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A static granularity optimization method of a committed-choice
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7{3{1 Hongo, Bunkyo-Ku, Tokyo

A committed-choice language Fleng can extract maximum parallelism from any programs using

dataow synchronization. But there is large overhead because the granularity of execution is

very �ne. If granularity of a program is coarsened, such overhead can be reduced; but it is not

easy to make a Fleng program coarse because it may change behavior of a program. In this

paper, we propose a granularity optimization algorithm of Fleng programs. We implemented

this algorithm and evaluated it on a parallel computer.
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Committed-ChoiceÖæì Fleng[2]&, =*u��
¸!,ÓïÏÚìï}ÿ%�ñ;��7�!$46,Èï

ê (û¸)ú$S7�*¹;ü0, ÜìÆèä$���7
�+�%�*¹;BI�7�!	8� �7. ��	�
�, F�n��7@�$�ø��, �'$w$%�*¹
;BI 
7.

���, =ó%!U	�$þ���0, Èïê%

ÚÂïÅ, ÌëÑÕú%ÇîÒÅÌÔÌÀÑÐ, }ÿ, G

±!���, �*¡�$���7ÃïØïÝÑÕ	w

�#7. ��	��, �%ÃïØïÝÑÕ%�ä	, î 
M#=h%á!#7.

ÃïØïÝÑÕ%?#ã+&, =ó%!U	þ�;
�7�!$�7. ��	��, �*U;H3��#�K
U$ÜìÆèä%!U;w
��7�!	 
8',Ãï

ØïÝÑÕ;Hä�7�!	 
7. ���, Fleng$

���, !U;ÜìÆèä%&�;���$w
��7
�!&�' &#�. !'$ÜìÆèä;�ð�7!,

ÓÑÕìÑÅ;,
����0 �7.

�ßÎ&, Committed-ChoiceÖæì Fleng$��
�, ÜìÆèä%&�;���$�%!U;üN4�7
�!;�M!�, ¾êÈéÍä%J", =h, �7;ó
#��.

2 Committed-ChoiceNRS Fleng

Fleng&+�Öæì;d^!�7�*�õ¡�æì
 �7. ÊîÏÑÅÌ& Prolog%1%!#�4��7
	,ØÑÅÔèÑÅ;ó#:#�!��Q ,ÎãîÒ¿

ÅÌ&w
�(#7. Committed-ChoiceÖæì$&,

o$GHC, KL1#"	�7.

Fleng&,

� �+�%Èïê;�*$=ó�7.

� =*u��¸;���ÓïÏÚìï}ÿ;!7.

�!$46, þ!U, ô�*#ÜìÆèä%=ó	8�
 �7. �%Q	 Fleng%w
#�E$#���7. #
3$);��#	5\��7.

foo(A,R):- add(A,1,B), mul(B,2,R).

�%ÜìÆèä& R = (A + 1) * 2;=ó�71
% �7. `:-'%új;f_c, -j;iaX!��, c

q ors!é). Fleng%ÜìÆèä&�%4�#I
�[%D.6 �7. Fleng$�7Ø.%=$&\x
m!é'87. �%ÜìÆèä%¬ö, foo(A,R)!�
�¢ÿÈïê	��587!, add(A,1,B), mul(B,2,R)

!�� 2�%Èïê$¤
ù�58, �8�8	�*$

=ó�87. ���, �%¬ö, mul%�& B%?	Ù
I�7. =ó�7�!& 
#�. �%4�#¬ö,

add %=ó	C"� B%?	Ù.7. , mul &=ó;
A> (]^hnc)�, add%=ó	C"� B%?	ÙI
�7!, =ó;ûó (W[`XgYb)�7. �%�ñ
;
�#�=å�7�0, �¸&=*u� �6, ¤

ù�7�!& 
#�. �¸&?	Ù.���#��Ù
.���7�% 2�%°t;1�, *UÙ.���.�
', �%?	�:7�!&	�. �¸%?;Ù07�!
;yw=�7!��.

�þ&8%4�$��.

foo(true,R):- R = 1.

foo(false,R):- R = 0.

�%ÜìÆèä&x*,¸	 true#5' R = 1, false

#5' R = 0;=ó�7ÜìÆèä �7. �%¬ö,

�
,"!}�$, x*,¸	
.7. ÉÌßîÕ�,

?	Ù.��!�9 ¾ÅÒ¿ÞÀÔ�8,�%?$4�
��þ;ó#�.

