
���������
	����
������������� ���
	����
�������
�����
���! "�����#�
�"���%$'&(�
�)���
�����+*,�.-/	����
�������������

02143�57698;:=<><>?A@B39CEDF@FGE143�5E1BGIHJ?><><K?>G7LB3M@FGNCO1BGEPIQR14S"T.0VUXWYS"?>T�3M6,GETM6,G
Z�[�\^]`_badcfeRg,hbijadck\^imlEn`o�pqnrckcfedpsn`o^Z�ckn9atedc

gbuwv`[9[�xy["zXlXxsckufatedpsuM{"xO{"n4|�}~nrz�[�ed\!{"adps[�nYlXnro�psn`cfcfedpsn`o
� n`ps��cfeditp�a~h�["zXgb[�_radv��R_`ijatew{"xsp�{

� {k�mit[�n(��{���ckiRZ
{�\^]`_rik�`gr���"�����,�F� � gb�
���R�y}��lE\!{�psxA��� � {"advrcf��� lXxsxsps[�a���|rijad[b� |rcfz�ckn`ukc�� o�[��F� {"_y�y��[�n`{"adv`{�ny� ��psxsxspsn`o�ad[�nB��_rn`psid{b� cM|b_y� {�_��xq{"edik� �9edpsijadckn`itckn4��_`nrpqid{,� cM|r_�� {"_F�

 .¡O¢k£k¤�¥4¦�£�§ �
vrpqim]`{�]BcfeNedck]B["etadim[�n�advrc�_`itc�[�zXZ�[�xq[�_redcM|�¨Ocfatedpy©Rcfadi�ªKZ
¨E©�i�«�{�n`|�¬)­r®f¯�°�±y²,³�´
µ¶psn
adv`c�|bck��ckxs[�]`\^ckn9aN["zX{#]red["ad[9uk[�x�ad[#it_`]r]B[�etamadv`c��bpsit_`{�xspsid{"adps[�n({"n4|·{"n`ps\!{"adps[�n�[�zX{=ew{"n`o�c�[�z7ijhbijadck\^i
adv4{�aNuM{�n�¸Bc�\^[,|bckxsxqck|._ritpqnro^Z
¨E©�ik�r�
v`c�|rck��cfxq[�]BcM|!]red[�ad[9uf[�xFzA{�ufpqxsp�aw{"adcfi¹advrc�uk["º~["ew|rpsn4{�adps[�n�¸Bc�a��
cfckn
{Y¬=­b®k¯�°�±y²,³�´
µ»itps\=_`xq{"adps[�n��O{"n4|�{"n½¼¿¾�ÀKÁ�ÂwÃBÄ�Å#ÆyÇ�ÈwÉrÄ�Å Ç�ÈfÄ�ÀÊÇ>Ë�ÃÍÌ¹Ä�ÎwÏ�ÄMÐ9Á��E�
v`c^]bed[�ad[9uk[�x
psi=\^[,|bckxsxscM|
{�n`|½{"n4{"xshbitcM|Ñ_ritpqnro�Z
¨E©�i=ufedcM{�adcM|½_ritpsn`oÒ¬=­b®k¯�°�±y²,³�´
µJ�E�
v`c�{�n`{�x�hbitpqi#itv`[M�mi#adv4{�a#advrc.]bed[�ad[9uk[�x
�
["ed�biR{�i¹edcMÓ9_`p�edcM|·{"n4|�uf[�n9aw{�psn`i¹n`[!|bcM{�|bxs[9u��,ik�B�
vrc�]4{�]Bc�e�{"xqit[.{"n4{�x�hbitckiR{J\^[�edc�ed[�¸r_`ija¹��cfeditps[�nY[�z
adv`c�]bed[�ad[9uk[�x>�

Ô2Õ�ÖN×�ØXÙ`ÚRÛFÜmÝ�6,T"?ALFG¿ÞBßJà=á;:�â�3M6,GET"?A@FGET9C7ã·?>T�äE1B<K?>T�143�?A@FGNCOå�GE?>æç143�?A@FGè@Bé�ßJà=áê0ë@OP76,<>T

ì írîRïBðFñ�ò)ó)ô�ïFõwñ¹î
ö÷576,G�äXT�?>G7LY3�576Yß#@F<A@Fä7S"6,Pçà�693MS"?¿á�693YødßJà)áYù!úsûyCdürý
3M@y@F<tC7þ�ÿ��������	��

��� ú�����ýdCOäXTM69S"T)14S"6�<>?>æ½?A3M6,PÑ?>G
3�576��O?>T�äX1B<>?>T�143�?A@FGXTR3�5X143��91BG��
6��
69S�é�@BS"æÑ6,PNU4ö÷5E?><>T�3=þ�ÿ�����������
������ES"@��O?>P76,T	�B69S��çP7693�1B?K<A6,P ��?KT�äE1B<�!
?>T�143�?>@FGET�?>G½3�576!é�@BS"æ @BéN3�576#"k3M@�$B6,G LF1BæÑ6&%Ò3�5E6,TM6�14S�6�G7@B3)6,1BT�?K<'�ÑäEGEP769S"T�3M@y@OP �(�)�
69@��X<>6!äEG7éj1Bæç?><>?>14S
8.?A3�5½ß^à)á�T9U+*!5769S�6!14S"6^@B3�5769S=TM@Bé�3w8J14S�6��¿1���$414LB6,T)3�5E143��ES�@��O?>P76^5E?>LF5769S�<A6��B6,<��O?>T�äE1B<K?>T�143�?A@FGET�é�@BS#þ�ÿ-,
�������	��

���½C
T�ä.�"521BT�/0�213��45��

��� ú���ý�1BGEPë3�576 0ë6,T�T�14LB676�6&8�ä76,G.��6Íß^5E14S�3.<>?9�ES"14S���ú���:`ýdC
5E@b8#6��B69S
3�576,TM6;�X1���$414LB6,TÑ14S�6 G7@B3Ò1B<A8J1&�OT�T�143�?>TMéj1���3M@BS��¶é�@BS<�414S"?A@FäETÒS�6,1BTM@FGET9C�?>G.�9<>äXPE?>G7L 3�576½éj1���3Í3�5E143Ò3�576��
S�6,<'� @FG 3�576 þ�ÿ=���2�>����

�
��LBS"1?�X5X?9�91B<NäETM69S.?KG�3M69S�éj1���6�øA@�B�C�ù�U

à)S�@Fæ)�E3M6,PD�E� 3�576ë<>?Kæç?A3�143�?A@FGETÑ?Kæ)�
@FTM6,PF�(� 3�576G�O?>T�äX1B<>?>T�143�?A@FG 3M@�@F<>T7�9äES�S�6,Gy3�<'� 1��`1B?K<>1?�X<A6 é�@BS
þ�ÿ��&�2�>����

���/8=6·P76&�9?>PE6,Pç3M@H��S"6,143M6·1BGJILKNMPO�QSR�T?UWV�XZYS[�T?U�XZY\T�M]X�^�R#_3T+`\a�T&b(O9U(*!5E63$B6��ç?>P76,1BTc�
6,5E?>GEP
3�5E?>T�I�K+MPO�QSR�T?U7V>XZYS[�T?U�X9Y�T�M]X2^+RF_3T+`\a�T&b(O�14S"6�d�3�5E143)��?KT�äE1B<>?>T"143�?A@FGET<�91BGe��6èP76��B6,<A@��
6,P 8.?>3�5 LBS"6,143M69S
LBS"1?�X5X?9�91B<��91?�X1?�¿?><>?A3�?A6,T�ø�é~@BS#6�âO1Bæ��X<A6.äET"?>G7L D�1&�41 <>?9�ES"14S"?A6,T�ùm3�5X1BG½3�57@FT�6�@BéRþ�ÿ��&�2�>����

