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1.1. Preference control and Ada95
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1.2. Colored Petri nets

ø�ê�àºå�à?ã}ê�â�ç�î[ï@àXï@é�à ð á®äZß1ñ@ß�ä¢örç�â�ò�ãeäZßEß�à?ãWå�â@à*éEéÐç�é�ì@ëZé�à ð
äZâ0Þ�à,åEß�çèâ�àeåEé�åEê�àeä[ß�í[÷
� ê�àeâ å�ê�à§é�äZæ�ï�å�ç�äZâ ç�éGó;ä ð àeæ�à ð ìLíÄë ã,ä[æ9ä[ß�à ð Þ�à,åEß�ç
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ë�ßEà�ó;ä[ß�à�à*ëZé�í0å�ä0ñ�ßEä¢öZà � 3 ë ð &54�þ � àeß���6��»þèå�ê@à%ñ@æ�ë[ã,à*é ç�â�û
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é¤ï*;´ãeç9à*âLåXã,ä[â ð ç9å�ç�äZâ@é�ä�á�æ9ç�öZà*â�à*éEé.ìTëZé�à ð äZâ0åEê�à¶â�äZå�ç�äZânäZá
ã,ä[â[åEß�ä[æ9æ�à ð é�ç9ñ�ê@äZâ@é � � ÞÐÞ &�6�ì(�ºë�â ð å�ê@à^ã,ä[â@éuåEß�ïTãWå�ç�äZâ�äZá
å�ê�àlé�író¶ì=äZæ�ç�ãºßEà*ë[ã}ê@ë�ì@æ9àºó´ë�ßEôrç9â�ò;ò[ßEëZñ�êdåEê@ë¢å.ñ@ß�ä¢örç ð à*é1ë
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ßEëZó%àeå�à*ß�ç��eà ð ñ�ßEärä�áé*÷

1.3. Progressive design of a reliable solution to the
dining philosophers problem
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ã,ï�ßEß�à*âLådñ�ßEäZòZß}ë�ó;ó;ç�â�ò
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2.1. Defining briefly Petri nets
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2.2. Recalling basic properties of Petri nets
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2.3. Explaining differences between Petri nets and
colored nets
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2.4. Algorithm and colored net model of the first
solution
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Figure 1. Colored net of the Ada program 1



2.5. Interpreting this colored net
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2.6. Using the reductions theory of Petri nets to
prove that this solution is deadlock free
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Figure 2. The equivalent net after the agglom-
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3.1. Algorithm and colored model of the second so-
lution
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Figure 3. Colored net for the Ada program
with safe allocation
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3.2. Simplifying this model
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Figure 4. Reduced colored net for the safe
allocation

3.3. Explaining the notion of controlled siphon
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3.4. Defining places invariants

� ñ�æ�ë[ã,à§ç�âLö¢ëZß�ç�ë�âLå ð à,ÿTâ�à*éHë¾é�ï�ì@é�à,åHäZá�ñ�æ�ëZãeà*éHé�ï@ã}ê
å�ê@ë�å�å�ê@à�òZæ�äZìTë�æ^ârï�ó�ìTà*ß äZá7å�ä[ôZàeâTéÄç�â"å�ê�à?é¤àÌñ�æ�ëZã,à?é
ß�à*ó;ëZç9âTé�ã,ä[â@é¤åEë�âLå?÷ ø�ê�à*äZßEà,å�ç�ãeëZæ9æ�íZþ§ë�ó´ëZñ�ñ�ç�â�ò;:=<
>@?�? ç�é ë ñ�æ�ëZãeàÔç�âröSëZß�ç�ë�âLå ç±áÌëZâ ð ä[â�æ9íÉç9áBADC <
EGFHF�I�JLK CNM�O K&P�Q *SR : IUT O&V C IUT OXW PYQ *�R : IUT O&V CNM IUT OXW F2ZH[ ÷
�rï@ã}ê
ë^ó;ëZñ�ñ�ç�â�ò^ç�é�òZàeâ@àeß}ë�æ�æ9íÁß�à*ñ�ßEà*é�àeâLå�à ð ìLí7ëHá®äZßEó;ëZæ
é¤ï�ó ä�á�ñ�æ�ë[ã,à?é,2G:]\ P Q *SR : IUT O&V T ÷
$�â½å�ê@ç�é�â@à,å � ÿ@òT÷%�(�Wþõübà;ãeëZâÁãeäZó;ñ�ï�åEà�åEê�à;å�ê@ß�à*à;é�à,å}é

ä�á�ñ@æ�ë[ã,à*é�ç�ârö¢ë�ßEç�ëZâ[å}é 2

~ A�^L<`_ K-aXb � \dcfehg�iDj5g9ilk I ^/O�mon�p5g [&bSI ^/O�mon�p5g [�q7I ^/O�m
r p [ g�ilk I ^/OsW F2ZH[&b � I CNM�OtW b

