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ABSTRACT

As the software system are becoming more and more complicated, the require-

ment of reconfigurability are more and more serious. Petri Net is a popular simulation

tool in parallel system simulating,so Petri Net simulation tools are also required to be

reconfigurable. In this article,a MetaObject Protocol for the Renew Petri Net simula-

tion tool is designed in order to add reconfigurability to Petri Net simulation tools. This

work could also simplify the base level net model, gather information duringthe net

simulation and change the base level net dynamically. Then the MetaObject Protocol

has been immplemented based on the Renew tool. The Hurried Philosophers problem

is taken as an example for the usage of the MetaObject Protocol.

Key words: Petri Net MetaObject Protocol Renew
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¡�marking§3����¤k¥¤�marking�L
��XÚ�G�"3kÚ�

¥§C[þ�k¥	§�kÚ��1��ÿ§C[>ucÄk�étoken?1�

½§��½�tokenÎÜ¥	�^���ÿ§C[â�±>u"

2.3 O���59�é��.

2.3.1 O���5¥�Ä�Vg

�X^��õUFªE,§A^�I¦�5�õ§*	g�1�¿�UCg

�1��UåÅì¤��«I¦"e¡Äk0��
O���5¥�Ä���


Vg [7]µ

½Â 2.1µ�� (reflection)

��´�O�XÚU
*	g�1�§¿�3,
A½^�eUCg�1

��Uå"

½Â 2.2µÄ?XÚ (base system)

Ä?XÚ´��
)û¢S¯Kmu�XÚ§́ �éu�?XÚó�"

½Â 2.3µ�?XÚ (meta system)
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�?XÚ´^5*	Ä?§UCÄ?XÚ�XÚ"Ï~�?XÚéuÄ?

XÚ´Ø���"

½Â 2.4µäNz (refication)

äNz´�òÄ?�&E3�?¥L«Ñ5§Bu�?éÄ??1*	�

ö�"

½Â 2.5µÏJéX (causal link)

ÏJéX´�Ä?Ú�?�m�éX§Ä?�±Ï�$�ÎÜ�?�,


^�Úu�?�O�§�?��±ÌÄ�UCÄ?�1�"ÏJéXéu

§S
AT´Ø���"

ã 2.2 O���XÚ��N(�

ã2.2w«
þ¡ù
Vg�m��péX§±9��O�5��XÚ�µ

e(�"

2.3.2 O���5�©a

O���5�±�âÄ?Ú�?�'X�ïá�m5©�?È���!\

1���Ú$1���"�âäN����&E�ØÓ�±y©�(���Ú

1���"3��XÚ¥§Ä?Ú�?���ÏJéX´Ù¥�'�§ÏLé�

�?1äN�©a�±Bué��XÚk��\�
)"
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2.3.2.1 ?È�!\1�!$1���

�â��XÚ¥Ä?Ú�?'X�ïá�m§·��±ò��©�?È�

��!\1���Ú$1���"ØÓ�ã�ÏJéX�ïá¬é��XÚ�

�ÇÚ(¹5�)K�"?È�����Ç�p§Ó�(¹5���"$1��

���Ç�$§�´Pk�Ð�(¹5"\1����K0uüö¥m"

?È���

?È�����´3?ÈÄ?�è��ÿ´d�?�è5���"?È�

��������Ð?´§Pkép��Ç§��?È���1��ÿBØ¬

�?�è�K�"Ó�du?È´����U´ÏLUC�è5�¤§Ïd(

¹5'��"ã2.3�N�´?È����"¢y?È����;.XÚkOPEN

C++"

ã 2.3 ?È���

\1���

\1�����´d�?��Ä?§S�C\½ö\1�L§"\1��

��;.XÚkOMOS"ã2.4�N�´\1�����¹"

ã 2.4 \1���

$1���
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$1�����¹e�?§S�±��Ä?§S��1§Ïd�±¼�

ép�(¹5"ã2.5�N�´$1������¹"$1����;.XÚ

kMetaJava"

ã 2.5 $1���

2.3.2.2 (����1���

l3äNz�SN�¡5y©§���±�y©�(���Ú1���"(

���äNz§S�(��¡§'XU«!a�(�Úêâa.�"1���ä

Nz§S�$�ÚäN�1�"���{N^´;.�1���¤'%��¡"

2.3.3 �é��Æ3¡�é��ó¥�¢y

lcA�!�Ä:�£¥�±���é��Æ�'�3uÄ?XÚ3�?

�L«±9Ä?��?�mÏJéX�ïá"e¡Òùü��¡5`²3¡�

é���ó¥XÛ5¢y�é��Æ"

3¡�é���ó¥§Ä?XÚ¥�SNÑ´^é�5L«�§3�?XÚ

¥Ó�æ^¡�é��Å�§�±¦�Ä?��?�é��péA"��´Ï

L�?�O�5�¤�§�?�O�dÄ?O�5>u"3Ä?XÚ¥�$

�ÎÜýk½�Ð�^���ÿB¬�\�?§Úu�?�O�§éÄ??1*

	ÚUC"

u��âÏJéX�ïá�m�ØÓ�«©�?È�u�§\1���Ú

$1���"û½æ^=«�����Ì��Ï�´�?¤I�¼��&EÚ
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¤I�UC�Ä?�SN"3¡�é���ó¥���±^¯�Å�5¢yÏ

JéX�ïá"
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1 3Ù Renew¥�é��Æ��O�¢y

3.1 �N�O

±Petri�3Renew¥�5�L«��Ä?§ù�L«Q�)·��L«£�

�(�¤��)Ä��L«£,����Marking¤"#O\�?5\rRenew�

õU§3�?�±¢yé��(�ÚMarking�Ä��UC§¿��±¼�Ä?

