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XStorm, an FRP language for small-scale embedded systems, allows us to concisely describe state-dependent
behaviors based on the state hook model. However, when we use different sets of peripheral devices depend-
ing on states, device management, such as switching power modes, should be implemented in a driver code
in C. This would result in bugs as inconsistency between the state in the XStorm program and that in the
driver code cannot be detected. In this research, we extend XStorm’s state hook model to express modes of
peripherals that depend on states. By the extension, the language manages modes of peripherals, and thus

the inconsistency is statically avoided.
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1| switchmodule Stopwatch {
2| in # VRREIED UL R

3 pulsels: Bool,

4 # SHlloF 2RO 27 52

5 stst(False): Bool,

6 # MM Z Y2y VT 2757
7 rst: Bool

8| out # FBIAED TR

9 time(Q): Int

10 # FIHARAE

11 init Paused

3] # IFHEOFHHZ LD T 2 REE
14 state Paused {
15 # rstPiro 2 6RE%E VY b

16 out node time = if rst then 0 else time@last
17 # ststdi/z o7z bMeasuringlZBER
18 switch: if stst then Measuring else Retain

21 # RERIZEHII L TV 2 IR%E
22 state Measuring {

23 # 1M Iltime 4 Y7 U XV}

24 out node time =

25 time@last + if pulsels then 1 else @

26 # ststAL - 7z HPausedIZER

27 switch: if stst then Paused else Retain

28

29| }

30

31| module Main {

32 in pulsels: Int, buttonl: Bool, button2: Bool

33 out time: Int

5| # ANDLB EBRHD Ty IETZ 7S

36 node stst(False) = buttonl && !buttonl@last

37 node rst(False) = button2 && !button2@last

38| # StopwatchEY a—l% A4 2R 2L

39 newnode out time = Stopwatch <- pulsels, stst,
rst

40| }
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void input(int* pulsels, int* buttonl, intx*
button2) {
*pulsels = readOscillator();
*button1 = readButton1();
*button2 = readButton2();

3
void output(intx time) {
displayTime(xtime);
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int main(void) {

10 setupClock(); setupDisplay();
11 setupButtonl(); setupButton2();
12 activate();

13| }
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const off = @

const sleep = 1

const measure = 2
const retain = @
const off2Sleep = 1
const sleep20ff = 2
const sleep2Measure =
const measure20ff = 4
const measure2Sleep =

3
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switchmodule WiFiThermoHygrometer {

=
.

12 in toggle: Bool, pulsels: Bool,

13 tmp: Float, hmd: Float

14 out data: (Float, Float),

15 # RXOIREE L REER O

16 # JEIMEIRANDT 7 RADRA I TR Mo T
DEREEZ LD T 270

17 transition: (Int, Int)

18 init Off
19 N . ) 1 = N &
20| # RE - REOFHEIT DR VIKE
21 state Off {

22 out node data = (0.0, 0.0) # X I —

23 # REX YN T T DDtmpDSIRII NS
24 node invalid = tmp

25 # N ITNADA o7z 5Sleep B

26 out node transition =

27 if toggle then (sleep, off2Sleep)

28 else (off, retain)

29 switch: if toggle then Sleep else Retain
30 }

31
32| # IRFRE E CEAIZ RFORRE

33 state Sleep {

34 # SleeplZER L TETH M- 72

35 node t(Q) = t@last + if pulsels then 1 else @
36 out node data = (0.0, 0.0) # X I —

37 # b ZADYINT HoffFNER

38 # 1R

SleeplZ®E % » T\ /= HMeasure B

39 out node transition =

40 if !toggle then (off, sleep20ff)

a1 else if t>=10 then (measure, sleep2Measure)
42 else (sleep, retain)

43 switch:

44 if !toggle then Off

45 else if t >= 10 then Measure

46 else Retain

a7

48
ao| # TR - RERFHHT 2 K58
50 state Measure {

51 out node data = (tmp, hmd)

52 # L ZADYINT HofFNEBR

53 # Z 5 ThholzbSleepNiBIE

54 out node transition =

55 if !toggle then (off, measure20ff)

56 else (sleep, measure2Sleep)

57 switch: if !toggle then Off else if Sleep
58 }

59| }
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#define off 0

#define sleep 1

#define measure 2
#define retain @
#define off2Sleep 1
#define sleep20ff 2
#define sleep2Measure 3
#define measure20ff 4

9| #define measure2Sleep 5

Lo R N R N

11| static int currState = off;

13| void input(

14 intx toggle,
15 int* pulsels,
16 floatx tmp,
17| float* hmd

{
19 *toggle = readToggle();
20 *pulsels = readOscillator(); .
21| // measureDIRFDAIRE - WL % 51

