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Learning Objectives

1. Mashup definition and characterization

— Classifying dimensions, contexts of use, target users,
benefits

2. Mashup models

— Conceptual underpinning of mashups for different
mashup types

3. Mashup tools and composition paradigms

— How mashup models can materialize into platforms for
assisted mashup development

4. Mashup quality

— Quality issues for components and mashups, going
beyond traditional quality models and practices



CORE ASPECTS AND DEFINITIONS



Technological and societal context

From one-way communication
medium (Web 1.0) to a distributed
and democratic communication
platform (Web 2.0)

User-driven innovation

SOA, SaaS, HTMLS5, sophisticated
devices

Web mashups as innovative software to reinterpret existing
building blocks by composing them in an value-adding manner



e The term mashup is widely used today

* Typical discussion points:
e Ul ornot?
e \Web accessible resources or not?

* Client-side technologies or also server-side
languages?
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The housingmaps.com mashup

Provides for the synchronized exploration of housing offers
from craigslist.com and maps by Google Maps

Integration is the added value provided by the mashup



Mashup definition

A mashup is an application that integrates two or more
mashup components at any of the application layers
(data, application logic, presentation layer) possibly
putting them into communication among each other

—=>Mashup component: any piece of data, application logic and/
or user interface that can be reused and that is accessible either

locally or remotely

- Mashup logic: is the internal logic of operation of a mashup; it
specifies the invocation of components, the control flow, the data
flow, the data transformations, and the Ul of the mashup



The added value...
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Other definitions

“Web-based resources consisting of dynamic
networks of interacting components” (Abiteboul et
Al., 2008)

“APl enablers” (Ogrinz, 2009), to create an own API
where there is none

“Combination of content from more than one
source into an integrated experience” (Yee, 2008)



Growth In Web
APIs Since 2005

ProgrammableWeb




Mashup Ecosystem
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Showtay (ar) Snapshot from programmableweb.com
search (10%) (October 2013)
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However...

— There are many applications that would not qualify
as mashups

— The classification does not help characterize the
mashup ecosystems from an engineering perspective



Mashup cube

The mashups
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Three different perspectives on the mashup ecosystem



Application layer

Presentation
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Logic

““““““““““““ L Traditional integration

Data
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M. - "'» Application
complexity

Non-mission-critial ~ Transactional  Mission-critical
applications applications applications

Mashup positioning in relation to other integration practices

Mashups introduce integration at the presentation layer and typically focus
on non-mission-critical applications



The long tail model

Millions A 20% of the applicatons

Thousands

Number

of users Many Market opportunity for mashups

< >

Few _80% of the applications

One

Developed

applications Neglected applications

Applications

The long tail of the software market and its opportunities for mashups
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Benefits

Knowledge
transfer from end-
users to developers

Higher satisfaction
for end-users

~
User involvement ™,
in the creation of '

applications

Reduced costs for
product evaluation



Other benefits

Easy development of situational applications
for power users

Fast prototyping for developers
Increased ROI for SOA investments

Increased visibility by content/component
providers



The research perspective

Mashup development is non-trivial

— A very large set of (heterogeneous) technologies and integration
techniques

— New technologies and interaction modalities emerge at fast pace

Luckily, mashups typically work on the “surface”

— Reuse of existing components - neglecting the complexity hidden
behind the service's external interface

— Composition of the outputs of (much more complex) software
systems

The work of developers can be facilitated by suitable
abstractions, component technologies, development
paradigms and enabling tools

Mashup development practices are increasingly becoming
the very object of scientific investigations



MASHUP MODELS



Learning Objectives

1. Introducing models for different mashup types

2. Introducing typical architectural patterns

3. Identifying the peculiarity of Ul integration
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Basic mashup model

A mashup integrates a set of components, possibly puts them into communication,
and optionally renders results or components




Mashup

. Mashup type —sPositioning the mashup at one or more of

1
wl2.C tt ) i
o | o omPonen P the three layers of the application stack
% | 3. Runtime location ]
% [ Integration logic depending on the output of the mashup
E 5. Data passing logic
O | 6. Presentation logic

7. Instantiation model

Data mashups

— Fetch data from different resources, process them, and return an
integrated result set

Logic mashups
— Integrate functionality published by logic or data components
User Interface (Ul) mashups

— Combine the component's native Uls into an integrated Ul; the
components’ Uls are possibly synchronized among each other

Hybrid mashups

— Span multiple layers of the application stack, bringing together
different types of components inside one and a same application;

integration happens at more than one layer



. Mashup type

. Component types

Runtime location

Integration logic

Data passing logic

Mashup
characteristics

Presentation logic
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Instantiation model

—>Determining what kind of invocation,
integration and presentation logic can be
adopted for building the mashup

* Data components

— RSS and Atom feeds, XML JSON, CSV and similar data
resources, web data extractions, micro-formats, SOAP or
RESTful services that are used as data services only

* Logic components

— SOAP and RESTful web services, JavaScript APIs and libraries,
device APIs, and API extractions

* Ul components

— Code snippets and JavaScript Ul libraries, Java portlets, widgets
and gadgets, web clips and extracted Ul components



. Mashup type

. Component types

Runtime location | —>Ppgssible architectural configurations,
Integration logic . . .

