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Real-Time Functional Reactive Program Translator
for Embedded Systems*

Dong-Ju Lee" - Gyun Woo™

ABSTRACT

FRP(Functional Reactive Programming) is a kind of embedded language in Haskell, it declaratively program reactive system based on
two essential high-order types named behavior and events. This paper design and implementation RT-~FRP(Real-time Functional Reactive
Programming) translator for using FRP in embedded systems with many constraints. The RT-FRP translator generates a C Program from
an RT-FRP program according to the operational semantics of the RT-FRP language.

To show the effectiveness of the RT-FRP translator, we loaded and executed the test program generated by the translator onto a real
embedded system, LEGO Mindstorm. According to the experimental result, the reactive system software can be programmed more
concisely using RT-FRP than using an imperative counter part although the size of the binary code is rather increased.

Key Words : Reactive Language, Functional Reactive Language, Haskell, Embedded Systems
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unsinged char kind;
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Tuple \ -
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Real dj_/ int length;
rtlnt v1;
void* v2;
rtMaybe_i v3;
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#include “lego.frp”
touch_time : Int
touch time = let snapshot t <- inputTouch() in

let snapshot ti <- timer () in

let signal { stop () = (ext 0) until [ext t => go],

go () = (ext 1) until [ext t => stop] }

in (ext 1) until [ext (gt (ti,10)) => stop, ext t => stop]
main : ()
main = let saapshot m <- touch time ()

in motorOut (m, m)
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#include “lego.frp”
detection : Int -> Int -> (Int, Int)
detection 1 r = if (I=BLACK & r=WHITE) then (BREAK,FWD) else
if (I=WHITE & r=BLACK) then (FWD,BREAK) else
(FWD,FWD)
(Int, Int)
motor = let snapshot sI <- inputLightl() in
let snapshot s2 <- inputLight2() in
ext (detection (sl, s2))
main : ()
main = let snapshot m <- motor() in
let snapshot | <- ext {case m of (lel,rel) => lel) in
let snapshot r <- ext (case m of (le2,re2) => re2) in
motorOut(l,r)

motor :

[y o

oo g Mg o v Ao

rroam

T

~
(A=)

Ao

5S

=

v}

r|r

i1

2,
,T}W

shavk(zg 11 ).
20

e

_OJ_MQAQEELEE._,E

(2! 9) RT-FRP ZARIEHO[M Z2TD

ol
o
~

o
o,
ofy
=

=

el

© g
2,

ol

+ O

E:)

. RT-FRP:= RCX9
A % C dgseojxz A&

ol &g} Aadg Y
t} (2% 8)& RT-FRP
o] oHlESE R A
o},

olgatel C e
A BE g2

=

jorl)
=
o
o
O
2}
1o
L
>.,
nf‘_u
m}&l
o
o2
)

2
ol
—
R T

fo, X
i
o2l
SNe

X

Ry
=
o JHU BN 1\1

st ol Ed wHg-ste E &
iz%% ZHo]
*17} 57

4
QL
o rir

0]
B
o
-

APt
zZZ29Y
gy,

Oh
(R

],

5

o B i

I
oo
okt
Q.
>
[»
o

Lo ooy o,
o>, (o o
o, fr
N
et
i,

A
o>“
=
=2
g
_WL

i p

- _A_4

RN

o -
oft

O
L‘ RE )
)

rir
g
@
S
=B
B
-
H
o
>~
>

E i
rir
e
O%
L=
<
4 =
oz
b=
il
ol
o
Olr
o

0}04 ‘VH 13 ~

[T\f

LD
:U
ﬁ
m
=]
v}
fitd
5
o
o
k)
O
I
iﬂl
7:

=

L]
ro, o
1m

oA
dolMe A4 ‘*O Eﬂri}ﬂ” —Ehgi 57
b el ghel w2l mE o] #9 WF F

etection Feraix e 4 ol

o o
_I°1‘

o,
& ©
o
Y

R
ol ox ozl

i rr me
o n2
to

e
Jl‘?i

jur)
Z
et
rEI

=2
OHT
2
fo -




486 FENo|IESI=2X A HISAT M6=(2006.12)
9z ulF e 228l motors FEEEY AladE g
B AA 9} detection E4E lste] AE)7E A4 (29
9] main oJv] A3 motor A 2d¥} Ala"el RE <l
HHo]ast dsts Jgw gl