~ A�^ < _ K�a@q � \ u�ehv T/ZH[ g F j ZSI ^/Owmxn�p5g [-q7I ^lO`m
r p [ g�ilk I ^/Olm r p [ g9ilk I ^XyzyfO�OtW F2ZH[-q � I CNM�OtW b

~ a|{ \ })~2p [ m P �+*S,�� n�p5g [HbSI ^lOzm�n�p5g [-q5I ^/O�m
r p [ g�ilk I ^/O'�hW F2ZH[�{7I C M OtW J y b

ø�ê@à+ÿTßEé¤å;áë�ó;ç9æ�í¼äZá�ç9ârö¢ë�ßEç�ë�âLå��%4+�^àeú�ñ�ß�à?é�é�à*é�åEê@ë¢å�ë
ñ�ê�ç�æ9äLé¤ä[ñ�ê�àeß7��ç�éÐàeç9å�ê�à*ßÐåEê�ç�â�ôrç9â�òTþ[ä[ß�ü�ë�ç9å�ç�â�òºá®äZßÐå�ê�à�ÿ@ßEé¤å
ã}ê�äZñ@é¤å�ç�ã}ô`þ@ä[ß�ü�ë�ç9å�ç�â�ò�á®ä[ß.å�ê@à�é�à*ã,ä[â ð ã}ê�ä[ñ@é¤å�ç�ã}ô+ä[ß�à*ë�åEé*÷
ø�ê�à*é�à;ç9ârö¢ë�ßEç�ëZâLåEé�ã}ê@ëZßEë[ãWå�à*ß�ç��eà�å�ê@à´ñ�ß�ä�ãeà*éEé�éuåEß�ï@ã,å�ï�ßEà;ä�á
ñ�ê�ç�æ9äLé¤ä[ñ�ê�àeß}é*÷
ø�ê@à�é¤à?ã,äZâ ð áëZó%ç�æ�í^ä�á�ç�âLö¢ëZß�ç�ë�âLåEé*þ�� �7��þ�ç�éºßEàeæ�ë¢å�à ð å�ä

å�ê�à´ï@é�à´ä�á.ã}ê�ä[ñ@é¤å�ç�ã}ôré 2�ënã}ê�äZñ@é¤å�ç�ã}ô �7ç�élà*ç±åEê�àeßlá®ß�à*àZþõä[ß
ç�é å}ë�ôZà*â§ìLíHå�ê�à�ñ@ê�ç9æ�ä[é�äZñ@ê�àeß	�7ü1ê�ç�ã}ê§ç�élü{ëZç±åEç9â�òGá®ä[ß�ç±å}é
é¤à?ã,äZâ ð ã}ê�ä[ñ@é¤å�ç�ã}ô=þ�äZßlç�éºå}ë�ôZà*â½ìrí½å�ê�à´ñ@ê�ç9æ�ä[é�äZñ@ê�àeß	�¼ä[ß
��/ 4�ü1ê@ç�ã}ê¼ç�é�à*ë¢åEç9â@ò@÷^ø�ê�à?é¤àdç9ârö¢ë�ßEç�ëZâLåEélñ@ß�ä¢ö[à;å�ê@ë�å%ë
ã}ê�äZñ@é¤å�ç�ã}ô�ãeëZâ+â@ä�å.ì=àºåEë�ô[àeâGìrí´åuübä;ñ�ê@ç9æ�ä[é�äZñ�ê@àeß}ée÷
ø�ê@à¶æ�ëZé¤åXç�âLö¢ëZß�ç�ë�âLåXãeäZï�âLåEé.å�ê�à%ârï�ó¶ì=àeß ä�á�á®ßEàeà%é¤à?ë¢åEé 2

ëdé�à*ë¢åºç�éXà*ç±åEê�àeß á®ßEàeà�äZß ï@é¤à ð ìríHë+ñ�ê�ç�æ9äLé¤ä[ñ�ê�àeß ü1ê�ç�ã}ê^ç�é
ü{ëZç±åEç9â�òºá®ä[ß�å�ê@à.ÿ@ß}éuåbäZß�åEê�à�é�à*ã,ä[â ð ã}ê�ä[ñ@éuåEç�ã}ô¶äZßÐü1ê@ç�ã}ê´ç�é
à*ë¢åEç9â@ò@÷�ø�ê�ç�é�ç9ârö¢ë�ßEç�ëZâLå{ñ�ßEä¢öZà?é�åEê@ë¢å1åEê�àeßEàºç�é1ë�å1æ9à?ëZé¤å�ä[â�à
ñ�ê�ç�æ9äLé¤ä[ñ�ê�àeß{åEê@ë¢å.ç�é{å�ê�ç�â�ôrç�â�ò@÷

