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Building an Application in 2017 TUTI

Workload Estimater
c Q x Q { http://workload.estimatorio ) @
My Projects Car Sharing App
Car Sharing App Description: A web application to rent a car located
A web application to rent a car loc... nearby the user via an interface
- Statistics [l
Movie App Total Average (per Issue)
A web application to stream movies.. Duration: 111 hrs 2 brs
Business Process View LoC Added: 58,811 1249
Visualising Business Processes of a... LoC deleted: 1589 34
= Commits: 37 1
Optimization Tool lssues 37
A software tool to optimize data st.. "
&SAS? - Bug fix map l
Code Generation Tool "
i — | CSA36 - User profile feature |
A code generator to simplify the im..
(4
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Building an Application in 2017

Workload Estimater

O Q X Q { http://workload estimatorio

] &)

My Projects
Car Sharing App

Car Sharing App

A web application to rent a car loc...

Movie App

0%
Y A web application to stream movies..
[}

Business Process View

Visualising Business Processes of a...

Optimization Tool

A software tool to optimize data st..

Code Generation Tool

A code generator to simplify the im...

Description: A web application to rent a car located
nearby the user via an interface.

Statistics [l

Total Average (per Issue)
Duration: 111 hrs 3 hrs
LoC Added: 58,811 1249
LoC deleted: 1589 34
Commits: 37 1
Issues 37

| cSA37 - Bug fix map

| CSA36 - User profile feature
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Building an Application in 2017

YJIRA

Workload Estimater

O Q x Q { http://workload estimatorio

My Projects
Car Sharing App

A web application to rent a car loc...

Nnedal o 1 =

Movie App

Statistics [l
Total

A web application to stream movies...

Business Process View

Visualising Business Processes of a...

Optimization Tool

Duration:

LoC Added: 58,811

LoC deleted: 1589 34
Commits: 37 1
Issues 37

A software tool to optimize data st...

Code Generation Tool

CSA37 - Bug fix map
CSA36 - User profile feature

A code generator to simplify the im...

Description: A web application to rent a car located
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Building an Application in 2017

YJIRA

Workload Estimater

O Q x Q { http://workload estimatorio

My Projects
Car Sharing App

A web application to rent a car loc...

Movie App

A web application to stream movies...

Business Process View

Visualising Business Processes of a...

Optimization Tool

A software tool to optimize data st...

Code Generation Tool

A code generator to simplify the im...

Statistics [l
Total

Duration:

LoC Added: 58,811

LoC deleted: 1589 34
Commits: 37 1
Issues 37

CSA37 - Bug fix map
CSA36 - User profile feature

XYJIRA

L —

) GitHub
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Consuming APls in Single Page Applications TUTI

Frontend YJIRA
Controller JIRA API
JIRA
T Data Service
JIRA data
transform . Q GltHUb
; GitHub
z GitHub data .
Data Service

GitHub API
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Scaling up number of APIs to consume

Frontend

Controller

transform
data 1

transform
data 2

transform
data 3

transform
data 4

Data Service 1

service 1

Data Service 2

service 2

Data Service 3

service 3

Data Service 4

service 4
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Scaling up number of APIs to consume

Frontend

Controller

transform
data 1

transform
data 2

transform
data 3

transform
data 4

transform
data 5

transform
data 6

transform
data 7

transform
data 8

Data Service 1

service 1

Data Service 2

service 2

Data Service 3

service 3

Data Service 4

service 4

Data Service 5

service 5

Data Service 6

service 6

Data Service 7

service 7

//\\

Data Service 8

service 8
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Research Questions T|.|T|

a What is the state-of-the-art in model-based RESTful API

integration?
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Research Questions T|.|T|

a What is the state-of-the-art in model-based RESTful API

integration?

How does a model-based approach for RESTful API

integration in single page applications look like?
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Research Questions

m What is the state-of-the-art in model-based RESTful API

How does a model-based approach for RESTful API

integration?

integration in single page applications look like?