—— compatible with the requirements of the
Data passing logic
Presentation logic chosen C0mp0nent5

Instantiation model

Mashup
characteristics
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* Client-side mashups
— e.g., Ul mashups

* Server-side mashups
— e.g., data and logic mashups

* Client-server mashups
— e.g., hybrid mashups with user interfaces



. Mashup type

. Component types

Runtime location

Integration logic  |—>How components communicate with each
Data passing logic other

Mashup
characteristics

Presentation logic
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Instantiation model

* Ul-based integration

— The Ul of the mashup acts as a container

— Components run in a completely isolated fashion
* Orchestrated integration

— Centralized composition logic, orchestrating component execution
* Choreographed integration

— Each component participating in a choreography is individually able to
send and receive messages

— The mashup puts into place only the communication infrastructure
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1. Mashup type
@ 2. Component types
o % | 3. Runtime location
fz % 4. Integration logic
= £ | 5. Data passing logic
S [, Presentation logic | HOW components and their outputs are
7. Instantiation model visualized in the mashup's Ul

€5 Ol % v g i o A

ForRord For Sam Rocem  Subiets Pommrnd by cagaial e G Mach

Reuse of components’ Uls

Ad-hoc Uls




. Mashup type
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Runtime location
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Instantiation model

—>How long an instantiated mashup is running

e Stateless
— No internal state for their execution, ex.: data mashups

* Short-living
— Last the time of a user session, ex.: Ul mashups

* Long-living

— Survive across different user sessions, ex.: process
mashups



1. Data Mashups

2. Ul Mashups



Data Mashups

Integrate components at the data layer of the
application stack by fetching data from different
data services or Web resources, processing them,
and returning an integrated result set

No presentation layer
Output: typically published as a data source

Core integration practice: data integration



Data
mashup
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A conceptual model for data mashups

Data mashups fetch data from different sources and integrate them, mix them, filter
them, process them, etc., so as to produce a unified data set as output



Compared with data integration...

* Data mashups are a Web-based form of data
integration, intended to solve different problems

* Covering the “long tail” of data integration
requirements
— Very specific reports or ad-hoc data analyses

— Simple, ad-hoc data integrations providing “situational
data” that meet short term needs

— Non-mission-critical integration requests



Web server
Public data access API
Data mashup
Data format parser Data processing
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Point-to-point data mashups

Basic architecture with direct data passing among components and data processing functions.
The mashup control logic establishes the necessary direct point-to-point communications

Different types of data
components

Orchestrated

B‘i‘%ﬂa&mg passing or
blackboard approach

Server-side runtime location

No Ul
Stateless instantiation



Web server :
Public data access API

Data mashup

Mashup control logic

Data format parser Data Data processing
XML JSON mediator functions
parser parser Filter [, Split
i runc
Microf. RDF
arser arser
P P @% Count Merge
CSsv Data |
Integrated Edi Sort
parser extractor it
data store

Protocol adapter
l AN

/
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resource

Centrally-mediated data mashups

Data mediations between the
source data models and the
integrated data store

The schema of the integrated
data store acts as a global
schema

All data processing functions
operate on this integrated

data store

Data are transformed and stored in an integrated data store, and all data
processing functions operate on this integrated data store only



Web server

Public data access API

Data mashup

Mashup control logic

Data 5 Ej Data
Data format . .
mediator Integrated processing
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Data mashups with external data processing logic

Besides internal data processing functions, web services or similar are exploited to
reuse third-party data processing capabilities and power



User Interface Mashups

Component integration at the presentation layer (Ul
integration)

— Reusing and possibly synchronizing the Uls of the involved
components and mediating possible data mismatches

Output: a Web application the users can interact with

Particularly appropriate when components have natively
a Ul and developing a new Ul from scratch is simply too
costly

Mostly client-side, generally short-living

Different level of complexity: from sharing of a same

page layout to complex synchronization/communication
patterns
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Ul mashups without inter-component communication

0..1

Viewport

Presentation

logic
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Template
0..N

No component invocation, just
embedding

The Ul is the only integration
dimension

A specialization of the basic mashup model with new elements:

user interface, templates, viewports



HTML Ul Mashup

[*) HTML Ul mashup x
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HTML Ul Mashup

[ HTML Ul mashup x N Web browser
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Wrapped Ul Mashup
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Wrappers invokes the original service, interprets and manipulates the retrieved results
* Visualizes data according to a suitable HTML Ul

