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1. Process A packages a message and sends it to a local port.

2. The port forwards it to the port it is connected to.

3. The port notifies scheduler that a message has arrived.

4. The scheduler dispatches the message to an appropriate message handler.

5. The message handler unpacks the message and then either calls the local functions or sends out a message.

Outgoing
message

33C_DFd�O�@ � �>qXR�@ 	c@ B�B)MQDF@p~3MQB�B)C
E�D 	cG�[�@ P�G	HgMk?(~�E�?(~l~�O�G�` @iB�B

|jBXB)R�G�KXEcC_E�33C
DQd�O)@ � m�@ MQ`�RhT�O)G�` @ B�BAMQP
B�GZR�MFBXMkB�Ts@ ` C
MQP3B�W�B�I)@ Sk�LDQ@ E,@ O�MFI�@ [cHJd�E�` I)C_GFE8` MFP
P_@i[�� :jG�[�@ 	 MQC
E��
KXR�C
`�R�C
B%d�B�@i[�I�GcTs@ OLHJGQO�S C_E,C_I)C
MQP
C
� MQI)C_GFEco�@�HJGQO�@UI�R�@kT,O�G�` @ B)BkKNMFC_I)B(H-GFOzC
E�`iGQS8C
E�DUS8@ B)B�MFDQ@ Bie ?(~�E�?(~�` G�[�@
B�YF@ P
@ I�GFEhDQ@iE�@ O�MFI�@ B(MFP_P�`iGQS8Skd,E�C
` MQI)C_GFEp`iG+[,@%@�r�` @ T�I(I)R�@%` GFE+I)@ E�I�B(G�H�I)R�@%MQT,T�P
C_`iMQI�C
GFE���B)T�@i` C*x�`(S8@ B)B�MQDF@(R�MQE��
[�P
@ O)B e �AB�@ O)Bj` MFEcMQP
B�GZT�O�G�\�C
[�@(I�R,@ C
OXG�KXE�� :jG�[�@ 	 MQC
E��ZI�GkTs@ OLH-GFO�S�MQT�T,P_C
` MFI�C
GQE ��B)T�@ `iCVxs`zC
E�C
I)C_MFP
C_�iMQI�C
GFE�e

?A@ B�C
DQEyT�MQI)I�@ O)E�BkC
S8T�P
@ SU@ E�Ij\�MFO�C
GQd�B�ILW+Ts@ BkG	Hj` GQSUS8GQE:T�O�G�` @ B)B8B)I�O�d,` I�d�O)@ B8MFE�[�C
E�I�@iO�MQ`iI�C
GQE�B�H-GFd�E�[�C
E
T�MFO�MQP
P
@ P<B�W�B�I)@ S8BimNo�d,IkKXC_I)R�I)R�@cYQ@ W�` GFS8TsGQE�@iE+I)B%� I)R�@cMQT�T,P_C
` MFI�C
GQE ��B)T�@ `iCVxs`8T�O)G+`i@ [�d�O)@ BU� d�E�B�Ts@ ` C*x�@i[�e
|�d�B)@ O%T�O)G�\�C_[,@ B%I�R,@kMQT�T�P
C
` MFI�C
GQE��LB�Ts@ ` C*x�`ZT�O)G+`i@ [�d�O)@ BkMQE�[wI�R,@kS8C
E�C
Skd�S�MFS8GQd,E+IXG	H `iGQS8Skd,E�C
` MQI)C_GFE8` G�[�@
E�@ `i@ B�B)MQO�W�I�G�B)@ E�[�MQT�T,P_C
` MFI�C
GQEyB�Ts@ ` C*x�`�[�MFI�M�MFE�[vO�@iB�d�P
I�BcMFS8GQE,DhE�G�[�@ Bie qXR�@:[�@ B�C
DFEvT�MQI)I�@ O)E�BcMQo�B)I�O)MQ` I
T�MFO�MQP
P
@ P�T�O)GQDQO)MQS�B)I�O�d,` I�d�O)C
E�DhI�@i`�R,E�C
t+d,@ B m�MQP
P
G�KXC
E�Dkd�B�@iO�B%I)G'[,@ \Q@ P
GFT�T�MFO�MFP_P
@ P�MFT�T�P
C
` MQI)C_GFE�BjC
EhMcO)MQT�C
[hMFE�[
@ MFB�WcS8MFE�E�@ OiejqXR�@%MFT�T�O�GFMQ`�RhMFP_B)Gk@ E�R�MFE�` @ B�I�R�@%`iGQO�O)@ ` I)E�@ B�BZG�H<I�R�@%T,MQO�MFP
P_@iP]MQT,T�P
C_`iMQI�C
GFE8o�WcT�O�G�\�C
[�C
E�DkK<@ P
P



���������	��

�������	�����
�������������

�� ��!"
#�	���%$���

���'&(���)
*�+�'���,!�!-�.�����  

I�@iB�I�@i[h` GQSUSkd�E�C
` MFI�C
G�Ep`iG+[,@zB)YQ@ P
@ I)GQE�BXI)R�MQIXGFI�R�@iO�KXC
B�@(K<GQd�P
[8R,M�\Q@jI)Gpos@(KXO�C
I�I)@ EUH-O�GFS�B�`iO�MQI)`�R'o�WkI)R�@(d�B�@ Oie
f3r�MQSUT�P
@ B�G�H�` d�O)O�@ E�I�P
WkB)d�T�TsGQO�I)@ [8[,@ B�C
DQEkT,MQI�I)@ O�E,BXC_E,` P
d�[�@XT�C
Ts@ P
C_E,@�mQS8MFB�I)@ OL�LB�P
M�\Q@	mQ[�C
\�C_[,@XMQE�[Z` GQE,t+d,@ O m�MFE�[
T�O)G+`i@ B�B<O�@ T,P_C
` MFI�C
GQE�eg��C
SUT�P
@�T�MQO)MQP
P
@ P�MQT�T,P_C
` MFI�C
GQE,B]d�B)@XGQE�P
W%GFE�@X[�@ B)C_DFEpT,MQI�I)@ O�E�e �<GQS8T,P_@.r T,MQO�MFP
P_@iP+T,O�GQDFO�MFS8B
` MFE�d�B)@kM8` GFSko�C
E�MQI)C
GQEcG�HN[,@ B�C
DQEwT�MFI�I�@iO�E�Bie'?(~�E�?(~lDQ@iE�@ O�MFI�@ BZ` GFS8Skd�E�C
` MFI�C
GQEk`iG+[,@kB�YQ@iP_@iI�GQE,B%MQ` `iGQO�[,C_E,D
I�GkI)R�@(B�Ts@ ` C*x�`ZDQO)MQT�R�e�?A@ \Q@iP_GFT�@iO�Bj`iMQEcI�R�@iEhC
E�B�@ O)IjMFT�T�P
C
` MQI)C_GFEkB�Ts@ ` C*x�`%`iG+[,@%C
E+I)GpI)R�@ B)@pB)YQ@ P
@ I)GQE�Bie

