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02408--,4. 2:�,0.+> �*40, .@,4 .@, 9/4;8/;, �/+ 625*�,5 �*.@ , .,4+*24+ /+ 09/++,+
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��� � �"�#$�#�� %�$�"!$&
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�B ���=�B =2* *4+3*-/5/ 4/ 9*4;8/;,6 ����� ������	 ��������B ���=	
��������	 �����B ���E�B 78, 32- +8/ �,A � 86/ +*639*�0/�12 , -,�*+12 5/
9*4;8/;,6 2-*,4./5/ / 2:�,.2+ �?
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�������	 ��������B ���C	 �������� ,. /9>B ���C�> 
 86/ 9*4;8/;,6 5,
/9.2 4��,9B 2-*;*4/96,4., :/+,/5/ ,6 2:�,.2+B ., .8/9 , 026 =/0*9*5/5,+ 5, /:+.-/�12
*4+3*-/5/+ 42 +,8 526�4*2 +,6?4.*02>
� 9*4;8/;,6 �/8.*98+ 5,+,4�29�, 5, =2-6/ 4/.8-/9 2+ 6,0/4*+62+ 5, 02402-�-<40*/ , 5, +*40-24*A/�12B 2 78, *4*:, 2 +8-;*6,4.2 5, 86 ,+.*92 5, 3-2;-/6/�12

5,6/+*/5/6,4., :/+,/52 ,6 024+.-8�K,+ +,7�,40*/*+> �4.-, /+ +8/+ 3-*40*3/*+ 0/�-/0.,-�+.*0/+B 5,+./0/6�+,� �2402--<40*/ ���
���B ����	������
B ���E� , �12��,.,-6*4*+62> � 9*4;8/;,6 � 4/.8-/96,4., 02402--,4., , 412�5,.,-6*4*+./> �262
024+,7�<40*/B 2+ 3-2:9,6/+ 42-6/96,4., , *+.,4.,+ ,6 9*4;8/;,4+ 5, 3-2;-/6/�12
.-/5*0*24/*+ 245, / 3-2;-/6/�12B 5,38-/�12 , 6/48.,4�12 +12 /.*�*5/5,+ 02639*0/�5/+ , 5,9*0/5/+ 42-6/96,4., 412 202--,6 ,6 �/8.*98+> �6 *4.,-,++/4., , ,6392 =2*
86 .,+., =,*.2 026 :29+*+./+ 5, *4*0*/�12 0*,4.��0/ 245, =2* +29*0*./52 78, 5,+,4�29�
�,++,6 86 3-2;-/6/ ,6 �/8.*98+ 78, /.*4;*++, 86/ +*.8/�12 5, 5,/5920
 /2 924;2
5, +8/ , ,08�12> �3�+ /9;84+ 6*48.2+B 2+ /9842+ /�-6/-/6 78, 412 +,-*/ 32++��,9
=/A,- ./9 3-2;-/6/ ,6 �/8.*98+> 	2* +29*0*./52 78, 3,4+/++,6 42 3-2:9,6/ 32- 6/*+
/9;84+ 5*/+ ,B 5, =/.2B 024+,;8*-/6 =/A,- ./9 3-2;-/6/> �/+ / +298�12 ,4024.-/5/ =2*
�,689/-� 024+.-8�K,+ 5, 9*4;8/;,4+ .-/5*0*24/*+B 78, *458A,6 5, =2-6/ 412�4/.8-/986 3-2;-/6/ �/8.*98+ /2 
��
����>

�+ 58/+ 3-*40*3/*+ =2-6/+ 5, -,8.*9*A/�12 5, 0�5*;2 ,6 �/8.*98+ +12�

•
�,*�0/�12 ����������B ���D	 �������B �����> 
-/./�+, 5, 86 6,0/�4*+62 5, /:+.-/�12 .-/4+/0*24/9B 42 +,4.*52 ,6 78, 86/ /�12 5, /9.2 4��,9



��

� *639,6,4./5/B 5, =2-6/ *45*�*+��,9 , ,6 86 .,632 �4*.2B ,6 02632+*�K,+
+,7�,40*/*+ 28 02402--,4.,+ �28 /6:/+� 5, /�K,+ 5, :/* 2 4��,9> � -,*�0/�12 �
�,-.*0/96,4., 02632+*0*24/9 �-,*�0/�K,+ 325,6 +,- +80,++*�/6,4., 02632+./+�
, 325, +,- 5,3,45,4., 5, ,+./52 ./4.2 5, =2-6/ , 39�0*./ 0262 *639�0*./ ���������	�������	 ���
�B CDDC�> � -,*�0/�12 ,6 �/8.*98+ +� =2* 32++��,9
5,�*52 /2+ -,+89./52+ .,�-*02+ /.*4;*52+ -,=,-,4.,+ / 02632+*0*24/9*5/5, 5*/;2�4/9 5/ -,*�0/�12 +2:-, / 02632+*�12 3/-/9,9/ 42+ �8.�6/.2+ �12��,7�,40*/*+B
2+ 78/*+ 024+.*.8,6 2 526�4*2 +,6?4.*02 5/ 9*4;8/;,6	

•
�;-,;/�12> 
 86/ =/0*9*5/5, 412�.-/5*0*24/9 4/ 6/*2-*/ 5/+ 9*4;8/;,4+ 5,
3-2;-/6/�12 , � *4+3*-/5/ ,6 0240,*.2+ 5, 024+.-8�12 5, +*+.,6/+ 5, @/-5�
�/-, 245, /+ 32-./+ 5, ,4.-/5/ , +/�5/ 52+ 2:�,.2+ ��0@*3+�� +12 *4.,-9*;/52+
32- 86 2:�,.2 /;-,;/52- ��39/0/ , +8/+ .-*9@/+��B -,+3,*./452 / 0263/.*:*9*�5/5, 5, +*4/*+> �6 2:�,.2 -,+89./4., 5, 86/ /;-,;/�12 ��39/0/ 624./5/��B 32-
+8/ �,AB 325, +,- 024+*5,-/52 0262 86 42�2 026324,4., ;,4�-*02> �8 +,�/B
0262 .25/+ /+ 024+.-8�K,+ ,6 �/8.*98+B /;-,;/�K,+ +12 02632+*0*24/*+ ,4.-,
+* , 026 /+ 5,6/*+ 024+.-8�K,+ 5/ 9*4;8/;,6> �6 �/8.*98+ 86 2:�,.2 325,
+,- ,+3,0*�0/52 0262 86 2:�,.2 +*639,+ �2:�,.2 08�/ 024+.-8�12 412 5,3,45,
5, 28.-2+ 2:�,.2+� 28 0262 2:�,.2 -,+89./4., 5, 86/ ,40/3+89/�12B /;-,;/�
�12B -,*�0/�12 28 02632+*�12 3/-/9,9/> �6/ /�12 5, 86 2:�,.2 ,6 �/8.*98+
325, +,- 86/ 02632+*�12 +,7�,40*/9 28 02402--,4., 5, 09�8+89/+B , ,08./5/+
/.26*0/6,4.,>

�+ 0/-/0.,-�+.*0/+ /78* /3-,+,4./5/+ 02458A,6 / 86/ 42�/ /:2-5/;,6 3/-/ 2
.-/./6,4.2 5, 3-2:9,6/+B 32*+ 3,-6*., /2 ,+.85/4., 5,+,4�29�,- +*+.,6/+ .-/./4�52�2+ 0262 86/ 84*5/5,B /2 *4��+ 5, 024+.-8��92+ ,6 3,78,4/+ ,./3/+ 3/-/ /3�+
024+.*.8*- 86 +*+.,6/ 02639, 2> �6 86 08-+2 5, �*<40*/ 5/ �2638./�12B 2 /9842
4,0,++*./ 026,�/- / 3,4+/- ,6 6/*+ /9.2 4��,9B 6/+ /0/:/ ,4024.-/452 2:+.�0892+
/ ,+./ 685/4�/ 5, -/0*20�4*2 5,�*52 � =/9./ 5, 3-�.*0/ , /2+ ��0*2+ 5/+ 9*4;8/;,4+
8+8/*+> �639,6,4./452 /�K,+ 5, 2:�,.2+ ,6 6/*+ /9.2 4��,9B 8.*9*A/452 .-/4+/�K,+
+*639,+ , 412�5,.,-6*4*+./+ 3,-6*., /2 3-2;-/6/52- /90/4�/- /�K,+ 6/*+ 5,./9@/�5/+ , ,9/:2-/5/+B 08�2 02632-./6,4.2 5,3,45, +26,4., 5/+ 0245*�K,+ *4.,-4/+ 52
+*+.,6/ /.8/9>
� 9*4;8/;,6 �/8.*98+ ,+.� �29./5/ 3/-/ 2 ,4+*42 5, 42�K,+ 5, 3-2;-/6/�12 5,

6/*+ /9.2 4��,9 52 78, /+ ,4024.-/5/+ 4/ 6/*2-*/ 5/+ 9*4;8/;,4+ /.8/*+> 
/9 4��,9 5,
/:+.-/�12 � 6/*+ :,6 /39*0/52 42 ,+.852 5/ 02402--<40*/ ,�28 3/-/9,9*+62 78, +12
8+8/96,4., *639,6,4./52+ ,6 86 �:/* 2 4��,9�B 026 *4+.-8�K,+ 78, 325,-*/6 �0/-
�,+0245*5/+�52 3-2;-/6/52-> �2- , ,6392B 3/-/ *639,6,4./- /9;84+ 3-2;-/6/+ ,6
�/�/B 2+ 3-2;-/6/52-,+ 3-,0*+/6 ,4.,45,- 0240,*.2+ 0262 .@-,/5+ , 624*.2-,+> �6
�/8.*98+ 412 3-,0*+/-*/ ./*+ 0240,*.2+> �8.-2 , ,6392 ,+.� 42 -,8+2 5, 0�5*;2 ,
02632+*�12 5, 3-2;-/6/+B 78, 412 +12 =2-4,0*52+ 42 6,+62 4��,9 78, ,6 �/8.*98+>

�24=2-6, 5*+08.*52 ,6 ��������� ,. /9>B �����B �/8.*98+ 325, 3-23*0*/- 3,+�+2/+ 78, +, .2-4,6 6/*+ /3./+ / 3,4+/- ,6 +*+.,6/+ 02402--,4.,+ 5, /9./ 02639,�
 *5/5,> �+./ 9*4;8/;,6 0/3/0*./ 2 ,+.85/4., / 5,+,4�29�,- /9;2-*.62+ 02639, 2+ ,
5,./9@/52+ 3,-6/4,0,452 ,6 86 /9.2 4��,9 5, /:+.-/�12 �28 412B 0/+2 5,+,�/52�>

�*�,-+/+ , .,4+K,+ ./*+ 0262 09/++,+B 23,-/�K,+ 5, -,+.-*�K,+ , 86/ +*4./ , 5*/�
;-/6�.*0/ ��������� ,. /9>B CDDC� =2-/6 /0-,+0,4./5/+ / ,+3,0*�0/�12 *4*0*/9 5/
9*4;8/;,6>

�2-./4.2 86 =202 *4.,-,++/4., 5, 3,+78*+/ � 8+/- �/8.*98+ 0262 86/ 86/ 3-*�



��

6,*-/ 9*4;8/;,6 5, 3-2;-/6/�12 3/-/ /9842+ 5, �*<40*/+ 5/ �2638./�12> �/-/
5/- 3-2++,;8*6,4.2 4,+./ 9*4@/ +,-*/ *632-./4., .,- 86 /6:*,4., 78, 3,-6*.*++,
,=,.*�/6,4., , ,08./- 2+ 3-2;-/6/+ �/8.*98+> �++*6B �<�+, 0262 4,0,++�-*/ / 024+�.-8�12 5, 86 /6:*,4., 5, , ,08�12 5, 3-2;-/6/+ �/8.*98+ , 52086,4./�12 5,++,
3-20,++2> �,4.-2 5,+., 024., .2B /3,+/- 52 =202 /0/5<6*02B 9,�/�+, ,6 024+*5,�-/�12 28.-/+ 32++*:*9*5/5,+ �*+/452 86 8+2 6/*+ ;,-/9 �32- , ,6392B 6,9@2-/ 4/
8+/:*9*5/5, 3-232452 =2-6/+ 5, -,08-+12 , 86 8+2 6/*+ *4.,4+*�2 5, 02402--<40*/�>

��� �����")�& � ��&$!�� �&
� 2:�,.*�2 5, /9.2 4��,9 � 86 6/3,/6,4.2 �/8.*98+��/�/ 78, 32++/ +,- 8+/52 4/*639,6,4./�12 5, 86 /6:*,4., 5, 5,+,4�29�*6,4.2 5, 3-2;-/6/+ �/8.*98+B 6/*+

,+3,0*�0/6,4.,B 86 .-/58.2- 5, �/8.*98+ 3/-/ �/�/>

,452 ,+., 2:�,.*�2B ,+., 3-2�,.2 .<6 0262 +8:2:�,.*�2+� +,9,0*24/- 86 +8:024��84.2 5/ 9*4;8/;,6 �/8.*98+B ,+./:,9,0,- /+3,0.2+ *632-./4.,+ /*45/ 412 5,./9@/52+

5,�*52 / 9*4;8/;,6 +,- 5, ,+3,0*�0/�12 �./*+ 0262 23,-/�K,+ 5, ,4.-/5/�+/�5/B .*32+
3-*6*.*�2+B ,.0>�B �,-*�0/- 0262 6/3,/- ,+., +8:024�84.2 3/-/ 86/ 9*4;8/;,6 :/+,
6/*+ 024�,40*24/9 , 024+.-8*- 86 3-2.�.*32> � 5, /02-52 026 2 /45/6,4.2 52+
.-/:/9@2+B /639*/- 2 ,+0232 *4*0*/9 52 +8:024�84.2 5/ 9*4;8/;,6 , 3-232- / /5*�12
5, 42�/+ 024+.-8�K,+ � 9*4;8/;,6>

�, =2-6/ 6/*+ 0240-,./B 2+ -,+89./52+ +12 / 38:9*0/�12 5, /-.*;2+ 5,+0-,�,452 /
625,9/;,6 , 3-2.�.*32+ 78, 3,-6*./6 / , ,08�12 5, 3-2;-/6/+ �/8.*98+>

�,9/.*�/6,4., / *639,6,4./�12 5, 86 /6:*,4., 5, , ,08�12B 2 .-/:/9@2 3-2�
32+.2 � /.8/- 3-*40*3/96,4., 42 4��,9 +,6?4.*02 6/3,/452 /+ 024+.-8�K,+ 412 8+8/*+
5, �/8.*98+ �-,*�0/�12B /;-,;/�12B ,.0>� 3/-/ �/�/ 6/4.,452 /+ 3-23-*,5/5,+ 52 52�
6�4*2 +,6?4.*02 �/�K,+ /.�6*0/+B 02632+*�12�>

��� ��&�'"	
�  � �����$!�&
�2 0/3�.892 CB 86 +8:024�84.2 5/ 9*4;8/;,6 -,3-,+,4./452 2 4
09,2 5, �/8.*98+

� +,9,0*24/52B �,-*�0/�+, 0262 6/3,/- ,+., 024�84.2 3/-/ 86/ 9*4;8/;,6 :/+, 6/*+
024�,40*24/9 ��/�/� , 86 3-2.�.*32 =2* 024+.-8�52 3/-/ �/9*5/- 2 6/3,/6,4.2 *4*0*/9
:/+,/52 ,6 86 =202 6/*+ /0/5<6*02>

�2 0/3�.892 �B �,-*�0/�+, / 32++*:*9*5/5, 5, /639*/- 2 +8:024�84.2 5/ 9*4;8/;,6/5*0*24/452�+, *4.,-/�12 , 09/++,+B 86 6/3,/6,4.2 3/-/ �/�/ , 32++��,*+ 3-2:9,6/+>�2 0/3�.892 EB 2 6/3,/6,4.2 52 4
09,2 � -,=,*.2 :8+0/452�+, 86 6/*2- ;-/8
5, 02402--<40*/ �*+/452 86 8+2 6/*+ ;,-/9> �,+., 0/3�.892 8+28�+, ��� 0262 86/42./�12 6/*+ /:+.-/./ �*+/452 /8 *9*/- / ./-,=/> �2 �4/9 52 0/3�.892 � ,+:2�/52 86
6/3,/6,4.2 �/8.*98+���� +*639*�0/52>� 0/3�.892 = /3-,+,4./ 3-232+./+ , 024+*5,-/�K,+ +2:-, 625*�0/�K,+ 4/ 9*4;8/�
;,6> �9;86/+ 325,6 +,- 8+/5/+ 0262 :/+, *4*0*/9 3/-/ .-/:/9@2+ =8.8-2+>

� 0/3�.892 > /3-,+,4./ 86 +*+.,6/ 5, 0@,0/;,6 5, 3-2.20292+ 3/-/ 3/-?6,�.-2+> 
 86/ +298�12 ,9,;/4., 3/-/ 2+ 3-2:9,6/+ 5, *639,6,4./�12 5,02--,4.,+ 5/
�, *:*9*5/5, 52 +*+.,6/ 5, 3/-?6,.-2+ 5, �/8.*98+>

� 0/3�.892 � =/9/ 5, /+3,0.2+ 5, *639,6,4./�12> �9;86/+ ,+029@/+ 78, =2-/6
=,*./+B 2.*6*A/�K,+ 78, 325,-*/6 +,- =,*./+ , 9*6*./�K,+�3-2:9,6/+ 5*�,-+/+>

�2- �6B +12 /3-,+,4./5/+ /+ 024098+K,+ �4/*+>
�6 /4, 2B ,+.12 .-<+ /-.*;2+ �	���
��� ,. /9>B CDD�	 	���
���	 �������	



��

�������B CDDE	 	���
��� ,. /9>B CDDE� , 86 .8.2-*/9> �+ 52*+ 3-*6,*-2+ /-.*;2+
=2-/6 38:9*0/52+ , 2 .,-0,*-2 =2* +8:6,.*52> � 
9.*62 /4, 2 � 86 .8.2-*/9 5/ 9*4�
;8/;,6 �/8.*98+ 5,+,4�29�*52 3/-/ 3,++2/+ 026 3280/ , 3,-*<40*/ ,6 3-2;-/6/�12
�/3-,+,4./ / 9*4;8/;,6 :/+,/5/ ,6 2:�,.2+ �/8.*98+ 0262 5,�4*5/ ,6 ��������B
������>



��

� ��������	
 �
 �����


��� �� %�$�"!$& ��'� (�)�

� 2:�,.*�2 5,+., 52086,4.2 � /3-,+,4./- 3-232+./+ 5, .-/58�12 5, 3-2;-/6/+ 5/
9*4;8/;,6 �/8.*98+ 3/-/ 3-2;-/6/+ �/�/ �,+029@*5/ 0262 9*4;8/;,6 :/+, 32- 0/8+/
5/ , 3,-*<40*/ 3-��*/ 5, 86 029/:2-/52- �?��?��� ,. /9>B CDD���> � 9*4;8/;,6
�/8.*98+ � 86/ 9*4;8/;,6 02402--,4., :/+,/5/ ,6 2:�,.2+ 026 +,6?4.*0/ =2-6/9
:,6 5,�4*5/ 026 5*�,-+/+ 024+.-8�K,+ 412 8+8/*+> �/-/ 2 9,*.2- 412 =/6*9*/-*A/52
026 �/8.*98+ -,026,45/�+, 2 .8.2-*/9 ,6 /4, 2>

� =202 5,+., 0/3*.892 � :/+*0/6,4., ,6 86 +8:024�84.2 5/ 9*4;8/;,6B 0@/�
6/52 5, 4
09,2B 3-/.*0/6,4., 0262 =2* /3-,+,4./5/ ,6 ��������B ����� , 0,.2
*4.,-/�K,+ 78, +12 /3-,+,4./5/+ 42 3-� *62 0/3�.892>

��� �"��&  � �� �& ��&"��&
�262 �/8.*98+ =2* 0-*/5/ 2-*;*4/96,4., 3/-/ +,- 86/ 9*4;8/;,6 5, ,+3,0*�0/�12B

+,8+ .*32+ 5, 5/52+ 412 =2-/6 68*.2 :,6 5,�4*52+> �6/ �,A 78, / 78,+.12 �
78/+, 2-.2;24/9 / 9*4;8/;,6 23.28 32- 8.*9*A/-�+, 52+ .*32+ 3-*6*.*�2+ 8.*9*A/52+ ,6
/9;86/+ ,+3,0*�0/�K,+B ./*+ 0262 4/.8-/9B :229,/4B ,.0>B 6/3,/452�2+ 5*-,./6,4.,
3/-/ .*32+ 3-*6*.*�2+ �/�/> � 78,+.12 5, .*32+ 5, 5/52+ 02632+.2+ +,-� .-/./5/
32+.,-*2-6,4.,>

�/8.*98+ �/�/
4/.8-/9 *4.
*4.,;,- *4.
:229,/4 :229,/4
+.-*4; �.-*4;
,486,-/�12 �12 , *+., ,486 ,6 �/�/ 6/+ � 32++��,9
�*5�B >>B *54� ,689/- / 024+.-8�12 8+/452 09/++,+B

024=2-6, 62+.-/52 ,6 �?
���B CDD��

��� ���'� ��	�� � ��� � $&$�'"�
	2* 5,0*5*52 78, 2 +8:024�84.2 *4*0*/9 5/ 9*4;8/;,6 / +,- *639,6,4./5/ 412

8.*9*A/-*/ *4.,-/�K,+B 78, � / 6/4,*-/ 6/*+ 8+8/9 ,6 9*4;8/;,4+ 2-*,4./5/+ / 2:�,.2
5, .-/:/9@/- 026 ,4.-/5/B 86/ �,A 78, ,+./ 024+.-8�12 412 � /024+,9@/5/ 5,4.-2
52 ,+.*92 5, 3-2;-/6/�12 5, �/8.*98+ �5/ 6,+6/ =2-6/ 78, ��
� 3/-/ 3-2;-/�
6/�12 ,+.-8.8-/5/� , 78/978,- 3-2;-/6/ 78, / 8+, 325, +,- ,+0-*./ 8+/452 28.-/+
024+.-8�K,+>



��

object Obj1
...
body
slot var1: 〈����〉
act A1

enb 〈����	�	��〉
〈
��� ���	��〉

...
end Obj1

class TObj1 extends Thread {
〈����〉 var1, OLD_var1;
synchronized void A1() {

if ( 〈����	�	��〉)
try {

〈
��� ���	��〉
OLD_var1 = var1; //commit

} catch(Exception e) {
var1 = OLD_var1; //rollback
throw(e);

}
}
...

}

	*;8-/ C>�� �6/ /�12 +*639,+ �/8.*98+ .-/58A*5/ 3/-/ �/�/

�,+./ =2-6/ / 6/4,*-/ 6/*+ 3-� *6/ 5/ 2-*,4./�12 / 2:�,.2+ 5,4.-2 5, �/8.*98+
3/-/ , ,08./- ,4.-/5/+�+/�5/+ +,-*/ .,- 86 2:�,.2 ��+.,6 , .252 2 2:�,.2 78, 3-,0*�+/++, =/A,- ��� 5,�,-*/ +,- /;-,;/52 026 ,+.,> �4.-,./4.2B ,+./ *5�*/ .,6 2 +,;8*4.,
3-2:9,6/� 86 2:�,.2 +� 325, +,- /;-,;/52 /3,4/+ 86/ �,A> �+./ -,+.-*�12 325, +,-
/.,48/5/ 026 2 8+2 5, 09/++,+B 6/+ 0262 2 +8:024�84.2 5, �/8.*98+ ,+029@*52 / +,-
*639,6,4./52 /*45/ 412 /+ *639,6,4./B 23.28�+, 32- /5*0*24/- 3-*6*.*�/+ 5, ���52 ,+.*92 �/+0/9B �-*., , -,/5>

��� ������& � �	
�& 	"��!�&
�6 �/8.*98+ 2+ 2:�,.2+ 412 +12 , ,08.��,*+B +12 /3,4/+ 6,*2+ 5, 2-;/4*A/- /+

/�K,+ 78, +12 /8.2, ,08.��,*+ 32- 
������> �4.-,./4.2 /+ /�K,+ 78, 0,-./6,4.,
+,-12 , ,08./52+ +,-12 /3,4/+ /+ 78, 412 +2=-,6 4,4@86 .*32 5, -,+.-*�12 �412
+12 026324,4.,+ 5, 4,4@86/ 28.-/ /�12B / 0245*�12 5, /.*�/�12 � �,-5/5,*-/B ,.0>�
5,./9@/52+ 4/ +,�12 /8.2, ,08�12>

$�;�� �/0( -( ( !.��#�/0(
�+ /�K,+ ,6 �/8.*98+ +12 .25/+ .-/4+/�K,+B +,452 /.�6*0/+ �*45*�*+��,*+� , ,6

0/+2 5, =/9@/ 3/-/ .252+ 2+ ,=,*.2+ 5,�, -,�,-.,- /2 ,+./52 /4.,-*2-> �6 ,+78,6/
+*639*�0/52 3/-/ .-/58A*- /�K,+ 3/-/ 6�.252+ � 62+.-/52 4/ �;> C>�>

�,+., 6/3,/6,4.2 .252 +92. 5, �/8.*98+ ;,-/ 52*+ /.-*:8.2+ 5,4.-2 5/ 09/++,
�/�/ 02--,+3245,4.,> �92.+ ,6 �/8.*98+ +12 0262 /.-*:8.2+ 5, 2:�,.2+ ,6 .,-62+
5, 2-*,4./�12 / 2:�,.2+> �6 5,9,+ 6/4.�6 2 ,+./52 /4.*;2 52 +92. 3/-/ 2 0/+2 5,
=/9@/> � 0245*�12 ,6 enb

� .-/58A*5/ 0262 86 +*639,+ if
> � 0245*�12 � 86/

, 3-,++12 :229,/4/ +*639,+>
� ,+78,6/ 4/ �;> C>� � 86/ +*639*�0/�12 78, =840*24/ 42 0/+2 ,6 78, / /�12 412

� 8+/5/ 32- 4,4@86/ /�12 02632+./> �8/452 / /�12 � 02632+./ 32- /;-,;/�12 28
-,*�0/�12B +8/ *639,6,4./�12 4,0,++*./-� -,=,-,40*/- /+ 5*�*+K,+ *4.,-4/+ 5/+ /�K,+
026324,4.,+B 32-./4.2 / /�12 +,-� .-/58A*5/ ,6 E 6�.252+ �/ /�12 , +8/+ 5*�*+K,+
*4.,-4/+� :25�B 0266*. , -299:/0
�> �+., 0/+2 � 62+.-/52 ,6 �;> C>C �245, 2 +8� 2� �
�� =2* 685/52 3/-/ 86/ 39*0/�>

�/+ 3-� *6/+ 024+.-8�K,+ 3/-., 52 0�5*;2 4,0,++�-*2 3/-/ 9*5/- 026 , 0,�K,+ ,



��

object Obj2
...
body
slot S1,S2: 〈����〉
act A1

〈
��� ���	��〉
// alters slots S1 and S2

...
end Obj2

class TObj2 extends Thread {
〈����〉 S1, S1’, S2, S2’;
synchronized void A1() {

try {
A1_body();
A1_commit();

}
catch(Exception e) {

A1_rollback();
}

}
void A1_body() {

〈
��� ���	��〉
}
void A1_commit() {

S1’ = S1;
S2’ = S2;

}
void A1_rollback() {

S1 = S1’;
S2 = S2’;

}
...