�$1´�&E£ã 3.1¤"�?�äN�ö�´d^rÏL�?�§S5gC½

Â�"^r¦^Renew¥��é��Æ����N�L§�±´µa.3Renew¥

?1Ä?��?6§b.éAÄ?�?6�A��?§S§c.�[$1"XJ^r

¿ØI��?�õU§@o�´{ü��ÑKÚ½b§B�±UìRenew¥�5

��1
§��RenewØ¬É?ÛK�"

ã 3.1 Renew¥�é��Æ�N(�

3.2 Ä?é�3�?¥�L«

éu��$1��Petri�§XJI����£ã§�G�§I�æ

^Place§Transition§Arc�8Ü¿�^Marking5éz�Place¥�Token?1L
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«"ù�´Ä����¦§XJ´p?�§ÒI�éTransitionÚArcþ�L�ª

?1L«"éX�Renew�XÚ§æ^NetInstance§Net§SerachQueue5L«Ä

?é��±éÄ?é�?1���L«"Net¥�¹��¥é��8Ü§3ù

�8Ü¥�¹TransitionÚPlace§Arc�¹3Transition¥"z�Place�Token;�

3PlaceInstancep¡"Arc´;�3Transition¥�"éuÄ?�?U§�'��Ò

´��5�¯K§�Ò´?U��Ä?�L«E,�±�renew�����~�

G�5UY?1�1§renewXÚ�Ù§Ü©é��?UØ¬k¤	ú"XJ

��G�´ÎÜXe^��·�@�ù�G�´���µ

1) NetInstanceÚNet¥ � é � � p � �µ X J 3NetInstance¥ � 3

� �PlaceInstance£TransitionInstance¤ @ o 3Net¥ A T � 3 � A

�Place£Transition¤§��½,"

1) 3SearchQueue¥�3�TransitionInstance7,3NetInstance¥�3

1) 3?¿��Transition¥�3�ArcéA�üà�TransitionÚPlace7,

3Net¥�3"

éu¤k��?ö�¤õ���7�^�´�±Ä?���5"

3.3 �é��Æ�(�Ú^r��

Jøü«�é�§MetaPlaceÚMetaTransition§�Ñ´MetaObject�fa¶

Ä?é��A��PlaceInstanceÚTransitionInstance"

y3Jø�Ñ´�éõ��½��ª§=���é��±�½��Ä?é

�§�´��Ä?é��±�õ��é�¤�½£ã3¤"éu�é�Jø���

�)µ

3.3.1 ^u�?ÚÄ?'X�ïá���

public void attach(String placeName);

public void detach(String placeName);

String getName();

^r�±ÏLattach5ò�é��½��A�Ä?é�þ§ÏLdetach5)

Øù«�½"^r�±ÏLgetName()5¼�¤�½�Ä?é��¶i§ù�¶

iÚ3ã/.¡þ?1�·¶�¶i´�Ó�"
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3.3.2 ^réÄ?UC���

L 3.1 éÄ??1UC���

UCÄ?1�� UCÄ?(��

Mp.insertToken(Object token) addPs(String ... names)

Mp.removeToken(TokenRemoveCondition

condition)

public static void addTs(String ... names)

Mp.addToken(Object [] tokens) addArc(String place, String transition, int

arcType)

removeArc(String place, String transition,

int arcType transitionInstance,int arcType)

void remPFs(String ... names)

void remTFs(String ... names)

void remPs(String ... names)

void remTs(String ... names)

éuÄ?1��UCÌ�´éMarking�UC§Ù¥\\Token�é'�N

´§�,ù�Token�d^r?1½Â§XJI�^�Renew¥�kÚ�Vg§Ò

I�
)Renew¥�Token�a.�Vg"Ó��±\\õ�Token§æ^ê|�

/ª"

éuToken�íØ§�é'�(J§Ï�^r¿Ø��3,�Place¥k=


Token§,����½íØ=
token§XJ�^rrplace¥�¤ktokenÑg1

�u��H§Ò¬w�Ø{'"ùp·�Jø�íØ�Å�´d^rJø��

^�aTokenRemoveCondition§d^rg1½Âù�a§5(½íØ=
Token"

ù�a�k��¼êÒ´

boolean delete(Object token);̂r�±U«ù�ag1½Â�ä´ÄíØ

�^�"

3.3.3 éÄ??1*	���

MP.Marking();

ù�¼êJøéMarking�*	§ù�¼ê¬�£��MetaPlaceéA

�PlaceInstance¥¤k�token§�£�tokeń ±ê|�/ª?1|��"

Object base();
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base()¼ê¬�£¤�½�Ä?�é�"

3.3.4 Ù§��
9Ï¼ê

getMetaPlace(String name);

getMetaTransiton(String name);

þ¡ùü�¼ê^u�B^ré�é��¼�§¿��±!�]�¦^§

�Ò´`3ùü�¼ê¥�Ï^r�¤
�é��½Â§�½�L§§XJ�c

k�é��½��A�Ä?�é�þ��ÿ§d����£T�é�§Ø´

#½Â��#��é�"

void register(String event,String function,String name, int type);

void unRegister(String event,String name, int type);

ùü�¼ê^5¢y^rg½Â�¯�ÚRenew¥¯��éX"register¼

ê^5ïáéX3�é��Æ�¢y¥§·�#N^r3�?ÏL§S��ª

5½Â,
¯�u)��1�§·��±ÏL¼ê��ªòù�1�3�?§

S¥L«Ñ5"ùa¼ê�µe´ù��µ

public static void yourActionName(MetaObject metaObject){

...

