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Developing Small-Scale Embedded Systems using an Integration of the

Actor Model in Functional Reactive Programming

TAKUO WATANABE!+®

Abstract: This paper briefly describes a new execution mechanism for an FRP language designed for re-
source constrained embedded systems. The mechanism is based on the Actor model, a concurrent computa-
tion model in which computation is achieved by actors communicating via asynchronous messages. We adopt
actors for the run-time representation of time-varying values and event streams. With this representation,

we can naturally integrate adaptable execution mechanism in the runtime of the language.
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module FanController # module name

2| in  tmp : Float, # temperature sensor
hmd : Float # humaidity sensor
out fan : Bool # fan switch
5| use Std # standard library

# discomfort (temperature-humidity) index
node di =

0.81 *x tmp + 0.01 * hmd * (0.99 *x tmp - 14.3) + 46.3

# fan switch

2| node init[False] fan = di >= 75.0 + ho

# hysteresis offset

5| node ho = if fan@last then -0.5 else 0.5
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class Actor {

2| public:

virtual void send(Message *m);
virtual void receive(Message *m);

virtual void activate(Message *m) = 0;

B 3 C++ Class for Actors
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ACNode ac();
HONode ho(&ac);
DINode di(&ac);
TMPNode tmp(&di);
HMDNode hmd(&di);
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7| class DINode :

class TMPNode : public Actor {
public:
TMPNode (Actor2 =*di,

virtual “TMPNode() {3}

TMPSensor *tmp);

virtual void activate(Message *m);
private:

Actor2 *di;

TMPSensor *tmp;

void TMPNode:

di->send1(

:activate(Message *m) {
Message: : floatMessage (tmp->read(),

m->cust));

public Actor2 {
public:
DINode(Actor *ac) ac(ac) { ... }
virtual “DINode() {}
virtual void activate(Message *m);
private:

Actor =*ac;

»6| void DINode::activate(Message *mt,

Message *mh) {

assert(mt->cust mh->cust);
float t = mt->getFloat();
float h = mh->getFloat();
float di = 0.81 x t + 0.01 % h
* (0.99 * t - 14.3) + 46.3;
ac->send(
Message:

:floatMessage(di, mt->cust));

4 Actors for Nodes tmp and di

F 7278058 ELTHEASN S,
¥ 1BV A ZNVELTO LI ICAT /) —F2ETT
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tmp->send(Message: :unitMessage(&sys_actor));

hmd->send(Message: :unitMessage(&sys_actor));
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module FanController # module name

in tmp : Float, # temperature sensor
hmd : Float # humidity sensor
pulsel@ms : Bool # 10 msec interval timer
s|out fan : Bool, # fan switch
led : Bool # LED
use Std # standard library

# discomfort (temperature-humidity) index
node di =

0.81 x tmp + 0.01 * hmd *x (0.99 * tmp - 14.3) + 46.3

3/ node init[@] timer =

if !pulseloms@last && pulsel@ms
then (timer@last + 1) % 600

7| # air—conditioner switch

;| node fan = if timer@last != timer && timer == 0

then di >= 75.0

# LED blinks at 1Hz

| node led = (timer % 100) < 50;

5 A =ZHwi7 7ol

M5k 7 7 illl7a 77 284 w2 lVWTHEELLS
DTH%.. ZOFEETIE7 7D ON/OFF 3145757 D
E4 1MZTY) XL TwS, AJ/ —F pulseloms
13 10ms RO N=F 7 277 4 < ICERINTWEHD
L35, NE/ — | timer 1 pulseloms DILH FA3DH v
CEAYVEL, 1TEI0KKY ey FENS, /—F
fan OfEIX timer 23012V &y b IN/2 L EDALTHIN,
ZnbSo L E2IZRCHEZRFT 2. AT, @ifffhTd
%2 E%/RYT LED 25 1 AT RMET 5.

