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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 LLanguage, Functional Reactive Language, Haskell, Embedded Systems
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Behavior a = Time -> a
Signal a = Behavior a
Event a = Signal (Maybe a)
where Maybe a = Nothing | Just a
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t), o]¥ let snapshot®]W} let signal 2¢] WFE A3}
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int main() {
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while (1) {
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A7 2=
}
FE A=
}
(0% 5) HgE ¢ =208 MyTx
typedef int rtlnt;
enum {Just, Nothing};
v i (Real, (), Maybe Real)
typedef struct {
unsinged char kind;
rtint v,
}rtMaybe_i;
typedef struct
@ Unit ) @ int length;
rtlnt vI;
void* v2;
@ rtMaybe i v3;
}rtTuple 1 u_m_i;
(a) EtY vel = (b) EtY vE ¢ ZzoHoz HEsH Aot
(2% 6) RT-FRP Ef HiE of

TRs i Signal  — CStm
TRsms :: Signal — (Name, TEnv, VEnv).— CStm
TRsee o Signal — (Name, VEnv) — CExp
TRses :: Signal — (Name, VEav) — CStm
TRsys :: Signal — (Name, VEnv) — CStm
TRews = Expression — (Name, TEnv, VEnv) — CStm
TRezee 0 Expression — (Name, TEnv) — CExp
TRmme & Type i CEXp
sType :: Signal — TEnv — Type
eType :: Expression — TEnv — Type
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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],

g0 () = (ext 1) until [ext t => stop] }

in {ext 1) until [ext (gt (ti,10)) => stop, ext t => stop]
main : ()
main = let snapshot m <- touch_time ()

in motorQut (m, m)

(32! 8) RT-FRP O|HIEX 0 =224

#include “lego.frp”
detection : Int -> Int -> (Int, Int)
detection 1 r = if (I=BLACK & =WHITE) then (BREAK,FWD) eise
if (I=WHITE & r=BLACK) then (FWD BREAK) else
(FWD,FWD)
motor : (Int, Int)
motor = let snapshot sl <- 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

motorQOut(l,r)
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