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ĎĭĳĤīŃThreading Building Blocks ßĎĭĳĤīŃTBB) - ҨҝҙҚқҙҜҝҙ֬
ҜҚҙҜҙҍҚҙҗҙҢҧҎҌңґҚ֬қҙҏқҌҗҗґҨҟҟґҕҝҔҎҘҙҔҜҚҙҖҧғҙҎҌҝҧ
ҎҦҢҔҜҖҔҝґҖҧҘҦґқґҜҞқҜҦҜҔҜҝґҗҦ#ҘҌ ҕҙҝҙқҙҙ֬ҘҌ
ҎҦҚҙҖҘҪґҝҜҪ.
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ѽҝқҞҕҝҞқҌ ĎĭĳĤīŃ ęćć

4

ѻҌқҌҖҖґҖҧҘҦґ ҌҖҏҙқҔҝҗҦ Ҕ 
ҜҝқҞҕҝҞқҦҐҌҘҘҦҠ

ѻҙҝҙҕҔ Ҕ ҜҔҘҠқҙҘҔғҌҡҔҪѿҚқҌҎҖґҘҔґҚҌҗҪҝҧҩ Ҕ ғҌҐҌҢҌҗҔ

ѻҌқҌҖҖґҖҧҘҦґ 
ҌҖҏҙқҔҝҗҦ

҉ҟҟґҕҝҔҎҘҌҪ 
қґҌҖҔғҌҡҔҪ 

ҝҔҚҙҎҦҠ ңҌҍҖҙҘҙҎ 
ҚҌқҌҖҖґҖҔғҗҌ

ѶҙҘҕҞқґҘҝҘҦґ ҕҙҘҝґ֬ҘґқҦ

ѶҙҘҝґ֬ҘґқҦ Ҏ ҜҝҔҖґ STL Ҝ ҎҙғҗҙҒҘҙҜҝҧҩ 
ҕҙҘҕҞқґҘҝҘҙҏҙ ҐҙҜҝҞҚҌ ҍґғ ҎҘґңҘҔҠ 

ҍҖҙҕҔқҙҎҙҕ

ѻҖҌҘҔқҙҎҤҔҕ ғҌҐҌҢ

ѺҍґҜҚґҢҔҎҌґҝ ҚҌқҌҖҖґҖҔғҗ ҘҌ ҞқҙҎҘґ 
ғҌҐҌҢ# ҍҌҖҌҘҜҔқҙҎҕҌ җґҝҙҐҙҗ ҚґқґҠҎҌҝҌ 

қҌҍҙҝҦ

ѻҙҝҙҕҔ

Ѻҍ֘қҝҕҔ 
ҐҖҪ 

ҜҔҜҝґҗҘҦҠ 
ҎҦғҙҎҙҎ

ѱқҞҏҙґ

ѻҙҝҙҕҙҍґғҙҚҌҜҘҦґ
ҝҌ֬җґқҦ Ҕ 

ҚҙҐҐґқҒҕҌѽ½½ 
ҔҜҕҖҩҢґҘҔ֬

ѸҌҜңҝҌҍҔқҞґҗҦ֬ җґҘґҐҒґқ ҚҌҗҪҝҔ

ѽҚқҙґҕҝҔқҙҎҌҘ ҐҖҪ ҚҌқҌҖҖґҖҧҘҦҠ ҚқҙҏқҌҗҗ

ѻқҔҗҔҝҔҎҦ ҜҔҘҠқҙҘҔғҌҡҔҔ

ѭҝҙҗҌқҘҦґ ҙҚґқҌҡҔҔ Ҕ қҌғҖҔҢҘҙҏҙ қҙҐҌ 
җҧҩҝґҕҜҦ

ѯҦҢҔҜҖҔҝґҖҧҘҦ֬
ҏқҌҟ ßFlow Graph)

ѹҌҍҙқ ҕҖҌҜҜҙҎ ҐҖҪ 
ҙҚҔҜҌҘҔҪ 

ҎҦҢҔҜҖҔҝґҖҧҘҦҠ 
ҏқҌҟҙҎ# ҕҙҝҙқҦґ 
җҙҏҞҝ ҔҜҚҙҖҘҪҝҧҜҪ 
ҚҌқҌҖҖґҖҧҘҙ

ѷҙҕҌҖҧҘҌҪ
ҚҌҗҪҝҧ ҚҙҝҙҕҌ

ѹґҙҏқҌҘҔҢґҘҘҙґ 
ҢҔҜҖҙ ҖҙҕҌҖҧҘҦҠ 
ҚґқґҗґҘҘҦҠ ҚҙҝҙҕҌ 

(TLS)



