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Executive Summary

The main goal of the DaPaaS proegsasSer visceo( paa8) deanadanP|
asa-Service (PaaS) environment, tfoogre t e n wd &4ha ratsigbecri eat
can publish and host-dbotvendapapd étcataodsdautsatr adrae aacc
consumers -plhataf ermsmanner .

This deliverable focuses on the UX aspect of the DaPe
T A smary of -Iltehveelhirgehgui r ement s which; the UX | ayer s
T Aset of requirements on visualization types the p
T A stoattheert overview of how relevant DaaS and integ

with dataat ivons uaaslpiezct s ;

T An initial archirteéd etvame ddespiegn sf off t he UX | ayel
visualization types and mechani sms to-deedlcewi)t h
and

1 An over Vijpeawvtioyé u 81 i @ @ltnsdoalriivelssi ahe potentially releyv
i mpl emenfathendata | ayer.

This deliverable is aligned and should be read in con

(D2.1) and WP1 (D1.1). The outlinedyMUXB.)2pead desi drer
refined during the second year of the project based c
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1 I ntroducti on

This report represent s, Dealeiqgwe raebmeantB3. e'sAmal Y&siar chi
the data access framework" of the DaPaa$S p3r.olj ect.
"Requirements, analysis & design of the framework for

The goals of thipsr odveildievier abl e are to

T A summary dfevteHe rleigguh r ement s which the UX | ayer s

T A set of requirements on visualization types the
T A stoafttheert overview of how relevant DaaS and integ
wi dhta visualization aspects;
T An initial architecture design for relevant asp
vi sualization types and mechani sms t odawiadesw)i;t h e
1 An over Vijpeaw toyf v3i susal amdtiobrapobks which are pote
i mpl ementation of the data | ayer;
T Some recommendations for the use of visualization
the UX Layer.
In I'ine with the overall DrPhdacSe dP | ian f d e miDadPradlSlt €« c DA
pl at frorgd)ies roughly divided into three | ayers, coveri
application managementdrainvde nUXp ofritnacll su dairmdegp mamabtiab lee ac fc ets'
UX | ayefold:two
1. To provide graphical wuser interfaces for component

and accesatthoandedata intensive appl iactaftoiroms depl

2. To ensure mechaniascntse sfsort oe fdfaitca eanrtd ap pnhtaidceat i ons
available in the DaPadaw ePsl a(tWedbr nat)yradt irnmogb iinhel )o,i ac c ou
there are certain constraints, e.g. |imited netwo

=)
Platform Laver

Data-Driven = .
() LS [P

Data Layer

Usage Monitoring
Security & Access Control

=
L
=
o
°
o
o
o
=
e
=]
=
o
[=E]
=
=
o
=%
o
35
w0
=
s
l—

Data Publishing/Consumption

Ce) (=) o
Warehouse

Fi gur eHi gvel architecture of the DaPaaS Pl a

Trerest of t hiosr gldaondwneddotl | iows :

T SectiBaqRi mMiementfsorAntaHhey sUX rloaryiedres a s u-mwlare-y of t h
quirements which the UX layer should support from the perspective of the key roles, and details
a set of requirements on the visualization types the UX Layer should support;

1 SectBo8tate of the Art Overview for DapaoVisdealiz
an analysis of pxadswsihgngiebolamidi amesbeVvantUltechnol o¢
standards
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T Sect dih

yer Arohrbdotesethe core capabthe thiegh o
|l evel ar it

a
h ecture of the UX Layer;

L
c
T Section 5 "Relevant
d i

Vi suali zahianallgeli 8 dafpdavrktryb o a
tool s an I

braries which may support the outline

T Section 6 "Summary and OQutl ook™"

summari zes t hi
recommendati ons for the

i mpl emepnet.ati on of the fir
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2 Requirement d§ oAnalhysiUX Layer

Deliver apbbaP DS 1Propeotvide9ldhe complete I|ist of bus]
overal/l DaPaaS Platform, and the desotepacobnwi oh t he
For the sake of c¢ompummaemidressktehyi st os eecst iaonmd t heir resp
which are relevant to WP3 and the focus of this deliwv
the overall dequichéemectsran the readerl i s referred 1t

2.1 Key Roles in DaPaaS

The key roles involved in a typictad h@afPlaatsSf carom,t exrte ain
i Fi g@reThe roles are:

T Th®aPaaSelDewpersponsi mpkeifmeghizaPaaS software compone
services for the integrated DaaS and PaaS environ

T Thénstance Opeanatadmiddpltayaadri mft ance of DaPaas$s
DaPaa$S Pl atfor m.

T Thé&®ata Pubhlai sthree g@aoabliingght a on t he DasPmatShartl aittf or
availt@8bPpaerty application developers and end user

T Théapplicati ond®ee®lkbpdpreidvaetna ap p !l utcialthi eoentsa steheadt o n
t hkaPaaS Plhefapmli dati ons are deployed and host ec

T Th&ndlsers Data iCodisweetilijzee shdatveda ushiéled and

mobile applications hosted on the platform.
The role of WP3 is to provighk whiaphieadh usfert hentrealf es
can access various functionalities of t he npleatsfi wrem.
applications which wil!l be hostel@édvocmetlconpleatf omamkeg:
t o beesasdeddr wi thin the context of this WP is efficient
made available in the D&adwaniaSedP|l @Wédbranmd fmom Ima) titaki
in such context, there ar eaedeviotr&i hanams tdrt i, ntme moe .yg . ¢

Instance Operator

8 DaPasS

DaPaa$S Developer

DaPaa$ Software

develops

DaPas!

v operates
DaPaa$ Platform

(Deployed instance of
DaPaa$ software)

#g Consumes data resulting
publishes | DaPacS from the available
open data . applications