3.5. Proving the liveness of the net
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3.6. About starvation
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< X >

< X >

< X >

< X >

< Y >
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Chopsticks : D

OneChopstick : DxD
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endAsk

ifXandX++ else

ifOne

Priority = HIGH

elsifX elsifX++

< X >

< X >

< X >

D.All

D.All

< X > < X > < X > Init : DWait : Dask getseat

Domain D=1..N

N-1

Seats : {.}< X >

endRelease

Finish : D

Thinking : D

release

NoChopstick : D

ifNo

Figure 5. Colored net of Ada program 3
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4.1. Proving deadlock prevention of this solution
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D.All
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< Y >
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Chopsticks : D

OneChopstick : DxD

release

ifXandX++ else

ifOne

ifNo

Priority = HIGH
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NoChopstick : D

elsifX elsifX++

Figure 6. Reduced net of the Ada program 3
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4.2. Proving starvation prevention of this solution

$�â äZß ð à*ß
åEä�ñ�ßEä¢öZà¾åEê@ë¢å¥å�ê@à ó;ä ð àeæ ð ärà?é
â�äZå¥à*â�û
ë�ì�æ�à;ç9â�ÿ@â�ç9å�àdé�à*îLï�à*â@ã,à?é á®äZß�ü1ê�ç�ã}ê7ë+ñTë�ß�å�ç�ã,ï�æ�ë�ß�ñ�ê@ç9æ�ä[é�ä�û
ñ�ê�à*ß+ãeëZâ¾â�ä�å0é¤ïTãeã,à?é�é�å�ä¼à?ë¢å?þ.ëZé´åEê�à½é�í�éuåEàeóÉç�é´ÿ@â�ç9å�à[þ



å�ê�à§à*ë[é¤ç�à*é¤å0ü{ëSí�ç�éGå�ä�ï@é�à½ó;à,åEê�ä ð énì@ë[é¤à ð ä[âÄå�à*ó;ñTäZû
ßEëZæ{ó;ä ð à*æ�ã}ê�à*ã}ôrç�â�ò@÷ �HëZâLí ë�æ�òZäZßEç9å�ê�ó´é%ê@ëSöZàGì=àeàeâ ð àeû
öZàeæ�äZñ=à ð+ð àeñ=àeâ ð ç9â@ò´äZâGñ�ß�ä[ñTà*ß¤åuí´ßEàeñ@ß�à?é¤à*â[å}ë¢åEç9ä[â � � äZæ ��&�þ
� æ�ä
&
6��J÷ � ä[ßHç9âTéuå}ë�â@ãeàZþlã}ê�à?ã}ôLç�â�ò¥å�ê@à
ë�ì@é�àeâTã,à§ä�á�é¤åEë�ß�û
öSë�å�ç�äZâ¥ä�á å�ê�ànó;ä ð à*æ.ç�é;à?îLï�ç9ö¢ëZæ9à*â[å´åEä7ã}ê�à*ã}ô � á®äZß �V3�+
�1��å�ê�à5y�� ��� �  Þ�� &
	���á®äZßEó¶ï�æ�ë�� *�� � # � 
�,�¡� � �a3�� ��-
4�-t� * ��# � �������¡=k� � �V3"� �;- 4 �^ü1ê@ç�ã}ê4ó;à*ëZâ@éÁå�ê@ë�å
ë�æ�æ
ñ@ë¢åEê´ç�éEé¤ï@à ð á®ßEäZó4ëléuå}ë¢åEà�ë¢åÐü1ê@ç�ã}ê´åEê�à.ñ�ê@ç9æ�ä[é�äZñ�ê@àeß � 3 ç�é
ü{ëZç±åEç9â�ò á®ä[ßÐë�é¤à?ë¢å�ç�â@ã,æ�ï ð à?éÐë�é¤åEë�å�à1ç�â%ü1ê@ç�ã}ê;åEê�à.ñ�ê�ç�æ�ä[é�ä�û
ñ�ê�àeß@� 3 ç�é.à*ë¢åEç9â@ò@÷
ø�ê@à¶ó´ë � ä[ß�ñ�ßEäZì�æ�àeó æ�ç9ó;ç9å�ç�â�ò�åEê�à�ïTé¤àläZá�å�ê�à?é¤à�ó;à,å�ê�û