F VYL FND Emfrp DEFEFTNLTIDa— FEETT
L8V A I NVEIZE ) — FOEH B fTbi s, Ll 2
@7U77A@%nmﬁﬁiw%hﬁmﬁ?5Umhm@
il timer DEDI0 I 272 & (1432 1E]) LAwhEE
LENT, ZNUNOEEDOEIEEINDG. 77V —
TavoWE»S L, HYA ZIVBICIRE EREEHET

BT, 2D &S A EER e FHELIZ RIS ANEBEHDA A
VAT LICEOLTIREAEB IO KIC O -0EET 3
NETH 5,
3.3 EEJOvY

HIE TR~ 72 (I pull RDFEFTIC & - Tdh % FLE MR

THETH 5. Lo LABEICE T % timer £ LED D & 9 7%
AN 22 0% fES / — FafF> 71 77 A12iE pull D
FATILWEYCldZevs, L7223 T pull 2 & push XDRTE
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7| # fan switch

node fan = if timer@last != timer && timer == 0

then ( di >= 75.0 )@delay

®e6 EL7uvs

3| class ACNode :

5| class ACDelayedBlock :

class DINode : public Actor2 { ... }

3| void DINode: :activate(Message *mt,

Message *mh) {
float t = mt->getFloat();
float h = mh->getFloat();
float di = 0.81 * t + 0.01 % h
* (0.99 * t - 14.3) + 46.3;
mt->cust->send(

mkFloatMessage(di, mt->cust));

public Actor { ... }

5| void ACNode::activate(Message *m) {

if (m->prevint() != m->getInt() &&
m->getInt() == @) {
tmp->send(Message: :unitMessage(
&acDelayedBlock));
hmd->send(Message: :unitMessage(
&acDelayedBlock));

public Actor { ...}

void ACDelayedBlock::activate(Message *m) {
m->cust->send(
Message: :booleanMessage (

m->getFloat() > 75.0, m->cust));

B 7 BTy s DLk

LAEFETIL 3] B EHRREE 2 2705, 20 k5 RIHfT
EFNEYY —ADWSNBRECHRIT 2 D138 L v,

I BIETOY Y (delayed block) £ \>H T AT T
ZEAT 5. MR, EIE7 1y 7liedelay L\ Y
74 v 7 AzROAE LTEBIENS, X6 3ELE7 7y
20HITHD, K5 D17-19THZ ZORTEEHZ 5
EREMLTVS,

5T, /—F fanld timer & di DWJTITHRTEL
TWw3, L2LK 6 TiE, fan D di ~DIRFIZHIBRE
T3, Lo T, di iZEDHN/ — 2o bikEFEIN
%, ZDOIZEIE, di ZLT tmp BLO hmd 1270
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XEDRIIMEER D, ZOda v 34 I EHE KN
FAENT 24T\, MESHDHAL L 72 L &I tmp & hmd 12X
—VERETLEI R -F2ERTZ (KT7D69
fTH).

T2 Tavs84 71 DiNode Z )1/ — FD X H i) .
ZDOFERIZ LT tp & hmd IOEBSI N Ay =
DREHEIZH Y T % acDelayedBlock IZEEE NS, FEH L
LT, 2200k Y DfE & AMREEDIEIZ S A < DfED 0
Il olt L EDABEHINDG Z LIk, MERZFHE 20
52 ENBTES,

4. F&&

T 78— TN ERNBERAZR Y AT LAY 70
T4 7 7ur5 2y S Enfrp DFEITRIHKAET B H
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ARG oHIEIC 72 edelayed D & 9 7 (FECW %) 1
MAZBIED EZ A7 Rk y 7129235 L T\ 32%, FRP [
o B OGRS (6] 2 VA EBILRETH % L F
ZoN%. 7 LZDEA Y 8L DTS RIS
FIRFICEAT 2 08NS 570, av (4 7%2&0HA
FKWMFHED DD 7 L —L T — 7 DFEBRNIEL 55,
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