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É�Ø�Ñ�á�ÎZÍJì°ÍJØ�Î�á+Íkæ0Ø�Ú·Ê�Ø#ÌµÍJÎ�Í&Øeì§Ù·Î�Í±æ-çGÊ�Ð�ÑËÊ�Ò°É�Î�Í±æ?È±ÕHÓ·ÍeØ�Ê�Ó¬Ø�Í±æDØ�Ð�Ê�Ó·ÍJÑ�Ø�Ñ�ÕHÓ·Í±æ?Ê�Ó·Ï�Ñ�Ó§çGÊ�Ð�ÑËÊ�Ó§ØêÍkÛ D Ð�Î�Ê�É�Þ
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Adt Chocolate;
Interface
Sorts chocolate, praline, truffle;
Subsort
praline < chocolate;
truffle < chocolate;

Generators
P : praline;
T : truffle;

End Chocolate;
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Class Packaging;
Interface
Use Chocolate;
Type packaging;
Methods
fill _ : chocolate;
full-praline;

Creation
Create-packaging;

Body
...
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Adt FifoPackaging;
Interface
Use Naturals, Packaging;
Sorts ne-fifo-packaging, fifo-packaging;
Subsort ne-fifo-packaging < fifo-packaging;
Generators
[] : -> fifo-packaging;
insert _ _ : packaging fifo-packaging ->

ne-fifo-packaging;
Operations
first _ : ne-fifo-packaging -> packaging;
extract _ : ne-fifo-packaging -> fifo-packaging;
size _ : ne-fifo-packaging -> natural;

Body
Axioms
first (insert box []) = box;
first (insert box f) = first f;

extract (insert box []) = [];
extract (insert box f) =

insert box (extract f);

size [] = 0;
size (insert box f) = 1 + (size f);

Where
box : packaging;
f : ne-fifo-packaging;

End FifoPackaging;
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ÍAÎaÏ�Ð?Ð�Ñ
Ï�Ò?Ó4ÏpÔ�ÕaÖsÔØ×ÙÖsÕOÚ

Û�ÜzÝzÞ�ß�àCáOâÛ�ãNÞ¹äæåOçzèWézÞOêzçzë¿äæì�Þ¹í ÛOî ïzÞ¹ÛzðCì�çOñWò

ó í í ô èNï0ß�àCáOâÛ�ãNÞ�äæõNë*Üaí ô èNÞ¹äæåOçzè�Û¢Üaô è,Þaë�î ïzÞ¹ÛzðCå�ãNç\åaò�î îì�çañ,î ó í íæðCå�ãNçWåOò

ö Û�çzë*Þ�ß�àCáOâì�çañ,î ÷æøWí í äæõNë*Üaí ô èNÞ\ðCå�ãNçWåOò

Û¢ãNÞ¹äæåOçzèWézÞOêzçzë¿äæì�Þ¹í ÛOî ïzÞ�ÛzðCì�çañ\òì�çOñNî ó í íæðCå�ãNç\åaò
Û¢ãNÞ¹äæõNë3Üaí ô èNÞ�äæåaçzèzÛ�Üaô èNÞaë¢î ïzÞ¹ÛùðCå�ãNçWåOò

ì�çañ,î ÷æø\í í äæõNë3Üaí ô èNÞ

úOû*ü*ýOþ¹ÿ����������	�
��¿ý�
�������
ì�çOñ �����

��� ��� �

Class PackagingUnit;
Interface
Type packaging-unit;
Method Take;

Body
Use Chocolate, ConveyorBelt,

Packaging, PralineContainer;
Transitions
filling, store;

Place
work-bench _ : packaging;

Axioms
Take With the-conveyor-belt.get box ::
-> work-bench box;

filling With
the-praline-container. get choc ..
box.fill choc ::
work-bench box -> work-bench box;

store With box.full-praline choc ::
work-bench box -> ;

Where
box: packaging;
choc: chocolate;

End PackagingUnit;

�wØ	ßsÍ?Î0Ëh¾?âæ¾s����º�»Kº·¼´³dµÜ�`�?�c��À���Á)���LÁ�Âc���A���´ÔÕÒ"Ð�Ðb·*ÏC×cÍàÔ	Ë
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«<² ± U
³ V : V&´ «<²: «¶µ ± U

³ V s V&· ¥�² s ² « ± «a²¸rc«¶µ

¹º² ± U
³ V : V&´ ¹�: ¹�µ ± U

³ V s V&· ¹¼»&½¾ ¹ ± ¹º²¿r{¹�µ

ÿ ± U
³ V s V&· ÿ s � ± U

³ V s V&· � s ø
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i�ksli�kIl

Class Heap;
Interface
Use Packaging;
Type heap;
Object the-heap;
Methods put _, get _ : packaging;

Body
Place storage _ : packaging;
Axioms
put box :: -> storage box;
get box :: storage box -> ;

Where
box : packaging;

End Heap;
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Class ConveyorBelt;
Interface
Use Packaging;
Type conveyor-belt;
Object the-conveyor-belt;
Methods put _, get _ : packaging;

Body
Use FifoPackaging;
Place belt _ : fifo-packaging;
Initial belt [];
Axioms
put box ::

(size f)>conveyor-capacity = true =>
belt f -> belt (insert box f);

get (first f’) ::
belt f’ -> belt (extract f’);

Where
f : fifo-packaging;
f’ : ne-fifo-packaging;
box : packaging;

End ConveyorBelt;
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õNü?b'è<üjô�õAð;õ�ü�ü�è�ð;ô�÷ M ó�ö6b"è§óNíuñC÷ M ï6è<ü�
4õ�ü�i ô�ç�è�ñ�iAï�÷Cè<iè<ö'ô?ó�ô�ñ�õNövï�ç6óNí8è-ÿ
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q�õ�ö'ô�ü�ó�ü�ñ�÷ M ô�õ·ô�ç�è õNô�ç�è<üvï6õNñCö'ô?í þ è<÷�õ�f�o�ô�ç�ñ�í�ï�õ�ñ�ö)ôvñRí�iAõNü�è ó�öhóNb)û'ñ�ð;èAô�ç�ó�öEó�öcõ þ ÷Cñ�ø-ó�ô�ñCõNö/ÿ
>�ö6b'ñCö�øvô�ç�è�ü�è%ò6ö�è<iAè2ö'ô�ï�ü�õ)ð;è�í�íjfjñ�ô�ç·óvð;õ�ö'ô�ü�ó�ð;ô�ù6ó�÷�qjé : éts�ê�ë�ìíuï6è�ð;ñSò¥ð<ó�ô�ñ�õ�öÔè<ö)ô�ñCü�è<÷ Mvþ ù�ñ�÷Cô
fjñCô�çáqjé : éts�ê�ë�ì ð;÷Ró�í�í8è�í�íuï6è�ð%ñ�
 M ñ�ö�ølú-ó<ûNó ð;÷�óNí�íuè�íyç�óNíyô�ç�èN
4õN÷C÷�õ�fjñ�ö�ø óNb'û�ó�ö)ô�ó�øNè�í%ÿNOpñ�ü�í8ô<o ô�ç�è
ñCiAï�÷�è2iîè%ö'ô?ó�ô�ñ�õNö ñ�í ô�ü�ñCû'ñ�ó�÷�÷ M ï6è<ü�
4õ�ü�iAè§b o/íuñCö6ð;èvè<û-è2ü M ñ�ö6í8ô�ü�ù6ð;ô�ñCõNö·õ3
jô�ç�èîï�ü�õNø�ü�ó�iÝñ�í�ó�÷Cü�è�ó�b M
í8ï�è§ð;ñ�ò6è§b ÿQP-è�ð;õ�ö6b o ô�ç�èvú-ó<û�óîï�ü�õNøNü?ó�iÝfjñC÷�÷ þ è<ç6ó<û-è�÷Cñ ª è�ô�ç�è�iAõ íuôtð;õNö6ð%ü�è<ô�è�ð%õNö)ô�ü�ó�ð;ô�ù�ó�÷	qjé :
éts�êrë�ì í8ï�è§ð;ñ�ò¥ð2ó�ô�ñCõNö/ÿýa	ç'ù6í%o/ö�õÔù�ö�èSR'ï6è�ð%ô�è�b þ è2ç6ó<û'ñCõNù�ü¤ó�ü�ñRí8è�í�b'ù�ü�ñCö�ø ô�ç�èvñCiAï�÷Cè<iîè2ö'ô?ó�ô�ñCõNö
ï�ç�óNíuè o\í8ñ�ö6ð%èîñCô�ç6óNí¤ó�÷Cü�è�ó�b M·þ è<è<öxõ þ í8è<ü�û-è�b·ó�ô�ô�ç�èAqjé : éts�êrë�ìÒíuï6è�ð;ñSò¥ð<ó�ô�ñ�õ�öá÷Cè<û-è<÷�ÿ¦q�õ�ö6íuè :
T ù�è<ö)ô�÷ M o/ô�ç�èÒð;õ�ö'ô�ü�óNð%ô�õ�
tô�ç�è"ilõ-íuô¤ð;õ�ö6ð;ü�è<ô�è ð%õNö)ô�ü�ó�ð;ô�ù�ó�÷�qjé : éts�êrë§ì·íuï6è�ð;ñSò¥ð<ó�ô�ñ�õ�ö¢ñ�írï�ü�è :
í8è<ü�û-è�b þ)M ô�ç�èï�ü�õ�øNü�ó�i·opó�ö6b·ô�ç�ñRí�è<ö6í8ù�ü�è�í�ô�ç6ó�ô¤ô�ç�èvï�ü�õNø�ü�ó�iÐñRí�ó ð;õ�ü�ü�è§ð;ô�ñ�iAï�÷Cè<iè<ö-ô�ó�ô�ñ�õ�ö/ÿ
P-è§ð;ô�ñCõNöVU ÿ�ìjè<û)ñRb'è<ö�ð;è�í ô�ç�è#
4õN÷�÷Cõ�fjñ�ö�ø+
�óNð;ô7�/iAè<ô�ç�õ)b�íXW3Y[Z\��]�^�_���`[��Ya�'bAcKó�ö6bN]d��`[e�fg�h^i_��S`[��Ya�'bSc
õ3
/q�÷Ró�í�í\iAõ)b)ù�÷�èkj\l�fglhm�e�Y�fg�3nde�]�oi�a_���ó�ü�èjö�õNô�í8ï6è�ð;ñ�ò�è�b�óNí�ú-ó<û�óNZ3n	Yd��p�]de�Y[W�q���r	iAè<ô�ç�õ)b�í%o-ó�ö6b
ô�ç�ñRíjð<ó�öÒð<ó�ù6í8è�è<ü�ü�õNü�íjñ�ö ô�ç�è¤ð<óNí8èrõ3
�iù�÷�ô�ñ�ï�÷Cè#s6õ�f�í	õ�
Kð;õ�ö'ô�ü�õ�÷+ÿ
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��ð2ð;õNü?b'ñ�ö�ø ô�õ·ô�ç�èAñCiAï�÷Cè<iAè%ö'ô�ü�è<÷Ró�ô�ñCõNöwø�ñ�û-è<öxñ�öc¬�è;ò6ö�ñCô�ñ�õ�ö}�'ÿ�ì)ÿ�ì)o	qjé�~�éts�êrë�ì���¬taÙô�è<ü�i í
�;½-½ ¶ �a� ÄRË��vÄRË)�R¸6¶ Æ Ê-Ë	� ���-Æ ��ç6ó<û-èyô�õ þ è�ü�è<÷�ó�ô�è�b¦ô�õvó�ô�è<ü�i õ3
[óvú-ó§û�ó�ï�ü�ñCiAñ�ô�ñ�û-è	ô-�)ï6è-ÿ�a	ç�è ú-ó§û�ó
ï�ü�ñ�iAñCô�ñCûNè�ô-�)ï�è§íyó�ü�èa�!W�Y�� o�_	e�Y�� o)è<ô�ðNÿ�P-ñ�ö�ð;è�ô�ç�ñRíy÷CñRí8ôyñ�í�û-è<ü�� ü�è�í8ô�ü�ñ�ð;ô�è§b o�ñCôyñ�íyö�õ�ô�ï6õ-í�í8ñ þ ÷Cèvô�õ
ü�è<÷Ró�ô�è ó�ö	�eqjé+~�éts�ê�ë�ìG��¬�a ô�è<ü�i ô�õxóÔô�è<ü�i õ3
�õ�ö�è õ�
tô�ç�è§íuè ô-�'ï6è�í%ÿ�O�õNüvô�ç�ñRí�ü�è�óNí8õNö/o	ñCô
ñ�í ö�è�ð;è�í�í�ó�ü��áô�õ·ó<û-õNñ�báô�ç�èîù6í8èAõ�
tð%õNiAï�÷CèSR��t¬�a iAõ)b'ù�÷Cè�í�ô�ç6ó�ôð<ó�ö�ö�õNô þ èlü�è<÷�ó�ô�è§b ô�õxú-ó§û�ó
ï�ü�ñ�iAñCô�ñCûNèjô-�'ï6è�íjó�ö6b"ô�õîù�íuè�ñ�ö6í8ô�è�ó�b ó q�÷�óNí�íjiAõ)b'ù�÷�è�ô�ç6ó�ôjfjü?ó�ï6íyñCô<ÿ
�yõ�fKè<û-è<ü<o3
4õNüyqjé+~�éts�ê�ë�ì��¬�aeô�è<ü�i í@ô�ç6ó�ô��-ÊN¶�Å�Ë�Ê�� �;½-½ ¶ �a� ÄRË Æ Ê-Ë	� ���-Æ �Po)ñ�ô�ñRí�ö�õNôjö�è§ð;è�í�í�ó�ü��
ô�õÔfjü�ó�ïwô�ç�è<i ñCö'ô�õÒóáq�÷RóNí�íriAõ)b)ù�÷�è-ÿxO�õ�ü�ñ�ö�íuô�ó�ö6ð;è-o�ô�ç�è qjé�~�éts�êrë�ì�m�e�Y�fd��nde�]�o��a_��·q�÷Ró�í�í
iAõ)b)ù�÷�è+��íuè<è��%R�ó�iAï�÷�è@�'ÿ�ì)ÿ��%m	�¥ù6íuè�íH��¬�a·iAõ)b'ù�÷Cè#�dW3�geh�il����gl���WSY��	ñCö'ô�è<ü�ö�ó�÷�÷��-o�ó�ö�brö�õ1
4õ�ü�iù�÷Ró
õ3
�ô�ç�è¤ð;õNö)ô�ü?óNð;ô�ð;õ�ö6ð;è<ü�ö6í	ô�ç�ñRí	iAõ)b'ù�÷�è-ÿ�a	ç�è2ü�è�
4õ�ü�è-o)ñ�ôjñRí	ö�õNô�ö�è�ð;è�í�í�ó�ü��Aô�õvfjü�ó�ïÒñ�ôjñCöÔóAq�÷Ró�í�í
iAõ)b)ù�÷�è-ÿ
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qjé+~�é�s�êrë§ì�ñ�iAï�÷Cè<iè<ö'ô¥ü�è<÷�ó�ô�ñ�õNölíuô?ó�ô�è�í�ô�ç6ó�ô�qjé+~�éts�ê�ë�ì�b'è�
�ó�ù�÷�ôKð;õ�ö6íuô�ü�ù6ð;ô�õNü?í�ó�ü�è�ü�è<÷�ó�ô�è�b�ô�õ
ú-ó<û�ó b'è�
�ó�ù�÷�ô�ð;õ�ö6íuô�ü�ù6ð%ô�õNü?í;ÿC�Ôõ-í8ô�õ�
 ô�ç�èvô�ñ�iAè o ó b'è�
�ó�ù�÷�ô ð;õNö6í8ô�ü�ù6ð;ô�õ�ü�ñRíyö�õ�ô¤íuù	� ð;ñ�è2ö'ô2o/ó�ö6b
óÒú-ó§û�ó·ð;÷�óNí�í�b'è;ò�ö�è�í�ó�í�f	è<÷C÷�ö�õNö	~=b'è�
�ó�ù�÷�ôýð;õNö�íuô�ü�ù6ð;ô�õNü�í%ÿxa	ç�è<ü�èA
4õNü�è o\f	èlü�è�ð;õ�iAiAè%ö6bÔô�õÒù6íuè
ö�õ�ö	~=b'è�
�ó�ù�÷�ô�qjé+~�éts�êrë§ìîð;õ�ö6íuô�ü�ù6ð%ô�õNü?í�û-è2ü��è�ó�ü�÷��AñCö"ô�ç�è�ü�è;ò6ö�è<ilè<ö'ô�ï�ü�õ)ð;è�í�í;o6è<û-è<öAô�ç�õNù�ø�ç·ó
b'èA
�ó�ù�÷Côjð;õ�ö6íuô�ü�ù6ð;ô�õNü�ñRíjí8ù	� ð%ñ�è<ö)ô<ÿ

�[�96��3|) y6����:8 K¢¡x£

�µíuõ3
4ô8fjó�ü�è·í-��í8ô�è<i ñRívó�÷�f ó���ííuô�ó�ü�ô�ñ�ö�øcó�ôAóxøNñ�û-è2ö¢ilõNiAè<ö)ô<ÿG¤Eç�è<öhô�ç�è í���íuô�è2i ñ�í�ñ�iAï�÷�è�~
iAè2ö'ô�è�b¦ñCöÒú-ó§û�ó)o�ô�ç�èví8ô�ó�ü�ôyõ3
�ô�ç�è�í-��í8ô�è<i ð;õ�ü�ü�è�íuï6õNö�b�í�ô�õîô�ç�è�ñCö'û-õ)ð2ó�ô�ñCõNö õ�
�ð;õNiAi ó�ö6bv��l�fgl
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m�_	l�Z	Z3dl�`[�Ql�]	�[ZÔfjç�ñ�ð«ç íuô�ó�ü�ô?í ô�ç�è®`[l�W3YXbAl�]	�[Zac"ilè<ô�ç�õ)bcõ�
ýú-ó<û�ówð;÷Ró�í�ívm�_�l�Z�Z�dl3`���ÿJqjé+~
éts�êrë�ìAq�÷Ró�í�íyiAõ)b)ù�÷�èCj3¯	°���íuè<è!O\ñCøNù�ü�èVU ÿ���� íuï6è�ð%ñ�ò6è�íjô�ç�èvú-ó<û�ó¦¨�ñCü�ô�ù6ó�÷9�·ó�ð«ç�ñCö�è-o6óviAè<ô�ç�õ)b
��l�fdl:b±m�_	l�Z	ZSdlS`[�%²�l�]	�dZ�c)o/ó�ö6bcô�ç�èÒð<ó�÷�÷Kô�õxô�ç�èv`[l�W3YXbAl�]	�[ZacîiAè2ô�ç�õ)b ÿG¤Eç�è<ö óÔfjç�õN÷CèÔí-��í³~
ô�è2i ç�óNíAô�õ þ èxíuï6è�ð;ñSò6è�b ojfKè·ü�è�ð;õ�iAiAè%ö6bwô�õwù�íuèxówiAè<ô�ç�õ)b´W3Y�W3�'b�dl�`[�H²µl3]��dZ	cv
4ü�õ�i ô�ç�è
iAõ íuô ó þ íuô�ü�óNð%ô·ð;õ�ö'ô�ü�óNð%ô�ù6ó�÷�qjé+~�éts�êrë�ìhíuï6è�ð;ñSò¥ð<ó�ô�ñ�õ�ö/ÿ¶�Ôè<ô�ç�õ)b·W�Y[W3�Xb�gl3`[�9²µl�]a��ZacÒñRíAü�è�~
ò6ö�è§b ô�õviAè<ô�ç�õ)bx�il�fgl9b±mi_�l�ZaZ3dlS`��H²�l�]a�[Z�c-o-ó�ö6bAò6ö6ó�÷�÷��ñ�ilï�÷�è<iè<ö)ô�è2b¦fjñCô�ç ð%õNiAi ó�ö6bC�il�fgl
m�_	l�Z	Z3dl�`[�Ql�]	�[Z'ÿ9�yövè7R�ó�iAï�÷�èKõ�
 ù6íuè�õ�
piAè2ô�ç�õ)bvW3Y�W3�'b�dl�`[�H²�l�]��dZ	c�ñRí�ï�ü�õ�û'ñ�b'è�b þ �vô�ç�ètð<óNí8è
íuô�ù6b	�-o6b)è�í�ð;ü�ñ þ è�bîñCö·q�ç6ó�ï�ô�è<ük¸'ÿ
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¤xèvç6ó<û-è�ô�ü�è�ó�ô�è�b·ú-ó<û�ó¾½�ü?ó�ï�ç�ñ�ð<ó�÷À¿�íuè<ütg+ö'ô�è<ü�
�ó�ð;è�í���½k¿�g8íµ� ñ�öxóîï6ó�ü�ô�ñRð;ù�÷�ó�ü�f óS�-ÿ��QÁ�Á'ñCô�ñCõNö6ó�÷
iAè<ô�ç�õ�Á�íKó�ü�ètù6íuè3Á þ õ�ô�çÒñ�öAô�ç�è�ó þ íuô�ü?óNð;ô�Á)è;ò6ö�ñCô�ñ�õ�öîõ3
�ó�ï�ü�õNø�ü�ó�i ù6íuñCö�øv½k¿�g�ó�ödÁAñ�öAô�ç�è�qjé+~
éts�êrë�ì�í8ï6è�ð;ñ�ò�ð<ó�ô�ñ�õNö¤õ�
¥ô�ç�è	ï�ü�õNøNü?ó�i·ÿHÂ	ç�è�í8è	iAè<ô�ç�õ�Á�í/è<ö6ó þ ÷�èKô�õ�ð<ó�ï�ô�ù�ü�è	è2û-è<ö'ô?í õ)ð2ð;ù�ü�ü�ñ�ö�ø�õ�

ô�ç�è�ñCö'ô�è<ü�ó�ð;ô�ñCõNö�õ3
6ô�ç�è�ù�íuè<üpfjñ�ô�çrô�ç�è+½k¿�g�o�ó�ödÁ�ñ�ö)û-õ ª èpô�ç�è ð;õNü�ü�è�í8ï�õ�ödÁ'ñCö�øyilè<ô�ç�õ�Á�-l	����Wae�YXb7c\�
õ�
@ô�ç�è¤ú-ó<û�ó¦õ þ ©�è�ð;ôjç6ó�ödÁ'÷�ñCö�øô�ç�è�è<û-è<ö)ô<ÿ'Â	ç�è�íuè�iAè<ô�ç�õ�Á�íjó�ü�è�ö�õNô�iAè<ô�ç�õ�Á�íjó�ï�ï6è�ó�ü�ñCö�øAñ�ö ô�ç�è
íuõ�ù�ü�ð%èrï�ü�õNø�ü�ó�i·ÿ
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Ë ÌÎÍÐÏ:Ñ+Ò Ï'Ó Ô Õ Ì0Ö Ó ÌØ× ÌØÓÚÙ ÛÜÓ Ý
Þ¾× ß à:ÌØ× ÌØÓÚÙ�ÛáÙ�Ï:âãÓ ä åGÏ'Ó Ô æ ÌáåçÙ

è ÌéÓ Ì¬ÍyÛáÙ�Ï:âãÓ

ê ç6ó�ï�ô�è2ü�í�ëÔó�ödÁì�çÁ'è<û-è<÷CõNï·ü�è�íuï6è�ð;ô�ñ�û-è<÷��Òó ô�ç�è<õ�ü��·õ�
�íuô�è<ï	íjñ�íuèü�è;ò�ö�èSîAè<ö)ôSï¥ó�öiÁwóAô�ç�è<õ�ü��·õ3

ñ�îAï�÷�è7îîè%ö'ô?ó�ô�ñ�õNö·õ3
�ð%õNö)ô�ü�ó�ð;ô�ù�ó�÷ ê é+~�ékð�ê�ë�ì·íuï6è�ð%ñ�ò¥ð<ó�ô�ñCõNö6íAï%íjç�ñRð�çcó�ü�è þ ó�íuè3ÁwõNöhð;õ�ö'ô�ü�ó�ð;ô�í
èSR)ï�ü�è�í�í8è3ÁAù6íuñCö�øv�k�ìñ®
4õNü�îîù�÷�ó�è-ÿ©Â	ç�è¤ù6íuè¤õ�
©�Q�ìñç
4õNü�îù�÷�ó�è�ñ�í�îAõ�ô�ñCûNó�ô�è3Á þ �Aô�ç�è�
�óNð%ôyô�ç6ó�ô
ô�ç�èS� ó�ü�è¤ð;ù�ü�ü�è<ö)ô�÷��îèSîlï�÷�õ3�-è3Ávñ�ö ô�ç�è�ô�ç�è<õNü��Aõ�
�ô�è�íuôjø�è<ö�è<ü?ó�ô�ñ�õNö¾Á'è<û-è<÷CõNï�ï6è3ÁV
4õ�ü ê é+~�éQð�êrë§ì'ÿ
Â	ç�èxï�ù�ü�ï6õ-íuè õ�
vô�ç�è ð;ù�ü�ü�è<ö)ô ð«ç�ó�ï�ô�è<ü ñRíAô�õcï�ü�õNï6õ-í8ècó îAè§ó�ö6íAïyù6í8ñ�ö�øcô�ç�ñRíAô�ç�è2õNü��Eõ3
vô�è�íuô
ø�è<ö�è<ü?ó�ô�ñCõNö5ï�ô�õîï�ü�óNð%ô�ñRð2ó�÷�÷��îû-è2ü�ñ�
I�[�\ô�ç6ó�ôtóíuè<ôjõ3
©�Q�ìñ®
4õ�ü�îù�÷Ró�èyèSR)ï�ü�è�í�í8è3ÁAõNö·ó ê é+~�ékð�êrë§ì
í8ï�è§ð;ñ�ò¥ð2ó�ô�ñCõNöEñ�í"ó�ð;ô�ù�ó�÷�÷��Eócð;õ�ö'ô�ü�óNð%ôì�4ç�õNü�ñ�ò<õ�ö'ô?ó�÷�û-è2ü�ñ�ò�ð<ó�ô�ñ�õNö[�ó��ô�ç�ó�ôÔü�è;ò6ö�è7îAè<ö)ôíuô�è2ï6í ó�ü�è
ð;õ�ü�ü�è�ð;ô��Pû-è<ü�ô�ñ�ð<ó�÷�û-è2ü�ñ�ò�ð<ó�ô�ñ�õNö[�ó�)ó�ödÁô�ç6ó�ôjô�ç�è�ñ�îAï�÷CèSîîè%ö)ô�ó�ô�ñ�õ�övï�ç6óNí8è�ñRíKð;õNü�ü�è�ð%ô�ô�õ-õx�Pï�ü�õNø�ü�ó�î
û-è<ü�ñ�ò¥ð2ó�ô�ñCõNö��?ÿ

Â	ç�èÒô�ç�è2õNü��cõ3
�ô�è�í8ôîè2ö6ó þ ÷Cè�ívô�õxøNè<ö�è2ü�ó�ô�è·óáü�è3Á'ù6ð%è3Áwô�è�í8ôAí8è<ôSï	ü�è<ï�ü�è�íuè<ö)ô�ó�ô�ñCû-èAõ�
�ô�ç�èyô5õ�ö�÷�ø
þ è<ç6ó<û)ñ�õ�ù�üvõ�
¤ó ê é+~�ékð�êrë§ìáí8ï�è§ð;ñ�ò¥ð2ó�ô�ñCõNö5ïKíuù�ð«çcô�ç�ó�ôñ�
tô�ç�èçîAõ�Á'è<÷Kõ�
¤ó·ï�ü�õ�øNü?ó�î í�ó�ô�ñRí+ò6è�í
ô�ç�èîô�è�íuôýíuè<ô7ï�ô�ç�è2öáô�ç�ñRí�îAõ�Á'è<÷�ñRí þ ñRí8ñ�îù�÷Ró�ü�ô�õÒô�ç6ó�ô�õ3
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îuÏ6Ó=ËBÈ�Î&ÆJËJÛ<��Æ�Ê�Á>Í�ÎKÈ��ÐÆJÀ�ËQÑÕÆ�Ö�ÁMÓÌÓ=Á3í�È=ÍÕÂ�Æ�;6Ã3îcÔ6ÓÌÆÇé�Ê�Á�îcÔ6Ï6ËBÈ=Í6Â^ËQÑ6Æ�ÎKÏ�î�Á-Ö�ËQÑ6ÆWÈÌÍÐËBÆJÂMÆJÀ�Î�Ô6ÀQÆÝÎKÆJÍÒË
ÈÌÍuÃ�îuÏ6ÓÌËQÈ�Î&ÆJËJÛ:��È=Â>Ï6ÀQÆ��ÐÛÌì��ÒÆJÔ6È�ÊIË9Î�Ã�îrÏ6ÓÌËQÈ¸ÎKÆJË�Ã-Í&�rÃWÔ�ÁÇÎQÎ&È=ß6ÓÌÆ5�7Ã3îvî�Ã�Ê�Á�îcÔÕÏ6Ë9Ã-ËQÈ=Á>ÍuÃMÊ9Ñ6È=Æ�ÄÐÈÌÍ6Â
ËBÑ6ÆWÀQÆ-Î&Ï6Ó=Ë	hÐÛ
��Æ�È=ÍÒËQÆJÍ&��ËBÁ/�ÐÆ�ÄÇÆJÓ=Á>Ô�Ã-Í�Ã-Ô6Ô6Ó=È¸ÊJÃmËBÈ=Á>Í�ÃmÓÌÓ=Á3í�È=ÍÕÂ�Î&ÆJÄÇÆJÀ9Ã-ÓMÏ�Î&ÆJÀ9Î�ËQÁ�È=Í�Î&ÆJÀQËÈÌÍÐËBÆJÂMÆJÀ�ÎNÈ=ÍÒËQÁ7Ã�îuÏ6ÓÌËQÈ�Î&ÆJË
ËBÑ�ÃmË�È�Î<�ÐÈ¸ÎKËBÀQÈ=ßÕÏ6ËQÆ��WÃ>Ê�ÀQÁHÎQÎËQÑ6Æ3� ÆJßãÛg07ÊJÊ�ÁMÀ��ÐÈ=ÍÕÂ�ËQÁ�ËQÑ6Æx�7Ã�îvîÃeÔ�Ã-À9Ã2�ÒÈ=Â�î¾ïMÊ9Ñ6ÆSîcÈ¸ÊJÃmÓ�ÀQÆ-Ã>Ê�ËQÈÌÁMÍ�Î
Ã-ÀQÆ�Ã-Ô6Ô6ÓÌÈ=Æ���ÁMÍ�ËQÑÕÆNîuÏ6Ó=ËBÈ�ÎKÆ�Ë 4 ËBÑ6ÆJç�Ñ�ÃJÄÇÆWËQÁcÔ�ÆJÀ&Ö�ÁMÀ�î�ËQÑÕÆ�ÎKÏ�î Á-Ö	ÃmÓ=Ó�ËQÑÕÆ�È=ÍÒËQÆ�ÂMÆJÀ�Î�ÆJÍÒËQÆ�ÀQÆ��cßÒç
Ã-Ó=ÓËQÑÕÆ�Ï�ÎKÆJÀ�Î�Ûx��ÆuÊJÃmÓÌÓ�s Ü �7Ã�îvîÃ ù s«È¸ÎKËQÀBÈ=ß6ÏÕËQÆ��8��Ã3îvî�ÃÇú1ÎKçÕÎKËQÆ7î�ï6ËQÑ6Æ�ÎKçÕÎKËBÆSî î�Ã2�ÐÆWÁ-Ö�ËBÑ6Æ
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5

8

1+2

2
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3+5

Global Multiset

��È=ÂMÏÕÀQÆT�ÒÛ=ìMéx�7Ã�îvîÃ�Ã2���ÐÈ=ËBÈ=ÁMÍ

Ï�Î&ÆJÀ9ÎAïXËBÑ6ÆNîuÏ6Ó=ËBÈ�Î&ÆJË�Ã-Í&��ËQÑ6Æ�Ê+ÑÕÆSîcÈ�Ê�ÃmÓ�ÀQÆ-Ã>Ê�ËQÈÌÁMÍ�ÎIÛ���Æ�Ô6ÀBÆ-ÎKÆ�ÍÐË�ËQÑ6Æ^È=ÍÐÖ�Á>À�î�Ã-ÓÀQÆ-ûÇÏ6ÈÌÀQÆSîcÆ�ÍÇË9ÎeÈÌÍ
ËQÑÕÀQÆJÆ�Ô�Ã-ÀQË�Î�Û+)�Ñ6Æ�É�À9Î&Ë�Á>Í6Æ�Ô6ÀBÆ-ÎKÆJÍÒË9Î�ËBÑ6ÆuÎKçÕÎKËBÆSî�Á>ÔXÆ�À9ÃmËBÈ=Á>Í�Î�ËBÑ�ÃmË�îuÏ�ÎKË�ß�ÆrÔ6ÀBÁ-ÄÐÈ��ÐÆ���ËQÁ�ËBÑ6Æ
Ï�Î&ÆJÀ9ÎAïMËQÑ6Æ�Î&Æ-Ê�Á>Í&�·Á>Í6ÆaïMËBÑ6ÆE�ÐÆJË�ÃmÈÌÓ�Î�Ã-ßXÁ>Ï6Ë�ËQÑ6ÆE�ÕÃmË9ÃWÃ-Í&�·ÈÌÍÐËBÆJÀQÍ�ÃmÓÕÊ�Á�îcÔÕÏ6Ë9Ã-ËQÈ=Á>Í�Î�ïHÃmÍ&��ËQÑ6Æ�ËBÑ6È=À��
ÁMÍÕÆaï6È=ÍÐÖ�Á>À�î�Ã-ËQÈÌÁMÍ�Î1Ãmß�ÁMÏ6Ë7ËQÑ6Æ-�ÐÆ-Î&È=ÀBÆ��rÈ�î�Ô6Ó=ÆSî�Æ�ÍÒË9Ã-ËQÈ=Á>ÍÛ
�S��ð�ò��N÷ ï�d��oö��Ðò-ñ�ï�ó�ð��T��WP�U0"Í6ÆSíqÏ�ÎKÆJÀ�Ê�ÃmÍ�ß�Æ^Ã2���ÐÆ���ËBÁ�ËQÑ6Æ^Î&ç6Î&ËQÆSî�Ã-Ë�Ã-ÍÐç îcÁ�îcÆ�ÍÐË 4 � ���U0
Ï�Î&ÆJÀ�î�ÃJç�Ã2��� Í6ÆSí ÈÌÍÐËBÆJÂMÆJÀ�Î«È=ÍÒËQÁ�ËBÑ6ÆcÎ&ç6Î&ËQÆSî¾ï�Ã-Ë^ÃmÍÒçìîcÁ�îcÆJÍÒËSï�ß�ÆJË-í�ÆJÆJÍ�ÑÕÈ�Î�ÆJÍÒËQÆJÀBÈ=Í6Â�ËQÈ�îcÆ
ÃmÍA�}ÑÕÈ�Î�Æ>;ÐÈÌË�ËQÈ�îcÆ 4 �Û�A��0�Ë�ÃmÍÒçGîcÁ�îcÆ�ÍÐË7ïNËQÑ6ÆÃmÔ6Ô6ÓÌÈ�ÊJÃ-ËQÈÌÁMÍ5ÆJÄÇÆ�ÍÐËBÏ�ÃmÓÌÓ=ç�ÂMÈÌÄÇÆ-Î�ËQÑ6Æ�ÀBÆ-ÎKÏ6ÓÌËWËQÁ�Ã
Ï�Î&ÆJÀSïÈ;Û ÆÇÛ�ï�ËQÑÕÆcÎ&Ï�î�Á-Ö�ËQÑÕÆrÈÌÍÐËBÆJÂMÆJÀ�Î«ÆJÍÒËQÆJÀBÆ���È=Í�ËBÑ6Æ�ÎKçÕÎKËQÆ7î�ÎKÈÌÍ�Ê�Æ�ËBÑ6Æ�ß�ÆJÂMÈÌÍ6Í6È=ÍÕÂ 4 �ÛÍ'�x0 Ï�ÎKÆ�À
î�ÃJçuÆ�;ÐÈÌË�ËBÑ6Æ^ÎKçÕÎKËQÆ7îÅÔ6ÀQÁ-ÄÒÈ6�ÐÆ*�rÑ6ÆWÑ�ÃMÎ�ÆJÍÒËQÆJÀBÆ��rÈÌËJÛ
�Gò��Ðò��1�Õóg�±ñ�óXò��Nö-óg�'�E���7���2��ñ�ï��!öP�|��æ7�3)�Ñ6ÆuÈ=ÍÒËQÆ�ÂMÆJÀ�Î«ÆJÍÒËQÆJÀBÆ���ßÒç�ËBÑ6ÆrÏ�ÎKÆJÀ�Î�ÃmÀBÆcÎ&ËQÁMÀBÆ���È=Í�Ã
îuÏ6Ó=ËBÈ�ÎKÆ�Ë 4 �Ûî'��)�Ñ6Æ^ÃmÔ6ÔÕÓ=È�Ê�ÃmËQÈÌÁMÍ�ÀQÆÝÃmÓ=È�òJÆ-Î�ËBÑ6Æ^ÎKÏ�îÅÁ-Ö1ÃmÓÌÓËQÑ6ÆWÈÌÍÐËBÆJÂMÆJÀ�Î�ÆJÍÒËQÆJÀBÆ��rßÒç�ÃmÓÌÓËQÑ6ÆWÏ�Î&ÆJÀ9Î 4
��ü7�:)�Ñ6Æ�ÎKÏ�î È�Î�Ô�ÆJÀKÖ�Á>À�îcÆ��WßÐçuÊ9Ñ6ÆSî�È�ÊIÃmÓÇÀQÆÝÃMÊ�ËBÈ=ÁMÍ�ÎeÃ>ÊJÊ�Á>Ày�ÐÈÌÍ6ÂWËQÁWËQÑ6Æ/�7Ã3îvî�Ã«Ô�Ã-À9Ã��ÐÈ=Â�î 4 �ÛSA�:0
Ê9Ñ6ÆSîcÈ¸ÊJÃmÓ6ÀBÆ-ÃMÊIËQÈ=Á>Í�ÀBÆSîcÁ-ÄÇÆ-Î�Ë-í�Á�È=ÍÒËQÆ�ÂMÆJÀ�ÎeÖ�ÀQÁ�î ËQÑ6Æ�îuÏ6Ó=ËBÈ�ÎKÆ�ËSïÒÃ2�'�ÕÎ�ËBÑ6ÆSîÅÏ6Ô¢ïNÃ-Í&��ÈÌÍ�ÎKÆJÀBË9Î�ËBÑ6Æ
ÎKÏ�î È=ÍÒËQÁ�ËBÑ6Æ+îrÏÕÓ=ËQÈ¸ÎKÆJË 4 ���'�<)�Ñ6Æ�ÀQÆ�È�Î�Á>Í6Ó=ç^ÁMÍ6Æ�Ë&çÐÔ�Æ�ÁmÖ#Ê+ÑÕÆSîcÈ�Ê�ÃmÓÇÀQÆÝÃMÊ�ËBÈ=ÁMÍ¢ï¤ßÕÏ6Ë1ÎKÆJÄÇÆJÀ�ÃmÓÒÁmÖãËQÑ6ÆSî
ÊJÃ-ÍrÁÒÊJÊIÏ6À1ÎKÈ�îuÏ6ÓÌË9ÃmÍÕÆJÁMÏ�Î&Ó=ç�ÃmÍ&�uÊ�ÁMÍ�Ê�Ï6ÀQÀBÆJÍÒËQÓ=ç^ÁMÍcËBÑ6Æ+îuÏ6Ó=ËBÈ�ÎKÆ�Ë 4 ��W��'��0äÊ+ÑÕÆSîcÈ�Ê�ÃmÓÇÀQÆÝÃMÊ�ËBÈ=ÁMÍCî�ÃJç
ÁÒÊJÊ�ÏÕÀ�Ã>ÎWÎKÁÇÁMÍ�Ã>ÎíËBÑ6Æ�ÎKË9Ã-ËQÆuÁmÖ	ËQÑ6ÆîuÏ6Ó=ËBÈ�Î&ÆJË«È¸Î�ÎKÏ�Ê+Ñ�ËQÑ�Ã-ËWËQÑ6Æ�Ê+ÑÕÆSîcÈ�Ê�ÃmÓNÀBÆ-ÃMÊIËQÈ=Á>Í5Ê�ÃmÍ�ÁÒÊJÊ�Ï6À7ï
È;Û ÆÇÛ�ïÒÃ>Î«Î&ÁÇÁMÍ�ÃMÎ�ËBÑ6ÆJÀBÆ�Ã-ÀQÆ^ÃmË�Ó=ÆÝÃMÎKË�Ë-í1Á�È=ÍÒËQÆJÂ>ÆJÀ9Î�ÈÌÍ�ËBÑ6Æ�îrÏÕÓ=ËQÈ¸ÎKÆJË�Û
��÷èd���o÷1�ÒóXò*�Ðò-ñ�ïXó��/)�ÑÕÆcÎ&ç6Î&ËQÆSîµÈ�Î«È�îcÔ6Ó=Æ7îcÆ�ÍÒËQÆ*�rßÐç�ËBÑ6ÆîcÆ-Ã-Í�Î«Á-Ö�ËQÑÕÆ+{ÇÃÝÄ>ÃcÔ6ÀBÁMÂMÀ�Ã�îvî�È=Í6Â
Ó�Ã-Í6ÂMÏ�ÃmÂMÆhïNÃ-Í&�ví�È=ËQÑ§ÃmÍ°ÃmÀ�Ê+ÑÕÈ=ËQÆÝÊ�ËQÏ6ÀBÆ�Ï�Î&È=Í6Âz{ÇÃJÄMÃ�0�Ô6Ô6Ó=Æ�Ë9Î�Û