.�, .J0.&

add(#A,#B,R):- compute(+,A,B,R).

%4�I��8��7. �� `#'%����¸&Ôq
4�87. s��!;��. .�, `compute'&ÉÌ

ßîÕ��$=ó�, ,-¾ÎîÛéæì% add�($

ÇîÙÀê�874�#1% �7. ��	��, compute

;��7ÿ& #$4��?	Ôq4�8��7�!;�
©�#8'#5#�.

3 }���U

ÜìÆèä%!U;w
��7@�!��, Èïê

�ö;��7. Èïê�ö!&, �¸%Èïê; 1�%
Èïê$.!07�!$4��!U;w
��7@� 
�7. #3$Èïê�ö%@�$���K+7.

3.1 }���U����

Èïê�ö;ó#�¬ö&, �8;N��7�!$
4��ÜìÆèä%&�	�4�#��!;�©�#
8'#5#�. �%�I&�8,"�'#�! &#�.

��$);��7.

foo(U,V,R,S):- add(U,U,R), mul(V,V,S).

�%ÜìÆèä$���, foo �5é(I�8��
7 add ! mul ;�ö�,

foo(U,V,R,S):- add_mul(U,V,R,S).

add_mul(#U,#V,R,S):-

compute(+,U,U,R), compute(*,V,V,S).
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!�7�!&����.

foo(1,Tmp,Tmp,S)!��é(I�;ó#��¬ö,

1!%%ÜìÆèä &, add& Tmp = 2;I&�, mul

& Tmp;�&!�� S = 4!��Ú9;��. ���,

�ðë%ÜìÆèä & add mul(1,Tmp,Tmp,S)	 Tmp

%?	Ù.7%;s�m7�0ÓÑÕìÑÅ�7.

��	��Èïê;�ö�7�!$4��ÜìÆè
ä%&�;����.�% ,�%�ù&í6 �7. Èï

ê�ö;ó#�¬ö&, �%4�#ÜìÆèä%&�;
����.��ù;�#8'#5#�.

�%ÜìÆèä$���, add ! mul %�ö	ÓÑ
ÕìÑÅ;,
���%&#��;ò��/4�.

â%ÜìÆèä%ÓïÏÚìïÆèÚ;¶ 1%új$,

�ö��¬ö%ÓïÏÚìïÆèÚ;¶ 1%-j$9�.

U

add

R

V

add

S

U

add_mul

S

V

R

¶ 1: ÓïÏÚìïÆèÚ

�� , U, V, R, S&ÝÑÕ;G��,¸!��ô$
à���7�¸ �7. ��	��V 	 R $, U 	 S $

%n�78�¹	n��7. �8;�Þ [3]%�ì;�
��t�p�<vqz!é(, Q` �5:�.

�öë%ÓïÏÚìïÆèÚ;à7!, _�M#%
nûÕ;G��, U �5 S ;G�� U *, �7�& V

�5 R ;G�� V *!��]Y[l_[�<vqz	
n��7. ÉÀÅéÑÅ#%nûÕ	�7!, :�%I

&$%n�7: �7�5, ÓÑÕìÑÅ;,
��
�. 1!%ÜìÆèä &, ÉÀÅéÑÅ#%nûÕ&
n��#��0, ÓÑÕìÑÅ	��5#�.

3.2 }���U�|�}�~�

ÓÑÕìÑÅ%ã+&ÉÀÅéÑÅ#%nûÕ �
7�5, Èïê�ö;ó#�ÿ$&, ÉÀÅéÑÅ#%
nûÕ;�5#�4�$�8'4�. ��	��ý�¾
êÈéÍä&8%4�$#7.

�7 2�%Èïê	�ö8� �7¯Û&, �% 2�
%Èïê%ú$úYM#%nûÕ	n��#��! 
�7.

�8&, 2�%Èïêú$úYM#%nûÕ	n��
7¬ö&, �ö�7!�#5�ÉÀÅéÑÅ#%nûÕ
;�6I���.��0 �7.

