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The super lightweight thread execution (meta-thread) method
using the logical thread collecting

Kentarou AKASHI† and Hiroshi MATSUO†

In order to describe a program efficiently and briefly on a SMP computer, the method often

used is the description method which used the thread. However, when there are very many

threads generated, overheads, such as thread generation, are very large. Then, we propose

the meta-thread system which performs efficient processing, when not OS but a library pro-

cesses thread generation etc. Moreover, the efficiency of description is maintained as much as

possible. This does not generate a thread in fact to the thread generation by the programmer,

but performs sequentially on a small number of real thread.

Moreover, we implemented as a library with the interface similar to the pthread library well

known as the thread generation method in order to make description of a program intelligi-

ble. However, in a pthread library, it is difficult to describe the dependency between threads.

Then, it extended in order to describe the dependency between threads.

1. Ë0ÌÎÍ)Ï
ÐPÑ©ÒPÓPÔ=Õ�ÖF×DØkÙkÚ"ÛJÜwÝ�Ò

SMP ÞDß³à"á ÖâPãkäPå Þbß ÖFæ�ç©èÈéÈêfë�ì àwí Ö�î àkïbð Ý³ñ .ò9ó
ò Ò
SMP ÞPßÈô âbãkäkå©õÈöb÷�øbù¸úNûkü�ýñJþ¸ÿPÛ��=Ò������¸Û�� âSã Ú
	�� à
��� úNý�� ð������� î ò ð ûDüPý ñ?Ò��bþ���������� ú���� ò ð�� �!�"$#�% ú �¸Ý à è'&(��� ý ñ õ©ö=÷Dø=ùkúNûDüPýñ*),+¸è�-�ñ

.ý�� ð â�ã Ú ý ñ$.0/1�kÒ âkã,2 è�304³Û�576�8
àDï þ:9�;¸Ò � �����=<�>�?7@�A�B0C �EDF��G �IH à
á Ö � ���J�LK å Û�304ÈÛ:MN8?Ö�O�PDè�)
+ î à êfÒ�bþ

OS
Ûwé ê K å 	�� à�Q�R 2 è
- ê$SUT ú*V�W ð

† X(YFZ\[^]`_`a^bdcfefgh[da^i
Nagoya Institute of Technology, Electrical and Com-

puter Engeneering

� ���J�L<�> ú � W à Ý
îAÝkjhl$mÈè
-�ñ .
õ öb÷kø

n Û¸é ê �  �!�"$#�% ú �EjF.�/0�=Ò � �����oK å Öl�m1�
p�q ô 6DñJèbÒ õ©öS÷kø=ù è�r�s"Û à ñ�	���tè
-wñ
.SUTu&^Ö�l*m úUv�wký ñJþ�ÿ�Ò
x Û
5�y�z à âSã tú�{Pý ñ:l�m"Û�| ý ñ�}�/�è�M 2�~��u� T ð Ý ñ
�
M� &��
longjmp ��� ú*� Ý©ñ�S�î^Û�é©êfÒI� � twè��8|ÒI��� à������ �:��� ø G�� ø��;ú�~�� ò ð Ý©ñ 1)

�
Cilk2)

Ò
StackThreads3) ô �=Ò:��� âSã à³á Û��J&T"ñ?Ò�� �
� PDÖ
����t úU�,� ò Ò�5�y�z âSãDäPå Û|�� ò ð Ý ñ
���bþ VIOS4) ô �=Ò � ���7� ú
��� à%
# õ Û¸éPñ*��� äPå,��  6�¡ W ñ

.
ò;ó ò Ò�S�TN&

Ö�}�/�� õ©öP÷kø=ù Ö ûkü îAÝ¢j¤£ ô �SÒ C/C++ ¥¦ Û ��§ ñ à³áf¨�© Ö õ öS÷Dø0ª A ÷ ¥ ¦ ú�«�� Û ò
ð Ý ñJèPÒ
¬�­1® 2 ú MJ8 ûDüPý ñU),+�è
-�ñ .

�bþPÒ
¯ � ¥ ¦ úU�,� ò ð ÝÈñJþ�ÿ�Ò�°�x à ûkü è�)�+ î à



êfÒ õ©öS÷Dø=ùJûDü Û$| ý ñU� � t����DÝ í Ö ô � àÝ
.
�PþPÒ�S*Tu&^Ö�}�/0�:± # � âbã Ö�²kÒ����0l�m

Ö�² îAÝ ï þ ��� à l�m³Ö�² ú |�³ î ò ð�´ êfÒ�|�³î ò à Ý�l�m"Û
| ò ð �����"Û:O�Pbè óDó ñ?Ò��bþ��û�ü�µ 	�� ô -wñ�}�/ íU©�¶ ý ñ .· S ô Ò:¸�¹,º ô �bÒ
•
5���Ö � �����L<�> Û$| ò ð ��»¸Û � �����=<�>ú �Ej*S¸î à 8|Ò�¼ 2 Ö:� � �����L½ ô:¾�¿ �wÛ��� ú �Ej*SwîNÛ¸é ê � ����� Ö�5�� <�> OkÖ�lm ú�À�Áký ñ

.

•
¹ å � ����� PkÛ
| ý ñUÂ © ®*Ã Ö ûDüÈú 	�� îý ñFþ¸ÿDÛ û�ü .
Ä Û$Å0Æ ú
Ç�È�ý ñ

.

