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7 �� !"#�$%

ÑÒ6XYZ[N6Ñ{TUV¾ßÄ Petri-NetÓ&'ÞÄ¹�T(6 Petri-Net6É)Ó*

ê~Í¾ÆABXYZ[N6µ¶�ZòóT}ØÄABXYZ[NÜÃÄ+�É6³¾}Æ³,

-Ä./0ÄDining Philosopher6µ�1Y�G2Ä3�64,Ü6566q7É³86µ¶�

ZÓ9:TÕ~ÅÍÊÜð~¿ÅºÃÄÅ6/XYZ[Nj;678Í¾Æ<Þ¾,-Ó=�>

TÄÐ~Ñ{6?@ABCØDÞß,-TÕ~ÅÍÊÜð~��ÜÐ~¿

Algorithmic Program DebuggingTÇÕ~EFó6G��³ÎÏÃÄ

� HIXYëL6µ¶�ZÄ

� ¯Âi3�6µ¶�ZÄ

� J±6Ñ{KL6±MNO6PP²=QÄ

ÜÐ~¿RS6TÏÃÄ Algorithmic ProgramDebuggingÜÃÑ.Ê³¾ÞÄÑÒU<ÜÐ~¿

Rh6JVT}ØÄ+�É6³¾A{XYZ[N6¶Z6WX6»YTÄA{Ñ{69:³LZ

E�ï�]ZÓÕêß*ê~[©Ê³¾¿J±6.ÜÙÄÐ~�\ÄÂiìíÓ*ê~ÅÍÊÜ

ð~¿ÅºÃÄ Algorithmic Program Debugging ÓA{XYZ[N�6]ñÕ~ÒT^_ÜÐ

~ [17]¿

ÅºÃÄA{XYZ[N6XYëL6ÂiìíÓ¥6XYZ[N��´`ÞßÄ=QÕ~Å

ÍT0aÕ~¿»AÞÄbc6dý6XYëLÓeï���f/»�[ÿï�Ü�~Ù6TÇÞ

ßÃÄÅÅÜf/»òóÜÃ^g³ Petri-NetÓË¸Õ~ÅÍÃÜð>Ähi²U<³¯^g³

Petri-Net6=QÓ[©ÍÕ~¿Þ�ÞÄÅ6}Æ³jÔÜÙÄÑ{KLT}ØkµîÓ�~Å

6òóÜÃÄ�[ÿï�Ê°
lßHïG]6ýÊ^gÍ³l»/Ï6=QÃ{³ÆÅÍÊÜð
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Üµ¶�ZÜÐØÄÐ~J±6Ñ{TìsÕ~¶ZÞ�Çt
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MT|}TXYëLÊË¸~�Õ~jÔTÃÄÅÅÜéê»òóÓoÆÅÍÃÜð³¾¿

CDEFGHIJ45Í Petri-Net6ìíÃÄ�WÃÄMessage SystemÍ Petri-Net6ìí

ÍÞß�/�ºßð»¿Å6/ÃÄ Petri-NetÊÄMessage SystemÓ��ÅÍÊy¹º»AB

ÜÄ Petri-Net69§,-ÊÕÜT���²T<Þ¾Ù6ÜÐ~çèÄÐ
ØÎ�Ã³�l»¿

ÅÅÜÃÄ^g³ Petri-Netè69§,-Ä
»ÃÄ Petri-Net6^gÉ67D,-�,-Óu

~ÅÍT}ØÄÅ6���6,-Ó�Bß¾~¿Þ»ÊlßÄ¯^g³XYZ[NTìÞßÃÄ
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»Ä Petri-Net6���TÃugÊÐ~ÅÍÊÞ�ºß¾~¿ DinnerBellÜÃÄ Petri-Net

Ü��Üð³¾ABKLMN (HïG]6��Ó7DÕ~Ù6)ÓÄÿ�ëïET��»�NO�

ÓolßÑ�Üð~¿Þ�ÞÄÿ�ëïE6NOÍÂiÊ���¾»,-ÃÄÅÅÜñ¾»òó

ÜÃ=QÜð³¾¿

�¦�a��laÜ{³�ºß~ Petri-Net��Ward6 �{Calculus�6Ö× [29]ÃÄÅÅ

Üñ¾»kµ�]Z6p�Æ8�6XYZ[NÔ¸T0aÕ~¿Þ�ÞÄ �{CalculusÜÃÄ¯

°±É6�RÊÄ portÓolß{³�ºß¾~¿Õ³�pÄ¥6 Petri-NetÊÀÁÇÈÉÊÄË
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ackB!

ackA!

split:Data

output:X

to:Out

write...

� 25: �Þ¾ Talk6XYZ[N6�H���H
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p4

ack!

p1

p2

t1

t2 p3

t3

to:Out

split:D

output:X

t4

p6 t5

p7

t6

p8

� 23: �Ø6Ð~ Talk6XYZ[N6�H���H

class Talk [

between:User1 and:User2

DA ( Display newFor:User1 out:StdErr.

DB ( Display newFor:User2 out:StdErr.

KeyBoard from:StdIn to:DA and:DB.

KeyBoard from:StdIn to:DB and:DA

]

class Display [

newFor:~User out:Out to:Out;

output:X� to:Out1

Out2 ( ((Out1 write:~User) write:X) nl!.

Out2 wait: ( to: Out2. *TRUE)

]

class KeyBoard [

from:~In to:~A and:~B ackA!.ackB!;

ackA!�ackB! split: (~In getC!);

split: Data

(~A output: Data) yes:( ackA!).

(~B output: Data) yes:( ackB!)

]

class Test [

Talk between:"Rick " and:"Eliza "

]

� 24: �Þ¾ talk
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class Talk [

between:User1 and:User2

Display1 ( Display newFor:User1.

Display2 ( Display newFor:User2.

Split1 ( Split to:Display1 and:Display2.

Split2 ( Split to:Display2 and:Display1.

KeyBoard newFor:User1 to:Split1.

KeyBoard newFor:User2 to:Split2

]

class Display [

newFor:~User to:StdErr;

output:X� to:Out1

Out2 ( Out1 write: ~User write:X nl!.

Out2 wait: ( to: Out2)

]

class Split [

to:~A and:~B;

output:X

~A output:X. ~B output:X

]

class KeyBoard [

newFor:~User to:Out

from:StdIn to:Out;

from:In to:Out

(X) ret: (In getC!).

(X=:0) no:(

Out output:X. from:In to:Out)

]

class test [

Talk between: "a" and: "b"

]

� 22: talk
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Å6@°¾Ó³�Þ»Ù6ÊÄ� 24ÜÐ~¿Å6/ÃÄKeyBoardÊÄDisplay ��6
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DinnerBell ^g³Ñ{kµîT³lß¾~¿
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StdInÄ StdErrÃÄÅ6 Petri-Net6±T´`¹ºß¾~¿ÅÅÜÃÄ Petri-NetT²RÕ~
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~¿Á
ØÄ±>��6HïG]Ê Petri-Net6^gÉÓ´µÞß³¾¿ÑÒ6 Input/Output

ÃÄ§¶³£6 Petri-NetT}Ø��¹º~Ã>AÊÄÅÅÜÃÄO·³ Petri-NetT}ØÄ(

6UE²³É)ABÊ��¹ºß¾~¿

Å6�6¶ZÃÄ Commited Choice 345Ü�éÞ» TalkÜÃ�ºTW¾¿³¸³�Ä(

º�645ÜÃÂi3�Ê,¹ÜÐØÄLH�ïN6ïEÊ«¡T¯^g³XYZ[NÓ�~

ÅÍÊ³¾»YÜÐ~¿ÅºÃÄÂi3�Tu~jÔÃÄ^g³ Petri-Net6ªÊË¸¹º~»

YÜÐ~¿ÑÒ6 Unix³8ÜÃÄ TalkÜÙ3�º6»±
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Ó��ABÜN½Ã¾´T§¶T³lßÞ
Æ¿¯Âi3�6ÀÁ<Þ¹ÃÄCDEFGHIJ

452�ï¶ /G[�]Hkµî³8TJ^6,-ÜÐØÄÅ6µ¶�ZFó6e¿ïG³Ï
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»¿786jÔÃÄÐ~J±6XYH�îTìÕ~®¯Ó°YßÄ(6®¯ÍXYH�îÊ¼Þ

ß¾~�8Æ�ÓXYH�î69:³NOÕêßTìÞß*ê³WßÃ³�³¾¿Å678Ã

JTXYH�îT�
º~XYëL6ýÊ�±6/TÃJT<Þ¾¿Þ�ÞÄÅÅÜyÞ»ò
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Petri-NetÓ=QÞß¾~¿ÅºT}~0Ç²³=Q6ÚÛ¹ÊÎÏ6PÁÜÐ~¿Å6ÏÜÄ
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XYH�î6�Þ¹ÃÄÅÅÜ6òóÜÃq8Üð³¾ÊÄ�ÞW³¾XYH�î6µ¶�

ZÍ�/~ÍÄ±MNOT³l»/6Âiìí6É)Ó*ê�º~ÅÍÊÄHïLTUV¾»
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pick!

freeR!

pickL!

pick!

pickR!

pickL!

freeL!

pick!

eat!

pick! freeR!

� 21: Dining Philosopher 6 Petri-Net
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class Fork [

pick! � free! % sync free and pick

sender#1 ret:TRUE

]

class Philosopher

[

left:~Lfork right:~Rfork id: ~N ;

pickL!

(~Lfork pick!) yes: ( pickR! );

pickR!

(~Rfork pick!) yes: ( eat! );

eat! freeL! ;

freeL! ~Lfork free! . freeR! ;

freeR! ~Rfork free! . think! ;

think! pickL!

]

class diningPhilosopher

[

Fa ( Fork free!.

Fb ( Fork free!.

Fc ( Fork free!.

Fd ( Fork free!.

Fe ( Fork free!.

Pa ( Philosopher new! . Pa left:Fa right:Fb id:1.

Pb ( Philosopher new! . Pb left:Fb right:Fc id:2.

Pc ( Philosopher new! . Pc left:Fc right:Fd id:3.

Pd ( Philosopher new! . Pd left:Fd right:Fe id:4.

Pe ( Philosopher new! . Pe left:Fe right:Fa id:5.

Pa think!.Pb think!.Pc think!.Pd think!.Pe think!