�
��fO1BGEP�3�576
�O?>T�äE1B<>?KT�143�?A@FGg��@FäE<>Ph�
6)��69S"é~@BS"æç6,P'143Í1ëS�6,æÑ@B3M6 <A@E�9143�?>@FGNCR?>GXP76��
6,GEP76,Gy3�<'�I@Bé^3�576 þ�ÿ�����������
����
@�B�C�U
6Oä��"5è1<�O?>T�äX1B<>?>T�143�?A@FGç3M@y@F<
5E1BTi�
696,Gj��S�6,143M6,P 1BTi�X14S�3#@Bém3�576lk�R.X2m T+M]X2^�RJn5TN`&XoUpX2M]X�O\Y�q�^�Q�r O�q&O�R�`SO

s�t YSMPO&mHY uv^&w(O\U2UpX2RNb;�ES�@yxM6&��3 ú z4ý{��@FGEPEä.��3M6,Ph�(��3�576#B�GE?9�B69S"T�?A3|�2@Bé�6�@FäE3�5'å�äXTM3MS"1B<>?>1Ié~@BS 3�576½å�äET}!
3MS"1B<>?K1BG Ý�69é�6,G.��6~6-�9?>6,G.��6(1BGEPJ*R6&�"5EG7@F<>@BL��J��S"LF1BGE?>T�143�?A@FG¶øjÝl6-*��Òù�U.*!576·8=@BS�$�8J1BT!äEGEPE69S�3�1?$B6,Gj�(�
1�LBS�@Fä���@Bé�3w8#@ TM3�äEP76,Gy3�T�é~@BS�3�576,?AS
�XGE1B<>�B6,14SY57@FG7@Fä7S�T3�ES"@yxk6&��39CN1 æç1BGEPE143M@BS�����@Fæ)�
@FG76,G�3�@Bé)1#z
�B6,14S�H#1���576,<A@BSÍ@Bé^:)G7LF?>GE6969S"?>G7L ?>G ßJ@Fæ)�Xä73M69S~6-��TM3M6,æ½T(:)G7LF?KG76969S"?>G7L 143 3�5767B�GE?'�B69S"T�?>3P��@Bé36�@Fä73�5
å�äETM3MS"1B<>?K1OU�*.576)�ES�@yxM6&��3Ò5E1BP¶3�8=@2T�ä��
69S��O?>TM@BS"T�é�S�@Fæ 3�576�B�GE?'�B69S"T"?A3P� @BéW6O@Fä73�5'å�äETM3MS"1B<>?K1OC
1BGXP'1BG
6�âO3M69S"GE1B<mT�ä.��69S���?>T�@BS^é~S�@Fæ Ý�6�*��ÍC78.57@)�XS�@��O?>P76,PèS�6&8�äE?AS"6,æÑ6,G�3�T!é~@BS!3�5E6l��?KT�äE1B<>?>T"143�?A@FG#�X1���$414LB6BU�å
S�6&8�äE?AS�6,æç6,G�3Y@Bé{�XGE1B<L�B6,14SH��@Fæ)�XäE3M69S T��OTM3M6,æçTÒ6,G7LF?>G76969S"?KG7LJ�ES�@yxM6&��3�TÒ?>T(3�5E143Ò3�576��¶æÍäETM3Yé�@F<><A@r8�1
éjäE<><�T��OTM3M6,æçTÍ6,G7LF?KG76969S"?>G7L21?�.�ES�@F1���5NU�*.5E?>T(?>G(�B@F<'�B6,TÍé�@BS�3�GE?ALF5y3�<'�¶æÑ69693�?>G7LFTÍ8.?>3�5'3�576 T�ä��
69S��O?>TM@BS"T9C
�"5X1B?AS�6,P �E� 3�576!T�3�äEP76,Gy3�T9CB3M@ÒPE?>T��9äET�T��ES�@yxM6&��3��ES�@BLBS�6,T"T9U+�7@BS"æç1B<Xæç?>G�ä73M6,T�@Bé¿3�5E6!æÑ69693�?>G7LFT�14S"6^3�1?$B6,G



3M@ëS"6&��@BS"P PE6&�9?>T�?A@FGETÒ1BGEPV1���3�?A@FG ?A3M6,æçT,C¹1BGEPv�XS�@BLBS�6,T�T S�6��
@BS�3�T(14S�6 T�ä��Xæ½?A3M3M6,P¶é�@BS 6,1���5 æç69693�?>G7L7U
*!576 TM3�äXP76,G�3�TÑæÍäETM3ÑT�ä.�Xæç?A3 é~@BSç1BT�T�6,T�T�æÑ6,Gy3ç1�é�äX<><=T�693Ñ@Bé�P7@-�9äEæÑ6,Gy3�143�?A@FG é�@BSÑ3�576J�ES�@yxM6&��3�3�5E143
?>G.�9<KäEP76,T�d�1~�ES"@yxk6&��3i�X<>1BGNCyS�6&8�äE?AS�6,æÑ6,Gy3�T#T��
6&�9?'���9143�?A@FGNCOP76,T�?>LFG�P76,T���S"?'�E3�?A@FGmCF3M6,TM3{�X<>1BGNCy3M6,TM3^T��
6&�9?'��!
�9143�?A@FGNC�3M6,TM3#S�6��
@BS�39C�äET�69S#æç1BG�äE1B<tCy1BGEP�T���TM3M6,æ�æç1BG�äE1B<tUE*!576.TM3�äXP76,G�3�T#1B<>TM@ LF?'�B6·1ÒTM6,æç?KGE14S)@FG�3�576
�ES�@yxM6&��39CX1BGEPG�ES�@��O?>P76YP76,æç@FGETM3MS"143�?A@FGXTJ@Bé�1ç8=@BS�$O?>G7L �ES"@�PEä���39C�8�5E?9�"5 ?KT!1BT�TM6,T�T�6,PJ�(�è?>GEPE6���6,GXP76,G�3
1��91BP76,æç?Z�(TM3�1y��U.CfGë1BPEPE?A3�?A@FGmCO5E@FG7@Fä7S"T^TM3�äXP76,G�3�T.G7696,P 3M@ç8!S�?A3M6(1ÑS�6,TM6,14S��"5G�XS�@��
@FT�1B<
1BGEPJ�X1?�
69S,U
*!5E6)�ES�@yxM6&��3Y@��7�9?>1B<><'����@Fæ)�ES"?KTM6,TY1J8yäX14S�3M69S(@BéJ1J�B6,14S&�sT(8#@BS�$ é~@BSÒ3�576Ñ3w8#@ëTM3�äEPE6,G�3�T9CmT�@ 3�5E143

3�576�3M@B3�1B<)6\�
@BS�3Òé�@BSÒ3�5X?>T��ES�@yxM6&��3Ò8J1BT @Bé#3�5E6½@BS"P769SÒ@Bé3�J�
69S"TM@FG'æç@FG�3�5ET,U¹Ý·ä7S"?>G7L 3�5X?>TY3�?>æÑ6BCR3�576
TM3�äEPE6,G�3�T)�XS�@�PXä.��6,P 1?�
@Fä737�?:�:v�X14LB6,T½@BéYå3zVPE@E�9äEæç6,G�3�143�?A@FG é~@BSç3�5E6G�ES�@yxM6&��39U�*!5E?KT �X1?�
69Sç?>Tç1
T�?ALFGX?'���91BGy3ÍS"6���?>T"?A@FG @Bé�3�576 S"6,TM6,14S��"5e�X1?�
69SÑ8!S"?A3M3M6,GF�E� 3�5E6J�ES"TM3Ñ1Bä73�57@BSÑ3M@Vé�äE<9�X<><�3�5E6 S�6,TM6,14S���5
�X1?�
69S^S�6&8�äE?AS�6,æç6,G�3^é�@BS.57@FG7@FäES"T^TM3�äEP76,Gy3�T9U
*!5E6(LB@F1B<¹@Bé�3�576H�ES�@yxM6&��3!8J1BT.3M@ 1BPEPG�O?>T�äE1B<K?>T�143�?A@FGèéj1��9?><>?A3�?>6,TJ3M@�1 ß^à)áêæÑ@OP76,<N@Bé�1BGë1���?A@FGX?9�9T