ä ð é�ç�é.åEê�à;éuå}ë¢å�à;é�ñ@ëZãeà¶à,ú�ñ�æ�ä[é�ç�äZâÈ÷ � ç9ý`àeßEàeâLåºëZñ�ñ�ßEä[ë[ã}ê�à*é
ë�ßEà�òZà*â�àeß}ë�æ�æ9í½ï@é�à ð åEä½ãeäZó¶ìTë¢ålåEê�ç�é%ñ�ßEäZì@æ9à*óG÷��Xâ�à+ã*ë�â
ã,ç9å�àGå�ê�ànó;àeå�ê�ä ð é´ìTëZé�à ð äZâ � ç9â@ëZß�í � à*ãeç�é�ç�äZâ � ç�ë�ò[ßEëZó
� Þ ��78� &
6��Jþ=ï�â�á®ä[æ ð ç�â�ò � )� � &
6 ��ä[ß.å�ê@à�é�íLó�ìTä[æ9ç�ã�ßEà*ë[ã}ê@ë¢û
ì�ç9æ�ç9åuídòZß}ë�ñ@ê � 7��2� 3 &����õå�ê@ë�å�ñTà*ß�ó;ç9å.å�ä ð à,ÿ@â�àlë´ãeäZâ@ãeç�é�à
òZß}ë�ñ�ê+ß�à*ñ�ß�à?é¤à*âLåEë¢åEç9ä[âÈ÷

��Ö�� Ú Ù �/+�Ü��rÝuÚ Ù

ÞÐß�ä[òZß}ë�ó;ó;ç9â@òÁñ@ß�àeá®àeßEàeâ@ãeà^ã,ä[â[åEß�ä[æ.ç�â�� � � &
'§æ�à*ë ð é
öZàeßEí;â@ë¢åEï�ß}ë�æ�æ9í%å�ä;ç�ó;ñ�æ9à*ó;àeâLå�å�ê�àºßEà*é�äZï�ß}ã,à.ó´ëZâ@ë�ò[àeó;àeâLå
ëZé�ëZâ^ë�ï�å�äZó´ë�å�äZânü1ç9å�êÁéuå}ë¢åEàlå�ß}ë�âTé¤ç9å�ç�äZâ@é*÷Xø�ê@ç�é ð à*éEã,ßEç�ñ�û
å�ç�äZâ¼ãeëZâ7ìTà ð ç�ß�à?ãWå�æ�íÁó%ä ð à*æ9à ð ç�â¼Þ�à,å�ßEçÐâ@à,åEé¶äZß%ã,äZæ�äZßEà ð
â�à,å}éeþ¢ë�æ�æ�ä¢ü1ç9â�ò�åEä.ñ�ßEä¢öZà'å�ê@àbã,ä[ß�ßEà*ã,å�â�à?é�é`äZárå�ê�àbç9ó;ñ�æ�àeó;àeâ�û
åEë¢åEç9ä[âÈ÷�ø�ê�ç�é�ó%àeå�ê�ä ð ê@ëZé{ì=àeà*âGé�ê�ä¢ü1â�á®ä[ß{å�ê�àºñ@ëZßEë ð ç9ò[ó
ä�á�å�ê@à ð ç�â�ç�â�ò
ñ�ê@ç9æ�ä[é�äZñ�ê@àeß}édë�â ðÄð ç9ý=à*ß�à*â[åGà,ú�ë�ó;ñ�æ�à*édä�á
ñ�ß�äräZáébü1ç9å�ênÞ�àeå�ßEçèâ�à,å}é1ê@ëSöZà ì=àeàeâ0ò[ç9ö[àeâÈ÷
$»å´ãeëZâ
ì=à+ò[àeâ�à*ßEëZæ9ç��eà ð å�ä§ë�ârí7ã,æ�ç9à*âLå¤û�é¤à*ß�ö[àeß¶ßEàeæ�ë¢åEç9ä[â�û

