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Code Vert (2012-2014)

] . Observee EMIT Observers
Objectives & Means

start —

e Energy Efficiency of Best Coding Practices

e Energy Consumption Difference (see [1]) I
o Best Coding Practice N
o Not-that-Best Practice ' aume

e Fine-Grained Power Measurements

Power Meters

e Slave Mode (On-Demand)
o Start Measuring
o Stop Measuring stop —— |
o Retrieve Measurements >

results — 5

.

\ 4

AAA

[1] J. Rocheteau, V. Gaillard, L. Belhaj, How Green are Java best Coding Practices? SMARTGREENS, 2014. %)



MEASURE (2016-2019)

EMIT — Energy MonlToring (2017)

Objectives & Means

e SEC Metrics in Production Phase
e Continuous Power Measurements

Power Meters

e Connected Objects (MQTT clients)
e EMIT = MQTT client monitoring system

Feedback

e Reliable and Flexible Architecture
e Generic vs Specific

SEC: Software Energy Consumption 4



EMIT

Functionalities

MQTT

Configuring
o Brokers

o Clients
o Callbacks

Monitoring
o Controls
o Records
o Messages

Dashboard




MQTT

MQTT

Message Queuing Telemetry Transport

e open messaging protocol
e TCP/IP communication
e |SO standard
e publish / subscribe pattern \\
EIHD Publish I MQTT
— Broker
MQTT Client Status

e connect (disconnect) to a broker
e subscribe (unsubscribe) to a topic
e publish a message to a topic




[3 Emit | Configuring

* N

[gstme | (= ][&][ 5]
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(& ‘ ® Non sécurisé | app.icam.fr/emit/configuring/brokers.html

%@ @ ©

Configuring v

Home

Brokers (1 items)

Mosquitto Broker
tep://172.21.50.3:1883

Monitori

”m

2]

En

Account ¥

E M | T a supervisory & control system for networks of MQTT clients

Update a broker

tcp://172.21.50.3:1883
Mosquitto Broker
Username

Password

=

Copyright © 2015-2018. ICAM. All rights reserved.

Configuring

Brokers
edit MQTT brokers



[ Emit | Configuring X
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(& ‘ ® app.icam.fr/emit/configuring/clients.html

Conf Monitoring ~

Home

Clients (2 items)

PeakTech Power Meter

Mosquitto Broker (tcp:/172.21.50.3:1883)

”m

Ardgetti PowerMeter

Mosquitto Broker (tcp:/172.21.50.3:1883)

E M | T a supervisory & control system for networks of MQTT clients

Update a client

1aee9bf8-81a5-455c-af27-835fd9b1eca2
a PeakTech Power Meter

v

Mosquitto Broker
‘ Edit I
Iy Cancel Delete
]
‘ Edit l

Copyright © 2015-2018. ICAM. All rights reserved.

Configuring

Clients
edit MQTT clients



EMIT

[ Emit | Configuring % \\

< (& ‘ ® app.icam.fr/emit/configuring/callbacks.html

%@ ©

Home Configuring ¥ Monitoring ~

E M | T a supervisory & control system for networks of MQTT clients

Update a type callback

11 n Cast to Float

Callbacks (3 items)

Cast to Float float
type callback ]
Cancel
‘ Edit ’

Persist in Messages

storage callback

‘ Edit ’
Cast to Float and Persist in Messages
guard callback

‘ Edit ‘

Copyright © 2015-2018. ICAM. All rights reserved.

