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Outline...

» Research projects

loTSuite — A Toolkit for Prototyping Internet of Things
Applications

To enable loT application development with minimal development
effort

Funded by: INRIA Paris — Rocquencourt, France (2010 — 2014)

SMEWB — Subject Matter Expert Workbench

To create, reuse and deploy analytic algorithms in ABB products and
solutions with little or no additional coding

Subject Matter Experts (SMEs) — domain expertise but very little
programming experience

Funded by: ABB Corporate Research (2014 — 2017)



Basu: building blocks of “Internet of Things”

’:i @ ([é::'?\) @ Physical & virtual

Things have sensors attached, ;
Things have actuators attached :
Things have storage attached, I
|
1

devices (or “things”)

Things may have computational capabilities

1
! : ) ) 1
I The produced information is :
I communicated over network using :
I various protocols :

4

Communication

People & Process system that integrate data, people (i.e., user

1 interactions), processes to achieve a specific
| objectives.



Programming in IoT
|

App Inventor
ﬁ . ® "
OGN @ 3 HU Q

Programming Rapid prototyping tools
Languages

THE

Reduce development effort
Platform-specific design (Language, Runtime)

- Full control on AL (app logic)
- More development effort

@

PREDIX

SIEMENS

amazon

webservices™

Cloud |
- Reduce development effort, ease of MDD

deployment & evolution (due to centralized - PIM, PSM
system)
- Cloud-dependent design
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[oTSuite: A Toolkit for Prototyping IoT
Applications




X Entity of

> Interest |
Model

Affects

Stores Observes

Things (or Entity of Interest) is an object, including attributes that describe it, and its state
that is relevant from a user or an application perspective.

P | T

Heart rate Temperature value Battery level
of a Room of a Smartphone

Identifies

Tag

= Temperature sensor observes the temperature value of a room
= Heater controls the temperature of a room

= Profile Database stores user’s various preferences

= Badge identifies a person.



Entity of
Interest

Model B |

Affects Stores Observes Identifies

Extends

»

)
<

Tag

Extends

Extends

Extends

= A resource is an abstract representation of a sensor; an actuator, a storage

= A device is an entity that provides resources the ability of interacting
with other devices.

Smart phone

Smart Phones SunSPOT Cloud server



X Entity of
- Interest \

Model

Affects Stores Observes Identifies
A
Extends ) * %
Extends
Extends
Extends

= A platform-specific component that act

as a translator between a hardware device

and an application .

PP Actuates Provide Accesses Reads

R Access to
Mysal
Android MySQL

device driver  device driver Actuator Tag
Driver Reader




»

Entity of

Model - Interest
Affects Stores Observes Identifies
A y A
Extends
Extends 7
Extends
Extends
= A platform-specific component
Through which user interacts
with resources.
 Command Actuates Provide Accesses Reads
* Notification Access to
* Request
Actuator Tag
Driver Reader

nteracts

with




Entity of

»

M d 1 - Interest
Affects Stores Observes Identifies
7
Extends i 1
Extends |
Extends
Extends
It encapsulates a subset of the system’s
functionality.
* Calculate Avg. Temp brovid —
. Actuat rovide nteracts
 Regulating Temperature ““"*** Access to Accesses Reads with

Computational Actuator Tag
Component Driver Reader




Domain-specific

——— e —

1 . Entityof Concepts
M 1 | ~ Interest |
| |
ode | i
| Affects Stores Observes Identifies |
| |
- : | |
Deployment-specific L Actuator _ |
\ A
Concepts Extends SN
ST T Extends
{ |
| Extends
: g Extends
| Device
I /'y :
: |
| : Communicates-With
: Runs-On :
I\ ' Extends
\
Se—————— Extends
Actuates Provide Accesses Reads Interacts
Access to with
Extends
Extends
Extends
A ~ | ______]
\ s
' |
Computational : Extends Actuator
~ Component Driver
| Driver
|
|

—_—— e — — —

[
|
i
|
Functionality-specific i

Concepts Concepts

\



Separation of Concerns

Room Building fire
tem peratu re state
Domain
(e.g. building
automation)
I . “Reusability
Functionality (S across concerns’”

(e.g., building (e.g., home
HvAC) fire detection

Deployment / \

ABB Fraunhofer

LY



[oTSuite: Overview

g D\
-» b
)

Developer Domain Spec. Functional Deployment Spec.
I Spec.
! L |
- A =
| [
I \ \/ v
v
Compiler « Deployment Module
J
I /s’ ’ I S
! /7 /’ I SN
’ R’ ¥ .
E% Application Sensing/Actuating
4 Logic (GPL) Framework :
Developer U L‘_i 5
Java
enerated Prograr%n-ﬁ%g Android Node.js Java
Framework (GPL) Packages Packages Packages




Code editor

)
S Resource - IoTSuiteSpecification/src/vocab.mydsl - Eclipse Platform ] Q (= | G S
. Code Folding

File Edit Navigate Search Project Run Window Help A !
Aw R A NEEL B A SRR IR A CECE SV s R Quick Access [:| 9 | ([ Resource ]
’
[ Project Explorer & BEg% Y= 8 gl *vocab.mydsl ;‘y'@ userinteraction.mydsl |=| deploy.mydsl |Z| arch.mydsl = 08
4 (5 IoTSuiteSpecification 1= structs;? ™
4 (= src 2 FempStruct F
B arch.mydsl 3. tempValue : double; . Fm i m e .
B deploy.myds| ~5¥ » ; ur‘ls'(_:gﬂsﬂiasu:ement : String; ! . :
= ' S umidi ruc
|Z| userinteraction.mydsl 6 hum)i,dityValue : double; : Syntax COIOrIng :
|=) vocab.mydsl » 7 unitOfMeasurement : String; it !
\ 8= BadgeStruct R
\\ a badgeID: String; R
o N 10 badgeEvent: String; ’,’
: : 11e SmokeStruct R
H H 1 12 smokeValue: double; V 4
i IOTSUIte PrOJeCt ! 13 unitOfMeasurement : String;
L ______ 14 resources: =
15 sensors: =
16 periodicSensors:
17 TemperatureSensor
€918 [no viable alternative at input '} tempMeasurement
. 19 sample period 12002 for 6000
5% Outline 52 = B 20 HumiditySensor R T
- P 21 generate humidityMeasurement : HumidityStruct; 1 A C I H !
4 Domain Specification 22 sample period 1000 for 6000000; | UtO Omp etlon I
Structures 23 eventDrivenSensors: I, Dol -
4 Resources 24= SmokeDetector -
4 Sensors 25 generate smokeMeasurement : ¢ ’¢’ [
4 PeriodicSensors 26 onCondition smokeValue>55@ Pi ’¢’ B
i= TemperatureSensor 27 requestBasedSensors: .
i= HumiditySensor 2?— YahooWeatherService
= 29 generate weatherMeasurement : gs
EventDrivenSensors 30 tags:
RequestBasedSensors 31= BadgeReader 3
Tags 32 generate badgeDetected: BadgeSi il
Actuat 33 actuators:
ctuators % - ~
Storages \ |
\\ | Tasks &3 I R |
___________________________ \_\_____Qi_tgrlns . [<]
: . . : 1 Nescrintion Recnurce Path | ncation Tune
| : Outline / Structure View | E— — oz
L — .