}

3.3.5 �?��®o

L 3.2 �?��®o

�� �^

public static void addFIFOPlaceIn-

stance(String name)

�Ä?�\\FIFOa.�Place

public static void addMultisetPlaceIn-

stance(String name)

�Ä?�\\Multiseta.�Place

public static void addPlaceInstance(String

name)

�Ä?�\\Place

public static void addPs(String ... names)�Ä?�\\õ�Place

public static void addTransitionIn-

stance(String name)

�Ä?�\\Transition

14



L 3.2 (Y�?��®o)

public static void addTs(String ... names)�Ä?�\\õ�Transition

public static void addArc(String placeIn-

stance, String transitionInstance, int arc-

Type)

�Ä?�\\Arc§ëê©O�é

A�Place§Transition�¶¡ÚArc�a

. 1©

public static void addArc (PlaceInstance

placeInstance, TransitionInstance transi-

tionInstance,int arcType)

�Ä?�\\Arc§ëê©O�éA

�PlaceInstance!TransitionInstanceÚArc�

a.

public static TransitionInscription

getArc(Transition transition,Place place

,int arcType)

¼�Ä?��Arc§5¿�£�a.�

±r�=�Arc

public static void re-

moveArc(PlaceInstance placeIn-

stance,TransitionInstance transition-

Instance,int arcType)

íØÄ?�¥�Arc§ëê©O�éA

�PlaceInstance!TransitionInstanceÚArc�

a.

public static void removeArc(String place-

Instance,String transitionInstance,int arc-

Type)

íØÄ?�¥�Arc§ëê©O�éA

�Place§Transition�¶¡ÚArc�a.

public static void remove-

Place(PlaceInstance placeInstance)

íØÄ?�¥�Place§ëê�éA

�PlaceInstance

public static void removeTransi-

tion(TransitionInstance transitionIn-

stance)

íØÄ?�¥�Transition§ëê�éA

�TransitionInstance

public static boolean check-

PlaceArcs(PlaceInstance placeInstance)

u���Place´Äk�'é�Arc§X

Jk�£fasle§vk�£true

public static boolean checkTransi-

tionArcs(TransitionInstance transitionIn-

stance)

u���Transitoń Äk�'é�Arc§

XJk�£false§vk�£true

public static void register(String

event,String function,String name, int

type)

òÄ?a.�type�¶¡�name�

Ä?é��¯�evenet��?§S

�function'éå5 2©

public static void unRegister(String

event,String name, int type)

)ØÄ?a.�type�¶¡�name�Ä

?é��¯�evenet��?�¼ê'é

1© Arc�a.kArc.in ,Arc.out,Arc.both�§�õ�Arca.�ë��è¥Arc.java§inÚout́ �é

uPlace�
2© typekTRANSITONÚPLACEü«a.
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L 3.2 (Y�?��®o)

public static MetaObject getMetaOb-

ject(String name,int type)

¼�a.�type�¶¡�name��?é

�

public static MetaObject getMO(String

name,int type)

¼�a.�type�¶¡�name��?é

�

public static Set getMTs(String ... name) ¼��?Transition

public static MetaPlace getMeta-

Place(String name)

¼��?Place

public static MetaTransition getMetaTran-

sition(String name)

¼��?�Transition

public static void removeTransi-

tionF(TransitionInstance transitionIn-

stance)

íØÄ?�¥�Transition§Ó�íØ�

'é�Arc

public static void remTFs(MetaTransition

... mts)

íØÄ?�¥�Transition§Ó�íØ�

'é�Arc

public static void remTFs(String ...

names)

íØÄ?�¥�Transition§Ó�íØ�

'é�Arc

public static void removeTransi-

tionF(String name)

 íØÄ?�¥�Transition§Ó�íØ

�'é�Arc

public static void removePlaceF(String

name)

íØÄ?�¥�Place§Ó�íØ�'é

�Arc

public static void remove-

PlaceF(PlaceInstance placeInstance)

íØÄ?�¥�Place§Ó�íØ�'é

�Arc

public static void remPFs(MetaPlace ...

mps)

íØÄ?�¥�Place§Ó�íØ�'é

�Arc

public static void remPFs(String ... names)íØÄ?�¥�Place§Ó�íØ�'é

�Arc

public static boolean exist(String name) �ä´Ä®²�3�?é�¶�name

public static double getTime() ¼�SearchQueue¥��m

(MetaPlace MetaTransition )public Object

base()

^5¼�éA�Ä?é�

(MetaPlace) public Object[] Marking() ^5¼�éAÄ?é��marking

(MetaPlace) public void addTo-

kens(Object[] tokens)

V\õ�token

(MetaPlace) public void insertTo-

ken(Object token)

V\��token
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L 3.2 (Y�?��®o)

(MetaPlace) public void removeTo-

ken(TokenRemoveCondition condition)

�âëêcondition5íØÎÜ^�

�token

3ù�¼ê¥¬D\u)�m��?é�����ëê§ÏLù��?é

�^r�±éN´�¼��A�Ä?é�§ù�3^rg½Â�§S¥B�±

(¹�¦^ù�ëê§?1´L�*Ð"

3.4 éÄ?�*	

ù��¡Ì�´|^3attach��ÿ�;
Ä?�é�5¢y�§

éubase()=���£�;�é�§éuMarking5`§�´|^�;

�PlaceInstance5¼��A�Marking5¢y�"

3.5 éÄ?�UC

éÄ?�petri��UC�)ü��¡µ1��¡�UCÚ(��¡�U

C"1��¡�UC8cÌ��)é��Marking�UC§�)O\ÚíØ�


Token"éu��Marking�UC�é'�N´§Ï�3�?�z�MetaPlace¥

Ñ�;X�A�Ä?�PlaceInstance§¤±�´I�N^PlaceInstance��A�

¼êÒ�±¢y
"3ùp5¿��:Ò´3?1UÄ��ÿ�¼��Aé�

�p½£§ù�â�±�yUÄ���5"�uíØtoken��ÿ�(J9äN

�)û�{3þ¡��é��Æ�(�Ú^r����!k�[�£ã"