)vR�@ E:d�B�C
E�DkMk[�@iB�C
DQEcT�MFI�I�@iO�E�m�MZd�B�@ O(GFE�P
Wk[�@ MQP
BXKXC
I�Rc` GFS8Skd�E,C_`iMQI�C
GFEpI)R�MQIXC
BXMQT,T�P
C_`iMQI�C
GFE8O�@iP_MFI�@ [�e |AP
P
GQI)R�@ O(B�W�E�`�R�O)GQE�C
� MFI�C
GQEwMQE,[�` GFS8Skd�E,C_`iMQI�C
GFEkE�@ @ [�@i[�H-GFOjT�O)GQTs@ O%S8MFE�MQDF@ S8@iE+I<G�HXI�R,@pT�O)G�` @ B�B)@ BkC
EhMc[�@ B)C_DFE
T�MFI�I�@iO�EZC_B3I�MFYQ@ EZ` MQO)@No�W(I�R,@NDF@ E�@ O)MQI�@i[p` G�[�@	eNf�\Q@ O)W%[�@ B)C
DQE%T�MFI�I)@ O�EZC
B][�@ B)C
DQE�@ [ZC
E%MjB)C
S8C
P
MQOsKNM�W(C
E(I�R�@<B�@ E,B�@
I�R,MQI(C
IzC
SUT�P
@ S8@ E�I)BX` @ O�I)MQC
E�T�O)G+`i@ B�BZB�I)O�d�` I)d�O�@UMQE�[wos@ R�M�\�C
GQO ekqXR�@Zos@ R�M�\�C
GQO(G�HXI�R�@kT,MQI�I)@ O�E�C
B(S8MFE�C*H-@ B)I�@ [
o�WhI�R,@8ILW�T�@iB%G�HXS8@ B)B�MFDQ@ B%O)@ ` @ C
\F@ [�o�WhI)R�@8[�@iB�C
DQEwT�MQI)I�@ O)E�MFE�[�I)R�@ C
O%T�O)G�` @ B�B)C
E�D�e���C
E�`i@kM'[,@ B�C
DQE�T,MQI�I)@ O�E
S8M�WkC
SUT�P
@ Sk@ E�I�MQE:MQO�o,C_I)O�MFO�C
P
Wk` GQSUT�P
@�r'T�MFO�MFP_P
@ P�B)GQP
d�I)C_GFEcB�I�O)MQI)@ DQWFm�T�O)GQTs@ O([�G�` d�SU@ E�I�MQI)C
GQE8C
BXE�@i` @ B�B)MQO)W�I)G
@�r�T�P
MQC
EhI)R�@kGQTs@ O)MQI�C
GFE�MFE�[�d,B�MQDF@kG�HN@iMQ`�R�[�@ B)C_DFE�T,MQI�I)@ O�E�e'?AG+`id�S8@ E�I)MQI�C
GFE'G	H Mc[�@iB�C
DQEwT�MQI)I�@ O)E�[�@ B)` O�C
os@ B
I�R,@hILW�T�@ BkG	H%S8@ B)B�MQDF@ Bk@�r�`�R�MQE,DQ@ [vo�W�I)R�@h[�@ B)C
DQElT�MQI)I�@ O)EvMQE,[ I)R�@ C
OkC
E�I�@ O)T�O�@ I)MQI)C_GFE�e 3,GQOZ@�r�MQSUT�P
@�mNC
EyM
O�@iT�P
C_`iMQI�C
GFEhT�MQI)I�@ O)E �"[�@ B)` O�C
os@ [�P
MQI)@ OjC
EhI)R�C
BjB)@ ` I�C
GFE���m�I�R�@ZT�MFI�I�@iO�EwB�C
S8T�P
Wk@�r�@ `id�I�@ BZM8E�d�Skos@ OAG�HN` GFT�C
@ B(G�H
I�R,@jd�B)@ ONB)d�T�T�P
C
@ [UMQT�T�P
C
` MFI�C
GQEZS8G�[�d�P
@�e3qXR�@jC
E�I�@ O�H-MQ`i@jT�O)G+`i@ B�B<H-GFO�I�R,C_BnT�MQI)I�@ O)E�m�` MQP
P
@ [k` G�GFO�[�C
E�MFI�GQOim+O)@ ` @ C
\F@ B
K<GQO�Y:H-O)GQS GQI)R�@ OkE�G�[�@ Bie�qXR�@c` G�GQO�[,C_E,MQI�GFO%B�C
SUT�P
WhT�MQB)B�@ BkI)R�C
BpK<GQO)Y�I)G�M:` d�O�O)@ E�I�P
W�M�\�MFC
P_MFo�P
@pO)@ T�P
C
` M�ewuJH
E�@ `i@ B�B)MQO�WFm]I)R�@%MQT,T�P
C_`iMQI�C
GFE8` G�[�@ZC
E'O)@ T�P
C
` MkB�@iE�[�B(o�MQ`�YcI�R,@%O�@ B)d�P
I(\+C
MZM8SU@ B�B)MQDQ@(I)GkI�R�@Z` G�GQO)[�C
E�MQI)GQOXKXR�C
`�R
I�R,@ EkH-GFO�K<MQO)[�B�I�R,@jS8@iB�B�MFDQ@XI)G%I�R�@AMQT�T,O�GQT,O�C
MQI)@XE�G�[�@�e�|jP
PsI�R�@XE,@ ` @ B)B�MQO)WcT�O�G�` @ B)BX` O�@iMQI�C
GFE�BNMFE�[kC
E�I�@ O)T�O�G�` @ B)B
` GFS8Skd�E�C
` MFI�C
GQE H-GQO<I�R�@(SUMQE�MFDQ@ SU@ E�I]G�H�O�@ T,P_C
` MFI�@ [cK<GQO)YQ@ O<T�O�G�` @iB�B�@iBzC
B<R�MQE,[�P
@ [co+WkI)R�@(` G�[�@(DQ@ E,@ O�MFI�@ [UH-GFO
I�R,@pB)T�@ `iCVxs@ [�E�d�Sko�@iOXG�HNO)@ T�P
C
` MQBiezqXR�@Z@�r�MQ`iIjE�d�Skos@ OjG	HgO)@ T�P
C
` MQB(SUM�Wko�@ZB�Ts@ ` C*x�@ [�B)I�MFI�C
` MQP
P
W8GFOj\�MFO�C
@ [hMFI
@�r�@ ` d,I�C
GQEhI)C
S8@�e

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


qXR�@kd�I)C
P_C
ILWcG�HXMh[�@iB�C
DQE��LT�MFI�I�@iO�E��Lo�MQB)@ [�T,MQO�MFP
P_@iP>T,O�GQDFO�MFS8S8C
E�DZB�W�B)I�@ S [,@ T�@iE�[�BZGQEwI�R�@U[�@ B�C
DFE�T�MQI)I�@ O)E�B%C
E
I�R,@kB�W�B�I)@ She,+j@iO�@kMQO)@kM8` GFP
P_@i` I�C
GQEwG�HX[�@ B)C
DQEwT�MQI)I�@ O)E�Bp`id�O�O)@ E�I�P
W�B)d�T�TsGQO)I�@ [�o�W�?(~�E�?(~ �933C
DQd�O)@ �+�.e4:j@iK
T�MFI�I�@iO�E�B(` MFEho�@�MQ[�[�@i[�I)GkI�R�@ZP
C_o,O�MQO)WQe<qXR�@Z@�r�C_B)I�C
E�DkT�MFI�I)@ O�E�B(` MFEhMQP
B)Gko�@Zo�d�C
P
[�C
E�DZo�P
G+`�Y�BXHJGQOjE,@ K}[�@ B)C_DFE
T�MFI�I�@iO�E�Bie



