PRECIENCIA Catdlica

CONACYT PROGRAMAPARAGUAYO PARA EL DESARROLLO DE LA CIENCIAY TECNOLOGIA “Nuestra Sefiora de la Asuncién”

MOWEBA MOBILE: MODELING AND GENERATION OF
THE COMMUNICATION OF MOBILE APPS WITH THEIR
FUNCTIONS IN THE CLOUD

Emanuel A. Sanchiz F.
19 de octubre de 2017

Final Project submitted for the degree of Engineer
DEI - FCyT - UC

“This work has been funded by CONACYT through the PROCIENCIA program with resources
from “Fondo para la Excelencia de la Educacion e Investigacion - FEEI” from FONACIDE. This work
has been developed under the project “Mejorando el proceso de desarrollo de software: propuesta
basada en MDD” (14-INV-056).



MOTIVATION - MOBILE APPS

Popularity of Mobile Devices and Applications ]




MOTIVATION - MOBILE APPS

Global Mobile vs. Desktop Internet User Projection  source: Morgan Stanley Research
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MOTIVATION - CLOUD

Popularity of Mobile Devices and Applications

Growth of the Public Cloud Services




MOTIVATION - CLOUD

Public Cloud Services Market and Annual Growth, 2010-2016
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Popularity of Mobile Devices and Applications

Growth of the Public Cloud Services

Mobile Applications with Functions in the Cloud
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Popularity of Mobile Devices and Applications

Growth of the Public Cloud Services

Mobile Applications with Functions in the Cloud

Challenge of the Platform Portability
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V1(P1)

V2(P2)
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VN(PN)

Greater effort in the development

Observations: VX = Version X, PX = Platform X.
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MOTIVATION - PORTABILITY CHALLENGE

M3 M4 M5

Vendor Lock-in

V1(Prl) V2(Pr2) VN(PrN)

Considerable effort to migrate

Observations: VX = Version X, PrX = Provider X.
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Popularity of Mobile Devices and Applications

Growth of the Public Cloud Services
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MOTIVATION - IMPROVEMENT OF PORTABILITY

Platform Independent Model - PIM
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GOAL

Propose a model driven approach for the modeling and ge-
neration of the network communication of the MobileApps-FC
as an alternative for addressing the extra effort caused by the
difficulty of platform portability
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Adoption of MoWebA
- ASM
- Separation of Pres. & Beh.
- Function Oriented Nav.
- MVC Schema
- Standard Language

- Graphical Modeling
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PROPOSED SOLUTION - ADOPTION OF MOWEBA

Based on Model Driven Architecture - MDA

Transformation

specification
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PROPOSED SOLUTION - MOWEBA MOBILE

MoWebA - Network Communication - ASM
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PROPOSED SOLUTION

Extension of MoWebA

MoWebA Mobile
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Extension of MoWebA

MoWebA Mobile
- Unified Modeling
- REST Architecture
- MDD and Open Source
- Native Mobile Applications

- Javascript - Node.js for the cloud
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Extension of MoWebA

MoWebA Mobile

Network Communication
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PROPOSED SOLUTION - ASM METAMODEL

Mobhile Cloud Communication Metamodel

CloudServer | pomain | Provider | [<cenumeration>> | [<<enumeration»> | ~[<<enumeration>
i I ‘mm String ’—|1 7 ,name_g,ing| FileTypes RequestTypes | | HTTPMethods

document lightclata get
image upload post
audio download put
= video delete
File
-name : String ValueObject

— ]

t;” e _ Service |
1 CloudRequestHandler

1

-extension : String
type : FileTypes

1

1.*
RestProcess

-path : String
-pathParam : Boolean 1

x Resourcelnterface 1 |-name HTTPMethods

1.
1.* |-path: String 1 1
-pathParam : Boolean

1
Parameter

Request | I L Data
-name : String p R T
-value : Siring (0. [ TYPS: Requestiypes 0.* |-name : String

-type : String
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PROPOSED SOLUTION - ASM PROFILE