);���\��7. ¶ 2%4�#ÓïÏÚìïÆ
èÚ �5:�87ÜìÆèä;ò�7.
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¶ 2: Èïê�ö%¾êÈéÍä

/&�¸, 0÷&Èïê;�5:�. �%ÜìÆèä
$���, Èïê f! g	�ö 
7�"��;ò�7
!, g& h;ð�� f$úYM$%n���7�0 f! g

&�ö�7�!& 
#�. =ÿ�ö��¬ö, ÉÀÅ

éÑÅ#%nûÕ;����.�. �%4�#ÉÀÅ
éÑÅ#%nûÕ&, 2�%Èïê	úYM$%n�7
ç6, ��¼�7. �ö$4��, }�Èïê�5I�}
�Èïê$�7%n;�7�5 �7.

��$Èïê f! h	�ö 
7�;ò�7!, h&

f$FY%n���7% , �ö8� �7. f! h;�

ö�� f h! g&^,"!}�4�$�ö8� �7. Ú
Ò f, g, h& 1�%Èïê$�ö8� �7.

3.3 G��M���

Èïê%�ö	8��"��;�I�7$&, 2�%
Èïêú$úYM#%nûÕ	n��#��!;�©�
#8'#5#�. �8&í���ù�#�4�, !c
$ó#���	�7. �!���, n��#�%nûÕ
. n��7!���.�!, 8�#�ö1�8� �
7!�I���.�. �#:�, %nûÕ%ñX%»ö
�	, Èïê�ö%¹�$w
#.Ñ;��7.

�[ &%nûÕ%»ö#ñX�$���K+7.

3.3.1 jxc��

Fleng&û¸Öæì#"!(#6,�¸	�&�I&
�ÊîÏÑÅÌ�5&�> 
#�. %nûÕ;ñX�
7$&�¸%�I&;@5#8'#5#�	, �&�
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I&��> 
#��¸$���&, !cj$V���
>�#8'#5�, %nûÕ;ñX�7ÿ$¹�;H
3����.�. �7,¸	�&�I&�;@7$&,

åïÕ·+;ó#���	�7.

�Þ [4] & well-moded# GHCÜìÆèä$��
�ñiÓïÏ1ü0�åïÕ·+;ó#���7	, �

ßÎ ó#��åïÕ·+&, �¸=$%= #åïÕ
·+ �7. .�, åïÕ·+%ò��&�Þ [4]%1%

;>����7.

¾êÈéÍä&

1. �7�¸	�7Èïê%I&#5, �%�¸;Ï
����7o%Èïê &�& �7.

2. �7�¸	 1�;¥���+�%Èïê �&#
5, /6% 1�%Èïê &I& �7.

!��.

3.3.2 v�� �<vqz�{¢

áÓ¿ï�%A %nûÕ;�6~71%$���
#3$K+7.

\xmeZx[ !c$%nûÕ;ÝI�7$&, �+
�%�&%8�¹%�7�¸�5, �+�%I&%8�
¹%�7�¸*%nûÕ	�7!�#8'#5#�. �
%Èïê:q &%nûÕ	#��1, �%Èïê�5
é'87ÉÛÈïê%A %nûÕ	�7�1�8#�
�5 �7.

kdeVY �¸!Êîáê, ¸5#"!%æ×Ú½À

%¬ö&%nûÕ&ò�#��#�. �¸}1%¬ö&,

�ê�$%nûÕ	�7!�8'4�. )�'A = B

%¬ö& A& B$, B& A$%n���7!�8'4
�.

�85$r���¸!ñiÓïÏ%æ×Ú½À%¬
ö&C&	�� �7. )�' A = [B|C] !��æ×
Ú½À%¬ö, �<M$&�85%�¸ A, B, C%ú$

&6%%nûÕ1n��#�. ���, 5fM$A�5
B, C*, B, C�5A*!��%nûÕ	n��7!�
#�!, ��n��7%nûÕ;ÝI 
#��!	�
7. )�',

foo(B,C,Z):-

A=[B|C],bar(A,A1),A1=[X|Y],baz(X,Y,Z).

bar([B|C],A1):-

add(B,B,X),mul(C,C,Y),A1=[X|Y].

baz(X,Y,Z):- sub(X,Y,Z).