@ @
L falla
Data Publisher @

develops and deploys
applications on top
published data

End-Users Data Consumer

&>y

Application Developer

Fi gwkr eKey roles/actors in DaPaas

CopyrOmehRaaS Conso20Ll&m 201 Pag%33
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2.2 Visualization Requirements for the UX Layer

Tablssummari zes the DaPaaS pl atf orams preecqg uirroamimd rhtes pon nui
of the key roles played in DaPaaS context. It is a r
Publisher, Apps Dé@wverdn obata €odsUEmargne sorsqumapmpitceadl by
intesfhae paowveétdedehe plsatffuorent i drhel iftoocus wi | | pri mar |
visual i zatfioon-Esnedp p®@at a Consumer f or -ianctceensssiivneg adpaptla caa
hosted on ther pd at 6 mpnetod regqui t bmedaPaaS Pératiform,
referbeldi verable D2.1

Tabl:e Description of visualization requirements

Name Brief description

10-06 Ul for Instance Opera-  The Instance Operator shall be able to access the platform
tor services through appropriate user interface (graphical and/or
console).

DP-12 Ul for Data Publisher The Data Publisher shall be able to access the DaasS services
through appropriate user interfaces (graphical and/or con-
sole).

AD-07 Ul for Application De- The Application Developer shall be able to access the rele-
veloper vant DaaS and PaasS services through appropriate user inter-
faces (graphical and/or console).

EU-04 Mobile and desktop End-Users shall be able to access applications on both mo-
GUI access bile and desktop devices, which require UX components to

support both mobile and desktop users in an appropriate
manner. The End-Users Data Consumers shall be able to ac-
cess the relevant platform services, e.g., search for datasets,
applications, run applications, visualize datasets, etc., through
appropriate graphical user interfaces (GUIs), e.g., pie charts,
time series and maps.

exact wiyspueassl ifzoart itohne functionalities of component
ers wil/l be demgomdent Dnarcetthevel oped. For now, we
es that wildl beaysaumpep owhiedh bwi Itlhebd& Xof f eraesd tfhoery t he
devel oped

e
y
p
e
cording to the TDWI Report 2018r fiPatttaerVi Bwsaidlnaexad i De
e most condheotnd yualsieddlati on types are: bar charts (9
5 %) , tablesThec&iXt draytprlctwgsfbr t these most ,common
capsul ating teemorntdat aiTeab®e@at!| catsonhe requireme
sualization types to be supported by the platform.

1 http://download.1105media.com/pub/tdwi/files/ TDWI_BPReport_ Q313 DVIS Web.pdf
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Tab?®e Description of requirements for Visual:

Brief description

Ul-01 Cross platforms and mo- The data should be viewable on major browsers and plat-
bile support forms including mobile. HTML5/JS is required.

ul-02 Support for bar and col- Bar chart is the most commonly used chart (according to
umn charts the TDWI research i 95% penetration). The bar chart is

the most appropriate chart type for comparing results.
The column chart is a deviation of bar chart. The platform
must support bar charts.

Ul-03 Support for line and area Line chart is the second most popular chart type. This
charts type of chart is relevant to display transition of data or
change of data over time. The area chart is deviation of
the line chart. The platform must support line chart.

Ul-04 Support for pie charts The pie chart is the third most popular type of charts. The
pie chart is most appropriate to display data composition.
The platform must support pie chart.

Ul-05 Support for scatter plots Scatter plot and bubble chart are the most convenient
and bubble charts mechanism to show relationship between different data.
Bubble chart is variation of scatter plot with 3™ variable.
The platform must support scatter plot.

Ul-06 Support for tables Tables are the most intuitive way to display multi-dimen-
sional tabular data. The platform must support tables.

CopyrOm@ahRaaS Conso201l&m 201 Pagll33
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3 St ate of t hefArt DA@var Wiswal i zat.
DaaS/ PaaS Pl atf or ms

I n this sectionlwdamné&viasmwl timd egrated (Dhat/ haa® pleatn
mentibnedel i vietabdhdgDDn terms of tihlei tviiessu atlhiazta ttihoeny co:

3.1 Microsoft Azure Marketplace

The Windows Azur e apraatkfea?pnp agraopvpildiecsat i ons and dat a. |
hundreds of apps, components, widgets and dashboards
di f fermedntof data on the marketpl ace.

The apps are developed by the third parties and pu
monetization model for the app developers.

Most of the components and apps focusedgbh (&8t arvisefia
preferred platforms for interactive Ul), but some of
devi.ces

According to the AZuherdedekspment seA® to be much da
provided by thiet degluf e pl atform

"Are there data viswualization tool s availabl e f
Both Excel and Matlab running on the desktop can |
Azure. More sophisticated | ocal aadned arveamoltaeb |vei.s"u a |
Application Developers are directed toTrerge &M ingdtosvs3
party develwiptmendat @oVvissualfi@rat\Viosnualo nhtondeinat,s e. g. | ni
Conttohast can develsep dpplications for Windows Azure

3.2 DataMarket
Dat aMar ket <collects pulslhi ohyg avaihl aklee daptl @aasedr dat a

data into one format, allowing user to work witth this
data set, combine data, visualize it, search, create
Dat aMar ket 4dupper eteytplet haet relative | ine, stacked ar ¢
stacked bar, 100% stacked bar, coodlummn, st aklked cld uwmml
current valfuewhi ahdcanebe used to create dashboards.
can be viewed on every HTML5 nmomipleeui.blee browser incl

20 000

16 000

12 000

2000

4000

L]

2005 2010

Fi gBr eDat aNM&tkhek area chart (left) and chorople

2 https://datamarket.azure.com/

3 http://research.microsoft.com/s/projects/azure/faqg.aspx

4 http://msdn.microsoft.com/eus/library/windowsazure/ff687127.aspx#Create
5 http://www.infragistics.com/products/silverlight/

6 http://datamarket.com/p/chastpes/
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The Dat aMarketds Data Hub provides free access for da
including charting and visualization and prheeimt om pai d
enterprise systems.