é¤ê�ç�ñ¼ü1ê�à*ß�àGë½é�àeßEöZà*ß¶ßEà*ãeàeç�öZà*é¶ß�à?îLï�à*é¤åEé¶ä�á ð ç9ý`àeßEàeâLå;é�ç��eà
ë�â ð á®ßEäZó ð ç9ý`àeßEàeâLå�ã,æ�ç�àeâLåEé*þ�ëZâ ð ü1ê�àeßEà�ë�æ�æÐé�àeßEöLç�ã,à ð à?ã,ç9û
é¤ç�äZâ@é ë�ßEà�å}ë�ôZà*â^ìríGå�ê�à;é�àeßEöZàeß?÷ºø�ê�à ð à*ã,ç�é�ç9ä[â@é�ó´ëSí0ßEàeæ�í
äZâ å�ê�à0ê�ç�éuåEäZßEí¼ä�á ç9â ð ç9örç ð ï@ëZæ�ã,æ�ç9à*âLåEé*þÐäZß´ä[â
åEê�ànòZæ�äZìTë�æ
ê�ç�é¤å�ä[ß�ídä�á�å�ê�à¶òZßEäZï�ñGä�á�ã,æ�ç�àeâLåEé*þ�äZß�äZâGå�ê�à¶ê�ç�é¤å�ä[ß�í+ä�á�ß�àeû
é¤ä[ï�ßEãeà.ë�æ�æ9ä�ã*ë¢å�ç�äZâ#!ZåEê�àeí;ó´ëSí�ßEàeæ�í%äZâ´ç�â ð ç�öLç ð ï@ëZæTßEà*îLï�à?éuå}é
äZß�ä[â;å�ê�à�ãeäZâ@ãeäZó;ç9åEë�âTã,à1ä�áèßEà*îLï�à?éuå}é�ä�áÈé�àeöZà*ßEëZæ�ï@é�àeß}é � á®ä[ß
à,ú�ë�ó;ñ�æ�àlë´ã,ä[ó%ó�ï�â�ç�ãeë�å�ç�äZânã}ê@ë�â@â�àeæÈó´ëSí+â�àeà ð å�ä´ì=àlß�àeû
î[ï@à*é¤å�à ð ìrí�ìTäZå�ê;àeâ ð ï@é�àeß}é"!Zë�â�äZå�ê�à*ß�à,ú�ë�ó;ñ�æ�àbç�é�ßEà*é�äZï�ß}ã,à
ë�æ�æ9ä�ãeë�å�ç�äZâ¶á®äZß�ëºã,æ�ç9à*â[å�ñ�ßEà*é�àeâLåEç9â�ò�ëXß�à?îLï�à*é¤å�ü1ê�ç�ã}ê%ê@ë[é'å�ä
ìTà1ë�ï�å�ê�à*â[åEç±ÿTà ð ìrí¶ë.åEê�ç�ß ð ñ@ëZß¤åuí*�:!�å�ê�à*íló´ëSí¶éuåEç9æ�æ�ßEàeæ�íläZâ
ã,æ�ë�ç�ó;éºäZábåEê�à�ì=àeê@ëSörç�äZß�äZábá®ï�åEï�ßEà´ß�à?é¤ä[ï�ßEãeà;ß�à?î[ï@à*é¤åEé � ë[é
ç9â�å�ê�à�ì@ëZâ�ôZà*ß
	 é'ë�æ�òZäZßEç9å�ê�óPá®ä[ß ð à*ë ð æ9ä�ã}ôlëSöZä[ç ð ë�â@ãeà��W÷�ø�ê�à
é¤à*ß�ö[àeß�ã*ë�âHã,ä[âLå�ßEäZæèåEê�à�ßEà*é�äZï@ßEãeàºëZæ9æ�ä�ãeë�å�ç�äZânìrí0ñTäLéuåEñTä[â�û
ç9â�òºåEê�à�ãeæ9ç�àeâLåÐßEà*îLï�à?éuå�ï�âLåEç9æ=é¤ä[ó%à.é¤åEë�å�à.äZá=ç9åEébë�ï�åEäZó´ë¢åEäZâ
ç�é�ßEà*ë[ã}ê�à ð ÷

� * & *õ�%* Ù � *��

� � àeß���6 � �%÷ � àeß�å�ê�à*æ9äZå*÷Ðø�ßEëZâ@é¤á®äZßEó;ë�å�ç�äZâ@é�ëZâ ð0ð à*ãeäZó%û
ñTäLé¤ç9å�ç�äZâ@é§äZáGâ@à,åEé*÷ $�âù¦X¨¢Â¢�¢�`�}�W���¯�Ìµ1�e�_�W�

��1
����O£§¦P¨½¿ ¨�ª��Z¾«¨��ZV¯�¤���H±�Å�F¦�¦]£§¯Zª·¯�¤e¬]F°�± ¯ZÅ�¨�¿Z¿§¯��Z£§ÄV±eÅ�¯Z±ºFÅ]¬]£§�¦
¨�ªe®�Ä�¨�ª = �ÇH£§�;½F®�¨�¦�¨�ª�¾�ªe£ ©«Ä�¨�¬�£§¯Zª ¯�¤�¬�´e���£§ª��¨�Å��0£§°���h¯��Z£§Ä
¹������N¼½¨�ª�®�¬�´e��k¯Z°�±�¾H¬¡¨�¬]£§¯Zª«¨�¿��PÅ]� ��¯��Z£§Ä�¹!�"���N¼

#¶�e��WþLârï�ó¶ì=àeß ��' ��ç9â � 
 7 �`þLñ@ëZòZà*é 	
'�& � 	���6@÷
�rñ�ßEç9â@òZàeß�û � àeßEæ�ëZò@þ 4"&��
6�÷