!��ÜìÆèä%¬ö, foo%A%X& B$, Y& C

$%n���7	, �8& B, C�5 A*, A1�5 X,

Y*!��%nûÕ	n��7!�#�!ÝI 
#�.

f_c ÝÑÕ&, ü¢$����ö 
#�)%4�
$,é(I�j ,¸}1%%nûÕ;�6I���.�
��7¬ö	�7. �8&åïÕ%��5#�áÓ¿ï
Èïê!c�}�°Ð �7. ��	��, åïÕ·+,

%nûÕ%ñX$���, ÝÑÕ&áÓ¿ïÈïê!c

�{7$ �. �%¬ö, ÝÑÕ%åïÕ&ô�5à�
¬ö%åïÕ!�3�"�r$#7.

3.3.3 £���<vqz�¡�

b[ n��~7%nûÕ%Í0�;9��	, �
%A$&�6~#�%nûÕ1n��7. )�'

foo:- bar(Y,X), add(X,X,Y).

% bar$���, Y�5X!��%nûÕ&n��
~#�. #�#5' add $4��Y&X$%n���
7�!	:�7% , 1�Y�5X!��%nûÕ	
n��8', ÓÑÕìÑÅ�7�5 �7. ��58�
ÜìÆèä$ØÆ		�, »$|��71% �7!
5I�7!, �%4�#%nûÕ&n��#� (¶ 3).

�ßÎ &,�Þ [3]$K+58��7��;>��,

ö=#%nûÕ$
��7_�M#%nûÕ&�¥�7

!���µ;!7. �� _�M#%nûÕ!&, Èï

ê�ö;!c$ó#��0, n��71%!�� :#
8'#5#�	, ö=$n��7: &#�%nû
Õ �7. ü¢$����ö 
#�ÜìÆèä) ,

ÝÑÕ;ð��n��78�¹%���%nûÕ	_�
M#%nûÕ �7.

_�M#%nûÕ	ö=#%nûÕ!
��7¬ö
&, _�M#%nûÕ%�	, =&n��#��!	�
© 
7: �7.

add

X

Y

bar

¶ 3: 
��7%nûÕ%�¥

3.4 }�����

�8. &Èïê� %ñX$���K+�. �[

 &Èïêú %ñX$���K+7.
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®�;BS��ï$&, �é(I�j�5é(I
�j (Bottom-Up)!é(I�j�5�é(I�j (Top-

Down)%�A'	�6, Èïêú BS�®�$&�
I&åïÕ!�¸ú%%nûÕ%�A'	�7.

ñX&ÔÑÜÈïê;��, ���5é(I�87
Èïê;�"7�!$4��ó#�. �8&, ³��^
 é(I��;�"8'4�. �"��Èïê&�2�
��
, û�	���¬ö&�� ñX;307.

¤��¢�u����¢�u (Bottom-Up) 8%4

�#);ò�7.

foo:- bar(U,V,S,R),...

bar(U,V,S,R):- add(U,U,S), mul(V,V,R).

bar  ñX��®�;foo$R�7�!;ò�7. bar

%�I&åïÕ&^,"K+�åïÕ·+;ó#��!
$4��@7�!	 
7. ���, åïÕ·+$4�
�~587~587åïÕ&áÓ¿ïj�5à�åïÕ
%�0, �P�7��	�7. �%¬ö, U, V	�&, S,

R	I& �7.

��$%nûÕ �7	, �8&ÝÑÕ;¥��«
 K+�%nûÕ%ñX;ó#�'#�. ~587%n
ûÕ	 bar %A %%nûÕ �7. �� &, U�5
S, V�5R!��ö=#%nûÕ	~587.

.�, �� C��+
&, U�5 R, V�5 S!�
�%nûÕ	n��#��!	��7Q �7. åïÕ

®�%/ &�8&��5#�.

��¢�u��¤��¢�u (Top-Down) �ßÎ$
�7=h &, é(I�j�5�é(I�j*%®�
%BS�&�,�;Ü��ý����#�. �é(I
�j	�¸%¬£�5é'87¬ö&, �¸%¬£ ~

587®�;!c$.!0�R�#8'#5�, .�,

ÜìÆèä%ô��5é'878�¹	�7¬ö&®�
;R�7�!& 
#��5 �7. �%4�#�,�
&�7	, @�&�<M$�é(I�j�5é(I�j
*%®�%BS�!}� �7.