©o

T N
ik
ok
i)
B

e
o
o

i
=
2
o
il
_C;L
oo
1 i

ik (R
O it
~
o
2,

=N
ol

_O‘L

2

23]

=3

as|

2

=
2 hoie

i

>,

>
[ = gt
o,

oo

_0|_lL

i

1t
o,
~
>
rir
[
I
il o

a
i

o
1
o e
Lo,
i)
rO
=4

A
ul

)

e}
ot

PNy

{

N
—_

ol
fut
)
o,
ol
[l
kU
I
ol o U oo rEooff ok

g N
o
it
oxl
ol
2
o

N R
A
o
,
e,
o
fy
N

-
gl

N
>
M,
>
i
i
1o,
patd
£

[=9] i
3
-
=
vl

10 ol
ofi
R

S
|o
o

T

ofl.
S o
o,

m“oﬂi
g i,
jE.—ﬁOr
L e
o
N,

[
hul
1
fell
1=
fell
I
i)
el
o
ol
N
o,

N
o
oot g & 7
> 51
i s
X e
% E
r Y fo
offl
ol
ol
551
p
J

o
2
(I
N
Ehe
o
=
at
]
o

B & e o B L oo

b
e

o
N
> g Il

voda

re
L2y
bt

N o
[H
)
I\
17
1=
it
I
)
1o,
oy
[-40
N
P —

P

Iz
R
(%

N

e =2

2L
o
e

RERECT S
o~ T
80
mlmt}ﬂ—]
=
El
B
sl
[
fu)

(2 10004 2 F 9l vpel o] RT-FRP9 FRP
Zzzgag

45 oWEA S 12Z oE AT F U

ghE Col e oF 602 ARE FAH A a}owa o] =

2739 A$o% RT-FRPME 175 oUE EdHAL
o CollAE o 2% Az AT 43825 RT-FRP
T FRPS} £%3 %9 #3898 /e ZoE & F gl
o}, whd FRPY RT-FRP Wl Ce #els7h ged, 7 9
F= ged zrh CHolst ge WEY doje A
(staterment)®] ZFo g mEIdo] FAHL FFL T2
agle] AFH WHHAE BHoR B F dlon, 4vd
o2 @9 gz FEHD wEd Atk wE 2R g
AM 52 BFor 99 71&d Ce A=A @
47} FRP Ruh @opxl Ae® Amgch old
RT-FRPE dlole #dwmded FaAe F2o] 535
o Az ZEadd i Az wWe 2% A& Ao
2 Eglez @] dEd Curh elletE 15 £F

at
ez 24 & gk

Da2PK )

(32 10) 2 ool =233 [= alel £ o

AR IS 2ME TRITD | (oste)

o AI-FFP Heskell FP

BeREriokd =gy W OMIHD| 22

RT-FRP w3718} C
o] AV]¥E RT FRPO] 73"?*
vebgh (27 1DA g8 2l
#o] A €] C .S_Ei’l 75 420byteo]™, RT-FRPY 7
godbyteo|th. oM EA] zZEIade CIzze HY
226bytec| ™, RT-FRP2 74-$-ol& 1248byte°]ﬁr o C
e =R 3@t RT-FRP W3kr]d 28
2o EAyde] o At I olfE
RT-FRP ZE21#2 RT-FRP Fdxd
Ae, AFor MY A= F

