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N: Node,  C: Cluster manager,  S:Site manager, D : Domain manager 

Domain Cluster Site 
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�� �/#JRS .��� �;T	 '	�&"�  �� ���3 
�  

... 

register application with jrs// 

JSRegistration reg=new JSRegistration(); 
… 
//un- register application 
reg.unregister(); 
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setConstraints(system-prameter, relational-operator, number/string)  
  

 �� '#7 �relational-Operator  ,���1Z� $� 'T��� "C;D\ E� Number/String  3 �/�	 �� $��\ ���� E�System – 

Parameter  ��"�C� "A& �� �� "�
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JSConstrainst constr= new JSConstraints(); 
constr.setConstraints (JSConstants.NODE_NAME, "!=" :," milena");  
constr.setConstraints(JSConstants.CPU_SYS_LOAD,''<=",10); 
constr.setConstraints(JSConstants.IDLE,">=",50); 
constr.setConstraints(JSConstants.AVAIL_MEM,">=",50); 
constr.setConstraints(JSConstants.SWAP_SPACE_RATIO,">=",0.3);  
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//request arbitrary node 
Node n1 =new Node (); 
//request node with name "rachel" 
Node n2 =new Node ("rachel"); 
//request node for which constraints hold 
Node n3 =new Node ( constr); 
//determine the associated cluster,site,and domain  of   n1 
Cluster c1= n1.getCluster(); 
Site s1= n1.getSite();                   
Domain d1= n1.getDomain(); 
n1.freeNode();        //release node n1 from application 

�"8 n1  $�"� �."� f�% ��"# d1
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node n1, n2, n3;  
//allocate cluster with 5 nodes 
Cluster c1 =new Cluster ( 5[, conster]); 
// define individual cluster which contains nodes n1, n2, and n3 
Cluster c2= new Cluster(); 
c2.addNode(n1);  c2.addNode(n2);   c2.addNode(n3); 
determine current number of nodes in cluster// 

c1.nrNodes(); 
//access node-3 in cluster 
Node n3=c1.getNode(3); 
// determine site of cluster 
Site s1=c1.getSite(); 



    

// determine domain of cluster 
Domain d1=c1.getDomain(); 
//release node n2 from cluster  c2  
c2.freeNode(N2); 
//release  node 2 from cluster c2 
c2.freeNode(2); 
//release cluster c2 
c2.freeCluster(); 

��	nrNode()   '��* "% $�% �"8 ���D� .��� �&��*�"� '��* E� ���J��5	 $�% �"8 ���2� ��"# d1
	 $�"� �&��� �	


�0  ��nrNode()-1  $�% ��	.�&�� �	 $��V8 ���D�getNode  3getSite  3getDomain  ���37 ��� '� $�"� ,�% �"8

 ��	 
� ������� �� ���� �	 �� '��* E� $�% �"8.�&�� ������� �/&��� �	 '��* Q'/	�� 3 ����freeNode  ��* .�"# ��
7

 ��	 
� ������� �� ���� �	 ��& �� '��*freeCluster .�"# ��
7  

  : �� /��
(Sites)   ����� �% '��* �/&�	 ����
	 l�". '� ���� �	 ��& �� �% ���� �� ���� E� "�
 �# '�� �� .�"#3 

  �� $���� ���� �� ����	 $�% �"8 3 �% '��* B�D� ,��� d1
	 ���� E� ����� B�C/% �T��"� "8� .��� ��� ����� '��*

 <=# 
� �Z�* '&�D& E� ����� �� ���� �	 �� ���� E�  �/jD% .��� �/%��* @��"�Site  '� ����	 $�% '��* ��"# '��G� 3

�� �7  ��	 
� �������addCluster .�"# �����  

int[] SiteNodes = {2,4,5 }; 
// request for site with 3 clusters with 2, 4 
// and 5 nodes, respectively 
Site s1 = new Site(SiteNodes [,constr]); 
// define individual site which contains cluster c1 and c2 
Site s2 = new Site(); 
s2.addCluster(c1);  s2.addCluster(c2); 
// determine current number of clusters and nodes in the site 
s1.nrClusters(); 
s1.nrNodes(); 