[oTSuite deployment packages

%v‘ \s » Computer » Local Disk (C:) » IoTSuite-Eclipse-Plugin » Template » CodeForDeployment »

File Edit View Tools Help e
Organize » Include in library « Share with Burn ’,Ned Deployment Pa—CkageS

-~ : °
g Eavorites b AndroidEndUserDevice "‘ i for Androld Platform
____________________________________________ I
8 Downloads | JavaSED7
5l Recent Places . JavaSEDS
[} 1
B sharePoint ——— . Deployment Packages |
| ReusableWF i JavaSED10 ¢=——=——————=———— i :
|, JavaSED11 for Java Platform
- Libraries |, JavaSEDatabaseServer 000 TTTTTTTTTTOTOToToToToTmomoTomooomomooooooo '
5] Documents . NodeJSAlarmMgmtDevice
)] Git .. NodeJSDashboardDevice v
& Music | NodeJSHeaterMgmtDevice \s\
[ Pictures |\ NodeJSHumidityDevice D ettty !
: So |
B Videos |, NodeJSSmokeMgmtDevice S Deployment Packages
.. NodeJSTagMgmtDevice | . 1
1% Computer .. NodeJSTemperatureMgmtDevice i______fgr__'_‘!?_c_’_e_:!_s_ _?_I_?_t_f(_)_r_r_.r_‘ _______ E
&-‘ Local Disk (C:) . NodeJSThirdPartyDevice
‘\ﬂ Network

PackageName = [Implementation Platform] [DeviceName][“Device”]

Example: [Node)S][TemperatureMgmt][“Device”]



loTSuite code is available at
https://github.com/pankeshlinux/loTSuite



https://github.com/pankeshlinux/IoTSuite

SM

EWB: Subject Matter |

Workbench

Lxpert




Context

Services

Internet
of

People
Q00

i

» ABB - industrial sensors, industrial robots, process control systems, etc.

» Blending business solutions with industrial analytics that incorporate deep
knowledge of ABB’s technical SMEs on equipment and verticals

18



EWB - Key goals

» Accelerate creation, reuse, evolution
and delivery of analytic module plugins

Minimize SME (Subject Matter Expert)
effort to share, evolve and reuse
knowledge

» Accelerate integration of analytics
into ABB systems and solutions

Minimize business value of knowledge for
ABB customers



The old lifecycle: solution development

Installation
and

. Configuration
Solution Development Team work across the of Integrated

full development life cycle Solution

e Typical solution development scenario:

Run Time!

..... 5%7

Customer/User

Solution Development

(Application Engineering)

Full Software Development Solution
Solution Lifecycle

Development Team

20



The old lifecycle: solution & analytic
development

Blending business solutions and analytics, SMEs write application logic in a flowchart diagram and hire a
developer. The developer iterate with SMEs to get the logic right.

Installation
and
Configuration
of Integrated
Solution

Run Time!

..... Qm

||

Customer/User

Subject Matter _
Development

Solution Development

(Application Engineering)

Full Software Development Solution
Solution Lifecycle

Development Team
21



The old lifecycle: integrating analytics into
solutions

To integrate the analytic module into a solution, the developer iterate with the solution team until they
get it working

Installation
; ® and
3 ‘ ‘m Configuration
- —II i = of Integrated
» — ,\\C': (o & Solution
ry "
o K]

Run Time!

S @

i

Customer/User

Subject Matter
Experts (SMEs)

Analytic Module Analytic Module
Development integration & validation

Solution Development

Validation of integrated

(Application Engineering) solution

Full Software Development Solution
Solution Lifecycle
Development Team

22



The old lifecycle: integrating analytics into
solutions

Months Later

_—_—_—__—_—_—_—_—_—_—_—_—_—_—»

Installation
and
Configuration
of Integrated
Solution

Run Time!

5 @

i

Customer/User

Subject Matter
Experts (SMEs)

Solution Development

Validation of integrated

(Application Engineering) solution

Full Software Development Solution
Solution Lifecycle

Development Team
23



The old lifecycle: integrating analytics into
solutions

e N

Installation
and

< Empower SMEs as end -user developer Configuration
= \ of Integrated
h v \,\Qﬂ- A, Solution
r\
- -
Run Time!
Q [..v/
Decouple Solutions & Analytics '
Customer/User

Solution Development Validation of integrated

solution

(Application Engineering)

Full Software Development Solution
Solution Lifecycle

Development Team

24



Creating an analytic model using SMEWB

[ ABB SME Workb

File Edit Configure RunOnce Build Help

SME Profile Settings

ft 8 5 YCEEY IEEE

i Toolbox [*' cable101rwf (using hoover.us.abb.com repository, Reusable Workflow Designer) I ) Properties
Search “ | cable101rwf = DistributionCable... = DistribCableFlowc... Expand All Collapse All § System.Activities.Statements.Flowchart
4 Workflow -Loglc 3, DistribCableFlowchart ; Iil | Search: l—m‘
A;B Assign SME logic for calculating cable age, accelerated aging, and remaining useful life S — B Misc
g% Flowchart r TR DisplayName DistribCableFlo\
4 FIowDet.:lswn ﬁ&a calcCableAge = p2 = ValidateUnconnecte... [
.. FlowSwitch<> >
7] sequence proe Double-click to view SR S p——
3 e et e
%%+ If Then Else - 3 a5
v. - " » e
4] wnite N ==
4 Model Reuse
¥ Reuse .NET DLL .3, CalcUGCableAging .3, CalcOHCableAging
4 [Gemparisony Double-click to vi P | sk
ouble-click to view i ouple-click 1o view
@ Smaller of Switch
a Larger of b 4 h {
&8 In Range AB UGcableUL AB OHcableUL
4 Unit Conversions ) . " i
expectedLifeYears = maxUGcableLifeYe: expectedLifeYears = maxOHcableLifeYe
&G Temperature C to F
a Temperature Fto C -
¥ DateTime -> string < m s
 &F string -> DateTime  ~
« I ] > ariables  Argume po 0.00% i [
14:15:43.3953813 -04:00 Start: Running workflow ... 3
Expected life of UG cable: 50 Expected life of OHcable: 30
Cable placed into service on 1985-01-31 (724671 days) v
14:15:43.8009 Workflow completed with completion state Closed @

» Drag & Drop to develop analytic modules,
» Reuse existing models from a catalog / MATLAB

25



Deploying an analytic model

Choose Output Package Service
Select the Extension to use for creating Output Package

Discoverable Service DLL
Create discoverable .NET 4.5 Service DLL (supports workflows that call SME DLLs)

Licensed .NET DLL Workflow
Create license-controlled .NET 4.5 DLL (supports workflows that call SME DLLs)

Reusable .NET DLL Workflow
Create simple .NET 4.5 DLL (supports workflows that call SME DLLs)

Analytic module integration is supported via

solution-specific SME Workbench extensions

Information Needed to Save Output Package

Name: cablel01rwf

Directory Path: D:\SMEWBtestsD Q

~-1 fl Cancel
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Conceptual | weiiger

X Entity of

> Interest |
Model

Affects

Stores Observes

Things (or Entity of Interest) is an object, including attributes that describe it, and its state
that is relevant from a user or an application perspective.

P | T

Heart rate Temperature value Battery level
of a Room of a Smartphone

Identifies

Tag

= Temperature sensor observes the temperature value of a room
= Heater controls the temperature of a room

= Profile Database stores user’s various preferences

= Badge identifies a person.

29



Conceptual . Entiyor |

Interest

Model = | [ |

Affects Stores Observes Identifies

Extends

Tag

Extends

Extends

Extends

= A resource is an abstract representation of a sensor; an actuator, a storage

= A device is an entity that provides resources the ability of interacting
with other devices.