҄ҌҍҖҙҘҦ ҚҌқҌҖҖґҖҧҘҦҠ 
ҌҖҏҙқҔҝҗҙҎ



҄ҌҍҖҙҘҦ ҚҌқҌҖҖґҖҧҘҦҠ ҌҖҏҙқҔҝҗҙҎ



Fork-join ғҌҚҞҜҕҌґҝ 
ҔҜҚҙҖҘґҘҔґ ҘґҜҕҙҖҧҕҔҠ 
ғҌҐҌҢ ҙҐҘҙҎқґҗґҘҘҙ Ҕ 
ғҌҝґҗ ҐҙҒҔҐҌґҝҜҪ 
ғҌҎґқңґҘҔҪ ҕҌҒҐҙ֬ Ҕғ ҘҔҠ
ѿҐҙҍґҘ Ҏ ҚқҔҗґҘґҘҔҔ ҐҖҪ 
ҟҞҘҕҡҔҙҘҌҖҧҘҙ֬ Ҕ 
қґҕҞқҜҔҎҘҙ֬ 
ҐґҕҙҗҚҙғҔҡҔҔ
ѵҜҚҙҖҧғҞґҝҜҪ ҕҌҕ ҍҌғҙҎҦ֬ 
ҍҖҙҕ ҐҖҪ ҚҙҜҝқҙґҘҔҪ 
ҐқҞҏҔҠ ңҌҍҖҙҘҙҎ

ѻқҔҗґқҦ: ѽҙқҝҔқҙҎҕҌ ҜҖҔҪҘҔґҗ# 
ҍҦҜҝқҌҪ ҜҙқҝҔқҙҎҕҌ ßҁҙҌқҌà, ҐқҞҏҔґ 
ҌҖҏҙқҔҝҗҦ êқҌғҐґҖҪ֬-Ҕ-ҎҖҌҜҝҎҞ֬ë

҄ҌҍҖҙҘ" Fork-Join



ҀҞҘҕҡҔҙҘҌҖҧҘҌҪ ҐґҕҙҗҚҙғҔҡҔҪ
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int e;

main () {

int x[10], j, k, m;   j = f(x, k); m = g(x, k); 

...

}

int f(int *x, int k)

{

int a;   a = e * x[k] * x[k];   return a;

}

int g(int *x, int k)

{

int a;   k = k - 1;  a = e / x[k];   return a;

}

ʇʦʪʦʢˉ0

ʇʦʪʦʢˉ1

ʉʪʘʪʠʯʝʩʢʘʷ ʧʝʨʝʤʝʥʥʘʷ: ʦʙʱʘʷ
ɻʣʦʙʘʣʴʥʘʷ ʜʣʷ ʧʦʪʦʢʦʚ: ʦʙʱʘʷ

ʃʦʢʘʣʴʥʳʝ ʧʝʨʝʤʝʥʥʳʝ ʬʫʥʢʮʠʡ



Fork-Join Ҏ ĎĭĳĤīŃ ęćć

task_group g;

...

g. run ( functor 1 );

...

g. run ( functor 2 );

...

g. wait ();

ѱҖҪ ҘґҍҙҖҧңҙҏҙ ҚқґҐҙҚқґҐґҖ֘ҘҘҙҏҙ ҕҙҖҔҢґҜҝҎҌ ғҌҐҌҢ

parallel_invoke ( functor 1, functor 2, ... );

ѶҙҏҐҌ ҕҙҖҔҢґҜҝҎҙ ғҌҐҌҢ ҎґҖҔҕҙ ҔҖҔ ғҌқҌҘґґ ҘґҔғҎґҜҝҘҙ



ѻқҔҗґқ:ҍҦҜҝқҌҪ ҜҙқҝҔқҙҎҕҌ

template <typename I >

void fork_join_qsort ( I begin , I end ) {

typedef typename

std :: iterator_traits <I >:: value_type T;

if ( begin != end ) {

const I pivot = end - 1;

const I middle = std :: partition ( begin , pivot ,

std :: bind ( std :: less <T>(), _1, * pivot ));

std :: swap(* pivot , * middle );

tbb :: parallel_invoke (

fork_join_qsort ( begin , middle ),

fork_join_qsort ( middle + 1, end)