}��9x ~ ¿�zI¾�z>�����|�5~���zI�5�x�W¾ez�¢r¿� ¢¡ ~�¿u¾�¡����-z���~5£ | z�~/¤

)�Ñ6ÆWÈ=ÍÕÈ=ËQÈ¸ÃmÓ ê�× � × ð�Ø�Ù-ÚuÎKÔ�Æ-Ê�È`ÉGÊJÃ-ËQÈ=Á>ÍB�íÔÕÀQÁ-ÄÐÈ��ÐÆ-Î�ËQÑ6Æ�îcÁHÎKË�Ãmß�ÎKËQÀ�ÃMÊ�Ë�ÄÒÈ=ÆSíäÁ-Ö�ËQÑ6Æ^s Ü ��Ã3îvî�Ã
ÎKçÕÎKËBÆSî"ËBÑ�ÃmËÖ�Ï6Ó�É�Ó�ÎNËQÑÕÆ�È=ÍÒÖ�ÁMÀ�îÃmÓMÀBÆ-ûÇÏ6È=ÀBÆSîcÆJÍÒË9ÎIÛV)�Ñ6Æ�ÀQÆ�È�ÎÃ�ÂMÓÌÁMß�Ã-Ó	îuÏ6Ó=ËBÈ�Î&ÆJË�í�ÈÌËQÑ^ÎKÆJÄÇÆ�À9ÃmÓÒÊ9Ñ6ÆSî+�
È�Ê�ÃmÓÒÀQÆ-Ã>Ê�ËQÈÌÁMÍ�Î�ÁÒÊ�Ê�Ï6ÀQÀBÈ=Í6ÂíÊ�ÁMÍ�ÊIÏ6ÀQÀBÆJÍÐËBÓ=çWÁMÍuÈ=Ë�Û<� Æ�Ñ�ÃJÄÇÆ	ÃíÍÕÁMÍz�ÐÈ�Î&ËQÀQÈÌß6Ï6ËBÆ����6Ã-Ë9Ã ù ËBÑ6Æ+îuÏ6Ó=ËBÈ�ÎKÆ�Ë�úóï
ÎKÆ�ÄÇÆJÀ9Ã-ÓXÔÕÀQÁÒÊ�Æ-ÎBÎKÆ-Î ù ËQÑ6ÆíÊ+Ñ6Æ7îcÈ�ÊJÃ-ÓÐÀBÆ-ÃMÊIËQÈ=Á>Í�Î+ú±ï6Ã-Í&�cÆ-ÃMÊ9ÑcÔ6ÀBÁÒÊ�Æ-ÎQÎAï�Ê�ÁMÍ�ÎKÈ6�ÒÆJÀQÆ��uÎKÆ�Ô�ÃmÀ�ÃmËQÆ�Ó=çaïÒÈ�ÎeÍÕÁMË
�ÐÈ¸ÎKËQÀBÈ=ß6ÏÕËQÆ��NÛ
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)�Ñ6Æ�ÈÌÍ6È=ËBÈ�Ã-Ó ê�× � × ð�Ø�ÙÝÚ�Î&ÔXÆÝÊ�È�ÉGÊ�ÃmËQÈÌÁMÍ+��È�Î�ÂMÈÌÄÇÆJÍ�ßÒç�ËBÑ6Æ�Ó=Æ-Ã>ÎKË1Ê�Á�îcÔ6Ó=Æ�ËQÆ ê�× � × ð�Ø�Ù-ÚWÎ&ÔXÆÝÊ�È�ÉGÊ�Ã*�
ËBÈ=ÁMÍ�ËBÑ�ÃmË�ÆJÍ�Ãmß6ÓÌÆ-Î�ËQÁ-�ÐÆIÉ�Í6Æ ê Ó�Ã>ÎQÎ%îcÁ��ÐÏÕÓ=Æ-Î<±V²P³�´V²�ï2�ÒÆ�É�Í6ÈÌÍ6Â�Ë&çÐÔ�ÆxµS²¶³�´[ïMÃ-Í&��·�¸�¹Aº�»7»Sº¼¸¶½S²Z¾'³�»:¿
�ÐÆIÉ�Í6È=ÍÕÂrË&çÒÔXÆ+À&²�Á�º�»7»Sº�Â'²�½S²Z¾'³�»ÃmÍ&��Î&Ë9ÃmËBÈ�Ê�Á>ßÒwQÆ-Ê�ËE·'¸�¹XÛ&)�ÑÕÆ-ÎKÆ�Ã�Ó¸ÃMÎQÎ/ÄcÁ��ÒÏ6Ó=Æ-Î�ÃmÀBÆ��ÐÆ�Ô6È�Ê�ËBÆ��
ßÒç·É�ÂMÏ6ÀBÆ-Î��ÒÛ/Ú�¿�ÃmÍ&�B�ÐÛ å ÀQÆÝÎKÔ�Æ-Ê�ËBÈ=ÄÇÆJÓÌçÇÛ

ÅUÆRÇ�ÈÉÈxÊ/È�Ë�ÌÍÈ
ÎRÏ6Ð Ñ2ÒPÓÕÔ×ÖØ�ÙÛÚ�Ü ÝÛÞ Î×ß ÎRÏ6Ð Ñ�à Þ Îâá ã�ä

Ð å Þ ÎRß Ñ6à Ð ä2ÒPÓÕÔ×ÖØ�ÙÛÚ�Ü ÝÛÞ Î×ß æ6çâÑ¦Ð è6åÉà Ð é Þ Îâá ã�äß¦Î Þ¦Ý á Ñ6à Ð ä�ÒPÓÕÔRÖØ�ÙÛÚ�Ü ß¦Î Þ¦Ý á Ñ6à Ð é Þ Îâá ã�ä
Ð åKÐ Ñ2ÒPÓÕÔ×ÖØ�ÙÛÚ�Ü åÛÎ×ê ÝÛÞ ÎRßRà Þ Îâá ã�ä

ë
ì¦í6î@ïñðò×ó¦ôRõ@ö×ï×÷�õøö×ù�í

ë

��È=ÂMÏÕÀQÆT�ÒÛ/ÚÐéxÃ × � ×�ú Ø�ÙÝÚ Ü Ô�Æ-ÊIÈ�ÉGÊJÃ-ËQÈÌÁMÍB�mé&û7ÎKÆJÀ�Î
Ã�Ó¸ÃMÎQÎ�Ä�Á��ÐÏ6Ó=Æz±V²P³2´S²B�ÐÆ�É�Í6ÆÝÎ�ËQÑ6ÀBÆJÆ�ÄcÆJËBÑ6Á��6ÎIé8üZýS²¶³�´�¾Mþ>ü7ÿP¿<´&³'²�µ��2¾�þ�ü�ÿ�¿�Ã-Í&� ³��SüZ¾GÛ()�Ñ6Æ-ÎKÆ
ÄcÆ�ËQÑ6Á��6Î�Î&ÈRÄcÔÕÓ=ç�Ö�ÁMÀ��	ÃmÀ��èËQÑÕÆ�ÀQÆÝû¤Ï6ÆÝÎKË�ÁmÖíËQÑ6Æ°Ï�ÎKÆJÀuËQÁ�ËQÑÕÆ�ÏÕÍ&�ÐÆJÀBÓ=çÒÈ=Í6ÂLs Ü �7ÃZÄzÄ�Ã�Î&ç6Î&ËQÆ�Ä8¿
·�¸7¹�Û�0�Î�Î&ÁÇÁMÍ�Ã>Î�Ã�Í6Æ��qÏ�ÎKÆJÀ�È¸Î�Ê�ÀBÆ-ÃmËBÆ��V¿ÒËQÑ6ÆWÍ6Æ��qÏ�Î&ÆJÀ�Ã-Í6Í6ÁMÏÕÍ�Ê�Æ-Î�È=Ë�ÎKÆJÓ`Ö�ËQÁ�ËQÑÕÆWÎKçÕÎKËBÆ�Ä8¿ÇÈ=Í°ÃmÍ
Ï6ÍÕÁMß�Î&ÆJÀQÄÇÆ��+Ä�ÃmÍ6ÍÕÆJÀ�¿ÒßÐçcËBÑ6ÆTÄcÆ-Ã-Í�ÎeÁ-Ö�ËQÀ�ÃmÍ�Î&È=ËQÈÌÁMÍ(ü�ýVü�¾ ù É�À9Ã-ß6Ó=ÆWÁ>Í6Ó=çcÁ>Í�Ê�ÆMú�Û

Å�ÆRÇ�È È��
	��EÇ���Ç�	���È��ÉË�
åÛÎRê ÝÛÞ ÎRß×à ÝÛÞ ß¦ä ÝÛÞ Î×ß ÎRÏ6Ð Ñ�à ÝÛÞ ß¦ä

ÝÛÞ ÎRß æ6ç�Ñ¦Ð è6åÉà Ð é ÝÛÞ ß¦äß¦Î Þ¦Ý á Ñ6à Ð é ÝñÞ ß¦ä
Ð åKÐ Ñ6à Ø�ÙÛÚ æ����7æé �Ûæ6ß¦ä

��� Î��PÐ ç×æRá ��ÎRæ6ç�Ñ¦Ð è6å

�! ù#"  ð�! ù#"
$&%×ì¦í�ïñðøî í�ï�ù#'âù#"

î í6î ïÛðò×ó)(×õøö×ï×÷�õ@öRù�íë ëë ÝñÞ ß ÝÛÞ ß
ÝÛÞ ßÝÛÞ ß
ÐÐ ?+* Ð*

Ð Ð
ÝÛÞ ßÝÛÞ ß

��ÈÌÂMÏ6ÀBÆ��ÒÛ),Òé^Ã × � ×/ú Ø�ÙÝÚ Ü ÔXÆÝÊ�È�ÉGÊ�ÃmËQÈÌÁMÍB�-é�Ã�ÆJÍÒËQÀ�ÃmÓ=È!-JÆ�� Ü ç6Î&ËQÆ�Ä
Ã�Ó¸ÃMÎQÎ�Ä�Á��ÐÏ6Ó=Æ�·'¸�¹Aº�»�»Vº¼¸¶½S²�¾&³�»+�ÐÆ�É�Í6Æ-ÎeÉ�ÄÇÆ/Ä�ÆJËQÑ6Á��ÕÎ�Û/.�ÆJËBÑ6Á��8üZýSüZ¾�þ ·'¸�¹Aº�»�»Sº10�2&º�´Vÿ�È¸Î�Ï�ÎKÆ��
ËBÁ�Ã>Ê�ËQÏ�ÃmÓ=ÓÌçuÎKË�ÃmÀQË�ËBÑ6Æ�Î&ç6Î&ËQÆ�Ä§Ûg·�¸7¹'ºZ»�»Sº�È�Î�ÁmÖ�Ë&çÒÔ�Æ�²�¾7´Sü�ý7ÁS¿MÃ-Í&��2�º�´�È¸Î²Á-Ö�Ë&çÐÔ�ÆTº2´�´�º�½S²Z¾�´Vü�ý�ÁS¿
�ÐÆIÉ�Í6Æ��cÀQÆÝÎKÔ�Æ-Ê�ËBÈ=ÄÇÆJÓÌç�È=Í8Ã�Ó¸ÃMÎQÎxÄcÁ��ÐÏÕÓ=Æ-Î3¸¶¾�´Vü�ý�ÁV²WÃ-Í&�43�´7´&º�½'¸P¾7´Sü�ýPÁV²ÒÛ5.�ÆJËBÑ6Á��
ü�ýVü�¾�þÉ·�¸7¹'º�»�»&º6072'º2´SÿWÈ�Î«Ï�Î&Æ���ËQÁ°Î&Ë9ÃmÀBËWËQÑ6ÆuÎ&ç6Î&ËQÆ�Ä8��È=ËBÑ Ô�ÃmÀ9Ã�ÄcÆJËBÆJÀ9Î�2�º�´ 4 È=Ë7ÎKÈ×ÄcÔ6Ó=ç�ÆJÍ�Ãmß6ÓÌÆ-Î
ËBÑ6ÆrÉ�ÀBÈ=Í6Â�ÁmÖ�ÄcÆJËBÑ6Á��hý&³:9 µV²P³2´�þ µV²�´VÿÇÛ 0�Î�Æ�;ÒÔ6Ó�Ã-È=Í6Æ���È=Í Ü Æ-Ê�ËBÈ=Á>Í =ÇÛ;, ËBÑ6È�Î�ÄcÆ�ËQÑ6Á��<��ÈÌÓ=Ó1ßXÆ
Ä�Ã-Ô6Ô�Æ��cÃ-Ë«ËBÑ6ÆWÈRÄcÔ6ÓÌÆ�ÄuÆJÍÇË9Ã-ËQÈ=Á>ÍrÔÕÑ�ÃMÎ&Æ�ËQÁ�ËBÑ6Æ>=Aº�?&º�Ê�Á�Ä�Ä�Ã-Í&�NÛ
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.�ÆJËBÑ6Á��6Î�ý�³�9 µV²P³�´Mþ µV²�´Sÿ7¿�µS²¶³�´ ºML�¾Sü�N�ýMþ>ü10Dµ&²�´VÿP¿�´&³'²�µO��¾�þ�ü10ÛµV²�´&ÿ�¿�ÃmÍ&�§µV²P³�´ ³��SüZ¾�þÉµS²�´Vÿ
ÀQÆÝÃmÓ=È!-JÆ^ÃMÊ�ËBÏ�ÃmÓÌÓ=ç°ËQÑ6Æ�Ö�Á>Ï6ÀWÎKÆ�ÀQÄÒÈ�Ê�Æ-ÎÍ¿NÎ&ç6Î&ËQÆ�Ä�Á>ÔXÆ�À9ÃmËBÈ=Á>Í�Î���PP�eËBÁ(�#QA� ¿�ËQÑ�Ã-Ë�ËBÑ6ÆuÎKçÕÎKËBÆ�Ä�Ô6ÀQÁ-ÄÒÈ6�ÐÆÝÎ
ËQÁ�ËBÑ6ÆWÏ�ÎKÆ�À9Î�Û

)�Ñ6ÆTý&³:9 µS²¶³�´Mþ µS²Z´Sÿ�ÄcÆ�ËQÑ6Á��rÈÌÍ�ÎKÆ�ÀQË9Î�ËQÑ6ÆWÏ�Î&ÆJÀ9ÎSRÐÈ��ÐÆJÍÒËQÈ=Ë&ç�ÈÌÍÐËBÁ�ËQÑ6Æ/µS²P³2´S²�Ô6Ó�Ã>Ê�ÆWÁmÖ!Ë&çÐÔ�Æ/µS²¶³�´
ù �ÒÆ�É�Í6Æ��¶ßÒç Ã�Ó¸ÃMÎBÎ Ä�Á��ÐÏ6Ó=ÆB±V²P³�´V²Çú9Û�Ã × � ×�ú Ø�Ù-ÚUT'¸�VZý�¾5Ô6Ó¸ÃMÊ�Æ�È¸ÎrÁmÖ�Ë&çÐÔ�Æ1ü�ý�¾�³�Á�³�´ ù ËKçÒÔ�Æ
ü�ý7¾&³2Á&³�´�È�Î�ÎKÔ�Æ-ÊIÈ�É�Æ��5Ï�Î&È=Í6Â 0XW/)sÄcÁ��ÐÏÕÓ=ÆKV�ý7¾&³�Á�³�´V²�Î&Ô�Æ-Ê�È�Ö�çÒÈ=ÍÕÂ�ÎKÈ=Â>Í6Æ��5È=ÍÒËQÆ�ÂMÆJÀ�ÍÒÏ'ÄußXÆ�À9Î+ú�Û
)�Ñ6È¸Î«Ô6Ó�Ã>Ê�Æ�Ä�Á��ÐÆJÓ�Î�ËBÑ6Æ�ÄuÏ6Ó=ËBÈ�ÎKÆ�Ë�ÁmÖ²È=ÍÒËQÆJÂ>ÆJÀ9Î�ÆJÍÒËQÆJÀBÆ���ßÒç�ËQÑ6Æ^Ï�ÎKÆJÀ�Î«È=Í°ËQÑ6ÆuÎ&ç6Î&ËQÆ�Ä§Û�)�ÑÕÆ�Ã × �
×�ú Ø�Ù-Ú�Î&Æ�Ä�ÃmÍÒËQÈ¸ÊJÎ�ÁmÖ�ÔÕÓ�ÃMÊIÆ-ÎeÈ¸Î�ÎKÏ�Ê9Ñ�ËQÑ�Ã-Ë�ËQÑ6Æ^Ê�Á>ÍÐËBÆJÍÐË1ÁmÖ!Ô6Ó�Ã>Ê�ÆDT'¸�V�ý7¾�È¸Î�ÃMÊIËQÏ�Ã-Ó=Ó=ç�ÂMÈ=ÄÇÆ�ÍcßÐç�Ã
ÄuÏ6Ó=ËBÈ�ÎKÆ�ËJÛ<)�Ñ6Æ�µV²P³2´ º�L2¾SüYN2ý�þ�ü10ÛµS²Z´&ÿxÄcÆJËBÑ6Á��uÊ+Ñ6ÆÝÊ[ZÕÎ�È�Ö:µV²�´�Ñ�Ã>Î�ÃmÓÌÀQÆ-Ã��ÐçuÆJÍÐËBÆJÀQÆ*�·ËBÑ6Æ�Î&ç6Î&ËQÆ�Ä
ù È)Û@ÆÇÛ×¿ÇÈ�Ö�µS²Z´�È¸Î�È=ÍcËBÑ6ÆWÔ6Ó�Ã>Ê�Æ/µS²¶³�´V²Çúy¿ÒÃ-Í&�cÈ=Í�Î&ÆJÀQË�Î�È=ÍÒËQÆJÂ>ÆJÀEü7¿ÒÈ=ÍÒËQÁ�ËQÑÕÆ�Ô6Ó�Ã>Ê�ÆDT'¸�V�ý7¾GÛ1\)Ö�ËBÑ6ÆWÏ�ÎKÆ�À
µS²Z´cÑ�ÃMÎ«Í6Á>Ë�çÇÆJË�ÆJÍÒËQÆ�ÀQÆ���ËQÑ6Æ�ÎKçÕÎKËQÆ>Ä8¿ÐËBÑ6Æ�ÄcÆ�ËQÑ6Á��°ÊJÃmÍ6ÍÕÁMË�ß�Æ�É�ÀQÆ��V¿�ËQÑÒÏ�Î«ËBÑ6Æ�ü�Ä>ÃmÓÌÏ6Æ�È¸Î�ÍÕÁMË
È=Í�ÎKÆJÀBËQÆ��WÈ=ÍÒËQÁ�ËBÑ6ÆxÄrÏÕÓ=ËQÈ¸ÎKÆJËS]&Û�)�ÑÕÆx´�³�²Zµ���¾Mþ>ü^0�µS²�´Vÿ�ÄcÆJËBÑ6Á���Ê9Ñ6Æ-Ê+Z6ÎNÈ`ÖSµV²�´WÑ�ÃMÎ�ÃmÓÌÀQÆ-Ã��Ðç�Æ�ÍÐËBÆJÀQÆ��
ËQÑÕÆ�Î&ç6Î&ËQÆ�Ä ¿ÐÃ-Í&��ÀBÆ-Ã2�ÕÎ�Á>Í6ÆWÈ=ÍÒËQÆJÂ>ÆJÀTü�ÈÌÍ�ËQÑ6ÆWÔ6Ó¸ÃMÊ�ÆDT�¸OV�ý7¾GÛ6\�Ö µV²�´rÈ¸Î�È=Í�ËQÑÕÆ5µS²P³2´S²�ÔÕÓ�ÃMÊIÆP¿ÐËBÑ6Æ
µS²¶³�´ ³:�SüZ¾�þ µV²�´VÿEÄcÆJËBÑ6Á��rÀQÆ>ÄcÁ-ÄÇÆ-Î�µV²�´NÛ

)�Ñ6Æ/Ã × � ×/ú Ø�ÙÝÚD_�`&³Z»:üYL7º��:a&³Pº�L2¾&üYN2ý�ËQÀ�ÃmÍ�Î&È=ËBÈ=ÁMÍ�Ä�Á��ÐÆJÓ�ÎËQÑÕÆ�Ê+Ñ6Æ>ÄcÈ�ÊJÃ-ÓMÀBÆ-ÃMÊ�ËBÈ=Á>ÍÛ6\;Ë�Ë�ÃbZÇÆ-Î�Ë7�1Á
È=ÍÒËQÆ�ÂMÆJÀ�Î/ü^0c=·Ö�ÀQÁ�Ä�ËQÑ6Æ>T'¸�VZý�¾uÔ6Ó�Ã>Ê�ÆP¿GÃmÍ&��È=Í�Î&ÆJÀQË�Î�ËBÑ6ÆJÈ=À7ÎKÏ�Ä ü�d�=rÈ=ÍeT'¸�VZý�¾GÛfW«ÏÕÆ�ËQÁuËQÑÕÆ�Ã × �
×�ú Ø�Ù-Ú^ÎKÆ�Ä�Ã-ÍÐËBÈ�ÊJÎ ù Î&Ë9Ã-ß6È=ÓÌÈ�ÎQÃ-ËQÈÌÁMÍcÔ6ÀBÁÒÊ�Æ-ÎBÎ+úy¿ÒËQÀ�ÃmÍ�Î&È=ËQÈÌÁMÍg_�`&³�»<üYL7º���a�³Pº�L2¾&üYN�ý�È�Î�É�ÀBÆ��rÃ>ÎeÓÌÁMÍ6Â�ÃMÎ
È=Ë!È�Î#É�À�Ãmß6ÓÌÆP¿MÈ)Û@ÆÇÛ×¿MÃ>Î�Ó=Á>Í6Â^ÃMÎ�ËQÑ6Æ�ÀQÆ�ÃmÀBÆ�ÃmË�Ó=ÆÝÃMÎKË!Ë��1Á�È=ÍÒËQÆ�ÂMÆJÀ�Î#ÈÌÍ�T'¸�VZý�¾GÛ^.�ÆÝÃmÍ���Ñ6È=ÓÌÆP¿mÍÕÁ/ÄcÆJËBÑ6Á��
ÊJÃ-Í ß�Æ�É�ÀQÆ��GÛ�)�ÑÕÆJÀQÆ�Ö�Á>ÀQÆP¿<ÄcÆ�ËQÑ6Á�� ´&³'²�µ��2¾�þ�ü10ÛµS²Z´&ÿ�È¸Î�É�À�Ãmß6ÓÌÆcÃJÖ�ËQÆJÀ>_Y`�³�»<üYL�ºM��a�³Pº�L�¾Sü�N�ýcÑ�ÃMÎ
É�ÀBÆ��V¿�Ã-Í&�èËBÑÐÏ�ÎuÃmÓ!��ÃJçÕÎ·ÀBÆJËQÏ6ÀBÍ�Î�ËQÑÕÆ�ÎKÏ�Ä Á-Ö^ÃmÓÌÓ�È=ÍÒËQÆJÂ>ÆJÀ9Î�ÆJÍÒËQÆJÀBÆ�� ÈÌÍ¶ËQÑÕÆ�Î&ç6Î&ËQÆ�Ä Î&È=Í�Ê�Æ�ËBÑ6Æ
ÎKçÕÎKËBÆ�ÄÅÑ�Ã>Î�ß�ÆJÆ�Í�Î&Ë9Ã-ÀQËQÆ*�NÛ

Ã × � ×�ú Ø�ÙÝÚrÎ&ÔXÆÝÊ�È�ÉGÊ�ÃmËQÈÌÁMÍB�«È¸Î�ÂMÈ=ÄÇÆ�Í�ßÒçGé

�Fhji ù�k ÷Mlm^n o²úqp#r�s�tvu7txw!y{z ù7k ÷Ylm^n o²úq|M}7s�~+w!}7��y{z ù7k ÷Mlm�n o�ú{�Y���7��tv}7r+y{z ù7k ÷�lm5n oeú{�Y��}7���c�������7tvr+yxz
ù�k ÷��m^n o²ú���s�w!��r+u�yqz ù�k ÷��m�n o�ú{��w�w!}{�+��s!w���r+u7yvz ù�k ÷��m�n oeúq�My!txw!y7z ù�k ÷��m�n oeúq���+��}��5�5}c�7��y�s!t��^���

\;Í&�ÐÆJÆ*�V¿ÇÈ=Í�ÁMÀ��ÐÆJÀ�ËQÁuÎ&Ô�Æ-Ê�È�Ö�ç|Ã�Ó�Ã>ÎQÎ�ÄcÁ��ÒÏ6Ó=Æ-Î3û�ÎKÆ�À9Î�Ã-Í&��W Ü �7ÃZÄ�Ä�Ã Ü çÕÎKËQÆ>Ä�¿ÐÈÌË�È¸Î�Í6Æ-Ê�Æ-ÎBÎQÃ-ÀQçuËQÁ
Ï�Î&Æ�ÃMÎ6��ÆJÓÌÓ�Ã�Ó¸ÃMÎBÎ%Ä�Á��ÐÏ6Ó=Æ Ü ËQÀBÈ=Í6ÂHÎ ¿P0�ÀQÀ9ÃJç Ü ËQÀBÈ=Í6ÂHÎ�ÃmÍA��0XW�) Ä�Á��ÐÏ6Ó=ÆÝÎ^��Ó¸ÃMÊ+Z')ÁÒÊ[ZÇÆ�Í�ÎÉ¿�\;ÍÐËBÆJÂMÆJÀ�Îy¿
��Ñ6È¸Ê+ÑcÍÕÆJÆ��6Î�ËBÑ6Æ^Ø�ÃmËBÏ6À9Ã-Ó�Î�ÃmÍ&��ËQÑ6Æ>��ÁÇÁMÓÌÆ-ÃmÍ�Î�0XW�) ÄcÁ��ÒÏ6Ó=Æ-ÎIÛ

�{�v���B�7���:�7�f�v���[�B���/ S¡��D��¢;���B�7¡���¡��7��£��7£K��¤g�¥�B�7�x�� �£g ����v�{�+¡�¦x�;�x�) S¡§�7¨��7¡��B�)¦B¡b S�©��¨S�[�)¢ª�[��¢)�S«��v�b�7¡e�)�x¦
�7¬��77®b�v�) S¡D�)¦¯�)�B°: S¦v¦x�)��¢)�S±
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³<��¨6ý�ª ÿ��&ýE« ÚMÚ�,

[¶µ¸·�`�$&"/¹V`
)�Ñ6ÆíÊ�ÁMÍÒËQÀ�ÃMÊ�Ë�Á-ÖTÃ × � ×�ú Ø�Ù-Ú�Î&ÔXÆÝÊ�È�ÉGÊ�ÃmËQÈÌÁMÍB�«È¸ÎeÂMÈÌÄÇÆJÍcßÒç�º¼»6h½i�¾¯»x¿Àz������5z+¾Á»�Â��^ß�ÆJÓ=Á��T¿¤Ö�Á>À«ËBÑ6Æ
Î&ÆJË�ÁmÖ!Ä>ÃmÀQÈ¸Ãmß6ÓÌÆ-ÎfÃÄ»Åh½i�Æ�Ç�È ] z+Æ�ÇbÈ�É[��~+y�tvw�ÊKi�Ë�z{Ì�����r�s!txu7tvw�é
¾ »x¿ h�,/W Ü �U�QÈ=ÍÕÈ=Ë ù W Ü �7ÃZÄzÄ�ÃMz�Í�Î�ú . ,/Æ�ÇbÈ ] �9Ê�ÀBÆ-ÃmËBÆ . ,/Æ�Ç�È É �9ÊIÀQÆ-Ã-ËQÆ . �
¾¯»�Ï�h�,/W Ü �U�QÈ=ÍÕÈ=Ë ù W Ü �7ÃZÄzÄ�ÃMz�Í�Î�ú . ,/Æ�ÇbÈ ] �9Ê�ÀBÆ-ÃmËBÆ . ,/Æ�Ç�È ] �QÈÌÍ�ÎKÆ�ÀQË ù ËKú . �
¾ »�Ð h�,/W Ü �U�QÈ=ÍÕÈ=Ë ù W Ü �7ÃZÄzÄ�ÃMz�Í�Î�ú . ,/Æ�ÇbÈ ] �9Ê�ÀBÆ-ÃmËBÆ . ,/Æ�Ç�È ] �QÈÌÍ�ÎKÆ�ÀQË ù ËKú . ,/Æ�Ç�È ] �QÀQÆ-Î&Ï6Ó=Ë ù ËKú . �
¾¯»�Ñ�h�,/W Ü �U�QÈ=ÍÕÈ=Ë ù W Ü �7ÃZÄzÄ�ÃMz�Í�Î�ú . ,/Æ�ÇbÈ ] �9Ê�ÀBÆ-ÃmËBÆ . ,/Æ�Ç�È�É��9ÊIÀQÆ-Ã-ËQÆ .

,/Æ�Ç�È ] �QÈÌÍ�ÎKÆJÀBË ù ËKúDÒvÒ§Æ�Ç�È É �QÈÌÍ�ÎKÆ�ÀQË ù Ì6ú . ,/Æ�Ç�È ] �QÀBÆ-ÎKÏÕÓ=Ë ù Ë¯ÓKÌ6ú . �
¾¯»�Ô�h�,/W Ü �U�QÈ=ÍÕÈ=Ë ù W Ü �7ÃZÄzÄ�ÃMz�Í�Î�ú . ,/Æ�ÇbÈ ] �9Ê�ÀBÆ-ÃmËBÆ . ,/Æ�Ç�È�É��9ÊIÀQÆ-Ã-ËQÆ .

,/Æ�Ç�È ] �QÈÌÍ�ÎKÆJÀBË ù ËKú . ,/ÆOÇ�È É �QÈ=Í�ÎKÆJÀBË ù Ì6ú . ,/ÆOÇ�È ] �QÀQÆÝÎKÏ6ÓÌË ù Ë�ÓKÌ6ú . �
¾¯»�Â�h�,/W Ü �U�QÈ=ÍÕÈ=Ë ù W Ü �7ÃZÄzÄ�ÃMz�Í�Î�ú . ùBù ,/Æ�Ç�È ] �9ÊIÀQÆ-Ã-ËQÆ . ,/Æ�Ç�È ] �BÆ�;ÐÈÌË . ú5Õ

Ö ù ,/Æ�Ç�È ] �QÆ�;ÒÈ=Ë . ,/Æ�Ç�È ] �9ÊIÀQÆ-Ã-ËQÆ . úBú��×�
Ü çÕÎKËBÆ�Ä�Á>Ô�ÆJÀ9Ã-ËQÈ=Á>Í�Î���PP��ËQÁ �#QA��Ã-ÀQÆuÔ�ÃmÀBËQÈ¸ÃmÓ=ÓÌç�Ê�Á-ÄÇÆJÀQÆ*��ßÒç�ËQÑ6È¸Î�ÊIÁMÍÒËQÀ9Ã>Ê�ËJÛg\;Í&�ÐÆJÆ��S¿�Î&ç6Î&ËQÆ�Ä�Á>Ô7�
ÆJÀ�ÃmËBÈ=ÁMÍ�Î��ØPP�1ËQÁ(�#Ù'��ÀQÆÝû¤Ï6ÈÌÀQÆ^È=ËQÆ>Ä�Î�ËBÑ�ÃmË7Ñ�ÃJÄÇÆ�ËQÁ�ß�Æ�ËQÀQÏÕÆ°öMô�öYÚ�Û§Ü�ÝYÜ×ÞSÚÒô 4 ÎKçÕÎKËBÆ�Ä�Á>Ô�ÆJÀ9Ã-ËQÈ=Á>Í
�#Q'�ÀQÆ-ûÇÏ6È=ÀBÆ-Î�ËQÑ�Ã-Ë^öYÚ�Û�Ï�ÎKÆ�À�Ä�ÃJç�Æ�;ÒÈ=Ë�Ô6ÀBÁmÄÒÈ6�ÒÆ��·ÑÕÆ�Ñ�ÃMÎ�Æ�ÍÐËBÆJÀQÆ���ËQÑÕÆWÎKçÕÎKËBÆ�Ä�Û6\;ÍuÁMÀ��ÐÆJÀ�ËQÁ�Ê�Á2Ä+�
Ô6ÓÌÆJËQÆ�Ó=ç�ÊIÁmÄÇÆ�À�ËQÑ6ÆÝÎKÆWÎ&ç6Î&ËQÆ�Ä Á>ÔXÆ�À9ÃmËBÈ=Á>Í�Î ¿6ÈÌË�È�Î�Í6ÆÝÊ�Æ-ÎQÎBÃmÀBçrËBÁ�Ñ�ÃJÄÇÆ7ÃmÍ�È=ÍÐÉ�Í6È=ËBÆ�Ê�Á>ÍÐËBÀ9Ã>Ê�Ë1Ê�Á-ÄÇÆJÀQÈÌÍ6Â
ÆJÄÇÆ�ÀQç7ÊJÃMÎ&ÆP¿ÇÎKÈÌÍ�Ê�Æ1ËQÑ6Æ	Ê+Ñ6ÁHÎKÆJÍ�ÓÌÁMÂ>È�Ê��ÒÁÇÆ-Î�Í6Á>Ë�ÃmÓÌÓ=Á��5ËQÁ7Æ�;ÐÔÕÀQÆ-ÎBÎ�Î&ÆJÄÇÆJÀ9Ã-ÓÇÔ6ÀQÁ>Ô�ÆJÀQËBÈ=Æ-Î�ßÒçWËQÑ6Æ3ÄcÆ-Ã-Í�Î
Á-Ö!Ã�ÎKÈÌÍ6ÂMÓÌÆ�Ö�Á>ÀÉÄuÏ6Ó�ÃÒÛ�)�ÑÐÏ�ÎÍ¿ÐÈÌÍrÁ>Ày�ÐÆJÀ1ËQÁ^ÀQÆ�Ä�Ã-È=ÍuÎ&ÈRÄcÔ6ÓÌÆ�È=ÍuËQÑ6È¸ÎeÆ�;ÕÃZÄ�Ô6Ó=ÆP¿���Æ�Ñ�ÃJÄÇÆ7Ê+Ñ6ÁHÎKÆJÍuÁMÍÕÓ=ç
Î&Á2ÄcÆ�Á-Ö�ËBÑ6Æ-Î&Æ�ÔÕÀQÁMÔ�ÆJÀBËQÈÌÆ-Î�Û
ú ÀQÁ>Ô�ÆJÀQË&çK¾Á»x¿7Ê�ÁMÀBÀQÆ-Î&ÔXÁ>Í&�6ÎWËQÁ°ÎKçÕÎKËBÆ�Ä�Á>ÔXÆ�À9ÃmËBÈ=Á>Í§��PP� 4 ÈÌËWÎKË�ÃmËBÆ-Î�ËQÑ�Ã-ËßW Ü �7ÃZÄ�Ä�ÃuÎKçÕÎKËBÆ�Ä ·�¸�¹
È¸Î�ÎKË�ÃmÀQËBÆ�����È=ËBÑ�Í6Á�Ô�ÃmÀ�ÃZÄcÆ�ËQÆJÀ�Î ¿Ã-Í&� ËBÑ�ÃmË7Ë��1Á�Ï�ÎKÆJÀ�Î�ÊJÃ-Í ß�ÆuÊ�ÀBÆ-ÃmËBÆ��V¿Ã-Í&� ÑÕÆJÍ�Ê�Æ^ÆJÍÐËBÆJÀQÆ*��È=Í
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� Ç:Ç ½ º1³W¸¨Ä�º Ç ½ µ<¹_ºo¸ Ý@½ µ<¸/¸ ´ »�¾�¿ ½ º��¸�º1Ä&¸ Í º ½ º ´ ºÚ·�³W¸�»5¼ Ý@½ µ<¸/¸ ´ »�¾�¿ ½ º��¸�º1Ä&¸@µ5Ä�º[¸(¶ ´ Ç ½�Æö´ µ Ç:Ç ºo¾³/» º ½ º ´ ºÚ·�³W¸¨»o¼ Ý@½ µ<¸�¸ ´ »�¾�¿ ½ º � Ç:Ç ½ ºÚ³&¸ Ë ¶�³�´�³/´:º ¸/µ ´ º�·Jµ ´ º Á
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� º_õJ·:º�Ä/º ½ µ5³�¶�»<· 3J] ¶-¸@ºo¸/¸�º1·�³�¶-µ ½�½�Æ µRÄ�º1·Jµ ´ ¶�·:ü[»5¼ ´ º1³/´:»�¾l¸¨»o¼ Ý@½ µ=¸/¸ ´ »�¾�¿ ½ º��¸(º1ÄW¸¯³/» ´ º1³/´:»�¾l¸
»5¼ Ý@½ µ<¸�¸ ´ »�¾�¿ ½ º � Ç:Ç ½ º1³&¸ Á�� »=Ä ´ ¿ ½ µ[Ä/º_õG·:º ´ º1·�³ U ] ¶-¸�¸�¶ ´ Ç ½�Æ µ Ä�º1·Jµ ´ ¶�·:ü�µ<¸ Ë º ½�½!Á@Â ´�¿J¸ ÍÎË º´Jµ1ôº[µ=¹_³/¿Jµ ½�½�ÆÅU ] þ(O ��� ÿ 7 O �KQ Á
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� º_õJ·:º49�º1·�³ À1Á Ç Ä�»oô�¶ ¾�ºo¸±µ�¹ ½ ¶�º1·�³;:o¸�º1Ä/ôºÚÄ«ô�¶�º#< »o¼È³/´:º µ Ç:Ç ½ ¶-¹1µo³/¶�»<·>=
<�¶�³/´�µ Ç:Ç ½ ºÚ³&¸±¹_»
9?9�¿:·:¶ ¹1µ5³ û¶�·:ü@<�¶�³�´fºoµ=¹�´�»<³�´:º1Ä�³�´:Ä/»=¿:ü<´ µ�¸(º1Ä�ôº1Ä�µ<¹q³/¶�·lü�µ<¸�µ ��s���A 	:¿CB«ºÚÄ Á�Â ´:º µ Ç:Ç ½ ºÚ³&¸�¹_»
9?9�¿:·:¶ ¹_µo³/º¾�¶�Ä/ºo¹q³ ½�Æ <�¶�³/´P³/´:º ¸(ºÚÄ/ôº1Ä Á � ¸Z³�´:º[³&µoÄ/ü<ºÚ³/ºo¾Pµ Ç:Ç ½ ¶-¹1µo³/¶�»<·f´Gµ<¸�³/»�Ä/¿:·zµ<¹_Ä�»¸/¸�¸(ºÚôº1Ä&µ ½ Ç ´ Æ ¸(¶ ¹1µ ½�½�Æ
¾�¶ ¸(³�Ä/¶D	l¿:³/ºo¾�´:» ¸(³W¸;=¶�³±¶-¸�·l»E< ³�¶D9�º¯³�»�¶�·�³/Ä�»�¾�¿J¹_ºÀ³/´:º ¸(»�¹ m º1³&¸F=<¶ Á º Á =1³�´:º�¹q»
9?9�¿:·:¶ ¹1µ5³�¶�»<· ½ µ Æ º1Ä>	Jº û
³�<ZºÚº1· ³/´:ºÅµ ÇlÇ ½ º1³W¸@µ5·J¾ ³/´:ºÅ¸(ºÚÄ/ôº1Ä Á¯Â ´:ºÅ¸ Ç ºo¹_¶8õÈ¹1µo³/¶�»=· Ç Ä/»oô�¶ ¾�ºo¾ µo³Z³/´l¶-¸@¸(³Wµ5ü<ºÅ¶-¸@µ ½ ¸(»[¶�·�³/º1·G¾�ºo¾³�»G	Jº�³/´lº ½ µ<¸(³ »<·:ºH	yºq¼�»<Ä/ºë³/´:º j µ1ô<µ Ç Ä/»=ü<ÄWµE9 Á*� »<Ä�³�´:¶-¸�Ä�ºoµ<¸�»<·>=¯Ä�º_õJ·:º#9ëº1·�³ À?I ³&µ m ºo¸R¶�·�³�»
µ=¹1¹_»<¿l·�³�¼�ºoµ5³�¿:Ä/ºV¸Ã»o¼@³/´:º j µ1ô<µ Ç Ä�»<ü<ÄWµE9?9ë¶�·:ü ½ µ5·:ü=¿Jµ5ü=ºJ=Kµ<¹Ú¹_»<ÄW¾�¶�·:ü�³/»*K@´Jµ Ç ³�º1Ä-L Á�Â ´:º1Ä�º_¼�»<Ä�ºJ=¶�³�¸ Ç ºo¹q¶�õJºo¸�µ ½�½ ³�´:º j µVô=µ�¹_»
9 Ç »=·:º1·�³&¸@³/´Jµo³'<�¶ ½�½ 	Jº Ç µoÄ/³�»5¼@³�´:º�õJ·Jµ ½ Ç Ä/»<ü=Ä&µM9 Á
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Â ´:ºë¶�·�¼�»=ÄT9�µ ½ ô�¶�º4<ñ»5¼	J»<³�´�¸ Ç ºo¹_¶�õy¹1µ5³�¶�»<· À?I µ5·J¾ ³/´lº�¶U9 Ç ½ º#9÷ºq·�³&µ5³�¶�»=·|»5¼�³/´lº p �:ó µE9?9�µ
¸ Æ ¸�³/º#9 ¶-¸ ü<¶�ôº1·V	 Æ õJü<¿lÄ/º ö Á ö Á Â ´:º ¸�º1Ä/ôºÚÄ÷¶ ¸W	:¶�ü<ü=º1Ä�³/´Gµ5·ï¶�³�¶-¸�¶�·�Ä�º_õJ·:º49�º1·�³ À1Á =Z¶�³�¶-¸