Smart phone

Smart Phones SunSPOT Cloud server

30



Conceptual
Model

Extends

= A platform-specific component that act
as a translator between a hardware device

and an application
Ml__jSCIRL

Android MySQL
device driver device driver

31

| Entityof |
- Interest \
Affects Stores Observes Identifies
A 4 A A
Extends
Extends
Extends
Actuates Provide Accesses Reads
Access to
Actuator Tag
Driver Reader



Conceptual )

Model oy
Affects Stores Observes Identifies
A
Extends ) *
Extends 7
Extends
Extends

= A platform-specific component
Through which user interacts
with resources.

e Command Actuates Provide Accesses Reads Intera;lcts

o Notiﬁcation Access to wit

* Request

Actuator Tag
Driver Reader

32



Conceptual )

M d 1 - Interest |
Affects Stores Observes Identifies
7
Extends i 1
Extends |
Extends
Extends
It encapsulates a subset of the system’s
functionality.
* Calculate Avg. Temp brovid —
. Actuat rovide nteracts
 Regulating Temperature ““"*** Access to Accesses Reads with

Computational Actuator Tag
Component Driver Reader

33



e —

—_—— e — — —

\

Conceptual
Model

Deployment-specific

\ \
Concepts Extends AN ‘

—_—_————————

Affects

Stores

Extends

Domain-specific

——— e —

_ Entityof Concepts
- Interest -
Observes Identifies

Functionality-specific

34

[
|
|
|
|
|
|
|
\

Concepts

Extends
; Extends
Device
|
|
|
| Communicates-With
Runs-On :
' Extends
S Extends
Actuates Provide Accesses Reads Interacts
Access to with
Extends
Extends
Extends “
_______________ N S R (R IS IR
\ Ve
. |
Computational : Extends Actuator
~ Component e
I ————
|
[



[oTSuite: MDE Approach

Horizontal Separation of

Concerns

» Separation of Concerns /T
(reusability) e N\

» Integration of existing M Ler e -
DSL (reduce complexity & / ﬂ
effort)

» Automation wherever Vertical Separation of 0

Concerns Code generators

N7\

possible (reduce effort)

PIM — Platform Independent Model PSM PSM
PSM — Platform Specific Model o

Node

35



Example

m Android- ;

I

Display() Ul : Notify me temperature value of
' my room periodically on my monitor
1

Il
! Display temperature

Display  X'=--- Application
Temp Logic
Controller

ﬂ”
-
-

Send Average Temperature

| Application
—————— Logic

send temperature data

Calculate
Avglemp

Temperature
Measurement

Android

Temperature Sensor

Sensor

36



[oTSuite Code editor

; [

& Resource - IoTSuiteSpecification/src/vocab.mydsl - Eclipse Platform ! 0 i (2| S
. Code Folding |
1

File Edit Navigate Search Project Run Window Help <2
N R AR R SRR TR S ERE R A S S Quick Access | [ | ([ Resource )
4
5 Projec orer 23 & Y= 8 = *vocab.mydsl 2:19’@ userinteraction.mydsl| |=| deploy.mydsl |= arch.mydsl = O
[ Project Explorer 53 B 5 £ ydsl 3 y ploy.my y
4 [ IoTSuiteSpecification 18 structs," - m
4 (= src 2e PempStruct F
= arch.mvdsl 3 ,/ tempvalue : double;
= 4 I. 4 dsl a4 N unitOfMeasurement : String; : :
I=/ deploy.myds 5& HumidityStruct ' S C I 1 !
|=| userinteraction.mydsl| 5 humidityvalue : double; i ynta‘x o Orlng 1
|Z| vocab.mydsl » 7 unitOfMeasurement : String; B ettt !
\ 8= BadgeStruct R
\\ 9 badgeID: String; 7
\ 10 badgeEvent: String; PR
D : 116 SmokeStruct ad
I I TS - P ] 2 smokeValue: double; V4
: O UIte rOJeCt : 3 unitOfMeasurement : String;
! ] 14 resources: =
1 1 r ]
! 1 15 sensors: | 1 —
| ! 16 periodicSensors: = Error Checkin 1
___________________________ 17 TemperatureSensor - 1 g :
€313 [no viable alternative at input '} tempMeasurement 4~ Eiminiet el bttt
- 19 sample period 1 : H
g= Outline 2 laz = B8 20 HumiditySensor T
4 Domain Specification 21 generate humldltyMeasurement : HumidityStruct; !
S 22 sample period 1002 for 6&¢ !
tructures 23 eventDrivenSensors: 4
4 Resources 24 SmokeDetector
4 Sensors 25 generate smokeMeasurement : ¢ I'= BadgeStruct
4 PeriodicSensors 26 onCondition smokeValue>65@ PI|i=FireStateStruct
i= TemperatureSensor 27 requestBasedSensors: . = HumidityStruct
Humiditys 28 YahcoWeatherService = SmokeStruct
'S HumiditySensor 29 generate weatherMeasurement : | _ g;
EventDrivenSensors 30 tags: I=TempStruct
RequestBasedSensors 31€ BadgeReader VisualizeStruct 3
Tags 32 generate badgeDetected: BadgeSi|'=boolean
33 actuators: !=double h
Actuators % r . »
Storages \ '.;[ 9
\\ &= Tasks 22 o | | I
(N = String
OSRGOS RO RUp PR N 0 items =, E
1 : ! Nescrintinn Resnurce Path | ncation Tune
1
| Outline / Structure View | e — e ;
o
R e




[oTSuite architecture framework

’—r = i
===t Generated Architecture

File Edit ow Help
1
= Framework POET -5 e oD £ %5 Debug i
e e _ R l - ——
tg Package Explorer 33 = ,‘_L__‘»'/ Sl ‘ 0| LogicAvgTemp.java l m LogicProximity.java &3 O
5= ApplicationLogic ,, 1 package logic:; <
8 src ,/ 2
iB devicelmpl ’ 3® import iotsuite.pubsubmiddleware.PubSubMiddleware;[]
3 factory ,l g
3 framework ‘ S public class LogicProximity extends Proximity {

£ iotsuite.common

£ iotsuite.computational.factory
1 iotsuite.computational.framework
£ iotsuite.localmiddleware

£ iotsuite.pubsubmiddleware )I
£ iotsuite.semanticmodel

m |°gic 17 @Cverride

[7) LogicAvgTemp.java O

[J] LogicDisplayController.java Z

[J] LogicFireController.java

[J] LogicProximity.java »

[7) LogicTempControllerjava
= JRE System Library [JavaSE-1.6] \
=i, Referenced Libraries A 2
= lib \ 2

public LogicProximity (PubSubMiddleware pubSubM, Device devicelInfo,
Cbject ui, Context myContext) {
super (pubSubM, devicelInfo):

~J 0

public void onNewbadgeDetected (BadgeStruct arg) {

9 // TODO : write code here. =]

¥ \

{ N

Developer implements
. interfaces in GPL to write
application Ioglc

Framework to write
application Iogic

No ‘consoles to dlsplay at this time.

‘ Writable ‘ Smart Insert ‘ 15:6




Commonality at various levels

Room
temperature

Building fire
state

Domain

(e.g. building
automation)

|
Functionality

(e.g., building (e.g., home
HvAC) fire detection

Fraunhofer Fraunhofer

CESE CMI
39

“Reusability
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loTSuite code is available at

The current version of loTSuite supports several loT
technologies such as Android, Raspberry Pl, Arduino, and
JavaSE-enabled devices, Messaging protocols such as MQTT,
CoAP, websocket, Server technologies such as node.js,
Relational database such as MySQL, and Microsoft Azure
Cloud services.

40


https://github.com/pankeshlinux/IoTSuite

IOTSP Device |

N
N

HelloWorld example: Architecture ~

-
-
-
-

Device

-
-
~-~--
— oy
-y

Alarm

-
——————

Temperature
Regulator

Fire

Data
Notifier

Visualizer

-
---~--
— oy

Calculate
AvgTemp

©ABBGr up
e 22, 2020 | Slide 41 Device
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]
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Our approach:
Domain concern

&

é This step involves the specification of concepts that
Domain are responsible for interacting with Entities of Interests (Eol).
expert

Sensors (Sense the Eol)
Actuators (Affect the Eol)

|

—> !}Q Storage (Store information about the Eol)

domain  Compilation
spec.  of vocabulary

Tags (Identify the Eol)

42
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[oTSP
Domain language: code snippet

structs:
BadgeStruct
badgeID: String;
badgeEvent:String; _

TempStruct '
tempValue: double;
unitOfMeasurement: String;

resources:

sensors:

BadgeReader

generate badgeDetected: BadgeStruct;
actuators:
Heater
action Off(); Y
action SetTemp(setTemp: TempStruct); //f :i>\\

storages:

4
ProfileDB Badge
generate profile: tempStruct accessed-by\ Reader
badgeID: String;

creslmp 1" Abstractions to specify heterogeneous entities
One entity description for many instances

Temperature
Regulator




[0TSP
[oTSuite Code Editor

I
S Resource - IoTSuiteSpecification/src/vocab.mydsl - Eclipse Platform 1 H
. Code Folding