( � � ¡ � U C Ò ´ 3 $ 1 � U C Ä ? � � ( �§ � )

éPlace§Transition§Arc�Oí"3c¡J�Léu�(��UC���

�:´��5��±"

O \ � � �µ 3 O \ � � � � � ÿ§ O \ ü Õ �Place§

½ ö ´ ü Õ �TransitionÑ v k é E , � � ¹§ � ´ r 3 Ä ?

rPlaceInstance§TransitionInstanceÚPlace§Transition\\��A�(�¥Ò�

±
"ùpéuTransition�\\I�5¿��:´§3\\Transition��ÿ�

r�A�Transition\\�SearchQueue¥§ÄKù�Transitionò[�ÑØ¬��

�1"éuO\���5ù§'�E,�´O\Arc§Ï�O\ArcI��6�A

�TransitionÚPlace§XJ�A�Transition½öPlaceØ�3�{§7,¬���
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Ø",	Arckéõa.§ù�I�^r3��?§S��ÿ?1�½"íØ�

��µ3íØ�����ÿ§ÚO\�L§TT��§íØArc¬�é'�N´

�
§�´íØPlace½öTransition��ÿÒ�5¿�Ù�'é�Arc
"3äN

�¢y¥·�Jøü«ö�£±íØPlace�~¤

void remPFs(String ... names)

void remPs(String ... names)

�«´r�íØ���§,	�«I�^rg1)û�'�Arc�¯K"

éur�íØ§Ò´Ø+kvk'é�Arc§��(½íØÒ¬

rPlace½Transition�íØK§,�XJk�'é�Arc�{§�'é�Arc�

¬�íØK"ù«íØ´Ú3ã/.¡þ?6Ä?��ÿ�íØ´���"é

u�r�5�íØ§XJk�'é�Arc�{§íØÒ¬�}"

3¢yL§¥§�r�íØ�éN´§éur�5íØ§3þ¡J�

L§Arc´��TransitionInscription��3Transition¥�§ÏdéuTransition5

ù§r�íØ�´òTransitionÚTransitionInstance�íØKÒ�±
§ù��A

�Arc�Òvk
"�´éuPlace5ù§��Place¤�'é�Arc�U¬�;

3ØÓ�Transition¥§�3Renew�5�¢y¥§Ã{��ù
Arc�;3=


Transition¥Ø�\é¤k�Transition?1���×£"3·��äN¢y

¥§3PlaceO\
�'é�Arc�8Ü§ù�Bu3íØPlace�é´Äk�'é

�Arc��ä"

3.6 Ä?Ú�?�m�ÏJéX

�?ÚÄ?�ÏJéX�)ü��¡§��¡´l�?�Ä?�éX§,�

�¡´lÄ?��?�éX"�?�Ä?�éXµ3z��é�¥§�;ù�A

�Ä?é��Ú^"ù�Ä?é�´3attachö���ÿ¼��"ÏL¼��A

�Ä?é�§·��±3���ö�¥¦^ù�Ä?é�5��?1"@o3

�é�ù�?¢SþéÄ?é�?1
µC§é^rwå5�´3é�é�?

1�ö�§3¢S�¢y¥§�é��?�´?1
��=��L§"

'XinsertToken�ö�

public void insertToken(Object token){

_placeInstance.lock.lock();

18



try{

_placeInstance.insertToken(token);

}catch(Exception e){

System.out.println("MetaPlace.insertToken "+e.toString());

}finally{

_placeInstance.lock.unlock();

}

}

Ä?��?�éXµÄ?��?�éXÓ�´3attach��ÿ

ï á å 5 �"ù p | ^ 
Renew¥ � k �EventListener� Å � 5 ¢ y

�"3Renew¥Transition§Place§TransitionInstance§PlaceInstanceÑk�éA

�EventListenerSet§��A�¯�u)��ÿ§3EventListenerSet¥����

A�¼êÒ¬�N^"ù�´TransitionInstance¥��è

synchronized void firingStarted(FiringEvent fe) {

pendingEvents.add(fe);

listeners.firingStarted(fe);

transition.getListenerSet().firingStarted(fe);

}

ù´CþlisteneréA�TransitionEventListenerSeta�firingStarted��è

public synchronized void firingStarted(final FiringEvent fe) {

dispatch(new ListenerSetDispatcher() {

public void dispatchTo(Object listener) {

((TransitionEventListener) listener).firingStarted(fe);

}

});

}
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|^ù�Å�§3�?z���é�Ñ¢y
Ä��EventListener�

��§,�3attach��ÿ§�A��é�¬�\\��A�Ä?é�

�EventListenerSet�p¡§¤±�Ä?é�u),
¯���ÿ§Ò¬�\

��?§l¢y
Ä?��?�éX"
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1 4Ù äk�é��Æ�Renew�¦^�{

4.1 ¼�§S

ä k � é � � Æ �Renew� § S � ±

3http://learn.tsinghua.edu.cn:8080/2004011351/renew/renew/index.html ù � �

�þ¡5¼�§3downloadf�¡¥§kü����Ø ©��±e1µfull

package, source package"full package´�¹
?È����1©���

�"source packagé vk�¹��1©����"XJ^rØ�g1?È��

XÚ½ö3��XÚ?È��ÿ��¯K��±��e1full package5��$

1"

4.2 8¹(�

��Renew�Ø �)Ø���8¹(�´ù��§º?8¹´src§srce

¡�¹�Ì��f8¹kant,dist,Meta,user,example,Simulator��"e¡éÌ�

�8¹?1�e0�µ

ant8¹p¡�¹Xéõ���©�§Ù¥'���klocal.properties,Ù{

���©���ØI�?U"

dist8¹e�¹�´?ÈÐ���1©�§3dist/config8¹e¡kü���

©�I��â¢S�I�5?1��§©O�log4j.propertiesÚrenew.properties"

