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QRSTUV W X YZ[\ ]^_ `WaU_]bcUa dbaa^_ecf]Tg hCiJCI jiC k l1DD jmn opqrstuvrq wuq qxsyvzt{ iD| kl -G - }H ~ ClCK �HDl*HF� lC* *C�1|i+I1�CI � �JC�*1 Ji�| CD CiICI ��Hi�1�CI|CI �HDl*HF� iI jmn -
�CJC�CI DCiCI liC �C�1|i+ICI

R(A1, . . . , An)
k
S(A1, . . . , An)

HIl
T (Ai1 , . . . , Aik

, Bk+1, . . . , Bm)
k

{i1, . . . , ik} ⊆ {1 . . . n}
HIl E11*�CiDC HIJ�CiFG -

R ∪ S � ������ A1, . . . , An���� ��� ��� ������ A1, . . . , An���� � �
R \ S � ������ A1, . . . , An���� �

������ ������ A1, . . . , An���� � �
σ[F ](R) � ������ A1, . . . , An���� ������ F̄ � F̄

iD| lC*
F
CI|DE*CFGCIlC �HDl*HF� iI jmn�j2I|1�

π[A1, . . . , Ai](R) � ������ A1, . . . , Ai���� � �
ρ[A1 → C1, . . . , An → Cn](R) � ������ A1 �� C1, . . . , An �� Cn���� �
S ./ T � ������ A1, . . . , An, Bk+1, . . . Bm���� � �� ������ S.Ai1 = T.A1, . . . , S.Aik

= T.Ak �
QRSTUV W � Y `R¡¡]W`RcTg

•
.iC ¢*1JC I1FG lC* J*£¤|CI n1IlCD¥�FGC iI lC* 0+Ili1��.1|CI�1I��1H|C|

������ ��� ¦§¨©§ª���� �«¬®¨¯ �
hHD�|}�iFG D+�� l1}H lC* n1IlCD�°+lC 1HDJCJC�CI �C*lCI - /1*HK iD| liC ,+ �JCIlC jmn��I,*1JC,CG�C*G1,|± �C�CI jiC CiIC CI|DE*CFGCIl �+**iJiC*|C jmn��I,*1JC 1I -
������ ��� ¦§¨©§ª � ²«³©���� �«¬®¨¯ �



������ ��� 	 
� ��� ����� N M

• �I lC* �+*�CDHIJ �H*lC ,�* ~ ClCD n1Il liC BC�£��C*HIJD}1G� lC* J*£¤|CI j|1l| C*K i||C�| - �C�CIjiC CiIC �I,*1JC 1I k liC }HD�|}�iFG 1HFG lCI �1K CI liCDC* j|1l| 1HDJi�| -
•
01I �+CIII|C DiFG 1H, lCI C*D|CI B�iF� 1�D � *JC�IiD lC* C*D|CI �I,*1JC ������ ��� ¦§¨©§ª �²«³© ���� �«¬®¨¯ � l1D �HEC� �M�P��NPP k � � ��IDFGCI ��HDD�1Il iD| l1D J*+CDD|C n1Il HIlG1| M�P��NPP �K

2
¢��FGC� - ��C* k �1D D+��|C l1II ������ ��� ¦§¨©§ª � ²«³© ���� �«¬®¨¯C*JC�CI± . iC jHKKC lC* ¢�1CFGC iD| MLLN����N -N� k 1� C* �1D D+�� ,�* �F+lC� 1HDJCJC� CI �C*lCI±

.iC �JJ*CJ1|i+ID+E C*1|+*CI 0�� k 0 �� k j 0 k ��� k °! �� ICGKCI �1H, lCI C*D|CI B �iF� �1�D � iIJ1�C CiIC 0CIJC �+I �HEC�I HIl �CIlCI lCI �JJ*CJ1|i+ID+EC*1|+* 1H, liC CI|DE*CFGCIlCjE1�|C 1I k HIl C*JC� CI ptv pv 1|+K 1*CI � *JC�IiD�C*| -
�I lC* +�iJCI ,1�DFGCI �I,*1JC � i*l 1�D+ lH*FG liC �I�CIlHIJ lC* �JJ*CJ1|,HI�|i+I CiI CiI�}Ci�iJCD � *JC�IiD ,�* liC JCD1K|C �1�C��C C*}CHJ| - .1D �||*i�H| ²«³© �iC,C*| ~ Cl+FG IiFG| CiICiI}C�ICD � *JC�IiD k D+IlC*I ,�* ~ ClCD n1Il CiICD �E*+�iC*CI jiC } -B - K 1� ������ ��� ¦§¨©§ª ���� ¦²«³©ª ���� �«¬®¨¯ � 1HD� -� iIC �+**C�|C jmn��I,*1JC ,�* liC )*+��CK D|C��HIJ iD| C|�1 �
������ §¨©§ � ²«³©���� ²«¬®¨¯����� §¨©§ "¦������ ��� ¦§¨©§ª���� ²«¬®¨¯ ª �

• �K +�iJCI BCiDE iC� � i*l liC �JJ*CJ1|,HI�|i+I 1H, liC JCD1K|C 1�|HC��C �C�1|i+I 1IJC�CIlC| -. iCD �1II lH*FG #���� $% §®®¨&'(® JC�IlC*| �C*lCI � CD �C*lCI 0CIJCI �+I �HEC�I JC�i�lC| kliC iI 1||*�iD| ��C*CiID|iKKCI - .1K i| �C*lCI liC �JJ*CJ1|i+ID+E C*1|+*CI 0�� k 0 �� k j 0 k��� k °! �� iK 1��JCK CiICI ¢1�� 1H, ptv p ) pv{ p wuv ) pv{ pv wuv *+, pqv 1IJC�CIlC| HIl�C*|CI iIIC*G1�� ~ ClC* �*HEEC lCI �JJ*CJ1|i+ID+EC*1|+* 1H, lC* CI|DE*CFGCIlCI jE1�|C 1HDHIl �iC,C*I ,� * ~ ClC �*HEEC CiICI 1|+K 1*CI � *JC�IiD�C*| �
������ �§- © � �«¬®¨¯ � .«.¬&§® '«���� � '®¯����� ¦²«¬®¨¯ � .«.¬&§® '« ª ��¦������ ²«¬®¨¯ � ��� ¦.«.¬&§® '« ª���� � '®¯#���� $% �«¬®¨¯ ª �

QRSTUV W / Y0R^e_1a]23W Q aTWV`Ub¡ W`U_b`Wcg 01I �1II �Ci|C*C � �JC�*1�+E C*1|+*CI lC4IiC�*CI k liC }HD�|}�iFGC ¢HI�|i+I1�i|�| � C*Ci|D|C��CI - .C4IiC*CI jiC }�Ci !EC*1|+*CI � � 	56�� HIl � 56�� iC ,+�J| �
•
� 56� � ¢�* CiIC JCJC� CIC �C�1|i+I 7 	�� �� 89 9 9 :���� :9 9 9 ; CI|G��| topk(country, area, desc, 5)

liC¥�FGCIK ��DiJ J*£¤|CI � n�IlC* -
�liC BClCH|HIJ lCD |+E���!EC*1|+*D �CD|CG| iI lC* )*1� iD l1*iI k DiFG �+I CiIC* �+KE�C�CI �I�,*1JC liC

k
�CD|CI � *JC�IiDDC K£J�iFG D| DFGIC�� }H*�F�}HJC� CI k �+�Ci I1FG 0£J�iFG�Ci| J1*IiFG|1��C � *JC�IiDDC � i*�iFG �C*CFGIC* �C*lCI K� DDCI � -

•
� � 	56�� D+�� liC 1HD jmn �C�1II|C ¢HI�|i+I1�i|�| �+I #���� $% G1�CI k�CGCI jiC l1�Ci � iC � Ci lC* .C4Ii|i+I lC* B1DiD+E C*1|+*CI �+* �

•
/C�FGC )1*1K C|C* K� DDCI lCK !EC*1|+* K i|JCJC� CI �C*lCI±

•
/C�FGC jiJI1|H* G1| C*±

•
/C�FGC jiJI1|H* � CDi|}| liC � *JC�IiD*C�1|i+I �iI ��G�IJiJ�Ci| lC* � iIJ1�C*C�1|i+I �CI ��±
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•
�iC iD| liC C*G1�|CIC �HEC�KCIJC lC4IiC*|±

_b¡� � .C* |+E���!EC*1|+* iD| CIJ K i| lC* jC�C�|i+I �C*�1Il| - � ��C*liIJD iD| l1D jC�C�|i+ID�*i|C�*iHK �CiIC BCliIJHIJ 1I CiI CiI}C�ICD �HEC� k D+IlC*I CiIC BCliIJHIJ k liC 1��C �HEC� iI
R
�C*�F��DiFG|iJ| � )1*1K C|C* ��I�CIlHIJ 1H, CiIC �C�1|i+I X̄

� �
•
CiIC �||*i�H|K CIJC

Ā ⊆ X̄
k

•
CiI �C*J�CiFGD+E C*1|+* k K i| lCK �HEC� ��C*

Ā
�C*J�iFGCIOJC+*lIC| �C*lCI �£IICI - ¢1��D

ĀCiIC�CK CI|iJ iD| k } -B - �� ���� k iD| liC jCK1I|i� +�CIDiFG|�iFG - /CII
Ā
KCG*C*C �||*i�H|C HK ,1¤| kKH¤ CiI !EC*1|+* � i*JCIl� iC� lC4IiC*|O1IJCJC�CI �C*lCI � liCD iD| �GI�iFG }H lCI �������������� ���� }H !�~ C�||2ECI iI )nOjmn -BCiDEiC� � jE+*||1� C��C I1FG )HI�|CIO�+*li�C*CI}OJCDFG+DDCIC �+*C +*lICI -