]

� 20: Dining Philosopher
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free!Ê��º=ÊNOTÐ~¿ÃaÄÃ left:right:6ÿ�ëïET}ØÄ(º ºÊrlß¾~
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GÃÖý2ÿ�ëïE�Ü�6RD�6kï1=Q2Ä Algorithmic Program Debugging³8

ÜÙXÁB~ÅÍÊÜð~¿Å6Dining Philosopher6µ�1Y�GÃÄ«ÅïG6ÏÐÑ2Ó
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ÓÕêß*ê~ÅÍ³WÄ±MNOT{ðâWÅÍ¹/Üðº0�¾¿ÑÒÅ6jÔÃÄ Algo-

rithmic Program Debugging6}Æ³µ�1Y�GÓ¬ÅÕ
Ü6ã{ä�Ó{³Æ[©Ã³

WÄPd6Ñ{KLÜ[©³^_ÓÎ~ÅÍÊÜð~¿

Å6µ�1Y�GÃÄ«ÅïGÍÃaÄTìÕ~ÏÐÑ2Z[«6îïXT}Ø7DÕ~Å

ÍÊÜð~¿ÅÅÜ&¸Þ» Petri-NetÃÄÂi�&TìÕ~ÏÐÑ2Z[«ÓPPÆÞ»Ù6

ÜÐ~¿ÑÒÄµ�1Y�GÞ»NO6 Petri-NetÜÄ(6WØåæÓ»8~ÅÍT}ØÄÏÐ

Ñ2Z[«6îïXT0aÕ~Ù6ÓÎ~ÅÍÊÜð~¿

6.2 Talk�ç

� 22ÃÄ Talk6XYZ[N.ÜÐ~¿KeyBoard��Äw¾T �Ó©ªÍlßÄø´Í

0F6DisplayT�ØDÕ¿ DisplayÃÄNOÓÀÁCDEFGHÜÐØÄMessageJoinÓol

ßÂiÓÍlß¾~¿Å6XYZ[NTÃÄÿ�ëïE656ÉÊq8¹º³¾Í¾Æ¶ZÊÐ

~¿ÅºTÁ¾ßÄè
Üéêßð»òóÊ8Æo/~�*êßª}Æ¿
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Å6TÁ6jÔ6 Petri-NetÓX~ÍÄ (jÔ 1)6éÇT³lß¾~¿ÅºÃÄMessageJoin

6ÀÁÿ�ëïE6Ü���6éÇÉ6ÙÆPÁ£³³ÜÐ~¿Å6 Petri-Net6}ÆTÄë

«ÅÍÞßMessageJoinÓoÆXYZ[N6jÔTÃÄÙÞXYZ[NÊ^g³�0Ä[>Å

6Ç6³ÊDßW~¿ÅºÃÄ^g³XYZ[NÓ�~/6Uê6PÁÜÐ~¿
»ÄÐ~ÿ�

ëïEÊË¸Þ» Petri-Net��Ä(6ÿ�ëïEÍÂÌÿ�ëïEÓø´øùT�~jÔÃÄ

Åº
ÜT�l» Net�6¡IÍ³~¿Å6}Æ³Ä Petri-Net è6îïXÊÄ DinnerBell6

XYëLT0aÕ~¿

5.4 ë�ìíîïð# !"�ñò

Å6}ÆTÞßË¸Þ»kµîÃÄóÞW�]L�]LÊË¸¹º~
ÜÄÁ
Ø itBlock

Öý6�]GÜ&¸Þ»µï�«YïZ[«6&¸ÊP±ÜÐ~@6ÄA{XYZ[N6ô�6

ÂiìíÓ�Þß¾~¿Å6kµîÜÃÄ

� õ±¹º» itBlockÖý6�]GT}~îïXÄ

� NOÓ�~»YT(6îïXÓ¢dÕ~methodÖýÓÀl»ÿ�ëïE

6TÁ6©öÊXYëLÓ�Þß¾~¿ÂÌ}ÆTîïXÓ�~jÔÜÙÄ�d6îïXè6method

ÖýÊÇ6dÜÙ÷ø¹º~jÔÄ./0 Factorial6}Æ³Ù6ÃÄÅ6kµîÜÃÄ8r8

rlðW³~ Petri-NetÓ�~¿Å6kµîTÃçù6}Æ³É)ÊÐ~¿

[úûüýþÿ�] itBlockÖýT}~CDEFGH6@6¡IÃq»ºß¾~¿
»Ä¢dÕ~

HïG]6ýÃÄ DinnerBellÜ6XYëL6ýÜÐ~¿

[����þÿ�] ÂiìíT6ªTâäÕ~/Ä¢dÕ~ÿ�ëïE6ÀÁNOTÃÚº�ºß

Þ
Æ¿ÿ�ëïE6�ûÕTUVWåæ´�ÃÄ Place��D~§ý6��ÍÞß
Í

Y�º~¿

[Petri-Net 	
�ü] Petri-Netøù6lð¹ÃÄ PlaceÄ TransitionÄ��6ýÜ°
~¿Ë

¸¹º~ Petri-NetÃÄRlÃÿ�ëïE6KLj;Í³~¿Þ�ÞÄÿ�ëïE6¢d

T}~XYëLÃÄPÁ6 Petri-NetT
Í~ÅÍÊÜð~6ÜÄ±M²³XYëLÓ�

]�GHT��Üð~¿

Å6kµîÃA{XYZ[NÓÄ�¢dÕ~ÿ�ëïET}~XYëLÓ��Õ~�Ù6ÜÐ~¿

6 !�îç

ÅÅÜÃÄ Phased Petri-NetÓÎñÞ»µ¶�Z6.ÓTÁÐ�~¿PÁÃÄDining Philoso-

pher,-ÜÄXYZ[N6µ�1Y�GÓXÁB~.ÜÐ~¿ÙÆTÁäÃÄÿ�ëïE��6

566q7TìÕ~¶ZÓXÁB~.ÜÄTÁ6 DisplayÍÄTÁ6KeyBoardÓolßÄ

w¾T�ÞÓÕ~KLMN \Talk"ÜÐ~¿

6.1 Dining Philosopher ã��ç

Dining Philosopher,-6XYZ[NÓ� 20TyÕ¿ÁÂ6ÃaÄÊÄÁÁ6«ÅïGÓÃ

¹rÜ�T³lß�ØÄ(º ºÊø´6�òTÐ~«ÅïGÓ/¤Ílß��ÓÕ~Í¾ÆÙ

6ÜÐ~¿PÁ6«ÅïGÊTÂ6ÃaÄT}lß�^¹ºß¾ßÄ����Ó{³lß¾~¿

ÁÂ6ÃaÄÊÂ/TÄ�6«ÅïGÓÍ~Íµ�1Y�GÊ¬ð~¿
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� 18: §ý6ÿ�ëïEÊPÁ6 Petri-NetÓ�^Õ~
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� 19: §ý6ÿ�ëïEÊ§ý6 Petri-NetÓË¸Õ~
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ret:

� 15: Fork 6«[Zÿ]H

� (��ï]��T}~Öý6QR)TÇ]Þß�Å³�º~Ù6ÊÐ~¿èÄ� 166}Æ³

ÿ�ëïE��Ê�Å³�º»ÍÕ~¿ Å6/Ä ~Lfork pick!ÊWØÞ»ÍÕ~ÍÄ TRUEÍ

(~Lfork pick!) yes: ( pickR! );

� 16: Fork 6��

¾ÆCDEFGHÊÓ¹ºßÄ(ºTÄ yes:Í¾Æÿ�ëïEÊ��º~¿Å6ÍðÄ«[Zÿ

]HÊ¡I¹º~¿¹�TÄTRUEÊÄ��º» itBlock TÄ eval!Ó�~¿Å6¡I6¯¢

ÃÄ� 17T³~¿

&%
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&%

'$

&%

'$
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P

P

P

P

P

P

P

Pq

�

�

�

�

�

�

�
�1

-

&%

'$

-

pick!

free!

yes:

eval!

� 17: «[Zÿ]H6¡I

ÂÌCDEFGH�ÂÌ·ï�ï16ÿ�ëïEÓ§ý��Õ~jÔÄÂÌ Petri-NetÊ§

ýdË¸¹º~¿ÅºÃMethodÖý6ÕABÊÀ³lßÄÑÒT(º ºÿ�ëïEÓ�l»

CDEFGH6(º º6 ContinuationTJ�lßÀ³~ÔØÕÓÓÕ��ÜÐ~ (jÔ 1)¿

ÔØÕÓÓ¹³¾jÔÃÄÂÌ Petri-NetÓ�^Õ~ÅÍÊÜð~ (jÔ 2)¿ Fork6.6jÔ

ÃÄÅ6TÁ6�ò6jÔÊDßW~¿

(jÔ 1) Fork6CDEFGHTÃÄTÁ6PhilosopherCDEFGH��6��ÊÐØ/~ÊÄ


>Ä free!6ÿ�ëïETÃÄÔØÕÊ³¾6ÜÄÅ6ÿ�ëïEÃPÁ6 Place �6�

�Í³~ (� 18)¿

(jÔ 2) pick!6ÿ�ëïEÃÕÓÓÕ6ÜÄTÁ£¤6 Petri-Net Ó�~ (� 19)¿MessageJoin

6jÔ6¡IÃJ£ÜÄ free!6ÿ�ëïEÃÄTÁ6 pick!68p�ÍÙ Join Õ~9:

ÉÊÐ~¿
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� 12: Petri-Net «[Zÿ]H
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� 13: TRUE 6«[Zÿ]H
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� 14: åæ 
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³8ÊÐ~¿Å6}Æ³XYZ[N6jÔTÃÄ
>Ä(6/T¨�Õ~XYëL (=HïG])

TÇÞßÄóÞWCDEFGHÓË¸Õ~}ÆTÕ~ÅÍT}ØÄÂÌÖðÓÕ~^g³XYZ

[NÓ�~ÅÍÓ�/~¿(ºÊÜð³Bº0ÄHïG]6ýÓ�uÕ~Ä¯^g³>´Ó�Ø

DÕ³86òóÊÐ~¿Åº�6òóÜÙ^gTÜð³¾XYZ[NÃÄ¯^g³ Petri-Net6

=QÓ[©ÍÕ~¿

5.2  !"� !