4 ¦��§H

ÇîÙÀè%ÜéÜìÎÑÉ!��=h��. Fleng

ÜìÆèä;�&!�, !U;w
��� FlengÜìÆ

èä;I&�7. � 6000ó% FlengÜìÆèä �7.

.�,!U; 
7�w
� 
74�$�7�0,Èï

ê� �þ; �74�, ÇîÙÀè;õD��. �%
�þ& (Cond --> Then ; Else)%4�$�5:�. .

�, ÉÌßîÕ�#�Èïê& 
7�ÀîèÀîO
ó�74�$��. #3$�ù)!��, ]r?;Í0
7ÜìÆèä;��7.

abs(A,R):- greater(A,0,IsGt),abs1(IsGt,A,R).

abs1(true,A,R):- R = A.

abs1(false,A,R):- sub(0,A,R).

�%ÜìÆèä;¡��7!#3%4�$#7.

abs(A,B):- C = 0, greater_abs1(A,C,B).

greater_abs1(#A,#B,C) :-

compute(>,A,B,D),

((D == true)-->

C = A

;

E = 0, compute(-,E,A,C)

).

�7&�*·+ÁîËî PIE64[1]%« ó#��.

PIE64& Fleng%ôl=ó;�M$ZØ�8��*Ø.
� �7. �eÜìÎÑÉ¸& 64v , ãêÐÇîÒÅ

ÌÔ¡�;ÉâïÔ�7. .�, gêÚö�&:|�4
�-%��;6�. =ó7ú%kI?& 3ò=ó��?
%�Ó?;���. ÄïÞËÇëÅÊçî%7ú&ü.

#�.

rªÜìÆèä&ÞîÐãïÅÜìÆèä!�� N-

queens�y;ñ� qu(55ó);, =���%ÜìÆèä

!�� Fleng%ãÅì;Oó�7ÜìÆèä fme (1175

ó);a<�.

.�, !UüN4�:´&ÜìÆèä%!U;2I
 
74�$=h���7	, øò%�7 &!U; 

7�w
��74��ù��. �8&, û¸Öæì
Id%ÇîÙÀè 12L�8��74�$ [3],  
7
�w
#!U$��1üN#!U46þ��!U$�
�#5#��0 �7.

!UüN4ÜìÆèä%¡�7ú&, ÜìÆèä;

ÇîÙÀê�, íïÅÌÒïÊçî (Sun Ultra 1)« 

=ó��7%1% �7.

qu !UüN4ÜìÆèä;G��!$46, ÇîÙÀ

ê��ØÀÖé%ÉÀÍ& 8925ØÀÔ�5 7918ØÀÔ

$ä§��. �8&, Èïê�ö2ÀîèÀîOó$4
6	p#ÇïÕ	�¥�8��0 �7!ò�587. !

UüN4�%¡�7ú&� 5� ���.

¶ 4$ 9 queens ;=ó��¬ö%lUï«;9�.

1;&ÜìÎÑÉv¸,G;&!UüN4;ó#:#��
�7% 1v%7%lU; 1!��grlU �7. Üì

ÎÑÉv¸$û:5�, c%) 8�#«%lUï«;
9���7.

.�, qu#ô%o%ÞîÐãïÅÜìÆèä 1}
�$¸�%lUï«;9���7.

fme =���%ÜìÆèä!�� fme;�7��. fme

& Fleng%ãÅì;Oó�7ÜìÆèä �7. �� 
&, �&!��ãÅìOób% qu(43ó);���. �
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¶ 4: 9 queens %lU

��, PIE64!àÌÔØ.�!%G±7ú;¨��0,=

ÿ%�I&&ó#:#���. �#:�, �&&I�[

%× ÜìÆèä$�0÷/ (!UüN4ÜìÆèä$
&G�#�), I&&ó#:#�4�$��.

.�, !UüN4ÜìÆèä&, I�[%w
�	w

�!¡�	H�#7. øò&*I�[�$�¸	*I
(20è)#«�7!¡�;ó#:#�4�$��.

!UüN4ÜìÆèä;G��!$46, ØÀÖé

%ÉÀÍ& 194110ØÀÔ�5 170054ØÀÔ$ä§��.

¡�7ú&� 12� ���. =ólU;¶ 5$9�. qu
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