
��������� 	 
 � �� � � ���������� � � � � �� � �! �#" $ �&%('*)

+-,/. 0 1-2 3 4 2-5 6 7 8 9 :<; 4 2-=(>
?-@ A B C D E/F G/H

I J K L/M
NPO Q�R S<T U V�W X Y[Z \ ]_^a`cbed S f g

hjikikiklnm o prqnq X YsZut#v w xzy|{~} T ^�� � ��� ��� �� � Q��#� � � � � �����s�aQ \ ]�^|`#b�d S f#Z��
� � � � � Q��¡ ¢` T £#¤ g ¥#¦�§�¤ X Y �©¨Pª « ¬�#� � � ���®�¯c°u±�²�° T ³ S ±�´PZ µ ¶�� · ��¸
� � ����²¹° T ³ S ±�º » ¬ ¼ ½ �#¾�°À¿ Á `�±�ÂzÃcÄÅ �Pu{&ÂÇÆ S ¿ Á `uZ È § ÉsÊ Ë � ��QÍÌ©ÎÀ°Ï± Ð �
` T Â ÅÒÑ ÂÓ{¢} T ^Ô�P��ÕÖ�Í� ��×�� Q�Ø Ù Z¡{�}T ^�� Ú©Û v#²�° T ³ S ±|Ü Ý�Þ Ë � � � ����ß#Z#�
à Q á â#ã ä Ü¡å�æ ç ��� à Z¡è�é�ê�ë�� ì í ç �#îËsËïQ#ðñ°Çò S óïZ ô õ�ö�^©`#b�d S faË ô õ�÷�^©`
b�d S fsZ ø ù ¬Öú ¸|� ¨#û ü Z X � ðñ°Ôò S ó#�|ýþ�Q ÿ � ��� ����� ¬��	� X 
#õ������� ì í ç �#îËÏ� � ��Ë X ¸s� � ����� � � � Ú Q#î � �eZ � ���
��� � X � ¹®À¯�°Ï±�²~° T ³ S ± ¬ ¼ ½ �ÏÌ©ÎÀ°Ï± Ð��` T {¢} T ^��aÜ�� �sç ���
� �������
�! #" $ %'&	(*),+.- / 021 / 3	4
[®À¯�°�±�²~° T ³ S ± 5 687:9<;>=@? Ë Ú Q \ ]Ö^�`

b¡d S fsZ A BC9�Ë'D � ¬FE G ðñ°�ò S ó#Ü�H�I ç �îeËÍ��JLK X \ ]c^¡`�bÏd S fNM	OQPRMTS U 9ïZ	V�ZXW Y
Z ÂÇ`¡±\[]M O ;^M S`_ Z A B\= � é���� ²Ö° T ³ S ± � Õ
��� ¨ a ¬ Q ²~° T ³ S ±Òº » ¬ ¼ � ��Q�Ì|ÎÀ°Ò± Ð �` T {[} T ^�� ¬aú ¸Ò�cb \ ]Ö^�`�bÒd S fNM O U 9s�á âsã ä d O Ü�e	f � QÍè|é#êsë ¬ g ì#ç �eî#Ë ¬cú ¸� h é � � �#} S Å �aÌ�Î�°u± Ð �c` T i O Z A B � Õ�kj¢} S Ñ �¹ÌsÎÏ°u± Ð �[` T lnm�� ¨ïû ü Ü o p�ËÚ Q q Z ü	r Ütsa� ç îsË�Ü � u2v o w �
v é	x w
q ? ô õ#ö \ ]¢^|`|bed S fyM�z × � ô õ#÷ \ ]�^©`
b©d S f{M�|�´ } ô � � �sðñ°Ôò S ó ~ ��� �
ð|° ò S ó � ÕP��Ë Ú Q�j[} S Ñ �aÌeÎÀ°Ï± Ð ��`T lnm ¬ Ý � �PQ�� ��� ��7 � ? � i z ¬ ÷ � � Q i | �
� ���^� � ��� 7 � ? ¬ ÷ �©ç ��î|Ë � Õa��� X ¼ Q�� ��� ��7:?Ë � ����� � ��� 7]? Ú Q�u{ Â Æ S ¿ Á `'� ¬ ¼ ½ �eðs°ò S ó ô �sõ��� ~` T � ÕÖ�Í�

o ?sðñ°Çò S ó ~ � � �¢ðñ°Ôò S ó � Õ[�#Ë Ú Q�l m
¬ Ý � �PQ i z ��� ��� ��7 � ? ¬ ÷ � � Q � ����� � ��� 7 � ?� i | ¬ ÷ �#ç �|î#Ë � Õ[�Í�

