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High-Order Acausal Models 

Introduction 
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1 The basic idea of high-order 

1.1 Anonymous functions 

→

func(x) {x*x} 

x x 

func 

{x*x}

(3)

func(x){x*x}(3) 
 3*3 
 9 

def 

def pi = 3.14 
def power2 = func(x){x*x} 

pi power2 

power2(pi) 
 power2(3.14) 
 3.14 * 3.14 
 9.8596 

1.2 Higher-order functions 

De nition 1

twice f 

y

def twice = func(f,y){ 
    f(f(y)) 
}; 

twice 

f

power2
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twice(power2,3) 
 power2(power2(3)) 
 power2(3*3) 
 power2(9) 
 9*9 
 81 

twice 

twice 

twice

twice(func(x){2*x-3},5) 
 func(x){2*x-3}(func(x){2*x-3}(5)) 
 func(x){2*x-3}(2*5-3) 
 func(x){2*x-3}(7) 
 2*7-3 
 11 

→ →
→ =

def compose = func(g,f) { 
    func(x){ g(f(x)) } 
}; 

compose 

compose

f g

add7

def add7 = func(x){7+x}; 

power2 add7 

foo

def foo = compose(power2, add7); 
 def foo = func(x){power2(add7(x))}; 

compose power2 

add7 

foo 

 foo(4) 
  func(x){power2(add7(x))}(4) 
  power2(add7(4)) 
  power2(7+4) 
  power2(11) 
  11*11 
  121 

map 

fold

1.3 Elaboration and simulation of acausal models 

Definition 2

Figure 1
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1.4 Higher-order acausal models 

Defintion 3

2 Basic physical modeling in MKL 
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2.1 A simple electrical circuit 

circuit

Resistor(w1, w2, 10); 

w1 w2 

w2 

w2

connect

2.2 Connections, variables and flow nodes 

var() flow()

def Wire = func(){ 
     (var(),flow()) 
}; 

Wire 

func

() 

(var(),flow())

var()

var(10)

var() 

flow()

Figure 2

def Circuit = model(){ 
  def w1 = Wire(); 
  def w2 = Wire(); 
  def w3 = Wire(); 
  def w4 = Wire(); 
  Resistor(w1,w2,10); 
  Capacitor(w2,w4,0.01); 
  Resistor(w1,w3,100); 
  Inductor(w3,w4,0.1); 
  VSourceAC(w1,w4,220); 
  Ground(w4); 
}; 

model Circuit 
  Resistor R1(R=10); 
  Capacitor C(C=0.01); 
  Resistor R2(R=100); 
  Inductor L(L=0.1); 
  VsourceAC AC(VA=220); 
  Ground G; 
  equation 
   connect(AC.p, R1.p); 
   connect(R1.n, C.p); 
   connect(C.n, AC.n); 
   connect(R1.p, R2.p); 
   connect(R2.n, L.p); 
   connect(L.n, C.n); 
   connect(AC.n, G.p); 
end Circuit; 
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Wire()

(var(),flow()) Wire 

2.3 Models and equations systems 

Circuit 

Resistor

def TwoPin = model((pv,pi),(nv,ni),v){ 
    v = pv - nv; 
    0 = pi + ni; 
}; 
 
def Resistor = model(p,n,R){ 
    def (_,pi) = p; 
    def v = var(); 
    TwoPin(p,n,v); 
    R*pi=v; 
}; 

Circuit

model 

TwoPin 

TwoPin 

pv pi nv ni v 

pv 

ni 

v = pv - nv; TwoPin 

TwoPin v 

TwoPin

R 

def (_,pi) = p; 

pi 

p _ 

v 

TwoPin 

R*pi=v; 

p n 

TwoPin 

Resis-

tor 

def Inductor = model(p,n,L){ 
    def (_,pi) = p; 
    def v = var(0); 
    TwoPin(p,n,v); 
    L*der(pi) = v; 
}; 