æç?>T"T�?A@FG¶T��OTM3M6,æ øjå�0�6Eù�U�å�G å�0�6'?KTY6,T�TM6,Gy3�?>1B<><'�¶12<A@E�91B<=14S�6,1���@Fæ��Xä73M69S�G7693w8#@BS�$v��@FGET�?KTM3�?>G7LI@Bé
106O69S"?>1B<.Ý·143�1 HJäET2øA67Ý�H!ùç3�5E143j��@FGEG76&��3�Tè1 T�693½@Bél��@Fæ)�
@FG76,Gy3�Tè?>G.�9<>äEPX?>G7L�1 02?>T�T�?>@FG�ß#@FGy3MS�@F<
ß#@Fæ)�¿ä73M69S øt0�ß!ß!ù�C��414S"?A@FäET!T�6,GETM@BS"T9CEPX?>T��X<>1���T,CO1BGXP GE1&�O?ALF143�?A@FG2T���T�3M6,æçT9U
*!5E6���?>T"äE1B<>?>T�143�?>@FG�3M@�@F<mä73�?K<>?>TM6,T#3�576)
���1
1
�?��

����<K?'�ES"14S��ëú���C}�rýdCX3M@½T�6,GEPI?>G7é�@BS"æç143�?>@FGè3M@ç3�576

ILKNMPO�QSR�T?U)V�XZYS[�T?U�XZY\T�M]X�^�R�_3T+`\a�T&b(O���I�V�_�� ��?K1�*�ßJàJÞ�Cfà�ú��rýdU��Eä7S�3�5E69S,CR1BG 1?�.�X<>?Z�9143�?A@FGv�ES"@B3M@E��@F<#?>T
S�6&8�äE?AS�6,P 3M@çT�ä.�.�
@BS�3=3�5E6Y6�â-��5E1BG7LB6(@Bé���?KT�äE1B<>?>T"143�?A@FG7��@Fæçæ½1BGEPETW�
693w8#696,G2þ�ÿ��&�2�>����

�
��1BGEPè3�576
:�ã·à�U�*!576�T�3�äEP76,Gy3�T#PE6��B6,<A@��
6,P 1BGXP�?>æ��X<A6,æÑ6,Gy3M6,P�1~�ES"@B3M@E��@F<�é�@BS#3�5X?>T��¿ä7S��
@FTM6!8.5X?9�"5 ?>TJT��
6&�9?'�E6,P
?>Gè3�576 6�@Bé~3�8#14S"6ÒÝ�6,T�?ALFGIÝ�6,T���S"?9�E3�?A@FGVú��rýdU�*.576(TM3�äEP76,Gy3�T^é�@F<><A@r8=6,PI1çS"1?�X?>Pj�ES"@B3M@B3P�E�X?>G7L)�X14S�1BPE?ALFæ C
3M@j�ES�@���?>PE6 1�S�@Fä7LF5��ES"TM3
�9ä73·?>æ)�X<A6,æç6,G�3�143�?A@FG23M@è3M6,TM3·@Fä73
��?>T"äE1B<>?>T�143�?>@FGI?>P76,1BT9C
TM@ 3�5E143·é~696,P.�X1���$
��@FäE<>P��
6�@��E3�1B?>G76,P�é�S�@Fæ 3�576)�9äET�3M@FæÑ69S�øjÝl6-*��(ù�143Y3�576�6,14S"<K?A6,TM3·@��.�
@BS�3�äEGE?>3P�BU�*¹@ 1BPEP�S�?ALB@Fä7S·3M@
3�576I1?�.�XS�@F1��"5 é�@BSç3�576I5E@FG7@Fä7S"T ��@Fæ)�
@FG76,Gy39C)?A3�8J1BTçP76&�9?>P76,P 3M@���S�6,143M6ë1�é�@BS"æç1B<^æÑ@OP76,<J@Bé�3�5E?>T
1?�.�X<K?9�9143�?A@FGj�ES�@B3M@-��@F<mäET"?>G7L½ßJà)á�T9U
*!5E6��Xä7S��
@FTM6�@Bé�3�5E?>T{�X1?�
69S!?>TJ3M@��XS�6,TM6,Gy3^@Fä7S!8#@BS�$�@FGëæÑ@�PE6,<><>?>G7L 3�5E?>T���X9Y\[-T�UpXZY\T�M]X�^�R;�ES�@B3M@-��@F<

1BGEP�3M@G�B69S�?Aéo� 3�5E143Ò?>3·?KTYP76,1BPE<A@-��$�1BGEP'<>?9�B6,<A@E��$ëé�S�696½1BGEPg��@FGEé~@BS"æ½TY3M@ë1 TM6&8�ä76,G.�9?>GELG��@FGETM3MS"1B?>Gy39U
*!576��O?>T�äX1B<>?>T�143�?A@FG#�ES"@B3M@E��@F<m?KTJ3�576,G 6�âO3M6,GEP76,Pë1BGXP S�6\!w1BGE1B<'�OTM6,PNU
*!5E6~�¿1?��69SY?>T�@BS�LF1BGX?>TM6,P�1BT·é~@F<K<A@b8.T,U56O6&��3�?A@FGv�;�ES�@��O?>P76,T·TM@Fæç6�?KGET�?ALF5y3�?KG�3M@è3�576ÑGE143�ä7S"6Í@Bé#1BG

å·0�6�CN1BGEP�3�5E6~�O?>T�äX1B<>?>T�143�?A@FGXT!3�5E143Y8#69S�6Ñ?>æ)�X<>6,æÑ6,G�3M6,PmU¿ö¶6çP76,T���S"?'�
6Ò3�576)�O?>T�äX1B<>?>T�143�?A@FG��ES�@B3M@-��@F<
1BGEP ?A3�T�TM6&8�ä76,G.�9?>G7L���@FGETM3MS"1B?KG�3�T�?>G TM6&��3�?A@FGD�21BGEP 1�ßJà=á æÑ@OP76,<)@Bé.3�576j��?>T"äE1B<>?>T�143�?>@FGg�ES�@B3M@-��@F<
?>G¶TM6&��3�?>@FGvz7U�*!5E6çæÑ@�PE6,<�?>TY1BGE1B<'�OTM6,P'?>G¶T�6&��3�?A@FG���U�6O6&��3�?A@FGh� P76,T���S"?'�
6,T·1BG'6,GE5E1BG���6,Pg�ES�@B3M@-��@F<tC
8.5E?Z�"5�1B<><A@b8�Tèþ�ÿ��&�2�>����

�
� 3M@0�
6 ?>GEé~@BS"æç6,P @Bé(3�576�T�ä.����6,T"T�@BSèéj1B?><>ä7S"6I@Bé(6,1��"5��O?>T�äX1B<>?>T�143�?A@FG
��@Fæçæç1BGXPNU�*!576�6,GE5E1BG.��6,PIßJà=á æÑ@OP76,<
1BGEPè?A3�TJ1BGE1B<'�OT�?>T#14S�6��ES�6,TM6,Gy3M6,Pè?>G�T�6&��3�?A@FGET.û 1BGEP ü�CO8.?A3�5
@Fä7S~��@FG.�9<>äET�?>@FGET��ES�@���?KP76,PV?>GVTM6&��3�?A@FGF��U�*!5E6çS�6,1BP769SÍ?>TÒ1BT�T"äEæÑ6,P'3M@��
6çéj1Bæç?><>?>14SY8�?A3�5 ßJà=á�T úsûbý
1BGEP2þ�ÿ=���2�>����

�
� ú�����ýdU

� �j�> Eð���õA �¡ ñ5¢Òï�£� �¤~¥�ï� Eð�î�¦�§3¨VõP©4ó�¦�§�õP©y¦�ïFõdñ¹î«ª ¦
ôN¬=¦�­5 

*!576<�Xä7S��
@FTM6Y@Bé�3�576Ò6�â�3M69S"GX1B<��O?>T�äE1B<K?>T�143�?A@FGj�X1���$`14LB6�?>T.3M@7�ES�@���?KP76ÒP7@Fæç1B?KGIT��
6&�9?'�����O?>T�äX1B<>?>T�143�?A@FG
éj1��9?><>?A3�?A6,Tçé~@BS 3�576�1&�O?A@FGE?9�9T�æç?>T�T�?>@FG»T��OTM3M6,æ æÑ@�PE6,<.143è1V5E?ALF5E69S,C)æÑ@BS�6�1?�XTM3MS�1���3 <A6��B6,<�3�5E1BG�3�576
þ�ÿ��&�2�>����

��� 3M@�@F<	�91BG��ES�@��O?>P76BU�*!576,T�6 éj1��9?><>?A3�?>6,T�14S�6�3M@j�ES�@OPEä.��6~�O?>T�äE1B<>?KT�143�?A@FGET.3�5E143Y14S�6ÑæÑ@BS�6
TM3MS�@FGELF<'�IS�6,<>143M6,P 3M@è3�576~�X5(��T�?Z�91B<RT��OTM3M6,æ®�
6,?>G7L æÑ@�PE6,<><A6,PI3�5X1BG ?KT��91?�X1?�¿<A6�8.?A3�5 þ�ÿ=���2�>����

�
�½U
*!5E?KT�?KT�?Kæ)�
@BS�3�1BG�3·é�S�@Fæ 1 T��OTM3M6,æ P76��B6,<>@��XæÑ6,Gy3���69S�T��
6&��3�?'�B6Ñ1BTY8=6,<K<�1BTÒ1 æç14S�$B693�?>G7LI1BGXP¶æç1BG-!
14LB6,æÑ6,Gy3��
69S"T���6&��3�?9�B6���6&�91BäXTM6 ?A3!?KT.<>?'$B6,<9��3�5E1BGë3�576,TM6l�
69@��X<>6(8=@FäX<>PJ�
6(äEG7éj1Bæç?><>?K14S!ß^à)áêT��
6&�9?'���
��@FG.��6��E3�T,U�*!576Yé�@Fä7S��O?>T�äE1B<K?>T�143�?A@FGET#S�6&8�äE?AS"6,P�3M@7��6(T"ä��.�X<>?>6,P7�E��3�5E6~I�V�_ 8#69S�6�d



¯5°p± §�²4§ ��xs[9u���|rpq{�o"ew{�\ itvr[��mpsnro^uk[�\^]B[�n`ckn9adiN[�z�adv`c�� � gB�

�4U.å®�X<A@-��$ PE?K14LBS"1Bæ @Bé·3�5762å·0�6 1BGEP ?>3�T���@Fæ)�
@FG76,Gy3�T9U=å�G 6�â71Bæ)�X<A6 @Bé·3�5E?KT��91BG³�
6ITM696,G�?>G
��?ALFä7S"6H�4C�8.5E?9��5½T�57@r8.T=3�576�02?>T�T�?>@FG ß#@FGy3MS�@F<Nß#@Fæ)�Xä73M69S·øt0 ß.ß!ù�C(CkG769S�3�?K1B<Xá�1&�O?ALF143�?A@FGG6E�OTM3M6,æ
ø2Cká�6Xù�C!å�?AS Ý·143�1»ß#@Fæ)�¿ä73M69SVøjå�Ý(ß!ù�C�´�1BPE14S,CW´.1BPX14SIå�<A3�?KæÑ693M69S'ø�´.å�QE*�ù�C�´.1BPE14S ö'14S"GX?>G7L
´.6&��6,?'�B69Sëø�´mö�´�ù�C�µ�6,1BPET B3� Ý·?>T��X<K1&�»ø�µ
B�Ý(ù�C�0ëäX<A3�?�!wà)äES��
@FTM6½Ý·?>T��X<K1&�»øt02à)Ý(ù�C�1BGEPe6�69S"?>1B<
Ý·143�1½HJäET øA6OÝ·H^ù���@Fæ)�
@FG76,Gy3�T^@Bé�3�576(å�0�6�U

��U.åêPE?>14LBS�1Bæ T�57@r8.?>G7LÑ3�576H�ES�@BLBS�6,T"T^3�57S�@Fä7LF5E@Fä73.1çæç?KT�T�?A@FGNU�*!5X?>T^?>T!T�?Kæ)�X<'� 1)�X14S3��5E14S�3.8�?A3�5I1
<>?KG76YT�57@b8�?>G7L�3�576l�ES"@BLBS�6,T�T^3�57S"@Fä7LF5 3�576(æç?KT�T�?A@FGè1BT.1���69S���6,G�3�14LB6H��693�8=696,G�:Ñ1BGEPv��:�:OU

��U�0ë@BS�6½P7693�1B?K<A6,P'?>G7é�@BS"æç143�?>@FG�@FG¶3�576�0�ß!ßê1BGEP06OÝ·H¶��@Fæ)�
@FG76,G�3�TÒ8.?A3�5E?KG23�5E6çå�0�6¶1BT ?><><>äET�!
3MS"143M6,P2?>GJ��?ALFä7S�6<��U

z7U�0ë6,T�T�14LB6ÍTM6&8yäE6,G.��6<�"5X14S�3�T!3M@½T"57@b8 ?KGETM3MS"ä.��3�?>@FGET^TM6,Gy3W��693�8=696,G���@Fæ)�
@FG76,Gy3�T!@Bé�3�576Òå·0�6�U

å�éjä7S�3�5769S�P76&�9?KT�?A@FGÍ8#1BT=æç1BP76^3M@ÒPE6,T�?ALFGÑ3�576�I7V·_¶14S��"5E?>3M6&��3�ä7S�6!3M@l�
6W¸E6�â7?'�X<>6=6,G7@FäELF5Ñ3M@Ò1B<><A@r8
3�576(äET�6Y@Bé�PE?'��69S�6,Gy3W�O?>T�äE1B<>?KT�143�?A@FG <>?'�ES"14S�?A6,T9U(*.576YS"143�?A@FGE1B<>6���6,5X?>GEP�3�5E?>TJ8J1BT^3�5E143!3�576HI7V·_D��@FäE<>P
�
6YS�6,äETM6,Pè3M@7��?>T"äE1B<>?>TM6Yæç1BG(�èPE?��
69S�6,G�3!T���TM3M6,æ½T^S"143�5769S!3�5X1BG x�äETM3^1&�O?A@FGE?9�9T.æç?>T�T�?>@FG T���T�3M6,æçT9U