// access cluster 1 in site 
Cluster c1 = s1.getCluster(1); 

// access node 1 in cluster 2 of site s1: alternative 1 
Node n1 = s1.getCluster(2).getNode(1); 

// access node 1 in cluster 2 of site s1: alternative 2 
Node n1 = s1.getNode(2,1); 
// determine domain of site 
Domain d1 = s1.getDomain(); 

// release node 1 from cluster 2 of site s1: alternative 1 
s1.freeNode(2,1); 

// release node-1 from cluster-2 of site s1: alternative 2 
s1.getCluster(2).freeNode(1); 
// release cluster 1 of site s1 
s1.freeCluster(1); 
// release cluster c2 of site s1 
s1.freeCluster(c2); 
// release site s1 
s1.freeSite(); 
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int[][] DomainNodes = {{1,3,5}, {6,4} }; 
// request for domain with 2 sites 
// site-1 with 3 clusters with 1, 3, and 5 nodes, respectively 
// site-2 with 2 clusters with 6 and 4 nodes, respectively 
Domain d1 = new Domain(DomainNodes [,constr]); 
// define individual domain which contains site s1 and s2 
Domain d2 = new Domain(); 
d2.addSite(s1);    d2.addSite(s2); 
// determine current number of sites, clusters and nodes 
// in the domain 
d1.nrSites(); 
d1.nrClusters(); 
d1.nrNodes(); 
// access site-2 in domain 
Site s2 = d1.getSite(2); 
// access node-3 in cluster-2 of site-1 in domain : alternative-1 
Node n1 = d1.getSite(1).getCluster(2).getNode(3); 
// access node-3 in cluster-2 of site-1 in domain : alternative-2 
Node n1 = s1.getNode(1,2,3); 
// release node-3 from cluster-2 of site-1: alternative-1 
d1.freeNode(1,2,3); 
// release node-3 from cluster-2 of site s1: alternative-2 
d1.getSite(1).getCluster(2).freeNode(3); 
// release cluster-2 of site-1: alternative-1 
d1.freeCluster(1,2); 
// release cluster-2 of site-1: alternative-2 
d1.getSite(1).freeCluster(2); 
// release site-1 of domain d1 
d1.freeSite(1); 
// release site s1 of domain d1 
d1.freeSite(s1); 
// release domain d1 
d1.freeDomain(); 
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Node node; Cluster cluster; Site site; Domain domain; 
// initialize a codebase 
JSCodebase codebase = new JSCodebase(); 
// a Java archive or class file is added to the codebase 
codebase.add(“../classes.jar”); 
codebase.add(“../testclasses.class”); 
// Java archive or class file is fetched from URL and added to the codebase 
URL classURL = new URL(“http;//www.par.univie.ac.at/JS/test/file.class”); 
codebase.add(classURL); 
// load codebase to a node of a virtual architecture 
codebase.load(node); 
// load codebase to all nodes of a cluster, site, or domain. 
codebase.load(cluster); 
codebase.load(site); 
codebase.load(domain); 
// free codebase 
codebase.free(); 
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// get node on which this application is being executed  
Node local = JS.getLocalNode(); JSConstraints constr; 
Node node; Cluster cluster; Site site; Domain domain; 
// generate an object of class “class name” at 
// a node decided by JRS or restricted to constraints 
JSObj obj1 = new JSObj(“class name” [, constr]); 
// generate object on the local node 
JSObj obj1 = new JSOBj(“class name”,local); 
// generate object on a specific node 
JSObj obj1 = new JSOBj(“class name”,node); 
// generate object on an arbitrary node of a cluster, site, 
// or domain decided by JRS or restricted to contraints 
JSObj obj1 = new JSOBj(“class name” [,cluster jsite jdomain,constr]); 
// generate obj1 on the same node 
// where obj2 has been generated 
JSObj obj1 = new JSOBj(“class name”,obj2.getNode()); 
// generate obj1 on the same cluster, site, 
// or domain where obj2 has been generated 
JSObj obj1 = new JSOBj(“class name”,obj2.getCluster() [,constr]); 
JSObj obj1 = new JSOBj(“class name”,obj2.getSite() [,constr]); 
JSObj obj1 = new JSOBj(“class name”,obj2.getDomain() [,constr]); 
// free object 
obj1.free(); 