Resistor 

Inductor 

L*der(pi) = v; pi 

der 

Ground VSourceAC Capacitor

2.4 Executing the model 
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3 Examples of higher-order modeling 

3.1 Parameterization  

Connection() 

Wire()

def Automobile = model(Engine, Tire){ 
    def c1 = Connection(); 
    def c2 = Connection(); 
    Engine(c1); 
    Gearbox(c1,c2); 
    Tire(c2); Tire(c2); Tire(c2); Tire(c2) 
}; 

Engine Tire 

EngineV6 TireTypeA

Automobile(EngineV6,TireTypeA); 

Engi-

neV8

Automobile(EngineV8,TireTypeA); 

Automobile 

Automobile 

Gearbox 

Gearbox 

Automobile 

Automobile

redeclare 

3.2 Recursively defined models 

Circuit 

for

for

Wire 

def RotCon = func(){(var(),flow())}; 

=

def MechSys = model(){ 
    def c1 = RotCon(); 
    def c2 = RotCon(); 



+++ High-Order Acausal  Models  +++  
SN

E 
19

/1
, A

pr
il 

20
09

 
t N 

12 

    DCMotor(c1); 
    Inertia(c1,c2,0.2); 
    FlexibleShaft(c2,RotCon(),120); 
}; 

FlexibleShaft

Rot-

Con()

ShaftElement

def ShaftElement = model(ca,cb){ 
    def c1 = RotCon(); 
    Spring(ca,c1,8); 
    Damper(ca,c1,1.5); 
    Inertia(c1,cb,0.03); 
}; 

ShaftElement 

defrec FlexibleShaft = model(ca,cb,n){ 
   if(n==1) 
      ShaftElement(ca,cb) 
   else{ 
      def c1 = RotCon(); 
      ShaftElement(ca,c1); 
      FlexibleShaft(c1,cb,n-1); 
   }; 

}; 

if

n 

c1

FlexibleShaft 

if

cb 

MechSys 

3.3 Higher-order functions for generic model 
transformation 

Resistor Capacitor ShaftElement 

def composeparallel = func(M1,M2){ 
   model(p,n){ 
      M1(p,n); 
      M2(p,n); 
   } 
}; 

Resistor 

Resis-

Figure 3. 
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tor Inductor 

def set = func(M,val){ 
   model(p,n){ 
      M(p,n,val); 
   } 
}; 

Foo 

def Foo = composeparallel(set(Resistor, 100), 
                          set(Inductor, 0.1)); 

def composeserial = func(M1,M2,Con){ 
   model(p,n){ 
      def w = Con(); 
      M1(p,w); 
      M2(w,n); 
   } 
}; 

composeserial 

FlexibleShaft

recmodel

defrec recmodel = model(M,C,ca,cb,n){ 
   if(n==1) 
      M(ca,cb) 
   else{ 
      def c1 = C(); 
      M(ca,c1); 
      recmodel(M,C,c1,cb,n-1); 
   }; 
}; 

FlexibleShaft

M 

C

M

C n 

def serialize = func(M,C,n){ 
   model(ca,cb){ 
      recmodel(M,C,ca,cb,n); 
   } 
}; 

serialize

def MekSys2 = model(){ 
   def c1 = RotCon(); 
   def c2 = RotCon(); 
   DCMotor(c1); 
   Inertia(c1,c2,0.2); 
   def FlexibleShaft = 
          serialize(ShaftElement,RotCon,120); 
   FlexibleShaft(c2,RotCon()); 
}; 

def Res50=serialize(set(Resistor,100),Wire,50) 

4 Future perspectives of higher-order 
modeling 

• 
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5 Related work 

5.1 Functional Hybrid Modeling 

5.2 Metaprogramming and metamodeling 
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5.3 Modelica redeclare and for equations 

model RefinedResistorCircuit = 
 GenericResistorCircuit( 
  redeclare model ResistorModel=TempResistor); 

extends GenericResistorCircuit 
  (redeclare model ResistorModel=TempResistor) 

for

6 Conclusions 
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