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]A^ YV� o?N� vx� ¤�NYvx� u;Tco;l*v?�����xw � VBo;u}�;�"� � z"�����XW%v���Q
¤�w*v�¤�oE_[�;��n n�oLw � n��¢|�o � � o u"�Ss@�;�`K$o;�8S�� oP��s;�"��K$o �ES.� oP�@�xnh� �`N�o �[o;z �+oP�xvMN ��� o �
N�o@uBvx� �,N ���@vxz}� ���$u{�+��u�z}�}�`P w$s;o@uBz}o;n �$uaQ_��s@o�N}b5W� w ��� o@u�z}��v�� z�u.N�o;uB�,N w u�n�vx� z1w*vx��z}u�� o
[
]A^Bo;u"z¾z1w� ��N�u� � ��z�m@¤x��o(LFv��;�`N�o;nho;��z%�$vx� u%w � ocvx�+� ������l$oc�+o�� s ��o�N���� �So;nho;��z'���}� o;��z�sRQ
��P+��o;z��;N�vij��5^�Y�f{� �`K$o@�?g �T�+oCN � �$¤;W9vx�$¤�w*vx¤�ox_Rb�W�o
NYv��$¤1v�¤�oq[.]A^^u"w �+�R���"z�o{z���w z��
NYv L=�x��utw �$oW�+o@u}� �}� � z}� ����� o;N� � ��z�o ��v�� z}���x� o ��z"��o^�MP+��o;z}u%z1w �G�}o@u"�So@� z�o N� v�����l � z�o@� z}w �}o
L=���$�;z"�����+�$oCN`N�oB�� w � u"|�u�z�m;nho YFz}oCN�N o%z1w� oCN�N o��Ro w z1Q��;z"��o#� s;�;�}� z�o#o �nj��5^�_co z{w+� u�z-|oN�o
� s@��NYvx��vxz}�`L%�+������l$o��+o��;oCN w+�9� o@u��+�Yv�¤x��vxn n�o;u�� s;�;�}� �xvx��z.N o@utu}�;s;�*v��}����u��� w z"��N � u�vxz"�����
o;z�� oh�;��N�N�vMPS����vxz"������� N�v j��5^ b��co@u�z"��vx� z�u�u}�x��z n ��u�o;����w+���}o�v�w nh�J|�o;� � o N�v
�$��z}� ��� �� ���}�+��o��*vx�}z"��o�N}S�z1w �G�So;�"n�o z�� o^�+s@�;�"� �}o N�o;uB�?v�w$u�vMN � z}s@uBo zqN oW�@�x��z"����N oWu}vx�$u
z�w� �`Ncu"��� z��$s@�;s@u}u}vx� �}oL� o LFvx� ��ohvxw$� w �$o l�|��R��z"l$m@u"oLu"w � NYv �;���,K$¤�w+��vxz"����� � l�|Tu��uz1w$o
�+w u�|Tu�z�m n�oMb��z�vx��zc�+��� �$s;o{w � o�z�o�N�N o.�@���,K ¤�w ��v�z}���x��S7N� w z}�`N � u�vxz"����� �+o�[
]$^W��~D��ot� o
�$��w ��oCN�N o@u��Ro ��u��Ro;�;z}� ��o;u��S��w �(NYv#��s �}��K �?vxz"����� � o�u"|�u"z}m;nho@u%YF�@��n � �"��u�@�xnhnho.w � o ��Q
u}o;n P,N�o v�u�|�� ��l ����� oW� o�u}�xw$uaQ u"|�u"z}m;nho@uBu�|��$��l ���x�$o@u _�bq[
]$^h�Ro �}nho;zt� o ¤�s;� s;��o �B�+o@u
� ����¤x��vxn n�o;u z1w ��nho;z"z�o ��z[o � ��w+���}oL� oLn v�� ��m ��o�o"! �?v��;o N o��*vx��vMN�N sCN ��u"nho[�� w �$o
u"�Ss@�;�`K$�?v�z}���x� YFo;�{LFvx��u}vx��z�v�� �Ro�N#���+o@u[z�o@��l+� �uz1w$o;u�� oP�@��n � �`NYvxz"����� w+z}��N ��u"s@o@u^�$vx�
N�o@u�NYvx�$¤�v�¤�o@u�� o�� �}��¤���vxnhn�vxz"����� u"|��$��l �}���$oE_�b [.]A^`�So;�"n�o zWw � o ��v-N ��� vxz}� ��� n �`Q
��w+z}��o w$u}o � o@uLv�� �,N � �?vxz"����� u^� w ��u1z1w� �`NBo ��� s@� �}� z�o z N�o;u��@vxw$u�v-N � z}s@uho;z N o �;����z}�$��N�oMb
W� ��P+��o;�;z"��L�� oe[.]A^Lo@u"z�� oWn�v�y�� n ��u}o ��NYv �}s;w z"��N ��u�v�z}���x� �+o^u"�Ss@� ��K$�@vxz}� ���$uB�+oWl*vxw zaQ
� � ��o?vxw �$vx� u N o � s ��oCN ��� �So;nho;��z �� vx� �,N ���?v�z}���x�$uW�+� u"z"�}��P+w$s@o;u o;z � o n � � � nh� u}o;�;N�o;u
oC~S���}z}u{�+o��+����¤���vxn n vxz"������o;z{� o#�xvMN � �$vxz"�����h�$s@�;s@u}u}vx� �}o@u%� N o;w �.�}s?vMN ��u}vxz}� ����b
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]A^  
� b p Tco;l*v?�����xw ��vMN/W9v?|�o �5b;b�b;b�b;b;b�b�b;b�b;b�b;b;b�b;b�b�b;b�b;b;b�b;b�b p"!

# $ ��
XF � B���GI@���� [
]A^ �%�
��b p &To;n�vx��z}� ��VB��n�vx� �$u b�b;b�b;b;b�b�b;b�b;b�b;b;b�b;b�b�b;b�b;b;b�b;b�b p�p
��b � &To;n�vx��z}� �;c��So;��vxz��x��u b�b;b�b;b;b�b�b;b�b;b�b;b;b�b;b�b�b;b�b;b;b�b;b�b p �
��b � V���u"�;w$u"u"���x� b;b�b�b;b;b�b;b�b;b;b�b�b;b�b;b�b;b;b�b;b�b�b;b�b;b;b�b;b�b p¢£
��b � �� � �T��l+������| vx�$� w-u}����l �}����| b;b�b�b;b�b;b�b;b;b�b;b�b�b;b�b;b;b�b;b�b p¢¡
��b � g o?vx�+� �$¤ ��L([
]A^hb;b;b�b;b�b;b;b�b�b;b�b;b�b;b;b�b;b�b�b;b�b;b;b�b;b�b � p

' ( �*)+)-,/.10�23�*� [
]$^ �54�2$D��k@E@6��� � @ �%�

� 7 @6� �	8 [
]$^ �%�

9 : � � BxD;�²> ��B���� � @ �  
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kcl$o�� o;��oCN��x� n�o ��zt��LG�T��u"z"�}�`P w z�o;� u}��LYz"mcvx��o�u�|Tu�z�o n�u.��utvWl+��¤�l,N |��;��n �,N�o y � �}�T�;o@u}uCb
w �����}� o;��z}��n�vx�*vx¤�o�z}l � u�@��n �,N o y�� z-|���v��}���xw$uu}��LYz"mcvx�}o{o �$¤�� �$o@o �}� � ¤�nho;z"l$��� ul*v?��o
PRo;o;�[� o ��oCN ���So@�3S���vx�$¤�� �$¤
LY�}��n �}o8z1w � ��o;nho;��z}uvx�$� � o;u"� ¤�� u"�So@� ��K$�@vxz}� ���^z}o@��l � ��z1w$o@u
z�����o;�"��K$�@vxz}� ����SJ��v-N ��� vxz}� ����S@z}o@u"z"� �$¤Bvx�$���@��� oc¤�o �$o;��vxz}� ��� z�����N�uCb J o'L=���;w u'����z}l$��u}o
n�o z}l$��� u
m.l+����l`l*v?��o[v L=���"n v-N/L=�xw �$�$vxz"�����3b�kcl$o;| vx��o^o y��Ro;�;z�o;��z��?PSo P*v�u"o@�`���
L=���}n�vMN�N | �+oCK �$o;� NYv��$¤�w*v�¤�o@u vx�$�ez�����oCN |����{mco�N�N`Q � oCK+�$o@� z}��v��$u1L=���"n v�z}���x�$u8b���z
� ��o;u}o;��z8S+z}l$o�o;nho;�}¤�� �$¤ ��P+��o;�;zaQ-���"��o;��z}o@� �+� u"z"�}��P+w z�o;� �@��n � w z"� �$¤�z�o;��l �$��N ��¤�|[��v���u}o;u
�$oCm z�w o@u"z"����� uBvMPS��w z|L=�x�}n�vMN o �$¤�� � o@o;�"� �$¤[� o ��o�N���� nho;��z8b

��zWz}l$o � ����¤x��vxn nh� �$¤ N�o ��oCN¥SGz}l o K ��u�zW�S��� ��z�z�� � ��z�o�� u z"l*vxz�z}l$o ��o�� u^v �$o;o@�
z��Po y�z�o �$� z}l o � ��z}o;�1LFv��@o[� o;u}�;�"� � z"�����nNYv��$¤�w*v�¤�o@u Y�N ��p�o� ]$^hL=�����������S�$_%m.� z}lnPRoRQ
l*v?��� ��w ��vMNG� �}���So;�}z"��o;u8b w ��z�o �¼LFv��;o[� o@u"�;�}� � z}� ��� NYvx� ¤�w*v�¤�o;u�� o;u}�;�"��PSo z}l$o L=o@vxz}w �}o@u���L
vx� ��PT��o@�;z�� � z}l$o��@��n � w z�vxz}� ���*vMN ��� oCm m.� z"l$��w z{� �}o@u}o ��z}� � ¤�z����hn^w ��l���L�� z�ut� ��z�oRQ
�}���x�EbLkcl$o | u�l$��w,N � � o�K �$oLv-N�N����u���P,N ohvxu"�So@�;z}u8SG�$vxn�o�N |�z"l$o vx�+�,N � �?vMP,N o LYw �$� z}���x�$u
vx�$�`z}l$ohY_vMP u"z}��v��;z#_5PSo;l$v¢��� ��w ��z}l*v�z � u��@��� � o@�;z}o@� z}�Pz"l$o LYw �$�;z"����� u8bhkcl ��u�NYvxz"z�o �
v�u"�So@� z.��uc�$�xz.|�o;z|L=�x�}n�vMN�N |[� oCK � o@��� pJ���(YVo ��o � � �Lz}l$o������9��� � ]A^ � �����S��u}vMN3m.l$o ��o
z}l$o ��o#��uG� w$u�z�v ��NYv��;o;l$��N � o;�|L=�x�.z}l$o5PSo;l*v?������w+�t� o@u"�;�}� � z}� ���$u{vx�$�L�$� u"|���z�vJy�_Rb

w � z}l o)� �}o@u"o;��zGu�z�vxz}o��ML�p��$�xm|N�o;� ¤�oMSxz}l+��u�� ��o ��o ��z'n���u"z�L=���"n vMN���v-N ��� vxz}� ����nho;z}l�Q
�T� u(LY���xn PRo � �$¤�w$u"o@�3b J o{z"l�w$u�vx�}¤�w$o|L=����o y�z�o �$�+� �$¤�� ��z}o;�1LFv��@o;uÇm.� z}l L=���}n�vMN$u��Ro;��Q
��K$�@vxz}� ���$uc�ML/PSo;l$v¢��� ��w ��u"!��w �.Tco l*v?������w ��vMN�V�o@u}� �}� � z}� ���ZW9vx�$¤�w*vx¤�o���u��@vMN�N o@�h[.]A^�b
�
N z"l$��w$¤xlhz"l$o
PSo;l*v?�����xw ��vMNSv�u��Ro;�;z}u���LR� ��z�o;�1LFv��@o;u�vx�}o
N �T�@vxz�o;� z}��z}l o�vx�}��l � z}o@�;z"w ��v-N
� o@u���¤��L� l$v�u}o#��L9z"l$o#� o;��oCN ��� nho;��zt��L%��P+��o;�;z|P*v�u"o@� �+� u"z}�"��P w+z�o@� v�� �,N � �?vxz"����� u8S1z}l � u
� l*v�u"o{� �hz"l$o��+o;��o�N����+n�o ��z)� �}�T�;o@u}u)n^w$u�zÇPSo{u}o@o � � � z}l o.LY��vxn�o�mc�x�¼p ��L v��;��l$o;�}o;��z
n�o z}l$��� ��N ��¤�|�vx�$� N �`L=o�Q-� |��CN�o�n���� oCN#� p � �¥b