3.3 Socrata

Socr'asaa platform focusing on Open Data %ahd owsr uisee s.
to create maps and charts:

T Interactive map from | ocation data, or GLS8efiles
Googl e Maps, Bing Maps or ESRI

T Chart creation capabilities includes various char
Pie, Time Line, Tree Map and Heat Map.

Howo videos for creatimgpaabeaerpcharte®dpednababasboraa
websitEi ¢ de.e

OpenData e e s e OpenData

——
," ‘,H / %% = = —
. oy % e % ,0(?:%0 . B - -
: = YEY N et
r = = A..Q- IL,"
I III. o = R N _ -

Fi guWur eSocirBaatra chart map (left) and point map

3.4 LOD2
The L°QD2j(elddtD2 Pr oj @icins @1 1@) oevni dsionugr caen, opnt egr ated s«
for managing the complete |ifecycle of Linked Dat a.
|l ifecycle the following tools are included:
7 Sig.Whahe sig. ma service was createdflay WeldeofonBar
mashup. Provide a query and Sig.ma will demonstra
surprising structured i nformati on about it (pag

Mi croformats).
1 SemMa'An application forg bgeoowsr asgh iamal eRPHF oddtna on

CubeVCGubeViz allows visualization of the Data C
statistical dat a. It has support for the more adyv
1 FacetFacete is a spaciabpbemantbo, bwowbhen focus on

7 http://www.socrata.com/

8 http://www.socrata.com/opettiataportal/
9 http://lod2.eu/

10 http://sig.ma/?page=sigmaee

11 hitp://wiki.aksw.org/Projects/SemMap
12 http://aksw.org/Projects/CubeViz.html
13 http://aksw.org/Projects/Facete.html
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3.5 European Union Open Data Portal

The&uropeanOpamn oBPat #plrovi des an access todlhyhetlogpen ¢
institutions and other bodies of the European Uni on.

Al ongt Wwitdtha ,p girtoiaslvari ous a'pfpdri cdaati ansi sualization wh

process and visuali zeThdeataprltisc atni otntse pp orvtiale. vari ou
including <charts (bar, i ne, scattered pdomiThe maps
applications provide interactive access to the data
update dashboards / charts [/ graphs. Most of the appl
they are fully compatiinbclleu dwintgh neolbli lber,.owser s

The Digital Agé¥ndaoBeonébadred!| istWed apmplli cattii @ms .t hlatt
users to interactively create graphs to view the datze
society, compearriorsgg pgroaugqmtesdssesa and over ti me.

e e Cama L. e e i D e L T Lomtace & maws L
& Damen st Tot Smateyy Tt e

Create Graphs

AN Dol sl pim & A Sy Bareiatens o Dua Lo-vypmas o tomatiam:

Pt 8 G ® s b o P g St Bt . s W Be e e

¢ Unely . Vv (%)

Possa select & graph o o

"

]

Fi gwbr eDi gi t al AgenWeb Saxppleibmatrido n

3.6 Datameer

Dat amenwars founded in 2009 by some of the (@anigpeal co
source f rpamevesrsk dgt d)aethat ameer provi de%onantadpytdfcst lsa
Hadoop framewoirrkt d hraataibryagnodwgv i sdiatl a zi ng

Datameer provides an extensive Ytilhatar ynolfudeas at avh Iseus
charts, diagrtaang,clmapds wmidch enablesloseddi tboorteate
dashboards, Datameer provides a solution called Busin
no biuni Ilctconstraints and users can dr agfamgdaghog @hye mein
Fi g@é)rkat ameer ussewsp pHolrMLi5Sng bot h desktop and mobil e us:¢

14 https://operdata.europa.eu/en/data/

15 https://operdata.europa.eu/en/apps

16 http://ec.europa.eu/digitalgenda/en/creagraphs

17 http://www.datameer.com

18 hitp://www.datameer.com/product/

19 http://www.datameer.com/product/datisualization.html
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Click paths
Tha 11081 COMENGCe chick pathis folowsd by visiors
Pageviews

The Mt gogidie pages, siiwssnied 11 e bg coud by page
viass this montn

et

Daily Average Visitors
0 L 1 i

A

-
_»/‘ N\

.

~ i i eha s S S

New vs. Returning Visitors

S anak
e NPT

Fi gwr eDat aBaiesri ness I nfographics data visualizat

.7 Splunk

t’pkovides desfigwadet o mamcdgeatuasgemet atr eadb shiyt ensa,c hi
l'ications, server s, net wor ks, mobil e devices, sen
t ware product provides features f or ncgoltlhesc tciarpg ban d

3
Spl

app

sof

to handle dasai sprefaaisi stical-tiamaldgasshksba@aarddgs .eal

y default, Splunk createst. ddbehkebapes susiamgcsiemplee aXl|
ML dashboards wusing SplunktbkBoutmtwriacitngeaewi si mgl ¢ o]
ro

vides a dashbd&asdngx ainpis&s gxiipe

addition, SplunkdprveVmpesgaxdtvamsieans ntemr active vi :

B
X
P
I n

the Splaokansd sitj ango Web frameworKk

20 http://www.splunk.com

21 http://docs.splunk.com/Documentation/Splunk/latest/Viz/WebFramework
22 http://apps.splunk.com/ap®3/

23 http://dev.splunk.com/view/webframewesplunkjsstack/S’EAAAESYV

24 http://dev.splunicom/view/webframeworkljangobindings/S’EAAAEM6
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Administratoe Messages ~  Settings v Actviy + Help -