L= |

File Edit Navigate Search Project Run Window Help A !
Aw R A NEEL B A SRR IR A CECE SV s R Quick Access [:| 9 | ([ Resource ]
’
[ Project Explorer & BEg% Y= 8 gl *vocab.mydsl ;‘y'@ userinteraction.mydsl |=| deploy.mydsl |Z| arch.mydsl = 08
4 (5 IoTSuiteSpecification 1= structs;? ™
4 (= src 2 FempStruct F
B arch.mydsl 3. tempValue : double; . Fm i m e .
B deploy.myds| ~5¥ » ; ur‘ls'(_:gﬂsﬂiasu:ement : String; ! . :
= ' S umidi ruc
|Z| userinteraction.mydsl 6 hum)i,dityValue : double; : Syntax COIOrIng :
|=) vocab.mydsl » 7 unitOfMeasurement : String; it !
\ 8= BadgeStruct R
\\ a badgeID: String; R
o N 10 badgeEvent: String; ’,’
: : 11e SmokeStruct R
H H 1 12 smokeValue: double; V 4
i IOTSUIte PrOJeCt ! 13 unitOfMeasurement : String;
L ______ 14 resources: =
15 sensors: =
16 periodicSensors:
17 TemperatureSensor
€918 [no viable alternative at input '} tempMeasurement
. 19 sample period 12002 for 6000
5% Outline 52 = B 20 HumiditySensor R T
- P 21 generate humidityMeasurement : HumidityStruct; 1 A C I H !
4 Domain Specification 22 sample period 1000 for 6000000; | UtO Omp etlon I
Structures 23 eventDrivenSensors: I, Dol -
4 Resources 24= SmokeDetector -
4 Sensors 25 generate smokeMeasurement : ¢ ’¢’ [
4 PeriodicSensors 26 onCondition smokeValue>55@ Pi ’¢’ B
i= TemperatureSensor 27 requestBasedSensors: .
i= HumiditySensor 2?— YahooWeatherService
= 29 generate weatherMeasurement : gs
EventDrivenSensors 30 tags:
RequestBasedSensors 31= BadgeReader 3
Tags 32 generate badgeDetected: BadgeSi il
Actuat 33 actuators:
ctuators % - ~
Storages \ |
\\ | Tasks &3 I R |
___________________________ \_\_____Qi_tgrlns . [<]
: . . : 1 Nescrintion Recnurce Path | ncation Tune
| : Outline / Structure View | E— — oz
L — .

© ABB Group
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Our approach:
functional concern

- - - - -y

// \\
&
“ This step involves the specification of concepts that
_ are responsible for computation or processing.
Domain
expert

* Computational Service

-

Vocabulary Compilation
spec.  of vocabulary

— o o e e R M M e M M M e e e e e e o

o T e e e R e e e e M e e e M e e e e e e

e RN
| \
) ! g :
N &
" I Architecture :
I
, : spec. I
\ ’ ! !
N e e e e o2 -’ 1 1
1
: A !
| : 1
g. I
45 I\ ‘ | image credit to organizations, who own copyrights of used

Software designer L images
[ S Uy U u———



[oTSP
Architecture language: code snippet

computationalService:
AvgTemp
consume tempMeasurement from TemperatureSensor);
COMPUTE (AVG_BY_SAMPLE,5);
generate roomAvgTempMeasurement:TempStruct;
Proximity
consume badgeDetected from BadgeReader;
request profile to ProfileDB;
generate tempPref: TempStruct;
TempController
consume roomAvgTempMeasurement from AvgTemp
consume tempPref from Proximity;
command SetTemp(setTemp) to Heater;

Temperature
Regulator

Calculate
AvgTemp

I« Programming constructs to hide heterogeneous
. interactions

“+  Programming constructs to perform common
operations.

Sensor

© ABB Group
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Our approach:
functional concern

- - - - -y

/, \\
&
B Architecture framework (in object-oriented GPL)
Domain - Contains abstract classes
expert

- Concrete methods
- Abstract methods

~ &

Vocabulary Compilation
spec.  of vocabulary

— o o e e R M M e M M M e e e e e e o

o T e e e R e e e e M e e e M e e e e e e

Archltectu re

47 ‘x‘ framework
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[0TSP

Structured code, Application Developer
has to only implement abstract methods.

Proximity
consume badgeDetected from BadgeReader; —
C/ompiler
~ [ public void subscribeBadgeDetected() { lg/
PubSubMiddleware.subscribe(this, “badgeDetected",

Concrete . . o
nmthmjfopw subscriptionCondition);

}

_ | public void notifiedReceived (String event Name, Object
arg, Device deviceInfo) {

Subscription
request

C t -
nmﬂigiip if (eventName.equals(“badgeDetected”) {
Receiving _| onBadgeDetectedEvent ((BadgeStruct) arg) ;
notification }

27 public abstract void onBadgeDetectedEvent(BadgeStruct arg);
Application

developer 48

image credit to organizations, who own copyrights of used images



[0TSP

[oTSuite architecture framework

_— L
B Generated | =
e I
File Edit | :Run Window Help
1 =
- Architecture Framework & . - Bl bl v v 7 %5 Debug »
Fg Package E_x;JIB;e; BN l::']_;fb/_ A ] F\ _[D_ _L:)g;l_o&ngempJava | LogicProximity.java 83 = E
1= ApplicationLogic ,, e package logic:; <
3 src ,’ 2
EB devicelmpl 4 3% import iotsuite.pubsubmiddleware.PubSubMiddleware; (]
3 factory ,l g
SB framework ‘ S public class LogicProximity extends Proximity {

£ iotsuite.common

£ iotsuite.computational.factory
£ iotsuite.computational.framework
£ iotsuite.localmiddleware

£ iotsuite.pubsubmiddleware

public LogicProximity (PubSubMiddleware pubSubM,
Cbject ui, Context myContext) {
super (pubSubM, devicelInfo):

Device deviceInfo,

|

£ iotsuite.semanticmodel ‘
| £ logic 17€ @Override
. B Log!cA‘../gTemp.Java ) |218 publ1c void onNewbadgeDetected (BadgeStruct arg) {
[J] LogicDisplayController.java 1o // TODO write code here. -
| [J] LogicFireController.java 20 } K\
[J] LogicProximity.java » 21 N
[J) LogicTempController.java \\ |£22€ publlc void onNewprofileReceived (TempStruct arg) { \\
=) JRE System Library [JavaSE-1.6] \ )23 // TODO : write code here \\ =
=, Referenced Libraries \\ 24 } <------——-_ ~
& lib \ 25 SRR
AN 26 ) : .
vV Y || : Developer implements
I ! 1
| I . ! 1 ° ° .
. Framework to write | . interfaces in GPL to write
: Io to I ° : : Io to I °
1
| . application logic i application logic
‘\ B Problems\ @ Javadoc \@, Declaration '\E Console 52 * B~ [~ 8

© ABB Group
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Deployment
concern

- - - - -y

e o e e o e e e e

1
|
|
I
I
|
: Domain
I expert -
l R g S N mm e
| FE “
I
I
: . : /| Deployment » > $ :MaPPing
| % —,’. : I> speC. ‘ | ies
1 == | 1 | 1 I
I I I | Mapper |
| 1
:Vocabulary Compilation 1 V. Network !
! spec.  of vocabulary \ manager X
1 Y A
1 1 ,/—--—— —————————————————————————— \
1 1 / \
I 1
I I : c& I
! ! > —_— € !
: : ! Architecture E !
' ! I spec. Compllatlon I
" /) : 1‘ of architecture Appllcatlon '
S - - I developer !
I P :
! Archltecture I
|
50 l ‘i‘ framework |
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[oTSP
Deployment language: code snippet

TemperatureMgmtDevice: [Tmnpmqu"emgnu]////
location: Device
Room:1; ™ _
I
|

platform: NodelS;
resources: TemperatureSensor, Heater;

protocol: mqgtt; aeteshe
DatabaseServer: Regulator
location:
Room:1;

platform: JavaSE;
resources: ProfileDB;

protocol: mqgtt;
database: MySQL;