���������	��

�������	�����
�������������

�� ��!"
#�	���%$���

���'&(���)
*�+�'���,!�!-�.����� 


Top

Non 

Leaf

Non 

Leaf

Leaf Leaf Leaf Leaf

Coordinator

Replicated

Singleton

Replicated

Singleton

Replicated

Singleton

Singleton

Stage

One

Stage

Two

Stage

N

Master

Slave

(Replication)

Coordinator

Replicated

Singleton

Replicated

Singleton

Replicated

Singleton

Singleton Replication

Divide and Conquer

(Width=2, Depth=2)

Master/Slave

Pipeline

3]C
DFd�O�@ ���N?A@ B)C
DQE'~3MFI�I�@iO�E�B(C
E'?(~�E�?(~



���������	��

�������	�����
�������������

�� ��!"
#�	���%$���

���'&(���)
*�+�'���,!�!-�.����� Ï �

� ��C
E�DQP
@ I)GQE��

| ��� � 	 � �	� � � C
B%MhB)C_E,DQP
@��LT�O�G�` @ B)Bk[�@ B)C_DFE�T�MFI�I)@ O�E�ewuLE�` GFE�\Q@ E�I�C
GFE�MQP�I)@ O�SUB m�C
I%O)@ T�O�@iB�@ E�I�BUMhB�@it+d,@ E�I�C
MQP
T�O�G�` @ B)BNI)R�MQIn[�C
O�@ ` I)P
WpC
E�I�@ O�H-MQ`i@ BNKXC
I)RpGFI�R�@ OnE�G�[�@ B<MQE�[Z` GQSUSkd�E�C
` MFI�@ B3KXC_I)RpI)R�@ S \�C
MzSU@ B�B)MQDF@NT�MFB�B)C_E,D
I�R�O)GQd�DFR'C
I)BXC_E,T�d�I<MQE�[cGQd,I�T�d�IXTsGQO)I�BieNuLIXMQP
B)GpB)@ O�\F@ B(MQB<Mko�MQB)C_`(o�d,C_P
[�C
E�DZo�P
G�`�YZH-GQOXGFI�R�@ OXT,MQI�I)@ O�E,B e

��� @ T�P
C
` MFI�C
GQE��

f3r�I�@ O)E�MQP
P
WQm�M 
 � � � � � � � � � � MQT�Ts@ MQO)B(P_C
YF@%McB�C
E�DQP
@ I)GQE�m3o�d�I(C
E+I)@ O�E,MQP
P
W'C
IAO�@ T�P
C
` MFI�@ B%Skd,P_I)C
T�P
@z`iGQT�C
@ B(G�H<M
B�C
E�DQP
@ I)GQE�e3qXR�@ O�@.H-GQO)@�m+C
I�` MFEpB)@ O�\�C
` @XSkd�P
I�C
T�P
@3S8@ B)B�MQDF@ B�MQI3MjI�C
SU@�e]|jB�B)R�G�KXEpC
E433C
DQd,O�@���m�MjO)@ T�P
C
` MQI)C_GFE
` GQE�I�MFC
E�B�M ��� ��
 � � � � ��� 
 I�R,MQI�MQ` I)B�MQB�C
I�B�C
E�T�d�I�MQE,[%GQd�I)T�d�I�C
E�I�@ O�H-MQ` @	e�qXR�@N`iG+GFO�[�C
E�MFI�GFO>MF` ` @ T,I�B�@�r�I)@ O�E�MFP
C_E,T�d�I eluLIZx�E�[,BkM 
�� ��� � � � ��� � ��� �
	 � � ��� � I�R,MQIkC
BpB)@ P
@ ` I)@ [�o,MQB�@i[ GFElM�P
GQMF[�o�MFP
MQE�` C
E�D:MQP
DQGFO�C
I�R�S MFE�[
H-GQO)KNMFO�[�B�I�R,@XC_E,T�d�I�I�G(C
I�H-GFO�T�O�G�` @ B)B�C
E�D,e�|XH-I)@ O�M(O�@ T,P_C
` MFI�@ [kB)C
E�DQP
@ I)GQE�x�E�C
B�R�@iB�T�O�G�` @iB�B�C
E�D�I�R�@XSU@ B�B)MQDQ@	m
C_I�B�@ E�[,BkI�R�@UO�@ B)d�P
Iko�MQ`�Y�I�G:I�R�@U` G�GQO�[,C_E,MQI�GFOpKXR,C_`�R�m�C
E�I)d�O�E�mnH-GQO)KNMFO�[�BZI�R,@8S8@iB�B�MFDQ@kMFT�T�O�GFT�O�C
MFI�@ P
WFe

� @ T�P
C
` MFI�C
GQEkR�MFBXGQE�@�T�MQO)MQS8@iI�@ OnH-GQOX[,@ \Q@ P
GFT�@ O)BjI)GkB�Ts@ ` C*H-Ws��I�R�@�E+d,Sko�@ O<G�H�O�@ t�d�C
O)@ [hO�@iT�P
C_`iMQB e

� ~�C
T�@ P
C
E�@��

| � � � � � � � � T�MQI)I�@ O)El` GQE�B)C
B�I�BZG�HjMFE�GQO)[�@ O�@i[ B)@ IZG�HjB�I)MQDF@ BpC
E�KXR�C
`�R�I�R,@8GQd,I�T�d�IZG�HX@ MF`�RyB�I)MQDQ@UC
B%I�R�@
C_E,T�d�IjG	H�C_I)B(B�d�` `i@ B�B)GQO eZ|�T�C
Ts@ P
C
E�@%R�MFBzSkd,P_I)C
T�P
@jB�C
E�DFP
@ I�GFE�Bj` GFE�E�@ `iI�@ [�C
EhMk`�R�MFC_E ��P
C
YQ@AH-MFB�R�C
GQE:KXR�@ O�@
I�R�@kGFd�I�T�d,IzG	H M:B�C
E�DQP
@ I)GQEwC
BjHJGQO�K<MQO)[�@ [wI�GhI)R�@kE�@�r�I%B)C
E�DQP
@ I)GQEwC_EwI�R,@k`�R,MQC
E�ekqXR�@Zx�O)B�IZB�I�MFDQ@ZG�HXI�R�@
T�C
T�@ P
C
E�@XMF` I�B<MQB�I)R�@jC
E�T,d�I�C
E�I�@ O�H-MQ` @AMQE�[kI)R�@jP
MFB�I�B)I�MQDF@jG	H^I)R�@jT�C
Ts@ P
C
E�@XMQ` I)BNMFB�I�R,@jGQd,I�T�d�I<C
E�I�@ O�H-MQ` @AG�H
I�R�@X[�@iB�C
DQEkT�MFI�I)@ O�E�e�|�T�C
T�@ P
C
E�@XR�MFB�GQE,@NT�MFO�MFS8@ I)@ O�H-GFO>[,@ \Q@ P
GFT�@ O)BNI)G%B�Ts@ ` C*H-Ws��I�R�@AE�d�Sko�@iO>G	H^O)@ t�d�C
O�@ [
B�I�MFDQ@ Bie

