TECHNISCHE -
@ UNIVERSITAT orespen N
DRESDEN

René Schone, Johannes Mey, Sebastian Ebert, Uwe ABmann

Connecting Conceptual Models using Relational
Reference Attribute Grammars

connector.relational-rags.eu
L]

October 16th 2020



http://connector.relational-rags.eu
http://connector.relational-rags.eu

Challenges when Designing Cyber-Physical Systems

Distribution: transparent communication
with locally and remotely accessible
models

Multi-Paradigm: support for different
paradigms and (programming as well as
modelling) languages

Fast, reactive behaviour: changes in input
lead to automatic re-computation for fast
reaction
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Use Case: An Robotic Application
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Use Case: An Robotic Application

External
Model
Robot

Controller

LL-'-‘ state/part/7
[ \speed
- trajectory
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Use Case: Relational RAG [vey2020] Safety Model

RobotArm SafetyModel ZoneModel ‘

RAG

)\

NewSpeed ‘ J [ J External Safety Model
[} SafetyZonesT* Model 1.
Application Model
Link 4_1 EndEffector ‘ Coordinate ;‘ Zone ‘ Robot
Controller
Name 1 Position 1
CurrentPosition state/part/7
speed
O

Model ::= RobotArm ZoneModel ; trajectory Cl
ZoneModel ::= <Size:IntPosition> SafetyZone:Zonex ;
Zone ::= Coordinatex ;
RobotArm ::= Link* EndEffector /<NewSpeed:double>/ ;
Link ::= <Name:String> <CurrentPosition:IntPosition> ;

EndEffector : Link;
Coordinate ::= <Position:IntPosition> ;

[Mey2020] Johannes Mey, René Schone, Gorel Hedin, Emma Séderberg, Thomas Kihn, Niklas Fors, Jesper Oqvist, and Uwe ABmann. Relational Reference
Attribute Grammars: Improving Continuous Model Validation. Journal of Computer Languages (Jan. 2020). https://doi.org/10.1016/j.cola.2019.100940
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Use Case: Relational RAG [vey2020] Safety Model

syn boolean RobotArm.isInSafetyZone() {

External
link.getCurrentPosition () Model
Robot

Controller

state/part/7

(\speea
[ Jtrajectory

syn double RobotArm.getNewSpeed() {
return isInSafetyZone() ? LOW_SPEED : NORMAL_SPEED;
}

[Mey2020] Johannes Mey, René Schéne, Gérel Hedin, Emma Soderberg, Thomas Kiihn, Niklas Fors, Jesper Oqvist, and Uwe ARmann. Relational Reference
Attribute Grammars: Improving Continuous Model Validation. Journal of Computer Languages (Jan. 2020). https://doi.org/10.1016/j.cola.2019.100940
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Use Case: Relational RAG [vey2020] Safety Model

syn boolean RobotArm.isInSafetyZone() { RAG

2

Safety Model

External
link.getCurrentPosition() Model

Robot
Controller

RAG
Application Model

'%/m
=\
a
Ol

[Mey2020] Johannes Mey, René Schéne, Gérel Hedin, Emma Soderberg, Thomas Kiihn, Niklas Fors, Jesper Oqvist, and Uwe ARmann. Relational Reference
Attribute Grammars: Improving Continuous Model Validation. Journal of Computer Languages (Jan. 2020). https://doi.org/10.1016/j.cola.2019.100940

syn double RobotArm.getNewSpeed() {
return isInSafetyZone() ? LOW_SPEED : NORMAL_SPEED;
}
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Idea: Explicit Specification of Connections
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Idea: Explicit Specification of Connections
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Model
Robot
< Controller
state/part/7
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Solution: The DSL “RagConnect”

@aEH:(receive Link.CurrentPosition using ParseState, Transform;

d

GHH

e Grammars
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Solution: The DSL “RagConnect”

G@{}{]receive Link.CurrentPosition using ParseState, Transform;

ParseState maps byte[] bytes to RobotState {:
H return RobotState.parseFrom(bytes);

1}

Transform maps RobotState rs to IntPosition {:
RobotState.Position p = rs.getPosition();
return IntPosition.of ((int) (Math.round(p.getX() * 2)), (int) (Math.

