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L 0 M�F^G�F�G?VIQgh•Ge8;¯^V�8RH�:R8bS"MI> :…M0> G�FL~c8R25\bVg<…Fp<?>B4DH!47xrFLSa4^25Y�47x3<5MI8bx‚4^2?\

U1j 1 � � � Unj n

˜

restrict m languageE (r; n; �� ) :
A@8R<

rAll
Q‡8–<5MI8O258RJDV�ABFD2�8Ryg~I2?8;G?G?>B4DH

T1j : : : jTm
S"MI8R258

f T1; : : : ; Tm g = types(r )
A@8R<

r 0 Q‡8–<5MI8O2?8WJDVIA F72¬8Ry[~�2?8;G?G?>@4^H

r
S">Ö<5M�8W‰D8W2?_]<9_[~c8OH�F7\,8

Ti
2?8W~IA FD:v8;Y�Q[_

Ti jU1i j : : : jUni
A@8R<

s
Q‡8–<5MI8O258RJDV�ABFD2�8Ryg~I2?8;G?G?>B4DH

(U11j : : : jU1m ) : : : (Un 1j : : : jUnm )
A@8R<

s0 Qc8–<?M�8O2?8WJDVIA F72¬8vyg~I258WG5G?>@4^H

r �
All (U11 j : : : jU1m )r �

All : : : r �
All (Un 1 j : : : jUnm )r �

All
d9s

�� = [ ]
f"›X`ru 2?8R<?VI25H

L(r 0) \ L (s)
d9s

�� = [[ ]]
f"›X`ru 258v<5VI2?H

L(r 0) \ L (s0)
d9s

�� = fg
f"›X`ru 258v<5VI25H

L(r 0) \ perm(L (s))
d9s

�� = ffgg
f"›X`ru 2?8R<?VI25H

L(r 0) \ perm(L (s0))
f¬MI8K\,4^Ge<–:R4D\,~IAB8vy�4D~c8R2…Fp<5>@4^H08W\K~�A@4p_^8WYUQ[_T<?M�8,FDA@J^4D25>Ö<5MI\çF7Qc4p‰D8­>BG–F�:v4D\,~IVI<5Fp<5>@4^H04DxaFƒA F7HIh

JDV‡F7JD8

L(r 0) \ perm(L (s0))
˜tf¬MI8¬>BH&<?8R2…G?8W:=<5>@4^Hš47xc2?8WJDVIA F72tA F7HIJ^V�F7J^8WGt:RF7H­Q‡8":R4D\,~IVg<58WY­>@HKF•Ge<5FDH�YIFD25Y

S¬FŽ_LQ[_U:v4^H�G9<52?V‡:=<?>B4DHU4Dx3F�~I254gYgV�:=<–F7Vg<54D\]Fp<54DH’˜x�a4D<?MUA F7HIJ^V�F7J^8WG

L(r 0)
FDH�Y

perm(L (s0))
FD2?8š258RJDh

VIA F72;˜è™-HèFDVg<?4^\]Fp<?4^Héx‚4^2

L(r 0)
:RFDH
Qc8T4DQg<…F7>BHI8WY
>@HóF•G9<…F7H�Y�F72…Y¾S¬FŽ_+~¬HI4D<?> :v8�<?M‡Fp<]Sa8�\]FŽ_¾V�G?8

F7H•u-sg™b•’FŽ‰D4^>BYg>BHIJL8vyg~‡8WH�G?>@‰^8K:R4DH�Ge<?25V�:=<5>@4^H�47x¬FL†•sg™š˜„N!8]Yg8;G?:R2?>BQ‡8KMI4pS�<54LQ�VI>@A Y•FL†•sg™þx‚4D2•<?M�8

A F7HIJ^V�F7J^8

perm(L (s0))
˜ŠN!8PV�G?8!M�8R258�<?M�80xŒF^:=<ƒ<5M�Fp<�<?M�8!258RJ^VIABFD2ƒ8Ry[~�2?8;G?G?>@4^H

s0 > GL47x­F
Ge~c8W:R>BFDA

x‚4D25\TC

r �
All (U11j : : : jU1m )r �

All : : : r �
All (Un 1j : : : jUnm )r �

All
˜ f¬MI8TGe<5Fp<58WG­47x"<5MI8�FDVg<?4^\]Fp<?4^HéYg8U��HI>BHIJ

perm(L (s0))
F7258•G?VIQ�G?8v<…G¬47x

f 1; : : : ; ng
•&<5MI8R258O>BG"FDABG?4,F­J&F725Q�F7J^8�Ge<5F7<?8Z¨U£‚£”·P£=˜3f¬MI8šFDVg<?4^\]Fp<?4^Hƒ> G¬>@H

FOGe<5Fp<58

S � f 1; : : : ; ng
S"MI8WH

S
> G�<?M�8XGe8R<347x€>@H�YI>B:R8WG

i
4Dx‡<5MI4^G?8XG?_&\­Q‡4^ABG

Uij
<5M�Fp<3M‡FŽ‰D8¬Q‡8W8RH]F7AB258WFDYI_

258WFDY’˜Xf¬MI8š>BHI>Ö<5>BFDAtGe<5F7<?8š4Dx�<?MI8KF7Vg<54D\]Fp<54DHT>BG

;
F7H‡Y�<?MI8���H�F7AtG9<…Fp<58b> G

f 1; : : : ; ng
˜"dÅxrFƒGe_[\bQc4DA

Uij
> G"2?8;FDYƒ>@HUF,G9<…Fp<58

S
<5MI8RH’C

�
>Öx

i 2 S
<5MI8RH�<?M�8OHI8vy[<-Ge<5Fp<58O>BG
¨U£‚£”·|£=•

�
47<?M�8R25S">BG?8�S�8O\,4p‰D8�<?4�Ge<5F7<?8

S [ f ig
˜

dÅxzF]Ge_[\bQc4DA€x‚254D\

f T1; : : : ; Tn g
> G"258WF^Y¡•[<?MI8šGe<5F7<?8–> G¬HI47<-:…M�FDHIJD8;Y¡˜

f¬MI8bx‚VIH�:=<5>@4^H

matchE (q; T )
~I258WG?8RH&<58WYTQc8RAB4pS�2?8R<?VI25H�GXF�G?8v<•47x3~�FD>@2…G

(mk ; Uk )
•cS"MI8R258

mk
>BG�F

\]F7~I~�>@HIJ–x‚254D\ ‰ŽFD2?> F7Q�A@8;G�{Œ4g:R:vV�2?25>@H�J•>BH

q
}£<?4•<9_[~‡8;G3F7H‡Y

[[Uk ]]
> G3F–Ge8R<347xcY�Fp<5F•<58R25\]Gtx‚2?4^\

[[T ]]
S"MI> :…M

F7258r\]F7<5:…MI8;YšQ[_

q
•7258WG?VIAÖ<5>@H�J->BH­F7H‡GeS�8R2…G’x‚254D\

substitutions(mk )
˜t‘„8v<

q
Q‡8�47x�<?MI8�x‚4D25\

l �q 1 � � � qn �
•

<?M�8�2?V�A@8]x‚4^2

T
Q‡8ƒ47x¬<?MI8�x‚4D25\

T ! l � 0r � 0 FDH�Y

T1; : : : ; Tm
Qc8]<?MI8�<9_&~c8�H�FD\,8WGO4g:R:RVI252?>BHIJU>BH

r
˜

sI4^2�8W‰D8W2?_

(mk ; Uk )
258v<5VI25HI8WYUQ[_

match(q; T)
•‡<?MI8­2?V�A@8bx‚4D2

Uk
S">@ABA£Qc8K47xz<?M�8šx‚4D25\

Uk ! l � 0r 0� 0
S"MI8W2?8

r 0 >BGšFT258RJ^VIA F72O8vyg~I258WG5G?>@4^H!4p‰^8R2•<?MI8LF7AB~IM�F7Qc8v<

f T1; : : : ; Tm ; U11; : : : ; Unm g
˜L`rFD:…M

Uij
> GšF

<9_[~‡8OH‡F7\,8OYg8RHI4D<?>BHIJ�F,Ge8R<"47xt<?MI4&Ge8OYIF7<5F­<?8W2?\]G¬47xt<9_[~‡8

Tj
S"MI>B:…MTF7258–\]Fp<5:…M�8WYLQ&_

qi
˜

`3‰^8R25_LGe<?25>@HIJ]4Dx

L(r 0)
> G"4DQI<5F7>BHI8;Y�x‚2?4^\ F]Ge<?25>@HIJ,x‚254D\

L(r )
Q[_ƒ258R~IA FD:R>@HIJ]G?4D\,8š4g:R:RVI252?8WH�:v8;G¬47x

<9_[~‡8]H‡F7\,8WG

Tj
Q[_

Uij
˜,f¬MI8Kx‚VIH�:v<?>B4DH

r estr ict m languageE
GeVIJ^JD8;G9<…G�S"M�>B:…M•¯&VI8R25_T<?8W2?\]GOG?MI4DVIA Y

—;¢



Qc8K\]F7<5:…MI8;Y�F7J&F7>BH�G9<•S"MI> :…MU<9_[~‡8,H�FD\K8;GR˜O™�G-<5MI8R258­FD2?8­\]F7H[_T~‡4&G?G?>@Q�A@8,GeV‡:…M0FDG5Ge4g:R>BF7<?>B4DH�G-4DH�8;FD:…M

AB8R‰D8WA„4Dxz¯&VI8W2?_L<?8W2?\

q
•

matchE (q; T )
2?8R<?VI25H�G-HI47<�FƒGe>BHIJDAB8O~�FD>@2

(mk ; Uk )
QIVI<•F]G?8v<�4Dx3GeV�:…MU~‡F7>B25GW˜

f¬MI8•VIHI>B4DH�4Dx„F7ABAcG?V�:…M]<9_[~c8WG

Uk
> Gr<?MI8•Ge8R<�4Dx¡<?MI4&Ge8•YIFp<…F–<?8W2?\]Grx‚2?4^\

[[T ]]
S"MI> :…MƒFD2?8�\,F7<5:…MI8;Y]Q[_

q
˜

sI4^2"<?M�8šF7ABJD4D25>@<?MI\ˆQc8RAB4pS Sa8šF^G?G?VI\,8–<?M�F7<"<?MI8W2?8O8Ryg>BGe<5GXFK<9_[~c8bYg8U��HI>@<?>B4DH

D
S"MI8R258•<?MI8š<9_&~c8

T
> GbYg8U��HI8WY’˜T†�VI25>@H�JU<?MI8ƒ8vyg8W:RVg<?>B4DH•47x¬<5MI8ƒF7ABJD4^2?>@<?M�\�HI8WSþ<9_[~c8WG­F7258]Q‡8W>@HIJ!:v258WFp<58WY•F7H‡Y0<5MI8]<9_[~c8

Yg8U��HI>@<?>B4DH

D
> G•Q‡8W>@HIJT8Ry&<58RH�YI8WY!S">Ö<5M!25VIAB8WG–Yg8��‡HI>@H�Jƒ<5MI8,HI8RS <9_&~c8WGW˜šNP8]FDG5GeVI\,8­<?M�F7<O~I2?4g:R8WYgVI258

de�ne (U ! :::)
FDYIYIG"FK25VIAB8

U ! :::
<54,<?MI8–<9_[~c8OYg8���H�>Ö<5>@4^H’•�F7H‡Y�<5M�Fp<

U
>BG"FKHI8WS/<9_[~c8–H�F7\,8D•�HI47<

4g:R:RVI2?25>BHIJ­8WABG?8RS"M�8R258D˜

matchE (q; T ) :
d9s

q
> GXFK‰pF725>BFDQIAB8

X
f"›X`ru

2?8R<?VI25H

f ([X 7! T ]; T )g
d9s

q
> G"4Dx„<?M�8–x‚4D25\

X ; q0 f"›X`au

258v<5VI2?H

f (m i \ [X 7! Ui ]; Ui ) j (m i ; Ui ) 2 matchE (q0; T )g
d9s

q
> G"4Dx„<?M�8–x‚4D25\

descq0 f"›-`ru

d9s

T
> GXF­<9_&~c8š:v4^H�Ge<5F7H&<¬4D2XF,G?~‡8;:v> F7A€<9_[~‡8OH‡F7\,8šf"›X`ru

2?8R<?VI25H

matchE (q0; T )
d9s¾<?MI8–25VIA@8–x‚4^2

T
> G"47x£<?MI8–x‚4^2?\

T ! l [r ]
A@8R<

f T1; : : : ; Tm g = types(r )
A@8R<

r 0 Q‡8šFK258RJ^VIABFD2¬8vyg~I258WG5Ge>B4DH�GeV�:…ML<?M‡Fp<

L(r 0) = restr ict m languageE (r; 1; ffgg)
2?8R<?VI25H

matchE (q0; T ) [ f (m j ; U) j j 2 f 1; : : : ; mg; (m j ; T1j ) 2 matchE (q; Tj )
•

de�ne (U ! l � 0r 00� 0)
•IS"MI8W2?8

r 00 > G

r 0 S">@<?M�<?MI8–<9_[~c8OH�F7\,8

U1j
2?8W~IABF^:v8;Y�Q[_

T1j
•

F7H�YL8WF^:…M

U1k
S"MI8R258

k 6= j
258R~IA FD:R8WYLQ[_

� g
d9s¾<?MI8–25VIA@8–x‚4^2

T
> G"47x£<?MI8–x‚4^2?\

T ! l f r g
A@8R<

r
Qc8šFK\bVIA@<?>B~IAB>B:R>Ö<9_LA@> G9<

T1(l1 : u1) � � � Tm (lm : um )
{‚S�8–\,FŽ_LFDG5GeVI\,8•<?M‡Fp<

uj > 0
•[x‚4D2

j = 1; : : : ; m
}

2?8R<?VI25H

matchE (q0; T ) [
f (m j ; U) j j 2 f 1; : : : ; mg; (m j ; Uj ) 2 matchE (q; Tj );
de�ne (U ! l f r 00g)

•IS"M�8R258

r 00 >BG"FK\bV�AÖ<5>@~IAB> :v>@<9_ƒAB>BGe<

Uj T1(l1 : u1) � � � Tj (max(l j � 1; 0) : uj � 1) � � � Tm (lm : um ) g
{ŒuX4pS

q
> G"FK2?4[4D<?8WY�¯&VI8R25_]<58R25\ˆ4D2XFKQ�F^Ge> :–:v4DH‡G9<…F7H&<…}v˜

d9s

root(q) 6= label(T )
f"›X`au�2?8R<?VI25H

;
d9s

T
> GXF­<9_[~‡8š:R4DH�Ge<5FDH&<�4^2XFKG?~c8W:v> F7A€<9_[~c8OH�F7\,8šf"›-`ru

d9s

c
> GXFKQ�FDG?> :•:R4DH�Ge<5FDH&<�>BH

[[T ]]
f"›X`au

de�ne (T 0 ! c)
2?8R<?VI25H

f (> ; T 0)g
`r‘tZ[`ó2?8R<?VI25H

;
A@8R<

q = l �q 1 � � � qn � (n � 0)
•

d9s <?M�8•25VIAB8–x‚4D2

T
>BG"4Dx„<5MI8–x‚4D25\

T ! l [r ]
f"›X`ru

AB8v<

f T1; : : : ; Tm g = types(r )
AB8v<

r 0 Qc8šFK2?8WJDVIA F72¬8vyg~I258WG5G?>@4^HLG?V�:…Mƒ<5M�Fp<

L(r 0) = restr ict m languageE (r; n; �� )
258v<5VI2?H

f (m1j 1 \ : : : \ mnj n ; U) j
x‚4D2"8WF^:…M

i = 1; : : : ; n; j i 2 f 1; : : : ; mg;
(m ij i ; Tij i ) 2 matchE (qi ; Tj i );
de�ne (U ! l [r 00])

•IS"MI8W2?8

r 00 > G

r 0 S">@<?M

<5MI8–<9_[~‡8–H�FD\K8;G

U1j 1 ; : : : ; Unj n

258R~IA FD:R8WYƒS">Ö<5M

T1j 1 ; : : : ; Tnj n

•�F7H‡Y

FDA@A€<9_[~c8OH�F7\,8WG

Uk l (k = 1; : : : ; n; l = 1 : : : m)
4D<?MI8W2¬<?M�FDH

U1j 1 ; : : : ; Unj n
258R~IA FD:R8WYƒS">Ö<5M

� g

—;o



d9s <?M�8•25VIAB8–x‚4D2

T
>BG"4Dx„<5MI8–x‚4D25\

T ! l f r g
f"›X`au

d9s

�� = [ ]
4D2

�� = [[ ]]
f"›X`ru

2?8R<?VI25H

;
d9s

�� = fg
f"›-`ru

2?8R<?VI25H

f (m1j 1 \ : : : \ mnj n ; U) j
x‚4^2"8WFD:…M

i = 1; : : : ; n; j i 2 f 1; : : : ; mg;
(m ij i ; Uij i ) 2 matchE (qi ; Tj i )

•

Tj 1 : : : Tj n 2 perm(L (r ))
•

de�ne (U ! l f U1j 1 : : : Unj n g)g
d9s

�� = ffgg
f"›-`ru

A@8R<

r
Qc8šFK\bVIA@<?>B~IAB>B:R>Ö<9_LA@> G9<

T1(l1 : u1) : : : Tm (lm : um )
2?8R<?VI25H

f (m1j 1 \ : : : \ mnj n ; U) j
x‚4^2"8WFD:…M

i = 1; : : : ; n; j i 2 f 1; : : : ; mg;
(m ij i ; Uij i ) 2 matchE (qi ; Tj i )

•

yj
{ x‚4D2

j = 1; : : : ; m
}�> G�<?MI8OH[VI\­Q‡8W2X47xt4[:W:vVI25258RH�:R8WG�47x

j
>@H

j 1 : : : j n
•�F7H�Y

yj � uj
•

de�ne (U ! l f r 00g)
•IS"MI8R258

r 00 > G"F­\­VIA@<?>B~IA@> :v>@<9_ƒAB> G9<

U1j 1 : : : Unj n T1(max(l1 � y1; 0) : u1 � y1) : : : Tm (max(lm � ym ; 0) : um � ym )
È

f¬MI8šFDA@J^4D25>Ö<5MI\‹M�FDG�<5MI8–x‚4DABAB4pS">@HIJK~I254D~c8R2?<9_D˜

%

©
º

�
º

§;½‚¨;½
º

í

�f°<;D°±�

Ã

¿

�
¥±¢• |³ò |³u¢‚À�¨�£Ž¿�·P£‰ r>U§9¨�£‚½ Ÿ3¨U£‚®

q
 P³+¬N  ¬­ |Ÿ3 èŸ©¨�£‚®

d 2 [[T ]]
Ÿ¹Å9¨�³

Ÿ�Åu¨U£”¨�¨•´)¥±¢‚Ÿ�¢

(m; T 0) 2 matchE (q; T )
¢‚§9º•Å‹Ÿ¹Å9 PŸ

� 2 substitutionsD (m)
 P³+¬

d 2 [[T 0]]
Æ

Ê

Åu¨�£”¨U»8¨U£¶¢U¨
¥¹®�µ+¼V¥�º• |Ÿ•¥�·|³‹Å9·P¼S¬P¢
¥ ¿

q
¬­·0¨�¢•³?·PŸ�º¶·P³9Ÿ© P¥¹³ ®�§7¼¾Ÿ¤¥ µ+¼�¨Ž·0º¶º�§7£‚£•¨�³?º•¨�¢
·{¿
 G»P P£‚¥� )¦�¼�¨ˆÆ

d•H,JD8WHI8R2…F7A[<5MI8-F7ABJD4^2?>@<?M�\ \]FŽ_š~I254[YIV�:v8XF–M[VIJ^8"H&V�\bQc8R234DxcHI8WSé<9_[~c8WGaF7H�Y­<?M‡Fp<3> GzS"M[_b>@<5G3V‡G?FDJD8

> GbAB>@\,>@<?8;Y•<?4P¯^V�8R25>@8;Gš47x-F0:v8R2?<5FD>@H¾Ge<?25V�:v<?VI258D˜�NP8LFD2?8L:vVI252?8WH&<?AB_0>BH&‰^8WGe<?>BJ^F7<?>BHIJT<?MI8L~‡4&G?G?>BQI>@AB>@<9_!<54

\]F7w^8K>@<š\,4D258,8�T�:v>B8RH&<bFp<O<5MI8�:v4&G9<O4Dx�~I254gYgV�:R>@HIJTAB8WG5GOFD:W:vVI2…Fp<58KFDH�GeS�8R2…GW˜KNP8]S¬F7H&<–<?4U4DQI<5F7>BH•F7H

F7ABJD4^2?>@<?M�\þ<5M�Fp<"J^>@‰^8WGaQ‡8R<e<?8W2XF7~I~�2?4Žyg>B\,F7<?>B4DH�Gr47x£FDH�G?Sa8W25Gr<?M�FDH�<5MI8–~I2?8W‰[>@4^V�GaFDA@J^4D25>Ö<5MI\‹F7H�YL:RFDHƒQc8

~I2…FD:v<?> :RF7ABAB_�V�G?8WY¡˜

îxÉ’ªIï��
ðŒ·

�4°�;f°¹* `

¨¶º¶ P¼¹¼„¨”´ž P®�µ+¼�¨




Æ�s|Æ

�

Æt�6¨ º¶·P³9¢¶¥�¬)¨�£•¨•¬ Ÿ¹Å9¨�£•¨  �Ÿ¤½•µ9¨ ¬­¨•¸#³2¥¹Ÿ•¥�·|³

D = f T !
l f T1 T �

2 g; T1 ! a[#] ; T2 ! b[#] g
 |³+¬  Q>U§9¨U£‚½ Ÿ3¨U£‚®

q = l ff X ; b["s"] Y gg
Æ �Ž¨ ¨•´q¨¶ºU§7Ÿ3¨

matchE (q; T )
Æ

Ã

³ Ÿ¹Å9¨!¸#£¶¢‚Ÿx£‚§7³ ·{¿6Ÿ�Åu¨=µ+£”·0º¶¨•¬|§7£”¨GÀ�¨ZŸ¤£‚½KŸ©·Q®G PŸ©º•Åu>�§9¨U£‚½QŸ3¨U£‚®�¢

q1 = X ; b[" s"]
 P³?¬

q2 = Y
ÀÄ¥¹Ÿ¹Å— P¼¹¼�Ÿ¤½•µu¨�¢IŸ�Åu |ŸŽ·0º•ºU§7£K¥¹³œŸ¹Å9¨Q®�§7¼VŸ•¥ µ?¼¾¥�º�¥¹Ÿ¤½‰¼¾¥±¢‚Ÿ

T1T �
2

ö3¥¹Ÿ
¥±¢Q |³  ­¦0¦�£•¨�»0¥� PŸ¤¥�·P³d¿�·P£
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d•H�<?MI8šEX8RS"25>Ö<5>@HIJ]:WF7A :vVIABV�GW•[<?MI8šYIF7<5FDQ�FDG?8•:WF7H�Q‡8šG?8R8WH�F^G"F7HUF7ABJD8WQI2…F7> :

�
h•<?8W2?\TC

ã

�!£”Åu·

= catalogue( cd(titl e( Ó

`3\,~I>B258„��VI25A@8;G?¯&VI8

Ó ); ar tist ( Ó

��4^Q�†�_[ABFDH

Ó ); year( Ó

—;oD¢&l

Ó )) ;
cd(titl e( Ó

›X> Yg8•_D4^VI2"MI8WFD2e<

Ó ); ar tist ( Ó

��4^HIHI>B8–fa_[A@8W2

Ó ); year( Ó

—Wo^¢D¢

Ó )) ;
cd(titl e( Ó

Z&<54D~

Ó ); ar tist ( Ó

ZgF7\ �a254pS"H

Ó ); year( Ó

—WoD¢^¢

Ó )))
F7H‡Yƒ<5MI8O258W¯&VI8WGe<">BG¬8Ryg~I2?8;G?G?8WYƒQ[_�<?M�8–x‚4DABA@4pS">BHIJK8vyg~I258WG5Ge>B4DH’•g:WF7ABA@8;YLF

�
h|<58R25\�{‚258RS"25>Ö<58–2?VIAB8;}vC

cd88Rule = cataloguefg(cdfg(title (TITLE ); artist (ARTIST ); year ( Ó

—WoD¢^¢

Ó )) ; SubCat)
_
result(name(TITLE ); author(ARTIST ))

f¬MI8

cataloguefg
F7H�Y

cdfg
Ge_[\bQc4DA G,>BH�Yg> :RFp<58T<?M�F7<]<?MI80\,F7<5:…MI>BHIJ F7J&F7>BH�Ge<­<5MI80:v4^2?258WG?~c4DH�Yg>BHIJ

G?_&\­Q‡4^ABG­>BH¾<?M�8�YIF7<5FDQ�FDG?8ƒF7258LYI4DHI8L\K4gYgV�A@40<?MI8�8W¯&V�F7<?>B4DH�FDAr<5MI8R4^2?_P<?M‡Fp<­S�8TYg8RHI4D<?8L4DH¾~IV�2?~c4^G?8

T H(fg )
F7H�Y,S"M�>B:…M]254DVIJ^MIAB_­:v4^2?258WG?~c4DH�YIGt<54bF7H�F^G?G?4g:v> Fp<5>@‰^8¬FDH�Y�:R4D\,\bVg<…Fp<5>@‰^8¬<?MI8W4D25_bS">@<?M�HI8WVg<?2…F7A

8RAB8R\,8WH^<;˜zf¬MI8

SubCal
‰pF725>BFDQIA@8¬> GzF7H•¨•´­Ÿ©¨U³u¢‚¥�·P³I»8 |£‚¥� ­¦U¼S¨v•[:vA FDG5G?>B:WF7Ag>BHKF^G?G?4g:v> Fp<?>B‰D8¬F7H‡YK:R4D\,\bVI<5Fp<5>@‰^8

258RS"25>Ö<5>@HIJQM 1aZg¢�—D•IœqŒO¢Dm[•9Œ=ŒOo^o0O•˜zN%MI8WHTHI4�GeV�Q�G?:R2?>B~g<"> G¬V�Ge8;YTFKG?_[H&<5FD:v<?> :•\,F7<5:…MI>BHIJ,> G¬V�Ge8;Y¡˜

™-GšSa8,x‚4^2?\]F7ABAB_0Yg8v<…F7>BA3>@<šQ‡8WA@4pSO•„<?MI8]8W‰ŽFDA@V‡Fp<?>B4DH•25VIAB8WG–47x�<?M�8�:RF7A :vV�A@V�Gš_&>B8RA Y•FDG–258WG?VIA@<Ox‚4D2–<?M�8

F7~�~IA@> :RF7<?>B4DH�47xt<?MI8O258W¯&VI8;G9<¬<54­<5MI8šYIF7<5F7Q‡FDG?8D•[>|˜ 8D˜�x‚4^2¬<?MI8

�
h•<?8R25\

(cd88Rule ã

�!£”Åu·

)
•g<?M�8

�
h•<?8W2?\TC

result(name( Ó

›X> Yg8–_D4^VI2"MI8;F72?<

Ó ); author( Ó

��4DHIH�>@8Ofa_&AB8R2

Ó ))
;
result(name( Ó

Z&<54D~

Ó ); author( Ó

ZgFD\ ��254pS"H

Ó ))

iDm



S"MI8W2?8•<?M�8�ª

;
«•4^~‡8W25F7<?4^2¬Ge<5F7<?8;G�<?M�F7<-F•ªeAB>BGe<{«–47x£8WA@8W\,8RH&<5FD2?_�258WG?VIA@<">BG"4^Qg<5FD>@H�8WY¡˜

ž�Hš<5MI> GzGe>B\,~IA@8¬8RygFD\,~IA@8^•Ž<?MI8"E"8WS"2?>@<?>BHIJ–:RFDAB:RVIA@V‡GtFDA@AB4pSXG£V�G£<?4–8vyg~I258WG5G„>BH,FXx‚VIABAB_š8vyg~IAB>B:R>Ö<zS¬FŽ_OF7ABA

<?M�8š:v4D\,~c4DHI8WH&<5G�<?M‡Fp<-G?MI4DVIA Y�Q‡8šF^:=<5>@HIJK<54,G?4DAB‰D8OF,¯&VI8R25_€Ct<?MI8O25VIAB8WGW•[<?MI8šYIF7<5FKQ�F^Ge8^•[<?MI8O\]Fp<…:…MI>BHIJ

<?M�8R4D25_�>BHLV‡Ge8^˜zN!8O:RFDH�FDABG?4,Ge8W8�<5M�Fp<¬<5MI8O2?8;GeV�AÖ<"> G"F��‡25Ge<X:vA FDG5Ga8WH&<?>@<9_�47x£<?MI8š:WF7A :vVIABV�GW˜�f¬M�>BG"FDA@AB4pSXG

V�G">BHT~�F72?<?> :vV�ABFD2a<54]:…M�F7>BH�FD~I~IAB>B:WFp<5>@4^HL4Dxt25VIAB8WG"FDG":WF7H�Q‡8šG?MI4pS"H�4DH�\,4D258•8WABFDQ‡4^25F7<?8;Y�8vyIFD\K~�A@8;GR˜

dÅx¡Sa8X:R4DH�G?> Yg8R23FDH,F^G?G?4g:v> Fp<5>@‰^8�FDH�Y,:v4D\,\­Vg<5F7<?>B‰D8

;
4D~c8R2…Fp<54D2zF7H‡Y­S�8XF7~�~IA@_b<?MI8Xx‚4DABA@4pS">BHIJ

�
h•<?8W2?\

author sRule = (X ; L
_
(result(name(T I TLE ); author (ARTI ST)) _ singer(ARTI ST)) X )

<?4,<5MI8O~I258R‰[>B4DV�G?A@_]4^Qg<5FD>@H�8WYL2?8;GeVIA@<¬<?MI8WHUSa8–4^Qg<5FD>@HTFDG¬258WG?VIA@<�<5MI8–<?8W2?\

singer( Ó

��4^HIHI>B8–fa_[A@8W2

Ó )
;
singer( Ó

ZIF7\ ��254pS"H

Ó )

f¬MI8•‰pF725>BFDQIA@8

X
:RFDH�Q‡8•>BH�G9<…F7H&<?> Fp<58WY]Q[_,<5MI8�\]F7<5:…MI>BHIJ­FDA@J^4D25>Ö<5MI\ 8R>@<?MI8W2aQ[_�FO<58R25\‹47x¡<5MI8-x‚4^2?\

r esult(: : :)
4^2šQ[_PF�Ge<?25V�:v<?VI258�47x¬<5MI>BG­w[>@H‡Y 47x¬<?8W2?\]GW˜Ud•H <?M�8]x‚4D25\,8R2­:WFDG?8D•£<?MI8L2?V�A@8�>BH <5MI8�25>@J^M^<

M�FDH�YLG?> Yg8O:RF7H�Qc8–FD~I~IAB>@8;YLG?V�:W:v8WG5Gex‚VIA@AB_ƒFDH�Y�<5MI8–2?8;GeV�AÖ<"> G�<?MI8š:R4D252?8;Ge~c4DH�YI>@HIJKGe>BHIJ^8R2;˜ts�4D2¬<?M�8•A Fp<?<?8W2

:RF^Ge8^•�<5MI8b\]F7<5:…MI>BHIJ�xŒFD>@A G•F7H�Y�<5MI8bxŒFD>@ABVI258š> G-8WA@>B\,>@H�F7<?8;Y�FDG•GeM�4pS"HU>@HU<5MI8KHI8vy[<•G?8W:v<?>B4DH�GW˜�Z[>BH�:R8š<?M�8

\]Fp<…:…MI>@H�JƒF7ABJD4^2?>@<?MI\ _[>@8WABYIG-Ge8W‰D8R2…F7A£Ge4^A@Vg<5>@4^H�GW•g<?MI8���H�FDA’2?8;GeV�AÖ<-> G-FƒG9<52?V�:v<?VI258š:v4^2?258WG?~c4DH�Yg>BHIJK<?4LF7ABA

<?M�8O~‡4&G?G?>@Q�A@8–>BH�G9<…F7H&<?> Fp<5>@4^H�G¬47x

X
˜

™-Gax‚4^2�\]FDH&_]4D<?MI8W2rx‚2…F7\,8WSa4^2?wgGW•^S"M�F7<�> G�4D~c8RHƒ<?4gYIFŽ_]> Gr<54­V�H�Yg8R2…Ge<5F7H‡Y�S"MI8R<?MI8W2a<5MI8OE"8RS"25>@<?>BHIJ

:RFDAB:RVIABV�Gr> GrFDQIAB8X<?4b\K4gYg8WA�<5MI8-\]FD>@H]x‚8;Fp<5VI2?8;G34Dx’ABFDHIJDV�FDJD8;G�A@>BwD8-°r±v²7³•´;µv˜�f¬M�>BGaHI8R8;YIG3>BH�~�FD2e<5>B:RVIA F723<54

\]F7w^8"8vyg~IAB>B:R>Ö<z<5MI8X\]Fp<…:…MI>@H�J�<5MI8R4^2?_­V�G?8WY,Fp<325VIHK<?>B\,8X>@H]G?V�:…M,ABFDHIJDV‡F7JD8;GR•7G?8R8¬x‚4^238vyIFD\K~�A@8•M †-1rE-oD¢I•

Zg:…M�jDkPOÅ˜

™-G,Yg8R<5FD>@AB8WY >BHÎM

Ÿ"Ÿ

† + j7kPOÅ•3258RS"25>Ö<58�Q�F^Ge8;Y¾A F7HIJ^V�F7J^8WGOM�FŽ‰^8ƒQc8R8WHé8W¯&VI>B~I~c8WYéS">Ö<5Mé‰pF725>@4^V�Gš~�2?8Rh

G5:v25>@~g<5>@‰^8•<9_&~c8šG?_[Ge<?8W\]GR˜�NP8šG9<5V�Yg_ƒM�8R258–FK~c4pSa8W2ex‚V�A’GeV�:…M�~c4DAB_&\,4^2?~IM�>B:•4DH�8D˜
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Ÿ© PŸ¤¥�º� P³? P¼¾½8¢‚¥±¢�‰&> F"F¬<9_[~c8aG?_[Ge<?8W\ {Œ>@H�MI8R25>Ö<58WY•x‚254D\ <?MI8�‘„FD\bQ€YIFph•:RFDAB:RVIA@V‡G5}c8WHgx‚4D2…:v8;G’FXG5Fpx‚8R2„~I2?4^JD2…F7\Kh

\,>@H�J�Yg>BG5:v>B~IAB>@H�8D˜,d•HèM ‘^N)j^l0OÅ•£F�E"MI4DhÅ:WF7A :vVIABV�G-Ô‹¼S 

Ÿ

M&V�25:…Mó{Œ:WF7ABA@8;Yè,�.8/91&}Xx‚8WF7<?VI25>BHIJUGe8;:v4DH‡Y[h•4^25YI8R2

~c4DAB_&\,4^2?~IM�>B:L<9_[~‡8;G]S¬FDG,~I254D~c4^G?8WY¡•r<?4^JD8v<5MI8R2]S">@<?M%F :R4D252?8;Ge~c4DH�YI>@HIJ0<9_[~‡8U>BHgx‚8R258RH‡:v8�G?_[Ge<?8W\ÕÔ�¼� 

Ÿ

VI252?_U{{5ž,�.8/91&}v˜g™ G?>@\,~IAB8�<9_&~c8•>@Hgx‚8W2?8WH�:v8•S¬FDG3~�2?4p‰[> Yg8WY,x‚4^2„,�.8/91‡•&Q�Vg<�4^HIAB_KV�H�Yg8W:R>BY�F7QI>BA@>@<9_]47x„<9_&~Ih