Java Applet

Multiset of Integers

Thread

Java

Web Browser

DSGammaClientApp

Host 0

RandomRelayServer

Host 2

GlobalRelay

InputRelay

TakeoffLocal

Socket

Host 1

Host n

MSInt
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1

3
4

2

put get

TakeoffGlobal

OutputRelay

� ¶�ü<¿:Ä�º ö Á ö ý�p �:ó µE9H9�µ s 9 Ç ½ º#9�ºq·�³�ºo¾ � ÄW¹�´:¶�³/ºo¹q³/¿:Ä�º
·:»M<ïü=¶�ôº1·@	 Æ ¹ ½ µ<¸�¸ ��XZYN�N�M[N��\^]CXZ_C`a\Zb���\Zb <�´:¶ ¹�´�¶-¸@µ ¸�¿c	 û ¹ ½ µ=¸/¸®»o¼dK ½ µ=¸/¸�9ë»�¾�¿ ½ ºfe X���X
gChCb�\CX��
þ Ç » ¸(¶�³/¶�»=· ø »<·�õJü=¿:Ä/º ö Á ö"ÿ Á�s ³Z´Jµo·J¾ ½ ºV¸Z³/´:ºt¼�» ½�½ »E<�¶�·:ü�º ½ º#9�ºÚ·�³W¸ ý µo·�¶�·J¸(³Wµ5·J¹qºR»o¼dK ½ µ=¸/¸i9�»�¾�¿ ½ º
e X���Xj`a\Zb���\MbS`����Zkc\
lnm ¼�»=Ä�´Jµo·J¾ ½ ¶�·:üë¹_»<·:·lºo¹_³/¶�»<·J¸o<�¶�³�´|µ Ç:Ç ½ ºÚ³&¸;p�µ5·f¶�·J¸(³Wµ5·J¹qº�»5¼qK ½ µ<¸/¸o9�»�¾�¿ ½ º
r ]��Zs�X^]���\C]JXZ_ =�<�´:¶-¹&´ ´Jµo·J¾ ½ ºo¸�µ ��s��NA 	:¿^BÈº1Ä�¸ Ç ºo¹_¶8õJºo¾t<�¶�³/´ µue X���X
v�\��Zl"�
b p±µ5·J¾Ó¼�»=Ä ºoµ<¹&´
µ Ç:Ç ½ ºÚ³Zµ Ç µ5¶�ÄZ»o¼±³/´:Ä�ºoµ<¾:¸F=�»o¼ ¹ ½ µ=¸/¸(ºV¸xwZy l�� y l6��\^]CX
_ = ±MY�� y l6��\^]CX
_ =M<�´:¶ ¹�´ëµ5Ä�º[¾�ºo¾�¶ ¹1µ5³�ºo¾�³/» ³�´:º´Jµo·J¾ ½ ¶�·:ü »o¼@³/´:º ¹_»Z9?9�¿:·:¶�¹1µ5³�¶�»=·/<�¶�³/´Pµ5·Pµ ÇlÇ ½ º1³ þ Ç » ¸(¶�³�¶�»=· ® »<·�õJü<¿lÄ/º ö Á ö"ÿ Á
Â ´:ºÅü ½ »Z	Jµ ½ 9�¿ ½ ³/¶-¸�º1³¯¶ ¸ ½ »=ü<¶ ¹1µ ½�½�Æ ü<¶�ôº1·?	 Æ ³�´:º�¿:·l¶�»<·�»o¼ þ�ø ÿÀ¸(ºÚôº1Ä&µ ½y½ »�¹1µ ½ 9÷¿ ½ ³/¶ ¸(º1³W¸;=<ºVµ<¹&´�»<·:º
½ »�¹1µ5³�ºo¾ ¶�·J¸(¶ ¾�º�µ5·ëµ ÇlÇ ½ º1³4p þH® ÿ ³/´:º �°sz�NA 	:¿^BÈº1Äi9wµ5¶�·�³&µo¶�·:ºV¾,	 Æ ³/´lº r ]��Zs�X^]���\C]CXM_ »
	C{/ºo¹q³#p�µ5·J¾
þ(t ÿ@³/´lº�¸�»�¹ m ºÚ³&¸i	:¿^BÈº1ÄW¸ Á
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Â ´:ºëµ Ç:Ç ½ º1³W¸�µ5Ä�º÷ü=¶�ôº1·u	 Æ ¹ ½ µ=¸/¸,� ` r XM[^[nXj�a]C�J\
YJl6���6�«Á Â ´lº Æ µ5Ä�º/9�»=Ä/ºë¹_»
9 Ç ½ º#��³�´Jµ5·)<�´Gµ5³³/´lº Æ µ5Ä�º�¶�·SÄ�º_õJ·:º#9ëº1·�³ À1ÁÈÁ � ¸�¸(»»=· µ<¸|µ5· µ Ç:Ç ½ º1³�¶-¸�¹_Ä�ºoµ5³�ºo¾�=�³�<Z» ³/´lÄ/ºoµ=¾:¸�»o¼ë¹ ½ µ=¸/¸(ºV¸
g�X
k�\����6�^�"���JXC] = g�X
k�\6���6� r ]6�
scXC] µoÄ/º ¹_Ä/ºVµ5³/ºV¾ Á@Â ´:ºo¸�ºR³�´:Ä/ºVµ<¾:¸�µ5Ä�ºRÄ�ºo¸ Ç »=·J¸(¶U	 ½ º�¼�»<ÄÅ¹_»Z9?9÷¿l·:¶ û
¹1µo³/¶�·lü�<�¶�³/´ ³/´:º�¸�º1Ä/ôºÚÄ�¿J¸(¶�·:üf³�´:º�¸(»�¹��º1³4p¯µ5·G¾z¼�»=ÄR³�´:º�´Jµ5·J¾ ½ ¶�·lü�»o¼�³/´:º�¹&´:º#9ë¶-¹1µ ½ Ä/ºoµ=¹_³/¶�»<·J¸F=
³/´lºR³�¶D9�ºÚ»<¿:³Àµ5·G¾w³�´:ºf�"¿l¶�³/³�¶�·:ü Ç Ä/»=³/»�¹_» ½Zþ Ç »¸(¶�³/¶�»<· ® »=·�õJü=¿:Ä/º ö Á ö"ÿ Á@Â ´:º µ Ç:Ç ½ º1³�µ ½ ¸(» ´Gµ5·J¾ ½ ºo¸³/´lº ½ »�¹1µ ½ 9�¿ ½ ³�¶-¸�º1³ ÆS`2±MY^l =J<�´:¶-¹&´�¶-¸�¸ Ç ºo¹q¶�õJºo¾ëµ<¸�µ5·�¶�·J¸(³Wµ5·J¹_ºÅ»5¼�K ½ µ<¸�¸i9�»�¾�¿ ½ º�e X���XZv�\��Zl2�Zb�m�Á
Â ´:º ¹_»
9H9÷¿:·l¶�¹Úµ5³/¶�»<· ½ µ Æ º1Äë¶-¸÷ü=¶�ôº1·P	 Æ ³�´:º ¸�»�¹��ºÚ³&¸ Á�� µVô=µ ¸(»�¹��º1³W¸�µ5Ä�º ¸ Ç ºV¹_¶�õJºV¾V	 Æ ¸�º1ô û
º1ÄWµ ½ K ½ µ<¸/¸�9�»�¾�¿ ½ ºo¸ ý e X���Xj` ���Zk�\Zl�m =e X���X � X
l�XN±#Y6� y lc`
lCb�\JXM[�m =7e X���X � X
l�X wMy l6� y lS`
lCb�\JXM[nm =
e X���XN±MY6� y lc`
lCbc\CXE[nm =7e X���X wZy l�� y lC`JlCbc\^XM[nm = µ5·J¾�e X���Xj`a\Zb6��\ZbC` ��Zk�\Ml�m�Á�� »=Äfº1ôº1Ä Æ µ Ç:Ç ½ ºÚ³¹_»=·:·:ºo¹_³�¶�·:üë³/»�³�´:º�¸(º1Ä�ôº1Ä#=J³�<Z»�¸�³/Ä�ºoµE9�¸�µ5Ä�º�¹qÄ/ºoµo³/ºo¾ ý ³�´:º�õJÄ&¸�³[¸(³�Ä/ºoµM9 ü<»ºo¸t¼�Ä�»
9 ³�´:º�¸(ºÚÄ/ôº1Ä
³/»|³�´:º�µ Ç:Ç ½ ºÚ³#=¯¶�³ ¶-¸�9�µ=¾�º�»5¼Å»<·:º�¶�·G¸(³&µo·J¹_º�»o¼@e X���X � XZl�XN±MY�� y lC`Jl^bc\CX#[>m µo³ ³/´:ºPµ ÇlÇ ½ º1³�¸(¶ ¾�ºµ5·G¾w»=·:º[¶�·J¸�³&µo·J¹_º[»5¼xe X���X � X
l�X w
y l6� y lS`
lCb�\JXM[>m µo³�³/´:º ¸(ºÚÄ/ôº1ÄÀ¸(¶ ¾�º Á@Â ´:º ¸�ºo¹_»<·G¾�¸�³/Ä�ºoµE9 ü=»ºo¸
¼�Ä/»Z9 ³/´:ºÅµ ÇlÇ ½ º1³@³�»R³�´:ºÅ¸(º1Ä�ôº1Ä#p<¶�³@¶-¸N9�µ<¾�º�»5¼K»=·:º�¶�·J¸�³&µ5·G¹_ºt»o¼�e X���X � X
l�XM±#Y�� y lc`
lCb�\JXE[�m µo³Z³�´:º
¸(ºÚÄ/ôº1ÄÀ¸(¶ ¾�º[µo·J¾�»<·:º[¶�·G¸(³&µo·J¹_º�»o¼oe X���X � XZl�X wZy l�� y lS`
l^b�\JXE[�m µ5³�³�´:º[µ ÇlÇ ½ º1³ ¸(¶ ¾�º Ád� »<Ä�º[¸(¶U9 Ç ½�Æ¸/µo¶-¾�=:ºÚôº1Ä Æ ¸(»�¹��º1³Z¶ ¸�¸ Ç ºo¹_¶8õJºo¾?<�¶�³�´�¼�»<¿:Äq	:¿^BÈº1ÄW¸ þ ³z<À»@	:¿^BÈº1ÄW¸ Ç ºÚÄ�¸�³/Ä/ºVµE9fÿ Á

�vu$w�u�Oyx`zd���o� î�{>�!ð[{>�¯òS�K|,}qQ

K A�ûTA�d� : ® ¸ Ç ºV¹_¶�õÈ¹Úµ5³/¶�»<·�»5¼¨³/´:º µ ÇlÇ ½ ¶ ¹1µ5³�¶�»<·z¹ ½ » ¸(º[³/» ³�´:º � µ1ô=µ Ç Ä/»=ü<Ä&µM9 ¶-¸Zü<¶�ôº1·�	 Æ ¸(º1ôº1ÄWµ ½
K A�ûTA�d� : ® ¹ ½ µ<¸�¸(ºo¸�¸ Ç ºo¹q¶�¼ Æ ¶�·:ü � µ1ô<µ?	Jµ=¸(¶ ¹1¸�¹ ½ µ<¸/¸�ºo¸ þ µE9�»=·:ü÷»=³/´:ºÚÄ&¸�³/´:º � µ1ô<µë¹ ½ µ=¸/¸(ºV¸t·:º1ºo¾�ºo¾¼�»<Ä ´Jµ5·G¾ ½ ¶�·:üP¸(»�¹��º1³&¸&ÿ�=¯¸�º1ôº1ÄWµ ½ K A�û�A7�d� : ® ¹ ½ µ<¸�¸(ºo¸ ¸ Ç ºo¹_¶8¼ Æ ¶�·:ü�³/´:ºë¸(º1Ä�ôº1Ä[¸�¶-¾�ºJ= µ5·J¾ ¸(º1ôº1ÄWµ ½
K A�ûTA�d� : ® ¹ ½ µ=¸/¸�ºo¸�¸ Ç ºo¹_¶8¼ Æ ¶�·:ü ³/´lº ¹ ½ ¶�º1·�³�¸�¶-¾�º þ ¶ Á º Á =:µ Ç:Ç ½ ºÚ³�¸�¶-¾�º<ÿ�=Jµ5·J¾Pµ÷¹ ½ µ<¸�¸ ¼�»=Ä�¸ Ç ºo¹_¶�¼ Æ ¶�·lü³/´lºR¿l·J¾�º1Ä ½�Æ ¶�·:ü � µVô=µ@��¶�Ä�³/¿Jµ ½>� µ=¹�´:¶�·:º Á
 n¡�¢;£M¤C¥§¦ K ½ µ=¸/¸i9�»�¾�¿ ½ º-e v�Æ Ä�º Ç ½ µ=¹_ºo¸iK ½ µ=¸/¸i9�»�¾�¿ ½ ºo� ` r XM[^[nXJ`J_nmElc\M[�~ »5¼±Ä/ºqõJ·:º#9�ºÚ·�³ À1ÁÈÁd¨ ³
¾�º_õG·:ºo¸Z³ Æ Ç ºf© �ª[ µ5·J¾P¸(³Wµ5³/¶ ¹�»
	C{/ºo¹_³e v6Æ ^ Á

«¬D®Z¯T¯i°J±²
Û´³o¨U³�µ Ö ³·¶H×�¸�� Ö#¹»º ³U¼�½ ¹D¾ ¨ ¹U¾»¿ ¼ ½ÁÀ

Â�¹DÃDÄ ¶"¡�¢¤£o¥Ø;¸·Å�¶ÇÆ ¹U¾ ¦ Ã·¹ Æ·µÁÈU¶ÇÆ À ¦ ¦Ö ³·¶(×�¸�� Ö4¹�º ³D¼�½ ¹D¾ ¨ ¹D¾ ¦ ¾´¹DÃDÄ É Æ ¹U¾ µ´Ê �^³ Ä ¶ ¿ ¼ ½ ¿ Ê#ÈU¶ÇÆ ¿ Ö ³·¶H×�¸�� Ö4¹�º ³D¼�½ ¹D¾ ¨ ¹D¾DËZË À ¦ ¦Ö ³·¶(×�¸�� Ö4¹�º ³D¼�½ ¹D¾ ¨ ¹D¾ ¦ �^³ Ä ¶Tµ ¼ ½ÁÀ

Ï»ÌUÍ´Î�Ï�ÐÑ ·ÒÓÎ Ò»Ô »Õ§DÍ´Ö Ô ÏU×ØÌ§»ÎDÎ§»ÙUÚ�Ì»Î·ÒÓÛ ¬

Ê Ö ³·¶H×�¸�� Ö#¹»º ³U¼�½ ¹D¾ ¨ ¹U¾»¿ ¼ ½ Ë

Ê Ö ³·¶H×�¸�� Ö#¹»º ³U¼�½ ¹D¾ ¨ ¹U¾»¿ ¼ ½ Ë

� ¶�ü=¿:Ä/º ö Á�ø�Ç�ýi� º_õJ·:º49�º1·�³ À?IKýi� µ1ô=µ���¶�Ä/³/¿Gµ ½�� µ<¹&´:¶�·:º
Ü/���(������¦<���±¤��=�&¤®���q���ÞÝàß«�8�����@�t�Ú�5�o�¡�@��©<��¬�£ú§UÝ1£¡�o¥ �'áÚ�/�q�t¬��8�����@�o�ãâ=�o�����t��¤���¤�£¡¬��q¦FäB��¬�¤Z�=�/�1£7�5¥�¤��5�����&�t��=����� ���K¤��o�¯�=�������&§l¤��o�¯¬��8�&����²�åK�5£7�K�_¦Fä!��¬�¤K��¤����o�o�K§��q�K¤��5�á1�/�q��ß«�8�����K�q¦FäB��¬�¤±��§l¤��o�¯¬��8�&���/²
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ìZí
� º1³�´:»�¾�© X���XRîC��XZYM� �#[M��\J]CXZ_C`a\Mb6��\Mb�ïM²�³�ð º1·JµE	 ½ ºo¸Z³�´:º�õJÄ/¶�·:ü »5¼@³�´:º s�\Zñn�EY ³�Ä&µ5·G¸(¶�³�¶�»=·>=c<�´:¶-¹&´
¸�³&µ5Ä�³&¸�³/´lº [�XS�EY 9�ºÚ³/´:»�¾f»o¼ � µ1ô=µòK ½ µ<¸�¸R»
	C{/ºV¹_³ ��X
YM� �M[M��\C]JX
_S`^\Zb��c\Zb <�¶�³/´ µ5· º#9 Ç ³ Æ ¸�³/Ä�¶�·:ü»o¼@µoÄ/ü<¿S9�º1·�³&¸ Á
 �¤^ó#ôn¤Có/¢#õ÷ö�¤�¦ K ½ µ<¸�¸ø9�»�¾�¿ ½ º ��X
YM� �M[M��\C]^XM_S`c\Mb��c\Zb ¾�ºqõJ·:ºo¸�³ Æ Ç º b�XZYM� �M[cb�\C]^XM_nmª\Mb6��\Mb«Á�¨ ³�¶-¸
Ç µoÄ/³�¶-µ ½�½�Æ ü<¶�ôºÚ·!	 Æ õJü=¿:Ä/ºwö Á�ø=ø =±¶-¸[µf¸�¿c	 û ¹ ½ µ=¸/¸R»o¼-K ½ µ=¸/¸,9ë»�¾�¿ ½ º�e X���XZg^hCb�\^X �cm�þ ¸�º1º � ¿c	J¸�ºo¹ û³�¶�»<·�L Á�ø=Á´ù ÿ Á!¨ ³ ¾�º_õJ·:ºo¸ µ�9�µo¶�·u9�º1³�´:»�¾Ó³�´Jµ5³�¹qÄ/ºoµo³/ºo¸ µ5· ¶�·J¸(³Wµ5·J¹_ºë»5¼ � µo·J¾�»
9 � º ½ µ Æ � ºÚÄ/ôº1Ä Á
Â ´:¶ ¸Z³/´:Ä�ºoµ<¾�¶ ¸�µ<¹_³�¿Jµ ½�½�Æ ³�´:º ¸(º1Ä�ôº1ÄZ»o¼Àµ ½�½ µ ÇlÇ ½ º1³W¸ Á
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�C³ Ä ¶�µÁ³ ¾´Ã·É À ¡�¢¤£¶¥É´¹»º ºÜ¦ É Æ»³ ¾ Æ �C³ Ä ¶TµÁ³ ¾´Ã·É»¿ Ê#ÈU¶ÇÆ ¿ Æ Ë À ¦ ¦É´¹»º ºÜ¦ ¹ ¶H× �^³ Ä ¶Tµ´Ê4ÈD¶·Æ ¿ Æ Ë À

É ÆØ³ ¾ Æ �^³ Ä ¶Tµ ¼ ½ ¿ Ê#ÈD¶·Æ ¿ Æ Ë À

¶ ¹Dÿ Æ
¡�¢¤£o¥Ø;¸·Å�¶·Æ ¹D¾ ¦ Ã·¹ Æ·µ ÈD¶·Æ¶» À ¦ ¦Ö ³·¶H×�¸�� Ö#¹�º ³U¼�½ ¹U¾ ¨ ¹D¾ ¦ ¾´¹UÃDÄ É Æ ¹D¾ µÊ�× ¹ ºÓ³·Å º Æ��è �¸ ¾ Æ ¿¶ ¹ ��� Ö ³·¶H×�¸�� Ö#¹�º ³D¼�½ ¹U¾ ¨ ¹D¾»¿Ê#ÈD¶·Æ¶» ¿ Æ ËZË À

¶ ¹Uÿ Æ
¡�¢¤£¶¥¸ ¦ ¶ ¹ ��� Ö ³·¶(×�¸�� Ö4¹�º ³D¼�½ ¹D¾ ¨ ¹D¾ µ× ¹ ºÓ³·Å º Æ��è �¸ ¾ Æ À

¹ ¶H× �^³ Ä ¶Tµ´Ê4ÈD¶·Æ ¿ Æ Ë À

¾´¹UÃDÄ É Æ ¹D¾ µ´Ê ÿ�¿ � ¿ Ê4ÈD¶·Æ ¿ Æ ËZË À
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� ¶�ü=¿:Ä/º ö Á�ø<ø=ýi� º_õJ·:º49�º1·�³ ÀHI2ý � º1Ä/ôº1Ä
� »=· û ¾�º_¼�µ5¿ ½ ³�¹_»=·J¸(³�Ä/¿J¹_³�»<Ä Y�\�������X
Y����#[��c\C]^XM_S`c\Mb���\Mb�î@���ZbJl�ð ¹_Ä/ºoµo³/ºo¸�µo·f¶�·J¸(³Wµ5·J¹_º ñCb »o¼oK ½ µ=¸/¸
9�»�¾�¿ ½ º r ]��Zs�XC]���\C]JX
_nm µ5·G¾|µ5·|¶�·G¸(³&µo·J¹_º »5¼ µ�e X���Xj`a\Zb���\Zbc`����Zkc\
lnm »<· Ç »<Ä�³ ���
bCl«Áx� º1³/´:»�¾
b y Y »5¼ ��XZY����E[���\^]JXZ_c`^\Zb��c\
b < µ5¶�³W¸�¶�·G¾�º_õJ·:¶�³/º ½�Æ ¼�»<Ä@¹_»=·:·:ºo¹q³/¶�»=·J¸�»=· ³/´:º-e X���Xj`a\Zb���\ZbC` ���Mk�\Mlnm =
µo·J¾[µ<¸K¸(»»=·�µ<¸Kµo·�µ Ç:Ç ½ º1³±¹_»<·l·:ºo¹_³W¸;=1¶�³±¹qÄ/ºoµo³/ºo¸J³z<À»�³/´:Ä�ºoµ<¾l¸«»5¼G¹ ½ µ=¸/¸RwZy l�� y l���\C]^XZ_ = ±EY�� y l���\C]CXM_Ä�ºo¸ Ç ºo¹_³�¶�ôº ½�Æ ¹_»=·:·:ºo¹q³/ºo¾�³/»�³/´lº�µ Ç:Ç ½ º1³P¡7¸Z¸(»�¹��º1³ Á
¢?ö�ö�õÇ£Mõn£�¤¦¥�§©¨ª§n¥c¢#¢u¥«£>ö¦¬§÷¤^¢®¥C£  �¤^ó#ôn¤Có!¢#õÞö�¤�¦ K ½ µ=¸/¸�9�»�¾�¿ ½ º ±MY�� y l���\^]CXZ_ ¾�º_õJ·:ºo¸[³ Æ Ç º
�MY�� y l^b�\^]CXM_ =/¶�³K¶ ¸«µ�¸(¿c	 û ¹ ½ µ<¸/¸«»o¼�K ½ µ<¸�¸ 9�»�¾�¿ ½ º�e X���X
gCh^b�\CX¯��mÁ«Â ´lºZ¹qÄ/ºoµo³/¶�»=·�»5¼Gµ5· ±EY�� y l���\C]CXM_
³�´:Ä/ºoµ=¾�¶U9 Ç ½ ¶�ºo¸®³�´:º ¹qÄ/ºoµo³/¶�»=·f»o¼�µo·|¶�·J¸�³&µo·J¹_º�»o¼qe X���X � XZl�XM±EY�� y lc`
lCb�\JXM[nm�ÁZÂ ´:ºf9�µ5¶�·�³&µ<¸��f»o¼³�´:¶-¸K³/´:Ä�ºoµ<¾�¶ ¸�³/»ÅÄ/ºoµ=¾R¶�·�³/ºÚü<º1ÄW¸�¼�Ä�»
9 µo· ¶�·J¸�³&µo·J¹_º�»5¼e X���X � XZl�XM±#Y�� y lS`ªlJb�\JXM[>m =Úµ5·J¾ ³/»t¼�»=ÄT< µ5Ä&¾
³�´:º#9 ³/» ñCb�þ Ç » ¸(¶�³�¶�»=·J¸ ì »=· õGü<¿:Ä�º�ö Á ö"ÿ ÁN¨ ³¯¶ ¸®µ ½ ¸�»RÄ�ºo¸ Ç »=·J¸(¶U	 ½ ºZ¼�»=Ä®³�´:º�´Jµo·J¾ ½ ¶�·:ü[»5¼Èº1·J¾�¸(¶�ü<·Jµ ½ ¸¶�·J¹_»
9ë¶�·:ü�¼�Ä/»Z9 ³/´lº�µ Ç:Ç ½ º1³ Á
K ½ µ<¸/¸79�»�¾�¿ ½ º8w
y l�� y l���\^]CXM_ ¾�ºqõJ·:ºo¸t³ Æ Ç º � y l�� y l^b�\^]CXM_ =:¶�³�¶ ¸�µ�¸(¿c	 û ¹ ½ µ<¸/¸�»o¼7K ½ µ=¸/¸79�»�¾�¿ ½ º
e X���XZg^hCb�\CX���mÁKÂ ´:ºÅ¹_Ä/ºoµo³/¶�»<·�»5¼±µo·GwZy l�� y l���\C]^XM_ ³/´:Ä�ºoµ<¾ ¶D9 Ç ½ ¶�ºV¸2³�´:º�¹qÄ/ºoµo³/¶�»=·÷»o¼±µo·�¶�·J¸�³&µo·J¹_º»o¼qe X���X � X
l�X w
y l¯� y lC`JlJb�\CX#[KÁÀÂ ´:ºf9�µ5¶�·f³&µ=¸z��»5¼À³�´:¶-¸t³�´:Ä/ºVµ<¾�¶ ¸t³/»�Ä/º49�»oôº�¶�·�³/º1ü=º1Ä&¸Z¼�Ä/»Z9 ñ^b =



®
ìZù °N|²±[È´³N}d~���µ¶±·°¹¸o�4È�Ê>}²³N}�}��º±,�4È�Ê>}
³/»-<�Ä�¶�³/º�³/´lº#9ñ³�»?e X���X � XZl�X wMy l�� y lc`
lCbc\^XM[�þ Ç »¸�¶�³/¶�»<·J¸ ù »=· õJü=¿:Ä/º ö Á öÿ Ád¨ ³¯¶ ¸®µ ½ ¸�»�Ä/ºV¸ Ç »<·J¸�¶D	 ½ º¼�»<Ä�´Gµ5·J¾ ½ ¶�·:ü�º1·J¾�¸�¶�ü<·Gµ ½ ¸ Á
K ½ µ=¸/¸-9�»�¾�¿ ½ º r ]��Zs�XC]���\C]^XZ_�m ¾�ºqõJ·:ºo¸�³ Æ Ç º ñ�]��Zs�XC]
b�\C]JX
_ÈÁ-¨ ³,9wµ5¶�·�³&µo¶�·J¸�µ �¨z�NA 	:¿^BÈº1Ä-	 Æ
³/´lº@9�ºoµ5·G¸t»5¼Ãµ5· ¶�·J¸�³&µ5·G¹_º »5¼He X���X
v�\��
l��Mb�m�Á7¨ ³�´Gµ<¸�³/´:ºë¸/µM9�º�9ëº1³/´:»�¾l¸ � y l µo·J¾ ñ�\Zl µ=¸ ¶�·
Ä/ºqõJ·:º#9�ºÚ·�³ À1ÁÈÁ Â ´:ºo¸(ºo9ëº1³/´:»�¾l¸¯µ5Ä�º mE_CYy�ZhCb»�ZY���¼c\�� 9�ºÚ³/´:»�¾:¸F=<¶�· »=Ä&¾�ºÚÄ®³�» Ç Ä�»<³/ºV¹_³@³/´:º�µ=¹1¹_ºo¸�¸³/» ³�´:º �N¨���A 	:¿^BÈº1Ä Á
¢®½½¦§÷¤J£!¢#õ÷öR¤�¦ K ½ µ<¸�¸�9�»�¾�¿ ½ º/� ` r XM[^[nXJ�c]C�J\
YJl�¾¯��� ¾�ºqõJ·:ºo¸�³ Æ Ç º ��mMñ�XM[^[nX��^]S�
\
YClcX��¯�«Á8¨ ³�¶ ¸
Ç µoÄ/³/¶ µ ½�½�Æ ü=¶�ôº1·P	 Æ õJü=¿:Ä/º ö Á�ø�® =�¶ ¸�µ�¸(¿S	 û ¹ ½ µ<¸�¸�»o¼?K ½ µ=¸/¸�9�»�¾�¿ ½ º)e X���X�¾�����]C\
lnm þ ¸(ºÚº � ¿S	 û
¸(ºV¹_³/¶�»<·VL Á�ø<Á L<ÿ Á|Â ´:º �MY��Ml 9ëº1³/´:»�¾ ¹_Ä/ºoµo³/ºo¸�¶�·J¸(³Wµ5·J¹_ºV¸R»5¼Å³/´lº÷¼�» ½�½ »M<�¶�·:üuK ½ µ=¸/¸,9ë»�¾�¿ ½ ºV¸ ý�þ�ø ÿ
e X���XJ`����
k�\
l�m =#e X���X � XZl�XM±MY�� y lc`
lCbc\CXE[nm µ5·J¾@e X���X � XZl�X w
y l¯� y lc`JlJb�\CX#[�m®þ ¸ Ç ºo¹_¶8¼ Æ ¶�·:üZ³�´:ºÀ¸(»�¹��º1³¸(³�Ä/ºoµM9fÿ�p þH® ÿqe X���XZv�\��Zl»�Zb�m�þ ¸ Ç ºo¹_¶8¼ Æ ¶�·:ü ½ »�¹Úµ ½ 9�¿ ½ ³�¶-¸(ºÚ³ ÆS`"±EYCl ÿ�p þ�ì ÿ g�XZk�\���¿�¿C�»���JX^] =
g�X
k�\���¿�¿ r ]��Ms�XJ] =_³/´lÄ/ºoµ=¾:¸ þ Ä/ºVµ ½ ¶�À1¶�·lüt³�´:º�¹�´lº#9�¶-¹Úµ ½ Ä�ºoµ<¹q³/¶�»=·>=<³�´:º�³/¶U9�º1»<¿l³#==µ5·J¾�µ7�¿:¶�³�³/¶�·lü Ç Ä/» û³/»�¹q» ½ ÿ�p:µo·J¾ þ�ù ÿqe X���X
g�\�ÁClM¯c�ª\C]���m =Ce X���X
g�\�Á^l�¾^b�\JXSm =<µo·J¾!e X���XÃÂ y lCl»�MYnm�þ ¸ Ç ºo¹_¶8¼ Æ ¶�·:ü[º ½ º#9ëº1·�³W¸
»5¼ ³/´lº ó � ¨ ÿ Á
� ¸@¾�ºo¸�¹_Ä/¶U	Jºo¾�¶�·�L Á�ø<Á Lj=�¸(º1ôº1ÄWµ ½ º4��³�Ä&µ79�º1³�´:»�¾:¸;=·:»=³À¾�º_õJ·:ºV¾ ¶�·÷³�´:º � µ1ô=µ Ç Ä/»<ü=Ä&µM9!=�µ5Ä/º�¿J¸�ºo¾ ¶�·»<ÄW¾�º1Ä�³�»�¸ Ç ºV¹_¶�¼ Æ 	J»<³/´P³/´:º ¹1µ Ç ³/¿lÄ/º[»5¼Àµo·�º1ôº1·�³#=:µo·J¾�¶�³W¸Z´Jµ5·J¾ ½ ¶�·lü/	 Æ ³/´lº�µ Ç:Ç ½ º1³ Á Â ´:º1Ä/ºq¼�»<Ä/ºj=
K ½ µ=¸/¸o9�»�¾�¿ ½ º7� ` r XE[C[nXJ�c]c�
\ZYJl�¾��¯� ¾�º_õJ·:ºV¸Z³/´:Ä�º1º-9�º1³/´l»�¾:¸ X��Zln�Ä�ZY l�\�ÁCl�¿n�J\^]Ã��îF�Cð =
X��
ln�Ä�ZY mMl»��� s y lCl»�ZY ==µ5·G¾ X��Zln�Ä�ZY b�\cm y ]Zldî#�CðÁKÂ ´:ºo¸�º'9ëº1³/´:»�¾l¸�Ä/º Ç ½ µ<¹qº�Ä/ºo¸ Ç ºV¹_³/¶�ôº ½�Æ 9�º1³�´ û»�¾:¸ �MYnmª\Zb^ldî4�^ð = \�Á��Ml =oµo·J¾ b�\Sm y ]
ldî4�^ð »o¼>K ½ µ=¸/¸>9�»�¾�¿ ½ º ¾�����]C\
lnm »5¼GÄ/º_õJ·lº#9�º1·�³ À1ÁÈÁR� ºÚ³/´:»�¾
X��
ln�Ä�ZY l�\�ÁCl�¿��J\^]Ã�NîF�^ð ¶ ¸Z¹1µ ½�½ ºo¾�<�´:º1·�µo·�¶�·�³/ºÚü<º1Ä@¶-¸¯º1·�³/ºÚÄ/ºo¾@	 Æ ³�´:º�¿J¸�º1Ä@¶�·�³/» ³/´:ºÅ¸ Æ ¸(³�º#9�	 Æ
³/´lºN9�ºoµo·J¸y»o¼:³�´:º@¶�·J¸�³&µ5·G¹_º@»5¼ g�\�Á^lM¯��J\C]¯� Ç Ä/»oô�¶-¾�ºo¾�¶�·�³�´:º ó � ¨�Á4� º1³/´l»�¾ X��Zl��¯�
Y l�\�Á^l�¿n�ª\C]¯�NîF�Cð
¸(¶U9 Ç ½�Æ ¹1µ ½�½ ¸�9�º1³/´l»�¾ X��
ln�Ä�ZY =;<�´:¶ ¹�´[³/´lº1· ¹_»=Ä/Ä�ºo¹_³ ½�Æ ü<ºÚ³&¸K³/´:ºÀ¶�·�³/º1ü=º1Ä±µ5·J¾ ¸�³/»=Ä/ºo¸�¶�³K¶�·�³/» Æc`"±MY^lÈÁ
� ¶U9�¶ ½ µ5Ä ½�Æ =#9�º1³�´:»�¾ X��Zl��¯�ZY mMl���� s y lCl»�ZY ¶-¸À¹1µ ½�½ ºo¾�<�´:ºÚ·�³/´:ºÅ¿J¸(º1Äd< µ5·�³&¸®³�» ½ ºoµ1ôº�³�´:º�¸ Æ ¸�³/º#9
µ5·G¾ Ç Ä/ºV¸/¸(ºV¸¨³�´:º mEl���� s y lCl��
YÈÁ>� º1³�´:»�¾ X��
ln�Ä�ZY mMl»��� s y lCl»�ZY ¸(¶D9 Ç ½�Æ ¹1µ ½�½ ¸N9�ºÚ³/´:»�¾ X��
ln�¯�
Y =
<�´:¶ ¹�´�´Jµ5·G¾ ½ ºo¸¯³�´:ºtº4��¶�³®»o¼K³�´:ºt¿G¸(º1Ä Ád� ¶�·Jµ ½�½�Æ =
9�º1³�´:»�¾ X��Zl��¯�ZY b�\Sm y ]Zl�î4�Cð ¶-¸@¹1µ ½�½ ºV¾�<�´:º1·�³�´:º
¿J¸�º1Äo<�µo·�³W¸Ã³�»�¸�º1º[³/´:º[Ä/ºV¸(¿ ½ ³�µ5·J¾ Ç Ä/ºo¸�¸(ºo¸Z³�´:º b�\Sm y ]Zl s y l^l��ZY«Á�� º1³�´:»�¾ X��
ln�¯�
Y b�\Sm y ]
ldî4�^ð¹1µ ½�½ ¸�9ëº1³/´:»�¾ X��Zln�Ä�ZY <�´l¶-¹&´ Ç Ä�¶�·�³&¸«³/´lºZÄ/ºV¸(¿ ½ ³ þ Ç µ5Ä�³/¶-µ ½ ¸�¿c9 »<Ä@¹q»
9 Ç ½ º1³/º¨¸(¿c9fÿ�=1»<·�µo· ¶�·J¸�³&µ5·G¹_º»5¼�K ½ µ=¸/¸o9�»�¾�¿ ½ º@e X���X
g�\�Á^l�¾^b�\JXSm =M<�´:º1·P³/´:¶ ¸i	:¿:³/³�»<·P¶-¸ Ç Ä�ºo¸/¸�ºo¾ Á
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Ä ¶ Ä Æ�Î¯Ï�Ð�ÑÉ ¹�º ÒXÓ É ÆØ³ ¾ Æ Ä ¶ Ä Æ µ´Ê#ÈU¶ÇÆ ¿ Æ Ë À Ó ÓÉ ¹�º ÒXÓ ¹ ¶H× Ä ¶ Ä Æ·µ´Ê4ÈD¶·Æ ¿ Æ Ë À