);

}

}



ѯҙғҗҙҒҘҦґ ҚқҙҍҖґҗҦ ҚҌқҌҖҖґҖҔғҗҌ

ѻқҔҗґҘґҘҔґ ҚҌқҌҖҖґҖҔғҗҌ ҝҙҖҧҕҙ ҘҌ ҎҘҞҝқґҘҘґҗ ҞқҙҎҘґ җҙҒґҝ 
ҍҦҝҧ ҘґҨҟҟґҕҝҔҎҘҦҗ: җҌҜңҝҌҍҔқҞґҗҙҜҝҧ

ÅѸҘҙҏҙ ҜҔҘҠқҙҘҔғҌҡҔ֬: ҘҌҕҖҌҐҘҦґ қҌҜҠҙҐҦ ҜҝҌҘҙҎҪҝҜҪ ғҌҗґҝҘҦҗҔ# ґҜҖҔ 
ҘҌ ҎҘҞҝқґҘҘґҗ ҞқҙҎҘґ җҌҖҙ қҌҍҙҝҦ

ÅѻґқґҏқҞғҕҌ: қҌҜҚқґҐґҖґҘҔґ ғҌҐҌҢ ҘҌ ҎҜҩ җҌңҔҘҞ җҙҒґҝ ҍҦҝҧ 
ҘґҨҟҟґҕҝҔҎҘҦҗ

ÅѴҌҕҙҘ ѭҗҐҌҖҌ: ҚҙҜҖґҐҙҎҌҝґҖҧҘҦґ ҙҍҖҌҜҝҔ ҙҏқҌҘҔҢҔҎҌҩҝ ҚҌқҌҖҖґҖҔғҗ 
ҎҜґ֬ ҚқҙҏқҌҗҗҦ



ѯҙғҗҙҒҘҦґ ҚқҙҍҖґҗҦ ҚҌқҌҖҖґҖҔғҗҌ

ѻҌқҌҖҖґҖҔғҗ ҝҙҖҧҕҙ ҘҌ ҎҘґңҘґҗ ҞқҙҎҘґ:

ÅѹґҐҙҏқҞғҕҌ: Ҙґ җҌҜңҝҌҍҔқҞґҝҜҪ# ґҜҖҔ җҌҖҙ қҌҍҙҝҦ ҔҖҔáҔ ҙҘҌ ҚҖҙҠҙ 
ҜҍҌҖҌҘҜҔқҙҎҌҘҌ

ÅѯҦғҦҎҌґҝ ҨҕҜҚҙҘґҘҡҔҌҖҧҘҦ֬ қҙҜҝ ҢҔҜҖҌ ҚҙҝҙҕҙҎ ßoversubscription) # ґҜҖҔ 
ҎҘҞҝқґҘҘҔ֬ ҞқҙҎґҘҧ ҔҜҚҙҖҧғҞґҝ ҘґғҌҎҔҜҔҗҦ֬áҍґғҞҜҖҙҎҘҦ֬ 
ҚҌқҌҖҖґҖҔғҗ

ѸҙҐҞҖҔ җҙҏҞҝ ҍҦҝҧ ҔҜҚҙҖҧғҙҎҌҘҦ ҘҌ Җҩҍҙҗ ҞқҙҎҘґ

ÅѾҌҕ қҌҜҚҌқҌҖҖґҖҔҎҌҝҧ ҔҖҔ Ҙґ қҌҜҚҌқҌҖҖґҖҔҎҌҝҧ% ѯҙҝ Ҏ Ң֘җ ҎҙҚқҙҜ



ѼґҕҞқҜҔҎҘҦ֬ ßҎҖҙҒґҘҘҦ֬à ҚҌқҌҖҖґҖҔғҗ
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҉ҟҟґҕҝҔҎҘҌҪ қґҕҞқҜҔҪ Ҝ fork-join