* Captures Ul events

* Handles external requests for operations



Wrapped Ul Mashup

W T L. WE

L My events 800 GoogleMaps . eo0

l

b ] : ___-l-l—

s # t ,“ \ 3
' N e
-“&
uf
———<

Kataklyym
“ Regor’s Rocx Oho
ConcertSelection ' |
S (are'y l " : o

MyEvents

Publisher: MyEvents
Event: ConcertSelelction
Subscriber: GoogleMaps

ConcertSelectio

n L
con: Feay s f
!ﬂﬂal.
8ig P~ ‘ i
ShOWPO H " I |
™ Google Maps ! 1 r . -
e Event Handler

Staphare Barte wal Telr s ted

» L9948, the Dand releaaed Vichm F IR0 Falen s, an albure wh Hnufﬂjntx ;A: .s;c-

e 0 y
\‘. £ 1 - - s )
- -
s 0 1 ~, 2
? " -t ‘ ";
\
manical stde from previous Albuma. The foflowing abum The . omars
Mowever, 1w 15 Dirvd oottt 32 s Doevitws shyfe, 1housh s Chaotic a» 'a— » -
Foliowing The Mrophecy Soipmats of the Mamacudate), Katadyam's curent vocalae V lacona *JJ
voC i sions For @eath mand fter complainmg of lang s vesie duning or s Cons ‘

(M b g 5 e (it —— 8 "

Wrappers invokes the original service, interprets and manipulates the retrieved results
* Visualizes data according to a suitable HTML Ul

* Captures Ul events

* Handles external requests for operations
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Ul mashups with inter-component communication

Three new elements for the synchronization of components:
operations, Ul events, shared memory




Container-based Ul mashups

Simplified architecture of a portal serving Web browser
local and remote portlets. Web page

access to fully rendered page

Web server
Local portlet containter Portal
@ Shared @
Portiet 1 Portlet 3 Portal page | context Users
templat
/L Portlet 2 1: Portlet 4 emplates
Protocol adapter WSRP adapter
1 N /

/ \ VA
@ @ Remote portlet 2

SOAP service RESTful service Remote portlet 1

Container: runtime environment suporting the deployment and execution of portlets

Portal: aggregates the markup of portlets and manages communications with the
portlet container in a centrally mediated fashion



Widget-based Ul mashups
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Widget-based Ul mashups

Web browser

Web page Widget client runtime
Widget 2 Widget
Shared rendering v container
context
$ Widget 3 — .
W}@ rendering Communication bridge

access to widgets management of users/data remote invocations

Web server

Widget engine

Communication

Widget repository Ej proxy

Users

Widget
Widget Widget 3 Ej lifecycle

Widget 2 Widget 4 Persistent | " 2A8CT
data

Protocol adapter
Z N

/ \

SOAP service RESTful service




Logic Mashups

* Integrate components at the application logic layer, by
enabling the composition of functionality published by
logic or data components, and mediating data
compatibility issues if necessary

e Qutput: a process that orchestrates components, in turn
published as logic component, e.g., a SOAP web service
or JavaScript object

* Covered by traditional practices for Service Composition
— no further discussed here



MASHUP TOOLS AND
COMPOSITION PARADIGMS



Learning objective = learn how to obtain the key ingredient
for a mashup tool, i.e., the mashup language

1. Mashup design concerns

2. Component abstractions

3. Graphical mashup languages
4. XML mashup languages

5. Other languages

6. Developing languages

7. Reference architecture for mashup tools



MASHUP CONCERNS



Components
and component
models

RESTful
Web service

- Ul widget -

SOAP
Web service




Components
and component

models

The business protocol is
discovered incrementally by
_/|navigating links to resources.

RESTful
web service

o Name ’
| Entry point /
1.N 1.N
renders // . 0.N

Resource ~ Representation complies

Name references // 1N Media type with

URL |
i 0.1 0.
0..N ! Sch
Link contains chema
supports 0.N 0.1 i

complies

with

0..N
produces
1.4 .
HTTP operation consumes ki Message
d:
reads L produces _f HTTP status code
—i Get operation
creates | post operation
updates .
P Put operation

deletes 1 pelete operation

Session parameter Render parameter Event
Name Name Name
Value Value Object
2 o.N 0.N Ao.N
shares

Java portlet

1..N

Portlet mode

represents

User interface

Name deployed as
1..N
1.N
Operation Package
implements contains
init » Source file
Name
destroy Format

processAction

processEvent

produces

render

T

Configuration
document

Component model 1

Component
model 2

Web service The.serwce s
business protocol
Name %,DeCIf{eS the Drd.er
Endpoint in Wth/-T operations
Protocol binding can be invoked.

.
1.N L For asynchronous
= s communications
Operation 4

For synchronous e
- .
communications Name ‘
B
/ S~ L’
’ N 2
’ ~ e

- o i |
/ N .