� ���
� �(� � �l÷ � ï�ßEâ@é*þ �7÷ � ç�é¤å�à*ß*þ{ë�â ð �l÷ � àeæ�æ�ç9â�òLée÷ �
ß�à*örç9à*ü�ä�á � ð ë�å}ëZé�ôLç�â�òT÷ $�â���#�Ò%$T÷"�rñ�ßEç�â�òZà*ß¤û
� àeßEæ�ëZò@þ+4�&��(��÷

� � ÞbÞ9&�6[ë�� � ÷ � ë�ßEô¢ë�ä[ï�çÈë�â ð'& ÷ � ÷=Þ�ß}ë ð ë�å¤û�Þ�àeírß�à[÷�ÃW�@�J��¡�Ê
¨¢¬@�e�_�¡�����¬ZÏ)(��,�e�E��¬ZÏ½¨[��µ1�e�_�W�³ºÒ�¡�¬��}�%µ{��¡¢Ê
°��E�¢²%²;���_�¡��Í�e�´Â¢�¢«��¨[�¢�J�¡¢��¨Z�,�Á�}�Z�=«±��E���_�¡����
�}¡¢�=�e¬��W���e�@���W�W÷�Þ�äZæ�í�ã,ä[ñ�ç9à 7 
 � �7þ 4�&�&�6@÷

� � ÞbÞ9&�6Zì � � ÷ � ë�ßEô¢ë�äZï@çºëZâ ð*& ÷ � ÷.Þ�ß}ë ð ë�å¤û�Þ�àeírßEàZ÷ �Xâ
æ9ç�öZà*â�à*éEé�ä[â3ã,äZâLåEß�ä[æ9æ�à ð é�ç9ñ�ê@äZâ@é ç9â ÞÐà,å�ßEç
â�à,å}ée÷ $�â � à*ç�é�ç9òTþ�à ð ç±åEäZß?þºµ1�e�J�W�+#��,�_�}ÅÁ�=�@�,Ê
¡¢�W¸��¢�`¨�¦{�Z�`«���}�¢�J�¡¢�@þZâLï@ó¶ì=àeß 4 ��&*4�ç�â � 
 7 �`÷
�rñ�ßEç9â@òZàeß�û � àeßEæ�ëZò@þ 4"&�&
6�÷

� � ßEä
&
6�� � ÷ � ß�äLé¤ò[äZæJ÷ ø�ê�à ð ç�â�ç�â�òËñ�ê@ç9æ�ä[é�äZñ�ê@àeß}é§ç9â
� ð ë
&
'�÷-$�â,(X�,«±��Z·e«9�-$`¡u£}�JÆÐ�¢�E�Á�T�}�E���=¡¢«�¡�°Z��W�WÊ
¦�¨[�¢Ê/.{¬��E¡E�@�10 ©hxSþPârï�ó¶ì=àeß 4 �
����ç�â � 
 7 �`þ
ñ@ë�ò[à*é)� ��� � � 654Z÷ ��ñ�ß�ç�â�ò[àeß�û � à*ß�æ�ë�òTþ�4�&�&�6@÷

� 7���� 3 &3��� 7 ÷ 7 ê�ç9æ�ä[ë@þ 7 ÷ � ï�åEê�àeç�æ�æ9àeå*þ �%÷ � ß}ë�âTã,à*éEã}ê�ç�â�ç�éeþ
ë�â ð �è÷ 3 ë ð�ð ë ð ÷ �XâPü{àeæ�æ±ûJá®äZßEó;à ð ã,ä[æ9ä[ß�à ð
â�à,å}é.ë�â ð åEê�àeç�ß.é¤író�ìTä[æ9ç�ã�ßEà*ë[ã}ê@ë�ì@ç9æ�ç±åuí´ò[ßEëZñ�êÈ÷
$�â¼�`��¡?�*³º¡u£+�®���3242¢�®�7ÃW�T�»�e�W�=���_�¡��=�¢«ºÒ�¡¢�?£,�,�WÊ
�,�`�}�
¡¢�Í¦b�[�=«���}�¢�J�¡¢�ù�¢�`¨��`���}¡¢�W¸�¡u£^µ1�e�_�W�
#¶�e��Wþ@Þ�ëZß�ç�é¤û � ßEëZâ@ã,à[þ & ï�â�à-4"&
&��@÷