Åѷґҏҕҙ êҎҕҖҌҐҦҎҌґҝҜҪë

ÅѹҌҕҖҌҐҘҦґ қҌҜҠҙҐҦ 
ҐґҖҪҝҜҪ җґҒҐҞ 
ҚҙҝҙҕҌҗҔ

ÅѵҗґҘҘҙ ҝҌҕ ҞҜҝқҙґҘҦ 
tbb :: parallel_for , 
tbb :: parallel_reduce

ѼґҕҞқҜҔҎҘҦ֬ fork -join ҙҍґҜҚґҢҔҎҌґҝ 
ҎҦҜҙҕҞҩ ҜҝґҚґҘҧ ҚҌқҌҖҖґҖҔғҗҌ



MapҚқҔҗґҘҪґҝ 
ҞҕҌғҌҘҘҞҩ ҟҞҘҕҡҔҩ ҕ 
ҕҌҒҐҙҗҞ ҨҖґҗґҘҝҞ Ҕғ 
ғҌҐҌҘҘҙҏҙ ҘҌҍҙқҌ
҉ҝҙ җҙҒґҝ ҍҦҝҧ ҘґҕҔ֬ 
ҘҌҍҙқ ҐҌҘҘҦҠ ҔҖҔ 
ҌҍҜҝқҌҕҝҘҦ֬ ҔҘҐґҕҜ

ѯ ҜґқҔ֬Ҙҙ֬ ҚқҙҏқҌҗҗґ 
Ҩҝҙ ҢҌҜҝҘҦ֬ ҜҖҞҢҌ֬ 
ҔҝґқҔқҙҎҌҘҔҪ Ý
ҘґғҌҎҔҜҔҗҦґ ҙҚґқҌҡҔҔ.

A = map(f)(B);

ѻқҔҗґқҦ: ҡҎґҝҙҎҌҪ ҕҙққґҕҡҔҪ 
ҔғҙҍқҌҒґҘҔ֬; ҚқґҙҍқҌғҙҎҌҘҔґ 
ҕҙҙқҐҔҘҌҝ; ҝқҌҜҜҔқҙҎҕҌ ҖҞҢґ֬$ 
җґҝҙҐҦ ѸҙҘҝґ-ѶҌқҖҙ

҄ҌҍҖҙҘ" Map



ѻҌқҌҖҖґҖҔғҗ Қҙ ҐҌҘҘҦҗ

ѻҙҜҖґҐҙҎҌҝґҖҧҘҦ֬ ҕҙҐ
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for ( int i = N/2; i < N; i++) a[ i ] = foo(i);

for (int i = 0; i < N/2; i++) a[i ] = foo(i);

const int N = 1000;
int a[N];
for ( int i = 0; i < N; i++) a[i] = foo(i);

ʃʦʢʘʣʴʥʘʷ ʧʘʤʷʪʴ
ʈʘʟʜʝʣʷʝʤʘʷ ʧʘʤʷʪʴ

ѻҙҝҙҕ ŏ:

ѻҙҝҙҕ ŏ;



ѻҌқҌҖҖґҖҔғҗ Қҙ ҐҌҘҘҦҗ
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ʈʘʟʜʝʣʷʝʤʘʷ 

ʧʘʤʷʪʴ

ʇʦʪʦʢˉ0 ʇʦʪʦʢ ˉ2

ʇʦʪʦʢ ˉ1

f ( )

f ( )

f ( )



tbb::parallel_for

parallel_for ( lower, upper, functor );

ѻқҔҗґҘҔҝҧ functor ( i ) ҕҙ ҎҜґҗ i Í [lower, upper)

ѻқґҐҙҜҝҌҎҖҪґҝҜҪ Ҏ ҘґҜҕҙҖҧҕҔҠ ҎҌқҔҌҘҝҌҠ

parallel_for ( lower, upper, stride, functor );

ѻқҔҗґҘҔҝҧ functor ( i )# ҔғҗґҘҪҪ i Ҝ ғҌҐҌҘҘҦҗ ңҌҏҙҗ

parallel_for ( range, functor [, partitioner ] );

ѻқҔҗґҘҔҝҧ functor ( subrange ) ҐҖҪ ҘҌҍҙқҌ subrange Ҕғ range



ѻқҔҗґқ Ҝ parallel_for

void saxpy ( float a, float x[], float (& y)[], size_t n ) {

tbb :: parallel_for ( size_t ( 0), n, [&]( size_t i ) {

y[ i ] += a * x[ i ];

});

}

void saxpy ( float a, float x[], float (& y)[], size_t n ) {

size_t gs = 1000 ;

tbb :: parallel_for ( tbb :: blocked_range <size_t >( 0, n, gs ),

[&]( tbb :: blocked_range <size_t > r ) {

for ( size_t i = r . begin (); i != r . end (); ++i )

y[ i ] += a * x[ i ];