round(p.getY() * 2)), (int) (Math.round(p.getZ() * 2 - 0.5)));
1}
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Solution: The DSL “RagConnect”

G@{}{]receive Link.CurrentPosition using ParseState, Transform;

ParseState maps byte[] bytes to RobotState {:
H return RobotState.parseFrom(bytes);
1}
Transform maps RobotState rs to IntPosition {:
RobotState.Position p = rs.getPosition();
return IntPosition.of ((int) (Math.round(p.getX() * 2)), (int) (Math.
round(p.getY() * 2)), (int) (Math.round(p.getZ() * 2 - 0.5)));
1}
send RobotArm.NewSpeed using
C}{]{]CreateSpeedMessage, SerializeRobotConfig;
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Solution: The DSL “RagConnect”

G@#}{]receive Link.CurrentPosition using ParseState, Transform;

ParseState maps byte[] bytes to RobotState {:
//—%[] return RobotState.parseFrom(bytes);

shared 3
by both  Transform maps RobotState rs to IntPosition {:
models RobotState.Position p = rs.getPosition();

return IntPosition.of ((int) (Math.round(p.getX() * 2)), (int) (Math.
round(p.getY() * 2)), (int) (Math.round(p.getZ() * 2 - 0.5)));
1}
send RobotArm.NewSpeed using
(]{]{]CreateSpeedMessage, SerializeRobotConfig;
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RAG
Safety Model

Using the Generated API

External
Model

Robot
Controller

RAG
Application Model

f G/

R Cl

®{4 L
RobotArm robotArm = ...; . | —
Link linkl = ; B

Tt speed state/part/7 trajecton
robotArm.addLink (link1); CE:]QQ;;;; tIZZJ

link1.connectCurrentPosition("state/part/7");
robotArm.connectNewSpeed (" robot/speed”, true);
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Using the Generated API

RobotArm robotArm =
Link link1l = .3
robotArm.addLink (1link1);

link1.connectCurrentPosition("state/part/7");
true);

robotArm.connectNewSpeed (" robot/speed”,
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@B«D @ Application Model
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Using the Generated API

External
Model

Safety Model
RAG
Robot @

@B«D Application Model
Controller @"B’ﬂ ’[:_‘_[j

(_.
| M\

. ®H-EHT ]

®ROA—01

RobotArm robotArm = ...; | _

Link linkl = ; Broker

T speed state/part/7 trajectory
robotArm.addLink (link1); C::3n;;;;; t;::j

link1.connectCurrentPosition("state/part/7");
robotArm.connectNewSpeed (" robot/speed”, true);
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Using the Generated API

RobotArm robotArm =
Link link1 = ...;
robotArm.addLink (1link1);

link1.connectCurrentPosition("state/part/7");
true);

robotArm.connectNewSpeed (" robot/speed”,
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RAG
Safety Model

External
Model

Robot
Controller

Using the Generated API

7\
’@

R o Eg:li‘\cat‘\on Model
ﬁ@*&ﬂAf\
o«
(]

r7
7} &0
. R
®L+—C

RobotArm robotArm = .. S S

Link linkl = ...; Broker - |
speed state/part/7 trajecton

robotArm.addLink (1ink1); j - @f—’\y—(

link1.connectCurrentPosition("state/part/7");
robotArm.connectNewSpeed ("robot/speed”, true);

send current value immediately
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RAG

2
Safety Model %

— G4y
PRHEH]

A7
a1 S0/a
. ®HN] Cl
®{4 all
RobotArm robotArm = ...; i ‘”'___(T_

Using the Generated API

External
Model

Robot
Controller

RAG
Application Model

.y —

Link linkl = ...; Seler ||
speed state/part/7 trajecton
robotArm.addLink (1ink1) \ - @f—d .

link1.connectCurrentPosition("state/part/7");
robotArm.connectNewSpeed ("robot/speed”, true);

send current value immediately
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RAG

2
Safety Model %

—CHH-/ 4N
PEE(
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RobotArm robotArm = ...; | ) ‘”'___(T_