³·È»Æ Ä ¸·¶ Æ ¹Dÿ Æ©Ô ¹�º ×Tµ Ä À Î¯Ï�Ð�ÑØ;¸·Å�¶ÇÆ ¹U¾	Ó Ã·¹ Æ·µÁÈU¶ÇÆ U À Ó ÓÉ´¹»º ÒXÓ ¾´¹UÃDÄ É Æ ¹D¾ µ ÊÊÔ ¹�Õ·¹ ¶·Æ��ÁÆ ¹Uÿ Æ�Ö ¹»º ×ã¿ Æ ¹Uÿ Æ�Ö ¹»º ×nØÓ¿³·È»Æ Ä ¸·¶ ¿ Ê4ÈD¶·ÆÚÙ ¿ É´¹»º Ò»Ë
Ë ÀcÛ ÛÉ´¹»º Ò Û ³·È�Æ Ä ¸·¶'Ü ¹�Õ·¹ ¶ÇÆ��ÁÆ ¹Dÿ Æ�Ö ¹�º ×�¿ Æ ¹Dÿ Æ�Ö ¹�º ×�¿ Â À

³·È�Æ Ä ¸·¶ É Æ»¸ÚÝ Â ÅÞÆ´Æ»¸·¶�Î¯Ï�Ð�ÑÉ´¹�º Ò Û ¾ ¹�ÞDÄ É Æ ¹U¾ Ü´ÊÊÔ ¹�Õ·¹ ¶ÇÆ�� É Æ»¸ÚÝ Â ÅÞÆ´Æ»¸·¶ ¿É Æ»¸ÚÝ Â ÅÞÆ´ÆØ¸·¶ ØÓ¿ ³·È�Æ Ä ¸·¶ ¿ Ê#ÈD¶·ÆÚÙ ¿ É´¹�º Ò»Ë
Ë ÀÊÛ ÛÉ´¹�º Ò Û ³·È»Æ Ä ¸·¶ßÜ ¹�Õ·¹ ¶·Æ�� É Æ»¸ÚÝ Â ÅÞÆ´Æ»¸·¶ ¿ É Æ»¸ÚÝ Â ÅÞÆ´Æ»¸·¶ ¿ ¸ À

³·È�Æ Ä ¸·¶ ¾´¹DÉ Å º ÆÚÜ Ä À Î¯Ï�Ð�ÑÉ´¹»º Ò Û ¾´¹�ÞDÄ É Æ ¹D¾ Ü´ÊcÔ ¹�Õ·¹ ¶·Æ�� ¾´¹DÉ Å º Æ Â ÅÞÆ´Æ»¸·¶ ¿¾´¹UÉ Å º Æ Â Å÷Æ´Æ»¸·¶ Ø ¿ ³·È»Æ Ä ¸·¶ ¿ Ê4ÈD¶·ÆÚÙ ¿ É ¹�º Ò»ËPà À�Û ÛÉ´¹»º Ò Û ³·È�Æ Ä ¸·¶ßÜ ¹�Õ·¹ ¶·Æ�� ¾´¹UÉ Å º Æ Â ÅÞÆ´Æ»¸·¶ ¿¾´¹UÉ Å º Æ Â Å÷Æ´Æ»¸·¶ ¿ Â À

N1NÚN

� ¶�ü<¿lÄ/º[ö Á�øPá�ýi� º_õJ·lº#9�º1·�³ãâ IKý � Ç:Ç ½ º1³
¢?ö�öRõ·£Mõn£�¤¦¥�§´¨ª§n¥c¢#¢H¥ä£>ö¬§Þ¤C¢å¥^£H£ÊæR¤ç¥�½¦½§Þ¤J£H¢#õÞö�¤�¦ K ½ µ<¸�¸'9�»�¾�¿ ½ º g�XZk�\���¿�¿C�»��èJXC] ¾�º_õJ·:ºV¸
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³ Æ Ç º l�XZk�\���¿�¿�]���èCXJ] =±µ5·G¾ ¶-¸ µ ¸(¿S	 û ¹ ½ µ<¸�¸ »o¼@K ½ µ=¸/¸�9�»�¾�¿ ½ ºue X���X
gChCb�\CX���m�Á � · ¶�·J¸(³Wµ5·J¹_º�»o¼
g�X
k�\���¿�¿^���¯èCXJ] Ç º1ÄT9wµ5·:º1·�³ ½�Æ ¹&´:ºo¹��l¸l¼�»=Ä�¶�·�³�º1ü<ºÚÄ&¸y¶�·ºð `�ñEYCl =_Ä/º49�»oôºo¸:»<·:ºÀÄ&µ5·G¾�»
9 ½�Æ µo·J¾,<�Ä�¶�³�ºo¸¶�³�³/» ³/´lº�¶�·J¸(³Wµ5·J¹qºf»5¼àe X���X � XZl�X w
y l¯� y lC`JlJb�\CX#[ µo³÷³�´:ºPµ Ç:Ç ½ º1³ò¡¡¸ ¸(¶ ¾�º Á�¨ ³�µ ½ ¸�»�´Gµ5·J¾ ½ ºo¸�º1·J¾
¸�¶�ü<·Gµ ½ ¸ Á
K ½ µ<¸/¸�9ë»�¾�¿ ½ º g�XZk�\���¿�¿ r ]¯�Zs�XJ] ¾�º_õG·:ºo¸R³ Æ Ç º l�XZk�\���¿�¿Cñ�]¯�Zs�XJ] =±µ5·J¾ ¶ ¸ µ|¸(¿c	 û ¹ ½ µ<¸/¸�»o¼@K ½ µ=¸/¸
9�»�¾�¿ ½ ºHe X���XZgCh^b�\^XÃ��mÁ � · ¶�·G¸(³&µo·J¹_º�»5¼ g�XZk�\���¿�¿ r ]��Ms�X^] Ä/ºoµ=¾:¸�µ÷õJÄW¸(³ ¶�·�³/º1ü=º1Ät¼�Ä/»Z9 ³/´:º ¶�· û
¸�³&µ5·G¹_º »5¼�e X���X � X
l�X�ñMY¯� y lC`Jl^bc\CX#[�m µo³R³�´:ºëµ Ç:Ç ½ º1³P¡7¸�¸(¶ ¾�º Á � ¸�¸(»»=· µ<¸�¶�³Å´Jµ<¸[»
	:³Wµ5¶�·lºo¾Ó¶�³#=«¶�³
º1·GµE	 ½ ºo¸[µ�³/¶U9�º1»=¿:³#=±µ5·G¾mÄ�ºoµ<¾l¸�µf¸�ºo¹_»=·J¾�¶�·�³/ºÚü<º1Ä Á�¨ ¼�³�´:ºë¸(ºo¹_»=·J¾ ¶�·�³/º1ü=º1Ä[µoÄ/Ä/¶�ôºo¸,	Jº_¼�»=Ä/º�³�´:º
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���'�' � %��)
��(�����*��
¨�m)` ] i6jo���'�'�����
 � %��)
��(��������^Bl/o [ a k m�` ] iKjo)-�������H�H���<���% ���)
	��'�' � %���
�����(����
¨�`#� [ o�-�������H�H����	���)�
��*H � �»^Rl/o [ a k ] o)a w � i6o)o�a k -������H�H���<(��% �(��
	��'�' »�
¨ w i6o ����"�:������������� � %��)
��(����� � w iKo ����"�:��������(��� � � %���
������� »�2¨ � `2o ����"�:��������(����� � %��)
�����(� � � `2o ����"�:������������� � %��)
�����(� )U

ý ��� úÇû ¨ f ª ú -������H�H����	����
	��H�� � � � ;8�HçU
ýK���öúÇû ¨ �v� � �6� ��1¨ ��� � ��� »�2¨ ��� � ��� ��1¨   �   ��2¨�¡���¡6��2¨ � ��¢2��1¨�¢$�)¢2��2¨ £K¤ � £K¤ �U�0

©z` �Pk ` m)`2jG^co [ a k ý � 9\^ w ] `2j`49e` k o ] acb�KujG^ ]�] 9ea�_CiKj` f ª ú ^M9?9\^ ªòn ] o)`#9 á o)a `2j`49e` k o ] acb
Kuj*^ ])] 9ea�_�i6j` � � � pe`2j�`#9e` k o ] a$bGKujG^ ]�] 9ea�_Ci6j�`�� w6w j�`2o ] o)a´`2j�`#9e` k o ] acb*Kuj*^ ]�] 9ha�_Ci6j`
f ª ú ^M9?9\^ªKuj [ ` k o�� w6w pu^ k _�`2j�`#9e` k o ] a$b-Kuj*^ ]�] 9ea�_�i6j` ú ja � ^cjG©�`1j*^2nZacb âôóZo)a�`2j`49e` k o ] acb
Kuj*^ ])] 9ea�_Ci6j�` ú ja � ^cjG©�`2jG^2nCa$b â I �

�r���! #"r÷�ùÍó´ô!õp�rô$ ô��u�

ª [ 9 [ jG^cm)j�nZo)a�m�` �Pk `Zm�`2j*^$o [ a kÀýP� =zm)` �Pk `�m�`2j*^$o [ a kÀýK�e[*] ` ]�] ` k o [ ^cjj�n�^�m�` k ^E9 [k6� a$b�9h`2o)t6a�_ ]
acb-KujG^ ]�] 9ea�_Ci6j�` f ª ú ^E9?9�^ ª�n ] o�`#9 ^ k _�� w6w j�`2o ] o)a*9e`2o�t6a�_ ] acbfKuj*^ ])] 9ha�_Ci6j` � � � ^ k _
f ª ú ^M9?9\^ªKuj [ ` k o�� w6w � Â aBmT9|i6j*^\m)` �vk `#9e` k o�% � [*]q]�[ 9 w j�n ^�m)` k ^M9 [kK� ^ ] <�`2jj � g tCi ] =�<�`
tP^ � `Y^Bl/o)iP^$jj�n&% � ¨�� ��Ã  þ � ��� �
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g t6` � ^ � ^ w m�a � m�^E9 tP^ ] `#�K^Rl/o�jnYo)t6` ] ^E9e`rl4j*^ ]�] ` ] o)tP^ k m�` �Pk `#9h` k o â I < [ o)tq`4�6^Bl/o)j�n}o�t6` ] ^M9e`
� `2tP^ ��[ aBi6m2�

Q� ��V÷�ô$ ô��u�6ù��S���z�%�R�P�Ï��ô�QcQ

g t6`ha k j�n�_ [ BÄ`2m�` k l/` ] < [ o�t�m)` �Pk `#9e` k oªâ I ^$m)`\o)t6`|b�aRjj�aM< [k6� ¥ � m ] o#=�^tK A���A�d� : á o)m»^ kP]�[3�
o [ a kZ[G]�� m»^ � j�`e^ ]}] a�a k ^ ]V[ o ] w m)` � l/a k _ [ o [ a kZ[*] b�i6j � jj`�_�=²o�t [*]rk ^co�i6m�^$jjn ] w `$l [3� ` ] w aRj�j [kK� � ¨�k
o�t6` � ^ � ^ w m�a � m�^E9ò=6o)t6`Vb�aRiKmÏo�t6m)`$^B_\l/j*^ ])] ` ] ¥ g�XZk�\���¿�¿ r ]¯�Zs�XJ] = g�XZk�\���¿�¿C�»��èJX^] = ñEY�� y l���\C]^XZ_ =
wZy l�� y l���\C]JXZ_ i ] ` ��XS�El = Y��Zl��Ê¿^_ 9e`2o)tKa�_ ]Ï[k aBm�_C`1m}o�a�^ � a [ _ w aRj�j [�k6� �sªò`$l/a k _�=RK Az�TA�d� : á
] w `�l [3� l1^co [ a kP] a$b � ^ � ^ ú�S ¨ ^cm�`Yo)m)`�^co)`�_ [�k ^ ] w `�l [ ^$j><z^2nJ= [�k aRm�_�`2mzo)a � `~^ � j`Yo�a ] w `�l [ b�neo�t6`
l2^ w o)iKm)`ea$bY` � ` k o ] a�l2l/iKm)m [�k6�Z[k o�t6` ú�S ¨ � g t6`2m�`/b�aRm�`J=�o)t6` � ^ � ^ ] aBi6m�l/`�l/a�_�`�a$bYo)tK`\^ w6w j`2o
] j [� tCo�jn|_ [ BÄ`2m ] b�m)aZ9 K Az�TA�d� : á Kuj*^ ])] 9ea�_Ci6j�`7� ` r XE[C[nXJ�c]c�
\ZYCl¯¾��¯� acbum�` �Pk `#9h` k oãâ I �
Â=[�� i6m�` û �ü ìh] t6aM< ] ^ ]�k ^ w ] t6aBo}a$b�o)t6` � m�^ w t [ l2^cj�i ] `2m [k o)`2m�b ^Rl/` w m)a ��[ _C`�_ � n\o)t6`|^ w6w j�`2o ] ���
i ] `2mi9�^�n|` k o)`2m ] ` � `2m�^$j [�k o�` � `2m ]ç[�k o�t6`Vo�`#�Co � `2jG_�=Ct6` ] `2` ] o�t6`V` � aBji6o [ a k acbÝt [*] j�a�l2^cj>9|i6j�o [*] `2o
[�k o�t6`Ïo�`#��o�^cm�`$^^=�t6`xl2^ k m)`M��i6` ] ouo)a ] `2`x^ ke[�k o�` � `2m � n w m)` ])]�[�k6� o)t6`xm)` ] i6jo � i6o�o)a k =6^ k _st6`xl2^ k
`#� [ o�o)t6` ] n ] o)`#9 � n w m)` ]�]�[�k6� o�t6`Y`#� [ o � i6o)o�a k �
� ^$m)o�¨�^��acb Âø[� iKm)` û �ü ðY] t6aM< ] ^ ] n ] o)`49 < [ o�tq^ ]�[k6� j`{i ] `2m�<zt6aVtP^ ] ` k o)`2m�`$_ [k o)` � `2m ] üR� á � ì � ð �
g t6`1n~^$m)` � m ] o)jn ] o)aRm�`$_ [k t [G] ja�l1^cjC9si6j�o [G] `2oÝ¨Þ9\^ [k o�^ [�k `$_ � nYo)t6` ^ w6w j`2o4�=B^ k _~o�t6` k m»^ k _�a
9ej�n
m�`#9ea � `$_I� � m�a � m�` ])]�[� `2j�n ] iS9 ] ^$m)` w `2m�b�aRm�9e`$_e^ k _ [�kP] `2m�o)`$_ [k o)aqo)tK`}j�a�l2^cj>9|i6j�o [*] `2o2� Â=[�k ^cj�jnJ=
o�t6`Ym)` ] i6joxü ñq[*] a � o�^ [�k `$_I�
� ^$m)o�¨ � Äacb Â=[�� i6m�` û �ü ðY] tKaE< ] o)t6` ^cm)m [� ^cj�acb ^ k `#<�i ] `2mN<ztKaY_Ca�` ]�k aRoÝ` k o�`2mø^ k n [k o)` � `2m2� g t6`
m�` ] i6j�orü ñ = w m)` �C[ aRi ] jn|l/aZ9 w i6o�`$_�=F{)ic9 w ] b�m�a
9 a k `Y^ w6w j`2o�o)a~o�t6`VaBo)t6`2mx¨�_CiK`Vo)apo)t6`ro [ 9e`2aRiKo/��
� ^$m)oq¨ lc _C` w [ l/o ] o)t6`|l1^ ] `@<ztK`2m)`qo�t6` ] `$l/a k _íi ] `2mr` k o�`2m ]r[k o)` � `2m ]qí � ù �;L�� W �T� ] b�aRmxo)t6` � m ] o
i ] `2m#=�o�t6`2n ^cm�` [kv] `2m�o)`$_ [k t [*] j�a�l2^cjd9|i6jo [*] `1o#=�^ k _�m�^ k _CaZ9ejn�m)`#9ea � `$_Ä�sª [k l/`so�<�a�^ w6w j�`2o ]
^$m)`rm)i k6kK[k6� = ] aZ9e` ] iS9 ] ^cm)`Ál/a
9 w i6o)`$_ [�k a k `Y^ w6w j`1o#=�^ k _ ] a
9h`ÏaBo)t6`2m ]ç[�k o�t6`ÏaBo)t6`1mz^ wKw j`2o1�
Â=[�k ^cj�jnJ=�o�t6`Ym)` ] i6jo ìZù [G] l/a
9 w i6o)`$_Ä�



ácðÃá °N|²±YX´³N}d~���µ¶±·°¹¸o�ZXëî>}²³N}�}��º±,�ZXëî>}

Â=[� i6m)` û ��ü ì ¥ f ª ú ^M9?9\^ ú�S ¨
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bdcfe bhgie bhj�e bhkie
Â=[�� i6m�` û �ü ð ¥ f ª ú ^E9?9�^L� w6w j [ l1^co [ a k

X óÊ£[Z l/a k o»^ [�kP] j�` ])] � fVg 9ea�_�i6j` ] o�tP^ k â I = � `$l2^$i ] ` â I�k `2`$_ ] `#��o)m�^l� fVg 9ea�_�i6j` ]zk `$l �
` ]�] ^$m)n�o�a ] w `$l [ b�n�o�t6` [�k o�`2m k ^cj � `2tP^ ��[ aBi6mVacb�o�t6` � ^ � ^8� [ m�o)iP^$j � ^Rl�t [k `�� g t [G]Ï� `2tP^ ��[ aRiKm [*]
k aBo ��[*]�[� j�` [k ^ � ^ � ^ w m�a � m»^E9 ] aRiKm�l/`��mX óÊ£[Z´[*] 9\^B_C`eacb � ^ � ^�l4j*^ ]�] ` ] l4aRm)m�` ] w a k _ [kK� o)a
^$jjoK Az�TA�d� : á Kuj*^ ])] 9ea�_�i6j` ] a$bVm�` �Pk `#9h` k o â I ] w `$l [ b�n [�k6�*� ^ � ^Zl/jG^ ]�] ` ] � Âø[k ^$jjnj=5X óÊ£[Z
l/a k o»^ [�kP] e v ðhl/j*^ ])] <zt [ l t ] o»^ k _ ] b�aBmÏo�t6` � ^ � ^�� [ m)o�iP^cj � ^Bl t [�k ` [ o ] `1j3b��
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���z�u���vùç�I�

ú [� ` k X ó £[Z =r^ k _ o�t6` ] `1osa$b � ^cm [ ^ � j` ]Jn ú ûB� � � � � � � � U$JPE�M6��H�H���QR��%��(��
&�'�' � ûB  ��¡�� � ��¢2U$%��)
 �
û2£K¤ UBM6��"�:�����S��(��� �2� Â aRm�9si6jG^c`po � =Co�a&orq � `2j�aE<´b�aRm�9 ^|l/a k o)m»^Rl/o�s úüû o � �201020I��orq2U ¥

o � ú ¦d� � � 0·{�^ � ^C¨ ©Ï^ k _CaZ9\©�`1j*^2n²ªò`2m � `2m1�$« ¬(�® ¦u� � 0 f ª ú ^E9?9�^ªKuj [ ` k o�� w6w ®
¦u� � 0 f ª ú ^E9?9\^JKuj [ ` k o�� w6w ® ¯

o � ú ¦d� � � 0·{�^ � ^C¨ ©Ï^ k _CaZ9\©�`1j*^2n²ªò`2m � `2m1�$« ¬(�® ¦u� � 0 f ª ú ^E9?9�^ªKuj [ ` k o�� w6w ®
¦u� � 0�^Bl/o [ a k o�`#�Co � `2jG_²¨   �® ¯

o � ú ¦d� � � 0·{�^ � ^C¨ ©Ï^ k _CaZ9\©�`1j*^2n²ªò`2m � `2m1�$« ¬(�® ¦u� � 0 f ª ú ^E9?9�^ªKuj [ ` k o�� w6w ®
¦u� � 0�^Bl/o [ a k o�`#�Co � `2jG_²¨   �® ¦u� � 0�^Bl/o [ a k m)` ] i6jo1¨    ® ¯

o5t ú ¦d� � � 0·{�^ � ^C¨ ©Ï^ k _CaZ9\©�`1j*^2n²ªò`2m � `2m1�$« ¬(�® ¦u� � 0 f ª ú ^E9?9�^ªKuj [ ` k o�� w6w ®
¦u� � 0 f ª ú ^E9?9\^JKuj [ ` k o�� w6w ® ¦u� � 0�^Bl/o [ a k o�`#�Co � `2jG_6¨   Y¶�¶ � � 0�^Bl/o [ a k o)`4�Co � `2j*_P¨¡6 ®
¦u� � 0�^Bl/o [ a k m�` ] i6j�o4¨  I· ¡6 ®´¯

ovu ú ¦d� � � 0·{�^ � ^C¨ ©Ï^ k _CaZ9\©�`1j*^2n²ªò`2m � `2m1�$« ¬(�® ¦u� � 0 f ª ú ^E9?9�^ªKuj [ ` k o�� w6w ®
¦u��� 0 f ª ú ^E9?9\^JKuj [ ` k o�� w6w ® ¦u�6� 0�^Bl/o [ a k o�`#�Co � `2jG_6¨    ® ¦u�C� 0�^Bl/o [ a k o)`#��o � `1j*_P¨¡6�®
¦u� � 0�^Bl/o [ a k m�` ] i6j�o4¨  I· ¡6 ®´¯

o5w ú ¦d� � � 0·{�^ � ^C¨ ©Ï^ k _CaZ9\©�`1j*^2n²ªò`2m � `2m1�$« ¬(�®
¨)¨ ¦u� � 0 f ª ú ^E9H9\^ªKuj [ ` k o�� wKw ® ¦u� � 0�^Rl/o [ a k ] o)a w � i6o�o)a k ®V�¼
½ ¨ ¦u�6� 0�^Rl/o [ a k ] o�a w � iKo)o)a k ® ¦u�v� 0 f ª ú ^E9?9\^JKuj [ ` k o�� w6w ®V)�¯

ovx ú ¦d� � � 0·{�^ � ^C¨ ©Ï^ k _CaZ9\©�`1j*^2n²ªò`2m � `2m1�$« ¬(�®
¦u�6� 0 f ª ú ^E9?9\^JKuj [ ` k o�� w6w ® ¦u��� 0 f ª ú ^E9?9\^JKuj [ ` k o�� w6w ®
¦u� � 0�^Bl/o [ a k o�`#�Co � `2jG_²¨   �® ¦u� � 0�^Bl/o [ a k ] o)a w � i6o)o�a k ® ¦u� � 0�^Rl4o [ a k m�` ] i6j�o2¨   �® ¯

o5y ú ¦d� � � 0·{�^ � ^C¨ ©Ï^ k _CaZ9\©�`1j*^2n²ªò`2m � `2m1�$« ¬(�®
¦u� � 0 f ª ú ^E9?9\^JKuj [ ` k o�� w6w ® ¦u� � 0 f ª ú ^E9?9\^JKuj [ ` k o�� w6w ® ¦u� � 0 f ª ú ^E9?9\^JKuj [ ` k o�� w6w ®
¦u� � 0�^Bl/o [ a k o�`#�Co � `2jG_²¨   Y¶(¶ � � 0�^Rl/o [ a k o)`4�Co � `2j*_P¨¡6 ®
¦u� � 0�^Bl/o [ a k m�` ] i6j�o4¨    ® ¦u� � 0�^Bl/o [ a k m)` ] i6jo1¨¡6�®
¦u� � 0�^Bl/o [ a k m�` ] i6j�o4¨  I· ¡6 ®´¯

o5q ú ¦=£K¤ 0 ú ja � ^R©z`2j*^2n�® ¦=£K¤ 0 w i6o2¨ �  ®
¦=£K¤ 0 w i6o1¨�¢2�®º¨ ¦=£K¤ 0 � `2o4¨ �  ®À¼ ½ ¦=£K¤ 0 � `2o1¨�¢2�®V>¯s0
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g t6` ] `zb�aRmT9|i6jG^c`rl/aBm)m)` ] w a k _|o)a}b�aBmT9|i6j*^$` � ��� Ù o�a � ���)� � g t6`2n|tP^ � `zo)t6` ] ^E9h` ] n k o»^E�n= `4�6l/` w o
b�aBmzo)t6` èZb�\CX
l�\ l/a kP] o�m)iPl/o�aRm ] <zt [ l t�^$m)`Ym)` w j*^Rl4`$_ � neo)t6`pl/aBm)m�` ] w a k _ [k6�H� ^ � ^sl/jG^ ]�]{k ^E9e` ] �
g t6` ] `Ïb�aBmT9|i6j*^$`V^$m)` ] ^$o [*]�� `$_ � nso�t6`Y`#�C`�l/i6o [ a k acbÝo)t6` w m�a � m�^E9 � g tCi ] =c<{`Yl4a kP]�[ _C`2mRs o�a � `
^Bl/o)iP^$jj�n ^�l/a k o�m�^Rl4o}a$bJX óÊ£[Z � S ] `sa$bro)` ] o [kK� 9e`2o�t6a�_�=ø^ ] _�` ] l/m [� `$_ [k KutP^ w o)`2m W =R<{aBi6j*_
t6`1j w o�a b�aBmT9\^$jjn � `1m [ b�n|o)tv^co�s [*] ^ql4a k o)m�^Bl/o2�

Å�¤�Æì¤�õÇ£ õN£�¤�Ç�È(z�È�ËÍÌ�{T|~}���Ñ
ÒZÓºÿCÓÔ�ÕPÓ~Ö*×PÓ�Ø1ÙRÚÚ	Ù�ÛÝÜ*ÕRÞZß�Ù�ÕCÖ à)á�ß/Ö â�áRÚ6ìÄà)Ù�Þ�à)á��

Ìp{L|~}��®úp¦�{T|~}�� ��s ® 0
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Q� ��V÷�ô$ ô �u�°ó´ô=÷�ù��S���z�
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� i [ jo ��[�k b�`$^co�i6m)` ] b�aRmÁ^R_6_Cm�` ])]�[k6� o)t6` l/aRm�m)`$l/o k ` ]�]�[G])] iK`q^ ] w m)a w a ] `$_ � n © `1n�`2m2�¿¾ k _�`2`$_!®6o�t [*]
o�t6` ]�[G] ^R_ � a�l2^$o)` ] o)t6`$À)a [k oui ] `xacbÝ^ ] w `$l [3� l2^co [ a kv] j*^ k6� iv^ � `p^ k _e^}j�a �B[ l2^$j²jG^ k6� iP^ � `�® [k aRm»_C`2m
o�a w `2m�b�aBm2ª o�t6` ] o�` w « [*] `rm)` �Pk `~ªe` k o�a$brªea�_C`2j � aBm [ ` k o�`$_ ] w `$l [3� l2^co [ a kv] �A´{t6`Vj�a �B[ l2^$j²jG^ k6� iP^ � `
` k ^ � j�` ] o)aY`~¯ w m�` ])] ^ ß�Ù�ÕCÖ à)á�ß4Ö a k ^�ªea�_C`2j � aBm [ ` k o�`$_ ] n ] o�`~ª ] w `�l [3� l1^co [ a k ® [ � `��d®R^ ] `1o�acb ja �B[ l2^$j
b�aBm2ª|i6j*^$`�® ] ^co [*]>� `$_ � n�o�t6`Jªea�_C`2jøacb o)t6` ] w `$l [	� l2^$o [ a k �J´{t6`hl/a k o)m»^Rl/oVtv^ ] ^\_Civ^cj�b�i k l/o [ a k ¥
� m ] o [ o ] `~ª�^ k o [ l1^cjj�n _C`2o�`2m2ª [�k ` ] l/aRm�m)`$l/oqm�` �Pk `�ªe` k o ] o�` w ]�Á ^ k _ ] `$l/a k _!® [ o [G] o�t6`Â½�`1n�b�aRm
� `2m [ b�n [k6� o�t6`pl/aRm�m)`$l/o k ` ]�] acbÝo)t6`Ym)` �Pk `~ªe` k o w m�a�l/` ])] �
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´{t [G] o)t6` ]�[*] _�` �Pk ` ] ^{o�t6`2aBm)`2o [ l2^$jcb�m�^¬ªe`~«�aRm2½zb�aRmøo)tK` ] o�` w « [G] `um)` �Pk `~ªe` k oÄ^ k _ [ ª w j�`~ªs` k o»^co [ a k
a$b ] w `�l [3� l1^co [ a kP] i ]�[kK� ^{oÈ«�azj*^ k6� iP^ � ` ] b�m�^¬ªe`~«�aRm2½Ä� f iK`ço�azo)t6`ui ] `�acbvoÈ«�a ] w `�l [3� l�jG^ k6� iP^ � ` ] ®
«�`~_�`2m [�� `�ªe`1o)t6a�_CaBja �R[ l1^cj�m)` ] i6j�o ] o)tv^cox^cjj�a¬« o)a|_C`�^cjr« [ o)t\o�t6`pl/aRm�m)`$l/o k ` ]�]{[*])] i6`q_�i6m [�k6� o�t6`
«zt6aBj`p_C` � `1ja w ªe` k o w m)a�l4` ])] � Â=[�k ^cj�jn�®�o�t6`p^ w6w j [ l2^$o [ a k acbÝo)t6`Yo�t6`2aRm�`2o [ l2^cjÄm)` ] i6jo ] o)a|o)t6` °¿É �
É ·AÊ:Ë¬Ì ] w `$l [3� l2^co [ a kv] j*^ k6� iv^ � ` ^ k _�o)t6`±ÍÏ` k6k ` ])] n ��©�[ j k `2mYja �B[ l [G] ^ � m ] o ] o�` w o)a¬«z^$m�_ ] ^
_C` � `2ja w ªe` k oAªe`2o�t6a�_CaBja � n [k o�t6`Vb�m�^�ªh`~«{aBm2½qacb °¿É � É ·�Ê-Ë¬ÌC�
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ß�à¬Þ�á¬â ÷�ã[äAå à ã�æ Þ�çTß�à�è
´{t6`Vo�t6`2aBm)`2o [ l2^$j²b�m�^¬ªe`~«�aRm2½ k `$l/` ]�] ^cm�nso�a|_C` �Pk `~^ ] o�` w « [G] `Vm�` �Pk `�ªe` k o{^ k _ [ ª w j`~ª|` k o�^$o [ a k
� ^ ] `$_\a k l/a k o)m»^Rl/o ]�[G] ª\^R_�`VacbÝo)t6`Vb�aBjja¬« [�k6� `2j`�ªe` k o ] ¥

dêéÕë Ù�àf�qáRÚ!ìíÙ¬íCÓ�ÚNå�äzà4Ü(Ó4ÕCÖ�Ó�í=î�ìPÓ�ß2Ü Ô�ß�áRÖ Ü*Ù�Õ ë-ïøá�ÕRÞòâCá2ÞCÓ
¾�o [*] i ] `$_�o)a �R[�� `|^�l/aiª w j`1o)`q^ k _8ª\^$o)t6`�ª\^co [ l2^$j ] aRjiKo [ a k ¨ ×KÙ�Û Vo)tv^coYm)` w m)` ] ` k o ] o)a
] n ] o)`~ª o�a � ` _C` � `2j�a w6w `$_I�r�zoI`$^Bl t ] o)` w acbPo�t6`um)` �Pk `~ªe` k o w m�a�l/` ]�]![ o�o�^�½�` ]I[k o)ax^Rl2l/aBi k o
m�` �Pk `~ªh` k o�l�t6a [ l/` ]�Á

dêé ïøÙ�Þ�Ü*ßpÙ�Õ�ÖÊ×PÓ ë Ù�à��qáRÚ�î�ìPÓ�ß2Ü Ôçß�áRÖ�Ü*Ù�Õ ë-ï!á�ÕRÞ�â�á2ÞCÓ
¾�o [G] i ] `�_ío�a�`�¯ w m�` ])] o)t6`|l/a k o�m�^Bl/o ] a k o)tK` ] w `$l [	� l2^co [ a kP] �P´{tK`el/a k o�m�^Bl/o ] ^$m)` ] `2o ] acb
b�aBm2ª|i6j*^$`{o)tv^co{`�¯ w m�` ])] o)t6`r` ])] ` k o [ ^$j6m)`ðº i [ m)`~ªh` k o ] ^ k _|m)` �Pk `~ªe` k oøl tKa [ l4` ] ¨ Û�×KáRÖ øo)tv^co
ª|i ] o � `�½�` w o{o [ jjPo)tK` [ ª w j`~ª|` k o�^co [ a k �r� l/a k o�m�^Bl/o)iP^$j ] w `�l [3� l1^co [ a ke[G] ^ w ^ [ m �B[� ` k|� n
^ ] w `$l [	� l2^co [ a k ^ k _e^~l4a k o)m�^Bl/o~® ] iPl t|o)tv^co{o�t6`�ªea�_�`2j6acbøo�t6` ] w `$l [	� l2^co [ a k w ^$m)o ] ^co [*]�� ` ]
o�t6`pl/a k o)m»^Rl/o Á

dêéÕñ Ó�Ô�Õ²Ó ñ Ó�Ú	áRÖ Ü*Ù�Õóò é#ë Ù�àf�qâ�Ú	á ñ ÓÔ�Õ²Ó��sÓ ÕCÖôò éØñ ÓÔ�Õ²Ó��sÓ ÕCÖ ñ Ó�Ú áRÖ�Ü*Ù�Õ
´{t6`�m)` �vk `Zm)`2jG^co [ a k [*] ^�m)`1j*^co [ a k a k ] n k o�^Rl4o [ l1^cjz`2j�`~ªe` k o ] acb l/a k o)m»^Rl/o�iP^cj ] w `$l [	� l2^ �
o [ a k ��¾�oÏ`�¯ w m�` ])] ` ] o�t6` ] n k o�^Bl/o [ l2^cjÝl tv^ k6� ` ] o�tP^coYa�l2l4i6mÏo�aeo)tK` ] w `$l [	� l2^co [ a kP] _�i6m [�k6� ^
m�` �Pk `~ªh` k o w m�a�l/` ]�] �
ú [� ` k ^ím�` �Pk `\m�`2j*^$o [ a k ®�o)tK`�b�aBm2ª|i6j*^\m)` �vk `~ªe` k o [*] ^�b�i k l/o [ a k ^ � j`\o�aZo)m�^ kP] b�aBm2ª ^
t [�� t � j` � `2jPl/a k o�m�^Rl4o [�k o�aYja¬«{`2m � j�` � `2j�b�aRm�ªsi6jG^c`�®B^Rl1l/aRm»_ [k6� o)aTªea�_ [3� l2^co [ a kv] m�`¬º�i [ m�`$_ � n
o�t6`Ym)` �Pk `}m�`2j*^$o [ a k a k o)tK`}`1j`~ªe` k o ] l4a kP] o [ o�i6o [�k6� o)tK`Áb�aBm2ª|i6j*^$`��
´{t6`pm)` �vk `~ªe` k o{m�`2j*^$o [ a k l4a k�� `2n ] o�t6` ] `~ª\^ k o [ l2^$j�m)`¬º�i [ m�`~ªe` k o ] _C` �Pk6[kK� ^el4aRm)m�`$l/orm)` �
�Pk `~ªe` k o ] o)` w �?¾�o [G] ^Ïm�`2j*^$o [ a k a k l/a k o�m�^Bl/o)iP^$j ] w `$l [3� l2^co [ a kv] ®Ro�tP^co ]�[ ª w jnrm)`¬º�i [ m�` ] o)tv^co
^~j�a�«�`2m � j` � `2jPl/a k o�m�^Rl4ozl/a k o»^ [kv] o)t6`Vo�m�^ kP] jG^co [ a k ® w m)a �C[ _C`$_ � n|o)t6`Ïb�aBm2ª|i6j*^Ym)` �vk `~ªe` k o~®
a$b�^st [�� t6`2m � j�` � `2j l/a k o)m»^Rl/o1�¿´{t [*] ` kP] iKm)` ] o)tP^$oÏo�t6`Lªha�_C`2j�acb o)t6`pja¬«{`2m � j�` � `2j ] w `$l [	� l2^ �
o [ a k ] ^co [*]>� ` ] o)t6`qt [�� t6`1m � j` � `2jøl4a k o)m�^Bl/o~®ø^ k _ío�tP^coxo)t6`qt [�� t � j` � `2j�l4a k o)m�^Bl/o [G]V] ^$o [*]�� `$_
^ ] «�`2jj � n ] i �v] `¬º�i6` k orl/aRm�m)`$l4ozm)` �Pk `~ªe` k o ] o)` w ]fÁ

dêé æ à)Ù�Þ�à�á��P�qÜ*ÕRÞLïøá�ÕRÞ�â�á2ÞCÓ
´{t6` w m�a � m»^�ª&ª [k6� jG^ k6� iP^ � `�®�_ [hõ `2m)` k oÏb�m�a�ª o�t6` ] w `$l [3� l2^co [ a kv] jG^ k6� iP^ � `�® [*] o)t6`|j*^ kC�
� iP^ � `�l�t6a ] ` k b�aRmeo�t6` ] acb�o�«z^$m)` [ ª w j`�ªs` k o�^$o [ a k �ö´{t6`�l�t6a [ l/`�acbqo�t6` w m�a � m»^�ª&ª [k6�
jG^ k6� iP^ � `Lª\^2nh^ õ `$l/ozm�` �Pk `~ªh` k o�l�t6a [ l/` ] w `1m�b�aRm�ªe`$_e_�i6m [�k6� o�t6`Ym)` �vk `~ªe` k o w m�a�l/` ]�]fÁ

dêé ïøÙ�Þ�Ü*ßpÙ�Õ�ÖÊ×PÓVæ à�Ù Þòà)á��P�qÜ*ÕRÞLïøá�ÕBÞ�âCá2Þ�Ó
¾�o [*] i ] `$_Vo)ar`~¯ w m)` ])] o)tK`{l4a k o)m�^Bl/o�acbvo)t6` w m�a � m»^�ªZ�r´{t [G] ja �R[ l [G] l/`2m)o»^ [�k jnx_ [hõ `2m�` k oIb�m)a�ª
o�tP^copi ] `$_�b�aRmpo)t6`|b�aRm2ª�^cj ] w `�l [3� l1^co [ a kP] j*^ k6� iP^ � `�® ]�[�k l/`|o)t6` w m)a � m�^¬ª&ª [kK� j*^ k6� iP^ � `
^ k _�o�t6`Vb�aRm2ª�^cj ] w `$l [3� l2^co [ a kv] j*^ kK� iP^ � `q^$m)` _ [hõ `2m�` k o Á

dêé Õø÷ù�ÏìPÚÓ��sÓ4ÕCÖ ñ Ó�Ú áRÖ�Ü*Ù�Õóò é#ë Ù�à��qâ�Ú	á	÷��ÏìPÚ�Ó��sÓ4ÕCÖ áRÖ�Ü*Ù�Õ�ò é Õø÷��ÏìPÚ�Ó��sÓ4ÕCÖ áRÖ�Ü*Ù�Õ ñ Ó»Ú	áRÖ�Ü*Ù�Õ
´{t6` [ ª w j�`~ªe` k ozm�`2j*^$o [ a kZ[*] ^em�`2j*^$o [ a k a k `2j`�ªe` k o ] acb�l/a k o)m»^Rl/o�iP^cj ] w `$l [	� l2^co [ a kP] ^ k _
`2j�`~ªe` k o ] acb l/a k o�m�^Rl4o)iP^$j w m�a � m�^�ª ] �-¾�oV`~¯ w j*^ [kP] o)tK` ] n k o�^Rl4o [ l1^cjøj [k ½ ]z� `2o�«{`2` k ^el/a kC�
o�m�^Rl4o)iP^$j ] w `$l [	� l2^co [ a k ^ k _�^|l/a k o�m�^Rl4o)iP^$j w m)a � m�^¬ªZ�
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´{t6`qb�aRm2ª|i6jG^ [ ª w j`~ª|` k o�^co [ a k o�m�^ kP] b�aBm2ª ] ^ ] w `$l [	� l2^$o [ a k l4a k o)m�^Bl/o [k o)asb�aBm2ª|i6j*^$`q`~¯ �
w m)` ])] `�_�a k ^ w m)a � m»^�ªZ�
´{t6` [ ª w j`~ª|` k o�^$o [ a k m)`1j*^co [ a k a k l4a k o)m�^Bl/o)iv^cj ] w `$l [	� l2^co [ a kP] ^ k _ql/a k o)m»^Rl/o�iP^cj w m)a � m»^�ª ]
]�[ ª w jnhm)`¬º�i [ m�` ] o)tP^$oVo)t6` w m)a � m»^�ª l/a k o�m�^Rl4oVl/a k o»^ [�k o)t6`po)m�^ kP] jG^co [ a k acb�o�t6` ] w `�l [3� l1^ �
o [ a k l4a k o)m�^Bl/o2�*´{t6`2m�`/b�aRm�`�®uo)t6` w m�a � m»^�ª ] ^co [*]�� ` ] o)t6`�l/a k o�m�^Rl4osa$bV` � `1m)n�l/a k o)m»^Rl/o�iP^cj
] w `$l [	� l2^$o [ a k a � o»^ [k `$_�_CiKm [kK� o)t6`Ym)` �Pk `~ªe` k o w m�a�l/` ])] �

ý Þ�á¬Ý5ß�þrß ä ß Z â ÿ ã[ä�� Þ���� ä á��
´{t6`Zi ] ` acbqo�«�a _ [*] o [k l4oej*^ k6� iP^ � ` ] _Ci6m [k6� ^�m)` �vk `~ªe` k o w m)a�l/` ])] j`$^B_ ] o)a�o)tK`íb�aBjja¬« [�k6�
ªe`1o)t6a�_CaBja �R[ l1^cjIm�` ] iKjo ] ¥

d*é	� Ó Õ²Ó4à)áRÚ�
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ñ Class PackagingUnit;ò Interfaceó Type packaging-unit;ô Method take;õ Bodyö Use Chocolate, ConveyorBelt, Packaging, PralineContainer;÷ Transitionsø filling, store;ù PlaceñQú work-bench _ : packaging;ñ4ñ AxiomsñQò take with the-conveyor-belt.get box ::ñQó -> work-bench box;ñQô filling withñQõ the-praline-container. get choc .. box.fill choc ::ñQö work-bench box -> work-bench box;ñ ÷ store with box.full-praline choc ::ñQø work-bench box -> ;ñQù whereò4ú box: packaging;ò�ñ choc: chocolate;ò4ò End PackagingUnit;ò4óò4ô Class PackagingProducer;ò4õ Interfaceò4ö Use Packaging;ò ÷ Type packaging-procuder;ò4ø Object the-packaging-producer;ò4ù Methodó4ú produce;ó�ñ Bodyó4ò Axiomó4ó produce with
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ó4ô box.create-packaging .. the-conveyor-belt.put box :: -> ;ó4õ whereó4ö box: packaging;ó ÷ End PackagingProducer;ó4øó4ù Class PralineContainer;ô4ú Interfaceô�ñ Use Chocolate;ô4ò Type praline-container;ô4ó Object the-praline-container;ô4ô Method get _ : praline;ô4õ Bodyô4ö Use Natural, Capacity;ô ÷ Placeô4ø amount > : natural;ô4ù Initialõ4ú amount container-capcity;õ�ñ Axiomõ4ò get p :: amount n -> amount (n-1);õ4ó Whereõ4ô p : praline;õ4õ n : natural;õ4ö End PralineContainer;õ ÷õ4ø Class Heap;õ4ù Interfaceö4ú Use Packaging;ö�ñ Type heap;ö4ò Object the-heap;ö4ó Methods put _, get _ : packaging;ö4ô Bodyö4õ Place storage _ : packaging;ö4ö Axiomsö ÷ put box :: -> storage box;ö4ø get box :: storage box -> ;ö4ù Where÷ ú box : packaging;÷ ñ End Heap;÷ ò÷ ó Class ConveyorBelt;÷ ô Interface÷ õ Use Packaging;÷ ö Type conveyor-belt;÷4÷ Object the-conveyor-belt;÷ ø Methods put _, get _ : packaging;÷ ù Bodyø4ú Use FifoPackaging;ø�ñ Place belt _ : fifo-packaging;ø4ò Initial belt [];ø4ó Axiomsø4ô put box ::ø4õ (size f)>conveyor-capacity = true =>ø4ö belt f -> belt (insert box f);ø ÷ get (first f’) ::ø4ø belt f’ -> belt (extract f’);ø4ù whereù4ú f : fifo-packaging;ù�ñ f’ : ne-fifo-packaging;ù4ò box : packaging;
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ù4ó End ConveyorBelt;ù4ôù4õ Class Packaging;ù4ö Interfaceù ÷ Use Chocolate;ù4ø Type packaging;ù4ù MethodsñQú4ú fill _ : chocolate;ñQú�ñ full-praline;ñQú4ò CreationñQú4ó create-packaging;ñQú4ô BodyñQú4õ Use Naturals, Capacity;ñQú4ö PlaceñQú ÷ #square-holes _ : natural;ñQú4ø InitialñQú4ù #square-holes praline-capacity;ñ4ñQú Axiomsñ4ñ4ñ fill P :: #square-holes n -> #square-holes (n-1);ñ4ñQò full-praline :: #square-holes 0 -> #square-holes 0;ñ4ñQó where n: nz-natural;ñ4ñQô End Packaging;ñ4ñQõñ4ñQö Class DeluxePackaging;ñ4ñ ÷ Inherit Packaging;ñ4ñQø Rename packaging -> deluxe-packaging;ñ4ñQù InterfaceñQò4ú Use Packaging;ñQò�ñ Subtype deluxe-packaging < packaging;ñQò4ò MethodñQò4ó full-truffle;ñQò4ô CreationñQò4õ create-packaging;ñQò4ö BodyñQò ÷ PlaceñQò4ø #round-holes _ : natural;ñQò4ù InitialñQó4ú #square-holes praline-capacity;ñQó�ñ #round-holes truffle-capacity;ñQó4ò AxiomsñQó4ó fill T :: #round-holes n -> #round-holes (n-1);ñQó4ô full-truffle :: #round-holes 0 -> #round-holes 0;ñQó4õ create-packaging :: ->ñQó4ö where n : nz-natural;ñQó ÷ End DeluxePackaging;ñQó4øñQó4ù Adt FifoPackaging;ñQô4ú InterfaceñQô�ñ Use Naturals, Packaging;ñQô4ò Sorts ne-fifo-packaging, fifo-packaging;ñQô4ó Subsort ne-fifo-packaging < fifo-packaging;ñQô4ô GeneratorsñQô4õ [] : -> fifo-packaging;ñQô4ö insert _ _ : packaging fifo-packaging ->ñQô ÷ ne-fifo-packaging;ñQô4ø OperationsñQô4ù first _ : ne-fifo-packaging -> packaging;ñQõ4ú extract _ : ne-fifo-packaging -> fifo-packaging;ñQõ�ñ size _ : ne-fifo-packaging -> natural;
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ñQõ4ò BodyñQõ4ó AxiomsñQõ4ô first (insert box []) = box;ñQõ4õ first (insert box f) = first f;ñQõ4öñQõ ÷ extract (insert box []) = [];ñQõ4ø extract (insert box f) =ñQõ4ù insert box (extract f);ñQö4úñQö�ñ size [] = 0;ñQö4ò size (insert box f) = 1 + (size f);ñQö4óñQö4ô whereñQö4õ box : packaging;ñQö4ö f : ne-fifo-packaging;ñQö ÷ End FifoPackaging;ñQö4øñQö4ù Adt Chocolate;ñ ÷ ú Interfaceñ ÷ ñ Sorts chocolate, praline, truffle;ñ ÷ ò Subsortñ ÷ ó praline < chocolate;ñ ÷ ô truffle < chocolate;ñ ÷ õ Generatorsñ ÷ ö P : praline;ñ ÷4÷ T : truffle;ñ ÷ ø End Chocolate;ñ ÷ ùñQø4ú Adt Capacity;ñQø�ñ InterfaceñQø4ò Use Naturals;ñQø4ó OperationsñQø4ô praline-capacity : -> natural;ñQø4õ truffle-capacity : -> natural;ñQø4ö conveyor-capacity : -> natural;ñQø ÷ BodyñQø4ø AxiomsñQø4ù praline-capacity = 16;ñQù4ú truffle-capacity = 8;ñQù�ñ conveyor-capacity = 50;ñQù4ò End Capacity;ñQù4óñQù4ô Adt Naturals;ñQù4õ InterfaceñQù4ö Use Booleans;ñQù ÷ Sort natural;ñQù4ø GeneratorsñQù4ù 0 : -> natural;ò4ú4ú succ _ : natural -> natural;ò4ú�ñ Operationsò4ú4ò _ + _ ,ò4ú4ó _ - _ ,ò4ú4ô _ * _ ,ò4ú4õ _ / _ ,ò4ú4ö _ % _ : natural natural -> natural;ò4ú ÷ _ = _ ,ò4ú4ø _ <= _ ,ò4ú4ù _ < _ ,ò�ñQú _ > _ ,
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ò�ñ4ñ _ >= _ : natural natural -> boolean;ò�ñQò max _ _ : natural natural -> natural;ò�ñQó min _ _ : natural natural -> natural;ò�ñQô even _ : natural -> boolean;ò�ñQõ 2** _ ,ò�ñQö _ ** 2 : natural -> natural;ò�ñ ÷ò�ñQø ;; constantsò�ñQù 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20 : -> natural;ò4ò4ú Bodyò4ò�ñ Axiomsò4ò4ò 0+natVar1 = natVar1;ò4ò4ó (succ natVar1)+natVar2 = succ (natVar1+natVar2);ò4ò4ôò4ò4õ ;; substraction, if natVar2 > natVar1 then natVar1-natVar2 = 0ò4ò4ö 0-natVar1 = 0;ò4ò ÷ (succ natVar2)-0 = succ natVar2;ò4ò4ø (succ natVar2)-succ natVar1 = natVar2-natVar1;ò4ò4ùò4ó4ú 0*natVar1 = 0;ò4ó�ñ (succ natVar1)*natVar2 = (natVar1*natVar2)+natVar2;ò4ó4òò4ó4ó ;; division, if natVar2 = 0 then div natVar1 natVar2 = 0ò4ó4ô natVar1/0 = 0;ò4ó4õ natVar1<natVar2 = true => natVar1/natVar2 = 0;ò4ó4ö natVar1>=natVar2 = true => natVar1/natVar2 =ò4ó ÷ succ ((natVar1-natVar2)/natVar2);ò4ó4øò4ó4ù ;; modulo, if natVar2 = 0 then mod natVar1 natVar2 = 0ò4ô4ú natVar1%natVar2 = natVar1-(natVar2*(natVar1/natVar2));ò4ô�ñò4ô4ò 0=0 = true;ò4ô4ó 0=succ natVar1 = false;ò4ô4ô succ natVar1=0 = false;ò4ô4õ (succ natVar1)=succ natVar2 = natVar1=natVar2;ò4ô4öò4ô ÷ natVar1<=natVar2 = not natVar2<natVar1;ò4ô4øò4ô4ù 0<0 = false;ò4õ4ú 0<succ natVar1 = true;ò4õ�ñ succ natVar1 < 0 = false;ò4õ4ò succ natVar1 < succ natVar2 = natVar1<natVar2;ò4õ4óò4õ4ô natVar1>natVar2 = not natVar1<=natVar2;ò4õ4õò4õ4ö natVar1>=natVar2 = not natVar1<natVar2;ò4õ ÷ò4õ4ø even 0 = true;ò4õ4ù even succ natVar1 = not even natVar1;ò4ö4úò4ö�ñ 2**0 = succ 0;ò4ö4ò 2**succ natVar1 = (succ succ 0)*(2**natVar1) ;ò4ö4óò4ö4ô (natVar1<=natVar2)=true => max natVar1 natVar2 = natVar2 ;ò4ö4õ (natVar1<=natVar2)=false => max natVar1 natVar2 = natVar1 ;ò4ö4ö (natVar1<=natVar2)=true => min natVar1 natVar2 = natVar1 ;ò4ö ÷ (natVar1<=natVar2)=false => min natVar1 natVar2 = natVar2 ;ò4ö4øò4ö4ù natVar1**2 = natVar1*natVar1;
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ò ÷ úò ÷ ñ 1 = succ 0; 2 = succ 1; 3 = succ 2; 4 = succ 3;ò ÷ ò 5 = succ 4; 6 = succ 5; 7 = succ 6; 8 = succ 7;ò ÷ ó 9 = succ 8; 10 = succ 9; 11 = succ 10; 12 = succ 11;ò ÷ ô 13 = succ 12; 14 = succ 13; 15 = succ 14; 16 = succ 15;ò ÷ õ 17 = succ 16; 18 = succ 17; 19 = succ 18; 20 = succ 19;ò ÷ öò ÷4÷ Theoremsò ÷ øò ÷ ù ;; various properties for division and moduloò4ø4ú 0 / natVar1 = 0;ò4ø�ñ (natVar1 % natVar2) / natVar2 = 0;ò4ø4ò 0 % natVar1 = 0;ò4ø4ó (natVar1 % natVar2) % natVar2 = natVar1 % natVar2;ò4ø4ôò4ø4õò4ø4ö Whereò4ø ÷ natVar1, natVar2: natural;ò4ø4øò4ø4ù Inherit EquivalenceRelation; ;; "=" is an equivalenceò4ù4ú Renameò4ù�ñ theSort -> natural;ò4ù4òò4ù4ó Inherit TotalOrderRelation; ;; "<=" is a total orderò4ù4ô Renameò4ù4õ theSort -> natural;ò4ù4öò4ù ÷ Inherit TotalOrderRelation; ;; ">=" is a total orderò4ù4ø Renameò4ù4ù theSort -> natural;ó4ú4ú _ <= _ -> _ >= _;ó4ú�ñ max _ _ -> min _ _;ó4ú4ò min _ _ -> max _ _;ó4ú4óó4ú4ô Inherit StrictTotalOrderRelation; ;; "<" is a strict total orderó4ú4õ Renameó4ú4ö theSort -> natural;ó4ú ÷ó4ú4ø Inherit StrictTotalOrderRelation; ;; ">" is a strict total orderó4ú4ù Renameó�ñQú theSort -> natural;ó�ñ4ñ _ < _ -> _ > _;ó�ñQòó�ñQó Inherit AssociativityCommutativity;ó�ñQô Rename ;; "+" is associative and commutativeó�ñQõ theSort -> natural;ó�ñQö _ theOp _ -> _ + _;ó�ñ ÷ Inherit NeutralElement; ;; "+" has "0" as neutral elementó�ñQø Renameó�ñQù theSort -> natural;ó4ò4ú 1 -> 0;ó4ò�ñ Undefine 1;ó4ò4òó4ò4ó Inherit AssociativityCommutativity;ó4ò4ô Rename ;; "*" is associative and commutativeó4ò4õ theSort -> natural;ó4ò4ö _ theOp _ -> _ * _;ó4ò ÷ Inherit NeutralElement; ;; "*" has "1" as neutral elementó4ò4ø Rename theSort -> natural;
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ó4ò4ùó4ó4ú Inherit ZeroElement; ;; "*" has "0" as zero elementó4ó�ñ Rename theSort -> natural;ó4ó4ò Undefine 0;ó4ó4óó4ó4ô Inherit AssociativityCommutativity;ó4ó4õ Rename ;; "max" is associative and commutativeó4ó4ö theSort -> natural;ó4ó ÷ _ theOp _ -> max _ _;ó4ó4ø End Naturals;ó4ó4ùó4ô4ú Adt Booleans;ó4ô�ñ Interfaceó4ô4ò Sort boolean;ó4ô4ó Generatorsó4ô4ô true : -> boolean;ó4ô4õ false : -> boolean;ó4ô4ö Operationsó4ô ÷ not _ : boolean -> boolean;ó4ô4ø _ and _ : boolean boolean -> boolean;ó4ô4ù _ or _ : boolean boolean -> boolean;ó4õ4ú _ xor _ : boolean boolean -> boolean;ó4õ�ñ _ = _ : boolean boolean -> boolean;ó4õ4ò Bodyó4õ4ó Axiomsó4õ4ô not true = false;ó4õ4õ not false = true;ó4õ4öó4õ ÷ true and booleanVar1 = booleanVar1;ó4õ4ø false and booleanVar1 = false;ó4õ4ùó4ö4ú true or booleanVar1 = true;ó4ö�ñ false or booleanVar1 = booleanVar1;ó4ö4òó4ö4ó false xor booleanVar1 = booleanVar1;ó4ö4ô true xor booleanVar1 = not booleanVar1;ó4ö4õó4ö4ö (true=true) = true;ó4ö ÷ (true=false) = false;ó4ö4ø (false=true) = false;ó4ö4ù (false=false) = true;ó ÷ úó ÷ ñ Theoremsó ÷ ò ;; reflexivityó ÷ ó (booleanVar1 = booleanVar1) = true;ó ÷ ôó ÷ õ ;; symetryó ÷ ö (booleanVar1 = booleanVar2) = true =>ó ÷4÷ (booleanVar2 = booleanVar1) = true;ó ÷ øó ÷ ù ;; transitivityó4ø4ú (booleanVar1 = booleanVar2) = true &ó4ø�ñ (booleanVar2 = booleanVar3) = true =>ó4ø4ò (booleanVar1 = booleanVar3) = true;ó4ø4óó4ø4ô Whereó4ø4õ booleanVar1, booleanVar2, booleanVar3 : boolean;ó4ø4öó4ø ÷ Inherit AssociativityCommutativity;
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ó4ø4ø Rename ;; "and" is associative and commutativeó4ø4ù theSort -> boolean;ó4ù4ú _ theOp _ -> _ and _;ó4ù�ñó4ù4ò Inherit AssociativityCommutativity;ó4ù4ó Rename ;; "or" is associative and commutativeó4ù4ô theSort -> boolean;ó4ù4õ _ theOp _ -> _ or _;ó4ù4öó4ù ÷ Inherit AssociativityCommutativity;ó4ù4ø Rename ;; "xor" is associative and commutativeó4ù4ù theSort -> boolean;ô4ú4ú _ theOp _ -> _ xor _;ô4ú�ñ End Booleans;
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o ��<qp�= � � ���� ( � ��� S / *I� ( �8 � S � * "nr>� S d ��� (8� �& "S� ,� ��" *£� ( lts =�/ ���Iu�� _ �8 _ S �6� � / l S=��+��/ *£� ( �! � SF� � ���L� ( � ��� �IS ��� * "@r9� S?� � ���� ( � ��� ��� w l S= ��UIbaMPKNVN\IQ8S£	�Oaba`8x¤QIS?��� g�� :���*$P ��� / ���� � :,S / *I� ( �8 � P ��� / ���� � :,S � * "@r9� P ��� / ���� � :,S

� * "6� S3%_� (4�3� S� 6� � SI�� � S���*7S � ��*�S < S � S �3" ���GSzy¥S m�m�m S µ S m�m�m S£� � l¦s= �! 6� � UIMLJgf_MLhPVN\IhIS+ ��| UIMLJgf_MLhPVN\IhIS+�! 6� � FIQ+MPUGS+ ��| FIQ%MPU l � m
	 �6�G_�( � d � ( �! ��� *$%_��� � �&% 032,4�6I� � �E_ � g��  d : {

� � <qp�=�/ ����u�� _ �! _ S ��� � / l Sv��S=�a#(8( UIMLJgf_MLhPVN\Ih B JgFIH8JgHPKNM[ORQ S$% "6(8( P / *I� ( �! � UIMLJgf_MLhPVN\Ih S
/6"�� FIQ+MLU B UIMPJgf[MPhPV \Ih S _���� FIQ%MPU B UIMPJgf[MPh[VN\Ih S l S=��+�6� P �6� � / FIQ%MPU l � m

� �"!-� \"#+$��3(�Z3(+*@&/.�0:2,4769§
	 �6� ��IP��������9� �3/#� �� a ��� � �!�� 0325476�§ ��%M¢ � � 
>/�(!��� =;�'= µÅ � �E_ � g��  d : {



� û�Å � kMk��Mleü � ý �1��� § �P�d�¨��©������ m ��� �t¥ �ª��������«
0325476�§�<�=��Pi¡� ?ATB C � DGFIH�J%HPKNMPOaQ S �Pi¡� ?A)B C � DGMPUIMPJ+VNO~W S �Li¡� ?A/B C � Z�H8HPKNQ+ML\I] S

�Pi¡� ?ATB C �[^ MPOa`IbRMLKN] S �Li¡� cATB C �_e MLJgf_MLhPVN\Ih S �Pi¡� cATB C �[¬ Q%KN`I�Q e MPJgf[MPhPV \Ih S
�Pi¡� cATB C �[® V ¯�H e MPJgf[MPhPVN\Ih S �Pi¡� cA/B C � DGHL\�jPQ%WPHPbaZ�Q+KNO%lnm

	 �6�G_�( � d � (�� � _  ,� �+" * � �&% 0:2,4769§ � �E_ � g��  d : {
o §�<°p�= � � ���L� ( � ��� S / *I� ( �! � S � * "@r9� S

d ��� (!� �� "S� ,� �+" *I� ( S a %-��P / ����u�� _ �! _ lts =�/ ����u�� _ �! _ SI±@² (a³d� ²P / �G´Iu�� _GµR¶6_ S£´z· ¶�g ²�¸�·G¹Pº d ²�»R¼ l S=����+½ ¹I��» µa¶ ²GSI´I¾d·n´z·�»g��¼8²��£S � ¼8¹ ³@r ²�SI´I¾d·n´z·�»g��¼�²��IS � ±@²�» ³d� ²zº ½ �G´IuG� _GµR¶6_ S ½ �G´IuG� _GµR¶6_ ��� w S l S= �¿S£	�SI´z· ¶�g ²�¸�·�¹LºE´�� ½ ��´ µ ¼P¸,S ½ ¹I��» µa¶ ²vºP´�� ½ �G´ µ ¼P¸,S8¼8¹ ³@r ²zºP´7� ½ ��´ µ ¼P¸,S
Ã Ä_S µa¶,À ²�¹8¼£S a ¹ À ¼�S8² � ¼�¹I�G´v¼zS ÀLµ ¸7²GS¼8¹ ³ ²�SLÁ_��» À ²�S ¶ ·�¼�SI� ¶ ±3S8·G¹7S � ·�¹�S < S � S ÀL³ ´�´GSzy{S m�m7m S µ S m�m�m SI� � lts="µa¶dµ ¼LUIMPJgf[MPhPVN\IhvS ¶ ² | UIMPJgf[MPhPVN\IhvS µa¶-µ ¼PFIQ%MPU�S ¶ ² | FIQ+MPU ln��m

	�¾d² _ »R· d ��» µR¶ ¼�²�¹LÁ_��´z²�·�Á 0325476�§�µÂÀE_Gµ8g ² ¶>d ¸ {
� § <qp�="½ ��´�u�� _�µa¶6_ S£±@²�» ³-� ²zº ½ ��´�u�� _�µa¶6_ SI´z· ¶'g ²�¸�·�¹Lº d ²�»a¼ l S=�� ±@²�» ³d� ²zº ½ �G´IuG� _GµR¶6_ S ½ ��´�u�� _�µa¶6_ �+�Pw l S=�a »R» UIMPJgf[MPhPVN\Ih B JgFIHPJ%H[KNMPORQ SLÁ ³ »R»~º ½ ¹I��» µR¶ ² UIMPJgf[MPhPVN\Ih S

a »R»~Ã Q+KN`I8Qg}XUIMPJgf+MLhPV \Ih B JgF�H8J+H[KNMPOXQ SLÁ ³ »a»Xº ½ ¹I��» µa¶ ² Ã Q+KN`I8Qg}XUIMPJaf[MPh[VN\Ih SÁ ³ »R»~º_¼8¹ ³nr ²vÃ Q%KN`I�Q�}�UIMLJRf[MPh[VN\Ih S½d³ ¼ J%HP\�jLQ+WPHPb~}X�vQgKNO B U�MLJgf+MPhPV \Ih S _ ²�¼ J+HP\8jPQ+WLHPbX}X�zQgKNO B U8MPJgf+MLhPV \Ih S l S= ¼8¾-²zºP´v· ¶�g ²�¸�·G¹Pº d ²�»R¼ J%HP\�jLQ+WPHPb~}X�vQ%K O ln��m
Ü Ý8Ä Å ê�ÆRê �.�ÈÇj�Eí^ç Þ ëxêD����çG�

	�¾d² p ��É�� À · ³ ¹£´z²{´z»g� À8À ² À ·�Á�¢ � � 
Ê½ »R² ÀEûnË!µ�Ë;� � ¶ ± û@Ë8µGË � Å ��¹8²�Ì µ É�² ¶ÎÍ ²�»a· |G{
Ï Ð9Ñ�Ò8Ó�ÑzÔ9ÕÊÖz×�Ø�Ò£Ù�Ñ�ÒIÚ�ØvÛ�Ü,ÝÞß àPá Ð�ØzÛ�Úãâ�Ñzä�Ñ5åÂæ�Ú àIç å_ènÝé àPá Ð�ØzÛ�Úãâ�Ñzä�Ñ5å ç Ñzê�Ô:å_ènÝëì Ð7æ�í çGà Ò'Ò ç Ñ�î�î'Öz×9Ø�ÒIÙ�Ñ�Ò£Ú�ØzÛ�ÜÎïð Ð�æ7í çGà ÒÎîIÚ�ÑvÚ à Òñä�Ø à8òñá Ñ à êdóEôzÚ�Û à ê7ÔÎÑzÛ�Ô�ä3õgön÷8ï



�1�Xø���ù�� úû�ü�/��ý���� � ��þ3���d� � � � û��
ÿ ��Ñzä�Ñ���Ñ�Ò8Ó�ÑvÔ à ê�Ô'Õ ç Õ á Ý� Ï�� ������Õ�îIÚ Ø
	 Ö ç Ñ�î�î���Ñzä�Ñ��Õ�ÑzÐÏ�Ï ôzÜGîIÚ9Õ á å+Øzæ7Ú:ågÐ�Û à ê�Ú ç êdó���7Õ�îIÚ���Õ7ÑzÐ���÷GÝÏvÞ �����IêGîvÕvÛ�ÚGî����ÎÐ�Ñ�Ò8Ó�ÑzÔ à ê�Ô à ê�Ú�ØÊÚ�×�Õv×�Õ�ÑzÐÏ ß 	�ØzÛ ó à ê7Ú à � �dÝ à � ���-Ý à ��� ÷�ïÏIé Õ ç Õ á � ê9Õ
����Ñzä�Ñ
�9Ñ�Ò8Ó�ÑzÔ à ê�Ôdóv÷�ÝÏvë ����	 à£ç�ç î�Ú�×9Õ�Ð�Ñ�Ò�Ó�ÑzÔ à ê7Ô�� à Ú�×����8Ð�Û9Ñ çGà ê�Õ��Ï ì Õ ç Õ á å 	 àIç�ç ó_Ú�Û�æ�Õ�÷�Ý[Õ ç Õ á å!	 à�ç�ç ó_Ú�Ûzæ9Õ�÷GÝ[Õ ç Õ á å 	 àIç7ç ó[ÚvÛ�æ�Õ�÷GÝÏvð ��Ñzä�Ñ"��Õ�ÑzÐ:ågÚ7×�Õz×�Õ�ÑvÐ:å à ê�îvÕzÛ�Ú�# ç Õ á Õ�ê7ÚdóPÕ ç Õ á ÷GÝÏvÿ ôzÜGîIÚ�Õ á å+Øzæ�Ú3ågÐ�Û à ê7Ú ç êdó_Õ ç Õ á ÷GÝÏ�� $Þ%� ����&�Õ á Øvä�Õ�î����ÎÐ�Ñ�Ò8Ó�ÑzÔ à ê�Ô�	�Û�Ø á Ú�×�Õv×�Õ�ÑzÐ('Þ�Ï ���ÊÚ�×�ÕÎØzÛ ò ÕzÛ Ø
	 Õ
)�Ú�Û�Ñ�ÒIÚ à Øzê à î ò�à 	�	�ÕvÛ�Õzê�Ú�	7Û�Ø á Ú�×�ÑzÚ Ø
	 à êGîvÕvÛ�Ú à ØzêÞ�Þ 	�ØzÛ ó à ê7Ú à � �dÝ à � ���-Ý à ��� ÷�ïÞ ß Õ ç Õ á � �7Ñzä�Ñ"��Õ7ÑzÐ:ågÚ�×9Õz×�Õ�ÑzÐ,ågÛ�Õ á Ø�ä9Õ
# ç Õ á Õzê�Ú-óI÷GÝÞ�é ôzÜGîIÚ�Õ á å+Øzæ�Ú3ågÐ�Û à ê7Ú ç êdó_Õ ç Õ á ÷GÝÞ�ë $Þ ìÞ�ð ������Õ�îIÚ Ø
	 Ö ç Ñ�î�î���Ñzä�Ñ7Ö�Øzê�ä�ÕvÜ�ØzÛ�*�Õ ç ÚÞ�ÿ ��Ñzä�Ñ+�Õ ç æ�)9Õ
��Ñ�Ò8Ó�ÑzÔ à ê�ÔÊÕ ç Õ á , ÝÞ%� ôzÜGîIÚ9Õ á å+Øzæ7Ú:ågÐ�Û à ê�Ú ç êdó���7Õ�îIÚñÖ�Øvê�ä�ÕzÜ�ØvÛ�*�Õ ç Ú-��÷GÝß � �����IêGîvÕvÛ�ÚGî/. ò Õ ç æ�)9ÕzÐ�Ñ�Ò8Ó�ÑzÔ à ê�Ô'Ñzê ò .ÊÐ�Ñ�Ò�Ó�ÑzÔ à ê7ÔGî à ê�Ú9ØãÚ7×�Õ�ÒvØzê7ä�ÕzÜ�ØzÛ7í�Õ ç Úß Ï 	�ØzÛ ó à ê7Ú à � �dÝ à � .dÝ à ��� ÷8ïß Þ Õ ç Õ á , � ê�Õ
����Ñzä�Ñ+�Õ ç æ�)9Õ
��Ñ�Ò8Ó�ÑzÔ à ê�Ôdóv÷�Ýß�ß ����	 à£ç�ç î ò Õ ç æ�)�ÕzÐ9Ñ�Ò8Ó�ÑzÔ à ê�Ô/� à Ú�×0����Ð�Û�Ñ çGà ê�Õ1��2 , �8Ú7Û�æ�	�	 ç Õ1�ß é Õ ç Õ á , å!	 àIç�ç ó[Ú�Û�æ�Õ ÷GÝ[Õ ç Õ á , å3	 àIç7ç ó4	9Ñ ç îvÕ�÷GÝ[Õ ç Õ á , å!	 à�ç�ç ó5	�Ñ ç îvÕ ÷�Ýß ë ��� à ê�îvÕzÛ�ÚGî ò Õ ç æ�)9ÕzÐ�Ñ�Ò8Ó�ÑzÔ à ê�Ôß�ì ��Ñzä�Ñ�Ö7Øzê�ä�ÕzÜ9ØzÛ�*�Õ ç Ú:ågÚ�×7Õ�ÒvØzêvä�ÕzÜ9ØzÛzí9Õ ç Ú:å à êGîvÕvÛzÚ�# ç Õ á Õzê�ÚdóPÕ ç Õ á , ÷GÝß ð ôzÜGîIÚ�Õ á å+Øzæ�Ú3ågÐ�Û à ê7Ú ç êdó_Õ ç Õ á , ÷GÝß ÿß � Õ ç Õ á � ê9Õ
����Ñzä�Ñ
�9Ñ�Ò8Ó�ÑzÔ à ê�Ôdóv÷�Ýé�� ����	 à£ç�ç î�Ð�Ñ�Ò8Ó�ÑzÔ à ê�Ô�� à Ú7×6�7�8Ð�Û�Ñ çGà ê�Õ1�énÏ Õ ç Õ á å 	 àIç�ç ó_Ú�Û�æ�Õ�÷�Ýé�Þ ��� à ê�îvÕzÛ�ÚGî�Ð�Ñ�Ò8Ó�ÑvÔ à ê�Ôé ß ��Ñzä�Ñ�Ö7Øzê�ä�ÕzÜ9ØzÛ�*�Õ ç Ú:ågÚ�×7Õ�ÒvØzêvä�ÕzÜ9ØzÛzí9Õ ç Ú:å à êGîvÕvÛzÚ�# ç Õ á Õzê�ÚdóPÕ ç Õ á ÷�Ýé�é ôzÜGîIÚ�Õ á å+Øzæ�Ú3ågÐ�Û à ê7Ú ç êdó_Õ ç Õ á ÷GÝé�ë $é ì ����&�Õ á Øvä�Õ�î����ÎÐ�Ñ�Ò8Ó�ÑzÔ à ê�Ô�	�Û�Ø á Ú�×�Õ�ÒvØzê�ä�ÕvÜ�ØzÛ�í�Õ ç Ú('é�ð ���ÊÚ�×�ÕÎØzÛ ò ÕzÛ Ø
	 Õ
)�Ú�Û�Ñ�ÒIÚ à Øzê á æGîIÚÎí�ÕÊÚ�×�Õ îvÑ á ÕÎÑ�îñÚ�×9Õ�ØvÛ ò ÕzÛ Ø
	 à êGî�ÕzÛ�Ú à Øvêé�ÿ 	�ØzÛ ó à ê7Ú à � �dÝ à � ���-Ý à ��� ÷�ïé�� Õ ç Õ á � �7Ñzä�Ñ�Ö�Øvê�ä�ÕzÜ�ØvÛ�*�Õ ç Ú,ågÚ�×9Õ�ÒIØvê�ä�ÕzÜ7ØzÛ�í�Õ ç Ú:åÂÛ�Õ á Øzä�Õ
# ç Õ á ÕvêzÚdó�÷GÝë%� ôzÜGîIÚ�Õ á å+Øzæ�Ú3ågÐ�Û à ê7Ú ç êdó_Õ ç Õ á ÷GÝë�Ï $ë�Þ $ë ß $ë�éë�ë Ò ç Ñ�î�î���Ñzä9Ñ"��Õ�ÑzÐãÕ
)�Ú�Õzê ò î98�Õ�Ò£Ú�ØzÛ�ïë ì �:�;�7æ�í çGà Ò'ôzÚ9ÑzÚ à Ò/8�ÑzÛ à Ñzí ç Õ�îë�ð Ð7æ�í çGà ÒÎîIÚ9ÑzÚ à Ò/�7Ñzä�Ñ"��Õ7ÑzÐÊÚ�×�Õv×�Õ�ÑzÐ � ê�Õ
����Ñzä9Ñ"��Õ�ÑzÐ-óv÷GÝë�ÿë%� �:�<�£êGîvÕzÛ�Ú�îÊÑ���Ñ�Ò8Ó�ÑzÔ à ê�ÔÊí�Ø
) ÑzÚ Ú�×�ÕÎÕzê ò Ø
	 Ú�×�Õz×9Õ�ÑzÐì � Ð7æ�í çGà ÒÎîIÚ9ÑzÚ à Ò�ä9Ø à8ò¡à êGîvÕvÛ�Ú�# ç Õ á Õzê�Údó=��Ñzä�Ñ��Ñ�Ò8Ó�Ñ�Ô à ê�Ô�í�Ø
)n÷�ïì Ï Ú�×�Õz×9Õ�ÑzÐ:å à êGîvÕzÛ�Ú:# ç Õ á Õzê�Ú�>�Údó[í7Ø
)?2+Ú�×�Õv×�Õ�ÑzÐ,å[î à @ ÕYóv÷7÷GÝ



