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プログラミング言語の研究
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組込みシステムとCPS向けの 
関数リアクティブプログラミング(FRP)言語
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従来の言語を使った 
組み込みシステムの記述例
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Sensor tmp(TEMP_SENSOR); 
Sensor hmd(HUMID_SENSOR); 
GPIO fan(FAN_SWITCH); 

while  ( true ) { 
  float  t = tmp.read(); 
  float  h = hmd.read(); 
  float  di = 0.81 * t + 0.01 * h 
     * (0.99 * t - 14.3) + 46.3; 
  fan.write(di >= 75.0); 
}
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Sensor tmp(TEMP_SENSOR); 
Sensor hmd(HUMID_SENSOR); 
GPIO fan(FAN_SWITCH); 
float  t, h; 
bool  fan_state = false; 

tmp.onChanged( lambda ( float  v) { 
  t = v; changeState(); }); 

hmd.onChanged( lambda ( float  v) { 
  h = v; changeState(); }); 

synchronized  void  changeState() { 
  float  di = 0.81 * t + 0.01 * h 
     * (0.99 * t - 14.3) + 46.3; 
  bool  s = di >= 75.0; 
  if  (fan_state != s) fan.write(s); 
  fan_state = s; 
}
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関数リアクティブプログラミング(FRP)
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FRP言語による記述
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module  FanController 
in   tmp : Float   # �9�S�·�ï�±  
    hmd : Float   # �ê�S�·�ï�±  
out  fan : Bool    # �Ñ�•�ï�w�µ� �¿�½  
use  Std 

node  di = 0.81 * tmp + 0.01 * hmd 
     * (0.99 * tmp - 14.3) + 46.3; 

node  init [ False ] fan = di >= th 

node  th = 75.0 +  
  if  fan@last then  -1.0 else  1.0
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Emfrpの特徴
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倒立振子ロボットの記述例
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Pololu Balboa 32U4
(ATmega 32U4, 32KB 

Flash, 2.5KB RAM)
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module  Balancer 
in   gyroY  : Int,  # gyroscope (y-axis) 
    accX   : Int,  # accelerometer (x-axis)  
    encL   : Int,  # left motor encoder 
    encR   : Int   # right motor encoder  
out  motorL : Int,  # left motor  
    motorR : Int   # right motor  
use  Std 
...                # definitions of constants  

node  init [0] angle =  
    (angle @last  + gyroY * update_time_ms) * 99 / 100 

node  speedL = encL - encL @last  
node  speedR = encR - encR @last  
node  init [0] distL = distL @last  + speedL 
node  init [0] distR = distR @last  + speedR 

node  risingAngleOff  = gyroY * angle_rate_ratio + angle 
node  init [0] motor = 
    motorSpeed(motor @last  + 
               (angle_resp * risingAngleOff + 
                dist_resp * (distL + distR ) + 
                speed_resp * (speedL + speedR)) / 100 / gear_ratio) 

node  diffSpeed = (distL - distR) * dist_diff_resp / 100 
node  motorL = if  accX > 0 then  motor + diffSpeed else  0 
node  motorR = if  accX > 0 then  motor - diffSpeed else  0

https://github.com/psg-titech/emfrp_samples


なぜ新しい言語なのか？
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FRP言語に関する最近の研究
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逆計算
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procedure  fib( int  x1, int  x2, int  n) 
    if  n = 0 then  
        x1 += 1 
        x2 += 1 
    else  
        n -= 1 
        call  fib(x1, x2, n) 
        x1 += x2 
        x1 <=> x2 
    fi  x1 = x2 

procedure  main() 
    int  x1 
    int  x2 
    int  n 
    n += 4 
    call  fib(x1, x2, n)
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プログラミング言語から形式手法へ
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