Account ¥

v

Configuring

e Callbacks
edit message processing



EMIT

[3 Emit | Monitoring x W ¥

e (& ‘(D app.icam.fr/emit/monitoring/controls.html ﬁ‘ B © O

Home Conf Monitoring ~

E M | T a supervisory & control system for networks of MQTT clients

Clients (2 items) Callback
11 Cast to Float and Persist in Messages v
Detach
PeakTech Power Meter a8

Mosquitto Broker (tcp:/172.21.50.3:1883) Connection
connected to Mosquitto Broker ‘ Disconnect ‘
‘ Select ’ il ———
— Subscription
Ardgetti PowerMeter a8 subscribed to'peaktech/power Unsubscribe l
Mosquitto Broker (tcp:/172.21.50.3:1883) Publication
‘ Select ’ Topic
Payload
QoS d Retained v Persisted v

o

Copyright © 2015-2018. ICAM. All rights reserved.

Monitoring

e Controls
update MQTT client status
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EMIT

[ Emit | Monitoring % \\

e (& ‘ ® app.icam.fr/emit/monitoring/records.html

Home Conf Monitoring ~

E M | T a supervisory & control system for networks of MQTT clients

Records of PeakTech Power Meter (3 items)
# type started stopped topic
41 subscribe 2018-06-04 11:24:12 peaktech/power
39  subscribe 2018-06-04 11:17:58 2018-06-04 11:24:06 peaktech/power

91  connect 2018-06-04 11:17:32

m

Copyright © 2015-2018. ICAM. All rights reserved.

user

measure@emit.icam.fr

measure@emit.icam.fr

measure@emit.icam.fr

Monitoring

Records
view MQTT client status updates
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[3 Emit | Monitoring x W ¥

< (& ‘ ® app.icam.fr/emit/monitoring/messages.html

%@ ©

C

Home ring ¥ Monitoring ~

Messages of PeakTech Power Meter (2027676 items)

mode issued qos retained
subscribe 2018-06-12 14:37:24 1 false
subscribe 2018-06-12 14:37:24 1 false
subscribe 2018-06-12 14:37:24 1 false
subscribe 2018-06-12 14:37:23 1 false
subscribe 2018-06-12 14:37:23 1 false
subscribe 2018-06-12 14:37:23 1 false
subscribe 2018-06-12 14:37:22 1 false
subscribe 2018-06-12 14:37:22 1 false
subscribe 2018-06-12 14:37:22 1 false

E M | T a supervisory & control system for networks of MQTT clients

topic

peaktech/power

peaktech/power

peaktech/power

peaktech/power

peaktech/power

peaktech/power

peaktech/power

peaktech/power

peaktech/power

Copyright © 2015-2018. ICAM. All rights reserved.

Account ¥

payload

40.0

40.0

40.0

40.0

40.0

40.0

40.0

40.0

40.0

Monitoring

e Messages
view messages
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[ g | [ =[5

e (& ‘@app.icam.frlem!t/mdex html ﬁ‘ B o O :

Account ¥

Home Configuring ¥ Monitoring ~

E M | T a supervisory & control system for networks of MQTT clients

I 1eaktech/power Client

40 PeakTech Power Meter
Topic
peaktech/power

Time Interval

per minute

2018-06-12 14:15:00 — 2018-06-12 14:15:59

Copyright © 2015-2018. ICAM. All rights reserved.

Configuring

e Brokers

edit MQTT brokers
e Clients

edit MQTT clients
e (Callbacks

edit message processing

Monitoring

e Controls

update MQTT client status
e Records

view MQTT client status updates
e Messages

view messages

Dashboard
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[ Emit | Configuring X

[gstme | (= ][&][ 5]

< (& ‘ ® app.icam.fr/emit/configuring/callbacks.html
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Home Configuring ¥ Monitoring ~

E M | T a supervisory & control system for networks of MQTT clients

Callbacks (3 items) Update a type callback
n 11 n Cast to Float
Cast to Float float
type callback ]
Cancel
‘ Edit i

Persist in Messages

storage callback

‘ Edit '

Cast to Float and Persist in Messages

guard callback
‘ Edit }

Copyright © 2015-2018. ICAM. All rights reserved.