:
Request-response Solicit-response One-way Notification
operation operation operation operation
0..1 0..1 has output | 0..1 0.1 0..1 | has input 0..1 | has output
has
input
has output
) L S
has input Message has fault
| I—
1.N

complies with

Schema

Component model 3




Component access

HTTP Put/Delete

HTTP Get/Post
- Ul widget -
Input JS event
Output JS event

RESTful
> Web service
SOAP SOAP
One-way Notification
SOAP
Web service
V4 S~soar

SOAP Request- Solicit-
response response



Control flow and data flow

Configuration
and start
Control 1
flow
2
- Ul widget - —7
\\
\
\\
o]

Data flow

Web service

RESTful

Decisions

4

SOAP
Web service




Data transformations

RESTful
Web service

Transformation
logic

- Ul widget - —

SOAP
Web service




User interface layout

RESTful
Web service

SOAP
Web service

Graphical placement of components



COMPONENT ABSTRACTIONS



Modeling constructs may represent....

Component instances Component types Unified component

= each component has = similar components model

an own construct have the same = one construct for
construct all components

Domain-specificity

Intuitiveness of technicalities

Intuitiveness of domain



Abstracting = wrapping

JSON formatted data
|
Locally installed Data formatted as HTTP calls :
ocally installed gy cryred parameters N ' REST wrapper
and running \ N
| Ul wrapper \\‘ [, RESTful
\ ' > Common —== Web service
‘ \ component d
Ul widget ‘
_T- 5 -_» model, data ‘
\\ . Rur\ming remotely
\ ! SOAP wrapper
JavaScript events C -
e SOAP

SOAP messages~~ ,/C

Web service

XML payload g




Service component Data flow connector

\
\

D Complax Layout - Marilla Firefox
Ple Modfcs Yasmicos Oonclogs Seowite  runwet
\

- C = [4 'a-‘\'f-.-.a'-.n:. S0 oS

e ~

L omponent | Ustitdedt)

woset B

Repoatory

Ul component
/

[Daniel2009]

\
Component browser

\
Composition canvas

Components in mashArt: apparently two component models



But internally mashArt uses a unified component model

Simple Parameter
0..N mashArt 0..1 .
Name ——& —— User interface
Value component
<& Name
Binding

=

Type 0..N ¢ URL

t

is of type

0..N 0..N 1.1 |0..N

, 0..1
Event Parameter Operation
h tput has input
Name as oupu Name as inpy Name <+—1 Constructor
1.1 0..N| Value 0..N 1..1| Reference

isOptional

SOAP/RESTful web services
The model accommodates: RSS/Atom feeds
Ul components



GRAPHICAL MASHUP LANGUAGES



Model-driven mashup
development

Model of modeling =—>
constructs

Model of mashup —>

Mashup >

M3 Meta-metamodel
N
: <<instance of>>
|
M2 Metamodel <
N
| <<instance of>>
|
M1 Model 5
N
| .
| <<instance of>>
|
MO Instances <

describes metamodel
constructs

describes model
constructs

describes
instances

OMG’s Meta Object Facility (MOF)



Let’s proceed by example...

Let’s design a simple data mashup language...

1. Integrate RSS feeds
2. A Union operator merges feeds

3. AFFilter operator filters items by conditions

[7,)
e
o
()
S
()
-—
s
(op
Q
(a'd

4. A Sink component ends processing

5. Data flow connectors propagate data



Metamodel

M2
has has
Name RSS feed URL
0..1

source source

A data flow B 0..1
i has } .
connectorhas | | Data flow | target Filter Filter condition
exactly one source connector 0..1
and one target. 1.N o
target -
target .

5 source Union

A mashup must AN 0..1 0..1

contain exactly .
- R Sink
one sink.




Model (abstract syntax) = instance of metamodel

Mi
NY Times : R1: source | DF1 : Data flow | target
Name RSS feed connector
U1 - Uni source | DF3 : Data flow
http://rss. - =fion connector
nytimes.com/... :
URL source | DF2 : Data flow | target target
connector
BBC News : R2:
Name RSS feed
source . target
' F1 - Filter DF4 : Data flow ST - Sink
http://feeds.bbci. E— connector —_—
co.uk/news/rss.xml :
URL

title contains 'IT' :
Filter condition




Model (concrete syntax) >> Human readable

Data flow connector

Name of c
onnector

the feed /
source ,/ Connector

\'Union H Filter ﬂ

RSS feed: .
Condition:
"title contains 'IT""

New York Times

URL: "http://rss.nytimes.com/..."

N
- _

RSS feed:
BBC News

URL: "http://feeds.bbci.co.uk/news/rss.xml"
\
I
I

\
\
\
Filter condition

URL attribute

Same model as before!



Let’s reverse-engineer Yahoo! Pipes

Ufipes ~ Copy ol Tecwews  Peetewd RnPpe.
Layour Espana Al Collapse AN This is running the V1 engine. Back t
e N ERESSsSEEES
b User inpots
Count o) - O Pan slaments ©  unjwing °
> - © maToOnsRSS -
Filtler o icomm
) 2 edun
o 5
. %
Renyro o
Reverss .
Sort >
V)
(Sub-elomers
(Tak o‘;_‘
i
L — ;
=
A
' un L“'
R .
Dwate 2 now Do Pt can
be nun Bom e o



And here a possible metamodel

M2
RL Build Fetch Feed Fil Location Pipe O
U uilder etch Fee ilter Extractor ipe Output
ll
v |
0..1 target A pipe must [\,
Component contain exactly
source one pipe output
Name Component,
s Y which cannot be
0..N 0..N (),_N\\ the source of a
has fl \ |data flow
Value Parameter Data flow ‘
0..1 connector ) connector.
o T ok
0.1 target

Config. par. Input par.