� ? ¨sû ü Z|ÕP��j[} S Ñ �PÌ�ÎÀ° ± Ð ��` T Ë Ú Q �
�¢ðñ°Ôò S óïÜ��P� � Q ç  P�#Z�� � ðñ°Ôò S ó
Ü Â Å�Ñ Â ªe¬ ¡ ô õ*JcK � Õ[�	¢ÒZ � ÕÖ�Í��£
Ø Ù Z#Ì�Î�°¡± Ð �[` T {¢} T ^Ô� ¬ ¼ � � Ú Q ~�¤l¥m ¬ Ý|ç ��� � ð#°Óò S ó g � �Pð#°zò S óPË X �î#Ë�Ü¦M�| � Z���§sé ç �|î#ËuÜ � �¢Ë � � � ����ßZ#� à Qïî � �eZ ¨ ©aÜ ÿ � ç ��� à ¬ Q¡�{ Â�Æ S
ª^«�¬�Q®Q¯�°²±´³ µ·¶¹¸»º:±´¶]±�®>±´¼R½¾±¿ºÁÀ�±´Â�³Ã¼Ã!ÄÁÅ�¬�±·®ÇÆÁ#¶ÉÈ�±´º:¯·ÊË#Ì ±´¯ Í ±¥ÎÁ>µ�¯·³ÐÏ¹µ�³ Ñ >º:Ê:³ ¶ ÍÒ À�Ó�ÊÔÓ�¯´Ó�Õ>ÖØ×@µ�±¥Ó�µ�ÅØÙ¹³Ãº:±¿Ó�¯·³ÐÙÁ³ Ú�Ó�¯·³Û>Ü�Ý Ó´Ê]Ó`Þ�¬�³ Ú�ß^à@¬�³ Ú¿¼ÃÓ´ÂÐá ¯âá Å�>µ�Å�Ó�³ãá Ó�®¿á äÉ°

¿ Á `�ð�°Ôò S óñZ ô õaÜ å æ � Qu¿èçsÃFé�ê ë � Zø ùñÜ � X uÍî|Ë Ücì µ Ë � � � �u� �u×ñ� QÀ¹®Ô¯�°
±Ò²�° T ³ S ± ¬ ¼ � � Ú QÏtsv	
�õ�� í õ î � Õ[�îsË g Q ï B g ð ô ñ òïX Y ¬Pú*ó Q�¿�çeÃ�éXê ë Z øù ¬ µ ç ��
|õèô S Ñ�õ °s®Ç��ö � �ÍX ���s�e�ñQz²~°T ³ S ±sZ � � µ ÷�� \ ]¢^s`#b¡d S f#Z�� � Õ[�#îË × �sQ è#é#ê#ë�Z È §ñ� ø ù � Õc�Í�
ú û�üþý ÿ ��� �
� � Z � ��Z*¢#Ë � {¢} T ^��PÜ � � ç �Í�

v � � � � w
q ?¡¢®�¯c°u±�²�° T ³ S ± ¬ �P� � � ç  P��Z \ ]^e`|bÒd S f Ú Q�Ì©ÎÀ° ± Ð ��` T {¹} T ^Ç�aZ È
� 	�Q�
��cÌ�¯c°Í{ } ô ¬[ú ó D � ¬ ðñ°Ôò S ó
H	Iñ�èJcK � Õc�Í�

o ? b \ ]�^s`|bed S f Ú Q�� G ç � \ ]�^©`#b¡d SfsZ(Â ç T Ü g o � � � �Í�
� ?� G ç � \ ]�^s`|bed S fFV#Z�
#õ Â�`©± Ú W Y
Z � Õ ó Q���� � 
�õ�� � X ��� �����#��Q����
��� ç T 
|õ Ú Q<�|õ�� � Ë ¡ ô � � ¬aú ó QÒð©°ò S ó�Zt� � X[� È § � � � � ��¢�ZaË ç �Í� £
ÌsÎÍ° ± Ð ��` T {¹} T ^Ç�PZ � � � Ü � ç �©Ì©ÎÍ°