What are the benefits and limitations of a model-driven
approach for RESTful API integration?
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Analysing related work TLUTI

Lanthaler and Gutl: Hydra [1]
- RESTful API description language

Rossi: Model-driven REST API development [2]
* Constricting model in UML and transforming it to RAML

Modelling REST with the Eclipse Modelling Framework (EMF)
« Ed-Douibi et al.: Ready-to-run web APls out of data models [3]
- Haupt et al.: Generate REST compliant services [4]

Bonifacio et al.: NeolDL [5]
- domain specific language to specify RESTful APIs
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Analysing the state-of-the-art

Web development frameworks

EYNGULAR

@ React

nede

API Design Guidelines

B Microsoft

WAtlassian

Google

API Description

@ swAGGER

apigee
W@,
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Process Steps TUTI

>

T
Architecture

* Architecture
to reduce
complexity in
client

shift

responsibility
of RESTful
API
consumption
outside of
client
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Reference Architecture

Frontend

Single Page
Application

GraphQL API |

/

/
/
/

RESTful Aly

Backend

Web

/

/
/
©
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Query Service

@ GraphQL

Data
Transformation

(O

(&

RESTful API |
//

Service 1

uils

Web
Service 2

RESTful API |

Web

©

Service n
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Process Steps TUTI

>

UL

Reference

Meta-
Model

Architecture

« Architecture  Establishing
to reduce meta-model
complexity in describing
client consumption

of RESTful

* shift services
responsibility
of RESTful
API
consumption
outside of
client
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Meta-Model

Query Service Model

Query Service

1y

Data Model

Entity

name: String

1.*

Parameters

name: String
type: String

name: String
description: String
author: String
GET port: Int
POST 1.*
Resolver
name: String
PUT return type: String
DELETE
1.7 0..*
API Request Argument
HEAD o
body: String name: String
type: String
required: Boolean
OPTIONS
1 0.” 0..1 1
CONNECT HTTP Method Header Parameter Authentication URL
name: String username: String protocol: String
value: String password: String host: String
PATCH path: String
TRACE 0.* | 0.*
Query Paramers URI Paramers
name: String o
value: String REITEE ST
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Process Steps TUTI
i

Reference Meta- Generation
Architecture Model Process

« Architecture + Establishing * Development
to reduce meta-model of model-
complexity in describing driven
client consumption process to

of RESTful automatically

* shift services generate
responsibility RESTful API
of RESTful consumption
API
consumption Based on
outside of meta-model

client
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Code Generation Process T|.|T|

construct model model
using the editor transformation
(semi-automated) (automated)

: Service Model GraphQL Service Model
Service Meta Model @— (PIM) ? (PSM)

code
generation
(automated)

code
refinement @
(manual)

source code

<[>
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Process Steps TUTI
i

Reference Meta- Generation
Architecture Model Process

Imple-
mentation

« Architecture  Establishing * Development * Implementati
to reduce meta-model of model- on of process
complexity in describing driven as a web
client consumption process to application

of RESTful automatically

* shift services generate * React app
responsibility RESTful API
of RESTful consumption
API
consumption * Based on
outside of meta-model
client
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Code Generation Tool - Workflow T|.|T|

Developer

00

1. What data and
where to get it from?
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Code Generation Tool - Workflow T|.|T|

Developer

1. What data and 2. Construction
where to get it from? of model
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Code Generation Tool - Workflow

Developer

{ —

1. What data and
where to get it from?
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Construct the Query Service Model

2. Construction
of model

generation of

query service i

3. Manual code
refinement

© sebis 17



Code Generation Tool - Workflow

Developer

00 ::

1. What data and
where to get it from?

2. Construction
of model

generation of
query service

3. Manual code
refinement

Ul Designer

4. Design Ul
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Code Generation Tool - Workflow T|.|T|

Developer

e generation of

uery service
90 ~ auery

1. What data and 2. Construction 3. Manual code
where to get it from? of model refinement

Ul Designer

Query Service
@ GraphQL

::> -~
Transformation

5. Access query service
to receive data

4. Design Ul
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Code Generation tool - Live Demo T|.|T|

[ NON ENIRY Il ES localhost ¢ ] ] +

Query Service Model  Specify Server  GitHub

Construct the Query Service Model

Service Model

Define Server

Application name *

WorkloadEstimatorQueryService|

Author name

Niklas Scholz

Port *

8080 z
he localhost port where the generated server will run

Application description

The query service for the workload estimator application. This service accesses the JIRA and GitHub API in order to consume the required data for
the client and handles the data transformation.