• k � � iC�iC�C � *JC�IiDDC D+��CI 1HDJCJC� CI �C*lCI±� iIJ1�C � CiIC �C�1|i+I R(X̄)
-�HDJ1�C � 1HFG CiIC �C�1|i+I R(X̄)

-
.C4Ii|i+I � � 5�

[k, Ā, <](r) = {t ∈ r : |{t′ ∈ R : π[Ā](t′) > π[Ā](t)}| < k}

= {t ∈ r : |{σ[Ā > Ā(t)](r)}| < k}

� iI�CiD � /CII KCG*C*C �HEC� J�CiFGJ*+DDC /C*|C �+I Ā
G1�CI k �£IICI 1HFG

` > k
�HEC� 1HDJCJC�� CI �C*lCI 	 ,� * ~ ClCD liCDC* �HEC� Ji�| CD 1� C* K 1�iK 1�

k − 1
J*£¤C*C -

T`bR¡
V� � )1*1K C|C* ��I�CIlHIJ 1H, CiIC �C�1|i+I
X̄
� �

•
CiIC �||*i�H|K CIJC

Ā ⊆ X̄
k

•
,�* ~ ClC }H 1JJ*CJiC*CIlC jE1�|C

yi

�+I
X̄ \ Ā

�1II CiIC �JJ*CJ1|i+ID+EC*1|i+I
opi

D+� iC CiIICHC* � 1K C
zi

,� * l1D � *JC�IiD 1IJCJC� CI �C*lCI -
� iIJ1�C � CiIC �C�1|i+I R(X̄)

-�HDJ1�C � CiIC �C�1|i+I R((X̄ \ Ā) ∪ Z̄)
K i|

Z̄ = {z1, . . . , zn}
-.C4Ii|i+I �� � 	56��

[Ā, ((y1, op1, z1), . . . , (yi, opi, zi))](r)
= {t ∈ �	5(AZ) : t[Ā] ∈ π[Ā](R)

HIl
t[zi] = opi(π

∗[yi](σ[Ā = t[Ā]](r)))}

�+�Ci
π∗  ptvp .HE�i�1|C�iK iI iC*HIJ �+*IiKK| -

QRSTUV W � Y� WcTWcb¡ W`U_]bcWcg jCiCI
R(X̄), S(X̄)

jFGCK 1|1 HIl
Ȳ ⊆ X̄

- hCiJCI jiC +lC*� ilC*�CJCI jiC �Ug
π[Ȳ ](R ∪ S) = π[Ȳ ](R) ∪ π[Ȳ ](S)V g
π[Ȳ ](R ∩ S) = π[Ȳ ](R) ∩ π[Ȳ ](S)2g �,1��D �I,*1JC+E|iK iC*HIJ HIl iI|C*IC �HD�C*|HIJ iI lC* �+*�CDHIJ �C*Ci|D �CDE*+ FGCI �H*lCI � �� iC �C*lCI liC ~ C�Ci�iJCI �HDl*�F�C 1K C� }iCI|CD|CI 1HDJC�C*|C|±

Ug � D Ji�| � �CiFGGCi| �
π[Ȳ ](R ∪ S) = {µ ∈

�HE
(Ȳ )|
CD Ji�|

ν ∈ R ∪ S
D+ l1DD

µ = π[Ȳ ](ν)}
= {µ ∈

�HE
(Ȳ )|
CD Ji�|

ν1 ∈ R
D+ l1DD

µ = π[Ȳ ](ν1)}+lC* CD Ji�|
ν2 ∈ R ∪ S

D+ l1DD
µ = π[Ȳ ](ν2)}

= {µ ∈
�HE

(Ȳ )|µ ∈ π[Ȳ ](R)
+lC*

µ ∈ π[Ȳ ](S)}
= π[Ȳ ](R) ∩ π[Ȳ ](S)
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V g .iCDC ��CiFGHIJ Ji�| IiFG| � BC|*1FG|C
R

A B

a 1
a 2
b 4
c 5
d 7

S

A B

a 2
a 3
b 4
c 6
e 8

R ∩ S

A B

a 2
b 4

π[Ā](R)
A

a

b

c

d

π[Ā](S)
A

a

b

c

e

π[Ā](R) ∩ π[Ā](S)
A

a

b

c

c
iD| iK � *JC�IiD CI|G1�|CI k +��+G� CD iI

R
HIl iI

S
K i| HI|C*DFGiCl�iFGCI /C*|CI ,�*

B
1H,|*i|| -

jCi
Z̄ := X̄ \ Ȳ

-
π[Ȳ ](R ∩ S) = {µ ∈

�HE
(Ȳ )|
CD Ji�|

ν ∈
�HE

(Z̄)
D+ l1DD

µν ∈ R ∩ S}
= {µ ∈

�HE
(Ȳ )|
CD Ji�|

ν ∈
�HE

(Z̄)
D+ l1DD

µν ∈ R
HIl

µν ∈ S}.