<=profies>
Mobile Cloud Comunication Profile
<<sterectype>> <<stersotypes>
ngcess K-——  restProcess <<sterectypes>
[Class] [Class] provider [ -Provider domain Property
-path : String [Class] [Class] [Property]
-pathParam : Boclean
<<stereotypes> <<stereatype>>
service k— cloudService
[Operstion] [Gperation] <=stereolypes> <estereotypes>
file
Propert:
T ) = oo Iropery_
-palh . Stiing flesSet jLEon Sitng
=<<stereatype=> -pathParam : Boolean [Class] =L AR
cRHandler
[Operation]
-method : HTTPMethacds
-reqType : RequestTypes
<=enumerations= | |<<enumeration=> | |<<enumeration==
HTTPMethods | |RequestTypes | | FileTypes
<=sterectype>> <esterectype>> <cstereotype>> get lightdata document
4 «sweatvpe?s - post upload image
ponse parameter
put cownload auidio
[Class] [Class] [Class] [Class] delete loadimage video
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PROPOSED SOLUTION - TRANSFORMATION RULES

Mapping between the model and the target code

M2T transformation rules

Languages: MTL, OCL and Java

Target code generated:
- Mobile: Swift for i0S, Java for Android
- Cloud: Javascript - Node.js for Openshift and AWS
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PROPOSED SOLUTION - DEVELOPMENT PROCESS
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PROPOSED SOLUTION - EXAMPLE

<ccloudServer>>
CarritobeCompras

<<domain>>-test-mddcloud rheloud.com{provider = Openshift}

= Amazon)

[<<parameters>

<erestProcess>> <erestProcess>>

Products

<<resourcelnterface>>
Curren

CParams.

<sresponse->

urrency.
Toroducty} path = "eurrency’)

<<resourcelnterfaces>
ProvidersbyProductsRl

{path = "iprovide '}

<resourcelnterface>>

<<resourcelnterface>>
ogoProviderRl

{path = 1) {path ="lproviderlogos’}

<<cRHancller>>+getProductsbyProviders(){method = get, reqType = lightdata} <<cRHandler>>+getProduct(){method = get, reqType = lightdatal|
7 7
/ / 7/ <<filesSet>>
, <sresponseer | , ;0 ProviderLogo
sponst / , I Te->-phoneCenterL =R
U -idProvicer 7 ' |ssfile=>-smartCartlogofextensior ipg", type = image}
’ -nameProvider / - !
-logoProviderURL i3
/ -idProduct <<response== <<parameter>>
nameProciuct e GPrParams cresourcelrterface=>
/ -idProduct -idProduct 1ﬂﬂ [ e g R
) procuctame: idcategor (p.m - nmages)
, / ey [<<oRrander~>+getPorductmageireqType 9
’ -categoryt R St s — it} -
/
" / e
== 3> L 7
C‘““"“\""“EO"J:‘“ﬂ <<cloudValusObject>> <sresourcelnterfaces> 3
oo :"'I’:"“ uets ProductByCategoryVo TechnicalSheetsRl
idProvider - nteger . <<fiesSet>
-idProduct : Integer {path =
[rameprovider - Stng | . 1 [
idProduct - Ineger -9 = downioact |
-nameProduct - Strn <ently-> s oyl niager i ng, type = mage]
-categaryName ; String P = "png”. =
oeProverURL - Sring \mageProduct e B |<<file=>-iphone7Reverso{extension = 'png", type = image}
N - e A4 <efiesSetss
Y, ~ - TechnicalSheets
= = file hone7 {exte it
ot <comitn Pt . fle>>-phone7{extensior 3 ocumert}
LogoProvider  Provider Product Category
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PROPOSED SOLUTION - EXAMPLE

<<cloudServer>>
CarritoDeCompras

wrea Gl By 30 407 M @ 7%

Loading Image

<=duma!rv>>~tesl-lnddc\wd1hc\uud oom(p(owdgr = Openshift}

env us-west-1

= Amazon}

<<restProcess=»
Products
path = "iproducts"}

<<resourcelnerface>>
LogoProviderRI
{path = "fproviderlogos"}
<<cRHandler>=+getLogo(){reqType = Inadlmag’a}'

-
s
P
y

==flesSet>>
ProviderLogo

=<file=>-phoneCenterLogofextensio
=<file=>-smartCartLogofexiension =

pg", type = image}
ipg", type = image}

Select an URL

st-mddcloud.rhcloud.com/
ictsjproviderlogos|
smartCartLogo.jog

Image loading success!