� 	cMQB)I�@ O��Q��P
M�\Q@	�

| � ��� ���

�� ����� 
 � m�MQP
B)Gp` MFP
P_@i['MkI)MQB)YkH-MFO�Shm�` GFE�B�C
B�I)BjG	H>MkB�C
E�DFP
@ I�GFE�m�I�R�@�	cMFB�I)@ O m�MQE,['MZO�@iT�P
C_`iMQI�C
GFE�m�I�R�@
��P
M�\Q@�eXqXR�@%SUMQB)I�@ OXDF@ E�@ O)MQI�@iB%O�@ t�d�@iB�I�B(MFE�[hT�MFB�B�@iBzI)R�@ S�I)GkI�R�@ZB�P
M�\Q@iB eX|�B)P_M�\F@%B�@iO�\�C
` @ B(I�R�@�O�@ t�d�@ B)I
MQE�[wB�@ E,[�B%I�R,@pO)@ B�d�P
I)B%o�MQ`�YhI)GcI�R�@ZS8MFB�I�@iO e�� C_E,` @pI)R�@kB�P
M�\F@%C
BzO)@ T�P
C
` MQI)@ [�m�Skd�P
I�C
T�P
@jO)@ t�d�@ B)I�BZ` MQEwo�@
B�@ O)\+C
` @i[vMQIkM�I)C_SU@�e 	cMQB)I�@ O��Q��P
M�\Q@cR�MFB8GFE�@cT�MQO)MQS8@iI�@ OZH-GFOp[,@ \Q@ P
GFT�@ O)BcI�G�B�Ts@ ` C*H-Ws�wI�R�@cE�d�Skos@ OkG�H
O�@ t�d�C
O�@i[hB�P
M�\Q@iB e 	cMQB)I�@ O��Q��P
M�\F@zC
BXMFEh@�r�MQSUT�P
@jG�H�` GQSUT�GFB�C
I�C
GFE�MQPsT�MQI)I�@ O)E�ejuLIXC
BX` O)@ MQI)@ [�o�WU` GQSko�C
E�C
E�D
I�R�@%��C
E�DFP_@iI�GQEUMQE�[cI)R�@ � @iT�P
C_`iMQI�C
GFEkT�MQI)I�@ O)E�B e



���������	��

�������	�����
�������������

�� ��!"
#�	���%$���

���'&(���)
*�+�'���,!�!-�.����� ÏMÏ

� ?jC
\�C
[�@jMFE�[ �<GQE�t�d�@iO �

| � ��
	� � � � ��� ��� ����� �

 O�@iT�O�@ B)@ E�I�B%MZI�O)@ @ZG�H>B)C
E�DQP
@ I)GQE�BAKXR�@ O�@�T�MQO)@ E�IjT�O)G+`i@ B�B)@ B(O�@ ` d,O�B�C
\F@ P
WhT�MQB)BXKNGFO�Y
[�G�KXE�I)GcC_I)B%`�R�C
P
[�O�@ EwT�O)G+`i@ B�B)@ B e*)vR�@ EwMc`�R,C_P
[:x�E�C
B�R,@ BpI)R�@kK<GQO�Ysm]C
I(O�@iI�d�O)E�BpI)R�@kO�@iB�d�P
I%o�MF`�Y�I)G'C
I)B
T�MQO)@ E�I e�?AC
\�C
[�@pMFE�[ �<GFE�t�d�@ O%R,MQBZILKNGhT,MQO�MFS8@ I)@ O�Bi�kGQE�@kB)T�@ `iCVHJW+C
E�DwI�R,@8KXC
[�I�R�G	HjI�R�@UI�O)@ @8MFE�[�I�R�@
GQI�R,@ OXB�Ts@ ` C*H-W�C
E�DkI�R,@zR,@ C
DQR�IXG�H�I�R�@%I)O�@ @U��I�R,@%P
@ \Q@ P�G	H>O)@ ` d�O)B�C
GQE��.eXqXR�@(O�G�GQIXGFOXI�GQTUT�O�G�` @iB�B(G�H�I�R�@%I)O�@ @
C_B<I�R,@zC
E�I�@iOLH-MF` @(T�O�G�` @ B)BXH-GFONI)R�C
BN[,@ B�C
DQEcT�MFI�I)@ O�E�e�qXR,@zos@ R�M�\�C
GQO<G�H�[�C
\�C_[,@jMQE,[8` GFE�t�d�@ OXC
BNT,O�G�\�C
[�@ [8o�W
B�d�T�TsGQO)I�C
E�DZI�R�@�H-d�E�`iI�C
GQE�BnH-GFO�B�@ E,[�C
E�DpI)R�@jK<GQO)YkI�G%`�R�C
P
[�O)@ E8T�O)G�` @ B�B)@ B(MQE�[k`iGQP
P
@ ` I�C
E�DZI�R,@jO�@iB�d�P
I�B<HJO�GQS
I�R�@ S:e

qXR�@<[�@ B�C
DFE%T�MQI)I�@ O)E�B�T�O�@iB�@ E�I�@i[kMQosG�\Q@�MQO)@NSUGQB�I)P
WXo�MQB)@ [%GQE�S8@ [�C
d�S�MQE�[%`iGQMQO)B�@<DQO)MQC
E(T�MQO)MQP
P
@ PQB)I�O�d,` I�d�O)@ B e
��d�`�RcT�MFI�I�@iO�E�BAMQO�@�B�Ts@ ` C*x�` MFP_P
WUB�d�C
I�@i['I)GkT�MQO)MQP
P
@ P�` GFS8T�d�I)C
E�D%G�\Q@iOXMpT�O)G�` @ B�B)GQO���E�@iILKNGFO�Yse