0.0
0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

x10
2

0 2 4 6 8 10 12

Load on MCC vs Time

Time

L
o
a
d
 
o
n
 
M
C
C
%

¯5°p± §�¹F§+º cfaw{�psxscM|·�,pscf�ë[�zOadvrc � ZNZ uk[�\^]B[�n`ckn9aM�



» ¨VõP©4óL¦�§wõ|©y¦¿ïFõwñ¹î¼ª�ðFñNïBñ�ôOñ�§
��?ALFä7S�6W�·T�57@r8.T�3�576^@��B69S�1B<><714S��"5X?A3M6&��3�ä7S�6J@Bé�3�576^T���T�3M6,æê3�5E143�?>G.�9<>äEPE6,T¹3�5763I7V·_^Uy*!5E6i�O?>T�äX1B<>?>T�143�?A@FG
�ES�@B3M@-��@F<�?>T
�
693w8#696,G¶3�5767k
u s V>X9Y\[�T?UpXZY\T+M]X2^�Rg_WQSX2m~X2M]X2�yOSY��X<A@-��$I@FG�3�576½þ�ÿ��&�2�>����

�
� T�?>P76�1BGEP
3�576�V>XZYS[�T?U�X9Y�T�M]X2^+RJrHXZYA½=U'T t @FGI3�576(:�ã·à�T"?>P76BU�*!576��ES"@B3M@E��@F<m?>3�TM6,<Aé	��@Fæ)�ES"?>T�6,T�d
�4U�ßJ<K?A6,G�3^T�?KP76�d73�5E?>T^?>T�þ�ÿ�����������
�����?>Gè3�5E?KT!?>æ)�X<>6,æÑ6,G�3�143�?>@FGj�Xä73W��@FäE<>PJ�
6Y1BG(�è1?���X<>?9�9143�?A@FGmU
��U
6�69S��B69S.T�?>P76�d73�5E6~I�V�_ 8.5E?Z�"5èS�6&��6,?'�B6,T.3�576l�O?>T�äE1B<K?>T�143�?A@FG ?>GETM3MS�ä.��3�?A@FGET9U

User User

Design/CPN
GUI

Design/CPN
Simulator

AMS
Visualisation

Primitives

Visualisation
Display

AMS
Visualisation

Library

Comms/CPN Comms/JAVA

TCP

Visualisation Package
External

Design/CPN

Session Layer

Transport Layer

¯5°p± §�¾�§(¿ ��c�ew{�xsx º ckuk[�\^]B[�itp�adpq[�n·[�z7advrc�l�Àbadc�edn4{�xNÁ�psit_`{�xspsid{"adps[�n(¨7{"u���{�o�c��

Â�Ã]Ä ÅJÆ Û�Ç>È�É Æ Û&È�Ê Æ Ø·Ë³Ì&ËRÛ�ÊbÙ?Ç�Í+Ê Æ Ø=ËRÛ
å÷P7693�1B?><A6,P½T��
6&�9?'���9143�?A@FG�é�@BS)3�5E?KT��ES�@B3M@-��@F<X1BT=äETM6,Pç?>G�3�5E6.:�âO3M69S"GE1B<7ã·?>T�äX1B<>?>T�143�?A@FGÑà�1���$`14LB6��91BG7�
6
é�@FäEGEP ?>G 3�5E6~6�@Bé�3w8J14S�6 Ý�6,T�?ALFGëÝ�6,T���S"?'�E3�?A@FG ú��rýdU=*!576��XS�@B3M@E��@F<¹é�1��9?K<>?A3�143M6,T^3�576 TM6,GEPE?>GELÍ@Bé�?>GXTM3MS"ä.�S!
3�?A@FGET3�
693w8#696,GI3�576~�9<>?A6,Gy39C�þ�ÿ��������	��

���½C¿1BGXPI3�576ÒT�69S��B69S,CX3�5E6 :�âO3M69S"GE1B<mã�?>T"äE1B<>?>T�143�?>@FG à�1���$`14LB6BU
*!576,T�6'?>GETM3MS"ä���3�?A@FGET ?>G7é�@BS"æ 3�576g�O?>T�äE1B<>?KT�143�?A@FGÎ�X1���$414LB6V@BéÍ3�576v��@Fæ)�
@FG76,Gy3�T S�6&8�äE?AS�6,P�é�@BSG�O?>T�ä-!
1B<>?>T"143�?A@FG 1BGEP 3�576J�O?>T�äX1B<>?>T�143�?A@FGXT 3�5X143½14S�6I3M@v�
6j�
69S�é�@BS"æÑ6,PNUc�·G 3�5E6 þ�ÿ��������	��

��� T�?KP76BC�3�576
?>GET�3MS"ä.��3�?A@FGET)14S�6�T�6,G�3^1BGEP�S�6&��6,?'�B6,P äET�?>GELÒ3�576<
���1
1��y��

�
� <>?9�ES"14S�� ú���CA�rý¹1BGEP 576,G.��6���@FæçæÍäEGE?�!
�9143�?A@FG��
693w8#696,Gë3�576H�9<>?A6,Gy3.1BGEPëT�69S��B69S�?KTW��?K1�*�ßJàJÞ�Cfàêú��rýdU¿å�T3*�ß^à#Þ�Ckà�?>T���@FGET�?>PE69S�6,P 3M@7�XS�@��O?>P76
1ÑS�6,<K?>1?�X<A6·3MS"1BGET���@BS"3JT�69S���?Z��6BCX?A3!?>T!1BT"T�äEæÑ6,P 3�5X143.1B<><m?>GXTM3MS"ä.��3�?A@FGXT#T�6,G�3.14S"S"?'�B6ÒT�ä�����6,T�TMéjäE<><'�½1BGXPI?>G
@BS"P769SbU
*^8#@ TM693�T·@Bé=?KGETM3MS"ä.��3�?>@FGET�14S"6�T�6,G�3��
693w8#696,GVþ�ÿ��������	��

��� 1BGEP 3�576Ñ:�âO3M69S"GE1B<�ã·?>T�äE1B<K?>T�143�?A@FG

à�1���$414LB6BU�ÏSR.X2M]X�T?UpXZY\T+M]X2^�RGÏSR-Y\M]Q�[�`�M]X2^�R�YJ1BT^<>?KTM3M6,Pè?>G;*�1?�X<A6)�·14S�6(äET�6,P�3M@ç?KGE?A3�?>1B<>?KTM6!3�576Y:�âO3M69S"GE1B<�ã·?�!
T�äE1B<K?>T�143�?A@FGçà�1���$`14LB6��
69é�@BS�6�1BG(���O?>T�äE1B<>?KT�143�?A@FG)�91BG @E���9äES,U(*!5E6.TM6&��@FGEPèTM693=@Bé¹?>GETM3MS�ä.��3�?A@FGET�6,GX1?�X<A6,T
3�576JI�V�_ 3M@��
69S�é~@BS�æ 1BGE?>æ½143�?A@FGETÒ?KGN�B@F<'�O?>G7L 3�5E6#��@Fæ)�
@FG76,Gy3�TÍT��
6&�9?'�E6,PVäXT�?>G7L 3�576è?>GE?>3�?>1B<>?>T�143�?>@FG
��@Fæçæç1BGXPET9UFå�T�3�576W�O?>T�äE1B<>?KT�143�?A@FG~�ES�@B3M@-��@F<E?>T�P76,T"?ALFG76,P�é�@BS���?>T"äE1B<>?>T�143�?>@FG @Bé
å���?A@FGX?9�9T�0ë?KT�T�?A@FG�6E�OT}!
3M6,æçT9COæç1BG(�Ñ@Bém3�576,TM6·?>GET�3MS"ä.��3�?A@FGET)14S�6�T���6&�9?9���^3M@Í3�576,TM6·T���T�3M6,æçT9U-*!576�V>XZYS[�T?U�X9Y�T�M]X2^+R#ÏSR-Y\M]Q�[�`&M]X�^�R-Y
14S�6(LF?9�B6,GI?>GJ*�1?�X<A6<��U