Device

I Property of each device is specified individually — l Badge
1 - | Device
1 Not Scalable I Reader

- Database
/ A“\se rver
q

© ABB Group
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Deployment
concern

- - - - -y

e ~
/ \
) Mapper — decides device where each computational
‘si.;" service will be executing
Domain .
-7~
expert /7 \

spec

-4

A

—% 3 [J
oy

~

/

-7
?

o T e e e R e e e e M e e e M e e e e e e

|
Vocabulary Compilation Network /:I
spec.  of vocabulary . _”_'afa_g‘ir_ o .~ 2T
, L < \
/ \
1 1 > 2 ¢ I
: : Architecture :
|
! ! spec. Compllatlon Application !
. ’ of architecture "
S - - - : developer |
I I
Archltecture I
|
59 l ‘i. framework |
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Deployment
concern : Mappmg

computat10na1$erv1ce

Proximity

TemperatureController Devicelf .
Proximity

Architecture specification W@ .. M appmg dec|s|on ________

‘ (output in GPL)

________________________________________________

~"devices: ‘Device2:
Devicel:  TemperatureController
Device2: i T
Mapping decision
. (output in GPL)
DeviceN:

I Mapping considering device properties is a part of |
| our future work.
53 Deployment Specification @ === = s s s s m s === = =



Concrete methods to interact with other

Platform software components & platform-specific
device driver
concern RS * Sensing framework for Android
,eTTTT T ~ ,;" oo '\'\" ., * Sensing & actuating framework
. ‘, 4' g A e  +  for RPiin NodeJS.
4 ! %) |« Storage Framework for
c ; ! MongoDB, AzureDB, MySQL
Domain : :
expert :
|
|
1
!

~ &

o T e e e R e e e e M e e e M e e e e e e

I
|
I
|
| > spec. I
I I 1‘ Mapper |
1 |
Vocabulary Compilation 1 i Network !
spec.  of vocabulary | ', Manager X
I N o e e -
1 ,/ —————————————————————————————————— \
| L [ |
1 1 > REs ¢ I
; ! Architecture !
! C ilati I
I ! Apec ompria |on Application
. ’ of architecture "
S - - - : developer |
: Archltecture :
54 ' ‘x‘ framework |
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Platform ’

1
E\
|
concern N | User Interface Compilation of ) /
~ Spec User interface . 7
™ P S —
P it 7 R Tk o R
/ [ Sensing/actuating \I
- I
R r framework I
& fi=1nv |
é 1 e 1
I I
. 1 I
Domain I
expert

|

- D\
-
1 .
Deployment > # 1 Mappin

- o

o T e e e R e e e e M e e e M e e e e e e

I
|
I
I o
> spec.  mes
I = Mapper |
|
Vocabulary Compilation i Network “ !
spec.  of vocabulary ', Mmanager X
,/ —————————————————————————————————— \
/ \
| L L |
- — 2 - - -
: : Architecture :
I | I
! : spec. Compi atlon Appllcatlon !
\ ’ 1‘ of architecture |
S e = - : developer |
1 |
Archltecture I
1
55 l “. framework |
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[0oTSP
User interaction lang.: Code snippet

structs:

VisualizeStruct
tempValue: double;
humidityValue: double;

yahooTempValue: double;
FireStruct I

fireValue: String;
timeStamp: String;
resources:

userInteractions:
EndUserApp

notify FireNotify(fn:FireStruct
from FireNotifier;

Fire
Notifier

Visualizer

Calculate

AvgTemp
DashBoard

notify Display(sm:VisualizeStruct)

from DataVisualizer; -
emp.
© ABB Group Sensor
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image credit to organization.s, who Software deS|gner 7
own copyrights of used images

I . —dser ~
- - > -
Pl atform | % _ Interface cod \ : 4
I
concern ! Userslnterface Compllatlon pf User Interface
\__l"ic_____l_Js_ezmt_etfacs_________________PSSLgEe_r_-
e m e mm—— = T T T T T s N User interaction
: Sensing/actuating \I ~ framework P
‘“ r framework I N - -
I
Domain I ' I
expert ;
I - N
| : : -
! ! > | Mappin
. o | i Deployment | 7app
DiEad ) o > spec - es
I I 1‘ Mapper |
1 |
Vocabulary Compilation 1 i Network & !
spec.  of vocabulary | ', Manager X
: , < \
| / \
| | - 1
, Ly & ,
I ' —> D I
I ! Architecture !
" I spec. Compllatlon Appllcatlon :
N y ! 1‘ of architecture I
S e = - : developer |
: Archltecture :
1
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[oTSP
User interaction framework: code snippet

EndUserApp
notify FireNotify(fireNotify:FireStruct)from FireNotifier;

Compiler

generates /
@Override

;? public void onDataReceived(String eventName, Object data) {
if (eventName.equals("fireNotify")) {

User

|maﬁ;?\\\sTextView tv = (TextView)AndroidSmartHomeApp.appActivity
Designer .findvViewById(R.id.textViewl);
tv.setText("Fire has been occured");

User interface designer implements OnDataReceived () method and connect !
I them with Ul widgets (e.g., Here is Text View) |

image credit to organizations, who own copyrights of used images



[0TSP

IoTSuite User interaction framework
/a - AndroidE Device - . "=iE

File _Edit _Refactor _Source Navigate _Search_ Project Run Window Help

""""""""""""""""" i O~ Qv G v v iR [ B e i v
Generated User i Quick Access i | [{ Resource

Interaction Framework L...i..: o sy meinm =

e
B3le ~ IEndUserapp objEndUserapp; j
a AndroidEndUserDevic;’ Ac:ivii; E’;_o JENACRSNoPRs
a > 2
b Andro!d4.f.2 /- public LogicEndUserApp obj = this;
> = Android Prwatelllbranes public String deviceType;
» m Referenced Lil#aries public static PubSubsSensingFramework pubSubSensingFramework;
4 738 src yl

S public LogicEndUserApp(PubSubMiddleware myPubSubMiddleware,

> @ com.eampleandroid final Device deviceInfo, final Object ui, Context myContext) { B

b H devicelmpl super(myPubSubMiddleware, deviceInfo);
> H3 factory
> 3 framework deviceType = deviceInfo.getType();

pubSubSensingFramework = PubSubsSensingFramework.getInstance();
this.ui = (Activity) ui;
e this.ui.runOnUiThread(new Runnable() {

> G iotsuite.android.localmiddlew:
> H iotsuite.common

> 58 iotsuite.pubsubmiddleware A 8 public void run() {

> {1} iotsuite.semanticmodel objEndUserApp = EndUserAppFactory.getEndUserAppDriver(

4 1 logic deviceInfo.getType(), (Activity) ui, obj);

» [J] LogicEndUserApp.java }

b B sim.deviceEndUserDevice Di L

@ : va Fi T
> CV.? gen [Generated Java Files] = ListenerEndUserApp handlerCommand = new ListenerEndUserApp() {[]
p &> bin
b &= libs a B public void onNewFireNotifyNotify(FireStateStruct arg) { e e e J | |
b B res pubSubSensingFramework.publish("fireNotifyNotify", arg)

S @verride
public void notifyReceived(String eventName, Object arg) {

’ .
(@ AndroidMaritestrm } | Developer implements
|Rs| ic_launcher-web.pn : . . .
o i interfaces in GPL to write

preguard-project.bet

project.properties generated method il - . .
) 7 user interface logic
1
} =
1 »
Problem J 2 ole &3 LogCat 2 28
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[0TSP

[oTSuite User interaction framework

& Java - AndroidEndUserDevice/res/layout/activity_main.xml - Eclipse Platform

(=[@] % ]