Table Element with Sparklines Edne  Meenlos S &
Default Sparkline Basic Sparkline w/ line options Basic Sparkline w/ Max Value Indicator
-cetype oot satkine warcetype oot
Basic Sparkline Bar w/ Style Options Basic Sparicine Bar w/ Color Map

cetype WOTORtyDe

(I (T

Al B o

(I - (I
ll o lll

Fi gwreSplidbakhboard examples app

3.8 Tableau Software

Tabl eSoid t waprreovi des a set of interactive data visual:@
intelligence, rangied $odembldess«t ofpf ¢oshasfull set of
users to create visual analysis for d&sacti asovery, o

1T Big data Minadaglsianal ysi s ttroeonldss taon di novuetsltiiegrast e n b

1 Da @i scovlemwesti gat e -odtalt mu cahtt ,s gpeeshlismwvgramg questi on:
go,;
Mappisaofht waAde: Aiwhered tboywyomoranbhysgbt, fast answ

Business da®hhbhgamdsl: drop to creatend ndleame ta ve d:
br owcede g8 e

9 Data visualibzanidomiange of datdablicaal pzédbododastao
selecting the between 11 different types of visua
bubeb!l hi stogram, bullet, heat map and highlight 1tz

Tabl eau Software provides a free, public ®ata at bowst
users to ochaatte iamneéractive charts and graphs, stunn
applications in minutes, tHermépgudlei sh anywhere on t he
A key technology behind Tabl eau PuBlMictQiss tahec o/mmEwtLe
| anguage for describing tables, graphs, chart s, ma |
dashboards. I't unifies all of these different visual

25 hitp://www.tableausoftware.com

26 http://www.tableausoftware.com/solutions/capabilities

27 http://www.tableausoftware.com/learn/whitepapers/witichrtor-graphis-right-for-you
28 http://www.tableausoftware.com/public/download

29 http://www.tableausoftware.com/public/esiory
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Executive Dashboard | Product Dashboard | Customer Dashboard

Executive Dashboard
Sales by Customer Location Select Year:
— 7~ P 7 (Al -
by o
{ P ‘e ~ L . i -
Sales S e % ;
. 512 A @ 4 Product Category:
520,000 .. *. (Al -
) ° e © e .
) san,000 ‘e "o
O 560,000 N e Customer Segment:
() sao000 RGN Profit (Al -
() sto3s08 ey '
About Tableau maps: www.tableausoftware.com/mapdgta. ~ w7 A (519,925) $19,92Y
Sales by Product Category Sales by Customer Segment
$40,000 g 540,000

2 Consumer
Furniture ] & 4

[ 1 540,000

, 540,000 Carporate = i
) ] 50

Supplies T s20.000 | _

% 540,000

50 Home Office E il

540,000 50
»
8
Technal w § 340,000
ooy 520,000 Small Business ﬁ i
50 $0
2008 20098 2010 2011 2008 2009 2010 2011
~share ] ¥ X co fudl + Download

See more by this author e =
: ‘h++ableau

Fi gBr eTabilkexampl e of business dashboard

€M 8 W Fn [l ¥

Dashbsoard .

£3 Trend Line Worlwide lr[gmet Usage s
°

e
E

g Box Plot
18 up

£ Selected Year
0 Forecast
(@ Rank

L Percentiles
I8 Years

.%. Horizontal (5] Image
= Vertical B Web Page évm WORLD BANE

2000 o0 002 2003 >0 2005 2006 2007 2008 2009 2010

Layout BoxPlot: 2010 Trend Line: Hong Kong SAR, China

5 worldbank_transparent. pag Mddle  The W raom M08
7 Date (year) tutope st Aswricas Ofhes Asks  Oceamss  Afrea — %

i 1
a1 T
: HEN -+

FigwreTabl eau Public

>

[

¥

g

-

‘.
Lermat Liery o
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4 UlLayer Architecture

I n Seltaz2zodabove wetihtXlagdudhediPaplSatform, vogebherawi b
requiremased on-l eheserbgghrements, this section outl
DaPabXlLayer wirteht ecacmgpabilities and eampdnendt 3§ eqqup p emte

4.1 Functional Aspects

As the UX Layer has to deal with graphical widgets f
mechanisms for efficient actesfatesdathhefaomhittheciumeg
have to support integration of graphicalefcfoinupdoteaetnt s /
access. In the following we briefly introduce the <coc
aspeaft the platform.

4.1.1 Graphical Widgets

Graphical widgets are reusabl e spmpbeaintds ,ctahna tb ed iesapsli
customized and used to create dWehbpagdbhe iwnhtiggt aphhu
be accessfirbdne doeostkht o gl e n.dheamolleXyleee wi I | support the f ol

T Tabl e widdgetl ays tabul ar dat a. This component i s
di mensi onal data need to be displayed

1 Bar <charitdiwipd qaeyts c o mp amoirseo sdeavtéa. t wo or

T Line chairdi swdldgyes change. of data over ti me
T Pie charidiwipd@agts structure of data
1

Scattddiplpdétays rel ation of el ements

4.1.2 Data Summarization

Thel interface, especially data ,cbpsumheprbormtdef means|/
data exploration and analysis, includiemd ndag3ikelsodatdaan
consuanleir evin i ¢ not downl ead entder edtad adwswptrayYastboard