± Ð ��` T {Ö} T ^Ç�aZ"! #�Ú Q $ %ñZ \ ]Ö^¡`©bÏd S
f¡� $ %�Z|fu�~¾�` j � � X u�î©Ë�� �	� ���eÌeÎÀ°Ï±Ð �[` T h é µ ¶PZ�ð'&�ËïQ¡ÌsÎÏ°�± Ð �[` T V#Z ø
ù Ú QÍÌ|ÎÀ°Ï± Ð ��` T h é µ ¶cð�° ò S ó)( � � * Z�+
, ° - Ä�`Lj v q¿w ¬[ú ¸s� È § � � �þ7/. q ?j�

M1 M2 M3

M4

M5
CReq

time

CReq

CReq

CReq CReq

CReq

CReq CReq

CReq

c1
c2

c3

c4
c5

. q10 Ì�Î�°¡± Ð �P` T {¢} T ^��
( � � * Ü��|õ � � \ ]Ö^�`eb�d S f2M O Ú Q §síñZ á

âsã ä d O Ü�e	f ç �|î#Ë ¬cú ¸|�P} S Å �PÌ#Î�°�± Ð��` T i O Ü h é ç ��Ë|ËT¢ ¬ Q2( � � * Ü'� G ç � \ ][^`|b�d S f23ÖQ ç X � 4ñQ MTO Zut#vsõ65 7 &�8 9 : ¬ì í ç � ç  ��©Z \ ]Ö^¡`©bÏd S f ¬<; } S ® ��� ç Tç �À�[î � Ü>= ó@? ç îsË ¬cú ¸e��Q � � � � q ? ¬cú
ó Q ç  ��#Z \ ]Ö^e`©b�d S f¡�c} S Å �PÌ|ÎÀ°Ò± Ð �` T Ü h é ç ��î©Ë�� �	� ���e����Q \ ]¹^�`ebÒd S f
M�O Z á â�ã ä d�O Ü g ì#ç ��è#é�ê#ëaÜ È § ç �Ï� à
¬ Q�d O Ü A B�Z'� G \ ]~^|`sb¡d S f ¬ ê#ë � C � É

3－589

5ZA-7 情報処理学会第66回全国大会



Ê Ü�� � �Ô�cb \ ]Ö^e`|b�d S f Ú Q�} S Å �PÌ|ÎÀ°Ï±
Ð �P` T i O ¬ ¼ ½ � á âsã ä d O Üte	f � � × � ( � � *Z ; } S ® ��� ç T Ü � X u�î#Ë × �sQ�d O Ü ( � � * ¬
ú ¸s� } ô�ç �#î#Ë ¬Öú ó Q � � ZPðñ°Çò S óïÜ µ ç�|î|Ë X[� d O Z } ô � È § � � ���
îsî � Q¡ÌsÎ °�± Ð �P` T {�} T ^��ÖZ È�� Ë�� �

¬ ô ��õ � � �Pðñ°Ôò S ó Ú Q�� � ð�°Ôò S ó g � �ð©° ò S ó�Ë X �XJXK ü �#ÕP��� � � ð|° ò S ó Ú Q �
�|� × Z \ ]�^|`#b�d S f ¬ g ì � Q~Â ÅÏÑ Â ÿ � ª
¬ Q g ì � � ��ðï° ò S ó#Ü ¡ ô õ ç �eîsË ¬aú ¸©��Q¿FçeÃ	é á â�Z ¨|û ü Ü �	o|ç �eî©Ë � �F� �À� ¨ Y Q
� �~ð�°Ôò S ó Ú Q~Â Å Ñ Â ¡ È�� ª|¬ ô õ�ö \ ]�^`#bed S f©� ø ¨ Zaðñ°Çò S ó�Ü ¡ � ô õ ç � g � �X � î|Ë × �sQ¡ß#Z ¨ ©�Ü ÿ � � X ½ � ��X � X � �
ðñ°Ôò S óïZ�ð'&¢Ëï} S Å �cÌ�Î °u± Ð �P` T Z 	