kcl o�o n�o ��¤�� �$¤���P+��o@� z1Q ���}� o;��z�o;�hnho;z}l �T� �MN���¤�� o@uGvx��ot� w z�� ��z}��z"l$o
f{� �`K$o@� g ����Q
oCN � �$¤?W9vx� ¤�w*v�¤�o?Y\j �5^k_�S�PRo;�@��n � �$¤�v � o LFv�� z��Lu�z�vx�$� vx���$� p&%'��b kcl ��uqN o?v��+u�z��L�xw �
u}o@�;���$�W�S��� ��z'vMPS��w z9z"l$o)� o@o@��z��t� ��z�o;¤���vxz}o<[
]A^B� ��z}��j��5^�z}���;����z}� ��w ��w$u1N | v��@�;��n Q
�*vx��| z}l$o{� o ��oCN ��� nho;��zÇLY����n u��Ro;�;�`K$�?vxz"�����[� l$v�u}o;u�z���� n �,N o;nho;��z�vxz"����� u<Y�K ¤�w ��o pr_Rb
&�� �$�;o.m�o
L=���;w uc�����+|��*vxn ���?v-NDv�u"�So@� z�u8Skmco�u"z�vx�}zÇLY����n z"l$o�� � o?v#z}l$vxz�z"l$o�nh��u�zcv-P�Q
u"z}��v��;z�N o;��o�N���L�PSo;l$v¢��� ��w ��u%�?v���PSo�� o@u"�;�}�`PRo;��w$u�� �$¤{u}�;o;�*v��}��Y�N ��p�oÇgPo@u}u}v�¤�o &To8z1w$o �$�@o
��l*vx�}z}u#_Rb J o%m.�`N�NDo;� �"����l z}l o@u}o#u"�@o �*vx�}� ��ulP�|Lv L=�x�}n�vMNDu}o;n�vx��z}� �@u.v��$�?LFv��;�`N � z}��o;uz��
� o@u"�;�}�`PRo��;��nh��N�o y�� ����¤���vxn n � �$¤��@����z}�}��N�u.w$u�� �$¤ �xvx�"�YvMP,N o@u.v��$� �;���$�+� z}� ���$u8b

 /  �)("("* (



� ���������
	��� �������������������������� �!"�#�$�%�'&(�����)��*,+-�.&(�/����01+-�(2$�3�54-*768�����9�#�$:;�<&(���94-�

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

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

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

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

Configuration

Compilation

Reverse Engineering

Control Model

Verification

Coding and Test

Analysis Validation

TestProgramming

Generation
Code

Verification
Simulation

Re
fin

m
e

nt

Design

Scenari

Interfaces

Use Cases

Deployment

BDL classes

BDL objects

�'��¤�w+��o p !l[
]$^ � � � z�u.o;����� �}��� nho;��z

¹ º/  ¹ ¿



[
]A^ � viNYvx�$¤xw*v�¤�o��MLG�+� u"z"�}��P+w z�o;� �}o?v�� z}� ��o���P+��o;�;z�u %

cBw �.�$vx�Ro �.� ��z}�}�T�Tw$�@o;utz"l$o�� oCK+� � z"����� ��L�[
]$^�v�u{v^w � �`K$o@�Lnho@�+� w n L=����u"�So@�;�)Q
LY|�� �$¤,S���o;�"��LY|�� �$¤�S1�@��n � ��N � �$¤Bvx�$� �xvMN � �$vxz"� �$¤��+��u�z}�}�`P w z}o@�3S1��PT��o@�;zaQ-���"��o ��z}o@�3S��}o?v�� z}� ��o
u"|�u"z}o;nhu8blc�� o#��L'z"l$o��$�¢��o�N z"��o@u.� � [
]A^ � u�� z}u.u}o?v�neN o@u}u�� ��z�o@¤x��vxz"����� � ��z�� z}l$o j��5^
vx� � �}�1v���l�b'[.]A^^u"w �+�R���"z�u�v�� o;u}� �}� �+z}���x����LR��P+��o;�;z��;��n �R��� o;��z�u�� ��z�o ��v�� z}� ��� m.l ����l
��o@u��Ro;�;z}u PR�xz}l z"l$o LYw �$� z}� ���*vMN�vx�}��l � z}o@�;z"w ��oh��Ltu"|�u�z�o;n � o@u���¤�� u^vx�$� z"l$o��+o@�CN�vx��vrQ
z}� ��o^u"z-|oN o �ML��T�Yv�¤���vxn � o@u"�;�"� � z"�����$uCbWkcl+��u#u"w+� �R�x�}z#��u�� n �,N�o n�o ��z}o@�UP�| nho?v��$u���L
vh�*vx�"z}�Yv-N`Q-�x��� o �{z"l$o@�x��o;z"���@vMN$LY��vxnhoCm����¼p b�k9��¤�o;z"l$o;�qm.� z}l�v N���¤�� �?vMN9�$�xz}���x� ��Lz"� nho
vx�$�`v �$��z"�������ML 0 �¼����!��¥4-� S z}l � uqLY��v�n�o�mc���1p v-N�N��xmtuBz}�Lu"�So@� ��LY|UPS��z"l�z}l$o �@vxw$u�v-N � z-|
vx�$� z}l o��@����z"����NSn���� oCN uc��L9�MP+��o@� z.� ��z�o ��v�� z}���x�$u�� �$� o;�So;� � o;��z¼N | ��L%v���|hl�|��S��z"l$o@u���u
��� z}l$o v�� z}w*vMN9�;���,K$¤xw ��vxz"����� �ML'z"l$o�u"|�u"z}o;nhb

kcl o L=���;w$u���Lc��w � vx�+� ���1vx��l ��u�z"l$o[�*vx�}z"�YvMNG�����+o;�}� �$¤�u���L)n�o z}l$���`� �������?vxz"����� u
� � vx��v�� �,N � �?vxz"����� �@���$u���u�z}� � ¤h��LG�+��u�z}�"��P w z}o@�L��o@v��;z"� ��o���PT��o@�;z}u8b<w � z}l � u{vx�}z"���CN o�S�m�o
� � �$��z��@��� u"���+o;� z"l$o �+|��*v�nh� � �;�}o?vxz"����� ��L���P+��o;�;z}u �$����� ����Q}LYw+�$�;z"�����*v-N�u�|�u"z�o n
��o8z1w � ��o n�o ��z}u YVu�w$��l vxu +k�¼�I+� ���9�# ���[��z"l$o;�^z}o;n �R�x��vMN���o8z1w � ��o n�o ��z}u#_Rb J o?L=�T� w$u
� �$u�z�o?vx�L��� o@u�z�vMP,N ��u�l � �$¤Wv L=���}n�vMN LY��vxnhoCm����1ph� �?m.l ����l PS��z}lL��o;�"��K$�@vxz}� ��� vx�$�L�x��Q
z}� n �uy@vxz}� ������L�NYvx�}¤�o�Q u}�?v-N�o@�9S���P+��o;�;z1Q ���}� o;��z�o;�3S1�+� u"z}�"��P w+z�o@�[v�� �,N � �?vxz"����� u�vx�}o<L=o?v�u���P,N o
P�|�w$u"� �$¤[o y���u�z}� � ¤[z}�T�MN�u8b

 /  �)("("* (



£ ���������
	��� �������������������������� �!"�#�$�%�'&(�����)��*,+-�.&(�/����01+-�(2$�3�54-*768�����9�#�$:;�<&(���94-�

� � ��
�	�
����� ��
���� ��� � �`�
w � �����+o;��z}�qLYw,N�K�N�N1z}l oc��oCz�w+� ��o n�o ��z�u���L*u�w � �S���}z"� �$¤
PR��z"l[vB� o;u}� �}� �+z}���x�^��L$z"l$olLYw �$�RQ
z}���x�*vMNTvx����l+� z�o;�;z"w ��o���LDvBu"|�u�z�o;n�vx�$�[v{� o@��NYvx��vxz}� ��ocu��Ro;�;�`K$�?vxz"�����^��L z}l oc� ��z�o ��v�� z}� ���
PRo z"mco;o;�[� z}u'�;��nh�S���$o ��z�u8Sxz}l$o��+oCK � � z}� ���^��L�[
]A^#u"l*v-N�N�� ��z�o;¤���vxz}o)z"l$olL=o@vxz}w �}o@u'��LDvx�
��P+��o@� z1Q ���}� o;��z�o;�eNYv��$¤�w*v�¤�o�L=�x��u�z}�"w$�;z"w �}� �$¤�z"l$oBu��Ro;�;��K �?vxz"�����h��L9PS��z"l�z}l o��@vxw$u�v-N � z-|
vx�$�[z}l$o{�@����z"����N*nh�T� o�N�u��LR��P+��o;�;z��;��n �R��� o;��z�uCbkcl$o{u"|���z�v�y���L$[.]A^���u��;��nh�S��u"o@�
��L.z"mc�ON�v¢|�o;�}u8b ���e�MP+��o@� ziNYv?|�o � � o@u"�;�"��PSo@uWz"l$oLu"z"�}w$� z}w �}oL��L{v u"|�u�z�o;n � �evUmcv?|
vMp�� � z}�Lvx� j��5^ �+o@u"� ¤���b ���`v�� z}� ���UN�v¢|�o;�B� o@u"�;�}�`PRo;uBz}l o�� ��z}o;��vx�;z}� ��� �ML�o?v���l��MP�Q
��o@�;z^�@��n �R�x�$o;��z m.� z}l � z�uWo ����� �����+n�o ��z8b`kcl$oL� o�K � � z"����� ��L%[
]A^��CN�v�u}u"o@uCS�v��}��v?|�u
vx�$� �MP+��o@� z�u v-N�N��xmtu^z"l$oP�}o;w$u"o ��L�v��;z"����� u"�So@� ��K$�@vxz}� ���$u LY����n z}l$oP� o@u���¤�� ��LBz"l$o
u"|�u"z}o;n LYw �$� z}���x�*vMN�vx�}��l � z}o@� z}w �}o[� ��z�� z}l*vxz��MLc� z}u�v��;z"w*vMN�� o �,N��¢|�nho;��zeYV�+� n�o �$u"� ���
vx�$� �+��u�z}�"��P w z"������_)� �P���}� o;�.z}�[n�vxz}��l z"l$o��@���,K ¤�w ��v�z}���x� ��L�v z�v���¤�o ztu"|�u"z}o;nhb

���	��
 ������������ ��� �CN�v�u}u
� ���������������� �!�"��� z-|��Ro;�
� ����������$#"%&�('*)��"�*� � � � o yTo@�
� ����������,+.-/�('10��"�2� z�o nh��NYvxz}o

�3�	�4
 � �;��n �R��� o;��z
� �65.-87 � �$u"z�vx�$�;o
�:9 �<;>=@?A�(' �S���"z
�CB PSo;l$v¢��� ��w �

�'� ¤�w ��o � ! �*�x�}n�vMNRu�|���z�v�yP��LÇ[
]A^h��NYv�u"u}o;u
��u � � j �5^�S�v�u}o z ��L�� � o;��z"��K$o ��u - � u[v�u}u�w n�o;� z}�`�$vxn�oL��NYv�u"u}o;u � S��MP+��o@� z�u