ÅÅÜ±"Õ~ kµîÃÄXYZ[N6#$ÍÇ6NO�6ÈÉÓ�Õ PlaceÓ�B�/»

Petri-NetÓoÆ¿kµîÃÄçù6©ö��³~¿

� Place

� NOÈÉÕ~ Place (XYZ[N6õöÙ��)

� Token

� Transition

� Place �� Transition �6��

� Transition �� Place �6��

ÅºÓÄÅÅÜÃÄ¦�Í{ð%6Á¾» Place6&ÔÍ¾Æ}Æ³³Ü�Õ¿Åº�ÃÄ

(º º^u6&ÔÜÐ~¿¹�TÄCDEFGHÓóÞWË¸Õ~}Æ³ÿ�ëïE (Å6}

Æ³ÿ�ëïEÃ Petri-Net6É)ÓÖ/ßÞ
Æ)ÊÐ~ÊÄÅÅT'§Õ~ÍÅ6 Petri-Net

6()Ã#$Õ~¿

5.3  !"�*+

Petri-Net6Ë¸6»YTÃÄ DinnerBell 6Ìÿª�1�ÍT Place TÄÿ�ëïE6RD

�6�ÓÁB» Petri-Net ÓñcÕ~¿ ÅºÓ«[Zÿ]HÍú�ÄRD�Ó�Õ PlaceTÃÄ

input, output 6 2�,ÊÐ~¿ TransitionÃÄDinnerBell 6��GT0aÕ~¿./0Ä�

46 output:ÓTÁT´B~ Split6.6«[Zÿ]HÃ� 126}Æ³ Petri-NetT³~¿ kµ

î6Ë¸Ã 3-.T³lß¾~¿
>ÄÌÿª�1TÇÞß«[Zÿ]HÓË¸ÞÄ(º��Ä

ÿ�ëïE6Ñ{KïZ]LTUV¾ßÄ(ºÓ¡IÞß¾W¿RhT/�³>´ÓCØ0W¿

ÿ�ëïE��K]ZÃÇ6}ÆTÞß Petri-Net6Ç]VB�º~¿
>Äÿª�16ÿ�

ëïE��ï]ÃÄPÁ6 PlaceTÖ×¹º~¿(6hTÄPÁ TransitionÓ1W¿(6 Tran-

sition��Ä(6ÿª�1Ê¬�¹º»/T��¹º~ÿ�ëïETÇ]Õ~ Place���ÓD

Õ¿

ÅÅÜÃåæ Ó.TÞßUE²³ Petri-Net6Ë¸Ó2GÕ~¿åæ ÜÃÄÐ~ÿ�ëï

E6Û/ÍÞßÄ TRUEÄ FALSE6T3ØÐ~¿� 56XYZ[NÃÄ� 13TyÕ«[Zÿ

]HTÖ×¹º~¿ Å�6CDEFGHTÇÞßÄ yes:, no:6·ï�ï1T}ØTÁ6 itBlock

Ó�~ÍÄ8p��T eval!6ÿ�ëïEÊ��º~¿ÅºÊÄåæ 6��ÜÐ~ (� 13)¿Å

6jÔ6 Petri-Net6¡IÃçù6}ÆT³~ (� 14)¿


»MessageJoin 6jÔÃÄÝpÔ��~ÿ�ëïE6Ì¤TÇÞßÄ PlaceÓ�ØÄ(6

hTPÁ TransitionÓ�W¿� 206XYZ[NÃÄ� 156«[Zÿ]HTÖ×¹º~¿

Å6}ÆTÄÿª�1�ÍTË¸Þ»«[Zÿ]HÓÑ{6KLT3lß¡IÕ~Í Petri-

NetÊË¸Üð~¿¡IÃÄÿ�ëïE6��TÇ]Þß�Å³�º~Ù6ÍÄÿ�ëïE6Ü
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GH�6��Ê¬ð~¿Å6}ÆTÄ3M place �� transitionTÃÿ�ëïE6Ü�Ó�ÕP

Á6��ÊÐØÄ transition ��Ãÿ�ëïE6��Ó�Õ§ý6��Ê�6 place�6�~¿

Å6/ÄMessageJoinTÃÄ transitionTÇÕ~§ýR�ÊÇ]Õ~¿

Å6}ÆTÞßÄÿ�ëïE6KLÓ Petri-Net6BÜ�ÕÅÍÊÜð~¿ÅºÊÄÅÅÜ

oÆÑ{kµîÜÐ~¿Å6 Petri-NetÓ=QÕ~ÅÍT}ØÄXYZ[N6ÂiìíÓ*ê~

ÅÍÊÜð~¿

ÍWT�]L�]LË¸64�Ø6@6±MNOTÁ¾ß�/}Æ¿Å6}Æ³�]L�]

L6Ë¸Ê³¾@6 Petri-Net6HïG]5ïNTÃçù6}Æ³�6ÊÐØÆ~¿

� HïG] Ê~�Þß�ÊõöÕ~ (�Þ¾XYZ[N6#$)

� HïG] ÊWØÜð³W³lßõöÕ~ (µ�1Y�G)

� óÞW�]L�]LÓ�~ transitionT'§Õ~ (Ç6 phase�6É{)

� è�¾>ºTÙ'§�>ÄH7THïG]5ïNÊIW (HIXYëL)

RS6 3Á6NOT[>{ðÁW}Æ³Ù6ÃÄRh6NOAB,-TÕº0�¾¿Å6/ÃX

YZ[NÃ8ÇÑ{Ü6HïLT}~µ¶�Z³8T}Ø=QÕ~ÅÍÊÜð~¿A{XYZ

[N69:6Ð~jÔÃÄRh6H7THïG]5ïNÊIW9:ÉÊÐ~/ÜÐ~¿./0C

�ïM�]ZKLMN2Ä�ï¶G[�]Hkµî6�ï¶Ä3�1[�¶ÄXYëL6

�ïE;³86^ñ³XYZ[NÊÅ6G[LT<Õ~¿Åº�6G[LÜÃÄ¯°±²Ñ{2

+�É6³¾¶ZÊÐØÄHïL³86=76òóÜÃÆ
Wµ¶�ZÜð³¾¿ÅÅÜéê

» Petri-NetT}~kµîÃDinnerBell XYZ[N6>´²³±MNOÄÁ
ØÄXYëL@

60w�ñ6=QòóÓ>?Õ~¿XYZ[Nj;6c:ÃÄ§ý6^g Petri-Net6@6¯°

±²³NOÈÉBÍÞßf/~ÅÍÊÜð~¿

HIXYëLÓ�Õ Petri-Net6=QÃÄ(6U<¹T}ØÄ(6HïG]5ïN�BT�

¾ßÄ Petri-Net@6HïG]6ýTèuÊÐ~jÔ (^g)Í(ÆÜ³¾jÔT´B�º~¿

[ABCPetri-Net] Petri-NetTÇÕ~9§,-Ó Place6HïG]6´D6��ï]TÇÞß

NOÈÉ�Ó�~ÅÍT}Ø=WÅÍÊÜð~¿9§,-Ê=B~ÅÍÃÄ Petri-NetT

ìÕ~EÍr8Õêß6,-Ê=B~ÅÍÓc:Õ~¿

[FABCPetri-Net] ¯^gÜÐ~Í¾ÆÅÍÃÄÐ~J±6 Place6HïG]Ó¾W�ÜÙ

¨2�~Í¾ÆÅÍÜÐØÄ¯°±²³XYëLý6¨�Óc:Õ~¿¯^g³ Petri-Net

TÇÕ~9§,-Ã=°9:ÜÃÐ~ÊÄ���²TÃU<ÜÐ~¿

ÅÅÜ6 Petri-Net9§,-ÍÃÄSiNO��ÄÐ~9:³HïG]6´DNOTÄ'§

Üð~�8Æ�Ó*ê~,-ÜÐ~¿

^g³XYZ[NT}Ø[©³ABXYZ[N6EÍr86G[LÓ��Õ~ÅÍÊÜð~¿

ÍWT¯^gÉøùÊÄ (hÜyÕ}ÆT)[©³56ÉÓ´µÞß¾~}Æ³jÔÊÐØÄÅ

6}Æ³jÔÃ¯^gÉ67DABÓ{³/0�¾¿,-Ã¶ZÓJ±Üð~}Æ³Ä=QÉ6

�¾kµîÓÀÁXYZ[NÓ�~ÅÍÜÐØÄ^gÉÃA{XYZ[\]Z6PÁ6GHUê

Í�/~ÅÍÊÜð~¿

¯^g³ Petri-NetÓËÌ~}Æ³XYZ[NÍÞßÃÄ./0Ä

� üý NÓf/ß Nd6ÿ�ëïEÓÂÌCDEFGHTÇÞß��Õ~Ù6Ä

� GI��EÓÜBÍ�>Tÿ�ëïEÓJ�uTË¸Õ~CDEFGH
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Phase 1 ..... Phase n

Time

� 11: Phased Petri-Net

ÅÅÜ6Ñ{kµîÍÃÄXYZ[N6ÌÑ{6�]L�]L6&KÓyÕÙ6ÜÐ~¿X

YZ[NøùÃÄXYZ[6Àlß¾~®¯ÓL»¹³¾ÅÍ (¶Z)ÊÐØÄXYZ[Nø

ùÓ*êßÙ(6�PMÓ*ê~ÅÍÃ<Þ¾¿³¸³�Ä(ºÃPP²³78,-ÜÐ~��

ÜÐ~¿(º}ØÙÄd¤6Ñ{ÊÄXYZ[6�/ß¾~®¯ÍPMÞß¾~�8Æ�Ó*

ê~òÊMT2¹Þ¾¿Þ�ÞABÑ{ÜÃÑ{kµî(6Ù6Ê§¶T³lßÞ
Æ6ÜÄÅ

ÅÜÃÂiìí6ª6Ñ{kµîÓ±"Þß¾~¿

5.1 Phased Petri-Net

Pd6XYZ[NÑ{6KLÓ�/~¿ DinnerBell ÜÃKLÃÿ�ëïE��K]Z6&Ô

ÜÐØÄ ACTORkµî [7]ÍÂ¯ÄÌÿ�ëïE��K]ZTÃÄÞ6ìíTUVWN56ì

íÊÐ~¿ Petri-NetÓË¸Þß¾WîO�PNÓ�/~»YTÄÅ6N56Ó��ôa³j

56Ó�/~¿N56��j56ÓË¸Õ~QTbcÉÊÐ~6ÜÄÑ{KLTÇÞßPcT°


~kµîÜÃ³¾ÊÄÅ6bcÉÃÅÅÜÃx©ÜÃ³¾¿Å6j56Ó»8lßÿ�ëïE

��K]Z6&ÔÓÄ�]L�]LË¸6ÿ�ëïEÓ�T´)Õ~¿

DinnerBellTÃÄ 2�,6ÖýÊÐØÄPÁÃmethodÖý (P/Öý)ÜÄÙÆPÁÃ itBlock

Öý (�]L�]LÖý)ÜÐ~¿ DinnerBellÃÄOPQRÜÐ~��Ä itBlockÖý6ÕÃÄ

CDEFGH6Ë¸ç¥Ö��³¾¿PòÄmethodÖý6òÃÄÿ�ëïE���ÍTÕÊÖ

�~¿ÅºTRäÞßÄ�]L�]LÓË¸Õ~ÿ�ëïEÍÄ(ÆÜ³¾ÿ�ëïE6TÁT

ÿ�ëïEÓ´,Õ~¿Å6´,ÃÄÿ�ëïEÊG[LT��º~�Ä�]L�]L (Öý)T

��º~�T}lßS£Üð~¿

Å6/Ä(º º6´)¹º»>´ÃÄ�]L�]LÓË¸Þ³¾ÿ�ëïEAB��³l

ß¾~¿Å6ÿ�ëïE6²ºÍÄ�]L�]L��Ä Petri-NetÓ&¸Õ~ÅÍÊÜð~¿ÿ�

ëïE6Ü�ÃÄPT6 placeÍ transitionÍ³~¿CDEFGHT��º»ÿ�ëïEÊ¥~

jQÊ placeÜÐØÄÿ�ëïEÊÜB�B�º~Í transitionÓ3UÞßÄ§ý6�6CDEF
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6 itBlockTJBß��º~¿Å6/T�T2GÞ» wait:ÓolßÄD�6CDEFGH��

6GI��EÓÝlß¾~¿

ÂÌÿ�ëïE��ï]ÃÄPÁ6CDEFGHTPÁÞ�V¹º³¾ÊÄTÁ6ÿ�ëï

E��ï]ÊÂÌPÁ6ÿ�ëïE��ï]Ó�^ÞßMessageJoinÓ&¸Õ~ÅÍÃV¹º~¿

Å6ÍðTÃÄÝÔ�6ñcÊÜðß¾~òÊWX¹º~¿ÅºÓolßÑÒTNOÖýÓÑ�

Õ~ÅÍÊÜð~ (� 10)¿ ÅÅÜÃÄ state:XÍ¾Æÿ�ëïEÊ¢dÕ~¿Å6ÿ�ëïE

ÃÄ write:XÄ read! 68p��PòÍ JoinÕ~¿ÅÅÜÃTÁÐ~ Continuation6Æp read!