}

	*;8-/ C>C� ��12 �/8.*98+ .-/58A*5/ 3/-/ �/�/

slot
S1, S2: 〈����〉

act A1
cps

val S1 << 〈�������	��1〉
val S2 << 〈�������	��2〉

end cps

〈����〉 S1, S1’, S2, S2’, Temp;

void A1_body() {
Temp = 〈�������	��1〉;
S2 = 〈�������	��2〉;
S1 = Temp;

}

	*;8-/ C>�� 
-/58�12 5, 02402--<40*/ *4.-/�/�12

=84�K,+ /8 *9*/-,+ �0266*.B -299:/0
� 325,6 +,- 26*.*5/+ 32- +*639*0*5/5,>

$�;�$ �(�-(..	�-�� ��!.�A�/0(
�2402--<40*/ 5,4.-2 5, 86/ /�12 � , 3-,++/ 3,9/ 3/9/�-/ 0@/�, cps

8+/5/ 3/-/
=/A,- /.-*:8*�12 02402--,4.,B 0262 4/ �;> C>�> �25, +,- .-/58A*5/ 5, =2-6/ +*639,+
8+/452 �/-*��,*+ .,632-�-*/+ , , ,08�12 +,7�,40*/9

�/-/ +*+.,6/+ 026 6
9.*39/+ ���+ � 32++��,9 0-*/- 86/ .@-,/5 3/-/ /�/9*/- 0/5/
, 3-,++12 / 5*-,*./B 6/+ 3/-/ 2.*6*A/- ,++, 02632-./6,4.2 +,-*/ 4,0,++�-*2 �,-*�0/-
2 7812 02639, 2 / , 3-,++12 3-,0*+/ +,- 3/-/ 0263,4+/- 2 3-20,++/6,4.2 , .-/ 5,
0-*/- 86/ .@-,/5>

$�;�+ 
0( *�!�. ���# (
�6 �/8.*98+B 86/ /�12 325, .,- 5*�,-+2+ 02-32+ 5, , ,08�12 /9.,-4/.*�2+ �*4.-2�58A*52+ 3,9/ 3/9/�-/ 0@/�, alt �> �/-/ .-/58A*- ./9 412 5,.,-6*4*+62B *4*0*/96,4.,

3,4+28�+, ,6 8+/- 86 23,-/52- 5, ,+029@/ 78, 325,-*/ +,- / =84�12 random()



��

act A2
alt A21

〈
��� ���	�� �21〉
alt A22

〈
��� ���	�� �22〉

void A2_body() {
Random rand = new Random();
switch(rand.nextInt(2)) {

case 0:
〈
��� ���	�� �21〉
break;

case 1:
〈
��� ���	�� �22〉
break;

}
}

	*;8-/ C>E� 
-/58�12 �4*0*/9 5, �12 5,.,-6*4*+62

0262 4/ �;> C>E>
�/+ +, 3,-0,:,8 78, ,+./ 412 =840*24/-*/ ,6 0/+2+ 5, /�K,+ 78, +12 -,+.-*./+

32- request 28 +12 8+/5/+ 0262 86 026324,4., 5, 86/ -,*�0/�12 �4,++,+ 0/+2+
/ +,6?4.*0/ =2-6/9 , *;, 78, +, @� /9.,-4/.*�/+ 78, =/9@/6 , 28.-/+ 78, +12 :,6
+80,5*5/+B / ,+029@*5/ 5,�, +,- 86/ 5/+ :,6 +80,5*5/+�B 32-./4.2 =2* 4,0,++�-*2 8+/-
86 3/5-12 245, /+ /9.,-4/.*�/+ +12 .,+./5/+ /.� 78, 86/ 5,9/+ +,�/ :,6 +80,5*5/>
�2- , ,6392B 86/ /�12 A 026 /9.,-4/.*�/+ A1

B> > > B
An 325, +,- .-/58A*5/ 0262

62+.-/5/ ,6 �;>C>=>
$�;�; �/0( -( ��.O �!.(#
�2 0/+2 5, /�K,+ 026 3/-?6,.-2+ �0262 ,6 86/ /;-,;/�12� @� 6/*+ 02639*�

0/�K,+ 3/-/ 024+*5,-/-> �/-?6,.-2+ *63K,6 -,+.-*�K,+ 4/ 2-5,6 5, , ,08�12 5/+
/�K,+> � 3/-., *4*0*/9 , �4/9 5/+ /�K,+ +, .2-4/6 324.2+ 5, +*40-24*A/�12 245,
-,0,:,6 , ,4�*/6 2+ �/92-,+ 52+ 3/-?6,.-2+>

�/5/ /�12 78, -,0,:, 28 -,.2-4/ 3/-?6,.-2+ � *639*0*./6,4., 52 .*32 request
B

86/ �,A 78, 412 325, +,- , ,08./5/ +2A*4@/> �6/ -,=,-<40*/ / 86 3/-?6,.-2 �
=,*./ +,63-, 32- 426,B 412 32- 32+*�12 , +12 32++��,*+ /3,4/+ 3/-/ /�K,+ , 32-./5/+
�/�K,+ 78, +12 3
:9*0/+ 3/-/ 28.-2+ 2:�,.2+�>
�6 , ,6392 *98+.-/.*�2 � 2 3-2;-/6/ 5/ �;>C>>> �2 , ,6392B 2+ 2:�,.2+ Obj1,

Obj2
.<6 /�K,+ 026 3/-?6,.-2+B , 86 .,-0,*-2 2:�,.2 ObjAg

� 86/ /;-,;/�12
/;*452 0262 86/ +*40-24*A/�12 ,4.-, / ,4.-/5/ , +/�5/+ 52+ 3-*6,*-2+>
�,3,45,452 52 02-32 5, A1

,
A2
B , *+.,6 /+ +,;8*4.,+ 32++*:*9*5/5,+�

•
� ,08�12 �,7�,40*/9
�262 62+.-/5/ 4/ �;> C>�B 86/ 5/+ /�K,+ =2-4,0, 86 3/-?6,.-2 5, +/�5/ 4/
3-*6,*-/ *4+.-8�12 /.-/��+ 5/ 3/9/�-/ 0@/�, agg

B 78, � / ,4.-/5/ 5/ +,;845/
/�12B 78, 5,+., 6252 325, , ,08./- , -,.2-4/ 86 3/-?6,.-2 5, +/�5/ 78, �
8+/52 3,9/ 3-*6,*-/ /�12>

•
� ,08�12 �/-/9,9/
�8/452 /6:/+ /+ /�K,+ =2-4,0,6 3/-?6,.-2+ 42 026,�2B /6:2+ 325,6 +,-
, ,08./52+> �,�/ �;> C>�>

•
�12 , ,08�12



��

act A
alt A1

〈
��� ���	�� �1〉
alt A2

〈
��� ���	�� �2〉
.
.

alt AN
〈
��� ���	�� �� 〉

void A_body(){
Integer[] array = new Integer[N];
int i = 0;
for(i = 0; i < N; i++)

array[i] = new Integer(i);
//Shuffle the elements in the array
Collections.shuffle(

Arrays.asList(array));
boolean success = false;
i = 0;
while(success == false && i < N){
try{

switch(array[i].intValue()){
case 0:

〈
��� ���	�� �1〉
break;

..
case N−1 :

〈
��� ���	�� �� 〉
break;

}
success = true;

} catch(Exception e){
A_Rollback();
i++;
success = false;

}
}

}

	*;8-/ C>=� 
-/58�12 5, �12 5,.,-6*4*+62



��

object Obj1
export

A1
in i: 〈����〉
out o: 〈����〉

body
...
act A1

〈
��� ���	�� �1〉
end Obj1

object Obj2
export

A2
in i: 〈����〉
out o: 〈����〉

body
...
act A2

〈
��� ���	�� �2〉
end Obj2

object ObjAg
aggregation of

Obj1
Obj2

...
body
act AR composed by

A1 of Obj1
A2 of Obj2

match
A1.i of Obj1
A2.o of Obj2

match
A2.i of Obj2
A1.o of Obj1

end ObjAg

	*;8-/ C>>� � ,6392 5, �/-?6,.-2+

...

act A1

agg A1.o =

..

..

..

..

Value

...

act A2

..

..

..

..

ret A2.o = Value

	*;8-/ C>�� � ,08�12 �,7�,40*/9



��

...

act A1

agg A1.o =

..

..

..

..

Value

...

act A2

agg A2.o =

..

..

..

..

Value

	*;8-/ C>�� � ,08�12 �/-/9,9/

...

act A1

..

..

..

..

ret A1.o = Value

...

act A2

..

..

..

..

ret A2.o = Value

	*;8-/ C>�� �12 , ,08�12

� 0/+2 5, 412 , ,08�12 +*;4*�0/ 78, /+ /�K,+ +12 68.8/6,4., 5,3,45,4.,+
, 412 202--,6 ��;>C>��> � +,6?4.*0/ � �/A*/B 3/-/ .252+ 2+ ,=,*.2+ � 0262 +,
=2++,6 86 enb false

>

�26 :/+, 4,++,+ 0/+2+ 5,�,-� +,- =,*./ / +,;8*4., /4�9*+,�
�> 78/*+ 2+ 3/-?6,.-2+ 78, /+ +,�K,+ agg

=2-4,0,6�
C> +, 4,4@86/ /�12 325, 026,�/- /3,4/+ 026 ,+.,+ 3/-?6,.-2+ ,4.12 � 2 0/+2
5, 412 , ,08�12

�> +,412 ,+029@,�+, 78/978,- /�12 78, 325, +,- , ,08./5/
E> +, , *+., /9;86/ /�12 026324,4., 412 , ,08./5/ �29./ 3/-/ �>
� .-/58�12 5, 3/-?6,.-2+ 5, �/8.*98+ 325, +,- =,*./ 8+/452 �3+,852�+92.+�>�,+./ =2-6/ 0/5/ 3/-?6,.-2 325,-*/ +,- 86 +92. 0262 ��0.*24�5 �/-/6 �5�
�3,�5�B

026 / -,+.-*�12 78, 412 325, +,- 8+/52 =2-/ 5/ /�12 02--,+3245,4., ��0.*24�5� ,
78, / /.-*:8*�12 � =,*./ /3,4/+ 4/+ +,�K,+ agg

,
ret

>

��� �$�������$	
�  �& �	
�&
� .-/58�12 52 /+3,0.2 5, /8.2�, ,08�12 5/+ /�K,+ � 3/-.*089/-6,4., 02639*0/52B,9/ 3-,0*+/ 9,�/- ,6 024./ /9;84+ /+3,0.2+ 78, +12 5,3,45,4.,+ 52 0�5*;2 =24.,B 32*+

,6:2-/ 86/ /�12 +,�/ /8.2�, ,08.��,9 32- 5,=/89. , *+.,6 5*�,-+/+ -,+.-*�K,+

•
/ /�12 412 325, +,- 52 .*32 request

	

•
/ /�12 412 325, .,- 3/-?6,.-2+	

•
/ /�12 412 5,�, +,- 8+/5/ 32- 28.-2+ 2:�,.2+> �+., � 2 /+3,0.2 6/*+ .-/:/�9@2+2> 
 4,0,++�-*2 =/A,- 86/ /4�9*+, 52 0�5*;2 =24., 3/-/ �,-*�0/- +, / /�12
� 8.*9*A/5/ 32- 28.-2+ 2:�,.2+ ,6 23,-/�K,+ 0262 -,*�0/�12 �2 78, =/-*/ 78,
/ , ,08�12 3/++/++, / +,- -,+324+/:*9*5/5, 52 2:�,.2 -,*�0/52-� 28 �*+12 �/
, ,08�12 3/++/ / +,- -,+324+/:*9*5/5, 52 2:�,.2 �*+12�>



��

�, / /�12 +/.*+=/A ,+./+ 0245*�K,+B /9�6 5/ .-/58�12 52 +,8 0�5*;2 52 +,8 02-32B �
=,*./ 86/ +*689/�12 52 /+3,0.2 5/ /8.2�, ,08�12 5/ /�12 *4+,-*452�+, 86/ 0@/6/5/
�-/45�6*0/� /2 3-20,5*6,4.2 42 6�.252 run()

52 2:�,.2 �/�/ 0262 62+.-/52 42
, ,6392 5, 412 5,.,-6*4*+62>

��� ��"���	
�
� -,*�0/�12 � / *639,6,4./�12 5, 86 2:�,.2 +2:-, 28.-2> �6/ /�12 5, 86 2:�,.2

5, -,*�0/�12 � 024+.-8�52 +2:-, /+ /�K,+ 5, 86 2:�,.2 :/+,> �2 0/+2 5, �/8.*98+ �
86/ 024+.-8�12 78, *63K, 86/ 2-5,6B -,+3,*./452 +,78,40*/9*5/5,B 02402--<40*/ ,
412 5,.,-6*4*+62> �25, +,- .-/58A*52 0262 0@/6/5/+ / 6�.252+ 026 / -,+.-*�12
.-/4+/0*24/9 ��;> C>�D�>

��� �#'�#�	
�

 86 52+ 3-*40*3/*+ 6,0/4*+62+ 5, 02632+*�12 5, �/8.*98+> �/5/ 2:�,.2 325,

+,- �*+.2 0262 86 +*+.,6/ , / /;-,;/�12 ,+./:,9,0, /9;84+ 324.2+ 5, +*40-24*A/�12
,4.-, 2+ 2:�,.2+ /;-,;/52+> � 024+.-8�12 ./6:�6 -,+3,*./ 2 /+3,0.2 .-/4+/0*24/9
�2 0�5*;2 5, .-/./6,4.2 5, , 0,�K,+ � 26*.*52 32*+ � +*6*9/- /2 0/+2 5/ -,*�0/�12�>
�6 , ,6392 +*639,+ � 62+.-/52 4/ �;> C>��>
�,+., 0/+2 / /;-,;/�12 .*-/ / 32++*:*9*5/5, 5, 86/ /�12 5, /8.2�, ,08./-B 6/++,B 32- , ,6392 Tac

.<6 86/ /�12 0@/6/5/ WriteTac2
, 4,4@86/ -,=,-<4�

0*/ / ,+./ /�12 42 2:�,.2 TicTac
B ,+./ /�12 325,-*/ /8.2 , ,08./-B 6/+ +,-*/

*4/0,++��,9 �/ /;-,;/�12 *-*/ ,+0245,�9/�> � 2 switch
52 6�.252 run()

.,-*/
case 1: Tac.WriteTac2()

>
�,+., , ,6392 412 @� 4,4@86/ +,78,40*/9*5/5, *632+./ / 0262 /�K,+ 02632�4,4.,+ 5,�,-*/6 , ,08./-B 6/+ 42 0/+2 5, 86/ /;-,;/�12 8+/452 /�K,+ 026 3/-?�

6,.-2+ , *+.,6 /+ 02639*0/�K,+ 62+.-/5/+ ,6 C>E>E>

��� �"&
�

 / *5�*/ 5, ,40/3+89/- 86 2:�,.2 3-,, *+.,4., ,+0245,452 /�K,+ 78, 412 +,�/6

4,0,++�-*2+ 42 024., .2> �9�6 5*++2 325,�+, /5*0*24/- -,+.-*�K,+> �25, +,- +*689/5/,6 �/�/ 8.*9*A/452�+, 6,0/4*+62 +*6*9/- /2 8+/52 026 / -,*�0/�12 0262 62+.-/52
4/ �;> C>�C>

�2 0/+2 /0*6/ ObjV
/5*0*2428 / -,+.-*�12 request 3/-/ /+ /�K,+ Start

B
Action1

B
Action2

> � ,+0245,8 / Action3 6/+ ,+./ 412 =2* -,+.-*./ ,4.12 �
/ 
4*0/ 78, 325, /8.2, ,08./->



��

object ObjBase
category
birth Start

body
...
act Start

〈
��� ���	�� �����〉
act Action1

〈
��� ���	�� ���	��1〉
act Action2

〈
��� ���	�� ���	��2〉
act Action3

〈
��� ���	�� ���	��3〉
...

end ObjBase

object ObjRef over ObjBase
category
birth Start

body
act Start

Start
act ActionComp1

seq
Action1
Action2

end seq
end ObjRef

class TObjBase extends Thread{
...

TObjBase(){
super();
Start();

}
void Start(){...}
void Action1(){...}
void Action2(){...}
void Action3(){...}
...

}

class TObjRef extends Thread {
TObjBase ObjBase;
TObjRef(){

super();
Start();

}
void Start(){

ObjBase = new TObjBase();
}
void ActionComp1() {

try {
ActionComp1_body();
ActionComp1_commit();

} catch(Exception e) {
ActionComp1_rollback();

}
}
void ActionComp1_body(){

ObjBase.Action1_body();
ObjBase.Action2_body();

}
void ActionComp1_commit(){

ObjBase.Action1_commit();
ObjBase.Action2_commit();

}
void ActionComp1_rollback(){

ObjBase.Action1_rollback();
ObjBase.Action2_rollback();

}
public void run(){

boolean the_end = false;
Random rand = new Random();
while (!the_end)

switch(rand.nextInt(1)) {
case 0:

ActionComp1();
break;

}
}

}

	*;8-/ C>�D� �,*�0/�12



��

object Tic
category
birth Start
export WriteTic

body
...
act Start

〈
��� ���	�� �����〉
act WriteTic

〈
��� ���	�� ��	���	�〉
end Tic

object Tac
category
birth Start
export WriteTac

body
...
act Start

〈
��� ���	�� �����〉
act WriteTac

〈
��� ���	�� ��	�����〉
end Tac

object TicTac
aggregation of

Tic
Tac

category
birth Start

body
act Start composed by

Start of Tic
Start of Tac

act WriteTicTac composed by
WriteTic of Tic
WriteTac of Tac

end TicTac

class TTic{
...
TTic(){

Start();
}
void Start(){...}
void WriteTic(){...}

...
}

class TTac{
...
TTac(){

Start();
}
void Start(){...}
void WriteTac(){...}
...

}

class TTicTac extends Thread {
TTic tic;
TTac tac;
TTicTac() {

super();
Start();

}
void Start() {

tic = new TTic();
tac = new TTac();

}
void WriteTicTac() {

Tic.WriteTic();
Tac.WriteTac();

}

public void run() {
boolean the_end = false;
while (!the_end)
switch( random(1)) {
case 0:

WriteTicTac();
break;

}
}

}

	*;8-/ C>��� �;-,;/�12
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object ObjV view of Obj1
export

Start Action1 Action2
category
birth request Start
request Action1 Action2

end ObjV

object Obj1
export

Start Action1
Action2 Action3

category
birth Start

body
act Start
act Action1
act Action2
act Action3

end Obj1

class TObjV extends Thread {

class TObj1 {
Tobj1() {

Start();
}

void Start() { }
void Action1() { }
void Action2() { }
void Action3() { }

}

Tobj1 Obj1;

TTObjV() {
Super();
Start();

}

void Start()
Obj1 = new TObj1();

}

void Action1() {
Obj1.Action1();

}

void Action2() {
Obj1.Action2();

}

public void run() {
boolean fim = false;
while (fim)
switch( escolhe(1)) {

case 0:
Obj1.Action3();
break;

}
}

}

	*;8-/ C>�C� �*+12
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� ��������	
 �� ��	������

�+., 0/3�.892 =/9/ 5, 32++��,*+ =2-6/+ 5, *639,6,4./- /9;86/+ , .,4+K,+ +2:-,
/ 9*4;8/;,6 4
09,2> �4.,-/�12 � 86/ 024+.-8�12 78, ,+./�/ 3-,+,4., 4/ 3-*6,*-/
�,-+12 5/ 9*4;8/;,6 �/8.*98+ ��������	 ��������	 ���
�B CDDD�B , �9/++,+
=2-/6 3-232+./+ 32- ���������B ����� , 6/*+ 5,./9@/52 32- ���������B CDDC�>

��� ����'�	
�
�6/ 024+.-8�12 78, ,+./�/ 3-,+,4., 4/ 3-*6,*-/ �,-+12 5/ 9*4;8/;,6 �/8.*98+

��������	 ��������	 ���
�B CDDD� , =2* 26*.*5/ 42 6/3,/6,4.2 4
09,2 ,-/
*4.,-/�12>
�+ 3-*40*3/*+ -/AK,+ 3/-/ ,++/ /8+<40*/ +12� 3-*6,*-2B / 024+.-8�12 325, +,-

+*689/5/ 3,92+ 28.-/+ 024+.-8�K,+ , �B 5, 0,-./ =2-6/B 024.-/ 2 ,+3�-*.2 5/ 9*4;8/;,6
�0262 goto

,6 3-2;-/6/�12 ,+.-8.8-/5/�	 +,;8452B 3/-,0*/ +,- / 024+.-8�12 78,
6/*+ 325,-*/ 9,�/- / 02639*0/�K,+ 5, *639,6,4./�12>

�++/+ 0-�.*0/+ / *4.,-/�12 /*45/ +12 ��9*5/+ 6/+ 0262 *4.,-/�K,+ +12 / 024+.-8�
�12 6/*+ ,4024.-/5/ ,6 9*4;8/;,4+ .-/5*0*24/*+B 4,+./ +,�12 �,-,62+ 0262 +,-*/ 2
6/3,/6,4.2 5, *4.,-/�K,+ 5, �/8.*98+ ,6 �/�/>
� ,+.-8.8-/ 5, 02632+*�12 6/*+ 3-� *6/ 5, *4.,-/�12 42 6/3,/6,4.2 2-*;*4/9 5,

�/8.*98+ 3/-/ �/�/ � / /;-,;/�12 �/6:2+ +12 :/+,/52+ 4/ +*40-24*A/�12 52+ 2:�,.2+
026324,4.,+ 4/ +,6?4.*0/ =2-6/9�>

� -,+89./52 5, 86/ *4.,-/�12 5, 2:�,.2+ � 86 2:�,.2 +*40-24*A/52> �8/452 ,+.,
2:�,.2 +*40-24*A/52 � 8+/52 0262 026324,4., 5, 86/ /;-,;/�12 28 78/978,- 28.-/
23,-/�12 � 4,0,++�-*2 =/A,- -,=,-<40*/+ / .252+ 2+ 2:�,.2+ 5/ *4.,-/�12 �32-./4.2
42-6/96,4., 32- 86/ 78,+.12 5, 2-;/4*A/�12B 4/ 6/*2-*/ 52+ , ,6392+ / *4.,-/�12
/0/:/ ,40/3+89/5/ 32- 86/ �*+12�>
� 6/*2- 5*=,-,4�/ ,4.-, *4.,-/�12 , /;-,;/�12 � 78,B 42 3-*6,*-2B 2 -,9/0*24/�

6,4.2 ,4.-, 2:�,.2+ � 5,�4*52 5,4.-2 5, 0/5/ 2:�,.2 ,478/4.2 42 
9.*62B 2 -,�9/0*24/6,4.2 � 5,�4*52 5, =2-/ 52+ 2:�,.2+ 026324,4.,+> �+.2 �B *4.,-/�12 8+/
86/ /:2-5/;,6 6/*+ ���
�����
 52 78, /;-,;/�12B �� 78, =/A *632-./�12 , 39�0*./42+ 2:�,.2+ 026324,4.,+B , /9�6 5*++2 0262 2+ 2:�,.2+ 5/+ *4.,-/�K,+ 325,6 =/A,-
*632-./�K,+ 0-8A/5/+ � 6/*+ 02639*0/52 �,-*�0/- 78, 412 @� -,08-+12 *45*-,./ �-,�
08-+12 412 � 3,-6*.*5/ ,6 �/8.*98+ 3/-/ =/0*9*./- / 6/48.,4�12 5/ /.26*0*5/5, 5/+
/�K,+�>

�:�,.2+ 5, 86/ *4.,-/�12 325,6 +,- �*+.2+ 0262 86 
4*02 2:�,.2 026 ,+3,0*�0/�
�12 5*+.-*:8�5/> �6 �/8.*98+ 86/ -,=,-<40*/ /2 2:�,.2 -,+89./4., 5, 86/ *4.,-/�12
� =,*.2 /.-/��+ 52+ 2:�,.2+ 026324,4.,+ �interaction

�
end interaction �B ,

+,;8*452 / 6,+6/ *5�*/B 86/ -,=,-<40*/ / 86/ /�12 02632+./ � /.-/��+ 5, +8/+



��

/�K,+ 026324,4.,+ �int
�

end int �>
� ,+78,6/ 5, .-/58�12 3/-/ /�K,+ /;-,;/5/+ 325, +,- /5/3./52 3/-/ 2 0/+2 5,

*4.,-/�12> �,�/ / �;> �>�>
�,

〈��
��1〉
.<6 86 import O2

B / .-/58�12 325,-*/ .,- TO2 O2; 3/-/ =/A,-32++��,*+ -,=,-<40*/+ 5, O2
,6 O1

>
� 6/*2- 5*=,-,4�/ 5/ .-/58�12 5, 86/ /;-,;/�12 � 78, / 09/++, 02--,+3245,4.,

/ 86/ /;-,;/�12 .<6 86 426, /.-*:8�52 3,9/ 024+.-8�12B ,478/4.2 86/ 09/++, 5,
86/ *4.,-/�12 .,6 426,+ =2-4,0*52+ 32- /9;86/ -,;-/ 52 .-/58.2- �42 , ,6392
Interaction_ � 426, 52+ 026324,4.,+�>� /4�9*+, ,+.�.*0/ 4,0,++�-*/ +, .2-4/ 6/*+ 02639*0/5/ 78/452 / 9*4;8/;,6 �
,+.,45*5/ 026 *4.,-/�12> �2- , ,6392B / +,6?4.*0/ 412 3,-6*., /.-*:8*�K,+ 02402-�-,4.,+ /2 6,+62 +92. 0262 62+.-/52 /:/* 2�

object O1
slot c: integer
act A
cps
val c<<1
val c<<2

end cps
end O1

,+., ,--2 � 2:�*2B 6/+ 026 *4.,-/�12 2+ ,--2+ +, .2-4/6 6/*+ 5*=�0,*+ 5, 5,.,0./-�

object O1
import O2A1 of O2
slot c: integer
act O1A1

val c<< 1
act O1A2
cps

val c<<2
call O2A1 of O2

end cps
end O1

object O2
import O1A1 of O1
act O2A1

call O1A1 of O1
end O2

�2 0�5*;2 /0*6/ � 4,0,++�-*2 /4/9*+/- .252+ 2+ 026324,4.,+ 5/ *4.,-/�12 3/-/
,4024.-/- 2 ,--2> � 6,+6/ ,+3�0*, 5, /4�9*+, � 4,0,++�-*/ 3/-/ ;/-/4.*- 78, 412 @�
-,08-+12 5, =2-6/ *45*-,./>

��� �!�&&�&
�9/++,+ ,6 �/8.*98+ =2-/6 5,�4*5/+ ,6 ���������B ����� �+,6?4.*0/ =2-6/9�

, ���������B CDDC� �245, =2-/6 ,+:2�/5/+ 86/ +*4./ , ., .8/9 , 5*/;-/6�.*0/�>
�9/++,+ +12 *632-./4.,+ 3/-/ -,8+2 5, 0�5*;2> � 6,9@2- , ,6392 � 2 0/+2 52+

�9�+2=2+ 245, ,-/ 4,0,++�-*2 -,3,.*- 2 6,+62 02-32 3/-/ 2+ 5*�,-+2+ �9�+2=2+> �,�
0/4*+62+ 5, @,-/4�/ 412 =2-/6 5,�4*52+ 6/+ ���������B CDDC� 62+.-/ 0262
+*689/- @,-/4�/>



��

object O1
〈�1 
���〉

end O1

object O2
import A3 of O1

slot c: integer
act A1
seq

call A3 of O1
val c << c + 1

end seq

end O2

class Interaction_O1O2 {

class TO1 {
〈�1 
���〉

}

TO1 O1;

class TO2 {

int c,c ′;

void A1() {
try {

A1_body();
A1_commit();

} catch(E) {
A1_rollback();

}
}

void A1_body() {
O1.A3_body();
c = c + 1;

}

void A1_commit() {
O1.A3_commit();
c ′ = c;

}

void A1_rollback() {
O1.A3_rollback();
c = c ′;

}
}

}

	*;8-/ �>�� �6/ *4.,-/�12 �/8.*98+ .-/58A*5/ 3/-/ �/�/



��

class A
category
birth iniA

body
act iniA

〈
��� 	�	�〉
act metA1

〈
��� ����1〉
act metA2

〈
��� ����2〉
end A

class A {

〈���	��� ��������	��〉

void run() {
iniA();
while ( true)
case (choice()) {
0: metA1();
1: metA2();
}

}
}

	*;8-/ �>C� 
-/58�12 5, 86/ �9/++, �*639,+

�,+./ , .,4+12 5, �/8.*98+B 09/++,+ +12 5,09/-/�K,+ , 2+ 2:�,.2+ +12 0-*/52+ 0262
*4+.?40*/+ 5/+ 09/++,+> �:�,.2+ 0-*/52+ / 3/-.*- 5/ 3/9/�-/ 0@/�, object 325,6
+,- �*+.2+ 0262 *4+.?40*/+ 5, 86/ 09/++, /4�4*6/>

�26 / /5*�12 5, class
B / /4.*;/ 5,09/-/�12 object

+, .2-4/ -,5845/4., , 325,
+,- ,9*6*4/5/> �9�6 5/ -,5845?40*/B 28.-2 62.*�2 3/-/ ,9*6*4/�12 5, object

� /
+,6?4.*0/ 5,+.-8.*�/ 78,B /3,+/- 5, =/A,- +,4.*52 �*+8/9*A/452 2 3-2;-/6/ 0262 86
;-/=2 5, 86 +*+.,6/ 5, .-/4+*�K,+B 412 � 68*.2 *4.8*.*�/> �6/ /9.,-/�12 78, +,-*/
4,0,++�-*/ +,6 object

� 5,�4*- 86 6,0/4*+62 78, *4*0*, / 0-*/�12 5, *4+.?40*/+
5/+ 09/++,+>

+�$�� �1�.�/<�# #(%.� -"�##�#
�9/++,+ 325,6 +,- 8+/5/+ 3/-/ =2-4,0,- 86/ +,6?4.*0/ 412 5,+.-8.*�/ 5/+ 23,�-/�K,+ 5, 02632+*�12> �2- , ,6392B /.8/452 +2:-, 2:�,.2+ 86/ /;-,;/�12 � 86/

23,-/�12 78, 024+26, 2:�,.2+ 78, 3/++/6 / 412 , *+.*- , -,.2-4/ 86 42�2 2:�,.2
/;-,;/52> � .-/58�12 5,�4*5/ 3/-/ / 9*4;8/;,6 :/+,/5/ ,6 2:�,.2+ 325, +,- 8+/5/
0262 :/+,B 026 /5/3./�K,+ 3-*40*3/96,4., 4/ 3/-., 5, /8.2�, ,08�12>

������� ������ ��	
���
� .-/58�12 +,;8, 2 6,+62 6295, 52 0/+2 5, 2:�,.2 +*639,+> �2- , ,6392B �,�/

/ �;> �>C>

������� ���� ��
��
�6/ -,*�0/�12 78, 4/ �,-+12 5, 2:�,.2+ 5, �/8.*98+ 024+86*/ 86 2:�,.2 :/+, ,

-,.2-4/�/ 86 42�2 2:�,.2 -,*�0/52B 3/++/-*/ 4/ �,-+12 5, 09/++,+ / +,- 86/ =84�12
78, =/A 86/ -,=,-<40*/ / 86/ 09/++, , -,.2-4/ 28.-/ 09/++,>

�,�/ 86/ -,*�0/�12 ? ��;> �>�� +2:-, / 09/++, � ��;> �>C�B 2 02632-./6,4.2 5,
/8.2�, ,08�12 5/ 09/++, � 412 +,-*/ 2 ,+3,-/52> �6/ 32++��,9 /5/3./�12 5/ .-/58�12+,-*/ =/A,- / 09/++, ? , ,08./- +2:-, 86/ 09/++, �� 78, @,-5, /+ 0/-/0.,-�+.*0/+ 5,
� , 0,.2 2 6�.252 run()

78, +,-*/ +2:-,0/--,;/52 5, /02-52 026 /+ 4,0,++*5/5,+
5, ?> �,+., 0/+2B 86/ -,*�0/�12 5, ? +2:-, �B .25/+ /+ /�K,+ /8.2�, ,08.��,*+ 5,�� +,-*/6 /489/5/+>



��

class B over A
birth iniB
body
act iniB

iniA
act metB

metA1
metA2

end B

class B {
class A′ extends A {

void run() {
〈�����������
�� ���	��� �� �

�����	���� 
� �〉

}
}

A′ anA′;

void iniB() {
anA′.iniA();

}

void metB() {
〈��������	�� �� ����〉

}

〈���	�	��� ������� : ���� 
���(), ���.〉

void run() {
iniB();
while ( true)
case (choice()) {
0: metB();
}

}
}

	*;8-/ �>�� 
-/58�12 5, -,*�0/�12 5, 09/++,+



��

object A1
〈�1 
���〉

end A1

object A2
〈���� 
��� �� �1〉

end A2

object B1
〈�1 
���〉

end B1

object Agg1
aggregation of

A1 A2 B1
body

〈
��� ���1〉
end Agg

class A
〈� 
���〉

end A

class B
〈� 
���〉

end B1

class Agg
aggregation of

A1:A A2:A B1:B
body

〈
��� ���〉
end Agg

	*;8-/ �>E� �;-,;/�12 026 2:�,.2+ � 09/++,+

������� ������
��
�6/ , .,4+12 4/.8-/9 5, /;-,;/�12 8+/452 09/++,+ +,-*/ -,0,:,- 09/++,+B 0-*/-

2:�,.2+ 5,+./+B , -,.2-4/- 86/ 09/++, 78, 08�/+ *4+.?40*/+ +12 /;-,;/�K,+ �/+ 09/++,+
52+ 2:�,.2+ 026324,4.,+ 3,-6/4,0,6 5*+324��,*+ 3/-/ 8+2�B �,�/ �;> �>E

�6/ 2:+,-�/�12B ,+./ 5,�4*�12 5, /;-,;/�12 5, 09/++,+ 8+/452 *4+.?40*/+ 5,
09/++,+ 5*=,-, 5/ 62+.-/5/ ,6 ���������B CDDC�B 245, / /;-,;/�12 5, 09/++,+
8+/�/ 86/ -,=,-<40*/ 5*-,./ / 09/++, ,6 �,A 5, 0-*/- *4+.?40*/+ �/ -/A12 5/ 685/4�/
� 3,-6*.*- 8+/- 5*�,-+2+ 2:�,.2+ 5, 86/ 6,+6/ 09/++,�>

�+ 685/4�/+ 78, +,-*/6 4,0,++�-*/+ ,6 -,9/�12 / /;-,;/�12 :/+,/5/ ,6 2:�,.2+
+, -,=,-,6 42�/6,4., / /8.2�, ,08�12> �2 0/+2 5, 86/ /;-,;/�12 ./9 0262 �>=B
2 024�84.2 5, /�K,+ /8.2�, ,08.��,*+ ,6 �� , �C ,6 � +,-*/ 5*=,-,4., 5/+ /�K,+
/8.2�, ,08.��,*+ 5, 86/ *4+.?40*/ � 6,42+ /+ 8+/5/+ 32- /�K,+ 5, ?> �/ .-/58�12
@/�,-*/ �� , �C +,-*/6 *4+.?40*/+ 5, 58/+ 09/++,+ �� , �� 78, @,-5/6 5, �B 026
2 6�.252 run()

+2:-,,+0-*.2B /3,4/+ a2()
+,-*/ /8.2�, ,08.��,9 ,6 �� , /3,4/+

a1()
+,-*/ /8.2�, ,08.��,9 ,6 ��>

������� �����
�6/ �*+12 3-/.*0/6,4., 412 3-,0*+/ 5, /5/3./�K,+ ,6 -,9/�12 / .-/58�12 :/�+,/5/ ,6 2:�,.2+> � ,+78,6/ 5, .-/58�12 :/+,/52 ,6 09/++,+ =840*24/ 5, =2-6/

*5<4.*0/ / 2-*;*4/9B /3,4/+ / 23,-/�12 -,0,:, 86/ 09/++, , -,.2-4/ 28.-/ 09/++,B +,452
78, / 3-*6,*-/ 3,-6/4,0, 5*+324��,9>

������� ������
��
�6/ 23,-/�12 5, *4.,-/�12 78, =/A -,=,-<40*/ / 09/++,+ , -,.2-4/ 09/++,+ 0262

5,�4*52 3,9/ ?�	 5, ���������B CDDC� � 32++��,9 , +,-*/ :,6 +*6*9/- / �,-+12
:/+,/5/ ,6 2:�,.2+ 62+.-/5/ 4/ +,�12 /4.,-*2-B ,4.-,./4.2 / *40/3/0*5/5, 5, 8.*9*A/-
6
9.*39/+ *4+.?40*/+ 5, 09/++,+ -,58A +8/ 8.*9*5/5, ,6 -,9/�12 / /;-,;/�12>



��

class E
body
act ini

..
act a1

..
act a2

..
end E

class C
aggregation of

E1:E
E2:E

body
act ini

ini of E1
ini of E2

act a
a1 of E1
a2 of E2

end C

class E {
〈��������	�� �� �

���	���〉

void run() {
ini();
while ( true)
case (choice()) {
0: a1();
1: a2();
}

}

}

class C {
class E′ extends E {

void run() {
while ( true)
case (choice()) {
0: a2();
}

}
}
class E′′ extends E {

void run() {
while ( true)
case (choice()) {
0: a1();
}

}
}
E′ E1;
E′′ E2;

void ini() {
..

