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*�+-,/.10�243657583:9<;7+>=@?>0BADCFE/;7G>,/;836+H3I2J,/.10�A/,DKI,/;8CLKI+�KI57MNA/;8AOKI57=P36E/;7,/.>QOASRUTWV<TXKI+1?ZYW[]\_^NCD.10FQ�K@KIE`0
a +>;cb�0B?d;7+e,`3O36+10f?>0BADCFE/;7G>,/;836+hg

V�.10�Yi[!\�TjKI,DKk[]3N?>0F5P+13N?>0�lN;7+1?>A ���nmomop �$� KI+1? � �rq G>E`3sCB0BA`A`;7+>=6tu;7+1A/,/E a CF,/;836+nvrKI+1?wKIE`0�K6ADA a QO0B?
,`3yx)0�;7QzG>57;8CF;7,/57M-?>0BCF5{KIE`0B?|R�9<;7,/.�+13yCB36+e,`0F+s,}36E�KI,/,/E/;7x a ,`0BA:R
KI+1?-,/.10 char∗

?1KI,DK!QO3N?>0F5u~-V�.10
� �1m@ps� � ���ep +13N?>0WlN;7+1?�;8A�?>0FG>E`0BC:KI,`0B?]KI+1? a +1A a G>G�36E/,`0B?L;7+dYj^N\NV���R�A`3w;7,<;8A�+136,J?>0BCF5{KIE`0B?|~
V�3zA a QzQ�KIE/;7�:0W,/.10k2 a +1CF,/;836+1AJK:�6KI;75{KIx>580i2436E�K6CBCB0BA`A/;7+>=w;7+�2436E/Q�KI,/;836+�2�36E�K�A`C`.10FQ�K d

Rs,/.10i243657583:9<;7+>=
2 a +1CF,/;836+1AiKI575r.�KB�P0�KOA`0F, Σd

3I2UKI575r?>0BCF5{KIEDKI,/;836+1ASR�;7QzG>57;8CF;7,i?>0BCF5{KIEDKI,/;836+1AJ;7+1CF5 a ?>0B?|R�3I2�KOA`C`.10FQ�K}K6A
,/.10F;7EJ?>36Q�KI;7+hg

Σd = Ed ∪Ad ∪ {root, text, comment,pi}

9<.10FE`0
Ed
KI+1?
Ad

KIE`0j,/.10j0F580FQO0F+s,iKI+1?L,/.10�KI,/,/E/;7x a ,`0�?>0BCF5{KIEDKI,/;836+1AJ3I2 d
~

�@0y9<;7575�KI58A`3�A a G>G>580FQO0F+e,�,/.10y;7+�2436E/Q�KI,/;836+_;7+�x�36,/._TWV<T�KI+1?�YW[]\�^NCD.10FQ�K�A`C`.10FQ�K6A�9<;7,/.
,/.10�?>0BCF5{KIEDKI,/;836+H3I2iK!C`.13�AD0F+ZE`3N36,z0F580FQO0F+e,w2436E�,/.10�A`CD.10FQ�K�g}��36,/.-A`C`.10FQ�K!5{KI+>= a KI=P0BAw.�K:�P0�+13
2uK6CF;757;7,�M�2436EJA/G)0BCF;c2�MN;7+>=O,/.>;8A:R1x a ,J;7,�;8AiKw+�KI, a EDKI5r;7,`0FQX3I2�;7+�2436E/Q�KI,/;836+],`3}K6A`A`3NCF;{KI,`0j9<;7,/.!KI+�YW[!\
KIG>G>57;8C:KI,/;836+hR�KI+1?o;7+�KI+eM@C:K6A`0�Rr,/.10O;7+�2436E/Q�KI,/;836+o9<;7575�x�0z+10B0B?>0B?>���I~}*�+oKI+o;7QzG>580FQO0F+s,DKI,/;836+hR�,/.10
2 a +1CF,/;836+�C:KI+�x)0<;7QzG>580FQO0F+e,`0B?�K6A�KI+�K a ,`3It�?>0F,`0BCF,/;836+hR1K6A�KjG>E`36=�EDKIQ�G�KIEDKIQO0F,`0FE:R�36EUxeM�K6A/ls;7+>=�,/.10
a A`0FEJ,`3zA`0F580BCF,�,/.10f?>0BCF5{KIEDKI,/;836+d2�E`36Q�K�57;8A/,:~

Rd : {} → Ed

V�.10 ��� ��� +13N?>0WlN;7+1?L;8AJKI58A`3z?>0BCF5{KIE`0B?d;7QzG>57;8CF;7,/57MPR19<;7,/.�,/.10jCB36+s,`0F+e,iQO3s?>0F5

� ���
(

�������
(0, ����������� ����� , � � �	� 
 � (comment,pi)).Rd().�������
(0, ����������� ����� , � � �	� 
 � (comment,pi)))

• Cm

E`0F, a E/+1A�,/.10�CB36+e,`0F+e,kQO3s?>0F5�3I2�KwTW�iVjR�K6AJKI+�0���G>E`0BA`A/;836+�;7+L,/.10 M
tu5{KI+>= a KI=P0�~

• Cd

E`0F, a E/+1A�,/.10kAD0F,U3I2hG�3�ADA/;7x>580JCB36+s,`0F+e,<TW�kV�A�3I2rKfTW�iVj~e�136E ��� ��� RP;7,�E`0F, a E/+1A Rd(Σd)
Re2436E

0F580FQO0F+e,`A:Rn;7,�E`0F, a E/+1Ak,/.10f0F580FQO0F+e,:��AW?>0BCF5{KIE`0B?]C`.>;758?�E`0F+hR � ��� ����� ;c2',/.10�0F580FQO0F+s,k;8Ak?>0BCF5{KIE`0B?
,`3jCB36+e,DKI;7+O,`0���,:ReKI+1? ���nmomop �$� KI+1? � � ;c2�,/.10�0F580FQO0F+e,U;8A�+136,�?>0BCF5{KIE`0B? 	 � ��¡ � ;7+OTWV<Tw~
�136EJ36,/.10FE�+13N?>0WlN;7+1?>A:R�;7,�E`0F, a E/+1A�,/.10j0FQzG>,�M�A`0F,:~

• Wd

E`0F, a E/+1A�,/.10JAD0F,�3I2|G�3�ADA/;7x>580JCB36+s,`0F+e,<TW�kV�A�3I2rKfTW�iVjRP9<;8?>0F+10B?},`3fE`0FQ�KI;7+��6KI57;8?}0F�P0F+�;c2
,/.10j,�MNG)0f3I2�,/.10�TW�kV_;8A�A a x1A/,/;7, a ,`0B?dxeM�KI+eM�?>0BCF5{KIE`0B?|R�A a x1A/,/;7, a ,DKIx>580�,�MNG�0�~
�136E�+136+�tuYf^NT
A`C`.10FQ�K6Ak36E<+136+�t�0F580FQO0F+e,WTW�kV�A:R�,/.>;8A�;8A'¢ a A/, Cd

