
������� �	� 
������������� ����� �����
 "!#!"$"%'&(!")"*,+.-0/2143
57698;: <	=?>

@ ACB9DFE
GIH9JLKLMONQPSRUTWV7X;Y[Z,\^]^_a`,b;cLd9eOKOf9g[Z
h7iajlkUm^nSoqpOr \2PSs mlt f7gvuxwzy p s m{oW| G
HLJ9K~}9�9�{u��L� p7�;� _4y |9�L�S�O�L� y��L� pO�
\ ox�Smlt'�L� y j N^���x� m \Q�^Z~� ��oL���7|'�L�
� f7g9�L� pL�{nl���L�;�9�L�L�UnSoqp~�[  ` �Um,t
f7g h7i u,¡L¢ �7£ajx¤Q�SmSn^o P |¦¥ y �L�U� f9g j
h7iQkQmSn^oqp PU§ |'�L� y©¨7ªQul« ¤^¬ P;s mQoWQ®
` �^�9�2m,t¯� _ �°| ¡L¢ �7£ PO±7²;¢ j�h7iQkQm2n^o
p~³.�2´µ|¯¶ Z ¥S·��~�;¸º¹»Q®�¼ P h7i.���I½F´ Z�_
o��¦·In^o�pO¾L¿ � �;�9�L�L� Z�P |'ÀLÁÂ���9�L�L�It
ÃLÄ9Å Z{Æ ¬ R |'ÇLÈ;É � �2Ê ¡L¢9f7g j �L� kQmLÊ'Ë
Z7ÌLÍÏÎWeIÍ{Ð jq¾9ÑSk{m^nSo P^s m,t TÒV7X9Y[Z~\;]
_�`©¡L¢ h7i2Ó ZxÔ9Õ �;¸;|7Ö ±7²vZ 6[× £ajqÑQk't Ã
ÄLÅ P^R n Z �9¸¦j�Ø7ÙÚ�Û| f7g9�9�{ZLÌ7ÍÏÎWeIÍvÐ o
���I¾LÑ2kQmlt ÃLÄ9Å P2R | fLg h7i u,Ü^Ý;� �~Þ;ß Ü
Ô9±L²[ulàÂÆ �lÊ~t'á^¤7â;ãÂoL���'|'äUåI�Læ Zlç9èL\
é j^ê^o u �lÊ,ë �9ì7í�GIH9JLKSZ,f7g j �9� k{m,t G
HLJ9K^Z ÞLß¦j^ê^o u �,�O� \ �lî �2_a`µ±L² jq{®7�
h7i.�Û|7ÞLß Z,ï9ð jlk{m,t[ñ'Ê~| Ì7ÍÏÎWeIÍ[Ð~Zlò{ó
ô u �;�7�ILõSkQm,t
ö ÷.øÚùÂúüû{ýÚþ
¡L¢ �7£Úo R |'ÿ^æ[j����Ïo7�~Ê����	��
��� MON����
�� Z nSo P;s m,t'ÿ^æ[j����Úo7�x�OhLi2kQmUo �� ¬
�~hLi u �Sm Z'P����{Z�� �Lp ���lu ´9´W�2m,t ¡L¢ ¬
u hLi2kUm'Ê'Ë uLR;GIH;JLK^Z î � j���� u kQm�� \ p
s m Z�P | f7g h7iQpO�L� u �SmQox�¦·! �"Sp s m,t
ÃLÄLÅ P^R | fLg h7i u$#&% %�' ))( jx¤S�Sm,t #*% % R,+
-. u ��/4´ fLg hLi X;YQP^s mlt ÃLÄ9Å P^R1032�465
j�7 Z,+ - o7���98�:Â�W| î � j�;~ÿ�jx¤S�'�Oh7i2k2m,t
< =?>A@?BüûAC$DFEGHDJI
K�L p TWV7XLYUPO\^] j × �°|�M Zl\;] j;ê^o u,¡;¢ �
£�jx¤S�7� f7g jqh7i2kQm,¼�£ u �^�7�OQ®Sm,t
f7gvR |'â�N ±L² ¹ â �L±9² | Ü7Ô9±L²QP2GIH9JLK2Z,±
²9¢ jqhLi4���I½F´µt f7g¦u �;�7��Oaê°r \ � ZLR~Ü7Ô
±7²vZ hLi P^s mlt�â�N ±7² ¹»â �L±L² ¥ y ê Ü7Ô^±7²
P hLi2kUm^n^o P |7Ö ±7² j G�HLJ9K�P�Q{u�RTS k{m^n
oqp PU§ m _a`°P;s m,tUM2n P | Ü7Ô;±7² j�V�W u h7i
kQm'Ê'Ë u�XTYQZ ¥S·q� Ì7ÍÏÎÒeIÍ[Ð jqQ®;Ê~t
\;]S_�` î � j9;Oÿajx¤Q�7�Ih7i.�Û|'� \ �~Þ9ß¦j[Z ×
kQm^n^o _a`!\ ËSm^]`_badc t