22 if (currState == measure) {
23 *tmp = readTmpSensor();
24 *hmd = readHmdSensor();
25 }

27| void output(
28 struct Tuple_Float_Floatx* data,
29 struct Tuple_Int_Int*x transition

30) {
31| // measureDIFD AT — X % E(G
32 if (currState == measure) send(data);

34| /7 REEERIS U THEUKROBIRE— R 2 U
35 switch ((xtransition)->member1) {
36 case off2Sleep:

37 setupWiFi(); break;

38 case sleep20ff:

39 turnOffWifi(); break;

40 case sleep2Measure:

41 wifiDisableLowPowerMode();

42 setupTmpSensor(); setupHmdSensor();

43 break;

44 case measure20ff:

45 turnOffWwifi();

46 turnOffTmpSensor(); turnOffHmdSensor();
a7 break;

48 case measure2Sleep:

19 wifiEnableLowPowerMode();

50 turnOffTmpSensor(); turnOffHmdSensor();
51 break;

52
53 currState = (*transition)->membero;
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# AT TDADERE— FICHIET 3 E— R
mode OnOff = Off | accessible On

# Wi-FIEY 2 —LOERE— NIIMNET 5E— FE
mode WiFiMode = Off | LowPower | accessible On

switchmodule WiFiThermoHygrometer {
in toggle: Bool, pulsels: Bool,
tmp: ’OnOff Float, hmd: ’OnOff Float
out data: ’WiFiMode (Float, Float)
init Off

0N UE W N

e
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state Off N
# 2 TORUKEZERA 7
with tmp = Off, hmd = Off, data = Off

=R e e
coR W N

# 77 AAEETRNDTIAY R ILT T —
# node invalid = tmp
switch: if toggle then Sleep else Retain

WoE e e
S ©o®wNe

state Sleep )
#Wi-FiEY2a—NVIZEKEHNE-F
with tmp = Off, hmd = Off, data = LowPower

NN NN
B W N =

node t(@) = t@last + if pulsels then 1 else 0
switch:

if !toggle then Off

else if t >= 10 then Send

else Retain

W W NN N
= O © o u

state Send N

33 # 2 TORIE T EIRA >~

34 with tmp = On, hmd = On, data = On
35 {

36 node out data = (tmp, hmd)
37 switch: if !toggle then Off else if Sleep
38 }

39|}
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void input_toggle(int*x toggle) {
*toggle = readToggle();

void input_pulsels(int* pulsels) {
*pulsels = readOscillator();

Lo B N N

3
void input_tmp(floatx tmp) {
*tmp = readTmpSensor();

©

}
void input_hmd(floatx hmd) {
*hmd = readHmdSensor();

o e
N = O

3

void output_data(
struct Tuple_Float_Floatx* data) {
send(data);

= e e
S I

}
void hook_tmp_Off_to_On() {
setupTmpSensor();

o e
© 0w

3
void hook_tmp_On_to_Off() {
turnOffTmpSensor();

NN
M=)

}
void hook_hmd_Off_to_On() {
setupHmdSensor();

NN NN
SN

3
void hook_hmd_On_to_Off() {
turnOffHmdSensor();

NN
0

3
void hook_data_Off_to_LowPower() {
setupWiFi();

w W
= o ©

void hook_data_Off_to_On() {3}
void hook_data_LowPower_to_Off() {
turnOffWifi();

W W W W
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3
void hook_data_LowPower_to_On() {
wifiDisableLowPowerMode();

W W w
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3
void hook_data_On_to_Off() {
turnOffWifiQ);

B W
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b
void hook_data_On_to_Sleep() {
wifiEnableLowPowerMode();
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1] {

2| // ALE DT

3 "multisensor”: {

4 /] EDAMT ) — R MIST 20

5 "nodes”: ["tmp”, "hmd"],

6 // tmp¥hmd®DE— R DFHAGDHEZ

7 // multisensor® ¥ DE— Ry Y7350
8 "mapping”: {

9 /] 5 B A0onDEE Emultisensor H0n
10 "On": [

" ["on", "_"1,

12 ["_", "on"]

13 1,

14 // W50ff7 SmultisensoriZoff

15 "Off": [["Off", "Off"]1]

16 }

17 }

18] }

K7 REEtCHYZFERATIHEOE—FEHT
1| void input_multisensor(float* tmp, floatx hmd) {
2 readTmpAndHmd (tmp, hmd);

3

4| void hook_multisensor_Off_to_On {
5 setupMultisensor();

6

7| void hook_multisensor_On_to_Off {
8 turnOffMultisensor();

9
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