~

• Pd

E`0F, a E/+1AJ,/.10�A`0F,J3I2�G)3�A`A/;7x>580jG�KIE`0F+s,`Ak3I2�KOTi�iVj£�0F�P0FE/ML+13N?>0j,/.�KI,k.�K6AJ,/.10�KIE/= a QO0F+e,jK6A
K�G�3�ADA/;7x>580jC`.>;758?]36EJKI,/,/E/;7x a ,`0�R�36EJK6AJKzCB36+s,DKI;7+10B? � ��� ����� R ���nmomop �$� 36E � � ~

• Ad

E`0F, a E/+1AJ,/.10�KI,/,/E/;7x a ,`0fQO3N?>0F5h3I2�KzTW�kVjR1K6AJKwAD0F,J3I2'TW�iVrA:R�9<;758?>C:KIE`?>AJ+136,�;7+1CF5 a ?>0B?|~
¤�¥�¦I§S¨4©uªI«¬¨�­D®6­D¯±°S²4³±²�³±²<´6­µ²4«·¶}¸�®�©uªI«W¹:®º¸`»h¯±«/¶S¼�«W¸D½'©uª6­`©/¾�¿{©<À·¸�§º¯Á¶}´�«i¨u«·Âº¯Á­µÀ·«/¶�´B°�­�²4«¬©J¸µ½�À/­µ®I¶º³Á¶I­`©u«i¨u¸B¸µ©
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• Am

0��NG>E`0BADA/;836+1AJKI,/,/E/;7x a ,`0j;7+�243z;7+L,/.10 A
tu5{KI+>= a KI=P0j2436EJKI+]KI,/,/E/;7x a ,`0fTW�kVj~

• Dd

E`0F, a E/+1A�CD.�KIEDK6CF,`0FE�?1KI,DKkQO3s?>0F5>3I2�KkTW�kVj£º;7,�;8A�KkE`0F= a 5{KIE'5{KI+>= a KI=P0�3:�P0FE ���!��� R�KI+1?|R69<;7,/.
,/.10w57;7Qz;7,DKI,/;836+1A�;7+�,/.10zADC`.10FQ�K�5{KI+>= a KI=P0}A/G�0BCF;cb�C:KI,/;836+1ASRh;7,j;8Aj;7+1?>0FG)0F+1?>0F+e,�3I2
,/.10zTW�iVj��A
CB36+e,`0F+s,JQO3N?>0F5u~

• S∗
d

E`0F, a E/+1Ai,/.10�E`0���0��N;7�P0�,/EDKI+1A/;7,/;7�P0�CF583�A a E`0�3I2�,/.10�A`0F,i3I2U?>0BCF5{KIE`0B?!A a x1A/,/;7, a ,`0�TW�iVrAJ2�36EWK
TW�kVj~��kx1A/,/EDK6CF,�Ti�iVrA�KIE`0�E`0FQO3:�P0B?|~���36E�KI+eMj36,/.10FE�Ti�iVrA�,/.�KI+�.10:K6?>A�3I2>Yj^NT�A a x1A`,/;7, a ,/;836+
=�E`3 a G1A:R136+>57M�,/.10�KIE/= a QO0F+e,iTW�kV�;8A<;7+d,/.10jA`0F,<E`0F, a E/+10B?|~

• anld
E`0F, a E/+1A�,/.10iE`0F= a 5{KIEJKI+1CB0BA/,`36E<TW�iV 5{KI+>= a KI=P0i2436E<K�TW�iVj~s��36E�0:K6CD.�TW�kV q

RNKI+1CB0BA/,`36E
5{KI+>= a KI=P0BA�3I2)KI5751TW�iVrA',/.�KI, q

Q�KBMwA a x1A/,/;7, a ,`0�,/.>E`3 a =�.O,/.10<A a x1A`,/;7, a ,/;836+z=�E`3 a GzQO0BC`.�KI+>;8A/Q
KIE`0j;7+1CF5 a ?>0B?�;7+yK a +>;836+d5{KI+>= a KI=P0�~�*�+L,/.10f;7QzG>580FQO0F+s,DKI,/;836+hRn,/.10�5{KI+>= a KI=P0f;8Ak?>0BA`CFE/;7x�0B?]K6A
KI+dK a ,`36Q�KI,`36+h~

V�.10�2 a +1CF,/;836+ Tt

,DKIlP0BA�,�9�3i,�MNG�0BA�K6A'KIE/= a QO0F+e,`A:RNKI+1?�?>0BCF;8?>0BA�9<.10F,/.10FE',/.10�A`0BCB36+1?�Q�KBM�A a x1A`,/;7, a ,`0
,/.10�b1E`A/,�� KI+1?oE`0F, a E/+1A ����
�p R�;c2�,/.10�AD0BCB36+1?�KIE/= a QO0F+e,w;8A�KI+oYW[]\ ^NC`.10FQ�Kd,�MNG�0�R'?>0FE/;7�P0B?�;7+
�:0FE`3w36E
QO36E`0iA`,`0FG1A�2�E`36Q ,/.10Jb1E`A/,<KIE/= a QO0F+e,:R�KI+1?}+13�A/,`0FG a AD0B?�;7+�,/.10W?>0FE/;7�6KI,/;836+�;8A	��

�����N0B?O2436E
,/.10f?>0FE/;7��KI,/;836+dlN;7+1? a A`0B?|~��k,/.10FE/9<;8A`0�R�� �����:p ;8A<E`0F, a E/+10B?|~
V�.10
2 a +1CF,/;836+ Td : Q×Ed → {true, false}

,DKIlP0BA',/.10��i�iKIQO0<3I2|Kk,�MNG�0<KI+1?OKiTW�kVjRPKI+1?�E`0F, a E/+1A
����
rp ;c2<,/.10O,�MsG)0zE`0�240FE/E`0B?@,`3LxsM!,/.10Ob1E`A/,�KIE/= a QO0F+s,�;8A�E`0FG>5{K6CB0:KIx>580OxeM�,/.10O,�MNG�0O3I2<,/.10}A`0BCB36+1?
KIE/= a QO0F+s,:R1K6A�G)0FE Tt

R�KI+1?O,/.10�b1E`A/,�KIE/= a QO0F+s,
;8AU+136,���

�����s0B?O2�36EU?>0FE/;7��KI,/;836+�;7+�;7,`A�YW[!\!^NC`.10FQ�K
?>0BCF5{KIEDKI,/;836+h~��k,/.10FE/9<;8A`0�R�� ��� �Sp ;8A<E`0F, a E/+10B?|~
V�.10w2 a +1CF,/;836+ Te : Ed × Ed → {true, false}

2�36E/9�KIE`?>Af,`3
Td

R)b1E`A`,W0���,/EDK6CF,/;7+>=�,/.10w+�KIQO0z3I2�,/.10
?>0BCF5{KIE`0B?d,�MNG�0j3I2';7,`A�b1E`A/,kKIE/= a QO0F+s,:~