&
311@71 0120121?4 ehoty] Wielth 9 E =of W
o}

)
o fo &
[ R o (mouope

O::
o
1)

o
o i

e, O

rE
o

17l =

2
[t

oro=oret

K OIr}:u

ot ol rﬁ:-:,

g 1

ko

(o gt
=
=

D
-
O::

o,

EH% 523

| 7°i~- N g = WE

B m=Ho s 3 59 Zzadd Aol FRPE 7H
ozt g s Alzele] HgAlE EE A
oy, AR o daA suke] FRP tlAl AA7F 5hg-3
Az=de 98 4o RT-FRPE °]&3t%em, RT-FRP
zZaaws AxA Axdd gAsty] s RT-FRP W7
2 e B3 A4 HEE LZRIPE 7 dojdR
Axgato] dojo] gdEy) EHmEe] 27] F FEE HE
doied, e 2 54 EnE 4 sl

W7 7k doldg KAy hsk TR oAl GeleE il
doma SgFopl g dofe] 2 e thaA
A g, A9 Aol vpehbRol FRPeE RT-FRP=

=
C =284 WA % 50 A= LA



Fo] FAARZ FAH 3 I=E Vet dErh
el C ooy wEEI g2 FEE o83t 7 AEd
w2 F2b AgS ddo] vlesty] wiEe Ak Z2ae
ghelg=7F Z748kAl itk FRPSE RT-FRP> ¢lole] F&%
zEWHol FAlety] wEe A ZrRIFPAMNE F5d
IR Z2 o] AT

Mdoidel Zgodue ZEadd g &7 (what)t
NEdA Fdhow)s 7)EskA et Fed ol o
A 5Hoz FAEE A sisdks WEE dojd o
& pAsA ZEaRe FAT 4 9t olejd FAdA

Qe 7y EZzaHel 7EA (readability), A B
(maintenance), ﬁﬂ*é (reliabﬂity), e ZaEEgq s

(fast prototype)d # =]

#Astd ol o) B4 %@ﬂ}%@] i
g =9 g O%Tf&‘r AHA o HHol
»Ad JA¥ FRP= FRP gholH g9} sfad
o] BAlR sty ¢ Zzadlon HFS Fada RCX
ZEA A digh etad ARs HAsds 3
7] wpio] RCXell ®A 7hsd =4 sde AAs
firt. ZLElste] Co RT-FRP 2219 24 sdu 4
of Haksit

F98A e F Tz disjA RT-FRP 22
oo =2Fside |yt ¢ ZRagel BEXude vls)
aA AAEA ol RT-FRP ¥#7]e 27] 589 C =
2ad3 g5 759 547U AActe sele mAA
239 W3s RT-FRP Zzoigde] &gt 54 99t
7] Moz AlRHY, &5 HHz dAE 7AW RT-FRP
Zzade] BEAddy ¢ 22383 gi%d F£Fo] € A
o7 gudc AddAN ¢ ZEa¥y RT-FRP 219
Z2A9de Z7)E RCXY &4 715 Axz A7)7F 29
on, AA RCXol ®AIgt] Alx®E -5t wehA]
A s At AAHA Far Alage] JHE HE
g7} vl$ AL RCXSF 22 gHt= AAH ] FRP.i =
£317] HAE B =EdA 733

F34 el AgaTa ¥ 5 Aok

r°1 52 g

Ha Avg, 2Ll Z2aPe 4] AT wHe
2 S8R0k 55 Qlojo] B A7 Bol o%ojAu g
o S8Rol B3 ol ggRoll A¥Y TAYL A
FHom =Zzode pAdA TRY & Uk EE AT
B TR olgal/] wEe] eFBA Aol Aol A
ox nEde] ZRIUS AT & Y= 5H ok
B QT oud BN guts Axgel gAzE B
F49 TRaYS A5 A% PHos B 4 g

(@2
FE
e
e
4

@7 FRPe) AFEFE ) T AR BRE. du
= Ga? Ygelz THE FRPE 7oE do] Than
o

§99d HgAE AP dm, E OE s

oz yutoz = A3t vt

et~ 7|Wke] FRP ZE 3 $-8Hoke] WA f4}
o Aol M & EAoiglom, o|& <late] st 7|vke
FRPE B& &&Fokd A&d 4 SANTH6789]. stAIE
FRPE o|HE A A & 3
gk 7E Sl o
Aeor, 241516
AFRP[1920]8+E o|&o2 9= 9ltl. AFRPE FRPY Al