Data aggregation [/ summarization willkhéemi mpmamesee¢d

requirédadrdat suvual itzamnisder ¢ibiée nlb e

4.1.3 Caching

Caching of gesemquiresul hs otridéXta yteor ipneprrfoovremance and sca
reduce the ovearclkoaendofcotmpeonkents of the platform. (
i mpl emented on several l evel s:

f Caching most fregquently used dat a

T Caching API <calls, eliminating need; to make conse

T Cachingay€eX r espamrsaep htiiodagddhté, mi nati ng need to proces
backend

4.1.4 Notifications

The notifications component is used internally as a n
effective way to subscribe for certain evceannt st raingdg egret
synchronization actions between internal component s,
repor tT,hiet ovi | | compl ement t hieoraltiat ysuanmhr acthboaen af um
exchanging data bet weefnortrmm.e clients and the pl at
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4.2 Ul Layer Architecture & Components
Sectd.odutlined the technical capabi Uiltaiyeesr tohfatt hvei Ipll ab
This section outlines howtoheercrcapabsbftiwaseacemmanpe

i Fi gd0d he architectubt¥lLagfert he DaPaas

Admin interface (10) Publisher & Consumer Ul

Developer Ul Mobile Ul

Validation layer

Notifications Charting / Widgets

Summarization Caching

T Vava

Fi gurde Ul Layer Architecture
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5 Rel evant Tool s

This section identifies tools thatayxyem demsp ebDuwavtatnot t
spei fics of seme mampapedtto develop them from scratc

Summari zati on c osdpdme tf ie@amekgeureds tandsidmgr emat bt Wat aset
can be relevant to the selected visualibkbasi ocompodget .
nesdbe devel oped from the scratch.

Th€aching componéathei sdarteal eaffanetangu mma die m4d lieoi mayrc h
capabifloirt itdhee pr oDuetss edp acihizmps ek of atciaemcompothbhns
widd developed from scratch.

Wi dgets wil/l di splay standard charts ancdcewhkiaanh bmat enlpl €
t hreequi r e ntemétXsa yfeorr.

The rest of this section wild.l revi ew bsroamei eosf tthhaet wvciasr
used flaryeWX f or PIDatPAaiSmh f ew exceptions, most of the
charting capabilities are focused only on visualizati
In order to prompari semswaabhbbaeecoveparated visualizat
framewor ks.

5.1 Visualization Frameworks

As a part of Task 3.1 more than 30 popueldarApvpifsnudailxi z a
showstable of reviewed f reasme wsoupkpso rwietdh cthhaeritr taytptersi,b uf
browsers, etc.

Based orvtithhives mesevant frameworks faoe timel DaRaa$bnPlt &t f
The selection process includes Ilibrariesntdhantobat e o0fj
devi,cemsat chi ng r etqhué rewmtenit se d ov,i s wrad diszoantlabbolmeme rytpatsi on,
examples and s upapnodr tagceommu hiyt mai nt ai ned.

5.1.1 D3

Box Plots Bubble Chart Bullet Charts Calendar View

T
AR
FIEbr]

Force-Directed Graph

Non-contiguous Cartogram

§ ,\@
QA@ u

NI

J

Circle Packing Population Pyramid Stacked Bars Streamgraph

_.,u!lllllllll ”"l'“llll

EIEEES

Fi gurlie D3 charting
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http://d3js.org

D3.js is a JavaScript Ilibrary for manipulating docum
based on HTML, SVG and CS$guiTthee & xtaanmedvoyarsPRilavi dat i on
but al so for managmegt ladanad dnigk e mf @fdnmbo HTML, XML or
mani pul ate their content.

Maintenance
The3lD brary is quite mature, with good community, doc

https://gishokbkéd®/ mbai / Gall ery
https://github.com/ mbostock/ d3/ wi ki

Licensing

D3is free, open source JavaScript library, licensed u
Accessibility

The D3 framework is quite exwenhbiseewpthemanynfeatuye
to start wusing framework is | onger than with other vi
5.1.2 Flot

Fi gur2ze Fl ot charting
http://www.fl otcharts.org

Fl oa UJdavaScript plotting |ibrary based on jQuery. Th
has quite good support for browsers, including mobile
provide creation of interactive charts.

Maintenance
Thei br aabysdbist eV cont ai ns det aid eedk adnopcluense Aatmaxt. ipolnugwi t h | o

http://www. flotcharts.org/flot/ exampl es
httopi:t/hhlub. com/ fl ot/ fl ot/ bl ob/ master/ APl . md

Licensing

FIl ot is free, open source JavaScript |ibrary, l i cense
Accessibility

The Ilibrary wutilizes jQueaVyedDOMsfeameWwemakniamg ¢ or vhe

devel opers jf@umniyl.i ar with
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5.1.3 jgPlot

L
¢ ¢ 9
Q
a

)
B
o

.".".-.-.-..._._.

g Qur Yo Qur
Numerous line style Horizontal and vertical Shadow control on lines,
options with 6 built in Bar charts! markers, the grid,
marker styles! everything!

64.0

2.0

16.0

8.0
Drag and drop points Log Axes with flexible Trend lines computed
with auto updating of tick marks! automatically!

data!

Fi gur3e j gPl ot charting
http://www. jgplot.com

j qPIl ot is another plotting I|ibrary based on jQuery w
extendadwiet hABpllaurgc hi t ect ur e.

