identifiers. (e.g.,
fihttp://foo/search_videos/result_identifder In  addition, the
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Figure 5. Samples of visualization widgets. (a), (b), (c), (d), and (e) corresponds
catalog widget, plot widget, table widget, map widget, and timeline widget respectively.

mashup server can be configd toreturnthe latest cacheesult
of the mashupinstead oexecute the mashup dynamically.

2.6 Visual editor

Visual editor (sedrigure 1) enablesuses to createmashups
visually and interactivelylt mainly consists of théollowing three
componentscanvas operator windowandvisualization window

2.6.1 Canvas
Canvag(seeFigure J is the main part of the visual editor where
all operators and coeations are displayed.

Thebasicaction onthe canvas is dragnddrop; users can move
operators and create connectitwysdraganddrop actions Figure

6 shows how to create a connection on the canvas. As you can st

users can create a connection by dragging onerminal and
dropping it onto the otheterminal

Also, Ousia Weaver has a useful feature which preveses
from bugs caused by data type mismatch. Wiuees start
dragging oneterminal other terminak will automatically be
disabled and turn gray if they cannot benmected with the
draggederminal

2.6.2 Operator window

Operator window allowsises to create operatoend change
argument®f existing operatorgrigure 7shows theuserinterface
of the operator windowWhen users click on theubmit button
operator windw adds a new operatdo the canva®r changes
arguments oéinexisting operator on the canvas.

It also containghe operator field and arguments field The
operator field enablesises to easilyselect a desired operator
from thename selection bashownat the top of the agrator field.
Also, it is possible to narrow down operators showrha name

Usels can create a connection by dragging ¢
terminal, and dropping it onto the other termina

Terminals whichcannotbe connected with the
dragged terminal will automatically turn gray.

Output

Type:
itemlist

Figure 6. Creating a connection on the canvas.

selection boby specifying the groupf operatorsisingthe group
selection box

The arguments field allowsises to specify arguments to
operators.Each argment is shown separately on the field and
uses can easily enter any desired values.
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2.6.3 Visualization window Figure 9. The architecture of Ousia Weaver.

Visualization window allowsuses to select visualization
widgets whit will be used to visualize the mashugigure 8 32 R fi .
shows theuserinterface of the visualization window. With this : un-time engine

interface, uses can choose desired visualizatiovidges by Runtime engine is a component responsible for executing
simply clickingon the checkboxes. mashupdataflows. It executes mashugataflows in parallel; it

divides a mashupdataflow into independent tasks and executes

Note that, visualization widgetshich cannote applied to the them usingvorker processes

mashup datflow are automatically disabled and cannot be ) ) ) )

selectedThe visualization windovasks each visualization widget ~ Figure 10illustrates how the rutime engne executesnashup
whether the result of thecurrent mashup datflow can be dataflows. It first creates a manager process, which controls the
visualizedor not execution and watches the execution progress continually. Next

) ) the manager process extractsagerators from the daflow and
There are aIsGettlng_button$o therlght O.f the. Ch(_eCkbO.)(eS' It addsthemto a queue caltedk queueas independent taskEhen,
enableaises to customize corresponding visualization widgets. o \worker processes incrementally (1) ta®ks from the queue,
(2) obtainintermediate results required to perform the tasks from
a buffer namedesult buffer (3) obtaincorresponding program

B codes from the operator managen) execute these tasks, arfi (
. — insert the results into the result buffer. Finally, the manager
1 Catalog widget ‘MI process detects the completion of the execution and returns the
List widget Settings result.
Map widget Settings As we described aboveperators which involve loopperatiors

Plot widget prmmm—— have eparate sub dafdows. Therefore, lhese operators are
g 9 treated asindependentdataflows and assigned to separate
Timeline widget Settings manager procees

In addition, since creatinga new processoss computational
Submit || Clear resourcesthe manager processes and the worker presease
recycled acrossashup executions.

Figure 8. The user interface of visualization window.