FA gule] dig TAES Hasden, Aol

FHEL d&"He Ade] Few AMad F4(signal
2 gate] 71€9 FRP Byt #E3 2E3e Ad
& A&t AT AFRP E3 staddd g -
2 oA zRaHe FPRAn FUT A
4L JHAA "
Fl R I Eat oﬂ RT—FRPE A437] 93 RT-FRPZ
B2 #Mgshe A7t ASIR2LL o] AtelA
& 01 8 o}ﬁ RT-FRP 2 Erel #AstE Al
atdrh. AR o] Ao A= RT-FRP W9 Wil W
ok A AEES ¥ RT-FRP Zza#o] Az Fabete
d2g AAEAE Fd0 B dFeAMe A4 duY
ANzglel Al RT-FRP Z238-g A 4 IEE W3
718 AA a9

=
i

e

—|—4

e | —U ottt

1~ﬂ

o,
o
N
rio
ofr
ol
~
]

o
a
5
re.
2

ok
=5
e
o o ox jo O rm
rﬂ fr to g o [d for )

}1]
4 Hou
ey e
fo fo
i o
24
o :U
mlm

N

oo

ok

o
s
)

~

N

ox to

lo g o o e
Mo o 32 W |
ob,
ped
s}

2
el
Y.

CX°ﬂ gAE e g oz fﬁﬂﬂoiﬁ}
e RT-FRPE duld= A|~HE
HEE deldl C Bk o b o]

[a3 _/I: g)\gj\otq H}Ox—l }\]/\Eﬂoﬂ

Mot NS
fo [ oo gt X [o o
Y ol
I‘UH;_‘_I -
—W:J_O
i o>' o

o

Oa ‘I"T':O ygE AlxEA T 4
£ olatd ZragEE 2 F e e Bih
Oﬂ’ﬂ ?Ld & RT-FRP ¥&7]+ RT-FRP Z213
= guES FEsls C TEaHS AXSY
RT-FRP Z21% AAE B35l =& 4 gl

N

£
I
(Hiﬁ

ol riz
e

(L e
N
olr

oow
ol
X



488 SEMEET=EX A MI3-AT M6 (2006.12)

= AR, F7HE 04 wdd C TRy 53 A A
AR Bag she A7H, 708 v o] FUdAE Fdst
A B o2 98] &% RT-FRP ¥W&7]e ¢on 34
A A F AT TS SAHAT ¢ glojol & o]
E3 FEG go] F2A FHz2 TdEE By A I
2E 5 ks gE 29S olgsle] Al wie] wgo
Zo] Eoh wEA FRAE e o Z2E 3 5F A
EZJEE olgste WS aHsd I e ¢ AdE
F % Aotk

&% RT-FRP <o) 2 wWsly)o] % AFRPS} 22 4
3 7IRS AEdt] Sl g aeld) Hopop & AHolt}
%5 RT-FRP oj7} 2ot 850z A7 HslA 7)
&9 dofolA F&3tA o]8== #H P4 (concurrency), ©l
A 2] (exception)$} & g 7Tol do] Ao AY
Fojof & Aot}

# 3 &l

=

[1] Thierry Gautier, Paul Le Guernic, and Loic Besnard. Signal:
A declarative language for synchronous programming of
real-time systems. In Gilles Kahn, editor, Functional
Prograrnming Languages and Computer Architecture,
volume 274 of Lect Notes in Computer Science, edited by
G. Goos and J. Hartmanis, pp.257-277. Springer—Verlag, 1987.

[2] P. Caspi , D. Pilaud , N. Halbwachs, J. A. Plaice, LUSTRE:
a declarative language for real-time programming,
Proceedings of the 14th ACM SIGACT-SIGPLAN symposium
on Principles of programming languages, p.178-188, Jan. 1987.