π[Ȳ ](R) ∩ π[Ȳ ](S) = {µ ∈
�HE

(Ȳ )|µ ∈ π[Ȳ ](R)
HIl

µ ∈ π[Ȳ ](S)}
= {µ ∈

�HE
(Ȳ )|
CD Ji�|

ν1 ∈
�HE

(Z̄)
D+ l1DD

µν1 ∈ R
HIlCD Ji�|

ν2 ∈
�HE

(Z̄)
D+ l1DD

µν2 ∈ S}� iC*�Ci �1II
ν1 6= ν2

DCiI -
2g BCi 0 CIJCI+EC*1|i+ICI �.HE�i�1|C�iK iI iC*HIJ k �Ci jFGIi||K CIJC HIl 0CIJCIli�C*CI} 1HFGjHFGC � �iC|C| CD DiFG 1I k CiICI �IlC� �B1HK +lC* �1DG � }H* n1H,}Ci| 1I}H�CJCI -1� ��C*

R
i|C*iC*CI k ~ ClCD �HEC� E*+~ i}iC*CI HIl � *JC�IiD iI �IlC� CiI,�JCI - .1II ��C* Si|C*iC*CI k ~ ClCD �HEC� E*+~ i}iC*CI HIl � *JC�IiD CiI,�JCI - � ��CD }HD1KKCI 1HD�CDCI ��1DG|1�C��C �HIJC+*lIC|� - ¢1��D �C*Ci|D CiI �IlC� ��C* R[Ȳ ]

+lC*
S[Ȳ ]

iI lC* .1|CI�1I� C� iD|iC*| k �1II K1ID|1|| �|C*1|i+I ��C* liC �HEC� li*C�| ��C* liC �IlC�CiI|*�JC i|C*iC*CI -
|R| · (1 +

iIlC�|iC,C
) + |S| · (1 +

iIlC�|iC,C
) + |

� *JC�IiD
|� � ��C*

R
i|C*iC*CI k ~ ClCD �HEC� iI �IlC� CiI,�JCI - ��C* S i|C*iC*CI k ~ ClCD �HEC� iK �IlC� DHFGCI kJC,HIlCIC �HEC� E*+~ i}iC*CI HIl l1D � *JC�IiD iI CiICI � *JC�IiD��IlC� CiI,�JCI - hH�C|}| liCDCI1HDJC�CI -

|R|y + |S| · (1 +
iIlC�|iC,C

) + |R ∩ S| · (1 +
C*JC�IiDiIlC�|iC,C

) + |
� *JC�IiD

|

QRSTUV W � Y� bcf]Ua YZ[\gg �CJC�CI DCi ,+�JCIlCD .1|CI�1I�DFGCK1 ��HD}HJ 1HD 0+Ili1��
�«¬®¨¯ ¦�§- © � �«³© � �§. '®§& � �¨«� ' ²© � �¨©§ � �«.¬&§® '« ª�¨�§ '�§® '« ¦�§- © � ���¨©� '§® '« � � (®§�&'(�©³ ª�(�- ©-�©¨ ¦�¨�§ '�§® '« � �«¬®¨¯ � �¯.©ª

¢+*KH�iC*CI jiC liC ,+�JCIlCI �I,*1JCI iI jmn ��iI lCI �Ci�1H,J1� CI 1� � C � �*1HFGCI �C*DFG iClCIC �*|CI �+I 0 i|J�iClDFG1,|CI IiFG| �C*�F�DiFG|iJ|�C*lCI ��
1� �C�CI jiC �+I ~ ClC* ! *J1IiD1|i+I liC jHKKC lC* � iI�+GIC* 1��C* 0 i|J�iClD��IlC* 1�D|CiJCIlJC+*lIC| 1I -
� � /C�FGC n�IlC* DiIl 0 i|J�iCl iI KCG* 1�D �P ! *J1IiD1|i+ICI±
F� /C�FGC n�IlC* K i| CiIC* ¢��FGC �+I KCG* 1�D �PPPPP �K