 × �ñQ�� � ð�°Ôò S ócË X ��J�K ü �ñÕÖ�|ðñ°Ôò Só ~ � Ü 	 �#\ ]¹^|`©b¡d S f�Q ç X � 4 ~ � Z ô õsö
� ¢ ô õ�÷ � ¢ X �¡\ ]�^s`|bed S f©�©ýcþ ç �#î#Ë� � � ��� ¢ � Qïî�Z�ýcþsÜ ô õ�÷ \ ]�^s`sb�d S f
M | � � X ¸|��Ë ç � X � � . o ¬ � ç ú u ¬ QXM | �
~ � Üc�sõ � � ª  Q ç X � 4 � ���^� � ��� 7 � �É? ¬ ¼ � � Ú Q
M	| � ç �©¬ ( � � *kÜ'� G \ ]Ö^�`|b�d S f ´ ; } S ®
��� ç Tkô õ���� � Õa�|îsË�������� � �À�aî�Z�¤	B[Q
~ � Ü"� G \ ]Ö^�`ebÒd S f ¬ ê|ë � C ��� à ¬ Q ~ � Ü
�������~ð�°Ôò S ó�Ü ; } S ® �'� ç T�ç ��ì µ ��Õ��� �¡×�� QXM | Ú QLM | � ; } S ® ��� ç Tkç ��  �
� � ðï° ò S ó#Z B�Ü � à �|î|ËÏ� ��� X � � à Q M |
¬ ¼ � �sÌeÎÀ°�± Ð ��` T {Ö} T ^Ç�PZ����Ò� �	� XP�X ¸s� � ��u �� � ¨ © ç ���

Ms Mi Mj Mr

Send(ml)

CReq

cs
CReq

cr

Receive(ml)

time

. . . . . .

ml

ml

ml

. o 0 � � ð�°Ôò S ó�Z�ýaþ�Ë�Ì#Î�°�± Ð �P` T
ß�î � Q � � ðe° ò S óaË X ��JXK ü Z©Õa��ð©° ò Só ~ � Ü)( � � *kÜ ô õ ç � � ¬ ýPþ � Q g ì|ç ��îsË��

JLK X \ ]¹^©`©bud S f©Z ì íï��!*J " � ÕP�À��b ~ �
¬ Ý � ��Q�. � 7 # ?�7%$»? Z �k�e� × Z &sÞ � } ô('*) +�Z���©� × Z \ ]Ö^e`©bÒd S f � ¨ © ç ���". � 7 # ? Z�¤
B Ú QØM S ¬ ¼ � � ~ � Ü�ýaþ � Q ( � � * ¬ � à � ; } S
® �'� ç T � � �Í� ¨ Y Q�. � 7%$»? Z¡¤	B Ú Q ~ � ���
� ðñ°Ôò S ócË X ��J�K ü �ñÕÖ�|ðñ°Ôò S ó � Õ¹�#îËÒÜ¡ýaþ ��� �ÒZ Ú M�S � ÕÖ���PQLM�S Ú�ç �s¬ ( � � *
ðe°Óò S ósÜ ô õ(��� � Õa���Òß�î � Q ~ � ZÒý�þ¡Ü2M�S
� � X � Q��#õ � � ðñ°Çò S ó�Ü©��� � � M O ¬ 
 ,ç ���aîÒZ É#Ê Ü È § ç ��� à ¬ Ú Q�M O � ( � � * Ü ôõ ç � � ¬ ß�Z.- / Ü�
 , ç �'ì µ �ñÕ¹��� à Q#ðñ°ò S ó�0 ô ª × � ��õ'� � 1�2~ð�°Ôò S óñZ��#õc� �Z�V Ú ( � � *ÓZ ô õ�Ü å æ ç � ì µ �ïÕ[���
îÒZ�Ë � Q .43»7 # ? Z ú u ¬ Q ô õsö¦M65 × � ô õ �

� ��ð|° ò S ó ~ ¬ p � ��QØM*7 ¬ ¼ � �c� � ð©°zò SócË X ��J�K ü �|ýcþ � � Q g ì � � � ¬ ¢ ×#× � �
� Q ô õ©÷yM�8 ¬ ¼ � �L� � ð|°zò S ó�Ë X � X � ¤TB��Õc���aî�Z ú u X ¤	B ¬ Â Å�Ñ Âz� ¨ © ç ��Ë|QXM 8Ú ~ Ü A B ÿ �#õ � � � �þu�î#ËsË X ó Q ¨sû ü Ü g
p~î#Ë � ��� X � ��ß�î � Q .43»7%$»? Z ú u ¬ M 7 ¬ ¼

Mi Mj

ml
ack

CReq

(Sj+ml)
CReq

CReq

time

(Si) ml

(a)

Mi Mj

ml

ack*

CReq
(Si+ml)

CReq
CReq

time

(b)

. � 0 	 ��\ ]�^s`sbed S f � Z�� � Z J�K ü Z�ÕÖ�ð�°Ôò S ó�Z�ýPþ�Ë�Ì#Î�°�± Ð �a` T

M1 M2 M3
m

CReq

CReqCReq
time

ack*

c2

c1
c3

m
ack

(S1+m)

(S2)

(S3)

(a) (b)