[3] Gérard Berry. The Esterel v5 Language Primer Version 5.21
release 2.0. Centre de Mathematiques Appliquees, Ecole des
Mines and INRIA, 2004 Route des Lucioles, 06565
Sophia-Antipolis, Apr. 1999.

(4] 7218, &34, “2HAE 9¢ Esterel Z22Y%" $5328
Z7AL pp3-101, 2005.

[5] Z. Wan and P. Hudak, “Functional Reactive Programming
from first principles,” in Proc. ACM SIGPLAN'00
Conference on Programming Language Design and
Implementation (PLDI'00), pp.242-252, 2000.

[6] C. Elliott and P. Hudak, “Functional reactive animation,” in
International Conference on Functional Programming, pp.
163-173, June 1997.

[71 A. Courtney and C. Elliott, “Genuinely functional user
interfaces,” in 2001 Haskell Workshop, Sep. 2001.

[8] J. Peterson, P. Hudak, A. Reid, and G. Hager, “FVision: A
declarative language for visual tracking,” in Proceedings of
PADL'01: 3rd International Workshop on Practical Aspects
of Declarative Languages, pp.304-321, Jan. 2001.

[9] J. Peterson, P. Hudak, and C. Elliott, “Lambda in motion:
Controlling robots with haskell,” in First International
Workshop on Practical Aspects of' Declarative Languages
(PADL), Lecture Notes in Computer Science, Vol. 1551, pp.
91-105, Springer, Jan. 1999.

[10] Z. Wan, “Functional Reactive Programming for Real-time

Reactive System,” Ph.D Dissertation, Computer Science
Department, Yale University, Oct. 2002.

[11] P. Hudak, “Modular domain specific languages and tools,”
in Proceedings of Fifth International Conference on Software
Reuse, pp. 134-142, Jun. 1998.

[12] GHC Team, “The Glorious Glasgow Haskell Compilation
System User's Guide, Version 6.42"  (http://www.haskell.org/
ghc/docs/latest/html/building/sec—port-info.htmt)

[13] RCX Internal, http://graphics.stanford.edu/ kekoa/rcx

[14] 7. Wan, W. Taha, and P. Hudak, “Real-time FRP,” in
International Conference on Functional Programming
(ICFP'01), ppl46-156, 2001.

[1£] J. Hughes, “Generalising monads to arrows,” Science of
Computer Programming, vol. 37, pp. 67-11, May.2000.

[1€] R. Paterson, “A new notation for arrows,” in International
Conference on Functional Programming, pp.229-40, ACM
Press, Sep. 2001.

[17] ol&F, AA4E, 4, ¢, “I2$2 o238 0.5 A7 7
W, ARAFHEYSEUI=E4, Vol33, Nol®B), pp
397-399, 3¥. 2006.

[18] BrickOS Homepage, http://brickos.sourceforge.net

[19] H. Nilsson, A. Courtney, and J. Peterson, “Functional reactive
programming, continued,” in Proceedings of the 2002 ACM
SIGPLAN  Haskell Workshop (Haskell’02), (Pittsburgh,
Pennsylvania, USA), pp.51-64, ACM Press, Oct. 2002.

[20] P. Hudak, A. Couriney, H. Nilsson, and J. Peterson, “Arrows,
robots, and functional reactive programming,” in Summer
School on Advanced Functional Programming 2002, Oxford
University, vol. 2638 of Lecture Notes in Computer Science,
pp.159-187, Springer-Verlag, 2003.

[21] DNXu and S.CKhoo, “Compiling real time functional
reactive programming,” in ASIA-PEPM 2002: Preceedings
of the ASIAN symposium on Partial evaluation and
semantics—based program manipulation, (New York, NY,
USA), pp.83-93, ACM Press, 2002.

of £ =

e-mail : mrlee@pusan.ac.kr

> 5 200661 AAddietn A FE A IHEAD
@A Fadsia 5 e e
| W i PN

e-mail : woogyun@pusan.ac.kr
1901 g=As ey 4t
19939 S=H87led Wit
20009 F=3et7led A (EAL

A
A A e guEFe Ty

Lot
i)
>

b
=