TÇÞß6ªÛ/Ó��Þß¾~¿ Å6RegisterTÃÄ
>SiÆÍÞß state:06ÿ�ëï

class Register [

read!� state:X

*X.

state:X;

write: X� state:Y

state:X

]

� 10: Register in DinnerBell

E�~¿Å6CDEFGHT write:1Ê��º»ÍÞ}Æ¿Õ~ÍÄ itBlock6 iterationT}Ø

state:1ÊÄø´øùT��º~¿ÇT read!Ê¥~ÍÄ state:1Í JoinÞßÕ6 1ÊÄ read!T

ÇÞßÓ¹º~¿§ý6 read!Ê¥ß¾»ÍÞßÙÄ(6,6PÁÞ� JoinÞ³¾¿(ºÃÄ state:1

ÊPÁÞ�³¾��ÜÐ~¿ write:Ó¾W�»W¹r�lßÙ state:ÿ�ëïEÃ¨/³¾ÅÍ

TRcÞßYÞ¾¿

5 DinnerBell�Z[ !"

8Ç36XYZ[\]Z45ÜÃÄÑ{�6Ó�ÕkµîÍÞßÄ./0ÄÐ~XYZ[N

6Ñ{T�¾ßÄ(6XYZ[NT�º~Õêß6ìý6R�ÍÕ6TÓC~ÅÍÊÜð~¿


»Ä12345ÜÃÄÕêß6é5TÇÕ~12Öý6Õ6CØò6&ÔÊÑ{kµîTÇ]Õ

~¿Þ�ÞÄ8p�6jÔÜÙÄABÑ{
»ÃÄ¯°±ÉÓ��}Æ³45\]TÇÞßÃÄ

Ñ{6¯¢Ó¾´T��Þ»Ñ{kµîTÃ³�³¾¿¯°±ÉÍÂi�&6TÔ�ÊRD�2

12Öý6Õ6CØòT�º³¾^º»NOÓ�ØAÞß¾ßÄ¹�TÅ6^º»NOÓÄ£³

Âi�&T}Ø_`Õ~ÅÍÊÜð~¿Å6^º»NOÃÄXYëL6ÂiìíÓ�Þß¾~¿

ÅºÃÄ Brock-Ackermann Anomaly[3]ÍÞßr�ºß¾~¿Þ�ÞÄÅ6}Æ³ab³RD

�Ó��}Æ³Ñ{kµîÃ¯MT§¶T³lßÞ
Æ¿

(ÅÜÄ¥6XYZ[N6Ñ{KL��Ä¾q¾q³^_ÓcßßXYëL@6ìíABÓ

dðDÞ»kµîÓ�~ÅÍÓ�/~¿DinnerBellÃÄMessageJoin Óol»Âi�&ÓÀÁ

45ÜÄ(6Ñ{ÃÄ Petri-Net 6Ë¸Í(6èÜ6HïG]5ïNÍ�/~ÅÍÊÜð~¿(

ÅÜÄÐ~ Petri-NetÜ�¹º»±MNOÓ/@eòJT¡IÞ»}Æ³Ù6Ó�/~¿(ÅÜ

ÅºÓ Phased Petri-Net (� 11)ÍúûÅÍTÕ~¿

Å6kµîÃÄ DinnerBell6Ð~J±6Ñ{KLTÇÞßË¸¹º~¿Á
ØÄÂÌXYZ

[NÓÂÌR�µï�TÇÞßÑ{¹�ßÙÄÑ{6Pd�ÍTÅÍ³~kµîÊÜð~¿Å6

kµîÃÄ �|TÇ]Þ»kµî [12]³86}ÆTÄXYZ[N6Ñ{Ó(6

 Petri-NetT

Ö×Õ~6ÜÃ³WÄÑÒ6XYZ[N�� Petri-Net Ü�¹º~XYëL6ô�ABÓdðD

Þ»Ù6ÜÐ~¿./0Ä¥6XYZ[NÜÃÄÿ�ëïEÃÕÓ�ûÙ6ÜÐ~ÊÄË¸¹º

» Petri-Net Ó=QÕ~/TÃÄÅ6ÕÓJfÞß¾~¿
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�ï1 wait:Óolß��Õº0�¾�BÜÐ~¿

Out2 wait: ( to: Out2)

h6.ÜDßW~}ÆTG[L TRUEÓGI��ETo¾Ä yes:Ó wait:6Q�ØToÆÅ

ÍÙÐ~¿

4.4 MessageJoin�ghi

statementBlockÍMessageJoinÓTÔ��ßÄ¹
j
³Âi,-ÓDinnerBellÜXYZ

[NÕ~ÅÍÊÜð~¿ÅÅÜx©³ÅÍÃÄÿ�ëïE6ÝpÔ��6E�ÃÄÕêßÿ�ëï

E��K]ZT}lß¸9Þß¾~ÏÜÐ~¿ÅºT}ØÄkµî6&'ÊÚÛT³lß¾~6

ÜÐ~¿

4.4.1 klmn

ÅÅÜÃÄhÜoÆ Dining Philosopher6.-6,ÜÏÐÑ2Ó{³Æ«ÅïGÓ2GÕ~¿

Å6«ÅïGTÇÞßÄ
> free!Ó�~ÅÍT}ØSiÆÕ~¿«ÅïGÓo¾»¾XYëL

ÃÄ pick!Ó�~¿Å6«ÅïGÃÄ free! ÍÄ pick!6TÁ6ÿ�ëïEÓÝpÔ��~}ÆT

³lß¾~6ÜÄo�Ê free!Þ³Bº0Ä pick! Üð³¾¿ÅºÃÄ DinnerBellÜÄ binary

semaphoreÓÑ�Õ~/6åê²³òóÜÐ~ (� 8)¿ Å6/ÄTRUEÃÄ pick!TÇ]Õ~

class Fork [

pick! � free! % sync free and pick

sender#1 ret:TRUE

]

� 8: Fork in Dining Philosopher

ContinuationTÇÞß��¹º~¿

4.4.2 lpq

§ý6XYëL��¥~§ý6ÿ�ëïEÓPÁ6LH�ïNT
ÍY~ÅÍÊÄïEÜ

ÐØÄ./0ÄRD�³8T[©T³~¿ÅÅÜÃÄÿ�ëïEÇ�XYZ[N Talk6P>6

DisplayÓXßª}Æ¿
>Ä newFor: T}ØÄ itBlockÖý UserTeï�¦Óæ±ÞÄ to:

ÜOut6SiNOÓI±Õ~¿(ÞßÄÅ6CDEFGHÓNOÓÀl» to:OutÍ¾Æÿ�ëï

EÓø´T�~¿Á
ØÄÅ6 to:OutÊDisplayÓ¢dÞß¾~¿Å6¢dÞß¾~ÿ�ëï

EÍÝpÔ��~ÅÍT}lßÄïEÊÑ�¹º~¿Å6}ÆTÞ³¾ÍOutTÇÞßÄ write:

Í nl! Ê5�ÂT��ºßÞ
Æ (� 9)¿ to:OutÃÄÅ6,6 statementBlock6,��Pr±

class Display [

newFor:~User out:Out to:Out;

output:X� to:Out1

Out2 ( ((Out1 write:~User) write:X) nl!.

Out2 wait: ( to: Out2. *TRUE)

]

� 9: Merge and Display
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class TRUE [

yes: aBlock aBlock eval! ;

no: aBlock

]

class FALSE [

no: aBlock aBlock eval! ;

yes: aBlock ;

]

� 5: TRUE and FALSE

ðTîïXÃÄPr@s6 itBlock6 selfTÇÞß{�º~¿ÅÅÜÃÄ fact:Ê(6}Æ³ÿ�

ëïET³lß¾~¿ÅºÓÿ�ëïE6¢dÍúû¿

class Factorial [

fact: N

(N =: 0)

yes: ( * 1)

no: ( * (

(fact: (N �: 1)) *: N) )

]

� 6: Factorial

4.3.4 t	u�vwx


»DY�GÃÄyzGHToÆÅÍÙÜð~¿DinnerBell 6}Æ³OPQR3µï�Ù

�645ÜÃÄÖýÃ
AÕÓ{ð|
ºß¾³¾}±6NOÍÄÕÊ{ð|
º»NO6T

Á6NOÓÀlß¾~¿ÕÊ{ð|
º~Í¾ÆÅÍÓÕÊ»±Õ~ÍÙ¾Æ¿Ð~Öý6ÕÊ

»±Õ~ÅÍT}ØÄJ±6 statememntBlock6,ÓÑ{Õ~Í¾Æ³ÜÂiÓÍØ»¾ÍÞ

}Æ¿ÅºÃ active value[21]6}Æ³Ù6Í�/ß�¾¿DinnerBell ÜÃÄµ«ÅîHÜ�

76G[LÓ~�Þß¾~¿Þ»Êlßbc6Öý (R#²TÃÄ��6CDEFGHT»±Õ

~)TÄÅ6ÿ�ëïEÓ�~ÅÍÊÜð~¿o¾òÃÄÝpÔ��»¾ÖýTJ�lß·ï�ï

1 wait:ÓolßDY�GÓ��Õ~¿DinnerBellÜÃÄÿ�ëïE6��ÃÄ��%Ê»±Õ

~
Üzi¹º~¿ÕÊ»±Õ~Í wait:ÿª�1Ê ¬�¹ºÄDY�GT eval! 6ÿ�ëïE

Ê��ºDY�GÊ�ðDÕ¿ Å6�L�]1ÍÕ6��T}lß©àÙ� /yzGH /Âi

class Waiter

[ wait: B B eval!