OPENSHIFT

@R b

= Loading Image

tpicloudappen-eny us-
west-] elasticbeansialk.com/products/ =
providerlogas/phaneCentenLogo jpg

GET AND LOAD
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<<cloudServer>>
CarritoDeCompras

“dnma:rbhteﬁ-mddc\wdlhc\aud oom(pmvdgr = Openshift}

env us-west-1

= Amazon}

<<restProcess=»
Products
path = "iproducts"}

<<resourcelnerface>>
LogoProviderRI
{path = "Iproviderlogos"}

<<cRHandler>=+getLogo(){reqType = Inadlmag,a}:

-
s
P
’

==flesSet>>
ProviderLogo

=<file=>-phoneCenterLogofextensio
=<file=>-smartCartLogofexiension =

pg", type = image}
\type = image}

g

wrea Gl By 30 407 M LT

Loading Image

Select an URL
http://test-mddeloud rhcloud comf

products/provideriogos/
smartCartLogo.jog

Image loading success!

SERE

= Loading Image

hitpficlowdappenveny us-

west-1 elasticbeanstalk com/products/ =
providerogos/phaneCenterLogo jpg

GET AND LOAD

OPENSHIFT
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PROPOSED SOLUTION - EXAMPLE

ETT— wcCwsBr 30 £07PM @ THKEOS =@
CarritoDeCompras i
Loading Image = Loading Image
[==domain->test-nddcioud thcloud = Qpenshittl]
£nv us-west-1 = Amazon}
. y
<<restProcesss=»
N
b
Sehect an URL

Jntt p:f/test-mddcloud rhcloud comy LN /

roductsjproviderlogos/
smartCartLogo.jpg

hitpicloudappen-eny us-
west:1 elasticbeanstalk com/products/ |«
providerlogas/phaneCenenLogo jpg

Image loading success!

<<resourcelnerface>>
LogoProviderRI
{path = "Iproviderlagos'] 1
GET AND LOAD
<=<cRHandler>=+getLogo(){reqType = loadimage |-
= [ ] u [ ] |
-
<
s
-
==flesSet>>
ProviderLogo
=<file=>-phoneCenter ool extension = "iba". tvoe = imace -4 VL
OPENSHIFT

40



PROPOSED SOLUTION - EXAMPLE

<<cloudServer>>
CarritoDeCompras

<=dﬂrna!n>>~tesl-mddc\wd1hc\uud oom(p(omdgr = Openshift}

env us-west-1

= Amazon}

<<restProcess=»
Products
path = "iproducts"}

<<resourcelnerface>>
LogoProviderRI
{path = "fproviderlogos"}
<<cRHandler>=+getLogo(){reqType = Inadlmag’a}'

-
s
P
y

==flesSet>>
ProviderLogo

=<file=>-phoneCenterLogofextensio
=<file=>-smartCartLogofexiension =

pg", type = image}
ipg", type = image}

wrea Gl By 30 407 M @ 7%

Loading Image

Select an URL

st-mddcloud.rhcloud.com/
sfprovideriogos|
ksmartCartLogo jog

Image loading success!