D S$z-|��Ro;u ' S*�S���}z}u ? SDu"|�n PS��N � ���@���$u�z�vx��z}u % b �c��nh�S��w � � ��� o ��z}��K o;��u��@��� u"��u�z}� �$¤
��L�CN�v�u}ut�*vxnho@u � SD��P+��o;�;z��*vxnho@u D SDvx�}��v¢| �}oCL=o;�}o;�$�;o@u �$#"%E) S*� �}o;�So;�$� o;� z���� � o;��Q
z}��K o;��u - vx��o v�u"u"w nho@� v�u%m�oCN`N}b kcl$ohvx�}��l � z}o@�;z"w ��v-N�vx�$��� o@��NYvx��vxz}� ��o N�v¢|�o;�}u �ML)z"l$o
L=���}n�vMNTu"|���z�v�y[�ML�[.]A^ � u�� oCK+�$o@�[� � z"l$o<K$¤�w �}o � z���¤�o z}l$o �¾m.� z"l[� z�uÇj �5^�¤���vx� l � �?vMN
��o;�+��o@u"o;��z�v�z}���x��S K ¤�w ��o���b.kcl oW� o;u}�;�"� � z"����� ��L�v u"|�u"z}o;n �@�x�$u"� u"z�u���L�u�z}�"w$�;z"w ��o;u � !
�CNYvxu}u}o;u#vx�$���MP+��o@� z�u8b�����NYv�u"u � �@���$u���u�z�u���L�v��+o@�CN�vx��v�z}���x� � �S��u}u���P,N | ��o@u�z}�"���;z}o@�
z�� vx� � ��z�o �¼LFv��;o���L'z-|��So � ��S+���.�*vx��vxn�o z�o �}�uy;o@� P�|Pv^z�o;n �,N�vxz�oB� � o;��z"��K$o � - ��L%z-|��So
' ���W� �$� o yTo@�XP�|evx�����+o;��z}�`K$o;� - ��Ltz-|��Ro ' b ��� ��P+��o;�;z D � u vx� oCN o;nho;��z ��L�v
�CNYvxu}u � b ���+o@�CN�vx��v�z}���x� � ��u�o � z"l$o;��z"l$o � o�K � � z"�����`�MLcv �;��n �R��� o;��z � S�v?PR�xw �$�
�CNYvxu}u �65F-G7 �ML#v z�o nh�,N�vxz�oL��NYv�u"u � m.� z"l z"l$oL�*vx��vxn�o z�o � - S�v��R���"z ? ��o@�;o;� ��� �$¤
n�o;u}u�vx¤�o@u���L)z-|��Ro ' ��� v�� vx�;z}� ��� B b Tc�xz}l`�$��z"�����$u#�ML �H=I=J;F��KMLH=ON v��$�QP NR=JS��8T � �
j �5^��@�x�}��o;u"�S���$� z�� z}l o�� ��z}� ���P��L 9 �<;>= � �O[
]A^�b

¹ º/  ¹ ¿



[
]A^ � viNYvx�$¤xw*v�¤�o��MLG�+� u"z"�}��P+w z�o;� �}o?v�� z}� ��o���P+��o;�;z�u ¡

C

D

O:C

class C is D object O of C

/

C

class C of C is D

Interface<< >>
/

C

D

◆
1 1

C

V:T

I:TC

DD

class C(I:T) is Dclass C[V:T] is D

S C<I>

class C is S C<I>

C

port X:T class C is A

S A

C

�'� ¤�w �}o�� !lj �5^h�$�xz�vxz"����� L=���%[.]A^

 /  �)("("* (



p"! ���������
	��� �������������������������� �!"�#�$�%�'&(�����)��*,+-�.&(�/����01+-�(2$�3�54-*768�����9�#�$:;�<&(���94-�

����� ���	��
����������
�����
	�����
���Pv�� z}���x� B � uco;� z}l$o �.v��xvMN w*vxz"����� ? + % 0 YF�¥b oMb��c�xvMN w$o % ��u��+��o@u"o;��z{vxz��S���"z ?! _RS
z}l$o��?vxw u�vMN � z-| u��Ro;�;��K �?vxz"����� � ? + % 0#" $ +&% 0  YF�}b o�b � ? +(% 0 ��uLz}l o �@vxw$u}o���L
$6+&% 0' _�z"l$o��+��u=� w �$� z}���x�(� B �<; B �  ��L�vx�;z}� ���$u�Y=�$����Q � o;z}o;�}n � �+��u"z"������l �����;ox_�S z"l$o
v��;z"� �xvxz}� ���)�+* B  �ML vx��v�� z}� ���eYF�}b o�b,����L+�;��w �}u}o B  _�SJz}l o)u�|��$��l ���x�$��w$u%�@��n �S��u"� z}���x�
� B.-6B �/ ��L�vx�;z}� ���$uCb�����w nho;��v�z�o@�e�;��nh�S��u�� z}� ���evx� ���+��u=� w �$�;z"����� v���o?m.�}� z}z}o;�
�M 8% �(' B vx� � �10,2 %&�(' B b

B �>�4
 v��;z"�����
� ? + % 0 ��v-N w*vxz"�����
� ? + % 03" $6+4% 0 �?vxw$u}vMN � z-|
� * B v��;z"� �xvxz}� ���
� B � ; B � �+��u=� w �$�;z"�����
� B5- B � �@��n �R��u"� z"�����
� �60,2 %&�(' B �+��u=� w �$�;z"�����
� �M G% �(' B �@��n �R��u"� z"�����

�'� ¤�w �}o � !l[
]A^hv��;z"�����$u B

/

V:TV:T/

X(V) X(V) Y(W) A A

AAAAA!

any V:T A all V:T AA || A’!A

X(V)->Y(W)X(V) A or A’

�%��¤�w �}o � !Çt���vx� l+���?v-N�u"|���z�v�y L=�x�%[
]A^�vx�;z}� ���$u B

¹ º/  ¹ ¿



[
]A^ � viNYvx�$¤xw*v�¤�o��MLG�+� u"z"�}��P+w z�o;� �}o?v�� z}� ��o���P+��o;�;z�u p�p

� � ��� ������
 � � �E� ���`�
kcl$o�nho?vx� � �$¤ �ML{vd[
]A^ � ����¤���vxn � uW� o�K �$o@��z"l*vx�,p�u^z�� v z}�"w$o�Q �@���$� w �}�}o;�$� |�u}oRQ
n vx��z"���@u'� � m.l ����l LFvxn ��N ��o@u%��LS�+� �}o@� z�o@�iN�vMPRo�N�o;� ¤���vx�+l$u�� o@u"�;�}�`PRo.z"l$ot�?vxw$u}vMN$� o �Ro ��Q
� o;�$� ��o;u%YF�+��o�Q �����+o;�c�}oCN�vxz}� ���$u#_APSo;z"m�o@o � o;��o ��z�u<L=����o?v���l��R��u"u"�`P,N�o�PRo l*v?������w ����L z"l$o
� ����¤x��vxn YFu}o@� z}� ��� ��b pr_�b�kcl$o;�}o#vx��otz}l+��o@o
p�� �$� u���L ��o �}z"���@o;u !v�u"u}���;��vxz}� �����ML �xvMN w$o;u
z����S���}z}u8SRv��;z"� �xvxz}� ���$u���z�o �}n � �*vxz"����� utvx�$� �xvMN w o �*vxu}u"� �$¤ z}l+����w$¤xl � � � u8b �c��n �R��u"�`Q
z}���x�L���So;��v�z����}u5YVu"o@�;z"�����P��b � _)��� LFvxn ��N � o@u)��L9�+� ��o@� z�o;�P¤x��vx� l utvx��oBz"l$o;� � ��z"�����+w$�;o@�
z��B�}oCv$o;�;z� z}o;��vxz}� ��� vx� � u"|��$��l �}���$��w$u���v�u�|�� ��l ����� ��w$u��*vx��v-N�N�o�N��@��n �R��u"� z"�����W��L3[
]$^
z�o;�"n�u"!�� 01�R�	� �#4-� �¼��!"��� ��!��¥4-� Y=���Yv �+� �$u _)�@�x�}��o;u"�S���$� u�z��W�}o;�So;z}� z}� ��o�v��;z"� �xvxz}� ���$u���L
��P+��o@� z�ueYF� z�o;��vxz}� ��� _Rbew}Lc��P+��o@� z�uWvx��o � ��z}o;�}�+��o;z}o@� v�u�u"o;z}uW��Lc�@���$u�z}��vx� ��z�uCS%z"l$o  �
M���
���k0#4-�94-*I �#4�
��4x ���!��¥4-� ��Lcz"m�� �MP+��o@� z�u���u#z}l$o �@�x��� w �$� z}���x� ��L�z}l$o �@�x�}��o;u"�S���$�+� �$¤
u}o;z}u��L*�@�x�$u"z"��vx� ��z}u8b �% �
-� ���k0 4-�94-*o �#4�
��4x ���!��¥4-� ��uGv
mco@vMp�o ��*vx��vMN�N oCN��@��n �S��u"� z}���x�
� � m.l ����l � z���u�$�xz)�S��u"u"��P�N�o.z���z�o;u"zÇL=����z}l$o�vMP$u"o;�$�;oB��LS�R���"z)�T�;�;w �"��o;� �@o�b(w z���o�v$o@� z�u
v�u"|��$��l �}���$��w u{�;��n n^w � � �?vxz"����� � � v^�+o@�CN�vx��v�z}� ��oBu"o;z}z"� �$¤�b �'� �*v-N�N |�S�v^�+��u"�;w$u"u"� ��� ���
��� +k4 ���k0#4-��
 YVu}o;�;z"����� ��b � _� �}�¢��� � o@ucu}��nho{� ��z}w � z}� ��o.� �$u���¤�l�z�����z"l$oB� o;u"� ¤��L��LA[.]A^�b����� ����� 
���������� ��� 
������
J oBvx��o�¤�� ��o;� v�K+� � z}o�u"o;z.��L � �� �# �� � o;�$�xz}� � ¤ ��4-0R!² vxuc� o�K �$o@� � � z}l oBu}o;�;z"����� � b
w �ev�� �+� z}� ����S$m�o �;���$u"� � o;�^vhK � � z�ohu}o;z^��L ������ ! m.� z}l �xvMN w$o@u � � � ����Q-o nh�+z-| �+�MQ
n vx� �$u Y²m.�}� z"z�o �#"%$7_�b ~�� � u  m.�`N�NlPSoLw$u}o;� z}�`nh��� oCN � u�z�vxz}o�Q z"��vx� u"� z"����� u  vx�$�
�?vx�"�}| ��v-N w$o;ulLY����n v � �}o?v�� z}���x�  z�� vx� ��z}l$o �Eb�~�� � u.vx��oB� o;�$�xz�o@� P�|�z"l$o�¤���vx� l � �?vMN
�$��z�v�z}���x�$uB��Lz"l$o K$¤�w+��o � Y=nh� � � n�vMN%vx�$� n�v�y�� n�vMN�� � �$u'&)(�*,+-()$ vx�$�/.1032 ()$�l$��N �+� � ¤
¤�� ��o;� �xvMN w$o;u�4����{vx�1P � z"��vx�"|��xvMN w$o@uCS�m.�}� z}z�o � 2 4�_Rb

π(ν)

y(ν)

π(ν)

5 &)(�*,+-()$ +76 0 " 8 +76 0�98 +76 03" .�032 (:$ +76 0<;
π(∗ν)

(∗ν)x

π(∗ν)

=>?#@ &�(�*�+-()$ + 2 6 03" 8 + 2 6 0�98 + 2 6 03" .1032 (:$ + 2 6 0�A �B 2 6DC "%$�ED"GF H�IJ
�'� ¤�w �}o � !)~�� �$u

 /  �)("("* (



p � ���������
	��� �������������������������� �!"�#�$�%�'&(�����)��*,+-�.&(�/����01+-�(2$�3�54-*768�����9�#�$:;�<&(���94-�

� >����kG�B ������PT��o@�;z D ��u��}o;� �}o@u"o;��z�o;� P�| v z1w*v��T�}w �,N o +�� 9�� 9�� 9�	�
 0 m.l o;��o �
� o;�$�xz�o@u � z}u �S���}z}u � S � � z}u �+� �$u  S � v LFvxnh�`N | ��L<m�oCN�N)Q}L=���"n�o;�ONYvMPSoCN o@� �T� ��o;�;z}o@�
¤���vx�+l$u 	 v��$� 	�
 vx�L� � � z"�YvMND¤���vx� l m.l � ��lP���,N |h�@�x��z�vx� � u�� � �$u.�ML%z"l$o%L=���"n .�032 (:$ + 4 0
m.� z}l  C� vx�$� 4 C "G$�b
� F 
 ��)>0 �����?DrF 2��/@ ��z}o;�"n 	 C�� � utv[�T� ��o;�;z}o@�3S$�S��u}u���P,N | �;|���N ���MS ¤���vx� l�S,m.� z}l
��o;�"z}� �@o@u�z�vMp�o;�e� � u}��nho�� ��K � � z}oh¤x����w � � u}o z[��Lto;��o;��z�u[vx� � NYvMPSoCN u���Lt�x�$o���L.z"l$o
L=���}nhu !#v �*v�� � � + 4 0 ��L
Y=�R���"zES �xvMN w$ox_Bu�w$��l z"l*vxz � C�� vx�$� 4 C "GFIS��x� v u"���}z}o@�
�*vx� ��&)(�*,+-()$ + 4 0 ��� .�032 (:$ + 4 0 ��L(YVu"���}z8S��+� ��S1�xvMN w ox_¾m.l$o;�}o  C� � u�v�� � � vx�$� 4 C "G$�b
� 43BxD���
XF@) =%�kDxB���G �k@ �*�x��o?v���l 	 C� S�z"l$otu}o zc��LS� � � u����@� w �}�"� �$¤#� � 	 � u)�+o;�$��z}o@�
��� 
 @  ��� 4 C "G$ u8b zEb &�(�*,+ ()$ + 4 0 C�	 �x��.1032 (:$ + 4 0 C�	 A T)| � o�K � � z"�����3S ������� b
��o;�}z"���;o@u�z}l$vxz)vx��otvxu}u}���;��vxz�o;� m.� z"l �+� �$u�vx�}o�� o �$��z�o;� P�|G&)(�*,+ (! 
 @ &�(�*,+ ()$ + 4 0 ��� 	 C
� u8b zEb  C�"�3A vx� � .�032 (# 
 @ .�032 (:$ + 4 0 ��� 	 C� uCb z8b  C���� A b
( �*)�)>, � ��D 
 �*� 8 DrF 2$�$@ � N�vMPSoCN�o;�[�+� �}o@�;z}o@� ¤���v�� lh� u�mco�N�N`Q¥L=���}nho@� YFo�b ¤,b7K$¤�w+��o@u �
vx�$� %7_c��L'vx�$�P���,N |��`L/L=�xw �t�@��� �+� z"�����$utv���o#u�v�z}��uaK$o@� !

p7b �$����vMN`N � C�� S 	 �;����z�vx� �$u)vxznh��u"z���� ot��o;�"z�o y �MLSz"l$o.L=�x�}n � + 4 0 uCb z8b 4 C "GF7b
� b �$���%vMN�N  C� S 	 �@����z�v�� �$u%vxz9nh��u"z%���$o &)(�*,+-()$ + 4 0 YF�}o@u"�3b�.�032 (:$ + 4 0 _ uCb z8b�4 C "G$�b
��b
gP� �+� n�vMNRo�N�o n�o ��z}ut��L 	 vx��o���L%z}l o�L=�x�}n &)(�*,+ (�$ + 4 0 uCb z8b  C� vx� � 4 C "G$�b
� b
g v�y�� n�vMNRoCN�o n�o ��z�ut��L 	 vx�}o �ML'z"l$o5L=���}n .1032 (:$ + 4 0 u8b zEb  C� vx� � 4 C "G$�b

$ ��)�� � BqF � � F�G�B��>=%� 8 DrF 2$�$@ J otv�u}u�w n�o.z"l*vxzo ��o;�"|iLFvxn ��N | � �@����z�vx� �$u�vqLFv�nh�`N |
��L�u���N�o ��z�¤x��vx� l u&%' 
 @)(�*�+ "-, @ &�(�*�+-(:$ + 4 0�" .�032 (:$ + 4 0�A �  C.�!A b.kcl � u{nh�T�+oCN�u�z"l$o
LFv��;z#z"l*vxz � n�v¢| � �L�$��z}l+� �$¤ m.� z"l � � v �@��� u"���+o;��o;���}o?v�� z}� ����b kcl ��u�¤�w$vx��vx��z}o@o@u�v
u"z}w+z}z�o �}� �$¤ ����P+w$u"z"�$o@u"u[�+�����So;�"z-| � p?�'��b J o?m.�}� z�o!* � 
/�0 %1 L=����z}l$o?LFv�nh�`N |`��L
v��;z"� ��o�¤���vx� l$u.�ML � b

¹ º/  ¹ ¿



[
]A^ � viNYvx�$¤xw*v�¤�o��MLG�+� u"z"�}��P+w z�o;� �}o?v�� z}� ��o���P+��o;�;z�u p¢�

� DrF 2$� ��G7F@) � ��BxF�B���� � @ ��� o y�z�o;� u"���x�`��L�z}l oW¤���vx� l � �?vMN9u�|���z�v�y �ML¾K$¤�w �}o � m.��N�N
PRo w$u"oCLYw,Ncz���u"w+� �R�x�}z[��w �[�T��u}� w$u}u������e�x� z"l$o n�vxz}l$o n v�z}���@vMN)u}o n vx��z"���@u �ML�[.]A^�b
w � z}l o;K$¤xw ��o %�S$z}l$o�L=���}nWw,NYv ��� z}l$o �}��¤xl�z{� o�K �$o;u�z}l o�LFvxn ��N |���P+z�vx� �$o@�ZLY����n z"l$o
¤���vx�+l ���^z"l$olN�o�LYzEb/w zG� u�vBu"o;z��L�m�oCN`N`Q¥L=���}nho@� ¤���v�� l$uAm.� z}l^w �+� ��o ��u}vMN,z1w*vx��z"��K$�@vxz}� ���
��L'�xvx�"�YvMP�N�o@u 2 4 vx�$� 2�� b

x(*v) y(u)

ν µ

µ

z(*w)

(u)ν

(*v) ρπ

ρπ (*v)

(*w)

� 


=>>>>>>>>>>>>>>>>>>>>>>>>>?

@ &�(�*,+ ()$ " � + 2 4 0�9&�(�*,+ (�� + 2 4 03" � + 2 4 0�9&�(�*,+ (�� + 2�� 0 " � + 2�� 0�9&�(�*,+ (�� " 8 +	�!0�9� + 2 4 0 " 8 +
� 0�9� + 2 4 0 " � + 2�� 0�9� + 2 4 0 " .�032 (�� + 2 4 0�98 +	�!0" � + 2�� 0�98 +	�!0" .�032 (�� +	�!0�9
� + 2�� 0 " .1032 (:$ 9
� + 2�� 0 " .1032 (�� AB 2 4 C "��3E "GF E "�� 9B 2�� C "���ED"�

H�IIIIIIIIIIIIIIIIIIIIIIIIIJ
�'��¤�w+��o�% !Çt���vx�+lZm.� z}lZz1w*vx��z}�`K$�?v�z}���x�$u

 /  �)("("* (



p � ���������
	��� �������������������������� �!"�#�$�%�'&(�����)��*,+-�.&(�/����01+-�(2$�3�54-*768�����9�#�$:;�<&(���94-�

���&� ����� 
������������ ����
 ����� �
: � � G7F�B"� � F�B���� � �c���$u"� � o;��z"m����MP+��o@� z�u(m.� z}l[� � o;��z}� �?vMN � vx� � � vx� �[�}o@u��Ro;�;z}� ��o
¤���vx�+lZLFv�nh�`N ��o;u � vx�$� � ��b�~���� p 	 C � vx�$� 	 � C� ��b

� t#��vx� l$u 	 vx�$� 	 �Tvx�}otu�vx� �[z}�5PRo �#4-� �¼��!"��� ���8��# YF� o;� ��z�o;� 	�� 	 ��_��`L v��$�[���,N |
��L�z}l o L=��N�N �rm.� �$¤ �;���$�+� z}���x� ��u#u}vxz}� u1K$o;� ! +
	�0 B  C � S .�032 ()$ + 4 0�C����� + 	 0��&�(�*�+-()$ + 4 � 0�C������ + 	 � 0�� 4 
 4 � b

� w}LG�;���$�+� z}� ��� +�	�0 � u.u�vxz"��uaK$o@�3S z"l$o;� z}l$o��;���$�?v�z�o;�$vxz}� ��� 	�� 	 � ��u.��P+z�vx� �$o@� P�|
p7b|w-� o ��z"��LY|�� � ¤ .�032 (:$ + 4 0 C����� + 	 0 vx�$�D&)(�*,+-()$ + 4 0 C������!+ 	 � 0
� btk%vMp�� �$¤ z}l o �T��uF���x� ��z.w � � ���P��L 	 vx�$� 	 �
��btrto;z�v�� � � �$¤ z}l$o�� � �$u .1032 ()$ + 4 0 v��$��&�(�*,+ ()$ + 4 0 m.l � ��l �}o;n�vx� ��o y�z}��o n v-N

vMLYz}o;�{u"z}o;� ��S$vx�$�P�+� u}�?v����+� �$¤^z}l$o���z"l$o;�{��� o@u8b
� b J l$o �$o;��o;�v�� � ����u��+� u}�?v���� o;�3SJo@� ¤�o;uGv���o�� � u}o;�"z�o;��u"�{z"l*vxz�z}l o�z}��v��$u"� z}� ��o

�CN ��u"w+��o �ML�z}l$o ¤���v�� l�Sc�}o@u"z"�}� �;z�o;� z���� � � u z"l*vxzLv���o �$��zh�+��u"�?vx�}� o@� � u
w �$��l$vx�$¤�o;�3b

� kcl$o LFvxn ��N | � � � � �ML�¤x��vx� l u[� u^�@�xnh�S��u}o;�e��L�z"l$��u"o 	!� 	 � u8b zEb 	 v��$� 	 � vx�}o
�@��� �?vxz}o;�*vMP�N�o@u"! �"� � � 
 @ 	!� 	 � � 	 C� 9 	 � C� � 9 	�� 	 � A b

w � z}l+��u�m�v?|5m�o��+oCK �$o !$# 
 	�
%�O+ � 0'& Srm.l$o;�}o�u�w �So;��u"�;�"� � z +�( 0'& � o;�$�xz�o@u'YF� �,K � � z�oE_
�@��w ��z�vMP,N�o)�@�x�$�?vxz}o;�*v�z}���x��S�vx� � ! �k�� |+k�*)(�9�# '! ���' x�� ����!�� �# �4,+<��� 4-�/.E� ��! b � ��z}o�z}l$vxz
z}l$o#�;���$�?v�z�o;�$vxz}� ��� � � � � ��L�LFvxn ��N ��o@u���L'¤���vx� l$u��+�[� ��z��$o;o@� v^¤���vx�+l ���@vMNR�$�xz�vxz"������S
v�u.z}l$o#u"o;n�vx��z}���;ut��L�v�� ��PT��o@�;zt� u.¤�� ��o;�ZP�|0#<b

¹ º/  ¹ ¿



[
]A^ � viNYvx�$¤xw*v�¤�o��MLG�+� u"z"�}��P+w z�o;� �}o?v�� z}� ��o���P+��o;�;z�u pJ�

� 4�F 
 2 )�� �'� ¤�w �}o.£#� o;� � �;z}u�z"l$ot�@��� �?vxz}o;�*vxz"����� ��LSv%LFvxn ��N |��MLR¤���vx� l$u � YFz"l*vxz���L
K$¤�w �}o %7_$m.� z"l � z�u"oCN`L\bGkcl$ot�+��v�¤���vxn
�x� z"l$o<N�o�LYz�� � z"l$o<K$¤�w+��o{£�u"l$�xmtu�z}l$o�n�v�y�� n�vMN
vx�$� n � �+� n�vMNG��o;�}z"���;o@u^��L � bPkcl$o � �W�@���$�@vxz�o �*vxz"����� ��u�u"l$�xm.�e��� z}l$o �+�Yvx¤���vxn�� �
z}l$oBn ���+��N�o�m.l$o;�}o#u"l*v���o@� �+� �$u  S��,S�� vx�$� 6 vx�}o�u"w �So;�"� n �R��u}o@�h� � z"l$o�¤��}o;| PR�?y�b
w � z"l$o��+�Yv�¤x��vxn ��� z}l$o#�"��¤�l�zESTz}l$o |Pvx��o#o ��v�u"o@� v��$�Lz}��v��$u"� z}� ��o#o@� ¤�o@ut� �$u"o;�}z}o@�3b

z(*s)

