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Implementing a Fusion-equipped Library with boost::proto

KIMINORI MATSUZAKIY®  KENTO EMOTO?

Abstract: Fusion transformation is a program transformation that composes functions or loops into a single
one to remove intermediate data. In a programming style in which we compose small program pieces, we
can gain the performance of a program with fusion transformation. An approach for implementing fusion
transformation in C++ is to use a meta-programming technique called expression templates. However, if we
develop programs directly with expression templates, programs are often complicated due to mixed program
pieces for constructing abstract syntax trees and for applying optimization to them. Recently, a template
library called boost::proto has been developed for clear implementation of expression templates. We expect
that we can develop a fusion-equipped library easily and clearly by using boost::proto. We have been devel-
oping a parallel skeleton library that provides computation patterns for parallel programming (called parallel
skeletons). We try to rewrite the fusion optimization mechanism in the library using boost::proto so that
it has high extendability. In this paper, we report the advantages and problems in the implementation of a
fusion-equipped library with boost::proto.
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struct vect {
int data[SIZE];
int& operator[] (int i) { return datalil; 1}
const int& operator[](int i) const { return datalil; 1}
void print() comst { ... }

}s

template <typename F>

vect

map (const F f, const vect &xs) {
vect ret;
for (int i = 0; i < size; i++) ret[i] = f(xs[il);

return ret;

01 00000000000 vectUOO map OO0 4dd

struct mult {
typedef int result_type;
int a;
mult (int a_) : a(a_) {};

int operator () (int x) const { return a * x; }

};

int main() {
vect xs; xs[0] = 2; xs[1] = 3;

vect ys = map(mult(99), map(mult(77), xs));

ys.print (); return O;

02 000 a000000000000000 mlt0O,00mp 000000000



© 00 N O Ut e W N

[T I S S
S © 0 N O U R W NN = O

© 00 N O Ut s W N

NN N N N = o e e e e e e e e
=W N R O © 00NN O Ut ke W NN = O

2012-5-(6): 0000000000 ODO0OOD0O0O0 ODOODO 20130 20 280

template<typename F, typename XS>

struct mapobj {
const F f; const XS &xs;
mapobj(const F& f_, const XS& xs_) : f(f_), xs(xs_) {}
int operator[](int i) comnst { return f(xs[i]); }

};

template<typename F, typename XS>

mapobj<F, XS>

map(const F f, const XS& xs) {
return mapobj<F, XS>(f, xs);

template<typename XS>

vect

myeval (const XS& xs) {
vect ret;
for (int i = 0; i < size; i++) retl[i] = xs[i];
return ret;

03 Obooooooooooooooooo

struct tag_map {};

template<typename F, typename Arg>
typename proto::result_of::make_expr<proto::tag::function,
typename proto::result_of::make_expr<proto::tag
typename proto::result_of::make_expr<proto::tag
Arg
>::type const
map(const F f, const Arg &arg) {

return proto::make_expr<proto::tag::function>(

arg);

template<typename F>
typename proto::result_of::make_expr<proto::tag::function,
typename proto::result_of::make_expr<proto::tag
typename proto::result_of::make_expr<proto::tag
typename proto::result_of::make_expr<proto::tag
>::type const

map(const F f, const vect &xs) {

::terminal,
::terminal,

proto::make_expr<proto::tag::terminal>(tag_map()),
proto::make_expr<proto::tag::terminal>(f),

::terminal,
::terminal,
::terminal,

tag_map>::type,
F>::type,

tag_map>::type,
F>::type,
const vect&>::type

return map(f, proto::make_expr<proto::tag::terminal>(boost::ref(xs)));

0 4 boostuproto 00000000000
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struct unfused_context
proto::callable_context<const unfused_context, proto::null_context> {
typedef vect result_type;
vect operator () (proto::tag::terminal, vect xs) const {
return xs;
}
template<typename F, typename XS>
vect operator () (proto::tag::function, typename proto::terminal<tag_map>::type consté,
F f, XS xs) const {
vect ys = proto::eval(xs, *this);
auto func = proto::eval(f, proto::default_context());
vect ret; for (int i = 0; i < size; i++) ret[i] = func(ys[i]);

return ret;
¥
};

// User program

int main ()

{

auto prog = map(mult(99), map(mult(77), xs));
vect ys = proto::eval(prog, unfused_context());

05 O0O0O0O0O00OO0O0OO0Ooooo

struct fused_context
proto::callable_context<const fused_context, proto::null_context> {
typedef int result_type;
const int index;
fused_context(int index_) : index(index_) {};

int operator () (proto::tag::terminal, const vect &xs) const {

return xs[index];

template<typename F, typename XS>
int operator () (proto::tag::function, typename proto::terminal<tag_map>::type const &,

F f, XS xs) const {
return proto::value(f)(proto::eval(xs, *this));

}
}s
template<typename Expr>
vect myeval(Expr &expr) {

vect ret;

for (int i = 0; i < size; i++) ret[i] = proto::eval(expr, fused_context(i));

return ret;

06 OOOOOOOOOO
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template <typename F, typename G>
struct comp {
const F f; const G g;
comp(const F& f_, const G& g_) : f(£f_), g(g_) { }
typedef int result_type;
int operator () (int x) const { return f(g(x)); }
3

struct MapMapFusion
proto::or_<
// case 1: map(f, map(g, xs)) --- f, g, Xs are parameters
proto::when<
// if the following pattern matches,
proto::function<proto::terminal<tag_map>, _,
proto::function<proto::terminal<tag_map>, _, _> >,
// transform it into an object of type
proto::function< proto::_left,
proto::plus<proto::_child_c<1>, proto::_child_c<1>(proto::_child_c<2>) >,
proto::_child_c<2>(proto::_child_c<2>) >
(
// with the following values
proto::_left,

proto::plus<proto::_child_c<1>, proto::_child_c<1>(proto::_child_c<2>) >(
proto::_child_c<1>, proto::_child_c<1>(proto::_child_c<2>)),

proto::_child_c<2>(proto::_child_c<2>)
)>

// case 2: otherwise

proto::when<_,

proto::_expr>
>
{};

07 O0OO0O0OO0OOOOODOODOODOO

struct mult {

template<typename G>
comp<mult, G>
operator+(const G& g) const { return comp<mult, G>(*this, g); }

};

int main ()

{

auto prog = map(mult(99), map(mult(77), xs));
vect ys = proto::eval(MapMapFusion() (prog), unfused_context());
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