OPENSHIFT

@R b

= Loading Image

hitpicloudappen-eny us-
west:1 elasticbeanstalk com/products/ |«
providerlogas/phaneCenenLogo jpg

GET AND LOAD
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PROPOSED SOLUTION - EXAMPLE

<<cloudServer>>
CarritoDeCompras

<=dnmairb>~te*.1-mddc\wd1hc\aud oom(pwmdgr = Openshift}

env us-west-1

= Amazon}

<<restProcess=»
Products
path = "iproducts"}

<<resourcelnerface>>
LogoProviderRI
{path = "Iproviderlogos"}

=<chHandler=>+aet_ogo )| reqT ype = loadimage

==flesSet>>
ProviderLogo

=<file=>-phoneCenterLogofextensio
=<file=>-smartCartLogofexiension =

pg", type = image}
ipg", type = image}

wrea Gl By 30 407 M LT

Loading Image

p .

SmartCART

Technology™
Salect an URL

http:fftest-mddcloud.rhcloud comy
productsjprovideriogos|
smartCartLogo.jpg

Image loading success!

OPENSHIFT

= @B F

= Loading Image

I —

PHONE
CENTER

tpicloudappen-eny us-
west ] elasticbeanstalk com/products/  «
providerlogas/phaneCenerLago jpg

GET AND LOAD
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PROPOSED SOLUTION - EXAMPLE

BB B> R Ll e

Ligth data

Select an URL
http://cloudappenv-env.us-

west-1.elasticbeanstalk.com/
products/currency

Select a method

NESPUIISE. { DY .| MUUFIUS | UEI-
"],'id4":"ShoppingCart row.
hoppingCart row:
d2":"ShoppingCart row:
2” ,'id1":"ShoppingCart row:
1"'id0":"ShoppingCart row: 0",'info":"Get call
handled by productsCurrencyGet, Amazon
cloud"}

CONNECT

OPENSHIFT

®eeec Claro PY 3G 4:07 PM © 74%EEr 4

"Light" Data Request
Select an URL

http://test-mddcloud.rhcloud.com/
products/

Select a http method
GET

Result of calling
idNameProvider :
ListOfldNameProvider
ShoppingCart row: 2,
ShoppingCart row: 1, "info": Get
call handled by productsGet,
Openshift cloud, "by": <__NSArrayl

0x1702578b0>(
MDDPlus,
DEI-UC,
2017
\
Connect

Light Data ing Image  Downloading Jploa:

43



PROPOSED SOLUTION - EXAMPLE

eeeec Claro PY 3G  4:07 PM © 74% @4

Downloading files

Downloading Files

Select an URL

http://cloudappenv-env.us-
t an URL west-1.elasticbeanstalk.com/
products/images/iphone7Frente.png

S

o
o
Q

http://cloudappenv-env.us-
west-1.elasticbeaiistalk.com/ v
products/images/

Download Status:

STATUS_PENDING Here should appear the download

result message

Download

Cancel Download
CANCEL DOWNLOAD

Light Data  Loading Image Downloading Jploadin:

OPENSHIFT
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PROPOSED SOLUTION - EXAMPLE

= & BB 3Tl - ®eeec Claro PY 3G  4:07 PM 0 74% X4

Uploading files Uploading Files
Select an URL

http://cloudappenv-env.us-
west-1.elasticbeanstalk.com/
Select an URL products/images

http://cloudappenv-env.us-
west-1.elasticbeanstalk.com/ v Here should appear file location
products/images

Here should appear file location Here should appear the upload
result message

Select and Upload

Cancel Upload

ght Da: ading Image  Download Uploading

CANCEL SELECT AND UPLOAD

OPENSHIFT
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COMPARATIVE STUDIES - MOWEBA MOBILE VS MANUAL DEV.

Goal: Compare the effort between the manual approach and
MoWebA Mobile
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COMPARATIVE STUDIES - MOWEBA MOBILE VS MANUAL DEV.

Manual Development

Development time* of the network communication
Envi Platforms| Month1 | Month2 | Month3 [ Month4 | Month5 [ Month6 |Month 7[Total per Platform|
Node.js |20]20| 4 4 48
Cloud Amazon 20[12] 4 36
Openshift] 12|12 12| 12| 4 52
Mobile i0s 20(20]20|20 20| 4 4 12 4 124
Android 32|32 20( 4] 4] 4 96
Total per week 20|20| 4| 4[{12(12| 0| 0| 0| 0| 0|32|20/20{20| 0|20| 4|32|32|20(28|20| 4|16(16|

Observations: *Time in hours - Months divided by weeks _

MoWebA Mobile

Tool Light-data functions Load-image functions Download-upload files | Total
‘ ‘ functions ‘

MoWebA | Cloudserver: 3 min. Load-image logo: 6 min. | Download-images: 8 | 115 min.