2
DiIl 0 i|J�iCl iI KCG* 1�D �P ! *J1�IiD1|i+ICI±
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l � /C�FGC n�IlC* DiIl iI K iIlCD|CID CiIC* ! *J1IiD1|i+I 0 i|J�iCl k iI lC* 1HFG .CH|DFG�1Il ��. ��0i|J�iCl iD|±
C� /C�FGC n�IlC* DiIl iI K iIlCD|CID lCI ! *J1IiD1|i+ICI 0 i|J�iCl k iI lCICI 1HFG �Il+**1 ����. ��0i|J�iCl iD|±
, � hCiJCI jiC k l1DD CD iI lC* .1|CI�1I� �CiIC ! *J1IiD1|i+I Ji�| k iI lC* 1��C n�IlC* 0 i|J�iCl DiIl �
.iCDC �I,*1JCI �£IICI K i| lC* /C��jFGIi||D|C��C }H* 0+Ili1��.B JC|CD|C| �C*lCI �DiCGC �+*�C�DHIJDDCi|C � -
1� �C�CI jiC �+I ~ ClC* ! *J1IiD1|i+I liC jHKKC lC* � iI�+GIC* 1��C* 0 i|J�iClD��IlC* 1�D|CiJCIlJC+*lIC| 1I -
������ '(��©-�©¨ ��¨�§ '�§® '« � ��� ¦�«.¬&§® '« ª���� '(��©-�©¨ � �«¬®¨¯����� '(��©-�©¨ ��«¬®¨¯ " �«¬®¨¯ ��«³©#���� $% '(��©-�©¨ ��¨�§ '�§® '«����� $% � ���� �� � /C�FGC n�IlC* DiIl 0 i|J�iCl iI KCG* 1�D �P ! *J1IiD1|i+ICI±
������ ²«¬®¨¯���� '(�- ©-�©¨#���� $% ²«¬®¨¯��� ��# ²«¬® ¦�ª � ��
� iI�CiD � CD � i*l iI '(�- ©-�©¨ ,�* ~ ClCD n1Il CiIC �*HEEC JC�i�lC| - BCG1�|CI �C*lCI liC~ CIi�JCI �*HEECI k liC K iIlCD|CID �P � iI|*�JC �0i|�iClDFG1,|CI lCD n1IlCD iI CiIC* ! *J1IiD1|i+I �CI|G1�|CI � - ¢�* ~ ClC lC* �*HEECI � i*l CiIC hCi�C iK � *JC�IiD JCIC*iC*| -

F� /C�FGC n�IlC* K i| CiIC* ¢��FGC �+I KCG* 1�D �PPPPP �K
2
DiIl 0 i|J�iCl iI KCG* 1�D �P ! *J1�IiD1|i+ICI± jCC 1I+|GC* C�C*FiDC �jCF|i+I +E|iK i}1|i+I k iIlC�CD�

l � /C�FGC n�IlC* DiIl iI K iIlCD|CID CiIC* ! *J1IiD1|i+I 0 i|J�iCl k iI lC* 1HFG .CH|DFG�1Il ��. ��0i|J�iCl iD|±
� �|C*I1|i�C M� 1��CD iI CiICK �*Ci|CI �+iI �
������ � ��� ���� � ��§- ©���� �«¬®¨¯ � � �(��©-�©¨ � 	 � �(��©-�©¨ ������� � �²«³© " � 	 �²«¬®¨¯
��� � 	 �«¨�§ '�§® '« " �� �«¨�§ '�§® '«
��� �� �²«¬®¨¯ " 
� 
 ��� � �²«³© �� 
� 
��|C*I1|i�C N � �/C�FGCD �n1Il G1| CiIC 0 i|J�iClDFG1,| iI CiIC* ! *J1I iD1|i+I � k iI lC* 1HFG�.CH|DFG �1Il 0 i|J�iCl iD|�±�
������ �§- ©���� �«¬®¨¯ � �(��©-�©¨ � 	����� � 	 �²«³© " � 	 �²«¬®¨¯
��� � 	 �«¨�§ '�§® '« �� ¦������ �� �«¨�§ '�§® '«���� �(��©-�©¨ ������� �� �²«¬®¨¯ " 
� 
ª
��� � �²«³© �� 
� 
��|C*I1|i�C L � �¢�* �C�FGCD n1Il Ji�| CD CiIC 0 i|J�iClDFG1,| iI CiIC* ! *J1IiD1|i+I k liC 1HFG iIlC* 0 CIJC lC* ! *J1IiD1|i+ICI k iI lCICI . 0 i|J�iCl iD| k CI|G1�|CI iD|�±
������ �«¬®¨¯ ��§- ©���� �«¬®¨¯����� �� ����¦������ � �¨«- '(�- ©-�©¨ � 	
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����� � 	 �²«¬®¨¯ " �«¬®¨¯ �²«³©
��� � 	 �«¨�§ '�§® '« ��¦������ �� �«¨�§ '�§® '«���� �(��©-�©¨ ������� �� �²«¬®¨¯ " 
� 
ªª�CJCI,*1JC � �C�FGC n�IlC* �liC ��C*G1HE| i*JCIl�+ 0 i|J�iCl DiIl � DiIl IiFG| iI CiIC* ! *J1Ii�D1|i+I 0 i|J�iCl k iI lC* .CH|DFG�1Il 0 i|J�iCl iD|±

������ �����
¦������ � ��� ���� ²«¬®¨¯ �� ������ '(�- ©-�©¨ ª����� ��� �� ����¦������ ����� '(�- ©-�©¨ ������� �� �²«¬®¨¯" 
� 