Meta8¹e´��8�Ì��è�©�Y§éRenew¥O\��é��Æ

�Ü©�è3Meta©�Ye¡"

user8¹´^r��?§S�8¹§8c�¹e^r��?§S�U�

3user/src8¹e¡,ùÌ�´�¦^build.xml?1gÄ?È��Ï"

example8¹��
Jøý�«~�rnw©�§�A��?§S3user8¹

e§©�¶�péA§̂ r�±ëì«~5?��A��?§S"

Simulator8¹´��RenewXÚ�Ø%�Ü©§ùp��
�èdu�8�

I�?1
?U§XJ^r�
)Renew�¢yÅ���±lùÜ©\Ã"
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4.3 SCc�O�

é�k�é��Æ�Renew?1?ÈÄkI�SCkjdk1.5±þ���§¿

��yjdk���1©�3�¸Cþ¥?1
�(���"

,	I��^�½ö¥©�kapache-ant,jalopy-ant,javacc,junit"éuapache-

antI�ò��1©�\\��¸Cþ¥�§±BU3?¿8¹e¦^ant·-5

?1?È"Ù{���ò34.4!¥�[�?1`²"

4.4 ��©����À�

� k n � � � © � I � ^ r ? 1 � �§ © O

�ant/local.properties,dist/log4j.properties,dist/renew.properties"

ant/local.properties

ant.home=E:\\Renew\\apache-ant-1.6.5

ant.home��¤apache-antéA�©�Y

bin.javacc=E:\\Renew\\javacc-4.0\\bin\\lib

bin.javacc��¤javacc�lib©�Y

option.compile.debug=true

option.compile.optimize=false

dir.jalopy.lib=E:\\Renew\\jalopy-ant-0.1-1.5rc3

jalopy.lib��¤jalopy-antéA�©�Y

dist/log4j.properties

log4j.logger.de=INFO, RenewLog, RenewConLog

log4j.logger.CH=INFO, RenewLog, RenewConLog

log4j.logger.jamr=INFO,RenewLog, RenewConLog

log4j.logger.de.renew.meta=LOG, RenewLog, RenewConLog

3Renew¥ æ ^log4j5 ? 1 Ñ Ñ & E � � �§ ù p � � � Ì

� ´ ^ 5 ^ 5 � �log4j� Ñ Ñ & E �§ log4j� � ? k Ê « ©

O �LOG,DEBUG,INFO,WARN,ERROR§ 3LOGG � e Ñ Ñ � & E �

õ§ERRORG�eÑÑ�&E��"

log4j.logger.de.renew.metá�é3Renew¥V\��é��Æ�Ü©V

\�§���¹e^r�I�?Uù���Ò�±
"XJ^r�w�NÁ&
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E�{Ò��¤�DEBUG,ÄK�{��¤INFOK�òDEBUG�&ELÈK§

Ø�uw�éÏ"

�uÑÑ�&E¬3^r�home8¹e�renewlogsf8¹¥±log©��

/ª?1��§±B^r�w"3ØÓ�XÚ¥home8¹� �ØÓ§e^

r¶�abc§3linuxXÚ¥^r8¹�/home/abc§3windowsXÚ¥^r8¹

�c:\Documents and Settings\abc

dist/renew.properties

de.renew.classPath=E:\\src\\user\\build\\classes

de.renew.classPathI � � � ¤ � ^ r � � � �RenewX Ú ¥

�user/build/classesf8¹§ù�âU�y�?§S�RenewXÚ¤é�"

de.renew.netPath=E:\\workspace\\r10k\\r10k

de.renew.classReinit=true

de.renew.classReinit�½����true

de.renew.SimulatorMode=-1

4.5 éXÚÚ�?§S�?È

3SC
7��^�¿�éXÚ?1
�(�����Ò�±é���

k�é��Æ�Renew?1?È
"éRenew�?Èé{ü§�I�3src8¹

e¡�1ant·-Ò�±é��XÚ?1?È
"�Ü©�^rAT¿ØI�

éRenewXÚ?1?È§�´I�é^rgC?���?§S?1?È§@o�

I�3src8¹e�1ant User·-Ò�±?È3user/src8¹e^rgC?��

�Ä?�éA��?§S
"

4.6 �?§S�?�

�?§SI�Uì�½�5K5?�âU
�RenewXÚ¤¦^"

3example8¹ek�~§S�±ø^r5ë�"�?§S�Ä��µeX

eµ

import ***
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public class ClassName extends MetaScript {

public static void setup(MetaPlugin _metaPlugin) {

try{

metaPlugin=_metaPlugin;

register("firingComplete", "chase_away",

"chase_away2", TRANSITION);

......//Ù{��
5þ�¼ê

}catch(Exception e){

......

}

}

//e¡´^rg½Â��
�?��A�¼ê

// ùp�´½Â
�
Ä�§��òù
Ä�ÚÄ?��'éå5§�|

^register¼ê5¢y

public static void chase_away(MetaObject metaObject){

//add the chased away philosopher to the set

try{

//3ùp�±N^Jø�^r��

}catch(Exception e){

.......