Mobile (A) | Lightdata-customer: 23 min. min. + 5 min.
Light-data purchases: 11 min. Subtotal: 6 min. Download-sheets: 4 min. | of gen =
Light-data productByProvider: Upload-images: 4 min. 1:20 min.
11 min.
Light-data currency, function Subtotal: 16 min.

as resource: 5 min.

Subtotal: 53 min.
48
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COMPARATIVE STUDIES - MOWEBA MOBILE VS MANUAL DEV.

Considerable difference of time/effort

Manual development
- Difficulty of working with different platforms
- Learning curve

MoWebA Mobile
- Unified modeling, abstraction of platforms
- Automatic generation of code from the ASM
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COMPARATIVE STUDIES - MOWEBA MOBILE vS WMP

Goal: Make a comparison against a tool used in the industry,
WebRatio Mobile Platform
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COMPARATIVE STUDIES - MOWEBA MOBILE vS WMP

RQ1 - What differences of communication modeling are bet-
ween MoWebA Mobile and WebRatio Mobile Platform?

Communication

Aspect

MoWebA Mobile

WebRatio Mobile Platform

Synchronization

Not considered yet

Automatic method

Files Path customization Through the model Not included
. Same project and model | Different projects and models
Abstraction - -
No web service concepts | Web service concepts
In general

Authentication

Not included yet

Included

Database connection

No

Yes
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Included

Database connection

No

Yes
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Communication

Aspect

MoWebA Mobile

WebRatio Mobile Platform

Abstraction

Value objects

Entities

Data model — - :
Synchronization Not considered yet Automatic method
. Same project and model | Different projects and models
Abstraction - -
In general No web service concepts | Web service concepts
8 Authentication Not included yet Included
Database connection | No Yes
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RQ2 - What kind of code do MoWebA Mobile and WebRatio
Mobile Platform generate?

Side MoWebA Mobile WebRatio Mobile Platform

Open source code based | Open source code

Cloud : .
on Javascript - Node.js based on Java
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RQ2 - What kind of code do MoWebA Mobile and WebRatio
Mobile Platform generate?

Side MoWebA Mobile WebRatio Mobile Platform
Mobile | Native mobile app Hybrid Mobile App
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RQ3 - Respectively, how many platforms do MoWebA Mobile
and WebRatio Mobile Platform generate code for (mobile and

cloud)?
Side MoWebA Mobile WebRatio Mobile Platform
Cloud Ut (Cpprensiali s A o) One (their own cloud platform)
based on Docker
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RQ3 - Respectively, how many platforms do MoWebA Mobile
and WebRatio Mobile Platform generate code for (mobile and
cloud)?

Side MoWebA Mobile WebRatio Mobile Platform
Mobile | Two (i0S and Android) Two (i0S and Android)
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cation?

RQ4 - How much time do MoWebA Mobile (A) and WebRatio
Mobile Platform (B) require to model the network communi-

Communication based on
Communication based on remote | _ " Time to connect
Tool . files as resources (files Total
functions as resources . . to the database
stored in directories)
Load-image
Light-data currency, ‘g
. . logo: 6 min.
function as resource: 5 min. q
Download-images: 8 min. 115
A Download-sheets: 4 min No aplica n‘ﬁin
Upload-images: 4 min.
Subtotal: 5 min. .
Subtotal: 22 min.
Exposing the service Loadlmage : 5 min.
(currency function): 15 min. Download-images: 5 min. | Connect to
B Invoking the service Download-sheets: 5 min. | database: 4 min. | 53
(currency function): 6 min Upload-images: 5 min. min.
Subtotal: 4 min
Subtotal: 21 min. Subtotal: 20 min
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RQ4 - How much time do MoWebA Mobile (A) and WebRatio
Mobile Platform (B) require to model the network communi-
cation?