  '# $� '/	�� �� ���� ,'��* ,�"8 �� �� ���� �� �&��� �	 ,��& '	�&"� ��� ��� ���� ��
& u�� $�% �# �� '# ��T&�D%

 ��	 @��� ���� ���J& ��&7 '� $
��& "C�� '# �)���� .�/# ����� ,�� �7 
� ������� ��  Q��� �"�� U�- �� �7 �� $"C�� ��

free  .�&�� ��
7  

  

2 .3 .5��.�'� .���6� ��  

 E�/��RMI  (��> '� �3� $�% ��	 �&��*�"� ,�3��blocking  �;5	 (�J��5	 B��&� 
� Y3�  �� �� .�/# �	 "�V+ ���	� ��

 .��
�	 '#�;� �7 '���& ������ B�C/% �� �3���	 ��/&��*�"� 3 ��� $"�8�;� ��	 �&��*�"� '���& ������ $�"� ��A�&� B�C/%

JavaSymphony 3� "� �3=\���J\ '# ���V8 �	 ����*� �� �� �3� $�% ��	 �&��*�"� $�"� "C�� Y3� 3� u�� Y�/   
�

 �3"�/�7 �&��*�"�(non-blocking) .'�". E� �&��*�"� 3  

       �%��* '#�;� �&��*�"� '���& ����� B�C/% ��  ��//# �&��*�"� S". $��	 �3"�/� �&��*�"� �� :�% ��	 �3"�/� �&��*�"�

�"� .�� ���� 
� ������� �� �% ��	 �3"�/� �&��*sinvoke  
� $� '���7 (��> '� �% "�	���+ .�"�8 �	 (��>Object   �� '��%

� (��> '� '
�D% ��& '���& 3 ��� U���� �����r  q�& 
�Object  ���C& "A& ���	 ���� q�& '� ���� '# .��� �	 ���� �
8"�



    

 B�& '� $��	 "�
 �# '�� �� .���methodname  "�	���+ 3� ��param1() 3param2()  �� 
� obj  �3"�/� Y3� '�

.��� �	 �&��*�"�  

JSObj obj = new JSOBj(“class name”); 
… 
Object[] params = {new Param1(), new Param2()}; 
ResultClass result = (ResultClass)obj.sinvoke(”method name”,params); 
… 

 
       �&��*�"�: �3"�/�7   ���J��5	 $�% �"8 �� (�J��5	 B��&� �� $
�� $
��	 �\�& ���� �	 �% ��	 �3"�/�7 �&��*�"� ��

 ���� @��� �3"�/�7 �&��*�"� .�"# $
�� ����+ ��� ��
�� ����� ��/%� I��
�ainvoke  '� �% "�	���+ 3 '��"8 (��>

 
� $� '���7 (��>Object �&�� �	 U���� ����  �� '��% ��/&��*�"� S". ��� '#�;� L��	 Y3�  �� '� �3� ��	 �&��*�"� .