}

void a {
〈��������	�� �� �〉

}

〈���	�	��� ������� : � 
���(), ���.〉

void run() {
ini();
while ( true)
case (choice()) {
0: a();
}

}

}

	*;8-/ �>=� 
-/58�12 5, /;-,;/�12 5, 09/++,+



��

�6/ .,4./.*�/ 5, ,+.,45,- / *4.,-/�12 0262 23,-/�12 :/+,/5/ ,6 09/++,+ 026
6
9.*39/+ *4+.?40*/+ �84.2 026 86/ /5/3./�12 52 ,+78,6/ 5, .-/58�12 5, *4.,-/�12
:/+,/52 5, 2:�,.2+ � 62+.-/5/ / +,;8*-B ,6:2-/ +,8 �/92- +,�/ 6/*+ 42 +,4.*52
/3-,+,4./- +,8+ 3-2:9,6/+> �2 0/+2 5, 86/ *4.,-/�12 0262�

class F
import a1 of G1:G
import a2 of G2:G
..
end F

class G
export a1 a2
..
end G

class Interact_anFG1G2 {
G G1;
G G2;
class F {
..
}

}

class G {
..

}

� .-/58�12 +,-*/ :,6 +*6*9/- / 2-*;*4/9 026 /+ /5/3./�K,+ 5,+0-*./+ /0*6/
3/-/ /;-,;/�12> �/+ / +,6?4.*0/ 5/ *4.,-/�12 +, .2-4/ ,+.-/4@/> �/-.*089/-6,4.,
0262 9*5/- 026 2 2:�,.2 -,+89./52 5, *4+.?40*/�12 5, *4.,-/�12 5,++/+� �9;2 0262
i: interact G1 G2 F1:F end interact �

� 42 0/+2 5, *632-./�12 0-8A/5/B 2 3-2:9,6/ 52 ,+78,6/ 5, .-/58�12 3-232+.2
+, .2-4/ 2:�*2�

class K
import a1 of L1:L
export a2
..
end K

class L
import a2 of K1:K
import a1
..
end L

class Interact_aKL1 {
L L1;
class K {
..
}

}

class Interact_aLK1 {
K K1;
class L {
..
}

}

� ,+78,6/ 5, .-/58�12 ,�*5,4.,6,4., =/9@/> � 3-2:9,6/ � 78, *4.,-/�12 +�
.,6 +,4.*52 0262 02684*0/�12 ,4.-, 2:�,.2+B 412 ,4.-, 86/ 09/++, , 86 2:�,.2>
�2-./4.2 ,+./ , .,4+12 5, *4.,-/�12 �/8.*98+ 5, 09/++,+ 8+/452 *4+.?40*/+ � *4�*��
�,9B , ,478/4.2 / �,-+12 5, *4.,-/�12 5, 09/++,+ 8+/452 09/++,+ 412 /3-,+,4./ ./*+
3-2:9,6/+B / 3,-5/ 5, 0/3/0*5/5, 5, 6/4*389/- 6
9.*39/+ 2:�,.2+ 5, 86/ 6,+6/
09/++, / .2-4/6 :,6 6/*+ -,+.-*./ ,6 -,9/�12 / /;-,;/�12>



��

� ��������
 
 ��������	


�3�+ =,*.2 2 6/3,/6,4.2 �/�/ 52 +8:024�84.2 5, �/8.*98+ , 3-232- /9;86/+
, .,4+K,+B 3,4+28�+, ,6 3-232- /9;86/+ 685/4�/+ 32++��,*+ �*+/452�+, 86 4��,9
6/*2- 5, ;-/489/-*5/5, 5, 02402--<40*/> � 6/3,/6,4.2 2-*;*4/9 =2* 024+,-�/52-
, 392-/452 02402--<40*/ /3,4/+ 42 4��,9 5, 2:�,.2+ , 412 5, /�K,+> �+ -/AK,+ 5,++/
,+029@/ =2-/6�

•
�/�/ 8+/ 2 +*+.,6/ 5, .@-,/5+ 52 +*+.,6/ 23,-/0*24/9 /9�2 , 0262 2 .-/58�.2- / +,- 024+.-8�52 �*+/ ,4+*42B 2+ +*+.,6/+ 23,-/0*24/*+ /9�2 .�3*02+ �
*48 B
�*452�+� 8+/6 +*+.,6/+ 5, .@-,/5+ 78, +12 024+*5,-/�,96,4., 3,+/52+>

•
�,58A*452 2 4��,9 5, 02402--<40*/B -,58A�+, 2 4
6,-2 5, *4.,-/�K,+ , � 6/*+=�0*9 ;/-/4.*- 3-23-*,5/5,+ +,6?4.*0/+ 0262 / /.26*0*5/5, 5/+ /�K,+>

�3,+/- 5,+., =202 �*+/452 ,4+*42B � +,63-, *4.,-,++/4., ./6:�6 /324./- 32++��,*+
=2-6/+ 5, , 392-/- 6/*+ 02402--<40*/> �4.-,./4.2 3,-0,:,8�+, 78, 625*�0/- 3-2;-/�
6/+ 02402--,4.,+ 5, =2-6/ -/A2/�,96,4., 024���,9 � 86/ ./-,=/ 02639, /> �4.12
8.*9*A28�+, ��� ������B ���=� 0262 86/ =,--/6,4./ /8 *9*/- �*+/452 2.*6*A/- 2
0�5*;2 �/�/ 52 6/3,/6,4.2 2-*;*4/9> ?/+*0/6,4., ��� =2* 8+/52 0262 86/ 42./�12
6/*+ /:+.-/./ 245, 2 -/0*20�4*2 +2:-, 2+ 3-2;-/6/+ � =/0*9*./52>

�,32*+ 5, ;/4@/- /9;86/ , 3,-*<40*/ 8+/452 ���B 2 /8.2- =,A 86 3,78,42 ,+:2�2
5, 86 6/3,/6,4.2 5, �/8.*98+ 3/-/ ��� 42 �4/9 52 0/3�.892>

� 42./�12 8+/5/ 3/-/ ��� � 3-� *6/ 52 3/5-12 5, ������B ���=�B �.262+
026 9,.-/+ 6*4
+089/+B u � ,+029@/ 412 5,.,-6*4�+.*0/B ‖ 5,42./ 3/-/9,9*+62B |||*4.,-9,/�*4; , 4 *4.,--83�12> �+ 3-20,++2+ 026,�/6 026 9,.-/ 6/*
+089/>

��� ������� � � ����������
�24+*5,-/452 86 2:�,.2 �/8.*98+ +*639,+ 0262�

object o1

category
birth a1
death a4, a6
request a3

body
slot s1, s2, s3: 〈����〉
act a1

〈
��� �1〉



��

act a2
〈
��� �2〉

act a3
〈
��� �3〉

act a4
〈
��� �4〉

act a5
〈
��� �5〉

act a6
〈
��� �6〉

end o1

�6 625,92 ��� :,6 +*639*�0/52 52 3-2;-/6/ �/�/ -,+89./4., 52 3-*6,*-2
6/3,/6,4.2 �
�1 =

���������; ����������; �����
���������� =

�
1

����� = µ� • (
�

2; � ) u (
�

3; � ) u
�

4 u (
�

5; � ) u
�

6��������= �1 \
�

3�:+,-�/452 ./9 , 3-,++12 +, .2-4/ ,�*5,4., / 23�12 5, *639,6,4./- 02402--<40*/
5, /�K,+ *4.-/�2:�,.2 0262 412 5,.,-6*4*+62�6/ 23�12 2:�*/ � +8:+.*.8*- 412 5,.,-6*4*+62 32- 02402--<40*/�

�������������= �1.�������//(µ� • ((
�

2; � ) ||| (
�

5; � )) |||
�

4 |||
�

6)

�,+., 0/+2 0262 /� +12 6�.252+ +�40-242+ 4/ +,6?4.*0/ 5, 624*.2-,+ 5, �/�/B
, *+., 86 920
 *639�0*.2 ,6 78/978,- /�B

��
= �1. ���� →

��
.��
�; �1.�������

78, 5,�, +,- +*40-24*A/52 026

�1.������� = �1. ���� → �1.�������→ �1.�������
�,+., 0/+2 412 @� ;/4@2 -,/9B /+ /�K,+ 024.*48/6 / , ,08./- 5, =2-6/ /9.,-4/5/>
�/-/ 78, @/�/ 86/ 6/*2- 02402--<40*/B 2 920
 3-,0*+/ +,- 6/*+ ;-/489/-> �2- , ,6�
392B .-/4+=2-6/-

�
2 = �1. ���� →

�
2.��
�; �1.�������

,6
�

2 = �1.�2.����; �2.��
�; �1.�2.�������
245,

�1.�2.���� = �1.�1. ���� → �1.�2. ����
�1.�2.������� = �1.�1.�������→ �1.�2.�������

/++86*452 78, /C 52 2:�,.2 2� 8.*9*A/ 2+ +92.+ +� , +C> � 0/5/ +92. 5*+3K, 5, 86
624*.2-

�1.�1 : �������
5,�4*52 0262

������� = ���� → ���; �������→ �������
��� = (��� → ��� u ��� → ��� u ���
)



��

,4.12 / 5,�4*�12 5/+ /�K,+ /8.2, ,08./�,*+ .2-4/�+,
�������������= �1.	��������// µ� • ((

�
2; � ) ||| (

�
5; � ) |||

�
4 |||

�
6)

�1.	�������� = �1.�1 ||| �1.�2 ||| �1.�3
�++*6 +, /= 412 8+/ 4,6 +� 28 +CB ,9, 325, , ,08./- 5, =2-6/ 02402--,4., / /C>
 *632-./4., 9,6:-/- 5, 2-5,4/- 2 920
 52+ +92.+ +,63-, 5/ 6,+6/ 6/4,*-/B 28
86/ +*.8/�12 5, 5,/5920
 325, 202--,-B ./9 0262�

�1.�2.���� = �1.�1. ���� → �1.�2. ����

�1.�4.���� = �1.�2. ���� → �1.�2. ����
�24+*5,-/452 /;2-/ / /.26*0*5/5, 5/+ /�K,+B 86/ 23�12 � 8+/- 0266*. 28 -299:/0

42 98;/- 5, -,9,/+,> �++*6

������� = ���� → ���;
(��		�� u ��������) → �������

,

�
2 = �1.�2.����;
((�2.��
�; �1.�2.��		��) 4 ���� → �1.�2.��������)

245, � 4 � → � +*6:29*A/ 86 3-20,++2 78, , ,08./ 0262 � / 412 +,- 78, @/�/
86 ,�,4.2 � �4,+., 0/+2 86/ , 0,�12 +*6:29*A/5/ 32- �����B 4,+., 0/+2 +, 02632-./
0262 �>�6/ =2-6/ 5, *639,6,4./- 2+ 624*.2-,+ 3/-/ 0/5/ +92. ,6 �/�/ �

class VarInt {
int old_value = 0, value = 0;
boolean free = true;
boolean old_isNull = true, isNull = true;

synchronized void lock()
throws InterruptedException

{
while (!free) { wait();}
free = false;

}

void set( int value) {
if (free) throw

new Error("Trying to set without lock");
this.value = value;
this.isNull = false;

}

int get() {
if (free) throw

new Error("Trying to get without lock");
if (isNull) throw

new Error("Null value");
return (value);

}
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synchronized void commit() {
old_value = value;
old_isNull = isNull;
free = true;
notifyAll();

}

synchronized void rollback() {
value = old_value;
isNull = old_isNull;
free = true;
notifyAll();

}
}

�24=2-6, / ,+3,0*�0/�12 ,6 ���B 2 0�5*;2 0-*/ 86/ -,;*12 0-�.*0/ 245, 2+ �/92-,+
*4.,-42+ 325,6 +,- 6/4*389/52+ , /+ 685/4�/+ 325,6 +,- 024�-6/5/+ 28 0/40,9/5/+
�./6:�6 9*5/ 026 �/92-,+ Null �> �/5/ .*32 �+.-*4;B /--/�B ,.0>� +,-*/ .-/4+=2-6/52
,6 86/ 09/++, +*6*9/- ��/-�.-*4;B �/-�--/�B ,.0>�>

� 0�5*;2 5, 86 2:�,.2
object o1

..
body
slot s1, s2, .., s5: integer
act a1

enb 〈����〉
seq

s1 << 1
s2 << s2+1

end seq
..

end o1

� .-/4+=2-6/52 5/ +,;8*4., =2-6/
public class TO1 extends Thread {

VarInt s1 = new VarInt();
VarInt s2 = new VarInt();
..
VarInt s5 = new VarInt();
boolean end = true;
void a1Body(VarInt _s2) {

s1.set(1);
s2.set(_s2.get() + 1);

}
void a1() {

try {
// a1 Lock()
s1.lock();
s2.lock();
if (! 〈����〉) throw

new Exception("a1 enb false");
a1Body(s1);
// a1 Commit();
s1.commit();
s2.commit();

} catch (Exception e) {
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// a1 Rollback()
s1.rollback();
s2.rollback();

}
}

public class pA1 extends Thread {
boolean autoexec;
public pA1( boolean b,

ThreadGroup tg,
String s) {

super(tg, s);
autoexec = b;

}
public void run() {

while ( true) {
if (end) break;
a1();
if (!autoexec) break;

}
}

}
..

〈�
� ��� �������� ����〉
}

�8/452 2 024., .2 =/A / /�12 412 /8.2�, ,08.��,9B pA1
412 +,-*/ 8+/52 , /�K,+

02632+./+ 8+/-*/6 a1Body() 28 pA1Body �86 a1body() 026 86 .@-,/5 /++2�
0*/52B �,�/ /:/* 2�>

public class pA1Body extends Thread {
public pA1(ThreadGroup tg, String s) {

super(tg, s);
}

private VarInt s2;

public Exception ep = null;

public RightVars(VarInt _s2) {
s2 = _s2;

}

public void run() {
try {

a1Body(s2);
} catch (Exception e) {

ep = e;
}

}
}

� 3/-?6,.-2 ,6 a1Body()
-,3-,+,4./ 86/ �/-*��,9 52 9/52 5*-,*.2 5, 86/

/.-*:8*�12B +,452 
.*9 42 0/+2 5, cps 0262 , 39*0/52 4/ +,�12 5, -,*�0/�12>
�6/ /�12 birth

+,-*/ 0@/6/52 42 *4�0*2 52 6�.252 run()
52 2:�,.2> �+./

.,-*/ 86 /.-*:8*�12 started = true
4/ +,�12 5, 0266*.> �478/4.2 86/ /�12

death
+,-*/ +*6*9/- / 86/ /�K,+ 42-6/9 026 end = true

4/ +,�12 5, 0266*.>
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〈�
� ��� �������� ����〉 =

public void run() {
boolean started = false;
while (!started)

birth();

ThreadGroup myThreadGroup =
new ThreadGroup("My Group of Threads");

Thread a1 = new pA1( true,myThreadGroup,"a1");
a1.start();
..
Thread an = new pAn( true,myThreadGroup,"an");
an.start();

}

��� �#'�#�	
�
�,�/ 32- , ,6392 86/ /;-,;/�12 20 5, 52*+ 2:�,.2+ 2� , 2CB ./9 0262

object o1
category
birth o1b

body
slot o1s1:<type>
act o1a1
act o1a2
act o1a3

end o1

object o2
category
birth o2b

body
slot o2s1:<type>
act o2a1
act o2a2
act o2a3

end o1

object oc
aggregation o1 o2

body
act ocac composed by

o1a2 of o1
o2a2 of o2

act ocb composed by
o1b of o1
o2b of o2

end oc

� .-/58�12 ,6 ��� �

�1 = �����//�1�; (�1�1 ||| �1�3 ||| �1�2)
�2 = �

/4�92;2 / 2��



��

�� = ���; µ� • ����1; �
����1 = (����1.����; ����1.���
�; ����1.��		��)

4
���� → ����1.��������

����1.���
� = (�1�2.���
� ‖ �2�2.���
�)
����1.���� = �1�2.����; �2�2.����

�266*. , �299:/0
 +,;8,6 2 6,+62 625,92 5, 
20
>
�, @28�,++,6 ��-*/+ /�K,+ /;-,;/5/+B 5, =2-6/ 6/*+ ;,-/9B 2 2:�,.2 /;-,;/52

+,-*/�

�� = (���1 u .. u ����);

µ� • ((����1; � ) ||| .. ||| (�����; � ) ||| ��
1 ||| .. ||| ��
�)

�6 .,-62+ 5, 0�5*;2 �/�/ *+.2 +*;4*�0/ 78, 20/0 325, +,- .-/58A*52 ,6

public void ocac_body() {
ThreadGroup tg = new ThreadGroup("ocac");

o1.po1a2 p1 = new o1.o1a2Body(tg,"o1a2");
p1.start();

o1.po2a2 p2 = new o1.o2a2Body(tg,"o1a2");
p2.start();

p1.join();
p2.join();

if ((p1.ep != null)||(p2.ep != null)) {
if (t1.ep == null) {
throw t2.ep;

} else {
throw t1.ep;

}
}

public void ocac() {
try {

// sequence of o1a2 locks and o2a2 locks
o1.o1a2Lock();
o2.o2a2Lock();

ocac_body();

// sequence of o1a2 commits and o2a2 commits
o1.o1a2Commit();
o2.o2a2Commit();

} catch (Exception e) {
// sequence of o1a2 rollbacks and o2a2 commits
o1.o1a2Rollback();
o2.o2a2Rollback();

}
}



��

��� ��"���	
�
�/52 86/ -,*�0/�12 0262

object o1
category
birth o1b

body
act o1b
act o1a1
act o1a2

end o1

object oreif
category
birth orb

body
act orb

o1b
act ora

seq
o1a1
o1a2

end seq
end oreif

2 ,78*�/9,4., ,6 ��� �

����� = ���; µ� • ���; �
��� = (���.����; ���.��
�; ���.��		��) 4 ���� → ���.��������

���.��
� = �1�1.��
�; �1�2.��
�
�*=,-,4., 5/ /;-,;/�12 245, 2+ 920
 5/+ /�K,+ 026324,4.,+ � 5*+�84.2B 86/ �,A 78,
+12 5, 2:�,.2+ 5*=,-,4.,+B 4/ -,*�0/�12 325,�+, .,- 0/+2+ 0262

�1�1.���� = �1�1. ���� → �1�2. ����.�1�2
�1�2.���� = �1�1. ����

2 78, ;,-/-*/ ���.���� = �1�1. ���� → �1�2. ���� → �1�1. ���� 8+/452 2 3/5-12 5,0240/.,4/�12 +,7�,40*/9 5/ /;-,;/�12> �2-./4.2 3/-/ ,�*./- 5,/5920
+B ����.���5,�, +,- 02632+.2 3,9/ 84*12 2-5,4/5/ 52+ /9=/:,.2+ 5, ����.�1�1 , ����.�1�2 B 28
����.��� = ��
���(α(����.�1�1) ∪ α(����.�1�2)) 245, 2-5,4/ � 86/ =84�12 78,
.-/4+=2-6/ 2 024�84.2 ,6 86/ +,7�<40*/ 2-5,4/5/>

� 6/3,/6,4.2 �/�/ +, .2-4/�

class To1 extends Thread{
...
void o1b(){...}
void o1a1( 〈�	����	�������〉){...}
void o1a2( 〈�	����	�������〉){...}
...

}
class Toreif extends Thread {

To1 o1;
...
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void ora() {
try {

〈�������� ��
���	��1 ����� ∪ ���	��2 �����〉

ora_body();
〈�������� ��

���	��1 ����	�� ∪ ���	��2 ����	��〉
} catch(Exception e) {

〈�������� ��
���	��1 ����
���� ∪ ���	��2 ����
����〉

}
}
void ora_body(){

o1.o1a1_body( 〈�	����	�������〉);
o1.o1a2_body( 〈�	����	�������〉);

}
}

�;2-/ , 39*0/62+ 2 8+2 5, 〈�������
������〉 >�8324@/

act Action1
s1 << s2

act Action2
s2 << s1

026 / .-/58�12
void Action1_body(VarInt _s2){

s1.set(_s2.get());
}

void Action2_body(VarInt _s1){
s2.set(_s1.get());

}

,4.12 / .-/58�12 5,

act ActionComp1
seq

Action1
Action2

end seq

+,-*/

void ActionComp_Body(){
Action1_body(ObjBase.s2);
Action2_body(ObjBase.s1);

}

�/+ +, �0.*24�263� =2++, 86/ 09�8+89/ 02632+./ �03+�
act ActionComp1

cps
Action1
Action2

end cps

,4.12 / .-/58�12 +,-*/
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void ActionComp_Body(){
VarInt s1 = ObjBase.s1.clone();
VarInt s2 = ObjBase.s2.clone();
Action1_body(s2);
Action2_body(s1);

}

� �0.*24� :25�B �0.*24C :25� 325,-*/6 ./6:�6 +,- , ,08./5/+ ,6 3/-/9,92>

void ActionComp_Body() {
ThreadGroup tgAc =

new ThreadGroup("Ac");
VarInt s1 = ObjBase.s1.clone();
VarInt s2 = ObjBase.s2.clone();
ObjBase.pActionComp_Body a1 =

new ObjBase.pActionComp_Body(tgAc,"WriteTic");
a1.RightVars(s2);
a1.start();
ObjBase.pActionComp_Body a2 =

new ObjBase.pActionComp_Body(tgAc,"WriteTac");
a2.RightVars(s1);
a2.start();
a1.join();
a2.join();

if ((a1.ep != null) || (a2.ep != null)) {
if ((a1.ep == null) { throw a2.ep; }

else { throw a1.ep; }
}

}

� 42./�12 〈�������� �� ������1 ��������� ∪ ������2 ���������〉 +*;4*�0/ 78, +,
〈
������1 ���������〉 � �+�>-299:/0
��B +C>-299:/0
��� , 〈������2 ���������〉 � �+C>-299:/0
��B+�>-299:/0
���B ,4.12 〈������1 ���������∪������2 ���������〉 � �+�>-299:/0
��B +C>-299:/0
��B+�>-299:/0
���> � �������� �� 2-5,4/ 2+ ,9,6,4.+ 52 024�84.2 ,6 86/ +,7�<40*/ 0/�424*0/>

��� ��'����'�&
�2 6/3,/6,4.2 /3-,+,4./52 ,6 �	���
��� ,. /9>B CDD�� +8;,-*8�+, 78, / .-/58�

�12 8.*9*A/452�+, �3+,852�+92.+�> � +8;,+.12 ,-/ /5,78/5/ 3/-/ 2 6/3,/6,4.2 245,@/�*/ /3,4/+ 42 6� *62 86 .@-,/5 32- 2:�,.2> �/-/ ,+., 6/3,/6,4.2B 685/4�/+
+12 4,0,++�-*/+ 3/-/ -,+3,*./- 2 / +,6?4.*0/> 
 4,0,++�-*2 :9278,/- 2 024+86*52- /.�
78, 78, 3-258.2- 6/45, 2 3/-?6,.-2> �6 28.-/+ 3/9/�-/+ +, *63K, 86/ +,7�<40*/�

����	 = ���?� → ���!� →
����	

78, 325, +,- 2:.*5/ 3,92 +,;8*4., 0�5*;2�

class ParamInt {
private boolean isNull = true;
private int value = 0;

synchronized int getInt() throws InterruptedException {
while (isNull) {

wait();
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}
int r = Value;
isNull = true;
notifyAll();
return r;

}

synchronized void setInt( int i) throws InterruptedException {
while (!isNull) {

wait();
}

isNull = false;
value = i;
notifyAll();

}

}

� *5�*/ � 78, 2 024+86*52- ,+3,-/ /.� 2 3-258.2- =2-4,0,- 2 �/92-> �/+ @�
6/*+ 5,./9@,+ 3/-/ +,- 024+*5,-/52+> �2 0/+2 5, 412 , ,08�12B 5,/5920
 412 �
86/ *4.,-3-,./�12 ��9*5/ 5/ +,6?4.*0/ 32*+ 325,-*/ ./6:�6 :9278,/- �/-*��,*+ 5,
+92.+ .2-4/452 /+ *45*+324��,*+> �6/ =2-6/ 5, *639,6,4./- / 412 , ,08�12 � *4�
.-258A*452 86 .@-,/5 5, 024.-29, 78, �,-*�0/++, 3,-*25*0/6,4., 78, /+ /�K,+ 4/
/;-,;/�12 412 ,+.12 .25/+ :9278,/5/+B +, ,+.*�,-,6 2 .@-,/5 5, 024.-29, 5,�,-*/
-,+./8-/- 2+ �/92-,+ , -,*4*0*/- 2+ .@-,/5+> �/+ 0262 /+ /�K,+ ,4�29�*5/+ 42 0/+2 5,
412 , ,08�12 5, /;-,;/�12 *-*/6 ,4.-/- +,63-, ,6 5,/5920
B 42 3-� *62 0/3�.892
=2* 3-232+.2 86 +*639,+ �,-*�0/52- 5, 3-2.20292+ 3/-/ 2+ 3/-?6,.-2+ 5, �/8.*98+
78, ,9*6*4/ ,+., 0/+2 3/.29�;*02 4/ /4�9*+, ,+.�.*0/>

��� �� ���������� �	� &"��!"��� �
�+./ +,�12 =2* 86/ .,4./.*�/ 5, +*639*�0/- /+ 024+.-8�K,+ ,6 ��� /3-,+,4./5/+

/4.,-*2-6,4.,> �6/ �,A 78, =2-/6 0-*/5/+ :/+,/5/+ 42 6/3,/6,4.2 3/-/ �/�/B
/9;84+ /+3,0.2+ 325,-*/6 �0/- 6/*+ 02639, 2+ 52 78, +,-*/6 ,6 86/ .-/58�12
�/8.*98+ 5*-,./ 3/-/ ��� �:/+*0/6,4., 5,�*52 / 2:-*;/�12 5, 9*5/- 026 �/-*��,*+
0263/-.*9@/5/+ 5/ �,-+12 �/�/ 245, ,6 ��� .,�-*02 42-6/96,4., +, 8+/-*/ 86
,+.*92 6/*+ 3-� *62 5/ 3-2;-/6/�12 =840*24/9B *+.2 �B /+ �/-*��,*+ +,-*/6 3/++/5/+
0262 3/-?6,.-2+ 5, 0@/6/5/+ 5, 0/85/�>
;�@�� �%&�!( #� 1"�#
�++86/ 86 2:�,.2 �B 026 024+.-8.2-,+ �� B 5,+.-8.2-,+ 
� B +92.+ �� B , /0K,+ 42-6/*+�� B 78, 325, +,- �*+8/9*A/52 0262�

object o
category
birth b1
death d1
..
death dn

body
slot s1:<type_s1> .. sn:<type_sn>

act b
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act d1
..
act dn

act a1
..
act an

end o

�/-/ -,3-,+,4./- 2 ,+./52 52 2:�,.2 �2+ +92.+� 8.*9*A/�+, 86 -,;*+.-2�

����� = {�1 :: 〈��
��1〉, .., �� :: 〈��
���〉}

/6:�6 , *+.,6 52*+ ,+./52+ ,+3,0*/*+

������ = {�����}
������ = {

����}
8+/52+ 3/-/ 6/-0/- -,+3,0.*�/6,4., *4*0*2 , �4/9 52 0*092 5, �*5/ 52 2:�,.2>

� 024+.-8.2- 325, +,- �*+.2 0262 86/ =84�12 78, 3,;/ 86 ,+./52 412 *4*0*/9*A/52
-,3-,+,4./52 32- ����� , -,.2-4/ 86 ,+./52 *4*0*/9�

� :: ������ → �����
� = �?����� → �.���
�4 �.