� û�û �BACA �CDeü � ý �1��� § �P�d�¨��©������¿þ3��� �t¥ �ª��������«ì Þ $ì�ßì é ����&�Õ á Øvä�Õ�îñÑ7��Ñ�Ò8Ó�ÑvÔ à ê�ÔÊí9Ø
) ÑzÚ Ñ;&�Ñzê ò Ø á ��Ø�î à Ú à Øvêì ë Ð�æ7í çGà ÒÎîIÚ�ÑvÚ à Ò���Ñzä�Ñ���Ñ�Ò8Ó�ÑvÔ à ê�ÔñÛ�Õ á Øvä�Õ
# ç Õ á Õzê�Údó�÷8ïì�ì ��Ñzä�Ñ
�9Ñ�Ò8Ó�ÑzÔ à ê�Ô'Õ ç Õ á Ýì ð à ê�Ú à Ýì ÿ à � ó à ê�ÚY÷ óFE�ÑzÚ�×:åÂÛ�Ñzê ò Ø á óv÷1èÈÚ7×�Õz×�Õ�ÑvÐ:å[î à @ Õ@óv÷�÷HG�Ú�×9Õz×�Õ�ÑzÐ3å[î à @ Õnóv÷GÝì � Õ ç Õ á � ó=��Ñzä�Ñ
�9Ñ�Ò8Ó�ÑzÔ à ê�Ôn÷ Ú�×9Õz×�Õ�ÑzÐ3å+Õ ç Õ á Õzê�Ú�>�Ú-ó à ÷�Ýð%� Ú�×�Õz×�Õ7ÑzÐ:ågÛ�Õ á Øzä�Õ
# ç Õ á Õzê�Ú�>vÚdó à ÷�Ýð�Ï Û�ÕzÚ�æ�Û7ê�Õ ç Õ á Ýð�Þ $ð ß $ð�éð�ë Ò ç Ñ�î�îI��Ñzä�Ñ
�9Ñ�Ò8Ó�ÑzÔ à ê�Ô'Õ
)�Ú�Õzê ò î�Jzí�â�Õ�Ò£ÚÎïð ì �:��ô àLá æ ç ÑvÚ�Õ�î�Ú�×9Õ<�£êGîvÕzÛ�Ú à ØzêÎØ
	 Ñ���Û�Ñ çGà ê�Õ à ê�Ú�ØÎÑ���Ñ�Ò8Ó�ÑzÔ à ê�Ô'í�Ø
)ð�ð Ð�æ7í çGà Òñä�Ø à�ò 	 àIç�ç ó[í9Ø�Ø ç Õ�Ñvê��n÷�ïð�ÿ à 	 ó5� ��� Ú�Û7æ�Õ�÷�ïð%� ôzÜGî£Ú�Õ á å+Øvæ�Ú:ågÐ�Û à êzÚ ç êdó�KJzê�Õ á ØzÛ�Õ���Û9Ñ çGà ê�Õ���÷GÝ5$ÿ%� $ÿ�Ï $ÿ�Þÿ ß Ò ç Ñ�î�î���Ñzä�Ñ7Ö�Øzê�ä�ÕvÜ�ØzÛ�*�Õ ç ÚÊÕ�)�Ú�Õzê ò î98�Õ�ÒIÚ9ØzÛ�ïÿ�é ���7��æ�í ç�à ÒñôzÚ�ÑvÚ à Ò/8�ÑzÛ à Ñzí ç Õ�îÿ�ë Ð�æ7í çGà ÒÎîIÚ�ÑvÚ à Ò���Ñzä�Ñ7Ö�Øzê�ä�ÕvÜ�ØzÛ�*�Õ ç ÚñÚ�×�Õ�Ò�Øzê�ä�ÕzÜ9ØzÛ�í�Õ ç Ú � ê�Õ
����Ñvä�Ñ�Ö�Øzê7ä�ÕzÜ�ØzÛ:*�Õ ç Údó�÷GÝÿ ìÿ�ð ���L�IêGîvÕvÛ�ÚGî9��Ñ�Ò8Ó�ÑzÔ à ê�ÔÊí�Ø
) ÑzÚ Ú�×�ÕÎÕzê ò Ø
	ÎÚ�×9Õ�ÒvØzê�ä9ÕzÜ�ØzÛ�í9Õ ç Úÿ�ÿ Ð�æ7í çGà ÒÎîIÚ�ÑvÚ à Òñä�Ø à8ò à êGîvÕzÛ7Ú�# ç Õ á Õzê�ÚdóM�7Ñzä�Ñ
��Ñ�Ò8Ó�ÑvÔ à ê7ÔÈí�Ø�)n÷8ïÿ%� �:��N àLáYà Ú�Õ ò î à @ Õ�%� à 	 ó[Ú�×�Õ�Ò�Øzê�ä�ÕzÜ9ØzÛ�í�Õ ç Ú:å[î à @ Õ@óv÷ � .���÷�ï��Ï Ú�×�Õ�ÒvØzê�ä�ÕvÜ�ØzÛ�í�Õ ç Ú5å à êGîvÕIÛ�Ú�# ç Õ á Õvê�Ú�>vÚdó[í�Ø
)O2%Ú�×9Õ�ÒIØvê�ä�ÕIÜ�ØzÛ�í�Õ ç Ú:å_î à @ Õ@óv÷�÷�Ý5$��Þ $� ß��é ����&�Õ á Øvä�Õ�î9��Ñ�Ò8Ó�ÑzÔ à ê�ÔÊí�Ø
) ÑzÚ Ú�×�ÕÊí�ÕzÔ à ê�ê à ê7ÔÎØ
	ÎÚ�×�Õ�Ò�Øzê�ä�ÕzÜ9ØzÛ�í�Õ ç Ú��ë Ð�æ7í çGà ÒÎîIÚ�ÑvÚ à Ò���Ñzä�Ñ���Ñ�Ò8Ó�ÑvÔ à ê�ÔñÛ�Õ á Øvä�Õ
# ç Õ á Õzê�Údó�÷8ï� ì ��Ñzä�Ñ
�9Ñ�Ò8Ó�ÑzÔ à ê�Ô'Õ ç Õ á Ý��ð Õ ç Õ á � ó=��Ñzä�Ñ
�9Ñ�Ò8Ó�ÑzÔ à ê�Ôn÷ Ú�×9Õ�ÒvØzê�ä9ÕzÜ�ØzÛ�í9Õ ç Ú:å+Õ ç Õ á Õzê�Ú�>�ÚdóM��÷�Ý��ÿ Ú�×�Õ�ÒvØvê�ä�ÕzÜ�ØvÛ�í�Õ ç Ú3ågÛ�Õ á Øzä�Õ# ç Õ á Õ�ê�Ú:>�ÚdóF��÷GÝ�%� Û�ÕzÚ�æ�Û7ê�Õ ç Õ á ÝÏ��%� $Ï���ÏP$Ï���ÞÏ�� ß Ò ç Ñ�î�îI��Ñzä�Ñ"+�Õ ç æ�)�Õ���Ñ�Ò8Ó�ÑvÔ à ê�ÔñÕ
)7Ú�Õzê ò î���Ñvä�Ñ
��Ñ�Ò�Ó�ÑzÔ à ê7ÔÊïÏ���é ��� ô àLá æ ç ÑzÚ�Õ�î�Ú�×�Õ à êGîvÕvÛ�Ú à ØzêãØ
	 Ñ���Û�Ñ çGà ê�ÕÊÑvê ò Ñ���Û�æ:	�	 ç ÕÏ���ë ��� à ê�Ú�Ø�+�Õ ç æ�)�Õ
�9Ñ�Ò8Ó�ÑzÔ à ê�Ô�í�Ø
)Ï�� ì Ð�æ7í çGà Òñä�Ø à�ò 	 àIç�ç ó[í9Ø�Ø ç Õ�Ñvê��n÷�ïÏ���ð à 	 ó5� ��� Ú�Û7æ�Õ�÷�ï7������Û9Ñ çGà ê�ÕÏ���ÿ îIæ�Ð9ÕzÛ:å!	 à£ç�ç ó5�n÷�Ý5$Ï��%� Õ ç îvÕ7������Û�æ:	�	 ç ÕÏ�Ï�� ôzÜGî£Ú�Õ á å+Øvæ�Ú:ågÐ�Û à êzÚ ç êdó�KJzê�Õ á ØzÛ�Õ���Û7æ�	�	 ç Õ���÷GÝÏ�Ï�Ï $Ï�ÏvÞ $
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��Õ��Ï�� Jvê�Õ á ØzÛ�Õ���Û�Ñ çGà ê�ÕÏ�Ï Jvê�Õ á ØzÛ�Õ���Û�Ñ çGà ê�Õ



�1�R���Î��A����TS¿���BU ��ý1� ��ý����v� D � û ¬
ÏvÞ Jzê�Õ á ØzÛ�Õ���Û9Ñ çGà ê�ÕÏ ß Öz×�Ø�ÒIÙ�Ñ�ÒIÚ9ØzÛ�Ü:å~�7Ñzä�Ñ
��Ñ�Ò8Ó�ÑvÔ à ê�Ô:��� ò Ò{����� ò .ÏIé Jzê�Õ á ØzÛ�Õ���Û9Ñ çGà ê�ÕÏvë Jzê�Õ á ØzÛ�Õ���Û9Ñ çGà ê�ÕÏ ì Jzê�Õ á ØzÛ�Õ���Û9Ñ çGà ê�ÕÏvð Öz×�Ø�ÒIÙ�Ñ�ÒIÚ9ØzÛ�Ü:å~�7Ñzä�Ñ
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ñ Class Users;ò Interfaceó Use Integers;ô Methodsõ insert _ : integer;ö result _ : integer;÷ exit;ø Type user;ù BodyñQú Use DSGammaSystem, BlackTockens;ñ4ñ PlaceñQò Init _ : blacktocken;ñQó InitialñQô Init @;ñQõ TransitionsñQö init;ñ ÷ AxiomsñQø init With DSG.new-user(Self)ñQù :: Init @ -> ;ò4ú insert(i) With DSG.user-action(i,Self):: -> ;ò�ñ result(i) With DSG.result(i,Self) :: ->;ò4ò exit With DSG.user-exit(Self) :: -> ;ò4ó Whereò4ô i : integer;ò4õ End Users;ò4öò ÷ Class DSGammaSystem;ò4ø Interfaceò4ù Use Integers, Users, String, ArrayStrings;ó4ú Methodsó�ñ init _ _ : string arraystring;ó4ò new-user _ : user;ó4ó user-action _ _ : integer, user;ó4ô result _ _ : integer, user;
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ó4õ user-exit _ : user;ó4ö Object DSG: dsgamma-system;ó ÷ Type dsgamma-system;ó4ø Bodyó4ù Use BlackTockens;ô4ú Placesô�ñ init _ : blacktocken;ô4ò MSInt _ : integer;ô4ó users _ : user;ô4ô Transitionô4õ ChemicalReaction;ô4ö Axiomsô ÷ init(D’(S’(G’(a’(m’(m’(a’[])))))),par)ô4ø :: -> init @;ô4ù new-user(usr)õ4ú :: init @ -> init @, users usr;õ�ñ user-action(i,usr)õ4ò :: users usr -> users usr, MSInt i;õ4ó result(i,usr)õ4ô :: users usr, MSInt i -> users usr, MSInt i;õ4õ user-exit(usr)õ4ö :: users usr -> ;õ ÷ ;; All the possible Chemical Reactionsõ4ø ChemicalReactionõ4ù :: MSInt i, MSInt j -> MSInt i+j;ö4ú Whereö�ñ i, j : integer;ö4ò usr : user;ö4ó par : arraystring;ö4ô End DSGammaSystem;ö4õö4ö Adt ArrayStrings As Array(String);ö ÷ Morphism elem -> string;ö4ø Rename array -> arraystring;ö4ù End ArrayStrings;÷ ú÷ ñ Adt BlackTockens;÷ ò Interface÷ ó Generator÷ ô @ : -> blacktocken;÷ õ Sort÷ ö blacktocken;÷4÷ End BlackTockens;
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ñ Class DSGammaSystem1;ò Interfaceó Use Integers, Users, String, ArrayStrings;ô Methodsõ init _ _ : string arraystring;ö new-user _ : user;÷ user-action _ _ : integer user;
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ø result _ _ : integer user;ù user-exit _ : user;ñQú Object DSG : dsgamma-system1;ñ4ñ Type dsgamma-system1;ñQò BodyñQó Use BagIntegers, PairUserBags, BlackTockens;ñQô PlacesñQõ init _ : blacktocken;ñQö UsrToExit _ : user;ñ ÷ MSInt _ : pairuserbag;ñQø MSIntToEmpty _ : pairuserbag;ñQù Transitionò4ú CR1, CR2, CR3, CR4, CR5, CR6, CR7, CR8;ò�ñ exit;ò4ò Axiomsò4ó init(D’(S’(G’(a’(m’(m’(a’[])))))),par)ò4ô :: -> init @;ò4õ new-user(usr)ò4ö :: init @ -> init @, MSInt <usr {}>;ò ÷ user-action(i,usr)ò4ø :: MSInt <usr bag> -> MSInt <usr bag ’ i>;ò4ù result(i,usr)ó4ú :: MSInt <usr {}’i> -> MSInt <usr {}’i>;ó�ñ user-exit(usr)ó4ò :: -> UsrToExit usr;ó4ó ;; All possible Chemical Reactionsó4ô CR1 :: MSInt <usr (bag ’ i) ’ j>ó4õ -> MSInt <usr bag ’(i+j)>;ó4ö CR2 :: MSInt <usr1 bag1 ’ i>, MSInt <usr2 bag2 ’ j>ó ÷ -> MSInt <usr1 bag1 ’ (i+j)>, MSInt <usr2 bag2>;ó4ø CR3 :: MSInt <usr1 (bag1 ’ i) ’ j>, MSInt <usr2 bag2>ó4ù -> MSInt <usr1 bag1>, MSInt <usr2 bag2 ’ (i+j)>;ô4ú CR4 :: MSInt <usr1 bag1 ’ i>, MSInt <usr2 bag2 ’ j>,ô�ñ MSInt <usr3 bag3>ô4ò -> MSInt <usr1 bag1>, MSInt <usr2 bag2>,ô4ó MSInt <usr3 bag3 ’ (i+j)>;ô4ô exit :: UsrToExit usr, MSInt <usr bag>ô4õ -> MSIntToEmpty <usr bag>;ô4ö ;; do not add integers in MSIntToEmptyô ÷ CR5 :: MSInt <usr1 bag1>, MSIntToEmpty <usr2 (bag2 ’ i) ’ j>ô4ø -> MSInt <usr1 bag1 ’ (i+j)>, MSIntToEmpty <usr2 bag2>;ô4ù CR6 :: MSInt <usr1 bag1 ’ i>, MSIntToEmpty <usr2 bag2 ’ j>õ4ú -> MSInt <usr1 bag1 ’ (i+j)>, MSIntToEmpty <usr2 bag2>;õ�ñ CR7 :: MSInt <usr1 bag1 ’ i>, MSInt <usr2 bag2>,õ4ò MSIntToEmpty <usr3 bag3 ’ j>õ4ó -> MSInt <usr1 bag1>, MSInt <usr2 (bag2 ’ i) ’ j>,õ4ô MSIntToEmpty <usr3 bag3>;õ4õ CR8 :: MSInt <usr1 bag1>, MSIntToEmpty <usr2 bag2 ’ i>,õ4ö MSIntToEmpty <usr3 bag3 ’ j>õ ÷ -> MSInt <usr1 bag1 ’ (i+j)>, MSIntToEmpty <usr2 bag2>õ4ø MSIntToEmpty <usr3 bag3>;õ4ù Whereö4ú bag, bag1, bag2, bag3 : baginteger;ö�ñ usr, usr1, usr2, usr3 : user;ö4ò i, j : integer;ö4ó par : arraystring;ö4ô End DSGammaSystem1;ö4õ
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ö4ö Adt BagIntegers As Bag(Integers);ö ÷ Morphismö4ø elem -> integer;ö4ù Rename÷ ú bag -> baginteger;÷ ñ End BagIntegers;÷ ò÷ ó Adt PairUserBags As Pair(Users,BagIntegers);÷ ô Morphism÷ õ elem -> user;÷ ö elem2 -> baginteger;÷4÷ Rename÷ ø pair -> pairuserbag;÷ ù End PairUserBags;
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ñ Class DSGammaSystem2;ò Interfaceó Use String, ArrayStrings, GlobalRelays;ô Methodsõ init _ _ : string arraystring;ö get-server _ : globalrelay;÷ Object DSG : dsgamma-system2;ø Type dsgamma-system2;ù BodyñQú Placesñ4ñ GR _ : globalrelay;ñQò AxiomsñQó ;; create globarelay gr at initializationñQô init(D’(S’(G’(a’(m’(m’(a’[])))))),par) With gr.CreateñQõ :: -> GR gr;ñQö get-server(gr)ñ ÷ :: GR gr -> GR gr;ñQø WhereñQù gr : globalrelay;ò4ú par : arraystring;ò�ñ End DSGammaSystem2;ò4òò4ó Class GlobalRelays;ò4ô Interfaceò4õ Use Integers;ò4ö Methodsò ÷ put _ : integer;ò4ø get _ : integer;ò4ù Type globalrelay;ó4ú Bodyó�ñ Use FifoIntegers;ó4ò Placesó4ó buffer _ : fifointeger;ó4ô Initialó4õ buffer []; ;; empty-fifoó4ö Axioms
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ó ÷ put(i) :: buffer b -> buffer b ’ i;ó4ø get(next of (b’i)) :: buffer b ’ i -> buffer (remove from(b’i));ó4ù Whereô4ú i : integer;ô�ñ End GlobalRelays;ô4òô4ó Class Applets;ô4ô Interfaceô4õ Use DSGammaSystem2, Integers, GlobalRelays;ô4ö Methodsô ÷ insert _ : integer;ô4ø result _ : integer;ô4ù exit;õ4ú Type applet;õ�ñ Bodyõ4ò Use Booleans, Random, Clock, BlackTockens;õ4ó Placesõ4ô Init _ : blacktocken;õ4õ store-gr _ : globalrelay;õ4ö MSInt, first _ : integer;õ ÷ endp _ : boolean;õ4ø beginning _ : boolean;õ4ù timeout _ : integer;ö4ú Transitionsö�ñ getfirst, getsecond, tik, put, init;ö4ò Initialö4ó endp false;ö4ô beginning true;ö4õ Init @;ö4ö Axiomsö ÷ ;; retrieve grö4ø init With DSG.get-server(gr)ö4ù :: Init @ -> store-gr gr;÷ ú÷ ñ ;; add new integer to MSInt÷ ò insert(i)÷ ó :: endp false -> endp false, MSInt i;÷ ô ;; change flag÷ õ exit÷ ö :: endp false -> endp true;÷4÷ ;; get result taken from place first÷ ø result(i)÷ ù :: endp false, first iø4ú -> endp false, first i;ø�ñ ;; receives a first integer from systemø4ò ;; provided the user has not exitø4ó getfirst Withø4ô (gr.get(i) // R.random(millis) // C.clock(hour))ø4õ :: endp false, beginning true, store-gr grø4ö -> endp false, store-gr gr,ø ÷ first i, timeout (hour + millis);ø4ø ;; user has performed an exitø4ù getfirstù4ú :: endp true, beginning trueù�ñ -> ;ù4òù4ó ;; receive a second integer, adds it to first andù4ô ;; inserts into MSInt
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ù4õ getsecond With gr.get(j)ù4ö :: first i, timeout d, store-gr grù ÷ -> beginning true, MSInt i+j, store-gr gr;ù4ø ;; to prevent deadlock when no sufficient integers in theù4ù ;; system, add only first integer to MSInt.ñQú4ú tik With C.clock(hour)ñQú�ñ :: (hour > d) = trueñQú4ò => timeout d, first iñQú4ó -> beginning true, MSInt i;ñQú4ô ;; removes integer from MSInt until no more integerñQú4õ put With gr.put(i)ñQú4ö :: store-gr gr, MSInt iñQú ÷ -> store-gr gr;ñQú4ø WhereñQú4ù gr : globalrelay;ñ4ñQú i, j : integer;ñ4ñ4ñ hour, millis, d : integer;ñ4ñQò End Applets;ñ4ñQóñ4ñQô Adt FifoIntegers;ñ4ñQõ Interfaceñ4ñQö Use Integers, Naturals;ñ4ñ ÷ Sort fifointeger, ne-fifointeger;ñ4ñQø Subsort ne-fifointeger -> fifointeger;ñ4ñQù GeneratorsñQò4ú [] : -> fifointeger;ñQò�ñ _ ’ _ : integer, fifointeger -> ne-fifointeger;ñQò4ò OperationsñQò4ó insert _ to _ : integer, fifointegerñQò4ô -> ne-fifointeger;ñQò4õ next of _ : ne-fifointeger -> integer;ñQò4ö remove from _ : ne-fifointeger -> fifointeger;ñQò ÷ BodyñQò4ø AxiomsñQò4ù insert i to fifo = i ’ fifo;ñQó4úñQó�ñ next of (i ’ []) = i;ñQó4ò next of (i ’ j ’ fifoVar1)ñQó4ó = next of (j ’ fifoVar1);ñQó4ôñQó4õ remove from (i ’ []) = [];ñQó4ö remove from (i ’ j ’ fifoVar1)ñQó ÷ = i ’ (remove from (j ’ fifoVar1));ñQó4ø WhereñQó4ù fifo : fifo;ñQô4ú i, j : elem;ñQô�ñ End FifoIntegers;ñQô4òñQô4ó Class Random;ñQô4ô InterfaceñQô4õ Use Integers;ñQô4ö MethodsñQô ÷ random _ : integer;ñQô4ø ObjectñQô4ù R : random;ñQõ4ú Type random;ñQõ�ñ End Random;ñQõ4ò



