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Outline

e Related works: functional approaches to modeling

« The Reference Net formalism

e Functional reactive modeling with Reference Nets

e Functional components

« RMT approach: developing domain-specific modeling tools

« Home automation example
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Related Works

« Functional block diagrams

Modelica (Tiller, 2001)
Matlab Simulink (Xue and Chen, 2013)

e Graphical functional reactive programming
Akka streams, Apache Spark (Davis, 2019)

« Metamodeling environments with execution semantics
GEMOC Studio (Combemale et al., 2017)

« Functional languages and Petri nets

Coloured Petri nets (Jensen and Kristensen, 2009)
Curry-Coloured Petri nets (Simon et al., 2019)
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Goals / Approach

Goal: unify the following characteristics (to a unique approach)
e Graphical languages — easy to follow
« Meta modeling — quick results for building tools
« Operational semantics — can execute in simulation environment
« Functional decomposition — clear notion of components, referential transparency

e Reactive programming — communicate with environment
Approach

« Develop Reference net components that capture functional properties for the
specification of domain specific modeling languages using operational semantics

 Higher order functions: nets-within-nets paradigm of Reference Nets

« Model driven: generate modeling tools



Reference Nets

{1,2,3}
®\a c=a+b {h:t}\jh+b
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"match"O/ this:sync(m,b,c);
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Synchronous Channels

snd:new sender;
rcv:new receiver;

[s ndl, rcv]

[s ndl, rcvi

snd:send(msg);
rcv:receive(msg);

System
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msg

-receive(msqg)

Receilver
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Functional Reactive Systems

obs: new observable;
register(evt,|st) [evt,Ist] Ist: new listener
b b+1 /Q levt,Ist] ev:get("message”,msq);

|
ev ev [obs,|st] —ev—’O—ev—>

@\ c=a+b this:sync(b) ev:new data(d) C) listen(ev)

msg

a :sync(b) . .
) ) d ev:type(evt); bs,Ist é
u % @—a—P —c—'Q ~ {levent, Ist:listen(ev) o i "
®/b c=a+b ["tlmestanjlp" ’600,],’ obs:register("event”,Ist)
i i ["message"”,"Hello"]}
Function Side effects Observable System Event Listener
Figure4: A functional perspective on Reference Nets Figure 6: A reactive system
n: new colorforcode(x) n:ret(y)
‘new({h:t})

call ret

[i,X] NIBRY
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‘type(type) :get(key,val) {1,3} v ys ,I
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Figure 5: An immutable named key-value pair data structure Input Output new(o) ret(02)
Colormap Colorforcode

Figure 7: Higher-order functions
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Semantic Components

XOR-Split

XOR-Merge Parallel Split Parallel Join

Data
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Abstract Syntax I

Concrete Syntax I

concept relation-style text-style
4 __ arrow-end = normal-arrow font-style = plain-font
RMTMetamodel:classifier
| o | line=color = black location = below-location
RMTMetamodel:relation annotated-element RMTMetamodel::model : target-tvpe = inscription
4 name- String 7N line-style = | _normal-line get-typ P
inscription: String text-color = black
. G target-type = data-flow
comment: String - -
control-flow | [ data-flow VAN functional-formalism-model

o 0

atomic-action

data | | start| | stop map | [| filter | | forall

parallel-split

parallel-join

Xor-merge

xor-split

Tool Configuration I

modeling-tool-definition

tool-mapping

file-description = Functional Formalism Model | figure = map
file—extension= ff icon = map-icon

target-model = functional-formalism-model

sequence
tool-name = Functional Formalism tool
port
sequence channel-id = in0

start locationX = 0.0

stop locationY= 0.5

xor-split

target-type = | __data-flow

Xor-merge

ports =

tool-sequence = parallel-split
parallel-join port
channel-id = out0

atomic-action

map locationX = 1.0
filter locationY= 0.5
forall target-type = data-flow

target-type = map

tool-mapping

tool-mapping tool-mapping
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— Abstract Syntax I
!
[ RMTMetamodel:classifier |
| | |
[ RMTMetamodel:relation | annotated-element [ RMTMetamodel:model |

name: String
inscription: String
comment: String

[ control-flow | [ data-flow | [ functional-formalism-model |

[data]| [start] [stop]|[map]|[filter| [forall]

[ parallel-split | | parallel-join | [ xor-merge | | xor-split |

— Concrete Syntax =
relation-style text-style
arrow-end = normal-arrow font-style= plain-font
line-color = black location = below-location A - .
® @ FunctionalFormalism — -zsh — 73x17
line-style = normal-line target-type = inscription
arget-type — datafion text-color = |_black $ ./testing/start.sh -r/| B

| @

[P
— Tool Configuration I
modeling-tool-definition tool-mapping
file-description = Functional Formalism Model | figure = map
file—extension= ff icon = map-icon
target-model = functional-formalism-model sequence
tool-name = Functional Formalism tool
port
S e channel-id = in0
start locationX = 0.0
=tep locationY= 0.5
xor-split datafl
target-type = ata-rlow
Xor-merge get-=typ
. ports =
tool-sequence = | parallel-split
parallel-join port
SiEmle=aeiEm channel-id = out0
map locationX = 1.0
filter locationY= 0.5
forall target-type = data-flow

target-type = map

tool-mapping

tool-mapping tool-mapping
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Heating Control DSML