}

}

}

�?§S¥�ClassName7LÚ©�¶Ú�A�rnw©��éA"

4.7 �N��1Ú½

æ^äk�é��Æ�Renew?1XÚï��y§I�?1Xe��
Ú
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½µ

(1) 3RenewXÚ¥?1?6rnw©�§b½Ù©�¶�abc.rnw"

(2) ?�éA��?§S§I��A�©�¶�abc.java£�rnw©��©�¶

�éA¤"

(3) 3src8¹e$1ant User·-§é�?§S?1?È§NÁ§��ÏL"

(4) 3RenewXÚ¥?1�1"

3^rØ�¦^Renew¥��é��Æ��ÿ§�´{ü��ÑKþ¡�1

�ÚÚ1nÚ§B�±^|��1
"̂ rd��U¬����warning"
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1 5Ù äk�é��Æ�Renew�¢SA^�~f

5.1 Hurried Philosopher�~f

ù�~fÌ�Ny3$1��ÿÄ��UC��(�§¿��ké�

�Marking�UC"|^\\
�é��Æ�Renew�±éN´����¢y

ù�~f§3ë�©z[8] ¥`²
XJ^ÊÏ�P/T��U¢yóÆ[ê8

�½��¹§¿�I�éÙö�Petri�ï��²�âU
�¤§äNæ^ÊÏ

�P/T�é�½ê8�óÆ[¯K�)û�{3ë�©z[2] ¥käN�£ã"

Hurried Philosophers~f0�µ

1. ���óÆ[vk¦��>��f��ÿ§¦�±�¦�>�óÆ[5�

¦�f§Ó�·^um>��¹"

2. ���óÆ[km>��f§¿�¦m>�óÆ[�¦ù��f��ÿ§

¦7L�Aù��¦"Ó�·^u�>��¹"

3. �k��óÆ[Ó�äkür�f��ÿâ�±?ê"

4. �
óÆ[�±��Ù{��
óÆ[\�§�,�óÆ[���\��

�ÿ¦gC¬���r�f"

5. �
óÆ[�±��>½m>�óÆ[lm� §½ögClm� §�

,�óÆ[lm��ÿ§¦¬�X�r�flm"

6. Uì±þ�ú²�5K§�)�y�´óÆ[Ó6?1Òê"

7. 3?¿��§Sþ��kü�óÆ["

�©æ^�~f´?1
XeäN�½��/µ

1. óÆ[f\���ÿòê��3gC�m>"

2. z�óÆ[Ñ�±��Ù{�óÆ[§óÆ[�ê8k�½�þ�£≥ 2¤"

3. óÆ[Ø�±g1lmêS§,�óÆ[lmêS�U�Ù§óÆ[°

Å"

4. óÆ[�±°Å�>½öm>�óÆ["

5. ��½ö°Å�óÆ[ u�>½öm>�Åû½"

6. Ð©��¹Sþkü�óÆ["
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ã 5.1 Hurried Philosophers~f�Ð©�¹

3�?§S¥·�½Â
n«�?é�§©OéAÄ?é�

¥�Transition:invite,chaseaway,eat"�?é�invite!chaseawayéA��?

§S^5Ä�UC�A�Ä?�(�" invite��?§S¬\\�

�philosopher¤I��¤kÄ?�(�§�)ã5.1¥Placeµph,thingkingph,eat,tk

ÚTransiton:invite,chaseaway,think,takefk,releasefks"chaseawayéA��?§

S�±íØ�AÄ?�PlaceÚTransition",	��3inviteÚchaseaway��?

§S¥§?1�
Arc�\\ÚíØ5�±�?�Philosophers�m����'

X"�?é�eat̂ 5iÀÄ?�1�"3invite!chaseawayÚeat��A��?�

�è¥§?1ÑÑ�
&E5iÀ��XÚ�$1G¹"

e¡Ò´¢S�XÚ��g$1(Jµ
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2 invite 3 to sit right

1 chase away 2

1 invite 2 to sit right

1 chase away 3

1 invite 3 to sit right

3 invite 7 to sit right

3 chase away 1

3 chase away 7

3 invite 1 to sit left

3 chase away 2

1 invite 2 to sit left

1 chase away 2

1 invite 2 to sit left

1 chase away 3

1 invite 3 to sit right

1 invite 7 to sit right

3 invite 6 to sit left

6 chase away 7

6 invite 7 to sit right

3 invite 5 to sit left

5 chase away 3

2 is eating

7 invite 3 to sit right

7 chase away 6

2 invite 6 to sit right

2 invite 4 to sit left

2 chase away 4

6 chase away 2

7 is eating

5 is eating

7 invite 2 to sit right

2 chase away 7

6 invite 7 to sit right

2 chase away 1

2 chase away 7

2 is eating

2 chase away 6

2 chase away 5

2 invite 1 to sit right

1 is eating

2 is eating

2 invite 7 to sit left

1 is eating

7 chase away 3

7 chase away 1
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LHurried Philosophers�~f5`²
Ù3ï��¡�`³"3Renew¥O\�
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A^µ

éuÊ·��¹µ

• �±{zÄ?O���.

• �±3ØUCÄ?��¹e¼�Ä?&E

• �±ÏLéÄ?���5UCÄ?�(�

éu?nì£ã��¡

• {z©|ýÿ¡E�ï�

• ¼�?nì$1���
&E

� © ¥ ¤ J � � ¤ k � ä N ¢ y Ñ � ± 3http://

learn.tsinghua.edu.cn:8080/2004011351/renew/renew/index.html¼ �  � è§

äN�¦^�{��ë�T��"

6.2 ó�Ð"

ù�ó�Ì�´du3^Renewï�E,?nì��ÿÚÑ�§y3äk�

õU®²�±)ûT¯K"8��±3?nì£ã��õ��¡A^�?A5§

Ó���±3A^�Ó�Øä�U?�é��Æ"3é���XÚ�ï��

¡§äk�é��Æ�RenewÓ��±��A^"
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N¹ A mK��Nï�Ö�w

A.1 Introduction

Nowadays, as processors are more and more complicated, and new processors are

coming out every year, the compiler transplanting has become a much more difficult

work than before. The compiler researcher try to use some tools to describe the pro-

cessors and to get some useful information for transplanting compiler. The commonly

used tools are dedicated processor description language, functional programming lan-

guage, automata , and Petri net.