M1 M2 M3
m

CReq

CReqCReq
time

ack*

c2

c1
c3

m+

ack

(S1+m)

(S2)

(S3+m)

.93 0 : ýPþ � � �t� � ð�°Ôò S óïZ<; � ��=PZ ÿ �

� �t� � ðñ°Ôò S óïZFJcK ü ÜuýPþ � �aðñ°Ôò S ó ~
Ü q Z�0 ô ÷ ¬ ô õ ç �À¤�B¢Q>0 ô#ç �©ð�°Çò S ó ¬
¡ ô õ � � �#î#ËuÜ�� ç ã ä Ü ? @ � Q ~ A�Ë � �.0ôsç ��� M 8 ¬ ¼ � � ~ A �T� � ðñ°Ôò S ócË X � X
× ¸#�u¤	B~Q�M�8 �_Â ÅÏÑ Â ª©¬ ¡ ô õ � � � ~ Ü�B
C ç ��ã ä D~ Ü ( � � * ¬ ? @ ç ���Öî � ¬[ú ¸©��Q ¨
û ü Ü g p~î#ËÏ� �F� �Í�
X ¼ Q � �Öðñ°Ôò S ócË X �cJcK ü Z|Õc�©ðñ°Ôò Só Ú Q	 ��\ ]¢^s`#b¡d S f � ÚeÝ�E Ü ��� X � � ôõ�÷ \ ]�^|`#bed S f � ��õPÜtñ ò�� C �#î#Ë ¬Öú ¸��Z#� Ý�E#ç�� � �	��� Õc�Í�

F G H L H IKJMLONKP
� � � � Ú Q�Ö®�¯�°Ï±�²¹° T ³ S ± ¬ ¼ ½ � ÌeÎÀ°± Ð �[` T {�} T ^À�cÜ� � �©�~î#î � Ú Q�� � ð�°ò S ócË X �tJ�K ü ZsÕÖ�eð�°Çò S ó�Ü 	 ��\ ]�^s`bed S f � ýcþ � Q g ì#ç � � � Ü Q R ç �#î#Ë ¬[ú

ó QXb \ ]�^s`#b¡d S f©�6� G \ ]�^s`sbed S f ¬ Ý� � á â|ã ä Ë©ðs° ò S óP}'j�Ü����ïÌ©ÎÀ°Ï± Ð ��` T
µ ¶¢ðñ°Ôò S óïZ ô õaÜ ¨ � � � X u î#ËÒ� �F� Q øù ô S Ñ	õ °�®ÀÜ�S T#ç �|î#ËÒ� �F� �Í��UWVYX � Z� à Z á â|ã ä ê©ë É|Ê v � w Ë[Z��cB � C �eî©Ë���\�]Z ^  � Õc�Í�
_K`Ka b
cedgfihkjmlonojqpsrutwv xyv{zmp | }�~���lo����� | ��n�r���v�r[���4�u�en���lo�������o� |

� jq���o�ep������e�qjmlo�e�o������jml[t�jq�����e������lo������n�n ���g� ¡ jmlo¢£n�r ¤��h¥t§¦qjq��lop�zm�¨jq�u����lo������n�n ���g� ¡ jmlo¢©n�r ª jq�«v�dqr���j�v�dqr
~�~sv¬�d¯®£°�d�±�d�²q²´³qµ¯v

c ¶·f�}���p�jq¸�zm�£¹©rº}{v»�¼vºzmp |¾½ ¡ zm��p���~j©���«rº�¿ver���À�p<�o���ÂÁ¨n��
zmp | ÃÄ��~������Å��p£�ÆzÇ�o��jqp�jm�Èt���nonozm�q��Ésjq�´�q�ep���r ¤¾Ê�loj£Ëqv�jm�������Ìzm���e��ÍÄÎ»jq�e�glÆzmp©��hkjq��~�������p��ix©¹���~yjqn�������r�~�~sv�¶m²q°Ç®
ÏqÐ´Ñ ±�d�²q²mÒ©µ¯v

c Ï f Ó Ô.rÇÕ Ö r ×�Ø rÙ� Ú Û>Ü Ý Þ�ß¾à á¾â ã6à�ä å æ.ç[è¼é
ê èÅÞ¾ë�à¼çÂì�íïî�ä á�ð ä¨ñ Ý r ¤Èò ó�ô�ó rmõkjq�öv´¶ ÐqÐqÏ r��j�v÷dqd�°�r�~�~sv Ñ ²·®£°mÒ�±%¶ ÐqÐqÏ µ¯v

3－590




