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About CLADAbout CLAD

● Clang based c++ pluginClang based c++ plugin
● Provides a tool for applying automatic Provides a tool for applying automatic 

differentiationdifferentiation
● ApplicationsApplications



  

CLAD StatusCLAD Status

● Supports member functions (including template classes)Supports member functions (including template classes)

● Supports functorsSupports functors

● Supports mixed derivativesSupports mixed derivatives

● Supports n-th order derivativesSupports n-th order derivatives

● Constant foldingConstant folding



  

DemoDemo

● FunctorsFunctors

classclass  SimpleExpressionSimpleExpression { {
        floatfloat x, y; x, y;
publicpublic::
        SimpleExpressionSimpleExpression((floatfloat x,  x, floatfloat y) : x(x), y(y) {} y) : x(x), y(y) {}
        floatfloat  operatoroperator()(()(floatfloat x,  x, floatfloat y) {  y) { returnreturn x * x + y * y;} x * x + y * y;}
};};

floatfloat  operator_call_dxoperator_call_dx((floatfloat x,  x, floatfloat y) { y) {
    returnreturn (1.F * x + x * 1.F) + ((0.F * y + y *  (1.F * x + x * 1.F) + ((0.F * y + y * 
0.F));0.F));
}}

floatfloat  operator_call_dyoperator_call_dy((floatfloat x,  x, floatfloat y) { y) {
    returnreturn (0.F * x + x * 0.F) + ((1.F * y + y *  (0.F * x + x * 0.F) + ((1.F * y + y * 
1.F));1.F));
}}

floatfloat  operator_call_dxoperator_call_dx((floatfloat x,  x, floatfloat y) { y) {
        returnreturn (x + x); (x + x);
}}

floatfloat  operator_call_dyoperator_call_dy((floatfloat x,  x, floatfloat y) { y) {
        returnreturn (y + y); (y + y);
}}

cladclad::::differentiatedifferentiate(&(&SimpleExpressionSimpleExpression::operator(), 0);::operator(), 0);
cladclad::::differentiatedifferentiate(&(&SimpleExpressionSimpleExpression::operator(), 1);::operator(), 1);



  

DemoDemo

● Class method callsClass method calls

classclass  AA { {
publicpublic::
        floatfloat  g_1g_1((floatfloat x,  x, floatfloat y) {   y) {  returnreturn x*x + y; } x*x + y; }
};};

floatfloat  g_1_dxg_1_dx((floatfloat x,  x, floatfloat y) { y) {
        returnreturn (1.F * x + x * 1.F) + (0.F); (1.F * x + x * 1.F) + (0.F);
}}
  
floatfloat  g_1_dyg_1_dy((floatfloat x,  x, floatfloat y) { y) {
        returnreturn (0.F * x + x * 0.F) + (1.F); (0.F * x + x * 0.F) + (1.F);
}}

floatfloat  g_1_dxg_1_dx((floatfloat x,  x, floatfloat y) { y) {
        returnreturn (x + x); (x + x);
}}

floatfloat  g_1_dyg_1_dy((floatfloat x,  x, floatfloat y) { y) {
        returnreturn 1.F; 1.F;
}}

cladclad::::differentiatedifferentiate(&(&AA::g_1, 0);::g_1, 0);
cladclad::::differentiatedifferentiate(&(&AA::g_1, 1);::g_1, 1);



  

DemoDemo

● Template functionsTemplate functions

templatetemplate<<typenametypename T> T>
TT  multiplicationmultiplication((TT x) { x) {
        returnreturn x * x; x * x;
}}

floatfloat  multiplication_dxmultiplication_dx((floatfloat x) { x) {
        returnreturn (1.F * x + x * 1.F); (1.F * x + x * 1.F);
}}
  
doubledouble  multiplication_dxmultiplication_dx((doubledouble x) { x) {
        returnreturn (1. * x + x * 1.); (1. * x + x * 1.);
}}

floatfloat  multiplication_dxmultiplication_dx((floatfloat x) { x) {
        returnreturn (x + x); (x + x);
}}

doubledouble  multiplication_dxmultiplication_dx((doubledouble x) { x) {
        returnreturn (x + x); (x + x);
}}

cladclad::::differentiatedifferentiate((multiplicationmultiplication<<floatfloat>, 0);>, 0);
cladclad::::differentiatedifferentiate((multiplicationmultiplication<<doubledouble>, 0);>, 0);



  

DemoDemo

● Mixed derivativesMixed derivatives

floatfloat  f1f1((floatfloat x,  x, floatfloat y) { y) {
    returnreturn x * x + y * y; x * x + y * y;
}}

floatfloat  f1f1_dx_dx((floatfloat x,  x, floatfloat y) { y) {
        returnreturn (1.F * x + x * 1.F) + ((0.F * y + y  (1.F * x + x * 1.F) + ((0.F * y + y 
* 0.F));* 0.F));
}}

floatfloat  f1_dx_dyf1_dx_dy((floatfloat x,  x, floatfloat y) { y) {
        returnreturn ((0.F * x + 1.F * 0.F) + ((0.F *  ((0.F * x + 1.F * 0.F) + ((0.F * 
1.F + x * 0.F))) + ((((0.F * y + 0.F * 1.F) + 1.F + x * 0.F))) + ((((0.F * y + 0.F * 1.F) + 
((1.F * 0.F + y * 0.F)))));((1.F * 0.F + y * 0.F)))));
}}

floatfloat  f1_dxf1_dx((floatfloat x,  x, floatfloat y) { y) {
        returnreturn (x + x); (x + x);
}}

floatfloat  f1_dx_dyf1_dx_dy((floatfloat x,  x, floatfloat y) { y) {
        returnreturn (0.F); (0.F);
}}

  auto auto f1_dx_clad_funcf1_dx_clad_func =  = cladclad::::differentiatedifferentiate((f1f1, 0);, 0);
  auto auto f1_dx_dy_clad_funcf1_dx_dy_clad_func =  = cladclad::::differentiatedifferentiate((f1_dxf1_dx, 1);, 1);