��� �� �«¨�§ '�§® '« ��¦������ «¨�§ '�§® '«���� '(�- ©-�©¨����� ²«¬®¨¯ " �� ªª �C� /C�FGC n�IlC* DiIl iI K iIlCD|CID lCI ! *J1IiD1|i+ICI 0 i|J�iCl k iI lCICI 1HFG �Il+**1 ����. ��0i|J�iCl iD|±

������ � ��� ���� �«¬®¨¯���� '(�- ©-�©¨ ������ ��� �� ����¦¦������ «¨�§ '�§® '«���� '(�- ©-�©¨����� ²«¬®¨¯ " 
��� 
ª� ����¦������ � ��� ���� «¨�§ '�§® '«���� '(�- ©-�©¨����� ²«¬®¨¯ " � �²«¬®¨¯ªª
�pq�� p �yvzpo xtvz tv { pvr+ zpv �o{ rvtxrstuv pv ) ts{ qtpz� tv zpvpv r+�� �vzuoor � ��	
 ��
) ts{ qtpz txs �
������ � ��� ���� �«¬®¨¯���� '(�- ©-�©¨ ������ ��� �� ����¦¦������ � ��� ���� «¨�§ '�§® '«���� '(�- ©-�©¨����� ²«¬®¨¯ " 
��� 
ª� ����¦������ � ��� ���� «¨�§ '�§® '«���� '(�- ©-�©¨����� ²«¬®¨¯ " � �²«¬®¨¯ ªª

��� ��� �� ����¦¦������ � ��� ���� «¨�§ '�§® '«���� '(�- ©-�©¨����� ²«¬®¨¯ " � �²«¬®¨¯ ª� ����¦������ � ��� ���� «¨�§ '�§® '«���� '(�- ©-�©¨
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����� ²«¬®¨¯ " 
��� 
ªª
, � hCiJCI jiC k l1DD CD iI lC* .1|CI�1I� �CiIC ! *J1IiD1|i+I Ji�| k iI lC* 1��C n�IlC* 0 i|J�iCl DiIl �

� q qp �o{ rvtxrstuv pv � �o ztp px  ptv �rvz { t�s� zrx vt�� s tv ztpxpo �o{ rvtxrstuv txs
������ � ��§- ©���� �¨�§ '�§® '« ������ ��� �� ����¦������ §- ©���� ²«¬®¨¯ ������ ��� �� ����¦������ «¨�§ '�§® '«���� '(�- ©-�©¨ ������ � �²«³© " � �²«¬®¨¯

��� � �«¨�§ '�§® '« " � �§��¨©� '§® '« ªª--- *C�1|i+I1�C . i�iDi+I �
π[
+*J kF+HI|*2

](
iD�KCK�C*

) ÷ ρ[
F+lC

→
F+HI|*2

](π[
F+lC

](
F+HI|*2

))

CI|DE*CFGCIl lC* hC*�CJHIJ lC* . i�iDi+I iI 1�JC�*1iDFGC �*HIl+EC*1|i+ICI �HI|C* BCIH|}HIJ�+I
π �F+HI|*2 � �iD�KCK�C*��π �F+lC �F+HI|*2 HIl π �+*J � �iD�KCK�C*��π �1��*C� � �+*J � �

\

ρ �I1KC→+*J �

π ��1K C�
! *J1I i}1|i+I

π �+*J �

\

×

ρ �1��*C�→+*J �

π �1��*C� �
+*J1Ii}1|i+I

ρ �F+lC→F+HI|*2 �

π �F+lC�
F+HI|*2

π �+*J kF+HI|*2 �
iD�KCK�C*

0 1I �1II 1HFG l1D �!� ���j�j CI|DE*CFGCIl lC* �+*�CDHIJ iI liC � �JC�*1 ��C*DC|}CI �
• �IIC*C jH��HC*2 � iKE+*|iC*| �C*lCI uo{ rvt�rstuv HIl �u+vso� 	 1�D+ �+iI K i| I1FG,+�JCIlCK�+I liCDCI �CilCK K i| iD�KCK�C* �

./ �+*J -1��*C�� i -+*J ∧ i -F+HI|*2�F+HI|*2-F+lC �
+*J1Ii}1|i+I iD�KCK�C* F+HI|*2
.1D � *JC�IiD liCDCD �HDl*HF�CD � i*l 1H, liC jFG �� DDC�1||*i�H|C lC* �+**C�iC*CIlCI �C�1|i+ICIuo{ rvt�rstuv HIl �u+vso� E*+~ i}iC*| �C*Ji�| liC~ CIiJCI )11*C �+I ! *J1IiD1|i+ICI HIl n�IlC* k,�* liC CiIC 0 i|J�iClDFG1,| C�iD|iC*|� -

•
.iC �*HIlKCIJC lC* K i||�C*CI jH��HC*2 iD| lC*CI ¢�!0 }HD1KKCI K i| lC* iKE+*|iC*|CI�C�1|i+I uo{ rvt�rstuv- �+I liCDCK �1*|CDiDFGCI )*+lH�| }iCG| K 1I l1D +�iJC � *JC�IiD 1�
��!� ���j�j� �
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\