P

File Edit Refactor

Nawgate Search Pro;ect Run  Window Help

= R

BB Y-d ¥

- Quick Access

[ Package Explorer 53

4 52 AndroidEndUserDevice

» = Android4.4.2
> = Android Private Libraries
> m Referenced Libraries
> §B src
B €|'5 gen [Generated Java Files]
> & bin
b &= libs
a4 = res
b (= drawable-hdpi
b (= drawable-mdpi
[ = drawable-xhdpi
b (= drawable-xchdpi
4 (= layout
|l activity_mainxml|
> = menu
b (= values
b = values-vll
b (= values-vld
|d AndroidManifestxml
[ma| ic_launcher-web.png
proguard-project.txt
project.properties

’ﬂup
2020 | Slide 60

' [J] LogicEndUserApp java d] activity_mainxml §2 | [T 77T TTTTTTTTTTTToTTooosooooo oo ! = g
4 —— Palette —— : v| an ! Andr0|d W|dgets I | —— Structure —— »
43 Palette - & e e fy % Outline
> Form Widgets -7

= I 0 :‘Iaﬁuﬂ e Relativelayout
Textview Large Medium smat  Button %
"R eE-| O Qaalaa
Smal  OFF ¥ CheckBox A
@ RadioButton CheckedTextView
E] Spinner
o Developer |mplements W|dgets
L)
e de e e for User interface
o EXGI&E[Ea]
Id ' () ~

‘  Layout... [] |

: (] Text Fields  Backgr... B
(1 Layouts Paddin... &

| [ Composite Cont (o]

. — Relativ... | =
() Images & Media @ View |1
(2] Time & Date ViewGr... [1 ] |
| () Transitions Ani... %
Clip ... [= B8]
(] Advanced Clip.. B [
D Other Layo.. E]
() Custom & Library Views > Add ... [[] @ =
. =] Graphical Layout lJ activity_main.xml
! Problems @ Javadoc [&), Declaration B Console §8 LogCat 53 = 0
’ Saved Filters ols == fl Sancrb farmaceanes: Arrantc i canavar DroFivuith nub:.anm Fam: artatsta Bk ccona [arhnce <] 2 E ML)

’ 75 | [ Resource 7




I User ™\
: % —_— Interface cod \ ? !
I I
[ ] [ ] | l
Lll’lkll’lg : User Interface Compilation of _ User Interface :
\o_ PSS _Userinterface _ _ _—___________Designer _,

e —————— T T T T T T m s N User interaction

Sensing/actuating " framework

framework
And rov
dewces
\

>$ .Mari —>gl

Linker

Domain
expert

> spec.

- of

Vocabulary Compilation
spec.  of vocabulary

o T e e e R e e e e M e e e M e e e e e e

e -ttt T *- -7
/
1 ' N
I : > -
: : Architecture
1
1 : Apec. Compllatlon Appllcatlon
N ’ 1‘ of architecture
S e = - : developer
|
Archltecture
1
61 l “. framework
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[0oTSP
[oTSuite Deployment packages

%v‘ i » Computer » Local Disk (C:) » IoTSuite-Eclipse-Plugin » Template » CodeForDeployment »

File Edit View Tools Help e e e e == m = m = |
Organize » Include in library « Share with « Burn ‘,Ndl Deployment PaCkageS

3 : .
5. Favorites . AndroidEndUserDevice "” i for And rOId Platform
8 Downloads | JavaSED7
% Recent Places i JavaSED8 ‘~.~~ ________________________________________ .
Ml Shacciuie A ""~-<..__! Deployment Packages
) ReusableWF .. JavaSED10 =~ :
|, JavaSED11 for Java Platform
4 Libraries |, JavaSEDatabaseServer B ittt '
5] Documents . NodeJSAlarmMgmtDevice
) Git .. NodelJSDashboardDevice v
o Music |. NodeJSHeaterMgmtDevice S
] Pictures || NodeJSHumidityDevice \\ PTTTT T !
B Videos . NodeJsSmokeMgmtDevice +i Deployment Packages !
. NodeJSTagMgmtDevice i o 1
1% Computer .. NodeJSTemperatureMgmtDevice E____f(_)_r_'_!tl_(_)_g_e_tlf_ _P__I_a_‘_t_f_(_)_'jm____i
Q’-‘ Local Disk (C:) . NodeJSThirdPartyDevice
“! Network

PackageName = [Implementation Platform] [DeviceName][“Device”]

Example: [Node)S][TemperatureMgmt][“Device”]
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State of the art:
Programming IoT

Approach

Examples

Description

Benefits

Limitation

General-purpose
Programming

Node.js,
Python, C,
C++,
Android

Developers think in terms of
activities of individual devices &
explicitly encode interactions with
others in programming language.

Development of
efficient systems
based on
complete control
over device.

More development
effort, Difficult to
reuse & platform-
dependent design.
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Reading data
from Sensors

‘var mqtt=require('mgqtt'); ‘;
i var client=mqtt.connect('mqtt://test.mosquitto.org:1883")j
Var TSensor = T e
initialize: function () { Connecting to MQTT Protocol
// here GPIO4 means pin7 and DHT22 type of sensor
return sensorLib.initialize(22, 4);

b,
read: function () { ________ APlstoread temperacure values

var readout = sensorLib.read(); -
_____ var value={"tempValue™:readout.temperature.toFixed(2),

___________________________________________________________________________________________________________________

setTimeout(function () {
sensor.read();
}, 5000);
}o)s
if (sensor.initialize()) {
sensor.read(); } else { console.warn('Failed to initialize
sensor"');

1

Publishing sensed value



State of the art:
Programming IoT

Approach Examples Description Benefits Limitation
General-purpose Node.js, Developers think in terms of Development of More development
Programming Python, C,  activities of individual devices & efficient systems effort, Difficult to

C++, explicitly encode interactions with based on reuse & platform-

Android others in programming language. complete control  dependent design.
S QerdeVictn, m - - - — - - N
( Macro Node-RED  Abstractions to specify high-level Reduce Platform-specific |
| programming Regiment, collaborative behaviors while hiding  development design, Less flexible to I

I Macrolab, low-level details such as message Effort compared write Customized
I passing to GPL, application logic. I
l
N e e e e e e e e e e e e e e e e e e e e e e e e e e Do /
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T
»)

Rapid prototyping tool - NodeR]

Open source tools ( )
Flow-based programming
Browser-based flow editor

Invented by IBM for wiring hardware devices,APIs and online
services

» Light-weight runtime such as Node.js
» ldeal to run on edge devices
» Over 2500+ ready-to-use nodes/flows

"=

v VvV Vv Vv

UNNIIF

66


https://github.com/node-red
https://flows.nodered.org/

Example

=<, Node-RED
Q First Flow Example Twitter flow example info debug
v output i
- {"demand": 43002, "frequency" 49.973 } 3
debug |
“E?:E“:E: ::4'::'
T E { "demand": 43002, "frequency": 49.973 }

http response

websocket http request
tcp /
UK electricity

udp

m

g
?

Periodic timestamp
Z { "demangl": 43002, "frequency": 49.973 }

{ "denfand": 43002, "frequency": 49.973 }

> function

It displays the converted
data format on Console.