Communication based on
Communication based on X " Time to connect
Tool files as resources (files Total
data model as resources . . to the database

stored in directories)

Load-image
Cloudserver: 3 min, logo: 6 mii
Lightdata-customer: 23 min S : .
Download-images: 8 min.
Light-data purchases: 11 min. 115
A . . Download-sheets: 4 min No aplica A
Light-data productByProvider: 11 min. min.
Upload-images: 4 min.
Subtotal: 48 min .
: Subtotal: 22 min.
Loadlmage : 5 min.
Set the services for entities: 3 min. Download-images: 5 min. | Connect to
B Time to replicate database: 5 min. Download-sheets: 5 min. | database: 4 min. | 53
Upload-images: 5 min. min.
Subtotal: 8 min Subtotal: 4 min
Subtotal: 20 min
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RQ4 - How much time do MoWebA Mobile (A) and WebRatio
Mobile Platform (B) require to model the network communi-
cation?
Communication based on Communication based on remote Time to connect
Tool . Total
data model as resources functions as resources to the database
Cloudserver: 3 min Light-data currency,
Lightdata-customer: 23 min function as resource: 5 min.
Light-data purchases: 11 min. 115
& Light-data productByProvider: 11 min. foleplica min.
Subtotal: 48 min Subtotal: 5 min.
Exposing the service
Set the services for entities: 3 min. (currency function): 15 min. Connect to
B Time to replicate database: 5 min. Invoking the service database: 4 min. | 53
(currency function): 6 min min.
Subtotal: 8 min Subtotal: 4 min
Subtotal: 21 min.
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RQ4 - How much time do MoWebA Mobile (A) and WebRatio
Mobile Platform (B) require to model the network communi-

cation?

Communication based on
Communication based on Communication based on remote | "
Tool . files as resources (files Total
data model as resources functions as resources . .
stored in directories)
Load-image
Cloudserver: 3 min, Light-data currency, logo: 6 mii
Lightdata-customer: 23 min function as resource: 5 min. S X .
Download-images: 8 min.
Light-data purchases: 11 min. 115
A Light-data productByProvider: 11 min B RERHECERRE il min
g P td ) ) Upload-images: 4 min.
Subtotal: 48 min. Subtotal: 5 min. .
: Subtotal: 22 min.
Exposing the service Loadlmage : 5 min.
Set the services for entities: 3 min. (currency function): 15 min. Download-images: 5 min.
B Time to replicate database: 5 min. Invoking the service Download-sheets: 5 min. 53
(currency function): 6 min Upload-images: 5 min. min.
Subtotal: 8 min
Subtotal: 21 min. Subtotal: 20 min
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RQ4 - How much time do MoWebA Mobile (A) and WebRatio
Mobile Platform (B) require to model the network communi-

cation?

Communication based on

Communication based on remote

Communication based on

Time to connect

Subtotal: 8 min

(currency function): 6 min

Subtotal: 21 min.

Tool . i e r i
data model as resources functions as resources e a5 resou ces»(ﬁtes to the database
stored in directories)
Load-image
Cloudserver: 3 min Light-data currency, logo: 6 mii
Lightdata-customer: 23 min function as resource: 5 min. S X .
Download-images: 8 min.
Light-data purchases: 11 min.
A . . Download-sheets: 4 min No aplica
Light-data productByProvider: 11 min.
Upload-images: 4 min.
Subtotal: 48 min. Subtotal: 5 min. .
: Subtotal: 22 min.
Exposing the service Loadlmage : 5 min.
Set the services for entities: 3 min. (currency function): 15 min. Download-images: 5 min. | Connect to
B Time to replicate database: 5 min. Invoking the service Download-sheets: 5 min. | database: 4 min.

Upload-images: 5 min.

Subtotal: 20 min

Subtotal: 4 min
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