×

+*J1I i}1|i+I F+HI|*2
π �F+HI|*2-� k+*J -��

./ �+*J -1��*C�� i -+*J ∧ i -F+HI|*2�F+HI|*2-F+lC �
+*J1Ii}1|i+I iD�KCK�C* F+HI|*2

.1D � *JC�IiD liCDCD �HDl*HF�CD � i*l D+,+*| 1H, liC jFG�� DDC�1||*i�H|C lC* �+**C�iC*CIlCI�C�1|i+I uo{ rvt�rstuv E*+~ i}iC*| �Ji�| liC~ CIiJCI ! *J1IiD1|i+ICI
O
k ,�* liC CiI n1Il K i|CiIC* � iFG|K i|J�iClDFG1,| iI

O
C� iD|iC*|� -

•
.1D � i*l ~ C|}| I+ FG �+I lC* 0 CIJC 1��C* ! *J1IiD1|i+ICI 1�JC}+JCI �

\

+*J1Ii}1|i+I
π �+*J -��

\

×

+*J1I i}1|i+I F+HI|*2
π �F+HI|*2-� k+*J -��

./ �+*J -1��*C�� i -+*J ∧ i -F+HI|*2�F+HI|*2-F+lC �
+*J1Ii}1|i+I iD�KCK�C* F+HI|*2

0 1I �1II liC �I,*1JC I+ FG l1GiIJCGCIl �C*,CiIC*I k l1DD K 1I IH* � iDDCI � i�� k +� 1��C n�IlC*CiICD �+I|iICI|D 0 i|J�iCl iI CiIC* ! *J1I iD1|i+I DiIl �
������ §��¨©� '§® '«���� «¨�§ '�§® '«����� ��� �� ����¦������ �����
¦������ ²«¬®¨¯ ������ © ²«-.§((©(����� ²«® '©® " 
�('§ 
ª����� ��� �� ����¦������ ����� '(�- ©-�©¨����� '(�- ©-�©¨ �«¨�§ '�§® '«"«¨�§ '�§® '« �§��¨©� '§® '«��� '(�- ©-�©¨ �²«¬®¨¯"��ªª �

QRSTUV W � Y�¡_]� ]W`RcT � QRS�Ucf^UV^23e_1RcT YZ[\gg �CJC�CI DCi ,+ �JCIlCD .1|CI�1I��DFGCK 1 ��HD}HJ 1HD 0+Ili1��
�«¬®¨¯ ¦�§- © � �«³© � �§. '®§& � �¨«� ' ²© � �¨©§ � �«.¬&§® '« ª�¨�§ '�§® '« ¦�§- © � ���¨©� '§® '« � � (®§�&'(�©³ ª�(�- ©-�©¨ ¦�¨�§ '�§® '« � �«¬®¨¯ � �¯.©ª

¢+*KH�iC*CI jiC liC ,+�JCIlCI �I,*1JCI iI jmn �
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1� /C�FGC n�IlC* DiIl 0 i|J�iCl iI KCG* 1�D �P ! *J1IiD1|i+ICI±
� � /C�FGC n�IlC* K i| CiIC* ¢��FGC �+I KCG* 1�D �PPPPP �K

2
DiIl 0 i|J�iCl iI KCG* 1�D �P ! *J1�IiD1|i+ICI±

 I|C*DHFGCI jiC � Ci lC* N - �Ci�1H,J1�C lCI �H,�1Il ��I}1G� � iI|C*J*HIlDECiFGC*}HJ*i�C k �C*J�Ci�FGC }H* �HD,�G*HIJ lCD �+iI k �C*J�CiFGC }HK �CD| lC* ¢��FGC� - �I �C�FGCI j|C��CI ��*C CiI �B1HK�+lC* 1IlC*C*� �IlC� I�|}�iFG±  I|C*DHFGCI jiC 1HFG ,� * liCDCI ¢1�� lCI �H,�1Il -
�£IICI jiC �G*C �I,*1JC +E|iK iC*CI k HK l1K i| lCI �H,�1Il �Ci|C* }H *ClH}iC*CI±
1� /C�FGC n�IlC* DiIl 0 i|J�iCl iI KCG* 1�D �P ! *J1IiD1|i+ICI±
������ ²«¬®¨¯���� '(�- ©-�©¨#���� $% ²«¬®¨¯��� ��# ²«¬® ¦�ª � ��

� � /C�FGC n�IlC* K i| CiIC* ¢��FGC �+I KCG* 1�D �PPPPP �K
2
DiIl 0 i|J�iCl iI KCG* 1�D �P ! *J1�IiD1|i+ICI±

�1GC�iCJCIlD|C n£DHIJ � /���� �� �1HDC� k HK �+* lC* �*HEEiC*HIJ }H DC�C�|iC*CI -
������ ²«¬®¨¯���� '(�- ©-�©¨����� ¦(©&©²® §¨©§