  

DemoDemo

● N-th derivativeN-th derivative

floatfloat  test_2test_2((floatfloat x,  x, floatfloat y) { y) {
    returnreturn x * x + y * y; x * x + y * y;
}}

floatfloat  test_2_dytest_2_dy((floatfloat x,  x, floatfloat y) { y) {
        returnreturn (0.F * x + x * 0.F) + ((1.F * y + y * 1.F)); (0.F * x + x * 0.F) + ((1.F * y + y * 1.F));
}}

floatfloat  test_2_d2ytest_2_d2y((floatfloat x,  x, floatfloat y) { y) {
        returnreturn ((0.F * x + 0.F * 0.F) + ((0.F * 0.F + x * 0.F))) +  ((0.F * x + 0.F * 0.F) + ((0.F * 0.F + x * 0.F))) + 
((((0.F * y + 1.F * 1.F) + ((1.F * 1.F + y * 0.F)))));((((0.F * y + 1.F * 1.F) + ((1.F * 1.F + y * 0.F)))));
}}

floatfloat  test_2_d3ytest_2_d3y((floatfloat x,  x, floatfloat y) { y) {
        returnreturn (((0.F * x + 0.F * 0.F) + ((0.F * 0.F + 0.F * 0.F))) +  (((0.F * x + 0.F * 0.F) + ((0.F * 0.F + 0.F * 0.F))) + 
((((0.F * 0.F + 0.F * 0.F) + ((0.F * 0.F + x * 0.F)))))) + ((((((0.F * ((((0.F * 0.F + 0.F * 0.F) + ((0.F * 0.F + x * 0.F)))))) + ((((((0.F * 
y + 0.F * 1.F) + ((0.F * 1.F + 1.F * 0.F))) + ((((0.F * 1.F + 1.F * y + 0.F * 1.F) + ((0.F * 1.F + 1.F * 0.F))) + ((((0.F * 1.F + 1.F * 
0.F) + ((1.F * 0.F + y * 0.F)))))))));0.F) + ((1.F * 0.F + y * 0.F)))))))));
}}

floatfloat  test_2_dytest_2_dy((floatfloat x,  x, floatfloat y) { y) {
        returnreturn (y + y); (y + y);
}}

floatfloat  test_2_d2ytest_2_d2y((floatfloat x,  x, floatfloat y) { y) {
        returnreturn (1.F + 1.F); (1.F + 1.F);
}}

floatfloat  test_2_d3ytest_2_d3y((floatfloat x,  x, floatfloat y) { y) {
        returnreturn (0.F); (0.F);
}}

cladclad::::differentiatedifferentiate<3>(<3>(test_2test_2, 1);, 1);



  

DemoDemo

● Heat equationHeat equation

boolbool heat_equation( heat_equation(doubledouble x, ,  x, , doubledouble y,  y, doubledouble z,  z, doubledouble t) { t) {
    float a = 1.4;float a = 1.4;
    auto auto heat_equation_dtheat_equation_dt =  = cladclad::::differentiatedifferentiate((heat_equation_funcheat_equation_func, 3), 3)
    auto auto heat_equation_d2xheat_equation_d2x =  = cladclad::::differentiatedifferentiate<2>(<2>(heat_equation_funcheat_equation_func, 0);, 0);
    auto auto heat_equation_d2yheat_equation_d2y =  = cladclad::::differentiatedifferentiate<2>(<2>(heat_equation_funcheat_equation_func, 1);, 1);
    auto auto heat_equation_d2zheat_equation_d2z =  = cladclad::::differentiatedifferentiate<2>(<2>(heat_equation_funcheat_equation_func, 2);, 2);

    returnreturn  heat_quation_dtheat_quation_dt.execute(x, y, z, t) == a *.execute(x, y, z, t) == a *
        ((heat_quation_d2xheat_quation_d2x.execute(x, y, z, t) + .execute(x, y, z, t) + heat_quation_d2yheat_quation_d2y.execute(x, y, z, t).execute(x, y, z, t)
          + + heat_quation_d2zheat_quation_d2z.execute(x, y, z, t));.execute(x, y, z, t));
}}

doubledouble  heat_equation_funcheat_equation_func((doubledouble x,  x, doubledouble y,  y, doubledouble z,  z, doubledouble t) { t) {
    return sin(x) + sin(y) + sin(z) + t * t;return sin(x) + sin(y) + sin(z) + t * t;
}}



  

Clad in actionClad in action

● Used in raytracerUsed in raytracer
– Calculates normal vectors in tracingCalculates normal vectors in tracing



  

Future workFuture work

● Derive function taking vector of pointsDerive function taking vector of points
● Implement second and higher order mixed Implement second and higher order mixed 

derivativesderivatives
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