� 783 Þ9&54 � & ÷ �7÷ 7 äZï�örßEàeï�ß?þ �è÷ 3 ë ð�ð ë ð þ�ë�â ð5& ÷ � ÷rÞ�àeírßEàZ÷
7 äZó;ñ�ï�å}ë¢åEç9ä[â�äZáTòZà*â�àeß}ë¢åEç9ö[àÐáëZó;ç9æ�ç9à?é�ä�á`é¤à*ó%ç9û
�@ä¢ü.é�ç�â´åuü{ä�åuírñTà?éÐäZáÈã,äZæ�äZßEà ð â@à,å*÷+$�â´�=��¡?�l¡u£
�¯�@�6287Z�®�
Ã,�@���,�W�`�¢�J�¡¢�`�¢«lÒ�¡¢�?£,�,�E�,�`�E�Á¡¢�¾¦b�`Ê
�=«���}���_�¡��0���=¨+�`�@�E¡��W¸¶¡u£Ðµ1�e�J�W�¯Ê9#¶�e��Wþ��Xë�ßEêLïTéeþ
� à*â�ó´ë�ßEô`þ & ï@â�à%4"&�&54Z÷

� � ç � ��4 �  ÷ � ÷ � ç � ô�é¤å�ß}ë�÷ 3 ç�àeß}ë�ß}ã}ê�ç�ã*ë�æèä[ß ð à*ß�ç�â�ò;ä�á�é�à,û
îLï�àeâLå�ç�ë�æ%ñ�ßEä�ã,à*éEé�à*é*÷ $�â ¦X�,���¥ÃW�*£,¡��W²;���_��}��þ
ârï�ó¶ì=àeß 4[þ�ñ@ë�ò[à*é�4�4 ' � 4"	��@þ�4�&(� 4Z÷

�  æ9ß���� � øº÷  æ�ßEë ð ÷ 7 ä[ó%ñ@ß�à*ê�àeâ@é�ç�öZà+éEã}ê�à ð ï�æ�ç9â�ò§ã,ä[â�û
å�ßEäZæ�á®äZß,� ð ë�åEë[é¤ôrç�â�ò@÷ $�â7µ{��¡?�}�E�}¨��¯�L°��%¡u£��¯�@�
$`�}�}¡¢�`¨�Ã,�@���,�W�`�¢�J�¡¢�`�¢«;:n¡¢��¿¢����¡}� ¡¢�<(��}�¢«±Ê
�õ�¯²;��¦X¨Z�¶ÃW�}�}¬@�,�Wþ�ñ@ë�ò[à*é,4 � � 4�&�þ 4"&
����÷

�  Þ�� &
	�� �l÷  ÷  ó%à*ßEé�äZâ�ë�â ð �l÷�Þ�ß}ëZéEë ð �rç�é¤å�æJ÷"�ríró;ó;à,û
å�ßEídë�â ð ó;ä ð àeæÈã}ê�à?ã}ôrç9â�òT÷ $�âd�=��¡?�*³�¡¤£ �¯�@�¶ª¢�®�
�}¡¢�*£,�e���e�=�}��¡��0Ò�¡�².�`¬��»�e�Ð¦X�¨Z�}¨GÑT�e�W� �b�}�¢�J�¡¢�Tþ
& ï@â�à-4"&
&�	�÷

� I� � &�6�� & ÷  é¤ñTë�ß �*ë�þ �`÷ � äZó;àeß?þõë�â ð � ÷ � ä[òZæ�àeß?÷ �.â
ç9ó;ñ�ßEä¢öZà*ó;àeâLåbäZá �Hã��Hç9æ�æ�ëZâ�	 ébï@â�á®äZæ ð ç�â�ò%ëZæ9ò[ä�û
ß�ç9å�ê@óG÷ $�â¥µ���¡*�?³.¡¤£��®���-7Z�=¨GÃW�T�»³5:0¡���¿S����¡}�
�[¦�Òõ¦30 ©�xSþ¢ârï�ó�ìTà*ß94 �
'�'Ðç�â � 
 7 �èþeñ@ëZòZà*é#�(� �
4 �
6�÷"�rñ�ßEç�â�òZà*ß¤û � àeßEæ�ëZò@þ 4"&
&�6�÷



� � æ�ä
&�6 � �%÷ � æ9ä[ß�ç�âÈ÷ËÃW�T�_�E¡*¨�¬@�,�J�¡¢����
«9�
«9¡E°��¹e¬@�½�»�e²�Ê
��¡����,«¯«��*³ÐÒ�¡¢¬��}��µ{�E¡�°Z���¢²%²´�¢�J�¡¢�^�e�'Â¢�¢«±�¨Z�¢�J�¡¢�
¨Z�,���E�[�=«���}���_�¡���� �}¡¢�`�,¬��W���e�@���,�}÷ Þ�äZæ�í�ã,äZñ@ç9à
7 
 � �¼þ 4"&
&�6�÷