Maintenance
Thei br aglysdist eV contains detailed docume-nnhation along w

http://www. jgplot.com/tests]/

http://wwwdgagp/l ot . com/

Licensing

jgPl ot is free, open source JavaScript Iibrary, |Iicer
Accessibility

The library utilizes jQuery DOM framewor kdawnegl opehsas

famil ijaQuewiyt.h
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5.2 Mobile Ul Frameworks

5.2.1 jQuery

S.ajax({
url: "/api/getWeather",
data: 1
zipcode: 97201
Is
success: function( data ) {

s( "#weather-temp" ).html({ "<strong>" + data + "</strong> degrees" );

AT
A1

LD 00 = LN s L b

http://jqguery. com/

j Query i sriachf eJaaawarScr i pt | ibrary with extensA ar supp
and many other features. The I ibrary i s @gumdret matur e

Maintenance
Thei br aglysdist &V cont ains detailed documennation along w

http://api.jquery. com/

http://learn.jguery.com/

Licensing

j QuerHy eies open source JavaScr.pt |ibrary, |icensed ul
Accessibility

The jQuery friameweoxrtke niss veeu wancuiptaepyu |l heatmoag . Ul deve
Due to popwahlaryttyhere is no |l eading trnkne to start wor
5.2.2 Dojo

dojo.xhrGet({
url: "/api/getleather”,
handleAs: "json",
load: function{response){
dom.byId{"weather").innerHTM = response;
¥
error: function{err){
console.log("error:", err);
}
1)

http://dojotool kit.org/

| i-br awy et h aphldaptcfpoorsndl edse vfea sotp nterna s

Dojo is a JavaScrinpt
L 5 s ucpappoarbtif. loirlt oij @oe astl isrBid pgr roavpi hidse. s

with extensive HTM

Maintenance

Theéibraelydist av contains detail ed documenitmst.i oThh earl eo nigs
strong community behind the project.

http://dojotoolkit.org/ documentation/

http://dojotool kit.org/ community
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Licensing

Dojo is free, open source JavaScript Ilibrary, |license
Accessibility

The Dojo framework is quite extensiveumwveh fimmg| éa&at
time to start using framework is |l onger than with ott
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6 S

Thi s
requ
shou
cor e
PaasS
t he
docu
wi t h

1

ummary and Outl ook

document provided an overview of the UX Layer
irements for the UX keyerofesm ahe pehkespiestalviezaf
| d .s uRpuwprotrhteprrnoovried,e di tan i niti al architecture desi gt
component s ,-ofpharvti doevde rav isetvatoef how r el evant Daas
solutions deal with data visualization, and suryv
i mpl ementation of the UX Layer. Foll owing the t«
ment , the foll owing rcermatrtkkes iampel & me nbtea tcioonns i pdhear seed
a particular focus on the Platform Layer:
jQuery is the one of the most widely used libraries for client side scripting used all around the

Web and obvious choice for creating dynamic Web 2.0 sites. There are a lot of plugins available
for jQuery covering different aspects such as tabs, accordions, dialog boxes, etc. This library is
an obvious choice for creating Web interfaces for the DaPaaS platform.

Dojo is similar to the jQuery library with good support for creating different visual interface ele-
ments, such as tabs, dialogs, etc. The library has strong community behind it and it is second
most used client side scripting library for Web applications. This library is the second best choice
for creating Web interfaces for the DaPaaS platform. Dojo has some advantages over jQuery
regarding the support for charts i there is charting functionality implemented in the library. Un-
fortunately the internal charting functionality is not as strong as other solutions mentioned in this
document.

D3 is a quite sophisticated library with excellent support for charts, matching DaPaasS require-
ments. It is open source, has good active community supporting it and lot of examples. The
library is an excellent choice for generating dynamic charts. The main disadvantage of D3 is
that the development effort needed to create widgets based on this library is significant com-
pared to other alternatives.

jgPlot and Flot are excellent alternatives for D3. Even though these two frameworks provide
less functionality than D3, they match the requirements outlined in this document and can im-
plement all the required functionality related to visualization types.

We need further investigation concerning the choice of jgPlot/Flot vs D3 in order to select the
best alternative for DaPaaS based on development efforts, project requirements, and future
development of the project.

The Caching and Summarization components shall be developed from the scratch to meet pro-
ject specifics.
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7 Appendi x

7.1 Frameworks

amCharts

arcadiaCharts

CanvasJS Charts

D3.js
dhtmixChart

Dojo (dojox/charting)
Ejschart

Elycharts
Flot

flotr2
Google Chart Tools

gRaphaél
Highcharts

jgChart

jgPlot
JSCharts

JSXGraph
KendoUI DataViz

D3.Requirements,

A: DBReéwai

http://www.amcharts.com/

http://www.arcadiacharts.com/

http://canvasjs.com/

http://d3js.org/
http://www.dhtmlx.com/docs/prod-

ucts/dhtmixChart/index.shtml

http://dojotoolkit.org/

http://www.ejschart.com/

http://elycharts.com/
http://www.flotcharts.org/

http://www.humblesoftware.com/flotr2/

https://developers.google.com/chart/

http://g.raphaeljs.com/

http://www.highcharts.com/

http://www.jgchart.com/

http://www.jgplot.com/

http://www.jscharts.com/

http://jsxgraph.uni-bayreuth.de/wp/

http://www.telerik.com/kendo-ui-dataviz

CopyrOmehRaaS Conso20l&m 201
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Open source

No
No

CC license 3.0

BSD License
GNU GPL

BSD, AFLv2
No

MIT License
MIT License

MIT License

No
MIT License
CC by-nc 3.0

No
MIT, GPL v2
No

LGPL
No

analUYlsilsa:
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PU
zation Framewor ks
Latest ver- Trial and Prices
sion

3.X Free with watermark $99 (single website)
1.0.2 Free for non commercial use

$ 89 (single website) - $ 899 (OEM)
1 Free for non-commercial use $299+ for commercial license
2.10.2003 Free under BSD
2.6 Build Free under GNU GPL, $49
100928
1.8 Free
2.3 Free / $100/ $250 / $1000
2.1.2004 Free
0.8.1 (may Free
2013)

Free

Free
0.5.0 Free (you can donate)
1 Free for non commercial use

$ 80 (single website) - $ 2000 (10 developers license)