>BHIJbS¬FDGr~I2?4p‰^8WYKx‚4^2�57,�.0/21�˜Dd•Hƒ<?MI> GaSa4^2?w€•DS�8�:…M‡F72…FD:=<58R25>SRW8¬<?MI8•258WFDG?4DH‡G�x‚4D2a<?MI> GaVIH�Yg8;:v> YIF7QI>BAB>Ö<9_^•[FDH�Y

S�8šYg8���H�8–F,~�2?4^~‡8W2¬G?VIQ�G?8v<=57,�.0/21

�
S">@<?MUF7H�>BHgx‚8R258RH�:R8šF7ABJD4^2?>@<?MI\T˜

d•HéZ[VIQ‡Ge8;:=<?>B4DH¾iI˜ iI•£S�8]~I258WG?8RH&<O<?MI8LGe_[H&<5F7y047x¬<?M�8ƒ:RFDAB:RVIA@V‡GšF7H�Y•>@<5GbGe\]F7ABA@hÅGe<?8W~•G?8R\]FDH^<5>B:WGR˜Ld•H

Z[VIQ‡Ge8;:=<?>B4DHTig˜ ”I•&Sa8�>@H&<52?4gYgV�:R8X<5MI8-x‚V�A@AB_,<9_[~‡8;YƒG?8W:v4^H�Y[hÅ4D2…Yg8R2r2?8WS"2?>@<?>BHIJb:WF7A :vVIABV�G”ÔŽ¼S 

Ÿ

M[VI25:…M•,�.8/91‡C

<9_[~‡8;G•47xz<?M�8­Qc4DVIH‡YU‰pF725>BFDQIA@8;G-FD2?8KGe~c8W:R>V��8;YU>BH�<?M�8b<58R25\�•€\]F7w[>BHIJ]<9_[~c8­258W:R4DH�Ge<?25V�:=<5>@4^H�F7H�Y�‰D8R25>S�Ih

:RF7<?>B4DHP¯^V�>Ö<58,Ge<?2…F7>BJDM&<?x‚4D25S�FD25Y¡˜–f¬MI8,:RFDAB:RVIA@V‡G�8WHp694p_gG–GeVIQI698W:=<–258WYgV�:v<?>B4DH’•’FDH�YU<9_[~c8,VIHI> ¯^V�8RHI8;G?GW˜Od•H

Z[VIQ‡Ge8;:=<?>B4DH�iI˜ k‡•&S�8–~I258WG?8RH&<¬<?MI8O:RFDAB:RVIABV�G/ÔG¼S 

Ÿ

VI252?_‹57,�.0/21�C[<9_[~c8•>BHgx‚4^2?\]Fp<5>@4^HL> G¬HI4D<¬J^>@‰^8RH�>@HL<?M�8

<?8W2?\T•tF7H�Y0<?MI8,<9_[~c8]Ge_gGe<?8R\ >BG–H�47<–x‚VIABA@_PGe_[H&<5F7y&h•Yg>B2?8;:=<58WY¡•€<5M&V‡GO8RHgx‚4^25:R>@H�J�FI}�8Ry[>BQIAB8,~‡4^A@_[\,4D25~IMI> :

<9_[~‡8"Yg> G5:v>B~IA@>BHI8^˜tf¬MI8¬:RFDAB:RVIABV�Gt8RHp694p_gGtGeVIQI698W:=<�258WYgV�:v<?>B4DH’•DQIVg<zFDGt>Ö<z> GtSa8WA@A@h•w[HI4pS"Hšx‚4D2£<?MI8

�
hÅ:WF7A :vVIABV�GW•

<9_[~‡8L>@HIx‚8R258RH�:R8�>BGbVIH�Yg8;:v> YIF7Q�A@8^˜Ud•HéZ[VIQ�G?8W:v<?>B4DHéig˜ lg•tS�8�JD>B‰D8,<5MI8�<9_[~c8�>@HIx‚8R258RH�:R8ƒF7ABJD4^2?>@<?MI\]GW•tFDH�Y

~I254p‰D8�<?MI8W>@2�:v4D25258W:=<5HI8WG5GW•&:R4D\,~IAB8v<?8WHI8WG5G"F7H‡YL~�2?>BH�:v>B~�FDA@>@<9_D˜
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K 2 Kinds

� :� 2 Type

� :� 2 Context

P:Q 2 Pattern

A:B :f 2 Term

¥�¦�§R¨W©Žª�«7¨�# ¸ í€¨Wª7É

K ::= �

� ::= � j � j � _ � j 8�:�

� ::= ; j � ; � :K j � ; f :� j � ; X :�

P ::= stk j � j X j f (P)
ö{ P¼¹¼D»P P£¶¢�·0º¶º�§7£
·P³2¼¾½I·|³+º¶¨
¥¹³d P³9½§Ö'÷

A ::= stk j f j X j P _ � A j [P � � A]A j A A j A � j A ; A

st>@J^VI2?8,—^CzZg_&H&<…Fpyƒ4Dx=,�.8/91

ølk•j ù8×!’ÙØ ú!ý)r7’_Ú Û-Ü˜Ý�Þ

f¬MI> G"Ge8;:=<5>@4^HLGe<?8R\]G�x‚254D\ M ‘DN)j&l0OÅ˜zN!8OYg8R<5F7>BA€<?M�8–G?_[H&<5FpyƒFDH�Y]<5MI8OGe8W\]F7H&<?> :RG�47x
,�.8/91�•gFDH�Y�S�8–JD>B‰D8

G?4D\,8–8vyIF7\,~IAB8WGW˜
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NP8P:R4DH�G?> Yg8R2L<?MI8P\,8v<…Fph•Ge_[\bQc4DA G6ª

m _ m

«è{‚x‚VIH�:=<5>@4^Hgh�F7H�Y)<9_[~‡8Rh

F7Q‡G9<525F^:=<?>B4DHc}=•„FDH�YKª

[ m � m ]
«�{ŒYg8WABFŽ_^8WY0\,F7<5:…MI>BHIJU:v4^H�Ge<?2…F7>BH^<=}=•„FDH�YQª

m ; m

«T{ŒGe<?25V�:v<?VI258,4D~c8R2…Fp<?4^2…}v˜

f¬MI8šFD~I~IAB>B:WFp<?>B4DH�4D~c8R2…Fp<54D2¬> G"Yg8RHI4D<?8;YLQ[_ƒ:R4DH�:WFp<58RH�F7<?>B4DH’˜

NP8�FDG5GeVI\,8,<5M�Fp<O<5MI8ƒF7~�~IA@> :RF7<?>B4DHP4D~c8R2…Fp<54D2OFDG5Ge4g:R>BF7<?8WG•<54T<?MI8]AB8vx <;•£S"M�>@AB8]<?M�8]47<?M�8R2š4^~‡8W25F7<?4D2…G

FDG5G?4[:R>BF7<?8K<?4�<5MI8�25>@J^M^<;˜�f¬MI8]~I25>@4^2?>@<9_U47x�<?M�8�F7~I~IAB> :RFp<5>@4^H!> GOMI>BJDM�8R2–<?M‡F7HP<?M�F7<š47x#ª

[ � ]
«KS"M�>B:…M•> G

MI>BJDMI8W23<5M�F7H]<5M�Fp<a47x2ª

_
ª�S"MI> :…M]> GR•&>@H�<?VI25H’•&47x’MI>BJDMI8W23~I25>@4^2?>@<9_š<5M�F7H�<?MI8lª

;
«…˜zf¬MI8�Ge_[\bQc4DA

�
25FDHIJD8;G

4p‰D8W2r<5MI8–Ge8R<

Type
4Dx„<9_[~c8WGW•^<5MI8OGe_[\­Q‡4^A

�
2…F7H�JD8WGa4p‰D8W23<5MI8OGe8R<

TypeK
4Dx’<9_[~‡8O:R4DH�Ge<5FDH^<…G�{

TypeK �
Type

}=•Ž<5MI8aG?_[\bQc4DA G

�; �
25FDHIJD834p‰^8R2¡<5MI8¬Ge8v<

TypeV
4Dxg<9_&~c8vhÅ‰pF725>BFDQIAB8WG3{

TypeV � Type
}v•Ž<?MI8�Ge_[\­Q‡4^ABG

A; B ; C; : : : ; U;V; W
25FDHIJD8"4p‰^8R2�<5MI8-G?8v<

Term
47x3{ŒVIH‡}Å<9_[~c8WY,<58R25\]GR•D<?MI8•Ge_[\bQc4DA G

X ; Y; Z; : : :
25FDHIJD8

4p‰D8W23<5MI8•G?8v<

Var
47x’<58R25\Š‰ŽFD2?> F7Q�A@8;G�{

Var � Term
}v•&<?MI8–Ge_[\­Q‡4^ABG

a; b;c; : : : ; f ; g; h; : : :
25FDHIJD8-4p‰D8R2�F

G?8v<

TermK
47x�<?8W2?\ç:R4DH�Ge<5FDH^<…Gš{

TermK � Term
}v˜Xf¬MI8bG?_&\­Q‡4^ABG

P; Q
2…F7HIJ^8–4p‰D8R2X<?MI8KGe8R<

Pattern
47x�~�Fp<?<?8W2?H�GW•r{

Var � Pattern � Term
}v˜,f¬M�8,G?_[\bQc4DA G

� ; �;  
2…F7HIJ^8­4p‰^8R2–GeV�Q�G9<5>Ö<5Vg<?>B4DH‡GR˜]st>@H‡F7ABA@_^•

<?M�8�Ge_[\bQc4DA G

A; B; C
2…F7H�JD8T4p‰D8W2

Type [ Term
˜%NP8�Yg8RHI4D<?8

A
x‚4D2

A1 � � � An
•ax‚4D2

n � 0
˜)f¬M�8

F7~�~IA@> :RF7<?>B4DH•47x"FT:v4^H�G9<…F7H&<W•tG?FŽ_

f
•’<?4�FL<58R25\
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(Ctx �Empty)

� ` U ok � 62Dom(�)

� ; � :� ` U ok
(Ctx �V ar8 )

� ` U ok � 62Dom(�)

� ; � :� ` U ok
(Ctx �Const)
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� ; X :� ` U ok
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(Type�Const)
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(Type�Poly)
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� ` U � 1 _ � 2 : �
(Type�Ar row)
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� ` U � : � � 6= ?

� ` U stk : �
(Term�Stuck)

� 1; X :� ; � 2 ` U ok

� 1; X :� ; � 2 ` U X : �
(Term�V ar)

� 1; f :� ; � 2 ` U ok

� 1; f :� ; � 2 ` U f : �
(Term�Const)

� ` U U : � 1 _ � 2
� ` U V : � 1

� ` U U V : � 2

(Term�Appl_ )

� ; � ` U P : � 1 Dom(�) = Fv(P)
� ; � ` U U : � 2 � ; � ` U � 1 _ � 2 : �

� ` U P _ U : � 1 _ � 2

(Term�Abs_ )

� ; � :� ` U U : �

� ` U U : 8�:�
(Term�Abs8 )

� ` U U : 8�:� 1 � ` U � 2 : �

� ` U U : � 1f � 2=� g
(Term�App8 )

� ` U U : �
� ` U V : �

� ` U U ; V : �
(Term�Str uct)

� ; � ` U P : � 1 Dom(�) = Fv(P)
� ; � ` U U : � 2 � ` U V : � 1

� ` U [P � V ]U : � 2

(Term�M atch_ )
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colour : str ing _ clr
colouredm object : 8�: (� _ clr _ clr d(� ))

[ ] : 8�: (� _ � _ � )
colouredm catalogue : clr d(� ) _ clr d m ctl (� )
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cat : animal
FDH�Y

mouse : animal
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colouredm catalogue[ colouredm object[cat; colour[\ black00]];
colouredm object[mouse;colour[\ white 00]]]

> GX:v4^2?258W:v<¬FDH�YƒM‡FDG�<9_[~‡8

clr d m ctl (animal )
˜

sI4^2X¯&VI8R25_[>@HIJ‡•[Sa8OS">BA@A¡V‡Ge8–<5MI8š:v4^H�G9<52?V‡:=<?4^25G

ff gg : 8�: (� _ � _ � )
r esult : 8�: (� _ res(� ))

f¬MI8–x‚4^A@AB4pS">@H�JK¯&VI8W2?_ƒG?8RAB8W:v<5G¬8W‰D8R25_]QIA FD:…w�4^Qg698W:v<WC

colouredm catalogueff colouredm object[OB J; colour[\ black00]]; SubCatgg
_
result[OB J ]

dÅ<a> G¬FD:W:v8R~I<?8WY�Q&_,4^VI23<9_[~c8�G?_[Ge<?8W\‹F7H�YL:RF7H]Qc8–FDG5Ge>BJDHI8;YK<?MI8�<9_[~‡8

8�:
�
clr d m ctl (� ) _ res(� )

�
˜

dÅ<šYg8RH�47<?8;G•<?M�F7<O>Ö<…GOF725JDVI\,8RH&<–:RF7HPQc8,F�:v4^A@4^VI258WY�:WFp<5FDA@4^JDVI8­47x¬F7H[_T<9_[~‡8,47x�4DQg698;:=<…GR•’FDH�Y08WH�G?VI2?8;G

<?M‡Fp<"<?M�8O2?8;GeVIA@<5G¬4Dx£<5MI8š¯&VI8R25_�F7ABA’M�FŽ‰^8-<5MI8šG5F7\,8•<9_&~c8šFDG�<5MI8O8RAB8R\,8WH^<…G¬47x£<?MI8š:WFp<5FDA@4^JDVI8^˜

f¬MI8OHI8Ry[<"G?VIQ�G?8W:v<?>B4DHTYg8WFDABG¬S">@<?MUFDVg<?4^\,F7<?8;Y�<9_[~c8O>@Hgx‚8W2?8WH�:v8–x‚4^2XGeV‡:…ML~c4DAB_[\K4^2?~�MI>B:–¯&VI8W2?>B8WGW˜

ølk�� ùKú�û=’òznpi*¶’fs9’Dp�y?’

f¬MI> GzGe8;:=<5>@4^Hb258W:RFDA@A G„<?MI8�2?8;GeV�AÖ<…G„x‚254D\€M ‘^N)j^l0OIF7H‡Yb8Ry&<58RH�Y�G„<5MI8R\ S">Ö<5MKFXx‚VIA@AIYI8WG5:v25>@~g<5>@4^Hb4Dx 57,�.0/21

�
•

F]Yg8;:v> YIF7QIAB8Ox‚2…F7J^\K8WH&<¬4Dx=5ž,�.8/91‡˜�™ <9_[~‡8b>@Hgx‚8W2?8WH�:v8šFDA@J^4D25>Ö<5MI\ˆ> GXJ^>@‰^8RHTF7H�YT~I254p‰D8;YLG?4DV�H�Y¡•�:R4D252?8;:=<

F7H‡YL~�2?>BH�:v>B~�FDA|˜

$D°±*f°��

÷
·

«D½|»£ªg¦�½
ð

½‚¨
¸
º

�¬¨
¸

�t½|í£ú��
º

©�ê+ë6ì í

�šû
·[º

©
·

ï

$D°±*f°��

à9÷
·

«D½Œ»tªg¦�½
ð

½‚¨
¸éº

�i�
¸

��½Œítú��
º

©Eê•ë¡ì í

á




·P£� ZºU¼S·P¢�¨¶¬

A
¢‚§9º¶ÅQŸ�Åu PŸ

stk =2 A
Â#Ÿ¹Å9¨�¿�·|¼¹¼S·PÀÄ¥¹³ž¡�µ+£”·)¦�¼�¨�®�¢� P£”¨Ž¬­¨¶ºU¥�¬­ )¦�¼S¨0Á

	

Æ

Ê

½•µ9¨

`

¨¶º•·|³u¢‚Ÿ¤£‚§9º�Ÿ¤¥�·P³?Á!¥±¢=Ÿ�Åu¨U£”¨� ZŸ•½•µ9¨

�
¢¶§9º¶ÅQŸ�Åu |Ÿ

; ` T A : �
I




Æ

Ê

½•µ9¨

â

Å9¨•º(�|¥¹³q¡qÁE¿�·P£� �¡|¥¹»P¨�³

�
Â�¥±¢=¥¹Ÿ Ÿ¤£‚§9¨=Ÿ�Åu |Ÿ

; ` T A : �
I

-/M�./.%0/1

	

ÆE�Ž¨�¡­¥¹»8¨
Ÿ¹Å9¨„¢��­¨UŸ3º¶ÅQ·{¿= Ž£”¨¶ºU§7£¶¢‚¥¹»8¨
 |¼ ¡q·P£‚¥¹Ÿ�Åž® ö




¥V¡­§7£”¨

X

÷ ¿�·P£
¦U§7¥¹¼S¬P¥¹³ž¡

�
ö©·|£x£•¨�Ÿ¤§7£‚³9¥¹³ž¡

false
¥ ¿

¥¹Ÿl¬)·ˆ¨�¢=³+·PŸl¨”´)¥±¢‚ŸS÷|Æ




ÆE�Ž¨l§ž¢U¨lŸ�Åu¨�µ?£”¨U»ˆ¥�·|§ž¢� |¼ ¡)·|£‚¥¹Ÿ¹Å7®N¿�·|£lŸ•½•µ9¨l£”¨¶º¶·P³9¢¶Ÿ¤£‚§9ºUŸ•¥�·|³Kö




¥V¡­§7£”¨

W

÷|Æ–��½•§7³9¥Z>U§9¨U³+¨�¢•¢�·{¿ Ÿ•½•µ?¥¹³q¡|Â

� ` T A : �
¥ ¿
 P³?¬I·|³9¼¾½G¥ ¿

�
¥±¢�¨(>U§7¥¹»8 |¼S¨�³2Ÿ Ÿ©·GŸ�Åu¨�Ÿ¤½•µu¨ ¿�·P§7³?¬!¿�·P£

A
Æ

2

”^o



Type2(A; �) 4
= match A with

� ) �

if � :� 2 �

X=f ) �

if X=f :� 2 �

A1 ; A2 ) Type2(A1; �)

if Type2(A1; �) = Type2(A2; �)

P _ � A1 ) Type2(P; � ; �) _ Type2(A1; � ; �)

if Type2(P; � ; �) 6= false 6= Type2(A1; � ; �)

and P 6� �

[P � � A1]A2 ) Type2(A2; � ; �)

if Type2(P; � ; �) = Type2(A1; � ; �) 6= false

and P 6� �

A1 A2 ) � 2

if Type2(A1; �) = � 1 _ � 2 and Type2(A2; �) = � 1

� _ � A1 ) 8�: Type2(A1; � ; � :� )

if Type2(A1; � ; � :� ) 6= false

[� � � � ]A1 ) Type2(A1; � ; � :� )f � =� g

A1 � ) � 1f � =� g

if Type2(A1; �) = 8�:� 1

m ) false
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Typecheck2(A; �; � ) 4
= if Type2(A; �) = � then true elsefalse

st>BJDVI258OoICzf¬MI8š™-A@J^4D25>Ö<5MI\

Typecheck2

$D°±*f°±�

E ê•ë¡ì í

�
<–ªP»

·
«^½Œ»tªg¦

ðŒ·
�•©pªIúcï

·
í€¨

º
�KEœê+ë6ìÇí

dÅ<X> G"Sa8WA@A@hÅw&H�4pS"H�<?M‡Fp<"<?M�8–<9_&~c8OFDG5Ge>BJDH�\K8WH&<"G?_gG9<58R\ 57,�.0/21,>BG¬VIH‡Yg8W:R>BYIFDQIAB8­~IAB8v<XV�G¬258W:WF7ABA¡S"M[_D˜

™���25Ge<�258WF^Ge4^H�x‚4D2�<?MI> G•>BG-<?MI8­‰pFDGe<–FD\K4^VIH&<-47xr<9_&~c8WG•FŽ‰pF7>BABFDQIAB8DC"¯&V�F7H&<?>S�‡:WFp<?>B4DH�:WF7H�4g:W:vVI2–F7H[_&h

S"MI8W2?8š>BH�F,<9_[~c8D˜¬N!8bHI8R8;YT<?4]258WGe<?25>B:v<-~c4DAB_&\,4^2?~IM�>BG?\ˆ<54�Sa8WA@A£w[HI4pS"H"ª•<9_[~c8bG?:…M�8R\,8WG{«–4Dx�<?MI8Ox‚4^2?\

8� :�
•‡S"MI8R258

�
>BG"FŽ��2…Ge<ehÅ4D2…Yg8R2a<9_[~‡8^•D¥ ˜¹¨v˜�F,\,4^HI4D\,4D25~IMI> :=h•<9_[~‡8^˜z™-G"8RygFD\,~IA@8^•

8�:� _ � ' f � _
� j � 2 Type_ g

> G�<?MI8b<9_[~‡8RhÅG5:…MI8R\,8bx‚4D2-~c4DAB_[\,4D25~IMI> :š> Yg8RH&<?>@<9_D˜•fr_[~c8vh•G?:…M�8R\]FDG�F7258š8W¯&V�FDA£\,4gYgVIAB4

�
hÅ:R4DH[‰D8W25G?>@4^H’˜šNP8�Yg8��‡HI8]Ge>B\bVIA@<5FDHI8R4^V�G•>@H‡G9<…F7H&<?> Fp<5>@4^H�G•47xr<9_[~c8vh•G?:…M�8R\]FDGW•¡‰[>BFTFL2?8WABF7<?>B4DH
{|Yg8RH�47<?8;Y

Q[_

�
}�FDG�x‚4^A@AB4pSXGWC

� 1 � � 2
>V†

� 2
4
= 8�:� 3

FDH�Y

� 1
4
= � 3f � =� g

x‚4^2XGeV�>Ö<…F7QIAB8

� :

k&j



f¬MI8a47<?M�8R2„\]FD>@Hš~�2?4^QIA@8W\‹{‚\,4D2583~c8W:vV�A@> F72£<?4�4DVI2t:RF7A :vV�A@V�G…}¡> G„<?MI8�F7QI>BA@>@<9_•<?4•Yg8���H�8aF7H[_•H[VI\bQc8R2t47x

:v4^H�Ge<5F7H&<…GzS">Ö<5M]F–JD>B‰D8RHK<9_[~c8D•DS">@<?M�4DVg<r258WFDA@AB_b:R4DH�G?>BYI8R25>@HIJ•<5MI8R\ FDG3:R4DH�Ge<?25V�:=<54D2…GR˜£f¬M&V‡GR•^>@HQ57,�.0/21

�
•

FK:v4DH‡G9<…F7H&<�:WF7HƒM‡FŽ‰D8�Fš<9_[~‡8

f : 8�: (� ! � )
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[f (X ) � f (Y _ Y )](X 1)
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� (Type�Poly)
C3FDA@A€<9_[~c8šG?:…M�8R\,8OF7258�QIV�>@A@<�Fp<"4^H�:v8)~

� (Term�Var)
•IF7H�Y

(Term�Const)
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� (Term�Abst_ )
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fun x ! a
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� (Term�M atch)
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� ::= 8�:�
1t4^A@_Lfr_[~c8bZg:…MI8R\,8;G

U:V ::=
™-G�x‚4D2•57,�.0/21 1t4^A@_Lf„8W2?\]G

ò ·&ð|ð¹( � º ©pï · »èì º í€¨ · É¡¨W§

; ` U ok
(Ctx �Empty)

� ` U ok � ` U � : � X 62Dom(�)

� ; X :� ` U ok
(Ctx �V ar)

ò ·&ð|ð¹( ÿ’½Œít» · »n� ¸ � · #’«Žû · ï · §

� ; � :� ` U ok

� ` U � � : �
(TypeScheme�Const)

� ; � :� ` U ok

� ` U � : �
(TypeScheme�V ar)

� 2 Lab(� ) � ; � :� ` U � : �

� ` U 8�:� : �
(TypeScheme8)

� ` U � 1 : � � ` U � 2 : �

� ` U � 1 _ � 2 : �
(TypeScheme_ )

Lab(� � ) = � Lab(� 1 _ � 2) = Lab(� 2)

Lab(� ) = f � g Lab(8�:� ) = Lab(� ) n �
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� 6̂ Var
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CoDom(� ) \ Var = ;
Æ




Æ

Ê

À�·"¢‚§9¦‚¢‚Ÿ¤¥¹Ÿ•§7Ÿ¤¥�·P³9¢

� 1
 P³?¬

� 2
Â� P£”¨Ž¨(>�§9 |¼ ¢�·P§7Ÿ�·{¿

Var
Â�ÀÄ£‚¥¹Ÿ•Ÿ©¨U³

� 1
Var= 6̂ � 2

Â�¥ ¿

�� 1 = �� 2
Â+¿�·P£

 P¼¹¼

� 62Var
Æ

�šû
·[º

©
·

ï

$D°±*f°±�

à�#
º

ëtít»£í
·

§W§
º

�

W
�

á

Ã

¿

W
�
(�; U; Var ) = (� ; � ; Var 0)

Â#Ÿ�Åu¨U³

� � ` U U : �
Æ

-/M�./.%0/1§�!½‹¥¹³+¬|§9º�Ÿ¤¥�·P³è·|³ Ÿ�Åu¨G¢¶Ÿ¤£‚§9ºUŸ•§7£”¨G·n¿

U
Æ �6¨GŸ¤£”¨¶ PŸxŸ¹Å9¨Zº¶ 8¢U¨�¢"·n¿6»8 |£‚¥� ­¦U¼S¨�¢•Â
 ­¦�¢‚Ÿ•£• ­ºUŸ•¥�·|³uÂ„ ¶µ}d

µ+¼V¥�º• |Ÿ•¥�·|³  |³+¬Q®G PŸ©º¶Åž¥¹³q¡•º¶·P³u¢‚Ÿ¤£” P¥¹³2Ÿ�¢(Oxº¶·P³9¢‚Ÿ3 |³9Ÿ•¢6 P£•¨GŸ¤£”¨¶ PŸ©¨•¬I¢‚¥¹®Ž¥¹¼S P£‚¼V½•Ÿ3·‹»8 |£‚¥� ­¦U¼S¨‚¢Z |³+¬K¢‚Ÿ¤£‚§9º�Ÿ¤§7£”¨�¢

¢‚¥¹®�¥¹¼� P£‚¼¾½IŸ3·I •µ­µ?¼¾¥�º¶ PŸ¤¥�·P³?Æ

�
¥ ¿

U = X
Ÿ¹Å9¨�³

� = Inst(�( X ); Var )
 |³+¬

� = � ID

Æ

Ê

Åu¨ ¿¶§7³+ºUŸ•¥�·|³

Inst
¨U³u¢‚§7£”¨�¢„Ÿ�Åu |Ÿ

� � �( X )
¢�·

� ` U X : �
Æ

k[i



ò ·&ð|ð¹( � º ©pï · »u� · ©Žïé§­ªIít»

%

ªI¨R¨ · ©pít§

� ` U � : �

� 1; X :� ; � 2 ` U ok � � �

� 1; X :� ; � 2 ` U X : �
(Term�V ar)

� ` U V : � 1

� ; � ` U P : � 1 Bv(CoDom(�)) = ;

� ; Gen(�; �) ` U U : � 2 Dom(�) = Fv(P)

� ` U [P � V ]:U : � 2

(Term�M atch)

� ` U � : �

� 1; f :� ; � 2 ` U ok � � �

� 1; f :� ; � 2 ` U f : �
(Term�Const)

� ; � ` U P : � 1 Bv(CoDom(�)) = ;

� ; � ` U U : � 2 Dom(�) = Fv(P)

� ` U P _ U : � 1 _ � 2

(Term�Abst_ )

EX8R\,4p‰D8

(Term�Abst8 )
F7H�Y

(Term�Appl8 )

Gen(� ; �) 4
= 8�:�

S"MI8W2?8

� = Fv(� ) n Fv(�)
F7H‡Y

Gen
>BG"~c4D>BH&<9S">BG?8–8vy[<?8WH�Yg8;Y�<54�:v4DH&<58vy[<5GW˜

s£>BJDV�2?8,—D—^Czf„8W2?\]G¬47x•57,�.0/21

�

(� )

� � �

� ; Y :� ` U Y : �

� ` U Y _ Y : � _ �

� ` U f (Y _ Y ) : �1(� _ � )

(� )

� _ � � � _ �

� ; X : � _ � ` U X : � _ �

� ; X : � _ � ` U f (X ) : �1(� _ � )

� _ � � 8� :(� _ � )

� ; � ` U X : � _ �

� � �

� ; � ` U 1 : �

� ; � ` U X 1 : �

� ` U [ f (X ) � f (Y _ Y )] (X 1) : �

S"MI8W2?8

� 4
= 1:�; f :8�: (� _ �1(� ))

•‡FDH�Y

� 4
= X :8� :(� _ � )

˜

F7H‡Y

(� )
>BG

(� _ � ) _ �1(� _ � ) � 8�: (� _ �1(� ))

� ` U f : (� _ � ) _ �1(� _ � )

s£>BJDV�2?8,—;iICz™ Z[>@\,~IAB8šfa_&~c8O†-8W2?>B‰pFp<5>@4^HL>BHd5ž,�.8/91

�
˜

k&”



W
�
(�; U; Var ) = (� ; � ; Var 0)

W
�
(�; U; Var ) 4

= match U with

f ) if f 2 Dom(�) then

take (� ; Var 0) = Inst(�( f ); Var ) and � = � ID

X ) if X 2 Dom(�) then

take (� ; Var 0) = Inst(�( X ); Var ) and � = � ID

U1 ; U2 ) let (� 1; � 1; Var 1) = W
�
(�; U1; Var ) in

let (� 2; � 2; Var 2) = W
�
(� � 1; U2; Var 1) in

let � = mgu(� 1� 2 = � 2) in

take � = � 2� and � = � � � 2 � � 1 and Var 0 = Var 2

P _ U1 ) let X = Fv(P) and � X 2 Var 1 in

let (� 1; � 1; Var 1) = W
�
(� ; X :� X ; P ; Var n f � X g) in

let (� 2; � 2; Var 2) = W
�
(� � 1; X :� X � 1; U1; Var 1) in

take � = � 1� 2 _ � 2 and � = � 2 � � 1 and Var 0 = Var 2

U1 U2 ) let (� 1; � 1; Var 1) = W
�
(�; U1; Var ) in

let (� 2; � 2; Var 2) = W
�
(� � 1; U2; Var 1) in

let � 2 Var 2 in

let � = mgu(� 1� 2 = � 2 _ � ) in

take � = �� and � = � � � 2 � � 1 and Var 0 = Var 2 n f � g

[P � U2]:U1 ) let (� 1; � 1; Var 1) = W
�
(�; U2; Var ) in

let X = Fv(P) and � X 2 Var 1 in

let (� 2; � 2; Var 2) = W
�
(� � 1; X :� X ; P ; Var 1 n f � X g) in

let � = mgu(� 1� 2 = � 2) in

let (� 3; � 3; Var 3) = W
�
(� � 1� 2�; X :Gen(� X � 2� ; � � 1� 2� ); U1; Var 2) in

take � = � 3 and � = � 3 � � � � 2 � � 1 and Var 0 = Var 3

m ) false

Inst(8� :� ; Var ) 4
= (� f � =� g; Var n f � g)

S"MI8W2?8

�
F7258OYg> G9<5>@H�:v<"x‚2?8;GeM�‰pF725>BFDQIAB8WG�<5FDwD8WHL>BH

Var
st>BJDVI258,—W”ICzf¬MI8O™-A@J^4D25>Ö<5MI\

W
� ˜

k^k



�
¥ ¿

U = P _ U1
Ÿ¹Å9¨�³

� = � 1� 2 _ � 2
 P³+¬

� = � 2 � � 1
À�Åu¨U£”¨

� 1; � 1; � 2
 P³+¬

� 2
 |£”¨
·­¦UŸ© P¥¹³+¨¶¬"¦U½

£”¨¶º�§7£¶¢‚¥¹»P¨�º¶ P¼¹¼¾¢•Ÿ©·

W
� ¿�·P£
Ÿ�Åu¨
¢‚§9¦�Ÿ©¨�£‚®�¢

P
 |³+¬

U1
Æ

ÍD¨UŸ�§ž¢•Ÿ© k�)¨

� = X : � X
Æ ��½è¥¹³+¬P§9ºUŸ¤¥�·P³—Åž½•µ9·PŸ�Åu¨�¢¶¥±¢dÀ�¨‹Åu P»P¨

� � 1; � � 1 ` U P : � 1
 P³?¬

� � ; � � ` U U1 : � 2
Æ”�!½"Ÿ•½•µ9¨�»8 |£‚¥� ­¦U¼S¨�¢�¢‚§9¦‚¢‚Ÿ¤¥¹Ÿ•§7Ÿ¤¥�·P³èö3¼S¨�®Ž®G 

�

Æ

�

Æ

	

÷8Â�À�¨6 P¼ ¢U·GÅu |»8¨

� � ; � � ` U

P : � 1� 2
Æ

Ê

Åž§ž¢=À�¨Žº• |³ ¥¹³?¬­¨¶¨¶¬I¬)¨�£‚¥¹»P¨

� � ` U P _ U1 : � 1� 2 _ � 2
Æ

�
¥ ¿

U = U1 U2
Ÿ�Åu¨U³

� = ��
 |³+¬

� = � � � 2 � � 1
À�Åu¨U£”¨

� 1� 2� = � 2� _ ��
 |³+¬

� 1; � 1; � 2
 P³?¬

� 2
 P£”¨Ž·­¦UŸ© P¥¹³+¨¶¬K¦�½G£•¨•ºU§7£¶¢‚¥¹»8¨Žº¶ P¼¹¼ ¢=Ÿ©·

W
� ·|³ Ÿ�Åu¨
¢‚§9¦�Ÿ©¨�£‚®�¢

U1
 |³+¬

U2
Æ

��½I¥¹³+¬P§9ºUŸ¤¥�·P³ Åž½•µ9·PŸ�Åu¨�¢‚¥±¢�À�¨
Åu |»8¨

� � 1 ` U U1 : � 1
 P³?¬

� � 1� 2 ` U U2 : � 2
ÆC�!½ZŸ¤½•µu¨Ž»P P£‚¥� )¦�¼S¨�¢

¢¶§9¦�¢‚Ÿ•¥¹Ÿ¤§7Ÿ¤¥�·P³‰ö3¼S¨�®Ž®G 

�

Æ

�

Æ

	

÷8ÂÄÀ�¨�Å9 P»P¨

� � ` U U1 : � 1� 2�
 |³+¬

� � ` U U2 : � 2�
Æ

�

¥¹³+º¶¨•À�¨¥�P³?·PÀ

Ÿ¹Å9 PŸ

� 1� 2� = � 2� _ ��
Â�À�¨Žº¶ P³•¥¹³?¬­¨¶¨¶¬I¬)¨�£‚¥¹»P¨

� � ` U U1 U2 : ��
Æ

�
¥ ¿

U = [P � U2]U1
Ÿ¹Å9¨�³

� = � 3
 P³?¬

� = � 3 � �
À�Å9¨�£•¨

� 1� 2� = � 2�
 |³+¬

� 1; � 1; � 2; � 2; � 3
 P³?¬

� 3
 P£”¨Ž·­¦UŸ© P¥¹³+¨¶¬K¦�½G£•¨•ºU§7£¶¢‚¥¹»8¨Žº¶ P¼¹¼ ¢=Ÿ©·

W
� ·|³ Ÿ�Åu¨
¢‚§9¦�Ÿ©¨�£‚®�¢

U2
Â

P
 |³+¬

U1
Æ

ÍD¨UŸ?§ž¢EŸ© k�)¨

� = X : � X
Æ+�!½�¥¹³?¬P§9ºUŸ•¥�·|³
Å7½•µu·|Ÿ¹Å9¨‚¢‚¥±¢ŠÀ�¨EÅ9 P»P¨

� � 1 ` U U2 : � 1
 P³?¬

� � 1� 2; � � 2 ` U

P : � 2
 P³?¬

� � 1� 2�� 3; Gen(� � 2� ; � � 1� 2� )� 3 ` U U1 : � 3
Æ

Ã

ŸŠ¥±¢
¨¶ P¢¶½GŸ©·6¢U¨¶¨�Ÿ¹Å9 PŸ

Gen(� � 2� ; � � 1� 2� )� 3 = Gen(� � 2�� 3; � � 1� 2�� 3)
¢¶¥¹³?º¶¨

� 36̂ Dom(� � 1� 2� )
Æ

��½xŸ•½•µ9¨ »8 |£‚¥� ­¦U¼S¨‚¢ ¢‚§9¦‚¢‚Ÿ¤¥¹Ÿ•§7Ÿ¤¥�·P³Kö3¼S¨�®Ž®G 

�

Æ

�

Æ

	