In our lab, a previous processor description work wasdone[3]. This work is mainly

about using a Colored Petri Net Simulation tool (Renew) to describe the Mips R10000

SuperScalar Processor. Some difficulties appeared during this research, and the solu-

tion raised is to hack the Renew tool to and MetaObject Protocol to it. The primary

goal of my work is to extend the Renew tool to meet the requirement of the processor

description. And simultaneously, the extended tool could be more powerful and could

be used in many areas for different applications.

A.2 Colored Petri Net

Colored PetriNet[1] is a kind of high-level petri net. The basic components of

it are as same as other petri nets, they are places, arcs , transitions. The difference

between Colored Petri Net and low level Petri Net is the tokens in Colored Petri Net

are different while they are not in the case of low level Petri Net. Colored Petri Net

could make the description more easily and decrease the scale using this property.

There could be some inscriptions on the arcs to judge if a transition is active using the

”color”.
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A.3 The Renew tool

A.3.1 Reference Net

The reference net used in renew tool is Colored Petri Net with java inscription

language and some extentions . Some properties of of it is listed as follows:

• Each place and transition can be assigned a name.

• Arc inscription could be added so that the result of a transition is evaluatedby it.

• Guard inscription could prevent a transition from happening if it is tested tobe

false.

• The inscription language of reference nets has been extended to include tuples.

• User can call Net from java using the stub mechanism provided.

• A timed mode is provided in which each token is assigned a time when the token

is available.

• There are some extended arcs:

– Flexible Arcs: allow mutiple tokens to be moved by an arc

– Clear arcs: remove all tokens in a place

– inhabitor arcs :make sure a certain kind of token is not a Place

A.3.2 Anatomy[3,6]

ã A.1 Renew�(�©Û
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The structure of the Renew immplementation is shown in A.1 . There are four

levels in this structure, i.e. graphics , shadow ,template ,instance. The graphics in

the interface for user to draw a figure using arcs , places ,transitions and so on . The

compilation from graphics representation to shadow net is real-time. In the shadow

net layer, some useless information are eliminated , such as the coordiantes of a place.

And then the shadow net is compiled into template net ,the net layer representation is

more suitable for a simuation. Since we called it template net layer , net instance is

generated from the template at run time.

The simulation work is done by the simulation engine. I will give a brief explain

of how the simulation engine works below. The central controller of the engine is a

Simulator. Every transition instance is a searchable, which means they can be searched

for suitable bindings and after that they can be fired. All the searchables are kept ina

global search queue. And in order to get some efficiency , the search queue keep a time,

and the engine can decide before a certain time , some transitions won’t be able to be

fired , so the scope of the search is reduced. The simulator will get a Searchable from

the search queue and using the unifying algorithm to find a binding for this Searchable

if there is . And if a binding is found, it will be executed, if not, thesimulator will get

another searchable from the queue until it is empty. There are some technic used inthe

search engine to make it efficient.

A.4 Reflection & MetaObject Protocol

Basic concepts:[2] Reflection:

Reflection is the capability of a computational system to ”reason about and act

upon itself” and adjust itself to changing conditions. The computationaldomain of a

reflective system is the structure and the computations of the system itself.

Reification:

Reification is the act of making something accessible which normally is not avail-

able in the programming model or hidden from the programmer.

base level system:

The system actually solving a real application problem.

meta level system
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It is constructed by base level representation , base level control and meta level

interface.

Causal connection

The connection between base level and meta level . The changes of the base level

must be reflected in the meta level.

MetaObject Protocol in Petri Net Simulation[4]

In this model, the base level would be a Petri Net Simulation tool, and the meta

level would have the ability to got information from the base level and control the

base level . The control over base level could be removing tokens ,add tokensand

moreover it could be changing the Petri net of the base level. The most important point

in Simulating Petri Net using a MetaObject Protocol is the base level reification. By

choosing a good representation of the base level, the reflection would be easy.

A.5 My work

My work is about adding the MetaObject Protocol to the current Renew tool . This

extention to the tool would make it more powerful . The base level of this protocol is

chose to be the NetInstance level in the Renew architecture. And the meta level code

would be the code implemented by users, probably the same as that draw the Nets.

The current NetInstance is good enough to represent the base level and could be

used by the meta level for interaction.

The interface or the MetaObject Protocol to be provided would be fixed, which

means users can’t change it themselves. The basic method we provide would be parti-

tioned into two kinds.

The first kind is like

transition_started(,){

...

}

which is to be implemented by user. The second kind is like

add_token(,){

...
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}

which could control the base level.
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N¹ B Hurried Philosophers~f��?§S

import java.lang.*;

import java.util.Set;

import java.util.HashSet;

import java.util.HashMap;

import java.util.Random;

import de.renew.meta.*;

import de.renew.net.arc.*;

import de.renew.net.Transition;

import de.renew.unify.Tuple;

import java.util.Iterator;

public class hp extends MetaScript {

//folks are placed on the right side of philosophers

//the number of the philosophers

public static int amount=8;

//keep a set of unseated philosophers

public static Set numSet;

public static HashMap left;

public static HashMap right;

public static void setup(MetaPlugin _metaPlugin) {

try{

metaPlugin=_metaPlugin;

numSet=new HashSet();

left=new HashMap();

right=new HashMap();

left.put("1","2");

left.put("2","1");
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right.put("1","2");

right.put("2","1");

for(int i=3;i<=amount;i++){

numSet.add((new Integer(i)).toString());