egf hji
( kmlonqp )

ros

tju

vxwvyw

z|{~}[���q�����x���&�1�

ÞLß Ü7Ô9±7²[Z Z × ]`_b�dc P^R |lî �2_�` â�N ¹ â �L±
² jqh'i4�Û| ÞLß Ü7Ô9±7² o����~�7�Sm^ê Z j�Z × kQm,t

egf hji
( kmlondp )

(1)
  
�g�j�j��g�����j� �j�

z|�~���[�[�[�,���!��

ÞLß Ü7Ô9±7²[Zxï9ð ]�_b�dc P^R |xÞLß Z �1�a�Ij~�{nl�
�I|'h7i Z O��9ÉvjlkQm,t

�¡ 
( ¢¤£¤¥)¦ )

(2)  
§¡¨¡©¡ª
«¬

®¡¯6°±®¡² ©¡ª

z´³µ���[�[�[�,���!¶,·

î �{Z â�N ±7² ¹ â �L±7²[Zxï9ð ]�_$¸gc P^R |��1� � �
Ê,ÞLß Ü7Ô9±7²U_�` |�î �{Z Ö ±7² jqhLi4�¹�;k't

egf hji
( kmlondp )

  
�g�j�j��g�����j� �j� (3)

z3ºµ}���&»,¼[�,�^�½»,¾[�,��*¶,·

¿)ÀÂÁÄÃ�Å�Æ!Ç�ÅÉÈ
î �{Z â�N ±7² ¹»â �;±7² jqU®I|ÉM Z V _�`~GIH9JLK
P�Q{Zl±7² o����~�^�Sm^ê Z j�ÞLß Ü7Ô9±L² o9����Ê §
Õ ®2m,t7ÞLß ÜLÔ9±9² j�Ø7Ù ¹ ï9ð �°| ï9ða� �UÊlÞLß
Ü7Ô9±'² jx¤S���~î �{Z â�N ±'² ¹ â �L±'² jqh7iSkQm,t
Ë Á)ÌjÍ�Î�ÏÐ�ÑÒÉÓ9Ô�Õ
\;]^_�` î �{Z ;Oÿ.oW¤S�Sm°ÞLßÖ] 0323465 c©jqQ®I|©h
i2kQmlt�î �{R â�N ±7² ¹»â �L±L²´×'Ü7Ô;±7² pO½�Ø u
h7i � �;�;�SmUo©{®SmSn^oqp PU§ |'Ö7î � jI�{n~�¦·
ÊLË u � \ � ±9² j[Z × k{mQn2o,p P[§ m[Ù - p s m~t
Z × � �2Ê ±7²vR M Z î �{u9Ú kUmqâTN ±7² ¹ â �9±7²
o��¦·,Û�Ü P �Â´(| GIHLJ9K�P�Q{u�Ú kQm ±7² o����~�
�Sm�Ù - p s mlt