]

� 7: yzGHDY�GÓ¬�Õ~ÿª�1

6»Y6�]1KF�GÓ{Æ¿./0ÄÖýOut26ÕÊ»±Þ»�Ä to: Out2Í¾Æÿ�

ëïEÓø´T�Ø»¾ÍÕ~¿Å6/TÃÄÇ|6}ÆTÄ(6ÿ�ëïE��Óµ«ÅîH

6ÿ�ëïE��ï]ÓÀÁ statementBlockTÁWlßÄÝpÔ��»¾ÖýTJ�lß·ï
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pick! � free!

Í¾Æ��ï]³�0ÄRS6 pick!6 ContinuationÊ sender#1ÜÐØÄ free!6 Continuation

Ê sender#2Í³~¿ Continuation6L�ïXÍ��ÃJ£Tæ±¹ºß¾~¿ÅºÃÇTéê

~åæ ÜÃÄÌåæ�Ã(6�6ÿª�16 ContinuationÓ�^Þ»òÊ�Î³»YÜÐ~¿

��ÃmethodÖýAÊÄL�ïXÃ itBlockÖýÍÞßCØ¼�º~¿3MÃÜ�sÜÃçù

6}Æ³³ÜÛ/Ê��¹º~¿

sender#1 ret: 3

ÿ�ëïE��/6 Continuation6I±ÃÄ( ÓoÆ& Êñc¹ºß¾~¿Ü�s6 Con-

tinuationÄ sender#1ÃÄ * Óñ¾ß *#1Ä¹�TÄÅ6}ÆT 1r6jÔÃÄOT * ÍÕ~

ÅÍÊÜð~¿¹�TÄ ContinuationTÁ¾ßÃ·ï�ï1Ù��ÓVÕ¿ÿ�ëïE��ï

]AB��³~ statementBlockÃ��Í��GÓ��Õ~ÅÍÊÜðßÄ
»Äµ«ÅîH6

·ï�ï1ÍÞß ret:Êo�º~ÅÍT³lß¾~6ÜÄ��sÃçù6}ÆT³~¿ ÅºT

}ØÄè6TÁ6|Ãçù6}ÆT��Üð~¿

X ( 1 +: 2

* 3

ÅºÜÄ Smalltalk-80ÍÂ¯6& TX/~}ÆT³l»¿
»ÅÅÜù�ÊO³~��Ü³

WÄ& 6P>Ó&¸Þß¾~¿��øùÃÄ ContinuationÓ��/~»Y6��ÜÐØÄ(

6��/%ÃÄ��ï]Ü³¾ÄCDEFGHÜÙ}¾¿Â¯Tçù6}ÆTABQRÙÑ�Ü

ð~¿

high: H low: L( List split!

Û/6��sÜÃÄÇ6}ÆT high:Í low:6TÁÓÂ/TP\T sender#1T��ÞßÙ�¾

ÞÄ

sender#1 high: H low: L

Ð~¾Ãçù6}ÆTT\T=lß£¤T��ÞßÙ�¾¿

sender#1 high: H. sender#1 low: L


»£¤6CDEFGHÊÄ high:Í low:Ó£¤T��ÞßÙ�¾¿

4.3.2 ���

DinnerBellÜÃ"2ÕÙCDEFGHÍÞßÓ¹º~¿ Smalltalk-80ÍÂ¯TÄ"2ÕTÇ

ÞßDY�GÓ�ØÁB~ÅÍT}ØÄ"6/TÃ yes:Ü��º»DY�GTÄ�6/TÃ no:

Ü��º»DY�GT eval!Ê��ºßÄ(6DY�GÊ�ðDÕ¿DY�G6,6ÖýÍ Con-

tinuationÃÄ±Í�^¹º~ (� 5)¿

4.3.3 �p�	��

ÿ�ëïE��ï]Ê��¹º»CDEFGHTÃÄ eval!Í¾Æÿ�ëïE��ï]Ê�±

¹º~¿Yï�î³CDEFGHÍÅ6���óÓolßÄåæ|Ó�éÞ»6ÊÇ6ÅºÓÎ

ñÞ».�6��6.ÜÐ~ (� 6)¿ÿ�ëïE��|T�¾ß��%Ó��Õ~ÍÄµ«Åî

HÍÞßÄ��Õ~CDEFGHøùÜÐ~ selfÊ��%Í³~¿ÅºÊîïXÓ�Õ¿Å6Í
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³µï�«YïZ[«T0aÕ~¿ÅÅÜÃÄDinnerBell 6 2�,6ÅÍ³~��ÓÀÁÖý

ÊDßðß¾~¿ÙpqrÄÅº�6ÖýÃÄ(6��6@ÄÕÊ{ð×/�º~ÅÍÃ³¾¿

A6
/6 \~"ÃÄ AÊ Smalltalk-806�]L�]LÖýT0aÕ~ÖýÜÄ itBlockÖýÜÐ

~ÅÍÓ�Õ¿Å6ÖýÃÄCDEFGH (itBlock)ÍÂÌ��ÓÀpÄÅ6G[L6}ÆTÄ

±ý2õ±¹º»µï�«YïÓ�ÕÅÍToÆ¿ DinnerBellÜÃÄ�T Smalltalk-806P/

ÖýT0aÕ~methodÖýÍ¾ÆÙ6ÊÐØÄÅÅÜ6 XÊ(ºÜÐ~¿G[LÍÞß�4¹

ºß¾³WßÄ \~"Ù�1¹ºß¾³¾¦�ÃmethodÖýÜÐ~¿Å6Öý6��Ãÿª�1

ú�DÞ6(ºÍÂÌÜÐØÄÅ6CDEFGHT output:Í¾Æÿ�ëïEÊ¥~/TóÞW

��º~¿Þ»ÊlßÄOPQRÖýÞ�À»³¾45ÜÐlßÙÂÌCDEFGHTÇÞßÄ

output:1Í output:26}ÆTÿ�ëïEÓ�dÜÙ�~ÅÍÊÜð~¿Å6.6}ÆTDinner-

BellÜÃÄmethodÖýÜÜB~ÿ�ëïE��ï]Í itBlockÖý�6��6�]GÊµï�

«YïZ[«Ó&¸Õ~ÅÍÊ�¾¿

itBlockÖýÓ��ÿ�ëïE��ï]�6§ý6ÿ�ëïE6'â2ÄÖýÓ�^Õ~CD

EFGHÜ6§ý6ÿ�ëïE6'â³8ÃÄOPQR�6°¼Í³~¿DinnerBell ÜÃÅ6

}Æ³jÔ�[ïÍÞßÞ
ÆÊÄ��Ã~IÕ~¿

4.3 ���ã ¡¢£¤¥¦§¨

()ÜWW~ÅÍT}Øÿ�ëïE��|Ó�LH¹�~ÅÍÊÜð~¿./0 1 +: (2 +:

3)6}Æ³�éÊÜð~¿¹�TÄCDEFGH6,T ()ÜWWl»Ä��GÓÀÁ©96C

DEFGH statementBlockÓ�~ÅÍÊÜð~¿ÅºÃÄ Smalltalk-806DY�GTÇ]Õ~

Ù6ÜÄDY�G6,Í±ÜÖýÃjWÂÌÙ6ÓIÕ¿Þ»Êlß statementBlockÊ(6±

6 itBlockÍÂÌ��ÓÀÁÍ¾ÆÅÍÙÜð~¿

Å6}Æ³��Ó�^Þ»Rº¢6CDEFGHÃÄ LispÜÃÄ closureÍÞßr�ºÄµï

�ªïL6´!ÜÃÄ Nested Transaction[13]ÍÞß��¹ºß¾ß¾~¿{ð×/9:³Öý

ÓoÆXYZ[\]Z45ÜÃÄAB��ùÜRº¢T³l»§ý6CDEFGHÓÂ/Ñ{¹

�ÁÁÄ(º�Ó��CDEFGH6NO6«B9:ÉÓ«ÀÕ~ÅÍÃ<Þ¾¿ Smalltalk-80

2 ABCL/1ÜÃÄCDEFGH6,ÜÑ{Ê8Ç3T³~6ÜÄÑ¬Õ~ÅÍÊÜð»¿ Dinner-

Bell6jÔÃCDEFGH6,6ÖýÊNOÓÀ»³¾6ÜÄÚÛT®³WDY�GÓ�RÕ

~ÅÍÊÜð~¿

4.3.1 ¯°�±Continuation

DinnerBellÜÃDY�GÃ¹
j
³³Üo�º~ÊÄRÙ�Wo�º~6ÃQR ÍÞß

oÆÅÍAqÆ¿DinnerBellÜÃQR Ü¹/Ùÿ�ëïE��K]ZT}ØÑ�¹º~¿Dinner-

BellÜÃ ActorkµîÍÂ¯TÄÛ6Ó²ÃÄÛ6�Ø%ÓIÕÖýÜÐ~ ContinuationÓol

ßÑ�¹º~¿ÑÒÿ�ëïE��ï]AB��³~�µ�Ê³6 statementBlockÓ Continu-

ationÍÞß�~ÅÍT}ØQR ÓÑ�Üð~¿��ï]��]ZÊÑÒ6QR6()Ó6

»Þß¾~¿Û/ÃÅ6 continuation:Ü��º»CDEFGHTÇÞßÿ�ëïE��K]Z

ÜÓ¹º~¿ÅºÃçù6}ÆT�é¹º~¿

1 +: 2 continuation: (ret:X )

JTÿ�ëïE6MessageJoinÓol»ÿª�16jÔTÃÄÿ�ëïE6��ÄÃ§ý7�Õ

~6Ü ContinuationÙ§ý7�Õ~¿(ÅÜ(º º6ÿ�ëïE��ï]65T 1��r

�Ó�Bß4£Õ~¿ÅÅÜÄContinuation³86J£³ÖýÃÄ´µÖýÍú� sender#1Ä

sender#2 ³8Í�éÕ~¿
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=:X

free! � pick!

to:A and:B

output: X

� 2: Message Pattern

¯°±ÉÊËÌ~¿ÅºÃABÑ{ù6Âi�&TUVW¯°±ÉÜÐ~¿Å6jÔÄÂi�&

ÍÞßo¾2ÕWÕ~»YÄÕêß6ÿ�ëïEÊ(qÆ
Ü�µ�ÃÑ{¹º³¾ÍÞß¾~¿

� 36}ÆTMessageJoinÃÄ& ²TÙc:²TÙABÿ�ëïE��ÍéÇÜÐ~¿

��

��

��

��

��

��

-

�

�

�

�*

H

H

H

Hj

��

��

��

��

��

��

H

H

H

Hj

�

�

�

�*

-

Parallel Message Send MessageJoin

� 3: Symmetry of MessageJoin

4.2 §ï¶ !