����� ��
��
	 %���
 ������
�
������(%�������


~3MQO)MQP
P
@ P�C_SUT�P
@ S8@iE+I)MQI)C_GFE8G	H I)R�@kO�@ DFd�P
MQO(t�d�C
`�YhB�GFO�I%MFP_DFGQO)C_I)R�S�H-MFC_P
BAI�GcB�T�O)@ MQ[�K<GQO)Y�P_GFMQ[w@ \Q@iE�P
WhI�GcMcP
MQO�DF@
E�d�Skos@ O%G�HXT�O)G+`i@ B�B)GQO�BUt�d�C
`�Y�P
WFe ~3@ O�H-GQO)S8MQE,` @kG�HjT�MFO�MFP_P
@ Pnt+d,C_`�YwB�GFO�I m�I)R�@ O)@�H-GQO)@�mNC
BZd�B�d,MQP
P
WhP
C_SUC
I�@ [ho�WwI�R�@
I�C
SU@NI)MQYQ@iEkI�G%Ts@ OLHJGQO�S I)R�C
B�C
E�C
I�C
MQP�T,MQO�I)C
I�C
GQE�C
E�D,e>~3MQO)MQP
P
@ P��Ad�C
`�Y���GFO�I�KXC
I)R � @ DFd�P
MQO���MQSUT�P
C
E�Dp�J~��(� � ���gC_BnM
T�MFO�MQP
P
@ P�MFP_DFGQO)C_I)R�S [�@ \F@ P
GQTs@ [ho�WkO�@ B)@ MQO)`�R�@ O�B�C_E �AE�C
\Q@ O)B�C
ILWkG�H�|jP
os@ O�I)Mh��Ï � � I)GpSUMQYF@jt�d�C
`�YkB�GQO)Ij@��8`iC_@iE+IXGFE
[�C
B�I)O�C
o�d�I)@ [kS8@iS8GQO)WjT�MFO�MFP_P
@ P�` GFS8T�d,I�@ O)B�o�W%P
@ I�I)C_E,DzMFP
P�T�O�G�` @iB�B�GFO�B<B�GFO�I�C
I�BnG�KXEp[�MFI�M(KXC
I�R�GFd�I�KNMFC
I�C
E�DXHJGQO�I�R�@
C
E�C
I�C
MQP�T�MFO�I)C_I)C
GQE�C
E�DAMQE�[kI)R�@ Ek` GFP_P
MFo�GFO�MQI)@NI)G%DQ@iE�@ O�MFI�@AI�R�@<x�E,MQP�B)GQP
d�I�C
GFE�e>|lB)P_C
DFR+I)P
W%S8G�[�C*x�@ [�\Q@ O)B�C
GQEkG	H^I)R�C
B
T�MFO�MQP
P
@ P�MFP
DQGQO)C
I�R�S ` MQEUo�@AC_SUT�P
@ S8@iE+I)@ [Zo+WZd�B)C_E,D%M%B�C
E�DFP
@jS8MFB�I)@ O �	B�P
M�\Q@<T�MQO)MQP
P
@ Ps[�@ B�C
DFEkT�MQI)I�@ O)E�� 33C_DFd�O�@ �Q�.e

Master/Salve

Pattern

Master

Slave

Replicated

Replicator

SortSortSort

Replication

Design

Pattern

33C
DQd�O)@����N��I)O�d�` I)d�O�@ZG�H�I�R�@%~��(� � �UT�O�GFDQO�MFS



���������	��

�������	�����
�������������

�� ��!"
#�	���%$���

���'&(���)
*�+�'���,!�!-�.����� Ï /

qXR�@(H-GFP
P_G�KXC
E�D(B)I�@ T�BAMQO)@zO)@ t�d�C
O�@ [:I�GkDQ@iE�@ O�MFI�@%I)R�C
BXT�MQO)MQP
P
@ P�MQT,T�P
C_`iMQI�C
GFEkd�B�C
E�D8?(~�E�?(~<�

Ï	ej��@ P
@ ` IAMpSUMQB�I)@ O �	B�P
M�\Q@AT�MQI)I�@ O)EcH-O)GQS�I)R�@(DQO�MFT�R�C
` MFP�d�B�@ OAC
E+I)@ OLHJMQ` @�e

/ e�3]C
P
PsC_EcI)R�@(B�I�O)d�` I)d�O�MFP>T,MQO�MFS8@ I)@ O<��:jd�Skos@ OXG	Hg��P
M�\Q@iB e

� ej��@ P
@ ` I ��/(@iE�@ O�MFI�@ �wI�G:DQ@ E�@iO�MQI)@cI�R�@U` G�[�@8B)YQ@ P
@ I)GQE�ewqXR�@8` G�[�@UB�YF@ P
@ I�GFE�C_BZDQ@iE�@ O�MFI�@ [yC
E�Mh[�C
O�@ `iI�GQO)W
B�I�O)d�` I)d�O�@kKXR�@iO�@%@ MF`�RhE�G�[�@%R�MFBjMkB)@ T�MQO)MQI)@p[�C
O)@ ` I�GFO�Wh`iGQE�I�MFC_E,C_E,DpMFP_P3E�@ ` @iB�B�MFO�WcxsP_@iBp��B)GQd�O)` @�x�P
@ BjMFE�[
MpSUMQYQ@.x�P
@b��e�|}` GQE,E�@ ` I)C_GFEcx�P
@jB)T�@i` C*H-W�C_E,DkR�G�K�E,G+[,@ BXMQO)@%` GQE,E�@ ` I)@ [hC
BXMQP
B�GZC
E�` P
d�[�@i[�e

�,ejf�[�C
I�I�R,@Xx�P
@ B<I�G%C
E�B)@ O�I<B�@it+d,@ E�I�C
MQP�@ E�I)O�WkT�O)G+`i@ [�d�O)@ BjC
E�I�G(I�R,@jB�YF@ P
@ I�GFE�e�uLE8I)R�C
B�` MFB�@�m�GFE�@jC
B�E�@i@ [�@ [UH-GFO
I�R�@(S8MFB�I)@ OXE�G�[�@k�933C
DQd�O)@��Q�<MQE,['MFE�GQI)R�@ O<H-GFONI)R�@%B)P_M�\F@jE�G�[�@U�933C
DQd�O)@0	F��e

� eXuLB�B�d,@%I�R�@ �.S8MQYF@ �%` GFS8SUMQE�[�e3|jP
P�@�r�@ ` d�I)MQo�P
@ BAKXC
P_Psos@%o�d�C
P
INMFE�[c` GQT,C_@i['I)GkI�R�@(MFT�T�O�GFT�O�C
MFI�@([�C
O�@ `iI�GQO)W
H-GQO<@�r�@ ` d�I)C
GQE�e