÷8Â?À�¨ÄÅ9 P»P¨

� � ` U U2 : � 1� 2�� 3
 P³?¬

� � ; � � 2�� 3 ` U

P : � 2�� 3
Æ

�

¥¹³?º¶¨=À�¨”�P³?·PÀ—Ÿ�Åu |Ÿ

� 1� 2� = � 2�
Â#À�¨�º¶ P³•¥¹³+¬)¨•¨¶¬K¬­¨U£‚¥¹»8¨

� � ` U [P � U2]U1 : �
Æ

2
�šû

·[º
©

·
ï

$D°±*f°�$

à?ì
º

ï��
ð|·

¨
·

í
·

§;§šªIít»

%

©p½Œít«D½���ª
ð

½‚¨
¸èº

�

W
�

á




·P£� P¼¹¼

Var
 P³+¬

�
ÂÄ¢‚§9º¶ÅQŸ�Åu PŸ

Var \ CoDom(�) = ;
Â#¥ ¿

� � ` U U : � 0Â#Ÿ¹Å9¨�³?Á

	

Æ

W
�
(�; U; Var ) 6= false

O




Æ

W
�
(�; U; Var ) = (� ; � ; Var 0)

Â9¿�·P£
¢�·|®6¨

�
 P³?¬

�
 |³+¬

Var 0O

�

Æ

� 0 = �  
 P³?¬

� Var= 6̂  � �
Â9¿�·|£=¢U·P®G¨

 
Æ

-/M�./.%0/1§�!½‹¥¹³+¬|§9º�Ÿ¤¥�·P³è·|³ Ÿ�Åu¨G¢¶Ÿ¤£‚§9ºUŸ•§7£”¨G·n¿

U
Æ �6¨GŸ¤£”¨¶ PŸxŸ¹Å9¨Zº¶ 8¢U¨�¢"·n¿6»8 |£‚¥� ­¦U¼S¨�¢•Â
 ­¦�¢‚Ÿ•£• ­ºUŸ•¥�·|³uÂ„ ¶µ}d

µ+¼V¥�º• |Ÿ•¥�·|³  |³+¬Q®G PŸ©º¶Åž¥¹³q¡•º¶·P³u¢‚Ÿ¤£” P¥¹³2Ÿ�¢(Oxº¶·P³9¢‚Ÿ3 |³9Ÿ•¢6 P£•¨GŸ¤£”¨¶ PŸ©¨•¬I¢‚¥¹®Ž¥¹¼S P£‚¼V½•Ÿ3·‹»8 |£‚¥� ­¦U¼S¨‚¢Z |³+¬K¢‚Ÿ¤£‚§9º�Ÿ¤§7£”¨�¢

¢‚¥¹®�¥¹¼� P£‚¼¾½IŸ3·I •µ­µ?¼¾¥�º¶ PŸ¤¥�·P³?Æ

�
¥ ¿

U = X
Ÿ¹Å9¨�³

�( X )� � � 0Â�À�Å7¥�º•Å ¦U½�¬)¨�¸�³9¥¹Ÿ¤¥�·P³—®G¨¶ P³9¢IŸ�Åu PŸ

�( X ) = 8� :� 1
 P³+¬

� 0 =
� 1� f � =� g

Æ

Ã

³‰Ÿ¹Å7¥±¢Žº¶ 8¢U¨�Â

W
� ³?¨�»P¨U£Š¿� |¥¹¼ ¢6 |³+¬

� = Inst(�( X ); Var ) = � 1f � =� g
 P³+¬

� = � ID

Æ

Ê

Å7§ž¢¶ÂDÀÄ¥¹Ÿ¹Å

 = f � =� g
·P»P¨�£

� = Var nVar 0  P³?¬

 = �
·PŸ�Åu¨U£‚ÀÄ¥±¢U¨‚Â'À�¨ Å9 P»P¨

� 0 = � 1� f � =� g =

� 1f � =� g� f � =� g = �  
 |³+¬

� Var= 6̂  
Æ

�
¥ ¿

U = P _ U1
Ÿ�Åu¨U³

� 0 = � 0
1 _ � 0

2
À�Åu¨U£”¨

� �; � ` U P : � 0
1

 P³?¬

� �; � ` U U1 : � 0
2

¿�·P£K 

º•¨U£‚Ÿ© P¥¹³

�
 8¢¶¢‚¥V¡|³2¥¹³q¡ Ÿ•½•µ9¨‚¢ŽŸ3·‹Ÿ¹Å9¨�¿¶£”¨¶¨G»P P£‚¥� )¦�¼S¨�¢I·{¿

P
Æ&�!½K¢¶§7¥¹Ÿ© ­¦U¼S¨"£”¨�³? P®Ž¥¹³q¡•·{¿ŽŸ¹Å9¨Z¦¶·P§7³?¬

»8 |£‚¥� ­¦U¼S¨‚¢=¥¹³

U
ÂÄÀ�¨
º¶ |³  P¼¾À� |½8¢
 P¢¶¢¶§7®G¨

� = X : � X
 P³?¬Gº¶·P³u¢‚¥�¬)¨�£
 P³ ¨•´)Ÿ3¨U³+¬)¨¶¬

�
¢U·ŽŸ�Åu PŸ�¥¹³

¿� ­ºUŸ À�¨�Ÿ•½•µ9¨¶¬

P
 |³+¬

U1
¥¹³•Ÿ¹Å9¨�º¶·P³2Ÿ3¨•´)Ÿ

� �; � �
Æ

��½�¥¹³+¬P§9ºUŸ¤¥�·P³"Åž½•µ9·PŸ�Åu¨�¢¶¥±¢¶Â

W
�
(� ; �; P ; Var nf � X g) = (� 1; � 1; Var 1)

¢¶§9º¶Å"Ÿ¹Å9 PŸ

� 0
1 = � 1 1

 P³?¬

� Var= 6̂  1 � � 1
¿�·P£� Iº•¨U£‚Ÿ© P¥¹³

 1
Æ

Ã

³Kµ9 P£‚Ÿ¤¥�º�§7¼S |£

(� ; �) � = (� ; �) � 1 1
¢U·•¦U½Q¥¹³+¬|§9º�Ÿ¤¥�·P³dÅ7½•µu·|Ÿ¹Å9¨‚¢‚¥±¢

W
�
(� � 1; � � 1; U1; Var 1) =

(� 2; � 2; Var 2)
¢¶§9º¶ÅQŸ�Åu |Ÿ

� 0
2 = � 2 2

 P³?¬

 1
Var= 6̂  2 � � 2

¿�·P£� Iº¶¨�£‚Ÿ© P¥¹³

 2
Æ

k[l



Ê

Å7§ž¢¶Â

W
�
(�; P _ U1; Var )

¬)·ˆ¨�¢�³?·PŸ4¿� P¥¹¼¾Âx P³+¬K¥¹Ÿ�£•¨�Ÿ¤§7£‚³u¢

(� 1� 2 _ � 2; � 2 � � 1; Var 2)
Æ

Ê

Åž§ž¢¶Â

ÀÄ¥¹Ÿ¹Å

 =  2
ÂGÀ�¨•Åu |»8¨

�  = (� 1� 2 _ � 2) 2 = � 1 1 _ � 2 2 = � 0
1 _ � 0

2 = � 0  P³?¬

� Var= 6̂  1 � � 1
Var= 6̂  2 � � 2 � � 1

Var= 6̂  � � 2 � � 1
Æ

�
¥ ¿

U = U1 U2
Ÿ�Åu¨U³ Ÿ�Åu¨U£”¨�¥±¢•¢�·|®6¨

� 0
1

¢¶§9º¶ÅQŸ�Åu |Ÿ

� � ` U U1 : � 0
1 _ � 0  |³+¬

� � ` U U2 : � 0
1

Æ

��½•¥¹³+¬P§9ºUŸ¤¥�·P³ Åž½•µ9·PŸ�Åu¨�¢¶¥±¢¶Â

W
�
(�; U1; Var ) = (� 1; � 1; Var 1)

¢¶§9º¶Å Ÿ¹Å9 PŸ

� 0
1 _ � 0 = � 1 1

 P³?¬

� Var= 6̂  1 � � 1
¿�·P£=¢U·P®G¨

 1
Æ

Ã

³Qµ9 P£‚Ÿ¤¥�º�§7¼� P£

� � = � � 1 1
¢U·•¦U½‹¥¹³+¬|§9º�Ÿ¤¥�·P³‰Åž½•µ9·PŸ�Åu¨�¢¶¥±¢¶Â

W
�
(� � 1; U2; Var 1) = (� 2; � 2; Var 2)

¢¶§9º¶ÅQŸ�Åu |Ÿ

� 0
1 = � 2 2

 P³?¬

 1
Var= 6̂  2 � � 2

¿�·P£•¢U·P®G¨

 2
Æ

Ê

Å9¨�³

 3 =  2 � f �=� 0g
¥±¢x 
§7³2¥ ¸ ¨U£f¿�·P£

� 1� 2 = � 2 _ �
Á!À�¨ŠÅ9 P»P¨„¥¹³+¬)¨•¨¶¬

� 1� 2 3 = � 1� 2 2 =
� 1 1 = � 0

1 _ � 0 = � 2 2 _ � f �=� 0g = (� 2 _ � ) 3
Æ

Ê

Å7§ž¢•Ÿ�Åu¨�®G·8¢‚ŸE¡q¨U³+¨U£” P¼f§7³2¥ ¸ ¨U£=¥±¢•¢�·|®6¨

 4
¢‚§9º•ÅdŸ�Åu |Ÿ

 3 =  �  4
Æç�6¨Iº¶ |³ ³+·|À�º•·|³+ºU¼¾§9¬­¨0ÁZ¥¹³+¬­¨¶¨¶¬

� 0 = � 3 = � 4 = �  
 P³+¬

� Var= 6̂  1 � � 1
Var= 6̂  2 � � 2 � � 1

Var= 6̂  3 � � 2 � � 1
Var= 6̂  �  4 � � 2 � � 1 � �

Æ

�
¥ ¿

U = [P � U2]U1
Ÿ�Åu¨U³‰Ÿ¹Å9¨�£”¨Ž¥±¢�¢�·|®6¨

� 0
1

 P³?¬

� = X : � X
¢‚§9º•Å Ÿ�Åu PŸ

� � ` U U2 : � 0
1

 P³?¬

� �; � � ` U P : � 0
1

 P³?¬

� �; Gen(� � ; �) ` U U1 : � 2
ö¤À�Å9¨�£•¨

�
Åu P¢6¦¶¨¶¨�³d¢‚§7¥¹Ÿ© ­¦U¼¾½Q¨•´)Ÿ3¨U³+¬)¨¶¬I·|³

Dom(�)
÷­Æ

��½Ž¥¹³+¬|§9º�Ÿ¤¥�·P³IÅ7½•µu·|Ÿ¹Å9¨‚¢‚¥±¢

W
�
(�; U2; Var ) = (� 1; � 1; Var 1)

ÀÄ¥¹Ÿ�Å

� 0
1 = � 1 1

 |³+¬

� Var= 6̂  1 � � 1
¿�·P£•¢U·P®G¨

 1
Æ

Ã

³6µ9 P£‚Ÿ¤¥�º�§7¼� P£

Dom(� 1) \ Dom(�) = ;
 P³?¬6¢U·

� �; � � = (� � 1; �)  1
Æ@�!½G¥¹³+¬|§9º�Ÿ¤¥�·P³‹Åž½•µ9·PŸ�Å�d

¨‚¢‚¥±¢¶Â

W
�
(� � 1; �; P ; Var 1 n f � X g) = (� 2; � 2; Var 2)

ÀÄ¥¹Ÿ¹Å

� 0
1 = � 2 2

 |³+¬

 1
Var= 6̂  2 � � 2

¿�·P£

¢�·|®6¨

 2
Æ

Ê

Å9¨�³NÀ�¨6Åu P»P¨

� 1� 2 2 = � 1 1 = � 0
1 = � 2 2

Â�Ÿ�Åž§ž¢GŸ¹Å9¨I¨(>U§9 PŸ¤¥�·P³

� 1� 2 = � 2
 )¬P®Ž¥¹Ÿ�¢Z  ®6·P¢‚Ÿ

¡)¨U³+¨U£” P¼D§7³9¥ ¸ ¨U£

�
¢‚§9º•Å‹Ÿ¹Å9 PŸ

 2 =  3 � �
¿�·P£=¢U·P®G¨

 3
Æ

�

·
¿� |£GÀ�¨GÅu P»P¨"¢�¨¶¨U³ Ÿ�Åu |Ÿ

� Var= 6̂  1 � � 1
Var= 6̂  2 � � 2 � � 1

Var= 6̂  3 � � � � 2 � � 1
Æ

Ê

Åž§ž¢¶Â

� �; � � = (� � 1� 2�; � � 2� ) 3
¢U·d¦�½•¥¹³?¬P§9ºUŸ•¥�·|³ Åž½•µ9·PŸ�Åu¨�¢¶¥±¢

W
� ¢‚§9º¶º¶¨•¨¶¬P¢"·|³

U1
 |³+¬ £”¨UŸ•§7£‚³9¢

(� 3; � 3; Var 3)
¢¶§9º¶ÅQŸ�Åu |Ÿ

� 0 = � 3 4
 |³+¬

 3
Var= 6̂  4 � � 3

¿�·P£=¢U·|®6¨

 4
Æ




¥¹³? P¼¹¼¾½8Â Ÿ¹Å9¨� |¼ ¡)·|£‚¥¹Ÿ¹Å7® £•¨�Ÿ¤§7£‚³u¢

� = � 3
¢U·6¥¹³?¬­¨¶¨¶¬

� 0 = �  4
 |³+¬

� Var= 6̂  3 � � � � 2 � � 1
Var= 6̂

 4 � � 3 � � � � 2 � � 1
Var= 6̂  4 � �

Æ

2

�šû
·[º

©
·

ï

$D°±*f°S:

à9÷
·

«D½Œ»tªg¦�½
ð

½‚¨
¸éº

�i�
¸

�
·

�

í'�
·

©
·

í£«
·

�
º

©HEœê+ë6ì í

�
á




·P£� ZºU¼S·P¢�¨¶¬ZŸ3¨U£‚®

U
¢¶§9º¶ÅQŸ�Åu |Ÿ

stk =2 U
Â#Ÿ¹Å9¨�¿�·|¼¹¼S·PÀÄ¥¹³ž¡�µ+£”·)¦�¼�¨�®�¢� P£”¨Ž¬­¨¶ºU¥�¬­ )¦�¼S¨0Á

	

Æ

Ê

½•µ9¨

Ã

³ˆ¿�¨U£”¨�³?º¶¨ˆÁŠ¡|¥¹»P¨U³

�
ö�¡|¥¹»P¨�¢•®G¨¶ P³2¥¹³q¡6Ÿ©·"º¶·P³9¢¶Ÿ© P³2Ÿ�¢3÷8ÂE¥±¢„Ÿ�Åu¨U£”¨� 

�
¢‚§9º¶ÅKŸ¹Å9 PŸ

� ` U U : �
I




Æ

Ê

½•µ9¨

â

Å9¨•º(�|¥¹³q¡qÁ�¡|¥¹»P¨�³

�
 |³+¬

� 0ÂŠ¬)·ˆ¨�¢=Ÿ¹Å9¨+ô‚§9¬ˆ¡)¨U®G¨�³2Ÿ

� ` U U : � 0 Åu·|¼S¬

I

-/M�./.%0/1

	

Æ”��½6¢U·P§7³?¬P³?¨‚¢¶¢� P³?¬Zº¶·P®�µ+¼S¨UŸ©¨�³?¨‚¢¶¢¶Â�À�¨•Åu P»P¨

9� ; � ` U U : � ( ) W
�
(�; U; Var ) 6= false

k&m






Æ”��½6¢U·P§7³?¬P³?¨‚¢¶¢� P³?¬„µ+£‚¥¹³?º�¥ µ9 P¼V¥¹Ÿ•½8ÂŠŸ¹Å7¥±¢+ô‚§9¬U¡q¨�®G¨�³2Ÿ�¥±¢�¨(>�§7¥¹»P P¼�¨�³2Ÿ Ÿ©·

W
�
(�; U; Var ) = (� ; � ; Var ) ^ � 0 = �  

ÀÄ¥¹Ÿ�Å

Dom( ) � Var

�

¥¹³+º¶¨�®6 |Ÿ3º¶Åž¥¹³ž¡"¥±¢�¬)¨•ºU¥�¬­ )¦�¼�¨Ž¥¹³ Ÿ�Åu¨�¼S P³ž¡|§9 ˆ¡)¨Ž·{¿=Ÿ¤½•µ9¨‚¢¶Â#Ÿ�Åž¥±¢Šµ+£”·)¦�¼�¨�® ¥±¢�¬­¨¶ºU¥�¬­ ­¦U¼S¨0Æ

2

uX4D<?> :v8]<5M�Fp<,F7ABA3<5MI8�8vyIFD\K~�A@8;GšS�8�J^FŽ‰^8K~�2?8W‰&>B4DV‡GeAB_0Qc8RAB4DHIJ�<?4U<5MI8LG?VIQIA F7HIJ^V�F7J^8Q5ž,�.8/91

�
˜UNP8

:v4^Hp698W:v<?VI258]<5M�Fp<­FDH[_Qªe2?8;FDG?4DH�FDQIAB8‚«K¯&VI8W2?_è{{¥�ÆN¨ˆÆU<?MI8�4^HI8WGš<?M�F7<­F7258]258WF7ABAB_0V�G?8WY•>BH¾Ge8W\]F7H&<?> :]S�8RQ

~I254DJ^25FD\,G…}a:RF7H�Qc8O2?8W~I2?8;Ge8WH&<?8WYƒV�G?>@HIJ,4^HIA@_ƒ<?MI> G¬258WGe<?25>B:v<?8WYƒx‚4D25\ˆ4Dxt~c4DAB_[\K4^2?~�MI>BG?\T˜

ølk�) 9 ’D“n›�r7’DvNM t�s¡®b›Äp�v °•t p�y4“nwxýžz{t�pxý

d•H�<?MI> G"S�4D25w]Sa8–~I258WG?8RH&<58WYƒ<9Sa4]G?_[Ge<?8W\]GR•[<5MI8šsIVIABAB_^h•<9_[~‡8;Y�1t4^A@_[\,4D25~IMI> :–E"MI4DhÅ:WF7A :vVIABV�G–{n,�.8/91&}¬FDH�Y

<?M�8,fa_[~‡8,d•Hgx‚8W2?8WH�:v8K1�4DAB_[\K4^2?~�MI>B:KE"MI4DhÅ:WF7A :vVIABV�GK{©57,�.0/21&}=C€Qc47<5MPG?_gG9<58R\]G•8RHp694p_�G?VIQg698;:=<O2?8;YgV�:v<?>B4DH

47x€<9_[~�FDQIA@8X<?8R25\]GR˜l,�.0/21šF7A Ge4O8WHp694p_gG�<?M�8�Yg8;:v> YIF7QI>BAB>Ö<9_­47x€<9_[~‡8•:…MI8W:…w[>BHIJOF7H�Y,4Dxc<9_[~c8X258W:v4^H�Ge<?25V�:=<5>@4^H’˜

��8W:WF7V�G?8T47x•<?MI8�Yg8;:v> YIF7Q�>@AB>Ö<9_
47x•<9_[~‡8RhÅ:…MI8;:…w[>@HIJ•>BH ,D.8/91‡•3:vV�Ge<?4^\,>SRW>@HIJ¾FDH
8Ryg>BGe<?>BHIJ 258RS"25>Ö<5>@HIJDh

A F7HIJ^V�F7J^8�S">Ö<5M/~c4DAB_[\K4^2?~�MI>B:vh|<9_[~c8WG�Ge8W8R\]G�F7H)>BH&<?8R258WGe<?>BHIJèF7A@<?8R25H�F7<?>B‰D8U<54
‰pF7AB> YIFp<58!:v4gYg8!S">Ö<5MI4DVI<

AB>@\,>@<?>BHIJ�:v4gYg8,8vyg~I258WG5G?>@‰^8RHI8;G?GW˜­s�2?4^\ç<?MI8]~c4D>BH&<š47x�‰&>B8RSþ47x�<9_[~‡8,>BHgx‚8R258RH�:R8D•„<?MI8]\]F7>BHP\K4D<?>B‰pFp<?>B4DH„•

>BH�>BH&<?254gYgV�:v>BHIJK57,D.8/91‡•g>BGa<54��‡H�YTF7H�8WFDG?_]S¬FŽ_­<54,‰ŽFDA@> YIF7<?8O:v4gYg8–47xt\]F7H[_]8vyg> G9<5>@HIJ,AB>@H�8WG¬47xt2?8WS"2?>@<?8Rh

Q�F^Ge8;YOF7ABJD4D25>@<?MI\]G€‰[>BF"Ge<5F7<?> :3F7H‡F7AB_[G?> GR˜’st>BH�F7ABA@_^•ŽSa8zM�FŽ‰^83G9<5V�Yg>B8WYOF¬‰pF725> F7H&<’47xÄ57,�.0/21š{Œ:RFDA@AB8WYŽ57,�.0/21

�
}

x‚8WF7<?VI25>BHIJ­FO258WGe<?25> :=<?8;YKx‚4D25\Š47x’~c4DAB_&\,4^2?~IM�>BG?\ Ô�¼S K†•F7\]FDGeh•¤U>@ABHI8W2eh•f„4Dx <?8-FDH�Y]:vV‡G9<54D\,>SRW8WY,<5MI8-S�8RABA@h

w[HI4pS"HTF7ABJD4D25>@<?MI\PO 47xt†•F7\]F^G9h•¤U>BA@HI8W2•M †•¤�¢^iPO•˜

kgn



Q ²

C'
���J�CEL‚YI��L‚[

 �+]ŽYQL�	K^SR _8CE�<T �BU

²

��� a‰cfeÄgPhDi

�!knm oqp�r7sut�vxw�y+ruz{t�p

ž�HI8O4Dx£\]F7>BHT>BG5GeV�8WG¬FDYIYI2?8;G?G?8WYLQ[_�~I258WG5:v25>@~g<5>@‰^8-<9_[~I>BHIJ,> GX:v4^\K~c4^G?>@<?>B4DH’˜Ä��_�~I254p‰[>BYg>BHIJ­<9_[~‡8;G¬<?4K<?M�8

G?>@J^H�Fp<5VI2?8O4Dx�x‚VIH�:=<5>@4^H�F7H�Y�~I258WYI>B:WFp<?8šG?_[\bQc4DA GR•‡4DHI8O8Ryg~I2?8;G?G?8WG�<5MI8bG?_[H^<…FD:v<?> :O:RFp<58RJ^4D25>@8;G�<?4]S"MI> :…M�F

x‚VIH�:v<?>B4DH’•¡Fƒ~I2?8;Yg> :RFp<58D•cF7H�YU>BHU<5VI2?H!F�:v4^\K~�A@8R<?8b\,4gYgVIAB8D•c> G�G?VI~I~c4^G?8WY�<54ƒQc8­F7~�~IA@>B8WY’˜-13258WG5:v25>@~I<?>B‰D8

<9_[~‡8;G¬F7258X<?M�8R258vx‚4D258�FDH�>BH^<58RJ^25FDA‡~�FD2e<�47x’<5MI8•~I2?4^JD2…F7\]GrFDH�Y�\,4gYgVIAB8WG�F7H‡Yƒ:v4^H�Ge<?>@<?Vg<58•FKYg> G?:R>@~IAB>BHI8-<54

:v4^\,~‡4&Ge8•<?M�8R\ :R4D252?8;:=<5A@_^˜

f¬MI8O> Yg8WFK4DxtG?~‡8;:v>@x‚_&>BHIJ,<9_[~c8WG¬x‚4^2"®�¤�‘ YIF7<5FK> G"F7AB2?8;FDYg_]S�8RABA’8WGe<5FDQIAB>BG?MI8WY�F7H‡Y�<5MI8R258O8vyg> G9<XGe<5F7HIh

YIFD25Yg>�RR8;Y0S¬FŽ_gG-4Dx�Yg8;:vA F725>@H�Jƒ<9_[~c8WG–GeV‡:…MPF^G•†•f"†•GGM `3y&<”OrF7H�Y!®�¤0‘óZI:…MI8R\]FdM s�8Wj�—‚O•˜,f¬M[V�GW•„Fƒ~�2?8Rh

G5:v25>@~g<5>@‰^8•<9_&~c8šG?_[Ge<?8W\‹x‚4D2"25VIAB8OABFDHIJDV‡F7JD8;Gr\]FDHI>@~�VIABF7<?>BHIJ]®�¤0‘ YIFp<…FKG?8R8W\]G�<?4]Qc8–<?MI8OHI8Ry[<¬H‡Fp<?V�25FDA

Ge<?8R~„˜�¤�4D258R4p‰D8W2W•Ž:v4^\,~‡4&Ge>@<?>B4DHK47x¡Ge8R<5GW•74D2z\,4gYgVIAB8WGW•74Dxc25VIAB8WGzF7A G?4�Qc8W:R4D\,8WG�>B\,~‡4^2e<rF^Gt<?MI8"NP8RQ,JD254pSXG

>BHƒ:v4^\K~�A@8Ry[>@<9_D˜�sI4^2r>BH�Ge<5F7H‡:v8D•&4DH�8"\,FŽ_KV�G?8-FšG?8v<r4Dx’\,4[YIVIA@8;Gz<54š8vy[<?2…FD:v<aYIF7<5F•x‚254D\ŠYg>V†€8R258RH&<�2?8W~‡4&Ge>@h

<?4^2?>B8WGrF7H�Y­<?M�8RH]V�G?8XF7HI4D<?MI8W23\,4gYgVIAB8¬<?4š8Ry&<525F^:=<zV�G?8vx‚VIA‡>@HIx‚4D25\,F7<?>B4DHKx‚254D\ <5MI> G3YIFp<…FI˜�™%~I258WG5:v25>@~I<?>B‰D8

<9_[~‡8•Ge_gGe<?8W\þS�4DVIA YK8RH�G?VI258"<?M‡Fp<3<5MI8�:R4D\,~‡4&Ge>@<?>B4DH,4Dxc<5MI8WG?8X\,4gYgVIAB8WGr>BGr~‡4&G?G?>@Q�A@8^•&FDH�Y,~I254[YIV�:v8;G3YIFp<…F

<?M‡Fp<X> GX:v4^2?258W:v<�SO˜ 2W˜ <W˜3FKJ^>@‰^8RHLG?~c8W:v>S�‡:WFp<?>B4DH„˜

Z[8W‰D8R2…F7Ag25VIAB8"ABFDHIJDV‡F7JD8;G£x‚4D2r¯&VI8W2?_[>BHIJOGe8W\K>@h•G9<52?V�:v<?VI258WY,YIF7<5F�•DGeV‡:…M,F^G�°r±v²D³|´;µ�M �"Zgj&i7F0Oc4D23E"VIAB8W¤0‘

M ��f¬N)j�—‚O‡M‡FŽ‰D8¬<?M�8R>B2rGe8W\]F7H&<?> :RGz>BHIMI8W2?>@<?8;YKx‚2?4^\ <5MI8-G?8R\]F7H&<?> :RG347x3{Œ:R4DH�Ge<?2…F7>BH&<…}tAB4DJD> :¬A F7HIJ^V�F7J^8WGW˜„sI4^2

8vyIFD\K~�A@8^•I°r±v²D³|´;µX25VIA@8;G-FD2?8š:RA@4&Ge8–<54�~I258WYg> :RF7<?8b:RABFDV�Ge8;GR•�S">Ö<5M0F]MI8;FDYUF7H‡YUF,Q‡4gYg_^˜XsI254D\ <?MI> GX~c4D>BH&<

47xX‰[>B8RSO•t4DVI2­~I258WG5:v25>@~g<5>@‰^8,<9_[~‡8ƒG?_gG9<58R\ x‚4D2

Ÿ

‘’1bM s

Ÿ

j�—7•

Ÿ

4g¯)Oa~I254p‰[>BYI8WGšFUJ^4[4[YPQ�F^Ge> GOx‚4^2­F�<9_[~c8

G?_[Ge<?8W\ˆx‚4^2¬<?MI8;Ge8;G¬2?VIAB8–ABFDHIJDV‡F7JD8;GR˜

d•HK<?MI> GrG?8W:v<?>B4DH’•^Sa8"8Ryg~IABFD>@HK<5MI8¬<9_[~‡8-G?_gG9<58R\ f

Ÿ

‘’1 F7H�Y,>@<5G3~I2?4^~‡8W2e<5>@8;GzF7H�Y]G?MI4pS
MI4pSé<5MI8"> Yg8WF^G

47xO~I258WG5:v25>B~g<?>B‰D8T<9_[~I>BHIJ¾4DxO:R4DH�Ge<?2…F7>BH&<]A@4^JD> :T~I2?4^JD2…F7\,\,>@H�Jó{

Ÿ

‘’1a}�ABFDHIJDV‡F7JD8;G]:RFDH%Q‡80F^YIF7~I<?8WYè<54

25VIA@8–A F7HIJ^V�F7J^8WG3x‚4D2"¯&VI8R25_[>@HIJKF7H�Yƒ<?2…F7H‡G9x‚4^2?\,>BHIJ­G?8R\,>@hÅGe<?25V�:=<5VI258WY�YIF7<5F�˜�f¬M�>BG¬> G�>@ABA@V‡G9<525F7<?8WY�<?MI254DV�JDM

<?M�8LYg8;G?:R2?>B~g<?>B4DH•4Dx"F�<9_[~c8LG?_gG9<58R\�x‚4^2š<5MI8]°r±v²D³|´;µOABFDHIJDV‡F7JD8^˜�™�<b<?MI> Gš4g:R:WFDG?>@4^H’•„S�8ƒYg> G5:vV�G5GšG?4D\,8

47xz<5MI8­YI>V†€8R258RH�:R8WG-Q‡8R<9Sa8W8RHU<58R25\,G-\]F7HI>B~IVIA Fp<58WYUQ[_

Ÿ

‘’1)~I254DJ^25FD\]G"F7H�YT<58R25\]GX258R~I258WG?8RH&<?>BHIJ�G?8R\,>@h

Ge<?25V�:=<5VI2?8;YLY�Fp<5FKx‚254D\ˆ<?MI8–<9_[~I>BHIJ,~‡4^>@H&<X4Dx£‰[>@8WSO˜

f¬MI8­2?8;G9<-4Dxz<?MI> G•Ge8;:=<?>B4DHU> G�4D25J^F7H�>SRW8WYTFDGXx‚4DABA@4pSXGW˜�Z[8;:=<?>B4DH0k�˜ i,Yg8WG5:v25>@Qc8WG-<?M�8š<9_[~‡8KF7ABJD8WQI25F]FDH�Y

G?8W:=<5>@4^H0k‡˜ ”L~I258WG?8RH&<5G-<?MI8K<9_[~c8KG?_gG9<58R\ x‚4D2

Ÿ

‘„1t˜¡d•HPGe8;:=<5>@4^H�G•k�˜ k�FDH�Y k‡˜ lƒS�8b258W:RFDA@At<5MI8b<5MI8R4^2?8W\]G

x‚4D2O8Ryg~I2?8;G?G?>BHIJƒ<5MI8�:v4^H�G?>BGe<?8WH�:v_U4Dxr<?M�8,<9_&~c8]Ge_gGe<?8W\�SO˜ 2;˜ <W˜K<?MI8]8Ryg8W:vVI<?>B4DHP\K4gYg8WA|˜,d•H G?8W:=<5>@4^H0k‡˜ mg•

S�8-Yg> G?:RV�G?G3<?MI8•FDYIFD~g<5F7<?>B4DH,47x¡~I258WG5:v25>B~g<?>B‰D8¬<9_[~c8�G?_[Ge<?8W\ x‚4^2

Ÿ

‘„1 <?4šA F7H�JDV�FDJD8WG�\]FDHI>@~�VIABF7<?>BHIJbG?8R\,>@h

Ge<?25V�:=<5VI2?8;Y,YIFp<…FOF7H�Y,Yg8W2?>B‰D8"F•~I258WG5:v25>@~g<5>@‰^8�<9_&~c8XG?_[Ge<?8W\ x‚4^2z°r±v²D³|´;µv˜�d•H,G?8W:v<?>B4DH,k�˜ n-Sa8XYI>BG5:vV�G5GzG?4D\,8

> G?G?VI8WG"FDQ‡4^Vg<"<9_[~‡8š:…M�8W:…w[>@H�JKFDH�YLG?8W:v<?>B4DH�k�˜ ¢,:v4DH‡:vABV�Yg8WGW˜

�!k•j ùKú�û=’ÙØ r7s9w�y+ruw�su’

:�°±�f°�� %

©
·[ð

½|ï¾½Œítªg©p½
·

§

NP8•YI8���HI8PMI8W2?8!<?MI8•F7ABJD8WQI2…F7> :�G9<52?V‡:=<?V�2?8P47x­¯&V�F^Ge>@hÅABF7<e<?> :v8;G�<5M�Fp<TS�8!S">BA@A–V�G?8•FDG�Fé‰^8R25_èJ^8RHI8W25FDA

x‚2…F7\,8RS�4D25w,x‚4D2"258R~I258WG?8RH&<5>@HIJ­<9_[~‡8;G¬S">Ö<5MU:v4D\,~IAB8vyTGeV�Qg<9_[~‡8–258RA Fp<?>B4DH‡GeMI>B~�GW˜

‘’8R<

(E ; � )
Qc8­Fƒ~�F72?<?> F7ABA@_L4D2…Yg8R258WYTG?8v<;˜-sI4^2�F�H�4DHU8R\,~g<9_UG?VIQ�G?8v<

S
47x

E
•‡S�8bH�47<?8

#S = f x 2
E j8y 2 S x � yg

<?MI8–Ge8R<a4Dx„A@4pS�8R2rQ‡4^VIH�YIG�47x

S
F7H�Y

"S = f x 2 E j8y 2 S y � xg
<?MI8–Ge8R<a4Dx„VI~I~c8R2

Qc4DVIH�Y�G"47x

S
˜zsI4D2¬<5MI8–8R\,~g<9_�Ge8R<W•

#; = ;
F7H‡Y

"; = ;
˜�N!8OH�47<?8

uS
{‚258WG?~’˜

t S
}r<?M�8•J^2?8;Fp<58WGe<�AB4pSa8W2

Qc4DVIH�Y/{‚258WG?~’˜£AB8WF^G9<­VI~I~c8R2KQ‡4^VIH�Y�}š47x

S
S"MI8WHI8R‰^8R2š>@<­8Ryg>BGe<5GW˜0™ˆAB4pS�8R2b¯&V�F^Ge>@h•A Fp<?<?> :v80{Œ2?8;Ge~„˜£VI~�~‡8W2