� 46 SplitÃÄDinnerBell6G[L±"6·3ÜÐØÄ
»Ä DinnerBell6CDEFGH

6·3²³o¾òÜÙÐ~¿RS6 class SplitÊG[L¦Ó��Õ¿ DinnerBell6G[LÃÄ

itBlockÍú0º~¸¹��6,TÄ \;"Ü4�l»§ý6ÿª�1ÓAê»Ù6ÜÐ~¿ÿª�

1Ãÿ�ëïE��ï]Íÿ�ëïE��6TÜÄÿ�ëïE��ï]Íÿ�ëïE��Ã��

GÍú0º~¸¹Ü4��º~¿��G6hq6��|Ã�µ�Íú0º~¿

itBlock6 itÃ iterationÓ�Þß¾ß+º²ÿ�ëïE��6OþÜÐ~ÅÍÓ�Þß¾~¿

Å6CDEFGHÃÄ AÍ BÍ¾ÆTÁ6CDEFGHTÄ output:XÍ¾Æÿ�ëïEÓ�»ï

class Split [

to:~A and:~B;

output:X

~A output:X.

~B output:X

]

� 4: Class De�nition

ÞßÄ(6TÁT�Ø|�ÖðÓÕ~¿p�Æ8ÅºÃÄ AÍ B�HïG]Ó�»ïÕ~}Æ
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XYZ[N6,Ü6ÄÅº�6©ö66»Õ()Ã
l»WÀ³~¿ÅºÃÄ Smalltalk-80ÊE

)²T8Ç3645ÜÐØÄCDEFGH6NOÓ�~6T{ð×/9:³ÖýÓoÆ6ÇÞÄ

DinnerBell ÃÄE)²TAB3645ÜÐlßÄCDEFGH6NOÃ+º²³ÿ�ëïE�

�T}ØÑ�¹º~»YÜÐ~¿

DinnerBell 6j& ÃÄÿª�1Oþ6´)�]��îÄ 3�,6L�ïXÄ�x~�³8

Ó�ª�³Ø§¶ÜÐ~¿ÅÅÜÃÄDinnerBell6XYZ[\]ZL��îÍ��ÁB³Ê�Ä

h6¼Üñ¾~.-Ó2=Õ~6T[©³Ù6ABÓ2GÕ~¿

4.1 ½¾¿¥À½¾¿¥ÁÂÃÀ½¾¿¥ÄÅ¿Æ

DinnerBellÃÄCDEFGHIJ45ÜÐØÄ(6UE©öÃÿ�ëïE��ÜÐ~¿ Dinner-

Bell6ÿ�ëïEÃÄ�ª]HÍ·ï�ï16A�Ü�¹º~¿�ª]HÃüðý³Þ6ÿ�ëï

EÜÄ¦�6hqT \!"ÓÁB~¿·ï�ï1ÃüðýÓ«hTPÁÀÁÿ�ëïEÜÄ¦�6

hqT \:"Ä(6hqTüðýÊPÁ¥~¿ (� 1)¿¦�Ã³ÇÓ�
³¾- �6A�ÜÄý

�ç±Ü�
~Ù6ÜÐ~¿
»¾WÁ�6JÈ �ÙoÆÅÍÊÜð~¿./0ÄCDEFG

HÊÉÞ¾�8Æ�Ó*ê~ÿ�ëïEÃ =: ÜÐØÄ��Ó�Õÿ�ëïEÃ +:ÄÏÐ6=

ÊTÃ free!³8ÓoÆ¿��%6CDEFGH6hTÿ�ëïEÓ{WÅÍT}ØÄÿ�ëï

E6��Ó�Õ¿��%6CDEFGHÍÿ�ëïE6TÓÿ�ëïE��|Í¾Æ¿ÿ�ëï

E6,6�ª]HÍ·ï�ï1656ÉÃ³¾¿Á
ØÄ to:10 from:1 ÍÄ from:1 to:10 ÃÂÌ

c:ÓÀlß¾~¿¹�TÃ to:10 AB�~Í¾ÆÅÍÙÜð~¿ Å6»YÄPÁ6CDEF

GH6ÿª�1T to:out:Í to:in:6}Æ³·ï�ï16TÔ�ÊDßW~}Æ³ÅÍÃVÞß

¾³¾¿

§ý6��%�6��ÃÄÿ�ëïE��|Ó»�C1ÜÁ³�~ÅÍT}Ø�Õ¿ Dinner-

BellÜÃÄG[L¦ÄÖý¦TÃÄ��è64£Ã³WÄ£T�4Õ~ÅÍT}lß4£Õ~¿

ÅÅÜÃX2Õ¹6»YTÄG[L¦ÃÊ�Ü�Õ¿ SplitÃÄTÁ6·ï�ï1ÓÂÌCD

N =: 0

Fork free!

Split to:Display1 and:Display2

A output:X . B output:X

� 1: Message Passing

EFGH���Þß¾~.ÜÐ~¿G[L�6��ÃÄ
> (ËÌ6 new!ÿ�ëïET}Ø)�

]L�]LÊ��ºß��Ä(ºTÇÞß{³�º~6ÜÄDinnerBellTÃ¾�Í~G[Lÿ

ª�1Ã7�Þ³¾¿ output:6ÿ�ëïE6.ÜÃÄ X ÓTÁ6CDEFGHTÇÞß��Þ

ß¾~¿./0 AÍ BÍÊÂÌCDEFGHÓIÞß¾~ÖýÜÐl»ÍÞßÙÄDinnerBell

ÜÃ,-³WABÑ{¹º~¿PÁ6CDEFGHøùT§ý6ÿ�ëïE6Â/Ñ{ÓVÞß

¾~��ÜÐ~¿ÅºÃÄ¾�Í~Multi-ThreadÑ{ÜÐ~¿

CDEFGHÊÄ86}Æ³ÿ�ëïEÓÜ�Õ~�ÓyÕ»YTÿ�ëïE��ï]Óo

Æ¿ÿ�ëïE��ï]ÃÄÿ�ëïETù�Óü¾ßÐ��Õ¿Å6ù�ÃÄ�645TÃ³

¾DinnerBell6& 6JV6PÁÜÐ~¿ÅÅÜ·ï�ï16üðýÃÖýÜ³Bº0³�³

¾¿� 1TÇ]Þ»��ï]Ê� 2ÜÐ~¿

Å6 free!6.6}Æ³Ä1�HÜ4��º»ÿ�ëïE��ï]ÃÄMessageJoinÓ��Õ¿

MessageJoinÍÃÄ§ý6��Ä6�l»ÿ�ëïEÂ�6ÝÔ�ÜÐ~¿ÙpqrÂP6��

ÄÊTÁ6ÝpÔ��6ÿ�ëïEÓ�lßÙ}¾¿86ÿ�ëïEÍÝpÔ��~�T}lß
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ÅºT}ØÄCDEFGH6ÀÁÖýÃ{ð|ª6ÎÔ6³¾Ù6Í³ØÄRº¢T³l»CD