���RQ�����©��P� ü � �M¥ � D�� U �CD �C©zª�° � ���
ñQõ4ó Class Clock;ñQõ4ô InterfaceñQõ4õ Use Integers;ñQõ4ö MethodsñQõ ÷ clock _ : integer;ñQõ4ø ObjectñQõ4ù C : clock;ñQö4ú Type clock;ñQö�ñ End Clock;
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ñ ;; RandomRelayServer classò ;; -----------------------------ó Class RandomRelayServer;ô Inherit JavaThreads;õ Renameö Thread -> RandomRelayServer;÷ javathread -> randomrelayserver;ø Interfaceù Use JavaThreads, Integers,ñQú JavaArrayStrings, RegisterParameters;ñ4ñ Subtype randomrelayserver -> javathread;ñQò MethodsñQó run;ñQô main _ : java-arraystring;ñQõ register _ : registerparameter;ñQö getregister _ : registerparameter;ñ ÷ CreationñQø new-RandomRelayServer _ : integer;ñQù Bodyò4ú Use JavaServerSockets, GlobalRelay, JavaSockets,ò�ñ InputRelay, OutputRelay, Defaults,ò4ò ThreadIdentity,ò4ó PairJavaSocketThreadIdentity,ò4ô PairOutputRelayThreadIdentity,ò4õ PairInputRelayThreadIdentity;ò4ö Methodsò ÷ start-run _ : threadidentity;ò4ø start-main _ _ : java-arraystring threadidentity;ò4ù End-main _ : threadidentity;ó4ú start-new-RandomRelayServer _ _ : integer threadidentity;ó�ñ End-new-RandomRelayServer _ : threadidentity;ó4ò Placesó4ó ;; Global Variablesó4ô port _ : integer;ó4õ listen-socket _ : javaserversocket;ó4ö globalrelay _ : globalrelay;
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ó ÷ ;; Local Variablesó4ø client-socket _ : pair-javasocketthreadidentity;ó4ù outputrelay _ : pair-outputrelaythreadidentity;ô4ú inputrelay _ : pair-inputrelaythreadidentity;ô�ñ id _ : registerparameter;ô4ò p1 _ , p2 _ , p3 _ ,ô4ó p11 _ , p12 _ , p13 _ , p14 _ , p15 _ , p16 _ , p17 _,ô4ô p21 _ , p22 _ , p23 _ , p24 _ , p25 _ : threadidentity;ô4õ Axiomsô4ö ;; Method register: put call into id placeô ÷ register(regpar)ô4ø :: -> id regpar;ô4ù ;; Remove call from id (for dynamic creations only)õ4ú getregister(regpar)õ�ñ :: id (regpar) -> ;õ4ò ;; Method main(): look for a call to main andõ4ó ;; actually start the main methodõ4ô main(args) With Self.start-main(args,<cnt t>) ..õ4õ Self.End-main(<cnt t>)õ4ö :: id (args,main,<cnt t>) -> ;õ ÷ ;; handles input parameters and local variablesõ4ø start-main([],<cnt t>)õ4ù ::ö4ú -> x (<[] <cnt t>), local (<PORT <cnt t>>),ö�ñ p1 <cnt t>;ö4ò ;; creation of an instanceö4ó next With Counter.get(cnt’) ..ö4ô RandomRelayServer.register(ö4õ <PORT new-RandomRelayServer <cnt’ t>>)ö4ö :: p1 <cnt t> , local (<PORT <cnt t>>)ö ÷ -> p2 <cnt t> , local (<PORT <cnt t>>);ö4ø next With o.new-RandomRelayserver(PORT)ö4ù :: p2 <cnt t>, local (<PORT <cnt t>>)÷ ú -> p3 <cnt t>, local (<PORT <cnt t>>);÷ ñ End-main(<cnt t>)÷ ò :: p3 <cnt t>, local (<PORT <cnt t>>),÷ ó x (<[] <cnt t>>)÷ ô -> ;÷ õ ;; Method new-RandomRelayServer÷ ö new-RandomRelayServer(port) ;;with÷4÷ RandomRelayServer.getregister(÷ ø <port new-RandomRelayServer <cnt t>>) ..÷ ù Self.start-new-RandomRelayServer(port, <cnt t>) ..ø4ú Self.End-new-RandomRelayServer(<cnt t>)ø�ñ :: -> ;ø4ò ;; replaces a non precised port with default portø4ó start-new-RandomRelayServer(port, <cnt t>)ø4ô :: (port = zero) = trueø4õ =>ø4ö -> p11 <cnt t>, port PORT;ø ÷ ;; stores the given portø4ø start-new-RandomRelayServer(port, <cnt t>)ø4ù :: (port = zero) = falseù4ú =>ù�ñ -> p11 <cnt t>, port port;ù4ò ;; Creation of a JavaServerSocket instanceù4ó next With Counter.get(cnt1) ;; ..ù4ô JavaServerSocket.register(
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ù4õ <port new-JavaServerSocket <cnt1 t>>)ù4ö :: p11 <cnt t>, port portù ÷ -> p12 <cnt t>, port port;ù4ø next With ls.new-JavaServerSocket(port)ù4ù :: p12 <cnt t>ñQú4ú -> p13 <cnt t>, listen-socket ls;ñQú�ñ ;; Creation of a GlobalRelay instanceñQú4ò next With Counter.get(cnt1) ..ñQú4ó GlobalRelay.register(ñQú4ô <[] new-GlobalRelay <cnt1 t>>)ñQú4õ :: p13 <cnt t>ñQú4ö -> p14 <cnt t>;ñQú ÷ next With gr.new-GlobalRelayñQú4ø :: p14 <cnt t>ñQú4ù -> p15 <cnt t>, globalrelay gr;ñ4ñQú ;; Activates its own method start (=> run)ñ4ñ4ñ next With Counter.get(cnt1) ..ñ4ñQò Self.register(<[] start <cnt1 t>>)ñ4ñQó :: p15 <cnt t>ñ4ñQô -> p16 <cnt t>;ñ4ñQõ next With Self.startñ4ñQö :: p16 <cnt t>ñ4ñ ÷ -> p17 <cnt t>;ñ4ñQø End-new-RandomRelayServer(<cnt t>)ñ4ñQù :: p17 <cnt t> -> ;ñQò4ú ;; Method run()ñQò�ñ run With Self.start-run(<cnt t>)ñQò4ò :: id <[] run <cnt t>> -> ;ñQò4ó start-run(<cnt t>)ñQò4ô ::ñQò4õ -> p21 <cnt t>;ñQò4ö ;; accepts a client connection and storesñQò ÷ ;; socketñQò4ø next With Counter.get(cnt1) ..ñQò4ù ls.register(<[] accept <cnt1 t>>)ñQó4ú :: p21 <cnt t>, listen-socket ls,ñQó�ñ -> p22 <cnt t>, listen-socket lsñQó4ò next With ls.accept(cs)ñQó4ó :: p22 <cnt t>, listen-socket lsñQó4ô -> p23 <cnt t>, listen-socket ls,ñQó4õ client-socket <cs <cnt t>>;ñQó4ö ;; Creation of an OutputRelay instanceñQó ÷ next With Counter.get(cnt1) ..ñQó4ø OutputRelay.register(ñQó4ù <[cs,gr,STOP-TRANSMIT] new-OutputRelay <cnt1 t>>)ñQô4ú :: p23 <cnt t>, client-socket <cs <cnt t>>,ñQô�ñ globalrelay grñQô4ò -> p24 <cnt t>, client-socket <cs <cnt t>>,ñQô4ó globalrelay <gr <cnt t>>;ñQô4ô next With or.new-OutputRelay(cs,gr,STOP-TRANSMIT)ñQô4õ :: p24 <cnt t>, client-socket <cs <cnt t>>,ñQô4ö globalrelay grñQô ÷ -> p25 <cnt t>, client-socket <cs <cnt t>>,ñQô4ø globalrelay gr,ñQô4ù outputrelay <or <cnt t>>;ñQõ4ú ;; Creation of an InputRelay instanceñQõ�ñ next With Counter.get(cnt1) ..ñQõ4ò InputRelay.register(
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ñQõ4ó <[cs,gr,or,STOP-TRANSMIT,STOP-CONNECTION]ñQõ4ô new-InputRelay <cnt1 t>>)ñQõ4õ :: p25 <cnt t>, client-socket <cs <cnt t>>,ñQõ4ö globalrelay gr, outputrelay <or <cnt t>>ñQõ ÷ -> p26 <cnt t>, client-socket <cs <cnt t>>,ñQõ4ø globalrelay gr, outputrelay <or <cnt t>>;ñQõ4ù next With ir.new-InputRelay(ñQö4ú cs,gr,or,STOP-TRANSMIT,STOP-CONNECTION)ñQö�ñ :: p26 <cnt t>, client-socket <cs <cnt t>>,ñQö4ò globalrelay gr, outputrelay <or <cnt t>>ñQö4ó -> p21 <cnt t>, client-socket <cs <cnt t>>,ñQö4ô globalrelay gr, outputrelay <or <cnt t>>,ñQö4õ inputrelay <ir <cnt t>>;ñQö4öñQö ÷ ;; this thread loops infinitely !ñQö4ø nextñQö4ù :: p21 <cnt t> -> ;ñ ÷ ú Whereñ ÷ ñ port : integer;ñ ÷ ò ls : javaserversocket;ñ ÷ ó cs : javasocket;ñ ÷ ô gr : globalrelay;ñ ÷ õ ir : inputrelay;ñ ÷ ö or : outputrelay;ñ ÷4÷ t : javathread;ñ ÷ ø args : java-arraystring;ñ ÷ ù cnt, cnt1, cnt’: integer;ñQø4ú End RandomRelayServer;ñQø�ññQø4ò ;; Defaults Used for ConnectionñQø4ó ;; ----------------------------ñQø4ô Adt Defaults;ñQø4õ InterfaceñQø4ö Sort default;ñQø ÷ GeneratorsñQø4ø PORT, REMOTE-HOST, STOP-TRANSMIT, STOP-CONNECTIONñQø4ù -> default;ñQù4ú BodyñQù�ñ End Defaults;ñQù4òñQù4ó ;; InputRelay classñQù4ô ;; ------------------------------ñQù4õ Class InputRelay;ñQù4ö Inherit JavaThreads;ñQù ÷ RenameñQù4ø Thread -> InputRelay;ñQù4ù javathread -> inputrelay;ò4ú4ú Interfaceò4ú�ñ Use JavaThreads, JavaSockets, GlobalRelay,ò4ú4ò OutputRelay, Integers;ò4ú4ó Subtype inputrelay -> javathread;ò4ú4ô Methodsò4ú4õ run;ò4ú4ö Creationò4ú ÷ new-InputRelay _ _ _ _ _ : javasocket globalrelay outputrelayò4ú4ø integer integer;ò4ú4ù Bodyò�ñQú Use JavaDataInputStreams, Booleans, ThreadIdentity,
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ò�ñ4ñ PairIntegerThreadIdentity;ò�ñQò Methodsò�ñQó start-run _ : threadidentity;ò�ñQô start-new-InputRelay _ _ _ _ _ _ : javasocket globalrelayò�ñQõ outputrelay integer integer threadidentity;ò�ñQö End-new-InputRelay _ : threadidentity;ò�ñ ÷ Placesò�ñQø ;; Global Variablesò�ñQù clientsocket _ : javasocket;ò4ò4ú globalrelay _ : globalrelay;ò4ò�ñ outputrelay _ : outputrelay;ò4ò4ò stop-transmit _ : integer;ò4ò4ó stop-connection _ : integer;ò4ò4ô datainputstream _ : javadatainputstream;ò4ò4õ inputstream _ : javainputstream;ò4ò4ö ;; Local Variablesò4ò ÷ elem _ : pair-integerthreadidentity;ò4ò4ø p11 _ , p12 _ , p13 _ , p14 _ , p15 _ , p16 _ , p17 _ ,ò4ò4ù p21 _ , p22 _ , p23 _ , p24 _ , p25 _ , p26 _ , p27 _ ,ò4ó4ú p28 _ , p29 _, p210 _ : threadidentity;ò4ó�ñ Axiomsò4ó4ò ;; Method new-InputRelayò4ó4ó new-InputRelay(cs,gr,or,stop-transmit,stop-connection) Withò4ó4ô InputRelay.getregister(ò4ó4õ <[cs,gr,or,stop-transmit,stop-connection]ò4ó4ö new-InputRelay <cnt t>>) ..ò4ó ÷ Self.start-new-InputRelay(ò4ó4ø cs,gr,or,stop-transmit,stop-connection,<cnt t>) ..ò4ó4ù Self.End-new-InputRelay(<cnt t>)ò4ô4ú :: -> ;ò4ô�ñ start-new-InputRelay(cs, gr, or,ò4ô4ò stop-transmit, stop-connection <cnt t>)ò4ô4ó ::ò4ô4ô -> clientsocket cs, globalrelay gr,ò4ô4õ outputrelay or, stop-transmit stop-transmit,ò4ô4ö stop-connection stop-connection,ò4ô ÷ p11 <cnt t>;ò4ô4ø ;; get inputstream from socketò4ô4ù next With Counter.get(cnt1) ..ò4õ4ú cs.register(<[] getInputStream <cnt1 t>>)ò4õ�ñ :: p11 <cnt t>, clientsocket csò4õ4ò -> p12 <cnt t>, clientsocket csò4õ4ó next With cs.getInputStream(In)ò4õ4ô :: p12 <cnt t>, clientsocket csò4õ4õ -> p13 <cnt t>, clientsocket cs,ò4õ4ö inputstream In;ò4õ ÷ ;; create an instance of JavaDataInputStream using inputstreamò4õ4ø next With Counter.get(cnt1) ..ò4õ4ù JavaDataInputStream.register(<In Create <cnt1 t>>)ò4ö4ú :: p13 <cnt t>, inputstream Inò4ö�ñ -> p14 <cnt t>, inputstream In;ò4ö4ò next With datain.Create(In)ò4ö4ó :: p14 <cnt t>, inputstream Inò4ö4ô -> p15 <cnt t>, inputstream In,ò4ö4õ datainputstream datain;ò4ö4ö ;; starts itselfò4ö ÷ next With Counter.get(cnt1) ..ò4ö4ø Self.register(<[] start <cnt1 t>>)
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ò4ö4ù :: p15 <cnt t>ò ÷ ú -> p16 <cnt t>;ò ÷ ñ next With Self.startò ÷ ò :: p16 <cnt t>ò ÷ ó -> p17 <cnt t>;ò ÷ ô End-new-InputRelay(<cnt t>)ò ÷ õ :: p17 <cnt t> -> ;ò ÷ ö ;; Method run()ò ÷4÷ run With Self.start-run(<cnt t>)ò ÷ ø :: id <[] run <cnt t>> -> ;ò ÷ ù start-run(<cnt t>)ò4ø4ú ::ò4ø�ñ -> p21 <cnt t>;ò4ø4ò ;; waits for an integer from datain.ò4ø4ó next With Counter.get(cnt1) ..ò4ø4ô datain.register(<[] readInt <cnt1 t>>)ò4ø4õ :: p21 <cnt t>, datainputstream datain,ò4ø4ö -> p22 <cnt t>, datainputstream datain;ò4ø ÷ next With datain.readInt(elem)ò4ø4ø :: p22 <cnt t>, datainputstream datainò4ø4ù -> p23 <cnt t>, datainputstream datain,ò4ù4ú elem <elem <cnt t>>;ò4ù�ñ ;; if the received integer is the stop-connectionò4ù4ò ;; signal then stopsò4ù4ó next With Counter.get(cnt1) ..ò4ù4ô Self.register(<[] stop <cnt1 t>>)ò4ù4õ :: (elem = stop-connection) = trueò4ù4ö => p23 <cnt t>, elem <elem <cnt t>>,ò4ù ÷ stop-connection stop-connectionò4ù4ø -> p24 <cnt t>, elem <elem <cnt t>>,ò4ù4ù stop-connection stop-connection;ó4ú4ú next With Self.stopó4ú�ñ :: p24 <cnt t>ó4ú4ò -> p25 <cnt t>;ó4ú4ó ;; if the received integer is the stop-transmit signaló4ú4ô ;; then forwards the signal to outputrelayó4ú4õ next With Counter.get(cnt1) ..ó4ú4ö or.register(<true setnotify-End-sending <cnt1 t>>)ó4ú ÷ :: (elem = stop-transmit) = trueó4ú4ø => p23 <cnt t>, elem <elem <cnt t>>,ó4ú4ù stop-transmit stop-transmit, outputrelay oró�ñQú -> p26 <cnt t>, elem <elem <cnt t>>,ó�ñ4ñ stop-transmit stop-transmit, outputrelay or;ó�ñQò next With or.End-setnotify-End-sending(true)ó�ñQó :: p26 <cnt t>, outputrelay oró�ñQô -> p21 <cnt t>, outputrelay or;ó�ñQõ ;; the received integer is not a stop signal,ó�ñQö ;; then forward it to globalrelayó�ñ ÷ next With Counter.get(cnt1) ..ó�ñQø gr.register(<elem put <cnt1 t>>)ó�ñQù :: ((elem = stop-transmit) = false ) andó4ò4ú ((elem = stop-connection) = false ) andó4ò�ñ => p23 <cnt t>, elem <elem <cnt t>>,ó4ò4ò stop-transmit stop-transmit,ó4ò4ó stop-connection stop-connection,ó4ò4ô globalrelay gró4ò4õ -> p27 <cnt t>, elem <elem <cnt t>>,ó4ò4ö stop-transmit stop-transmit,
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ó4ò ÷ stop-connection stop-connection,ó4ò4ø globalrelay gr;ó4ò4ù next With gr.put(elem)ó4ó4ú :: p27 <cnt t>, globalrelay gró4ó�ñ -> p21 <cnt t>, globalrelay gr;ó4ó4ò ;; close socketó4ó4ó next With Counter.get(cnt1) ..ó4ó4ô cs.register(<[] close <cnt1 t>>)ó4ó4õ :: p25 <cnt t>, clientsocket csó4ó4ö -> p28 <cnt t>, clientsocket cs;ó4ó ÷ next With cs.closeó4ó4ø :: p28 <cnt t>, clientsocket csó4ó4ù -> p29 <cnt t>, clientsocket csó4ô4ú next With Counter.get(cnt1) ..ó4ô�ñ Self.register(<[] stop <cnt1 t>>)ó4ô4ò :: p29 <cnt t>ó4ô4ó -> p210 <cnt t>;ó4ô4ô next With Self.stopó4ô4õ :: p210 <cnt t>ó4ô4ö -> ;ó4ô ÷ Whereó4ô4ø cs : javasocket;ó4ô4ù gr : globalrelay;ó4õ4ú or : outputrelay;ó4õ�ñ datain : javadatainputstream;ó4õ4ò In : javainputstream;ó4õ4ó elem : integer;ó4õ4ô t : javathread;ó4õ4õ cnt1, cnt : integer;ó4õ4ö stop-transmit, stop-connection : integer;ó4õ ÷ End InputRelay;ó4õ4øó4õ4ù ;; GlobalRelay classó4ö4ú ;; ----------------------------ó4ö�ñ Class GlobalRelay;ó4ö4ò Inherit JavaThreads;ó4ö4ó Renameó4ö4ô Thread -> GlobalRelay;ó4ö4õ javathread -> globalrelay;ó4ö4ö Interfaceó4ö ÷ Use JavaThreads, Integers;ó4ö4ø Methodsó4ö4ù put _ : integer;ó ÷ ú get _ : integer;ó ÷ ñ Creationó ÷ ò new-GlobalRelay;ó ÷ ó Bodyó ÷ ô Use ThreadIdentity, JavaVectors, PairIntegerThreadIdentity;ó ÷ õ Methodsó ÷ ö start-put _ _ : integer threadidentity;ó ÷4÷ End-put _ : threadidentity;ó ÷ ø start-get _ : threadidentity;ó ÷ ù End-get _ _ : integer threadidentity;ó4ø4ú start-new-GlobalRelay _ : threadidentity;ó4ø�ñ End-new-GlobalRelay _ : threadidentity;ó4ø4ò Placesó4ø4ó ;; Global Variablesó4ø4ô buffer _ : javavector;ó4ø4õ ;; Local Variables
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ó4ø4ö input-elem _ : pair-integerthreadidentity;ó4ø ÷ elem-to-relay _ : pair-integerthreadidentity;ó4ø4ø p11 _ , p12 _ , p13 _ ,ó4ø4ù p21 _ , p22 _ , p23 _ , p24 _ , p25 _ó4ù4ú p31 _ , p32 _ , p33 _ , p34 _ , p35 _ : threadidentity;ó4ù�ñ Axiomsó4ù4ò ;; Method new-GlobalRelayó4ù4ó new-GlobalRelay Withó4ù4ô GlobalRelay.getregister(<cnt t>) ..ó4ù4õ Self.start-new-GlobalRelay(<cnt t>) ..ó4ù4ö Self.End-new-GlobalRelay(<cnt t>)ó4ù ÷ :: -> ;ó4ù4ø start-new-GlobalRelay(<cnt t>) ::ó4ù4ù -> p11 <cnt t>;ô4ú4ú ;; create an instance of JavaVectorô4ú�ñ next With Counter.get(cnt1) ..ô4ú4ò JavaVector.register(<[] Create <cnt1 t>>)ô4ú4ó :: p11 <cnt t>ô4ú4ô -> p12 <cnt t>;ô4ú4õ next With b.Createô4ú4ö :: p12 <cnt t>ô4ú ÷ -> p13 <cnt t>, buffer b;ô4ú4ø End-new-GlobalRelay(<cnt t>)ô4ú4ù :: p13 <cnt t> -> ;ô�ñQúô�ñ4ñ ;; Method put(i)ô�ñQò put(input-elem) Withô�ñQó Self.start-put(input-elem,<cnt t>) ..ô�ñQô Self.End-put(<cnt t>)ô�ñQõ :: id <input-elem put <cnt t>> -> ;ô�ñQö ;; put is synchronized !!!ô�ñ ÷ start-put(input-elem <cnt t>)ô�ñQø :: -> p21 <cnt t>, input-elem <input-elem <cnt t>>;ô�ñQù ;; acquires the lockô4ò4ú next With Self.lock(t)ô4ò�ñ :: p21 <cnt t>ô4ò4ò -> p22 <cnt t>;ô4ò4ó ;; add input-elem at the end of bô4ò4ô next With Counter.get(cnt1) ..ô4ò4õ b.register(<input-elem addElement <cnt1 t>>)ô4ò4ö :: p22 <cnt t>, buffer b,ô4ò ÷ input-elem <input-elem <cnt t>>ô4ò4ø -> p23 <cnt t>, buffer b,ô4ò4ù input-elem <input-elem <cnt t>>;ô4ó4ú next With b.addElement(input-elem)ô4ó�ñ :: p23 <cnt t>, buffer b,ô4ó4ò input-elem <input-elem <cnt t>>ô4ó4ó -> p24 <cnt t>, buffer b;ô4ó4ô ;; releases the lockô4ó4õ next With Self.unlock(t)ô4ó4ö :: p24 <cnt t>ô4ó ÷ -> p25 <cnt t>;ô4ó4ø End-put(<cnt t>)ô4ó4ù :: p25 <cnt t> -> ;ô4ô4ú ;; Method get(i)ô4ô�ñ get(elem-to-relay) Withô4ô4ò Self.start-get(<cnt t>) ..ô4ô4ó Self.End-get(elem-to-relay,<cnt t>)
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ô4ô4ô :: id <[] get <cnt t>> -> ;ô4ô4õ ;; get is synchronized !!!ô4ô4ö start-get(<cnt t>)ô4ô ÷ ::ô4ô4ø -> p31 <cnt t>;ô4ô4ù ;; acquires the lockô4õ4ú next With Self.lock(t)ô4õ�ñ :: p31 <cnt t>ô4õ4ò -> p32 <cnt t>;ô4õ4ó ;; get first integer from bô4õ4ô next With Counter.get(cnt1) ..ô4õ4õ b.register(<0 elementAt <cnt1 t>>)ô4õ4ö :: p32 <cnt t>, buffer bô4õ ÷ -> p33 <cnt t>, buffer b;ô4õ4ø next With b.elementAt(0,elem-to-relay,<cnt1 t>))ô4õ4ù :: p33 <cnt t>, buffer bô4ö4ú -> p34 <cnt t>, elem-to-relay <elem-to-relay <cnt t>> ;ô4ö�ñ ;; releases the lockô4ö4ò next With Self.unlock(t)ô4ö4ó :: p34 <cnt t>ô4ö4ô -> p35 <cnt t>;ô4ö4õ End-get(elem-to-relay, <cnt t>)ô4ö4ö :: p35 <cnt t>,ô4ö ÷ elem-to-relay <elem-to-relay <cnt t>>ô4ö4ø -> ;ô4ö4ù Whereô ÷ ú b : javavector;ô ÷ ñ input-elem : integer;ô ÷ ò elem-to-relay : integer;ô ÷ ó t : javathread;ô ÷ ô cnt, cnt1 : integer;ô ÷ õ End GlobalRelay;ô ÷ öô ÷4÷ ;; OutputRelay classô ÷ ø ;; -----------------------ô ÷ ù Class OutputRelay;ô4ø4ú Inherit JavaThreads;ô4ø�ñ Renameô4ø4ò Thread -> OutputRelay;ô4ø4ó javathread -> outputrelay;ô4ø4ô Interfaceô4ø4õ Use JavaThreads, JavaSockets, GlobalRelay,ô4ø4ö Booleans, Integers;ô4ø ÷ Methodsô4ø4ø run;ô4ø4ù setnotify-End-sending _ : boolean;ô4ù4ú Creationô4ù�ñ new-OutputRelay _ _ _ : javasocket globalrelayô4ù4ò integer;ô4ù4ó Bodyô4ù4ô Use JavaDataOutputStream, ThreadIdentity,ô4ù4õ PairIntegerThreadIdentity;ô4ù4ö Methodsô4ù ÷ start-run _ : threadidentity;ô4ù4ø start-setnotify-End-sending _ _ : boolean threadidentityô4ù4ù End-setnotify-End-sending _ : threadidentity;õ4ú4ú start-new-OutputRelay _ _ _ _ : javasocket globalrelay integerõ4ú�ñ threadidentity;
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õ4ú4ò End-new-OutputRelay _ : threadidentity;õ4ú4ó Placesõ4ú4ô ;; Global Variablesõ4ú4õ client _ : javasocket;õ4ú4ö globalrelay _ : globalrelay;õ4ú ÷ stop-transmit _ : integer;õ4ú4ø End-sending _ : boolean;õ4ú4ù dataoutputstream _ : javadataoutputstream;õ�ñQú outputstream _ : javaoutputstream;õ�ñ4ñ ;; Local Variablesõ�ñQò elem _ : pair-integerthreadidentity;õ�ñQó p11 _ , p12 _ , p13 _ , p14 _ , p15 _ , p16 _ , p17 _,õ�ñQô p21 _ , p22 _ , p23 _ , p24 _ , p25 _ ,õ�ñQõ p31 _ : threadidentity;õ�ñQö Initialõ�ñ ÷ End-sending false;õ�ñQø Axiomsõ�ñQù ;; Method new-OutputRelayõ4ò4ú new-OutputRelay(cs,gr,stop-transmit) Withõ4ò�ñ OutputRelay.getregister(õ4ò4ò <[cs,gr,stop-transmit] new-OutputRelay <cnt t>>) ..õ4ò4ó Self.start-new-OutputRelay(õ4ò4ô cs,gr,stop-transmit,<cnt t>) ..õ4ò4õ Self.End-new-OutputRelay(<cnt t>)õ4ò4ö :: -> ;õ4ò ÷ start-new-OutputRelay(cs,gr,stop-transmit,<cnt t>)õ4ò4ø ::õ4ò4ù -> p11 <cnt t>, client cs, globalrelay gr,õ4ó4ú stop-transmit stop-transmit;õ4ó�ñ ;; get outputstream from socketõ4ó4ò next With Counter.get(cnt1) ..õ4ó4ó cs.register(<[] getOutputStream <cnt1 t>>)õ4ó4ô :: p11 <cnt t>, client csõ4ó4õ -> p12 <cnt t>, client csõ4ó4ö next With cs.getOutputStream(out)õ4ó ÷ :: p12 <cnt t>, client csõ4ó4ø -> p13 <cnt t>, client cs,õ4ó4ù outputstream out;õ4ô4ú ;; create an instance of DataOutputStreamõ4ô�ñ next With Counter.get(cnt1) ..õ4ô4ò JavaDataOutputStream.register(<out Create<cnt1 t>>)õ4ô4ó :: p13 <cnt t>, outputstream outõ4ô4ô -> p14 <cnt t>, outputstream outõ4ô4õ next With dataout.Create(out)õ4ô4ö :: p14 <cnt t>, outputstream outõ4ô ÷ -> p15 <cnt t>, outputstream out,õ4ô4ø dataoutputstream dataout;õ4ô4ù ;; starts itselfõ4õ4ú next With Counter.get(cnt1) ..õ4õ�ñ Self.register(<[] start <cnt1 t>>)õ4õ4ò :: p15 <cnt t>õ4õ4ó -> p16 <cnt t>;õ4õ4ô next With Self.startõ4õ4õ :: p16 <cnt t>õ4õ4ö -> p17 <cnt t>;õ4õ ÷ End-new-InputRelay(<cnt t>)õ4õ4ø :: p17 <cnt t> -> ;õ4õ4ù ;; Method run()
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õ4ö4ú run With Self.start-run(<cnt t>)õ4ö�ñ :: id <[] run <cnt t>> -> ;õ4ö4ò start-run(<cnt t>)õ4ö4ó ::õ4ö4ô -> p21 <cnt t>;õ4ö4õ ;; if stop-transmit then write it on dataout and stopõ4ö4ö next With Counter.get(cnt1) ..õ4ö ÷ dataout.register(<stop-transmit writeInt <cnt1 t>>)õ4ö4ø :: p21 <cnt t>, End-sending true, dataoutputstream dataout,õ4ö4ù stop-transmit stop-transmitõ ÷ ú -> p22 <cnt t>, End-sending true, dataoutputstream dataoutõ ÷ ñ stop-transmit stop-transmit;õ ÷ ò next With dataout.writeInt(stop-transmit)õ ÷ ó :: p22 <cnt t>, dataoutputstream dataout,õ ÷ ô stop-transmit stop-transmitõ ÷ õ -> p23 <cnt t>, dataoutputstream dataout,õ ÷ ö stop-transmit stop-transmit;õ ÷4÷ next With Counter.get(cnt1) ..õ ÷ ø Self.register(<[] stop <cnt1 t>>)õ ÷ ù :: p23 <cnt t>õ4ø4ú -> p24 <cnt t>;õ4ø�ñ next With Self.stopõ4ø4ò :: p24 <cnt t>õ4ø4ó -> ;õ4ø4ôõ4ø4õ ;; if not stop-transmit, then take integer fromõ4ø4ö ;; globalrelay and loop (go to p21)õ4ø ÷ next With Counter.get(cnt1) ..õ4ø4ø gr.register(<[] get <cnt1 t>>)õ4ø4ù :: p21 <cnt t>, End-sending false,õ4ù4ú globalrelay grõ4ù�ñ -> p25 <cnt t>, End-sending false,õ4ù4ò globalrelay gr;õ4ù4ó next With gr.get(elem)õ4ù4ô :: p25 <cnt t>, globalrelay grõ4ù4õ -> p21 <cnt t>, globalrelay gr,õ4ù4ö elem <elem <cnt t>>;õ4ù ÷ ;; Method setnotify-end-sending()õ4ù4ø setnotify-End-sending(value) Withõ4ù4ù Self.start-setnotify-End-sending(value, <cnt t>) ..ö4ú4ú Self.End-setnotify-End-sending(<cnt t>)ö4ú�ñ :: id <value setnotify-End-sending <cnt t>> -> ;ö4ú4ò start-setnotify-End-sending(value, <cnt t>)ö4ú4ó :: End-sending old-valueö4ú4ô -> p31 <cnt t>, End-sending value;ö4ú4õ End-setnotify-End-sending(<cnt t>)ö4ú4ö :: p31 <cnt t> -> ;ö4ú ÷ Whereö4ú4ø cs : javasocket;ö4ú4ù gr : globalrelay;ö�ñQú stop-transmit : integer;ö�ñ4ñ out : javaoutputstream;ö�ñQò dataout : javadataoutputstream;ö�ñQó value, old-value : noolean;ö�ñQô t : javathread;ö�ñQõ cnt1, cnt : integer;ö�ñQö End OutputRelay;
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ñ ;; DSGammaClientApp Classò ;; -------------------------ó Class DSGammaClientApp;ô Inherit JavaApplets;õ Renameö Applet -> DSGammaClientApp;÷ javaapplet -> dsgammaclientapp;ø Interfaceù Use JavaApplets, Integers, JavaEvents, Booleans;ñQú Methodsñ4ñ action _ : javaevent javaobject boolean;ñQò ;; extra methodsñQó action-textfield _ : integer;ñQô action-result _ : integer;ñQõ action-stop-button;ñQö Bodyñ ÷ Use Defaults, TakeoffGlobal, TakeoffLocal,ñQø JavaSockets, JavaDataInputStreams, JavaDataOutputStreams,ñQù JavaInputStreams, JavaOutputStreams,ò4ú JavaVectors, ThreadIdentity,ò�ñ PairIntegerThreadIdentity;ò4ò Methodsò4ó start-action _ _ : javaevent javaobject threadidentity;ò4ô End-action _ : boolean threadidentity;ò4õ Placesò4ö ;; Global Variablesò ÷ socket _ : javasocket;ò4ø datainputstream _ : javadatainputstream;ò4ù dataoutputstream _ : javadataoutputstream;ó4ú inputstream _ : javainputstream;ó�ñ outputstream _ : javaoutputstream;ó4ò MSInt _ : javavector;ó4ó takeofflocal _ : takeofflocal;ó4ô takeoffglobal _ : takeoffglobal;ó4õó4ö port _ : integer;ó ÷ host _ : javastring;ó4ø stop-transmit _ : integer;ó4ù stop-connection _ : integer;ô4ú ;; Local Variablesô�ñ entering-int _ : pair-integerthreadidentity;ô4ò result _ : pair-integerthreadidentity;ô4ó p21 _ , p22 _ , p23 _ , p24 _ , p25 _ , p26 _ , p27 _ , p28 _ ,ô4ô p29 _ , p210 _ , p211 _ , p212 _ , p213 _ , p214 _ ,ô4õ p215 _ , p216 _ ,ô4ö p31 _ , p32 _ , p33 _ , p34 _ , p35 _ ,ô ÷ p41 _ , p42 _ , p43 _ ,ô4ø p51 _ , p52 _ , p53 _ , p54 _ ,ô4ù p61 _ , p62 _ , p63 _ : threadidentity;õ4ú Initialõ�ñ port PORT;õ4ò stop-transmit STOP-TRANSMIT;õ4ó stop-connection STOP-CONNECTION;õ4ô host REMOTE-HOST;õ4õ Axiomsõ4ö ;; respecify JavaApplet.init
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õ ÷ init With Self.start-init(<cnt t>) ..õ4ø Self.End-init(<cnt t>)õ4ù :: id <[] <cnt t>>ö4ú -> ;ö�ñ ;; respecify JavaApplet.start-initö4ò start-init(<cnt t>)ö4ó ::ö4ô -> p21 <cnt t>;ö4õ ;; creates a socketö4ö next With Counter.get(cnt1) ..ö ÷ JavaSocket.register(<[host,port] Create <cnt1 t>>)ö4ø :: p21 <cnt t>,ö4ù host host, port port÷ ú -> p22 <cnt t>,÷ ñ host host, port port;÷ ò next With s.Create(host,port)÷ ó :: p22 <cnt t>,÷ ô host host, port port÷ õ -> p22 <cnt t>,÷ ö host host, port port, socket s;÷4÷ ;; gets JavaInputStream associated to the socket÷ ø next With Counter.get(cnt1) ..÷ ù s.register(<[] getInputStream <cnt1 t>>)ø4ú :: p23 <cnt t>, socket sø�ñ -> p24 <cnt t>, socket s;ø4ò next With s.getInputStream(In)ø4ó :: p24 <cnt t>, socket sø4ô -> p25 <cnt t>, socket s, inputstream In;ø4õ ;; creates an instance of JavaDataInputStreamø4ö next With Counter.get(cnt1) ..ø ÷ JavaDataInputStream.register(<In Create <cnt1 t>>)ø4ø :: p25 <cnt t>, inputstream Inø4ù -> p26 <cnt t>, inputstream In;ù4ú next With datain.Create(In)ù�ñ :: p26 <cnt t>, inputstream Inù4ò -> p27 <cnt t>, inputstream In,ù4ó datainputstream datain;ù4ô ;; get JavaOutputStream associated to the socketù4õ next With Counter.get(cnt1) ..ù4ö s.register(<[] getOutputStream <cnt1 t>>)ù ÷ :: p27 <cnt t>, socket sù4ø -> p28 <cnt t>, socket s;ù4ù next With s.getOutputStream(out)ñQú4ú :: p28 <cnt t>, socket sñQú�ñ -> p29 <cnt t>, socket s, outputstream out;ñQú4ò ;; creates an instance of JavaDataOutputStreamñQú4ó next With Counter.get(cnt1) ..ñQú4ô JavaDataOutputStream.register(<out Create <cnt1 t>>)ñQú4õ :: p29 <cnt t>, outputstream outñQú4ö -> p210 <cnt t>, outputstream out;ñQú ÷ next With dataout.Create(out)ñQú4ø :: p210 <cnt t>, outputstream outñQú4ù -> p211 <cnt t>, outputstream out,ñ4ñQú dataoutputstream dataout;ñ4ñ4ññ4ñQò ;; Creates an instance of JavaVectorñ4ñQó next With Counter.get(cnt1) ..
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ñ4ñQô JavaVector.register(<[] Create <cnt1 t>>)ñ4ñQõ :: p211 <cnt t>ñ4ñQö -> p212 <cnt t>;ñ4ñ ÷ next With MSInt.Createñ4ñQø :: p212 <cnt t>ñ4ñQù -> p213 <cnt t>, MSInt MSInt;ñQò4ú ;; ... Creates an instance of JavaTextField,ñQò�ñ ;; JavaTextArea, and two instances of JavaButtonñQò4ò ;; Creates an instance of TakeoffLocalñQò4ó next With Counter.get(cnt1) ..ñQò4ô TakeoffLocal.register(ñQò4õ <[dataout,MSInt,textarea,stop-connection]ñQò4ö new-TakeoffLocal <cnt1 t>>)ñQò ÷ :: p212 <cnt t>, dataoutputstream dataout,ñQò4ø MSInt MSInt, textarea textarea,ñQò4ù stop-connection stop-connectionñQó4ú -> p213 <cnt t>, dataoutputstream dataout,ñQó�ñ MSInt MSInt, textarea textarea,ñQó4ò stop-connection stop-connection;ñQó4ó next With takeofflocal.new-TakeoffLocal(ñQó4ô dataout,MSInt,textarea,stop-connection)ñQó4õ :: p213 <cnt t>, dataoutputstream dataout,ñQó4ö MSInt MSInt, textarea textarea,ñQó ÷ stop-connection stop-connectionñQó4ø -> p214 <cnt t>, dataoutputstream dataout,ñQó4ù MSInt MSInt, textarea textarea,ñQô4ú stop-connection stop-connection,ñQô�ñ takeofflocal takeofflocal;ñQô4ò ;; Creates an instance of TakeoffGlobalñQô4ó next With Counter.get(cnt1) ..ñQô4ô TakeoffGlobal.register(ñQô4õ <[datain,MSInt,textarea,takeofflocal,stop-transmit]ñQô4ö new-TakeoffGlobal <cnt1 t>>)ñQô ÷ :: p214 <cnt t>, datainputstream datain,ñQô4ø MSInt MSInt, textarea textarea, takeofflocal takeofflocal,ñQô4ù stop-transmit stop-transmitñQõ4ú -> p215 <cnt t>, datainputstream datain,ñQõ�ñ MSInt MSInt, textarea textarea, takeofflocal takeofflocal,ñQõ4ò stop-transmit stop-transmit;ñQõ4ó next With takeoffglobal.new-TakeoffGlobal(ñQõ4ô datain,MSInt,textarea,takeofflocal,stop-transmit)ñQõ4õ :: p215 <cnt t>, datainputstream datain,ñQõ4ö MSInt MSInt, textarea textarea, takeofflocal takeofflocal,ñQõ ÷ stop-transmit stop-transmitñQõ4ø -> p216 <cnt t>, datainputstream datain,ñQõ4ù MSInt MSInt, textarea textarea, takeofflocal takeofflocal,ñQö4ú stop-transmit stop-transmit,ñQö�ñ takeoffglobal takeoffglobal;ñQö4ò ;; respecify JavaApplet.end-initñQö4ó End-init(<cnt t>)ñQö4ô :: p216 <cnt t>ñQö4õ -> ;ñQö4ö ;; respecify JavaApplet.start-stopñQö ÷ start-stop(<cnt t>)ñQö4ø :: -> p31 <cnt t>;ñQö4ù ;; close datainputstreamñ ÷ ú next With Counter.get(cnt1) ..
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ñ ÷ ñ datain.register(<[] close <cnt1 t>>)ñ ÷ ò :: p31 <cnt t>, datainputstream datainñ ÷ ó -> p32 <cnt t>, datainputstream datain;ñ ÷ ô next With datain.closeñ ÷ õ :: p32 <cnt t>, datainputstream datainñ ÷ ö -> p33 <cnt t>;ñ ÷4÷ ;; close dataoutputstreamñ ÷ ø next With Counter.get(cnt1) ..ñ ÷ ù dataout.register(<[] close <cnt1 t>>)ñQø4ú :: p33 <cnt t>, dataoutputstream dataoutñQø�ñ -> p34 <cnt t>, dataoutputstream dataout;ñQø4ò next With dataout.closeñQø4ó :: p34 <cnt t>, dataoutputstream dataoutñQø4ô -> p35 <cnt t>;ñQø4õ ;; close socketñQø4ö next With Counter.get(cnt1) ..ñQø ÷ s.register(<[] close <cnt1 t>>)ñQø4ø :: p33 <cnt t>, socket sñQø4ù -> p34 <cnt t>, socket s;ñQù4ú next With s.closeñQù�ñ :: p34 <cnt t>, socket sñQù4ò -> p35 <cnt t>;ñQù4óñQù4ô ;; respecify JavaApplet.end-stopñQù4õ End-stop(<cnt t>)ñQù4ö :: p35 <cnt t> -> ;ñQù ÷ ;; Method action-textfieldñQù4ø action-textfield(i) With Counter.get(cnt1) ..ñQù4ù Self.register(<[event-textfield,textfield]ò4ú4ú action <cnt1 Self>>) ..ò4ú�ñ Self.action(event-textfield,textfield,b)ò4ú4ò :: -> entering-int <i <cnt1,Self>>;ò4ú4ó ;; Method action-stop-buttonò4ú4ô action-stop-button With Counter.get(cnt1) ..ò4ú4õ Self.register(<[event-stop-button,ò4ú4ö stop-button] action <cnt1 Self>>) ..ò4ú ÷ Self.action(event-stop-button,stop-button,b)ò4ú4ø :: -> ;ò4ú4ù ;; Method action-resultò�ñQú action-result(i) With Counter.get(cnt1) ..ò�ñ4ñ Self.register(<[event-result-button,ò�ñQò result-button] action <cnt1 Self>>) ..ò�ñQó Self.action(event-result-button,result-button,b)ò�ñQô :: result <i<cnt1 Self>> -> ;ò�ñQõ ;; Method actionò�ñQö action(e,o,b) Withò�ñ ÷ Self.start-action(e,o,<cnt t>) ..ò�ñQø Self.End-action(b,<cnt t>)ò�ñQù :: id <[e,o] action <cnt t>>ò4ò4ú -> ;ò4ò�ñ ;; event coming from textfield: user enters an integerò4ò4ò start-action(event-textfield,textfield,<cnt t>)ò4ò4ó ::ò4ò4ô -> p41 <cnt t>;ò4ò4õ ;; add new integer to MSIntò4ò4ö next With Counter.get(cnt1) ..
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ò4ò ÷ MSInt.register(<i addElement <cnt1, t>))ò4ò4ø :: p41 <cnt t>, entering-int <i <cnt t>>,ò4ò4ù MSInt MSIntò4ó4ú -> p42 <cnt t>, entering-int <i <cnt t>>,ò4ó�ñ MSInt MSInt;ò4ó4ò next With MSInt.addElement(i)ò4ó4ó :: p42 <cnt t>, entering-int <i <cnt t>>,ò4ó4ô MSInt MSInt;ò4ó4õ -> p43 <cnt t>, MSInt MSInt;ò4ó4ö End-action(true,<cnt t>)ò4ó ÷ :: p43 <cnt t> -> ;ò4ó4ø ;; event coming from stop-button: user wants to exitò4ó4ù start-action(event-stop-button,stop-button,<cnt t>)ò4ô4ú :: -> p61 <cnt t>;ò4ô�ñ ;; send stop-transmit signal to serverò4ô4ò next With Counter.get(cnt1) ..ò4ô4ó dataout.register(<stop-transmit writeInt <cnt1 t>>)ò4ô4ô :: p61 <cnt t>, stop-transmit stop-transmit,ò4ô4õ dataoutputstream dataoutò4ô4ö -> p62 <cnt t>, stop-transmit stop-transmit,ò4ô ÷ dataoutputstream dataout;ò4ô4ø next With dataout.writeInt(stop-transmit)ò4ô4ù :: p62 <cnt t>, stop-transmit stop-transmit,ò4õ4ú dataoutputstream dataoutò4õ�ñ -> p63 <cnt t>, stop-transmit stop-transmit,ò4õ4ò dataoutputstream dataout;ò4õ4ó End-action(true,<cnt t>)ò4õ4ô :: p63 <cnt t> ->;ò4õ4õ ;; event coming from result-button: user wants to see resultò4õ4ö start-action(event-result-button,result-button,<cnt t>)ò4õ ÷ :: -> p51 <cnt t>;ò4õ4ø ;; reads an integer in MSIntò4õ4ù next With Counter.get(cnt1) ..ò4ö4ú MSInt.register(<0 elementAt <cnt1 t>>)ò4ö�ñ :: p52 <cnt t>, MSInt MSIntò4ö4ò -> p53 <cnt t>, MSInt MSInt;ò4ö4ó next With MSInt.elementAt(0,i)ò4ö4ô :: p53 <cnt t>, MSInt MSIntò4ö4õ -> p54 <cnt t>, MSInt MSInt, result <i <cnt t>>;ò4ö4ö End-action(true,<cnt t>)ò4ö ÷ :: p54 <cnt t> ->;ò4ö4ø Whereò4ö4ù t : javathread;ò ÷ ú s : javasocket;ò ÷ ñ In : javainputstream;ò ÷ ò out : javaoutputstream;ò ÷ ó datain : javadatainputstream;ò ÷ ô dataout : javadataoutputstream;ò ÷ õ takeofflocal : takeofflocal;ò ÷ ö takeoffglobal: takeoffglobal;ò ÷4÷ MSInt : javavector;ò ÷ ø cnt, cnt1 : integer;ò ÷ ù i : integer;ò4ø4ú host : javastring;ò4ø�ñ port : integer;ò4ø4ò b : boolean;ò4ø4ó End DSGammaClientApp;ò4ø4ô
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ò4ø4õ ;; TakeoffLocal classò4ø4ö ;; -------------------------ò4ø ÷ Class TakeoffLocal;ò4ø4ø Inherit JavaThreads;ò4ø4ù Renameò4ù4ú Thread -> TakeoffLocal;ò4ù�ñ javathread -> takeofflocal;ò4ù4ò Interfaceò4ù4ó Use JavaThreads, Integers, JavaDataOutputStreams,ò4ù4ô JavaVectors, JavaTextAreas, Booleans;ò4ù4õ Methodsò4ù4ö run;ò4ù ÷ set-End-reception _ : boolean;ò4ù4ø Creationò4ù4ù new-TakeoffLocal _ _ _ _ : javadataoutputstream javavectoró4ú4ú javatextarea integer;ó4ú�ñ Bodyó4ú4ò Use Random, PairIntegerThreadIdentity, ThreadIdentity;ó4ú4ó Methodsó4ú4ô start-run _ : threadidentity;ó4ú4õ start-set-End-reception _ _ : boolean threadidentity;ó4ú4ö End-set-End-reception _ : threadidentity;ó4ú ÷ start-new-TakeoffLocal _ _ _ - : javadataoutputstream javavectoró4ú4ø javatextarea integer threadidentity;ó4ú4ù End_new-TakeoffLocal _ : threadidentity;ó�ñQú Placesó�ñ4ñ ;; Global Variablesó�ñQò End-reception _ : boolean;ó�ñQó dataoutputstream _ : javadataoutputstream;ó�ñQô MSInt _ : javavector;ó�ñQõ textarea _ : javatextarea;ó�ñQö stop-connection _ : integer;ó�ñ ÷ ;; Local Variablesó�ñQø random, elem-to-send _ : pair-integerthreadidentity;ó�ñQù p11 _ , p12 _ , p13 _ ,ó4ò4ú p21 _ , p22 _ , p23 _ , p24 _ , p25 _ , p26 _ , p27 _ , p28 _ ,ó4ò�ñ p29 _ , p210 _ , p211 _ , p212 _ , p213 _ , p214 _ ,ó4ò4ò p31 __ : threadidentity;ó4ò4ó Initialó4ò4ô End-reception false;ó4ò4õ Axiomsó4ò4ö ;; Method new-TakeoffLocaló4ò ÷ new-TakeoffLocal(dataout, MSInt, textarea, stop-connection) Withó4ò4ø TakeoffLocal.getregister(ó4ò4ù <[dataout, MSInt, textarea, stop-connection]ó4ó4ú new-TakeoffLocal <cnt t>>) ..ó4ó�ñ Self.start-new-TakeoffLocal(dataout, MSInt, textarea,ó4ó4ò stop-connection,<cnt t>) ..ó4ó4ó Self.End-new-TakeoffLocal(<cnt t>)ó4ó4ô :: -> ;ó4ó4õ start-new-TakeoffLocal(dataout,MSInt,ó4ó4ö textarea,stop-connection,<cnt t>)ó4ó ÷ ::ó4ó4ø -> p11 <cnt t>,ó4ó4ù dataoutputstream dataout, MSInt MSInt,ó4ô4ú textarea textarea, stop-connection stop-connection;ó4ô�ñ ;; starts itselfó4ô4ò next With Counter.get(cnt1) ..
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ó4ô4ó Self.register(<[] start <cnt1 t>>)ó4ô4ô :: p11 <cnt t>ó4ô4õ -> p12 <cnt t>;ó4ô4ö next With Self.start(<cnt1 t>)ó4ô ÷ :: p12 <cnt t>ó4ô4ø -> p13 <cnt t>;ó4ô4ù End-new-TakeoffLocal(<cnt t>)ó4õ4ú :: p13 <cnt t>ó4õ�ñ -> ;ó4õ4ò ;; Method run()ó4õ4ó run With Self.start-run(<cnt t>)ó4õ4ô :: id <[] run <cnt t>> -> ;ó4õ4õ start-run(<cnt t>)ó4õ4ö ::ó4õ ÷ -> p21 <cnt t>, p29 <cnt t>;ó4õ4ø ;; the stop signal has been received,ó4õ4ù ;; then check if MSInt is emptyó4ö4ú next With Counter.get(cnt1) ..ó4ö�ñ MSInt.register(<[] isEmpty <cnt1 t>>)ó4ö4ò :: p21 <cnt t>ó4ö4ó End-reception true, MSInt MSIntó4ö4ô -> p22 <cnt t>, MSInt MSInt;ó4ö4õ ;; MSInt is emptyó4ö4ö next With MSInt.isEmpty(true)ó4ö ÷ :: p22 <cnt t>, MSInt MSIntó4ö4ø -> p23 <cnt t>, MSInt MSInt;ó4ö4ù ;; loops until MSInt is emptyó ÷ ú next With MSInt.isEmpty(false)ó ÷ ñ :: p22 <cnt t>, MSInt MSIntó ÷ ò -> p21 <cnt t>, MSInt MSInt;ó ÷ óó ÷ ô ;; stop signal has been received and MSInt is emptyó ÷ õ ;; then send the stop signal to server and ...ó ÷ ö next With Counter.get(cnt1) ..ó ÷4÷ dataout.register(<stop-connection writeInt <cnt1 t>>)ó ÷ ø :: p23 <cnt t>, stop-connection stop-connection,ó ÷ ù dataoutputstream dataoutó4ø4ú -> p24 <cnt t>, stop-connection stop-connection,ó4ø�ñ dataoutputstream dataout;ó4ø4ò next With dataout.writeInt(stop-connection)ó4ø4ó :: p24 <cnt t>, dataoutputstream dataout,ó4ø4ô stop-connection stop-connectionó4ø4õ -> p25 <cnt t>, dataoutputstream dataout,ó4ø4ö stop-connection stop-connection;ó4ø ÷ ;; .. and flush dataout ...ó4ø4ø next With Counter.get(cnt1) ..ó4ø4ù dataout.register(<[] flush <cnt1 t>>)ó4ù4ú :: p25 <cnt t>,ó4ù�ñ dataoutputstream dataoutó4ù4ò -> p26 <cnt t>,ó4ù4ó dataoutputstream dataout;ó4ù4ô next With dataout.flushó4ù4õ :: p26 <cnt t>, dataoutputstream dataoutó4ù4ö -> p27 <cnt t>, dataoutputstream dataout;ó4ù ÷ó4ù4ø ;; ... and stops itselfó4ù4ù next With Counter.get(cnt1) ..ô4ú4ú Self.register(<[] stop <cnt1 t>>)
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ô4ú�ñ :: p27 <cnt t>ô4ú4ò -> p28 <cnt t>;ô4ú4ó next With Self.stopô4ú4ô :: p28 <cnt t>ô4ú4õ -> ;ô4ú4öô4ú ÷ ;; MSInt has to be emptiedô4ú4ø ;; gets an integer from MSInt (random position)ô4ú4ù next With Random.get(random) ..ô�ñQú Counter.get(cnt1) ..ô�ñ4ñ MSInt.register(<random elementAt <cnt1 t>>)ô�ñQò :: p29 <cnt t>, MSInt MSIntô�ñQó -> p210 <cnt t>ô�ñQô MSInt MSInt, random <random <cnt t>>;ô�ñQõ next With MSInt.elementAt(random,i)ô�ñQö :: p210 <cnt t>, MSInt MSInt, random <random <cnt t>>ô�ñ ÷ -> p211 <cnt t>, MSInt MSInt, random <random <cnt t>>,ô�ñQø elem-to-send <i <cnt t>>;ô�ñQù next With Counter.get(cnt1) ..ô4ò4ú MSInt.register(<random removeElementAt <cnt1 t>>)ô4ò�ñ :: p211 <cnt t>, MSInt MSInt, random <random <cnt t>>ô4ò4ò -> p212 <cnt t>, MSInt MSInt, random <random <cnt t>>;ô4ò4ó next With MSInt.removeElementAt(random)ô4ò4ô :: p212 <cnt t>, MSInt MSInt, random <random <cnt t>>ô4ò4õ -> p213 <cnt t>, MSInt MSInt;ô4ò4ö ;; sends integer to server and loops until MSInt is emptyô4ò ÷ next With Counter.get(cnt1) ..ô4ò4ø dataout.register(<i writeInt <cnt1 t>>)ô4ò4ù :: p213 <cnt t>, elem-to-send <i <cnt t>>,ô4ó4ú dataoutputstream dataoutô4ó�ñ -> p214 <cnt t>, elem-to-send <i <cnt t>>,ô4ó4ò dataoutputstream dataout;ô4ó4ó next With dataout.writeInt(i)ô4ó4ô :: p214 <cnt t>, elem-to-send <i <cnt t>>,ô4ó4õ dataoutputstream dataoutô4ó4ö -> p29 <cnt t>, dataoutputstream dataout;ô4ó ÷ ;; Method set-end-receptionô4ó4ø set-End-reception(value) Withô4ó4ù Self.start-set-End-reception(value, <cnt t>) ..ô4ô4ú Self.set-End-reception(<cnt t>)ô4ô�ñ :: id <value set-End-reception <cnt t>> -> ;ô4ô4ò start-set-End-reception(value,<cnt t>)ô4ô4ó :: End-reception old-valueô4ô4ô -> p31 <cnt t>, End-reception value;ô4ô4õ End-set-End-reception(<cnt t>)ô4ô4ö :: p31 <cnt t> -> ;ô4ô ÷ Whereô4ô4ø value, old-value : boolean;ô4ô4ù stop-connection : integer;ô4õ4ú dataout : javadataoutputstream;ô4õ�ñ MSInt : javavector;ô4õ4ò textarea : javatextarea;ô4õ4ó t : javathread;ô4õ4ô cnt, cnt1 : integer;ô4õ4õ random : integer;ô4õ4ö End TakeoffLocal;ô4õ ÷ô4õ4ø ;; TakeoffGlobal classô4õ4ù ;;-----------------------
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ô4ö4ú Class TakeoffGlobalô4ö�ñ Inherit JavaThreads;ô4ö4ò Renameô4ö4ó Thread -> TakeoffGlobal;ô4ö4ô javathread -> takeoffglobal;ô4ö4õ Interfaceô4ö4ö Use JavaThreads, Integers, JavaDataInputStreams, JavaVectors,ô4ö ÷ JavaTextAreas, TakeoffLocal;ô4ö4ø Methodsô4ö4ù run;ô ÷ ú Creationô ÷ ñ new-TakeoffGlobal _ _ _ _ _ : javadatainputstream javavectorô ÷ ò javatextarea takeofflocal integer;ô ÷ ó Bodyô ÷ ô Use Booleans, Random, Clock, PairIntegerThreadIdentity,ô ÷ õ ThreadIdentity;ô ÷ ö Methodsô ÷4÷ start-run _ : threadidentity;ô ÷ ø start-new-TakeoffGlobal _ _ _ _ _ _ : javadatainputstreamô ÷ ù javavector javatextarea takeofflocalô4ø4ú integer threadidentity;ô4ø�ñ End-new-TakeoffGlobal _ : threadidentity;ô4ø4ò Transitionsô4ø4ó tik;ô4ø4ô Placesô4ø4õ ;; Global Variablesô4ø4ö datainputstream _ : javadatainputstream;ô4ø ÷ MSInt _ : javavector;ô4ø4ø textarea _ : javatextarea;ô4ø4ù takeofflocal _ : takeofflocal;ô4ù4ú stop-transmit _ : integer;ô4ù�ñ timeout _ : integer;ô4ù4ò ;; Local Variablesô4ù4ó first, second,ô4ù4ô result _ : pair-integerthreadidentity;ô4ù4õô4ù4ö p11 _ , p12 _ , p13 _ , p14 _ ,ô4ù ÷ p21 _ , p22 _ , p23 _ , p24 _ , p25 _ , p26 _ , p27 _ , p28 _ ,ô4ù4ø p29 _ , p210 _ , p211 _ , p212 _ , p213 _ ,ô4ù4ù p214 _ , p215 _ : threadidentity;õ4ú4ú Axiomsõ4ú�ñ ;; Method new-TakeoffGlobalõ4ú4ò new-TakeoffGlobal(datain, MSInt, textarea,õ4ú4ó tl,stop-transmit) Withõ4ú4ô TakeoffGlobal.getregister(õ4ú4õ <[datain,MSInt,textarea,tl,stop-transmit]õ4ú4ö new-TakeoffGlobal <cnt t>>) ..õ4ú ÷ Self.start-new-TakeoffGlobal(datain, MSInt, textarea,õ4ú4ø tl,stop-transmit,<cnt t>) ..õ4ú4ù Self.End-new-TakeoffGlobal(<cnt t>)õ�ñQú :: -> ;õ�ñ4ñ start-new-TakeoffGlobal(datain, MSInt, textarea, tl,õ�ñQò stop-transmit, <cnt t>)õ�ñQó ::õ�ñQô -> p11 <cnt t>, datainputstream datain, MSInt MSInt,õ�ñQõ textarea textarea, takeofflocal tl,õ�ñQö stop-transmit stop-transmit;õ�ñ ÷ ;; starts itselfõ�ñQø next With Counter.get(cnt1) ..
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õ�ñQù Self.register(<[] start <cnt1 t>>)õ4ò4ú :: p11 <cnt t>õ4ò�ñ -> p12 <cnt t>;õ4ò4ò next With Self.start(<cnt1 t>)õ4ò4ó :: p12 <cnt t>õ4ò4ô -> p13 <cnt t>;õ4ò4õ End-new-TakeoffGlobal(<cnt t>)õ4ò4ö :: p13 <cnt t>õ4ò ÷ -> ;õ4ò4ø ;; Method run()õ4ò4ù run With Self.start-run(<cnt t>)õ4ó4ú :: id <[] run <cnt t>> -> ;õ4ó�ñ start-run(<cnt t>)õ4ó4ò ::õ4ó4ó -> p21 <cnt t>;õ4ó4ôõ4ó4õ ;; get the first integerõ4ó4ö next With Counter.get(cnt1) ..õ4ó ÷ datain.register(<[] readInt <cnt1 t>>)õ4ó4ø :: p21 <cnt t>, datainputstream datainõ4ó4ù -> p22 <cnt t>, datainputstream datain;õ4ô4ú ;; first integer is not a stop signalõ4ô�ñ next With (datain.readInt(first) ..õ4ô4ò Random.get(millis) // C.clock(hour))õ4ô4ó :: (first = stop-transmit) = falseõ4ô4ô => p22 <cnt t>, datainputstream datain,õ4ô4õ stop-transmit stop-transmitõ4ô4ö -> p23 <cnt t>, datainputstream datain,õ4ô ÷ stop-transmit stop-transmit,õ4ô4ø first <first <cnt t>>, timeout (hour + millis);õ4ô4ù ;; first integer is a stop signalõ4õ4ú next With (datain.readInt(first)õ4õ�ñ :: (first = stop-transmit) = trueõ4õ4ò => p22 <cnt t>, datainputstream datain,õ4õ4ó stop-transmit stop-transmitõ4õ4ô -> p210 <cnt t>, datainputstream datain,õ4õ4õ stop-transmit stop-transmit,õ4õ4ö first <first <cnt t>>;õ4õ ÷ ;; get the second integerõ4õ4ø next With Counter.get(cnt1) ..õ4õ4ù datain.register(<[] readInt <cnt1 t>>)õ4ö4ú :: p23 <cnt t>, datainputstream datain, timeout dõ4ö�ñ -> p24 <cnt t>, datainputstream datain;õ4ö4ò ;; second integer is not a stop signalõ4ö4ó next With datain.readInt(second)õ4ö4ô :: (second = stop-transmit) = falseõ4ö4õ => p24 <cnt t>, datainputstream datain,õ4ö4ö stop-transmit stop-transmitõ4ö ÷ -> p25 <cnt t>, datainputstream datain,õ4ö4ø stop-transmit stop-transmit,õ4ö4ù second <second <cnt t>>;õ ÷ ú ;; add first+second to MSIntõ ÷ ñ next With Counter.get(cnt1) ..õ ÷ ò MSInt.register(<first + second addElement <cnt1 t>>)õ ÷ ó :: p25 <cnt t>, MSInt MSInt,õ ÷ ô first <first <cnt t>>,õ ÷ õ second <second <cnt t>>
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õ ÷ ö -> p26 <cnt t>, MSInt MSInt,õ ÷4÷ first <first <cnt t>>,õ ÷ ø second <second <cnt t>>;õ ÷ ù next With MSInt.addElement(first + second)õ4ø4ú :: p26 <cnt t>, MSInt MSInt,õ4ø�ñ first <first <cnt t>>,õ4ø4ò second <second <cnt t>>õ4ø4ó -> p27 <cnt t>, MSInt MSInt;õ4ø4ô ;; second integer is a stop signalõ4ø4õ next With datain.readInt(second)õ4ø4ö :: (second = stop-transmit) = trueõ4ø ÷ => p24 <cnt t>, datainputstream datain,õ4ø4ø stop-transmit stop-transmitõ4ø4ù -> p28 <cnt t>, datainputstream datain,õ4ù4ú stop-transmit stop-transmit;õ4ù�ñ ;; add only first integer to MSIntõ4ù4ò next With Counter.get(cnt1) ..õ4ù4ó MSInt.register(<first addElement <cnt1 t>>)õ4ù4ô :: p28 <cnt t>, MSInt MSInt,õ4ù4õ first <first <cnt t>>õ4ù4ö -> p29 <cnt t>, MSInt MSInt,õ4ù ÷ first <first <cnt t>>;õ4ù4ø next With MSInt.addElement(first)õ4ù4ù :: p29 <cnt t>, MSInt MSInt,ö4ú4ú first <first <cnt t>>ö4ú�ñ -> p210 <cnt t>, MSInt MSInt;ö4ú4ò ;; prevent deadlock when no sufficient integers.ö4ú4ó ;; tik adds only first to MSInt and loops for new integers.ö4ú4ô tik With C.clock(hour)ö4ú4õ :: (hour > d) = trueö4ú4ö => p23 <cnt t>, timeout dö4ú ÷ -> p214 <cnt t>;ö4ú4ø ;; adds only first to MSIntö4ú4ù next With Counter.get(cnt1) ..ö�ñQú MSInt.register(<first addElement <cnt1 t>>)ö�ñ4ñ :: p214 <cnt t>, MSInt MSInt,ö�ñQò first <first <cnt t>>ö�ñQó -> p215 <cnt t>, MSInt MSInt,ö�ñQô first <first <cnt t>>;ö�ñQõ next With MSInt.addElement(first)ö�ñQö :: p215 <cnt t>, MSInt MSInt,ö�ñ ÷ first <first <cnt t>>ö�ñQø -> p21 <cnt t>, MSInt MSInt;ö�ñQùö4ò4ú ;; a stop signal has been received, thenö4ò�ñ ;; forward it to tl ...ö4ò4ò next With Counter.get(cnt1) ..ö4ò4ó tl.register(<true set-End-reception <cnt1 t>>)ö4ò4ô :: p210 <cnt t>, takeofflocal tlö4ò4õ -> p211 <cnt t>, takeofflocal tl;ö4ò4ö next With tl.set-End-reception(true)ö4ò ÷ :: p211 <cnt t>, takeofflocal tlö4ò4ø -> p212 <cnt t>, takeofflocal tl, ;ö4ò4ùö4ó4ú ;;; ... and stopsö4ó�ñ next With Counter.get(cnt1) ..ö4ó4ò Self.register(<[] stop <cnt1 t>>)ö4ó4ó :: p212 <cnt t>
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ö4ó4ô -> p213 <cnt t>;ö4ó4õ next With Self.stopö4ó4ö :: p213 <cnt t>ö4ó ÷ -> ;ö4ó4ø Whereö4ó4ù datain : javadatainputstream;ö4ô4ú MSInt : javavector;ö4ô�ñ textarea : javatextarea;ö4ô4ò tl : takeofflocal;ö4ô4ó t : javathread;ö4ô4ô cnt1, cnt : integerö4ô4õ stop-transmit : integer;ö4ô4ö first, second : integer;ö4ô ÷ hour, millis, d : integer;ö4ô4ø End TakeoffGlobal;
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ñ ;; JVM Classò :: ------------ó Class JVM;ô Interfaceõ Use JavaStrings, JavaArrayStrings;ö Method÷ java _ _ : javastring java-arraystring;ø Object JVM : jvm;ù Type jvm;ñQú Bodyñ4ñ Use JavaObject,ñQò PairJavaObjectArrayString, Counter;ñQó PlaceñQô Store _ : pair-javaobjectarraystring;ñQõ TransitionñQö begin;ñ ÷ AxiomsñQø java(ClassName,args)ñQù :: -> Store <ClassName args>;ò4ú begin with Counter.get(cnt) ..ò�ñ ClassName.register(<args main <cntClassName>>) ..ò4ò ClassName.main(args)ò4ó :: Store <ClassName args> -> ;ò4ô Whereò4õ cnt : integer;ò4ö args: java-arraystringò ÷ End JVM;ò4øò4ù ;; Java Object Classó4ú ;; ------------------------------------ó�ñ Class JavaObject;ó4ò Interfaceó4ó Use Integers, RegisterParameters;ó4ô Type javaobject;ó4õ Methodsó4ö wait, notify;ó ÷ register _ : registerparameter;
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ó4ø getregister _ : registerparameter;ó4ù Object JavaObject: javaobject;ô4ú Bodyô�ñ Use ThreadIdentity, BlackTockens, Counter,ô4ò PairLockIdentity, PairThreadInteger;ô4ó Methodsô4ô start-notify _ : threadidentity;ô4õ end-notify _ : threadidentity;ô4ö start-wait _ : threadidentity;ô ÷ end-wait _ : threadidentity;ô4ø lock _ , unlock _ : javathread;ô4ù Transitionsõ4ú next;õ�ñ Placesõ4ò ;; Global Variablesõ4ó ;; set of threads waiting on the current objectõ4ô wait-set _ : pairlockidentity;õ4õ ;; set of threads resumed by a notifyõ4ö resumed-set _ : pairlockidentity;õ ÷ ;; the Thread who is currently possessingõ4ø ;; the object’s lock, together withõ4ù ;; the number of current Integer locks itö4ú ;; possesses on the object.ö�ñ locker _ : pairthreadinteger;ö4ò locked _ : blacktocken;ö4óö4ô ;; stores the method callsö4õ id _ : registerparameter;ö4ö ;; execution flowö ÷ p11 _ , p12 _ , p13 _ ,ö4ø p21 _ , p22 _ , p23 _ : threadidentity;ö4ù Axioms÷ ú ;; Method register: put call into id place÷ ñ register(regpar)÷ ò :: -> id regpar;÷ ó ;; Remove call from id (for dynamic creations only)÷ ô getregister(regpar)÷ õ :: id (regpar) -> ;÷ ö÷4÷ ;; Method wait÷ ø wait with self.start-wait(<cnt t>) ..÷ ù self.end-wait(<cnt t>)ø4ú :: id <[] wait <cnt t>>ø�ñ -> ;ø4òø4ó start-wait(<cnt t>)ø4ô ::ø4õ -> p11 <cnt t>;ø4ö ;; it is necessary to have a lock on theø ÷ ;; object in order to continue andø4ø ;; to release all the locksø4ù nextù4ú :: p11 <cnt t>, locker <t i>ù�ñ -> p12 <cnt t>, locked @, wait-set <<t i> <cnt t>>;ù4ò ;; reacquires all the locks on the objectù4ó next with self.lock(t)ù4ô :: p12 <cnt t>, resumed-set <<t j+1> <cnt t>>ù4õ -> p12 <cnt t>, resumed-set <<t j><cnt t>>ù4ö end-wait(<cnt t>)
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ù ÷ :: p12 <cnt t>, resumed-set <<t0><cnt t>>ù4ø -> ;ù4ùñQú4úñQú�ñ ;; Method notifyñQú4ò notify with self.start-notify(<cnt t>) ..ñQú4ó self.end-notify(<cnt t>)ñQú4ô :: id <[] notify <cnt t>>ñQú4õ -> ;ñQú4ö ;;ñQú ÷ start-notify(<cnt1 t1>)ñQú4ø ::ñQú4ù -> p21 <cnt1 t1>;ñ4ñQú ;; it is necessary to have a lock on theñ4ñ4ñ ;; object in order to continueñ4ñQò nextñ4ñQó :: p21 <cnt1 t1>, locker <t1 i>ñ4ñQô -> p22 <cnt1 t1>, locker <t1 i>ñ4ñQõ ;; resume a thread that is in the wait-setñ4ñQö nextñ4ñ ÷ :: p22 <cnt1 t1>, wait-set <<t i> ,<cnt t>>ñ4ñQø -> p23 <cnt1 t1>, resumed-set <<t i> <cnt t>>ñ4ñQù end-notify(<cnt1 t1>)ñQò4ú :: p23 <cnt1 t1>ñQò�ñ -> ;ñQò4òñQò4ó ;; Method lockñQò4ô ;; the current locker increments the lockñQò4õ lock(t)ñQò4ö :: locker <t i>ñQò ÷ -> locker <t i+1>;ñQò4ø ;; no current locker, acquisition of the lockñQò4ù lock(t)ñQó4ú :: locked @;ñQó�ñ -> locker <t 1>;ñQó4òñQó4ó ;; Method unlockñQó4ô ;; the current locker decrements the lockñQó4õ unlock(t)ñQó4ö :: locker <t i+1>ñQó ÷ -> locker <t i>;ñQó4ø ;; the current locker releases the lockñQó4ù unlock(t)ñQô4ú :: locker <t 1>ñQô�ñ -> locked @;ñQô4òñQô4ó WhereñQô4ô t, t1 : javaobject;ñQô4õ cnt1, cnt : integer;ñQô4ö i : integer;ñQô ÷ regpar : registerparameter;ñQô4ø End JavaObject;ñQô4ùñQõ4ú Class Counter;ñQõ�ñ InterfaceñQõ4ò Use Integer;ñQõ4ó Type counter;ñQõ4ô MethodsñQõ4õ get _ : integer;
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ñQõ4ö Object Counter;ñQõ ÷ BodyñQõ4ø PlacesñQõ4ù counters : integer;ñQö4ú InitialñQö�ñ counters 1;ñQö4ò AxiomsñQö4ó get(cnt) :: counters cnt -> counters succ (cnt);ñQö4ô WhereñQö4õ cnt : integer;ñQö4ö End Counter;ñQö ÷ñQö4ø ;; Java Thread classñQö4ù ;; ------------------------ñ ÷ ú Class JavaThreads;ñ ÷ ñ Inherit JavaObject;ñ ÷ ò Renameñ ÷ ó JavaObject -> Thread;ñ ÷ ô javaobject -> javathread;ñ ÷ õ Interfaceñ ÷ ö Use JavaObject;ñ ÷4÷ Subtype javathread -> javaobject;ñ ÷ ø Methodsñ ÷ ù run, start;ñQø4ú BodyñQø�ñ Use ThreadIdentity;ñQø4ò MethodsñQø4ó start-run _ : threadidentity;ñQø4ô start-start _ : threadidentity;ñQø4õ end-start _ : threadidentity;ñQø4öñQø ÷ p11 _ , p12 _ , p13 _ , p14 _ , p15 _ : threadidentity;ñQø4ø AxiomsñQø4ù ;; Method runñQù4ú run with start-run(<cnt t>)ñQù�ñ :: id <[] run <cnt t>>ñQù4ò -> ;ñQù4ó ;; empty (to be redefined by sub-classes)ñQù4ô start-run(<cnt t>)ñQù4õ :: -> ;ñQù4öñQù ÷ ;; Method startñQù4ø start with start-start(<cnt t>) ..ñQù4ù end-start(<cnt t>)ò4ú4ú :: id <[] start <cnt t>>ò4ú�ñ -> ;ò4ú4ò ;; start is a synchronized methodò4ú4ó start-start(<cnt t>)ò4ú4ô ::ò4ú4õ -> p11 <cnt t>;ò4ú4ö next with self.lock(t)ò4ú ÷ :: p11 <cnt t>ò4ú4ø -> p12 <cnt t>;ò4ú4ù ;; start causes runò�ñQú next with Counter.get(cnt1) ..ò�ñ4ñ self.register(<[] run <cnt1 self>>)ò�ñQò :: p12 <cnt t>ò�ñQó -> p13 <cnt t>;ò�ñQô next with self.run
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ò�ñQõ :: p13 <cnt t>ò�ñQö -> p14 <cnt t>;ò�ñ ÷ ;; it is a new execution flow, thus there is no needò�ñQø ;; to wait for the end of the run methodò�ñQù next with self.unlock(t)ò4ò4ú :: p14 <cnt t>ò4ò�ñ -> p15 <cnt t>;ò4ò4ò end-start(<cnt t>)ò4ò4ó :: p15 <cnt t>ò4ò4ô -> ;ò4ò4õ Whereò4ò4ö t : javathread;ò4ò ÷ cnt, cnt1 : integer;ò4ò4ø End JavaThreads;