}, tbb :: simple_partitioner () );

}



ѿҚқҌҎҖґҘҔґ қҌҜҚқґҐґҖґҘҔґҗ қҌҍҙҝҦ

parallel_for ( range, functor, simple_partitioner () );

affinity_partitioner affp ;

parallel_for ( range, functor , affp );

parallel_for ( range, functor, auto_partitioner () );

ѼґҕҞқҜҔҎҘҙґ ҐґҖґҘҔґ ҘҌ җҌҕҜҔҗҌҖҧҘҙ ҎҙғҗҙҒҘҞҩ ҏҖҞҍҔҘҞ

ѰҖҞҍҔҘҌ ҐґҖґҘҔҪ ҚҙҐҍҔқҌґҝҜҪ ҐҔҘҌҗҔҢґҜҕҔ

ѱґҖґҘҔґ ғҌҚҙҗҔҘҌґҝҜҪ Ҕ Қҙ ҎҙғҗҙҒҘҙҜҝҔ ҎҙҜҚқҙҔғҎҙҐҔҝҜҪ

parallel_for ( range, functor , static_partitioner () );

ѼҌҎҘҙҗґқҘҙґ қҌҜҚқґҐґҖґҘҔґ қҌҍҙҝҦ ҍґғ ҍҌҖҌҘҜҔқҙҎҕҔ



ѲҤ֘ ҚқҔҗґқ" ҚҌқҌҖҖґҖҔғҗҎ <D

tbb :: parallel_for (

tbb ::blocked_range2d <int >( 0, m, 0, n),

[&]( tbb ::blocked_range2d <int > r ) {

int i , j ;

for ( i =r . rows (). begin (); i != r . rows (). end(); ++i )

for ( j =r . rows (). begin (); j != r . cols (). end (); ++j )

a[ i ][ j ] = f ( b[ i ][ j ]);

});

// serial

for ( int i =0; i <m; ++i )

for ( int j =0; j <n; ++j )

a[ i ][ j ] = f ( b[ i ][ j ]);

ѱґҕҙҗҚҙғҔҡҔҪ êҚҖҔҝҕҙ֬ë /*tiling*/ Ҏ 2D 
җҙҒґҝ ҚқҔҎҙҐҔҝҧ ҕ ҖҞҢңґ֬ 
ҖҙҕҌҖҧҘҙҜҝҔ ҐҌҘҘҦҠ# Ңґҗ ҎҖҙҒґҘҘҦґ 
ҚҌқҌҖҖґҖҧҘҦґҡҔҕҖҦҎ ;D.



ѲҜҖҔ parallel_for Ҙґ ҚҙҐҠҙҐҔҝ

parallel_for_each ( first, last, functor );

ѻқҔҗґҘҔҝҧ functor (* iter ) ҕҙ ҎҜґҗ ҨҖґҗґҘҝҌҗ ҕҙҘҝґ֬ҘґқҌ

çѻҌқҌҖҖґҖҧҘҌҪ ҎґқҜҔҪ std :: for_each

çѼҌҍҙҝҌґҝ Ҝҙ ҜҝҌҘҐҌқҝҘҦҗҔ ҕҙҘҝґ֬ҘґқҌҗҔ

parallel_do ( first, last, functor );

Ѿҙ Ғґ Ҝ ҎҙғҗҙҒҘҙҜҝҧҩ ҐҙҍҌҎҔҝҧ қҌҍҙҝҞ êҘҌ ҖґҝҞë

[]( work_item , parallel_do_feeder & feeder ) {

<ʦʙʨʘʙʦʪʢʘ ʧʦʣʫʯʝʥʥʦʛʦ work_item >

if( <ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥ new_work_item > )

feeder. add ( new_work_item );

};

ѱҙҍҌҎҖґҘҔґ ҐҌҘҘҦҠ ҐҖҪ ҙҍқҌҍҙҝҕҔ"



ReduceҙҍҥґҐҔҘҪґҝ# ҚқҔ 
ҚҙҗҙҤҔ ҌҜҜҙҡҔҌҝҔҎҘҙ֬ 
ҙҚґқҌҡҔҔ# ҎҜґ ҨҖґҗґҘҝҦ 
ҘҌҍҙқҌ Ҏ ҙҐҔҘ ҨҖґҗґҘҝ