•
������Û�É18(ÊN&hT"ñ � ����� ø G,� ø1� ô -�ñ
pthread

ø G�� ø1� î � þ G A � #0Ë�Ì$# � ú$ÇÈký ñ�S¸îNÛwé ê^� � t ú*Í ï þ õ©öS÷DøSù?ûDüú 	�� î ý ñ
.ú ��Î ý ñ�Ï,� � ���'� ø G
� ø��^ú$~��¸ý ñ .¸�¹�º ô �SÒ 2 Ðkô ��Ñ1Ï�� � ���7� .�Ä Û
Ò¸Ý ðÓ ò Ò

3 Ð¸ô Ï�� � ���7� ø G
� ø�� Û ´0Ô ñ õÈöS÷ø�ª A ÷:Õ ± % Û:Ò©Ý ð Ó ò Ò 4 Ð¸ô pthread
ø G

� ø�� î9Ö � �����L<�> ��ÖÈÛ
| ý ñ�×�Ø¸Ò�����Ù�ÚÛ�| ò ð t
��ÛPØ ú �wÝkÒ 5 Ð�ô Î
O�£ Û ´�Ô ñ�Ï��
� ���'� Ö�l$m�£ Û
Ò�Ý ð Ö ��Ü³ú �wÝkÒ 6 Ð�ô �"îÿwñ��

2. Ý�Þ�ßáà0âáã`ä'å
3
4¸Û
MJ8^Ö � ����� ú ��»wÛ <�> ý ñ�S¸î*�=Ò ��$�0�æ<:>�?1@:A�B,C �kD=��G �`H à á Ö�ç #�è�#
é �� Ò

OS
Û¸ékñ � ���J�L<�> 2 Ö Q:R î9Ý ï þ�l�mÈè

©�¶ ý ñ .
· S ô Ò�S�TN&^Ö�l$m ú�v
êDý ñJþwÿ�Ò
Ï� � ���J� .,Ä ú�~���ý ñ .Ï�� � �$��� .�Ä��FÒ õ¸ö�÷Sø n Ûké=ñ\M��DÖ � �
��ë<�> Û©é êfÒ

( 1 )
<�> � T"ñ�¹ å � ����� ú ¼ 2 Ö:� � ���7�L½Û�ì³ÿ ½�í ñ

.

( 2 )
� � ���7�L½ Û ´ Ý ð:¾�¿ �¸Û�¹ å � ���7� ú��� ý ñ

..
Ä ô -wñ .

î
1 ïfðFñ�òfó*ôöõ=÷fø

Fig. 1 The concept of the Metathread
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Fig. 2 The queue operation is executed when logical

thread cannot execute
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thread execute( ){

mt index p;

for(int i=b h; i<e h; i+=s h ){

for(int j=b w; j<e w; j+=s w){

Set Index( p , i , j);

//
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int result = UsrFunc(task ,p);

if(result == EXIT FILURE)

//
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queue[i].enqueue(p);

}

}

//
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while( queue[i].num != EMPTY){

p = queue[i].dequeue();

//
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int result = UsrFunc(task ,p);

if(result == EXIT FILURE)

//
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queue[i].enqueue(p);

}

}
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Fig. 3 Inside processing of a meta-thread system
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int main(){

// ¹ �DÚTM0�+º~»
//
� � ���7� 2 Ö��T#
mthread setconcurrency( thread num );

// � ���J� Ö <�>
for(int i = 0;i < h;i++){

for(int j = 0;j < w;j++){

arg.h=h;arg.w=w;arg.m=matrix;

mthread create(&tid[i][j],NULL

,(pUsrFunc)UsrFunc,(void*)arg);

}

}

//
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for(int i = 0;i < h;i++){

for(int j = 0;j < w;j++){

mthread join(tid[i][j] , NULL);

}

}

return 0;

}î
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Fig. 4 The parallel program based on the method of

describing a pthread library

int main(){

// ¹ �DÚTM0�+º~»
mthread setconcurrency( thread num );

mthread t tid; // � ���'�ÓÒ"ÔTÕ
mt index p;

p.dimension = 2; // Ö�× %
# õ ó ú �y#
p.index[0][0] = 0; //

%
# õ w?x ú �$#
p.index[0][1] = h-1;

p.index[1][0] = 0;

p.index[1][1] = w-1;

mthread create(&tid,NULL // � ���'� Ö <�>
,(pUsrFunc)UsrFunc,(void*)matrix,&p);

// � ���J� Ö=(y)��ÙØ
mthread join(tid , NULL);

return 0;

}
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Fig. 5 The parallel program using the meta-thread

library
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int UsrFunc(void* data , mt index * p ){

//// ¹ �kÚ1�+º~»
//
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int h = GetIndex( p , 0);

int w = GetIndex( p , 1);

result[h][w]= 255 - matrix[h][w];

return EXIT SUCCESS;

} î
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Fig. 6 The program which described parallel processing
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int UsrFunc(void* data , mt index * p ){

//// ¹ �kÚ1�+º~»
int h = GetIndex( p , 0);

int w = GetIndex( p , 1);

CHECK(p,h,w-1); //
Â © ®�Ã$!T#

matrix[h][w]=2*matrix[h][w-1];

return EXIT SUCCESS;

}

î
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Fig. 7 A parallel program with a dependency
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CPU:Pentium3 866MHz x 2 � Mem-

ory:512Mbyte � OS:Solaris8 A SMP B�C�D��"� �&� .

DP  E�F!G#�%&A&H�I�JLK�M @ � DP  E�F!�#�%�A

g(i, j) = min

{

g(i− 1, j) + d(i, j)

g(i− 1, j − 1) + 2d(i, j)

g(i, j − 1) + d(i, j)
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Table 1 Execution time of DP matching|2} uv~v��� 40x40 80x80 161x161 4096x4096

pthread 0.36 1.37 4.84 -

metathread 0.018 0.018 0.018 48.7
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Fig. 8 The filter processing result using the meta-thread

library.
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Fig. 9 The DP-matching processing result using the

meta-thread library.
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