$299
2013 Free
3 $39-%$149

Free with watermark
0.94 Free
Q12013 $ 399
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http://www.arcadiacharts.com/
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http://d3js.org/
http://www.dhtmlx.com/docs/products/dhtmlxChart/index.shtml
http://www.dhtmlx.com/docs/products/dhtmlxChart/index.shtml
http://dojotoolkit.org/
http://www.ejschart.com/
http://elycharts.com/
http://www.flotcharts.org/
http://www.humblesoftware.com/flotr2/
https://developers.google.com/chart/
http://g.raphaeljs.com/
http://www.highcharts.com/
http://www.jqchart.com/
http://www.jqplot.com/
http://www.jscharts.com/
http://jsxgraph.uni-bayreuth.de/wp/
http://www.telerik.com/kendo-ui-dataviz
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Morris.js http://www.oesmith.co.uk/morris.js/

nvd3 http://nvd3.org/

Protovis http://mbostock.qgithub.io/protovis/
RGraph http://www.rgraph.net/
Rickshaw http://code.shutterstock.com/rickshaw/

Sencha Touch Charts http://dev.sencha.com/deploy/touch-

charts-rc/
TeeChart http://www.steema.com/teechart/html|5
zingchart http://www.zingchart.com/

Shield Ul Charts https://www.shieldui.com/products/chart

SVGware http://www.svgware.com/

Reportivo.com http://reportivo.com/

7.2 Supported Chart Types

Graphic Area Bar
technology ble
amCharts SVG Yes Yes Yes
VML for old
IE

CopyrOmehRaaS Conso20l&m 201

Bub-

D3.Requirements,

BSD
Apache 2.0
BSD License

No

Yes
No

No

No

No
No

Line Pie

Yes Yes Yes

analUYlsilsa:
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0.4.1 Free
Free depending on Apache 2.0
3.3.2001 Free
2012 Free for non-commercial (CreativeCommons) License for commercial use.
2012 Free of charge with copyright attribution
Free under GPLv3 license; $999 commercial license
2012 Free for non commercial use.
$129 commercial license ( 1developer + 1 server install + 1 year support
subscription)
2010 Free with watermark Single Domain Package : $249.00 Discounted Multi-
Domain Package : $999.00 SaaS and OEM Pricing Available
1.4.2002 $299
2.6 (July Free
2013)
Free
Scat Splin  Spar @ Can- | Donut Node Other charts
ter e kline dle- /
S stick Edge
graph
Yes Yes Yes Yes Gauges, Radar, Polar, Step line,
Step without Risers, OHLC, area
range, Donut, Funnel, Waterfall,
Bullet, XY, Maps are available as
additional package
Pag2e73s3
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arcadiaCharts

CanvasJS Charts

D3.js

dhtmIxChart

Dojo (dojox/charting)

Ejschart

Elycharts

Flot

flotr2

Google Chart Tools
gRaphaél
Highcharts

jqChart

jgPlot

JSCharts
JSXGraph

KendoUI DataViz

Morris.js

Canvas

CanvasJS

SVG

Canvas

SVG
Canvas
VML
Silverlight

Canvas
SVG
VML

SVG
Canvas
Canvas
SVG
SVG
SVG
Canvas
Canvas
Canvas
SVG
SVG

SVG

CopyrOmehRaaS Conso20l&m 201
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No

Yes
Yes

Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No

No

Yes

Yes

Yes

Yes
Yes

Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

No

Yes
Yes

No
Yes

No

No
Yes
Yes
No
No
Yes
Yes
Yes
No
No
Yes

No

Yes

Yes
Yes

Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes

Yes

Yes
Yes

Yes
Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

No
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Yes
Yes

No
Yes

Yes

No
Yes
Yes
Yes
No
Yes
Yes
Yes
No
No
Yes

No

PU
No
Yes
Yes @ Yes
Yes @ Yes
Yes @ Yes
Yes @ Yes
Yes
No
No No
No No
Yes
Yes
Yes @ Yes
No
Yes
No Yes
Yes No
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No

No

No
Yes

Yes

No
Yes
Yes
Yes
No
Yes
Yes
Yes
No
No
Yes

No

Yes

Yes
Yes

Yes
No

Yes

Yes
Yes
No
No
No
Yes
No
Yes
No
No
Yes

Yes

Yes

Bubble Chart

D3.js is a drawing library, and not
just a chart library. You can make
virtually any visualization or graph
given time.

Bubble, Candlestick (OHLC), Spi-
der. Other Dojo modules provide as
well TreeMap, Gauges etc...

f(x), Gauge, Donut, alarm, candle
stick, step series, over under, open
high low, error series, stacked bar,
trend, and floating bar

Funnel

Bubbles, Gantt, Pyramid, Spider
Bubble, radar

Geo chart, table, gauge, tree map

Bubble, radar, polar

Math...

Linear Gauge, Radial Gauge, Bub-
ble, Bullet, Donut, Scatter, Stock
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nvd3 SVG
Protovis SVG
RGraph Canvas
Rickshaw SVG
Sencha Touch Charts Canvas
TeeChart Canvas
zingchart Canvas
SVG
VML
Flash
Shield Ul Charts SVG
VML
SVGware SVG

Reportivo.com
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7.3 Additional Chart Features

Ability = Annotations

to
zoom
in and
out of
charts

CopyrOmehRaaS Conso20l&m 201

Yes Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes Yes
Yes Yes No Yes No Yes
Yes Yes No Yes Yes Yes
Yes Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes Yes
Yes Yes Yes Yes Yes Yes
Yes Yes Yes Yes No Yes
Yes Yes Yes Yes Yes
Combination Data Date-

on the chart of charts labels time
axis

PU
Yes No Yes
Yes Yes Yes Yes
No No No Yes
Yes No No
Yes No No No
Yes Yes Yes
Yes Yes @ Yes Yes
Yes Yes Yes
No No No No
Yes Yes
Dynamic Export External
charts files Data
Loading
Pag2e93s3