¯&V�FDG?>@h•A Fp<?<?> :v8;}š>BG,F!~�F72?<?> F7ABAB_P4^25YI8R258WY G?8v<,S"MI8R258�FDH[_•�‡HI>Ö<58�G?VIQ�G?8v<,M�FŽ‰[>BHIJ!F0A@4pS�8R2T{‚258WG?~’˜tVI~I~c8R2=}

Qc4DVIH�YLM�F^G�F­JD258WF7<?8;G9<�A@4pS�8R2�Q‡4^VIH�YP{‚258WG?~’˜gFbAB8WF^G9<"VI~�~‡8W2�Qc4DV�H�Y�}=˜3™ ¯&V�F^Ge>@h•A Fp<?<?> :v8•>BG¬FDHƒVI~I~c8R2XFDH�Y

F,AB4pSa8W2�¯&V�F^Ge>@h•A Fp<?<?> :v8^˜

k&¢



÷ ·)¯ ít½‚¨W½ º í

:�°±�f°��

à?ì º ï�� ð|· ¨ ·�ñ ë£ªI§;½ (…ð ªg¨W¨W½|« ·

á‰²

µ9 P£‚Ÿ¤¥� P¼¹¼¾½=·P£•¬­¨U£”¨¶¬!¢U¨UŸ?¥±¢  a:R4D\,~IAB8v<583¯^V‡FDG?>ÖhÅABF7<e<5>B:R8

ö3¥¹³‰Ÿ¹Å9¨�¢�¨U³u¢U¨6·{¿
¢U¨�Ÿ•¢3÷"¥ ¿ ¿�·|£Ž P¼¹¼E³?·P³�¨�®�µ+Ÿ¤½"¢‚§9¦�¢�¨UŸ•¢

S � E
Â

uS
¨•´)¥±¢¶Ÿ•¢
À�Åu¨U³+¨U»P¨�£

#S 6= ;
 P³?¬

t S
¨•´­¥±¢‚Ÿ•¢=À�Åu¨U³+¨U»8¨U£

" S 6= ;
Æ

:�°±�f°±�

� ¸ � · §

sI4^2b<9_[~I>BHIJ

Ÿ

‘’1þABFDHIJDV�FDJD8;GR•tSa8TF7258�>BH&<?8R258WGe<?8;Y >BH¾<9_[~‡8�A F7HIJ^V�F7J^8WGbFDA@AB4pS">BHIJ0G?VIQg<9_[~I>BHIJ0258RA Fp<5>@4^H�G

Qc8v<9S�8R8RHé<9_[~‡8T:v4^H�G9<52?V‡:=<?4^25Gb47x�YI>V†€8R258RH&<]F725>Ö<5>@8;GR•zAB>@w^8

list (� ) � term
x‚4^2­>BH�Ge<5FDH�:v8^˜•f¬M�>BG,F7ABAB4pSXGR•

x‚4D2�8vyIF7\,~IAB8D•�<?4]<9_[~c8O<?M�8­F7~�~IA@> :RF7<?>B4DHT47xz\,8v<…F7~I254DJ^25FD\,\K>BHIJ,~I258WYg> :RF7<?8;G¬<?4�M�4D\,4DJ^8RHI8W4DV�G¬AB>BGe<5GW•cQ&_

‰[>@8WS">@H�JT<?MI8;Ge8�AB> G9<…GšFDG–<58R25\]GR˜�d•H JD8WHI8R2…F7A••„G?V�:…M GeVIQI<9_&~�>@HIJ02?8WABF7<?>B4DH�GOG?~‡8;:v>@x‚_PG?VIQg<9_[~I>BHIJU258RA Fp<5>@4^H�G

Qc8v<9S�8R8RHLGe~c8W:R>V�‡:�F725JDVI\,8WH^<…Gz47x€<5MI8X<9_[~c8�:v4^H�Ge<?25V�:=<54D2…GR˜tsI4D2a>@H‡G9<…F7H�:R8D•&Q&_,S"25>Ö<5>@H�J

k1(�; � ) � k2(� )
•

S�8LG?~‡8;:v>@x‚_•<?M�F7<­<9_[~c8WG­QIVI>BAÖ<,S">Ö<5M

k1
FD2?8LGeVIQI<9_&~c8WG­47x-<?MI8L4DHI8;GbQIV�>@A@<KS">@<?M

k2
S"MI8WH¾<?M�8LG?8W:v4^H�Y

F725JDV�\K8WH&<�4Dx

k1
FDH�Yƒ<?MI8OF725JDV�\K8WH&<�4Dx

k2
:R4D252?8;Ge~c4DH‡Y¡•D<5MI8„��2…G9<XF725JDV�\K8WH&<�4Dx

k1
Qc8R>BHIJKx‚4D25JD4D<e<58RH�>BH

<?M�8šGeVIQI<9_&~c8O258RA Fp<?>B4DH‡GeMI>B~’˜

sI254D\õF�x‚4D25\]F7A3~c4D>BH&<š47x"‰[>@8WSO•£>@<b> GšGe>B\,~IAB8R2ƒ{|F7H�Y•\,4D258]JD8WHI8R2…F7A }-<?4U8Ry[~�2?8;G?G–<5MI8�258RA Fp<5>@4^H�GeM�>@~

Qc8v<9S�8R8RH�FD2?J^VI\,8RH&<5G¬Q[_LSa4^2?w[>BHIJ­S">@<?M�F]Ge<?25V�:v<?VI258O47x�ABFDQ‡8WA@AB8WY�<58R25\]GR˜ad•HL<5MI8Ox‚4^2?\]F7AB> Ge\ 47x�1t4D<e<5>@8W2

M 1t4D<5j^j8O••-8WFD:…M%FD2?J^VI\,8RH&<ƒ47xšF¾:R4DH�Ge<?25V�:v<?4D2ƒ>BGƒ>@H�YI>B:WFp<?8;YóQ[_óFP<9_[~c80A F7Qc8RA�>@H�Ge<?8;FDY%4DxšF ~‡4&Ge>@<?>B4DH„˜

¤U4^2?8W4p‰D8R2;•7~c4^G?>Ö<5>@‰^8XF7H�Y,H�8RJ^F7<?>B‰D8"<9_[~c8XA F7Qc8RA GrF7258XYg> G9<5>@H�JDVI> GeM�8WY]>BH]4D2…Yg8R23<?4š8Ry[~�2?8;G?G�<5MI8�:R4p‰pF725>BFDH�:v8

4D2-<?MI8­:v4DH&<525FŽ‰pF725> F7H�:R8•4Dx3F725JDVI\,8RH&<…G=Àz˜S£=˜�Ÿ•˜ <5MI8­G?VIQg<9_[~I>BHIJ�258RA Fp<5>@4^H’˜"uX47<58O<?M‡Fp<-<5MI> GXHI4D<?>B4DHU47x�<9_[~c8

A F7Qc8RA�> G3Yg> Ge<?>BH�:=<3x‚254D\ <?MI8"H�47<?>B4DH,4Dx€A F7Qc8RA�~I2?8;Ge8WH&<?8WYK>BH]Ge8;:=<?>B4DH�iI˜£d•H,<5MI8¬x‚4DABA@4pS">BHIJ‡•7S"MI8RH]>@<r> G3:vAB8WFD2

x‚254D\ˆ<5MI8š:v4^H&<?8vy[<;•gSa8–S">BA@A’258vx‚8W2�<?4�ª9<9_&~c8–ABFDQ‡8WABG{«–G?>B\K~�A@_�FDG#ªeABFDQ‡8WABG{«…˜

Z[4–AB8v<

L + F7H�Y

L � Qc8�<9Sa4OYg> G‚694^>@H&<3:v4^VIH&<5FDQIA@8¬G?8v<5G�4Dx�¼S )¦¶¨�¼ ¢=•^Sa8¬HI4D<?8

L = L + ] L � ˜t‘„8v<

(K; � K )
Qc8ƒFT:v4D\,~IAB8v<58�¯&V�FDG?>ÖhÅA Fp<e<5>B:R8,47x�<9_&~c8�:v4^H�Ge<?25V�:=<54D2…GR˜�‘„8v<

a
Qc8,<?MI8d P£‚¥¹Ÿ¤½­x‚V�H�:=<5>@4^H•YI8���HI8;Y!x‚2?4^\

K
>BH^<54–<?MI8l�‡HI>Ö<58X~�FD2e<…G�47x

L
˜tN!8-YI8RHI4D<?8"Q[_

a+ {Œ2?8;Ge~„˜

a� }£<?MI8¬x‚V�H�:=<5>@4^H]S"MI>B:…M]F^G?G?4g:v> Fp<?8;G£<?MI8"~c4^G?>Ö<5>@‰^8

{‚258WG?~’˜IH�8RJ^F7<?>B‰D8Ž}rA F7Qc8RA G¬<54�F]:v4DH‡G9<52?V�:v<?4^2W˜�NP8bFDG5GeV�\K8•<5M�Fp<"<5MI8R258O>BG-Fp<XAB8WFDGe<"4DHI8–<9_[~c8š:v4^H�G9<52?V‡:=<?4^2

S">@<?MUF7HT8R\,~g<9_LF725>Ö<9_^•

k0
˜

÷
·)¯

ít½‚¨W½
º

í

:�°±�f°±�

(K; � K ; L + ; L � ; a)
¥±¢
 bGe>BJDH‡Fp<?V�2?8"¥ ¿�Á

	

Æ ¿�·P£� P¼¹¼

k1� K k2� K k3
Â

a(k1) \ a(k3) � a(k2)
Æ




Æ ¿�·P£� P¼¹¼

S � K
Â#¥ ¿

uS
¨•´)¥±¢¶Ÿ•¢¶ÂÄŸ¹Å9¨�³

a(uS) �
S

s2 S a(s)
Æ

�

Æ ¿�·P£� P¼¹¼

S � K
Â#¥ ¿

t S
¨•´)¥±¢¶Ÿ•¢¶ÂÄŸ¹Å9¨�³

a(t S) �
S

s2 S a(s)
Æ

�

Æ ¿�·P£� P¼¹¼

k1� K k2
Â#Ÿ�Åu¨U£”¨�¨•´)¥±¢‚Ÿ�¢

k
¢UÆ�Ÿ3Æ

k1� K k� K k2
 |³+¬

a(k) = a(k1) \ a(k2)
Æ

Ÿ

4DH‡Yg>Ö<5>@4^H�GL—D•3ig•3”U8Ryg~I2?8;G?Gš<?MI8T:v4^MI8R258RH‡:v8]47xXA F7Qc8RA GIÀz˜S£=˜�Ÿ|˜ <?M�8ƒ4D2…Yg8W2b258RA Fp<?>B4DH¾FDH�Y¾FD2?8ƒG?>B\K>BA F72š<54

<?M�8O4DHI8;G�x‚4DVIH�Y�>BH•M 1�47<…jDj8O’x‚4^2"ABF7<e<5>B:R8WGW˜

Ÿ

4^H�Yg>@<?>B4DHTk,>BG"G?~c8W:v>S�‡:•<54,¯&V�F^Ge>@hÅABF7<e<?> :v8;GR•[>@<5G"~�VI2?~c4^G?8•>BG¬<54

x‚4D25QI> Y,Ge>BJDH�F7<?VI258WGtAB>@w^8

k1(� )� K k2(� )
S"MI> :…M,YI4•H�47<z>@H‡YgV�:v8XFO¯&V�F^Ge>@hÅABF7<e<?> :v8¬Ge<?25V�:=<5VI2?8�x‚4^2�<9_&~c8WGW˜�sI4D2

8vyIFD\K~�A@8^•g>Öx

k3
FDH�Y

k4
F7258�H�47<X:v4^\K~‡F72…F7QIAB8D•^<?MI8WH

k2(k3)
F7H‡Y

k2(k4)
M�FŽ‰D8–:v4^\K\,4^HƒAB4pSa8W2�Qc4DV�H�YIGW•

AB>@w^8

k1(k3)
FDH�Y

k1(k4)
•�QIVg<-Yg4^Hf‡ <XM‡FŽ‰D8OFKJD258WFp<58WGe<¬:R4D\,\,4DH�A@4pS�8R2¬Qc4DVIH‡Y¡˜

sI4^2rFšG?>@J^H�Fp<5VI258

(K; � K ; L + ; L � ; a)
•^S�8XHI4D<?8

L � <5MI8�G?8v<r4Dx?��HI>@<?8�Ge<?25>BHIJ^Gz4Dx¡ABFDQ‡8WABGW•

�
<?M�8-8R\,~g<9_

Ge<?25>@HIJ‡•Dªv˜ «Š<?MI8�G9<52?>BHIJ0:R4DH�:WFp<?8WH�Fp<5>@4^H¾F7H�Y

jwj
<5MI8ƒAB8RHIJD<?M¾4Dx

w
˜!NP8LFD2?8ƒ>@H&<?8W2?8;G9<58WY >BH/{Œ~‡4&G?G?>@Q�A@_

>BH7��HI>@<?8Ž}3<9_[~c8WGax‚4D25\,8WY]V�~‡4^H

K
•gS"MI8R258X<5MI8•~‡4&Ge>@<?>B4DH�G�4Dx„GeVIQI<?8R25\]G¬F7258�Yg8U��HI8WYƒQ[_,Ge<?25>BHIJ^Ga47x„A F7Qc8RA GW˜

÷
·)¯

ít½‚¨W½
º

í

:�°±�f°�$

ÍD¨UŸ

(K; � K ; L + ; L � ; a)
¦¶¨6 6¢‚¥V¡­³+ |Ÿ•§7£”¨0Æ

²

öSµ9·8¢¶¢‚¥�¦�¼V½Z¥¹³ˆ¸�³9¥¹Ÿ©¨©÷–<9_[~c8Z¥±¢� „µ9 P£‚Ÿ¤¥� P¼

®G •µ­µ?¥¹³q¡

�
¿¶£”·|®

L � ¥¹³2Ÿ3·

K
¢¶§9º¶ÅQŸ�Åu |Ÿ3Á

	

Æ

Ã

Ÿ•¢=¬)·P®G P¥¹³d¥±¢ µ?£”¨•¸�´Kº�¼S·P¢U¨•¬)Á

8w = w1:w2 2 dom(� ); w1 2 dom(� )
Æ

k&o






Æ

� 2 dom(� )
Æ

�

Æ




·|£� P¼¹¼7µ9·8¢‚¥¹Ÿ¤¥�·P³9¢

w 2 dom(� )
Â+¿�·P£� |¼¹¼

l 2 L
Â

w:l 2 dom(� )
¥ ¿� P³?¬Z·P³2¼¾½"¥ ¿

l 2 a(� (w))
Æ

NP8šHI47<58

T (S)
<?MI8šG?8v<X4Dx¬{Œ~‡4&G?G?>BQIA@_L>@Hu��HI>@<?8;}"<9_[~‡8;G"QIVI>BAÖ<�VI~‡4^H�<?MI8bG?>BJDH�F7<?VI258

S
˜rd•H�<?M�8Ox‚4DABA@4pS">BHIJ‡•

S�8�FDG5GeVI\,8]FK�Iyg8WY•G?>@J^H�Fp<5VI258

S = (K; � K ; L + ; L � ; a)
F7H‡Y0S�8]HI47<58

T = T (S)
<?MI8ƒG?8v<š4Dxa<9_[~c8WG

QIVI>BA@<¬V�~‡4^H

S
˜zNP8•HI47<58

� =w
<5MI8-<9_[~c8

� 0 : v 7! � (w:v)
•I<?M‡Fp<¬>BGa<?M�8–G?VIQg<58R25\‹4g:R:vV�2?25>@H�J­Fp<¬~c4^G?>Ö<5>@4^H

w
>BH

�
˜

:�°±�f°�$

#„ë£¦£¨ ¸ ��½Œítú º ©p» · ©p½|í£ú

f¬MI8,GeV�Qg<9_[~I>@H�Jƒ258RA Fp<?>B4DH

�
>BG•Yg8��‡HI8WY04p‰D8R2X<9_&~c8WGW•¡FDG-<?MI8K>BH^<58R2…Ge8;:=<5>@4^H�47xrFƒG?8W¯&VI8WH�:v8

(� n )
47x3~�2?8Rh

4D2…Yg8W25G�4p‰D8W2�<9_&~c8WG-Yg8���H�8WYLQ&_€C

� � 0= T � T

� � � n +1 � 0 >@x

� (� )� K � 0(� )
F7H�Yƒx‚4D2XFDA@A¡A F7Qc8RA G

l 2 a(� (� )) \ a(� 0(� ))
C

%

8W>Ö<5MI8R2

l 2 L + F7H�Y

� =l � n � 0=l
%

4^2

l 2 L � FDH�Y

� 0=l � n � =l

� � =
T

n 2 N � n

%

©
º

�
º

§;½‚¨;½
º

í

:�°±�f°��

�
¥±¢
 |³d·|£”¬­¨U£�·P»P¨U£

T
Æ

%

©
º

�
º

§;½‚¨;½
º

í

:�°±�f°±�

ÍD¨UŸ

� 1; � 2 2 T
Æ

� 1� � 2
¥ ¿Q P³+¬‰·|³9¼¾½d¥ ¿

� 1(� )� K � 2(� )
 P³?¬6¿�·P£Q P¼¹¼l¼S ­¦¶¨U¼ ¢

l 2
a(� 1(� )) \ a(� 2(� ))

Á

�
¨�¥¹Ÿ�Åu¨U£

l 2 L +  P³?¬

� 1=l� � 2=l

�
·P£

l 2 L �  |³+¬

� 2=l� � 1=l

�šû
·[º

©
·

ï

:�°±�f°��

4

â




7

��9

(T ; � )
¥±¢� Zº¶·P®�µ+¼S¨UŸ©¨§>U§9 8¢‚¥!d©¼S |Ÿ•Ÿ¤¥�º¶¨ˆÆ

:�°±�f°S:

#„ë£¦£¨
¸

��½Œítú «
º

í£§W¨R©pªI½|í€¨W§

‘’8R<

W
Qc8–Fb:v4^VIH&<5FDQIA@8•Ge8R<a4Dx�Ÿ•½•µ9¨•»P P£‚¥� )¦�¼S¨�¢=•I4D2�µ9 P£” |®6¨UŸ3¨U£¶¢=•[HI47<58WY

�; � ; : : :
˜3fa_[~‡8;GrS">@<?ML‰ŽFD2?> F7Q�A@8;G

F7258TYg8���H�8WYéF^G­<?MI8UG?8v<W•rHI47<58WY

TW
•347x­{Œ~‡4&G?G?>BQIA@_ >BH7��H�>Ö<58;}­<9_[~‡8;GKQIVI>BAÖ<]VI~c4DHé<?MI8UG?>@J^H�Fp<5VI2?8

(K [
W; � K ; L + ; L � ; a)

˜z™ GeVIQI<9_&~�>@HIJ­:v4DH‡G9<525FD>@H&<3> GaFO~‡F7>B2r47xu¸�³9¥¹Ÿ©¨z<9_[~c8WG

t1
F7H‡Y

t2
>BH

TW
F7H�Y,> GaHI47<58WY

� 1 � � 2
˜rsI4^2XF,Ge_gGe<?8R\

C
4Dx�G?VIQg<9_[~I>BHIJ]:v4^H�Ge<?2…F7>BH^<…GR•gS�8–HI47<58

V (C)
<5MI8šG?8v<X47x�‰pF725>BFDQIAB8WG�4g:R:vV�2?25>@H�J

>BH

C
˜

÷
·)¯

ít½‚¨W½
º

í

:�°±�f°S: ²

¢‚§9¦‚¢‚Ÿ¤¥¹Ÿ•§7Ÿ¤¥�·P³

� : W ! T
G?F7<?> G{��8;G!Ÿ�Åu¨„º¶·P³u¢‚Ÿ¤£” P¥¹³2Ÿ

� 1 � � 2
Â�³?·PŸ©¨¶¬

� j= � 1 � � 2
Â

¥ ¿

� (� 1)� � (� 2)
Æ

Ê

Åu¨�¢‚§9¦�Ÿ¤½•µ+¥¹³ž¡�º¶·|³u¢‚Ÿ•£• P¥¹³9Ÿ

� 1 � � 2
¥±¢3G5Fp<5>BGn�‡F7Q�A@8
¥ ¿!Ÿ¹Å9¨�£”¨„¨•´­¥±¢‚ŸÄ •¢‚§9¦�¢¶Ÿ¤¥¹Ÿ¤§7Ÿ•¥�·|³

�
¢‚§9º•Å

Ÿ�Åu PŸ

� j= � 1 � � 2
Æ

�šû
·[º

©
·

ï

:�°±�f°±�

4

â




7

��9
Ê

Å9¨‹¢U PŸ¤¥±¢�¸  )¦�¥¹¼¾¥¹Ÿ¤½Qµ?£”·­¦U¼S¨U® ¿�·|£Q¢¶§9¦UŸ¤½•µ+¥¹³q¡èº¶·P³u¢‚Ÿ¤£” P¥¹³2Ÿ�¢Q¥¹³­>U§9 8¢‚¥!d©¼S |Ÿ•Ÿ¤¥�º¶¨‚¢

ÀÄ¥¹Ÿ�Å  �¸#³9¥¹Ÿ©¨=³2§7®6¦¶¨U£
·{¿
¨•´­Ÿ¤£”¨U®6 I¨¶ ­º¶ÅQÀÄ¥¹Ÿ�Å  |³•¨�®�µ+Ÿ¤½Z P£‚¥¹Ÿ¤½"¥±¢�q¥Övdnº•·|®!µ?¼S¨UŸ3¨0Æ

lDj



�!k•ø ùKú�û=’Dv °d˜S� � sut#•�su›•Ú ý

Ÿ

‘’1!~I254DJD2…F7\]G’FD2?8aQIVI>BAÖ<�4p‰D8W2£F�Yg8RH[VI\,8R2…F7Q�A@8rG?8v<

V
47xf»P P£‚¥� ­¦U¼S¨�¢=•^F��‡HI>Ö<58�G?8v<

F
4Dx)¿¶§7³+ºUŸ¤¥�·P³�G?_[\bQc4DA GR•

JD>B‰D8WH­S">@<?MK<5MI8R>B23F725>Ö<9_�{|:v4^H�G9<…F7H&<5GzFD2?8ax‚VIH�:v<?>B4DH�G347xcFD2?>@<9_šj^}v•DF7H‡YKFx��H�>Ö<58¬G?8v<

P
47x9µ+£”·•¡|£• P®Îµ+£”¨¶¬P¥�º¶ |Ÿ3¨

F7H‡Y•º•·|³u¢‚Ÿ¤£” P¥¹³2Ÿ9µ?£”¨¶¬P¥�º¶ PŸ©¨aGe_[\bQc4DA GzJ^>@‰^8RH]S">@<?M,<?M�8R>B2aF725>@<9_D•^:R4DH&<5FD>@H�>@HIJ–<5MI8X8;¯^V‡F7AB>Ö<9_K:v4DH‡G9<525FD>@H&<

=
˜t™

¯&VI8R25_

Q
> G�F
��HI>@<?8–Ge8;¯&VI8RH�:R8X47x£:R4DH�Ge<?2…F7>BH&<5GaF7H�Y�F7<?4^\,GW˜�™/~I254DJ^25FD\ :RABFDV�G?8X>BG¬FDH�8vyg~I258WG5Ge>B4DH]H�47<?8;Y

A  Q
S"M�8R258

A
>BG¬F7H�Fp<54D\ x‚4D25\,8WY�S">@<?M�Fš~I254DJ^25FD\þ~�2?8;Yg>B:WFp<58•FDH�Y

Q
F­¯&VI8R25_D˜zf¬MI8–Ge8R<�‰pFD2?> F7QIAB8WG

4g:R:RVI2?25>BHIJ­>BHUF,Ge_[H&<5F^:=<?> :•4DQg698;:=<

O
>BG¬H�47<?8;Y

V (O)
˜

™—Ÿ¤½•µ9¨Š¢Uº•Å9¨�®G¨£>BGtF7HO8Ry[~�2?8;G?G?>@4^HO47x[<?M�8rx‚4^2?\

8� � 1; : : : ; � n ! �
•pS"M�8R258

�
>BG’<?MI8¬Ge8R<£4Dx[~‡F72…F7\,8v<58R2…G

>BH­<9_[~c8WG

� 1; :::; � n ; �
˜�NP8XFDG5GeV�\K8�<5M�Fp<r8;FD:…M­x‚VIH�:v<?>B4DH]Ge_[\­Q‡4^A

f 2 F
•^M�FDGzF"¬)¨•ºU¼S |£”¨¶¬
Ÿ¤½•µu¨�¢Uº¶Åu¨U®6¨347x

<?M�8�x‚4^2?\

8� � 1; : : : ; � n ! �
•IS"MI8W2?8

n
> Gr<5MI8OF725>Ö<9_,4Dx

f
•IF7H�Y

�
> G�F�}‡F7<�<9_[~c8D˜3Z[>B\,>@A F725A@_^•[Sa8–FDG5GeV�\K8

<?M‡Fp<X8WF^:…ML~�2?8;Yg>B:WFp<58–G?_[\bQc4DA

p 2 P
M‡FDG"F,Yg8W:RABFD2?8;Y�<9_[~c8šG?:…M�8R\,8–47xt<?MI8–x‚4^2?\

8�� 1; : : : ; � n ! pred
S"MI8W2?8

n
>BGz<?MI8XFD2?>@<9_š47x

p
˜zf¬MI8XYg8;:vA F7258WYb<9_[~‡8"4Dx‡<5MI8X8W¯&V�FDA@>@<9_b:R4DH�Ge<?2…F7>BH&<zG?_[\bQc4DAg> G

8u u; u ! pred
˜

sI4^2LH�47<5F7<?>B4DH�FDA�:R4DH[‰D8WHI>@8WH�:v8^•¬<?MI8•¯&V�F7H&<5>V��8W25Gƒ>@H)<9_&~c8!G5:…MI8W\K8;GLFDH�Yó<5MI80258WG?VIA@<?>BHIJ¾<9_[~c8

pred
4Dx

~I258WYg> :RF7<?8;G¬S">@ABA¡Q‡8–4^\K>@<e<58WY�>BHƒ<9_[~c8šYg8W:RABFD25F7<?>B4DH�GW•D<5MI8šYg8;:vA F7258WY]<9_[~c8OG?:…MI8W\,8WG¬S">BA@A¡Qc8O>@H‡Yg>B:WFp<58WYLQ&_

S"25>Ö<5>@HIJ

f � 1 ::: � n ! �
FDH�Y

p� 1 ::: � n

•�FDG5G?VI\,>@HIJ�FKx‚258WG?MT2?8WH�F7\,>BHIJ,47xt<?MI8b~�F72…F7\,8v<58R2…G�>@H

� 1; : : : ; � n ; �
x‚4^2

8WF^:…ML4g:W:vVI252?8WH�:v8•47x

f
4^2

p
˜

f¬MI254DVIJ^MI4DVI<-<?M�>BG•~�FD~‡8W2W•€S�8KF^G?G?VI\,8š<5M�Fp<

F
•’F7H�Y

P
FD2?8��Iyg8WY0Q&_U\,8;F7H�G•47xrYI8W:vA F72…Fp<5>@4^H�G�>@HPF

Ÿ¤½•µu¨¶¬„µ?£”·•¡|£” |®­•‡S"MI8R258•<?MI8šG?_[H&<5FD:v<?> :RFDA€YI8v<5FD>@A GXFD2?8•>@H‡Ge>BJDHI>S�‡:WF7H&<¬x‚4D2"4DV�2"2?8;GeVIA@<5GW˜

™ »8 |£‚¥� ­¦U¼S¨�Ÿ•½•µ?¥¹³q¡–> G¬FK\,FD~I~I>BHIJ­x‚2?4^\ F
�‡HI>Ö<58šGeV�Q�Ge8R<"47x

V
<54

TW
•gS"25>@<e<?8WH�F^G

f x1 : � 1; : : : ; xn :
� n g

˜£f¬MI8�<9_[~c8¬G?_gG9<58R\ Yg8U��HI8;G�Sa8WA@A@h|<9_[~c8WYš<?8R25\]GR•^Fp<?4^\]GtFDH�Yb:RABFDV�G?8WGt2?8WABF7<?>B‰D8WA@_–<54•F�‰pF725>BFDQIA@8a<9_[~I>BHIJ

U
˜,f¬MI8K<9_[~I>@H�JL25VIAB8WG–F7258­J^>@‰^8RH!>@H•f£FDQIAB8L—^˜­f¬MI8,25VIA@8;G•Q�FDG?>B:WF7ABA@_�:R4DH�G?> G9<–47xa<?MI8,25VIA@8;G•47x�¤�_[:R2?4Dx <

F7H‡Yèž�‡ Œ–8R8vx‚8L~IABV�G­F!GeV�Qg<9_[~I>@H�J!25VIAB8D˜•uX47<58ƒ<5M�Fp<Kx‚4D2­<?M�8�G5F7w^8�47x-G?>@\,~IAB> :v>@<9_¾:v4DH‡G9<525FD>@H&<5G­F7258ƒHI4D<

Yg> G9<5>@H�JDVI> GeM�8WYLx‚2?4^\ˆ47<5MI8R2XF7<?4^\,G¬>BH�<?MI> GXG?_gG9<58R\T˜

™XH�4DQI698W:=<;•gG?FŽ_]Fb<?8R25\

t
•g> GxÀ�¨U¼¹¼xd©Ÿ¤½•µu¨¶¬•>@x’<?M�8R258�8Ry[> Ge<"G?4D\,8�‰ŽFD2?> F7Q�A@8�<9_[~I>@H�J

U
FDH�YƒG?4D\,8-<9_&~c8

�
G?V�:…MU<?M‡Fp<

U ` t : �
˜Ož-<?MI8W2?S"> Ge8š<?MI8b<?8R25\ >BG�¥¹¼¹¼xd©Ÿ¤½•µu¨¶¬L{ŒF7H‡YUA@>BwD8WS">BG?8Ox‚4^2�Fp<54D\]GW•�8v<…:7˜ }=˜•™ ~I254DJ^25FD\

> G"Sa8WA@A@h•<9_&~c8WYL>@x�FDA@A¡>@<5GX:RABFDV�G?8WG"F7258•Sa8WA@A@h|<9_[~c8WY¡˜

f¬MI8TYg> G9<5>@H�:v<?>B4DHèQ‡8R<9Sa8W8RHè2?V�A@8;G

Y

¨¶ ­¬�F7H�Y

²

Ÿ3·|® 8vyg~I258WG5Ge8;Gš<5MI8TV�GeV‡F7A
¬­¨•¸#³2¥¹Ÿ•¥�·|³+ P¼�¡q¨U³+¨U£‚¥�º�¥¹Ÿ¤½

~I25>@H‡:v>B~IA@8IM ‘£EXoI—�OtS"MI> :…M�Ge<5Fp<58WG-<?M�F7<-<5MI8š<9_[~c8b47x3FLYg8���H�>@HIJƒ4[:W:vVI25258RH�:R8š47x3F�~�2?8;Yg>B:WFp<58ƒ{‚>•˜ 8^˜cF7<X<?M�8

AB8vx <347xuª

 
«a>@H]F–:vA F7V‡Ge8Ž}„\­V�Ge<�Qc8"8W¯&VI>B‰pF7AB8RH&<zVI~gh•<?4–258RH�FD\K>BHIJ•<?4•<5MI8XFDG5Ge>BJDH�8WYO<9_[~c8¬47xc<?MI8¬~I258WYg> :RF7<?8^˜

f¬MI8,25VIA@8

Y

¨¶ ­¬­V�G?8WY�x‚4D2OYg8W2?>B‰[>@HIJƒ<?MI8K<9_[~c8­4Dxr<?M�8­MI8;FDY047x3<5MI8]:vA F7V�G?8b> G•<?M[V�G•HI4D<–FDA@AB4pSa8;YT<?4�V�G?8

G?VIQ�Ge<?>@<?Vg<5>@4^H�Gr4D<?MI8W2z<?M‡F7H]‰pF725>BFDQIAB8X2?8WH�F7\,>BHIJ^G�>BH]<5MI8-Yg8;:vA F7258WYK<9_[~‡8-47x€<?MI8�~I258WYg> :RF7<?8D˜�sI4^238vyIFD\K~�A@8^•

<?M�8K~�2?8;Yg>B:WFp<58

member
:RFDH0Qc8­<9_[~c8WY0~‡4^A@_[\,4D25~IMI> :RFDA@AB_D•€>•˜ 8^˜

member : � � l ist (� ) ! pred
•’>@xr>@<5G

Yg8U��HI>@<?>B4DHóYg4[8WG­HI47<]:v4^H^<…F7>BHéG?~‡8;:v> F7AaxŒFD:=<…GKA@>BwD8

member(1; [1])
•�<5M�Fp<,Sa4^VIA Y•x‚4D2…:v8L>Ö<…Gb<9_[~c8�<?40Qc8

member : int � l ist (int ) ! pred
•gx‚4^2XG?F7<?> G9x‚_[>BHIJK<?MI8šYI8���HI>@<?>B4DH‡F7A@h•J^8RHI8W2?> :v>@<9_]:v4DH‡Yg>Ö<5>@4^H’˜

f¬MI80x‚4DABA@4pS">BHIJ ~I254D~c4^G?>Ö<5>@4^H)GeM�4pSXG]<?M‡Fp<L>@xbF7H/8vyg~I258WG5Ge>B4DHó47<5MI8R2ƒ<?M�FDH/Fé:RABFDV�G?8�4D2�F MI8WF^Y%> G

S�8RABAÖh•<9_[~‡8;YL>BHTF,‰ŽFD2?> F7Q�A@8�<9_[~I>@H�J

U
•I>Ö<X258R\]FD>@H�G�S�8RABAÖh•<9_[~‡8;Y�>@HTF7H[_�>BH�Ge<5F7H‡:v8

U�
˜

%

©
º

�
º

§;½‚¨;½
º

í

:�°�$D°��$


·|£� P³2½"»P P£‚¥� ­¦U¼S¨6Ÿ¤½•µ+¥¹³ž¡

U
ÂŠ P³2½"Ÿ¤½•µu¨–ô‚§9¬U¡q¨U®6¨U³9Ÿ

R
·PŸ�Åu¨U£
Ÿ�Åu P³� 

Y

¨¶ ­¬K·P£� 

â

¼S P§ž¢U¨�ÂŠ P³?¬Z |³9½GŸ¤½•µu¨
¢‚§9¦‚¢‚Ÿ¤¥¹Ÿ•§7Ÿ¤¥�·P³

�
Â#¥ ¿

U ` R
Ÿ�Åu¨U³

U� ` R�
Æ

�!k�� Ø�wJVXW)’�y+rr9 ’Dv�wxy+ruz{t�pa¬Îk�sfk�r?k8°uØl˜�š 9 ’Dýqt�“”w�ruz{t�p

Z[VIQI698W:=<•2?8;YgV�:v<?>B4DHU> G"<?M�8š~I254D~c8R2?<9_�<?M‡Fp<-8W‰ŽFDA@V‡Fp<?>B4DHU25VIAB8WG¬<525FDH�Gex‚4D25\ F]S�8RABAÖh•<9_[~‡8;Y�8vyg~I258WG5Ge>B4DHT>BH^<54