^N36QO0j,/E/;7�N;{KOKIG>G>57;80BAJ,`3wYi[!\o?>0BCF5{KIE`0B?L+13N?>0j,�MsG)0BA:g

• � 580FQO0F+e,`AO?>0BCF5{KIE`0B?Z9<;7,/.HKd=�5836x�KI5
,�MsG)0�E`0�2�0FE`0F+1CB0�.�K:�P0�KI+�0���,/EDK�� ��!#" ��$�%
&('�)+*-,/.10
2�3 KI,·t,/E/;7x a ,`0�?>0BCF5{KIE`0B?|Rn9<;7,/.�Kz,�MNG)0�3I2|¢ a A/,�,/.104�i�iKIQO0�3I2�,/.10f,�MNG)0�~5�J575r;7QzG>57;8CF;7,W?>0BCF5{KIEDKI,/;836+1A
A/G�KB9<+10B?!xsM]?>0�b1+10B?�0���,`0F+1A/;836+!?>0FE/;7��KI,/;836+1Af3I2U,/.10�,�MNG)0wKIE`0�Q�K6?>0w0���G>57;8CF;7,:RhKI+1?!0:K6CD.y.�K6A
KI+�0��N,/EDK76�" 8:9<; q>=�?�@BA#CED�FGCEH�AJILK/M:A<H1CONQPSRTA v '�)1*U,/.10
2�3 KI,/,/E/;7x a ,`0f?>0BCF5{KIE`0B?|~

• � 580FQO0F+e,`Az?>0BCF5{KIE`0B?WV * 


1X���
 3ZY
.
[
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modei : I →M∪ {#current}
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app : 2M ∪ {#all} → 2M

app(M) =

{

M
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M = {#all �
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modeflow : (M∪ {#current})×M → M

modeflow (m, c) =

{

c
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m = {#current �
m
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d:(2,2) e:(3,3)

builtin:(0,0) a:(5,1)

import 
href=b

import 
href=c

import import 
href=d href=e

c:(4,2)b:(1,1)

root:(6,0)
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ωm(m, i, r) =

{

live
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modeflow (mode i(i),m) ∈ app(moder(r))
dead
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φm(m, q, i, r′) =
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P : L → N
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:K5JN>9gLC: 	3:TLjAC?�5J?>?�A`W�+D:@Z �

Pm : L → N

Pm(l) = min{P (l)} ∪ {Pm(l′)|l′
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a

a a

a

#default #default

<apply−templates mode=’#default’ .../>

<template mode=’#default’ ...>

<apply−templates mode=’a’ .../>

<template mode=’#all’ ...>

<apply−templates mode=’#current’ .../>

<apply−templates mode=’#default’ .../>

<template mode=’a b’ ...>

#default

#default

���������
	������ �\<7	 0�)2������	i52h�)S��5;�;	���5vu ���+)2��'J,

r1 ≥ r2 ⇔ P (r1) > P (r2) | (P (r1) = P (r2) ∧ Pr(r1) ≥ Pr(r2))
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lri(i) = lr(ri(i))
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v(i) =
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




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{r ∈ R : Pm(lri(i)) ≤
P (lr(r)) < Pm(lri(i)) }
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{r ∈ R : lri(i) ≥ r ∧ r 6≥ lri(i)}
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� & 
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ωa(m,a, r) =

{

live
A Y

r ∈ v(a)
dead
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φi(m, q, a, r′) =

{

Σd

A Y
ωa(a,m, r′) = live
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n1
select(i)
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x
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match(r′)
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x
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 B6+=W�
��&58A`LC:TS
NK58L`L ��A7+�	J58L`ACZ�7>:T]^;=L 587>:fNK58L`L`A7+=W
<>:TL 587�ACB6+D?�9=A`;D? �\VP5I+DZ F#:^7>:T<�] � 5��D?>:F+.7��HBKF
? �����#B6+h7�<>BJL 5I+DZUN@B6+.7>: 3 7f7�S�;k:��HB F
?M7�9H587MZ=:T;�:F+DZUB6+?�7�<��DNT7��=<\58L Y :K587��=<>:@? B8Y27�9D:
A7+=;��=7 7�<>:@:�F)9=ACN\9 58<>:J+DBJ7�;�:T<�]^A`7�7>:@Z��.S^7�9D:
A7+=;��=7 ?\N>9D:T]_5bV=5I+DZG]^A`W�9.7
?��=<�;=<�AC?\:f5 �D?>:T< �.Sa7�9D:TA`<45��D?\:F+DN@: �
Q&9D:#?>:@N@B6+DZM<>:K5J?\B6+MY BJ<jF#5I+.7�A7+=W 7>B�;k:T< Y BJ<�] 7�9=AC?65I+H58L`Sb?�AC? � : 	3:F+fA Y1+DBJ7�A7+.7>:T<>:@?�7>:@ZEA7+I5��D?>:F+.7 �HBKF
?
� AC?j7�9H587$A`7�AC?65

Φ
� Y �>+DNT7�ACB6+f7�9H5876NK5I+ ��:�A`]^;=LC:T]G:F+h7>:@Z 	3:T<�SM: �_NTAC:F+.7�L`S3V3?>B)7�9H587PF)9D:F+EZ=:T7>:T<�]^A7+=A7+=W

7�9D:g5��D?\:F+DN@: B8Y,5I+.S �HB Fi587a58L`L&Y BJ<G?>BJ]G: N@BJ]��=A7+H587�ACB6+�B8Y 7>:T]^;=L 587>:�� A7+�	3B ��A7+=WOA7+D?�7�<��DNT7�ACB6+ 5I+DZ
7>:T]^;=L 587>:a<��=LC:�VP7�9=AC?,Y 5JNT7fNK5I+ ��:G?�7>BJ<>:@Z2V65I+DZX?\5�	3: �D?MY <>BJ] N@BJ]^A7+=W 7>B�7�9D:a?\58]G:GN@B6+DNTL	�D?�ACB6+ A7+
5 L 587>:T<f?>7\58W3:^B8Y 7�9D:G5I+H58L`Sb?�AC?KV2F)9D:F+��D?>A7+=Wg5_9D:K5�	.AC:T<

Φ
� Y
�>+DNT7�ACB6+ � [�+ ;H58<�7�ACN
�=L 58<KV�7�9D:R<\5KF ��Q � 
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Φ
� Y �>+DNT7�ACB6+ AC? 
71#;�3 5��#3 +.;�: 5 ;�: +434+��%5 � A`7RZ=B.:@?�+DBJ7RZ=:T;k:F+DZ B6+OA`7>?IN@B6+h7>: 3 7R7�S�;k: 


q � ;H58<\58]G:T7>:T<KVF)9=ACN\9g9D:TL`;D? �3:@:T;�A`7>? 5J?>?>B�NTA 587>:@Z
L 587�7�ACN@:,LCBKF �
Q&9=AC?

