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1.1. Preference control and Ada95
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ë�ó;ñ�æ�à�ü1ê�àeßEà�ëHãeæ9ç�àeâLålå}ëZé�ô½ßEà*îLï�à?éuå}élënñ@ëZß¤åEç�ãeï�æ�ëZßlârï�ó%û
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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

â�à,å?þ=é�àeö[àeß}ë�æèó;à,åEê�ä ð é�ã*ë�ânì=àlï@é�à ð åEä�ñ�ßEä¢öZà�é¤ä[ó;àlñ�ßEäZñ�û
àeß�å�ç�à*é�äZânåEê�à�ó;ä ð à*æ�2�å�ê@à¶ßEà ð ï@ã,å�ç�äZânåEê�àeä[ß�íGåEê@ë¢åºë�æ�æ9ä¢ü.é
ï@éºåEä ð à,ÿTâ�àdë�â§à?î[ï@ç9ö¢ë�æ�àeâLå¶ó;ä ð à*æÐäZâ§ü1ê�ç�ã}ê7ñ�ßEäZñ=àeß�å�ç�à*é
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àeß�å�ç�à*é+äZâ¾ßEà*ë[ã}ê@ë�ì�æ�àHó´ë�ßEôrç9â@ò � 783 Þ9&54:�Jþ�â�à*ãeà*éEé�ëZß�í�ë�â ð
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 äZß�ñ@ë�û
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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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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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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Priority = Low

< X >

< X >
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D.All

Domain D=1..N
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Seats : {.}
N-1

Eating : D
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< Y >
< X, Y > < X, X++ >
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Chopsticks : D

OneChopstick : DxD

release

ifXandX++ else

ifOne

ifNo

Priority = HIGH

< X > < X > < X > < X >

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
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