���� → �!�����
�.���
�= 〈������ �
���〉 → ��!�
���

86 5,+.-8.2- � 3-/.*0/6,4., / 23,-/�12 *4�,-+/ �9,�/ 86 ,+./52 �4/9�


� :: �����→ ������

� = 
�?�
���→ 
�.���
�4 
�.���� → 
�!�
���
�.���
�= 〈������ �
��� 
��� �
���′〉 → 
�!����

, /+ /�K,+ 42-6/*+

�� :: �����→ �����
�� = ��?�
���→ ��.���
�4 ��.���� → ��!�
�����.���
�= 〈������ �
��� 
��� �
���′〉 → ��!�
���′

�:+,-�/�12B /3,+/- 5, ,+0-,�,- �� : ����� → �����B 412 � 4,0,++�-*2 78, 2
2:�,.2 .,4@/ .252+ 2+ +92.+ 5, �����B /3,4/+ /78,9,+ 78, +12 8+/52+ 32- �1 > �+.2�B / , 3-,++12 5,�,-*/ +,- �� : � → �B ./9 78, ��������
��������(��) ⊆ �����(�) ⊆�����(�����)>�2 0/+2 5, 86 2:�,.2 +,452 8+/52 32- 28.-2 2:�,.2B /3�+ 2 .-/./6,4.2 5, ���� B� 4,0,++�-*2 /0-,+0,4./- ��������� > � 2:�,.*�2 5, ��������� � 9/4�/- 86/ ,�,4.2 ����
3/-/ +,- *4.,-0,3./52 86 4��,9 /0*6/> �2- , ,6392�

( �4 �1.�1.���� → �1 → �1.�1.��������� ) 4 ��.�1.���� → �0

�45, �1.�1.��������� 0/8+/ 2 ,�,4.2 ��.�1.���� >



��

�/+2 / /�12 .,4@/ 3/-?6,.-2+ 5, ,4.-/5/ , +/�5/
��.���
�= ��.
���	�

?
������	�→
〈������ �
��� 
��� �
���′〉 →
��.
���	�!
�������	�→
��!�
���′

�/+2 .,4@/ 3/-?6,.-2+ 5, ,4.-/5/ , +/�5/B , 0245*�12 5, /.*�/�12
��.���
�= ��.
���	�

?
������	�→*=
〈��� ���
����〉 .@,4
〈������ �
��� 
��� �
���′〉 →
��.
���	�!
�������	�→
��!�
���′,9+,
���������

�,452 78, 2+ ,�,4.2+ 2:+,-���,*+�

��.���
�= ��.
���	�
?
������	�→

(��.
���	�!
�������	�→ ��!�
���′) u ���������

� +,6?4.*0/ 52 2:�,.2 � +,-*/
�= �→ �
� → (�1 → � ||| .. ||| �� → � ||| 
1 ||| .. ||| 
�)��������= ��(� \ {�������, 
���	�������} ‖ ��������
�� ‖ ����!�����)

� ,+.*92 8+/52 /++86, / , *+.<40*/ 5, 86 ,+0/924/52- 78, 325, 3/++/- 2 ,+./52
52 2:�,.2 3/-/ 78/978,- /�12> �6 ,+0/924/52- :,6 +*639,+ 78, 325, +,- 8+/52 ��

��������
��(�) = �?� u (u�
:{1..

�}
��?�) u (u�

:{1..

�}

�?�) u ����?�→

*= � =
���� .@,4 ���


,9+,*= � = ����� .@,4 �!�→ ��������
��
,9+,

(u�
:{1..

�}
��!�) u (u�

:{1..

�}

�!�) → ��������
��

;�@�$ �%&�!( ��.���*(
�++86*452 52*+ 2:�,.2+ 026324,4.,+B �1 : �1

, �2 : �2
B , 86/ /;-,;/�12 ��

08�2 ,+./52 � -,3-,+,4./52 32- �1
���� × �2

����B 86/ /�12 � � 02632+./ 32-�
�> -,0,:,- 2 ,+./52 5/ /;-,;/�12 �� , ,4�*/- 3/-/ 2+ 026324,4.,+ �?(�
1, �
2) →

(�1.��!�
1 ‖ �2.�� !�
2)



��

C> 42 0/+2 5, @/�,- �84�12 5, 3/-/6,.-2+ (�1.��.
�����?
 → �2.�� .
����!
)

�> 02632+*�12 5, 86 42�2 ,+./52 ��′ / 3/-.*- 52 -,+89./52 52+ 026324,4.,+
(�1.��?�
1′ ‖ �2.�� ?�
2′) → �!(�
1′, �
2′)

E> +,;8*52 3,92 .-/./6,4.2 5, =/9@/+ 4 ���� → �!(�
1, �
2)

=> +, 8+/52 32- 28.-2 2:�,.2 ���������
� , ,08�12 5, 86/ /;-,;/�12 325, +,- 0/-/0.,-*A/5/ 0262�

��������(��) = ��(�1 \ {
-,78,+.B 3/-/6 412 8+/52+ 32- ��}

‖ ��������
��(�1) \ {
/02,+ 8+/5/+ 32- ��}

‖ �2 \ {
-,78,+.B 3/-/6 412 8+/52+ 32- ��})

‖ ��������
��(�2) \ {
/02,+ 8+/5/+ 32- ��}

‖ �� \ {
-,78,+.B 3/-/6}

‖ ��������
��(��)

‖ ��.����!�����)

;�@�+ �%&�!( )��D-�*(
�++86*452 86 2:�,.2 :/+, �1 : �1

B , 86 �� 86/ -,*�0/�12> �6/ /�12 � 5,
-,*�0/�12 � 02632+./ 5/ +,;8*4., =2-6/ 32-�

�> 42 0/+2 5, +,7 2�>/* 2�>/C ,45 +,7

(�?�
 → �1.�1!�
;�1.�1?��	
 → �1.�2!��	
;�1.�2?�
2 → �!�
2)

C> 42 0/+2 5, 03+ 2�>/* 2�>/C ,45 03+

(�?�
 → �
���!�
?(�
1, �
2, �
3) →
(�1.�1!�
1?�
1′ || �1.�2!�
2?�
2′) →

����!(�
1′, �
2′, �
3)?�
′ → �!�
′)
245, �
��� � 86/ =84�12 78, +,3/-/ �
 ,6 � 3/-.,+ 5*+�84./+ ��
1 024.,452 2+0/632+ 8+/52+ 32- �1.�1 B �
2 024.,452 2+ 0/632+ 8+/52+ 32- �1.�2 B , �
3024.�6 2+ 0/632+ 412 8+/52+�B ���� � / =84�12 3/-/ �84./�92+ >

�> �,;8*52 5, 4 ���� → �!�

E> ,

→ ��������� +, 8+/52 32- 28.-2 2:�,.2
� , ,08�12 5, 86/ -,*�0/�12 325, +,- 0/-/0.,-*A/5/ 0262�

��������(��) = ��(�1
|| �� \ {

-,78,+.B 3/-/6}
|| ��������
��(��))



��

� �
���������� �� ���������

�+., 0/3*.892 � 86 :/+*0/6,4., 86/ 029,.?4,/ 5, ,+.852+ +2:-, 32++��,*+ 685/4�
�/+ 4/ 9*4;8/;,6 �*+/452 6,9@2-/- +8/ 8+/:*9*5/5,> � +,�12 5, 3/-?6,.-2+ +,-�*8
0262 86 3-�92;2 3/-/ 86/ +298�12 6/*+ +/.*+=/.�-*/ �/3-,+,4./5/ 42 0/3*.892 +,�
;8*4.,�> � +,�12 +2:-, -,08-+12 , 39*0/ +8/ /.8/9 /8+<40*/ ,6 �/8.*98+ , 3-208-/
, 392-/- 32++��,*+ 0/6*4@2+ 3/-/ +8/ *4+,-�12> � +,�12 +2:-, 026/452+ 5, �8 2
0263/-/ if

412 5,.,-6*4*+./ , alt
B 62+.-/452 / 8.*9*5/5, 5, +8/ /5*�12>

��� 	"��!"���� � ��'����'�&
�24=2-6, 62+.-/52 /4.,-*2-6,4., / +,6?4.*0/ 5, �/8.*98+ 3,-6*., 2 8+2 5,

3/-?6,.-2+ 0-8A/52+> �2- , ,6392 +,�/ 86/ /�12
a1
out a1out
in a1in

02632+./ 026
a2
out a2out
in a2in

./9 78,
a1out → a2in

,
a2out → a1in

> � 8+2 5, agg
,

ret 3,-6*., 78, *++2 +,�/
32++��,9 6/+ ,+./:,9,0, 0/+2+ 5, =/9@/ 78, 325,6 +,- ,4024.-/52+ /3,4/+ 2:+,-�/452
2 02-32 5/+ /�K,+B *+.2 �B +, 86 3-2;-/6/52- �84./ 58/+ /�K,+ 2:+,-�/452 /3,4/+ /
0263/.*:*9*5/5, 5/+ *4.,-=/0,+B ,9, 325, ,4024.-/- 0/+2+ 245, / +,6?4.*0/ 5/ /�12
02632+./ � �/A*/ �412 =/A 4/5/�>

�2 0/+2 5, /�K,+ :�+*0/+ 3,4+28�+, 78, ,++, 3-2:9,6/ 325,-*/ +,- +*639*�0/52-,.*-/452�+, / 09�8+89/ agg
> �24+*5,-,62+ 2 0/+2 ,6 78, 2 02-32 5/+ /�K,+ 3,-6*.,

/ �84�12 :,6 +80,5*5/ 5, 3/-?6,.-2+ 0-8A/52+ �:/+*0/6,4., / +*.8/�12 245, 2+
3/-?6,.-2 5, ,4.-/5/ 5/ 86/ 5/+ /�K,+ +12 =2-4,0*52+ 3,9/ agg

5, 28.-/+�>
�6/ /�12

act a
agg aout = 〈���〉
〈
��� �〉

325, +,- 3,-=,*./6,4., =/.2-/5/ ,6
act a’
ret aout = 〈���〉



��

	*;8-/ =>�� � ,6392 5, �/-?6,.-2+ ,6 /�K,+ �

act a’’
〈
��� �〉

.2-4/452 2 0�5*;2 6/*+ +*639,+ , 2+ 0/+2+ 5, =/9@/ 6/*+ ,�*5,4.,+B 5,+./ =2-6/
78/978,- 02632+*�12 5, /�K,+ +*639,+ 026 3/-?6,.-2+ 0-8A/52+ +, .2-4/ 86 0/+2
5, =/9@/B 412 � 6/*+ 4,0,++�-*2 /4/9*+/- 2 0�5*;2 *4.,-42 5/+ /�K,+ 026324,4.,+ /
3-208-/ 5/+ 09�8+89/+ agg

,
ret

>
�4.-,./4.2 / +298�12 3-232+./ /3-,+,4./ 3-2:9,6/+B /2 024.-�-*2 5, a

B 2 024�84.2
5,

a’
,

a’’
412 +12 86/ .-/4+/�12> � +, ,++/ 0/-/0.,-�+.*0/ =2- 4,0,++�-*/B /0/:/�+,+*689/452 agg
/.-/��+ 5, -,*�0/�12 ,6 a’

,
a’’

>
�8.-/ *5�*/ =2* .2-4/- / *4.,-=/0, 6/*+ -*0/ 8+/452�+, pre −out

,
pos−out42 98;/- 5, out

, -,426,/- agg 3/-/ ret
�� 78, / =84�12 � / 6,+6/ /3,4/+ ,6

32+*�K,+ 5*+.*4./+> �/+ ,+./ +298�12 /*45/ ,-/ *4+/.*+=/.�-*/ 3/-/ 2 0/+2 5, /�K,+
02632+./+ 32*+ / 2-5,4/�12 52+ 3/-?6,.-2+ 5,-*�/52+ 325, +,- 6/*+ �, ��,9 52 78,
/ ,+3,0*�0��,9 32- pre −out

,
pos−out

>
�, =/.2B ,+./ �, *:*9*5/5, 52 +*+.,6/ 5, 3/-?6,.-2+ 5,-*�/52+ =2* 5,�*5/6,4.,

0263-,,45*5/ ./-5*/6,4.,> � 3-2.�.*32 +,;8*8 86/ /:2-5/;,6 6/*+ +*639,+ 52 78,
/ ,+3,0*�0/5/ 3,9/ 9*4;8/;,6 78/4.2 /2+ 3/-?6,.-2+ 5,-*�/52+> � *639,6,4./�12
=2* 024+.-8�5/ +2: / /++84�12 5, 78, 3/-?6,.-2+ 5,-*�/52+ 5, .25/+ /+ ,4.-/5/+ +12
5,�4*5/+ /4.,+ 5/ 0@/6/5/ , .25/+ /+ +/�5/+ ,+.12 5,�4*5/+ /2 �4/9 ��;> =>��>

�/+ 026 / , ,08�12 5, , ,6392+ 3,-0,:,8�+, 78, / ,+3,0*�0/�12 52+ 3/-?6,.-2+5,-*�/52+ ,-/ 6/*+ 02639, / , 3,-6*., 2 ,4�*2 , / -,0,3�12 5, 3/-?6,.-2+ 5,4.-2
5/+ /�K,+ 02632+./+ ��;> =>C�>

�+.2 � 86/ 28.-/ =24., 5, 3/-?6,.-2+ 0-8A/52+B 6/+ /2 024.-�-*2 52 0/+2 5,
3/-?6,.-2+ 5, /�K,+ +*639,+ 08�/ =/.2-/�12 � +*639,+B 42 0/+2 5, /�K,+ 02632+./+
/ /:2-5/;,6 5/ ,+3,0*�0/�12 -,/96,4., /5*0*24/ 6/*+ , 3-,++*�*5/5, �, -,,+0-,�,-
3-2;-/6/+ 78, 8+/6 ,+./ �, *:*9*5/5, , .-/ 5, 3/-?6,.-2+ 0-8A/52+B -,+.-*4;*452�2+5, =2-6/ / .,- ,4.-/5/ , +/�5/ :,6 5,�4*5/+ � 42 6�4*62 .-/:/9@2+2�> � 08+.2 5,+./
�, *:*9*5/5, , .-/ 4/ 9*4;8/;,6 2-*;*4/9 ,-/ *- 024.-/ / 42�12 5, ,40/3+89/6,4.2 5,
0/* / 3-,./ 4/+ /�K,+ 02632+./+> �+.2 �B 2 3-2;-/6/52- 3-,0*+/ 2:+,-�/- / ,+.-8.8-/
5/+ /�K,+ ,6 �,A 5, /3,4/+ 8+/- /+ *4.,-=/0,+>



��

	*;8-/ =>C� � ,6392 5, �/-?6,.-2+ ,6 /�K,+ C

� .-/58.2- 3-2.�.*32 *4*0*/9 /0/:28 +,452 *639,6,4./52 /++86*452�+, / , .,4�+12 4/.8-/9 5/ 3-*6,*-/ +*639*�0/�12 3-232+./ 78, +,-*/ ,+.,45,- / 3-2*:*�12 5,
3/-?6,.-2+ 0-8A/52+ 3/-/ /�K,+ 02632+./+> 
/9 -,+.-*�12 ,9*6*428 86/ ;/6/ 5,
3-2;-/6/+ ��9*52+B 6/+ 325*/ +,- 5,=,45*5/ 3,92 *40,4.*�2 / /:+.-/�12> �/+ 86/
+298�12 6/*+ +/.*+=/.�-*/ =2* ,4024.-/5/ ,4-*78,0,452�+, / *4.,-=/0, /.-/��+ 5, 86+*+.,6/ 5, 3-2.20292+ , 32+.2 42 0/3> >>

��� � "�"���� � '��$'&
�
�,08-+12 412 =2* *639,6,4./5/ ,6 �/8.*98+ 32*+ 86/ /�12 -,08-+*�/ 325, 412

.,-6*4/- =,-*452 / -,+.-*�12 5, /.26*0*5/5, 5, /�K,+B 6/+ +,63-, +, 39/4,�28 /5*0*�
24/- /9;86/ ,+3�0*, 5, -,08-+12 +,;8-/ 78, ;/-/4.*++, / .,-6*4/�12 5/ /�12>

�,+./ +,�12 +12 024+*5,-/5/+ /9;86/+ /9.,-4/.*�/+ 3/-/ *4+3*-/- -,08-+12 ,6
�/8.*98+>

@�$�� 8#!�*( �!��"
�-*6,*-2 /3-,+,4.,62+ / +*.8/�12 /.8/9 5, �/8.*98+> �.8/96,4., �/8.*98+ 412

5*+3K, 5, -,08-+12B 4,6 5, 026/452+ *.,-/.*�2+ , 39�0*.2+> � =2-6/ 0262 / *.,-/�12 �
2:.*5/ � /.-/��+ 5/ +,6?4.*0/ /8.2, ,08.��,9 5/+ /�K,+> �2- , ,6392B 86/ 6/4,*-/
5, ,+3,0*�0/- / =84�12 =/.2-*/9 ,6 �/8.*98+ �

object Factorial
export

New in N: natural
Done out Fat: natural

category
birth request New
death request Done

body
slot N: natural
slot Fact: natural

act New
val Fact << 1
val N << New.N

act Step



��

enb N > 1
cps

val N << N − 1
val Fact << Fact ∗ N

end cps

act Done
enb N = 1
ret Done.Fact = Fact

end Factorial

�24+*5,-/452 /+ 3-,+,4.,+ -,+.-*�K,+ 5, �/8.*98+ �+,6 -,08-+12 28 026/452+ *.,-/�
.*�2+�B / 5,�4*�12 412 � -8*6> � 3-2:9,6/ � 78, 412 � 32++��,9 .-/4+=2-6/�9/ ,686/ /�12 /.�6*0/> �25,-*/ +, 3,4+/- 78, 86/ -,*�0/�12 0262 / 62+.-/5/ / +,;8*-
325,-*/ .-/4+=2-6/�9/ ,6 86/ 
4*0/ /�12B

object Factorial1 over Factorial
export

Exec in N: natural
by New.N

out Fat: natural
by Done.Fat

category
birth death request Exec

body
act Exec
seq

New
Done

end seq
end Factorial1

6/+ *++2 412 =840*24/ 32*+ / /�12 Step
412 325, +,- , ,08./5/> �6/ ,+3,0*�0/�12

02--,./ +,-*/ /9;2 0262�

act Exec
seq

New
Step ∗
Done

end seq

�45, � +*6:29*A/ 86 4
6,-2 *45,�4*52 5, , ,08�K,+> �/+ � 09/-2 +, *++2 =2++,
3,-6*.*52 3,-5,-�/62+ .25/+ /+ ;/-/4.*/+ 5, .,-6*4/�12 86/ �,A 78,B / /�12 Step325,-*/ , ,08./5/ 3/-/ +,63-,>

�262 � *632++��,9 .-/4+=2-6/�9/ ,6 86/ /�12 /.�6*0/B .252+ 2+ 2:�,.2+ 78,
8+/6 2 2:�,.2 Factorial 3-,0*+/-*/6 5, 58/+ /�K,+ �86/ 3/-/ New

B , 28.-/
3/-/ Done�B , *++2 +, 6/4.�6 5, =2-6/ .-/4+*.*�/ �+, 28.-2 2:�,.2 *4.,-/;, 026
86 2:�,.2 78, *4.,-/;, 026 Factorial

B �/* /0/:/- 3-,0*+/452 5, 58/+ /�K,+�>
� 3-2:9,6/ 9,6:-/ 2 /4.*;2 3-2:9,6/ 5/ 3-2;-/6/�12 =840*24/9 38-/ 245, ,-/
4,0,++�-*2 0/--,;/- 2 ,+./52 0262 3/-?6,.-2+ , .-/+ 58-/4., / , ,08�12>

� *+., 58/+ 6/4,*-/+ 5, 024+,-./- / +*.8/�12� 026/452+ *.,-/.*�2+ 28 -,08-+12>
�26/452+ *.,-/.*�2+ .-/5*0*24/*+ *4098,6 while

,
for

> �/ 6/*2-*/ 5/+ 9*4;8/;,4+
5, 3-2;-/6/�12 /6:2+ +12 5,6/+*/6,4., , 3-,++*�2+ 3/-/ 2 �6 3-,.,45*52 32*+
412 @� ;/-/4.*/ 5, .,-6*4/�12> �6/ , 0,�12 � 2 for 0262 *639,6,4./52 ,6 �5/B



��

for P in 1..100 loop
Put(P); −− variavel de controle P

end loop;
245, / �/-*��,9 5, 024.-29, P

412 325, +,- /9.,-/52 5, 5,4.-2 52 9223> �+.2 /++,;8-/
78, 2 4
6,-2 5, �,A,+ 78, 86 9223 for 325, +,- , ,08./52 � � 2> �2-./4.2 � 86/
024+.-8�12 78, 325,-*/ +,- *4098+/ ,6 �/8.*98+ +,6 3-2:9,6/+ +,6?4.*02+>
� 3-*40*3/9 -/A12 3,92 78/9 =20/62+ 3-*40*3/96,4., ,6 -,08-+12 4,+./ +,�12

, 412 026/452+ 5, *.,-/�12 � 78,B ,6:2-/ /6:2+ +,�/6 ,6 3-*40�3*2 *;8/96,4.,
, 3-,++*�2+B +298�K,+ :/+,/5/+ ,6 -,08-+12 .,45,6 / +,-,6 6/*+ ,9,;/4.,+ , @� 6/*+
9*.,-/.8-/ +2:-, 3-23-*,5/5,+ 5, .,-6*4/�12>

@�$�$ )�-�.#0( -( ��.��!�� *� !�. ���/0( *��!.( *� �/<�#
� 9*4;8/;,6 �/8.*98+ 412 3,-6*., -,08-+12 5,�*52 /2+ 32++��,*+ 3-2:9,6/+ ,6

-,9/�12 / /.26*0*5/5, 5/+ /�K,+> � 2:�,.*�2 =2* /5*0*24/- -,08-+12 5, =2-6/ -,+.-*./
5, ./9 =2-6/ 78, ;/-/4.*++, /.26*0*5/5, �/ 02638./�12 4,0,++/-*/6,4., .,-6*4/�>
� ;/-/4.*/ 5, .,-6*4/�12 ,+.� -,9/0*24/5/ 026 2 0240,*.2 5, 42-6/9*A/�12 =2-.,>
�+.2 +*;4*�0/ 78, 2+ .,-62+ 5, 86 0�90892 +,63-, +, -,58A,6 / 86/ =2-6/ 42-6/9B
32- , ,6392 2 0�90892 9/6:5/ 412 .*3/52 5*+3K, 52 6,+62 325,- 02638./0*24/9 5,
86/ 6�78*4/ 5, 
8-*4; , 32-./4.2 325, -,3-,+,4./- =84�K,+ 3/-0*/*+ , 412 /3-,+,4./
,+./ 3-23-*,5/5,B 3/-/ 2:.,- / 42-6/9*A/�12 =2-., � 4,0,++�-*2 -,+.-*4;*�92 026 86
+*+.,6/ 5, .*32+>

�6/ �,A 78, 3-2;-/6/+ 78, 412 .,-6*4/6 +12 
.,*+B /+ 9*4;8/;,4+ =840*24/*+
.*3/5/+ 5, 8+2 ;,-/9 *639,6,4./6 �,-+K,+ ,4-*78,0*5/+ 5, 0�90892 9/6:5/ .*3/52
�28 +*+.,6/+ =2-6/*+ +*6*9/-,+� 026 024+.-8�K,+ 0262 ������ 78, 3,-6*.,6 -,08-+12
39,4/> �,+., 0/+2 2 +*+.,6/ 5, .*32+ 5,+./+ 9*4;8/;,4+ +,-�, 0262 52086,4./�12
=2-6/9 , ,9*6*4/ ,--2+ ,6 .,632 5, 0263*9/�12B 412 ;/-/4., .,-6*4/�12>

� *+.,6 5*�,-+2+ =2-6/9*+62+ 026 +*+.,6/+ 5, .*32+ 78, .<6 / 0/-/0.,-�+.*0/ 5,
42-6/9*A/�12 =2-.,> �4.-, 28.-2+B 2 0�90892 9/6:5/ .*3/52 +*639,+B ��+.,6 	 ��������	 
�	��
	 
��
��B ������./6:�6 0@/6/52 5, 0�90892 9/6:5/ 3/-/6��.-*02�B , / .,2-*/ 5, .*32+ 5, �/-.*4�
2= �
�������B �����> � =202 5,+./ +8:+,�12+,-� 4/ 9*4;8/;,6 �@/-*.� ������

	 	��������B ���C	 �����

B ���>�>
� ,+029@/ � :/+*0/6,4., 32- 0/8+/ 5/+ +8/+ 2-*;,4+ ,6 86 526�4*2 0/.,;�-*02B *4�
.,-,++/4., 8+2 5, 026:*4/52-,+ , 5*+32- 5, 86/ *639,6,4./�12 -/A2/�,96,4., :,6
52086,4./5/>

�@/-*.� � 86/ 9*4;8/;,6 =840*24/9�0/.,;2-*/9 78, ;/-/4., .,-6*4/�12> �9/ 8.*�9*A/ .*32+ 5, 5/52+ *458.*�2+ , 02*458.*�2+ �78, 325,6 +,- 8.*9*A/52+ 3/-/ 2:.,-
,+.-8.8-/+ 5, 5/52+ 32.,40*/96,4., *4�4*./+� 8+/452 =2-6/+ -,+.-*./+ 5, -,08-+12
78, +, :/+,*/6 4/ ,+.-8.8-/ 52+ .*32+ �026:*4/52-,+ ����B ���
B 	�
 42 0/+2 5,
.*32+ *458.*�2+B �����
B �����
 , 	�
 42 0/+2 5, .*32+ 02*458.*�2+� ;/-/4.*452 .,-�
6*4/�12 52+ 3-2;-/6/+>
� /:2-5/;,6 3/-,0,B /.� 0,-.2 324.2B +,- /5/3.��,9 3/-/ �/8.*98+> �+ .*32+

02*458.*�2+ +12 *4�4*.2+ , +, *639,6,4./52+ 5, =2-6/ 6/*+ .-/5*0*24/9 �/�/9*/�12
,+.-*./� 0,-./6,4., 9,�/6 / 3-2;-/6/+ 78, 412 .,-6*4/6 ��@/-*.� 8+/ /�/9*/�12
3-20-/+.*4/5/ /.-/��+ 5, 0@/6/5/ +2: 5,6/45/ 026 *4.,-/�12�> �262 / /�/9*/�12
3-20-/+.*4/5/ 412 =840*24/ :,6 026 9*4;8/;,4+ 026 ,+./52 �2 0/+2 5, �/8.*98+�B 2+
.*32+ 02*458.*�2+ +, .2-4/6 *4�*��,*+> �+ .*32+ *458.*�2+ 3/-,0,6 6/*+ 0263/.��,*+
026 �/8.*98+ , 325,-*/6 +,- /5*0*24/52+ �84.2+ 026 2+ -,+3,0.*�2+ 026:*4/52-,+
���
B ���� , 	�
 �,6:2-/ 0,-./6,4., /9;86/+ -,+.-*�K,+ 3-,0*+,6 +,- /0-,+0,4./5/+



��

0262 32- , ,6392 / -,+.-*�12 5, 412 /9.,-/- /+ �/-*��,*+ +,452 3,-02--*5/+�> �9;84+
.*32+ 3-,5,�4*52+ 0262 -,/9 412 325,-*/6 +,- .-/./52+ 32- ,++, .*32 5, -,08-+12B 6/+
.*32+ 3-,5,�4*52+ 0262 4/.8-/9 78, 325,6 +,- 5,�4*52+ *458.*�/6,4., 325,-*/6>

� -,+.-*4;*452�+, 2 .-/:/9@2 / .*32+ *458.*�2+B 325,-*/�+, /52./- / 42./�12 6/*+
.-/5*0*24/9 0262 �/+
,99 ������B CDD��B 42 98;/- 5/ 42./�12 0/.,;�-*0/ +,;8*5/
32- �@/-*.�> �+.2 � 8+/-B

data Nat = Zero | Succ Nat
42 98;/- 5,

data nat −> C = zero: 1 −> C
| succ: C −> C

�2: 2 /+3,0.2 3-�.*02 /+ 3-*40*3/*+ -,+.-*�K,+ /2 +*+.,6/ 5, .*32+ *458.*�2+ 5, �@/�-*.� ,6 -,9/�12 / 86/ 9*4;8/;,6 =840*24/9 6/*+ 024�,40*24/9 0262 �/+
,99 3/-,0,
+,- / 2:-*;/�12 5/ , *+.<40*/ 5, .252+ 024+.-8.2-,+ 4/+ , 3-,++K,+ 5, 6/.0@*4; , /
/8+<40*/ 5, .*32+ 68.8/6,4., -,08-+*�2+> �3/-,4.,6,4., +12 ,++/+ -,+.-*�K,+ 3,-�
6*.,6 78, / -,08-+12 +,�/ :/+,/5/ ,6 ���
 �5,�4*5/ 5, =2-6/ /8.26�.*0/ +2:-, /
,+.-8.8-/ 52 .*32� , .,- +,6?4.*0/ :/+,/5/ ,6 ��� 42 98;/- 5, ��� �������
B
���>�> �6 , ,6392 5, =84�12 8+/452 ���
 � /3-,+,4./52 /:/* 2

def add : nat ∗ nat −> nat
= (x,y) => {| zero: () => y

| succ: n => succ n
|} x.