* required field “
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Process Steps

>

Reference Meta- Generation
Architecture Model Process

ol
mentation

 Architecture  Establishing * Development * Implementati » development
to reduce meta-model of model- on of process of two
complexity in describing driven as a web example
client consumption process to application apps with tool

of RESTful automatically

* shift services generate * React app e comparison
responsibility RESTful API of two
of RESTful consumption frontends
API (one with tool
consumption * Based on one without)
outside of meta-model

client

Niklas Scholz - Master Thesis Final Presentation
© sebis 19



Evaluation - Comparing Two Frontends

Frontend A

projects-list.view

projects-list.controller

+ projects: Project]]

jira-data.service

- getProjects()
- transformProjectsData(projects: JSON)

r---<<injects>>3y

’
/
’
s

/
’
/

+ getProjects(): Promise<any>
+ getProject(id: String): Promise<any>

/
/
/

<<injects>>

project-detail.view

project-detail.controller

/
/

/
/
/

+ project: Project

/
/
/

/
’

github-data.service

- getProject(id: String)
- transformProjectData(projectData: JSON)
- transformRepoData(repoData: JSON)

F---<<injects>>>

+ getRepository(repoName: String): Promise<any>

Frontend B

projects-list.view

projects-list.controller

+ projects: Project[]

Fee
~,

Ss

- getProjects()

Ss

<<injects>>

project-data.service

Sao
S
=

-
-
-

project-detail.view

project-detail.controller

<<injects>>

+ project: Project

s

+ getProjects(): Observable<Project[]>
+ getProject(id: String): Observable<Project>

L-~

- getProject(id: String)

Niklas Scholz - Master Thesis Final Presentation

© sebis 20




Evaluation - Comparing Two Frontends

Frontend A

projects-list.view

projects-list.controller

+ projects: Project]]

project-detail.view

r---<<injects>>3y

’
/
’
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/
’
/

/
/
/

<<injects>>

project-detail.controller

/
/

/
/
/

+ project: Project

/
/
/

/
’

Transfo
ransformRepoData(r

F---<<injects>>>

mProjectData(projectDat;L;]s

jira-data.service

+ getProjects(): Promise<any>
+ getProject(id: String): Promise<any>

github-data.service

+ getRepository(repoName: String): Promise<any>

Frontend B

projects-list.view

projects-list.controller

project-detail.view

+ projects: Project[]

Feo
~,

Ss

- getProjects()

Ss

<<injects>>

S~

S~

-

-
-

project-detail.controller

<<injects>>

+ project: Project

e
|-

- getProject(id: String)

D
=

project-data.service

+ getProjects(): Observable<Project[]>
+ getProject(id: String): Observable<Project>
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Evaluation - Comparing Two Frontends

Frontend A

projects-list.controller

projects-list.view

+ projects: Project]]

project-detail.controller

project-detail.view + project: Project

‘ rojectD
MalransformRepoDat

r

—

Frontend B
projects-list.view projects-list.controller
+ projects: Project[]
- getProjects()
project-detail.view project-detail.controller
+ project: Project
- getProject(id: String)

I~

o
Ss

<<injects>>

S~

S~

-

-
-~

<<injects>>

-
prd

-

D
=

project-data.service

+ getProjects(): Observable<Project[]>

+ getProject(id: String): Observable<Project>
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Conclusions T|.|T|

Scaling up number of APIs to consume TUm

or

nonooanD:
b1 R “Ig*igeiftifi g

IR

Consuming multiple APIs leads to
complexity in the client
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Conclusions

Scaling up number of APIs to consume TUm Meta-Model
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Consuming multiple APls leads to The consumption of RESTful
complexity in the client services can be modelled
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Conclusions

Scaling up number of APIs to consume TUm

senice 7

LTI
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Consuming multiple APIs Iewa‘ds to
complexity in the client

Evaluation - Comparing Two Frontends Tum
Frontend A -
I = recataserics
t:(d”’"""“ == . Y
== x| Neamoecth o rongeane
.-

project-detail.controller — = —
project-detail.view + project: Project [~ github-data.service
| sebueate — <dinjeots>>3
2 [ —
1 insi ta: 48 | T Siing): Promise<anyt |
Frontend B
[Cprojects-tistview | | projects-list.controller |
Je—{ + projects: Projectl] I