� 3 ë ð &54 � �`÷ 3 ë ð@ð ë ð ÷ � ßEà ð ï@ãWåEç9ä[âÍå�ê�à*äZßEí�á®ä[ßÁãeäZæ9û
äZßEà ð â�àeåEé*÷ $�â & àeâ@é�àeâ
ëZâ ð � ä��eà*ârìTà*ß�òTþ�à ð ç9û
å�äZß}é*þ����±°S�rÊ�«9�eÂ¢�,«@µ1�e�_�W� #¶�e��}Å��`���}¡��W¸%�¢�`¨�¦b�=Ê
�=«���}�¢�J�¡¢�Tþ � 
 7 �`þ'ñ@ë�ò[à*é 	
&�& � � �
'�÷ �rñ�ßEç9â@òZàeß�û
� àeßEæ�ëZò@þ+4"&
&*4[÷

� $�âLå)&('�ë � $�â[åEàeßEó;à,å�ßEç�ãeé�$�â@ãZ÷b¦�¨[��©[ª (����_�¡��=�¢«��,þ 4"&�&('�÷
� $�âLå)&('¢ì � $�â[åEàeßEó;à,å�ßEç�ãeé $�â@ã�÷�¦�¨[�º©[ª (X�£,�e���e�=�}���^���@¬@�¢«±þ

4"&�&('�÷
� � ëZç &
6�� 7 ÷ � ë�ç�é¤à*ß*÷ Ò�¡�¬��}��µ���¡�°Z����²�²´�¢�J�¡¢�Í�,��ÂS��«��¯Ê

¨Z�¢�J�¡¢�§¨Z�,���}�Z�`«���}�¢�J�¡¢�����}¡��=�e¬��W���,�T�»�,�W÷�Þ�ä[æ9íLû
ã,äZñ@ç9à 7 
 � �7þ#4�&�&
6�÷

� Þ ��78� &
6��  ÷�Þ�ëZé¤å�ä[ß*þ���÷ � ä[ç9òTþ & ÷ 7 ä[ß¤å}ë ð à*æ9æ�ë�þ�ëZâ ð � ÷ �¼÷
� ë ð ç�ë�÷4Þ�à,åEß�ç â�àeåEé0ë�â@ëZæ9í�é�ç�é+ï@é�ç9â@ò
ì=äLä[æ9à?ë�â
ó;ëZâ�ç�ñ�ï�æ�ë¢å�ç�äZâõ÷ $�â � ëZæ9àeå¤åEà � ÷�þ�à ð ç9å�ä[ß*þ�µ1�e�_�W�
#¶�e��}Åº�`���}¡��W¸0���=¨´¦b�[�=«���}�¢�J�¡¢�Tþ`âLï@ó¶ì=àeß �54�'
ç9â � 
 7 �`þ�ñ@ë�ò[à*é �54�6 � �(' 	@÷ �rñ�ßEç�â�òZà*ß¤û � àeßEæ�ëZò@þ
4"&�&
6�÷

� � à*ç �
	�� � ÷ � à*ç�é�ç�ò@÷ .�¦¶��Ò%$=Ê_¦X��ÃW�T�_��¡?¨¢¬@�e�J�¡¢�!��¡
µ1�,�J�W� #¶�e�_�}÷���ñ�ß�ç�â�ò[àeß�û � à*ß�æ�ë�òTþ�4�&���	@÷

� ��� ø���� � �l÷ � àeæ�æ9ç�â�ò[é*þ � ÷ � àeà,ý`àZþÈëZâ ð �%÷Èø�äZó;æ�ç9âTé¤ä[âÈ÷
¦�µ{��¡[·,«9�e² Æ��¯�¯�H¦¶¨Z�½�¢�=¨-(��,�,¡�¬����}��¦X«¯«9¡?�}�¢Ê
�_�¡��@÷ � 7 � ��$ �,� ð ë � ð ë � àeå¤åEàeß}é9$ $ $ � ���Wþ�ñ�ñõ÷
4�4 �¢û)4 � 	@þ�4�&�� �T÷

� � äZæ ��& � Þ�÷9÷ � ä[æ9ñ=àeß?÷(�Xâ å�ê�àbß�à*æ�ë�å�ç�äZâºä�á�ñ�ßEäZò[ßEëZó´éèë�â ð
ã,äZó;ñ�ï�åEë¢åEç9ä[âºå�ä.ó;ä ð à*æ�éõä�árå�à*ó%ñ=äZß}ë�æZæ9ä[òZç�ã�÷�$�â
µ{��¡?�*³l¡¤£ �T�,²���¡����¢«��õ¡E°Z��^�¯� $��@�}�,� �{�E���_�¡����}Å
� ©�þ�ârï�ó¶ì=àeß 	�&��¥ç�â � 
 7 �`þ�ñ@ëZòZà?é �(� � 4 �
6�÷
�rñ�ßEç9â�ò[àeß�û � à*ß�æ�ë�òTþ�4�&��
&�÷