�¨«- ²«¬®¨¯
��©¨© ²«³©" '(�- ©-�©¨ �²«¬®¨¯ ª � ������#���� $% ²«¬®¨¯��� ��# ²«¬® ¦�ª � ���H,�1IlD� C|*1FG|HIJ � ¢�* ~ ClC lC* �PPP 0 i|J�iClDFG1,|CI � i*l ��C*E*� ,| k +� l1D �C|*C�CIlCn1Il J*£DDC* 1�D �PPPPP �K

2
iD| -

¢1�� M� �CiI �IlC� 1H, F+HI|*2- � �D+ � i*l �iIC1* liC JCD1K|C �1�C��C F+HI|*2 lH*FGDHFG| - �H,��1Il � 7000 · 200 = 1400000
�C*J�CiFGC �+I ²«³©"'(�- ©-�©¨ �²«¬®¨¯ HIl �PPP ¢��FGCI|CD|D -¢1�� N � B1HK ��IlC� 1H, F+HI|*2-F+lC ��1,C��i�l � - . 1II � i*l ,�* ~ ClC lC* 0 i|J�iClDFG1,|CI ��C*lCI B1HK }iC�DiFGC* 1H, l1D CI|DE*CFGCIlC F+HI|*2��HEC� }HJCJ*i�CI HIl liC ¢��FGC JC|CD|C|

��PPP �CD|D� �.1DDC�� C Ji�| 1HFG ,� * CiICI � 1DG��IlC� � -!E|iK iC*HIJ � lC* ¢��FGCI|CD| � i*l } -B - ,�* .CH|DFG�1Il �� K1� lH*FGJC,�G*| � ,�* ~ ClC 0 i|�J�iClDFG1,| CiIK 1� - � D ��*C C� }iCI|C* k l+FG C*D| I1FG �F+HI|*2� }H J*HEEiC*CI k HIl lCI �CD|l1II IH* ,� * ~ ClC �*HEEC CiIK 1� lH*FG}H,�G*CI �
������ ²«¬®¨¯���� '(�- ©-�©¨#���� $% ²«¬®¨¯��� ��# ²«¬® ¦�ª � ��§³ ¦(©&©²® §¨©§

�¨«- ²«¬®¨¯
��©¨© ²«³©"'(�- ©-�©¨ �²«¬®¨¯ ª � ������

.1K i| � NPP �*HEECI k � Ci ICD|Cl��++E��+iI 1�D+ I+ FG 200·200 = 40000
�C*J�CiFGC �+I ²«³©" '(�- ©-�©¨ �²«¬®¨¯HIl NPP ¢��FGCI|CD|D k � Ci B1HK iIlC� IH* I+ FG NPP ¢��FGCI|CD|D -

/Ci|C*C iI|C*IC 1�J+*i|GK iDFGC !E|iK iC*HIJ �BCi lC* �HD�C*|HIJ �+I ��! ) B� �i*l lC* �IG1�| lC* iD�KCK�C*��1�C��C D+� iCD+ D+*|iC*| -/CII K 1I IHI I+FG CiICI �IlC� ��C* F+HI|*2-F+lC G1| k �1II lC* 1*C1��CD| 1HFG 1�D 0 C*JC1��1H,CI k �+�Ci E1*1��C� liC D+*|iC*|CI �*HEECI HIl liC B ��||C* lCD �IlC��1HKCD ��1D 1��C*liIJD�Ci CiICK �1DG��IlC� IiFG| JCGCI ��*lC �� lH*FG�1H,CI �C*lCI
� iI�CiDC �
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•
���iFGC*�CiDC � i*l 1H|+K 1|iDFG CiI �IlC� ��C* 1��C jFG �� DDC� D+� iC ¢*CK lDFG�� DDC� C*}CHJ| k l1liCDC G�H4J ,� * �+iID HIl jC�C�|i+ICI �CI£|iJ| �C*lCI -

•
BCi lC* �HD�C*|HIJ �1II CiI .Bj 1HFG |CKE+*�* CiICI �IlC� C*D|C��CI -

QR^^W`fW� �

•
¢+*KH�iC*CI jiC liC �I,*1JCI �+K �+*iJCI B�1|| 1HFG iI jmn k HIl ,+*KH�iC*CI jiC liC �I,*1JCI�+I �H,J1�C L D+�Ci| K £J�iFG 1HFG iI lC* *C�1|i+I1�CI ��JC�*1 -

•
/Ci|C*C �H,J1�CI 4IlCI jiC 1H, lCK C*D|CI ��HIJD��1|| lCD jmn�)*1�|i�HK D
��®®. ���³� '( �'�«¨-§® '� �¬ '��«©®®'�© �³©��©§²� '���$���.+*| 4IlCI jiC 1HFG lC|1i��iC*|C ¢+�iCI D+� iC CiI j�*iE| }H jmn ---