Account ¥

v

Callbacks
Types

Topics

Storages
Features
Guards

Sequences
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[3 Emit | Configuring

& (&) ‘(D Non sécurisé | app.icam.fr/emit/configuring/callbacks.html ﬁ‘ B o o

Account ¥

Home Configuring ¥ Monitoring ~

E M | T a supervisory & control system for networks of MQTT clients

Callbacks (3 items) Create a topic callback
n 11 n PeakTech Topics
Cast to Float peaktech/+
e callback
v o Cancel ]
‘ Edit i

Persist in Messages

storage callback

‘ Edit '

Cast to Float and Persist in Messages

guard callback
‘ Edit }

Copyright © 2015-2018. ICAM. All rights reserved.

Callbacks
Types

Topics

Storages
Features
Guards

Sequences
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[ Emit | Configuring X

e (& ‘(D app.icam.fr/emit/configuring/callbacks.html ﬁ‘ B o ©

Account ¥

Home Configuring ¥ Monitoring ~

E M | T a supervisory & control system for networks of MQTT clients

Callbacks (3 items) Update a storage callback
n 11 n Persist in Messages
Cast to Float messages ¥
e callback
» [
‘ Edit i

Persist in Messages

storage callback

‘ Edit '

Cast to Float and Persist in Messages

guard callback
‘ Edit }

Copyright © 2015-2018. ICAM. All rights reserved.

Callbacks
Types

Topics

Storages
Features
Guards

Sequences
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[3 Emit | Configuring

& (&) ‘(D Non sécurisé | app.icam.fr/emit/configuring/callbacks.html ﬁ‘ B o o

Account ¥

Home Configuring ¥ Monitoring ~

E M | T a supervisory & control system for networks of MQTT clients

Callbacks (3 items) Create a feature callback
n 11 n Greater than or Equal to 0
Cast to Float float T 2 ¥ 0
e callback
. =
‘ Edit i

Persist in Messages

storage callback

‘ Edit '

Cast to Float and Persist in Messages

guard callback
‘ Edit }

Copyright © 2015-2018. ICAM. All rights reserved.

Callbacks
Types

Topics

Storages
Features
Guards
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[ Emit | Configuring X

e (& ‘(D app.icam.fr/emit/configuring/callbacks.html ﬁ‘ B o ©

Home Configuring ¥ Monitoring ~ Account ¥

E M | T a supervisory & control system for networks of MQTT clients

Callbacks (3 items) Update a guard callback
n 11 n Cast to Float and Persist in Messages
Cast to Float Cast1d Float i
type callback
Persist in Messages v
‘ Edit i
Persist in Messages
=
storage callback
‘ Edit '

Cast to Float and Persist in Messages

guard callback
‘ Edit }

Copyright © 2015-2018. ICAM. All rights reserved.

Callbacks
Types

Topics

Storages
Features
Guards

Sequences
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e Evaluation Criterion

E M IT e Eclipse MQTT Spy

Challengers e IBM Watson loT




EMIT

Security
v Authentication
x SSL/TLS

Communication

v Automatic Reconnect

v TCP
x  Websocket

Messages
x  Filtering
x  Statistics
v/ Processing

Usage
v/ Application
v HTTP API

(..

[ Emit | Monitoring % \\_\

(&) 1@ app.icam.fr/smli/momtormg/controls html ‘ﬂ" @ ® O

Home Configuring ¥ Monitoring ~ Account ¥

E M | T a supervisory & control system for networks of MQTT clients

Clients (2 items) Callback

11 Cast to Float and Persist in Messages v
[ ]<] > [ ]
PeakTech Power Meter a8

Mosquitto Broker (tcp:/172.21.50.3:1883) Connection

connected to Mosquitto Broker

‘ Disconnect
‘ Select ‘ s
—_— Subscription
Ardgetti PowerMeter a subscribed to peaktech/power Unsubscribe ’
Mosquitto Broker (tcp:/172.21.503:1883) Publication
‘ Select ‘ Topic
Payload
QoS v Retained ~ Persisted ¥