ѹҌҚқҔҗґқ#reduceҗҙҒҘҙ 
ҔҜҚҙҖҧғҙҎҌҝҧ# ҢҝҙҍҦ 
ҘҌ֬ҝҔ ҜҞҗҗҞ ҨҖґҗґҘҝҙҎ 
ҔҖҔ җҌҕҜҔҗҌҖҧҘҦ֬ 
ҨҖґҗґҘҝ

b = reduce(f)(B);

ѻқҔҗґқҦ: ҎҦҢҔҜҖґҘҔґ ҌҏқґҏҌҝҘҦҠ 
ҟҞҘҕҡҔ֬; ҙҚґқҌҡҔҔ Ҝ җҌҝқҔҡҌҗҔ; 
ҢҔҜҖґҘҘҙґ ҔҘҝґҏқҔқҙҎҌҘҔґ

҄ҌҍҖҙҘ" Reduce/* ҜҎ֘қҝҕҌ */



Reduce Ҏ ĎĭĳĤīŃ ęćć

enumerable_thread_specific <T> sum;

parallel_for ( 0, n, [&]( int i ) {

sum. local () += a[i];

});

T total = s. combine ( std ::plus<T>());

T sum = parallel_reduce ( 

blocked_range <int>(0,n), 

0.f,

[&]( blocked_range <int> r, T s) - > T {

for( int i= r.begin (); i!= r.end (); ++i )

s += a[i];

return s;

},

std ::plus<T>()

);

ѻқҔ ҚҙҗҙҤҔҕҖҌҜҜҌ enumerable_thread_specific

ѻқҔ ҚҙҗҙҤҔ ҟҞҘҕҡҔҔ parallel_reduce



ѽҚҙҜҙҍ Ҝ enumerable_thread_specific

ѻҙҐҠҙҐҔҝ# ґҜҖҔ:

ÁѺҚґқҌҡҔҪ ҕҙҗҗҞҝҌҝҔҎҘҌ

Áѱҙқҙҏҙ ҎҦҢҔҜҖҪҝҧ ҜҎ֘қҝҕҞ ßҘҌҚқ! ҍҙҖҧңҙ֬ қҌғҗґқ ҙҚґқҌҘҐҙҎà

enumerable_thread_specific <T> sum;

...

parallel_for ( 0, n, [&]( int i ) {

sum. local () += a[i];

});

T total = sum. combine ( std ::plus<T>());

ѺҍқҌҤґҘҔґ ҕ 
ҖҙҕҌҖҧҘҙ֬ ҕҙҚҔҔ

ѻқҔҗґҘҪґҝ ҞҕҌғҌҘҘҞҩ 
ҙҚґқҌҡҔҩ ҐҖҪ ҜҎ֘қҝҕҔ 
ҖҙҕҌҖҧҘҦҠ ҕҙҚҔ֬

ѶҙҘҝґ֬Ҙґқ ҐҖҪ 
thread -local 
ҚқґҐҜҝҌҎҖґҘҔ֬



ѽҚҙҜҙҍ Ҝ parallel_reduce

ѻҙҐҠҙҐҔҝ# ґҜҖҔ

ÁѺҚґқҌҡҔҪ ҘґҕҙҗҗҞҝҌҝҔҎҘҌ, Ҙҙ ҌҜҜҙҡҔҌҝҔҎҘҌ

ÁѵҜҚҙҖҧғҙҎҌҘҔґ ҐҔҌҚҌғҙҘҌҞҖҞҢңҌґҝ ҚқҙҔғҎҙҐҔҝґҖҧҘҙҜҝҧ

string concat = parallel_reduce ( 

blocked_range <int>(0, n), 

string(),

[&]( blocked_range <int> r, string s) - >string 

{

for( int i= r.begin (); i!= r.end (); ++i )

s += a[i];

return s;

},

std ::plus<string>()

);

ѽҎ֘қҝҕҌ ҢҌҜҝҔҢҘҦҠ 
қґғҞҖҧҝҌҝҙҎ

ѹґ֬ҝқҌҖҧҘҦ֬ ҨҖґҗґҘҝ

ѽҎ֘қҝҕҌ ҚҙҐҐҔҌҚҌғҙҘҌ

ѹҌҢҌҖҧҘҙґ ғҘҌҢґҘҔґ 
ҐҖҪ ҜҎ֘қҝҕҔ



ѻқҔҗґқ:ҚҙҔҜҕ ҘҌҔҗґҘҧңґҏҙ ҨҖґҗґҘҝҌ
// Find index of smallest element in a[0...n - 1]

int ParallelMinIndex ( const float a[], int n ) {

struct MyMin {float value; int idx ;};

const MyMin identity = {FLT_MAX, - 1};