XML MASHUP LANGUAGES



EMML, the Enterprise Mashup Markup Language

[http://mdc.jackbe.com/prestodocs/v3.7/emml/mashup-library-intro.html]

<?xml version="1.0"7?>
<mashup name="Mashup News"

xmlns="www.openemml.org/2009-04-15/EMMLSchema"
Variables xsi:schemalLocation="www.openemml.org/2009-04-15/EMMLSchema
. ./schema/EMMLSpec.xsd"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance" >
variables> Mashup
<variable name="news" type="document"/>

output
</variable> ‘?””,/ P .
<output name="result" type="document"/> declaration

<directinvoke endpoint="http://rss.nytimes.com/services/xml/
rss/nyt/Technology.xml" method="GET"

Outputvariable="news " /> 6 I Feed invocation I
<filter inputvariable="news"
filterexpr="matches ($news/rss/channel/item/description,

"Mashup’ )"
outputvariable="result"/> . .
Filter over items
</mashup> N\\

I Connection with output channel I




Software AG Presto implements EMML

presto Wires =

Moo vesn
(oo, Pt wt N L (ama ™
N e e P R e el | | A i N e (- i
y o -
\J v Mg - -
e it Wy Aus mmt e
A > A s A —
- Pk Coven b A ™ e f1
'{ Eowent Aovt » o :
et came » " o0 . ’
- ! ’ J
) v v
- v
J
J
Saver — Bl
’ o
v b

St P - |
o - - .« BB ot AR A

-~ - -
~ - -

-
- - P
.
b A

JackBe has recently been acquired by Software AG, and many of the former online
resources are no longer accessible



[http://omdl.org]

Of‘\DL: the Open Mashup Description Language m

<?xml version="1.0"7?>
<workspace xmlns="http://omdl.org/">

Usual

<goal>Illustrate a simple OMDL example</goal> &

<identifier>http://repo.omdl.org/mashups/...</identifier>

<title>An OMDL example</title>
<description>...</description>
<creator>Florian Daniel</creator>
<date>2013-10-08T14:23+37:00</date>

metadata

App/widget
declarations

<app id="http://repo.omdl.org/mashups/alice/CallFromMap/1">

Type

) <type>MAP</type>

URL

<link rel="source" href="http://repo.omdl.org/apps/map/
_——”—%' MyFancyMap" type="application/widget"/>

<position>TOPLEFT</position>
Position I/</app>

</app>
<capabilities>

<gps mandatory="true" accuracy="100"/>
</capabilities>

<app id="http://repo.omdl.org/mashups/alice/CallFromMap/2">

Capabilities
required by mashup

/

<layout>GRID</layout> ¢
<stylesheet>

_l
| Layout template

http://repo.omdl.org/mashups/alice/3/_data/special.css

</stylesheet>




The OMELETTE Apache Rave environment has
OMDL-compliance workspaces




DEVELOPING MASHUP LANGUAGES



Conceptual development
of mashup languages/platforms [soi2014]

Observation: All mashup languages share similar features

Idea: 1. Extract/isolate features
2. Express features as reusable mashup language patterns (XSD)
3. Implement a library of features (XSD)
4. ldentify conflicts and inclusions (simple rules)
5. Develop a runtime environment that supports all features
6. Develop new languages by assembling features
 Mashup language

« Component description language

7. Customize the runtime environment with new language



Concept

Custom composition based on Custom component
language description language
* supports supports ¢
1.N 1..N
Composition <+ Component feature
implemented as
feature
Control flow feature
0.1 1.N ,
constrains
Data passing feature
has
Feature :
o.N| constraint Presentation feature
Collaboration feature
1.N 1.N
Feature reference
derives from speC|f|cat|on derives from
0.1 0.1
Generic composition integrates Generic component

language meta-model

descriptor meta-model




WiringEditor

Ghee Lload LSave O Dwete o e

.
- -

Modales
| Componeats -
B Owe
e wis
[ ETYEE
Mmoo - [ Get Researchen 5}
o et Nessechens
a5 Paicatens | || sesesrshers &
NVervm Rarasys
* Configeration Parameters
WiringEditor
G New  Clowd o Seve QM.UM
Nosukes
Components -
L B O
@ W
- | et Pex erties
Laar Reaawrers
2 Scopa Puicatone
| Verwe farkorgn
'MM -
| ) Globet Varitie
Pacatel Flows -
S
Jany

(b) An instantiation of
the editor using a
sontrol flow paradigm
with global variables
for data passing

|
s |
Scopur,
ressarchmre -
peblicat loss
» Configeration Parameters
«
e
'Cwﬂ
—— f'
Get Publications

cocarchory

(a) An instantiation of
the mashup editor
based on the data
flow paradigm




Generic mashup language model (not executable!)