�yÝKÉ � X ì�ëxçBX ç`ðAé�êGé�î:Ê5ð��äæË±jç Å ê�Æ1ê âÍÌ Ê9W9ÌMê9X

Y ²7¹8² µÂÀ ¼8¾d²Î[���É�� ½ ¹8·�ÌG¹I� 
 ±@² À ´z¹ µaÍ ²�± µR¶µ� ²�´z¼ µ · ¶�Ï@Ë û@Ë
¶½Ð¡·z¸\Ð¡·¹¶½ÑMÒHÐ
Ï ÓMÔKÕ=ÖMÔM×KØmÙ�ØMÚ5ÔMÛKÜ�ØMÝ5ÞKØ5Ý%ßÞ à!áKÓ�âMÝ5ã\ä5Ô�ÞMÔ�åæàFâeåRç%ßß à!áKÓ�âMÝ5ã\ä5Ô�ÞMÔ�åéèKØ=ã�åRç%ßé à!áKÓ�âMÝ5ã\ä5Ô�ÞMÔ�åéêMã"àFÚ%åRç�ßëì ë çMç=ìKÝMØ5ÔMã�ØÁí�Ø5ÞKØMÝ5Ô�ÚCíMâMÕ5Ö�Ø5ã³Õ�â5èMèKØMÕ=ãàFâ5èMíïîà~ãMðÀí�Ø5ÞKØMÝ5Ô�ÚCÕMÚ�àFØ=èMãKí%åð ñKÕ5ã½Ô�íòÔÀÝ5ÔMèMóKâFá³ÝMØMÚ5Ô�Û\ôKØ=ãMîKØMØ5è ÔKÚMÚòãMðKØòÕMÚ�à5Ø5èMãKí%åÿ õMÔMã�Ô³íMØ=èMã\Ô�ÚMâ5èM×òãMðKØ½íMâ�Õ5ÖKØ5ãmá�êKí5ã½ôKØòâ4öÀãMÛMÓ�Ø¦à~èMã�å� ç ëÏ�� ÓMêMô�Ú�àFÕCÕMÚ=ÔKíMí ÙMÔMèMóKâFáKÙKØMÚ5Ô5ÛKÜ�ØFÝ=ÞKØ5ÝCØ5÷MãKØ=èMóKímøMð�ÝMØ5ÔMó\ùÏ�Ï ë çMçòó�Ø4öKÔMêKÚ=ãCÞMÔKÚ5ê�Ømö{â�ÝCãMð�Ø½íMØMÝ5ÞKØ�ÝmÓKâMÝ5ã¦àFíòúMû�üMûÀç ëÏvÞ ÓMêMô�Ú�àFÕnö�à~èMÔKÚ í5ãMÔMãà5Õ½à~è�ã\õMý�þMñ5ÿ��Mø ����� Ù5ø��Mú5ûMü�û�ßÏ ß ÓMêMô�Ú�àFÕnö�à~èMÔKÚ í5ãMÔMãà5Õ½à~è�ã³Ü5ø ����� øMÙ�ñ��KÜ�	�
~ø�����eßÏIé ÓMêMô�Ú�àFÕnö�à~èMÔKÚ í5ãMÔMãà5Õ½à~è�ã³Ü5ø ����� ì � ���MýMì5ø�
 � ��������ßÏvëÏ ì à~èMã½Ó�âMÝ5ã�ßÏvðÏvÿ ÜMØMÝ=ÞKØMÝMÜMâ�Õ5ÖMØ5ãCÚ�àFí5ãKØ=è � íMâMÕ=Ö=Ø=ã�ßÏ�� �KÚMâ=ôMÔKÚ5ÙKØ�Ú5Ô5ÛC×KÚMâ5ô�ÔKÚMÝMØMÚ4ÔMÛ1ßÞ%�Þ�Ï ë çMçòì�ÝMØ5ÔMãKØnÔÀÜMØMÝ5ÞKØ�ÝMÜMâMÕ5Ö�Ø~ã ãKâ½Ú�àFí5ã�Ø5èmö{âMÝ½Õ�â5èMèKØMÕ=ãàFâ4èKímâ5è½ÔÀ×"à~ÞKØ5èCÓ�âMÝ5ã�åÞ�Þ 
~èà4ãà~ÔKÚ�à��KØïãMðKØòãMðKÝ�Ø5ÔMó��KÚ�â5ôMÔKÚ5Ù�ØMÚ5ÔMÛmîMðà5Õ5ð\î"àFÚMÚòÝMØ5ÔKÚ�à��KØmãMðKØ½Ý=ÔMèMóKâ4á½ÝMØMÚ5ÔMÛÞ ß ôKØ5ã�îKØMØ5èCÔ�ÚMÚ½ÕMÚ�àFØ=èMãKí%å��=ôKÝ��Þ�é Ü5ãMÔ�Ý5ãKíÅà~ãKíMØMÚFö-åÞ�ë ç ëÞ ì ÓMêMô�Ú�àFÕ ÙMÔMèMóKâFáKÙKØMÚ4ÔMÛKÜ5ØMÝ4ÞKØ�Ý��Fà~è5ãCÓKâMÝ5ã��~ùÞ�ð à!ö��æÓ�âMÝ5ã����½û��mÓKâMÝ=ã��MõMýMþ�ñ5ÿ��Mø ����� Ù5ø�ßÞ�ÿ ãMðà5í%åéÓKâMÝ=ã��½ÓKâMÝ5ã1ßÞ%� ãKÝ5ÛÀù½Ú{àFí5ãKØ5è � íMâMÕ5ÖMØ5ã��½èKØ=îÀÜMØMÝ5ÞKØ�ÝMÜMâMÕ5ÖMØ5ã��RÓ�âMÝ4ã���ß! ß � Õ5ÔMã�Õ5ð"��
 � ýM÷KÕ5Ø5ÓMã�àFâ5èCØ��Cùß Ï Ü=ÛKí5ãKØ4á�åRâ5ê5ã�åéÓMÝ�à~è5ãKÚ4è"�$# ý�÷KÕ5Ø5ÓMã�àFâ5èCÕMÝMØ=ÔMãà~èM×òíMØMÝ5ÞKØ�ÝCíMâMÕ5Ö�Ø5ã�#&%KØ'��ßß Þ  ß�ß Ü5ÛKí=ãKØ4á-åRâ=êMã�å ÓKÝ�à!èMãKÚ4è"�(#~Ù�ÔFè�óKâtáKÙKØ5Ú5ÔMÛMÜMØ5Ý5ÞKØ5Ý*)zÚ�à5í5ãKØ5èà4èM×\â5è½ÓKâ�Ý5ã+#�%MÓKâMÝ5ã���ßß é ×KÚMâ=ôMÔKÚMÝMØ�Ú5ÔMÛ��½èKØ5î,�KÚ�â5ôMÔKÚ5Ù�ØMÚ5Ô5Û"���ßß ë ãMðà5í%åRí5ãMÔ�Ý5ã"����ßß�ì  



Â �*- �BACA � DNü � ý ��� ü �¡S��BULU � �/«��/� � Uß ðß ÿ ë ç�ç�.Kâ5óMÛòâ4öÀãMðKØ½íMØ�Ý5ÞKØMÝmã�ðKÝMØ5ÔMó1å��Kâ�â5ÓCöâMÝMØ5ÞKØ�Ý*/?Ú�àFí=ãKØ5èà~è�× öâMÝòÔMèMóß � ÔKÕMÕMØ5Ó�ãà~èM×CÕMâ5è�èKØMÕ5ãà5â5èMíïö{ÝMâ4áÀÕMÚ�à5Ø5èMãKí%å þKâMÝòØ5ÔKÕ5ðÀÕMâ=èMèKØMÕ5ã"àFâ4è0/ à~èà~ãà4ÔKÚ�à&�KØïãMî�âòãMðKÝMØ5Ô�óKíé�� 
~èMÓMêMã�ÙKØMÚ5Ô5Û0/ ÔMèMó � êMãMÓMêMã�ÙKØMÚ5Ô5Û0/ ðMÔMè�óKÚ�à~èM×òÝMØMí5ÓKØ�Õ5ãà~ÞKØ5Ú5Ûòà~è�ÕMâ4á�à~è�×CÔMèMóÀâ5ê�ãM×Kâ�à~è�×énÏ ÕMâ4áMáKê�èàFÕ5Ô5ãàFâ4èmöÝMâ4á ë ã�âCÕMÚ�àFØ=èMãKí%åé�Þ ç ëé ß ÓMê�ôKÚ�àFÕ ÞKâ�à~ó½Ý5êMè����~ùé�é ã�Ý5ÛKùé�ë îMðàFÚ�Ø��æãKÝ5êMØ��4ùé ì ÜMâMÕ5Ö�Ø5ã\ÕMÚ�à5Ø5èMã � í�âMÕ5ÖMØ5ã��cÚ�à5í5ãKØ5è � íMâ5Õ5ÖKØ4ã�åéÔMÕMÕMØ4ÓMã����
ßé�ð Ü5ÛKí5ã�Ø4á-åRâ5ê�ã�å ÓKÝ�à~è5ãKÚ5è���#~ñCÕMÚ�à5Ø5èMãCîMÔ�èMãKí ÔcÕMâ5è�èKØMÕ5ãà5â~è�15è�#���ßé�ÿ � êMãMÓ�êMãMÙKØMÚ=ÔFÛòâ5êMãMÓMê�ãKÝMØMÚ4ÔMÛ��Àè�Ø5î � êMãMÓMêMã�ÙKØMÚ5ÔMÛ��!Õ5Ú�à5Ø~è�ã � íMâMÕ4ÖKØ5ã*/é×MÚMâ5ô5ÔKÚ�ÝFØ�Ú5Ô5Û0/é�� Ü5ø ����� øMÙ�ñ��KÜ�	�
~ø���ßë%� 
~èMÓMê�ãMÙKØMÚ5Ô�Û\à4èMÓMêMãKÝ�ØMÚ5ÔMÛ��½èKØ5î2
4èMÓMêMãMÙ�ØMÚ5ÔMÛ��!ÕMÚ�àFØ4èMã � í�âMÕ4ÖKØ5ã*/z×KÚMâ=ôMÔKÚMÝMØ�Ú~Ô�Û0/ë�Ï â5êMã�ÓMêMãKÝMØ�Ú5Ô5Û0/zÜ5ø ����� øMÙMñ��KÜ3	�
4ø0/ë�Þ Ü5ø ����� ì � ���Mý�ìFø'
 � ����ßë ßë�é  ë�ë  ë ì Õ=ÔMãKÕ5ð"�$
 � ýM÷KÕ5Ø5Ó�ãKà5â5èCØ��Cùë�ð Ü5ÛKí5ã�Ø4á-åRâ5ê5ã�å Ó=Ý{à~è5ãKÚ4è"��#!ýM÷KÕ5Ø5ÓMã�àFâ=èÁî�ðàFÚMØòÚ�àFí5ã�Ø5èà~èM×ïö{â�Ý½ÕMâ5èMèKØ�Õ5ãàFâ4èKí4#&%KØ'��ßë�ÿ  ë%�  ì �ì Ï ë ç�çMÜ5ãMÔKÝ=ãCãMðKØ½íMØ�Ý5ÞKØMÝmê�Ó0/¡Ú�àFí5ã�Ø5èà~èM×Câ5è½Ô�èÀâ5ÓMãàFâ=èMÔKÚMÚ5ÛCí5Ó�ØMÕ�à!ö�à5Ø5óCÓKâMÝ=ã�å��5ôKÝ5�ì Þ õKØ4öKÔMê�Ú5ãCÓKâMÝ=ãÀàFíòú�ûMüMû�åì�ß ç ëì é ÓMê�ôKÚ�àFÕòí5ãMÔMã"àFÕmÞKâ�à4óòáKÔà~è"�tÜ5ãKÝ�à!èM×*687CÔ�Ý5×Kí��~ùì ë à~èMãòÓKâMÝ5ã��Mû�ßì�ì à!ö��æÔKÝ5×�í%åRÚMØ5è5×Mã�ð9�5�2���~ùì ð ãKÝ5Û½ù5ÓKâMÝ5ã��:
4èMãKØ5×KØ�Ý%åéÓ5ÔKÝMí5Ø�
~è5ã"� Ô=Ý=×=í;6Rû�7���ß8 ì ÿ Õ5ÔMãKÕ5ð:�<�Mê=áKôKØMÝ5þ�âMÝtáKÔ5ãMýM÷MÕMØ5Ó5ãàFâ4è\Ø'�Áù5Ó�âMÝ5ã��Àû�ß= ì �  ð%� èKØ5îòÙMÔMèMóKâFáKÙKØMÚ5Ô�Û=Ü�ØMÝ4ÞKØ5Ý��æÓMâMÝ5ã���ßð�Ï  ð�Þð ß  ëMë Ø5èMó½â4öÀÙMÔMèMó�â4áKÙKØMÚ=ÔMÛMÜMØ5Ý5ÞKØ5ÝCÕMÚ5Ô�íMíð�éð�ë ëMë ���������5���������������������5�$�5�ð ìð�ð ë ç�ç�>MÔMèMóKÚ�ØmÔKÚMÚ¦à~è�ÕMâ4á�à~è�×nÕ�â4áMáKêMè"àFÕ5ÔMãà5â~èïö{Ý�â4áÀÔ½óKØ5óà5Õ5ÔMãKØ5óCÕMÚ{àFØ5èMãòêKí�à~è�×³ÜMâ�Õ5ÖKØ5ã�åð�ÿ ÙKØ�Ú5ÔMÛòãMðàFí óMÔMãMÔ½ã�â��KÚMâ5ôMÔ�Ú5ÙKØMÚ4ÔMÛ�å?�Kâ=ãà!ö�àFØ�í � êMãMÓ�êMãMÙKØMÚ4ÔMÛòà!öÀã�ðKØ½í5ãKâ5Ó � ãKÝ5ÔMè�í!á
à~ãCí�à~×MèMÔ�Úð%� àFí½Ý�ØMÕMØ�à~Þ�Ø5ómö{ÝMâFáÅÕMÚ{àFØ5èMã�å Ü5ãKâ5ÓKíÅà~ãKí�ØMÚ4öHà~ã½ãMðKØòí5ãKâ5Ó � ÕMâ5èMè�ØMÕ4ãàFâ4è\í�à~×�èMÔKÚòàFí½Ý�ØMÕMØ�à~Þ�Ø5óÿ%� ö{Ý�â4ácÕMÚ�àFØ=èMã�åÿ�Ï ç ëÿ�Þ ÕMÚ=ÔKíMí@
~èMÓMêMã�ÙKØMÚ5ÔMÛ Ø=÷MãKØ5èMó�ímøMðKÝMØ=ÔMóKùÿ ß ÜMâ�Õ5ÖKØ5ã½ÕMÚ�àFØ=èMã�ßÿ�é �KÚ�â5ôMÔKÚ5Ù�ØMÚ5ÔMÛm×KÚMâ=ôMÔKÚMÝMØ�Ú5Ô5Û�ßÿ�ë õMÔ�ãMÔ�
~èMÓ�êMãKÜ5ãMÝMØ5Ô4áÀà4è�ßÿ ì � ê�ãMÓMêMãMÙ�ØMÚ5ÔMÛCâ5êMã�ÓMêMãKÝMØ�Ú5Ô5Û�ßÿ�ð à~è�ãÀí5ãKâ5Ó � ãKÝ5ÔMèKítá�à4ã�ßÿ�ÿ à~è�ãÀí5ãKâ5Ó � ÕMâ5èMèKØ5Õ5ã"àtâ=è�ßÿ%��%���Ï ë ç�çA
~èà~ãà4ÔKÚ�à&�KØïõMÔ�ãMÔ�
~èMÓ�êMãKÜ4ãKÝMØ4Ô5áCÔMèMóÀí=ãMÔKÝ5ãKí³à~ãKíMØMÚFö��Þ ç ë� ß ÓMê�ôKÚ�àFÕ@
~èMÓMê�ãMÙKØMÚ5Ô�Û'�tÜMâ5Õ5ÖMØ5ãCÕMÚ�àFØ5è�ã � íMâMÕ=Ö=Ø=ã0/?�KÚMâ5ôMÔ�Ú5ÙKØMÚ5Ô5ÛC×�ÚMâ5ôMÔKÚ�ÝMØMÚ5Ô5Û0/��é � êMãMÓMêMã�ÙKØMÚ5Ô5Û\â5ê�ãMÓMêMãKÝ�ØMÚ4ÔMÛ0/ à~èMãÀí5ã�â5Ó � ãKÝ=ÔMèMí4á�à!ã0/��ë à4èMã³í=ãKâ5Ó � Õ�â5èMèKØMÕ=ãKà5â~è��~ù� ì ãMðàFí%å�ÕMÚ�àFØ4èMã��cÕ�Ú�àFØ5èMã � íMâ5Õ5ÖKØ4ã�ß��ð ãMðàFí%å ×KÚMâ5ô5ÔKÚMÝ5ØMÚ=ÔFÛ4�½×KÚMâ5ôMÔ�ÚMÝMØMÚ5Ô5Û�ß��ÿ ãMðàFí%å�â5êMãMÓ5êMãKÝ5ØMÚ=ÔFÛ4�Àâ5êMãMÓMê�ãKÝMØMÚ5Ô5Û�ß�%� ãMðàFí%å�í5ãKâ5Ó � ãKÝ4ÔMè�í!á
à~ã��Àí5ãKâ5Ó � ãKÝ5ÔMèKíFá{à4ã�ßÏ��%� ãMðàFí%å�í5ãKâ5Ó � ÕMâ4èMè�ØFÕ=ãà~â5è��Àí5ãKâ5Ó � ÕMâ5èMèKØ�Õ~ã"àFâ4è�ßÏ���ÏÏ���Þ ãKÝ5ÛKù�à4è��½èKØ5î½õMÔ�ãMÔ�
~èMÓ�êMãKÜ4ãKÝMØ4Ô5á;�æÕMÚ{àtØ=èFã � í5âMÕ5ÖMØ5ã�å ×KØ5ã�
~è5ÓMê�ã=Ü=ãKÝ5Ø5Ô5á"�����ß= Ï�� ß Õ5ÔMãKÕ5ð���
 � ý5÷KÕMØ4ÓMã"àtâ=ènØ'�~ùÏ���é ãKÝ5Û½ùMÕMÚ�àFØ=èMã�åRÕMÚ�âMí5Ø�����ß= 
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Ï���ë Õ=ÔMãKÕ5ð"�$
 � ý5÷KÕMØ4ÓMãà~â5èCØ�'�~ùÏ�� ì Ü=ÛKí5ãKØ4á�åRâ5êMã%åéÓKÝ�à~è5ãKÚ=è'�$#~ý5÷KÕMØ4ÓMãà~â5èmîMðà5ÚMØC×�Ø5ãMãà~è�×\íMâMÕ5Ö�Ø5ã³í=ãKÝMØ5Ô5áí*)<#B%KØ����ß= �ßÏ���ð Ü=ÛKí5ãKØ4á�åRâ5ê5ã�åéÓMÝ�à~è5ãKÚ4è"�$# ý�÷KÕ5Ø5ÓMã�àFâ5èmîMðà5ÚMØC×�Ø5ãMãà~è�×\íMâMÕ5Ö�Ø5ã\í5ãKÝ�Ø5Ô5á{í*)C#&%KØ���ßÏ���ÿ Ý�Ø5ãMêKÝ5è1ß ëMë ãKâ ÙMÔMè�óKâ4áKÙKØ�Ú5Ô5ÛKÜMØ5Ý5ÞKØ5ÝÏ��%�  Ï�Ï�� ãMðà5í%åRí5ãMÔ�Ý5ã"����ßÏ�Ï�Ï  Ï�ÏvÞÏ�Ï ßÏ�ÏIé ë çMç3.Kâ5óMÛ\âFö:
~èMÓMêMã�ÙKØMÚ5ÔMÛ%å=�=ô=Ý5�Ï�Ïvë ÙKØ5Ô�ó½óMÔMãMÔ ö{ÝMâ4á½õMÔMã�Ô�
~èMÓMê�ãKÜ4ãKÝMØ4Ô5á\â4öcÕMÚ�à5Ø5èMã�åÏ�Ï ì � êMã½ó�ÔMãMÔòãKâ��KÚMâ5ô�ÔKÚ5ÙKØMÚ=ÔFÛÏ�Ïvð ç ëÏ�Ïvÿ ÓMêMô�Ú�àFÕ ÞKâ�à~ó½Ý5êMè"�3�~ùÏ�Ï�� à~èMãÀØ�ÚMØ4á-ßÏvÞ%�ÏvÞ�Ï ãKÝ5Û�ùÏvÞ�Þ öâMÝ��ßMß(�~ùÏvÞ ß ë�ë ÙKØ5ÔMóòÔ½óMÔMãMÔ ö{ÝMâFáÀõMÔMãMÔ�
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 � ��������ßß �ß Ï ÜMâ�Õ5ÖKØ5ã½í%ßß Þ õMÔ�ãMÔ�
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