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Implementation of Parallel Skeleton Library “SkeTo”

Kiminori Matsuzaki Kento Emoto

Graduate School of Information Science and Technology, University of Tokyo

Abstract. Though parallel programming is getting more and more important ac-
cording to the evolution of the hardware, it is still a complicated and hard task.
Skeletal parallel programming is a promising way to parallel programming, in which
we build parallel programs by composing ready-made computational patterns called
parallel skeletons.
The authors’ group has developed a parallel skeleton library “SkeTo,” which is

implemented in C++ and MPI for distributed-memory parallel environments. Re-
cently, the implementation of the SkeTo library was improved and the two impor-
tant changes are as follows. First, the interface of the parallel skeleton functions
was polished. Second, the fusion-optimization mechanism was implemented based
on so-called expression template techniques. In this paper, we show the design and
implementation of the new SkeTo parallel skeleton library.
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map(f, [a1, a2, . . . , an]) = [f(a1), f(a2), . . . , f(an)]

zip(f, [a1, a2, . . . , an], [b1, b2, . . . , bn]) = [f(a1, b1), f(a2, b2), . . . , f(an, bn)]

reduce(⊕, [a1, a2, . . . , an]) = a1 ⊕ a2 ⊕ · · · ⊕ an

scan(⊕, [a1, a2, . . . , an]) = [ι⊕, a1, . . . , a1 ⊕ a2 ⊕ · · · ⊕ an−1]

1: . , ι⊕ ⊕ .

map(f, ⟨as1, . . . , asp⟩) = let for each i ∈ [1..p]: bsi = mapl(f, asi)
in ⟨bs1, . . . , bsp⟩

zip(f, ⟨as1, . . . , asp⟩, ⟨bs1, . . . , bsp⟩) = let for each i ∈ [1..p]: csi = zipl(f, asi, bsi)
in ⟨cs1, . . . , csp⟩

reduce(⊕, ⟨as1, . . . , asp⟩) = let for each i ∈ [1..p]: bi = reducel(⊕, asi)
in reduceg(⊕, ⟨b1, . . . , bp⟩)

scan(⊕, ⟨as1, . . . , asp⟩) = let for each i ∈ [1..p]: bsi = scanl(⊕, asi); ci = reducel(⊕, asi)
⟨d1, . . . , dp⟩ = scang(⊕, ⟨c1, . . . , cp⟩)
for each i ∈ [1..p]: esi = mapl((di⊕), bsi)

in ⟨es1, . . . , esp⟩
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#include <iostream>

using namespace std;

const int n = 10000000;

int main(int, char**) {

int *as = new int[n];

double ave = 0;

for (int i = 0; i < n; ++i) {

as[i] = i*i*i*i*i % 100;

ave += as[i];

} ave /= n;

double var = 0;

for (int i = 0; i < n; ++i) {

var += (as[i]-ave) * (as[i]-ave);

} var /= n;

cout << var << endl;

delete [] as;

}
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#include <iostream>

#include <sketo/sketo.h>

#include <sketo/list_skeletons.h>

const int n = 10000000;

using namespace std;

using namespace sketo;

using namespace sketo::list_skeletons;

struct gen

: public functions::base<int (int)> {

int operator()(int i) const {

return i*i*i*i*i % 100;

}

};

int sketo::main(int, char**) {

dist_list<int> as;

as = generate(n, gen());

double ave

= reduce(plus<double>(), as) / n;

double var

= reduce(plus<double>(),

map(functions::square<double>(),

map(bind2nd(minus<double>(), ave),

as))) / n;

sketo::cout << var << endl;

}
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#include <iostream>

#include <vector>

#include <functional>

#include <algorithm>

#include <numeric>

using namespace std;

const int n = 10000000;

struct gen {

mutable int index;

gen() : index(0) {};

double operator()() const {

const int i = index++;

return i*i*i*i*i % 100;

}

};

struct sqr {

double operator()(double x) const {

return x * x;

}

};

int main(int, char**) {

vector<double> as(n);

generate(as.begin(), as.end(), gen());

double ave

= accumulate(as.begin(), as.end(),

0.0, plus<double>()) / n;

transform(as.begin(),as.end(),as.begin(),

bind2nd(minus<double>(), ave));

transform(as.begin(),as.end(),as.begin(),

sqr());

double var

= accumulate(as.begin(), as.end(),

0.0, plus<double>()) / n;

cout << var << endl;

}
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2: 18-Queens (
)
CPU 1 4 16 32

SkeTo 554 157 39.9 20.9
nq24 596 149 37.3 18.7
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