EFGH2ÄÖý6L�ïXTìsÕ~,-ÙÄABÑ{Ó�>TÞß¾~TÙì��>ÄO·

T÷øÓ�»ïÕ~ÅÍT}ØCØ¼ÆÅÍÊÜð~¿Þ»ÊlßÄCDEFGH6Rº¢Äo

¾cß6Yï�î³CDEFGH³8Ó�RÞß¾~¿ÅºÃÄ�6ABCDEFGHIJ45

TÃ³¾JVÜÐ~¿

ÖýÃÅ6c:ÜMTÂÌÙ6ÓIÕ6ÜÄ�6ABCDEFGHIJ456}ÆTÄCD

EFGH6NOÓ�ÕÖýÜÃ³¾¿ Smalltalk-80[22]6�]L�]LÖýÄÿª�1ÖýTÇ

]Õ~Ù6ÃÐ~ÊÄ DinnerBell ÜÃÅº�6ÖýøùÃCDEFGH6NOÓÁWØDÕÅ

ÍÊÜð³¾¿ DinnerBell ÜÃÄCDEFGH6NOÓÑ�Õ~»YTÃÄ+º²³ÿ�ëï

E��Óñ¾~¿Á
ØNO6ÕÓÀl»ÿ�ëïEÓø´øùT�~ÅÍÜNOÓ�~¿Åº

ÃÄµï�«Yï45ÜÃåê²³òóÜÐ~¿
»ÄÖýTÃ[>CDEFGHÊÏÐ¹ºÄ

(6ÕÙÖÆÞ³¾6ÜCDEFGHÍÖýÓ4£�>T¼lßÙ,-³¾¿»AÞÄÖýÃM

TÂÌCDEFGHÓIÞß¾~ÊÄ(ºÊNOÓÀÁCDEFGHÜÐ~jÔÃÂÌÖýTÂ

Ìÿ�ëïEÓ�WlßÙÄÂÌÕÊÓ~ÍÃu�³¾¿

Å6}Æ³+º²ÿ�ëïE��ÜNOÓ�~6T[©³Âi�&ÍÞßÃÄ§ý6ÿ�ëï

E6ÝpÔ��MessageJoinÓoÆ¿ÅºÃÄ3M6PÇP6Õ6ÝpÔ��ÍÅÍ³ØÄ¯°

±ÉÓÀÁÂi�&ÜÐ~¿µï�«Yï45ÜÃïEÓ«¡�RÕ~ÅÍÙ�¾ÊÄÅÅÜ

ÃÄÿ�ëïE��Ó«¡Äµï�«YïHïG]ÍÇ]¹�~¿ÅºT}ØÄHïG]656

Óq7Õ~}Æ³Ñ²µï�«Yï [5]TÇ]Õ~3M6ÿ�ëïE�Ü�ÍÄHïG]656

Óq7Þ³¾�²µï�«YïTÇ]Õ~MessageJoinÓo¾´B~ÅÍÊÜð~¿ÙpqrÑ

²µï�«YïÍ¾lßÙÄÑÒTÃCDEFGHIJ45ÜÐ~6ÜÄj;6µï�«Yïø

ùÃÑ{/T±
~ÅÍT³~¿ÅºT}ØÄÿ�ëïEÍÄµï�«YïHïG]ÓÇ]¹�

»45ÓÑ�Üð»ÅÍT³~¿Á
ØÄDinnerBellÃÄ

� ÿ�ëïE6ÝpÔ��ÓÂi�&To¾ÄNOÃLH�ïNÜÑ�Õ~

45ÜÐ~¿Å6òóT}ØÄPÁ6XYëLÃÄ (¾WÁ�6)CDEFGHÍ(6CDEF

GHÓ+º²ÿ�ëïE��T}Ø¢dÕ~ÿ�ëïE��³~¿Å6c:ÜÄCDEFGHÍ

XYëLÃÇ]Þß¾~ÊÄ£³¨{ÜÐ~¿


»Ä��kµîÓÒOTqÁ»YTÄÕêßÓÿ�ëïE��K]ZÜ�ÞÄ for Ä do

 Ä while 6}Æ³J£³��&KÙ�0Þß¾~¿_Ó²T,-ÃÐ~ÊÄ TRUEÄ FALSE

6}Æ³´�ÓÔaÕ~CDEFGHÙeï�±"9:TÞß¾~¿Öý�6Õ6QRÃÿ�ëï

E6Ü�6/6ª{³�º~¿QRÃL�ïXÓ�^Õ~Yï�î³CDEFGHTÇÕ~��

ÍÞß�Õ¿»AÞÄ ContinuationÓ�ÕïHÕ~& ÓñcÞÄ& ²TFIð345TÖ

¾Ù6ÓÑ�Þß¾~¿
»G[LÍ�]L�]L64£Ãc�²T³WÞßÐ~¿ÅºÃÄG

[Lÿª�1ÍÞßÄ�]L�]LÓË¸Õ~ new!Þ�7�Þ³¾Í�/ßÙ}¾¿ÅºÙÄ

Ñ{kµîÓO·ÆÕ~»YÜÐ~¿Þ»ÊlßÄÅ6%ÄG[LÍCDEFGHÃÄ4£³W

CØ¼Æ¿

DinnerBellÜ6XYZ[N6Ñ{ÃÄÿ�ëïE��K]ZT}~µï�«YïZ[«6&

'ÍÄ(ºT(lß×~ÿ�ëïEÍÖý6Õ6Tx&KÓÀlß¾~¿

4 DinnerBell�Ø�#ÙÚ

ÅÅÜÃÄ DinnerBell6& ÛSÍc:TÁ¾ßéê~¿DinnerBellÃÄ& ²TÃ Smalltalk-

80[22]TÖW³~}ÆTæ�¹ºß¾~¿./0ÿ�ëïE��2�]L�]LÖý6}Æ³Ü

¥6CDEFGHIJ45TÇ]Õ~Ù6ÊÐØÄ(6�Ý²³c:Ùµß¾~¿Þ�ÞÄAB

5



ÅÍÜÐ~¿»AÞÄÅ6¯³.yÓ^udÞªxß~6ÜÃXYZ[N6c:ÓÕêß°Y~

ÅÍÃÜð>ÄÅºÓXYZ[N678Tñ¾~ÅÍÃÜð³¾¿

E1 Üñ¾~òóÃÄÐ~�6 Petri-NetÓkµîTolßÄABXYZ[NTÇÞß�

÷²³µ¶�ZÓ{³ÆÙ6ÜÐ~¿Å6 Petri-NetT}ØÄ��]ÍE�ïL6}ÆTO·T

Ã¾�³¾ÊÄ§¶³ÂiìíÓfà²TX~ÅÍÊÜðÄ
»ÄPXÞß���³¾}Æ³å

æ (./0µ�1Y�G2^gÉ)³8TÁ¾ßÙôa³òóÓñ¾ß*ê~ÅÍÙÜð~¿

ABXYZ[N6µ¶�Z6<Þ¹Ã¾q¾qÐ~¿

� ¯°±É��¥~¶Z6�t6¯+�É¿

� HïL6}Æ³8Ç36µ¶�ZÓ�9:TÞß¾~Â/Ñ{6É)¿

� µ¶�Z6ÇtÍÞß�±dý6XYëLÊ7�Õ~¿

ÅÅÜ¾ÆXYëLÃÄÞ6ìíÜ�0º»sIÞ»AB`26OþÜÐ~¿Ð~°
l»î

O�PNTUV¾ßÄÅº�6XYëLÃ�6XYëLÍ0w�ñÓ{³Æ¿JTDinnerBell

ÜÃÄPÁ6XYëLÃCDEFGHÓ¢dÕ~ÿ�ëïEÜ�¹º~¿XYëL6@6±M²

³ÂiìíÊÅÅÜÃrØ»¾ÅÍÜÐØÄÅºÓìý6R�ÍD�6TÜ�Õ}Æ³O·³ò

óÃo/³¾¿(ÅÜÄ±M²³ÂiìíÓq7Þ»kµîÓÁWlßÄ(ºÓ=QÕ~òóÓ

Í~¿Å6±M²³ÂiìíÓ�Þ» Petri-NetÓ*ê~ÅÍT}ØÄ+�É6³¾¶ZÓXÁ

B~ÅÍÓ9:TÕ~¿


»ÄKLÓñ¾»µ¶�ZòóT}ØÄA{Ñ{Ó�Þqµ¶�Z6^_³F-ÍÕ~Å

ÍÊÜð~¿./0ÄKLÓCØ³Ê�ÄÂ/T(ºÓ*ê~ÅÍÊÜð~¿Å6kµîÜÃÄ

XYëL6ýÃ Petri-Netè6HïG]6dýÜÐØÄ Petri-Net6³Tn7Þ³¾³Üð~¿

XYëLÊ Petri-Net6³ÓÖ/³¾}Æ³±M²³NO³�0Ä�±dý6XYëLÊ7�Õ

~jÔTÙÂiìíÓ*ê~ÅÍÊÜð~6ÜÐ~¿

®¯ÍÑ¬6ìíÓ�/~/TXYZ[NÔ¸Ùx©ÜÐ~¿Ô¸ÜÃÄÑ¬ÍÀ³ØÄ®

¯ (Å6jÔÃ Petri-Net)Óf/ßÄ(º��ÄXYZ[NÓø�Ë¸Õ~¿

±" 3 (Ô¸) ®¯ÓÄ(6®¯ÓL»ÕXYZ[NTÖ×Õ~¿

ÙpqrÄçùÜéê~45®¯Óªº0Ä��~}ÆTÄ Petri-Net ��Ä DinnerBell�6

Ö×ÃÚÛÜÄ Petri-NetÓñ¾»XYZ[N678 /Ô¸Ù�/�º~ÊÄ(ºÃÄÅ61 

ÜÃ¼�³¾¿Å6}Æ³Ô¸Ã./0Ä [29]Téê�ºß¾~¿

3 !¿Åáí¿#£¤¥¦§¨âãäåæçè¢ìíîïéÆîêë Dinner-

Bell

ÅÅÜÃÄ DinnerBell [31, 30]6æ�òìTÁ¾ßéê~¿DinnerBell6UE²³�µ

ÃÄCDEFGHIJÍµï�«YïÓ��ÁB~ÅÍÜÐ~¿Ü¥µï�«YïTUVWXY

Z[N45ÜÃÄ§¶³&KÓÀÁµï�6`2Í¾ÆÏÜÃ,-ÊÐl»¿ÅºÓCDEFG

HIJTUVWXYZ[N456ÀÁíî³µï�&K��ÍkE�ïîÆÜ=°Üð~AqÆ

ÍiÝ¹º~¿RÖÜÃÄµï�«YïTUVWCDEFGHIJ45Ã¾q¾qÐ~Ê [26, 6,

11]ÄDinnerBell [31, 28]ÃÄÙlÍÙO·³45®¯ÓÀpÄ}Ø_6²³Ñ{kµîÓ�~

ÅÍÊÜð~¿

DinnerBellÜÃÄOPQRSÓ�RÞßÄµï�«Yï6¨{T(l»Ñ{Ó{³Æ¿Á


ØÄÐ~ÖýTÃPdÞ�QRÜð>ÄÙÞ
A{ð|
ºß¾³¾ÖýÓ©ªD(ÆÍÞ»

/TÃÄÕ6ÝpÔ��Ê¬Å~¿ÅºÊÄÙlÍÙUE²³DinnerBell 6Âi�&ÜÐ~¿
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WX "Í¾Æ¯°±É (don't know non-determinism)ÊÐ~ÊÄÅºÓ \�9�²³9:³Ñ