µπ

π

y(u)

ρν(u)

ν (*s)(*t)

x(*t)

(*t)µ

ρ

x(*v) y(u)

µ(*v)π (*w) ρν

y(u)

π ρν(u) µ

x(u)

z(*v)

(u)

z(*w)

x(*v)

z(*w)

y(u)

µ(*v)π (*w) ρν

µπ ρν(u) (*v)

x(*v)

z(*w)

y(u)

µ(*v)π (*w) ρν

y(u)

π ρν(u) µ

x(u)

z(*v)

(u)

o

π (*v)µ ρν(u)

�'� ¤�w ��o�£ !Çt#��vx� lP�@�x�$�?vxz}o;�*v�z}���x�

 /  �)("("* (



p �e���������
	��� �������������������������� �!"�#�$�%�'&(�����)��*,+-�.&(�/����01+-�(2$�3�54-*768�����9�#�$:;�<&(���94-�

$ 0 � G �/D�� � � �/@ G � 
 23��@��²B���� � �c���$u���� o �Pv�¤1vx� � z"mc�e��P+��o;�;z}u + � 9�� 9�� 9 	�
R0 vx�$�
+��@� 9�� � 9�� �-9�	 �
 0 btklm���¤x��vx� l u 	 C � vx�$� 	 � C.� � vx��o u�v����  �
-� ���k0 4-�94-*o � 
 �#4�
��4x ��
���8�� YV� o �$��z�o;� 	���� 	 � _%�`LSvx�$� ���,N |��`LDvx��|W��o;�}z}o y � + 4 0 S &)(�*,+-()$ + 4 0 ��� .�032 (:$ + 4 0 SMm.l ����l
u�vxz"��u1K o@u +��M0 � � C�� E � � 9 �x�  C � E � � ��o;u"�So@�;z"� ��oCN |�S��T�;�;w �}u�� � 	 �`LRv��$�[���,N | ��L*� z
�T�;�;w �}u�� � 	 � bAw}LRz"l$ot�@��� �+� z"����� +��<0 ��uu�v�z}��uaK$o@�9S�z"l$o;�hz}l$o  �
-� ���k0 4-�94-*o �#4�
��4x ���!��¥4-�
	 - 	 � � u� oCK � o@�hv�u�z}l$o.w �+�����[��LDz}l o.¤���vx�+l$u 	 vx�$� 	 � Y�m.l o;��o.� � o;��z}� �?vMN+��o;�"z}� �@o@u)vx�}o
u"w �So;�"� n �R��u"o@��_Rb kcl$o LFvxn ��N | � - � � � u��@��n �S��u}o;���MLz}l$��u"o ¤���v�� l$u 	 - 	 � u"w$��l�z}l$vxz
	 C�� vx�$� 	 � C� � vx�}oB�;��nh�S��u}vMP,N�o ! � - � � 
 @ 	 - 	 � � 	 C� 9�	 � C� � 9�	���� 	 � A b�kcl � u
� oCK � o@u'z"l$o)�@��n �R��u"� z"����� ��L+��P+��o;�;z�uGv�u +����"� � 9��	� � � 9�� - � � 9�	�
 - 	 �
 0 Sxv�u"u"w n � �$¤tz}l$vxz
	�

��� 	 �
 b��{o;�$�;o�S9��L)��P+��o;�;z}u�v���o[�@��� u"���+o;��o;��v�u�u}o;z}u���Lc�;���$u�z}��v�� ��z�uCS%u�|��$��l ���x�$��w$u
�@��n �R��u"� z"����� �@���"��o@u��R�x�$� utz}l$o��@�x��� w �$� z}���x� �ML'z"l$o��@���"��o@u��R�x�$�+� � ¤ �;���$u�z}��v�� ��z�uCb

� 4�F 
 2 )�� kcl$oON oCLYzL�*vx�"z ��L�z}l$oOK$¤xw ��o`¡�� o � ��� z�u 	 - 	 � S
m.l$o ��o 	 v��$� 	 � vx�}o
z}l$o z"m�� ¤x��vx� l u � �$u���� o z"l$o ��o;�;z�vx�$¤�N o@u8b�~� �  vx�$� �R�x�}z 8 v���o�u"l$vx��o;� ! z}l$o |
vx��o�u"w �So;�"� n �R��u"o@������vW�@��n �S��u"� z}���x��S�vx�$� z"l$oBnho@��l*vx�+��u"n ��L��S���"z1��� � ��w �+��K$�@vxz}� ���
��o@u�w,N z}u � �dKTyT� �$¤ ��v-N w$o 4 L=�����S���}z}u � vx�$� 8 b kcl oh��o;u"w,N z}� �$¤ ¤���vx�+l ��u�u�l$�xm.�����
z}l$o#�}� ¤�l�z�l*vx� � u���� oMb

y(v)x(*u) z(w)z(w)y(*u)x(*u) y(v)

π π

π π2

π

π1π

1

π

π

π1

π1 π2

π2

π2

=

�'� ¤�w �}o#¡ !Çt���vx� lP�;��nh�S��u�� z}� ���

 ��@��	� � G�B���� � kcl$o^�+� uF� w �$� z}� ��� ��� � �R��Lz"m�� LFvxn ��N � o@u � vx�$� � �S��utz}l$o�u}o z�z}l$oRQ
����o z}���Lw �+����� ��L�z}l$o LFvxn ��N � o@u � vx�$� � � b kcl$oP�+� uF� w �$� z}� ��� �MLBz"m�� ��P+��o;�;z}u D 

+�� 9�� 9�� 9�	�
R0 vx�$� D � 
�+�� � 9�� � 9�� � 9�	 �
 0 m.� z}l �@�xnh�S��u�v-P,N�o#� �+� z}��vMN ¤x��vx� l u�Y 	�
���� 	 �
 _
��u.� o�K �$o@� v�u|L=��N�N �xmtu ! D � D � 
 +���� � � 9���� � � 9���� � � 9�	�
 - 	 �
 0 b

¹ º/  ¹ ¿



[
]A^ � viNYvx�$¤xw*v�¤�o��MLG�+� u"z"�}��P+w z�o;� �}o?v�� z}� ��o���P+��o;�;z�u p&%

= @�0 � G)��D�� � � �$@ZG � 
 23��@��²B���� � �c���$u���� o �#z"mc�P��P+��o;�;z�u�u�w$��l z"l*vxz�o ��o;�"| 	 C �
vx�$� 	 ��C.� � vx�}o�� � ��� w � zaQ}LY�}o@o�b J o�m.�`N�N%vMN u}� �$o@o;� z��h�@���$u���� o �Bz"l$o;� ��v�u�|��$��l ���x�$��w$u
�@��n �R��u"� z"�����3Skm.l � ��l�S ���xw$¤�l,N | u"�So?v-p�� �$¤,S$�;���$u"� u"z}u{�ML !

p7bt�@��� u"z}�"w$�;z"� �$¤ � & v��$� + � � 0 &���S
� b.z�vMp�� �$¤^z}l$o��;��nh�S��u�� z}� ��� ���Yv^� ��z}o;�}u}o@� z}� ����S$o y+v�� z¼N | v�u<PSoCL=���}o�b

�*�x�}n�vMN�N |[u"�So?vMp�� � ¤ !

p7b.W�o;z 	 & C � & PSo[vL�S��u"u"��P�N |P� �,K �+� z�o�NYvMPSoCN o@� ¤���vx� l�bW~���� p�v-N�NG��o;�"z}���;o@u#z}l$vxz
vx��o�NYvMPSoCN o@�Um.� z}l�z}l o u�vxnhoW�S���}z��$vxn�oMSRu}v¢| � !{z}l$o |`vx�}o^����¤�vx� �uy;o@� � ��z}�Lv
N � �$o?vx������� o �ESIm�o��@vMN�N � z�v�� 4��Ç� kcl�w$u�v%v$�xm l$v�uz}l$o|L=���"n � + 4�� 03" � + 4	� 03"� + 4�
 0 " ( ( ( vx�$� �@vx�}�"��o;uLv Y�K �+� z�o ����� �,K � � z�ox_[u}oCz�w o;�$�;o 4�� 9 4�� 9 4�
 9 ( ( ( ��L
�xvMN w$o;u8b

� b{klmc� ¤���vx� l$u 	 & C � & vx�$� 	 �& C + �!�	0 & vx��o�u}vx��� �- �
-� ���k0#4-�94-*I � 
 �#4�
��4x 8���8��
��L\S L=����vx��| u�l*vx�}o@�`�R���"z � C � E � ��SRz}l o u}o8z1w$o �$�@o;uW��L��xvMN w$o@u'4�� 9 4�� 9 4�
 9 ( ( (
vx�$�D4M�� 9 4M�� 9 4M�
 9 ( ( ( �ML'z"l$o#z"mc� v$�xmtuBv���o#��� o ��z}���@vMN}b

��b�w}LBz"l$o �;���$�+� z}� ��� vMPS�J��o � u u�vxz"��u1K o@�3Scz"l$o;� z}l$o �- �
-� ���k0#4-�94-*I �#4�
��4x ���!��¥4-�
	 & -�� 	 �& � u�� oCK � o@��v�u�z}l o w �+����� ��Lcz"l$oh¤x��vx� l u 	 vx� � 	 � Y²m.l$o;�}oh� � o;��z}� �?vMN
��o �}z}� �@o;u�v���o�u"w �So;�"� n �R��u}o@��_�b

� b{kcl$oeLFv�nh�`N | 	�
 ��+ ��0 & -�� 	 �
 �O+ � � 0 &�� u��;��nh�S��u"o@� �ML�z}l$��u}o ¤���vx�+l$u 	 & -�� 	 �& u"w$��l
z}l*v�z 	 & C 	�
%�O+ � 0 & v��$� 	 �& C 	 �
 �O+ � � 0 &�vx��o��;��n �R��u}vMP,N o !Gz}l+��uc�+oCK �$o;u # -�� # � b
� ��z�o�z}l$vxz9z}l � u'vx¤1vx� ���;���}�}o@u��R��� � u'z}�{z�vMp�� �$¤.z}l o��;����� w �$� z}� ���W�ML �@�x�}��o;u"�S���$�+� �$¤

�@���$u�z}��vx� ��z�uCS9P w zqm.� z}l ��w zBz"l$o^�S��u}u���P �`N � z-|�z�� z�o;u"z%L=�x��z}l$o^vMP$u}o �$�@o[��L�S���"z�uB� �`vx�
v��;z"� �xvxz�o;� ��P+��o@� zEb

 �x�C�����¥�r¡R��£x���r��¡C�r�%¦'�¼¦l�C���È�¼�9¡C���¾�¼��¡C���¼�����x��»È�(�-�x�È»��x���x¤|���r�������\�8�r�a¡����¼�r¡R���È�8�

 /  �)("("* (



p¢£ ���������
	��� �������������������������� �!"�#�$�%�'&(�����)��*,+-�.&(�/����01+-�(2$�3�54-*768�����9�#�$:;�<&(���94-�

��� � � ��� � � � � �����
J o�u}o;o#z}l*vxz�m�o#l*v?��o � oCK � o@� z"m�� +�� �%��0#����! �$��z}� ���$u.��L'�@�xnh�S��u"� z}� ����b

p7b &�|��$��l �}���$��w$uW�@��n �R��u"� z"�����`� u��;��nh��N �Yv���z5m.� z}l z}l$ohu"|��$��l �}���$��w$u�n���� oCN¥S%� �
m.l ����lP� �}��¤���v�n�uc�+����¤��}o@u"u�vx�@�@�x���+� �$¤ z�� v[�S��u"u"��P�N | � �,K �+� z�o#u"o8z1w$o �$�@o���L 0 ���
����!��¥4-�� ������� &� 5b�kcl � utnh��� oCNR��L�v-P$u"z"��v�� z{n�v���l � �$o#vMN`N��xmtu�w$u�z}� �+o@�;� � o
w �S��� � �}o@u}o �$�@o ��vMP$u"o;�$�;o �MLtv ¤�� ��o;���S���"z�m.� z}l � �ev �;���$u"� � o;�}o@����o@v��;z"�����3S�v
u"� ¤�� ��K �?vx��z�v��+�xvx��z�v�¤�oUL=���h[.]A^�u"�So@�;�`K$�?v�z}���x��b w � v�� �T� z}� ����S�u�|��$��l ���x�$��w$u
�@��n �S��u"� z}���x����u�� oCK+�$o@��v�z z"l$o N�o;��oCN)��L�vPu�� �$¤�N o^��o@v��;z"������S�m.l � ��l n�vMp�o;u � z
u"� nh�,N o vx�$� o@v�u"|Pz�� w$u}o L=�x�Bu�|Tu�z�o n&u"�So@� ��K$�@vxz}� ����b�kcl ��u{n���� o�N'�ML)vMP$u"z"��v�� z
n vx��l � �$o ��u��So;�1L=o@�;z1N | u"w � z�vMP,N oUm.l$o � z"l$o�z�vx�}¤�o;z v�����l � z�o@� z}w �}o`�@���$u���u�z�uL��L
v�u�� �$¤MN�oL� �����@o;u}u"���ES.���hvx��| ��z"l$o;��vx����l+� z�o;�;z"w ��o � � m.l ����l v�¤�N ��P*vMN.� ��z}� ���
��L�� �}��¤���v�n u�z�vxz}o���uco@v�u"�`N |�v?��v���NYv-P,N�oMb$w � z}w+�}��STu"|��$��l �}���$��w$u{�@�xnh�S��u"� z}� ���h� u
�$��z9�;��nh��N �Yv���z9m.� z}l z�v���¤�o zGv�����l � z�o@� z}w �}o@u9� �����MN ��� �$¤�� ���$� o z�o;�"nh� � ��u�z}� �Gn^w,N z}�`Q
z}l �}o?v��T� �$¤,S�vx�$� � o�K � � z�oCN |e�$��z �;��n �,N ��vx��z m.� z}l �+��u�z}�}�`P w z}o@� vx�}��l � z}o@� z}w �}o@u
� �����MN ��� �$¤[vxu"|��$��l �}���$��w$u{�@�xnhn^w+� ���@vxz}� ��� nho@�+��v�b

� b �Bu�|�� ��l ����� ��w$u �@��n �R��u"� z"����� v�u m�o l$v¢��o �+oCK �$o;� � z^w$u"o@u v nh� � � n�vMN�N | � oRQ
n v��$�+� � ¤ n���� oCN���L��;��nhnWw � ���@vxz}� ����!�v���|`�;��n n^w � � �?vxz"����� nho@�T� w n m.l ����l
��u{�@��n �,N �Yvx��z|m.� z"l z"l*vxz���L�vh�*v��}z}��vMN9���}� o;�"� �$¤ mc��w�N�� �+�,b{kcl ��uBvxn��xw ��z�utz��
��oCz�w+� �}� �$¤{v.u}o;� ��Q �}o@�@o � ��o�z-|��Ro)��L+�@��n n^w � � �?vxz"�����B� �;m.l ����l n�o;u}u}v�¤�o@u'vx�}o�� ��z
N���u�z�vx�$� � ��zBu�l�w�� o@�3SD|�o;z�v u���¤��+��K$�@vx��z��}o8z1w � �}o;nho;��zES�P w+z�u"z"��N`N n^w$��l nh���}o
��o@vMN � u"z}� �Wz}l$vx� vxu1p�� �$¤ L=����� n �,N o;nho;��z}� �$¤��So;�¼L=o;�;z�u"|��$��l �}����| � ���+��u�z}�}�`P w z}o@�
vx����l+� z�o;�;z"w ��o;u8b ~���vx�;z}� �?vMN`N |�SSz}l+��u�nho?vx�$u�z"l*vxz#�xw � vMP$u�z}��vx�;z#n�v���l � � oWn���� o�N
��LDv�u�|�� ��l ����� ��w$u��@��n n^w �+���?v�z}���x�^� ��o@uG� ��z�l*vx� ��N�olLFv�w,N zaQ z��MN�o;��vx�$�;oÇP�|W� z�u"oCN�L\b

w �ez"w �}��S� z^��uW�}o@�;��¤�� ��y@o@��z"l*vxz l*vx� ��N � �$¤ u"w ��l z-|��SoP�ML{nh���+w,N�oh�@��n �S��u"� z}���x�
vxztu"�So@� ��K$�@vxz}� ���Pu"z�vx¤�o#n vMp�o@ut� z.�T� ! �;w,N z|L=���.z}l o �+o@u"� ¤��$o �{z}� p�o@o � z}��v�� p ��L'� o?vx��Q
N���� pXLY��o@o;� ��n vx�$� �;���}�}o@� z}�$o;u}u8Stw �,N o@u"u u"l$o ��l$oUm���w,N � u"z"��� p ��� ��o;�"| u�z}�}� �;z vx�$�
��o@u�z}�"���;z"� ��o � ����¤���vxn n � �$¤��+��u"�;� �,N � �$o@uhYVu�w$��l v�u �CN ��o ��zaQ-u"o;�}��o;�#_�b/kcl ��uh��u m.l�| m�o
l*v?��o�� o@� ��� o;�Lz��iP*v�u"o#u"�So@�;�`K$�?v�z}���x� ��� v^u"|��$��l �}���$��w$utnh�T� o�N ��L%�;��nhnWw � ���@vxz}� ����S
vx�$�3S*z�� P$v�u}o vx�;z}w$vMNG�T��u"z"�}�`P w z�o;� � nh�,N o;nho;��z�v�z}���x� �x��vx�`vxu"|��$��l �}���$��w$u�nh��� oCN%��L
�@��n n^w � � �?vxz"�����3Scvx� �3S|K �*vMN`N |7S)z�� z"l$���}��w$¤�l,N |eu"z"w$�+| l$�xm �x�$o �@vx��u�vML=o�N |�nh�¢��o
LY����n z}l$o5L=���"n�o �.n���� oCNSz��[z}l$o5N�vxz}z}o;�.��� o�b

¹ º/  ¹ ¿



[
]A^ � viNYvx�$¤xw*v�¤�o��MLG�+� u"z"�}��P+w z�o;� �}o?v�� z}� ��o���P+��o;�;z�u p¢¡

����� � ��� � � ������� � 
���������� � ������� �
J o u"o@o�p L=��� v ��NYv�u"u ��Li[
]A^e��P+��o;�;z�u?L=�x�?m.l ����l PS��z}l�u�|��$��l ���x�$��w$uPvx�$��vxu"|���Q
��l ����� ��w$u�z-|��So@u���L�@�xnh�S��u"� z}� ���Pvx��o o8z1w � �xvMN�o ��z8b
&�w �+�R��u"o�m�oW�@vx��o y�l �`P � z{u�w$��l`v
�CNYvxu}uW�ML.u}�MQ �?vMN`N�o;� ��� +k4 ���k0 4-�94-*I vx�$� �� x4 ���k0 4-�94-*I ��PT��o@�;z}uW� � z}l$o�u}o8z1w$o�N}b kcl$o;�
mco�� o;u"��¤x� u�|Tu�z�o n�u�v��@�;�����T� �$¤ z�� z"l$o5L=��N�N �rm.� �$¤Wnho;z"l$�T�+��N���¤x|�!

p7b.VBo@u���¤��[z"l$otu"|�u"z}o;n w$u"� �$¤#z}l$otu�|�� ��l ����� ��w$u��$vx��v��T��¤�nhSMP�| LY�}o@oCN |[v�u"u}o;n P,N � �$¤
��P+��o;�;z�u{vx� � ��NYv�u"u}o@utw$u�� �$¤[u"|��$��l+�����$�xw$u��;��n �R��u�� z"������b

� b%�c���,K$¤xw ��vxz}o�z}l$o#�+o@u"� ¤���S��}b o�b)S � o@� ��� o�w+�R���Lz"l$o�v�� z}w*vMN�vx����l � z�o;�;z}w+��o%L=���.o yTo�Q
�;w z"�����3b�kcl+��u.��o;u"w,N z�u.� �P�+� u"z}�"��P w+z}� � ¤^z}l$o�u"|�u�z�o;n ��� v u}o zB��L � � �����@o;u}u"����u  
YFz"l$o;| n�v¢| � w$u�z#�@�x�}��o;u"�S���$� z}��z}l+��o?vx� u#_RSSl*v?��� �$¤hz}l$o L=�x�}n ��L<[
]$^ �MP+��o@� z�u
��P z�vx� �$o;� P�|^u�|�� ��l ����� ��w$u��@��n �S��u"� z}���x�^��L�K �$o �¤���vx� �^nh���+w,N�o;u$LY�}��n
u�|�u"z�o n
u"�So@� ��K$�@vxz}� ���P� o@u���¤��Pu"z�v�¤�oMb

��b%��l$o@� p���L z"l$o�u"�#��P z�v�� �$o;��� �}�T�;o@u}u"����u�v���o�o �$� ����l ����� ��w$uvx� �^��u}����l �}���$��w$uCbAw}L
u}�,SJz}l o;� m�o(p�� �rm�z"l*vxz9z}l o;� �%�;��nhnWw � ���@vxz}� �����?v��^v�� z}w*v-N�N |
PRo�� ��z}o;�}�+��o;z}o@�Wv�u
vx� �- �
M� ���k0 4-�94-*I ���$o�S�l o;�$�;o{u�w,P$u"o8z1w$o;��zc�+��u�z}�}�`P w z"����� m���w,N �iPRo;�@��nho�n^w$��l
o?v�u���o �Eb?w}L�z"l ��u�� �}���Ro �}z-|`��u#�$�xzWu}vxz}� u1K$o;�3S'z"l$o;��u"��nho�v��+�+� z"�����*v-N�� ���xz����@��N u
�$o@o;� z��;PRo{� �$��N w$� o;��z�� z}l$o�� �����@o;u}u}�x��u8SkP w z�z"l ��u�z��x� ���t��uÇPRo |����$� z"l$oBu"�@���So
��L%z}l � u��*vx�So;�Eb

kcl�w$u�z}l$o;u}o z1w$o;u"z"�����$u ��L.o �$� ����l ���x��| vx� � ��u"�T��l+������| vx��o[�;o;��z}��vMN�z}� ��w+�Wv���Q
� ���1vx��l�vx�$� n�vMp�o#� z�vxz"z}��v��;z"� ��oMb �{�rm o;�$�+�T��l �}����| ��u|L=o?v�u���P,N o#��u.� ��z}w+� z}� ��o�N | ��N�N w$uaQ
z}��v�z�o@�L� �Pz"l$o5K$¤�w �}o[p"!�S�m.l � ��l u�l$�xmtu{z"l$o�¤���v�� l v�u}u"�T� �Yvxz}o@� m.� z"lPz"l$o�u"z�vxz�o n�o ��z !
���
	�*,+�� 5�39 	 7  S$� oCK+�$o@�P� �Pu}o;�;z}� ��� ��b

u

b
T F T F T

b

u

F T F

�'��¤�w+��o p"! !����$�+�T��l �}����|

 /  �)("("* (



� ! ���������
	��� �������������������������� �!"�#�$�%�'&(�����)��*,+-�.&(�/����01+-�(2$�3�54-*768�����9�#�$:;�<&(���94-�

kcl o��T�Yv�¤���vxn ��� z}l o N�oCLYz � o;� � �;z}u z}l$o l � u"z}���}| ��� z"��v��;o���L�z}l � u u"z�vxz�o n�o ��z8S
u"l$�xm.� � ¤Pz"l$ohu�w$�@�;o@u"u"� ��o�� � u"z�v���z}u�������o?vx�;z}� ���$u�u}o �*vx��vxz�o;�dP�|�z}l � � p��$v�u�l$o@�dN � � o@u8b
~� �$ucl*v?��oqPRo;o;�Po;��v�u}o;� m.l$o;�L�So;�1L=���}n � �$¤��@��� �?vxz}o;�*vxz"�����3b¾w �Lz}l$oB�+�Yv�¤x��vxn ��� z"l$o
�}��¤xl�z8S*vx� � �$u"z�vx��z�l$v�u
PSo@o � z"m.��u�z�o;��vx�$�Pz}l � � p �$v�u"l o@� N � �$o@u.l*v?��o�PSo@o;� ��o;nh�¢��o;�3S
�}b o�b)S�z"l$o�� ��z}� �����ML9v �}o?v�� z}���x�����)� � u"z�v���z)l*v�u(PSo@o;� N���u�zEb �{�rm�o;��o;�8S+�$��� �,L=���"n vxz"�����
l*v�u5PRo;o;�dN���u�z !5mco p��$�xm�z}l*v�z � u"l$�xw,N�� PRo[¤��xz�o y+v��;z1N |Om.l$o � �S���}z��Wl ��N�� u�z"l$o
��v-N w$o !�0R*�� S vx� � z}l�w$uc� z�� u�����N |[�$o@o;� o@� z}� mcvx� z'L=�����.� �������+o;�cz}� p��$�xm m.l$o;z"l$o;� �

��u�z��iPSo%m�v�� z�o;�ZL=�x�{vMN�u"�,bkcl � u{u�w$¤�¤�o;u"ztz}l o�mcv?| o;�$�+�T��l �}����|L��u<L=���"n v-N�N |[�+oCK �$o;�3b
��� �MP+��o@� z D �@���$u���� o ��o;� m.� z"l v ¤x� ��o � o;����� �}��� nho;��z D � ��u[��u}����l �}���$��w$u ��L�vx�$�
���,N |���LS��P+��o;�;z D l$v�uz}l$o{u�vxnho.��o@v��;z"�����$u.Y=� �[z�o �}nhu)�MLR� �}o@u}o �$�@o ��vMP$u"o;�$�;o���LS�R���"z�uCS
�+��u���o@¤�vx���+� �$¤h�xvMN w$o@u���L�S���}z}u#_�m.l o;z}l o;�#� z{��u��@��� u"���+o;��o;������� z}u��xm.�`�����,NYvx�@o@� � �
z}l$o�o;����� �}��� nho;��z�Y D - D � _�b

¹ º/  ¹ ¿



[
]A^ � viNYvx�$¤xw*v�¤�o��MLG�+� u"z"�}��P+w z�o;� �}o?v�� z}� ��o���P+��o;�;z�u � p

����� � ��
�������� �����
	��
kcl*vx�,p�ucz}�Wz}l$o{n v�z}l$o n vxz"���@vMN,LY��v�n�o�mc���1p[� ��z}�}�T�+w �@o@�h� � u"o@� z}���x�$u���b p#vx� �L��b � Skm�o
�?vx��¤x� ��oWvh¤���vx� l � �?vMN%� o �$��z�vxz}� ��� ��LGz}l$o [
]A^ v��;z"����� u B Y�K$¤�w+��o � _{o;n PRo;� � o@� � �
�CNYvxu}u}o;u�vx� �^��P+��o;�;z�uCbkcl$o)n vxz"l$o;n�vxz"���?v-N1� o;� ��z�vxz"����� # # B ) ) �ML*vx�[v�� z}� ��� B ��u%� o�K �$o@�
� ��z"l$o
K ¤�w ��o�p�p
P�| � �$�Tw$�;z"����������z"l$o�u"z"�}w$� z}w �}o���L B b�k%�Wvx��|hz}o;�"n B ��o;�;w �}u"� ��oCN |
�@���"��o@u��R�x�$� u.vW¤x��vx� l � m.l$��u}o��S���"z�u � v��$��� � �$u � vx��o.PR��z"l @ � � � �T�;�;w �}u{� � B A b
kcl$o LYw �$� z}���x� # # ) ) �;���$u"� � o;�}u�v��;z"����� u B ��o;u"w,N z}� � ¤ ��L�z}l$o o y��*vx�$u���������L(m�oCN�N)Q z-|��So@�
[
]A^ u"z"�}w$� z}w �}o@u � Y_vxu�� o�K �$o@� � � z"l$oUK$¤�w+��o p � _�b w � z}l ohK$¤�w+��o p�p�Slmcohm.�}� z}o
# # B ) )O# 2 4�,4 ) L=�x� z"l$oPu"w,P$u�z}� z}w z"����� ��L'4 P�| 2 4 � � # # B ) ) vx�$� -���� � + # # B ) )O# � ,4 ) 0 L=�x� z"l$o
�@��n �R��u"� z"����� ��L�v-N�N # # B ) ) # � ,4 ) u8b zEb � � u.��L%z-|��So ' b

A/

A

!A

x(v)

x(v)

y(w)

=

=

=

=

5 &�(�*�+-()F " � + 4 0� + 4 03" .1032 (:F ;
=>? &)(�*,+ (�F " � + 4 0 " .1032 (:F�&)(�*,+-(�� " 8 + � 0�" .1032 (�� H IJ
� * # # B ) )��

� # # B ) ) - # # B � ) )��

A/

A

=

=

=

A

A
v:T

v:T

� # # B ) ) ( # # B � ) )��

� # # B ) ) # 2 4�,4 ) �
� -���� � +J# # B ) ) # � ,4 )F0��

�'��¤�w+��o p�p !(V�o;�$��z�vxz}� ��� # # B ) ) ��LGvx� vx�;z}� ��� B

 /  �)("("* (



�7� ���������
	��� �������������������������� �!"�#�$�%�'&(�����)��*,+-�.&(�/����01+-�(2$�3�54-*768�����9�#�$:;�<&(���94-�

� � ���������
	�� � � � �`� ����	��
�	� 
���� �

J o|L=���"n vMN`N | � o�K �$o�mco�N�N`Q_z-|��Ro;� [
]$^�� l ��v�u}o;uÇP�| z}l o{�}oCNYv�z}���x����� � ��� Y²K$¤�w �}o p � _
m.l ����l v�u"u}���;�Yv�z�o@u�vLu�z}�}w �;z}w+��o � z}� � z�uBz-|��So[����u"� ¤��*vxz"w ��o � Y�K$¤xw ��oLp � _B¤�� ��o;� vx�
o;����� ���x� n�o ��z��eb �{��o;����� �}��� nho;��z�� � u^vUK � � z�o ��oCN�vxz}� ��� PSo;z"m�o@o �e��� o ��z"��K$o ��u -
vx�$�hz-|��So@u � YF�¥b oMb���� +.-/��� 0 _�b#� z-|��Ro{��u�o;� z}l$o �cv �$vxz�v-Q z-|��So��^�x�cv�� ��P+��o;�;z)z-|��Ro � b
kcl$o��}oCNYv�z}���x����� � ��� � u�� o�K �$o;�UP�|P� �$�+w$� z}� ���P��� z"l$o�u�|���z�v�y ��L'[
]$^OY�K$¤�w+��o@u �
vx�$� � _Rb���v���l �"w,N�ot� �hz}l$o�� oCK �+� z}� ����l$v�u�z"l$o
L=���"n � �"! ! #$ vx�$�h� oCK+�$o@u�z"l$o��}oCNYv�z}���x�
� v�u)z"l$o{�@���$��N w$u������h��LSz}l$o{�@���x� w �$�;z"�����h��L�u�n v-N�N�o ��� �}o;n ��u}o;u � ��z}� �&% b���v���lh�}w,N o
��u�w � � ��o ��u�v-N�N | z1w*vx��z}�`K$o@�P�¢��o;��vMN`N � z}u�n�o z�v-Q_�*vxnho@uCb

� �>�4
 K��8�G � � 0H= � L10 � � 0 % �(')' %
� �>�4
 = 2 9 N � � 9 �<;>= � �+* �M � � � ����O� � � +F- ��� 0%(,� � � #�%&� � )/(,�

�'��¤�w+��o^p � !(V�vxz�vrQ z-|��Ro;u-�hvx�$� ��P+��o;�;zaQ z-|��Ro;u �
kcl o���o�NYvxz"�����.�/� � ��� � n �,N�o n�o ��z�u9v��;����z}��v-Q �xvx�"�Yvx��z9u"w�P�Q z-|�� � �$¤��}oCNYv�z}���x� �102� �

PRo z"mco;o;����PT��o@�;z}u Y²K$¤�w �}ohp?�I_�b J o#� � o;��z}�`LY| z}l o z-|��So@u +.- ��� 0%(,� � vx� � +43 ��� 0%(>+�� � # -  3 ) 0
L=���{vMN�N 3 �$��zt���@�;w+�}�}� �$¤ � � �195� ��b

9 �<;	= � 0 9 �<;>= � * �  � 0 * �  �
�607� � � 0 � �

� 9�+.-/��� 060 �E� 9�+.-/��� � 0 � 0 � �
� ����O� � 0C�������� � �

� � 02� � � � � � � 02�
+F-@��� 0%(,� � 0 +F-@��� � � 0 (8� � � �

��07� �
#�% � � )'(,�10�#"% � � )/(8� �

�'��¤xw ��o p¢� ! &�w,P�Q_z-|��+� �$¤ ��o�NYvxz"����� ��02� �

kcl o ��o�NYvxz"����� ��L%m�oCN`N`Q z-|�� � �$¤9� � � �:� ��u u"z"�}w$� z}w ��vMN�N | �+o@�@�xnh�S��u}o;� � ��z}� v
��oCN�vxz}� ���;�<� �:�=� ����� o;�CN�vx��vxz"����� u � S9v ��o�NYvxz"�����>�?� -1��� ���`� � o;��z}�`K$o;�}u�vx�$��v
��oCN�vxz}� ���@��� B ���Pv�� z}���x�$u B b � ��z"���@o�z}l*vxzcz}l$oBz-|��So�v�u}u"�T� �Yvxz}o@� m.� z}lPv^u�z}�}w �;z}w+��o

¹ º/  ¹ ¿



[
]A^ � viNYvx�$¤xw*v�¤�o��MLG�+� u"z"�}��P+w z�o;� �}o?v�� z}� ��o���P+��o;�;z�u � �

� � u o y+v�� z¼N | � z}u � � ��z�o �¼LFv��;o, 5b �
N�u"� �$��z"���@o z}l*vxz � o@��NYvx�"� �$¤ z"l ��uh� ��z�o �¼LFv��;oXYF�¥b oMb
� � ����O� � � � ���"�1�  _�� ��o ��o;��z}u �xz}l$o �#��� o ��z"��K$o ��uiY=�}b o�bD� � � P w+z#�$��z�� � � � _{z��?PSo
��� u"�`P,N�oqLY�}��n z"l$o�o;����� �}��� nho;��zEb

�/� � ���
��� � "���O�����"�*� �(� "���O�E+(� ��� 0
� � � ��� � � � � ��� � �102� �

�/� � "���O��� �(� � � ��� � � "���O� +(� ��� � 0
��� ' �F= 2 9 N � � 9�+(% � * �  � 0 � � ���

�/� � "���O���$#�%&�.'�) �"��� � �������� +.� �J#�%&� � )/(,� 0
��� ' ��� � 9�+.-/��� 0 � � ��� �

��� � ����O��� +F-@�.' 0*� ��� � �������� +.� � +F-@��� 0%(,� � 0
� � � ���

�/� � K�� N �J=2D�� � � �(� "���O�E+(D&��� 0

�'� ¤�w ��oWp � !�rtoCNYv�z}���x� �/� � ���

&�� n ��NYv��¼N |�SRo ��o;�"| �+o@�CN�vx��v�z}���x� � � ��z"�����+w$�@o;uWv P � �$�+� � ¤ PSo;z"m�o@o � vx����� o ��z"��K$o �
vx�$� vhu"z}�"w$�;z"w ��oMb�kcl$o ��o�L=����oMSSz}l o���o�NYvxz"����� � � � � � vMN�u"��vxu}u}���;��vxz�o;uB� o;�CN�vx��vxz"����� u
� z}�[��P+��o@� ztz-|��So@uCb