� ejf3r�@ ` d�I)@%I�R�@�T�MQO)MQP
P
@ P�T�O�GFDQO)MQShe

uLEkGQd�OnC_SUT�P
@ S8@iE+I)MQI)C_GFE(G�H]I�R,@j~��(� � �ZMFP_DFGQO)C_I)R�Shm�I)R�@XS8MFB�I�@iO�T�O�G�` @iB�BXT�MFO�I�C
I)C_GFE�B�I)R�@XP
C_B)I�C
E�I�G :�B)d�o�P
C
B�I)B
KXR�@ O)@ :�C
B<I�R�@(E�d�Skos@ ONG	H]B�P
M�\Q@iBNd�B)@ [co�WkI�R�@(S8MFB�I)@ OL�LB�P
M�\Q@XT,MQI�I)@ O�E�eNqXR�@AB�d�o�P
C
B�I)BXMQO)@j[�C
B�I)O�C
o�d�I)@ [cI�GZB�P
M�\Q@iB
I�R,MQI<B�GQO)IXI�R�@(B)d�o�P
C
B�I�B<MQE,[8B�@iE�[cI�R�@(O�@iB�d�P
I�BXo,MQ`�Y8I)GpI)R�@jSUMQB�I)@ O e�qXR,@jS8MFB�I)@ ONI)R�@ EcT�C
`�Y�BNB)GQS8@XB)MQSUT�P
@X[�MQI)M
H-O)GQS�I�R,@ B�@ZB�d�o,P_C
B)I�B m3B�GQO)I�B(I�R,@pB)MQS8T,P_@([�MFI�MUMQE�[hB)@ P
@ ` I)B%B�GFS8@(T�C
\QGFIj\�MQP
d�@iBXH-O)GQS�I�R�@ZB�GFO�I�@i[�P
C
B�IAG�HNO)@ DQd�P
MFO
B�MFS8T�P
@ Bie%qXR�@ZT�C
\QGQIA\�MQP
d�@ B(MFO�@Zd�B�@ [�I)GcO�@ MFO�O�MFE�DQ@kI)R�@ZB�d�o�P
C
B�I)B(MQ` ` GFO�[�C
E�DcI)G'I)R�@ZB�`�R�@ SU@pB)T�@ `iCVxs@ [�o�WcI�R�@
MQP
DFGQO�C
I)R�S ��Ï � � ekqXR�@kE�@ K B�d,o�P
C_B)I�B%MFO�@kB)@ E�I%I�GcI�R,@kB�P
M�\Q@ B�MQDQMFC
EcH-GQO(B)GQO�I)C
E�D�e8qXR,@pO)@ B�d�P
I)BpMFO�@k` GFP_P
@ `iI�@ [�I)G
H-GFO�S�I)R�@XxsE�MQPsB�GFO�I�@i[8P
C
B�I e�f3r�Ts@ O�C
S8@iE+I)MQP�O)@ B�d,P_I)BNB)R�G�KXC
E�D%I)R�@jTs@ OLHJGQO�SUMQE�`i@XG�H�I�R�@AMQT�T�P
C
` MFI�C
GQEZGQEkM%E,@ ILKNGFO�Y
G�H��jE�C*rcKNGFO�Y�B�I)MQI�C
GFE�BN`iGQE�E�@i` I�@ [wG�\Q@iOXMQEc@ I�R,@ O�E�@iIzMFO�@(DQC
\F@ E8C
EcB�@ `iI�C
GQE���e

� 1 ! ,%��� ! �(2%4�� 4>= 6�2 6 ���
� 2#�
� ���#�345� !

?(~�E�?(~�R�MFBpos@ @ EyC_SUT�P
@ S8@iE+I)@ [hd�B)C
E�DhMhE�@iILKNGFO�Y�G�HXK<GQO�Y�B)I�MQI)C
GQE�BZI�R�MFI%O�d,E�d�E�[,@ OpI)R�@'� GQP
MQO)C_B(GFT�@ O)MQI)C_E,D
B�W�B)I�@ S:eNqXR�@(B�W�B)I�@ S�R�MFBjI)R�@(H-GFP_P
G�KXC
E�D(` GFS8TsGQE�@ E�I)B �Nd,B�@ OAC_E�I)@ OLH-MF` @�ms[�@ B�C
DFEhT�MQI)I�@ O)EhP
C
o�O�MFO�WFm+` G�[�@�B�YQ@iP_@iI�GQE
DQ@iE�@ O�MFI�GFOkMQE�[�GFI�R�@ OkB)d�T�TsGQO)I�C
E�DhP
C
o�O�MFO�C
@ Bc�933C
DQd�O)@  F��e�|�d�B)@ OkB�Ts@ ` C*x�@ BUI�R�@U[�C
O�@ `iI�@ [lDQO)MQT�RyI�R�O)GQd�DFR�I�R�@
d�B)@ OpC
E�I�@iOLH-MF` @�e�| 	cGFI�C*H C
E�I�@iOLH-MF` @8C
B%d�B)@ [�I)GhP
@ IZd�B�@ O)BpB)T�@i` C*H-W�MQO)o�C
I�O�MFO�WwT�O�G�` @iB�BkDQO)MQT�R,Bpd�B)C
E�DcH-d�E,` I�C
GQE,B



���������	��

�������	�����
�������������

�� ��!"
#�	���%$���

���'&(���)
*�+�'���,!�!-�.����� Ï �

������������	�
��
����������������
������������������������������������
��������	�
����������������������������

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

����
���(���,������-#.
���(���
���� 
���(�" 
���� 
���(���,�������� ��
��������*�
�����/�����������
(���
�,0
��

�������������
,�,�
����0!��
���1#

����2�2�2�2�2�2�2�2�232�2�2�232�2�2�2�2�2�232�2�2�2�232�2�2�2�2�2�232�2�2�232�2�2�2�2�2�232�2�2�2�232�2�2�2�2�2�232�2�2�232�2�2�2�2�2�2

�
��� ��������	�
��
�546��738�9�������7��3����:*������9��
�����<;��
����
���(��$;��
��
���= 
���(�"$>6?A@

B

����C�
��
���*�
���������/���
������
�����!��/+����
,/9��
��� D�����
�E

��7�8�9��
����:�%6��9��
����FG46=
(�9��
����7������A@A>'H��
�AI�H�?5J ����K���� 9��
��� ����
�� ����������"����������
��!����

��7�8�9��
����:*L�����9��
����FG46=
(�9��
����7������M@�>NH��O����I�H�?5J&����K���� 9��
���������������������
���/���

#�#�# ������!�
�"����

�����������*P$QSR���"�������D�����
�E��
����������L�+�9��������������
��)�
�����
�E��

#�#�#

������������T1QSR����������
)������*��� ��!�
�"�����+��
�����
�����
��(

+��
�U46��F�I1JS��V�����L�+�9������������1JW��X�F�P3@

����9��
��� V�V�	�������
�(��Y%'R�V�V�D�����
�E�����Z�� V�V�D�����
�E V�V ������� ,�������
�(��1J

L�����9��
����V�V��WV�V�����Z���V�V�
�����
�E14[K���,��1>N��?-#[D�����
3E�9����\;]����Z��A@�V�V�+�!
���
�5J

������������^1QSC���!�!�������	�������
�(����

+��
�U46��F�I1JS��V�����L�+�9������������1JW��X�F�P3@�B

�
�����
������_1;`
�����Z��1J

����9��
��� a�a�����������"���,�������
�(���a�a 	�������
�(��0%'R�a�a D�����
�E ����Z���a�a�D�����
�E1J

%6��9��
����a�a�+������
��a�a��
������_ a�a�
�����Z�� a�a 
�����
�E14[K���,��1>'�O������_3?1#6D�����
�E39����5;W
�����Z��A@�J

b����]+��
�

D�F�C�
��14[K���,3�5;�����L�+�9��������A���A@�J

������������c1QS��
�,���!��������
������
�,���!����$;�d��
�����
e�����9���"������ ���]����
�����
���(��*!������

������������f1QSR����������
)������*��� ��!�
�"�����+��
�����
�����
��(g4[��
�,���
�����������TA@

������������h1QSC���!�!�������	�������
�(����i4[��
�,���
�����������^A@

#�#�#

b����W��������	�
��
�

33C
DQd�O)@0� �Nf�E�I�O)W8T�O)G+`i@ [�d�O)@%H-GFOXI�R�@�	cMFB�I)@ OjE�G�[�@



���������	��

�������	�����
�������������

�� ��!"
#�	���%$���

���'&(���)
*�+�'���,!�!-�.����� Ï��

��� %'�����W
�,�������
�(�� ��
�����!����0����
�������������������� ,�������
�(��������
,��
��(�+����
,*������	�
��������

���`�������1# ���
��������
��
� ,�������
�(�����
�����!����G��
�� ��
�����!�� ,�������
�(����/+����
, ,���!����
��!������
�����$;

���������W+��
����� ��
���
�,������������
����
��
�������������
��� ����������
`,�������
�(��0������
������
��(�+��
�

���`���������������O��(\# D����
��������!��
�3(G9����
,�������"��0�
��
W�������������
��
����
�A��� ,�������
�(����

��������
��������
������
3����,�������
�(�� ��
�����!������<#

����2�2�2�2�2�2�2�2�232�2�2�232�2�2�2�2�2�232�2�2�2�232�2�2�2�2�2�232�2�2�232�2�2�2�2�2�232�2�2�2�232�2�2�2�2�2�232�2�2�232�2�2�2�2�2�232�2�2�2

�
��� D���9�8�	�8���������	3
��
�\Q�Q6	��O( � 
����A!����54'���
�$���*��7�8�9��
����:�������9��
���A@

B

����C�
��
���*�
���������/���
������
�����!��/+����
,���!��
)�
�!/9��
����D�����
�E

��7�8�9��
����:*L�����9��
����FG46=
(�9��
����7������M@�>NH��O����������I�H ?1J����WL�����9��
���G���W���������*�������������

���])�
��
�������������
��!������������

���W	�
��������

�
��������Z��1;�%'R1J`�
����=
)���+5J

��������� ������,�������
�(�� +����
, ����������"��������
���

������9��
����a�a�+������
��a�a�%'R1J ��������������"���,�������
�(��U%'R

������9��
����a�a�+������
��a�a�����Z��1J ��������������"��*
�����
�E�����Z��

)���+�FW�����/�
���$>'����Z��3?1J ���WD�!�!�����
����*	���,��
��E/+��
�/	�������
�(��

������9��
����a�a 
�����
�E14 )���+5;�����Z��A@�J ��������������"��*	�������
�(��

� �����
�����
���54 )3��+5;�����Z��A@�J

����������� ������,�������
�(�� )�
��
�*���W���������*�������
,�����+��
��,

L�����9��
����V�V�%'R�V�V ����Z���V�V 
�����
�E14 )���+ ;�����Z��A@�V�V�+�!
���
�5J&������������%'R1;`����Z�� 
���� 
�����
�E

����!�������>6?�)���+5J ���Wd������ 	���,��
��E��������

��������������L�L�R1J

b����W	��
( � 
�����!����

33C
DQd,O�@�	���	c@ B)B�MQDF@pR,MQE�[�P
@ O<HJGQO<I�R�@p� P_M�\F@jE�G�[�@



���������	��

�������	�����
�������������

�� ��!"
#�	���%$���

���'&(���)
*�+�'���,!�!-�.����� Ï �

T�O)G�\+C
[�@i[hC
E'I)R�@ZC_E�I)@ OLH-MF` @8� 3]C
DFd�O�@�
F��ejuLIAT�O�G�\�C
[�@ B�H-@ MFI�d�O)@ B(I�G8\�C
B�d,MQP
C
� @ BXE�G�[�@ Bim][�@ B)C
DQEhT�MFI�I)@ O�E�B(MFE�[hI�R,@ C
O
C
E�I�@ O)` GQE�E,@ ` I�C
GFE�BpDFO�MFT�R�C
` MQP
P
WcGQEwMc[�O�M�KXC
E�Dc` MFE+\�MFB(MQB(T�O�G�` @iB�BZDQO�MFT�R�Bie8qXR�@kC
E�I�@ O�H-MQ` @kC
B(@ B)T�@ `iC_MFP
P_Wwd�B)@�H-d�P
KXR�@ EZI�R,@�d�B�@iO�E�@ @ [,B>I)Gj` GFS8TsGQB)@�MQE%MFT�T�P
C
` MQI)C
GQE(d�B�C
E�DAB�@ \F@ O�MFP�[�@ B�C
DFEpT�MFI�I)@ O�E�B�MFB]MjDFO�MFT�R�C
` MQPFO�@ T,O�@ B)@ E�I�MQI)C
GQE
G�H�MkT�O�G�` @iB�B(DQO)MQT�RUC_BX@iMQB�C
@ OAI�GZ\�C_B)d�MQP
C
� @(MQE,['SUG�[�C*H-WQe

qXR�@8o,MQ`�YF��@ E,[ G	HjI�R�@Ud�B�@iOkC_E�I)@ OLH-MF` @8d,B�@ Bk` GFS8TsGQE�@iE+I)B(H-O)GQS I�R�@c[�@iB�C
DQEyT�MQI)I�@ O)E�P
C
o�O�MFO�WFe�qXR�@UP_C
o�O)MQO)W
C
S8T�P
@ SU@ E�I�BZC
E+I)@ O�SU@ [�C
MQI)@cP_@i\Q@ PA` G�[�@hHJGQO8T,MQO�MFP
P_@iPj[�@ B)C
DQEvT�MFI�I)@ O�E�Bie�qXR�@ B)@�[�@iB�C
DQEvT,MQI�I)@ O�E,B'`iMQT�I)d�O�@wI�R�@
B�I)O�d�`iI�d�O)MQP�MQE�[:o�@ R,M�\+C
GFO�MQP�C
E�HJGQO�SUMQI)C_GFEpG	H�MkT�MQO)MQP
P
@ P�B�GFP_d,I�C
GQEcB�I)O�MFI�@ DFWQeXqXR�@([�@ B)C
DQEhT�MFI�I)@ O�E�B(MFO�@(DQ@ E,@ O�MFP_P
W
T�MFO�MQSU@ I�@iO�C
� @ [�e 3,GQO�@�r�MQS8T,P_@	m]M�:�B)I�MQDF@kT�C
T�@iP_C
E�@kC
B%M:[�@ B�C
DFE�T�MQI)I�@ O)E�e�|�[,C_\�C
[�@kMFE�[�` GQE,t+d,@ OpB)I�O)d�` I�d,O�@
KXC
I�RU\�MQO�C
MFo�P
@NKXC
[�I)R8MQE,[8[�@ T,I�RcC
B�MQE�GFI�R�@iOX@�r�MQS8T,P_@	e]|�T,MQI�I)@ O�Ec` MFE8os@(C_E,B�I�MFE�I�C
MQI)@ [8C
E�I�G%M�` GQSUSkd�E�C
` MQI)C
GQE
B�YF@ P
@ I�GFEvKXR�@ E�MQP
PAE�@ ` @ B)B�MFO�W�T�MQO)MQS8@iI�@ O)B8MQO)@hT�O)G�\+C
[�@i[vo�W I)R�@hd�B)@ O e�~3MFO�MQSU@ I�@iO�B8R,@ P
Tv` MQT,I�d�O)@�DF@ E�@ O)C_`
os@ R�M�\�C
GQO(G�HN[,@ B�C
DQEwT�MFI�I�@iO�E�B8�"M%:X�LB�I�MFDQ@ZT�C
T�@iP_C
E�@ �jO)MQI)R�@ O%I)R�MQEwB�Ts@ ` C*x�`kC
E�B)I�MQE,` @ B%G	H I)R�@ S��"M / ��B)I�MQDF@pGFO(M
� �LB�I)MQDF@jT�C
Ts@ P
C_E,@b��e�qXR�d�B<o�WkC_E,B�I�MFE�I�C
MQI)C_E,D%B�Ts@ ` C*x�@ [c[�@iB�C
DQEUT�MQI)I�@ O)E�BjKXC
I�RkMFT�T�O)GQT�O)C_MFI�@AT�MQO)MQS8@iI�@ O)B m�I�R,@zd,B�@ O
C
E�I�@ O�H-MQ` @(T�MFB�B)@ B(MQP
P�I)R�@%B)I�O�d,` I�d�O)MQP�C
E�H-GFO�S8MFI�C
GQEZT�O)G�\+C
[�@i[8o�W8I)R�@%d�B)@ OjC
E�I�GZMQEUC_E�I)@ O�SU@ [�C
MQI)@z[,@ B�C
DQEUx�P
@�e