Bullet chart
TreeMap, Node links

Gauge, Funnel, Waterfall

Horizbar, SmoothLine, Donut,
HorizArea, Bubble, Candle (OHLC)

Bullet, Chord, Funnel, Gauge, Grid,
Maps, Pareto, Piano, Radar, Rank-
flow, Stock, Treemap, Venn,
WordCloud

Range Bar/Area/SplineArea, Polar
Bar/Area/Spline/Scatter, Stepline,
Steparea

heat map; error bars; linear and
logarithmic scales;

Range Bar/Area/Spline Area, Polar
Bar/Area/Spline/Scatter/Step-

line/Steparea
Interactive = Print  Text Rotation for
(responds Labels
to mouse

hover/click)
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amCharts

arcadiaCharts

CanvasJS Charts
D3.js

dhtmIxChart

Dojo (dojox/charting)

Ejschart
Elycharts
Flot

flotr2

Google Chart Tools
gRaphaél
Highcharts

jgChart

jgPlot

JSCharts

Yes

Yes
Yes
No

Yes

Yes
No

Yes
Yes

No
No
Yes
Yes
Yes
No

CopyrOmehRaaS Conso20l&m 201

Yes

Yes

No

Yes
No

Yes
Yes

No
No
No
Yes
Yes
No
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Yes
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Yes
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Yes
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Yes
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Yes

Yes
Yes
No

-Feasi-
ble with
custom
code

Yes
No

Yes

Yes
No
Yes
Yes
Yes
No

PU
Yes Yes
PNG,
JPG,
SVG,
PDF
Yes
Yes
Yes
Yes No
Yes Yes
SVG
Yes -
Yes No
Yes No
Yes Yes
PNG,
JPG
No No
No No
Yes Yes
Yes Yes
Yes Yes
No No
Pag30d3s3

Yes

Yes

Yes
No
Yes
No

No
No
Yes
Yes
Yes
No

Yes

Yes

Yes
No
No

No

Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
No

Yes

No

Yes

Yes
Yes
No
No

No
No
Yes

No

Yes

Yes
Yes
Yes with CSS

Yes

Yes
Yes

Yes

No
No
Yes
Yes
Yes
No
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JSXGraph No
KendoU!I DataViz Yes
Morris.js No
nvd3 Yes
Protovis Yes
RGraph No
Rickshaw Yes

Sencha Touch Charts

TeeChart Yes
zingchart Yes
Shield Ul Charts Yes
SVGware Yes
Reportivo.com Yes

7.4 Browser Support

D3.Requirement s,

Yes
No
Yes
Yes
No

Yes
Yes
Yes
Yes
Yes

amCharts

arcadiaCharts

CanvasJS Charts

D3.js

Yes
Yes
No
Yes
Yes
No

Yes
Yes
Yes
Yes

Fire-
fox
Yes

Yes

Yes

Yes

Yes
Yes
No

Yes
Yes
No

Yes

Yes
Yes
Yes
Yes
Yes

Yes
6.0+

Yes

Yes
o+

Yes
9+
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Yes
Yes
Yes

Yes
No

Yes
Yes
Yes
Yes
Yes

Chrome

Yes

Yes

Yes

Yes

CopyrOmehRaaS Conso20l&m 201

PU
Yes
Yes Yes
No
Yes
Yes No
No -
Yes Yes
Yes Yes
Yes Yes
Yes Yes
Yes
Safari  Opera
Yes Yes
Yes Yes
Yes Yes
Yes Yes
Pag3l33

Yes
Yes
No

Yes
Yes

Yes
Yes
Yes

Yes

iPh-
one
Yes

Yes

Yes

Yes

Yes
Yes
Yes
Yes
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

iPad

Yes

Yes

Yes

Yes

Yes
No

Yes
Yes
Yes
Yes

No
Yes
No

Yes

Yes
Yes
Yes

Yes
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dhtmixChart

Dojo (dojox/charting)

Ejschart

Elycharts

Flot

flotr2

Google Chart Tools

gRaphaél

Highcharts

jgChart

jgPlot

JSCharts

JSXGraph

KendoUI DataViz

Morris.js

Yes
1.0+

Yes
3.6+

Yes
1.5+

Yes
3.0+

Yes

Yes

Yes

Yes
3.0+

Yes
Yes
Yes
Yes

1.5+

Yes
2.0+

Yes

Yes

Yes
6.0+

Yes
6+

Yes
6.0+

Yes
6.0+

Yes
6.0+

Yes
6.0+

Yes

Yes
6.0+

Yes
6.0+

Yes
6.0+

Yes
7.0+

Yes
8.0+
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6.0+
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7+

Yes
6.0+
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Yes
Yes
Yes
Yes
5.0+

Yes
Yes
Yes
Yes
5.0+

Yes
Yes
Yes
Yes
10+

Yes

Yes

Yes

CopyrOmehRaaS Conso20l&m 201

PU

Yes Yes
3.0+ 9.0+
Yes -
Yes Yes
3.1 9+
Yes Yes
3.0+ 9.5+
Yes Yes
Yes
Yes Yes
Yes Yes
3.0+ 9.5+
Yes Yes
Yes Yes
Yes Yes
Yes Yes
3.1+ 9+
Yes Yes
3.0+
Yes Yes
Yes Yes
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nvd3

Protovis

RGraph
Rickshaw

Sencha Touch Charts

TeeChart
zingchart
Shield Ul Charts

SVGware

Reportivo.com

CopyrOmehRaaS Conso20l&m 201

Yes

Yes
Yes

Yes

Yes

Yes

Yes

Yes
Yes

-IE9,
IE8 re-
quires
Aight

No

Yes
O+

Yes
O+

Yes
9.0+

Yes
6.0+

Yes
5.0+

Yes
Yes
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