Using the Generated API

External
Model
Robot
Controller

RAG
Application Model

5 —

Link link1 = ...; B ) [
speed state/part/7 trajecton

robotArm.addLink (1ink1); \ ] o) —

robotArm.addDependency1(1link1);

link1.connectCurrentPosition("state/part/7");
robotArm.connectNewSpeed ("robot/speed”, true);

send current value immediately
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Using the Generated API

not necessary in future versions

RobotArm robotArm =
Link link1l = .3
robotArm.addLink (1link1);
robotArm.addDependency1(1link1);

L]

External
Model
Robot
Controller

4 T

RAG
Safety Model

RAG
Application Model

1

Broker
speed

— AN
PRE—L, 77
@ZQ\
@1 A—L]
®I4—01

]!! state/part/7 I Etrajectory l

link1.connectCurrentPosition("state/part/7");
true);

robotArm.connectNewSpeed (" robot/speed”,
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Inner Workings

Robot Controller @{[{] isInSafetyZone? Message

e Grammars 4
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Inner Workings

Robot Controller @{[{] isInSafetyZone? Message
(0.01,0.03,0.02) - (0,0,0) — false —  speed = NORMAL

Attribute Grammars
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Inner Workings

Robot Controller @{[{] isInSafetyZone? Message

(0.01,0.03,0.02) - (0,0,0) — false —  speed = NORMAL
(0.02,0.04,0.06) - (0,0,0)

ce Attribute Grammars e~
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Inner Workings
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Inner Workings

Robot Controller @{[{] isInSafetyZone? Message
(0.01,0.03,0.02) - (0,0,0) — false —  speed = NORMAL
(0.02,0.04,0.06) — (0,0,0)

(0.02,0.50,0.06) — (0,1,0) — false

e Attribute Grammars
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Inner Workings

Robot Controller @{[{] isInSafetyZone? Message
(0.01,0.03,0.02) - (0,0,0) — false —  speed = NORMAL
(0.02,0.04,0.06) - (0,0,0)

(0.02,0.50,0.06) - (0,1,0) — false
(0.02,0.52,0.06) - (0,1,0)
ce Attribute Grammars
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Inner Workings
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Inner Workings

Robot Controller @{[{] isInSafetyZone? Message
(0.01,0.03,0.02) - (0,0,0) false —  speed = NORMAL
(0.02,0.04,0.06) - (0,0,0)

(0.02,0.50,0.06) - (0,1,0) false

(0.02,0.52,0.06) - (0,1,0)

(1.33,1.00,0.73) - (3,2,1) true — speed = LOW
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Inner Workings

Robot Controller @_HE[{] isInSafetyZone? Message
(0.01,0.03,0.02) - (0,0,0) — false —  speed = NORMAL
(0.02,0.04,0.06) — (0,0,0)

(0.02,0.50,0.06) — (0,1,0) — false
(0.02,0.52,0.06) — (0,1,0)
(1.33,1.00,0.73) — (3,2,1) — true - speed = LOW
%/—/ %/—/
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Inner Workings (Evaluation)

1
H r
£ o \_/; : \ P" ~ 7 ~ W2 position
o :, \ / / N\ Wy position
0.5 r
T T T T
20 30 40 50
time (s)
1 1 1 1
1 L
B robot in zone
= —speed
E «speed factor
Z 054 L
g
0~ L
move (start) = (a) work at (a) work at (b) move (c) = (d) work at (d)
T T T T
20 30 40 50
time (s)
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Inner Workings (Evaluation)
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Lines of Code

Minimize Development Effort
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Minimize Development Effort
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Summary and Future Work

Problem: Constructing cyber-physical systems is difficult
Challenges: Distribution « Multi-Paradigm ¢ Fast, reactive behaviour

Solution: Generation of model connectors
@_,B.ﬂreceive Link.CurrentPosition using ParseState, Transform;

Use-Case: Robot with workflow and safety model
+ Development: 18 (28) DSL-code — 281 (701) Java-code
* Runtime: 38 000 position updates — 54 re-computation — 6 speed messages

Future Work:

* Remove unnecessary dependency definitions

* Support additional communication protocols >
* Update complex parts of model (instead of only tokens)
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