[ Control flow
1 target IO..N Join 0.N
Id
1.N source fo.n
1.N target 0.N g Split 0..N
1 source 0.N
1 target 0.N lngonnector 0.\
1 source 0.N
Operation Input * Mashu >
P < Parameter | 0.1 target o o p
Id I — O ~+| Name jo—,
Name d Condition [—
0.N o.N| Name Expression c " b 3
Type Manuallnput | 0-1 P 0.N ollaboration
Reference Optional Language
7= Collaboration
0..N -
1.N 0..N
Component ( User Role
has
Id Id
Name U ¢ 0.N — Name
0.N 0.N
Type_ Data Type Output 0.1 source J§o.N [ DfConnector ————
Binding Id has Parameter id source
Endpoint o.N| Name 1 o.N|ld I 0.N o4 belongsTo
Class Definition Name - oN
SupportRefere 1 1 1 0.1 Pa é {
ncePassing target i g a
Syntax
0.1 has 0.N BaRTe
has DefaultValue
has 1.N
0-N["Configuration = -1 [" Constant Viewport
oN Parameter o.N|Id Id
— Id 0.1 feeds 1 Name Name
Name Value 0.1
Component I Data passing Presentation
displays . . - .
Component Data passing Presentation



Example of feature specification

<feature name="data_flow" label="Data flow">

<description> The composition paradigm is data flow, that is, it 1is possible
to explicitly define the flow of the data among components opearations.
In this case the data passing and the control flow overlap since
operations triggering depends on the data flow.

</description>

<specification>

<include fragments="dfConnectorDef, dfConnectorType,
dfSourceOutputParameter, dfTargetInputParameter" />

</specification>

<constraints>NOT (control flow)</constraints>
</feature>




Runtime environment (operational semantics of language)

&B@@[+I% http://mashupTool.com D ( ‘3)
uses
W3C widget JS library Cmoanfgg\;teg:
Domain expert @ ’A Ul s
T even
Client-side V V
runtime :
. W3C widget
uses
______ > environment adapter JS adapter
Mashup user Client-side engine
y
initiates Ul mashups C/S communications
Server-side Y Y
runtime
environment Server-side engine
reads REST adapter The Web
uses Web {%&
w ————— - > service RSS adapter
. interface Components
Application or Atom adapter
web service integrates
DMT configuration SOAP adapter |«
package Mashups P




Conceptual development example: Yahoo! Pipes

Name: searchFor
Prompt: for

Pas tion 3

Default: pub
Debug: hoted

A A

Find| text [wired)

— 4~ ]

. s

[ 20 mites 1;]ofi'oc¢nonb~w41 ! {
g |

A
- (Web Service

Post as JSON to Web Service at URL:
Path % tam kst tax!

0.~

Selected language features

data flow

service_component
REST for_service

data_ component
RSS for data
atom_ for data

min 1 operation per component
max_1 operation_ per component
request_response

min 1 output param per operation
max 1 output param per operation

min 1 intput param per operation
max N _intput param per operation

e manual_ input

configuration param

branch




Resulting mashup language model

~ o - o — — —— —————————

| Type = data_component |
[ service_component

|
|
| Binding =rest | rss | atom;

. o e e —— —— ———————

Attention: this model is by design different from the metamodel presented earlier!

[

1.N y

Component

Id

Name
Type
Binding
Endpoint

(3

H

Mashup
_ Input Name
5 Operation Parameter
Id 0.1 target
Name »>
Tvpe o.N| Name
ypP Manuallnput | 0-1
Reference :
7 Optional
O..NL
has r
1 0.1 0.1 |0O.N
Data Type Output 0.1 source | o.N| DfConnector
Id has Parameter Q Id
Name 1 oN|Id
Definition Name
1 1
feeds
has
has 0.N ["Configuration %1 Constant
Parameter onN|Id
0.N[Td ;| Name
Name 0.1 feeds Value

[3

0..N




OTHER MASHUP LANGUAGES



1
72

3

4 RATE 4
g 'BEAT

[ THOR P
7 LHCG

8 NTLS

9

10

11 Newsindex
12 BATEnews
13 BEATnews
1L THORnews
15 LHCGoews
16,  NTLSoews

17

18

19 Contacts

20 RATEcontacts
21 BEATcontacts
2 THORcontacts
23 LHCGcontacts
24 NTLScontacts
25

441%
22%%
168%
148%
132%

Symbol Volume % Price %Change

18.30%
23.76%
10.09%
13.25%
50 26%

|.’.“". 5 0\ Shoatt /Shast? 7 Ghe | ¢ [l

Type a question for help

anlm.‘i.ly ) » X 55

r . B X

| (@) Fomus | €3 impotation | ( Eposation [ (3 Lag | Datasenice | |

File System  Web Services

Service Browser
Data Services /

£l Secitable
£} 04 Feb 2009 16.00.00~

Folders
5w Root (=) htp./Awww naadaq 'aspxcontent,
[ s SslesoporNov0s Syembol
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s GoogleNews Price WChange
‘ CRMContacts = htp.//news goagle com/Zoutput =1
£ 1)
' Ik
Query Folders gud
Category
pubDate
description
(3} Htp //news google com/Poutput=rss
[ 1] r—y— r
Formula  MISC_RSShtp /. com/sspwcortert/NasdaqRSS asp

Formula Editor
Object Browser

Spreadsheet-based mashups [Kongdenfha2009]




acebook Analytics Pages ™
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Spreadsheet-based mashups [Kongdenfha2009]

Social Spreadsheet [Jara2013]




Widgets

are resizable and can be moved around.