F7H�47<?M�8R2¬Sa8WA@A@h•<9_&~c8WYL8vyg~I258WG5G?>@4^H’˜tf¬M�8O8R‰pF7ABV�Fp<5>@4^Hƒ25VIAB8�x‚4^2":v4DH‡G9<525FD>@H&<¬A@4^JD> :�~�2?4^JD2…F7\,\,>@HIJ­>BG

Ÿ

ZI‘„†-h

258WG?4DABVg<?>B4DH’˜ f„4 258W:WF7ABA"<?MI> G]8W‰ŽFDA@V‡Fp<?>B4DHó25VIAB8D•¬>Ö<�> Gƒ:R4DH[‰D8WHI>B8RH&<,<?4¾Yg> G9<5>@H�JDVI> GeMó>BH)F ¯&VI8R25_

Q
•�<?MI8

:v4^H�Ge<?2…F7>BH^<]~�FD2e<

c
{ŒS"MI8R258T<?M�8�Ge8;¯^V�8RH�:R8�Yg8RHI4D<?8;G,<?MI8!:v4DH769VIH�:=<5>@4^H‡}Kx‚254D\ <5MI8�4D<?MI8W2ƒGe8;¯&VI8RH�:R8U47x

Fp<54D\]G

A
˜zN!8•V�G?8X<5MI8–HI47<…Fp<?>B4DH

Q = cjA
<?4K\,FDwD8"<5MI> G�YI>BGe<?>BH�:=<5>@4^H’˜�ƒ•>B‰D8RHLF­:R4DH�Ge<?2…F7>BH&<aYg4D\]FD>@H

X

lI—



ö

�

§9¦{÷ U` t:� � � � 0

U` t:� 0

ö%C2 P£3÷

f x : � ; : : :g ` x : �

ö




§7³?º©÷ U` t1:� 1� ::: U` tn :� n �
U` f � 1:::� n ! � (t1;:::;tn ):� � �

> GXF­<9_&~c8OGeV�Q�G9<5>Ö<5Vg<?>B4DH

ö

²

Ÿ3·|®�÷ U` t1:� 1� ::: U` tn :� n �
U` p� 1::: � n (t1;:::;tn )Atom �

> GXF­<9_&~c8OGeV�Q�G9<5>Ö<5Vg<?>B4DH

ö

Y

¨¶ ­¬‚÷ U` t1:� 1� ::: U` tn :� n �
U` p� 1::: � n (t1;:::;tn )Head �

> GXFK2?8WH�F7\,>BHIJKG?VIQ�Ge<?>@<?VI<?>B4DH

ö

P

§9¨U£‚½¶÷ U` A1 Atom ::: U` An Atom
U` A1;:::;An Query

ö

â

¼� P§ž¢U¨©÷ U` Q Query U` A Head
U` A Q Clause

ftF7QIAB8,—DC3f¬MI8•<9_[~c8šGe_gGe<?8R\ˆx‚4D2

Ÿ

‘’1�˜

S"MI> :…M•�Iyg8;G-<5MI8,>@H&<58R25~I2?8R<5F7<?>B4DH�4Dxa:v4^H�G9<525FD>@H&<…GR•€FL¯&VI8W2?_

c0jB
> G–F

â

�

Í

ã

d©£•¨‚¢U·P¼V»8¨U³9Ÿ�47x�FL¯&VI8W2?_

cjA
F7H‡Y�FT{Œ2?8WH�F7\,8WY�F7~‡F72?<…}a~I254DJD2…F7\‹:RABFDV�Ge8

p(t1; :::; tn )  djA p
•I>Öx

A = A1; : : : ; Ak � 1; p(t0
1; : : : ; t0

n ); Ak+1 ; : : : ; Am
•

B = A1; : : : ; Ak � 1; A p; Ak+1 ; : : : ; Am
•

F7H‡Y�<5MI8š:v4^H�G9<525FD>@H&<

c0 = (c ^ d ^ t1 = t0
1 ^ : : : ^ tn = t0

n )
>BG

X
h•G?F7<?> G{�cF7QIAB8D˜

�šû
·[º

©
·

ï

:�°S:�°��

à�#„ë„¦¡ý
·

«7¨

b

·
»të£«D¨W½

º
íœ�

º
©TìA#„¼r÷ ©

·
§

º‡ð
ë„¨;½

º
í

á

4




â

7

	�9

Í�¨�Ÿ

P
¦¶¨• �À�¨�¼¹¼xd©Ÿ¤½•µ9¨•¬

â

Í_Ö„ö

X
÷
µ+£”·•¡|£• P®�Âl P³?¬

Q
¦¶¨Ž "À�¨U¼¹¼xd©Ÿ¤½•µu¨¶¬N>U§9¨�£‚½8Â�¥�Æ¹¨0Æ

U ` Q Query
¿�·|£
¢U·P®G¨�»8 |£‚¥� ­¦U¼S¨ŽŸ¤½•µ+¥¹³q¡

U
Æ

Ã

¿

Q0 ¥±¢„ 

â

�

Í

ã

d©£”¨�¢U·P¼¾»P¨U³9Ÿ#·{¿

Q
Â�Ÿ�Åu¨U³QŸ¹Å9¨�£”¨•¨•´)¥±¢¶Ÿ•¢x Ž»P P£‚¥� ­¦U¼S¨•Ÿ¤½•µ+¥¹³ž¡

U0 ¢‚§9º¶Å"Ÿ�Åu |Ÿ

U0 ` Q0 Query
Æ

dÅ<3> GzSa4^2e<5M­H�47<?>BHIJ–<5M�Fp<z<5MI8X~I258R‰[>B4DV�G�258WG?VIA@<3Sa4^VIABY­HI4D<3MI4DA YKS">Ö<5MI4DVg<z<5MI8-Yg8U��HI>@<?>B4DH�FDAIJD8WHI8R25> :v>@<9_

:v4^H�Yg>@<?>B4DHé{Œ8vyg~I258WG5Ge8;Y�>@H�25VIAB8

Y

¨¶ )¬R}=˜�sI4D2�8vyIF7\,~IAB8šS">@<?MU<9S�4ƒ:R4DH�Ge<5FDH^<…G

a : � a
FDH�Y

b : � b
•€F7H�YT4^HI8

~I258WYg> :RF7<?8

p : � ! pred
Yg8U��HI8WYPQ[_�<5MI8�HI4^H Yg8���H�>Ö<5>@4^H�F7A3J^8RHI8W2?> :,:vA F7V�G?8

p(a)
•£S�8]M�FŽ‰D8K<5M�Fp<O<5MI8

¯&VI8R25_

p(b)
>BG–S�8RABA�<9_[~‡8;Y¡•’QIVg<

b = a
> GOFL2?8;Ge4^A@‰^8RH&<-<5M�Fp<O> G–>@ABAÖh•<9_[~‡8;Y0>@x

� a
F7H�Y

� b
M�FŽ‰^8­HI4TVI~�~‡8W2

Qc4DVIH�Y’˜

�!k�� Ø�wJVXW)’�y+rr9 ’Dv�wxy+ruz{t�pa¬Îk�sfk�r?k8Ø�wJV„ý­ruz{r7w!ruz{t�pxý

f¬MI8

Ÿ

Zg‘„† 258WYgV�:v<?>B4DH�GW•&HI47<58WY

� ! C SLD
•gF7258X>BH]xŒFD:v<�FDHƒF7Q�Ge<?2…FD:v<?>B4DH,47x¡<5MI8•4D~c8R2…Fp<?>B4DH‡F7AI258WYgV‡:=<?>B4DH‡G

<?M‡Fp<�\]FŽ_L~‡8W2ex‚4^2?\ F7A Ge4�G?VIQ�Ge<?>@<?Vg<5>@4^H�G9<58R~�GW•�H�47<?8;Y

� ! �
•�>BH�G9<58WF^YT47xzwD8W8R~I>BHIJ]8W¯&V�FDA@>@<9_L:R4DH�Ge<?2…F7>BH&<5GW˜

™-G­>BH <?MI8

Ÿ

‘’1 G5:…MI8W\K8�:v4^H�G9<525FD>@H&<…GšF7258�M�FDH�YgAB8WY•\,4gYgVIAB40AB4DJD> :RFDA38W¯&VI>B‰pF7AB8RH�:R8 M œ^‘£¢&nUOÅ•z>Ö<K>BGK:vAB8WFD2

<?M‡Fp<"<?M�8šYg>BFDJD2…F7\‹4DxtQc47<5M�258WYIV�:=<5>@4^H�G":v4^\K\­Vg<?8;G–C

l^i



Q1 � ! C SLD Q2 � ! C SLD : : : � ! C SLD Qn

#� #� #�

� ! C SLD : : :

#� #�

� ! C SLD

: : : : : :

#�

Q

›X4pS�8R‰^8R2z<5MI8•~I2?8W‰[>@4^V�G3G?VIQg698W:v<�258WYIV�:=<5>@4^H]2?8;GeVIA@<a8Ryg~I2?8;G?G?8WG3<?MI8•:v4^H�Ge> Ge<?8RH‡:v_,47x¡<9_[~c8WGaSO˜ 2;˜ <;˜�MI4D2?h

>�RR4DH&<…F7AX258WYgV‡:=<?>B4DH%Ge<?8W~�G]4DH�A@_^•a<5M�Fp<�> G�SO˜ 2;˜ <;˜z<?MI8!F7Q�Ge<?2…FD:v<,8Ryg8W:vVI<?>B4DHó\,4[YI8RAXS"MI> :…M)FD:W:vVI\­VIA Fp<?8;G

:v4^H�Ge<?2…F7>BH^<…GR•gQ�Vg<X\]FŽ_�HI47<XM�4DA Yƒx‚4^2"\,4D258–:R4DH�:R2?8R<?8–4D~c8R2…Fp<5>@4^H�G¬47x�:v4^H�G9<525FD>@H&<XG?4DAB‰&>BHIJ]F7H‡YLG?VIQ�Ge<?>@<?Vgh

<?>B4DH‡GR˜3s�4D2¬8vyIF7\,~IAB8D•gS">@<?M�<5MI8OGeVIQI<9_&~c8–2?8WABF7<?>B4DH�G

int � term
•

pred � term
•I<?MI8•<9_[~‡8OYg8;:vA F72…Fp<5>@4^H�G

=: � � � ! pred
•

p : int ! pred
•zF7H�YP<5MI8�~I254DJ^25FD\

p(X )
•£<?MI8ƒ¯&VI8W2?_

Y = tr ue;p(Y )
> GšS�8RABA

<9_[~‡8;YTS">Ö<5M

Y : int
•�F7H�YTG?V�:R:R8R8;YIG¬S">Ö<5M

Y = tr ue
•‡F7A@<?MI4^VIJDML<?MI8­¯^V�8R25_�4DQg<…F7>BHI8WYLQ[_LG?VIQ�Ge<?>@<?Vg<5>@4^H’•

p(tr ue)
•I> G">BA@A@h|<9_[~c8WY¡˜

d•H¾4^25Yg8W2O<?408WGe<5F7Q�A@> GeM
GeVIQI698W:=<­2?8;YgV�:=<5>@4^H•x‚4D2KGeVIQ‡G9<5>Ö<5Vg<?>B4DHèG9<58R~�GW•zF7H�Y•Qc8L:R4DH�G?>BGe<?8WH&<bS">Ö<5M <?M�8

G?8R\]F7H&<?> :RFDA€8W¯&VI>B‰ŽFDA@8WH�:v8–4Dx£~I254DJ^25FD\,GW•&4DHI8•\]FŽ_�:v4DH‡Ge> Yg8R2"F­<9_[~‡8;Yƒ8Ryg8W:vVI<?>B4DH�\K4gYg8WA¡S">Ö<5Mƒ<9_[~c8O:v4DHIh

Ge<?2…F7>BH^<…Gb4^Hé‰pF725> F7QIAB8WGK:…MI8W:…w^8WY¾F7<K25VIH&<?>B\,8D•rF^Gb>BHÎM s

Ÿ

j�—‚OÅ˜¾d•H¾<5MI8L8RyIF7\,~IAB8D•z<5MI8�<9_&~c8T:v4DH‡G9<525FD>@H&<

Y : int
S">Ö<5M,<?MI8-:R4DH�Ge<?2…F7>BH&<

Y = tr ue
> G3VIH�G5Fp<5>BGn�‡FDQIA@8^•7<5MI8-¯&VI8R25_­:WF7H,<5M&V‡GzQ‡8�2?8e698W:v<?8WY,F7<a:v4^\K~�>@AB8vh

<?>B\,8OQ[_L:…MI8;:…w&>BHIJ­<?MI8šG5Fp<5>BGn�‡FDQI>@AB>@<9_�47xt>Ö<…G¬<9_[~‡8;Y�:R4DH�Ge<?2…F7>BH&<5GW˜

™XH�47<?M�8R2•S�FŽ_L<?4L8WGe<5F7Q�A@> GeM!GeVIQI698W:=<•2?8;YgV�:v<?>B4DHUx‚4^2•G?VIQ�Ge<?>@<?Vg<5>@4^H0Ge<?8R~‡GR•€> GX<54L:v4^H�G?>BYg8W2-AB4DJ^>B:b~I2?4Dh

JD2…F7\]G�S">@<?M�Fx�Iyg8WY,YIF7<5F„}�4pSO•^JD>B‰D8WH­Q[_b\,4gYg8;GR•&FDG�>BHKM Zgs�†•jDjPOÅ˜zf¬MI8"258R\]F7>BHI>BHIJ–~�F72?<347xc<?MI> G3G?8W:v<?>B4DH

258W:RFDA@A G�<?M�8O\,FD>@H�258WG?VIAÖ<…G¬47xlM ZIst†•jDjPO•˜

st>@2…Ge<W•’S�8,2?8;:RF7ABA�<?M�8]HI47<5>@4^H!4Dxa~I25>@H‡:v>B~�F7Az‰pF725> F7QIAB8b<9_[~I>BHIJ‡˜Kd•H&<5VI>Ö<5>@‰^8RAB_D•tFL‰pFD2?> F7QIAB8­<9_&~�>@HIJ

U
> G

~I25>@H‡:v>B~�F7A[SO˜ 2W˜ <W˜tF"<?8W2?\

t
F7H�Y­F"<9_[~‡8

�
>@x‡>@<�F^G?G?4g:v> Fp<?8;G¡<54-8WF^:…Mš‰pF725>BFDQIAB8

X
4Dx

t
<?M�8aAB8WF^G9<t>@H�Ge<5FDH&<?> Fp<?8;Y

F7H‡YLJ^2?8;Fp<58WGe<–{ŒV�Ge>BHIJ

�
}�~c4^G5Ge>BQIAB8�<9_[~c8šGeV‡:…Mƒ<5M�Fp<

U ` t : �
˜3¤�4D258•~�2?8;:v> Ge8WA@_€C

÷
·)¯

ít½‚¨W½
º

í

:�°±*f°��—²

»P P£‚¥� )¦�¼�¨=Ÿ¤½•µ+¥¹³q¡

U
¥±¢Äµ+£‚¥¹³?º�¥ µ9 P¼P¿�·|£

t
 |³+¬

�
¥ ¿

U ` t : �
 |³+¬Š¿�·P£•¨¶ ­º¶Å"»P P£‚¥� )¦�¼�¨

Ÿ¤½•µ+¥¹³q¡

U0 ¢‚§9º•ÅœŸ¹Å9 PŸ

U0 ` t : �
Â6Ÿ�Åu¨U£”¨•¨•´)¥±¢‚Ÿ�¢• �Ÿ¤½•µu¨•¢‚§9¦‚¢‚Ÿ¤¥¹Ÿ•§7Ÿ¤¥�·P³

�
¢‚§9º•ÅœŸ¹Å9 PŸl¿�·P£  P¼¹¼�»8 |£‚¥� ­¦U¼S¨

X 2 V (t)
Â

U0(X )� U(X )�
Æ

NP8bS">BA@AtJD8WHI8R2…F7AB>BG?8O:v4^H�:v8W~g<5G-~I2?8W‰[>@4^V�GeAB_TYg8���H�8WY�x‚4D2-<?8W2?\]G-<?4]<58R25\\»P¨¶º�Ÿ©·P£¶¢=˜Xd•HU~‡F72?<?> :vVIA F72;•�S�8

:v4^H�G?>BYg8W2-~I25>BH�:v>B~�F7A£‰pF725>BFDQIA@8–<9_[~I>BHIJ&G"x‚4D2•F,<?8W2?\ ‰^8W:=<54D2 �t
FDH�YUF,<9_[~c8b‰D8;:=<54D2

��
˜

Ÿ

4^H�:v8W~g<?V‡F7ABA@_^•�4DH�8

:v4^VIA YT<?MI>BHIwU4Dx3>@H&<?254gYgV�:R>@HIJ�Ge~c8W:R>BFDA„x‚V�H�:=<54D2…G->BH&<?4�<5MI8­<9_&~c8WY�ABFDHIJDV�FDJD8bG?4]<5M�Fp<OF7H[_�‰D8W:v<?4^2�:RFDH�Qc8

258R~I258WG?8RH&<?8;YLF^G"F7H�4D2…Yg>BH�F725_,<?8W2?\T˜

uX4pSO•¬S�8�Yg8��‡HI8U\,4[YI8WGW•�S"M�>B:…M)FD2?8UF :v4^\,\K4^H%:v4DH‡:v8R~I<ƒV�G?8WY
x‚4D2�‰^8R25>V�c:RFp<5>@4^H M ™X~I<5o&n8O•˜ sI4^2

F•~I258WYg> :RF7<?8

p=n
•�FN®G·ˆ¬)¨�> G�F7HóFp<54D\

p(m1; : : : ; mn )
•¬S"MI8W2?8

m i 2 f I ; Og
x‚4D2

i 2 f 1; : : : ; ng
˜

1�4^G?>Ö<5>@4^H�G3S">@<?M

I
FD2?8X:WF7ABA@8;Y ¥¹³Pµ?§7Ÿ2µu·P¢¶¥¹Ÿ¤¥�·P³9¢=•IF7H�YK~c4^G?>Ö<5>@4^H�G3S">@<?M

O
FD2?8-:WF7ABA@8;Y ·P§7ŸVµ+§7Ÿ2µ9·8¢‚¥¹Ÿ¤¥�·P³u¢�47x

p
˜tNP8-FDG5GeV�\K8a<?M‡Fp<rF„�Iyg8WYK\,4gYg8¬>BGrFDG5Ge4g:v> Fp<58WYbS">Ö<5MK8;FD:…MK~I258WYg> :RF7<?8¬>@H]F–~I254DJ^25FD\T˜„f„4OG?>@\,~IAB>@x‚_š<?M�8

HI4D<5Fp<5>@4^H’•‡FDHUFp<?4^\ S"25>Ö<?<?8WH�FDG

p(�s; �t)
\,8WFDH�GWC

�s
> G"<5MI8O‰D8;:=<?4^2X47xt<?8W2?\]Gl�‡A@AB>@H�J]<?MI8b>@HI~�Vg<-~c4^G?>Ö<5>@4^H�GR•

F7H‡Y �t
>BG"<?MI8O‰^8W:=<54D2¬47xt<?8W2?\]GŠ��ABAB>@HIJK<5MI8O4DVg<5~IVg<X~c4^G?>Ö<5>@4^H�GW˜

lD”



÷ ·)¯ ít½‚¨W½ º í

:�°±*f°±�

â

·P³u¢‚¥�¬)¨�£" •¬)¨�£‚¥¹»P PŸ¤¥�·P³ ¢¶Ÿ©¨©µ À�Åu¨U£”¨

p(�s; �t)
¥±¢ŽŸ¹Å9¨6¢U¨�¼�¨•ºUŸ©¨•¬‹ |Ÿ3·|®- P³?¬

p( �w; �v)
¥±¢

Ÿ�Åu¨=£•¨�³? P®G¨•¬I •µ9 P£‚Ÿlº�¼S |§ž¢U¨xÅu¨¶ )¬­Æ

Ê

Åu¨Ž¨(>�§9 |Ÿ•¥�·|³

p(�s; �t) = p( �w; �v)
¥±¢bG?4DAB‰pF7QIAB8�Q[_]\,4gYg8WYLVIHI>S�‡:WFp<?>B4DH

¥ ¿=Ÿ�Åu¨U£”¨Ž¨”´)¥±¢‚Ÿ#¢‚§9¦�¢¶Ÿ¤¥¹Ÿ¤§7Ÿ•¥�·|³u¢

� 1
Â

� 2
¢‚§9º•Å‹Ÿ¹Å9 PŸ

�w� 1 = �s
 P³?¬

V (�t� 1) \ V (�v� 1) = ;
 P³?¬ �t� 1� 2 = �v� 1

Æ

²

¬­¨U£‚¥¹»8 |Ÿ•¥�·|³•À�Åu¨U£”¨
 |¼¹¼?§7³9¥ ¸ º¶ |Ÿ•¥�·|³u¢„ |£”¨„¢U·P¼¾»P ­¦U¼S¨�¦�½�®6·0¬­¨¶¬Ž§7³9¥ ¸Šº¶ PŸ¤¥�·P³Q¥±¢• ,\,4gYg8;Yd¬)¨�£‚¥¹»P PŸ¤¥�·P³?Æ

¤U4gYg8;Y�VIHI>S�‡:WFp<?>B4DHƒ>BG¬FbG?~c8W:v> F7A¡:WFDG?8-47x ¬)·P§9¦U¼S¨=®G PŸ©º¶Åž¥¹³q¡D˜3›X4pS/\K4gYg8;YƒYg8W2?>B‰pFp<5>@4^H�GrFD2?8�8RH�G?VI258WY

> G£H�47<£4^VI2t~I2?4^QIAB8R\ MI8R258D•7FDH�YOS�8r258vx‚8R2£<?4�M ™-`roD”|O•˜tuX4D<?8a<?M�F7<„<?M�8a258W¯&VI>B2?8W\,8RH&<£4DxI\K4gYg8;YbYg8W2?>B‰pFp<5>@4^H�G

> G-Ge<?254DHIJ^8R2�<?M�FDH�¥¹³Pµ?§7Ÿ�dnº¶·P³9¢‚§7®�¥¹³ž¡I¬)¨�£‚¥¹»P PŸ¤¥�·P³9¢ZM Zg\,F^oDo8O£S"MI8R258O>Ö<�>BG-4DHIAB_ƒ258W¯&VI>B2?8;Y�<5M�Fp<-<?MI8b¤•ƒ–q

Yg4[8WGXHI47<"QI>BH�Y

�s
˜

÷ ·)¯ ít½‚¨W½ º í

:�°±*f°�$ò²

>U§9¨�£‚½

Q = p1( �s1; �t1); : : : ; pn ( �sn ; �tn )
¥±¢-HI> :v8WA@_b\K4gYg8;Y•¥ ¿ �t1; : : : ; �tn

¥±¢� 
¼¾¥¹³?¨¶ P£

»P¨•ºUŸ©·P£�·{¿
Ÿ3¨U£‚®�¢
 P³?¬!¿�·|£� P¼¹¼

i 2 f 1; : : : ; ng

V (�si ) \
n[

j = i

V (�t j ) = ; :
{9—Ž}

Ê

Åu¨6ºU¼S P§ž¢U¨

C = p(�t0; �sn +1 )  Q
¥±¢bH�>B:R8RAB_ƒ\,4gYg8WY‰¥ ¿

Q
¥±¢=³9¥�º¶¨U¼¾½"®G·ˆ¬)¨¶¬Z P³?¬

V (�t0) \
n[

j =1

V (�t j ) = ; :
{|i^}

²

µ?£”·•¡|£” |® ¥±¢­HI>B:R8RAB_�\,4gYg8WY�¥ ¿� P¼¹¼'·n¿•¥¹Ÿ�¢�ºU¼S P§ž¢U¨�¢� P£”¨�³9¥�º¶¨U¼¾½G®6·0¬­¨¶¬)Æ

²

³• |Ÿ3·|®

p(�s; �t)
¥±¢b>@H�~IVg<ehÅAB>@HI8;F72�¥ ¿

�s
¥±¢=¼¾¥¹³?¨• |£¶Â„4DVI<?~IVg<?h•AB>BHI8WFD2�¥ ¿ �t

¥±¢=¼¾¥¹³?¨• |£UÆ

÷
·)¯

ít½‚¨W½
º

í

:�°±*f°S:

ÍD¨UŸ

C = p�� 0 ; �� n +1 (�t0; �sn +1 )  p1
�� 1 ; �� 1

( �s1; �t1); : : : ; pn
�� n ; �� n

( �sn ; �tn )

¦¶¨G Qº�¼S |§ž¢U¨ˆÆ

Ã

¿

C
¥±¢�³2¥�º¶¨�¼¾½I®6·0¬­¨¶¬PÂ �t0

¥±¢�¥¹³|µ+§7Ÿ’d©¼¾¥¹³+¨¶ P£¶Â! P³?¬IŸ¹Å9¨�£”¨6¨•´)¥±¢¶Ÿ•¢Ž I»P P£‚¥� ­¦U¼S¨6Ÿ¤½•µ+¥¹³ž¡

U
¢‚§9º¶Å

Ÿ�Åu PŸ

U ` C Clause
Âx P³?¬
¿�·|£Z¨• )º•Å

i 2 f 0; : : : ; ng
Â

U
¥±¢„µ+£‚¥¹³?º�¥ µ9 P¼+¿�·P£ �t i

 |³+¬

�� 0
i

Â!À�Å9¨�£•¨

�� 0
i

¥±¢ŽŸ�Åu¨

¥¹³u¢‚Ÿ© P³?º•¨Ž·{¿

�� i
§ž¢U¨¶¬!¿�·|£�¬­¨U£‚¥¹»ˆ¥¹³ž¡

U ` C Clause
Â#Ÿ¹Å9¨�³•À�¨=¢U P½GŸ�Åu |Ÿ

C
¥±¢­HI>B:R8RAB_]<9_[~‡8;YDÆ

²

>U§9¨U£‚½

Q
¥±¢­H�>B:R8RAB_�<9_[~‡8;Y ¥ ¿
Ÿ�Åu¨6ºU¼S P§ž¢U¨

Go Q
¥±¢
³9¥�º¶¨U¼¾½ZŸ¤½•µu¨¶¬)Æ

²

µ?£”·•¡|£” |® ¥±¢­HI> :v8WA@_ƒ<9_&~c8WY

¥ ¿� |¼¹¼'·{¿•¥¹Ÿ•¢�º�¼� P§ž¢U¨‚¢� |£”¨
³2¥�º¶¨�¼¾½ZŸ•½•µ9¨¶¬­Æ

�šû
·[º

©
·

ï

:�°±*f°��

à�#„ë„¦¡ý
·

«7¨,©
·

»tët«7¨W½
º

í

á

4

�




ã

7�7

9

ÍD¨UŸ

C
 P³+¬

Q
¦¶¨‰ �³9¥�º¶¨U¼¾½ Ÿ¤½•µu¨¶¬Nº�¼� P§ž¢U¨‰ P³+¬

>U§9¨�£‚½­Æ

Ã

¿

Q0 ¥±¢• Ž£•¨‚¢U·P¼V»8¨U³9Ÿ�·n¿

C
 P³?¬

Q
À�Åu¨U£”¨•Ÿ�Åu¨=§7³9¥ ¸ º¶ |Ÿ•¥�·|³‹·n¿�Ÿ�Åu¨x¢U¨U¼S¨¶º�Ÿ©¨¶¬G PŸ©·P®  |³+¬ŽŸ�Åu¨=ºU¼S P§ž¢U¨

Åu¨¶ )¬"¥±¢•¢U·P¼¾»P ­¦U¼S¨G¦U½G®6·0¬­¨¶¬Z§7³9¥ ¸Šº• |Ÿ•¥�·|³uÂÄŸ�Åu¨U³

Q0 ¥±¢=³9¥�º¶¨�¼V½GŸ•½•µ9¨¶¬­Æ

�!k�) ùKú�û=’Dv:,/.1032�465 � sut#•�su›•Ú ý

d•Hè<?MI> G]G?VIQ�G?8W:=<5>@4^H’•�Sa8TG9<5V�Yg_é<?MI8UFDY�F7~g<…Fp<?>B4DHè47x�<?MI8�<9_[~c8�Ge_gGe<?8R\ Sa8T~I258WG?8RH&<?8;Y x‚4^2�:v4DH‡G9<525FD>@H&<

AB4DJD> :]~I254DJ^25FD\]G–<?4�258WF^Ge4^HI>BHIJ�F7H�Yé¯^V�8R25_!A F7HIJ^V�F7J^8WG–x‚4^2š<5MI8!{|Ge8W\,FDH&<?> :W}OS�8RQ„˜0™-GKF7H 8RygFD\,~IA@8L47x

G?V�:…M•ABFDHIJDV�FDJD8;GR•’S�8�:v4^H�G?>BYg8W2–<?MI8]A F7H�JDV�FDJD8K°r±v²D³|´;µŽM �"Zgj^iDF8OÅ˜L™‹G?VIQ�G?8v<b4Dxa°r±R²7³•´Wµ–>BGbYg8WG5:v25>@Qc8WYP>BH

G?VIQ�G?8W:=<5>@4^H­ig˜ mI˜B—p˜td•HbFDYIYI>Ö<5>@4^HO<?4"<5MI> GtG?VIQ�G?8v<;•ŽSa8�F7ABA@4pSPJD254DVI~�>@HIJ�:v4DH‡G9<52?V�:v<

all
FDH�Y

some
M �"Zgj^iDF8O^<54

F7~�~‡8;F72�>@H]:R4DH�Ge<?25V�:=<t<?8W2?\]GW˜

all t
Ge<5FDH�YIG£x‚4D2�<5MI8¬‰D8;:=<?4^2�47xcY�Fp<5F�<58R25\,G�:R4D252?8;Ge~c4DH�YI>@HIJ-<?4OF7ABAg~c4^G5Ge>BQIAB8

F7H‡GeS�8R2…GX4Dx3<?MI8,¯&VI8R25_T~�F72?<W•¡S"M�8R258WFDG

some n t
Ge<5F7H‡YIG�x‚4D2–Fƒ‰^8W:=<54D2�47xaYIF7<5F�<?8R25\]G–:v4D25258WG?~‡4^H�Yg>BHIJ

<?4

n
HI4DHIhÅYg8R<?8W2?\,>BHI>BGe<?> :RFDA@AB_ƒ:…MI4&Ge8WHLFDH�GeS�8R2…G�47xt<?MI8š¯&VI8W2?_]~‡F72?<W˜

l7k



îxÉ’ªIï�� ðŒ·

:D°�;f°•�

Í�¨UŸx§ž¢Zº¶·P³9¢¶¥�¬)¨�£ZŸ¹Å9¨I¬) PŸ© •Ÿ©¨�£‚®‘º¶·P£‚£”¨�¢¤µu·|³+¬|¥¹³q¡dŸ©·  

âfã

º¶·P¼¹¼S¨¶ºUŸ•¥�·|³K¿¶£•·P®™¨”´ž |®§d

µ+¼�¨




Æ�s|Æ




Á

catalogue[ cd[ titl e[ T

�Š®�µ+¥¹£”¨U��§7£‚¼S¨�¢V>�§9¨

T ] ar tist [ T

��·)¦

ã

½P¼S |³

T ] year[ T

	'W'X

 

T ] ]
cd[ titl e[ TZY

¥�¬­¨
½­·P§7£xÅu¨¶ |£‚Ÿ

T ] ar tist [ T

�x·P³9³2¥�¨

Ê

½P¼S¨U£

T ] year[ T

	"W1X'X

T ] ]
cd[ titl e[ T[�

Ÿ3·¶µ

T ] ar tist [ T\�

 |®]�!£”·PÀÄ³

T ] year[ T

	"W'X1X

T ] ] ]

Ê

Åu¨Š¿�·P¼¹¼�·PÀÄ¥¹³q¡K£‚§7¼�¨�¨•´­Ÿ¤£” )º�Ÿ•¢= |¼¹¼DŸ�Åu¨�Ÿ•¥¹Ÿ¤¼S¨�¢„¥¹³•Ÿ¹Å9¨�º¶·|¼¹¼S¨¶º�Ÿ¤¥�·P³?Á

result[ all title [ TITLE ] ]  
catalogueff cdff title [ TITLE ] gggg

Ê

Åž§ž¢¶Â#Ÿ�Åu¨�£”¨‚¢‚§7¼¾Ÿ £”¨UŸ•§7£‚³?¨•¬Z¦�½GŸ�Åu¨�£‚§7¼S¨�¥±¢

result[ title [ T

�Š®!µ?¥¹£”¨”��§7£‚¼S¨�¢V>�§9¨

T ] title [ TZY

¥�¬)¨�½­·P§7£xÅu¨¶ |£‚Ÿ

T ] title [ T[�

Ÿ3·¶µ

T ] ]

Ê

Åu¨Š¿�·P¼¹¼�·PÀÄ¥¹³q¡K£‚§7¼�¨�¨•´­Ÿ¤£” )º�Ÿ•¢= |³9½GŸ¤À�·GŸ¤¥¹Ÿ•¼�¨‚¢=¥¹³ Ÿ�Åu¨�º¶·P¼¹¼S¨¶ºUŸ•¥�·|³+Á

result[ some 2 title [ TITLE ] ]  
catalogueff cdff title [ TITLE ] gggg

Ê

Åu¨�£”¨�¢‚§7¼¾Ÿ�¢„£”¨UŸ•§7£‚³?¨•¬Z¦�½GŸ�Åu¨�£‚§7¼S¨Ž P£”¨0Á

result[ title [ T

�Š®!µ?¥¹£”¨”��§7£‚¼S¨�¢V>�§9¨

T ] title [ TZY

¥�¬)¨�½­·P§7£xÅu¨¶ |£‚Ÿ

T ] ]
result[ title [ T

�Š®!µ?¥¹£”¨”��§7£‚¼S¨�¢V>�§9¨

T ] title [ T[�

Ÿ©·•µ

T ] ]
result[ title [ T�Y

¥�¬­¨�½­·P§7£xÅ9¨¶ P£‚Ÿ

T ] title [ T\�

Ÿ©·•µ

T ] ]
f¬MI8,\]Fp694^2šYg>V†€8R258RH‡:v8,Q‡8R<9Sa8W8RH!<?MI8;Ge8]A F7H�JDV�FDJD8WG•F7H‡Y!:R4DH�Ge<?2…F7>BH&<•AB4DJ^>B:KA F7HIJ^V�F7J^8WG�>BG–<5M�Fp<–<5MI8R_

Yg8;F7A"S">@<?MóGe8W\K>@h•G9<52?V�:v<?VI258WY
YIFp<…FI˜
d•H
~�FD2e<5>B:RVIA F72;•zx‚VIH�:v<?>B4DH%Ge_[\­Q‡4^ABG,:v4^\,8LS">@<?Mè<?M�8R>B2,FD2?>@<9_D˜èsI4^2

8vyIFD\K~�A@8

f =1
> G–Yg>V†€8R258RH&<•x‚2?4^\

f =2
˜bž�HU<5MI8]:v4DH&<525FD2?_^•�<…F7J^G�>BH0®�¤0‘ {Œ4D2•ABFDQ‡8WABG•>BH�°r±v²D³|´;µ-<58R25\]G5}

Yg4^Hf‡ <�M�FŽ‰D8�F•�Iyg8WY�FD2?>@<9_D˜tsI4^2a8RygFD\,~IA@8^•7<5MI8-A F7Qc8RA

f
>BGr<?MI8•G?FD\,8X>@H�<?MI8•YIFp<…F–<?8W2?\]G

f [a]
FDH�Y

f [a; b]
˜

Z[>BH�:v8,<5MI8,<9_[~‡8]G5:…MI8R\,8,47x¬FLx‚VIH�:=<5>@4^H Ge_[\bQc4DA3YI8R~c8RH�YIG–4^H!>@<5GbF725>Ö<9_^•’Sa8,HI8W8WYPF7HP47<5MI8R2OHI4D<?>B4DHP47x