ÐÒÑ ¢k£f¤�Ó�¦�£ °pÔ�Ñ Õ Ó�¤�Ö Ô ¢}×
É,ÈkÁAØOÇ9ÙfÂtÄ"Â|Ú gb]BckufpÜÛ`cki
adv`c��,psit_4{"xspqid{�adps[�nYxsps¸rew{"eth.ad[J¸Bc�_ritcM|�¸9h!adv`c�¼JÆ4ÌN�
ÎfÂdÁtÄ�ÀKÁ�ÝXË�Þ>ßbË�ÃFÁ�Ã`À Z¿edcM{"adcfim{�n�psnrijaw{�n`ufc�[�zO{=uk[�\^]B[�nrckn9a�ad[#¸BcR_`itcM|!¸9hJadv`c�¼^Æ4Ì
�
ÇÊÃ`ÇÊÀ�ÝXË�Þ�ßBÅqÁfÀKÁ gb]BckufpÜÛ`cki�adv`{"aOadvrc�psn`p�adpq{�xspsid{"adps[�n^psi7uk[�\^]`xscfadc��bªApA� c���adv4{�aE{�xsx,uk[�\Jº

]B[�nrckn9adi
ad[J¸Bc�_`itck|�¸9h^adv`c)¼JÆBÌÑv4{M��c�¸Bcfckn·ufedcM{�adcM|�� «
à ¥`¡�áâ× ²4§ �
v`c�ãwÃrÇAÀÊÇ>Ä�Å ÇÊÈ�Ä�ÀÊÇAË�Ã
ãwÃ`ÈwÀÊÂwÉ`ÎkÀÊÇAË�Ã`ÈN_ritcM|.�mp�advrpqn�adv`c��,psit_4{�xspsid{"adps[�nY]red[�ad[9uf[�xA�

Ð|Ñ ¢k£k¤�ÓO¦�£ °pÔ�Ñ Õ Ó�¤�Ö Ô ¢}×
Ç�È�ÝXË�ÞiÞ#É,ÃrÇ>ÎdÄ�ÀÊÇÊÃ,Ð |rpsit]`xq{khbiNadv4{"a¹{=it]Bckukp�Û4cM|�uk[�\^]B[�n`ckn9ampsimuk[�\^\=_`n`psuM{�adpsn`or�
ÈwÀ>Ë|ßSßrÁAä�ÝXË�ÞiÞ=ÉbÃrÇ>ÎdÄ�ÀÊÇÊÃ9Ð |rpsit]`xq{khbiNadv4{"a¹{=it]Bckukp�Û4cM|�uk[�\^]B[�n`ckn9ampsimn`[�amuf[�\^\#_rn`psuM{�adpqnror�
ÎfÂtÁtÄ�ÀKÁAØ7ÇÊÃ,Ï ufedcM{�adcki¹{=�,psitpq¸rxsc�xspqnr�^¸Bcfa���ckckn.a��
[=uk[�\^]B[�n`ckn9adi
_ritcM|^�mpsadvrpsn·{=�,psit_4{"xspqid{�adps[�ny�
å Ý�ÝEØyËMÄ\ä�ãwÃ?ä�Ç>ÎdÄ�ÀÊÇ>Ë�Ã |rpsit]`xq{khbiNadv`c�xs[�{�|·[�n.adv`c � ZNZèuk[�\^]B[�n`ckn9aM�
æ&ç�è�Ø�ËMÄ\ä�ãwÃ�ä"Ç>ÎdÄ�ÀÊÇ>Ë�Ã |rpsit]`xq{khbiNadv`c�xs[�{�|·[�n�{�n(g º � uk[�\^]B[�n`cfn,aM�
Ð9ÁfÀâãwÃrÈwÀÊÂ�ÉrÎkÀÊÇ>Ë�Ã �
v`psi�psi�advrc#[�nrx�hY�,pqit_`{�xspsid{"adps[�n uk[�\^\!{"n4|�adv`{"a�c|Àr]Bcfufadi�{^edckit]B[�nritc=z�ed[�\�adv`c

�,pqit_`{�xspsid{"adps[�n^itc�ed��cfeM���
v`psiEpqnrijated_`ufadps[�n#cÒÀb]BckufadiOadvrc
itcfed��c�e7ad[�edck]`x�h��mp�adv#ckp�advrcfe
{gétgr� ¿ ¨.ê½[�e({gétZ ¿ ©���ê�\^cfitid{�o�c��m}~z={héjgr� ¿ ¨.ê�itpso�n4{�x�psi�edcfukckps��cM|èadv`c
atew{�nrijzÊcfe¿[�zBz�_retadv`c�e¿�,psit_4{"xspqid{�adps[�n!uk[�\^\!{"n4|biOpsi¿ijad[�]`]BcM|F���
vrc3éjZ ¿ ©���ê�itpso�n`{�x
{�xsxs[M�mi�\^[�edc��bpsit_`{�xspsid{"adps[�nYuk[�\^\!{�n`|ri�ad[J¸Bc�itcfn,aM�

à ¥`¡�áp×<¹F§ �
vrc�ÆyÇ�ÈwÉrÄ�Å Ç�ÈfÄ�ÀÊÇ>Ë�Ã
ãwÃ`ÈwÀÊÂwÉrÎkÀÊÇ>Ë�Ã`È
_`itcM|!�mpsadvrpsn�adv`c��,psit_4{"xspqid{�adps[�n(]red["ad[9uk[�xA�

*!5E6Ò@BS"P769S·?>Gë8.5E?9��5I3�576,TM6Í?>GETM3MS�ä.��3�?A@FGET�æ äET�33�
6ÒTM6,Gy3�é�@BS·T�ä.����6,T�TMéjäE<���?>T"äE1B<>?>T�143�?>@FGI?>T.PE6��XG76,P
�E��3�576ÒS�69LFäE<>14S^6�â-�ES�6,T�T"?A@FGVú��rýAd

ë=ìyí&îcïPðSñyòEñ?ó;ô\ñ�í&ò(õ�í�ö�÷?ø~ù=÷?ú5í�ú�õ}û�ïAú�ï]õ�ö�÷?ø~ù=ü]í�õ�í úÜý ïPì�ë�òEü�ïPì�òNõ}ïA÷?ú�þNú5ì�õÒñ?ë=ô�õ}ïA÷?ú5ì ý û ø}�bù
8.5769S"6Yú ã·?>T�äX1B<>?>T�143�?A@FG~CkGETM3MS"ä���3�?A@FGETkýE14S�6!1BG(� @Bé�3�576�V>X9Y\[�T?UpXZY\T+M]X2^�R7ÏSR�YSM]QS[-`�M]X2^+R-Y�PE6��XG76,P�?>G)*�1?�X<A6���U