ËÞÝ ÌjÍ�Î�ÏÐ�ÑÒÉÓ9ß�à
f7g h7i P^R |'ÞLßLÿ�jS¥ yxá �¯´ÒkQmx� \ p s m,t7Þ
ß7ÿaj á �¯´©kUm^nSo u ¥1�O��|7� \ �{ê Z Û�Ü�p�Z ×
� �;�9�SmxÇLÈ9É � �2Ê f7g o��Sm _�`°P;s m,t
ÞLß Ü7Ô;±7²[Z V u9R |�â Z,±L²[Z�ã�ä - � �^_�` 6{×
PU§ m ±L² p�å�æÂ�x�9�Qm^nSoqp say |7ÞLß7ÿaj�O3�LÉ
���9�¯´èç u,é ´ln^oqp PU§ m,t
Ë ¿êÌgë�ì�Ó9í�îÑÒðïí�ñ�ÑÒÉÓ�ß�à
h7i � �QÊ,Þ9ß ÜLÔ9±9² j,¤S�L��|7Ö7î �[Z â3Nº¹ â �
±^² j~h^i[kvm�t ÜSÔ2±^² jI¤U�[mUnUo P7±S² h^i.j
)�ò6ó u ñQo�ËSm;n^oqp PU§ | ±7²[Z[ô�õ p�ö�÷ u �Sm,t
ø ùûúýü?þ ÿ �����
$�� P ¾9Ñ4�~Ê ÌLÍFÎWe�ÍvÐ j,¤2�L�7|'ä{åI�9æ ç9è9\
é _¯` ä[å'�;æ Z ë �;ì;í�G7H;J;KQZ~fLg j �^� k{mOt
� Q ãÂo7�x��| ì7í î �{u �;�7�OU®Sm,t
Ë ÁêÌjÍ�Î�ÏÐ�ÑÒÉÓ�Ô�Õ
ì7í î �{Zl±7²[Z~�
	 j XTYQu h7iQkQm,t

� ì7í kQm� ÆlR | P � � ·���Ø uIM���� �Um
� ì7í kQm� ÆlR |���Ø�� u7s m� Æ�P;s m
� ì7í kQm� ÆlR | M���� �Um�� Æ�P;s m
���

GIH9JLK ÞLß Ü7Ô;±7²¦R |'î �{Z â�N ±7² ¹»â �L±9²Q_
` U®SmSn^o�p P{§ m~t�â�N ±7² ¹»â �L±L²[R î �vZ,«
½TN �¦u ��ÜSm f9g¦Z�� Ê'k�� §�±;² j�h;iÚ�l�;� y |
GIHLJLK�P�Q{u�Ú kQm ±7²[u ���~�;�Sm�Ù - p s m,t
ì7í î � j #&% % P h7i4�lÊ2ê Z j,_�� u ÑSk't

��� �"!
: #%$"&"'  * set of # ��� '  * #)(+* �"! '  -> #)(,* �"! '��� �"!
( $"& , 

�"!"���
, t) ==

   t ++ { $"&  |-> 
�"!"���

}
pre  not exists k1, k2 in set 

�"!"���
 and

           k1 <> k2 and #.-"/10,' (k1) = #.-"/10,' (k2)

2"3"4"576+8:9";

(,*+-"/10 : #)(,* �"! ' * #.<>=?-"/@' -> bool(,*+-"/10 (t, j) ==
    forall g in set dom t &
        not exists k1, k2 in set t(g) &
                 k1 <> k2 and
                 k1 in set dom j and k2 in set dom j and
                 j(k1) = j(k2)

A"B 4"5C8D9";

zFEHGJI,}���LK?MNPORQ

_S� ZUTvZSV WYX�X´Y p�â´N ±;²¦Z h9i P2s mOt�M��¦j
ÞLß Ü7Ô9±L²[uxÔLÕ �lÊ2ê Z p1_�� Z9YQZ h7i P;s m,t
ËÞÝ ÌjÍ�Î�ÏÐ�ÑÒÉÓ9ß�à
±9²¦Z�ãUä - � �Uu ¥���� 6¦× � �vm ±L²�Z ãÚo9�,�L|
XTYQZ ãvjq�[ ;m,t

� ì7í¯� �;�9�Sm� ÆlR |���Ø
� u7s m� Æ�P;s m
� ��Ø
� u7s m� ÆlR |[Z;æ[\ ZIM�� � Æ�P;s m
� ì7í¯� �;�9�Sm� ÆlR |[Z;æL\ ZIM�� � Æ�P;s m

ì7ía� �;�9�Sm�� Æ jF]Û|���Ø�� u7s m� Æ jF^©|
Z;æ
\ ZIM�� � Æ j`_ o°kQmQoW| T2_�` ]bac^©|�^dac_Ò|�]
ae_ Z ;
f u ���O�9�2m,tÉ]g]Pae^ihj^kae_èc@a ]g]Pa
_ècµp � y7l � ZLP | TvZLm � ZO±;²{_¯`�n � ÆOZ~±;²
p 6{× PU§ m,t�¥1�~�7|¦n Z ¥S·��1;
f ¢ p �zy+l ��Ù
- uLR�n � ÆlZ h7i R,épo kQm^n^oqp P{§ m,t
Ë ¿)Ìgë�ì�Ó9í�îÑÒðï¡í�ñ�ÑÒÉÓ�ß�à
ÞLß ÜLÔ9±L² j,¤S�9� ìLí î �{Z â�N ±7² ¹ â �L±L² j
h9iÏ�OÊUê Z j�_rq u ÑUk9t
s ì9í k{mR� ÆIR | M[�Â�
�Um� Æ�P;s mt ox�¦·(â�N ±7²[R |]  c P 6{× PU§ m ±
² o7���OQ® ` �2Ê Z�P h7i2kQm�� \ p;�L�It