�� / ,78*�/9,4., ,6 �/+
,99 �

foldNat::(a −> a) −> a −> Nat −> a
foldNat f z Zero = z
foldNat f z (Succ n) = f (foldNat f z n)

add x y = foldNat (Succ) x y
/+ 5*=,-,4�/+ 4,+., 0/+2 +12 5,�*5/+ /2 =/.2 5, 78, ,6 �/+
,99 ���
 412 � 5,�4*52
/8.26/.*0/6,4., , 2 8+2 5, /�
0/- +*4.�.*02 32- �@/-*.� 8+/452 23,-/52-,+ {|

B
|,

|}
>
�6 , ,6392 8+/452 28.-/ ,+.-8.8-/ 5, 5/52+ �9*+./� �

data list(A) −> C = nil: 1 −> C
| cons: A ∗ C −> C.

def addLis:list(nat) −> nat
= L => {| nil: () => zero

| cons: z => add z
|} L.

245, � =,*.2 / +26/ 5, 86/ 9*+./>
�6 =/.2 *632-./4., � 78, 2 8+2 52+ 026:*4/52-,+ 325, +,- ,6 :2/ 6,5*5/

,+0245*52 52 8+8�-*2> �2- , ,6392B �/+
,99 9*5/ 026 23,-/52-,+ 	�
B ���
 , � ����
�78, 0262 	�
 � 86/ �,-+12 ,+3,0*/9*A/5/ 5, ���
� 5, =2-6/ *639�0*./ ,6 9*+./+
8+/452 86 /�
0/- +*4.�.*02 0@/6/52 5, 0263-,,4+12 5, 9*+./> �2- , ,6392�



��

Input: [(x,y) | x < − [1,3,5], y < − [2,4,6], x<y]
InputComb: filter (\(x,y) −> x<y )

(foldr (\x −> \z −>
(map (\y −> (x,y)) [2,4,6]) ++ z) [] [1,3,5])

Output: [(1,2),(1,4),(1,6),(3,4),(3,6),(5,6)]

Input:[ 2 ∗ x | x < − [1,2,3] ]
InputComb: map (\x −> 2 ∗ x) [1,2,3]
Output: [2,4,6]

Input: [ x ∗y | x < − [1,2,3,4], y < − [3,5,7,9]]
InputComb: foldr (\x −> \z −>

(map (\y −> x ∗y) [1,2,3,4]) ++ z) [] [3,5,7,9]
Output: [3,5,7,9,6,10,14,18,9,15,21,27,12,20,28,36]
245, �438. � 86/ , 3-,++12 8+/452 0263-,,4+12 5, 9*+./B �438.�26: 86/ .-/58�12
8+/452 026:*4/52-,+ , �8.38. � 2 -,+89./52 5/ /�/9*/�12 5/ , 3-,++12>

�6/ �/-*/�12 5,+./ +*4./ , =2* *402-32-/5/ ,6 ��.@24�

>>> vec = [2, 4, 6]
>>> [3 ∗x for x in vec]
[6, 12, 18]
��.@24 �������B CDDC� � 86/ 9*4;8/;,6 +,6/4.*0/6,4., +*6*9/- / 
*+3 �*+.2 �B
�/-*��,*+ +,6 .*32+ , 3,-6*., 2 8+2 5, 6
9.*392+ 3/-/5*;6/+�B 6/+ +,8 3-*40*3/9
3/-/5*;6/ � / 2-*,4./�12 / 2:�,.2> �478/4.2 026:*4/52-,+ ,-/6 86/ 0/-/0.,-�+�
.*0/ 024.-2�,-+/ ,4.-, / 02684*5/5, ��.@24B 0263-,,4+12 5, 9*+./ +, .2-428 86
,+.*92 84*�,-+/96,4., /0,*.2B 32-./4.2 *+.2 *45*0/ 78, 325, +,- 86/ 6/4,*-/ 6,42+
.-/86�.*0/ 5, 8+/- 026:*4/52-,+ ,6 86/ 9*4;8/;,6 *63,-/.*�/>

�6/ 9*4;8/;,6 78, *402-32-/ 86/ �/-*/�12 5, 0263-,,4+12 3/-/ 28.-2 .*32 5,
5/52 /9�6 5, 9*+./+ � �
��� ��
��������	 ����
��B CDD���86/ 9*4;8/;,6
+*6*9/- / �/+
,99B 6/+ 78, 8.*9*A/ 28.-/ /:2-5/;,6 3/-/ 9*5/- 026 ,+./52�B 245,
,+.� 325, +,- 8+/5/ 026 /--/�+ ,+.�.*02+ 5,+.-8.*�2+ �,6:2-/ ,+., .*32 5, 5/52+
+,�/ -,026,45/52 /3,4/+ ,6 0/+2+ 5, 3,-=2-6/40, 0-�.*0/B , / 42./�12 3/-,�/ 6,*2
5,+920/5/ ,6 -,9/�12 / :2/ *4.,;-/�12 026 9*+./+�>

�4.12 +, / 42./�12 5, 0263-,,4+12 � 68*.2 :2/ 3/-/ 9*+./+B , 325, +,- 8+/5/
6,+62 3/-/ /--/�+ 5,+.-8.*�2+B ,4.12 � 3-2���,9 78, 32++/ +,- 8.*9*A/5/ 3/-/ .252
.*32 5, 029,�12> �4.-,./4.2 ,478/4.2 029,�K,+ +12 86 52+ 3-*40*3/*+ 8+2+ 5, .*32
/9;�:-*02+ � :,6 5
�*52+2 78, / 42./�12 5, 0263-,,4+12 +,�/ /5,78/5/ 3/-/ .252+
2+ .*32+ 0-*/52+ 3,92 8+8�-*2 �32- , ,6392B 2 .*32 �/. 5,�4*52 /4.,-*2-6,4.,�>

� /*45/ @/�,-*/ / 78,+.12 5, 0262 / -,08-+12 *-*/ *4.,-/;*- 026 / 42�12 5,
,+./52 , ,=,*.2+ 029/.,-/*+ 3-,+,4.,+ ,6 �/8.*98+ �32- , ,6392 +, 2 3/++2 5, ���

*4098�++, 42�2+ ,9,6,4.2+ 4/ 9*+./ 78, ,+./ 3,-02--,452B *++2 ,9*6*4/-*/ / ;/-/4.*/
5, .,-6*4/�12�>

@�$�+ )�-�.#0( M(.� *�# �/<�# A �#( *� #�%"������� 
� 3-2:9,6/ 5, 0262 / -,08-+12 *4.,-/;, 026 2+ ,=,*.2+ 029/.,-/*+ 5/ 9*4;8/;,6

325, +,- -,+29�*5/ 5, =2-6/ :/+./4., +*639,+ 0-*/452�+, 86/ +8:�9*4;8/;,6 =840*2�4/9 38-/> �,+., 0/+2 /+ /�K,+ 3,-6/4,0,6 412 -,08-+*�/+B 6/+ ,9/+ 325,6 0@/6/-
=84�K,+> 	84�K,+ 412 325,6 0@/6/- /�K,+> �6/ +298�12 +*6*9/- =2* 8+/5/ 32-



��

�?��?��� ,. /9>B CDD��B 245, 86/ 9*4;8/;,6 *63,-/.*�/ +*6*9/- / �/+0/9 325,
0@/6/- 09�8+89/+ -,=,-,40*/96,4., .-/4+3/-,4.,+ 5, �-292; 38-2B 6/+ /+ 09�8+89/+
412 325,6 0@/6/- 3-20,5*6,4.2+ 5/ 9*4;8/;,6 *63,-/.*�/>

�,;8*452 2 2:�,.*�2 2-*;*4/9 -,08-+12 026 ;/-/4.*/ 5, .,-6*4/�12B / +8:�9*4;8/;,6
325,-*/ +,- 78/978,- 9*4;8/;,6 =840*24/9 38-/ 78, ;/-/4./ .,-6*4/�12 0262 / ��
6,40*24/5/ 9*4;8/;,6 �@/-*.�B 2 0�90892 9/6:5/ .*3/52 +*639,+ 28 ��+.,6 	 �026
2 5,�*52 /�
0/- +*4.�.*02 , ,4-*78,0*52 026 /9;84+ .*32+ 3-,5,�4*52+�>

�4.-,./4.2 86/ �,A 78, =2-/ 5/+ /�K,+ /+ =84�K,+ *4.,-=,-,6 2 6�4*62 32++��,9
026 2 �8 2 5/+ /�K,+B ./9�,A 86/ /:2-5/;,6 3-/;6�.*0/ 6/*+ , 3-,++*�/ +,�/ 8+/-
=84�K,+ 026 -,08-+12 39,4/> �� 78, / -,08-+12 +,-*/ 3,-6*.*5/ /3,4/+ ,4.-, =84�K,+B
*++2 5,* / /2 3-2;-/6/52- 2 ,40/-;2 5, ;/-/4.*- / .,-6*4/�12 5/ /�12B 6/+ ;/-/4.,
78, / -,08-+12 412 *4.,-=,-, ,6 /�K,+ 78, ,+.,�/6 , ,08./452 +*689./4,/6,4.,
�,++/+ =84�K,+ 412 3,-6*.*-*/6 685/4�/+ ,6 +92.+ 5, 2:�,.2+�>
�,;8*452 86 32802 6/*+ 42 ,+.852 5,+./ 
9.*6/ /:2-5/;,6B -,+29�,8�+, *4*0*/9�

6,4., 8.*9*A/- 86/ +*4./ , 5, =84�K,+ +*6*9/- / 9*4;8/;,4+ *63,-/.*�/+ 5, =2-6/ /
412 5,+.2/- 68*.2 52 -,+.2 5/ +*4./ , ., .8/9 5, �/8.*98+�

fun f (a1: 〈����〉, a2: 〈����〉):(a3: 〈����〉, a4: 〈����〉)
var ..
body

..
end fun

4,+., 0/+2 f
� 86 *5,4.*�0/52- 5, =84�12 , (a1:<type>, a2:<type>)

B
(a3:<type>, a4:<type>)

+12 .839/+>
� *4.,4�12 +,-*/ 3,-6*.*- /9;2 0262

fun f (a1: integer, a2: integer):(a3: integer, a4: integer)
..

fun g (p1: integer, p2: integer):( integer)
var t: tuple

r: integer
body
val t << f(p1, p2)
val r << t.a3 + t.a4
ret r

end fun

�, / +8:�9*4;8/;,6 .<6 -,08-+12 39,4/B / 3-� *6/ 78,+.12 � 78/4.2 / 3,-6*.*-
,=,*.2+ 029/.,-/*+ -,+.-*.2+ 4/+ =84�K,+�

•
�/�5/ 5, 5/52+

 *632-./4., , 5,�,-*/ +,- 3,-6*.*52 3,92 6,42+ 3/-/ 5,:8;;*4;	

•
�4.-/5/ 5, 5/52+
�,42+ *632-./4.,B � 3-,=,-��,9 5,* /- , 098+*�2 5, /�K,+	

•
�85/4�/ 5, ,+./52 42+ 3/-?6,.-2+ 5, ,4.-/5/
� 5,=,+/ 3/-/ ,++/ 0/-/0.,-�+.*0/ +,-*/ :8+0/- 6/*2- ,�0*<40*/ ,6 0/+2+ 0262
/--/�+> � /:2-5/;,6 , *;*-*/ /5*0*24/- 28.-/ 3/9/�-/ 0@/�, ./9 0262 proc3/-/ 5*+.*4;8*- 0/+2+ 5, /9.,-/�12 5, ,+./52 +,412 2 3-2;-/6/52- 325, .,-
+8-3-,+/+ 5,+/;-/5��,*+> �6 , ,6392 09�++*02 � �-,�,-+,� �78, -,.2-4/ 86/



��

,+.-8.8-/ 5, 5/52+ ,6 2-5,6 -,�,-+/� +, ,+./ =2++, *639,6,4./5/ 5, =2-6/
5,+.-8.*�/ 8+/452 �=84�K,+� 026 ,=,*.2+ 029/.,-/*+> �8.-2 024.-/�, ,6392 �
,+./ .,4./.*�/ 5, 5,�4*- 86/ �/-*/4., 5,+.-8.*�/ 5, map �86/ =84�12 78,
3,;/ 86/ =84�12 , /39*0/ ,6 .252+ 2+ ,9,6,4.2+ 5, 86/ 029,�12 2:.,452 86/
42�/ 029,�12� +,6 5*=,-,40*/�12 5, proc

,
fun

�

fun map (( fun f ( integer):( integer)), m: integer[10])
:(m: integer[10])

fun loop (i: integer, m: integer[10]):( integer[10])
body
alt

enb (i = 10)
val m[i] << f(m[i])
ret m

alt
enb (i /= 10)
val m[i] << f(m[i])
ret loop (i+1) m

end if
end fun

body
ret loop (1, m)

end fun

�++86*452 78, / +*4./ , /0*6/ =2++, ��9*5/ ,+./ �=84�12� +2:-,+0-,�,-*/ 2 �,.2-
2-*;*4/9 �,6 28.-/+ 3/9/�-/+ � :/+,/52 ,6 .-/4+=2-6/�12 5, ,+./52B ,6 �,A
5, +,- :/+,/52 4/ /�/9*/�12 5, 86/ , 3-,++12�> �9�6 5*++2 / 5*+.*4�12 proc,

fun
+,-*/ 
.*9 32- , ,6392 4/+ 0245*�K,+ enb

78, 325,-*/ 0@/6/- =84�K,+B
6/+ 412 3-20,5*6,4.2+>
�9�6 5/ 78,+.12 5, proc

,
fun

B 86 3-2:9,6/ 5/ =84�12 map
5,�4*5/ /0*6/

� / =84�12 /8 *9*/- loop
B ,6:2-/ ,9/ 32++/ +,- *639,6,4./5/ 5, =2-6/ ,�0*�,4., �-,08-+12 5, 0/85/ 325, +,- *639,6,4./5/ +,6 /920/�12 5, 3*9@/�B ,6

/6:*,4.,+ 0262 �/�/ ,+./ *639,6,4./�12 412 � +*639,+> �8.-2 3-2:9,6/ 5,
loop

� / 9,;*:*9*5/5,B 0263/-, 026 / �,-+12 /:/* 2
proc map (in ( fun f ( integer):( integer)),

in out m:integer[10])
var

i: natural
body
for i << 1 to 10 do

val m[i] << f(m[i])
end for

end proc

� 78, � 86/ :2/ *45*0/�12 5/ 3-/.*0*5/5, 5, /5*0*24/- for
,

while
>

�,
proc

=2++, *4098�52B *++2 /0/--,./-*/ 86/ @*,-/-78*/ 245, /�K,+ 325,6
0@/6/- =84�K,+ 28 3-20,5*6,4.2+ �, 0,.2 4/ 3/-., 5, 3-,�0245*�12 78, +,-*/-,+.-*.2 / =84�K,+�B 3-20,5*6,4.2+ 325,6 0@/6/- 3-20,5*6,4.2+ 28 =84�K,+B
, =84�K,+ 325,-*/6 0@/6/- /3,4/+ =84�K,+>

� *+.,6 52*+ 3-2:9,6/+ 026 ,+./ , .,4+12� �6 3-2:9,6/ 3-/;6�.*02 � / 32+�+*:*9*5/5, 52+ 3-2;-/6/52-,+ 23./-,6 32- 5,* /- 5, 9/52 /+ 3-*6*.*�/+ 2-*;*4/*+ 5,
�/8.*98+ , +� 3-2;-/6/-,6 8+/452 3-20,5*6,4.2+ , =84�K,+ �+*6*9/- /2 3-2:9,6/



��

5, 3-2;-/6/52-,+ � 78, 6*;-/6 3/-/ �/�/ , 3-2;-/6/6 5, =2-6/ *63,-/.*�/ *;�42-/452 / 6/*2- 3/-., 5/+ 0/-/0.,-�+.*0/+ 5/ 2-*,4./�12 / 2:�,.2�> �6 3-2:9,6/
5, 4/.8-,A/ .,�-*0/ 5/ -,08-+12 39,4/ � 78, / 9*4;8/;,6 /0/:/ =8;*452 52 526�4*2
+,6?4.*02 2-*;*4/9 245, /+ /�K,+ 5,�*/6 .,-6*4/->

@�$�; �(�-"�#<�#
�*62+ /78* 58/+ 32++��,*+ =2-6/+ 5, -,08-+12 78, 325,-*/6 +,- 8.*9*A/5/+ 3/-/

/5*0*24/- -,08-+12 ,6 �/8.*98+> �6/ :/+,/5/ ,6 026:*4/52-,+ 78, 325,-*/6 +,-
/5/3./52+ 3/-/ +,-,6 8+/5/+ 5,4.-2 5, /�K,+ , 28.-/ /5*0*24/452�+, 86/ 42�/
024+.-8�12 3/-/ 5,�4*�12 5, =84�K,+>
� 42�12 5, 026:*4/52-,+ � 6/*+ 9*6*./5/B 6/+ 3/-,0, +,- 86/ /5*�12 78, 325,

+,- *4.,;-/5/ 5, =2-6/6/*+ 84*=2-6, 5,4.-2 5/ 9*4;8/;,6> �4.-,./4.2 6/*+ .-/:/9@2
.,-*/ 5, +,- =,*.2 +2:-, 78/*+ -,+.-*�K,+ 5,�,6 +,- 02920/5/+ +2:-, /+ /�K,+ *4.,-4/+
3/-/ 78, 412 +, 3,-0/ / ;/-/4.*/ 5, .,-6*4/�12>
� 5,�4*�12 5, =84�K,+ =2-/ 5, /�K,+ � 6/*+ �, ��,9> �,�*52 / 4/.8-,A/ 6/*+

*+29/5/ 5,+./+ 3,4+28�+, 6,+62 / 32++*:*9*5/5, 5, -,08-+12 39,4/ , 026/452+ *.,�-/.*�2+B 78, 32- -/AK,+ 5, 4/.8-,A/ 3-�.*0/ , .,�-*0/ +, -,�,928 86/ *5�*/ 32802
/.-/.*�/> �4.-,./4.2B 6,+62 -,+.-*4;*52�+, / -,08-+12 026 ;/-/4.*/ 5, .,-6*4/�
�12B /+ 32++*:*9*5/5,+ , 3-,++*�/+ +12 024+*5,-/�,96,4., 6/*2-,+ �, *+.,6 5*�,-+2+
+*+.,6/+ 5, .*32+ 026 ;/-/4.*/ 5, .,-6*4/�12 78, 325,-*/6 +,- 8+/5/+ 0262 :/+,�>

�+ 58/+ /9.,-4/.*�/+ 412 +12 .12 5*+.*4./+B 86/ �,A 78, / 42�12 5, 026:*4/52�-,+ 3-,0*+/-*/ 5, 86/ =84�12 0262 3/-?6,.-2 52 026:*4/52- �32++*�,96,4., 86/
�,-+12 5*+=/-�/5/ 5, 86/ /:+.-/�12 9/6:5/�> �6 ;,-/9B / /:2-5/;,6 :/+,/5/ ,6
026:*4/52-,+ 3/-,0, 86 32802 6/*+ 3-26*++2-/ , 325,-*/ +,- 6/*+ 5,+,4�29�*5/ ,6
.-/:/9@2+ =8.8-2+>

�/-/ �4+ 6/*+ *6,5*/.2+ / *402-32-/�12 5, 86/ *639,6,4./�12 5, for 0262 2
5, �5/ �� +,-*/ 86/ :2/ /�85/>

��� 	��'� �����&
�& �� &"&����  � �"��&  � %�$�"!$&
� /.8/9 +*+.,6/ 5, .*32+ 5, �/8.*98+ � 5,6/+*/5/6,4., +*639,+> �/-/ .2-4/- /

9*4;8/;,6 6/*+ 3-�.*0/ +,-� 4,0,++�-*2 / /5*�12 5, .*32+ ,+.-8.8-/52+> � *5�*/ 5,
8+/- /+ 09/++,+ 5, �/8.*98+B 3,92 6,42+ 5/ =2-6/ 78, =2-/6 2-*;*4/96,4., 3-232+./+B
0262 +8:+.*.8.2+ 5, .*32+ ,+.-8.8-/52+ /3-,+,4./ 3-2:9,6/+B ./*+ 0262 =/9./ 5,
, 3-,++*�*5/5, �412 .,452 5,�4*�K,+ -,08-+*�/+B 412 � 32++��,9 -,3-,+,4./- �-�2-,+ 5,
=2-6/ 5*-,./ 32- , ,6392� , 5*�0895/5, 5, *4.,-/�12 026 ,9/+ �/ +*4./ , 5, *4.,-/�K,+
=2* 0-*/5/ 3-232+*./5/6,4., 3/-/ +,- .-/:/9@2+/ , =/A,- /+ 3,++2/+ ,�*./-,6 +,8 8+2�>

�262 +, 3-,.,45, /5*0*24/- -,08-+12 9*6*./5/B / ,+029@/ 52 +*+.,6/ 5, .*32+ ,+.�
./6:�6 9*;/5/ 026 /+ 32++��,*+ , .,4+K,+ =840*24/*+ 78, +, 3-,.,45/ /52./-> �2-
, ,6392B 2 +*+.,6/ 5, .*32+ 52 0�90892 9/6:5/ .*3/52 +*639,+ � 6*4*6/9*+./ , 32802
, 3-,++*�2 ��-�2-,+ 412 +12 5,�4��,*+�B ,478/4.2 2 +*+.,6/ 5, .*32+ 5, ��+.,6 	
� 3-/.*0/6,4., 86/ 28.-/ 9*4;8/;,6 =840*24/9 42 4��,9 5, .*32+> �, / /5*�12 5,
-,08-+12 =2- 32- 6,*2 5, 86/ +8:9*4;8/;,6B 325,�+, /5*0*24/- .*32+ ,+.-8.8-/52+5, =2-6/ 2-.2;24/9 /+ 09/++,+> �/+ /2 +, 23./- 32- +,;8*- 86/ /:2-5/;,6 6/*+
*4.,;-/5/ /+ 09/++,+ 5,�,-*/6 +,- 625*�0/5/+ 5, =2-6/ / 32++*:*9*./- +,8 8+2 0262
-,;*+.-2+ 0262 ,6 �/�/ , /5*0*24/- /9;86/ 024+.-8�12 3/-/ 9*5/- 026 +26/+ 5*+��84./+ �,�*./452 3-2�/�,96,4., 86 52+ 3*2-,+ ,--2+ 42 +*+.,6/ 5, .*32+ 2-*;*4/9 5,
�/�/�>



��

��� �����'�	
�  � ����� �&  � ����'�!�  � �$�� � alt � if
�+./ +,�12 +8-;*8 5, 86/ 5*+08++12 +2:-, / 024�,4*<40*/ 5, 28.-/+ *4+.-8�K,+ 5,

024.-29, 5, �8 2 �0262 if 28 case � 3/-/ +8:+.*.8*- 28 3,92 6,42+ 02639,6,4./-
/ 026:*4/�12 2:.*5/ 32- alt

,
enb

> � -,+89./52 =2* ,+./ 0263/-/�12 ,4.-, if
412

5,.,-6*4*+./ , alt
> � ,+029@/ 5, if

412 5,.,-6*4*+./ 0262 4/ �8/-5,5 �266/45

/4;8/;, 5, �*�
+.-/ ,6 �,A 5/ �,-+12 5,.,-6*4*+./ 5, �/+0/9 � :/+*0/6,4., 32-
+,- 6/*+ +*6*9/- ,6 ,+.*92 / �/8.*98+ , =/0*9*./- 0263/-/�K,+> � 024098+12 6/*+
*632-./4., 5,+./ 0263/-/�12 � 78, � 86 +*+.,6/ 5, 024.-29, 5, �8 2 5, , ,08�12
026 02632+*�12 6/*+ 5*-,./ 0262 if

� :,6 6/*+ 3-�.*0/ 52 78, / *45*-,./ 2:.*5/
32- alt

, -,*�0/�K,+>
�,;8,62+ 0262 , ,6392 86 if 02632+.2 0262

if c1 −>
s1;
if c3 −> s3;
[] c4 −>

s4;
if c5 −> s5
[] c6 −> s6
fi;
s4’

fi
[] c2 −> s2
�,4+28�+, ,6 58/+ 32++��,*+ /:2-5/;,4+ 3/-/ .-/58A*- 2 0�5*;2 /0*6/ ,6 �/8.*98+�
8+/452 -,*�0/�K,+ 28 �/-*��,*+ /8 *9/-,+> �2 3-*6,*-2 0/+2B *;42-/452 2 0�5*;2 5,
5,09/-/�12 5, 2:�,.2+ :/+, , 5, -,*�0/�12B 5,�*52 /2 =/.2 5, alt

+,- +*4./.*0/6,4.,
-,+.-*.2 / ,+./- 92;2 5,32*+ 5, /�K,+ � 4,0,++�-*2 9*4,/9*A/- /+ 23�K,+ 6/*+ :�+*0/+
0262
act a1
enb c1
s1

act a2
enb c2
s2

act a3
enb c3
s4

act a4
enb c4
s4

act a4’
s4’

act if_a56
alt 5

enb c5
s5

alt 6



��

enb c6
s6

, 5,32*+ 02632- ,6 5*�,-+/+ -,*�0/�K,+
// reificação 1
act a4c
seq

a4
if_a56
a4’

end seq

// reificação 2
act if_a34
alt

a3
alt

a4c

// reificação 3
act a
alt

seq
a1
if_a34

end seq
alt

a2

�,-*�0/�+, 32-./4.2 78, 78, ,+./ +298�12 /0/--,./ 86 .-/:/9@2 024+*5,-��,9 , 2
-,+89./52 �4/9 ,+.� :,6 924;, 5/ 9,;*:*9*5/5, 52 2-*;*4/9>

� 28.-/ /:2-5/;,6 � 8+/- 86/ �/-*��,9 /8 *9*/- �./., 78, .<6 �/92- *4*0*/9 A,-2

{State =0 }
if c1 −>

s1;
{State =1}
if c3 −> s3;
[] c4 −>

{State =2}
s4;
{State =3}
if c5 −> s5
[] c6 −> s6
fi;
{State =4}
s4’

fi
[] c2 −> s2
{State =5}
�++*6 2 0�5*;2 �/8.*98+ +,-*/

act a1
enb c1 and (State = 0)
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s1
val State << 1

act a2
enb c2 and (State = 0)
s2
val State << 5

act a3
enb c3 and (State = 1)
s4
val State << 5

act a4
enb c4 and (State = 1)
s4
val State << 2

act a4’
enb State = 4
s4’
val State << 5

act if_a56
alt 5

enb c5 and (State = 3)
s5
val State << 4

alt 6
enb c6 and (State = 3)
s6
val State << 4


 6/*+ +*639,+ 52 78, / /:2-5/;,6 /4.,-*2-B /9*/+ 86 3/5-12 :,6 +*6*9/- 325,
+,- ,4024.-/52 ,6 68*.2+ , ,6392+ 5, ,+3,0*�0/�K,+ �/8.*98+B 6/+ 024.*48/ 6/*+
, .,4+2 , 6,42+ 9,;��,9 52 78, 2 if 2-*;*4/9 , ;,-/ 0�5*;2 6,42+ 2.*6*A/52 52 /
�,-+12 026 /+ -,*�0/�K,+>

� 0/6*4@2 *4�,-+2 5, alt 3/-/ if
B 026 86/ , 3-,++12 0262

alt a1
enb c1
s1

alt a2
s2

� 3-/.*0/6,4., 5*-,.2

if c1 −> s1
[] True −> s2
fi
�6 324.2 / 5,+./0/-B / .-/58�12 62+.-/5/ ,4.-, if

,
alt

� 86/ /3-2 *6/�12>
� *+., 86/ 5*=,-,4�/ ,4.-, / +,6?4.*0/ 52 if

412 5,.,-6*4*+./ , , / +,6?4.*0/
5,+0-*./ 3/-/ alt

> � +,6?4.*0/ 5, alt
� /4;�9*0/ �*+.2 �B ,+029@, 86 52+ 026/452+

08�/ ;8/-5/ � �,-5/5,*-/ � , ,08./6 +,6 =/9@/+� ,478/4.2 / +,6?4.*0/ ;,-/96,4.,
/++20*/5/ /2 if

� 5,624�/0/ �,+029@, 86 52+ 026/452+ 08�/ ;8/-5/ � �,-5/5,*-/�>
�4.12 / *639,6,4./�12 5, if

� *4,-,4.,6,4., 6/*+ +*639,+ , ,�0*,4.,B 6/+ 2 3-2�



��

;-/6/52- ,6 ;,-/9 3-,0*+/ 9*5/- 026 6/*+ 3-,0245*�K,+ ,�28 �,-*�0/- +, 2+ 026/452+
, ,08./-/6 +,6 =/9@/+ 3/-/ 2:.,- , /./6,4., 2 6,+62 ,=,*.2 78, alt

>

@�;�� �(�-"�#0(
� 024+.-8�12 5, if

� 86/ /5*�12 , .-,6/6,4., 
.*9 / 9*4;8/;,6> �12 +26,4., �
6/*+ , 3-,++*�/ �42 +,4.*52 ,6 78, 2 0�5*;2 �6/*+ 09/-2 , +80*4.2� 52 78, /+ 024+.-8�
�K,+ /.8/*+ 0262 /8 *9*/ / 2:.,- 86/ *639,6,4./�12 6/*+ ,�0*,4., �2 if

.-/4+6*.,
86/ 42�12 5, ,+029@/ ,478/4.2 5*�,-+2+ act a enb c

.-/4+6*., / *5�*/ 5, 6
9.*�
392+ 3-20,++2+ 32.,40*/96,4., , ,08./452 5, =2-6/ 3/-/9,9/ , 32-./4.2 4/.8-/9 78,
+,�/6 *639,6,4./52+ 5,+./ =2-6/�>

��� �!#$��& ���&" �'�	
�& &��'� � &"�����
� +*4./ , ., .8/9 5, �/8.*98+ +,63-, =2* 86 /++84.2 -,9,;/52 / +,;8452 39/42