Φ
� Y �>+DNT7�ACB6+ �D?>:@?,5 ?>:TLC:@NT7 � ]_587>N>9XN@BJ]^;H587�A��=A`L`A`7�Sc7>:@?>7 � Q&9D:R7>:@?�7>?,58;=;=<>B 3 A`]_587>:^7>BKF&58<>Z=?,7>B�BL 58<�W3: N@B6+h7>: 3 7 �HBKF
?
� � 5 �G<�]_587�A�	3: <>:@?��=L`7aY BJ<
?>BJ]G: N@:T<�7\58A7+ N@B6+h7>: 3 7
7�S�;k:�V�]GB.Z=:�V�7>:T]^;=L 587>:��A7+�	3B �.A7+=WaA7+D?�7�<��DNT7�ACB6+ 5I+DZ
7\58<�W3:T747>:T]^;=L 587>:,<��=LC:,AC?<+DBJ7�N@B6+DNTL	�D?>A�	3: ��� +D:TWh587�A�	3:f<>:@?��=L`7)AC? �

Q&9D:_5I+H58L`Sb?�AC?,]_5 �3:@?f+DB �D?>:^B8Y&A7+=;��=7f?>N>9D:T]_5 �s+DB F)LC:@ZbW3:�V ���=7,A`7MAC?,?>7�A`L`L 5JN@N
�=<\587>:GZ=BKF<+X7>B�7�9D:
LC: 	3:TL�B8Y :TLC:T]G:F+h7 5I+DZg587�7�<�A����=7>:f+H58]G:@? �

� ���H	��
	��$	������

Q
AC?E7�9D: 
 A7+	�1+=A`7>: � ?>:T7IB8Y 	�58L`ACZ@+H58]G:@?>;H5JN@:�� � �H58L`A��H:@Z 
%$ &%:TLC:T]G:F+h7RBJ<I587�7�<�A����=7>:�+H58]G:@? � Q&9D:��;�� 5�
 � 8%275�� 
 +���� 
78#2��g:TLC:T]G:F+h7 7�S�;k:

e∗
<>:T;=<>:@?>:F+.7>? 5I+.S�+ �=] ��:T< B8Y�:TLC:T]G:F+.7>?KVH:K5JN\9gF)A`7�9gF)A`7�9 5I+hS

+H58]G:�Vk5I+DZ L`A �3:TF)AC?>:�V
a∗
<>:T;=<>:@?>:F+.7>? 5I+.SL+ �=]��k:T< B8Y 587�7�<�A����=7>:@? V :K5JN\9gF)A`7�9c5I+.SL+H58]G: � Q&9D:@?>:I58<>:+D:@:@Z=:@Z 5J?��1+=A`7>:G<>:T;=<>:@?\:F+h7\587�ACB6+D?^B8Y �>+ �s+DB F<+ :TLC:T]G:F+.7>?I5I+DZ 587�7�<�A����=7>:@?fA7+ 5
L 587�7�ACN@:a5I+DZ�A7+ 5I+

A`]^;=LC:T]G:F+.7\587�ACB6+ � Σu

AC? 7�9D:I?>:T74B8Y&58L`L ��;�� 5�
 � 8%275�� ; 1�� 5 3	� /�5 : V F)9=ACN>9X58<>:IZbAC?�7�A7+=W��=AC?�9H5��=LC:IA7+ 7�9D:

��P587�9 ZD587\5R]GB�Z=:TL 
 +DBG?>N>9D:T]_5GAC? �D?>:@Z2VD?>BR7�9D:T<>:E58<>:j+DB^Z=:@NTL 58<\587�ACB6+D? � �

Eu = {e∗} ∪ {eq|q ∈ Q}
Au = {a∗} ∪ {aq|q ∈ Q}
Σu = Eu ∪Au ∪ {root,pcdata, comment,pi}

� �D?�7�<\5JNT7�A7+=W 7−→ 7>B �>+DZ=:@NTL 58<>:@Z�+DB�Z=: 7�S�;k:@?KV

U
p
−→ V

]G:K5I+D? � 
 A�	3:F+ 5R?\:T7�B8Y �>+DZ=:@NTL 58<>:@Z]+DB�Z=:,7�S�;k:@?
U
V=7�9D:T<>:E: 3 AC?�7>?45I+ 
 $'&�7�<>:@:MY <\58W�]G:F+.7 x

F)A`7�9
5w+DB�Z=:

n
B8Y6?\BJ]G: �>+DZ=:@NTL 58<>:@Z 7�S�;�:

∈ U
V
n

p
7−→

x
v
5I+DZ

v ∈ V �


 ?�A7+=WI7�9D:45��D?�7�<\5JNT7�ACB6+jVD5I+DZ 58L`LCBKF)A7+=W^7�9D:
7�S.;�:@?#B8Y
n1
5I+DZ

n3
B8Y�� � � � 7>B��k: 5I+hS �>+DZ=:@NTL 58<>:@Z 7�S.;�:
 7�9 �D?�+DBJ7#<>:@?�7�<�ACNT7�A7+=W^5I+hS�7�9=A7+=W � V=5M?>:TLC:@NT7 � ]_587>N\9 


i, r′ � N@BJ]^;H587�A��=A`L`A`7�S
N@B6+DZbA`7�ACB6+_Y BJ<#5I+ :@ZbW3: �HB FB8Y67�S�;k:
q′
��:@N@BJ]G:@? �

Σu
select(i)
−→ {q′}

5I+DZ
Σu

match(r′)
−→ {q′}

� ��� �#	��4�

U : XPathpath → 2Σu

U step
a::t , Uaxis

a , U teste
t , U testa

t : 2Σu → 2Σu

� �
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Q&9D:@?>:GY
�>+DNT7�ACB6+D?I?�A`] �=L 587>:a: 	�58L	�H587�ACB6+OB8Y45I+ 
��6587�9O;H587�9 : 3 ;=<>:@?>?>ACB6+OB6+O5g?>:T7fB8Y<+DB.Z=:@?
�EQ&9D:TSA`7>:T<\587>: ?�7>:T; �.SU?�7>:T;jV$Y <>BJ] 7�9D:_LC: Y 7M7>Bc7�9D:G<�A`W�9.7KV�5I+DZ�Y BJ<E:K5JN>9 ?�7>:T;jVP7�9D:TSU?�A`] �=L 587>: 5gN@B6+h7>: 3 7�HB F B�	3:T<47�9D:f5 3 AC?�?�7>:T;jVH5I+DZc5 �DL`7>:T<�A7+=WaB8Y'+DB.Z=:@? �hS
7�9D:j+DB�Z=:,7>:@?�7
B8Y 7�9D:M?�7>:T; � �DBJ< $ & % 
#$ & 
 ��%: 3 ;=<>:@?>?�ACB6+D?KVk5RW3B�B.Zg58;=;=<>B 3 A`]_587�ACB6+ AC?�;kB�?>?>A��=LC:�V �k:@NK5��D?\:f+DB�Z=:@?
A7+c5_N@B6+DNT<>:T7>:f: 	�58L	�H587�ACB6+cA7+.7>:T< �?>:@NT7�ACB6+aF)A`L`LHN@:T<�7\58A7+=L`S^9H5!	3: 5 7�S�;�:)A7+G7�9D:)A7+.7>:T<>?>:@NT7>:@Z_7�S.;�:
?>:T7 � Q&9D:T<>:)AC?U+DB,W3B�B.Z_58;=;=<>B 3 A`]_587�ACB6+Y BJ< 
#( � 
�" % VD7�9DB��=W�9��&[�7�]_5@S ?�7�A`L`LP?>:TLC:@NT7J+DB�Z=:@?4B8Y�5G7�S�;k:,A7+c7�9D:M<>:@?��=L`7 B8Y 5��D?�7�<\5JNT7�L`S : 	�58L	�H587�A7+=W7�9D:,<�A`W�9.7 � 9H5I+DZc?>ACZ=: �

U step
a::t (Ω) =

{

U testa
t (Uaxis

attribute(Ω))
A Y

a = attribute

U teste
t (Uaxis

a (Ω))
BJ7�9D:T<�F)AC?>:

U (ε) = {root}

U (a :: t) = U step
a::t ({e∗, a∗, root,pcdata, comment,pi})

U (P/a :: t) = U step
a::t (U(P ))

U (p1 intersect p2) = U(p1) ∩ U(p2)
U (p1 except p2) = U(p1)

Q&9D:GY
�>+DNT7�ACB6+
U(p)

N@BJ]^;��=7>:@?R5I+��=;=;k:T<��kB��>+DZ�Y BJ<
{X ⊆ Σu|Σu

p
7−→ X}

V658L`7�9DB��=W�9 58;=;=<>B 3 A �]_587>:TL`S ��A`7,?�7\58<�7>? Y <>BJ] 5 �1+=A`7>:R<>:T;=<>:@?>:F+h7\587�ACB6+ B8Y
Σu

Vj5I+DZ <>:@N
�=<>?\:@?MB6+DN@:IY BJ<,:K5JN\9X?�7>:T; � Q&9D: ε]_58;=;=A7+=Wa]_58;D?
LC:K5JZbA7+=W � 6 ?)7>B^7�9D:��������j+DB�Z=:,7�S�;�: �

�	� ��

��� 	��$*�� � 0����

Uaxis
child (Ω) =







{e∗, comment,pi}
A Y

root ∈ Ω
5��DZ

Ω ∩ Eu = ∅
{e∗,pcdata, comment,pi}

A Y
Ω ∩ Eu 6= ∅

∅
BJ7�9D:T<�F)AC?>:

Uaxis
parent (Ω) =























{e∗}
A Y

Ω ∩ (Eu ∪ {comment,pi}) = ∅
∧
Ω ∩ (Au ∪ {text}) 6= ∅

{e∗, root}
A Y

Ω ∩ (Eu ∪ {comment,pi}) 6= ∅
∅

BJ7�9D:T<�F)AC?\:

Uaxis
ancestor (Ω) =

{

{e∗, root}
A Y

Ω 6= {root} ∧ Ω 6= ∅
∅

BJ7�9D:T<�F)AC?>:

Uaxis
descendant (Ω) = Uaxis

child(Ω)

���



Uaxis
preceding(Ω) =
{

{e∗, root,pcdata, comment,pi}
A Y

Ω ∩ (Eu ∪ {pcdata, comment,pi}) 6= ∅
∅

BJ7�9D:T<�F)AC?\:

Uaxis
following(Ω) =
{

{e∗,pcdata, comment,pi}
A Y

Ω ∩ (Eu ∪ {root,pcdata, comment,pi}) 6= ∅
∅

BJ7�9D:T<�F)AC?>:

Uaxis
preceding−sibling(Ω) = Uaxis

following−sibling(Ω) =
{

{e∗,pcdata, comment,pi}
A Y

Ω ∩ (Eu ∪ {pcdata, comment,pi}) 6= ∅
∅

BJ7�9D:T<�F)AC?>:

Uaxis
self (Ω) = Ω

Uaxis
ancestor−or−self (Ω) = Uaxis

ancestor(Ω) ∪ Uaxis
self (Ω)

Uaxis
descendant−or−self (Ω) = Uaxis

descendant(Ω) ∪ Uaxis
self (Ω)

Uaxis
attribute (Ω) =

{

{a∗}
A Y

Ω ∩ Eu 6= ∅
∅

BJ7�9D:T<�F)AC?>:

Uaxis
xslv (Ω) = {e∗}

Q&9D:@?>:gY ���DNT7�ACB �D?a<\587�9D:T<�?�7�<\58A`W�9.7 Y BJ<�F&58<>ZbL`S%?>A`]��=L 587>:�5 3 AC? ?�7>:T;D? � Uaxis
child

�
Uaxis

descendant

<>:T7��=< �D?
: 	3:T<�S�7�9=A �=W 7�9H587 NK5�� �k: 5XN\9=A`LCZ2V)A YE5��hS �DB�Z=: 7�S.;�:cA �-7�9D: 58<�W��=]G: �h7�?>:T7aNK5��%9H5!	3: N>9=A`LCZb<>: � �
Uaxis

parent

<>:T7��=< �D? � 5��hS :TLC:T]G: �h7�� Y BJ<^58<�W��=]G: �h7_?\:T7>?IB8Y47>: 3 7^5��DZ�587�7�<�A����=7>:@?GB �=L`S3V�5��DZ�5JZ=Z=?R7�9D:<>B�BJ7��DB.Z=:R7�S.;�:IA Y 7�9D:T<>:_58<>:G58LC?\B :TLC:T]G: �.7>?KV�N@BJ]^]G: �.7>?fBJ<,;=<>B�N@:@?>?�A �=W�A �D?�7�<��DNT7�ACB �D? � �47�9D:T<�F)AC?\:�V7�9D:f58<�W��=]G: �.74AC?�:T]^;=7�S BJ<
A`7)AC?)7�9D:f?�A �=W�LC:T7>B �
{root}

V=F)9=ACN\9g9H5!	3: �DB^;H58<>: �h7>? � Q&9D:,<>:@?�7
B8Y 7�9D:5 3 AC?
?�7>:T;�Y ���DNT7�ACB �D?
?�9DB��=LCZ �D:@:@Z �DBRY �=<�7�9D:T<
: 3 ;=L 5��H587�ACB � �

��� � � � ����� �

� �D?�7�<\5JNT7 �DB�Z=:R7>:@?�7>?MZbAC?>NK58<>ZU7�9DB�?>:^7�S�;�:@?,F)9DB�?>:^A �D?�7\5��DN@:@?fNK5����DBJ7f;H5J?>? 7�9D: 
��6587�9 �DB.Z=:G7>:@?�7 �Q&9D:T<>: Y BJ<>:�V)7�9D: <>:@? �=L`7a?>:T7GAC?
58L`F#5KS�? ?�]_58L`LC:T<a7�9H5���7�9D: 58<�W��=]G: �h7
?>:T7KV)BJ<G]_5JZ=:c]GBJ<>:g?�;�:@NTA��HN
7�9=<>B��=W�9c7�9D:M?�� �D?�7�A`7��=7�ACB �gB8Y�5�� ���DZ=:@NTL 58<>:@Z F)A`LCZ=NK58<>Z Y BJ<�5RN@B �DNT<>:T7>:f7�S�;k: �

U testa
q (Ω) =







{aq}
A Y

a∗ ∈ Ω
{aq}

A Y
aq ∈ Ω

∅
BJ7�9D:T<�F)AC?>:

U testa
∗ (Ω) = Ω ∩Au

U teste
q (Ω) =







{eq}
A Y

e∗ ∈ Ω
{eq}

A Y
eq ∈ Ω

∅
BJ7�9D:T<�F)AC?>:

� �



U teste
∗ (Ω) = Ω ∩ Eu

U teste
node() (Ω) = U testa

node() (Ω) = Ω

U teste
text() (Ω) = U testa

text() (Ω) = Ω ∩ {pcdata}

U teste
comment() (Ω) = U testa

comment() (Ω) = Ω ∩ {comment}

U teste
pi(...) (Ω) = U testa

pi(...)(Ω) = Ω ∩ {pi}

U testa
attribute(q) (Ω) = U testa

attribute(q,t) (Ω) = U testa
q (Ω)

U testa
attribute(∗) (Ω) = U testa

attribute(∗,t) (Ω) = U testa
∗ (Ω)

U teste
attribute(q) (Ω) = U teste

attribute(q,t) (Ω) = ∅

U testa
element(q) (Ω) = U testa

element(q,t) (Ω) = ∅

U teste
element(q) (Ω) = U teste

element(q,t) (Ω) = U teste
q (Ω)

U teste
element(∗) (Ω) = U teste

element(∗,t) (Ω) = U teste
∗ (Ω)

U testa
schema−element(q) (Ω) = U teste

schema−attribute(q,.) (Ω) = ∅

U testa
schema−attribute(q) (Ω) = U testa

q (Ω)

U teste
schema−element(q) (Ω) = U teste

q (Ω)

U testa
document−node(.) (Ω) = ∅

U teste
document−node(.) (Ω) = Ω ∩ {root}

Q&9D: ZbA��2:T<>: �h7 �H58]^A �=W B8YM7�9D:
testa

5��DZ
teste

�H58]G:c7>:@?>7>?a?>:T<�	3:@?a7>BXY BJ<�F&58<>Z�A �bY BJ<�]_587�ACB � 7>B
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 � 
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 � 
 	�
 & % 
 � 5��DZ � %�% $ $��
� % 
 
 � A`W��DBJ<>: 7�S�;k:@?
5��DZ 7 �D?�7&]_587>N>9cB � �H58]G:@?KV5��DZ &��*) 
�	 � � 
 � 
 	�
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S : XPathpath × 2Σd → 2Σd

Sstep
a::t , Saxis

a , Steste
t , Stesta

t : 2Σd → 2Σd

��� ��� ���	��
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Sstep
a::t (Ω) =

{

Stesta
t (Saxis

attribute(Ω))
� '

a = attribute

Steste
t (Saxis

a (Ω))
)3������;�d
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S (ε,Ω) = {root}

S (a :: t,Ω) = Sstep
a::t (Ω)

S (P/a :: t,Ω) = Sstep
a::t (S(P,Ω))

S (p1 intersect p2) = S(p1) ∩ S(p2)
S (p1 except p2) = S(p1)
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Saxis
child (Ω) =

⋃

n∈Cd(ω)∧ω∈Ω S∗
d(n)

Saxis
parent (Ω) = {n|n ∈ Pd(ω) ∧ ω ∈ Ω}

Saxis
ancestor (Ω) = fix (Saxis

parent(Ω) ∪ Saxis
parent(S

axis
parent(Ω)))

Saxis
descendant (Ω) = fix (Saxis

child(Ω) ∪ Saxis
child(S

axis
child(Ω)))
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preceding (Ω) =

{

Σd\Ad
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Ω 6= ∅
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Ω 6= {root}

∅
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Saxis
following (Ω) =

{

Σd\(Ad ∪ {root})
� '

Ω 6= ∅
∅
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Saxis

preceding−sibling (Ω) =

Saxis
following−sibling (Ω) =

{

Σd\(Ad ∪ {root})
� '

Ω\Ad 6= ∅
∅
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Saxis

self (Ω) = Ω

Saxis
descendant−or−self (Ω) = Saxis

descendant ∪ Saxis
self

Saxis
ancestor−or−self (Ω) = Saxis

ancestor ∪ Saxis
self

Saxis
attribute (Ω) = {n|n ∈ Ad(ω) ∧ ω ∈ Ω}

Saxis
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*<(/&*� S ���[B�( '�� ��������� %�� (/&��f1�&�� '  ����$�-=.8�� � � � � ��"�� - " � 
 8 SG
 �� ��� � 1����

SG = (NE , NA, NT , NS ,NC , R, S, contains , seq , choice)

W0$%�'&��

• NE
8
NA

8
NT

8
NS

8�����B
NC

�+&�� � �� .���:B2 �� ) (4 ��+� �������c(+* � � �����[(+*2�!$%�:B2 �)�'&����+� �� ���B�� �������! 6(��%�%B
����( �&� �i*<(/& �%�,���'& � ���fWA�?B��#� �%�

N = NE ∪NA ∪NT ∪NS ∪NC
�

• R ⊆ N
 ��)���H����(+*PB��1�! -,����,���%B " � ��� � � � ��� �

• S : NE ∪NA ∪NT → 2char
∗ 8,B��#� �%�1� � � � � �&� < �'� � �

• contains : NE ∪NA → N
B��#� �%�1������� � ��	�� � � � - ��� �

• seq : NS → N∗ B��#� �%�1� � ����� �'� � � ��� - ��� � ����B

• choice : NC → 2N B��#� �%�1��� 8 ��	 � ����� - �'�#%

T6$%���&��� - � � - � L(SG)
(+*'��� � �7���+&2=4,e&!�+1�$

SG
 ����!$%�*�����N(+* S � �7�2&��1�1�9�!$��,� ' ��� �=�"( ���!�, ��%�%B

�Z= � �i*<(��$B2 ���,��!$%�U,e&!�+1�$c88�!�!�+&!�! ���,:*^&3(�� �E&3(Z(4���p(�B�� �

L(SG) = {x | ∃r ∈ R : r ⇒ x}
A@��$%�'&�� � ���0�!$%� ��� � ��� ��	$� - " �'� ��� 	�����8 ⇒ 8 �)���dWA�1��� � � �7���+&2=5,e&!�+1�$ �p(�B��1�'����B S � �/�2&��1�1�Q8.W0$� ' $
 ��NB��#� �%�%BC ���B �%' �! �&�$�-= �4�k*^(�� �6(QW����

n ∈ NE e ∈ S(n) contains(n) = m m
�����	�
⇒ {a1, . . . , ak} m


���
��
⇒ c

n⇒
�
e a1 . . . ak

�
c
���

e
�

n ∈ NA a ∈ S(n) contains(n) = m m
�������
⇒ s

n⇒ a ��
 s 

n ∈ NT s ∈ S(n)