I I
3. IMPLEMENTATION Ol &7 (G Cesd) | A 1O

Figure 9shows the architecture of ®a Weaver. It consists of Add Task Take
five main componentsoperator manager run-time enging O tasks ask queue tasks O
visualizer visual editor andmashup server O O
3.1 Operator manager % [ ] @

Operator manager is a simplecomponent implemented in O Watch Result buffer Add/ge O
Python It manages the list of all operators and delivers their =~ ——~Progress results S
program codes and metadata to other carepts. Manager Worker

i ) . processes processes

Source files of all operators are stored in a special directory
called operator directory The operator manager periodically Figure 10. The execution model. The mashup is divided as
scans modifications in the directory andipdates the listof multiple, independent tasks and executed in parallel.

operatorsf new modifications are detected.



3.3 Visualizer

Visualizer isacomponentvhich visualizsmashupslt contairs
visualization widgetinside It passes thenashupresultto each of
selected visualization widggtandsimply addsthe widget to the
scre@ astabs.

The visualizer is implemented in JavaScript anasushe
following four programmindibraries:

R jQuery (jguery.com)
jQuery Tenplates
(plugins.jquery.com/project/jquerytempljte

Simile Widgets(simile-widgets.org
Google Maps API ¢ode.google.com/apis/maps/)

3.4 Visual editor

Visual editorprovidesrich visual editing interface focreating
and publishingmashupsl|t is implementedusing JavaScriptand
HTML, and can be run on most@dmmonly usedVeb browsers.
It can also beexecutedas a standalone application using
Mozillaé XUL technology ¢leveloper.mzilla.org/en/XUL).
Currently,it can be run on Windows, Mac OS X, and Linux.

In addition, operators, conrections and terminalsare drawn
using HTML DOM nodes andstyled using CSSAlso, we use
Yahoo! User Interface Library (developer.yahoo.com/yyi/for

B

B

implementingbasic useinterfaces including menus and windows.

3.5 Mashup server

Mashup seser makes mashups accessible to external ugers.

providesa simple Web servewhich returns mashup results to
exterral users, and a simple databagkich stores sourcesf
mashupsnd caches of previous mashup results

Figure 1lillustratesthe basic sequence obperatios of the
mashup serveiVhen (1) an external ser accessesmashup(2)
the mashupserverexecutes the maspuwsing the runtime engine,
(3) visualizes the esult using the visualizegnd (4) returnsthe
visualizedresultto the user.

The mashup server igritten in Python andusesCouchDB
(couchdb.apache.grgwhich is a simple databasemanagement
systenthatcan beusa throughWeb APIs

Run-time
engine

Mashup
server

Figure 11. The basic sequence of operations of
the mashup server.

4. MASHUP EXAMPLES

In this section, wevill providetwo concree mashup examples
netbook mashupnd event mashuypand explain how users can
createmashupaisingOusia Weaver.

4.1 Netbook mashup

First, we provide m examplenamedfinetbook mashup. It is a
simple mashup which performs a searchAmmazon.comvith the
keyword finetboolo, and visualizes the resultusing three
visualization widgets

@)

(b)

Figure 12. (a) netbook mashup exanip and
(b) event mashup example.

Figure 12ashows the mashup daflow of this mashup.lt is
executed as follows:(1) ConstString operatoroutputs the
keyword finetbook, (2) Amazon operatoperforms a search on
Amazon.comwith the keyword,(3) AddCoordinate€D operator
adds coordinatesto the result,and finally, (4) Output operator
returns the result.

Note that,this mashup adds a coordinate to edem of the
search resulusing the AddCoordina®® operator.This operator
extracts a item from the sa&h result in sequencereatea two
dimensionaktoordinate fronthe fitemWeighb attribute(specified
as the third argument) arttle fipriced attribute (specified as the
forth argument)andadds the coordinate asaw attribute named
fiweight_pric® (specified as theecondargument) to the item.

Also, this mashup is associated with thellowing three
visualization widgets:catalog widget plot widget and table
widget (see Figure 5a, 5b, 5c) and wsers can obtainhese
visualizations by accessiritpttp://server naménetbook_mashup
Note that,the dot widget uses the coordinates added by the
AddCoordinate2D operator.

4.2 Event mashup

Our second mashup examplefisvent mashup. This mashup
is a little more complexhan previous one.tlsearches events on
upcomingyahoocom and eventful.comwith a keyword specified
by the usergathers and processes these results, and visutléezes
resultusing three visualization widgets.






