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Representing Connections: Option 1

Observer Capsule
= Dedicated, yet general capsule
e Serving as generic ‘gateway’

= Connector

e Dynamic, automatic, name-based registration (SAP/SPP)

= Messages

¢ Single outgoing message ‘event(data)’ with general data format

* Incoming messages can be added

[* Top

trafficLight: TrafficLight (% chserver: Observer

observation [20]
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1. How to represent the connection?
2. Which communication mechanisms to support?
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Observer Capsule: Examples

Event €l;

el.setParam("id", "top");
el.setParam("color”, "#ef0404");
_| el.setParam("cmd", "set_color");
observation.event(el).send();

timer.informIn{(UMLRT Timespec(5,0));
log.show("Switched to redin"};

trafficLight: TrafficLight - % observer. Observer

4 == «Protocol» Observation
» I* put event (data: Event)
a [ % =Capsule, CapsuleProperties» Observer
o «RTPort= observation : ~Observation [20..20]

GREEN YELLOW ]
timeout timeout
timeout
«* Top
 ———
obsenvation [20]
UML-RT
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f# hotpatching.animation
- Controllerjava

> Interpreter.java

> Main.java

> [ SocketServerjava
> m TrafficCormnmandListener.java
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Representing Connections: Option 2 Representing Connections: Option 3

Proxy Capsule System Ports
* Dedicated, application-specific capsule {77777 ! = Protocol-specific extension to RTS
]
e Representing specific, application-relevant, | UserMobileDevice e Similar to, e.g., timing services
external component i thef-g{"?jnﬂ':_j » Messages
* Messages e RTS developer defined
 Component-specific protocol == «Protocol» engageProtocol
+Z inengage ()
4Z indisengage ()
DS 1DS Controlier StateMaching
MotionSensor .®|“—'{T]_— O’t Monloring J =
= 1DS Controller StateMachine oot mipodk-. :. [topic=="ids_control"&& ] @)
____________________ ' msg=="disengage”]
----- t;fe-mlo‘: ;::::bfﬂ-‘:" MotionSensor disengage ; ; o Pro«;cu r\‘huuelr\ghtca | -E E;gii?‘;:mm?p&g
meton fecaidence < 50 () p timing maqttProtocol srenGenieel E e densgae]
o I marotacalcomectrost por, |
o - ! mgttProtocol.subscribe(“ids_control”); |
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Representing Connections: Summary Connecting: Communication Mechanisms

= Shared memory

Shown in = ( Communication protocols
capsule Messages Suitability
diagram? e TCP/IP

e e Publish/subscribe
Observer Single, pre-defined (OIRETRR, /
| . RT monitoring, ° MQTT
capsie & (steering)

. ° DDS
Yes Capsule-specific, IimEden
defined by user ° Request/response
Protocol-specific, ° CoAP
System port No defined by RTS Integration
developer = Serialization

e JSON
° Widely used, ASCII representation

e Flatbuffers (Google)

° Interface Definition Language, binary encoding
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Communication Protocols: MQTT

= Message Queue Telemetry Transport
(MQTT)

e Publish/subscribe protocol

e Light-weight, low resource requirements s
: 1 connect
e Easyto use: ! ‘
| i subscribe(t)
connect(brokerAddr, brokerPort), disconnect(), | |
\ publish(t,m)
subscribe(topic), unsubscribe(), | .
: i ;

publish(topic, message)

e Standardized (I1SO)

= Broker
Ensures that all subscribers to a specific Topic Subscribers
topic receive every message published ‘Temperature/bedroom” | Component 2
to that topic
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@ TCP/IP and MQTT in Papyrus-RT
b

MQTT proxy capsule w/ JSON

DS

i i
i UserModieDevice MotionSensor

motionProtocol

HightControl
Controller

angageProtocal  siranContrel

aho ((mn)) =

| RTS | <> | Broker |e

MQTT system ports

DS /

MotionSensor

molianPratoco-

metienProtocol lightControl
Controlier
mqtt

sivenContral
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Communication Protocols: MQTT (Cont’d)

= Topics as filters

e Can be hierarchical, e.g.,

office/floorl/rooml/temperature/ i

T T
connect : :
. — |
will match | | connect |
I
office/floorl | |_ subscribe(t) |
I 3
. . I I I
e Can contain wildcards, e.g., publishit.m) !
I I I
single level: office/floorl/+/temperature } :4)”] :

multi level: office/*/temperature

= |mplementations

e Eg,
° Eclipse Paho: MQTT clients for 10 different languages aho
° Eclipse Mosquitto: MQTT broker (&w‘ﬁ)
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RTS Library Extension: MQTTProxyCapsule

" MQOTTProxyCapsule (in mgqttproxycapsule.hh)

=  Properties

e host: String, port: Integer // to connect to broker
e topic: String // topic of the messages sent
* subscriptions: String // topics subscribed to

* wusername, password: String
= Assumptions

e Proxy capsule

= «Capsule» Ponger
T
UMLRT | Neme Fonger Superciass = <Capsulen MO TPronyCapasle

o

extends MQTTProxyCapsule

o

must have exactly one port (conjugate)
¢ Implementing external component

o

subscribed to topics listed in ‘subscriptions’
°

publishes input messages listed in port’s protocol to topic ‘topic’

e ‘subscriptions’ has format “topicl; topic2; ...; topicn”
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RTS Library Extension: MQTTProxyCapsule
(Cont’d)