 E� ';>��=� '�;� ��� �D&handle  .���� �	 '	��� '	�&"� (������ '�P� $�"�� 3 ��� ���� �
8"� '���& ���/\ '�handle 

()  B�& '� $��	 $���� ��� ���� �
8"�isReady &��*�"� '���& ���� ���	7 (��> �� '#  ��� �True (��?/�� "�N �� 3

False  ���J��5	 ����� =`	) ��� '#�;� '���& ����� ��	
 �� �%��1� I�Z� "% '� �/� ��/&��*�"� S". "8� .�%� �	 �
8"�

 ���� �&��� �	 ( ���� '����& �"�� $�"� $"C��handle.getResult() � ��& ����  �� .�/# �&��*�"� ���r  q�& 
�Object '� ��

���/\ .��� ���C& "A& ���	 q�& '� ���� '#,�%� �	 �
8 "� '���&  

// invoke remote method with parameters;  a handle is returned  
// to refer to the method’s result in the future 

Object[] params = {new Param1(), new Param2()}; 

ResultHandle handle = obj.ainvoke(”method name”,params); 
... 
// verify whether result is available 
if (handle.isReady()) { 

// wait for result to arrive in blocking mode 
ResultClass result = (ResultClass)handle.getResult(); 
} 

... 
// wait for result to arrive in blocking mode, without checking for available result 
ResultClass result = (ResultClass)handle.getResult(); 

 
      '�". E� �&��*�"� :  '���& ������ '� $
��& ��	 ��//# �&��*�"� S". '# �"�8 �	 B��&� �&�	
 �% ��	 '�". E� �&��*�"�

 ���� ';��3 '� ��	 '�". E� �&��*�"� .���� '����&  Q�3���	 I	�# $�"�� 
� ��/�D.� ��  ��//# �"�� �� 
�oinvoke  (��>

 Y3� 3� �/&�D% �% "�	���+3 '��"8 
� $� '���7 (��> '� IJ6Object �&��� �	 �&��*�"� q�&  �� .��� �	 U���� ����  �� '� �%

����# 0����� L��	� .��� �%��1& ��J	 �"8 '� �?P	 �"8 
� '���& U���� '� $
��& Y3�  �� �� �"�
 ��� ��� ��
�� �����  

Object[] params = {new Param1(), new Param2()}; 
obj.oinvoke(“method”,params); 

 

2 .3 .6.  ����� /+'8�� � (dynamicly migrate object)  
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.����� �%��* "�*�� '�JavaSymhony .�/# �	 �&�J��
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 1-   3 E���	��� �#"-2 - ,��& '	�&"� U"�/# �5� ,�#"-  

       ';��3 '� ���� E���	��� �#"-JS-Shell  �Z�-  �� �� .��� �	 B��&�JRS �/�	 ��. '� �"8 ��7 '# �/# �	 ���"� a3

 '	�&"� S". 
� �T��"� "8�) ."�* �� ��� �� �7 $����C& $�"�  "���# S". 
� ���  ��2� @��"� $���� ��/jD% �� E� $3�-

 S". 
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&  ��2�  ,��&JS_Shell  ���J& @��"�  �� $3�- ��#V	 �"8 "8� .(�� �%��* ���"�

�� "P��	 �� .�� �%��* IP�/	 $"C�� �"8 '� �"8 �7  

       ��A/	  �� $�"� .��� "�VM&��	� ,��& '	�&"� @��� ��& ���� W�"> �#"-JavaSymphony  �
��� ,��& '	�&"� '�

 ���� .���� '���� ��"��� �% �"8 3 '��* ,�% ����  �D���� $�% "�	��+ '� �� �%��	getSysParam  '� $�"� �&��� �	

37 ��� ���� 
� ������� ��  �/jD% .��� �&��*�"� $
��	 $��D2	 $�% '�Z�	 
� E� "% (��>�?* ���constrHold  �����	

 ����*�� ����� �� ����
	 $�% "�	���+ $���� ���� 3�  �� ."�* �� ��� @��"� 
� $� '\�D�	 �)�- �%"8 ��7 '# �"# ���"�

 01� �� ��� y"T	 ) $
��	 $��D2	 $�% '�Z�	2 .3  @���	 $���� �"8 E� '# ��� �	 ���"� "�
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��	
  $�����50  ���� 
� ������� �� �7 �� ��� "P��	 �� ���J& "8� ."�* �� ��� �>��migrate 	 "C�� �"8 E� '�� ("��

 ���� "8� .�"# �%��*migrate  ��� "#^ "�	���+ �3��JRS # '� ��  �� '# �"�8 �	 ��D?�.��� IP�/	 ��  

JSConstraints constr; 
Node node;  Cluster cluster;  Site site; Domain domain; 
JSObj obj; 
Node n1 = object.getNode(); 
// node on which object resides has less than 50 % idle time 
// set of constraints constr hold for node n1 
if (n1.getSysParam(JSConstants.IDLE) < 50) || n1.constrHold(constr)) { 
// migrate object to a node destined by JRS 
obj.migrate(); 
// migrate object to a node according to a set of constraints 
obj.migrate(constr); 
// migrate object to a specific node 
obj.migrate(node); 
// migrate object to a node of a cluster, site, or domain 
// to be destined by JRS or optionally based on constraints 
obj.migrate(cluster | site | domain [,constr]); 

  ����migrate  ��� �&��*�"� ��&"�
 $�% "�	���+ 
� ������� �� �&��� �	  

 q�& 
� $"�	���+Node.�%� �	 ��
& �� ��� IP�/	 ��&7 '� �� ���� '#  �%"8 '# :  

 q�& 
� $"�	���+Cluster  ��Site  ��Domain �Z�-  �� �� '# :JRS  Q���� Q'/	�� $�% �"8 
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 q�& 
� $"C�� "�	���+ ,"�	���+ q�& '�  �� 
� ��� ��"D% '� "8� .���� �� �����	 ���� '��* ��Constraints  ���� '�migrate 

 ��� U����JRS  �%��* ,���� B3� "�	���+ �� ��� "#^ @��"� �)�- '# �%"8 U�J&� '� ��� d1
	 '��* �� ���� �� '/	�� ��

 .�
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 q�& 
� $"�	���+Constraints  U�-  �� �� :JRS  ���� "�	���+ �� ��� "#^ @��"� �)�- '# $
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2 .3 .7�� �� �� � . (persistent objets)    

JavaSymphony �	� ,�J&�� $�% 'A��- �� �� ��� ��
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� ��� '� �� ���	 $��V8��� $�"� ���� �	 �7 
� '# ��� �	 ���� �
8"� �J&�� 'A��- �� ��� �"�*^ ��

.�"#  

JSObj obj; String str; 
// save object on external storage 
str = obj.store();  
... 
// load object from external storage 
JSObj obj = new JSObj(str); 

  <=# $�% ��&
�� 
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3 .2.  "� ����
 ;< Dynamic Virtual Disteributed Architecturs 
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 I��2 . $
��	 $��D2	  

 E� �/&�	 ���J��5	 �"8 E� �� U��2	 E� WT�PC ��WorkSattion �� WT� .��� $� ��&
��"+ �/H ����� E�2  
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 $��D2	VA WT�) ���J��5	 $�% �"8
� $� '��* ��/%� ��
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      JavaSymphony  "��h� 3 ����� ���	�VA��> '� �%  .�m%� �	 �� S�T2&� I��6 3 ���+ (VA      (��m> 'm� �m/&��� �m	 �m%
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JSConstraints constr; 
// request level 1 VA 
VA v1 = new VA( 1) ; 
// request level 1 VA for which constraints hold 
VA v2 = new VA( 1, constr ) ; 
// bottom-up request for level 2 VA 
// by adding existing level-1 VAs to it 
VA v3 = new VA( 2) ; 
v3.addVA(v1); 
v3.addVA(v2); 
// top-down request for level 4 VA (Fig.1) with 2 level 3 VA’s: 
// first level 3 VA with 3 level 2 VAs with 2, 3, 
// and 1 level 1 VAs, respectively 

2 2 2 

4 

3 3 

2 2 

1 1 1 1 1 1 1 1 1 1 1 



    

// second level 3 VA with 2 level 2 VAs with 3 
// and 2 level 1 VAs, respectively 
VA v4 = new VA(4, new int[][] {{2,3,1 }, { 3,2 }} ); 
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 �� ���	 ���/\JS Q��� d1
	JRS 	 E� WT� Q��* �/# �	 Y=�]3"� B�D� '# �J��/  �/# �	 u�> �7 �� ��� "#^