Ingredients Toolbar

. . = Crwan s gtbome
Visual Field m displays a searchable list of
renders the mashup output while it is n available Web APls.
being edited. == "}
i
—
— | Web APIs
are draggable and represented
by an icon.
ll!l l!
CJ—
% v
API Dock

LY RR I

shows the list of APIs used in the t video Lisk to wy wa Text Field

mashup.

allows to edit the mashup
description.

NaturalMash [Aghaee2013] = controlled natural language
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Menu showing the list of Once a component is added into The user can enrich the default
available componen ts: Users i_‘he Wor.kSP ace, its Ul'is . synchronization behaviour, and
can add components in the immediatly displayed and its define further component
mashqps by dre;ggmg and behaviour synchronizied with couplings by selecting possible
dropping them into the the other components, behaviours that the two
itneractive workspace chogﬂng to “default bindings components have to show

ased on comp onent within the final application

compatibility

PEUDOM [Matera2013] = live, visual programming



REFERENCE ARCHITECTURE



Reference architecture for
mashup tools

Front-end

Mashup editor

Mashup metamodel

Mashup execution
dashboard

Mashup mgmt.
dashbaord

Mashup language

Instantiation UI/API

User mgmt.

Runtime monitor

Access rights mgmt.

Design canvas

SLAs mgmt.
| Mashup lifecycle
Developer
Help resources Pt mgmt.
community
Back-end
Mashup runtime environment Component runtime Authentication and
environment security module
Code generator Interpreter
Web server Invocation module Web server
Debugger Test environment Comp. container

Data store

] ] CJ CJ [

Component registry Mashup repository Execution log User/AR registry SLA repository

Fig. 8.15 Conceptual reference architecture of a mashup platform articulated into
front-end, back-end and persistent data store.



MASHUP QUALITY



Learning objectives

1. Component quality

— Definition of the main data quality dimensions to
evaluate mashup components

2. Composition issues

— Issues related to the assessment of the quality of
composed application

3. Mashup quality

— Definition of the data quality dimensions to
evaluate mashup applications



The importance of quality
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Quality

“Even though quality
cannot be defined,
you know what it is....”

Robert Pirsig



Is Quality Measurable?




Quality Assessment

Wihhat? Row¢
-_= -_=
Dimensions Metrics

We need a quality model!



Mashups

“Mashups are Web applications that
integrate inside one web page two or more
heterogeneous resources....”



....Integration of two or more
heterogeneous sources...




Quality of a composed object

The quality of the composed objects depends
only on the quality of the components?



FROM THE COMPONENTS ...A
QUALITY MODEL



| ¢

The structure of an API

]
up !’




Quality contributions

v @ =

Software quality dimension: ISO standard

Contributions addressing quality of software
components: complexity, modularization,
cohesion, coupling



The quality model an overview...

Component
quality
T
I I |
. . Presentation
API quality Data quality quality
I |
Functionality Reliability API Usability L | Accuracy - Prssegt_le_‘:ion
sability
7T 7T 7T
— Timeliness — Accessibility
—{ Interoperability | — Maturity — Learnability
— Completeness
— Compliance — Reputation — Operability
— Availability
—  Security

[Cappiello2009]



API quality - Functionality

Interoperability Compliance

Protocols
Language
Data formats



APl quality — Functionality

Security

Security requirement = No auth no SSL 1 1 1 1
Security requirement = Developer key over SSL 1 2 3
1 2 3 Z 5 Security
No
No SSL support | _ ihentication APl key Developer key | User account
. No
With SSL support | _ .+ cntication API'key Developer key | User account

Authentication model



APl Quality - reliability

CurrentDatecomp — LastUseDatecomp

CurrentDatecomp—CreationDatecomp

M aturitycomp = maz (1l — ;0)

[Veomp]

Age Usage Maintainance




APl usability - operability

high

Interaction
overhead

low

API operability

(a) A metric to measure operability of

API types

RESTful SOAPR/WSDL

service service
JavaScfipt PHP/Perl/ASP/

JSP
component
component
wide 3 narrow
Diffusion

No SSL support

no JSON XML
Standard
structure 1
s Parameter- ATOM, RSS,
y value pairs GData
no 3 yes 2
Data operability Parsing