Â�ÃZÿ � É Æ Õ-Ë·Ê
*!576 �9<>?A6,Gy3(þ�ÿ�����������
���� TM6,GEPET�@Fä73<ÏSR.X2M]X2T�UpXZY\T�M]X�^�RgÏSR-YSM]QS[�`&M]X�^�R-Y�Cm1BT�PE6��XG76,P ?>G�*R1?�X<>6#�4C
3M@ ?>GE?�!
3�?>1B<>?KTM6!3�576
��?KT�äE1B<>?>T"143�?A@FGÑ3M@�@F<tUNCf3=3�5E6,G�TM6,GXPET;V>X9Y\[�T?UpXZY\T+M]X2^�RjÏSR-YSM]QS[�`&M]X�^�R-Y�øj<K?>TM3M6,P½?KG7*�1?�X<A6
�Fù�C7äEGy3�?><
?A3Ò?KTÒ?>G7é�@BS"æÑ6,P'3M@2TM3M@��0�(�'1ëS�6��X<'� @Bé�6-*��Yà�ø�3M@23�576#bEO�MZÏSR-Y\M]Q�[�`&M]X�^�Ryù(@BSÍ3�5769S�6�14S"6�G7@ æÑ@BS�6��O?�!
T�äE1B<K?>T�143�?A@FGD��@Fæçæ½1BGEPETç3M@ TM6,GEPNUL*.5E?>T �ES�@BLBS"6,T�T�?A@FG @BéY?>GXTM3MS"ä.��3�?A@FGXTÑ?>TçT��
6&�9?'�E6,Pe�(� 3�576IS"69LFäE<>14S
6�â-�ES�6,T�T�?>@FG'øj:�8�äE143�?A@FGv�bù#LF?9�B6,Gë?>G TM6&��3�?>@FG���U9�4U

Â�Ã9Â � Õ�Ù���ÕyÙ
*!576JV>X9Y\[-T�UpXZY\T�M]X�^�R s O�QS�yO&QmS�6&��6,?9�B6,T�?>GETM3MS"ä���3�?A@FGETmé�S�@Fæ þ�ÿ��&�2�>����

���¼�O?>1.3�5E6JT�6,T�T�?A@FGÍTM69S��O?9��6BU?*!576
TM69S��B69S!?KT)S�6,T���@FGXT�?'�X<A6.é~@BS^P7693M69S"æ½?>GE?>G7L ?Aém3�576Y?>GET�3MS"ä.��3�?A@FG�?>Ti�`1B<>?KP2øj?A6BUAC7?>T#3M@ �
6�1���3M6,P ä��
@FG¿ù�UECfé¹1BG
?>GET�3MS"ä.��3�?A@FGÑ?>T=P7693M69S"æç?KG76,PÑ3M@<�
6.?KGN�41B<>?>PNCEø�é�@BS=6�â71Bæ)�X<>6.1ÒäET�6,Q¹?'�ES�14S��Í?KGETM3MS"ä.��3�?>@FGÑ?>T�S�6&��6,?9�B6,P½14é�3M69S
3�576Ò<K?'�ES"14S��½3M@��
6·äXTM6,PI5E1BT!1B<>S�6,1BP��#��696,GëT��
6&�9?'�E6,P¿ù�CO3�576Ò?KGETM3MS"ä.��3�?>@FG ?KT^T�?>æ)�X<9�½PE?>T��914S�P76,PNU

� ª½ðFñNïBñ�ôOñ�§��;ª��
	 ñ�ò� �§
�5Ã]Ä � ØNÚ�Õ-É2É Æ Ë�
������RÙ`Ø�È.Í��
å�<A3�57@Fä7LF5 3�5E6 ßJà)á æÑ@OP76,<N@Bé�3�576l�ES�@B3M@-��@F<m?>T3��@FGETM3MS"ä.��3M6,Pë@FG @FG76Ò<>6��B6,<tC¹ø�3�5769S�6Ò14S"6ÒG7@½T�ä.�XTM3�?A3�ä-!
3�?A@FGè3MS"1BGXT�?A3�?A@FGET�ù�C�?A3J?>T{�9<A6,14S"<9��TM6��X14S�143M6,P ?>G�3M@�3�57S"696(TM6&��3�?A@FGET�dO3�576Òþ�ÿ��&�2�>����

�
� 6O?>æÍäE<>143M@BS&f�3�576



6�6,T�T"?A@FGG6�69S��O?9��6�f�1BGXP�3�5E6·:�â�3M69S�GE1B<�ã�?>T"äE1B<>?>T�143�?>@FG�à�1���$414LB6BC¿1BTW�91BGj�
6·TM696,G ?>G#��?ALFä7S�6�z7U���?ALFä7S�6�z
8.?><K<��
6è6�âE�¿<>1B?>G76,P ?>G æÑ@BS"6IP7693�1B?><^?>G 3�576 é�@F<><A@r8.?>G7L�T�ä��¿TM6&��3�?A@FGET9U�ö¶6ëæç@�P76,<J3�5E6J�ES�@B3M@-��@F<!143½1
T��OTM3M6,æçT!PE6,T�?ALFGI<A6��B6,<¹1BGEP æç1?$B6Ò3�5E6Yé~@F<><>@b8.?>GEL�1BT"T�äEæ)�E3�?>@FGET�d
�4U3*!5E6G��@FG�3M6,Gy3½@Bé�3�576I?>GET�3MS"ä.��3�?A@FGET�TM6,Gy3ç3M@V1BGXP é~S�@Fæ 3�576ITM69S��B69S 14S�6IG7@B3½?>æ���@BS"3�1BG�3�é�@BSç3�576
@��
69S"143�?A@FGI@BéR3�576<�ES�@B3M@-��@F<tU

��U
�·GX<'�½@FG76 ?>GETM3MS"ä���3�?A@FGj�91BGG�
6��ES�@-��6,T�TM6,PI143.1ç3�?>æÑ6(143!3�576 TM69S��B69S,U
��U3*!5E6(TM6,T�T�?A@FGëTM69S��O?9��6(?>TJé�S�696(@Bé�69S�S�@BS"T9CE1BGXPJ�ES�6,TM69S��B6,T^3�576ÒTM6&8�ä76,G.��6Ò@Bé�æÑ6,T"T�14LB6,T9U
z7U.åêTM6,T�T"?A@FG ?>T!1B<AS"6,1BP��½6,TM3�1?�¿<>?>T�576,Pj�
693�8=696,G���@B3�5I6,GEPET9U
��U.å�<><�3�576GV�XZYS[�T?U�XZY\T�M]X�^�R7ÏSR-Y\M]Q�[�`&M]X�^�R-Y�P76��XG76,P�?>G *�1?�X<A6���CB6�â���6��E3�LB693�CfGXTM3MS"ä.��3�?A@FGÑ1BT�3�5X?>T�S�6&8yäX?AS�6,T
1¶S"6��X<'�Vé�S�@Fæ 3�5E6ëTM69S��B69S,C=14S�6ë1?�XTM3MS�1���3M6,P»?>Gy3M@¶@FG76ëæÑ6,T"T�14LB6��91B<><>6,PDB�à=Ý!å�*!:i@�B3C�Uc*!5X?>TÑ?>T
�
6&�91BäETM6·3�576,T�6�ã·?>T�äX1B<>?>T�143�?A@FG7CfGXTM3MS"ä.��3�?A@FGXT�x�äETM3^ä��NPE143M6�3�576���?>T"äE1B<>?>T�143�?>@FGç8.?A3�5E@Fä73=8J1B?A3�?>GEL é�@BS
1ÑS"6��X<'�½é�S�@Fæ 3�5E6(TM69S��B69S,U�*.5769S�69é�@BS�6Y3�576l�
6,5E1���?A@FäES^é~@BS.1B<K<
@Bé�3�5E6,TM6Ò?>GET�3MS"ä.��3�?A@FGETJ?>TJ3�5E6ÒT�1BæÑ6BU

requestLibrary

[length(dataq)<maxqsize]

Client_Output_Stream

DATACHAN

1‘[]

visualisationCommands

[length(dataq)<maxqsize]