n⇒ s

n ∈ NS seq(n) = a1 . . . ak ai ⇒ bi

*^(/&)��� �
i = 1, . . . , k

n⇒ b1 . . . bk

n ∈ NC a ∈ choice(n) a⇒ b

n⇒ b

T6$� ��
B��#� �� .�! 6(�� � ���1�B�!$%�N(/1=�'&!�,�! 6(��%� �����	�
⇒
8 
���
��
⇒
8.����B �������

⇒
�3(���(��2&!� ' � �,�!�2&! � � ���1�X8 ' (��+���������X8 ����B ����(2� %

T6$%�1���h&��$�%�,�! 6(��%� �+&��EB��#� �%�%B#�4�Y*^(�� �6(QW����

��� C



n ∈ NA n⇒ a

n
�����	�
⇒ {a}

n ∈ NE ∪NT

n
�����	�
⇒ ∅

n ∈ NS seq(n) = a1 . . . ak ai

�����	�
⇒ Ai

*^(/&)��� �
i = 1, . . . , k

n
�����	�
⇒

⋃k
i=1 Ai

n ∈ NC a ∈ choice(n) a
�����	�
⇒ A

n
�����	�
⇒ A

n ∈ NE ∪NT n⇒ x

n

���
��
⇒ x

n ∈ NA

n

���
��
⇒ ε

n ∈ NS seq(n) = a1 . . . ak ai


 ��
��
⇒ bi

*^(/&)��� �
i = 1, . . . , k

n

���
��
⇒ b1 . . . bk

n ∈ NC a ∈ choice(n) a

���
��
⇒ b

n

���
��
⇒ b

n ∈ NT n⇒ x

n
��� ���
⇒ x

n ∈ NE ∪NA

n
�������
⇒ ε

n ∈ NS seq(n) = a1 . . . ak ai

�������
⇒ bi

*<(/&)��� �
i = 1, . . . , k

n
��� ���
⇒ b1 . . . bk

n ∈ NC a ∈ choice(n) a
�������
⇒ b

n
�������
⇒ b

T6$%���%����, � �+,&�"(+* � � �7���+&2=j,e&!�+1�$%� �+&��h(+* ���D���&���4,e&��3�,���'& ' �%�4���0�!$���� ,&���%�'&!��� �2&��1���%����, � �+,&�1� %
;N(4�! ' ���U* �'W2B����!�,  ��B2 ���'&���� ' �1� �=���bWA�1����q 
 � ����B � � �7���+&2=7,e&!�+1�$%� � S � � �,�!�2&! � � �����p(�B��1�B�3(
�p(4� ' (����!�, ��7����(����p(QB��1� % ��� �7���+&2=V,e&!�+1�$ �,�!�2&! � � ��� �p(�B��1�>$�� �&���%Bi,&�1�>�3( ����(����p(�B��1�X8=�!$p( � ,;$ %
��� �7���+&2=4,e&!�+1�$%�IB�( �p(4�1��(QB��$�:�!$%�#� � u u�	 � 
 ����B/
 � �p(�B��
�+ ���B��Q8 �4�0�!$%�1�����+&���$��+&�B.�-=IW0(/&!�!$
' (��%�! $B��'&!�,�! 6(��  �� � �
���. $B2 .�d= �4�H���1���*�����+� ' (��+����(����jT6$%�'= �+&��j1)�'&*�F .�!���%B ��� ��(;�!� ���y=
W0$%�'&�� ���y= �
W��{= � � %
T6$%�'&��7�+&��7�5* �'W��.  �F .�!�,�! 6(��%� �+1�1��-=+ ���, �3(����', ��� � � �7���+&2= ,e&!�+1�$%��� � � 
 	 � � 	���� 	 �p(�B��1�)���X=V(����-=
�+1�1)�3�+& �4�6�!$%� ' (��������+���p(�B��U(+* ���/�$���$�����+� �p(�B��e8 ����BE�$���$������� ' (��+������� ��(QB��$��� � � �!� �)���! ���,
�����
�b=Z1)�(%
�����6( %(� % ���� !�b� �0,�� (!-0�N% �),�$&">�:����*P�0�N71 !"��A*�,��'( -�3 �'���'$&�'(G�@*B�'7)� ��,���*��	��

�
� �.�!8��r���Q ��2�O� (B� �O�),9 !����,1* -�3

��({�E$+��56-�,Q*B"����������),�� 7���8B�:��*5�!8�� �:-/$&� � -�*X� -3�O� ,��A-G-���"A(B.P�� �����< / �&�:% �)7'8!�A�0���+�� �����"��_�����Q�:"�$&%B� � 3 -�,�./-0�:���'( ��-
� G %!��"�7'">����� % �),�$&">� �� B�'$ "�( �� !� )+*$, �:% �)7/<
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� 
���� ��� ���������	� � ��
 � � � �������

� �C��(2 ��!�! ���, ���-,.(/&! .�!$��  �� � �n` 
��
��' $%�$���,�3(
(���� ' ��� ' $%� ' �g8�*<(/& ���y= �bW[( � � �7���+&2=I,e&!�+1�$%�
(SG1����B

SG2)
8�W0$%���!$%�'&

L(SG1) ⊆ L(SG2)

` �?�!$%���%�', �,�! �&� ' �4���e8.� �. ��!�0(+* �'&2&3(/&'���1��� �+,&�1�
 ��[1�&3(QB �%' �%B98 �. ��!�! ���, ���&�'&2=��$���$�����+� ' (�������������(�B��$�
W0$p(;��� ' (��%�!�2&!�, ������ �+&�� �+ 6(��%�,���%B98pW0 .�!$,���C��( ���:1����h(+* � �� 6(��%�,�! 6(���W0$%�'&��O1�(;���� �����(%

A@�OW0  � � �!  �:1��-= � �����!$� ��	���-,.(/&! .�!$�� *<(/& �
���. $B �,�! 6(�� �0T6$%�*� � �7���+&2=4,e&!�+1�$ ' (��%�!�2& �%' ���%BC�3( ��(�B��$�
( � ���2&!���%� *<(/&*� ( � �21 � �X89,; �&���@�!$��,�>�2&!���%� *<(/&*� 	$� 
 � �� �� �
���. $B WY&!� %

Din

 ��
SG1

8"����B<�!$%� � � �

 � �
� ' $%�$���:W0  � � �)� � ���%B �4�)� ���4�� ��k*^(/& ' (��%���2& �%' �! ���,

SG2
%

��� � 	 l # � � ��� ��� � ����� � ��������� #���� �����

� � �� ���, ' (��%�!�2& �%' ���%B � @ (XW ,e&!�+1�$c8nWA��W0  � � � ���D�!$%�< ��i*^(/&*���,�! 6(�� (+**�!$��,�j*<(/& ' (��%�!�2& �%' �! ���,��
� � �7���+&2= ,e&!�+1�$c8),&���%�'&!�,�! ���, �C� � 1)�'&������E(+*��!$%� S���� �2&��1� �����*�!$��,� �!$%�|,; �&��� �2&!���%� *<(/&*�0���{=
,&���%�'&!�,���]*^(/&

Din �
� �
�!$� ��A���!�+,&�e8&�!$%�hB �,�!�EB��1� ' &! -1��! 6(��|,.(��1�)*^&3(�� � ��� �	� ��"'	 ��� ���^(��%�],e&!�+1�$ �p(�B��

*<(/&B�3� ' $ ���$�:1��%�,���n& � ��� ����B ���$�:1��%�,�����( ����.(?�� ���,F ��%�!�2& �%' �! 6(��c82���$�:1��%�,�����p(QB��1� �+&���B�� ' (/&!�,���%BjW0 .�!$
' (��+����(��?�H����� ����B �%Bi,&�1�:W0 .�!$ ' (�������(2� @ (XW������3( ��� � # �  �
��������� 
 ���
� � ��"'	 ��� �",e&!�+1�$ � �!$%�'&��  ��
�p(QW (��%� �p(QB��"*<(/&3�3� ' $