86/ �,A 78, � 86 /+3,0.2 5, *632-.?40*/ 6,42- ,6 0263/-/�12 / +,6?4.*0/B ,
32- 0/8+/ 52+ .-/:/9@2+ ,6 5*-,�12 / 86/ +*4./ , 5*/;-/6�.*0/> �4.-,./4.2 86/
42./�12 ., .8/9 .<6 /9;86/+ �/4./;,4+ ,6 -,9/�12 / 86/ 42./�12 5*/;-/6�.*0/B ,
/9;86/+ 685/4�/+ +*4.�.*0/+ 6,42-,+ 325,6 6,9@2-/- / 9*4;8/;,6>

•
�:-*;/- /�K,+ / 9*+./- 3/-?6,.-2+ 5, ,4.-/5/ , +/�5/> � *4=2-6/�12 �� , *+.,
4/ +,�12 *4.,-=/0, 52 2:�,.2B 6/+ ,++/ -,5845?40*/ -,/96,4., � *4.,-,++/4.,B
32*+ 78/452 2 3-2;-/6/52- ,+78,0, 2 426, 52 *5,4.*�0/52- 52 3/-?6,.-2B ,9,
� 2:-*;/52 / *- /.� 2 *4�0*2 52 2:�,.2 3-208-/- / *4=2-6/�12B *4.,--263,452 2
�8 2 5, .-/:/9@2> � =/9./ 5, 920/9*5/5, 4/ *4=2-6/�12 .,45, / +,- *--*./4.,>

•
�,-6*.*- 2 8+2 / 024�,4�12 5, 32+*�12 42 98;/- 5, 32- 426, 4/ 3/++/;,6
5, 3/-?6,.-2+> �478/4.2 / 024�,4�12 32- 426, +,�/ *4.,-,++/4., 78/452 @�
86 ;-/45, 4
6,-2 5, 3/-?6,.-2+B 86/ 024�,4�12 32- 32+*�12 3-2�/�,96,4.,
.2-4/-*/ 2 0�5*;2 6/*+ +80*4.2>

•
�52./- / 024�,4�12 object.action

,6 �,A 5, action of object
> �8-2

/�
0/- +*4.�.*02B 6/+ � / 2-5,6 024�,40*24/9 5/+ 9*4;8/;,4+ ��> �6:2-/
./9�,A +,�/ *4.,-,++/4., 8.*9*A/- 28.-2 +�6:292 0262 ��� 86/ �,A 78, �>� �� �
8+/52 3/-/ =/A,- -,=,-,40*/+ / 3/-?6,.-2+ , .2-4/-*/ foo.bar

/6:�;82 �/�12
bar

52 2:�,.2 foo 28 3/-?6,.-2 bar
5/ /�12 foo ��>



��

� ���	��� �� �������� �� ��
	
�
�
�

���� ������	�
�

��� ���'� $	
�
� =840*24/6,4.2 5, 3/-?6,.-2+ 5, �/8.*98+ � 6/*+ +2�+.*0/52 52 78, 5, 9*4;8/�

;,4+ 024�,40*24/*+B 32*+ ,+./:,9,0,6 324.2+ 5, +*40-24*A/�12 5,4.-2 5/+ /�K,+>
�262 , 32+.2 /4.,-*2-6,4., ,6 =>�B ,+., +*+.,6/ 3,-6*., 2 ,+./:,9,0*6,4.2 5,

/�K,+ 08�/ +,6?4.*0/ +,�/ �/A*/ �+,6/4.*0/6,4., 325, +,- �*+./ 0262 86/ /�12 026
/ 0245*�12 5, ,4: =/9+,�>
� 02--,./ *639,6,4./�12 5/ +,6?4.*0/ �/A*/ 5, 3/-?6,.-2+ /3-,+,4./ 02639*�

0/�K,+ 024+*5,-��,*+> �6 86/ .-/58�12 +,7�,40*/9 5/ /�12 02632+./B /+ /�K,+
026324,4.,+ 5,�,-*/6 +,- +,78,40*/9*A/5/+ 5, =2-6/ / -,+3,*./- /+ -,+.-*�K,+ *6�
32+./+ 3,92+ 3/-?6,.-2+B 2 0/+2 5, +,6?4.*0/ �/A*/ *639*0/ 86 0/+2 245, *++2 412 �
32++��,9> �++2 +*;4*�0/ 78, / /�12 =/9@/ 5, =2-6/ *4,�*.��,9B ,6:2-/ +*4./.*0/6,4.,
+,�/ 86/ /�12 3,-=,*./6,4., ��9*5/>

�6 86/ *639,6,4./�12 026 86/ .@-,/5 32- /�12 / *4.8*�12 � 78, 86 .@-,/5
024+86*52- ,+3,-/ /.� 78, 86 .@-,/5 3-258.2- =2-4,�/ 86 �/92-> �/+ , *+.,6 6/*+
5,./9@,+ / +,-,6 024+*5,-/52+> �2 0/+2 5/ 412 , ,08�12B , *:*- 86 02632-./6,4.2
5, 5,/5920
 412 � 86/ *4.,-3-,./�12 ��9*5/ 5/ +,6?4.*0/ 32*+ 325,-*/ :9278,/-
�/-*��,*+ 5, +92.+B .2-4/452�/+ 412 5*+324��,*+> �6/ 6/4,*-/ 5, *639,6,4./- 412, ,08�12 � *4.-258A*- 86 .@-,/5 5, 024.-29, 78, 3,-*25*0/6,4., �,-*�0/++, +, .25/+
/+ /�K,+ 412 ,+.12 :9278,/5/+B , +, ,+.*�,++,6 ,+., .@-,/5 024.-29, 5,�,-*/ -,+./8-/-
2+ �/92-,+ , -,*4*0*/- 2+ .@-,/5+> �/+ 0262 2+ .@-,/5+ 5/+ /�K,+ ,4�29�*5/+ ,6
86 0/+2 5, 412 , ,08�12 *-*/6 +,63-, ,4.-/- ,6 5,/5920
B 86/ /9.,-4/.*�/ 6,9@2-
� �,-*�0/- +, /+ /�K,+ 026324,4.,+ 325,6 +,- , ,08./5/+ 5, =2-6/ �*��,9 /4.,+
5/ , ,08�12B 4/ /4�9*+, ,+.�.*0/ , *+.2 325, +,- 2:.*52 / 0@,0/;,6 5, 3-2.20292+
3-232+.2 4,+., 0/3*.892> �+./ /4�9*+, ,+.�.*0/ 325, .2-4/- 3-2*:*5/ 0-*/- 86/ /�12
02632+./ 08�/ 08�2 ;-/=2 5, 5,3,45<40*/ 5, 3/-?6,.-2+ +,�/ *4�*��,9>

�24+*5,-/452�+, 86 3/-/9,92 026 86 +*+.,6/ 5, .*32+B 86/ /�12 0262
act A1 // (in I, out O1, out O2)
agg O1 = 〈�����〉
〈���	�� 
���〉
ret O2 = 〈�����〉

325, +,- �*+./ 0262 .,452 86 �.*32��3-2.20292��
�

1 :!�1 →?
�
→!�2

�+./ , 3-,++12 � 86/ 5,+0-*�12 52 3-2.20292 5, ,4�*2 , -,0,3�12 52+ 3/-?6,.-2+>
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�+/452 024�,4�K,+ ,4024.-/5/+ ,6 �9;,:-/+ 5, 3-20,++2+ ���� 28 ����B ! *45*0/,4�*2 5, 3/-?6,.-2+B , ?
/ -,0,3�12 5, 3/-?6,.-2+>

�++/ *4=2-6/�12 4,0,++�-*/ 3/-/ 2 /4/9*+/52- ,+.�.*02 ./6:�6 � 
.*9 3/-/ 2 5,�+,4�29�*6,4.2 5, 3-2;-/6/+> �6 8+2 32.,40*/9 +,-*/ 2 3-2;-/6/52- ,+./:,9,0,-
86/ , 3-,++12 5, 86 3-2.20292 78, 5,�,-*/ +,- +/.*+=,*.2 3,9/ /�12 �+*6*9/- / 3-2�
;-/6/52- 78, =2-4,0, 2 .*32 5/ =84�12 /4.,+ 52 02-32�>

��� 	"����� � '� $	
�  � �'�����!�&
� +*4./ , � 5/5/ 3,9/ +,;8*4., ?�	

�
= ?�→ �

| !�→ �
|
�
→

�
|
�
‖
�

|
�

2
�

| ε

245, ?� , !� +12 3/-?6,.-2+ 02639,6,4./-,+ �-,3-,+,4./6 ,4.-/5/ , +/�5/B -,+3,0�
.*�/6,4.,�B→ *45*0/ +,7�,40*/B ‖ 3/-/9,9*+62B 2 412 5,.,-6*4*+62 , ε

� 86 .*32
5, ,9,6,4.2 4,8.-2>
�+ -,;-/+ 3/-/ -,58�12 +12 +*6*9/-,+ / 5, 86/ �9;,:-/ 5, 3-20,++2+ 0262 ���

28 ���> � +,7�,40*/

(�→ �) → �
�→ (�→ �)

ε → �
�

�→ ε�
B / +*40-24*A/�12B

(!�→ �
)‖(?�→ �

)
�
‖�

ε‖
�
�

�
‖�
�‖�

(
�
‖�)‖

�
�
‖(�‖�)

, +8:+.*.8*�12B

(�→ �)[�/�]�[�/�] → �[�/�]
(
�
‖�)[�/�]

�
[�/�]‖�[�/�]

(
�

2�)[�/�]
�

[�/�]2�[�/�]
245, �[�/�] -,.2-4/ � +, �= � +,412 024.*48/ 0262 �> �8/452 412 @28�,- 78/9*��
0/52- 4/+ �/-*��,*+ � , � 5, [�/�] ,4.,45/ 0262 [!�/!�, ?�/?�]>�4*0*/96,4., .,4.28�+, =2-6/9*A/- / *5�*/ 5, 78, / ,4.-,;/ 5, 86 �/92- 3-258A*52
3/-/ 86 024+86*52- 325, +,- 32+.,-;/5/ ,6 86/ +*40-24*A/�12 /.-/��+ 5, 86/
-,;-/ :,6 ,+3,0*�0/�

(!�→ �→ �
)‖(�→ �) � 6=?� ?� ∈ α(�)

(�→!�→ �
)‖(�→ �)

245, α(�)
� 86/ , 3-,++12 78, -,.2-4/ 2 /9=/:,.2 �2+ 3/-?6,.-2+ 3-,+,4.,+� 52

3-2.20292 �>�4.-,./4.2 �,-*�028�+, 78, 86/ -,;-/ 6/*+ +*639,+�

(!�→ �
)‖�

�
‖�‖(!�→ ε)

,+./:,9,0,452 / *45,3,45<40*/ 5, !� ,-/ +8�0*,4.,>�2 0/+2 5, 412 5,.,-6*4*+62
�

2
�

�
�→ (�2

�
)

(�→ �)2(�→ �
)

�
‖(�2

�
)

(
�
‖�)2(

�
‖
�

)
� 3-*6,*-/ -,;-/ 3/-/ 412 5,.,-6*4*+62 � 78, +, /+ /9.,-4/.*�/+ .,6 2 6,+62
3-2.20292B 325, +,- ,9*6*4/52> �+ 28.-/+ +12 -,;-/+ 5, 5*+.-*:8*�12>



��

��� �'�����!�  � �	
�& �'"�"�")�&
� 3-2.20292 5, /�K,+ :�+*0/+ 325, +,- 2:.*52 5/ +,;8*4., =2-6/�

export
A1
in i1: 〈����〉
in i2: 〈����〉
out o1: 〈����〉
out o2: 〈����〉

..

act A1
agg o1 = 〈�����〉
〈
����1〉
ret o2 = 〈�����〉

3-2.2029(�1) =!�1 → (?�1‖?�2) →!�2
� 3-2.20292 5, 86 /�12 :�+*0/ � +,63-, ��9*52 �412 0/8+/ =/9@/+�>

��� �'�����!�  � �	
�& �����&��& �� �#'�#�	
�
�+ *5,4.*�0/52-,+ +12 024+*5,-/52+ 78/9*�0/52+B *+.2 �B �5�:� >�5�0.*24>2�� 42

98;/- 5, 2��>
�/ , 32-./�12 5, 3/-?6,.-2+ 5/+ /�K,+ 02632+./+B

〈�����	��〉 der 〈
	� | ���〉 a: 〈����〉 by b

2 3/-?6,.-2 4/ 32+*�12 � +,-� 0@/6/52 
�����
�B ,478/4.2 2 3/-?6,.-2 4/ 32+*�12
� +,-� 0@/6/52 5,-*���,9 28 
��	�����>�/5/ /�12 02632+./ .,-� 86 024�84.2 5, 3/-?6,.-2+ 5,-*�/52+ �,-(�
������)

B
86 024�84.2 5, 5,-*���,*+ �-*6(�
������)

, 86 024�84.2 5, +8:+.*.8*�12 ��(�
������)245, 0/5/ ,9,6,4.2 .<6 =2-6/.2 �/�>
C�;�� �.(!(-("(# *�!�. ���#!�#
� 2:.,4�12 5, 86 3-2.20292 5,.,-6*4*+./ 3/-/ /�12 02632+./ =2* 5*�*5*5/ ,6

58/+ ,./3/+� �/9*5/�12 �245, +, �,-*�0/ 78, 2+ 3-2.20292+ 5/+ /�K,+ 026324,4.,+ +,
,40/* /6 +,6 =/9@/+� , 2 0�90892 52 3-2.20292 -,+89./4.,>

������� ����
�
��
� *4.8*�12 5/ -,;-/ 5, �/9*5/�12 � +*639,+B +, @� ,4.-/5/+ , +/�5/+ 78, 412

+*40-24*A/6 *++2 /0/--,./ =/9@/ /8.26�.*0/ �28 +,�/ /+ /�K,+ 026324,4.,+ ,4.-/-*/6
,6 5,/5920
�>

�6/ /�12 02632+./ � 024+*5,-/5/ ��9*5/ +, / +*40-24*A/�12 52+ 3-2.20292+ 5/+
/�K,+ 026324,4.,+B 6/*+ 2 02639,6,4.2 52+ 3/-?6,.-2+ 5,-*���,*+ -,+89./ ,6 ε�+26/ A,-2�>

�/9*5 :
�
������ → ����

�/9*5(�) =̂ 0263�-2.(�)‖02639�-*6(
�

) = ε



��

� +*40-24*A/�12 52+ 3-2.20292+ 5/+ /�K,+ 026324,4.,+ 8+/ 86/ =84�12 6/.0@+(�)78, -,.2-4/ 86/ 9*+./ 5, +8:+.*.8*�K,+B ./9 78, 0/5/ 0/5/ match � � 5, � @� 86,9,6,4.2 �/�>

0263�-2. :
�
������ →

��������
0263�-2.(�) =̂ (‖�∈(����������(	))

3-2.2029(�))[6/.0@+(�)]

02639�-*6 :
�
������ →

��������
02639�-*6(

�
) =̂ (‖
∈��
�(	)

4,;(
))

4,; :
����	 →

����	
!� 7→ ?�
?� 7→ !�

�6 , ,6392 5, �/9*5/�12B .,452�
act AComp composed by

A1 of Obj1
A2 of Obj2

match A1.O1 of Obj1
A2.I2 of Obj2

match A1.I1 of Obj1
A2.O2 of Obj2

, /++86*452 78, 2+ 3-2.20292+ 5, 5, �� , �C +,�/6
3-2.2029(�1) = !�1 →?�1
3-2.2029(�2) = !�2 →?�2

2 / �/9*5/5, 5, ��263 325, +,- 0/9089/52 0262
0263�-2.(���	
) =

�
1‖
�

2[�1/�2, �2/�1]

= (!�1 →?�1)‖(!�1 →?�1)

= (?�1‖!�1)‖(!�1 →?�1)

= ?�1‖!�1‖(!�1 →?�1)

= !�1‖(?�1‖(!�1 →?�1))

= !�1‖?�1
= ε

� 32-./4.2 / /�12 02632+./ �0263 � ��9*5/>
�, 2+ 3-2.20292+ 5, �� , �C =2++,6

3-2.2029(�1) = ?�1 →!�1
3-2.2029(�2) = ?�2 →!�2

��263 +,-*/ 0/9089/52 0262
0263�-2.(���	
) =

�
1‖
�

2[�1/�2, �2/�1]

= (?�1 →!�1)‖(?�1 →!�1)
�8, � *--,58.��,9 , 32-./4.2 / /�12 �0263 +,-*/ *4��9*5/>



��

������� ������� 
� 
��������
�26 / �/9*5/�12 5/ /�12 02632+./ �0263B 2 3-� *62 3/++2 � 0/9089/- 2 3-2.20292

5,+./> �, 412 /3-,+,4./ der in 28 der out
� +*639,+6,4., ε

> �, /3-,+,4./B �
86/ , 3-,++12 08�2 /9=/:,.2 ,+./ 024.*52 ,6 �,-

(
���	
)

> � 3-2.20292 325, +,-
2:.*52 5/ +,;8*4., =2-6/�

3-2.2029 :
�
������ →

��������
3-2.2029(�) =̂ ((‖�∈����������(	)

3-2.2029(�))[��(
�

)])[ε/
 ∈ α(026324,4.+(�))]

�+.2 +*;4*�0/ 78, /+ /�K,+ 026324,4.,+ +12 +*40-24*A/52+B 2+ *5,4.*�0/52-,+ 52+
3/-?6,.-2+ 3-*6*.*�2+ +12 +8:+.*.8�52+ 3,92+ 3/-?6,.-2+ 5,-*�/52+ , 2+ 28.-2+ +12
4,8.-/9*A/52+>

�6 , ,6392 5, 0�90892 5, 3-2.20292 � 62+.-/52 3/-/ 2 +,;8*4., =-/;6,4.2

object AT
..
export

Atribui der in Valor: integer
by Atribui.Valor of Tabela

..
act Atribui composed by

Posição of Apontador
Atribui of Tabela

match Posição.Pos of Apontador
Atribui.Ind of Tabela

2 3-*6,*-2 3/++2 � / �/9*5/�12 78, +,-� 26*.*5/B 32*+ 412 /3-,+,4./ 5*=,-,4�/+ +*;�4*�0/.*�/+ 026 2+ , ,6392+ /4.,-*2-,+>
� 3-2.20292 5/+ 026324,4.,+�

3-2.2029(�324./52->�2+*�12) =!
�324./52->�2+*�12>�2+

3-2.2029(
/:,9/>�.-*:8*) = (?

/:,9/>�.-*:8*>�/92- ||?
/:,9/>�.-*:8*>�45)

� 9*+./ 5, +8:+.*.8*�12 :/+,/5/ ,6 3/-?6,.-2+ , 32-./52+�

��
(
�
>�.-*:8*) = [

�
>�.-*:8*>�/92-/
/:,9/>�.-*:8*>�/92-]
� 9*+./ 5, +8:+.*.8*�12 �4,8.-/9*A/�12� :/+,/52 42 /9=/:,.2 5/+ 026324,4.,+�

α(
�324./52->�2+*�12) = {!

�324./52->�2+*�12>�2+}

α(

/:,9/>�.-*:8*) = {?


/:,9/>�.-*:8*>�/92-, ?
/:,9/>�.-*:8*>�45}

[ε/α(026324,4.+(�
>�.-*:8*)] = [ε/!
�324./52->�2+*�12>�2+,

ε/?

/:,9/>�.-*:8*>�/92-,

ε/?

/:,9/>�.-*:8*>�45]



��

�2-./4.2B

3-2.2029(�
>�.-*:8*) = (((!
�324./52->�2+*�12>�2+)
‖(?

/:,9/>�.-*:8*>�/92-‖?
/:,9/>�.-*:8*>�45))
[
�
>�.-*:8*>�/92-/
/:,9/>�.-*:8*>�/92-])

[ε/!
�324./52->�2+*�12>�2+,

ε/?

/:,9/>�.-*:8*>�/92-,

ε/?

/:,9/>�.-*:8*>�45]

= ((!
�324./52->�2+*�12>�2+)
‖(?
�
>�.-*:8*>�/92-‖?
/:,9/>�.-*:8*>�45))
[ε/!

�324./52->�2+*�12>�2+,
ε/?

/:,9/>�.-*:8*>�/92-,

ε/?

/:,9/>�.-*:8*>�45]

= (ε‖(?
�
>�.-*:8*>�/92- || ε))

= ?
�
>�.-*:8*>�/92-

� 0262 /+ /�K,+ 5, �/8.*98+ 412 +12 -,08-+*�/+B / , 3-,++12 78, , 3-,++/ 2+
3-2.20292+ � �4*./ , .,45, / +,- +*639,+>

C�;�$ �.(!(-("(# �0( *�!�. ���#!�#
�/-/ 024+*5,-/- /�K,+ 026 6
9.*39/+ /9.,-4/.*�/+B /9;86/+ 685/4�/+ +, .2-4/6

4,0,++�-*/+> �+ /9.,-4/.*�/+ .<6 2 6,+62 /9=/:,.2 5,�4*52 3,9/ 9*+./ 5, 3/-?6,.-2+
, 32-./52+B 6/+ / 2-5,4/�12 325, +,- 5*=,-,4.,> �2- , ,6392B
act A
alt A1

agg O1 = 〈�����〉
〈�����〉
ret O2 = 〈�����〉

alt A2
〈�����〉
ret O1 = 〈�����〉
ret O2 = 〈�����〉

08�2 3-2.20292 � / , 3-,++12

(!�1 →?� → �2)2(�? →!�1 →!�2)
�/-/ =/0*9*./- / �/9*5/�12 /+ -,;-/+ 5, 5*+.-*:8*�12 +12 8+/5/+ 3/-/ 6/4.,- 2+

3-2.20292+ ,6 86/ =2-6/ 42-6/9 3-,4, > �++*6 86 3-2.20292 412 5,.,-6*4*+./
�� 325, +,- *4.,-3-,./52 0262 86 024�84.2 5, 3-2.20292+ 5,.,-6*4*+./+ �� >�++*6 / �/9*5/�12 5, 86/ /�12 02632+./ ���	
 026 58/+ /�K,+ 026324,4.,+
�

1
, �

2 026 3-2.20292+ �112
�

122
�

13
, �

212
�

22
-,+3,0.*�/6,4.,B +,-*/ =2-4,0*52

32-

�/9*5(���	
) =̂

((
�

11 ||
�

21)[6/.0@+(���	
)] || 02639�-*6(
���	
) = ε) ∨

((
�

11 ||
�

22)[6/.0@+(���	
)] || 02639�-*6(
���	
) = ε) ∨

. . .

((
�

13 ||
�

22)[6/.0@+(���	
)] || 02639�-*6(
���	
) = ε)

�/-/ 2:.,- 2 3-2.20292 5, ���	
 B ,9*6*4/�+, /+ 026:*4/�K,+ 78, =/9@/-/6 4/
�/9*5/�12 , +, /39*0/ 2 3-20,5*6,4.2 3/-/ 2:.,4�12 5, 3-2.20292+ 5,.,-6*4*+./+



��

/+ 026:*4/�K,+ -,+./4.,+B 2+ 3-2.20292+ -,+89./4.,+ +12 ,4.12 -,84*52+ 3,92 412
5,.,-6*4*+62>

��� �'�����!�&  � �	
�& �����&��&  � '�"���	
�
�6 -,*�0/�K,+B 412 @� 6/.0@+ 32-./4.2 .252+ 2+ 3/-?6,.-2+ +12 , 32-./52+>

�++*6 +, 2+ 3-2.20292+ 5/+ /�K,+ 026324,4.,+ ,-/6 ��9*52+B 2 3-2.20292 -,+89./4.,
+,-� ��9*52> �2 0/+2 5, seq

B 2 3-2.20292 -,+89./4., � 2 +,78,40*/6,4.2 52+ 3-2.202�92+ 5/+ /�K,+ 026324,4.,+> �2 0/+2 5, cps
B 2 3-2.20292 -,+89./4., � / 02632+*�12

3/-/9,9/ 52+ 3-2.20292+ �+,6 6/.0@+ 412 @� +*40-24*A/�12 *4.,-4/�>



��

� �����	
� �� ��������	���


��� ���'� $	
�
� 6/3,/6,4.2 52 +8:024�84.2 5/ 9*4;8/;,6 5,+0-*.2 42 0/3�.892 � =2* 3-2.2�

.*3/52 /.-/��+ 5, 86 3-2;-/6/ �/+
,99 78, -,0,:, 2 3-2;-/6/ �/8.*98+ , ;,-/ 2
0�5*;2 �/�/ ,78*�/9,4.,> �8.-2+ /+3,0.2+ =2-/6 .,+./52+ 5, =2-6/ 6/48/9 �:/+*0/�
6,4., 2 /8.2- =,A 2 3/3,9 52 .-/58.2-�>

�/�*/ / *4.,4�12 5, 0-*/- 86 .-/58.2- 6/*+ 02639,.2 ,+0-*.2 ,6 �/�/ 026 86
/6:*,4., 5, 3-2;-/6/�12 �84.2 026 /9842+ 5, ;-/58/�12 5, 28.-/ *4+.*.8*�12B 6/+
,+./ *639,6,4./�12 /0/:28 412 +,452 -,/9*A/5/> �+., 0/3�.892 32-./4.2 5,+0-,�,
2:+,-�/�K,+ 5,-*�/5/+ 5,+./ , 3,-*<40*/ , /3-,+,4./ /9;86/+ +8;,+.K,+ 5, 2.*6*A/�12
3/-/ 2 0/+2 5, 86/ *639,6,4./�12 6/*+ /6:*0*2+/>

��� �$&��  � �'��&�	
�
�/8.*98+ =2* *5,/9*A/5/ 0262 86/ 9*4;8/;,6 3/-/ +,- 8.*9*A/5/ ,6 ;-/45,+ 3-2�

;-/6/+ 02402--,4.,+B �� 78, =2* *4+3*-/5/ ,6 86 =2-6/9*+62 �/8.�6/.2+ 412 +,78,4�
0*/*+� 78, /3-,+,4./ ;-/45,+ 3-23-*,5/5,+ 5, 02632+*0*24/9*5/5, , 78, � 4/.8-/9�
6,4., 02402--,4.,> �4.-,./4.2 2 /+3,0.2 .-/4+/0*24/9 325, +,- 86 ;-/45, 3-2:9,6/
3/-/ 2 +,8 8+2 42 0/+2 5, +*+.,6/+ 5*+.-*:8�52+ 78, +,-*/6 86/ , .,4+12 4/.8-/9
3/-/ 86/ 9*4;8/;,6 02402--,4.,>

�++/ 0/-/0.,-�+.*0/ �� � 86 ./4.2 0/-/ 6,+62 3/-/ +*+.,6/+ 5, 6,6�-*/ 026�
3/-.*9@/5/> �/-/ 86 +*+.,6/ +,- .-/4+/0*24/9B ,9, 3-,0*+/ ;8/-5/- 2 
9.*62 �/92-
��9*52 /.� 78, .25/+ /+ /9.,-/�K,+ +,�/6 024098�5/+ 026 +80,++2> �+.2 �B 42 6�4*62
52:-/ / 78/4.*5/5, 5, 6,6�-*/ 4,0,++�-*/ , +, , 392-/ 6/*+ 02402--<40*/ ,+./:,9,0,
6
9.*39/+ 0�3*/+ 920/*+ 5, ,+./52 3/-/ 8+2 5, .@-,/5+>

�/8.*98+ � 024+.-8�52 +2: / /++84�12 78, .25/+ /+ 02638./�K,+ +12 .-/4+/�K,+
5/ 6,+6/ =2-6/ 78, ��� /++86, 78, 02684*0/�12 � +,63-, +�40-24/> �6 86
9*�-2 +2:-, , .,4+K,+ 02402--,4.,+ 5, �
 �	
������B �����B 2+ 3,+78*+/52-,+
78, ,+029@,-/6 3-*6*.*�/+ +�40-24/+ +, /32*/�/6 ,6 -,+89./52+ 5, 6/*2- 02632�+*0*24/9*5/5, 5,02--,4., 5,++/ ,+029@/> �� 2+ 78, ,+029@*/6 3-*6*.*�/+ /++�40-24/+
/324./�/6 78, ,6 +*+.,6/+ 5*+.-*:8*52+ 6,4+/;,4+ /++�0-24/+ +12 / ,+029@/ 6/*+
4/.8-/9 , +*40-24*0*5/5, � 0/-/ �,6 -,5,+ 2 +*40-24*+62 +� � /90/4�/52 /.-/��+ 5, 86
3-2.20292 5, 6,4+/;,4+ /++�40-24/+�> � 6,+62 .-/5,�2� 3/-,0, +, /39*0/- 5, =2-6/
/*45/ 6/*+ =2-., /2 +*+.,6/ .-/4+/0*24/9 5, �/8.*98+ �,6 :/402 5, 5/52+B .-/4+/�
�K,+ 5*+.-*:8�5/+ +12 2:.*5/+ /.-/��+ 5, 86 3-2.20292 5, 58/+ =/+,+ 78, *639*0/6
,6 68*./+ 6,4+/;,4+ .-/=,;/452 4/ -,5,�>

�6/ 32++��,9 =2-6/ 5, .,4./- 6*4*6*A/- ,+., 08+.2 +,-*/ 8.*9*A/- .�04*0/+ 026:*�



��

4/5/+ 5, *4.,-3-,./�12 /:+.-/./ , /4�9*+, 5, 412 *4.,-=,-<40*/> �2- , ,6392B

slot a: integer

act add
val a << a + 1

/++86*452 78, 2 +92. / +� � /9.,-/52 32- /55 , 5/52 78, /5*�12 � 86/ 23,-/�12 78,
412 0/8+/ =/9@/+B 4,+., 0/+2 / *639,6,4./�12 0/4�4*0/�

void add()
try {

a.lock();
add_body();
a.commit();

} catch (e) {
a.rollback();

}
}

325,-*/ +,- +*639*�0/5/ 3/-/

void add{
a := a + 1;

}

	/A,- ,++, .*32 5, 2.*6*A/�12 , *;*-*/ 3-23/;/�12 5, 3-23-*,5/5,+ , *4.,-3-,./�12
/:+.-/./B *+.2 �B 486/ , 3-,++12 � (�, �) +, /+ +8:, 3-,++K,+ � , � 412 0/8+/6 =/9@/+, � � .2./9 ,4.12 / , 3-,++12 �

(�, �) 412 0/8+/ =/9@/+> �4.-,./4.2 ,++, 4��,9 5,/4�9*+, ,+.�.*0/ 3-2�/�,96,4., +,-*/ :,6 5,62-/5/>

��� �$��'�� � � ��&�'�	
�  � ����"�" � �
�,+./ +,�12 +12 5,+0-*./+ +*.8/�K,+ 245, 32- -/AK,+ 5, *639,6,4./�12 6/4.,- /

/:+.-/�12 5, /.26*0*5/5, � *4�*��,9>

E�+�� 8�!.�*� � :�2*�
�4.-/5/ , +/�5/ � 86 324.2 245, 23.28�+, 32- *;42-/- /.26*0*5/5, 5, �/8.*98+>	*028 09/-2 78, ��� 412 325, +,- *4098�52 42 0240,*.2 5, /.26*0*5/5, 5, /�K,+

�68*.2+ 0/+2+ 245, 412 +, 325, -,�,-.,- /2 ,+./52 /4.,-*2-B 0262 0/+2 5, *4.,-/�12
026 2 8+8�-*2B 024, K,+ ,6 -,5,B ,.0>�>


2;2 42 *4�0*2 52+ .-/:/9@2+ 3,-0,:,8�+, 78, /52./- read
,

write 0262 3,-�.,40,4.,+ / 86 2:�,.2 System 0262 ,6 �/�/ +,-*/ 5,+/�,*./52 �5,�*52 /2 =/.2 52
4
09,2 412 *4098*- *4.,-/�K,+� , =2* /++86*52 ./.*0/6,4., 78, /+ *4+.-8�K,+ read,

write
+12 , ,08./5/+ 5, =2-6/ /.�6*0/ 4/+ /�K,+ , 3-,.,45*/�+, .-/:/9@/- 026*++2 6/*+ 5,./9@/5/6,4., 5,32*+ 5, 6/3,/- /+ 28.-/+ 024+.-8�K,+ 5, �/8.*98+>

�3�+ =,*.2 2 6/3,/6,4.2 52 4
09,2B , /5*0*24/452 *4.,-/�K,+ , 09/++,+B 3,-0,:,8�+, 78, 2 3-2:9,6/ ,-/ 6/*+ 5*=�0*9 52 78, 2 *4*0*/96,4., *6/;*4/52> � /9.,-4/.*�/
5, .-/./-

read
,

write 0262 /�K,+ 5, 86 
4*02 2:�,.2 System
,-/ *4�*��,9B /+

-,;-/+ 5, 8.*9*A/�12 5, 2:�,.2+ 412 3,-6*.,6 78, ,9, +,�/ -,8+/52 �+, 8+2 ,9, �84.2
026 86 2:�,.2 �B 412 325,-*/ -,8.*9*A/�92 026 86 2:�,.2 ?�B 6/+ /0-,5*./�/�+, 78,
/ /52�12 5, 09/++,+ -,+29�,-*/ 2 3-2:9,6/> �4.-,./4.2 /52./452 09/++,+ 325,-*/�+,8.*9*A/- /+ *4+.?40*/+ 5, 86/ 09/++, System 6/+ /*45/ /++*6 *639*0/-*/ ,6 86
.-/:/9@2 024+*5,-��,9 ,6 �84./- 2+ 2:�,.2+ , /0/--,./-*/ 0,-./+ -,+.-*�K,+>



��

�, 78/978,- =2-6/B 6,+62 3,-6*.*452 2 8+2 5, 86 
4*02 .,-6*4/9B *++2 /*45/
/0/--,./ 2 .-/:/9@2 /:2--,0*52 5/+ �84�K,+ 5, 2:�,.2+> �3.28�+, ,4.12 32- 024.*48/-/ 8.*9*A/-

read
,

write
+,6 2:�,.2+>


 ,�*5,4., 78, read
,

write
.<6 86/ *4.,-/�12 ;92:/9 026 86 2:�,.2 78,

-,3-,+,4./ 2 68452 , .,-42 *639*0*./6,4.,> �+.,45,452 2 8+2 5, read
,

write026 /-78*�2+ � *4.,-,++/4., 42./- 0262 *++2 325, +,- 8+/52 5, =2-6/ / 3/++/- 32-
0*6/ 5/+ /:+.-/�K,+> �2- , ,6392B +,�/6 2+ 2:�,.2+
object o1
category
birth Start

body
slot f:OutputFile

i: integer
// assumindo OutputFile
// um manipulador de arquivos de saida

act Start
〈�����	�

�
��� �����.���〉

〈��	�
�
〉

act Processa
〈�������� 	

〉
write(f,i)
close(f)

end o1

object o2
category
birth Start

body
slot f:InputFile

i: integer
// assumindo InputFile
// um manipulador de arquivos de entrada

act Start
〈�����	�

�
��� �����.���〉

〈�
��
�
〉

act Processa
read(f,i)
〈��	�	�� 	

〉

end o1

object oa
aggregation of o1 o2

�,+., 0/+2 2:.�6�+, 02684*0/�12 ,4.-, 2� , 2C 5, =2-6/ *45*-,./ �2 78, 325,
+,- :,6 
.*9�>
�3,4/+ 86/ 2:+,-�/�12� ,478/4.2 / 6/48.,4�12 5/ /:+.-/�12 5, .-/4+/�12 ,6

.25/+ /+ 23,-/�K,+ 5, ��� +,�/ *4�*��,9B 3/-/ /9;84+ 0/+2+ 0262 / 6/4*389/�12 5,
/-78*�2+ 026 5*-,*.2 / 9,*.8-/�,+0-*./B / /:+.-/�12 5, .-/4+/�12 325, +,- 6/4.*5/
�325,-*/ +, ,+.,45,- / /:2-5/;,6 8.*9*A/5/ 026 +92.+B /52./- 86/ 3/9/�-/�0@/�,



��

0262 .-/4+��9, , .-/:/9@/- 026 /-78*�2+ 5, 92; 42 98;/- 5, �/-*��,*+ .,632-�-*/+�>
� 78,+.12 � +, *++2 +,-*/ 3-�.*02B *+.2 �B +, 4/+ +*.8/�K,+ 245, -,�,-+12 /2 ,+./52
/4.,-*2- � 32++��,9 , 5,+,���,9 0262 ,6 :/402 5, 5/52+B ,++/ 3-23-*,5/5, �/* 02*40*5*-
026 / 58-/�12 5, 86/ /�12>

E�+�$ �.�!� ��!( *� �B-�/<�#
� *639,6,4./�12 +,;8*8 / *5�*/ 5, 78, 78/978,- ,--2 42 6,*2 5/ , ,08�12 5,

86/ /�12 /0/--,./ 2 -,.2-42 /2 �/92- *4*0*/9> �-2:9,6/+ 026 ,++/ /:2-5/;,6 +8-;,6
026 /+3,0.2+ 245, / 42�12 5, .-/4+/�12 412 � 6/4.*5/ 0262 ���> �/-/ ,++,+ 0/+2+
+,-*/ 4,0,++�-*2 ,+.,45,- / 9*4;8/;,6 32*+ +, /+ -2.*4/+ -,.2-4/6 �/92-,+ 5, ,--2B
3-,0*+/ 5, 3-*6*.*�/+ 0245*0*24/*+ *4.,-4/+ �*=B 0/+,� 3/-/ /;*- 5, /02-52 026 ,+.,+
�/92-,+	 28 +, /+ -2.*4/+ 325,6 9,�/4./- , 0,�K,+B 3-,0*+/ 5, +*+.,6/ 5, .-/./6,4.2
5, , 0,�K,+>

�6 +*+.,6/ 5, .-/./6,4.2 5, , 0,�K,+ ./6:�6 +, .2-4/ 3/-.*089/-6,4., *632-�
./4., 3/-/ 8+2 5, :*:9*2.,0/+ 5, 28.-/+ 9*4;8/;,4+ 0262 5,+./0/52 / +,;8*->

E�+�+ �( ���-�/0( -( (�!.(# 1.(�.� �#
� 412 +,- 78, +, 78,*-/ +,;8*- 86 -862 38-/6,4., /0/5<6*02B 0262 �@/-*.�B �

4,0,++�-*2 -,8.*9*A/- -2.*4/+ ,+0-*./+ ,6 28.-/+ 9*4;8/;,4+ 5, 3-2;-/6/�12> �2 0/+2
52 6/3,/6,4.2 2 *4.,-,++, �:�*2 +,-*/ -,8+/- :*:9*2.,0/+ �/�/>

�2 0/+2 5, �/�/B 2 -,8+2 5, :*:9*2.,0/+ +,6 5,3,45<40*/+ 5, ,+./52 �0262 �/.@�
412 /3-,+,4./6 3-2:9,6/+ 5, /.26*0*5/5, �/3,+/- 5, 3-,0*+/- .-/./- , 0,�K,+�>

�/+ / 6/*2-*/ 5/+ -2.*4/+ 412 � .12 :,6 02632-./5/> �,+.,+ 0/+2+ 3-2�/�,9�
6,4., / +298�12 6/*+ -/A2��,9 +,-*/ 3,-6*.*- /�K,+ 78, 412 -,+3,*./6 /.26*0*5/5, ,
,.*78,./�9/+ 026 86/ 3/9/�-/ 0@/�, 0262 �424�/.26*0�> �2 0/+2 5, *4.,-/�12 026�/�/ / *402-32-/�12 5, 86 +*+.,6/ 5, .-/./6,4.2 5, , 0,�K,+ +,-*/ 3/-.*089/-6,4.,
*632-./4., 3/-/ *4.,-23,-/:*9*5/5,>

�8.-2 /+3,0.2 � 0262 +,-*/ / 02684*0/�12 *4�,-+/B *+.2 �B / 0@/6/5/ 5, 0�5*;2
�/8.*98+ 32- �/�/> �+ 0/-/0.,-�+.*0/+ 5, �/8.*98+ .2-4/6 ,+./ 02684*0/�12 86
32802 02639*0/5/> �-2;-/6/+ �/8.*98+ +12 ,4.*5/5,+ /.*�/+B 32-./4.2 /+ *4.,-/�K,+
.,-*/6 78, 9,�/- ,++/ 0/-/0.,-�+.*0/ ,6 024./B 32- , ,6392 325,-*/6 8+/- 86 ,+.*92
5, ,4�*/- 2+ 5/52+ 5, ,4.-/5/ /.-/��+ 5, 86 3-20,5*6,4.2 , ,+3,-/- 78, /2 .�-6*42
2 3-2;-/6/ �/8.*98+ �A,++, 86/ 0@/6/5/ 5, 0/99:/0
>

��� %
�  ���'�"�"&��
� *+., 86 0,-.2 024�*.2 ,4.-, 2+ 2:�,.*�2+ 5, 86/ 9*4;8/;,6 5, ,+3,0*�0/�12

, 86/ 9*4;8/;,6 5, 3-2;-/6/�12> �478/4.2 , *+., 86/ /639/ �8+.*�0/.*�/ 3/-/
6/4.,- 86/ ,+3,0*�0/�12 2 6/*+ 412 5,.,-6*4*+./ 32++��,9 ;/-/4.*452 6/*+ 23�K,+B
/ *639,6,4./�12 5,�,-*/ +,- 2 6/*+ ,�0*,4., 32++��,9 �2 78, +*;4*�0/ 9,�/452�+, /+/-78*.,.8-/+ 024�,40*24/*+ ,6 -,.*-/- :2/ 3/-., 52 412 5,.,-6*4*+62�>

� /.8/9 +*+.,6/ 5, 412 5,.,-6*4*+62 :/+,/52 ,6 :/0
.-/0
*4; 412 +,7�,40*/9
� *4.,-,++/4., 3/-/ �4+ 5*5�.*02+B 32*+ 2:-*;/ 2 /9842 / 412 5,3,45,- 5, 5,:8;;,-
, 2 =2-�/ / 3,4+/- +2:-, 2 3-2;-/6/B +*6*9/- / 86/ ,+3,0*�0/�12 ,6 �-292; 38-2>
�/+B 0262 �-292; 38-2B *++2 .,45, / +,- *4,-,4.,6,4., *4,�0*,4., ,6 6�78*4/+
024�,40*24/*+ , 412 � 3-�.*02 3/-/ 86/ 9*4;8/;,6 5, 3-2;-/6/�12 �/ 5*�*+12 ,6
2:�,.2+ 5, �/8.*98+ .,45, / 5*6*48*- 2 ,+3/�2 5, :8+0/+B 6/+ /*45/ � *4,�0*,4.,�B
,6 86/ *639,6,4./�12 ,�0*,4., � 6/*+ *4.,-,++/4., .,- 024+.-8�K,+ 5, 4/.8-,A/



��

6/*+ 5,.,-6*4�+.*0/ , 8+/- 412 5,.,-6*4*+62 /3,4/+ 78/452 4,0,++�-*2>
� 412 5,.,-6*4*+62 , 39*0*.2 *4.-/�/�12 3/-.*089/-6,4., /3-,+,4./ /9;86/+ 026�

39*0/�K,+ 5,�*52 / +,6?4.*0/ /4;�9*0/ 5, 78, +, , *+.,6 5*�,-+/+ /9.,-4/.*�/+ 78,
=/9@/6 , +26,4., 86/ .,-6*4/ 5, =2-6/ :,6 +80,5*5/B ,+./ 
9.*6/ 5,�, /024.,0,->
�+./ +,6?4.*0/ , *;*8 86 024.-29, 5, =/9@/+ 78, =2* *639,6,4./52 0262 86 �,.2- 5,
024.-29, 5, /9.,-4/.*�/+ 78, =/9@/-/6B +*639,+B 6/+ *4,�0*,4.,> �6:2-/ 2 3-2:9,6/
+,�/ 6,42+ ;-/�, 52 78, ,6 �-292;B �� 78, 2 ,+3/�2 5, ,+./52+ � 920/9 , 32-./4.2
.,45, / +,- 6,42-B ,++/ 0/-/0.,-�+.*0/ 325, +, .2-4/- 3,+/5/B 86/ �,A / 9*4;8/;,6
=2* *5,/9*A/5/ 3/-/ +,- 8+/5/ 5, =2-6/ 02632+*0*24/9>

�6/ /9.,-4/.*�/ 3/-/ .,4./- -,+29�,- 2 3-2:9,6/ � /86,4./- / ,�0*<40*/ 5/
*639,6,4./�12> �2- , ,6392 5/52 86 3-,5*0/52 
(�, �) 8+/52 ,6 86 enb

B +, ,+.,
� /�/9*/52 , =/9@/B 412 +, 5,�,-*/ -,/�/9*/�92 /.� 78, 2+ �/92-,+ 5, � 28 � =2++,6/9.,-/52+> �25,�+, 2:.,- ,+./ 2.*6*A/�12 /.-/��+ 5, 86 �,.2- 5, :*.+ 78, *45*78,
+, /+ �/-*��,*+ =2-/6 625*�0/5/+ 5,+5, / 
9.*6/ , ,08�12 52 enb �42 0/+2 5, 412
@/�,- , ,08�12 /4.,-*2- /++86,�+, �,-5/5,*-2�> �4.12 2 3+,852�0�5*;2 52 02-32 5,, ,08�12 5, 86/ /�12 +,-*/�

�� (∃ � ∈ � | ������
�(
, �)) ����
�� 
 ���� 〈����� �������� 	���
�〉���� (∀ � ∈ � | ������
�(
, �) :=

�����)����
��������45, � +12 +92.+ 8+/5/+ 32- 
 , ������
�(
, �) /3-,+,4./ ���� +, / �/-*/�,9 �

=2* 625*�0/5/ 5,+5, / 
9.*6/ , ,08�12 5, 
 , ����� 0/+2 024.-�-*2> � 3-,5*0/52
������
�(
, �) 325,-*/ +,- -,3-,+,4./52 5, =2-6/ :/+./4., ,�0*,4., 32- 86/ 6/.-*A5, :*.+>
�2- , ,6392 +,�/ 86 2:�,.2 78, .,4@/ +92.+ �B � , �B ,4.12 0/5/ 9*4@/ 5/

6/.-*A ������
� .,-*/ � ,9,6,4.2+ [������ �, ������ �, ������ �]B +, 2 3-,5*0/52 

8.*9*A/ � , �B ,4.12 2 �,.2- � +,-*/ [1, 1, 0]

> �+/452 ,+./ -,3-,+,4./�12B / 024�5*�12 (∃ � ∈ � | ������
�(
, �)) +, .2-4/ (alterado[p] & v)
,6 �/�/> �

(∀ � ∈ � | ������
�(
, �) :=
�����) -,3-,+,4./52 32- (������
�[
] := [0, 0, 0])

B .2-4/�+,B 026 86 *4.,*-2 -,3-,+,4./452 86/ 6/.-*A 5, :*.+B alterado[p] = 0;
>

� 3/-/ .25/ /.-*:8*�12 x << v
,+./ /.8/9*A/-*/ / +*.8/�12 5, ������
�(
, �)

5,
./9 =2-6/ 78,B 3/-/ .252 
 78, 3,-.,40, /2 024�84.2 5, 3-,5*0/52+ 78, 8+/6  B
������
�(
, �) :=

����> �+.2 325,-*/ +,- *639,6,4./52 5,4.-2 5, 86 6�.252 set
B

./9 0262
void x.Set(v) {

〈���	�� �� ���	
�	��� � = �〉
for � ∈ 〈����	�����

��
 ��� ���� �〉
��������[�][

	��	�� �] := 1;
}

�6 0�5*;2 �/�/B / *4+.-8�12 ������
�[
][��
��� �] := 1
.2-4/�+, alterado[p] =

alterado[p] | valor_indice_x
>

�8.-/ /9.,-4/.*�/ � +8:+.*.8*- 28 3,92 6,42+ 02639,6,4./- alt 32- *4+.-8�K,+
0262 if 28 case

> �2- /�4*5/5,B ,+./+ 325,-*/6 +,- 412 5,.,-6*4�+.*0/+ 5,62�4�/0/+ �0262 / �8/-5,5 �266/45 
/4;8/;, 5, �*�
+.-/�B 78, +,6 / 4,0,++*5/5,
5, :/0
.-/0
*4; 325, +,- *639,6,4./5/ 5, =2-6/ :,6 6/*+ ,�0*,4.,> �+ �/-*/4.,+
5,.,-6*4�+.*0/+ +,-*/6 86 32802 6/*+ ,�0*,4.,+ 6/+ 5,�*52 /2 =/.2 5, .2-4/- 86/
+�-*, 5, 0245*�K,+ *639�0*./+ ,+./+ .,45,6 / ,+.*689/- 86 -/0*20�4*2 6/*+ �29./52 /



��

, ,08�12 , 5,+,+.*689/- 2 -/0*20�4*2 :/+,/52 ,6 9�;*0/>
�8.-/ -/A12 /*45/ 6/*+ *632-./4., 3/-/ / 3-,+,4�/ 5, 024+.-8�K,+ 0262 if

� /
, 3-,++*�*5/5, /5*0*24/9 2:.*5/ 0262 62+.-/52 ,6 =>E>

��� 	��'� � &"&����  � �"��&  � (�)�

�/�/ 8+/ 86 +*+.,6/ 5, .*32+ 5*�*5*52 ,6 32- �/92- �0@/6/52+ 5, 3-*6*.*�2+B
0262 *4.,;,-� , 32- -,=,-<40*/ �/--/�+ , 2:�,.2+�> �478/4.2 / +,6?4.*0/ 6/*+ 4/.8-/9
3/-/ �/8.*98+ � 32- �/92- �,�*./452 3-2:9,6/+ 026 /9*/+�>
� +,6?4.*0/ 32- -,=,-<40*/ -,3-,+,4./ 86 3-2:9,6/ 32.,40*/9 3/-/ *639,6,4./�

�12 5, .-/4+/�K,+> � +,6?4.*0/ 2-*;*4/9 5, �/8.*98+ 8.*9*A/ .*32+ :,6 +*639,+ 78,
,6 ;,-/9 325,6 +,- .-/./5/+ 0262 .*32+ 3-*6*.*�2+ 5, �/�/ , 412 /3-,+,4./6 3-2:9,�
6/+ �/ , 0,�12 +12 /--/�+B 3,-6*.*452 /3,4/+ /.-*:8*�12 5, ,9,6,4.2 32- ,9,6,4.2
412 @� 3-2:9,6/+B 6/+ +, 3,-6*., / /.-*:8*�12 5, 86 /--/� 3/-/ 28.-2 /--/�B +,-�
4,0,++�-*2 8.*9*A/- 2 3-20,5*6,4.2 System.arrayCopy �>

�/+ +, 2 +*+.,6/ 5, .*32+ 5, �/8.*98+ =2- ,+.,45*52 3/-/ 6/4*389/- ,+.-8.8�-/+ 6/*+ 02639, /+ 0262 -,02-5+B 2 .-/58.2- �/8.*98+��/�/ .,-*/ 5, 8.*9*A/- r1 =
r2.Clone(); 3/-/ 0/5/ /.-*:8*�12 r1 << r2

, 2 .*32 5, r1
,

r2 3-,0*+/-*/
*639,6,4./- / *4.,-=/0, Cloneable

>

��� �$������$	
�  � �	
�&
�6 324.2 02639*0/52 3/-/ *639,6,4./- 5/ +,6?4.*0/ 5, �/8.*98+ � / *5�*/ 5,

78, .25/ / /�12 � /8.2, ,08.��,9 32- 5,=/89.> � 0/+2 245, 86/ /�12 /3,4/+ 5,* / 5,
+,- /8.2, ,08.��,9 32- 5,09/-/�12 �0/.,;2-*/ -,78,+. 28 8+/ 3/-?6,.-2+� � +*639,+B
6/+ 2 0/+2 245, 86/ /�12 5,* / 5, +,- /8.2, ,08.��,9 32- +,- 8+/5/ 28.-/ /�12
� .-/:/9@2+2> �/-/ 86 *639,6,4./52- 5, 86 0263*9/52- 5,�, +,- 2 324.2 6,42+
02632+*0*24/9 5/ 9*4;8/;,6>


 4,0,++�-*2 024+89./- 86/ �-�2-, 5, 5,3,45<40*/+ =,*./ / 3/-.*- 52 0�5*;2 =24.,
3/-/ +/:,- +, 86/ /�12 �/* +,- ,=,.*�/6,4., +, /8.2, ,08./ 28 412> �+.2 32-78, 2
0�5*;2 2:�,.2 5, 86 026324,4., 325, +,- 9,�,6,4., 5*=,-,4., 5,3,45,452 5, 0262
,9, � 8+/52> �, 86 2:�,.2 � 8+/52 32- 86/ 024+.-8�12B ,9/ 325, 685/- 2 +./.8+ 5,
86/ /�12 5, , ,08.��,9 3/-/ 412 , ,08.��,9>

�2-./4.2 +, .2-4/ *63-,+0*45��,9 .,- 86/ ,+.-8.8-/ 5, 5/52+ -,3-,+,4./452 /+
5,3,45<40*/+ ,4.-, 2:�,.2+ , /�K,+ /4.,+ 5, ,=,.*�/6,4., 026,�/- / .-/58�12 , ,++/
0/-/0.,-�+.*0/ .2-4/-*/ / 0263*9/�12 +,3/-/5/ :,6 .-/:/9@2+/>

�2 324.2 5, �*+./ 3-/;6�.*02 5, 86 3-2;-/6/52-B 86 324.2 4,;/.*�2 5/ *5�*/ 5,
.25/+ /+ /�K,+ +,-,6 /8.2, ,08.��,*+ � 2 +,;8*4.,� +, 86 3-2;-/6/52- ,+./ 8+/452
86/ :*:9*2.,0/ 42�/ , 3,-0,:, /9;86 02632-./6,4.2 *4,+3,-/52 78, ,9, 412 5,+,�/B
5,+02:-*- / /�12 0/8+/52-/ 5*++2 325, +,- 02639*0/52>

��� ��!�	�� ���'�&&")" � �����"���"�

�478/4.2 2 6/3,/6,4.2 62+.-/ 78, 8+/- �/8.*98+ 0262 9*4;8/;,6 5, 3-2;-/6/�
�12 � �*��,9 0262 =,--/6,4./ 5, ,4+*42B , *+.,6 /+3,0.2+ .�04*02+ 78,B 42 626,4.2B
*63,5,6 78, ,9/ +,�/ 86/ 9*4;8/;,6 5, 3-2;-/6/�12 -,/96,4., 3-�.*0/>

� 4��,9 5, , 3-,++*�*5/5,�,�0*<40*/ 5, �/8.*98+ .<6 +, 62+.-/52 -8*6> �78*
024+*5,-2 , 3-,++*�*5/5, 0262 .,45<40*/ / ,+0-*./ 5, 3-2;-/6/+ +80*4.2+ , ,9,;/4�



��

.,+B , 0262 ,�0*<40*/B / .,45<40*/ 5, ;,-/- 3-2;-/6/+ 78, 8+,6 6,42+ -,08-+2+
02638./0*24/*+ ���� , 6,6�-*/�> �2- , ,6392B �-292; � 86/ 9*4;8/;,6 68*.2 , �
3-,++*�/B 6/+ +,8 +*+.,6/ 5, , ,08�12 �*/ :/0
.-/0
*4; � 68*.2 *4,�0*,4.,> �/+
,99
� 3-/.*0/6,4., .12 , 3-,++*�/ 78/4.2 �-292; , ,�*./ :/0
.-/0
*4; 32- 5,=/89. +,452
32-./4.2 6,42+ *4,�0*,4.,> �
 � 86 32802 6,42+ , 3-,++*�/ 78, �/+
,99B 6/+
+,8 +*+.,6/ 5, , ,08�12 � 024+*5,-/�,96,4., 6/*+ +*639,+ , ,�0*,4.,> �/+0/9 , �
+12 9*4;8/;,6 5, :/* / , 3-,++*�*5/5, ,6 0263/-/�12 026 /+ /4.,-*2-,+B 6/+ +,8+
, ,08.��,*+ 3-/.*0/6,4., 412 3-,0*+/6 5, +832-., -84�.*6, /8 *9*/- +,452 32-./4.2
2+ 6/*+ ,�0*,4.,+ 5,4.-, /+ 0*./5/+ 4,+., 3/-�;-/=2>

�,4.-2 5,+., 024., .2B 0263/-,62+ �/8.*98+ 026 9*4;8/;,4+ 02402--,4.,+ 0262
�-9/4;B �00/6C 28 ���> �6 0263/-/�12 026 �-9/4; , �00/6CB �/8.*98+ .<6 /+
3-*6*.*�/+ 6/*+ 0/-/+B , *;<40*/+ 5, -84�.*6, +12 /+ 6/*2-,+ 5,�*52 / 0/-/0.,-�+.*0/
.-/4+/0*24/9B , +,8+ 3-2;-/6/+ 412 3/-,0,6 6,9@2-,+ 52 /+ 5/+ 9*4;8/;,4+ 0*./5/+>
�6 5*=,-,40*/9 32++��,9 5, �/8.*98+ 0262 9*4;8/;,6 5, 3-2;-/6/�12 +,-*/ / -,*�0/�
�12 78, � 86/ 23,-/�12 5, -,+.-*�12 78, 325, +,- 
.*9 +, @28�,++, :*:9*2.,0/+ ;-/45,+
/+ 78/*+ +,-*/6 -,+.-*./+> �6:2-/ ��� .,4@/ 86/ 23,-/�12 5, -,+.-*�12 ,+./ 412 =2*
*402-32-/5/ 4,6 / �-9/4; , �00/6CB /3,+/- 5/+ *4�8<40*/+ 78, ,9/+ -,0,:,-/6 5,
��� �3-*40*3/96,4., �00/6C�B /0-,5*.2 78, *++2 +,�/ -,�, 2 5/ �92+2�/ 5, �2/-, 5,
78, 86/ ,+3,0*�0/�12 5,�,-*/ +,- -*0/B 6/+ 412 86/ 9*4;8/;,6 5, 3-2;-/6/�12 �,9,
, 39*028 +8/ 32+*�12 5/ +,;8*4., =2-6/ �� *632-./4., 325,- 5*A,- �412 , 3925/� ,6
86/ ,+3,0*�0/�12B 6/+ ,6 86 3-2;-/6/ �20< 412 325, 8+/- 86 026/452 �, 3925/�
, 5,32*+ 4,;/�92 3/-/ .2-4/- 2 3-2;-/6/ 6/*+ +,;8-2�� >�6 , ,6392 5/ =/9./ 5, , 3-,++*�*5/5, � / 412 , *+.<40*/ 5, -,08-+12> �6:2-/
.,04*0/6,4., .852 78, , 3-,++2 5, =2-6/ -,08-+*�/ 32++/ +,- 2:.*52 32- 6,*2 5,
*.,-/�12 , 3*9@/+> �6 .,+., 3-�.*02 *4.,-,++/4., 3/-/ 78/978,- 9*4;8/;,6 � +, �
+*639,+ 86 .-/58.2-�*4.,-3-,./52-�0263*9/52- 3/-/ 9*4;8/;,6 ,+0-*.2 4/ 3-�3-*/>
� ;-/6�.*0/ 5, �/8.*98+ � 52 .*32 

 �
,=. .2 -*;@.B 
,=.62+. 5,-*�/.*24�B , 3/-/ ,+.,
.*32 5, ;-/6�.*0/ / .�04*0/ 5, /4�9*+, +*4.�.*0/ 6/*+ 024�,4*,4., � 86 /4/9*+/52-
+*4.�.*02 5,+0,45,4., -,08-+*�2B 78, 2:�*/6,4., 3-,0*+/ 5, -,08-+12 3/-/ +,- , 3-,++2
5, =2-6/ -/A2/�,96,4., +*639,+>

�478/4.2 /9;86/+ 32++��,*+ +298�K,+ .,4@/6 +*52 ,+:2�/5/+ /78*B /*45/ , *+.,6
5*�,-+/+ 78,+.K,+ / +,-,6 .-/:/9@/5/+> � 5*�,-+2+ .-/:/9@2+ =8.8-2+ 3/-/ 78,6 +,
@/:*9*./->



��

� �
��������

� 3-*40*3/9 2:�,.*�2 5, 2:.,- 86 6/3,/6,4.2 5/+ 3-*40*3/*+ 024+.-8�K,+ 5,
�/8.*98+ 3/-/ �/�/ �	���
��� ,. /9>B CDD�� =2* =,*.2B 62+.-/452 78, 2 6/3,/6,4.2
5/+ 024+.-8�K,+ 5, /9.2 4��,9 5, �/8.*98+ 3/-/ �/�/ � �*��,9 +2:-, /+ 0245*�K,+
5,./9@/5/+ 42 ., .2 5, .-/:/9@2>

� 6/3,/6,4.2 :�+*02 =2* .,+./52 /.-/��+ 5, 86 3-2;-/6/ �/+
,99 78, .-/:/�9@/ 8.*9*A/452 / +*4./ , /:+.-/./ 5, 3-2;-/6/+ �/8.*98+ , 0-*/ 86 /-78*�2 �/�/>
�9;86/+ , .,4+K,+ 0262 09/++,+ , *4.,-/�K,+ =2-/6 6/3,/5/+ , .,+./5/+ 5, =2-6/
6/48/9>

�8.-/ 024098+12 � 78, =2-6/9*+62+ 0262 ��� +12 =,--/6,4./+ :/+./4., 
.,*+
3/-/ 2.*6*A/�12 5, 3-2;-/6/+ 02402--,4.,+> �12 /3,4/+ =2* 86 *632-./4., /8 �9*2
3/-/ 2 -/0*20�4*2 +2:-, 2 6/3,/6,4.2B 0262 ./6:�6 =2* +,-�*8 0262 *4+3*-/�12 3/-/
.-/./- 2 +*+.,6/ /.8/9 5, 3/-?6,.-2+ 4/+ /�K,+ 5, �/8.*98+ 78, +, -,�,928 02639, 2>

�4.-,./4.2B /3,+/- 5/ �*/:*9*5/5, 0262 9*4;8/;,6 5, ,4+*42B �/8.*98+ /*45/
/3-,+,4./ 3-2:9,6/+ 5, , 3-,++*�*5/5, , ,�0*<40*/ 78, 9*6*./6 +,8 8+2 3-�.*02> �9�
;86/+ 5,++/+ 5*�0895/5,+ =2-/6 5*+08.*5/+ , ;,-/-/6 3-232+./+ 0262 / 8.*9*A/�12
5, *= 412 5,.,-6*4*+./ 5,624�/02 78, /8 *9*/ ./4.2 ,6 , 3-,++*�*5/5, 0262 ,�0*�<40*/B , =2-6/+ 5, *4+,-*- -,08-+12 4/ 9*4;8/;,6B 6/+ /*45/ @� 68*./ 3,+78*+/ 78,
3-,0*+/ +,- =,*./ 4,+., /+3,0.2>
�+ 3-*40*3/*+ 38:9*0/�K,+B 78, =2-/6 *4098�5/+ ,6 /4, 2+B +12�

• �	���
��� ,. /9>B CDD�� �/33*4; �/8.*98+ 
/4;8/;, *4.2 �/�/� 
2�/-5+ /
�3,0*�0/.*24 /45 �-2;-/66*4; �4�*-246,4. =2- �*+.-*:8.,5 ��+.,6+> �> �>
	8A*./
*B �> ?> �,4,A,+B �> �> �/0@/52 /45 �> �> �2+./> �-20> 2= .@, �.@
�4.,-4/.*24/9 �24=,-,40, 24 �2638.,- �*5,5 ��+.,6+ 
@,2-� /45 
,0@42�92;�B �������
�CDD�> 
/+ �/96/+ 5, �-/4 �/4/-*/B CDD�> �3-*4;,-��,-9/;>
���C�D�> 33> CE��C=C> �2 6/3,/6,4.2 :�+*02 /3-,+,4./52 42 0/3�.892 C�	

• �	���
���	�������	�������B CDDE� � �-2.2029 �@,0
,- =2- �/8.*98+

/4;8/;,> 	8A*./
*B �> �>B �,4,A,+B �> ?> , �/0@/52B �> �> �-20> 2= .@,
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Uma introduç̃ao a linguagem Nautilus
Claudio Naoto Fuzitaki

Abstract— O objetivo deste trabalhoé fornecer uma introdução
a linguagem baseada em objetos Nautilus. O toḿe basicamente
didático. Conceitos como objetos, aç̃oes e interaç̃ao s̃ao introdu-
zidos através de exemplos apresentados tanto de forma textual
como através de uma notaç̃ao gráfica. E as principais capaci-
dades ñao usuais da linguagem, tais como visões, agregaç̃oes e
reificações, s̃ao mostradas.