It requests data to UK national It extracts data from response
grid service periodically. and convert it to JSON format
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State of the art:
Programming IoT

Approach Examples Description Benefits Limitation
General-purpose Node.js, Developers think in terms of Development of More development
Programming Python, C,  activities of individual devices & efficient systems effort, Difficult to

C++, explicitly encode interactions with based on reuse & platform-
Android others in programming language. complete control  dependent design.
over device.
Macro Node-RED  Abstractions to specify high-level Reduce Platform-specific
programming Regiment, collaborative behaviors while hiding  development design, Less flexible to
Macrolab, low-level details such as message Effort compared write Customized
passing to GPL, application logic.
s T EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEES N
{ Cloud Platform  IBM Devices are connected to cloud Reduce Cloud-dependent
BlueMix, platforms through APIs or high- development design, restrict in-
l Xively, level (e.g., drag-and-drop) effort - GPL, terms of functionality
[ WoTKit constructs, Expose common Offer ease of (in-network
I services (e.g., data visualization,) deployment & aggregation, node-to-
I through APIs evolution node comm.), depend
\ on cloud availability
S e e e o —— e e e e ———————_——_— M M MM o /
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Cloud
platform @ <7

O
Data
S Data
Data torage

Analysis :
Visualiziio—n//\)’\ Security

Web AP Cloud Service \Web API

Notification
receives

Periodic
.. data send

mmand .
command co .&1
receive
send

Client Mobile -
Browser App

Il & |
-HH

Smart
Plug
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State of the art:
Programming [oT

Approach Examples Description Benefits Limitation
General-purpose Node.js, Developers think in terms of Development of More development
Programming Python, C,  activities of individual devices & efficient systems effort, Difficult to

C++, explicitly encode interactions with based on reuse & platform-
Android others in programming language. complete control  dependent design.
over device.
Macro Node-RED  Abstractions to specify high-level Reduce Platform-specific
programming Regiment, collaborative behaviors while hiding  development design, Less flexible to
Macrolab, low-level details such as message Effort compared write Customized
passing to GPL, application logic.
Cloud Platform  IBM Devices are connected to cloud Reduce Cloud-dependent
BlueMix, platforms through APIs or high- development design, restrict in-
Xively, level (e.g., drag-and-drop) effort - GPL, terms of functionality
WoTKit constructs, Expose common Offer ease of (in-network
services (e.g., data visualization,) deployment & aggregation, node-to-
through APIs evolution node comm.), depend
e e o o o o o o o e - - - — — -an.cloud availability . L
[ Model-driven DiaSuite, Vertical and horizontal separation of Reusable, Long development
Development PervML concerns Extensible and time to build a MDD
I Platform- system
I independent
l design

e —



Model-driven Development Horizontal

Separation of

» Reusability and platform-independent Concerns (SoC)

A RN
| N
» Vertical SoC PIM |\CI/||\CZ/|

Reduce application development

complexity separating PIM and PSM ﬂ
Vertical
] separation of QO.
» Horizontal SoC concerns

Transformation and

Separate different aspects of system \ code generators

PSM .o PSM

SoC — Separation of Concerns
E.g., J2SE E.g., .Net
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[oTSuite: A Toolkit for Prototyping IoT
Applications




Background

» Objectives:
Enable loT application development with minimal development effort

» 2010 — INRIA Paris — Rocquencourt /University of Paris VI,
France

European Project — Large Scale Choreographies for the Future
Internet ( )

2014 — PhD thesis, Tres honorable

» 2014 - 2017

Acquire funding for new projects at ABB Corporate Research

Publications/Tutorials at top tire conférences (ICSE,WWW, ISWC),
Mentoring B.Tech & Master thesis (at Ahmedabad University), post
doc (at Insight Centre, Ireland)

Teaching loT course (GCL — University of Tokyo , link)
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http://www.choreos.eu/bin/view/Main/WebHome
https://www.gcl.i.u-tokyo.ac.jp/en/events/20161024-25-global-design-bbs/

Motivation
J

Stakeholder

Progra ing

suonoensqy

‘—/_\ﬁmwwejﬁmd

ch\piling \
Heterogeneity o o ‘
Different types of devices, Hardware

Platforms, Runtime systems . .
Node-centric programming

- Large number of devices
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Our approach

Horizontal Separation of

Concerns

» Separation of Concerns /T
(reusability) e N\

» Integration of existing M Ler e -
DSL (reduce complexity & / ﬂ
effort)

» Automation wherever Vertical Separation of O

Concerns Code generators

N7\

possible (reduce effort)

PIM — Platform Independent Model PSM PSM
PSM — Platform Specific Model "t

Node
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Domain-specific

——— e —

25 N
/ T ntgoE Concepts \
| |
odace | |
: Affects Stores Observes l
| [
- : | |
Deployment-specific T Actuator _ |
\ A
COI‘ICEPtS Extends SN
ST T Extends
{ |
: Extends
: Device
| X :
: |
| : Communicates-With
I Runs-On :
I\ ' Extends
\ -
N ____—_ Extends
Actuates Provide Accesses Interacts
Access to with
Extends
Extends
Extends
A ~ | ______]
\ /7
: |
Computational : Extends Actuator
Component ! Driver
| vriver
|
[

—_—— e — — —

[
|
i
|
Functionality-specific i

Concepts Concepts
76
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[oTSuite: Overview

g D\
-» b
)

Developer Domain Spec. Functional Deployment Spec.
I Spec.
! L |
- A =
| [
I \ \/ v
v
Compiler « Deployment Module
J
I /s’ ’ I S
! /7 /’ I SN
’ R’ ¥ .
E% Application Sensing/Actuating
4 Logic (GPL) Framework :
Developer U L‘_i 5
Java
enerated Prograr%n-ﬁ%g Android Node.js Java
Framework (GPL) Packages Packages Packages
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Domain language: code snippet

structs:
BadgeStruct
badgeID: String;
badgeEvent:String; _

TempStruct '
tempValue: double;
unitOfMeasurement: String;

resources:

sensors:

BadgeReader

generate badgeDetected: BadgeStruct;
actuators:
Heater
action Off(); Y
action SetTemp(setTemp: TempStruct); //f :i>\\

storages:

4
ProfileDB Badge
generate profile: tempStruct accessed-by\ Reader
badgeID: String;

Temperature
Regulator
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Code editor

)
S Resource - IoTSuiteSpecification/src/vocab.mydsl - Eclipse Platform ] Q (= | G S
. Code Folding

File Edit Navigate Search Project Run Window Help A !
Aw R A NEEL B A SRR IR A CECE SV s R Quick Access [:| 9 | ([ Resource ]
’
[ Project Explorer & BEg% Y= 8 gl *vocab.mydsl ;‘y'@ userinteraction.mydsl |=| deploy.mydsl |Z| arch.mydsl = 08
4 (5 IoTSuiteSpecification 1= structs;? ™
4 (= src 2 FempStruct F
B arch.mydsl 3. tempValue : double; . Fm i m e .
B deploy.myds| ~5¥ » ; ur‘ls'(_:gﬂsﬂiasu:ement : String; ! . :
= ' S umidi ruc
|Z| userinteraction.mydsl 6 hum)i,dityValue : double; : Syntax COIOrIng :
|=) vocab.mydsl » 7 unitOfMeasurement : String; it !
\ 8= BadgeStruct R
\\ a badgeID: String; R
o N 10 badgeEvent: String; ’,’
: : 11e SmokeStruct R
H H 1 12 smokeValue: double; V 4
i IOTSUIte PrOJeCt ! 13 unitOfMeasurement : String;
L ______ 14 resources: =
15 sensors: =
16 periodicSensors:
17 TemperatureSensor
€918 [no viable alternative at input '} tempMeasurement
. 19 sample period 12002 for 6000
5% Outline 52 = B 20 HumiditySensor R T
- P 21 generate humidityMeasurement : HumidityStruct; 1 A C I H !
4 Domain Specification 22 sample period 1000 for 6000000; | UtO Omp etlon I
Structures 23 eventDrivenSensors: I, Dol -
4 Resources 24= SmokeDetector -
4 Sensors 25 generate smokeMeasurement : ¢ ’¢’ [
4 PeriodicSensors 26 onCondition smokeValue>55@ Pi ’¢’ B
i= TemperatureSensor 27 requestBasedSensors: .
i= HumiditySensor 2?— YahooWeatherService
= 29 generate weatherMeasurement : gs
EventDrivenSensors 30 tags:
RequestBasedSensors 31= BadgeReader 3
Tags 32 generate badgeDetected: BadgeSi il
Actuat 33 actuators:
ctuators % - ~
Storages \ |
\\ | Tasks &3 I R |
___________________________ \_\_____Qi_tgrlns . [<]
: . . : 1 Nescrintion Recnurce Path | ncation Tune
| : Outline / Structure View | E— — oz
L — .




[oTSP
Architecture language: code snippet

computationalService:
AvgTemp
consume tempMeasurement from TemperatureSensor);
COMPUTE (AVG_BY_SAMPLE,5);
generate roomAvgTempMeasurement:TempStruct;
Proximity
consume badgeDetected from BadgeReader;
request profile to ProfileDB;
generate tempPref: TempStruct;
TempController
consume roomAvgTempMeasurement from AvgTemp
consume tempPref from Proximity;
command SetTemp(setTemp) to Heater;

Temperature
Regulator

Calculate
AvgTemp

I« Programming constructs to hide heterogeneous
. interactions

“+  Programming constructs to perform common
operations.