 �/���+ $�% '�O 
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�
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�

JS_Shell.��� �	 ��A/�  

 
VA v1 = new VA(1);     // allocate level-1 VA 
VA v2 = new VA(4,....);    // allocate level-4 VA 
VA vLocal = VA.getLocalNode();    // get local level-1 VA 
JSConstraints constr; 
// parameters for the new object 

Object[ ] args = new Object[ ] {... } ; 
// create object obj1 of class “ClassName” at a VA decided by 
// the JRS, restricted to constraints or at the local level-1 VA 
JSObject obj1 = new JSObject(“ClassName”[, args] [, constr] [, vLocal]); 
// create object obj1 on a higher level VA; JRS decides 
// on which level-1 VA of v2, the obj1 will be generated 
JSObject obj1 = new JSObject(“ClassName”,[args,] v2); 
// create object on a specific VA v1 
JSObject obj1 = new JSObject(“ClassName”,[args,] v1); 
// create obj1 on the same level-1 VA 



    

// where obj2 has been created 
JSObject obj1 = new JSObject(“ClassName”,obj2.getVA());  

  ����JS��& ����� 
� ,+ �/&��� �	'Z��M# �� �3�� '	�&"� �� ����	 �Z�D2	 ���� Q  ��	 @��� �&��� �	 ID\  �� .�//#

ConvertToJSObject  ��//# d1
	 "�	���+  �	3� 3 �3�� �Z�D2	 �� ��//# d1
	 ��	  �� "�	���+  �Z3� .��� B��&�

 �&��*�"� �� �/&��� �	 �3�� �Z�D2	 ���� Y3�  �� 
� ������� �� .��� �7 ���� �1& �/H �� �1& E� {�5Z 
� ��� ����� �� q�&

�		 .�&�� ������� �3� ��� 
� ��
��% �� �� E� ("��JS  �/&�	obj2 �/&�	�3�� �Z�D2	 �� E� 
� '#obj1  ��� '�*��

.��� "�V+ ���	� ��& ���  

// convert a non-JSObject obj to a JS object obj2 
ClassName obj = new ClassName(...); 
JSObject obj2 = JSObject.convertToJSObject(obj [,multiThreaded]); 

 ���� (��>�?* 
� �*"� '	��� ��JS: ��� �	 ���� W�G��  

 ���� $3� "� I�6 ���	�JS  ���� :JS  l�". 
�Handle  'J�"	  �Z3� �� ����	 ���� ��D% '# �&�� �	 ������� ���%
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�/# �	 $"�8�;� �3� ��	 E� �&��*�"� '���& ������ $�"� ��A�&� B�C/% �� �;5	(sinvoke) $�% ��	 �&��*�"� "� �3=\ .

 
� ������� ��)�3"�/� (��> '� �3�RMI ( JavaSymphony   �3"�/�7 (��> '� �3� $�% ��	 �&��*�"� 
�
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	 ��� "8� ,} "�* �� ��� �"�� U�- �� �� �7 
� $��	�	 l��2� '� �7 $�"�� U�- �� ��	 $�"�� B�D�� B�C/% �� �� ("�� �

.��� �	 IP�/	 �\"� '� "A& ���	 �� (��>  �� "�N ��.����JavaSymphony 	 q�& 3�� ')��� ���� $�"� :;�1	 ("��

 : ��� ��"#1-	� @��� '# E���	��� ("��JRS .��� �	 U"�/#2- 	� �	 U"�/# ,��& '	�&"� ��* @��� '# W�"> ("��

	 �?P	 �&��� �	 ,��& '	�&"�  �� "� �3=\ .����"�� �� �� (VA �� �% �# 'D�"� �C&�CH 3�?P	 $�"� B
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3 .4. �>� �0? � �>� @# �� �  