Client_Input_Stream

REPLYQ

1‘[]

getReply

processCreate
ComponentInstruction

process
VisualisationInstruction

Design/CPN Simulation Session Service External Visualisation Package

Design_CPN_state

DESIGNCPNSTATE

IDLE

createComponent

[length(dataq)<maxqsize]

process
UseLibraryInstruction

dataq^^[(USELIBRARY)]

dataq

dataq

dataq^^[(visCommands visC)]

rep::replyq

replyq

(crCommands crC)::dataq

dataq

(visCommands visC)::dataq

dataq

if(visC=GETINSTRUCTION) 
  then replyq^^[rep] 
else replyq

replyq

IDLE

LIBRARY_SET

if (visC<>GETINSTRUCTION) 
  then VISUALISATION_READY 
else WAIT_FOR_REPLY 

WAIT_FOR_REPLY

if (rep<>STOP)  
   then VISUALISATION_READY 
else STOPPED

if(crC=INIT_COMPLETE) then 
  VISUALISATION_READY
else
  LIBRARY_SET

dataq^^[(crCommands crC)]

dataq

(USELIBRARY)::dataq

dataq

LIBRARY_SET

VISUALISATION_READY
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Client_Input_Stream:  1‘[]
Design_CPN_state:     1‘IDLE
Client_Output_Stream: 1‘[]

2 
1:1

3 
2:2
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1:1
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Client_Input_Stream:  1‘[]
Design_CPN_state:     1‘STOPPED
Client_Output_Stream: 1‘[]

requestLibrary

processUseLibraryInstruction

createComponent: 
{dataq=[],
crC=INIT_COMPLETE}

createComponent: 
{dataq=[],crC=CREATECOMPONENT}

processCreateComponentInstruction: 
{dataq=[],crC=CREATECOMPONENT}

processCreateComponent
Instruction: 
{dataq=[],
crC=INIT_COMPLETE}

visualiationCommands: 
{visC=UPDATEGUI,
dataq=[]}

visualisationCommands:
 {visC=GETINSTRUCTION,
dataq=[]}

processVisualisationInstruction:
{visC=GETINSTRUCTION,replyq=[],
rep=STOP,dataq=[]}

processVisualisation
Instruction: 
{visC=GTINSTRUCTION,
replyq = [],
rep=CONTINUE,
dataq=[]}

ProcessVisualisationInstruction
{visC=UPDATEGUI.rep=STOP,
replyq=[],dataq=[]}

processVisualisation
Instruction: 
{visC=UPDATEGUI,
rep=CONTINUE,
replyq=[],dataq=[]}

getReply: 
{replyq=[],
rep=CONTINUE}

getReply:
{replyq=[],
rep=STOP}
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~1:
#Nodes: 1

~2:
#Nodes: 1

~3:
#Nodes: 2

~4:
#Nodes: 1

~5:
#Nodes: 4

~6:
#Nodes: 1

~7:
#Nodes: 1

SccToNodes(
ListHomeScc());

val it = [11] : Node list
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1 1

1
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Design_CPN_state

SIMULATORSTATE

IDLEP I/O

Issue_Instruction
HS

Get_Response
HS

To_server

DATACHAN

1‘[]P I/O

Discard_Instruction

HS

Accept_Instruction

HS

Vis_Server_State

P I/O

SERVERSTATE

SERVER_IDLE

From_server

REPLYQ

1‘[]P I/O

Design/CPN Side Session Service External Visualisation Package
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dataq^^[(visCommands visC)]

LIBRARY_SET

if(crC=INIT_COMPLETE)  then 
   WAIT_FOR_INIT_COMPLETE_REPLY
else WAIT_FOR_CR_COMPONENT_REPLY

dataq^^[(crCommands crC)]

dataq
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Client_Output_Stream

DATACHAN

1‘[]

P I/O

Client_Input_Stream

REPLYQ

1‘[]

P I/O

Server_State

SERVERSTATE

SERVER_IDLE

P I/O

discardUseLibrary
Instruction

[serState<>SERVER_IDLE]

discardCreate
Instruction

[serState<>LIBRARYSET]

discardInitialisation
CompleteInstruction

[serState<>LIBRARYSET]

discardVisualisation
Instruction

[serState <> INITCOMPLETE]

serState

dataq

(crCommands CREATECOMPONENT)::dataq

dataq

(crCommands INIT_COMPLETE)::dataq

dataq

serState

serState

serState

(visCommands visC)::dataq

dataq

replyq

replyq

replyq

replyq

replyq^^[(F,LIBRARY_ALREADY_SET)]

replyq^^[(F,LIBRARY_NOT_SET)]

replyq^^[(F,LIBRARY_NOT_SET)]

replyq^^[(F,INIT_NOT_COMPLETE)]

(USELIBRARY)::dataq
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1 
0:1

1
Top_Level’Design_CPN_state: 1‘IDLE
Top_Level’To_server:        1‘[]
Top_Level’Vis_Server_State: SERVER_IDLE
Top_Level’From_server:      1‘[]

2 
1:1

3 
1:1

4 
2:2

5 
1:1

6 
1:1

8 
1:1

7 
1:1

9 
3:2

10 
1:1

11 
1:2

13 
1:1

14 
1:1

12 
1:1

15 
1:0

15
Top_Level’Design_CPN_state: 1‘STOPPED
Top_Level’To_server:        1‘[]
Top_Level’Vis_Server_State: 1‘INITCOMPLETE
Top_Level’From_server:      1‘[]

Binding Elements
1:1->2
Send_Vis_Instruction’
requestLibrary: {dataq=[]}

2:2->3
Process_Vis_Command
processUseLibraryInstruction:
{replyq=[],dataq=[]}

3:3->4
Get_Vis_Response
getLibraryReply: 
{sf=S,replyq=[],args=NA}

4:4->5
Send_Vis_Instruction’
createComponent: 
{dataq=[],crC=INIT_COMPLETE}

5:4->6
Send_Vis_Instruction
createComponent:
{dataq=[],crC=CREATECOMPONENT}

7:6->8
Process_Vis_Command’
processCreateComponentInstruction
:{replyq=[],dataq=[]}

6:5->7
Process_Vis_Command’
processInitialisationInstruction:
{replyq=[],dataq=[]}

9:8->4
Get_Vis_Response
getCreateComponentReply: 
{sf=S,replyq=[],args=NA}

8:7->9
Get_Vis_Response’
getInitCompleteReply: 
{sf=S,replyq=[],args=NA}

10:9->10
Send_Vis_Instruction’
visualisationCommands:
{visC=UPDATEGUI}
11:9->11
Send_Vis_Instruction’
visualisationCommands: 
{visC=AWAITING}

13:11->13
Process_Vis_Command’
replyToAwaitingWithCont:
{replyq=[],dataq=[]}

14:11->14
Process_Vis_Command’
replyToAwaitingWithStop:
{replyq=[],dataq=[]}

12:10->12
Process_Vis_Command’
processGUIUpdateInstruction: 
{replyq=[],dataq=[]}

17:14->15
Get_Vis_Response’
getReply: 
{sf=S,replyq=[],args=STOP}

16:13->9
Get_Vis_Response’
getReply:
{sf=S,replyq=[],args=CONT}

15:12->9
Get_Vis_Response
getResponse: 
{sf=S,replyq=[],args=NA}
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~1:
#Nodes: 1

~2:
#Nodes: 1

~3:
#Nodes: 1

~4:
#Nodes: 3

~5:
#Nodes: 1

~6:
#Nodes: 1

~7:
#Nodes: 5

~8:
#Nodes: 1

~9:
#Nodes: 1

SccToNodes(ListHomeScc()); val it = [15] : Node list

11

1

1 1

1

11
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