Sensor

© ABB Group
June 22, 2020 | Slide 80



Structured code, Application Developer
has to only implement abstract methods.

Proximity
consume badgeDetected from BadgeReader; —
C/ompiler
~ [ public void subscribeBadgeDetected() { lg/
PubSubMiddleware.subscribe(this, “badgeDetected",

Concrete . . o
nmthmjfopw subscriptionCondition);

}

_ | public void notifiedReceived (String event Name, Object
arg, Device deviceInfo) {

Subscription
request

C t -
nmﬂigiip if (eventName.equals(“badgeDetected”) {
Receiving _| onBadgeDetectedEvent ((BadgeStruct) arg) ;
notification }

27 public abstract void onBadgeDetectedEvent(BadgeStruct arg);
Application

developer
8l image credit to organizations, who own copyrights of used images



[oTSuite deployment packages

%v‘ \s » Computer » Local Disk (C:) » IoTSuite-Eclipse-Plugin » Template » CodeForDeployment »

File Edit View Tools Help e
Organize » Include in library « Share with Burn ’,Ned Deployment Pa—CkageS

-~ : °
g Eavorites b AndroidEndUserDevice "‘ i for Androld Platform
____________________________________________ I
8 Downloads | JavaSED7
5l Recent Places . JavaSEDS
[} 1
B sharePoint ——— . Deployment Packages |
| ReusableWF i JavaSED10 ¢=——=——————=———— i :
|, JavaSED11 for Java Platform
- Libraries |, JavaSEDatabaseServer 000 TTTTTTTTTTOTOToToToToTmomoTomooomomooooooo '
5] Documents . NodeJSAlarmMgmtDevice
)] Git .. NodeJSDashboardDevice v
& Music | NodeJSHeaterMgmtDevice \s\
[ Pictures |\ NodeJSHumidityDevice D ettty !
: So |
B Videos |, NodeJSSmokeMgmtDevice S Deployment Packages
.. NodeJSTagMgmtDevice | . 1
1% Computer .. NodeJSTemperatureMgmtDevice i______fgr__'_‘!?_c_’_e_:!_s_ _?_I_?_t_f(_)_r_r_.r_‘ _______ E
&-‘ Local Disk (C:) . NodeJSThirdPartyDevice
‘\ﬂ Network

PackageName = [Implementation Platform] [DeviceName][“Device”]

Example: [Node)S][TemperatureMgmt][“Device”]
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[oTSuite: platform independent

System specification

g D\
&= (Platform independent)
Domain Spec. Architecture Spec. Deployment Spec.
L-q | r-="
1 1 1
ANTLR, a parser / y Y A \
generator from a Parser
grammar
1
I
loTSuite !
StringTemplate, a -
template engine for Code generator Adding a new platform
generating source ) [ —a — ) as a plugin
code \ (GRS py GRS s GRS R GO B G / Pte
| | ! ! !
ooy HE
%) P Code generation of a
Java framework in a target
platform

JavaSE  Android Node Python Other

83



[oTSuite: platform independent

Device

84

Generated code
For Device X

U/

\_/

Middleware wrapper

L | /

loTSuite generates code for a device

It plugs “generated code for a device” & runtime
system. It implements interface specified in a
support library, specific to a runtime system.

It runs on each individual device & provide
support for executing distributed tasks.

Support for MQTT & iBICOOP



Open source

loTSuite code is available at

The current version of loTSuite supports several loT
technologies such as Android, Raspberry Pl, Arduino, and
JavaSE-enabled devices, Messaging protocols such as MQTT,
CoAP, websocket, Server technologies such as node.js,
Relational database such as MySQL, and Microsoft Azure
Cloud services.
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https://github.com/pankeshlinux/IoTSuite

Building a Data Anaytics Platform Using
Open Source Tools

Ali Intizar, Pankesh Patel, John Breslin (NUI Galway)
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State of the art: IoT in Cloud

4

AN
:-a azon

Rapid innovation and prototyping ¢ bserwces"*

» Reduce time to market

. aa) AWSLambda
»  New features and offering
. . Data i ngest _V *
» Use of cutting edge technologies : b ot .

» Lower upfront IT costs

muce  @WS omace @ ptc

\/‘7
https://bit.ly/2KLKbs9 https://amzn.to/2DMgglm https://bit.ly/2xTewzQ https://bit.ly/2QoFI7v
SIEMENS
’ PREDIX
https://bit.ly/2NfjLAh https://www.predix.io https://bit.ly/2DMcOCB



https://bit.ly/2KLKbs9
https://amzn.to/2DMqgLm
https://bit.ly/2xTcwZQ
https://bit.ly/2QoFl7v
https://www.predix.io/
https://bit.ly/2DMc0CB
https://bit.ly/2NfjLAh

Motivation — cloud provider limitations

» Not open source!
» Freedom of choice
On-premise or in the cloud

» Platform-specific development design

Migrating from one (e.g., Microsoft Azure loT hub) to the
other cloud (e.g.,AWS loT) could be complex

Different application APIs to be used for different clouds
» Vendor lock-in

If a cloud provider increase its pricing model, it could kill the
overall business revenue.

» Innovation
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Open source tools

Eclipse Hono:A set of docker based micro services

Eclipse Unide: Production Performance Measurement Protocol
Eclipse Kura: Analytics on Edge devices .= kurq 8? nhe

Eclipse Kapua: loT Platform for sensors data managed <G>

Kapua
InfluxDB/Prometheus: A database to store Industrial loT data N
influxc

. . Q'Prometheus
Grafana:Visual interface and Dashboard for Smart Factory

o Grafana
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Early result: technology stack

g ) G
Application ~’-.$ . 2 Grafana

Dashboard ]
!—Prometheus

influxdb

Data Lake c & .I.O‘t '

@ mongoDB

Analytic

Device = d jii=ieg _ *i\:?

Industrial motors, pumps Production machines, PLCs Smart devices & tools Smart Factory
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https://thenounproject.com/

Summary
|

App Inventor
ﬁ e, ® '
g C # RUrQ

Programming Rapid prototyping tools
Languages

THE

- Reduce development effort

- Full control on AL (app logic)
- Platform-specific design (Language, Runtime)

- More development effort

PREDIX
SIEMENS

amazon

webservices™

Cloud |
- Reduce development effort, ease of MDD

deployment & evolution (due to centralized - PIM, PSM

system) , - Longer development time due to complex
- Cloud-dependent design and very d . i
y domain specific
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[oTSuite: platform independent

System specification

g D\
&= (Platform independent)
Domain Spec. Architecture Spec. Deployment Spec.
L-q | r-="
1 1 1
ANTLR, a parser / y Y A \
generator from a Parser
grammar
1
I
loTSuite !
StringTemplate, a -
template engine for Code generator Adding a new platform
generating source ) [ —a — ) as a plugin
code \ (GRS py GRS s GRS R GO B G / Pte
| | ! ! !
ooy HE
%) P Code generation of a
Java framework in a target
platform

JavaSE  Android Node Python Other
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[oTSuite: platform independent

Device

93

Generated code
For Device X

U/

\_/

Middleware wrapper

L | /

loTSuite generates code for a device

It plugs “generated code for a device” & runtime
system. It implements interface specified in a
support library, specific to a runtime system.

It runs on each individual device & provide
support for executing distributed tasks.

Support for MQTT & iBICOOP



Open source

loTSuite code is available at

The current version of loTSuite supports several loT
technologies such as Android, Raspberry Pl, Arduino, and
JavaSE-enabled devices, Messaging protocols such as MQTT,
CoAP, websocket, Server technologies such as node.js,
Relational database such as MySQL, and Microsoft Azure
Cloud services.
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https://github.com/pankeshlinux/IoTSuite
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Thank you for your attention

Questions