<9_[~‡8­G?:…MI8W\,8DC3>BH�Ge<?8WF^Y�47xzV�G?>@HIJ�F,‰^8W:v<?4D2"4Dx�<9_&~c8–<?4LGe~c8W:R>Öx‚_ƒ<?MI8O<9_[~c8š47xt<?M�8bF725JDVI\,8WH^<…G¬47x3F,A F7Qc8RA••

S�8"V�Ge8XF–258RJ^VIA F72�8vyg~I258WG5Ge>B4DH­47xc<9_[~‡8;GR•&FDGz>@<3>BGrYg4DHI8">BH•¨ˆÆ ¡qÆ3†•f"†•G!M `zy[<nOÅ˜tNP8X:v4^H�G?>BYg8W2�<?MI8Xx‚4DABA@4pS">BHIJ

258RJDV�ABFD2�8Ryg~I2?8;G?G?>B4DHƒ4^~‡8W25F7<?4^25GWC � {‚258R~c8v<?>@<?>B4DHc}=•

j
{|F7A@<?8W2?H�F7<?>B4DH‡}�FDH�Y

?
{‚4^~g<?>B4DH�FDA@>@<9_I}=˜

÷
·)¯

ít½‚¨W½
º

í

:�°<;D°��—²

<9_[~‡8–258RJ^VIABFD2a8Ryg~I2?8;G?G?>B4DH4ÂÄ³+·|Ÿ3¨¶¬

�
¥±¢� 6£”¨3¡|§7¼� P£�¨•´‚µ?£”¨�¢•¢‚¥�·|³•·P»P¨�£=Ÿ�Åu¨Ž P¼ µuÅu )¦¶¨�Ÿ

·{¿IŸ¤½•µu¨�¢IÀÄ¥¹Ÿ�Å »8 |£‚¥� ­¦U¼S¨‚¢

TW
Æ

Ê

Å9¨K¢U¨�Ÿ�·n¿ZŸ¤½•µu¨K»P¨¶º�Ÿ©·P£¶¢K®6 |Ÿ3º¶Åž¥¹³ž¡  •Ÿ•½•µ9¨Q£”¨3¡­§7¼S P£Q¨”´�µ?£”¨‚¢¶¢‚¥�·P³

�
¥±¢

³+·|Ÿ3¨¶¬

L(�)
Æ

uX4pS Sa8OYg8U��HI8šG?4D\,8–V�G?8vx‚VIA’258RA Fp<5>@4^H�G�4p‰D8W2�258RJ^VIA F72¬8vyg~I258WG5Ge>B4DH‡GaFDH�Y�‰D8W:v<?4^25GWC

÷
·)¯

ít½‚¨W½
º

í

:�°<;D°±� Ê

Åu¨ ·|£”¬­¨U£

v
·P»P¨�£dŸ¤½•µu¨d£”¨3¡­§7¼S P£�¨•´‚µ?£”¨�¢•¢‚¥�·|³u¢ ¥±¢•Ÿ�Åu¨d¥¹³?º�¼V§ž¢¶¥�·|³�·P£”¬)¨�£�·{¿•Ÿ¤½•µu¨

£”¨3¡­§7¼S P£�¨•´�µ+£”¨�¢¶¢¶¥�·|³u¢UÁ

� 1 v � 2
¥ ¿

L(� 1) � L (� 2)
Æ

sI4^2b8RygFD\,~IA@8^•

(� � ) � v (� j � ) � •�S"MI>@AB8

(� j � ) � 6v � � � � •zG?>@H‡:v8

� � 2 L (( � j � ) � )
FDH�Y

� � 62
L (� � � � )

˜

÷
·)¯

ít½‚¨W½
º

í

:�°<;D°�$ Ê

Åu¨6·P£”¬)¨�£

�
¥±¢�¨”´)Ÿ©¨�³?¬­¨¶¬Z·|»8¨U£�Ÿ¤½•µ9¨
£”¨3¡­§7¼S P£Ž¨”´�µ+£”¨�¢¶¢‚¥�·P³u¢
¥¹³dŸ�Åu¨ ¿�·P¼¹¼S·|ÀÄ¥¹³q¡QÀ� |½­Á

� 1� � 2
¥ ¿Ä¿�·P£�¨¶ ­º¶ÅKŸ¤½•µu¨
»8¨¶ºUŸ3·|£

�� 1 2 L(� 1)
Ÿ�Åu¨U£”¨�¨”´)¥±¢‚Ÿ�¢= GŸ¤½•µu¨
»8¨¶ºUŸ3·|£

�� 2 2 L(� 2)
¢‚§9º¶ÅKŸ�Åu PŸ

�� 1� �� 2
 P³?¬�¿�·|£�¨¶ ­º¶Å

�� 2 2 L(� 2)
Â�Ÿ�Åu¨U£”¨Ž¨”´)¥±¢‚Ÿ•¢

�� 1 2 L(� 1)
¢‚§9º¶ÅKŸ�Åu PŸ

�� 1� �� 2
Æ

l^l



sI4^2"8vyIF7\,~IAB8D•g>@x

� � � 0 FDH�Y

� � � 0•I<?MI8WH

(� � ) � � (� 0� 0)� ˜

÷ ·)¯ ít½‚¨W½ º í

:�°<;D°S:

ÍD¨UŸ

(� 1; : : : ; � m )
 |³+¬

(� 0
1; : : : ; � 0

n )
¦¶¨�Ÿ•À�·
»8¨¶ºUŸ3·|£¶¢!·n¿�Ÿ¤½•µu¨x£”¨3¡­§7¼S P£�¨•´�µ+£”¨�¢¶¢¶¥�·|³u¢UÆ

(� 1; : : : ; � m )
¥±¢G Q¢¶§9¦U»P¨•ºUŸ©·P£"·{¿

(� 0
1; : : : � 0

n )
¥ ¿6Ÿ¹Å9¨�£•¨Z¨•´­¥±¢‚Ÿ•¢

k1; : : : ; km
¢‚§9º¶ÅdŸ¹Å9 PŸ

1 � k1 < k2 <
: : : < km � n

 P³+¬x¿�·P£�¨¶ )º•Å

i 2 f 1; : : : ; mg
Â

� i = � 0
k i

Æ

sI4^2"8vyIF7\,~IAB8D•

(� ; (� j � ))
> G"F,GeVIQ[‰^8W:=<54D2¬47x

(� ; � ; (� � ) � ; (� j � ))
•�S"MI>BAB8

(� ; � )
>BG¬HI4D<W˜

f¬MI80FD~I~IAB>B:WFp<5>@4^H%47xšF•<9_[~‡8PGeV�Q�G9<5>Ö<5Vg<?>B4DH)<?4éF•<9_[~c80258RJ^VIABFD2]8vyg~I258WG5Ge>B4DH

�
>BG�Yg8��‡HI8WY)F^G,<?M�8

F7~�~IA@> :RF7<?>B4DH�47xt<?MI8šG?VIQ�Ge<?>@<?VI<?>B4DHT4DHTF7ABA€<?MI8–<9_[~c8WG"4g:W:vVI252?>BHIJK>@H

�
C

÷ ·)¯ ít½‚¨W½ º í

:�°<;D°±* Ê

Åu¨d •µ­µ?¼¾¥�º¶ PŸ¤¥�·P³ ·{¿‹ �Ÿ¤½•µ9¨Q¢‚§9¦‚¢‚Ÿ¤¥¹Ÿ•§7Ÿ¤¥�·P³

�
Ÿ©·  ‰£•¨¤¡­§7¼S |£KŸ¤½•µ9¨ ¨•´‚µ?£”¨�¢•¢‚¥�·|³

�
¥±¢

¥¹³+¬|§9º�Ÿ¤¥¹»P¨�¼¾½—¬)¨�¸�³+¨¶¬  8¢�¿�·|¼¹¼S·PÀE¢UÁ

(� )� = � �
Â

(� 1� 2)� = � 1� � 2�
Â

(� 1 j � 2)� = � 1� j � 2�
Â

� ?� = � � ?
 P³+¬

(� � )� = � � � Æ

™ £”¨3¡|§7¼S |£ Ÿ¤½•µ9¨Š¢Uº•Å9¨�®G¨�>BG�FDHš8vyg~I258WG5Ge>B4DH–4DxI<?MI8rx‚4D25\

8�� � ! �
•pS"MI8R258

��
> G’<5MI8�G?8v<t47xI~�FD25FD\,8v<?8W25G

4g:R:RVI2?25>BHIJ]>@H

�
4^2

�
˜-NP8­FDG5G?VI\,8O<?M�F7<-8WF^:…MUABFDQ‡8WA£M‡FDG-F•¬­¨¶º�¼� P£”¨¶¬K£”¨3¡­§7¼S P£
Ÿ¤½•µ9¨�¢�º¶Åu¨U®G¨

8�� � ! �
˜

sI4^2£H�47<5F7<?>B4DH�FDA^:R4DH[‰D8WHI>@8WH�:v8^•R<5MI8¬¯^V‡F7H&<?>S��8R2…G¡>BHš<9_[~c8aG5:…MI8R\,8WG„S">@ABA[Q‡8a4D\,>@<e<?8;YšF7H‡YšFXA F7Qc8RA

l
<54DJD8R<?MI8W2

S">@<?MT>Ö<…GXYg8;:vA F7258WYL2?8WJDVIA F72�<9_[~‡8OG5:…MI8R\,8–S">BA@A’Qc8OHI4D<?8WY

l � ! �
˜

NP8šFDG5GeVI\,8•<?M�8O8vyg>BGe<?8WH�:v8–4DxtFK<9_[~‡8

any
<?M‡Fp<X> G¬JD258WFp<58R2�<?M‡F7HTF7ABA’47<5MI8R2¬<9_[~c8WGW˜

îxÉ’ªIï��
ðŒ·

:D°�;f°¹�

Í�¨UŸ�§ž¢�º¶·P³u¢‚¥�¬)¨�£=Ÿ�Åu¨ ¿�·P¼¹¼S·|ÀÄ¥¹³q¡KŸ¤½•µu¨
¢‚Ÿ•£‚§9ºUŸ¤§7£”¨ˆÁ

�
�

�
�

��

E
E
E
E

c
c

c
cc

a a a a a a a a a

X X X X X X X X X X X X X
��

!!!

((((((((((

Ÿ

p

º¶ PŸ© P¼S·•¡|§9¨ Ÿ

p

º¶¬ Ÿ

p

Ÿ•¥¹Ÿ¤¼S¨ Ÿ

p

 |£‚Ÿ•¥±¢‚Ÿ Ÿ

p

½­¨• |£

¢‚Ÿ•£‚¥¹³ž¡

¥¹³2Ÿ

 P³9½

º•¬) PŸ© 

Y

¨U£”¨�Â#À�¨x¡­¥¹»P¨�Ÿ¤½•µ9¨�¬)¨•ºU¼S |£” PŸ¤¥�·P³9¢�¿�·P£
Ÿ�Åu¨�¼S ­¦¶¨U¼ ¢=§ž¢U¨•¬"¥¹³•¨•´q |®!µ?¼S¨

�

Æ�s­Æ

	

Á

catalogue : t p cd � ! t p catalogue

cd : t p title t p artist t p year ! t p cd

title : string ! t p title

artist : string ! t p artist

year : int ! t p year

result : t p title � ! any

™ ‰ŽFD2?> F7Q�A@8ƒ<9_&~�>@HIJ

U
> G,F0\]FD~I~I>BHIJ�x‚254D\ F ��HI>@<?8TGe8R<K4Dx�‰pF725> F7QIAB8WGš<?4PHI4DH
8R\,~g<9_‰��HI>@<?8UG?8v<…G

47x"<9_[~c8WGW•�S"2?>@<e<58RH

f X 1 : � 1
1 j : : : j � m 1

1 ; : : : ; X n : � 1
n j : : : j � m n

n g
˜UN%M�8RH¾>@<­> G­FD~I~I254D~I25> Fp<?8^•„S�8

S">BA@At>BYI8RH&<?>@x‚_�<?MI8KGe8R<-47xz<9_[~c8WG-F^G?G?4g:v> Fp<58WYL<?4�F]JD>B‰D8WHU‰ŽFD2?> F7Q�A@8OQ[_TF]‰pF725>BFDQIA@8š<9_&~�>@HIJ

U
<?4�<5MI8O<9_[~c8

258RJDV�ABFD2�8Ry[~�2?8;G?G?>@4^H�Yg8RH�47<?>BHIJL<?MI> GOG?8v<W˜­™-G•4D~I~c4^G?8WY�<?4�‰pF725>BFDQIA@8b<9_[~I>@H�J^G�x‚4D2

Ÿ

‘’1�•¡FL‰ŽFD2?> F7Q�A@8­\,FŽ_

M�FŽ‰^8šYg>V†€8R258RH&<X<9_[~c8WG�Yg8R~c8RH�YI>@HIJƒ4DH�<?MI8b2?8WJDVIA F72¬<9_[~c8bG?:…M�8R\,8š47x�<5MI8šA F7Qc8RA„4Dx£<5MI8š<58R25\ˆ<5MI8R_�4g:R:vV�2

>BH’˜­s�4D2•8vyIF7\,~IAB8D•¡>@xaS�8K:R4DH�G?> Yg8R2�<?MI8]¯&VI8W2?_�<?8W2?\

cdff X gg
•c<?MI8K‰pF725>BFDQIAB8

X
\]FŽ_U\]Fp<…:…M�<58R25\,G•4Dx

<9_[~‡8

t m titl e
•

t m ar tist
4^2

t m year
˜�¤�4D258R4p‰D8W2W•p>@<�:WF7HIH�47<3M�FŽ‰^8¬<9_&~c8

any
•&S"MI> :…M]>BG3<?MI8�A@4pS�8WGe<3VI~I~c8R2

Qc4DVIH�Y�4Dx£<5MI8WG?8•<?MI258R8–<9_[~c8WGW˜

lDm



f¬MI8šG?_gG9<58R\ Yg8���H�8WG"S�8RABAÖh•<9_[~‡8;YTYIFp<…FI•‡¯&VI8W2?_LF7H�YU:R4DH�Ge<?25V�:=<"<58R25\]GXFDG"S�8RABA„F^G"Sa8WA@A@h•<9_&~c8WY�25VIAB8WGW˜

fa_&~�>@HIJO25VIAB8WG3FD2?8"J^>@‰^8RH,>BH,<5F7Q�A@8-iI˜tœ^V�YgJ^8R\,8RH&<5GrF7258"47xc<?MI8"x‚254D\

U ` t : �
•^258WF^Y­F^GDª9d•H,<5MI8X‰pF725> F7QIAB8

<9_[~I>BHIJ

U
•

t
> G�Fƒ‰D8;:=<?4^2-4Dxz<?8R25\]G-S"M�4^G?8O<9_[~‡8­\,F7<5:…MI8;G

�
«…˜•f¬MI8bH�8R8WYUx‚4D2–Yg8WFDA@>BHIJ�S">@<?M!‰D8W:v<?4^25G-47x

<?8W2?\]G–>BH�Ge<?8WF^Y�4Dx�G?>@HIJ^A@8­<?8W2?\]G–258WG?>BYI8WG•>@HPM�FDH�YgAB>@HIJL<?M�8]JD254DVI~I>BHIJ�:v4DH‡G9<52?V�:v<G |¼¹¼�FDH�Y�¢U·|®6¨R•„S"MI> :…M

F7258–V�G?8WYƒ<?4]QIVI>BA Y�G?8v<…G¬47xt<?8W2?\]G¬>BHL<5MI8OMI8;FDYL47xt°r±v²7³•´;µ�25VIAB8WGW˜

¼ · ï¾ïéª

:D°�;f°•�

Ã

¿

t
¥±¢„ ->�§9¨U£‚½�Ÿ©¨U£‚®�ÂÄ P³+¬ŽŸ�Åu¨U£”¨=¨•´)¥±¢¶Ÿ•¢„ �»P P£‚¥� ­¦U¼S¨
Ÿ•½•µ?¥¹³q¡

U
¢‚§9º¶ÅZŸ¹Å9 PŸ

U ` t : �
¿�·|£

¢U·P®G¨
Ÿ¤½•µ9¨
£”¨3¡­§7¼S P£�¨•´�µ+£”¨�¢¶¢‚¥�·P³

�
Ÿ�Åu¨U³

�
¥±¢�·{¿•Ÿ�Åu¨ ¿�·P£‚®

� 1 j : : : j � n
Æ

Ã

¿

t
¥±¢� Iº•·|³u¢‚Ÿ¤£‚§9º�Ÿ#Ÿ©¨U£‚® Ÿ�Åu¨U³

�
¥±¢�¨U¥¹Ÿ¹Å9¨�£�·n¿=Ÿ�Åu¨ ¿�·P£‚®

(� 1 j : : : j � n )m ·|£

(( � 1 j : : : j � n )m )� Æ

%

© º’º �

°

��_T>@H�YIV�:=<5>@4^H�4DHT<5MI8KYI8R25>@‰pFp<5>@4^HU47xr¯&VI8W2?_L<?8W2?\ F7H�Y0:v4DH‡G9<52?V�:v<X<?8W2?\]GW•cFDH�YUQ[_�2?8W\,FD2?w[>BHIJ

<?M‡Fp<X>@x

� 0� �
•[<?MI8WH

� 0 >BG¬8;¯^V�>@‰pF7AB8RH&<"<54,FK258RJ^VIABFD2¬8vyg~I258WG5Ge>B4DHL47x„<5MI8šG5F7\,8•x‚4D25\ˆ<?M‡Fp<

�
˜

2
f¬MI8¬25VIA@8

(As)
Ge>B\,~IAB_š8vyg~I258WG5Ge8;G£<?M�F7<3>BG�>@xcF•‰pF725>BFDQIAB8a\­V�G9<zQc8"\]Fp<5:…M�8WY­Q&_š<?8R25\]Gz:v4^2?258WG?~‡4^H�Yg>BHIJ

<?4KFšG?~‡8;:v>S�‡:-G?M�F7~c8D•&JD>B‰D8WH,Q&_]Fš¯&VI8W2?_­<?8W2?\T•^<?MI8WH]<?M�8-‰pF725>BFDQIAB8-F7H�YK<5MI> Ga¯&VI8W2?_­<?8W2?\ \bV�Ge<aM‡FŽ‰D8¬<?M�8

G5F7\,8b<9_[~c8D˜­d•H0~�FD2e<5>B:RVIABFD2W•€V�G?>BHIJLAB8R\,\]F�k�˜ mI˜B—p•’4DH�8K:WF7H0258R\]FD2?w�<?M‡Fp<

�
>@H�YI8R8WY!:v4^2?258WG?~‡4^H�YIG-<?4TF

HI4^H�8W\,~g<9_G��HI>@<?8šG?8v<X4Dx£<9_[~c8WGW˜

™-G£69V�YIJD8R\,8WH^<…GaF^G?G?4g:v> Fp<58WGz<9_[~c8�258RJ^VIA F72r8Ryg~I2?8;G?G?>B4DH�G3<?4­<?8R25\]Gr>BHLF­JD>B‰D8WH�‰pF725>BFDQIAB8"<9_[~I>@H�J�•[2?V�A@8;G

(Compl Ord)
•

(Compl Unord)
•

(Incompl Ord)
•

(Incompl Unord)
•

(Head Ord)
F7H‡Y

(Head Unord)
V�G?8•<?MI8–4D2…Yg8W2

v
4p‰^8R2a<9_[~‡8–258RJDV�ABFD2a8Ry[~�2?8;G?G?>@4^H�Ga>@H�Ge<?8;FDYƒ47xtG?>B\K~�A@_�:…MI8;:…w&>BHIJ­<?M�F7<XFb‰^8W:=<54D2�47x£<9_&~c8WG

\]Fp<…:…MI8WG,<5MI8�A F7Qc8RA¤‡ G�<9_[~‡8�258RJ^VIA F72,8vyg~I258WG5Ge>B4DHèJD>B‰D8WHèx‚4D2�>@<5GLF725JDVI\,8RH&<…GR˜ ™ ~‡8W2?\­Vg<5F7<?>B4DH%47x•<?M�8

<9_[~‡8L2?8WJDVIA F72O8Ryg~I2?8;G?G?>B4DH�GO4Dx¬<?MI8�F725JDVI\,8RH&<…GO>BGbV�G?8WY•>BH¾2?V�A@8;G

(Compl Unord)
•

(Incompl Unord)
F7H‡Y

(Head Unord)
<?4LG?>BJDHI>@x‚_ƒ<5M�Fp<�<?MI8KF725JDVI\,8WH^<…G"47x�<5MI8š<58R25\ FD2?8OH�47<�4^25YI8R258WY¡˜"™ \,4^2?8O~I258W:R>BG?8

25VIA@8–S�4DVIA YLM�FŽ‰D8–Qc8R8RH�<54,:…M�8W:…w]S"MI8R<?MI8W2"<?MI8OA F7H�JDV�FDJD8-258W:R4DJ^HI>SRW8WYƒQ&_

� 1 : : : � n
>BG">BH�:RA@V�YI8WY�>@HL<?M�8

A F7HIJ^V�F7J^8�4Dx„<9_[~‡8O‰^8W:v<?4D2…Ga<?M�F7<XF7258•~c8R25\bVI<5Fp<5>@4^H�G¬47x£<9_[~‡8O‰^8W:=<54D2…Gr\]F7<5:…MI>BHIJ

�
˜3›-4pSa8W‰D8W2W•^<?MI> G"A FDGe<

A F7HIJ^V�F7J^8­> GOHI4D<š2?8WJDVIA F72;˜Ks�4D2š8RyIF7\,~IAB8D•¡<5MI8]ABFDHIJDV‡F7JD8K47x¬S�4D2…YIG�<?M�F7<bF7258K~c8R25\bVI<5Fp<5>@4^H�G–47x¬S�4D2…YIG

\]Fp<…:…MI>@H�J

(ab) � >BGb<?M�8TG?8v<K47x-S�4D2…YIG­:v4DH&<…F7>BHI>@H�J�<?M�8�G5F7\,8ƒH[VI\­Q‡8W2,47x

a
‡ GKF7H‡Y

b
‡ GR•zS"M�>B:…M
>BGKHI4D<

258RJDV�ABFD2W˜zZ[>B\K>BA F725A@_]<54K<?MI8–25VIA@8

(Head)
•[<?MI8–25VIA@8;G

(Head Ord)
F7H‡Y

(Head Unord)
V�Ge8OFK258RH�FD\K>BHIJ

>BH�G9<58WF^YL4DxtF,G?VIQ�Ge<?>@<?Vg<5>@4^HL<54]8vyg~I258WG5Ga<?MI8O~I25>BH�:v>B~IAB8O47xtYI8���HI>@<?>B4DH‡F7A’J^8RHI8W2?> :v>@<9_‹M ‘£EXoI—�O•˜

f¬MI8L2?VIAB8

(Desc)
G?>@\,~IAB_•8vyg~I258WG5Ge8;G–<?M‡Fp<b<5MI8T¯^V�8R25_0<58R25\

t
> GbS�8RABA@h|<9_[~c8WY¡˜�d•Hé~�F72?<?> :vVIA F72;•£<?MI8

~c4^G5Ge>BQI>BA@>@<9_]<?4,J^>@‰^8–FDH[_,<9_&~c8–<?4K<5MI8–8vyg~I258WG5Ge>B4DH

desct
8vyg~I258WG5Gr<5M�Fp<"<5MI8–<9_[~‡8–4Dx

t
>BG¬HI4D<"2?8WABF7<?8WYƒ<?4

<?M�8–<9_&~c8O47xt<?M�8–<?8R25\

t0 >@<-F7~�~‡8;F72…Ga>BH’•�F^G

t
\]FŽ_�4g:W:vVI2"Fp<-FDH�FD2?Q�>Ö<525FD2?_�Yg8W~g<?MT>BH

t0˜

f¬MI8L2?VIAB8

(All )
{‚258WG?~’˜

(Some)
}š8Ryg~I2?8;G?G?8WGš<?M�F7<­<5MI8ƒJ^2?4^VI~I>BHIJ0:R4DH�Ge<?25V�:=<

all
{‚258WG?~’˜

some n
}

Ge<5F7H‡Yƒx‚4^2"‰D8;:=<?4^25G�4Dx„<?8W2?\]G"4DxtFDH�FD2?QI>@<?2…F725_�G?>SRW8,{Œ2?8;Ge~„˜z47xtG?>�RR8

n
}=˜

�!k[ª ùKú�û=’òy3×!’�y¡®�znp�•

d•H�<?MI> GXG?VIQ�G?8W:v<?>B4DH�Sa8OYg> G?:RV�G5G"Ge4^\K8–> G?G?VI8;G¬2?8WABF7<?8WYƒ<?4,<5MI8–<9_[~‡8O:…MI8;:…w[>@HIJ,4Dx„°r±v²D³|´;µ¬~I2?4^JD2…F7\]GW˜

f¬MI8•<9_[~‡8OG?_gG9<58R\‹~I258WG?8RH&<?8;Yƒ>BHL<5F7Q�A@8šib>BG¬HI4^Hgh•Yg8v<58R25\K>BHI> G9<5>B:D•gGe>BH�:v8•<5MI8–2?VIAB8

(Sub)
:RFDHƒQc8OV�Ge8;Y

F7H[_[S"MI8W2?8K>@H FL<9_[~I>BHIJUYg8R25>@‰pF7<?>B4DH’˜]™‹Yg8R<?8R25\,>@H�>BGe<?> :,Ge_[H&<5F7y&h•Yg>B2?8;:=<58WY0G?_gG9<58R\�:WF7HPQ‡8]4^Qg<5FD>@H�8WY!Q&_

258R~IA FD:R>@HIJ!<?M�8�25VIAB8

(Sub)
Q[_ ‰pF725> F7H&<5GK47x�47<?M�8R2,2?V�A@8;G,S">Ö<5MèG?VIQg<9_[~c8L258RA Fp<5>@4^H�GK>@H
<?MI8W>@2,~I258R\,> Ge8;GR•

G?>@\,>BABFD2?AB_š<54š:RFDG?8"47xc<?M�8"<9_[~‡8XG?_gG9<58R\ x‚4^2

Ÿ

‘’1œM s

Ÿ

j�—‚OÅ˜ts�4D238RygFD\,~IA@8^•7<5MI8X25VIA@8

(Compl Ord0)
Q‡8WA@4pS

> G¬<?MI8O‰pFD2?> F7H&<

(Compl Ord)
C

(Compl Ord0)
U ` t1 : � 1 : : : U ` tn : � n

U ` l � ! � [t1 : : : tn ] : � �

�
>BG-Fb<9_[~c8šGeV�Q�G9<5>Ö<5Vg<?>B4DH

(� 1 : : : � n )� (� 0
1 : : : � 0

n )
F7H�Y

(� 0
1 : : : � 0

n ) v � �

l&n



(Sub)
U ` t : � � � � 0

U ` t : � 0

(Var )
X : � 1 j : : : j � n 2 U
U ` X : � 1 j : : : j � n

(As)
U ` t : � X : � 2 U

U ` X ; t : �

(Compl Ord)
U ` t1 : � 1 : : : U ` tn : � n

U ` l � ! � [t1 : : : tn ] : � �
�

> GXF­<9_[~‡8šG?VIQ�Ge<?>@<?Vg<5>@4^H

F7H‡Y

(� 1 : : : � n ) v � �

(Compl Unord)
U ` t1 : � 1 : : : U ` tn : � n

U ` l � ! � f t1 : : : tn g : � �

�
> GXF­<9_[~‡8šG?VIQ�Ge<?>@<?Vg<5>@4^H

(� 0
1; : : : ; � 0

n )
> G"F­~c8R25\bVI<5Fp<5>@4^H

47x

(� 1; : : : ; � n )
F7H‡Y

(� 0
1 : : : � 0

n ) v � �

(Incompl Ord)
U ` t1 : � 1 : : : U ` tn : � n

U ` l � ! � [[t1 : : : tn ]] : � �

�
> GXF­<9_[~‡8šG?VIQ�Ge<?>@<?Vg<5>@4^H

(� 1; : : : ; � n )
>BGXF,G?VIQ[‰D8;:=<?4^2

4Dx

(� 0
1; : : : ; � 0

m )
F7H‡Y

(� 0
1 : : : � 0

n ) v � �

(Incompl Unord)
U ` t1 : � 1 : : : U ` tn : � n

U ` l � ! � ff t1 : : : tn gg : � �

�
> GXF­<9_[~‡8šG?VIQ�Ge<?>@<?Vg<5>@4^H

(� 1; : : : ; � n )
>BGXF,G?VIQ[‰D8;:=<?4^2

4DxtF,~c8R25\bVg<…Fp<5>@4^HL4Dx

(� 0
1; : : : ; � 0

m )
F7H‡Y

(� 0
1 : : : � 0

n ) v � �

(Desc)
U ` t : �

U ` desct : �
x‚4D2XFDH&_,<9_[~c8

�

(All )
U ` t : �

U ` all t : � �

(Some)
U ` t : �

U ` some n t : � n

(Head Ord)
U ` t1 : � 1 : : : U ` tn : � n

U ` l � ! � [t1 : : : tn ] Head
�

> G"FK2?8WH�F7\,>BHIJK<9_[~‡8šG?VIQ�Ge<?>@<?Vg<5>@4^H

F7H‡Y

(� 1 : : : � n ) v � �

(Head Unord)
U ` t1 : � 1 : : : U ` tn : � n

U ` l � ! � f t1 : : : tn g Head

�
> G"FK2?8WH�F7\,>BHIJK<9_[~‡8šG?VIQ�Ge<?>@<?Vg<5>@4^H

(� 0
1; : : : ; � 0

n )
> G"F­~c8R25\bVI<5Fp<5>@4^H

47x

(� 1; : : : ; � n )
F7H‡Y

(� 0
1 : : : � 0

n ) v � �

(Rule)
U ` tc Head U ` tq : any

U ` tc  tq Rule
ftF7Q�A@8šigCzf¬MI8–<9_[~c8šGe_gGe<?8W\‹x‚4D2¬°r±R²7³•´Wµv˜

lD¢



fa_&~c83:…MI8;:…w&>BHIJ¬<5M&V‡G’258W¯&VI>B2?8;Gc<?4-G?4DAB‰D8t<?M�8zx‚4DABA@4pS">BHIJ"~I254DQ�A@8W\�C¡J^>@‰^8RH�<9Sa4¬<9_[~c83258RJDV�ABFD2¡8vyg~I258WG5Ge>B4DH

� 1
F7H�Y

� 2
•I> G¬<?M�8R258šFK<9_&~c8šG?VIQ�Ge<?>@<?Vg<5>@4^H

�
F7H�YTFK<9_[~‡8O258RJ^VIA F72¬8vyg~I258WG5Ge>B4DH

� 0 GeV‡:…Mƒ<5M�Fp<

� 1� � 0 v
� 2� Y

f¬MI>BG�~I2?4^QIAB8R\ :R4D\bQ�>@HI8;G�G?VIQg<9_[~I>BHIJ�•�~�F72…F7\,8R<?25>B:L~‡4^A@_[\,4D25~IMI> Ge\ F7H�Yè258RJDV�ABFD2K8Ryg~I2?8;G?G?>B4DH

\]Fp<…:…MI>@H�J�˜Xf¬MI8­~I2?4^QIAB8R\ 4DxrGeV�Qg<9_[~I>@H�J�>@H0~�F72…F7\,8v<52?>�RR8;Yƒ258RJ^VIA F72"<52?8W8šABFDHIJDV‡F7JD8;G"M�F^G"Q‡8W8RH0Ge<?V‡Yg>@8;Y

>BHdM ›-s

Ÿ

j^l0OÅ•I>BH�<?MI8š:R4DH&<?8Ry&<"4Dx£x‚VIH‡:=<?>B4DH‡F7A¡A F7HIJ^V�F7J^8WGax‚4D2"~I254g:v8;G?G?>@H�JKG?8R\,>@hÅGe<?25V�:=<5VI258WYƒY�Fp<5F�˜

d•H•<?MI8rJD8RH�8R2…F7A7:RF^Ge8^•v<5MI83>BH�:vABV�G?>@4^H•~�2?4^QIA@8W\)x‚4^2’2?8WJDVIA F72€8Ry[~�2?8;G?G?>@4^H�G€> G¡1aZ[1¡™

Ÿ

`zh•:v4^\K~�A@8R<?8�M Zg¤!n7”g•

Œ�4­RŽn^nUO•˜3›-4pSa8W‰D8W2W•&2?8;G9<52?> :=<5>@4^H�G�4DHL<?MI8–x‚4^2?\ 47x„<5MI8O258RJDV�ABFD2a8Ry[~�2?8;G?G?>@4^H�G�2?8;YgV�:R8WGa<?MI8š:R4D\,~IAB8vyg>@<9_�47x

<?M�8�~I254DQIAB8R\™M ¤�u•Zgj7kPOÅ˜�d•H•~�FD2e<5>B:RVIABFD2O:…MI8W:…w[>BHIJ�<?MI8]>BH�:vABV�G?>@4^H!4Dx•—Rh•V�H�F7\­QI>@J^VI4DV‡G�258RJ^VIA F72–8vyg~I258WGeh

G?>@4^H�GKM �lŒ–N)oD¢POX>BGK>BH
1zh•f¬d9¤U`X˜3f¬M[V�GW•r>@<�Ge8W8R\]GK>@H&<58R258WGe<?>BHIJ0<54P:R4DH�G?> Yg8R2,258WGe<?25>B:v<?>B4DH�G­4DHèF7ABA@4pS�8WY

258RJDV�ABFD23<9_[~‡8–G5:…MI8R\,8WGr>@HL4D2…Yg8R2r<?4­2?8;YgV�:v8-<?MI8–:v4^\,~IA@8Ryg>Ö<9_,47x¡<5MI8•>@H�:RA@V‡Ge>B4DHƒ:…M�8W:…w[>@H�JbF7ABJD4^2?>@<?MI\]GW•^F^G

>@<X>BG¬<5MI8š:RF^Ge8•>BH�¨0Æ ¡qÆr†•f"†�G�M `3y&<”O„S"MI8W2?8–258RJDV�ABFD2�8Ryg~I2?8;G?G?>B4DH�Ga\bV�Ge<XQc8]—vhÅVIH�F7\­QI>BJDVI4^V�GR˜

›X4pS�8R‰^8R2;•Ž2?VIAB8WG

(Incompl Ord)
F7H�Y

(Incompl Unord)
258W¯&VI>B258a<5MI8�<9_[~‡8"4Dx�<?M�8¬FD2?J^VI\,8RH&<5G£<54•Qc8

F-G?VIQ[‰D8;:=<54D2’4DxgF-‰D8;:=<?4^2’\]Fp<…:…MI>@H�J"<?MI8r<9_[~‡8a2?8WJDVIA F72’8Ryg~I2?8;G?G?>B4DH–47xg<5MI8rA F7Qc8RA•˜'ƒ•>B‰D8WHbF"258RJDV�ABFD2’8vyg~I258WGeh

G?>@4^H

�
•&>Ö<r~c4^G5G?>@QIAB8¬<?4š:R4D\,~IVg<58-F–258RJDV�ABFD2z8vyg~I258WG5Ge>B4DH

� 0 S"MI4^G?8"A F7HIJ^V�F7J^8a> G38RygF^:=<5A@_b<?MI8XA F7H�JDV�FDJD8¬47x

S�4D2…YIG�<?M�F7<-F7258OGeVIQ[S�4D2…YIG–{‚>BH�<?MI8šG?8RH�G?8O47xzG?VIQ[‰D8W:v<?4^25G…}34DxtS�4D2…YIG�>BHL<5MI8OA F7HIJ^V�F7J^8�4Dx