(b) A metric to measure the operability
of data formats

Security operability

5 4 3 2 1
No APl ke Developer ke User account
authentication y P y
. No
With SSL support | _ i+ entication APl key Developer key | User account

Authentication model




APl usability - learnability

Examples

1 tmport jJava.util.Scanner;

2 Amport org.scribe.bullder.*;

3 import org.scribe.bullder.apl.*;
4 import org.scribe.model.*;

S import org.scribe.ocauth.*;

6
7 public class TwitterExample
8 fi
9 public static vold main(String[] args)

. 18 (

Documentanon 11 DAuthService service = mew ServiceBullder()

12 .provider(TwitterApl.class)
13 LapiKey( “61chcAXyZx67r BUTAUMSOw" )
14 JapiSecret( " SCCAUUCOLXxLaz i aNOQf pNUVIUYBANZ2X2ZK1viIos ")
15 Lbulld();
16 Scanner {n « mew Scanner(System.in);
17 Token requestToken « service.getRequestToken();
18
19 System.out.println(service.getAuthorizationUrl(requestToken));
20 System.out.printin(*And paste the verifier here: *);
21 verifier verifier « new Verifier(in.nextiLine());
22
23 Token accessToken « service.getAccessToken(reguestioken, verifier);
24



Data Quality

4 )

Accuracy

_/

4 )

Completeness

/

4 )

Availability

\. ./

4 )

Timeliness

\_ /




Presentation Quality

Usability

%,,/ Accessibility

Reputation




TO THE COMPOSITION...A QUALITY
MODEL



I\/Iashup qguality: main aspects

\/ Bl =N

Mashup component:
Google Maps

(e =)

htm [ - P

s p o [ -~ Botemdiony

amiina T —

-ﬁhﬂﬂﬂﬂ

EE= 4
I bl e 9 O B

i =t </ = “'\.X._.Q /
AL B Y

S

Mashup component:
Flickr

Garbage in 2 Garbage out

Garbage inside > Garbage out
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Quality assessment: a first

experiment
t' Mashups are accessible as normal Web pages...
o ...can we use the same models and tools developed for

- quality assessment of traditional web pages?

We assess (by using automatic tools) the quality of 68
mashups on the basis of four criteria:

Usability: measures the ease of use of the mashup.
(SiteAnalyzer)

Readability: measures how easy or difficult it is to read and
understand the text rendered in the mashup. (Juicy Studio)

Accessibility: measures how well the mashup complies with
the W3C web accessibility guidelines. (SiteAnalyzer)

Performance:. measures the loading time of the mashup till all
elements of the application are rendered in the page.
(Pingdom)



Results of the experiment: five

“best" and five “worst" mashups.
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* Are these results reliable? We conducted five independent
evaluations by manually inspecting the same mashups and
we compared the two evaluations and we found...



... a counterexample...
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Mashup quality: the need for a
quality model

* High focus on composition aspect in mashups:
* Data integration
e Service orchestration and Ul synchronization

* Layout

* The success of a mashup is certainly
influenced by the added value that the final
combination of components is able to provide.



http://dailymashup.com/
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(a) Slave-Slave pattern

Master [P Slave

(b) Master-Slave pattern
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The quality model

[Cappiello2011]



Data Quality

Ideal data set
Missing data (IDS) Join among data sets

7T @

Situational data set
Situational data set (SDS,,)

(SDS,)

Data set (DS,) [ A A Data set (DS,,)

\ A
A0S
> = Real data set (RDS)

Unnecessary data



Presentation quality

‘Usability
*traditional dimensions such as

orientation, users control,
predictability, layout consistency

-Learnability: the mashup
features should be visible enough
and the corresponding commands
should be self-expressive so that
even naive users can easily
master the mashup execution.

-Layout consistency

*Accessibility

*Accessibility criteria do not need
to be specialized for mashups.

%

*Usability
*navigability and richness of links,

or any other criteria addressing
the hypertext structure

sreadability, cohesion or
coherence



Composition Quality: added value

 The added value of the composition can be related
to the amount of provided features and/or
offered data. The mashup has an added value if it
provides at least more functionality or data than
the ones provided by its components

L CXIRS U Ky

mE E5E [
RS  |m -

= B
Nael

=8
’ . _“:

2Rea‘és !!!!

=
CLC)
0l




Composition Quality: other
dimensions

Component suitability: it refers to the appropriateness of the
component features and data with respect to the goal that the
mashup is supposed to support.

Component usage: it may happen that, even though a
component is very rich from the point of view of data and
functionality, it is improperly used within a composition.

Consistency: poor quality compositions can also be caused
by inconsistencies at the orchestration level.

Availability: the degree in which the mashup can be properly
accessed during a given time interval. It depends on the
availability of the components and on their role in the
composition.



Remember....

Garbage in = garbage out
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Availability of
components Benefit of reuse

New technologies

End-user skills

End-user
innovation




Fast evolution

High complexity

Development
integration

Nunfunctional
properties




Standardization

Quality

w assurance
Intuitive

technologies

Assistance
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