 �� "%JS $�%��	 B�D� 3 ���� ���"�� X& E� $���� @P� �1& E� ����.��� ����� �1& �/H 3 �1& E� �Z�- 3� �� �&��� �	

 �� .�&�� �	 �"�� X&  �D% @��� @P� ��  ��  �3� $�% ��	 B�D� �&��*�"� �� �Z���	 L��"� E� �� ��� �	 g\�� ��>�?*



    

 '# �/��� ���"�� X&  ��/H $���� �/&��� �	 �1& �/H ���� I��P	 �� .��� U�D\� ��  ��JRS  3 $
��	 (��> '� �� ��&7 'D%

 :;�1	 $�% X& @��� �&��� �	 �1& �/H �� E� 
� ��	 E� ��- .�/# �	 �"�� ��	�D% ��� �"�� $
��	 (��> '�  

// generate a multi-threaded object in a node of 
// a higher level VA v that honors a set of constraints 
boolean multiThreaded = true; 
JSObject obj1 = new JSObject(multiThreaded,”ClassName” [,args] [,constr][,v]); 
// objects can be made single- or multi-threaded at runtime 
obj1.singleThreaded(); 
obj1.multiThreaded(); 

  

3 .5. ���6� ��'<0
A ����.�'� �"�
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� $� '\�D�	 �� �
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 .�� �%��1& '	�&"� ��� '#�;� L��	 <=#  �� $�% ��	 
� B��# f�% �&��*�"� ��� "#^ '� B
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   $
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� E� B��# '# ��%� d�1
� ��&��� �	 ��-�� '� $
�� B�CD% B��&��	 
� ������� �� .�&�� �"�� $
��	

: ��� ��� ���� ��
& �3� $�% ��	 �&��*�"� $
�� B�CD% ��5& "�
 �# '�� �� .��� ����� =2� 3 ��"# B�D� �� 0��% ��	  

JSObject obj[n];  
ResultHandleSet rhs;  
ResultHandle rh; 

Object[ ] params; 
... 
for(i=0; i < n; i++) {  

// add a ResultHandle and index i (optional) to the ResultHandle Set rhs 
rhs.add(obj[ i ].ainvoke(”run”, params), i); 

} 
... 

//non-blocking test if at least 5 methods are finished 
if( rhs.isReady(5) ) {... } 
 //non-blocking test if all methods are finished 
if( rhs.isAllReady() ) {... } 
//block until at least 5 methods are finished 
if( rhs.waitReady(5) ) {... }  
 // block until all methods are finished 
if( rhs.waitAll () ) {... } 
// block until the first method has returned results 
rh = rhs.getFirstReady(); 



    

// get results one by one without specific order; 
while(rh ! = null) { // get the results 
ResultClass result = (ResultClass)rh.getResult(); 
... // process results 
// get index of idle object 
index = rhs.getIndex(rh); 
// invoke next method on idle object for load balancing 
// and add ResultHandle in ResultHandleSet again 
rhs.add( obj[index].ainvoke(”run”, params), index); 
// get ResultHandle of a method that finishes next; 
// block until results returned 
rh = rhs.getNextReady(); }  

  

3 .6.  Barrier Synchronization(��00+ EF�6� �"�
 B�C	�)  
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// a barrierId defines a unique synchronization point 
int barrierId = 17; 
// define a barrier for two (remote) threads. 
JSRegistry.newBarrier(2, barrierId); 
obj1.oinvoke(”runThread1”, params); 
obj2.oinvoke(”runThread2”, params); 
... 
// inside runThread1 
int barrierId = 17; 
// suspend execution until runThread2 
// reaches the synchronization point 
JSRegistry.barrier(barrierId); 
... 
// inside runThread2 
int barrierId = 17; 
// suspend execution until runThread1 
// reaches the synchronization point 
JSRegistry.barrier(barrierId); 
...  
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// ****** Code for Event Consumer ******** 
... 
// define types for user defined and middleware events 
int userEvType = JSConstants.CUSERTYPE + 1; 
int middleEvType = JSConstants.CAPPREGISTERED; 

JSObject listObj[ ]=.....; // list of remotes objects 
VA listVAs[ ]=.....; // list of VAs 

JSConstraints constr1; 
// subscribe for a user defined event; no restriction on 
// event producers; handleMethod will handle events. 