u�vxw@y
: z|{@}@~ * set of z u�v ~ * z)�@� w@y ~ -> z��"� w@y ~u�vxw@y
( {@} , 

w1y@u�v
, t) == 

    t ++ { {1}  |-> 
w@y1u�v

}
  pre �@�,�@�D� (t, �D�+�1� ) &
        

w1y@u�v
_ �@�D� (t, �D�+�@� ) &

        . . . 
  post �"�,�1��� (t, ���,�@� ) &
        . . .  

z���GRI,}[���!»�¼,�[���½»[¾,�[�

� ���
¾L¿Â�lÊ Ì7ÍÏÎWeIÍ{Ð~Zxò{ó ô u �;�7�ILõSkQm,t
Ã�Å�Æ!Ç�ÅÉÈ9ÓU�b�R�
ë �LìLívG�HLJ9K j,ãÂoL�Û| Ã9ÄLÅ P ¾L¿4�lÊ Ì7ÍFÎÒe
Í{Ð~Z,ò{ó ô Z��L� jS�~Ê~t T��'u,fLg j�h7iUkQm�ç u
R,±7² p fLg[Z Ö ó uJ�Ï`J��y |'ÞLßLÿ ×'±7² ÿQpU�^�
u � y pp� P;s m,tÂ� _ � ÃLÄ9Å P ¾9¿Â�~Ê Ì9ÍÏÎWeIÍ
Ð�u�� ���7h;ivkvmQnUo PUGLH^JSKUZO±S² j )3ò[ó u
ñUoxË2mQnSo�p Pv§ |
��� Z ]  c P2Z Þ9ß Z O3�9É u��
l �'Ê�t'�9¸QpIÑ � �^�^�Qm Z'P |
��� Z ] $ c PSR~±L²
h7i�j[ö�÷ u �[nl�a·InSoqp P{§ ÊOt Ì7ÍFÎÒe'Í{Ð jx¤
�Sm^nSo PI\;]UZ ���a��jlkQmSn^o�p P{§ |a¥ y Ç9È9É
� �2Ê f7g h7iaj~�{nl�¦·In^oqp PU§ mUo©Q® ` �Um,t
� �P�¡ 2E
TÒV7X9Y[Zl\;]S_�`Ò¡L¢ É^kQm7Ê'Ë Z �9¸¦jxØ7Ù.�Û| f
g h7i Z7ÌLÍÏÎWeIÍvÐ j�¾LÑÂ�~Ê~t'ë �LìLívG'HLJ9K j
ãÂo7�x��| ±7² hLi Z �L¸�jqÑ4�Û| Ì7ÍÏÎWeIÍvÐ~Z,ò{ó
ô u �;�7�OLõ4�lÊ~t
¢¤£
ÃLÄLÅ j�¥{ËSm u7s Ê y |
¦TW uk§ 5L6 ´�Û � ��Ê�¨�©
ª � 8 ë^|¤«
¬��� 8 ë^|L®L¯p° �¤�p± |[²L³[�3� Î"´
Í7H jv´6Û � �'ÊR¨F© ÄLÅ�µ �9æ·¶ �QZ1ä � � ñ uR¸ ´
¹·º �;ÊU�Oñ~k7t
» ��¼¾½
' )ê(C¿ÁÀDÂ1ÃÅÄÇÆÉÈ XÉWYÊÌËÅÍ |[Î À:Ï�À>Ð ÊÑWYÒYXÉÓ[Ô |[Õ¤Ö·× mLØ |·«[¬
�'|LÙ·¨pÚ�Û^|LÜ·Ý¤Þ^|[ß¤à·áHâäãè���?�6
�� M
N[Z
å�0
æ É � £^|[çLè�ÊLé ]  #!"!"$ c À