{{"sensor",
["'room", 223],
["roomtype", "office"],
["building", "G"], retrieve a list of filter by ~ mMap temperature configure
["current-value", 22], heatlng sensors office rooms to heating config heating

["timestamp”, 1453]},

"sensor”,

{["room" 031], if in working '_}
["roomtype”, "conference"], hours

cron.hourly

["building”, "R"] APl.sensors roomfilter tempmap setheatlng
["current-value", 22], |_>
{l['"timest:almp", 1453]}, get a list of configure

sensor”, i

all rooms heating

{"room" 114], fhice™ event event.timest\amp
‘roomtype”, "office"], >0700& \ _ _ /1 _ 4
["building”, "E"], event.timestamp
["current-value”, 16], < 1900
[roomfilter]
roomtype is —>| N start heatmg [setheating]
office , if temperature is [tempmap]

below 20°C Set heating on/off

|$ frue
[sensor room true] _>| |_> _>|
IR >
sensor.roomtype .

—"office" Sensor [room,b] APl.heating =

false sensor.current-value [room,b]
< 20 [sensor.room,false]

stop heating
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File Edit Layout Attributes Plugins Net Simulation Tools Windows Help

y OO O v ¢ A NN S |12 WE A A2
M ® O N N N %N 1 n d @
b o <X » 8 » » @ & & u N M n i @

Selection Tool

retrieve a list of filter by =~ mMap temperature configure
heatmg sensors office rooms to heating config heating

hours

cron.hourly API sensors roomfilter  tempmap setheatmg\

|_> configure _>|

get a list of
event all rooms heating
event. tlmestamp
>0700 & \ _ — — L
event.timestamp
< 1900
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Sensor I n:new roomfilter(x) n:ret(b) n: new tempmap(x) n:ret(y)
'nEW({h't}) [I X] /'I_[l X b] [iax] ™. . \[|1Y]
: : [i,n,x] [i,n,x] g [i,n] [i,n] _
~ O/ "'[:‘alse):(]O U n: new setheating(x) n:ret()
h M [i,x] [ 1 x.true] i x]T i+l [i-1,y]
d b i+l | [n,X],Om]’
|J@\ i— 1" ; Q i-17* X
i . . .
type [key,val] {x:ys} ! bl {yrysig ) YS
| I -apiGet("sensors”,out); {x:xs} \ Xs 0 {x:xs} \ Xxs 0 ForAll
in0 _ .out0 in0 {} l YS"  out0 in0 {} l ys"  out0 at . - LE
‘type(type) -get(key,val) outd ot Xs—®+ XS _YS—’@-XS-D» — XS _ys—’@—xs-D» DO > -xs{}\o in0
. B O
i . : map temperature i .
[cron.hourly] © [retrieve a list of [filter by [to Ilqoeatinp levell [configure heating] \
i _ _ 0
‘new(event) n0 ¢ heating sensors] office rooms] | N9 .
out0 [event,cond][o,true] n: new setheating(x) n:ret() out0 :ret(o)
! | AJOIN n
event'( }—h> —.O—. o0—*4in0
event false] [n,x] [n,x]
’ ’ STOP
event:get("timestamp",val); = 0
cond = val > 480 & - Getd ) inl/
val < 1080 :apiGet("rooms”,out); ForAll I
[false] in0 out out0 XS XS >
outl o ol ’@ s Ny XS C XS -xs'@ o
in0 outO
[get a list of all rooms] [configure heating]
roomfilter I tempmap I setheating I
outO ‘ret(true) outO in0 outO in0
o—» [—02 o—®
ltrue] Q— o—#{in0 [true] OQ— G
STOP 02=[0,"on"] \ . " Cm
. . IF ] o) e firdom b)) -apiSet("heating",room,b);
.new(sensor)outo in0 [o,cond]IF o,true] new(o) out0 in0 [o,cond] fo,true] [start heating] out0 :ret(o) ' "“out0 in0 out0 :ret(o)
-sensor'<>>_0_’:> _0_’@_‘)_’} S o-»lin0| 4’0_"’ 4’@_0_@
false] false] in  STOP [room,b] [room,b] [room,b] STOP
o:get("roomtype’,type); o)
cond = type.equals("office"); qutl ret(false) S:O%tzlt(zcs;rlﬁ::;/glue ,value), utl in0 outO inl [Set heating on/off]
[false] t}_o_@ [false] o —02-’@—0
STOP 02=[0,"off"
[stop heating]
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Conclusion

Results

« Employ Reference Nets to model functional reactive systems and
complex data structures

« RMT approach: development of DSML with functional
component-based semantics

« Home automation DSML to control a heating system

Future work
 Formal analysis of DSML with functional semantics

e Petri net concepts for real higher-order functions
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