[ ] [oetProjects) | <dinects>> project-data.service

=7+ getProjects(): Observable<Projectl>
project-detail.view Project-detall controler <sinjects>> || getProject(id: String): Observable<Project-
[ }e—{+ projeci: Project o

| | |- getProjectia: String) |
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client
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Conclusions

Scaling up number of APIs to consume TUm
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Consuming multiple APIs Ieéds to
complexity in the client

Evaluation - Comparing Two Frontends Tum

Frontend A

\ o iamsees
~+ projects: Projectl] 7 Y
- i
5 = A oetProjects): Promise<any>
o so /
o

MhgetProject(id: String): Promise<any>
.

project-detail.controller

project-detail.view + project: Project
}—L_, o
B

1

Frontend B
[Cprojects-tistview | | projects-list.controller |

+ projecis: Projeci] -
- getProjects() - project-data.service

+ getProjects(): Observable<Projectf>
+ getProject(d: String): Observable<Project>

+ project: Project
| | |- getProjectia: String) |
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Approach reduces compIeXify in
client
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Meta-Model m

¥

EEEEE

E— ) ] |

o 0 s
[comnect] | ,[¥i77e wawod | [Heaser Paramotr] [Ashonseaion ]| [0AL ] w([

‘name: String userame: Sting| | prol
value: String :Sting | | host: String
path:

uuuuuuuu

The consumption of RESTfuI

services can be modelled

Limitation: Roundtrip Engineering
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Conclusions T|.|T|

Scaling up number of APIs to consume TUm Meta-Model m

mmmmm

%%%%%%%a§
H B & Hl B B

Consuming multiple AF k;! isumption of RESTful
complexity in the _‘,. \hﬂ 2s can be modelled

Evaluation - Comparing Two Frontends

Tezz Y [4)

Approach reduces complexity in

client Limitation: Roundtrip Engineering
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Backup - Advantages TUTI

Focus on Advantages of
important steps MDSD

* Reducing * not carried - consistency
ccl)mple.)qty on away with * reusability
client-side implemen- « development

* GraphQL tation details speed
queries « Focus on Ul * manageability

Lightweight
Client

of complexity
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Backup - Limitations TUTI

Manual Code Level of
Refinement Abstraction

. Mo_del not « Data « only RESTful
being stored transformation APIs
* Apply API not modelled « model not
changes  Developer has entirely
manually to add code generic
manually

Roundtrip
Engineering
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Backup - Model Transformation Process

Resolver Model

Resolver

return type: String

1.% 0..*
API| Request Argument
body: String name: String
1 0. 0..1
HTTP Method Header Parameter Authentication URL
name: String username: String protocol: String
value: String password: String host: String
path: String
0. 0.
Query Paramers URI Paramers
name: String o
value: String IEEE S
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GraphQL Schema

#the schema allows the following query:

type Query {
projeces: [Project]

Project (projectid: [SERIABN): Project

#the schema allows the following mutations:

type Mutation {
deleteProject (projectId: [SEring!): Project
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Backup - Query Service Architecture TUTI

server
- port
- app
<<use>>
schema resolvers
- schema: String <<use>> |+ resolveFunctions: JSON

+ executableSchema: GraphQLSchema - makeAPIRequest(options, url, bodyData): Promise
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Backup - Code Generation Tool Architecture TUTI

ui-components

modelTransformer
AppControl <<US€>> |, transformToGraphQLModel(serviceModel: JSON): JSON
+ handleGenerateServerButton(event: Event) - constructSchema(serviceModel: JSON): JSON

- constructResolvers(serviceModel: JSON): JSON

ServiceConfig DataModel ResolversModel
coderGenerator
<<use>> | + renderSeverFiles(graphQLModel: JSON)
1 1
*i *i <<use>>
DataEntity ResolverEntity V
1 3
ApiRequest mustache

templates
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Backup - GraphQL Schema Example TUTI

type Project {
projectId: String
name: String
description: String
duration: Float
nrCommits: Int

#the schema allows the following query:
type Query {
projects: [Project]
project(projectId: String!): Project

#the schema allows the following mutations:
type Mutation {
deleteProject(projectId: String!): Project
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