== «Protocol= PingPongProtocol
2 out ping (round : int)
*Z in pong (round : int)

ponger’s proxy ponger
#Top ((Rﬂﬁ) =
pinger. nge‘:r = ponger: Ponggr <= =
pongPort~
~ [* «Capsule» Panger To send to ponger:
Ponger pingPort .ping (5) .send() | {
o_«RTPort= pongPort : ~PingPongProtacol “protocol”: “PingPongProtocol”
= host : String “signal”: “ping”
E3 port: Integer “params”: [{
~ [ topic: String “name”: “round”
5 ping2 “type”: “integer”
= username : String “value”: 5
= password : String H
~ E subscriptions : String }
= pong2
/ <Generalization> MQTTProxyCapsule To send to pinger: AnalOgOUS

-* «Capsule» Ponger

)

1
UML-RT Name Ponger

| Superclass
1

| =% «Capsules MQTTProxyCapsule

MQTT System Port: Example

«*Top

-* Pinger

pinger: ngér

3§ | < [roe] <

mgttProtocol.subscribe(“pong”);

maqttProtocol.connect(“mqtt.jahed.ca”, 1883, “userl”, “userl”);

ponger

(R

log.log("Sent ping, round %d", round);
char roundStr [10];

Initial

OpaqueBehavig

connected

maqtt.publish("ping", roundStr);
round++;

sprintf(roundStr, "%d", round);

received

[
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log.log("MQTT error %d", errno);

RTS Library Extension:
MQTT System Port

UMLRTMQTTProtocol (in umlrtmgttprotocol.hh)

e Type of MQTT system port

e Methods implemented

o

connect (host:String, port:Integer,

uname:String, pwd:String)

- E.g.: mgtt.connect ("mgtt.jahed.ca", 1883, "userl", "userl");

o

disconnect ()

o

subscribe (topic: String)

~ E.g.: mgtt.subscribe ("pong") ;

o

publish (topic:string,

msg:String)

- E.g.: mgtt.publish("ping", roundStr);

¢ Messages generated

o

connected ()

o

disconnected ()

° error (errno: Integer)

° received (topic:String,
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in connected ()

~ = «Protocol, SystemProtocol» MQTT
in received (topic : String, payload : String, length : Integer)

in disconnected ()
L in error (erno : Integer)

payload:String,

UML-RT

length:Integer)
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RTS Library Extension: TCP System Port

e Type of TCP system port

e Methods implemented

o

connect (host:String,

port:Integer)

" E.g.: tcp.connect("127.0.0.1", 8888);

o

disconnect ()

o

send (msg:String)

- E.g.: tcp.send("hotelsafe,doLock()");

e Messages generated

o

connected ()

o

disconnected ()

° error (errno:Integer)
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received (topic:String,

* UMLRTTCPProtocol (in umlrttcpprotocol.hh)

rotocol, SystemProtocol» TCP

in received (payload : String, length : Integer)
in connected ()

in disconnected ()

in error (errno : Integer)

UML-RT

payload:String)
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- TCP

resetpori- ¥ resetfort
I Jeene, System
dispPort~ I dispPort
e Port:
T b ., EXample
o i log.log("[Harness] sending doLock() to simulation");
2 dispport~ tcp send("hotelSafe,doLock()");
e log L ¥ e
[
e 1=
close ,' open reset

i log.log("[Harness] connecting ,
tcp connect("127.0.0.1", 8888); H
------------------------------------- Connectmg connected Waiting
Jentry /entry OpaqueBehavior digit Polling
l = "l"" T timeout 2

cear  disp

error timeout

Polling
empty msg J

Foll
/entry
(OpaqueBeha)

Iog log("[Harness] sending button %c to safe", recv )

MsgError keyPort button(recvC).send(); :
Jentry

OpaqueBehal

Other Communication Protocols

= Data Distribution Service (DDS)
e Also pub/sub
e Compared to MQTT
° Decentralized
° For message-intensive M2M communication
° Focus on high performance
= Constrained Application Protocol (CoAP)
e Request/reply ala HTTP
e For resource-constrained environments
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TCP/IP and MQTT in Papyrus-RT: Examples

= System ports
e TCP/IP
e Rover challenge problem
[MDETools’18], [Pasternak et al ‘18]

|

unity Sim
< Gien
= Proxy capsules & system ports m

¢ Hotel safe simulation [Dingel et al ‘18]

[MDETools ‘18] Bagherzadeh, Bordeleau, Dingel, Famelis, Garcia-Dominguez, Oliveira, Posse, Seidewitz, Selic. 2" Workshop on MDE
Tools. MODELS’18. 2018

[Pasternak et al ‘18] Pasternak, Kahani, Bagherzadeh, Dingel, Cody. “SimGen: A tool for generating simulations and visualizations of
embedded systems on the Unity Game Engine”. MODELS’18 Demo Track. 2018

[Dingel et al 18] Dingel, Jahed, Posse. “Making modeling cool again”. Tutorial at MODELS'18. Materials available at
https://github.com/kjahed/Models18-MMCA
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Communication Mechanisms: Summary

Serialization

Observer
/
Proxy

Syst
B

v~ Available at https://github.com/kjahed/

v Experimental prototype. Please contact us
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