MyMin result = tbb::parallel_reduce (

tbb:: blocked_range <int>(0,n),

identity,

[&] ( tbb :: blocked_range <int > r, MyMin current) - > MyMin {

for( int i =r.begin (); i <r.end (); ++ i )

if ( a[ i ] < current.value ) {

current.value = a[ i ];

current.idx = i ;

}

return current;

},

[] (const MyMin a, const MyMin b) {

return a.value <b.value ? a : b;

});

return result.idx;

}



ѶҙҗҗґҘҝҌқҔҔ ҕ parallel_reduce

ѸҙҒҘҙ ҞҕҌғҦҎҌҝҧ ҘґҙҍҪғҌҝґҖҧҘҦ֬ ҌқҏҞҗґҘҝpartitioner

ÁѭҘҌҖҙҏҔҢҘҙ parallel_for

ѱҖҪ ҘґҌҜҜҙҡҔҌҝҔҎҘҦҠ ҙҚґқҌҡҔ֬ қґҕҙҗґҘҐҞґҝҜҪ 
parallel_deterministic_reduce

ÁѯҙҜҚқҙҔғҎҙҐҔҗҦ֬ қґғҞҖҧҝҌҝ ҐҖҪ ҌқҔҟҗґҝҔҕҔ Ҝ ҚҖҌҎҌҩҤґ֬ ҝҙҢҕҙ֬

Áѹҙ Ҙґ ҜҙҙҝҎґҝҜҝҎҞґҝ қґғҞҖҧҝҌҝҞ Ҏ ҜґқҔ֬Ҙҙҗ ҕҙҐґ

ÁѼґҕҙҗґҘҐҞґҝҜҪ ҪҎҘҙ ҞҕҌғҦҎҌҝҧ ҏқҌҘҞҖҪқҘҙҜҝҧ

Áѹґ ҚҙғҎҙҖҪґҝ ғҌҐҌҝҧ partitioner



ÅѶҙҘҎґֲґқÝҡґҚҙҢҕҌ Ҕғ 
ҜҝҌҐҔ֬ ҙҍқҌҍҙҝҕҔ 
ҚҙҝҙҕҌ ҐҌҘҘҦҠ

ÅѹґҕҙҝҙқҦґ ҜҝҌҐҔҔ 
җҙҏҞҝ Ҕҗґҝҧ 
ҜҙҜҝҙҪҘҔґ

ÅѸҙҒҘҙ ҙҍқҌҍҌҝҦҎҌҝҧ 
ҐҌҘҘҦґ Қҙ җґқґ 
ҚҙҜҝҞҚҖґҘҔҪ" ŕĮĭīĨĭĤŖ

ѻқҔҗґқҦ: ҜҒҌҝҔґáқҌҜҚҌҕҙҎҕҌ 
ҐҌҘҘҦҠ,ҙҍқҌҍҙҝҕҌ ҜҔҏҘҌҖҙҎ# 
ҟҔҖҧҝқҌҡҔҪ ҔғҙҍқҌҒґҘҔ֬

҄ҌҍҖҙҘ" Pipeline áÛ ҕҙҘҎґ֬ґқ Ûá



ѶҙҘҎґ֬ґқ

ѼҌғҘҦґ ҐҌҘҘҦґ ҘҌ қҌғҘҦҠ 
ҜҝҌҐҔҪҠ

ѼҌғҘҦґ ҐҌҘҘҦґ Ҏ ҙҐҘҙ֬ 
ҜҝҌҐҔҔ# ґҜҖҔ ҝҌҗ Ҙґҝ 
ҜҙҜҝҙҪҘҔҪ

ÁѱҌҘҘҦґ ҘҌ ҎҦҠҙҐґ җҙҏҞҝ ҍҦҝҧ 
ҚґқґҞҚҙқҪҐҙҢґҘҦ

ѸҙҒґҝ ҚҙҘҌҐҙҍҔҝҧҜҪ 
ҍҞҟґқҔғҌҡҔҪ җґҒҐҞ 
ҜҝҌҐҔҪҗҔ