�
˜ ƒ•>B‰D8RHL<?M�8

†•sg™

d
:v4^2?258WG?~‡4^H�Yg>BHIJ,<?4

�
•€FG��HI>@<?8KF7Vg<54D\]Fp<54DH�:R4D252?8;Ge~c4DH�YI>@HIJK<54

� 0 > GX4^Qg<5FD>@H�8WYUQ[_TFDYIYg>BHIJ‡•�x‚4^2

8WF^:…M�G9<…Fp<58WG

s
FDH�Y

s0 >BH

d
F7H‡YT8WFD:…MUAB8v<?<?8W2

a
GeV‡:…MU<?M�F7<

s ! � a! s0•‡<?MI8b<?2…F7H�G?>@<?>B4DH

s a! s0˜�qXHIx‚4D2?h

<?V�H�Fp<58RAB_D•g<5MI8O2?8;GeV�AÖ<5>@HIJ,8Ry[~�2?8;G?G?>@4^H

� 0 \]FŽ_�Q‡8–\,4D258O:v4^\K~�A@8RyLF7H�YLHI4D<�x‚V�AV��A£2?8;G9<52?> :=<5>@4^H�Ga<?M�F7<"\,FŽ_

M�FŽ‰^8KQc8R8WH•>@\,~c4^G?8WYP4DH

�
˜ƒ¤U4D258R4p‰^8R2;•€2?VIAB8WG

(Compl Unord)
F7H�Y

(Incompl Unord)
F7A Ge4T258W¯&VI>B2?8

<?4P:v4^H�Ge> Yg8W2b~c8R25\bVg<…Fp<?>B4DH‡Gb4Dx"<9_&~c8ƒ258RJ^VIA F72b8Ryg~I2?8;G?G?>B4DH�GW•£S"M�>B:…M <5M[V�Gb258WG?VIA@<5Gb>@HèF0G?VI~I~IAB8R\,8RH&<…F725_

:v4^\bQI>BH�F7<?4D25> F7A€~I254DQIAB8R\T˜

�!k�¯ °•t p�y4“nwxýžz{t�p

NP8š~I258WG?8RH&<?8;Y�F,~�2?8;G?:R2?>B~g<?>B‰D8•<9_[~c8bGe_gGe<?8W\ˆx‚4D2�:v4DH‡G9<525FD>@H&<"A@4^JD> :–ABFDHIJDV‡F7JD8;G"F7H�YTG?MI4pS�8WYLMI4pS >@<�:WF7H

Qc8-FDYIFD~g<?8;YK>@H&<?4šF•<9_[~c8-G?_[Ge<?8W\ x‚4^2z<9_[~I>@H�JO2?VIAB8"A F7HIJ^V�F7J^8WGtV�G?8WYK>@H]S�8RQ]FD~I~IAB>B:WFp<?>B4DH‡GR˜�f¬MI> Gz2?8;GeV�AÖ<58WY

>BHKF�~I258WG5:v25>@~g<5>@‰^83<9_[~c8�G?_gG9<58R\ x‚4D2t<5MI8a25VIAB8aA F7H�JDV�FDJD83°r±R²7³•´Wµ M �"Zgj&i7F8O[x‚4D2t<525FDH�G9x‚4^2?\,>BHIJ�FDH�Yb¯&VI8W2?_[>BHIJ

®�¤0‘ Yg4g:vVI\,8RH&<…GR˜3st>BH�F7ABA@_^•IS�8–YI>BG5:vV�G5G?8WY�Ge4^\K8–> G?G?VI8;G¬2?8WABF7<?8WYƒ<?4K<9_[~c8š:…MI8W:…w[>BHIJ�˜

sI4^2zx‚Vg<5VI2?8-Sa4^2?w€•7S�8">@H&<58RH�YK<54š8R‰pF7ABV�F7<?8¬<?M�>BGr~I2?8;G?:R2?>B~g<5>@‰^8a<9_[~c8-G?_[Ge<?8W\ 4^H�E"`3N%`rE-Zg`
F7~�~IA@> :RF7h

<?>B4DH‡GR˜�d•HU~�F72?<?> :vV�ABFD2"Sa8šS"> G?ML<54ƒF7H‡F7AB_[G?8•<?MI8b2?4^A@8O4Dxt<9_[~c8WG¬x‚4^2-~I258R‰^8RH&<?>BHIJK<?M�8š\,>BG?V�G?8š47xzGe8W\]F7H&<?> :

S�8RQ�~I254DJ^25FD\ :v4^\,~‡4^HI8RH&<5GaF7H�Y]<?MI8�MI8RAB~�~I254p‰[>BYg8;Y­<?4š<5MI8-V‡Ge8W23x‚4D2aS"2?>@<?>BHIJb:R4D\,~IAB8vy]¯&VI8R25>@8;G3>BH[‰D4DAB‰&h

>BHIJ�Yg>S†c8W2?8WH^<"w[>BH�YIG"4Dx£4DH&<54DAB4DJD>B8WG�4^2"2?8;FDG?4DHI>BHIJ�˜

NP8U~IABFDHèFDABG?4P<?4 Ge<?V�Yg_é<?MI8T<5MI8R4^2?8R<?> :RFDA�~�2?4^~‡8W2e<5>@8;G,47x-<5MI8T<9_[~‡8�G?_gG9<58R\ SO˜ 2;˜ <;˜ó<?MI8�Yg>S†€8R258RH&<

~c4^G5Ge>BQIAB8�8Ryg8W:vVI<?>B4DHé\,4gYg8WABGK47x�°r±v²D³|´;µIM �"Zgj^iD:¶O•˜
N!8T>BH&<?8RH‡Y¾<54•YI8R‰D8WA@4^~¾~I2…FD:v<?> :RF7A"FDA@J^4D25>Ö<5MI\]Gšx‚4^2

<9_[~‡8T:…MI8;:…w&>BHIJ‡˜!d•H
~�F72?<?> :vVIA F72;•�Sa8LHI8R8;YéFDH
F7ABJD4^2?>@<?M�\�<54�<?8;G9<,S"MI8R<?MI8W2W•3J^>@‰^8RH <9S�4�<9_[~c8ƒ258RJ^VIABFD2

8vyg~I258WG5G?>@4^H

� 1
F7H�Y

� 2
•g<?M�8R258•8Ryg>BGe<5G"F­<9_[~‡8šG?VIQ�Ge<?>@<?VI<?>B4DH

�
F7H�Y�F­<9_[~‡8O258RJ^VIABFD2¬8vyg~I258WG5Ge>B4DH

� 0 G?V�:…M

<?M‡Fp<

� 1� � 0 v � 2�
•ŽS"MI> :…Mš:v4D\­QI>BHI8WG¡G?VIQg<9_[~I>BHIJ�•Ž~�FD25FD\,8v<?25> :£~c4DAB_[\,4D25~IMI> Ge\ F7H�Y•258RJDV�ABFD2€8Ryg~I2?8;G?G?>B4DH

\]Fp<…:…MI>@H�J�˜td•H]4D2…Yg8R2z<54O2?8;YgV�:R8"<?MI8-~‡4&G?G?>@Q�A@8X:R4D\bQ�>@H�F7<?4^2?> F7Ag8Ry[~�A@4&Ge>B4DH�G�>BH,<?M�8WG?8-F7ABJD4^2?>@<?MI\]GW•7S�8"\,FŽ_

:v4^H�G?>BYg8W2"2?8;G9<52?> :=<5>@4^H�G�4DHL<?MI8O258RJ^VIA F72�<9_[~‡8šG5:…MI8R\,8;G¬47x£A F7Qc8RA GW˜

Z [

L�	R¶/·‰CE
JT ¶=C]\6�

NP80F7258T>@H%:v4^H&<5FD:v<]S">Ö<5M%47<?M�8R2]S�4D25w&>BHIJ•JD254DV�~�GK47x•<?MI8�~�2?4D698W:=<;•aAB8WFD2?H�>@HIJ•S"M�F7<ƒF7258�<?MI8W>@2�H�8R8WY�G

258RA Fp<?8;Yš<54-<9_[~c8"Ge_gGe<?8R\]GW˜£NP8¬8vyg~c8W:=<�<5MI8"F7~I~I254^F^:…MI8WG£~I258WG?8RH&<?8;YšMI8W2?8a<?4–Qc8"FDYŽ69V�Ge<?8;Y­FDH�YKYg8R‰^8RAB4D~c8WY

FD:W:v4^25Yg>BHIJ^A@_^˜L™-G­FK��2…G9<bGe<?8W~’•�8vyIF7\,~IAB8WGO4Dx¬FD~I~IAB_[>@HIJT<5MI8R\õ<54U2?8W~I2?8;Ge8WH&<5Fp<5>@‰^8,8vyIF7\,~IAB8WGO4^Qg<5FD>@H�8WY

x‚254D\ <?MI8­47<5MI8R2•JD254DVI~‡GXF7258O<?4LQ‡8,Yg8W‰D8RAB4D~c8WY’˜-f¬MI> G�G?MI4DV�ABY�G?MI4pS S"MI> :…M�w[>@H‡YU47x38W2?254D2…G¬<?M�8š<9_[~I>BHIJ

lDo



F7~�~I2?4&FD:…MI8;G�F7258�FDQIA@8¬<54šYg> G?:R4p‰D8R2;•pF7H�YKMI4pSé<9_[~‡8;G3:RFDH­Qc8"8R\,~IAB4p_D8;Yb>BH]G9<52?V�:v<?VI25>BHIJOF7H�YK:v4^\K~c4^G?>@<?>B4DH

47x�25VIA@8OFD~I~IAB>B:WFp<?>B4DH‡GR˜

^ 
�_P
lC'
�	KJ 
��

M ™X`ro^”PO Œ,˜�EO˜�™-~g< F7H�Y Z€˜U`z<…F7ABA@8^˜ ž�H�<5MI8ŠVIHI>S�‡:RF7<?>B4DH x‚2?8W8þ1r2?4^A@4^J ~I254DJ^25FD\,GW˜ d•H

™š˜l��4D2•RR_gG”RRwD4pSXG?w[>"F7H�Y/Z¡˜�Z[4^wD4DAB4pSXG?w&>••�8WYg>@<?4^25GW•¥ÖŠ£”·0º¶¨•¨¶¬|¥¹³q¡|¢d·{¿‹Ÿ�Åu¨

â

·P³0¿�¨�£•¨�³?º•¨‰·|³

Ì  PŸ�Åu¨U®6 |Ÿ•¥�º¶ |¼




·|§7³+¬­ |Ÿ•¥�·|³u¢„·n¿

â

·|®!µ?§7Ÿ3¨U£

�

º�¥�¨U³+º¶¨R•^‰^4DABVI\,8•n[—^—"47x'Í_q

â

�

•^~�F7J^8WG"—��c—Wo�˜

Z[~I25>BHIJD8W2eh3�z8R25ABFDJ�•c—Wo^oD”I˜

M ™X~g<…o&n0O Œ,˜�EO˜I™-~g<W˜




£”·|®€Í�·•¡|¥�º”ÖŠ£”·•¡|£• P®Ž®�¥¹³ž¡"Ÿ©·§ÖŠ£•·P¼S·•¡7˜r132?8WH&<?> :v8O›-FDA@A••’—Wo^o&ng˜

M ��FD25¢Dk|O ›š˜u�¬FD2?8WH�Yg258RJ7<;˜�ÍD |®6¦¶¬) 

â

 P¼SºU§7¼¾§ž¢UÁx¥¹Ÿ�¢

�

½P³9Ÿ© U´Z P³+¬

�

¨U®6 |³9Ÿ¤¥�º‚¢=˜�uX4D2?<?ML›X4DABA F7H�Y¡•€—;oD¢7k‡˜

M ��FD25o&i8O ›š˜���FD2?8WH�Yg258RJD<W˜,‘„F7\­QcY�F

Ÿ

FDAB:RVIAB>zS">Ö<5M•f¬_[~c8WGW˜]d•H

Y

 P³?¬­¦¶·ˆ·“�d·{¿�Í�·”¡­¥�º"¥¹³

â

·|®!µ?§7Ÿ3¨U£

�

ºU¥�¨U³+º¶¨v•�‰D4DABVI\,8–ded=•I~‡F7JD8;G–—D—;¢8�[”�—Wj�˜[ž-y[x‚4D2…Yƒq-HI>@‰^8R2…Ge>@<9_�13258WG5GW•¡—WoDo&ig˜

M �Š�"Z[N)j^”PO Z€˜P��8R25JD8W2W•Žs�˜0��25_D•DZ€˜pZg:…M�F|†c8W2e<;•ŽFDH�Y

Ÿ

˜ŽN%>B8WG?8R2;˜D®�:R8R25~g<tFDH�Yš‰[> Ge®•:v8W2?~g<;C’sI254D\ ~�F7<e<?8W2?HIh

Q�F^Ge8;YU<?4T‰[> GeV�FDAz¯^V�8R25_&>BHIJ�47xr®•¤�‘óF7H�YPG?8R\,>BGe<?25V�:v<?VI258WY!YIFp<…FI˜šd•HBÖŠ£”·0º¶¨•¨¶¬|¥¹³q¡|¢G·n¿�Ÿ�Åu¨


1W

Ÿ¹Å

Ã

³2Ÿ•¼SÆ

â

·P³0¿�¨�£”¨U³+º¶¨„·P³_C2¨U£‚½�ÍD |£•¡q¨

ã

 PŸ© ­¦¶ 8¢U¨�¢„ö%C?Í

ã

�K7

�

÷a`

ã

¨U®6·|³u¢‚Ÿ¤£” PŸ¤¥�·P³9¢

Ê

£” ­º(�p•

��8R25A@>BH’•9ƒ•8W2?\]F7H[_^•�i7jDj^”I˜

M �

Ÿ

ŒO‘£jD”|O ƒK˜2�¬FD2e<5MI8D•�›b˜

Ÿ

>B25Ge<?8;FI•

Ÿ

˜+Œ–>@2…:…MIHI8W2W•IFDH�YT‘3˜‡‘„>B¯&VI4^2?>•˜313V�2?8O1zFp<?<?8W2?H�G-fr_[~c8­Z[_gG9<58R\]GW˜

d•HEÖŠ£”·0ºˆÆ�·{¿�ÖabÁÖ#Íz•I~�F7J^8WGXi^l7j8�Ii7m�—D˜^f¬M�8š™

Ÿ

¤�~I258WG5GW•�i7jDj^”I˜

M ��†•¤�jDk|O s�˜u��2?_^•^N�˜I†�25FDQ‡8WH&<W•gF7H�YLœ�˜g¤�FDA@V‡GnRW_&H‡Gew[>•˜tž�HLG?VIQg<9_[~I>BHIJK47x’<52?8W8vh•G9<52?V�:v<?VI258WYƒYIFp<…FIC�™

~c4DAB_&H�4D\,>BFDA’F7~I~�2?4&FD:…M’˜td•H0ž�MIA@Q‡FD:…MLFDH�YUZg:…M�F|†c8W2e<=M ž–Zgj7kPOÅ•g~�FDJD8WG–—��c—;¢I˜

M �ŠŒ–N)o^¢PO ™š˜4��25•IJDJ^8R\]F7HIHIh3Œ–AB8R>BH�FDH�YU†­˜cNP4[4gY¡˜•ž�HI8Rh•VIH‡F7\bQ�>@J^VI4DV�GX2?8WJDVIA F72XA F7H�JDV�FDJD8WGW˜

Ã

³0¿�·P£•d

®G PŸ¤¥�·P³d |³+¬

â

·P®�µ+§7Ÿ© PŸ¤¥�·P³�•„—Rk&i�{|i^}=CB—W¢^i8�giDjDmI•^¤�FŽ_�—Wo^oD¢�˜

M �¬ZIj^i7F|O s�˜���2?_¾FDH�YóZ€˜rZg:…M�F|†c8W2e<;˜
™ JD8WH^<5A@8T>BH&<?254[YIV�:=<5>@4^Hé>BH^<54•®�:v8W2?~I<W•aFP25VIAB8vhÅQ�FDG?8WY¾¯&VI8W2?_

F7H‡Y�<?2…F7H�Gex‚4D25\]Fp<?>B4DHLABFDHIJDV‡F7JD8•x‚4^2X®�¤�‘r˜af£8W:…MIH�>B:WF7A„E"8W~‡4^2e<X1a¤0Z&h•s'�ah9i7j^j^iŽh…—D—^•

Ÿ

4^\Kh

~IVg<58R2,Zg:v>B8RH�:R8�d•H�Ge<?>@<?Vg<58D•z¤UVIH�>B:…M’•Äƒ•8R25\]F7H[_D•�i7j^j^ig˜ƒd•H&‰[>@<?8;Y F72?<?> :vAB8,F7<bd•H&<?8W2?H�F7<?>B4DH�FDA

NP4D25w[G?MI4^~L4^H�E"V�A@8š¤�FD2?w[VI~T‘„FDHIJDV‡F7JD8;G3x‚4^2!��V�Ge>BHI8;G?G"E"V�A@8;G¬4DH�<?MI8bZg8R\]F7H&<?> :•N!8WQ’˜

M �¬ZIj^ipQuO s�˜u��2?_]F7H‡YƒZ€˜�Zg:…M�F|†c8W2e<;˜„f£4pS�FD25YIGaFbYg8;:vA F72…Fp<5>@‰^8-¯&VI8R25_�F7H�Y]<?2…F7H�Gex‚4D25\]Fp<?>B4DH]A F7H�JDV�FDJD8

x‚4D2�®�¤0‘0F7H‡Y�Ge8W\,>BGe<?25V�:=<5VI258WY�YIF7<5F�C�Z[>B\bV�ABF7<?>B4DH]VIHI>S�‡:WFp<?>B4DH„˜’d•HRÖŠ£”·0º0Æ'·n¿�Ÿ�Åu¨

Ã

³9Ÿ©¨�£‚³? Kd

Ÿ¤¥�·P³+ |¼

â

·P³0¿�¨�£•¨�³?º•¨Ž·P³‹ÍD·•¡­¥�º”Öl£”·”¡­£” |®�®Ž¥¹³q¡D•�‘„u

Ÿ

Z€˜‡Z[~�2?>BHIJD8W2eh3�z8R25A F7J�•gi7j^j^iI˜

M �¬ZIj^i7:�O s�˜Š��25_
FDH�Y)Z€˜"Zg:…M�FP†€8R2?<W˜�f¬MI80®�¤�‘þ¯^V�8R25_éA F7HIJ^V�F7J^8U®�:v8W2?~I<WC•†-8;Ge>BJDH%~I25>BH�:v>B~IAB8WGW•

8vyIFD\K~�A@8;GR•&F7H�Y,G?8R\]F7H&<?> :RGW˜cd•H&Öl£”·ˆº0Æ




³+¬

Ã

³2Ÿ3Æ‰�6·P£��P¢”Åu·•µ
â

�6¨ˆ¦„ P³?¬

ã

 |Ÿ3 )¦• P¢U¨‚¢

T

•[‘„u

Ÿ

Z

iDlDoD”�•&`r2ex‚VI2?<W•+ƒ•8R25\,FDH[_D•‡ž•:=<54DQc8R2Xi7j^j^iI˜gZg~I2?>BHIJ^8R2?h¤�z8W2?A F7J‡˜

M ��f¬N)j�—�O ›š˜x�a4^A@8W_D•šZ€˜-ftF7Qc8v<;•šF7H�YòƒK˜XN•F7J^HI8R2;˜ç†-8;Ge>BJDH 2…Fp<?>B4DH‡F7AB8!4DxKE"VIAB8W¤0‘3C-™ \]F725w[VI~

A F7HIJ^V�F7J^8�x‚4D2TG?8R\]F7H&<?> :!Sa8WQ)2?V�A@8;GR˜‹d•H ÖŠ£”·0ºˆÆ

�

¨U®6 |³9Ÿ¤¥�ºä�Ž¨0¦ä�Ž·|£��P¥¹³ž¡

�

½P®�µu·P¢¶¥¹§7®

ö

�

�n�

�

^

7

	

÷Ž•cZ&<5FDHgx‚4D2…Y¡•‡iDjDjI—^˜�c

îžîqÒed”ïžï�f/f"flÚ'g/h"i+Ô'Ú3éqñ?Ô"j%i9êEÚ'gžÖžï|Óqé2ê­Ö

æ

ê

˜

M

Ÿ"Ÿ

† + jDk|O�›š˜

Ÿ

>@2…G9<58WF�•c`-˜

Ÿ

4g¯^V�8R25_D•¡N�˜’†�25FDQ‡8WH^<;•„s�˜’s�FDJD8WGW•

Ÿ

˜fŒ–>B25:…MIH�8R2;•€œ‡˜’¤�FDA@V�G”RR_[H�G?w[>|•’FDH�Y

�•˜€NPF^:…wc˜•fr_[~c8WG-x‚4D2•N!8WQ�25VIA@8­ABFDHIJDV‡F7JD8;GRC"Fƒ~I2?8WA@>B\,>@H‡F725_�Ge<?V�YI_D˜–†-8WA@>B‰D8W25FDQIA@8bd9”ph•†•iI•

E"`3N%`aE-Z[`X•¡i7j^j7k�˜

m^j



M

Ÿ

†„ƒ + o^oPOˆ›š˜

Ÿ

4^\,\K4^H’•
¤¾˜�†�FDV�:…MI8v<;•éEO˜ ƒ•>BA@AB8R254DH„•
s�˜Uœ^F^:R¯&VI8R\]FD25Y¡•
†b˜�‘„VIJD>B8UR^•
Z€˜�f¬>@h

G?4DH’• F7H�Y ¤ ˜çf„4^\K\]F^Ge>•˜ f£258R8 FDVg<?4^\]Fp<5F <?8;:…MIHI> ¯^V�8WG F7H�Y F7~I~�A@> :RF7<?>B4DH�GW˜

M&<e<5~’C •^•ŽS"S"SO˜ JD2…F7~I~‡FI˜ VIHI>B‰^hÅAB>@ABA@8;”I˜ x‚2=•Ž<5F7<5F&•g•�—;oDoDo�˜

M

Ÿ

s�lD¢PO ›š˜

Ÿ

V�2?25_KFDH�YƒEš˜[s�8R_gGW˜

â

·P®G¦�¥¹³? PŸ©·P£‚½�Í�·”¡­¥�ºv•g‰^4DABVI\,8b—^˜£uX4^2e<5Mgh•›X4DABA F7H�Y¡•[™X\]Ge<?8W25YIFD\T•

—Wo&l7¢�˜

M

Ÿ

stj^”PO `X˜

Ÿ

4[¯&VI8W2?_PF7H�Y•s�˜£s‡F7J^8WGW˜LZ[VIQg<9_[~I>BHIJ�:R4DH�Ge<?2…F7>BH&<5G–>BH¾¯^V‡FDG?>ÖhÅABF7<e<5>B:R8WGW˜�d•H•1t˜t1zF7H�YI_^F

F7H‡Yšœ�˜ŽEXF^YgM�F7w[25>BG?MIH�FDH’•;8WYg>@<?4^25GW•'ÖŠ£”·0º•¨¶¨¶¬P¥¹³ž¡P¢�·{¿ŠŸ�Åu¨


1�

£”¬
º¶·P³0¿�¨�£•¨�³?º•¨�·P³!¿�·P§7³?¬­ |Ÿ•¥�·|³u¢!·{¿

¢U·{¿¶Ÿ¤À� P£”¨„Ÿ©¨¶º•Å7³+·|¼S·”¡­½� |³+¬�Ÿ¹Å9¨•·|£”¨UŸ•¥�º¶ P¼?º¶·P®�µ+§7Ÿ©¨�£l¢UºU¥�¨�³?º•¨�Â




�

ÊlÊ

â

�

^




7�7

�

•g‘„u

Ÿ

Z€•^¤�VI\Kh

Q�FD>|•Id•H‡Yg>BF�•I†-8;:v8W\bQc8R2�iDjDjD”�˜[Zg~I2?>BHIJ^8R2?h¤�z8W2?A F7J‡˜

M

Ÿ

›�Z�nDi8O ›š˜7�•˜

Ÿ

VI2?25_D•[œ‡˜&EO˜g›->@H�YIA@8W_D•gF7H�Yƒœ�˜&1�˜gZg8RA Yg>@H„˜

â

·P®G¦�¥¹³? PŸ©·P£‚½�Í�·”¡­¥�ºv•g‰^4DABVI\,8•iI˜’uX4D2?<?MIh

›X4^A@A F7H‡Y¡•�™X\]Ge<?8W25YIFD\T•¡—Wo&nDig˜

M

Ÿ

>@2…jDj|O ›š˜

Ÿ

>B2…G9<58WFI˜

`

¨UÀÄ£‚¥¹Ÿ•¥¹³ž¡

â

 P¼SºU§7¼¾§ž¢UÁ




·P§7³?¬­ PŸ¤¥�·P³9¢G |³+¬

²

µ­µ?¼¾¥�º¶ PŸ¤¥�·P³u¢=˜K13M�†Š<5MI8WG?> GR•’q-HI>Öh

‰D8W25G?>@<$kO›X8WHI2?>¡1�4^>@H�:WF72�k•hru-F7H‡:v_�d=•‡iDjDj^jI˜

M

Ÿ

ŒO‘„jI—;FPO ›š˜

Ÿ

>@2…Ge<?8WF�•

Ÿ

˜­Œ–>B2…:…MIHI8R2;•DFDH�Y]‘3˜D‘„>B¯&VI4^2?>•˜‡¤0Fp<5:…M�>@HIJO1r4pSa8W2W˜‡d•H�ÖŠ£”·0ºˆÆ�·{¿

`
Êq²

•p‰^4DABVI\,8

i7j&lg—•47x�ÍÇq

â

�

•g~�F7J^8WGXnDn0�[o&ig˜IZ[~I25>@H�JD8R2?h3�z8R25ABFDJ�•gi7jDj�—D˜

M

Ÿ

ŒO‘„jI—WQ7O�›š˜

Ÿ

>@2…G9<58WF�•

Ÿ

˜fŒ–>@2…:…MIHI8W2W•’FDH�Y!‘r˜’‘’> ¯&VI4D25>|˜Kf¬MI8]E"MI4

Ÿ

VIQc8D˜,d•HBÖŠ£”·0ºˆÆ�·n¿




b

�3�

²

â

�

•

‰D4^A@V�\K8šiDjD”Dj­47x#ÍÇq

â

�

•I~�FDJD8WG•—;mDm8�€—W¢^jI•gi7jDj�—D˜

M

Ÿ

ŒO‘„j^iPO ›š˜

Ÿ

>B25Ge<?8;FI•

Ÿ

˜4Œ–>@2…:…MIHI8W2W•cF7H�Y!‘3˜€‘’> ¯^V�4D25>|˜•E"8RS"25>Ö<5>@H�J

Ÿ

F7A :vV�A@V�G�S">@<?M„{Œ4DVg<=}�fa_[~‡8;GR˜�d•H

ÖŠ£”·0º0Æ#·{¿N�

`

Í

²

•g‰D4^A@VI\,8bn[—–4Dx+�•q

Ê

â

�

•‡i7j^j^iI˜

M

Ÿ

ŒO‘DN)j&i8O/›š˜

Ÿ

>@2…G9<58WF�•

Ÿ

˜9Œ–>@2…:…MIHI8W2W•g‘r˜I‘’> ¯^V�4D25>|•IFDH�YI�•˜IN•FD:…w€˜zf¬MI8šE"M�4

Ÿ

V�Q‡8]CrZ[4^\,8šE"8WG?VIA@<5GW•

Z[4^\K8O1r2?4^QIA@8W\]GR˜�d•HEÖŠ£”·0ºˆÆÄ·n¿

Y

b

`

•IiDjDj^iI˜t™-ABG?4]FDG"‘�ž•E"d9™�E"8WG?8WFD25:…M�E"8R~c4D2?<X™-j&iŽh•E¬h

k[n7jI˜

M

Ÿ

‘DN)jDk|O ›š˜

Ÿ

>B25Ge<?8;FI•-‘r˜�‘„>B¯&VI4^2?>••-FDH�Y—�•˜aN•FD:…w€˜ E"MI47h•:RFDAB:RVIABV�G�S">@<?M s£>@yg~‡4^>@H&<;Cést>@2…G9<?h•4^25YI8R2

Z[_gGe<?8R\T˜zd•HEÖŠ£”·0º0Æ#·{¿

Êml

ÖÁ�

�

˜‡Zg~I2?>BHIJ^8R2?h¤�z8W2?A F7J‡•[iDjDj7k‡˜

M

Ÿ

¤�jI—UO œ‡˜

Ÿ

A F725w%F7H�Y)¤¾˜�¤UV�25F7<5F){Œ8WYg>@<?4^25G…}=˜ E"`r‘„™-® uxƒ G?~‡8;:v>S�‡:RF7<?>B4DH’•-†�8W:R8R\­Q‡8W2TiDjDjI—^˜

M&<e<5~’C •^•ŽS"S"SO˜ 4^F^Ge> G9hÅ4D~c8RH„˜ 4^2?Jg•p:v4^\,\K>@<e<58R8;G…•p2?8WABF7y&hÅHIJ&•7Ge~c8W:vhÅiDj7jI—7—ŽipjD”I˜ M&<?\,A•˜

M

Ÿ

¤�j^iPO ¤ ˜

Ÿ

A FŽ‰D8RAcF7H�Yƒœ�˜[¤U8WG?8RJ^VI8R2;˜’E"8U}�8W:v<?>B4DH�>BH

Ÿ

4DH‡Yg>Ö<5>@4^H�F7A€E"8WS"2?>@<?>BHIJ­‘„4DJ^>B:D˜

Ê

Å9¨¶·P£”¨UŸ•¥�º¶ |¼

â

·P®�µ+§7Ÿ©¨�£

�

º�¥�¨U³+º¶¨R•‡i7¢&lI{•iD}=C ipk[l0�Ii7¢D¢�•^i7j^j^iI˜

M

Ÿ

4[¯)O `X˜

Ÿ

4[¯&VI8W2?_^˜tf

Ÿ

‘„1X˜nc

îžî)Ò�d”ïžï7Õ­ð­ñ7îžÓ7Ý2Ô0ñ7îuÖuë'Ú‚ÔUñ7Ó+Ô|Ý#Ú�hqÓ7ïpo)Õ­ð)ì­é9Ö|ÓžÜuï­î2Õ­ê|Òuï

˜

M

Ÿ

VI25”Dk|O ›š˜

Ÿ

V�2?25_D˜KsIVIH�:v<?>B4DH�FDA@>@<9_U>BH

Ÿ

4^\bQI>BH�Fp<54D25_U‘’4DJ^>B:D˜bd•HÒÖŠ£”·0ºˆÆ•q� PŸ©Æ

²

º¶ ­¬)Æ

�

º�¥�Æ<qÄÆ

�

Æ

²

ÆB•

‰D4^A@V�\K8šiDjI•g~�FDJD8WG"lD¢7kP�Il7o^jI•c—WoD”Dk�˜

M †�¤�¢&i8O ‘3˜z†•F7\]FDG­F7H�YéEO˜z¤U>@ABHI8W2W˜!132?>BH�:R>@~�FDA"fr_[~c8vh9Zg:…MI8R\,8;GOx‚4D2,sIV�H�:=<5>@4^H�F7A�13254DJD2…F7\]GW˜Ud•H

ÖŠ£”·0º0Æ#·{¿�ÖabÁÖ#Íz•�~�FDJD8;G¬iDj&n0�gig—Žig˜&f¬MI8š™

Ÿ

¤�1r2?8;G?GW•¡—Wo^¢^ig˜

M †�¤�j�—�O N�˜’†�25FDQ‡8WH^<OF7H‡Y0¤ ˜’¤U>�r‚wD4pSXG?wŽF�˜–132?4p‰[>BHIJL:R4D252?8;:=<5HI8WG5G-FDH�Y0:R4D\,~IAB8v<?8WHI8WG5G•47xrH�4D25\,FDA

~I254DJ^25FD\,GXs FLYg8W:RABFD25F7<?>B‰D8šFD~I~I254^FD:…M„˜Xd•H01�˜

Ÿ

4gYg4DJ^HI8v<;•‡8;Yg>Ö<54D2;•4Í�·•¡|¥�ºSÖl£”·”¡­£” |®�®Ž¥¹³q¡|Â

	&t

Ÿ¹Å

Ã

³2Ÿ3¨U£‚³+ |Ÿ•¥�·|³+ |¼

â

·P³ˆ¿�¨U£”¨U³+º¶¨�Â

Ã

â

ÍjÖ




7�7

	

Â§ÖŠ£”·0º•¨¶¨¶¬P¥¹³ž¡P¢=•"‰^4DABVI\,80iDi7”[nU4Dx�ÍÇq

â

�

•

~�FDJD8WGXiD¢7k|�gi7o^oI˜[Z[~I25>@HIJ^8R2?h¤�z8W2?A F7J‡•[iDjDj�—D˜

m�—



M †�¤U1aj^i8O N�˜z†-2…F7Qc8RH&<;•rœ�˜z¤�FDA@V‡GnRW_&H‡Gew[>••�FDH�Y¾1�˜�13>B8v<52”R;F7w€˜ q-G?>@HIJ!~�F72…F7\,8R<?25>B:�G?8v<]:v4^H�Ge<?2…F7>BH^<…G

x‚4D2�A@4g:WFp<?>BHIJ�8W2?254D2…G¬>BH

Ÿ

‘’1)~�2?4^JD2…F7\]GR˜

Ê

Åu¨¶·P£‚½‹ P³?¬©Öl£” ­ºUŸ•¥�º¶¨G·n¿•Í�·”¡­¥�º/ÖŠ£”·•¡­£” P®Ž®�¥¹³ž¡7•

iI{ŒkP�IlD}=C lpk&o8�gmI—Wj�•^i7j^j^iI˜

M †-1rE-oD¢PO †�4p‰&>B8R2;•[1�4DAB>B:R2?>@<?>••gF7H�Y�EX4^G5Ge>•˜„™ VIHI>@x‚4D25\‹Fpyg>@4^\]Fp<?> :X‰[>B8RS)4Dx„AB>BGe<5GW•[\bVIA@<?> Ge8R<5GW•gF7H�YLGe8R<5GW•

F7H‡Yƒ<5MI8O258RAB8R‰pF7H&<¬VIHI>S�‡:RF7<?>B4DHUF7ABJD4^2?>@<?MI\]GW˜




§7³+¬) P®G¨�³2Ÿ3 

Ã

³ˆ¿�·|£‚®6 |Ÿ•¥�º¶ 7•‡”Dm�•¡—Wo^oD¢I˜

M `zy[<nO `zy[<?8WH�G?>@QIAB8�\,FD2?w[VI~ A F7H�JDV�FDJD8�{‚®•¤�‘£}ƒ—D˜ j¾{|Ge8;:v4DH‡Y•8WYg>@<?>B4DH‡}v•zN)”

Ÿ

258W:R4D\,\,8RH�YIF7<?>B4DH

mƒž•:=<54DQc8R2Xi7j^jDj�˜>c

îžîqÒed”ïžï�f/f"flÚ�fpu�Ú{ð)Ó"v9ïK�/w9ïxw

å

Ðyj�z

æ

ê

˜

M s'�"Z + j7k|O f–˜€sIVI2…:…MI8D•cs�˜+��25_D•cZ¡˜€Zg:…M‡FP†€8R2?<W•€EO˜€ž�2…Ge>BHI>••�d=˜€›X4^2?254g:…w[GW•�¤ ˜+Œ–25FDV�G5GR•�FDH�Y!ž­˜+�a4^ASRW8R2;˜