JSEventConsumer cEv1 = new JSEventConsumer(this,userEvType, 
JSConstants.CANYLOCATION,”handleMethod”);  
// events can be produced only on VAs in listVAs 

JSEventConsumer cEv2 = new JSEventConsumer(this, userEvType, 
JSConstants.CLISTVAEVENT,listVAs, ”handleMethod”);  
// event can be produced only by JSObjects in listObj 
JSEventConsumer cEv3 = new JSEventConsumer(this,userEvType, 
JSConstants.CLISTJSOBJECT EVENT,listObj, ”handleMethod”); 
// subscribe for a middleware event which can be produced 
// anywhere;the event is generated when a new application registers with JS 
JSEventConsumer cEv4 = new JSEventConsumer(this, 
middleEvType,JSConstants.CANYLOCATION,”handleMethod”); 
// subscribe for a system event which can be produced 



    

// only by the VA va when the validity for a set of constraints constr changes 
JSSystemEventConsumer cEvSystem =new JSSystemEventConsumer(this, 
JSConstants.C VA EVENT, va, ”handleMethod”,constr, 
JSConstants.JSCONSTRAINTSCHANGE); 
... 
// subscribe for event cEv1 
cEv1.subscribe() 
... 
// unsubscribe for event cEv1 
cEv1.unsubscribe() 
... 
// ****** Code for Producer of User-Defined Events ******** 
... 
int userEvType = JSConstants.CUSERTYPE + 1; 
Object listObj[]=.....; // list of remotes objects 
Object listVAs[]=.....; // list of VAS 
// produces a user-defined event of type userEvType 
// no restriction on event consumers 
JSEventProducer pEv1 = new JSEventProducer (this, userEvType, 
JSConstants.CANYLOCATION); 
// notify only those consumers registered on VAs in listVAs 
JSEventProducer pEv2 = new JSEventProducer (this, userEvType, 
JSConstants.CLISTVAEVENT, listVAs); 
// notify only those consumers in listObj 
JSEventProducer pEv3 = new JSEventProducer (this, userEvType, 
JSConstants.CLISTJSOBJECTEVENT, listObj); 
... 
// produce a user-defined event; parameters will be 
// transmitted to the handleMethod of matching consumer 
Object params[]=.....; 
pEv1.produceEvent(params);  
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4 .1.Network Agent     
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 ���ZNA  ��� �%  

      Load Configuration, Save Configuration, Save Configuration as � :  �3  3 $
�� �"�*^ $�"� '/��8

 $�"�� B�C/%.�/��� �	 ������ $��D2	 $�"� ��� �-�". �*�� $��V8���JS_shell  I��� �� ��� �"�*^ $�/�"��+

Config.txt  3 �-�". =J6 '# ,������ $��D2	 E� ����� $�"� ���� �	 .��� �	  ���� 0��D&3 $��V8��� E���	��� (��> '�
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� 3JS_Shell  .���  
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 t"&  �� v"� 0�+ ���P	 ..��� "��h� �� ("�* �� �/��% <"��� �� 
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+ "��	 E� :backup manager ) a3�/�	 ��. '� '# ��� �%"8 ��3� ��
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 �� �"�� I��6Public Object Agent   �� �� ��� �"��NA (��/��	 '� "�
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� ���Z �� ����	 $�% 
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� ��D�6
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      E� ���	 �� ���\=.� �"�/+  ��NA (��+ ���D� 3 B�& ��mw2:6666   �� $3� "� �;5	 '	�&"� f�% .�%� �	 0��D&

  �� 
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 ����� @��� ��& �� (���� <"��� �� 3 U�2� U"�/# ���) ��+ @���Set Rate $��D2	 Q�-�". B�D�� 
� ,+ .��� "��h�
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