}

register("firingComplete", "chase_away", "chase_away2", TRANSITION);

register("firingComplete", "chase_away", "chase_away1", TRANSITION);

register("firingComplete","invite","invite1",TRANSITION);

register("firingComplete","invite","invite2",TRANSITION);

getMTs("invite1","chase_away1","think1","take_fk1","release_fks1",

"invite2","chase_away2","think2","take_fk2","release_fks2");

register("firingComplete","take_fk","take_fk1",TRANSITION);

register("firingComplete","take_fk","take_fk2",TRANSITION);

}catch(Exception e){

System.out.println("UserScript.setup "+e.toString());

}

}

public static void chase_away(MetaObject metaObject){

//add the chased away philosopher to the set

try{

Transition transition=

((MetaTransition)metaObject).getTransitionInstance().getTransition();

String name=transition.getName();

String mynum=name.replace("chase_away","");

Random random=new Random();

String num;

if(left.get(mynum).equals(right.get(mynum)))//only two phils left

return ;

if(random.nextFloat()>0.5){

num=(String)(left.get(mynum));
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MetaPlace tmpMp=getMetaPlace("fk"+num);

if(tmpMp.getPlaceInstance().getNumberOfTokens()<=0)

return;

left.put(mynum,left.get(num));

right.put(left.get(num),mynum);

String leftnum=(String)(left.get(mynum));

removeArc("fk"+num,"take_fk"+mynum,Arc.in);

removeArc("fk"+num,"release_fks"+mynum,Arc.out);

if(numSet.size()>-1){

addArc("fk"+leftnum,"take_fk"+mynum,Arc.in);

addArc("fk"+leftnum,"release_fks"+mynum,Arc.out);

}

}else{

num=(String)(right.get(mynum));

MetaPlace tmpMp=getMetaPlace("fk"+num);

if(tmpMp.getPlaceInstance().getNumberOfTokens()<=0)

return;

right.put(mynum,right.get(num));

left.put(right.get(num),mynum);

String rightnum=(String)(right.get(mynum));

removeArc("fk"+num,"take_fk"+rightnum,Arc.in);

removeArc("fk"+num,"release_fks"+rightnum,Arc.out);

if(numSet.size()>-1){

addArc("fk"+mynum,"take_fk"+rightnum,Arc.in);

addArc("fk"+mynum,"release_fks"+rightnum,Arc.out);

}

}

System.out.println(mynum+" chase away "+num);

left.remove(num);

right.remove(num);
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numSet.add(num);

remPFs("ph"+num,"thinking_ph"+num,"eat"+num,"fk"+num);

remTFs("invite"+num,"think"+num,

"chase_away"+num,"take_fk"+num,"release_fks"+num);

}catch(Exception e){

System.out.println("UserScript.chase_away "+e.toString());

}

}

public static void invite(MetaObject metaObject){

//pick a num from the set randomly

//decide the invited ph to sit left or right

try{

Transition transition=

((MetaTransition)metaObject).getTransitionInstance().getTransition();

String name=transition.getName();

String mynum=name.replace("invite","");

Random random=new Random();

Iterator iterator=numSet.iterator();

String num=new String();

if(iterator.hasNext()){

num=(String)(iterator.next());

iterator.remove();

System.out.print(mynum+ " invite "+num+ " to sit ");

}else{

return;

}

String leftnum,rightnum;

if(random.nextFloat()>0.5){//sit left

System.out.println("left");

leftnum=(String)(left.get(mynum));

rightnum=mynum;
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right.put(num,mynum);

left.put(num,left.get(mynum));

right.put(left.get(mynum),num);

left.put(mynum,num);

}else{//sit right

System.out.println("right");

rightnum=(String)(right.get(mynum));

leftnum=mynum;

left.put(num,mynum);

right.put(num,right.get(mynum));

left.put(right.get(mynum),num);

right.put(mynum,num);

}

addPs("ph"+num,"thinking_ph"+num,"eat"+num,"fk"+num);

addTs("invite"+num,"think"+num,"chase_away"+num,

"take_fk"+num,"release_fks"+num);

addArc("ph"+num, "invite"+num, Arc.both);

addArc("ph"+num,"chase_away"+num,Arc.both);

addArc("ph"+num,"think"+num,Arc.in);

addArc("thinking_ph"+num,"think"+num,Arc.out);

addArc("thinking_ph"+num,"take_fk"+num,Arc.in);

addArc("fk"+num,"take_fk"+num,Arc.in);

addArc("eat"+num,"take_fk"+num,Arc.out);

addArc("eat"+num,"release_fks"+num,Arc.in);

addArc("ph"+num,"release_fks"+num,Arc.out);

addArc("fk"+num,"release_fks"+num,Arc.out);

removeArc("fk"+leftnum, "take_fk"+rightnum,Arc.in);

removeArc("fk"+leftnum,"release_fks"+rightnum,Arc.out);

addArc("fk"+num,"take_fk"+rightnum,Arc.in);

addArc("fk"+leftnum,"take_fk"+num,Arc.in);

addArc("fk"+num,"release_fks"+rightnum,Arc.out);
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addArc("fk"+leftnum,"release_fks"+num,Arc.out);

getMetaPlace("ph"+num).insertToken(new Tuple(0));

MetaPlace temp=getMetaPlace("fk"+num);

temp.insertToken(new Tuple(0));

getMTs("invite"+num,"chase_away"+num,"think"+num,

"take_fk"+num,"release_fks"+num);

register("firingComplete","invite","invite"+num,TRANSITION);

register("firingComplete","chase_away","chase_away"+num,TRANSITION);

register("firingComplete","take_fk","take_fk"+num,TRANSITION);

}catch(Exception e){

System.out.println("UserScript.invite "+e.toString());

}

}

public static void take_fk(MetaObject metaObject){

try{

String name=((MetaTransition)metaObject).getName();

String num=name.replace("take_fk","");

System.out.println(" "+num+" is eating");

}catch(Exception e){

System.out.println("UserScript.eat "+e.toString());

}

}

}
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