Z[VI25‰D8W_
4p‰^8R2�`3y[> Ge<?>BHIJN��VI8W2?_óF7H�Y%f£2…F7H�Gex‚4D25\]Fp<?>B4DH%‘£F7HIJ^V�F7J^8WGW˜ Yg8WA@>B‰D8W25FDQIAB8Ud•k7h•†b—^•

d•H�Ge<?>@<?Vg<58Ox‚4D2"d•HIx‚4D25\,F7<?> :RGW•I‘’V�YIS">@JDhÅ¤�F7yg>@\,>BA@> F7H�Geh•qXHI>B‰D8W25G?>Ö<�{p<a¤�•IH�:…MI8WH’•‡i7j^j7k‡˜

M s

Ÿ

jI—UO s�˜‡s‡F7JD8;GXF7H‡YL`-˜

Ÿ

4g¯&VI8R25_D˜�fr_[~I>BHIJ�:v4^H�Ge<?2…F7>BH^<"AB4DJ^>B:–~I254DJ^25FD\]GR˜

Ê

Å9¨•·|£‚½K |³+¬©ÖŠ£” ­ºUŸ¤¥�º•¨

·{¿„ÍD·•¡|¥�º”ÖŠ£”·•¡­£” P®Ž®�¥¹³ž¡7•£—^{|m^}=C n7lI—‚��nDnDng•^u-4p‰D8R\­Q‡8W2Xi7jDj�—D˜

M sI8Wj�—�O †­˜

Ÿ

˜Žs�FDA@A G?>BYg8•{‚8;Y¡˜ }v˜^®•¤�‘TZg:…MI8R\]F"~‡F72?<tjIC¡1r2?>B\,8R2;˜^N)”

Ÿ

E"8W:R4D\,\,8RH�YIF7<?>B4DH’•�c

îžîqÒed”ïžï

f/f/fŠÚ�fpu�Únð­Ó/v9ï'�/wuï�z

æ

êžëžÕ

c

Ö

æ

Ý|j8Û7ï

•Di7j^jI—D˜

M stu�oDm|O Œ,˜Ds�Vg<5F7<5G?VIJD>IFDH�Y,™š˜Du�F7wpF7J&FŽS�F�˜[™-Hƒž�‰D8R25‰[>@8WS¾47x

Ÿ

Fpx‚8¬132547698;:=<W˜‡d•H-Öl£”·ˆº0Æf·n¿

â

 {¿�¨�b+�m}

�Ž·|£��8¢”Å9·•µc•£—Wo^oDmI˜

M ƒ•>@2…¢Dm|O œ‡˜Šƒ•>B25FD25Y¡˜ f¬MI8!Zg_[Ge<?8W\ s 4Dx•�•F725>BFDQIAB8�f¬_&~c8WGW•Xst>Öx <58R8WH•~�8;F72…G�‘„F7<?8R2;˜

Ê

Å9¨¶·P£”¨UŸ•¥�º¶ |¼

â

·P®�µ+§7Ÿ©¨�£

�

º�¥�¨U³+º¶¨R•Ik&lIC@—Žl7oP�c—Wo&ig•‡—WoD¢^mI˜

M ƒ•4DJ^jDk|O œ‡˜2ƒ•4DJ^VI8RH’˜zf¬MI8bž„�¬œ]s�FD\,>@AB_L›-4D\,8–1�FDJD8^•�i7jDjDk�˜

c

îžî)ÒXd”ïžï�f"f/flÚ¶Õžë'Ú3é?Õžë%g Ú{Ö"g|é2ï|é2ë­Ö­Ó+ë|ï�vuð�vqéuÖ­ñ9ï7ëPÜ9ë)ï)ð­í,€#Ú

c

î

æ

ê

˜

M ƒ–EX¢D¢|O 1�˜Dƒ•>BFDHIHI>BHI>3F7H‡Y0Z€˜’E"4^H�:…MI>�Yg8RABABF�E"4g:R:WFI˜

Ÿ

M�FD25F^:=<58R25>SR;Fp<?>B4DHU4Dxafa_&~�>@HIJ&G->BH01�4^A@_[\,4D2?h

~IMI> :bf¬_[~c8b†�>BG5:v>B~IAB>@HI8^˜"d•HfÖŠ£”·0º¶¨•¨¶¬|¥¹³q¡|¢Ž·{¿�Ÿ¹Å9¨

Ê

Å7¥¹£”¬

²

³9³2§9 P¼

�

½P®!µ9·8¢‚¥¹§7® ·P³ Í�·”¡­¥�º�¥¹³

â

·P®�µ+§7Ÿ©¨�£

�

º�¥�¨U³+º¶¨R•I~�FDJD8WG"m�—‚��npjI•c—Wo^¢D¢�˜

M ›-s

Ÿ

j&l8O ›š˜p›-4^G?4p_^FI•Ž™š˜ps�2?> G?:…M„•ŽFDH�Y�ƒK˜

Ÿ

F^G9<…F7JDH‡FI˜71zF72…F7\,8R<?25>B:z~c4DAB_[\,4D25~IMI> Ge\ x‚4D2t®�¤0‘3˜[d•H

Ê

Åu¨

�"


³+¬

²

³2³9§9 P¼

²

â

Ì

�žÃ

è

Ö#Í

²

qCd

�žÃ

è

²

â

Ê

�

½P®�µu·P¢¶¥¹§7®…·|³?ÖŠ£‚¥¹³+ºU¥ µ+¼S¨�¢
·{¿@ÖŠ£”·•¡|£” |®�®Ž¥¹³q¡

Í� P³q¡­§9 U¡q¨�¢…•ci7jDj&lg˜

M ›-q•n7oPO œ‡˜¡`X˜’›X4^~c:R2?4Dx <OFDH�YPœ�˜¡†­˜’qXABA@\]F7H�H’˜

Ã

³9Ÿ¤£”·0¬P§9ºUŸ•¥�·|³�Ÿ3·

²

§7Ÿ©·P®G PŸ© 

Ê

Åu¨¶·P£‚½8Â�ÍD |³q¡­§9 U¡q¨‚¢

 P³?¬

â

·|®!µ?§7Ÿ3 |Ÿ•¥�·|³�˜3™"YIYg> G?4DHghÅN!8;GeAB8R_^•¡—Wo[npoI˜

M ›!�-1ajDjPO ›š˜’›-4^G?4p_^F�•cœ‡˜4�z4DVI>BABA@4^H’•’F7H�Y•�•˜

Ÿ

˜¡1r>@8W25:R8D˜bE"8WJDVIA F72•8vyg~I258WG5G?>@4^HU<9_[~‡8;G-x‚4^2–®�¤�‘r˜šd•H

ÖŠ£”·0º¶¨¶¨•¬|¥¹³q¡|¢Z·{¿ŽŸ¹Å9¨

Ã

³9Ÿ©¨�£‚³? PŸ¤¥�·P³+ |¼

â

·P³ˆ¿�¨U£”¨U³+º¶¨Z·|³




§7³+ºUŸ•¥�·|³+ P¼_ÖŠ£•·”¡­£” P®Ž®Ž¥¹³q¡ ö

Ã

â




Ö'÷Ž•

~�FDJD8WG–—^—‚�IiDig•gi7j^jDj�˜ts�VIA@A„‰D8R2…G?>@4^HƒVIH�YI8R2XG?VIQI\,>BG5G?>@4^Hƒ<54�f-ž�1r‘„™•Z€˜

M œ)ŒO¢^mPO œ‡˜ hÅ1�˜tœ^4DV�FDHIH�FDV�Y F7H�Y ›b˜'Œ–>B2…:…MIHI8R2;˜

Ÿ

4D\,~IAB8v<5>@4^H 47x-F�G?8v<K47x"25VIA@8;Gš\,4gYgVIAB4!F�G?8v<K47x

8W¯&V�F7<?>B4DH�GW˜

�žÃ

²

Ì•}7·P§7£‚³+ |¼D·{¿

â

·|®!µ?§7Ÿ•¥¹³ž¡7•’—ŽlI{Œk&}=CB—D—ŽlDl8�c—D—;o7k‡•g—WoD¢^mI˜

M œ^‘£¢&n0O œ‡˜Žœ&FP†¡F72�F7H‡Yšœ�˜ h•‘3˜p‘„F^G?G?8UR^˜

Ÿ

4^H�G9<525FD>@H&<„AB4DJ^>B:r~I254DJD2…F7\,\,>BHIJ�˜^d•H©ÖŠ£”·0º¶¨¶¨•¬|¥¹³q¡|¢�·n¿lŸ¹Å9¨

	V�

Ÿ�Å

²

â

Ì

�

½P®�µu·P¢‚¥¹§7® ·|³ ÖŠ£‚¥¹³?º�¥ µ?¼S¨‚¢‰·{¿?ÖŠ£”·•¡­£” P®Ž®�¥¹³ž¡�ÍD |³q¡­§9 U¡q¨‚¢¶ÂŽÌQ§7³2¥�º•ÅžÂ

è

¨U£‚®G P³9½p•

~�FDJD8WG–—^—D—��c—D—;oI˜&™

Ÿ

¤ •�œ&F7H[V�F725_T—Wo^¢&n[˜

M Œ=ŒOoDoPO

Ÿ

˜2Œ–>B2…:…MIHI8R2�F7H�YU›b˜2Œ–>B25:…MIH�8R2;˜aE"8WS"2?>@<?>BHIJ�•€Z[4DAB‰[>@H�J�•�1r2?4p‰[>BHIJ�˜�™�~I258RAB>@\,>BH�F725_ƒ‰^8R2…Ge>B4DH

47xzFKQ‡4[4^wƒFŽ‰pF7>BABFDQIA@8–Fp<

f/f/flÚ”ê)ð)Ó?Ô|Ý�Ú�hqÓ9ï,‚žÕ%i+Ô8Ó9Õ

c

ñ9Öžï|Ó+ëˆÒlÚ¤Ò?ë'Ú�v&ƒ

•’—;oDo^oI˜

m&i



M Œ-4)RŽnDn8O †­˜qŒ�4­RW8RH’˜€‘’4pS�8R23Qc4DV�H�YIGzx‚4^2rH�F7<?VI2…F7A‡~I254&4Dx€G?_gG9<58R\]GW˜cd•H




b

â

�

	'W,t�t

•g~�F7J^8WGri^lpk|�gi7m^mI˜

d•`3`3`-•£—;o&nDng˜

M ‘’8R> ¢D”|O †­˜3‘’8R>B‰pF7H&<W˜•1�4DAB_[\,4D25~IMI> :�f¬_[~‡8�d•Hgx‚8R258RH‡:v8D˜•d•HçÖŠ£”·0ºˆÆ„·{¿-ÖabÁÖ#Í�•z~‡F7JD8;Gb¢^¢8�[o^¢I˜tf¬MI8

™

Ÿ

¤õ13258WG5GR•¡—;oD¢D”�˜

M ‘„EXo�—�O f–˜¬‘„F7wgG?MI\]F7H%F7H‡Y%qš˜aEX8WYIYg_^˜ fr_[~c8WYó13254DAB4DJ‡C0™�G?8R\]FDH^<5>B:�2?8;:v4DH‡G9<52?V�:v<?>B4DHè47x–<?M�8

¤U_g:v2547x <?h9ž�‡ Œ–8R8Rx‚8b<9_[~c8�Ge_gGe<?8W\�˜,d•Hd�b˜£ZIF72…FDG?S�F7<•F7H‡Y•Œ,˜’q-8WYIF�•„8WYI>Ö<54D2…GR•IÖl£”·ˆº¶¨¶¨¶¬P¥¹³ž¡P¢

·{¿
Ÿ¹Å9¨

	'W'W1	

Ã

³9Ÿ©¨�£‚³? PŸ¤¥�·P³+ |¼

�

½P®�µ9·8¢‚¥¹§7® ·|³QÍ�·”¡­¥�º”ÖŠ£”·•¡|£” |®�®Ž¥¹³q¡D•�~‡F7JD8;G"i7j^i8�giI—Žn[˜[¤Ud9f

13258WG5GR•¡—;oDo�—D˜

M ‘DN)j&l8O ‘3˜’‘„>B¯&VI4^2?>3FDH�Y �•˜¡N•FD:…w€˜,f¬MI8,~‡4^A@_[\,4D25~IMI> :b258RS"25>@<?>BHIJ7h•:RFDAB:RVIA@V‡GRC•fr_[~c8,:…M�8W:…w[>@H�JL‰gGW˜

<9_[~‡8T>BHgx‚8R258RH‡:v8D˜
d•Hèub˜3¤�F72?<$„@hež�A@>B8v<;•38WYg>@<?4^2W•@ÖŠ£”·0º¶¨•¨¶¬|¥¹³q¡|¢‹·n¿IŸ�Åu¨




¥ ¿¶Ÿ�Å

Ã

³9Ÿ©¨�£‚³? PŸ¤¥�·P³+ |¼

�Ž·|£��8¢”Å9·•µ ·P³

`

¨�ÀÄ£‚¥¹Ÿ¤¥¹³q¡ŽÍD·•¡|¥�º� P³?¬

Ã

Ÿ•¢

²

µ­µ?¼¾¥�º¶ PŸ¤¥�·P³�•‡‰D4^A@VI\,8K—D—pn–47x�¨�³2Ÿ3º�¢=•g~�F7J^8WG�¢Do
�

—D—^—D˜g`3A G?8R‰[>@8W2!�•˜7�b˜B•‡i7j^j^lg˜

M ¤U>B:Wj7k­O ¤U> :v254^G?47x <;˜�f¬M�8

Ÿ

þ‹›X4^\,8•1zFDJD8D•�iDjDjDk�˜

c

îžî)ÒXd”ïžï

æ

ë�g)ñlÚ

æ

ÔqÕPÓuð7ë­ð!hqî�Ú¶Õ­ð

æ

ï�…+Õ)ë

c

Ý|ÓqÒ9ï

˜

M ¤�‘„¤•ŒOj^”PO�¤ ˜¬¤UVI2…Fp<…FI•"†b˜�‘’8W8D•X¤ ˜�¤�F7HI>••XF7H‡YNŒ,˜ŠŒOFŽS�FDJDV�:…M�>|˜/ftFpyg4^HI4D\­_¾47xO®�¤0‘ G5:…MI8R\]F

A F7HIJ^V�F7J^8WG�V�G?>@HIJKx‚4^2?\]F7A¡A F7H�JDV�FDJD8�<?MI8W4D25_D˜3Z[VIQI\,>@<e<58WY¡•€i7jDj^”I˜

M ¤�u�ZgjDk|O N�˜£¤0F72?<?8RH‡GR•tsa˜tuX8W‰D8RH„•tFDH�Y•f–˜tZg:…M[S�8RH&<?> :…w€˜

Ÿ

4D\,~IAB8vyg>Ö<9_!47xXYg8;:v> Ge>B4DH•~I254DQIAB8R\]G•x‚4^2

G?>@\,~IAB8�258RJDV�ABFD2K8Ryg~I2?8;G?G?>B4DH�GW˜ód•Hóœ‡˜rst> F7A FI•Š�b˜ Œ�4DV�Q‡8Wwc•¬F7H‡Yèœ‡˜�Œ–2…Fp<54[:…M[‰[>BA|•38;Yg>@<?4D2…GW•


1W

Ÿ¹Å

Ã

³9Ÿ©¨�£‚³? PŸ¤¥�·P³? P¼

�

½P®!µ9·8¢‚¥¹§7®…·|³ZÌ  PŸ�Åu¨U®G PŸ¤¥�º• |¼




·|§7³+¬) PŸ¤¥�·P³u¢x·n¿

â

·P®�µ+§7Ÿ©¨U£

�

ºU¥�¨U³+º¶¨v˜

Z[~I25>BHIJD8W2W•�iDjDj7k‡˜

M ¤!ž•¤�j^iPO uš˜3¤0F72?<$„@h9ž�AB>@8R<,FDH�Yèœ�˜z¤U8;Ge8WJDVI8W2W˜éEX8RS"25>Ö<5>@HIJ•‘’4^JD> :7C�E"4^F^Yg\]F7~
FDH�YN�a>BQIAB>@4^JD2…F7~IM[_€˜

Ê

Åu¨¶·P£•¨�Ÿ¤¥�º¶ P¼

â

·|®!µ?§7Ÿ3¨U£

�

ºU¥�¨U³+º¶¨v•ci7¢^l�{|i^}=CB—;ig—��c—Žlpk�•&i7jDj&ig˜

M ¤�f"›-¤�o[n0OšEO˜�¤U>BA@HI8W2W•z¤ ˜tf„4Dx <?8^•�Eš˜t›�F725~‡8W2W•�F7H�Y †­˜£¤0FD:0��V�8R8RH„˜

Ê

Å9¨

ã

¨•¸#³2¥¹Ÿ•¥�·|³ ·n¿

�

Ÿ© P³?¬­ P£•¬

ÌIÍ ö

`

¨�»0¥±¢U¨•¬‚÷p˜3¤Ud9f)13258WG5GW•¡—WoDo[n[˜

M ž–Zgj7k­O ›š˜•œ�˜–ž�MIA@Q‡FD:…M�F7H�Y�Z€˜–Zg:…M�F|†c8W2e<;•O8WYg>@<?4^25GW˜ ÖŠ£‚¥¹³?º�¥ µ?¼S¨‚¢è |³+¬nÖŠ£” ­ºUŸ¤¥�º•¨N·{¿

�

¨U®6 |³9Ÿ¤¥�º

�Ž¨0¦

`

¨¶ 8¢U·P³2¥¹³q¡|Â

�

¨¶º¶·P³?¬

Ã

³2Ÿ3¨U£‚³+ |Ÿ•¥�·|³+ |¼i�Ž·|£��8¢”Åu·¶µ2Â+Ö+Ö

�

�

`



7!7

�

Â

�

Ÿ©Æ�Ì  P¼S·PÂ




£” P³?º•¨�Â

�

¨©µ+Ÿ©¨U®6¦¶¨U£8s€d

	

78Â




7!7

�

Â©ÖŠ£”·0º¶¨•¨¶¬|¥¹³q¡|¢…•-‰D4DABVI\,80”&i7jD¢•4DxŽÍD¨¶ºUŸ•§7£•¨�q�·PŸ©¨‚¢‹¥¹³

â

·|®!µ?§7Ÿ3¨U£

�

ºU¥�¨U³+º¶¨v˜cZ[~I25>@HIJ^8R2;•�i7j^j7k�˜

M 1t8W_g¢&n0O Z€˜;1�8R_&<?4^HbœD4^HI8WGW˜

Ê

Åu¨

Ã

®�µ+¼S¨U®6¨U³9Ÿ© PŸ¤¥�·P³"·n¿




§7³+ºUŸ¤¥�·P³+ |¼KÖl£”·”¡­£” |®�®Ž¥¹³q¡�Í� P³ž¡|§9 ˆ¡)¨�¢=˜D13258RHIh

<?> :v8š›�F7ABA|•„—WoD¢[n[˜

M 1t4D<nO s�˜ 1�47<?<?>B8R2;˜

Ÿ

4^VI25G?8 †-`a™šC fa_[~�F7J^8 8R< ~I254DJD2…F7\,\]Fp<5>@4^H’˜

c

îžî)ÒXd”ïžï|ÒuÝ­é4Ô­êžê)Ý9ÕEÚ‚ÔUñ7Ó+Ô|ÝÄÚ'hqÓ7ï,‚xh)Ò7ð)îžî2Ô|Ö­Ó9ï

æ

Ò7Ó2Ô­ï�g7ÖqÝpjqî)ÜqÒ9Ý�vuÖ#Ú3Ò2ëEÚ�v"ƒ

˜

M 1t4D<5j^jPO s�˜€1t4D<e<5>@8W2W˜•™ ‰^8R2…G?F7<?>BA@8b:R4DH�Ge<?2…F7>BH&<ehÅQ�FDG?8WYL<9_[~c8b>BHgx‚8R258RH�:R8­G?_gG9<58R\T˜”q�·P£”¬|¥�º†}7·P§7£‚³? P¼Ä·{¿

â

·P®�µ+§7Ÿ¤¥¹³q¡D•€nI{‚k&}vC ”�—;i8�[”7kgn[•Du-4p‰D8W\bQc8R2-i7j^jDj�˜

M 1aZg¢I—UO ƒK˜„1�8R<?8R2…G?4DH¾F7H‡YP¤¾˜„`X˜zZ&<?> :…wD8WA|˜

Ÿ

4D\,~IAB8v<58ƒG?8v<5Gš47x"2?8;YgV�:v<?>B4DH�G–x‚4^2bG?4D\,8�8W¯&V�F7<?>B4DH�FDA

<?M�8R4D25>B8WGW˜X}7·|§7£‚³+ P¼'·{¿•Ÿ�Åu¨

²

â

ÌU•‡iD¢IC i7”^”8�giDm7k‡•�—Wo^¢I—^˜

M E"4DQ�m&l8O œ‡˜D™š˜DEX4DQI>BH�G?4DH’˜c™ó\,F^:…MI>BHI8vhÅ4D25>@8WH&<?8WYbA@4^JD> :�Q�FDG?8WY­4DHK<?M�8"2?8;Ge4^A@Vg<5>@4^H­~�2?>BH�:v>B~IAB8D˜1ôU·P§7£‚³+ |¼

·{¿
Ÿ¹Å9¨

²

â

ÌU•’—;iIC iD”8�[k�—D•‡—Wo^m^lg˜

m^”



M Z7�¬j7k|O Z€˜[Zg:…M�FP†€8R2?<rF7H‡Y]sa˜q��2?_^˜?��VI8W2?_[>BHIJ•<?MI8XNP8RQLE"8W:R4DH�G?>BYI8R258WY¡C„™)1325F^:=<5>B:WF7AId•H&<?254gYgV�:v<?>B4DH

<?4ƒ®�:v8W2?~I<W˜�d•HfÖŠ£”·0º•¨¶¨¶¬P¥¹³ž¡P¢6·{¿¥�Ä´)Ÿ¤£”¨U®6¨�Ì  P£��|§0µ Í� P³ž¡|§9 ˆ¡)¨�¢




7�7

�

Â Ì ·|³9Ÿ¤£”¨¶ P¼ Â

P

§9¨0¦¶¨¶º‚Â

â

 P³? ­¬­ •ö




³?¬x`6s8Ÿ�Å

²

§­¡­§ž¢‚Ÿ




7!7

�

÷p•€i7jDjDk�˜

M Zg:…M�j7k­O Z€˜£ZI:…M�FP†€8R2?<W˜IË�º¶¨�£¤µ?Ÿ3Á

²]`

§7¼S¨Vd��� P¢�¨¶¬

P

§9¨U£‚½• P³?¬

Ê

£” P³9¢¹¿�·|£‚®6 |Ÿ•¥�·|³�Í� P³ž¡|§9 ˆ¡)¨x¿�·P£GŸ�Åu¨

�Ž¨0¦R˜&1rM�†è<?MI8;Ge> GW•7‘„¤�qè¤U•IH�:…M�8RH’Cts�F7w[VIA@<�{7<£x‚•�2t¤�F7<?MI8W\]Fp<?>Bw€•pd•Hgx‚4D25\]Fp<5>@wOVIH‡Y­Z&<…Fp<?> Geh

<?>Bw€•‡i7j^j7k‡˜

M Zgs�†�j^jPO œ‡˜ h{ƒK˜[Zg\,FDV�GW•&s�˜[s�F7J^8WGW•&FDH�Y]1�˜[†-8W25FDH�G?FD2e<;˜¡q-G?>@HIJ­\,4[YI8WGr<?4b8WH�G?VI2?8�GeVIQI698W:=<�2?8;YgV�:v<?>B4DH

x‚4D2�<9_[~c8WY­A@4^JD> :r~�2?4^JD2…F7\]G’S">@<?M]G?VIQg<9_[~I>BHIJ�˜gd•H&ÖŠ£”·0º¶¨•¨¶¬|¥¹³q¡|¢!·n¿




�

ÊlÊ

â

�

^




7!7�77•^H[VI\­Q‡8W2

—Wo[nŽkK>@HU‘£u

Ÿ

Z€˜‡Zg~I2?>BHIJ^8R2?h¤�z8W2?A F7J‡•[iDjDjDj�˜

M Zg¤!np”|O ‘3˜�Z[<?4g:…w[\K8W_D8W2�FDH�YL™b˜I¤U8R_^8R2;˜„NP4D25ABYL~I254DQIAB8R\]G�258W¯&VI>B2?>BHIJb8Ryg~‡4^HI8RH&<?> F7Ac<5>@\,8DCz~�2?8WA@>B\Kh

>BH�F725_�258R~c4D2?<W˜�d•H

�

Ê

b

â

•„—Wo&n7”I˜

M Z[\]FDoDo|O œ‡˜ h{ƒK˜tZ[\]FDV�GR˜T13254p‰[>@H�JT<?8R25\,>@H‡Fp<?>B4DH•4DxX>@HI~�Vg<eh•:v4^H�GeV�\K>BHIJUAB4DJ^>B:,~I254DJ^25FD\]GR˜Ld•H¾†b˜�†b˜

Zg:…MI258R_^8D•a8WYg>@<?4^2W•iÖŠ£”·0º¶¨•¨¶¬|¥¹³q¡|¢•·n¿KŸ¹Å9¨

	

s8Ÿ�Å

Ã

³2Ÿ3¨U£‚³+ |Ÿ•¥�·|³+ P¼

â

·|³ˆ¿�¨U£”¨U³+º¶¨•·|³NÍ�·”¡­¥�º�ÖŠ£•·Kd

¡­£” P®Ž®�¥¹³ž¡7•�~�F7J^8WG"”D”&l0�g”7k^o�˜^¤Ud9f 13258WG5GR•¡—;oDo^oI˜

M Z&<?8;j^i8O ¤ ˜ h9ž­˜„Z[<?8RM�2W˜AÖl£”·”¡­£” |®�®Ž¥¹³q¡|Â

�

µ9¨¶º�¥ ¸Šº¶ PŸ¤¥�·P³è |³+¬

Ã

³9Ÿ©¨�£” )º�Ÿ¤¥¹»P¨

Ê

Åu¨¶·P£•¨�®tÖŠ£”·P»0¥¹³q¡‡`

Ê

·Kd

À� P£•¬8¢• ˆq�³2¥ ¸ ¨¶¬ Í� P³q¡­§9 U¡q¨•¦¶ 8¢U¨¶¬ ·|³n�@>U§9 PŸ¤¥�·P³+ |¼ŠÍ�·”¡­¥�º‚Â

`

¨UÀÄ£‚¥¹Ÿ•¥¹³ž¡•Í�·”¡­¥�º  |³+¬

Ê

½•µu¨

Ê

Åu¨¶·P£‚½p˜a13M�† <5MI8WG?> GR•�q-HI>B‰D8R2…G?>Ö<�{p<X›-FD\bQIVI25J�•gs‡FD:…M[Q‡8W2?8W>B:…M�d•Hgx‚4^2?\]Fp<5>@w€•�iDjDj^iI˜

M Z[VIH�jDk|O Z[VIH„˜rœ^FŽ‰pFKf„8;:…MIHI4^A@4^JD_€•Ii7jDjDk�˜>c

îžîqÒXd”ïqï"€žÝ!…uÝ#Ú¶ë8éžñlÚ•Õ|ð

æ

ï

˜

M f¬MI8Wj^”DFPO f¬MI8

Ÿ

25>BGe<5FDA’f„8;F7\T˜zf¬MI8­ž�Qg698;:=<?>B‰D8

Ÿ

FD\KA’›-4D\,8–1rF7J^8D•�iDjDjD”�˜

c

îžî)ÒXd”ïžï�f"f/flÚnð9Õ|Ý

æ

ê#Ú©ð)Ó"v9ï

˜

M f¬MI8Wj^”7Q7O f¬MI8�ƒ–u�q 132?4^A@4^JKf£8WFD\T˜3f¬MI8�ƒ–u-q 13254DAB4DJ,›X4^\,8O1�FDJD8^•giDjDj^”I˜

c

îžî)ÒXd”ïžï|ÒuÝ­é4Ô­êžê)Ý9ÕEÚ‚ÔUñ7Ó+Ô|ÝÄÚ'hqÓ7ï,‚xg+Ô8Ý"ƒuïxvqñqé‰j­ÒžÓuðqêqð!v7ï

˜

M f¬MI8WjDk^FPO f¬MI8�™�G9x‹Š–ZgYgx f£8WFD\�˜ f¬MI8ç™-Gex‹Š–ZgY[x�¤U8R<5FphÅ`3H[‰[>@254DH�\K8WH&<Š›-4D\,8 1�FDJD8^• iDjDj7k‡˜

c

îžî)ÒXd”ïžï�f"f/flÚ¶Õ%f?Ô'Ú3ñ2ê)ï

c

îqí+Ô0ñ2ïžë­Ö|ñDÞ0ï­î"f+Ô%i+Ô­ïPí?Ô0ñuï�…+Ô|Ö�f9ïqô

å/Œ

ÞPï�•7Ö)îžÝ

å

ñ&…+Ô0ÓuðPñ

æ

Ö­ñžî

˜

M f¬MI8WjDkDQ7O f¬MI8š›�FDG?wD8RABA’f£8WF7\T˜zf¬MI8š›�FDG?wD8RABA¡›X4^\K8O1zFDJD8D•�iDjDjDk�˜

c

îžî)ÒXd”ïžï�f"f/flÚ

c

ÝuëxiuÖ7ê)ê#Ú{ð)Ó!v9ï

˜

M f¬MI8WjDk^:‚O f¬MI8š¤�FDV�Yg8Of£8WF7\T˜3f¬MI8O¤�FDV�Yg8š›-4D\,8–1rF7J^8D•�i7j^j7k‡˜

c

îžî)ÒXd”ïžï

æ

Ý­é,g7Ö�Ú•ÕžëEÚ3é+Ô0é+ÕEÚ©Ö"g)éuï

˜

M f¬MI8WjDk^YžO f¬MI8O132547<5MI8R4]f£8WFD\�˜zf¬MI8O`rABFDHT›-4D\,8–1rF7J^8D•�iDjDj7k‡˜

c

îžî)ÒXd”ïžïqÖžêqÝ­ñlÚ”ê)ð)Ó?Ô|ÝÄÚ'h)Ó

˜

M f¬MI8WjDkD8�O f¬MI8bZg:…M�8R\,8Of„8;F7\T˜3f¬MI8šZg:…MI8W\K8š‘£F7HIJ^V�F7J^8D•Ii7j^j7k‡˜

c

îžî)ÒXd”ïžï�f"f/flÚ¶ë%f?ÔqëžëEÚ©Ý2Ô�Ú

æ

Ô8îŠÚ©Ö"g­é2ï8Ò7Óuð!€žÖuÕPî2ë­ïuë)Õ

c

Ö

æ

Öžï

˜

M ‰[†•›�ŒOo^mPO ™š˜�‰ŽFDHL†�8RVI2…G?8RH’•Iœ‡˜g›X8R8W2?>BHIJ‡•IF7H�Yƒ1t˜2Œ–A@>BH&<W˜#ÍD |³q¡­§9 U¡q¨¥ÖŠ£”·|Ÿ3·|Ÿ•½•µ?¥¹³q¡D˜zN!4^2?A YLZI:v>B8RH&<?>S�‡:7•

—Wo^oDm�˜

M ‰Iž•o^jPO �b˜c‰pF7H!ž�4&G9<52?4^\�˜¬‘„FD\bQ€YIF

Ÿ

FDAB:RVIA@V‡GXS">@<?MU1zFp<?<?8R25H�GW˜Xf„8;:…MIHI> :RFDA„E"8R~c4D2?<-d9E¬h9iDiD¢I•�s‡FD:vh

VIA@<?8W>Ö<�YI8R2"N%> Gew[VIH�YI8O8RH�d•Hgx‚4D25\]Fp<?> :RF�•7�z2?> 698šqXH�>@‰^8R2…Ge>@<?8W>Ö<X™X\]Ge<?8W25YIFD\T•¡—WoDo^jI˜

mDk



M N)†�j^”PO ™š˜cN%>BA@wTF7H�Y�N�˜c†-2…F7Qc8RH&<W˜-ž�H�<9_[~‡8;G"x‚4^2X®�¤�‘é¯^V�8R25_ƒA F7HIJ^V�F7J^8•®•:v8W2?~g<;˜ad•H

Ã

³9Ÿ©¨�£‚³? Kd

Ÿ¤¥�·P³+ |¼S�6·P£��P¢nÅ9·•µ+Â�ÖÁÖ

�

�

` 


7!7

�

Â„Ì‹§7®G¦¶ P¥±Â

Ã

³+¬|¥� 8Â

ã

¨¶º¶¨�®G¦¶¨�£

X

Â




7�7

�

Â¥ÖŠ£”·0º¶¨•¨¶¬|¥¹³q¡|¢…•

H[VI\bQc8R2•i7oDj�—->BHU‘„u

Ÿ

Z¡•I~�F7J^8WG•—;iD¢8�€—Rk&lI˜[Zg~I2?>BHIJ^8R2l�z8R25ABFDJ�•�iDjDjD”�˜

M N!8WABo^oPO œ‡˜ž�•˜gNP8RABABGW˜£fa_[~�F7Q�>@AB>Ö<9_�FDH�Yƒfa_[~‡8

Ÿ

MI8;:…w&>BHIJ­>@HUZ[_gG9<58R\ˆs¾FD2?8�`r¯&VI>B‰ŽFDA@8WH&<¬FDH�YLq-H�Yg8Rh

:v> YIFDQIA@8^˜

²

³9³? P¼ ¢
·{¿¥Öl§7£”¨� |³+¬

²

µ­µ?¼¾¥�¨¶¬6Í�·•¡|¥�ºR•�oD¢‡{9—��[”^}vC@—^—D—��c—;lDmI•g—;oDoDo�˜

m&l


	Introduction
	Descriptive typing for Xcerpt
	Introduction
	Modelling XML Data
	Type Definitions
	Proper Type Definitions
	Operations on Types
	Emptiness Check
	Intersection of Types
	Inclusion Subtyping

	Typing of Xcerpt Query Results
	Xcerpt -- Introduction
	Reasoning about Types of Xcerpt Query Results
	Computing Approximated Set of Answers for a Query Term.
	Computing Better Approximations of Set of Answers for a Query Term
	Computing the Type of Query Results.
	Analysis of Xcerpt Programs.

	Future work
	Conclusions

	Prescriptive type inference for rewrite-based languages
	Introduction
	The Rewriting-calculus
	A foundational framework for Web Reasoning
	Typed Rewriting calculi

	The System RhoF
	Syntax
	Free-Variables and Substitutions.
	Matching Equations, Theories and Term Approximations.
	The Polymorphic Rewriting-calculus, RhoF

	The Polymorphic Type System RhoF
	Metatheory of RhoF
	Typing the representation of Xcerpt queries

	The Polymorphic Type Inference uRhoF
	Typing the representation of Xcerpt queries

	Type inference
	Decidability of typing for RhoF
	uRhoF- : a decidable fragment of uRhoF
	The Algorithm W---

	Related Work and Conclusions

	Prescriptive typing: from CLP to Xcerpt
	Introduction
	Type Structure
	Preliminaries
	Types
	Subtyping ordering
	Subtyping constraints

	Typed CLP Programs
	Subject Reduction w.r.t. CSLD Resolution
	Subject Reduction w.r.t. Substitutions
	Typed Xcerpt Programs
	Type checking
	Conclusion