I. I NTRODUÇÃO/HISTÓRICO

Nautilus é uma linguagem baseada em objetos [7], tex-
tual, que possui facilidades de abstração e suporta objetos
distribuı́dos [3]. Ela foi baseada em GNOME [5], [4], con-
sistindo de uma parte representativa desta; GNOME consiste
de uma simplificação revista da linguagem orientada a objetos
OBLOG [6].

A linguagem Nautilus pode ser usada para especificação
e/ou programação de sistemas. A linguagem é de alto nı́vel,
fundamentada em uma abordagem de Teoria das Categorias,
sendo dotada de poderosas facilidades de abstração não usuais
em linguagens de programação atuais. Possui concorrência
em múltiplos nı́veis. de fato, ações de objetos diferentes
concorrem entre si, assim como ações dentro de um mesmo
objeto. Mesmo as cláusulas presentes dentro de cada ação
(que devem ser executados de forma atômica) podem ser
concorrentes.

Duas extensões em desenvolvimento para a linguagem são
classes e uma notação gráfica. Classes [1], semelhantes as
utilizadas em linguagens orientadas a objeto convencionais,
deverão ser implementadas de forma a manter as capacidades
de composição não usuais da linguagem.

A notação gráfica [2]é especialmente útil no desenvolvi-
mento de sistemas de grande porte, devido ao grande poder
de expressão dos sı́mbolos gráficos. A notação gráfica pode
ser esclarecedora para exibir conceitos, já que não existe
uma sintaxe rı́gida como a representação textual, portanto
ela também é introduzida neste tutorial ilustrando muitos
exemplos.

No momento em que este trabalho está sendo escrito ainda
não existe nenhum compilador/interpretador para a linguagem.
Portanto ela se presta, por enquanto, apenas a especificaç˜ao.
Além disso a linguagem não tem definida uma interface com
o usuário (rotinas de E/S).

II. CONCEITO DEOBJETO

Um objeto pode ser visto como uma entidade que age e en-
capsula estados/ações. Adicionamente ele pode interagir com
outros objetos através das suas ações. Os estados encapsulados
de um objeto A são inacessı́veis para um outro objeto B
a não ser que A exporta ações que permitam acessar suas
propriedades.

Inic      Obj

Fim       

Fig. 1. Objeto Obj em notação gráfica

Por exemplo, um relógio pode ser visto como um objeto. O
mostrador pode ser visto como uma ação de saı́da, o estado
seria o horário e as ações de entrada seriam os botões para
ajuste de horário, alarme, etc. Outra caracterı́stica é que o
objeto relógio têm ações que funcionam sozinhas sem precisar
de interação externa (os mecanismos que mudam o horário).

Um ponto muito importante: um objeto precisa ter um
ponto de partida. Significa que ele precisa “nascer”em algum
momento antes de começar a agir. A ação de nascimento é
chamadabirth . Antes da execução desta ação para todos os
efeitos o objeto não existe.

O objeto também pode ter opcionalmente um ponto de
termino, quando ele “morre”. A ação de morte é chamada
death .

Como exemplo vamos definir um objeto cujas únicas ações
sejam de nascimento e morte.

object Obj
category
birth Inic
death Fim

body
act Inic
act Fim

end

A forma deste programa na notação gráfica é mostrada na
figura 1.

O sı́mbolo de aterramento é usado para indicar que não
existe mais comandos para serem executadas dentro da ação
(em um objeto normalmente existem diversos comandos den-
tro de uma ação). Neste caso, onde a ação não têm nenhum
comando, o sı́mbolo de aterramento poderia ter sido omitido.

O comportamento do programa é que o objeto executaria a
açãoInic para ser iniciado e depois, como não outras ações,
executaria a açãoFim que o encerraria.
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Fig. 2. Objeto OlaMundo (e sua relação com o objeto System)

III. I NTERAÇÃO DE OBJETOS

Como dito anteriormente Nautilus não têm definido entradas
e saı́da padrão, entretanto para facilitar o aprendizado,vamos
assumir a existência de um objeto pré-definidoSystem com
duas ações:writeln e readln . Eles são do tiporequest,
isto é, não funcionar sozinhos, precisam ser chamados por
outro objeto. Eles também possuem um parâmetro chamado
Value que pode ser usado como saı́da e entrada respectiva-
mente. Vamos assumir também que a interação com o usuário
se dará por meio de uma interface do tipo terminal de texto.

Comecemos com um dos programas mais simples que
existem, o “Olá mundo!”.

spec ImprimeMsg

object OlaMundo
import

writeln of System
category

birth NascEscreveOlaMundo
body

act NascEscreveOlaMundo
call writeln of System
arg writeln.Value = "Olá, Mundo!"

end OlaMundo

end spec.

Este exemplo ilustra a interação entre dois objetos1, o
objetoOlaMundo e o objetoSystem (fig. 2).

Basicamente este programa eventualmente será ativado
através da açãoNascEscreveOlaMundo exibindo a men-
sagem “Olá, Mundo!”e não fará mais nada já que sua única
ação é do tipobirth e um objeto só pode nascer uma
vez. Entretanto apesar de ficar parado o objeto não deixou
de existir, para isso seria necessário a execução de uma ação
do tipo death .

Vejamos um outro programa semelhante que separa a ação
de nascimento da ação de escrita da mensagem “Olá,Mundo”.

object OlaMundo2
import

writeln of System
category

birth Nasc
body

act Nasc
call writeln of System
arg writeln.Value = "Nasci!"

1Uma observação importante é que apesar dainteraçãoser a maneira mais
comum de utilizar diversos objetos em linguagens orientadas a objetos, este
não é o padrão mais natural de programar com vários objetos em Nautilus
(este mesmo exemplo poderia ser construı́do utilizando-seagregação).

act EscreveOlaMundo
call writeln of System
arg writeln.Value = "Olá, Mundo!"

end OlaMundo2

Qual é o comportamento deste programa?
Em algum momento que o programa será ativado através

da açãoNasc e a partir daı́, ele poderá executar qualquer
outra ação que não esteja restrita por questões de sincronização
(neste caso, apenasEscreveOlaMundo ). Portanto a saı́da
deste programa será

Nasci!
Ol á, Mundo!
Ol á, Mundo!
Ol á, Mundo!
Ol á, Mundo!
Ol á, Mundo!
Ol á, Mundo!
Ol á, Mundo!
Ol á, Mundo!
...

A ação é executada infinitas vezes (em um máquina real at´e
o usuário cancelar o processo).

IV. N ÃO-DETERMINISMO

Agora um desafio mais interessante: Tente adivinhar qual
seria a saı́da deste programa?

object XY
import

writeln of System
category
birth Nasc

body
act Nasc

call writeln of System
arg writeln.Value = "Nasci!"

act EscreveX
call writeln of System
arg writeln.Value = "X"

act EscreveY
call writeln of System
arg writeln.Value = "Y"

end XY

A resposta é você não sabe exatamente o que vai ser
impresso. A única coisa certa é"Nasci!" , depois é como se
o programa jogasse uma moeda para decidir se vai executar
EscreveX ou EscreveY . Isso é onão-determinismo.

Se você quisesse a saı́da do programa fosse
Nasci!
X
Y
X
Y
X
Y
...

como fazer isso?
Uma maneira é lembrar quem foi executado por último

e restringir a execução deste último. Para lembrar quem foi
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Fig. 3. Objeto XY não-determinista

executado vamos introduzir o conceito devariável e pré-
condiç̃ao.

object XY
import

writeln of System
category

birth Nasc
body

slot Ultimo: boolean
act Nasc
seq

val Ultimo << true
call writeln of System
arg writeln.Value = "Nasci!"

end seq
act EscreveX
enb Ultimo = true
seq

val Ultimo = false
call writeln of System
arg writeln.Value = "X"

end seq
act EscreveY
enb Ultimo = false
seq

val Ultimo = true
call writeln of System
arg writeln.Value = "Y"

end seq
end XY

Uma variável pode ser vista como um espaço na memória
do computador que contém algum valor. Em Nautilus variáveis
são introduzidas usando-se a palavra reservadoslot . No
exemplo acima a variávelUltimo é introduzida tendo tipo
boolean . Um tipo indica os valores que podem ser arma-
zenados nas variáveis (neste caso apenas os valores lógicos
True ou False são permitidos).

Uma pré-condiç̃ao estabelece condições para execução de
uma ação. Isto é, a pré-condição restringe a execuç˜ao da ação
para somente os casos onde a expressão lógica, que segue a
palavra reservadaenb , retorna valor verdadeiro.

A palavra chaveseq é usada para indicar a execução
sequêncial de comandos agrupados. Outra forma de jun-
tar diversos comandos seriacps (compose) que é uma

XY
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EscreveX  

Ultimo
= false

EscreveY  

Ultimo
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writeln.value = "Nasci!"

writeln of System  

writeln.value 
= "X"

writeln of System  

writeln of System  

writeln.value 
= "Y"

Fig. 4. Objeto XY determinista

generalização de atribuição múltipla onde as expressões do
lado direto são avaliadas simultaneamente e só depois é feita
a valoração.

V. ESTADOS, PARÂMETROS ECONDIÇÕES

Neste exemplo vamos observar um programa mais usual:
um cálculo de fatorial.

object Fatorial
export

Inicia in N: natural
Termina out Fat: natural

category
birth request Inicia
death Termina

body
slot Fat: natural
slot N: natural
act Inicia

cps
val Fat << 1
val N << Inicia.N

end cps
act Passo

enb N > 1
seq

val N << N - 1
val Fat << Fat * N

end seq
act Termina

enb N <= 1
ret Termina.Fat = Fat

end Fatorial

Este objeto tem uma série de caracterı́sticas importantesque
serão detalhadas a seguir.

A primeira é que têm uma açãobirth request , isto
significa que ele não começa sozinho como os anteriores,
precisa ser chamado por outro objeto, e além disso recebe
como entrada umN do tipo natural .



Fig. 5. Objeto Fatorial

A segunda caracterı́stica neste objeto é que ele tem uma
ação de finalização, indicada pela palavra-chavedeath . A
partir do momento em que ela for executada o objeto deixa
de existir. Adicionalmente a ação tem uma saı́daFat do tipo
natural .

E o ponto mais importante, o objeto tem dois estados
(ou variáveis) internos chamadosFat e N. Essas variáveis
são usadas para armazenar valores intermediários que são
refinados até que se chegue ao estado final desejado (neste
caso o valor do fatorial).

Uma definição de fatorial é

N ! =

{

N ∗ (N − 1)! seN > 1
1 seN = 0 ou N = 1

Vejamos se o programa satisfaz esta definição.
Se iniciarmos o objeto com N = 0

Fat << 1
N << 0

Como N não atende a pré-condição dePasso (N > 1), a
única ação que o objeto pode realizar éTerminar (cuja pré-
condiçãoN ≤ 1 é satisfeita). Portanto

Termina.Fat << 1

e o mesmo acontece quando N é iniciado com 1.
Se iniciarmos o objeto com outro qualquer N (por exemplo

3)

Fat << 1
N << 3

como N = 3 entãoPasso é executado

N << 3 - 1
Fat << 1 * 3

agora N = 2 e Fat = 3, entãoPasso é executado novamente

N << 2 - 1
Fat << 3 * 2

finalmente, a única ação que o objeto pode realizar é
Terminar . Portanto

Termina.Fat << 6

O funcionamento do algoritmo é o seguinte: na ação
Inicia , Fat recebe o valor inicial de 1 eN recebe como
valor inicial o parametro de entradaInicia.N (que é o valor

para o qual queremos calcular o fatorial).As variáveis têm seus
valores alterados pela acãoPasso enquanto N for maior que
1 (indicado pela condiçãoenb N > 1. E quando a variável
N atinge o valor 1, o objeto pode terminar retornando o valor
do fatorial.

VI. T RANSAÇÃO

Uma caracterı́stica incomum de Nautilus é que suas ações
são transacionais como em sistemas de banco de dados, isto
é, uma ação deve efetuar todas as alterações preescritas pelas
ações componentes ou nenhuma.

Por exemplo, seja uma ação composta:

act Falha
seq

val A << 0
val B << 1/A

end seq

onde os valores iniciais de A e B são 3 e 4.
A primeira valoração ocorre sem problemas, mas a segunda

causa um erro. Na maioria das linguagem de programação
a primeira instrução seria executada e a segunda causaria
uma exceção, então o valor final de A e B seria 0 e um
valor qualquer (talvez 4 ou nulo). No caso de Nautilus como
a segunda valoração não pode ser executada, então a aç˜ao
composta não pode ser executada e os valores das variáveis
alteradas são restauradas para seus valores iniciais (3 e 4).

VII. PARALELISMO E CONCORR̂ENCIA

Nesta seção vamos introduzir informalmente os conceitos
de paralelismo e concorrência. Para começar um exemplo de
paralelismo sem concorrência:

object Tic
import

writeln of System1
export

Nasc EscreveTic
category
birth Nasc

body
act Nasc

nothing
act EscreveTic

call writeln of System1
arg writeln.Value = "Tic"

end Tic

object Tac
import

writeln of System2
export

Nasc EscreveTac
category
birth Nasc

body
act Nasc

nothing
act EscreveTac

call writeln of System2
arg writeln.Value = "Tac"

end Tac

Você deve estar se perguntando: O que sãoSystem1 e
System2 ? Eles são uma extensão doSystem que definimos
antes. Pode-se pensar que cada um deles é um terminal



TicTac

Tic

EscreverTic EscreverTac

TicTac   

Nasc Nasc

Iniciar   

EscreverTic

Tic  

Tac

Fig. 6. Agregação de Tic e Tac

distinto. Por que isso? A razão é a seguinte seTic e Tac
interagissem com o mesmo objetoSystem isso iria impor a
restrição de queTic e Tac não podem ocorrer simultanea-
mente pois se os dois tentassem chamarSystem.writeln
ao mesmo tempo uma das ações não iria acontecer (isto é, seria
um exemplo de paralelismo com concorrência). Esta maneira
de Nautilus tratar concorrência, em que se duas ou mais aç˜oes
tentarem acessar o mesmo recurso, somente uma acontece, é
baseada na propriedade daatomicidadedas ações.

VIII. A GREGAÇÃO

No exemploTic e Tac , como restringir oTac para que
ele só ocorresse junto comTic (mas queTic ainda fosse
independente deTac )?

Pode-se utilizar uma agregação. Uma primeira tentativa
seria

object TicTac
aggregation of

Tic
Tac

category
birth Iniciar

body
act Iniciar composed by

Nasc of Tic
Nasc of Tac

act TicTac composed by
EscreverTic of Tic
EscreverTac of Tac

act Tic composed by
EscreverTic of Tic

end TicTac

Neste caso acrescenta-se o objetoTicTac a especificação.
TicTac é um objetoagregadorque estabelece comoTic
e Tac irão se comportar em conjunto.EscreverTic pode
ocorrer de forma independente, masEscreverTac só pode
acontecer junto comEscreverTic .

Na notação gráfica a agregação é mostrada por cı́rculo
preenchido por um X (conforme fig 6).

Entretanto, isto não funcionaria por causa da semântica
destrutiva das operações sobre objetos em Nautilus. Os
objetos Tic e System1 são consumidos pela operação
interação (usada implicitamente porimport e call ) pro-
duzindo um objetointeraction Tic System1 end
interaction . Então a forma correta de executar tal
operação seria:

object TicTac
aggregation of
interaction

Tic System1
end interaction
interaction

Tac System2
end interaction

category
birth Iniciar

body
act Iniciar composed by

int Nasc of Tic end int
of interaction

Tic System1
end interaction

int Nasc of Tac end int
of interaction

Tac System2
end interaction

act TicTac composed by
int

EscreverTic of Tic
writeln of System1

end int
of interaction

Tic System1
end interaction

int
EscreverTac of Tac
writeln of System2

end int
of interaction

Tac System2
end interaction

act Tic composed by
int EscreverTic of Tic end int

of interaction
Tic System1

end interaction

end TicTac

O que é terrivelmente prolixo. Para que código similar a
primeira tentativa fosse válido pode-se usar agregaçãono lugar
de interação na definição deTic e Tac , por exemplo:

object TicA
aggregation of

System1
Tic

category
birth Nasc

body
act Nasc composed by

Nasc of Tic
act EscreveTic composed by

EscreveTic of Tic
Writeln of System1
match

EscreveTic.Saida
Writeln.Value



end TicA

object Tic
category

birth Nasc
EscreveTic out Saida: String

body
act Nasc

nothing
act EscreveTic
ret Saida << "Tic"

end Tic

assim, pode-se usarTicA no lugar deinteraction Tic
System1 end interaction ; ou então poderia se envol-
ver interaction Tic System1 end interaction
usando uma visão (uma construção explicada a seguir).

IX. V ISÃO

Visão é uma operação que encapsula um objeto. Basica-
mente ela torna atributos que eram acessı́veis a outros objetos
inacessı́veis. Outra função é adicionar restrições em operações.
Um exemplo é

object V1 view of O1
export

A B C
category

birth request A
request B C

end V1

object O1
export

A B C D E
category

birth A
body

..
end O1

Neste exemplo na visãoV1 somente as operaçõesA,B e
C permanecem visı́veis e além disso adiciona-se a restriç˜ao
request nelas.

A vantagem deste recurso é facilitar a organização. Por
exemplo digamos que você queira criar uma agregação e
pretenda usar dois ou três ações de um objeto que tenha
50 ações (e alguns deles com nomes podem coincidir com
ações de outros objetos da agregação). A melhor maneirade
organizar isso é criar uma visão do objeto com somente os
métodos desejados visı́veis e utilizá-la no lugar do objeto.

Um uso comum é envolver o resultado de uma interação
para evitar referências a partes desta da seguinte forma:

object TicV view of
interaction

Tic
System1

end interaction
export

Nasc EscreveTic
body

act Nasc as
int

Nasc of Tic
end int
act EscreveTic as
int

EscreveTic of Tic
writeln of System1

end int
end TicV

X. REIFICAÇÃO

Um conceito não encontrado normalmente em linguagens
convencionais é a reificação (ou implementação de um objeto
sobre outro). Se pode pensar em reificação como um mapea-
mento de um objeto para as computações de outro.

Veremos um exemplo baseado na implementação de uma
pilha. Pilhas são uma das estruturas de dados mais conhecidas
e usadas em ciências da computação. As caracterı́sticasbásicas
de uma pilha são a existência de uma operação de entrada
Empilha e saı́da Desempilha, tal que que o o último a entrar
(empilhado) é o primeiro a sair (desempilhado). Um exemplo
do mundo real é a pilha de pratos que se forma quando uma
pessoa lava louça, empilha-se um prato em cima do outro e
na hora de enxugar pega os pratos que estão mais acima.

Neste exemplo aPilha é definida como uma reificação
(indicada pela palavra over no texto e pelo retângulo com
traços internos na fig. 7) sobre o objetoApontador Tabela
que é uma agregação entre um objetoApontador (usado
para indicar qual o último elemento a ser inserido) e o objeto
Tabela (onde são armazenados os dados).

Apontador
Tabela

Tabela Apontador

Pilha

Fig. 7. Visão geral da reificação de Pilha sobre a agregação de Apontador
e Tabela

object Pilha over Apontador_Tabela
export

Nasc
Empilha der in Valor: integer

by Atribui.Valor
Desempilha der out Valor: integer

by Consulta.Valor
category
birth request Nasc
request Empilha Desempilha

body
act Nasc

Novo
act Empilha

seq
Mais_um
Atribui

end seq
act Desempilha



seq
Consulta
Menos_um

end seq
end Pilha

object Apontador_Tabela
aggregation of

Apontador
Tabela

export
Novo
Atribui der in Valor: integer
by Atribui.Valor of Tabela

Consulta der out Valor: integer
by Consulta.Valor of Tabela

Mais_um
Menos_um

category
birth Novo

body
act Novo composed by

Novo of Apontador
Novo of Tabela

act Atribui composed by
Posiç̃ao of Apontador
Atribui of Tabela

match
Posiç̃ao.Pos of Apontador
Atribui.Ind of Tabela

act Consulta composed by
Posiç̃ao of Apontador
Consulta of Tabela

match
Posiç̃ao.Pos of Apontador
Consulta.Ind of Tabela

act Mais_um composed by
Mais_um of Apontador

act Menos_um composed by
Menos_um of Apontador

end Apontador_Tabela

object Apontador
export

Novo
Mais_um
Menos_um
Posiç̃ao out Pos: natural

category
birth request Novo
request Posiç̃ao

body
slot Pos: natural
act Novo
val Pos << 0

act Mais_um
val Pos << Pos + 1

act Menos_um
val Pos << Pos - 1

act Posiç̃ao
ret Posiç̃ao.Pos = Pos

end Apontador

object Tabela
export

Novo
Atribui
in Valor: integer
in Ind: natural

Consulta
out Valor: integer
in Ind: natural

category
birth request Novo

Fig. 8. Reificação de Pilha sobre ApontadorTabela

request Atribui Consulta
body

slot Tab: integer [1..100]
act Novo
act Atribui

enb Atribui.Ind <= 100
enb Atribui.Ind >= 1
val Tab[Atribui.Ind] << Atribui.Valor

act Consulta
enb Atribui.Ind <= 100
enb Atribui.Ind >= 1
ret Consulta.Valor =

Tab[Consulta.Ind]
end Tabela

A palavra reservadaseq é utilizada para obrigar dois
comandos seguirem uma seqüência. No exemplo a ação
Empilha de Pilha é definida como uma transação atômica
da seqüência deMais um e Atribui .

Um ponto que pode chamar a atenção são as ações
Mais um e Menos um aparentemente livres no objeto
Apontador (sem a restriçãorequest ). Isto significa que
elas podem ocorrer espontaneamente? A resposta é não, por-
que elas são restritas no objetoPilha pois elas ocorrem
apenas quando o métodoEmpilha é chamado.

Outra novidade são as construçõesder in e der out
que indicam que as entradas e saı́das são derivadas de outras
ações.

XI. ESPECIFICAÇÃO DE UMA FÁBRICA

Este é um exemplo mais elaborado que utiliza todos os
novos conceitos introduzidos. A especificação deFábrica
é o resultado da agregação dos objetosProdutor e
Consumidor . O objetoProdutor é implementado sobre
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a Linha Produç ão o qual, por sua vez, é uma visão
da interação dos objetosProduç ão e CQ (Controle de
Qualidade). O objetoConsumidor é implementado sobre
Linha Consumo.

Por motivos de espaço este exemplo não será apresentado
utilizando-se a notação gráfica. Entretanto, o relacionamento
entre os diversos objetos componentes é bem ilustrado pela
figura 12.

spec Fábrica

object Fábrica_Raiz
aggregation of

Produtor
Consumidor

category
birth Nasc

body
act Nasc composed by

Novo of Produtor
Novo of Consumidor

act Comunica composed by
Envia of Produtor
Recebe of Consumidor

match
Envia.Fator of Produtor
Recebe.Fator of Consumidor

match
Envia.Msg of Produtor
Recebe.Msg of Consumidor

end Fábrica_Raiz
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Fig. 12. Especificação de uma fábrica

object Produtor over Linha_Produç̃ao
export

Novo
Envia
der in Fator: natural
by Envia.Fator of Linha_Produç̃ao
der out Msg: natural
by Envia.Msg of Linha_Produç̃ao

category
birth request Novo
request Envia

body
act Novo

Inic
act Prod_A
seq

Proc1
Montagem
Passagem
ProcCQ

end
act Prod_A
seq

cps
Proc1
Proc2

end cps
Montagem
Passagem
ProcCQ

end
act Envia

Envia
end Produtor

object Linha_Produç̃ao view of
interaction

Produç̃ao
CQ

end interaction

export
Inic Passagem
Proc1 Proc2
Montagem ProcCQ
Envia

der in Fator: natural
by Envia.Fator of CQ

der out Msg: natural
by Envia.Msg of CQ

category
birth Inic

body
act Inic as

int
Inic of Produç̃ao
Inic of CQ

end int
act Passagem as

int
Sa´ıda of Produç̃ao
Entrada os CQ

end int
end Linha_Produç̃ao

objeto Produç̃ao
import

Inic of CQ
Entrada in CodProd: natural of CQ

export
Inic Proc1 Proc2
Montagem Sa´ıda

category
birth Inic

body
slot P1: boolean
slot P2: boolean
slot NumProd: natural
act Inic

call Entrada of CQ
cps

val P1 << false
val P2 << false
val NumProd << 0

end cps
act Proc1

enb P1 = false
val P1 << true

act Proc2
enb P2 = false
val P2 << true

act Montagem
alt Mont_P1

enb P1 = true and P2 = false
val NumProd << NumProd + 1
val P1 << false

alt Mont_P2
enb P2 = true and P1 = false
val NumProd << NumProd + 1
val P2 << false

alt Mont_P1_P2
enb P1 = true and P2 = false
val NumProd << NumProd + 1
val P1 << false
val P2 << false

act Sa´ıda
enb NumProd > 0
call Entrada of CQ

arg Entrada.CodProd = ..
val NumProd << NumProd - 1

end Produç̃ao

object CQ
export



Inic ProcCQ
Entrada
in CodProd: natural

Envia
in Fator: natural
out Msg: natural

category
birth Inic

body
slot NumCQ: natural
slot NumOK: natural
act Inic
cps

val NumCQ << 0
val NumOK << 0

end cps
act Entrada
val NumCQ << NumCQ + 1

act ProcCQ
enb NumCQ > 0
val NumOK << NumOK + 1
val NumCQ << NumCQ - 1

act Envia
enb NumOK > 0
val NumOK << NumOK - 1
ret Envia.Msg = Fator * ...

end CQ

object Consumidor over Linha_Consumo
export

Novo
Recebe
der out Fator: natural

by Recebe.Fator
der in Msg: natural

by Recebe.Msg
category

birth request Novo
request Recebe

body
act Novo

Inic
act Recebe
seq

Prepara_Rec
Recebe

end seq
act Consome

Consome
end Consumidor

object Linha_Consumo
export

Inic
Prepara_Rec
Recebe
out Fator: natural
in Msg: natural

Consome
category

birth Inic
body

slot St: 1..3
act Inic
val St << 1

act Prepara_Rec
enb St = 1
val St << 2

act Recebe
enb St = 2
agg Recebe.Fator = ...
val St << 3

act Consome
enb st = 3

val St << 1
end Linha_Consumo

end spec.
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