{6WX "ÜÐ~¯°±É (don't care non-determinism)T1ð×/~ÅÍT}ØÄ Commited

Choice345ÊÑ�¹º~¿ÅÅÜ86}Æ³WX�&ÓoÆ�ÊABXYZ[\]Z45Í

Þß6¯°±²³��Ó°Y~¿Á
ØÄÅ6>´Ê123456Ñ{kµîÜÃ2G¹º³¾

>´ÜÐ~¿ (E1 Üo�º~¯°±ÉÍ¾Æñ5ÃhÄ6c:Üolß¾~¿)ÅºTÇÕ

~PÁ6=°òóÍÞßÄRÖÜÃÖý6QR6Þ6ìí2Ä suspend setÓol»kµî [17,

19, 15]Ù��¹ºß¾~¿

ïÁä6Ù6ÃÄCDEFGHIJ45TÇÕ~��kµî [20]ÜÐ~¿ÅºÃÂi�&Í

ÞßÕïHÓñ¾~òóÓolß¾~¿Þ�ÞÅ6òóÃCDEFGHIJ45ÍÞßÃ�øð

ÜÐ~¿³¸³�ÄÕïHÃÿ�ëïE��K]ZÜ÷P¹º»CDEFGHIJ456÷PÉ

Óñß~ÞÄÕïHÜÁ³Êº»CDEFGHÃÄÕïH6òJÉT}ØÇÈÉÊòºßÞ
Æ

��ÜÐ~¿

¸rä6Ù6ÃÄLH�ïNÓÞó²TCDEFGHÍÞßÍ�/»Ù6ÜÄ
AÄkµî

TìÕ~��³8Ã³¾ÊÄABCDEFGHIJ456kµîÄ
»ÃÄ Committed Choice

3456kµîÓoÆÅÍÊ�/�º~¿

Åº�6kµîÃP>621²³��Ó0¾ßÄ«¡²TXYZ[N6µ¶�ZTñ¾~Å

ÍÃÜð³¾¿XYZ[N6ÑÒ6Ñ{��Ä^ñ³^_ÓdðDÕÍ¾ÆÅÍÊÑñ²³Ý�

�Ãx©ÜÐ~¿ DinnerBell6Âi�&ÃÄXYZ[N6Âiìí6ªÓ�Õ}Æ³�4²³

kµîÓ�~ÅÍÊÜð~Í¾ÆÎÏÊÐ~¿Å6kµîÓolßµ¶�ZÓ{³ÆÅÍÊÜð

~ [32, 33]¿

2 ôõÀö+À!�î

XYZ[N6µ¶�ZÍ78ÃÄ®¯�éÄÑ¬6�éÄ(6kµî6ìíÄÍÞß�ÕÅ

ÍÊÜð~¿®¯�éÃÄÑÒTÃ���645Ü�é¹º~6Ê÷3ÜÐ~¿ÅºøùÓXY

Z[NÍÞß�/~ÅÍÙÄÑ{9:®¯�éÍÞßr�ºß¾~¿Ñ¬Ã
»Ä£³XYZ[

\]Z45Óñ¾ß{³�º~¿Å6/ÄÑ¬Ê®¯ÓL»ÕÍ¾ÆÅÍÃÄ

±" 1 (78) Ñ¬T}lßË¸¹º~kµîÊÄ[>®¯ÓL»ÕÅÍÓ*ê~

ÅÍÜÐ~¿ÅºÃÄ./03M�Wo�º~12|T}~®¯�éÜÃÄ3MÐ~�6ø"|

Ó8GÕ~ÅÍ (Validity)Tºâ¹º~¿ÅºÊXYZ[N678ÜÐ~¿ Tokio[27]Üo�º

»6ÃÄ®¯ÍÞß/012|Óo¾ÄÑ¬TÙ/012|ÓoÆòóÜÐ~¿

Þ�ÞÄÑÒTÃÄ®¯�éøùTÙ�ØÊR~ÅÍÃ�B�º>Äµ¶�ZÊ�©T³~

ÅÍÃ³¾¿Þ�ÞÄÙÞ�4²³ë]M�GLTÇÕ~kµîÊÐº0Ä(6kµîÊ�Þ

¾Ù6�8Æ�SùÕ~ÅÍÃÄhi²ÚÛÜÐ~¿³¸³�Ä(6}Æ³Ù6ÃÄXYZ[N

6Ñ¬��`º»���]ÓRº~ÍÄE�ïLÊDßW~�6}Æ³×;²³.yÜÐØÄÅ

ºTÇÞßÄXYZ[N�¸ÄÃÄ���6rXÓ�ÙlßÀlß¾~��ÜÐ~¿ÅÅÜ�4

²Í¾ÆÉ)ÊÄXYZ[N6Ñ¬��`º»SùÓ9:TÞß¾~¿./0ÄÐ~XYZ[N

TÇÞß turing machineè6Ñ{kµîÓ�/»ÍÕ~¿Å6/Ä(6d¤6Ñ{6�ÞúÞ

ÓSùÕ~ÅÍÃ<Þ¾¿³¸³�Ä(6Ñ{Ã turing machineè6Ñ¬Tn7Þß¾~��

ÜÐ~¿

Algorithmic Program Debugging[16]ÃÄÅ6}ÆTXYZ[N6Ñ{T(lßÄkµî&

'ÓÞÄ(6�ûÓeï�T,ÆÅÍT}lßÄXYZ[NÓµ¶�ZÞß¾WòóÜÐ~¿Á


Øµ¶�ZÍÃÄ

±" 2 (µ¶�Z) Ñ¬T}lßË¸¹º»kµîÓ*ê~ÅÍT}ØÄÑ¬ /®¯Óü�Õ~
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ÃÄ§ý6CDEFGH�6ÿ�ëïE��K]ZÓABÑ{6��ÍÕ~ABCDEFGHI

J45 ABCL[24], ACT3[1], ORIENT84/K[9], ConcurrentSmalltalk [23] ÊÐØÄËÌ²³Ù

6ÍÞßÃÄ Lucid[2] ³86µï�«Yï [5]TUVW45ÊÐ~¿Åº�645ÃÄ³r��

6Gy²³Âiìí�éÓÀlß¾~¿ý�ñ6³¾ABìý3456jÔÃÂiìí�éÃË

Ì²ÜÐ~¿

DinnerBell ÃÄËÌ²³ABÑ{��ÍÄGy²³Âiìí�éÓÀÁ45ÜÐØÄý�ñ

6³¾ÿ�ëïE��K]ZTUVWÑ{kµîÓÀlß¾~¿Å6kµîÓo¾±M²³XY

ëL@3�Óµ¶�ZÕ~òóÓyÕ¿

Å61 ÃÄDinnerBell 456æ�òìTìÕ~��Äkµî6>yÄ(6kµîÓñ¾»

µ¶�Z.Í¾Æ&¸T³lß¾~¿çùÜÃÄXYZ[\]Z456Âi�&TìÕ~��Ó

{³Æ¿ 2¼ÜÃÄµ¶�ZÍÑ{kµî6ìíÓ��Õ~¿ 3¼ÜDinnerBell 6æ�òìÓ

éêÄ 4¼Ü45®¯ÍXYZ[\]ZFóTÁ¾ßéê~¿ 5¼ÜÃÂi�&Ó��Õ~»Y

6DinnerBell 6Ñ{kµîÍ(6Ë¸òóÓéê~¿ 6¼ÜÄÑ{kµîÓñ¾»µ¶�Z.

ÓyÞÄ 7¼Ü�6kµî2Fó³8Í6hi7þÓ{³Æ¿

1.1 ÿ�ìíîïéÆîêë����Ø

Âi�&ÍNO6�ØòTÃÄ¯¤³Ù6Ê�/�ºßð»¿

1. NOÓÀÁXYëL6R�ÜÄR�Ó«BÆÞßÞ
Æ (ABCL, ACT3)

2. Guard ÓÂi�&To¾ÄNOÃLH�ïNÜÑ�Õ~ (Parlog[4],GHC[18])

3. Port ÓÂi�&To¾ÄÖýÃNOÓÀ»³¾ ( �-Calculus[20])

4. NOÃLH�ïNÜÑ�ÞÄLH�ïN6ïEÓÂi�&ToÆ¿ (Vulcan[10], A'UM

[25])

ABXYZ[N6Âi�&ÃÄABÑ{��ËÌ~¯°±É6��TE�³�³¾¿UE²³Â

i�&ÊÐº0Ä�6§¶³Âi�&Ó&¸Õ~ÅÍÃÜð~6ÜÄÅº�6Âi�&T��:

�²TÃ�Ã³¾Í¾lß}¾¿Åº�6GHÃÄA{XYZ[N678ÄÔ¸Äµ¶�Z6F

óTb¡T���¾ß¾~¿ÍWTx©³6ÃÑ{kµîÍ6ìíÜÐ~¿

Ð~XYZ[\]Z45Ü{¾»XYZ[NÊÐ~ÍÕ~¿Å6XYZ[NÓÑ{Õ~ÅÍ

T}Øìýú�DÞ2QR³8Ê¬ð~¿Å6}Æ³XYZ[N6Ñ{6¯¢Ó�Þ»µï�&

KÊÑ{kµîÜÐ~¿Ð~XYZ[N6Õêß69:³Ñ{kµî6&ÔÃÄ(6XYZ[N

6c:Íú0º~¿Å6kµî6,ÜXYZ[N6c:ÓÑÒ6XYZ[N��`ºß±"Üð

~}Æ³Ù6Ó�4²Í¾¾Ä}Ø«¡²TXYZ[N6Ñ{Ó�ÑTkµîÆÞ»Ù6Ó��

²Ð~¾ÃÄ��kµîÍ¾Æ¿kµîÍÞßÃ�4²³òÊ�
Þ¾6AÊÄABXYZ[N

Ü6^ñ³�4²³kµîÃ
A³¾¿

Åº�6Âi�&6,ÜÄPrä6R�Ó«BÆÞßÞ
ÆÙ66Q�ÃÄ¾�Í~ABC

DEFGHIJ45ÜÐØÄJTCDEFGH6,ÜÃ8Ç��Õ~Ù6Ê�¾¿Åº�6CD

EFGHIJ45ÃÄ��Þß¾~CDEFGH6ýABABÉÊÐ~¿Åº�6456Ñ{k

µîÃÄ3Mÿ�ëïE6'â5ÍCDEFGH6KLTUVð&'¹º~¿Å6kµîÃ(6

É)èÄ��²³Ù6ÜÐØÄÅºÓñ¾ß«B9:É³8Ó	1Õ~ [8]¿

TÁä6Ù6ÃÄ Committed Choice345 [18]³8Üo�ºß¾ßÄAB��Õ~+ºú

�DÞT}ØÖý6�LH (LH�ïN)Ó�ØÄ(ºT}Ø3�Ó{³Æ¿Þ�ÞÄÅº�T

Ã�36,-ÍÞßÄUT³l»123456ÀÁ�4²³Ñ{kµîÊ�RÞ»
ï12NO

T}Øñ³�ºßÞ
ÆÍ¾Æ�ÏÊÐ~¿12345TÃÙÍÙÍ \9�²³9:³Ñ{6
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�����������DinnerBell �

������� �!"�#$

%&'( * )*+, ** -./0

Department of Electrical Engineering, The University of Tokyo

7-3-1 Hongou, Bunkyo-ku, Tokyo 113, Japan

* 12 Sony Computer Science Laboratory Inc.

** 12 3456789:;8<

µ¶�ZÓ�÷²T{³ÆFóÍÞßÄXYZ[N6Ñ{kµîÓRD�ìí6

&ÔÍÞß&'ÞÄ(6kµîÓ*ê~ÅÍT}ØXYZ[N6¶ZÓWXÕ~ Shapiro

6 Algorithmic Program Debugging[16]Êr�ºß¾~¿Þ�ÞABXYZ[\]

ZÜÃÄXYëL6ÂiìíÓd¤6RD�ìí6ªTUV¾ßXYZ[Ê(6ô

�ôÓSùÕ~ÅÍÃ<Þ¾¿

ABCDEFGHIJ45DinnerBell [31, 30, 32, 33]ÜÃÄ=ABXYZ[\

]ZTôÞ»Äÿ�ëïE6ÝpÔ���&ÍOPQRÓÂi�&ÍÞß>ñÞß¾

~¿Å6Âi�&6É)Óo¾ÄABXYZ[\]ZÜÃ<Þ¾Í¹ºßð»µ¶�

ZTóÞ¾FóÓ�RÕ~ÅÍÊÜð~¿

DinnerBell 6Âi�&ÃÄÂiìíÓ Petri-NetÍÞß��Õ~ÅÍÊÜð~¿

Å6 Petri-NetÓ*ê~ÅÍT}ØÄXYZ[6àY»ÂiìíT³lß¾~�8

Æ�ÓSùÕ~¿Å6òóÓñ¾ßÄHIXYëLÜ6µ�1Y�G2ÿ�ëïE6

56¯q7É³8Ä+�É6?¾ABXYZ[N6¶ZÓWXÜð~ÅÍÓyÕ¿

1 @ÿ�Z[ãA�êë

rB`2ÍÃUE²TÃ��`26ÅÍÜÐØÄ&KÓÀl»^_ÜÐ~rB6��Í(º

TÇÕ~`2 (îïî)6�éÓÄ_6²T{³ÆÅÍÊXYZ[\]Z45T©à¹º~¿Å

6/ÄrBÍîïîÃl�TÐ~Í�/�ºÄ(ºTUV¾ß=AB`2Ê9:ÜÐ~Í�/�

ºßð»¿Þ�ÞÄrB`2Ó=AB`2ÓÞß¾WÒTÃÄÑÃÄORAB Prolog[14]6}Æ

³O·³XYï�ÜÃ�¾´ÜÄÑÒ6=ABÓäIÕXYZ[\]Z45TÃÄçù6}Æ

³ÅÍÊ[©ÜÐ~ÅÍÊ��lßð»¿

� îO�PNT@C¹º~ABÉÓøDT�ÁÚÛT��Üð~ÅÍ

� A{XYZ[N6ÂiìíÓ¾´��Üð~ÅÍ

� A{XYZ[N678Äµ¶�Z6FóÊÐ~ÅÍ

Å6/TABÑ{Ó��Õ~òóÍÞßÄGy²³Ù6ÍËÌ²³Ù6Ê�/�º~¿Â¯TÄ

Âiìí6�éTÙGy²³Ù6ÍËÌ²³Ù6Ê�/�º~¿Ð~¿./0ÄGy²³Ù6T