qXR�@ �<G�[�@�� YQ@ P
@ I)GQE�/(@ E�@iO�MQI)GQOUI�O�MFE�B�P
MFI�@ BcI�R,@hC
E+I)@ O�SU@ [�C
MQI)@8O)@ T�O�@iB�@ E�I�MFI�C
GQE�T�O)G+[,d�` @ [�o�W�I�R,@h[�@ B)C_DFE
T�MFI�I�@iO�EkP
C
o�O�MFO�W%C
E�I�GAM%B�@ InG�H�B�GQd,O�` @X` G�[�@AB�YF@ P
@ I�GFE�B�MQP
GFE�DjKXC
I�RZS8MFYQ@�xsP_@iB]I�R,MQI�MFO�@<T�MQ`�Y�MQDF@ [kC
E�I�Gj[,C_O)@ ` I)GQO�C
@ Bie
��@ T,MQO�MFI�C
E�D%`iG+[,@XDQ@ E�@iO�MQI)C
GQEZH-O)GQS�I)R�@j[,@ B�C
DQEkT,MQI�I)@ O�EkP
C
o�O)MQO�W�MQP
P
G�KXBg?(~�Es?z~:I�G�DQ@ E�@iO�MQI)@j` G�[�@AB�YF@ P
@ I�GFE�B�H-GFO
Skd�P
I�C
T�P
@%T,O�GQDFO�MFS8S8C*E�DkP
MQE�DFd�MQDF@ B m�SU@ B�B)MQDF@pT�MFB�B)C_E,D�P
C
o�O�MFO�C
@ B%MFE�[�GQTs@ O)MQI�C
E�D:B�W�B�I)@ S8B%KXC
I)R�GQd�I�S8G�[�C*H-W�C
E�D
I�R,@p[�@iB�C
DQEwT�MQI)I�@ O)E�B(C
EhI�R�@ZP
C
o�O�MFO�WFe �<d�O�O)@ E�I�P
WFm]I�R�@ �<G�[�@p��YF@ P
@ I�GFE / @ E�@ O)MQI�GFO(T�O�G�[�d�`i@ B�� ��� �Q~��
	 ` G�[�@
H-GFONI)R�@%��GQP
MQO)C
B�GQTs@ O�MFI�C
E�DkB)W+B)I�@ S:e �<G�[�@%��YF@ P
@ I�GFE /(@iE�@ O�MFI�GFO�BjC
B<KXO�C
I�I)@ EcC
E8Ts@ O�P�� / � � m�MZ` O�GFB�BXT�P
MFILH-GFO�S I�@�r�I
MQE,[cx�P
@pT,O�G�` @ B)B�C
E�DhP
MQE,DQd�MFDQ@�e
�jB)@ O%T�O)G�\+C
[�@i[�MFT�T�P
C
` MQI)C_GFEc` G�[�@pC
B(MQ[,[�@ [wI�G8I)R�@kDQ@iE�@ O�MFI�@ [�`iG+[,@pB)YQ@ P
@ I)GQE�B
MQE,['I)R�@(` G�[�@%C
BX` GFS8T�C
P
@ [kI�GkT,O�G�[�d�` @�@�r�@ ` d�I)MQo�P
@%SUG+[,d�P
@ B�HJGQO<I�R�@%T,MQO�MFP
P_@iP�MFT�T�P
C
` MQI)C_GFE�� 3]C
DFd�O�@  �os��e

33C_DFd�O�@�Ï � B)R�G�KXB(I�R�@kP
M�WQ@iO�@ [wMQO)`�R,C_I)@ ` I)d�O�@UG�H ?(~�E�?(~�� B(S8@iB�B�MFDQ@ZT�MQB)B�C
E�DcB�d,o�B�W�B�I)@ ShekqXR�@ 	h~��yP
M�WQ@iO
T�O)@ B�@ E�I)P_WZ` GFE�B�C
B�I)B�G�H]~��
	weQqXR�@ ��� � � ��� � � �

 �k��Ï �i� H-GFO�SUB�MzI)R�C
EpP
M�WF@ O�GQEZI�GQTZG�H 	h~���e :jG�[�@���M�WQ@ O�MFo�B�I)O�MF` I�B
I�R,@zTs@ ` d,P_C
MFO�C
I�C
@ B<G�H][�C*{�@ O�@iE+IXSU@ B�B)MQDF@jT�MFB�B�C
E�DZP
C
o�O�MFO�C
@ B�MFE�[8T�O)G�\�C_[,@ BNI)R�@(T�O�GFDQO)MQS8SU@ O�M%` GFS8S8GFE%C
E�I�@ O�H-MQ` @
H-GFOjS8@iB�B�MFDQ@ZT�MQB)B�C
E�DUI�R�MFIzC
B(o�MFB�@ [wGQEwE�G�[�@ B(MQE,[�TsGQO)I�B e 'AI�R�@ O�I�R�MFE�d�B)C
E�D8I)R�@pMFo�B�I)O�MF` I�C
GQEwG�HXE�G�[�@ B(MFE�[
TsGQO�I)B m�:AG�[�@���M�WF@ O8T,O�G�\�C
[�@ B8SU@ B�B)MQDF@'T,MQB�B)C
E�D�` MQT,MQo�C
P
C
I�C
@ BkB�C
SUC_P
MFOzI)G�I)R�GQB)@cH-GQd,E�[lC_ElM�SU@ B�B)MQDQ@cT�MFB�B)C_E,D
B�W�B)I�@ S�P
C
YQ@(~�� 	we



���������	��

�������	�����
�������������

�� ��!"
#�	���%$���

���'&(���)
*�+�'���,!�!-�.����� Ï �

New Design
Patterns

Application Code
+

Code Skeletons
Executable Modules

Compiler and Linker

DPnDP and Other
Run-time Libraries

Intermediate Design
File

Source Code
Generator

User
Interface

Design Pattern
Library

Code Skeletons

User

Figure 8a: Operational Architecture (Part I)

Figure 8b: Operational Architecture (Part II)
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