[ Clear | Publish

Copyright © 2015-2018. ICAM. All rights reserved.
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Eclipse MQTT Spy

Security
v Authentication
v SSL/TLS

Communication

v Automatic Reconnect
v TCP

v Websocket

Messages

v/ Filtering

v Statistics
v/ Processing

Usage
v/ Application
x  HTTP API

v

File Configuration Connections Window Help

mgqtt-spy -+ x|

Control panel [ mgqtt-spy@localhost

¥ Publish message

&
Topic | home/office/temp v ‘
g Publish | ~
Data 20
v Scripted publications <
Script name Source Repeat Status Messages Last published v
bedroom Script folder V| Running 274 2016/04/03 21:25:58 =

office Script folder '7 Running 2016/04/03 21:25:58

¥ Subscriptions and received messages

<

J " New HEE

Message 1//1053 ‘\/‘ Show latest ‘ I“ 7‘}‘ ‘ ” ﬂ ‘ i “ Search ‘ ‘x Tools v |

Topic = home/kitchen/current Time 2016/04/03 21:25:58:410

Data | 20.2

v Received messages summary [search topics: ] (50 topics, 1050 messages, load: 2.8/4.4/3.5)

Topic v Content Browse Messages Last received

homeykitchen/current 20.2 v 151
home/bedroom/current

2016/04/03 21:25:58:410
19.9 v 2016/04/03 21:25:58:255

22



IBM Watson loT

Security
v Authentication
v SSL/TLS

Device B2

Connection Information

e

Communication

.
Automatic Reconnect oo s
Device Type elevator-B
Date Added Thursday, 18 February 2016
“ TC P Added By bboyd@us.ibm.com
Connection State Connected on Monday, 25 July 2016 at 07:24:32 from 192.155.247.240

with an insecure connection Refresh

Websocket

Recent Events
i ]
Messages
“ F | Ite r| N g Event Format Time Received
V St t' t' status json 27 Jul 2016 09:53:08
a IS I CS status json 27 Jul 2016 09:53:10
P rOCeSSI n g status json 27 Jul 2016 09:53:12
U S a g e Sensor Information o
v/ Application
Event Datapoint Value Time Received
“ H TT P A P | status location.height 24 27 Jul 2016
09:53:12
status location.floor 6 27 Jul 2016
09:53:12
status weight.value 154 27 Jul 2016
09:53:12
status weight.perc 0.08 27 Jul 2016

09:53:12




EMIT

Prospects

24



Prospects

Callback System

e (Callback for Status Updates
o connect/ disconnect a client
o subscribe / unsubscribe to a topic
o publish a message to a topic

e Extensible Integration System

Model-Driven loT Engineering
e Models of loT Systems

e Validation Support
o Client and Callback Compliance
o Requirements over Status Updates

e Configuration Generation
o EMIT
o IBM Watson loT

Thank you!
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[0..*] arguments

Device Term
B [1..1] instrument l B
[1.1] value
E 3
= i, A———
a = - [0..*] instruments E {nstrument
etworl
&% measurands : EObject -+ [ Constant [ Variable
[0..*]|devices W 7 value : EString
[1..1] parampeter
0..*] measures
[0..*] arguments
[ Parameter
[0..*] measurarpds
E Measure [0..*] ¢vents
© unit : EString [1.1] type
[1.1] type
[0..*]|tasks —
B Type
3 Process
7 name : EString [1.1] type
‘E Trigger [1..1] measyre
[0..*] atfjributes
fom {11} process r
e '
[0.*1p s i |
—eeee e
ZE AtomicProcess CompositeProcess
seomssshossonssaneg ; H Attribute B8 B
L 0..*] prpcesse:
B Task g Event B
7 delay : ELong [1..1] attribute

Sensor & Actuator Network EMF Meta-Model