(templaterule, contexttype)
1��, -&X8"����B �p( ' (�������(2�#�����TB�� ' (/&!�,�! 6(��%�

(�� �p(�B��1��(/&��%Bi,&�1�
�

T6$%�<� � �7���+&2= ,e&!�+1�$ W0  � �>��(�������B��!$%� @ (QWB,e&!�+1�$� �� �dW0( B2  �����%�� 6(��%�X8Y*^&3(�� B��1� ' &! �� ���,�(����-=
@ (QW (+* ' (����2&3(��"����B ' (�������(2�6�d=
1=�1� �)���dWA�1���E���$�:1��%�,���N& � ���1�JB � &! ���,F�!�d= ���1�!$%�1���6 ����.( ' �,�! 6(��c82 .�kW0  � �
B��1� ' &! �)�#���&�'&2=��!$� ���, �F ����! ���,? ��E�!$%� @ (XW ,e&!�+1�$ ���6(��%� �

•
T6$%� �p(�B��1� � � �

 � �EB � &! ���,D�!�b= ���1��$%�1���* ����.( ' �,�! 6(��!W0  � ���)�7��(QB��$���%B

�
T6$%� �&�'&2= &��3�4�;(���*<(/&

�����+ ���,9�!$%�A� � �7���+&2=U,e&!�+1�$"1g(��-= �
�+&! %������ �� �3(�� � 1�1g(/&!�:�!$� ��X8��Z= �����+ ���, � �
�,  �%������� ���21)� '  �� '
' (�������(2���d=
1)�f*^(/&��3� ' $C��� # � ��� ' � ' (��%�!�2& �%' �3(/&

�

•
T6$%� � ��� ���'� � � � � �'� ��(+* �p(�B��1�X85�4�\,; �&��� �y=*�!$%�6 ���1 � � � ' $%�$���i8.WB�'&��1�+1�1�&3( (2  ���,���%B ' (5�+&����$�-=
 ��E�!$%� @ (XW��������-=2�! ���� � � �) ��i*<(/&*���,�! 6(��C ��E�!$%� ' (��+�������	����B �,�!�2&! � � ������(QB��$���](+*\q�;NT:�YW��4�
�!$�&3(XW�� �{W��{=  ��D�!$%� @ (XW �������-=2�! ��X8=��( ' �'1��NW0$%���!$%�'&��3(���� �d=
1=�"W �4� ���X= �)�+� ' $�  �$B�(/&����
�,�!�2&! � � ����(+* ���p(4�!$%�'&

�
� �6(XW��:WB�'&�� ��(�B��$���%B (�� �!$%� �%�+&2,&�/�� $B��e8 ����B �%���&�'&!B��1�$���%B �p(4�

�3(F��(� ����X8 � �����1�H�0�!$��,� ' ( � �$B �)���1�!�!�����. ��!$%�%BIW0 .�!$#���%�3(�� � ��� ' �'&!�!�, ��+�d=
�
T6$%��� � �7���+&2=j,e&!�+1�$

' (��%�!�2& �%' ���%B5W0  � ���3( � �%�+&2,&�6��(2������� ' (��:1=���%� �,���K*<(/& �!$��,�X8/&���� �1�!�!�����. ��!$� ���,��!$%� �.  �F .��� ����B �!$%�
� ���{= �=�1� 
  -,��p(/&��%B/�3�+&*�. ��'& � ����BE�!�!  � � ' (��%���'& �
�,�! �&�$�-= �_T6$%�h,e&!�+1�$4&�� @ � ' � ���y= � � ' �'&!�!�, ����b=
�!$��,���3(���� @ (QW�(/&]( � �21 � ��W0  � ��� ' � � ��� �-= $��+1�1)���,�,�0�2&!���%� *<(/&*���,�! 6(�� & � ���(�!  ���

�T6$%�  ������'&21��%�X= �=���bWA�1��� �!$%� @ (XW �������-=2�! ��"����B#�!$%� � � �7���+&2=f,e&!�+1�$ ' (��%�!�2& �%' �! 6(�� ' �����6(Z(;���$�-=
�=�f1 � �0�!$� ��]W �X= �
� � �6(XW �������-=2�! ��6�!���&�1� ' �+&��>�3(2��(�B��$�"���y=j& � ���(�!  ���� ����.( ' �,�! 6(�� (+* ���$�:1��%�,���1���!$��,�1���{=
' � � ����� � � � � � 84( � �21 � ��*^(/& �
���. $B2 .�d=

�
� T6$%�9� � �7���+&2=7,e&!�+1�$  �� ' (��:1g(;���%B|*^&3(�� �'" � - � �'� �$�t8��!$��,� �+&����4�����$� �����%BI(�� �!$%�
���4�� ��
(+*� ��i*<(/&*���,�! 6(��4*^&3(��I�!$%� ' (����2&3(�� @ (XW ,e&!�+1�$
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choice

sequence

1

b c d
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	:A���
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������	�� �"!"�#�
�$��%��'&(	)��*�%,+�	����-��*��.���/	1032345�
b 6 c ���/+

d 7 �8�9�,�.�:� �/��&)��%;��*��9�&�*�� ��	)�'�9��*�+�	)%;���
������	�� � 6 �<�	! �����=��*?>A@B>ACD>AE;FG*'�"*��
��	��"*'���������>=8��	��/	����H�������=��*�+�	)� 7

� T6$%�# ���B2 �� $B � ��� � � �7���+&2=4,e&!�+1�$ *w&!�+,
�����+���)��(�B��$�: �� �.( ' �,�! 6(��%�f(+* ���$�:1��%�,���# ��%���2& �%' �
�! 6(��%�X8
�!���� ���, ' �+&�� �3( �����3( ��(�B��$���!$��,�F �� �.( ' �,�! 6(��%�����{= � ��� $��+1�1=���c8 ' � � �! ���, � � �
� 	 � � � �h( � �21 � �Y*<(/& �
���. $B2 .�d= ��+

�

0 8 � - � ����	���� �
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 8 ��� � ��� 	�� 
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 8%����� �'� " � � ��� � � ���'� - �'� �'" ����� ��� 	 - 8�� � � 
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�:8 � �#� � � ��� 8 ���#� 9 - 	 ���'�
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 � � 	�� � ���!	 � ��"#�JI �:8 � 	�� 
 � � �#��8 � ���
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q>�1�21� .��� �+1�1)�3�+&! ���, ' (��:1�����( �,�

1��%� ' �1�X8)�!$%� �!  ���7����B<�21�� ' � ' (��:1�����(� .�b=V(+*6� � �7���+&2=�,e&!�+1�$ ' (��%�!�2& �%' �! 6(�� �+&�� ) � �!�LKg( � ��B��%BMKy=
�!$%�
� � �NK=�'&h(+*A���$�:1��%�,���"& � ���1�	� � �.�! -1��. ��%BOKy=/�!$%�
� � ��K)�'&h(+*\B�� ' �%�+&��%B �p(QB�� �d=
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