�/� ' �.= 2 9 N �
� � 9 �<;>= ?A�(' � �������� +F?A� 9 �<;	= � 0

� � � � + 31��� � 0%(,� ��� -/��� � � � � 02� � �
��� �65.-87G���H# 3  -M)

�'��¤xw ��o^p¢� !�r{o�NYvxz"��������� � ���

 /  �)("("* (



� � ���������
	��� �������������������������� �!"�#�$�%�'&(�����)��*,+-�.&(�/����01+-�(2$�3�54-*768�����9�#�$:;�<&(���94-�

kcl ohz-|��RoRQ-��l$o;� p�� �$¤���Lcz}l$ohu}oCN o@� z}���x� ��Ltv�� oCN o;nho;��z � ��vP�@��n �S��w �$� �CNYvxu}u ���
� �`vx��v��}��v?|P�CN�v�u}u���uB� nh�,N o;nho;��z�o;�hP�| z"l$oW�}oCNYv�z}���x�>� � - � � PRo z"mco;o;� �@��n �R�xw �$�
��� o ��z"��K$o ��u - v��$�Lz-|��So@u � vxu�L=�MN�N��xmtuCb

� 9�+F-@��� 0 � -/��� �/� � � + %&� � 0 (8� ��� % � * �  �
��� �$# % )H���H# %  % )

��� -@�(� ����O� + � � 9�+43 ��� 0 0
� � -!( 31���

�'��¤�w+��o p � !�rtoCN�vxz}� ��� �/� -/���

�%� �*vMN`N |�S�z"l$o�z-|��RoRQ-��l$o;� p�� �$¤ ��oCN�vxz}� ��� PSo;z"m�o@o � o ����� ����� nho;��z}u � vx�$�Pv��;z"����� u B
��l$o@� p�u�z}l oB�@�x�,L=���}n�vx�$�;o.PSo;z"m�o@o �P�$vxz�vrQ z-|��Ro;u�vx� ����P+��o;�;zaQ z-|��Ro;utvMN �}o?v��T|[� o@��NYvx�}o@�
vx�$�L����u"�`P,N�o Y=� ��� _tv��$�Lz}l$o5mcv¢|Lz"l$o;|Pv���o�w$u"o@� Y=� � B _Rb

�/� ? � 9 �<;>= � �/� % � * �M �
�/� ? + % 0

��� ? + % 0�9 $6+4% 0
�/� ? + % 03" $6+4% 0

�/� B
�/� * B

�/� B 9 B �
��� B �<; B �

� � B 9 B �
� � B5- B �

�/� ' �.= 2 9 N � � 9�+ %&� * �M � 0 � B
��� � 48%&�.' B

�/� ' �.= 2 9 N � � 9�+ %&� * �M � 0 � B
�/� �10,2 %&�(' B

�%��¤�w �}o p&% !�rtoCN�vxz}� ��� �/� B

¹ º/  ¹ ¿



[
]A^ � viNYvx�$¤xw*v�¤�o��MLG�+� u"z"�}��P+w z�o;� �}o?v�� z}� ��o���P+��o;�;z�u � �

� � � 
���� � �`�
kcl$oc�;��nh��N�o;z}o��+oCK � � z}� ���^��L+z}l$o�[
]A^%NYvx� ¤�w*v�¤�o)�@�x�$u"� u"z�u'��L z"l$oc�;����o�[
]A^#u"|���z�v�yW��L
u}o@� z}� ��� � o � �}� ��l$o@� m.� z}l v{� ��o;� oCK � o@�[�CN�v�u}ulY�� N 4 S�K$¤�w+��o�p¢£7_%vx� � vBu}o z��L �So;�"�xv�u"� ��o
�CNYvxu}u}o;u%YFu"w$��l vxu�� L ��; T ���	� 260�� SoK$¤�w+��o@u � ! vx�$� � pr_�m.l+����l �@vx� PSo{� oCK � o@� � � [
]$^
m.� z}l z"l$o����,N |hl$oCN �P��LG��NYv�u"u
� N�4 b

. �	� 23�oD�=�F�@6�>=%�?G5)²F�@E@ � N�4 kcl$o��CNYvxu}u�� N�4 YV� o�K �$o;�eK$¤�w+��o p¢£I_G��u�v�¤�o;� o;�}� ����NYv�u"u
��Ltz"mc�`�*vx��vxn�o z�o ��u YFz"l$o?K �}u"z[���$oMS	��S'� u[v �$vxz�v-Q z-|��So vx�$��z}l$o u"o@�@�x�$� �x�$oOS�|S
��u�vP�xvMN w o �ML�z}l*v�zW�$v�z�v-Q_z-|��Sox_Rb �'NYv�u"u�� N   v�� z�u�N ��p�ohv n�o n��x�}|�� �nm.l � ��l �xvMN w$o;u
��vx�$¤x� �$¤ �¢��o;� �$vxz�v-Q z-|��So�� �?v��nPSo u"z}����o;� Y=w$u"� �$¤ �S���}z ��NR= _#vx� �`�}o;z"�}��o ��o;�{Y=w$u"� �$¤
�R���"z	� NR= _�b �)v-N w$oBvx��o{z}��v��$u"�S���}z}o@�?LY�}��n v�z}��vx�$u�� z}� ����z}� vx�$�xz}l$o �lP�|h�}o@u"��w ��� � �$¤�z��
� � �$uCb�~Gvx��vxnho;z�o �� � u�z}l$o#� �+� z}��vMN*�xvMN w$o#�ML'z"l$o#n�o n����"| P;b

get

get(u)

get

m(v)

m(u)

set(v)

set

set
u,v:T

set

set

set(u)

m(u)

m(u)

u:T
get

get(u)

get

m(u)

u:T

m(u)

Cell<<interface>>

get,set:T

initiallyT:Type, V:val T

m:T(V)

behaviour
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<< >>Interface

tick:unit

count:int

Cell<int,0>
C

Succ<count,C.set>
Send<int,count,C.set>

tick! ! count(u)

u:int

tick:unit count:int

Counter

AbsCounter

C.m(1)

C.get(0)

C.set(1)

tick

count(1)

C.m(2)

C.get(1)

C.set(2)

count(2)

tick

C.m(0) ...
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� z�u �;��nh��N�o;z"����� m.� z}l � � z"l$oOPR�xw �$� u � oCN � n � z�o;� P�|���� K N � � 0 vx�$����� N 0�T S vx�$��� z}u
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begin end! !

Send<C.get,begin>
Send<end,C.set>

Sync

begin,end:unit

S
Cell<unit,void>

end:unit

begin:unit

<<interface>>

AbsSync a,b:unit

AbsSchedule

A.end

a b

A.begin

a,b:unit

A:Sync

Schedule
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X(false)

X(true)!

!

! Y

Y(V)X(V)! !

Send T:type X,Y:T

<<interface>>

Plus

<<interface>>

And

X,Y,Z:int

X,Y,Z:bool

V:T

X:bool,Y:unitGuard
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s.set(working)

work

s.get(working)

s.set(sleeping)

s.get(sleeping) s.get(working)

!

sleep

!

Cell<S,sleeping>

!

type S = sleeping
| working

wakeup

Three possible behaviours are defined:
   - transition from sleeping state to working state,

   - transition from working state to sleeping state.

type C , S;

work

s

sleep

track of the (Customer,Salesperson)
relation. It is made of:
   - a collection of Cells of type S Opt,
      indexed by type C and initialized to
      none,
   - a collection of Cells of type Status,
      indexed by type S and initialized to
      free.

buy

wakeup

work

buy

!

!

Customer

sell

and Salesperson: It is made of an instance of class Cell.

work

sell

!

!

Human

type Status = free | busy; s : S

Class Human defines the generic behaviour of Customer

!

m[c].set(some s)

   - asserting activity by emitting  the port work,

cr[c].wakeup sp[s].wakeup

type ’a Opt = none | some of ’a;

n[s].get(free)

Class Switchboard is used to keep 

!

cr[c].buy sp[s].sell

m[c].get(some s) n[s].get(busy)

!

m[c].set(none) n[s].set(free)

cr[c].sleep sp[s].sleep

m[c].get(some s) n[s].get(busy)

Salesdepartment

Class Salesdepartment is made of and synchronizes classes Salespeople, Customers and Switchboard.

The behaviour of this class is the parallel composition for all customers (c in type C), of a choice among
salespeople (s in type S) of three possible behaviours:
   - Provided customer cr[c] is not connected and salesperson sp[s] is free, ports wakeup may occur both
      on cr[c] and on sp[s], in which case the relation (c,s) is recorded in the switchboard.
   - Provided cr[c] is connected to sp[s], port buy may happen on cr[c] if and only if port sell happens on sp[s].
   - Provided cr[c] is connected to sp[s], ports cr[c].sleep and sp[s].sleep may happen synchronously,
      in which case the relation (c,s) is discarded from the switchboard.

This class holds a high degree of parallelism since all customers and salespeople can be active during the same reaction.

Class Salesperson inherits class
Human. A new port is declared (sell)
and synchronized with port work.

Class Salespeople is made of a
collection of  Salesperson, indexed by
type S.

SalespeopleSalesperson

Customers

sp s : S

cr c : C

c : C

X:Type,x0:X

n[s].set(busy)

get : X set : X

Cell

m[c].get(none)

Switchboard
<S Opt,none>

<Status,free>
c : C

c : Cm

n
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wakeup sleepwork

wakeup work

s.get(working)

sleep

s.set(sleeping)

s.get(working)s.get(sleeping)

! !

s.set(working)

!

type Status = free | busy;
type ’a Opt = none | some of ’a;

Cell<S,sleeping>
s

type C , S;

type S = sleeping
| working

Human

Class Human defines the generic behaviour of Customer

and Salesperson: It is made of an instance of class Cell.

Three possible behaviours are defined:

   - transition from sleeping state to working state,

   - asserting activity by emitting  the port work,

   - transition from working state to sleeping state.

buy

work

buy

!

!

Customer

sell

work

sell

!

!

Salesperson

X:Type,x0:X

get : X set : X

Cell
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get : X set : X

Cell
X:Type,x0:X

Switchboard
<S Opt,none>

c : C

m

n

sell

<Status,free>

work

sell

!

!

Salesperson

c : C

Salespeople

sp s : S

buy

work

buy

!

!

Customer Customers

cr c : C

Class Switchboard is used to keep 
track of the (Customer,Salesperson)
relation. It is made of:
   - a collection of Cells of type S Opt,
      indexed by type C and initialized to
      none,
   - a collection of Cells of type Status,
      indexed by type S and initialized to
      free.

Class Salesperson inherits class
Human. A new port is declared (sell)
and synchronized with port work.

Class Salespeople is made of a
collection of  Salesperson, indexed by
type S.
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Class Salesdepartment is made of and synchronizes classes Salespeople, Customers and Switchboard.

The behaviour of this class is the parallel composition for all customers (c in type C), of a choice among

salespeople (s in type S) of three possible behaviours:

   - Provided customer cr[c] is not connected and salesperson sp[s] is free, ports wakeup may occur both

      on cr[c] and on sp[s], in which case the relation (c,s) is recorded in the switchboard.

   - Provided cr[c] is connected to sp[s], port buy may happen on cr[c] if and only if port sell happens on sp[s].

   - Provided cr[c] is connected to sp[s], ports cr[c].sleep and sp[s].sleep may happen synchronously,

      in which case the relation (c,s) is discarded from the switchboard.

All customers and salespeople can be active during the same reaction.

cr[c].wakeup sp[s].wakeup

m[c].get(none) n[s].get(free)

m[c].set(some s)

cr[c].buy sp[s].sell

m[c].get(some s) n[s].get(busy)

m[c].set(none) n[s].set(free)

cr[c].sleep sp[s].sleep

m[c].get(some s) n[s].get(busy)

Salesdepartment

n[s].set(busy)

s : S

!

!

c : C

!
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Éditeur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)��������� �	��
�

���������� ��� ���

ISSN 0249-6399


